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Abstract 

Topical treatment containing undeclared corticosteroids and illegal topical treatment with 

corticosteroid content have been seen on the Swedish market. In creams and ointments 

corticosteroids in the category of glucocorticosteroids are used to reduce inflammatory 

reactions and itchiness in the skin. If the inflammation is due to bacterial infection or fungus, 

complementary treatment is necessary. Side effects of corticosteroids are skin reactions and if 

used in excess suppression of the adrenal gland function. Therefore the Swedish Medical 

Products Agency has published related warnings to make the public aware. There are many 

similar structures of corticosteroids where the anti-inflammatory effect is depending on 

substitutions on the corticosteroid molecular skeleton. In legal creams and ointments they can 

be found at concentrations of 0.025 - 1.0 %, where corticosteroids with fluorine substitutions 

usually are found at concentrations up to 0.1 % due to increased potency.  

At the Medical Products Agency 
19

F-NMR and 
1
H-NMR have been used to detect and 

quantify corticosteroid content in creams and ointments. Nuclear Magnetic Resonance, NMR, 

is an analytical technique which is quite sensitive and can have a relative short experimental 

time. The low concentration of corticosteroids makes the signals detected in NMR small and 

in 
1
H-NMR the signals are often overlapped by signals from the matrix. With 

1
H-NMR 

characteristic signals could be detected in a less crowded spectral window between 

5.96 - 6.40 ppm where overlapping signals from the matrix often are absent. Since fluorine is 

less common in molecules, the option of using 
19

F-NMR increases the possibility of finding 

fluorine-containing corticosteroids in creams and ointments. The corticosteroid signals in 
19

F-NMR are detected at -165 ppm and -187 ppm, depending on where fluorine is located on 

the structure. 

Quantifying with 
1
H-NMR and 

19
F-NMR gave similar result with an accuracy of 98-116 % 

and 89-106 % respectively, and RSD values between 2-35 %, depending on the kind and 

amount of corticosteroid. Relations between the structure and some signals in 
1
H-NMR were 

found, making it easier to determine the basic structure of unknown corticosteroids in creams 

and ointments. Screening experiments were performed on creams and ointments with known 

concentration corticosteroid in order to find minimum NS for analyzing products which might 

contain corticosteroids. In order to detect a corticosteroid concentration of 0.05 % 
19

F-NMR 

needed 64 NS with an experimental time of 2 min and 
1
H-NMR needed 160 NS with an 

experimental time of 17 min. Concentrations of 0.025 % could for some corticosteroids be 

detected with these parameters. The possibility of spiking samples in order to discriminate 

between corticosteroids was also investigated. The corticosteroids available at the MPA could 

be discriminated from each other with at least one of the methods 
1
H-NMR or 

19
F-NMR, and 

in most cases with both. A market research was done in order to search for counterfeits and 

salespersons in different health food stores were asked to recommend the best product to treat 

eczema or psoriasis. Nine recommended products were bought where one was found illegally 

containing a corticosteroid. In previous experiments at the MPA there had been occurrences 

of a split signal in 
19

F-NMR when analyzing creams. The split 
19

F-NMR signal was shown to 

be related both to the presence of water and structural effects of the corticosteroid.
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Sammanfattning 

Kutana produkter med odeklarerat innehåll av kortikosteroider och illegala kutana produkter 

med kortikosteroidinnehåll har observerats på den svenska marknaden. I krämer och salvor 

används kortikosteroider från gruppen glukokortikosteroider för att minska inflammatoriska 

processer och klåda i huden. I de fall inflammationen beror på infektion eller bakterier behövs 

komplementär behandling. Biverkningar av kortikosteroider är hudreaktioner och om använt i 

överdriven mängd nedsatt funktion av binjurebarken. Därför har Läkemedelsverket gått ut 

med en varning för att informera allmänheten om dessa illegala produkter. Kortikosteroider 

finns i många liknande strukturer där den antiinflammatoriska effekten beror på olika 

substitutioner i grundstrukturen på kortikosteroidskelettet. Legala krämer och salvor med 

kortikosteroider har koncentrationen 0,025 – 1,0 % kortikosteroid. Fluorsubstituerade 

kortikosteroider finns i koncentrationer upp till 0,1 % på grund av den ökade 

antiinflammatoriska effekten. 

Vid Läkemedelsverket undersöktes användningen av 
19

F-NMR och 
1
H-NMR för att hitta och 

kvantifiera kortikosteroidinnehåll. Kärnmagnetisk resonans, NMR, är en analytisk metod som 

är känslig och kan ha korta experimenttider jämfört med andra analysmetoder.
 
