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ABSTRACT
Planning chemical synthesis is a key feature of many aspects of chemistry, especially drug 
discovery and development. Retrosynthesis is the process of deconstructing a target molecule 
into readily available starting materials by the imaginary breaking of bonds or the conversion 
of one functional group into another. The identification of possible functional group 
interconversions with stable intermediate compounds is considered to be a successful approach 
in organic chemistry, which helps in identifying suitable synthetic routes and throws light on the 
possible synthons. The synthetic plan generated from retrosynthetic analysis will be a roadmap 
for guiding the synthesis of the target molecule. Herein, we present a multiscale approach for 
functional group interconversion and bond formation to facilitate an easier sense of the suitable 
retrosynthetic pathway of pyrrolo (2,1-f )(triazin-4-amino) Adenine C-Nucleoside (GS-5734).
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INTRODUCTION

Remdesivir, a nucleoside analog antiviral drug, was developed by 
Gilead Science. This drug was mainly used to treat Ebola virus 
disease in 2010. It has also shown activity against the Middle 
East respiratory syndrome-related coronavirus (MERS-coV), the 
hemorrhagic fever Marburg virus and the severe acute respiratory 
syndrome coronavirus (SARS-CoV).1 Recently researchers began 
extensive studies to evaluate the ability of remdesivir to treat 
the COVID-19 viral disease. The potential biological activity of 
remdesivir inspired us to explore the synthetic route of the drug 
using retrosynthetic analysis.

The task of making complex structures proficiently and in fewer 
advances than in recently revealed combinations is a progressing 

challenge in numerous research facilities around the globe.2 
Recent computational tools offer potential new ways to augment 
retrosynthetic analysis.3 Among which the disconnection 
approach is significant for the development of algorithms to 
promote the identification of chemical bond disconnections.4-9

This retrosynthetic investigation was first utilized by Robinson in 
tropinone synthesis and eventually formalized by Corey et al. It is 
a fundamental technique that organic chemists use to understand 
the synthetic routes of the target molecule.10,11 A retrosynthetic 
disconnection of a chemical structure or Targeted Molecule 
(TM) leads to two or more fragments, which are recognized 
as synthons with their corresponding reagents or functional 
groups. In another way, it is also known as Functional Group 
Interconversion (FGI).

In this work, we illustrated important reactions that can support 
a possible synthetic route, along with the substrate scope and 
functional group interconversions. The article is organized by 
the functional group interconversions and bond formations to 
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facilitate an easier sense of the suitable retrosynthetic pathway 
of pyrrolo (2,1-f)(triazine-4-amino) Adenine C-Nucleoside 
(GS-5734) (Figure 1).

Functional group-based strategies

Conversion of functional groups in synthetic organic chemistry 
is an art that requires careful analysis in order to reduce or avoid 
side or unwanted reactions. The chemo-, region-, stereospecific- 
and stereoselective aspects can guide researchers in designing 
more direct routes to the precise target, consequently decreasing 
the number of functional group manipulations or alterations. 
Functional group interconversion is generally used to generate 
retrons from the target molecule. Antithetical disconnections 
are thought to divide the target molecule into a negatively and 
positively charged species made as units in synthesis are called 
donor synthons (d) and acceptor synthons (a). They are derived 
from reagents that contain various functional groups.

Formation or cleavage of P-O bond

Phosphate esters are scaffolds that are present in a variety 
of biologically active molecules and are also widely used in 
agrochemicals, pharmaceuticals, plasticizers, flame retardants, 
etc.12-17 Similarly, phosphate esters are an essential part of various 
naturally occurring biological molecules, such as proteins, nucleic 
acids, steroids, carbohydrates and coenzymes and are also used as 
pro-drugs.18 Phosphorylation of alcohols leads to the formation 
of phosphate esters, which have a great diversity of applications. 
As shown in Figure 2, the intention to install the phosphate 
ester functional group compound 1 can be achieved by the 
reaction of an alcohol (compound 2) with halo phosphoramidate 
(compound 3) in the presence of a polar solvent (step A). The 
mechanism involves the nucleophilic substitution of alcohol as 
an alkoxide ion (donor synthons) on a phosphoramidate ion 
(acceptor synthons) to obtain phosphate esters. The presence of 
an electron-withdrawing group or a good leaving group favors 
the attack of alkoxide ions on the electrophilic phosphoramidate 
ions. The disconnection of phosphate esters (P-O) by acidic 
hydrolysis provides reagents with practically acceptable donor 
(alkoxide ion) and acceptor synthons (phosphoramidate ion) 
information (Table 1). Existing modern and conventional 
methods support the FGI of Phosphate esters from alcohols via 
phosphorylation.19-23

General Mechanism of Phosphorylation

Formation and cleavage of C-O bonds

The C-O bond is quite common in structural motifs of numerous 
synthetic molecules and natural products with various important 
functional groups. In this study, we restricted our focus from 
alcohol-to-ether and ether-to-alcohol conversion.

Ethers are important functional groups in organic chemistry 
that contain an oxygen atom bonded to two alkyl or aryl groups. 

