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Biologically-active sulfated steroids: synthesis and state-of-art 

An#fouling 
(14 compounds) 

An#bacterial
(13 compounds) 

Cardiovascular 
(18 compounds) 

Antiviral
(25 compounds) 

Anti-
Inflammatory

(6 compounds) 

Antifungal 
(26 compounds) 

Antitumor 
(80 compounds) 

142 
Bioac9ve
Marine 
Sulfated 
Steroids  

13 monosulfates 
1 disulfate    

6 monosulfates 

4 monosulfates 
15 disulfate 
6 trisulfate 

20 monosulfates 
2 disulfate 
4 trisulfate 

5 monosulfates 
2 disulfate 
6 trisulfate 

13 monosulfates 
4 disulfate 
1 trisulfate 

52 monosulfates 
12 disulfate 
12 trisulfate
2 tetrasulfate

2 pentasulfate



Abstract 

Several biological ac,vi,es from nearly 150 marine-derived sulfated steroids have been reported with
both pharmacological (an,microbial, an,tumor, cardiovascular and/ or an,-inflammatory ac,vi,es) and
environmental (an,fouling ac,vity) applica,ons [1]. Sulfa,on is used in Nature to avoid toxicity and
therefore marine-inspired sulfated steroids could be an interes,ng strategy for drug discovery. The
sulfated aminosterol squalamine, isolated from the internal organs of the dogfish shark, is in phase III of
clinical trials as an,-angiogenic drug [2], which evidences the poten,al of sulfated steroids.

Sulfa,on of small molecules using sulfur trioxide-amine complexes entails several advantages, such as
persulfa,on, low degrada,on, and feasibility in the work-up [3]. Moreover, these complexes appear to
be suitable for sulfa,on of alcohol groups present in steroids [4]. In this direc,on, sulfa,on of four
sterols was achieved using triethylamine-sulfur trioxide adduct in dimethylacetamide under hea,ng,
with yields ranging from 3% to 93%. Purifica,on involved insolubiliza,on with diethyl ether followed by
several methods to obtain the sulfated deriva,ves free of inorganic impuri,es, including dialysis and/ or
chromatographic processes. Structure elucida,on of these new compounds was established by infrared
(IR), nuclear magne,c resonance (NMR) and high resolu,on mass spectrometry (HRMS). Biological
ac,vi,es will be further studied.

Keywords: Marine; Steroids; Biological Ac,vi,es; Synthesis 
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NCT02727881 (haps://clinicaltrials.gov/ct2/show/NCT02727881, October 15, 2018); [3] Correia-da-Silva, M., E. Sousa, and M.M. Pinto, 
Medicinal Research Reviews, 2014, 34(2) 223-79; [4] Al-Horani, R.A., and U.R. Desai, Chemical Sulfa-on of Small Molecules - Advances and 
Challenges. Tetrahedron, 2010, 66(16), 2907-2918. 

3



4

Drugs from Marine World 
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Sulfation in Marine Biota 
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Squalamine

Ø Sulfated aminosterol derived from the

internal organs of the dogfish shark

Ø Anti-angiogenic drug with a novel 

intracellular mechanism of action

Introduc)on

Ø Efficacy and safety Phase III clinical trials 

Correia-da-Silva, M. et. al. Med. Res. Rev. 2014, 34 (2), 223-79.

Connolly B, et. al. Ophthalmology Clinics 2006, 19, 381–91. 

NCT02727881 (https://clinicaltrials.gov/ct2/show/NCT02727881) 

DETOXIFICATION

https://clinicaltrials.gov/ct2/show/NCT02727881
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Isolated Bioactive Marine Sulfated Steroids 

Monosulfated Steroids 

Side chain

-O3SO carbohydrate moiety

HO

Large structural diversity 

A B

C D

-O3SO

OSO3-

3

Disulfated Steroids 

Most common structure 

Trisulfated Steroids 

A B

C D

Side chain

-O3SO

OSO3
-

-O3SO
Most common structure 

Carvalhal, F., et al. , Journal of Molecular Endocrinology, 2018, 61(2) 211-31

State of art  
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An$microbial Ac$vity – An#bacterial

Ø Some studies have highlighted the sulfate groups as crucial for activity
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An$microbial Ac$vity – An#fungal 
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Antimicrobial Activity  
Antiviral
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Antitumor Activity - Targets
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An$tumor Ac$vity - Targets
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Cardiovascular Activity – Hemolytic 

All are monosulfated steroids (14) 

Ø 8 asterosaponins  and 3 monoglycosides 

State of art  
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Anti-inflammatory Activity     

All are asterosaponins 
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Antifouling Activity    

13 are monosulfates and 1 is trisulfate
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Synthesis A. Monosulfation B. Polysulfation

Correia-da-Silva et al 
Med. Res. Rev. 2014, 
Volume 34, Issue 2, pages 
223–279

Achieve high regioselec?vity 
in polyfunc?onal substrates

Sulfate all hydroxyl groups 
CHALLENGE

Obtain endogenous/naturally 
occurring sulfate monoestersOPPORTUNITY

Obtain innovative compounds

Biomimetic method Sulfur trioxide adducts

plants
microorganisms

pure ST

Reac?vity of the adduct

Base strength

Protec=on/deprotec=on 

High degree of substituition
Low degradation



Results and discussion: synthesis   

TEA.SO3 - Triethylamine-sulfur trioxide complex; MW – microwave; h- hours; W – Watts.

Sulfation of di-hydroxysteroids

ü MW irradiaBon allowed to obtain persulfated derivaBves with moderate to high yiels

ü With convenBonal heaBng the C-3 monosulfated derivaBve was obtained however with
low yields
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Results and discussion: purifica2on  

Diethyl ether + 4ºC = 
Solid 

Filtration 

Dissolution in a 
methanolic solution 
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Di-hydroxysteroids  
Diethyl ether + 4ºC = 
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Results and discussion: synthesis  

TEA.SO3 - Triethylamine-sulfur trioxide complex; h- hours. 

Sulfation of mono-hydroxysteroids

ü With conventional heating the C-3 monosulfated derivative was obtained however with
low yields

Diethyl ether + 4ºC = 
Solid 

Filtration 
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Infrared

ü IR spectrum (KBr) of deoxycholic acid persulfate
C
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Results and discussion: structure elucida7on  
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Nuclear Magnetic Resonance   
ü 13C (75 MHz) spectrum of deoxycholic acid persulfate (DMSO –d6)ü 13C (75 MHz) spectrum of deoxycholic acid (DMSO –d6)

13C
δ (ppm)

Deoxycholic acid
Deoxycholic acid 

persulfate 
3 69.9 76.1

12 71.0 79.2
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Results and discussion: structure elucida<on  
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High Resolution Mass Spectrometry  

HRMS (ESI+) m/z calcd for C24H38O10S2Na3 

619.15940, found 619.16080.

Results and discussion: structure elucidation  
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ü Marine monosulfated steroids are more abundant than disulfated steroids, which,
in turn, are more abundant than trisulfated steroids

ü The majority of the isolated marine sulfated steroids belong to the class of sterols
and the sulfate group is prevalent at C-3 posi>on.

ü The nontoxicity associated to the sulfate molecules predict the potential of
marine-inspired sulfated steroids as novel and safer therapeutic agents

ü Synthesis of four C-3 sulfated steroids was accomplished in the presence of
triethylamine – sulfur trioxide complex

ü The sulfated steroids were successfully characterized by IR, NMR, and HRMS

Conclusions 
Bioactive marine sulfated steroids: state of art 

Synthesis of sulfated steroids 
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