Depending on the nature of the alkyl or aryl groups bonded to 
the ether side of oxygen, they have different structures. Organic 
ethers are one of the most important classes of chemicals 
that have significant applications as herbicides, disinfectants, 
pharmaceuticals, plasticizers, solvents, drug intermediates and 
solvents in organic synthesis.24-29 Generally, ethers are prepared 
from Brønsted acids and Lewis acid catalysts.30 Among which 
a few procedures for the conversion of alcohols into ethers are 
Mitsunobu-type reactions,31 hydroalkonylation of alkynes,32 
reductive condensation of esters and ketones,33 alcoholysis of 
epoxides34,35 and oxidative C-H alkoxylation of arenes.36

The dehydration of alcohols is the most important organic 
transformation that is being extensively used for the preparation 
of ether compounds.37 The reaction of an alkyl halide with an 
alkoxy anion under basic conditions (Williamson synthesis) and 
the acid-promoted dehydrogenate condensation of alcohols gives 
ether functional group compounds. The dehydration of alcohols 
using many homogeneous catalysts, such as Lewis acids or 
Brønsted acids, has been reported for the etherification of alcohol 
functional groups.38,39

The reactions (E, G, I, J, K and L) with the alcohol group undergo 
dehydration, followed by nucleophilic substitution to give ethers, 
as depicted in Figure 3. Alcohols are converted to alkoxide 
ions using an inorganic base, which follows a nucleophilic 
substitution reaction with primary or secondary alkyl halides 
(SN2 displacement mechanism, Williamson ether synthesis) 
in the presence of an aprotic polar solvent to give ethers. The 
reaction often competes with the base-catalyzed elimination 
of the alkylating agent, the nature of the leaving group and the 
reaction conditions (temperature and solvent), which can have 
a strong effect on the type of product formation (substitution or 
elimination). In reaction E, alcohol 13 undergoes intramolecular 
Williamson ether synthesis to give the cyclic ether compound 12. 
The disconnection of alcohol (O-H bond) by dehydrogenation 
condensation gives the donor synthon (alkoxide ion). The 
generated alkoxide ion attacks the carbon atom attached directly 
to the halide atom of the alkyl halide by a displacement reaction 
(halide atom). Here, the carbon atom attached to the halide 
atom acts as an acceptor synthon in a transition state, with both 
attacking and leaving groups. The possible synthetic information 
is presented in Table 2.

The cleavage of carbon-oxygen bonds in ethers can be achieved 
by nucleophilic substitution, which is a useful synthetic 
transformation in organic as well as medicinal chemistry.40-46 
The activation energy is significantly higher for bond cleavage 
in ethers.47 This may be due to the reluctance of the C-O bond 
towards the oxidative addition reactions, the lower tendency of the 
alkoxy group to act as a good leaving group and the nucleophile 
employed. To promote this ionization, bond cleavage usually 
requires assistance from a protic or Lewis acid. The reaction 
may occur either via the SN1 or SN2 mechanism, depending on 
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Figure 1: Complete schematic representation of retrosynthetic analysis of Pyrrolo(2,1-f)(triazin-4-amino) Adenine C-Nucleoside (GS-5734).
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Figure 2:  General mechanism of phosphorylation, Disconnection of compound 1 (Phosphate esters) to 
compound 2 (alcohol) and compound 3 (Halo phosphoramidate).

Type of synthons Structure of synthons Reagent Functional group
Donor Alkoxide ion Alcohol

Acceptor Phosphoramidate Halo phosphoramidate

Table 1: Types of synthons with respect to their available reagents.
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Figure 3:  General mechanism of Ether synthesis, Disconnection of compounds 12, 13, 14 and 17 
(ether functional group) to compound 13, 15, 16, 18, 19, 20, 21, 22, 23, 24, 25 and 26 (alcohol and 

alkyl halides).
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Figure 4:  General mechanism of Alcohol synthesis, conversion of compound 2 and 13 alcohol 
group to compounds 4, 14 and 17 ether group.
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Step Type of synthons Structure of 
synthons

Reagent Functional group

Step E Donor alkoxide ion Alcohol

Step E Acceptor Aldehyde

Step G Donor Alcohol

Step G Acceptor Alkyl halide

Step I Donor Alcohol

Step I Acceptor Alkyl halide

Step J Donor Alcohol

Step J Acceptor Ketone

Step J Acceptor Alkyl halide

Step K Donor Alcohol

Step K Acceptor Alkyl halide

Table 2: Types of synthons with respect to the available reagents.
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the alkyl group attached to the oxygen atom. Fortunately, recent 

advances in this area have led to dramatic progress in the use of 

innovative catalytic techniques that employ the cleavage of aryl 

alkyl ethers.

In reaction B, the aliphatic ether group undergoes hydrolysis to 

give alcohol and reactions F and H with cyclic ether undergo 

hydrogenolysis to give alcohol and carbonyl functional groups. 

Compound 4 underwent a nucleophilic addition reaction to give 

compound 2 via the SN2 mechanism with a transition state in the 

presence of an acidic solvent, as depicted in Figure 4. Compounds 

14 and 17 underwent catalytic hydrogenation to give 13 bearing 

hydroxyl and carbonyl groups. Possible synthons are listed in 

Table 3.

Formation of C-C bond by activation of C-O bond

The substitution reactions of alcohols with nucleophiles are 
generally more difficult than those of the corresponding 
halides. This was mainly due to the poor ability of the hydroxyl 
group to act as a good leaving unit. However, substitution is 
still a fascinating convention in synthetic organic chemistry, 
mainly due to the greater availability and cost effectiveness of 
alcohols over other functional groups. Thus, much attention 
has been paid to the direct substitution of alcohols with 
various nucleophiles, such as indoles,48,49 amines,50 amides,51 
linear thiols,52 trimethoxybenzene,52 enolsilane,53 allylsilanes,53 
1,3- dicarbonyls54-58 and silyl ketene acetal.59 The substitution 
of a hydroxyl functional group in alcohols with cyanide has 
attained great interest.60-69 Nitriles are important precursors 
for the synthesis of drugs such as naproxen, cicloprofen and 
indoprofen.70-72

Figure 5: General mechanism of Nitriles synthesis, Disconnection of 
compound 4(Cyanohydines) to compound 8 (alcohol) and compound 7 

(Nitrile).

Figure 6:  General mechanism of Alcohol synthesis, Disconnection of 
compound 8 (alcohol) to compound 11 (aryl halide) and compound 12 

(ketone).

Step Type of synthons Structure of 
synthons

Reagent Functional group

Step L Donor Alcohol

Step L Acceptor Alkyl halide
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Alcohols can be converted into nitriles by the Mitsunobu 
reaction73 in the presence of a condensing agent (dicyclohexyl 
carbodiimide),74 Michael reactions,75 Strecker synthesis.76 Even 
homogeneous Lewis acids (indium halides) and B(C6F5)3

77,78 
were found to be efficient for the transformation of alcohols 
with trimethylsilyl cyanide into nitriles. To troubleshoot the 
problems in the previous methods nowadays a heterogeneous 
along with moisture-tolerant catalyst were using instead of a 
homogeneous system.79-92 In reaction C the transformation of 
alcohol (compound 4) to cyanohydines (compound 8) is achieved 
by nucleophilic substitution of nitrile group with alcohols (Figure 
5). The disconnection of compound 4 gives possible synthons: 

compound 7 with a nitrile group and compound 8 with an 
alcohol functional group. Compound 7 acts as a donor synthon 
and compound 8 acts as an acceptor synthon (Table 4).

Formation of C-C and O-H bond by activation of C-O 
bond

The carbonyl ketone group undergoes a nucleophilic addition 
reaction with a Grignard reagent to give alcohol and this is the 
most versatile method for the synthesis of alcohols.93-97 Recently, 
several modifications have been developed to enhance the yield 
of the product by suppressing side reactions such as changing the 
solvent,98-103 addition of an excess amount of organic bases,104-107 

Step Type of synthons Structure of 
synthons

Reagent Functional group

Step B Donor Hydroxy

Step B Acceptor Ether

Step F Intra-molecular 
conversion

Stereoselective conversion Ether

Step F Intra-molecular 
conversion

Stereoselective conversion Alcohol

Step H Intra-molecular 
conversion

Stereoselective conversion Ether

Step H Intra-molecular 
conversion

Stereoselective conversion Alcohol

Table 3: Types of synthons with respect to the available reagents.
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inorganic salts,108-118 and tetrabutyl ammonium bromide.119 In 
reaction D, compound 11 undergoes a nucleophilic addition 
reaction with a Grignard reagent to give compound 8 in the 
presence of moderately polar aprotic solvents such as dry ether 
and tetrahydrofuran (Figure 6). The disconnection of compound 
8 gives possible synthons, compound 12 with the ketone group 
and compound 11 with the aryl halide group. The ketone carbonyl 
group undergoes ionization and the carbonyl carbon atom gets a 
positive charge due to the electronegativity of an oxygen atom, 
which acts as a positive synthon. The aryl halide acts as a donor 
synthon and attacks the positive carbon atom of the carbonyl 
carbon atom (Table 5). Simultaneously, the hydride ion or 
hydrogen atom attacked the carbonyl oxygen atom to facilitate 
the reaction.

CONCLUSION

In this study, we have proposed a retrosynthetic model 
for a targeted molecule, Pyrrolo(2,1-f)(triazin-4-amino) 
Adenine C-Nucleoside (GS-5734), to understand the various 
transformations of the intermediate scaffolds with possible 
synthetic routes. The resulting donor and acceptor synthons 
support the formation of stable intermediate compounds with 
various functional groups. The disconnection and functional 
group interconversion were carried out by exploring the inverse 

route from the target molecule to a pair of reactants in the given 
synthetic route, where all possible combinations of purchasable 
reagents spanned the feasible solution space. The identified 
diverse routes may help stimulate the ideas of organic researchers 
to narrow down the possibility of the synthetic route for the 
remdesivir drug. Even inter conversion of the functional group 
may provide an outlook for adopting alternative green synthetic 
techniques.
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