Den låga 

koncentrationen av kortikosteroider medför att signalerna detekterade i NMR blir låga och att 

signalerna i 
1
H-NMR ofta överlappas av signaler från matrisen. Med 

1
H-NMR kan 

karakteristiska signaler från kortikosteroider detekteras i ett spektralt fönster mellan 

5,96 - 6,40 ppm där signaler från matrisen sällan stör. Eftersom fluor sällan förekommer i 

molekyler ökar 
19

F-NMR möjligheten att hitta fluorinnehållande kortikosteroider i krämer och 

salvor. Kortikosteroidsignalerna i 
19

F-NMR detekteras vid -165 ppm och -187 ppm, beroende 

på var fluor är substituerat på strukturen. 

Kvantifiering med 
1
H-NMR och 

19
F-NMR ger likvärdiga resultat med en precision på 

98-116 % och 89-106 % respektive, där RSD ligger mellan 2-35 % beroende på 

kortikosteroidtyp och styrka. En relation mellan strukturen och vissa signaler kunde ses i 
1
H-NMR, vilket möjliggör en enkel bestämning av grundstrukturen. Screeningförsök med 

kända koncentrationer av kortikosteroid genomfördes för att hitta lägsta NS för användning 

vid analys av produkter som eventuellt skulle kunna innehålla kortikosteroider. För att 

detektera en koncentration på 0,05 % kortikosteroid behövdes 64 NS i 
19

F-NMR med en 

experimenttid på 2 min och 160 NS i 
1
H-NMR med en experimenttid på 17 min. För vissa 

kortikosteroider kan en koncentration på 0,025 % detekteras med dessa parametrar. 

Möjligheten att spika prover för att identifiera kortikosteroidens identitet undersöktes. 

Kortikosteroider tillgängliga på Läkemedelsverket kunde särskiljas med minst en av 

metoderna 
1
H-NMR eller 

19
F-NMR, oftast med båda. En marknadsundersökning genomfördes 

där olaga läkemedel söktes efter. Expediten i olika hälsokostbutiker tillfrågades att 

rekommendera den bästa behandlingen mot eksem eller psoriasis. Nio rekommenderade 

produkter inköptes där en visade sig olagligt innehålla en kortikosteroid. I tidigare experiment 

vid Läkemedelsverket hade en splittning av fluor signaler i 
19

F-NMR setts vid analyser av 

krämer. Uppkomsten av splittad signal visade sig bero på både strukturen och vatteninnehåll. 
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1. Introduction 

Glucocorticosteroids are used in topical treatment to reduce inflammatory reactions and 

itchiness in the skin. On the Swedish market today there are ten different glucocorticosteroids 

used for topical treatment. Some of the corticosteroids are found in formulations where other 

active pharmaceutical ingredients, API’s, are added in order to treat the underlying cause of 

inflammation in the skin. (Läkemedelsindustriföreningens Service AB, LIF, 2010a-d) Almost 

600,000 patients used topical treatment containing glucocorticosteroids in the year 2009 

which is over 6 % of the population in Sweden. A total of 1.1 million prescriptions were 

prescribed with a total cost of 140 million Swedish crowns, where the drug benefit cost 

(Swedish: “förmånskostnad”) was 69 million Swedish crowns. For further information about 

the use of topical treatment containing glucocorticosteroids see Appendix I. (The National 

Board of Health and Welfare, 2010) Persons with skin problems might turn to health care 

stores and the Internet in order to find a treatment for their skin problem. There seems to be a 

rather widespread belief that naturopathic treatments, not labeled as pharmaceutical drugs, 

and related dietary supplements are better than proper medical treatments since they are 

“natural”.  

There are, indeed, natural treatments that ease and take care of skin problems, but there are 

also counterfeits on the market. Topical treatment containing undeclared glucocorticosteroids 

and illegal topical treatment with glucocorticosteroid content has been seen on the Swedish 

market. The Medical Products Agency in Sweden has published warnings about the risks of 

using these counterfeits. Differences between pharmaceuticals and dietary supplements are 

that all pharmaceuticals, also naturopathic drugs, are controlled and registered by the Medical 

Products Agency while dietary supplements are not. Products that are marketed as having a 

medicinal action should be taken with care since they might be counterfeits containing API´s 

that are not labeled, having no effect or being contaminated. (MPA, 2010a-d) 

In order to investigate and identify the illegal presence of glucocorticosteroids in creams and 

ointments, the use of the analytical technique Nuclear Magnetic Resonance, NMR, is 

suggested. NMR is sensitive and can have short experimental time when used in screening 

experiments. An advantage of NMR is that the sample preparation time is short and that it is 

not destructive of the analyte. The technique can also be used to quantify the amount of 

analyte by adding a known amount of internal standard to quantify against, since the signals 

are proportional to the number of nuclei in the sample volume when analyzing with the 

correct parameters. At the Medical Products Agency NMR is used to identify and quantify 

API´s and contamination of drugs. Unfortunately, the established procedures cannot be used 

for identifying glucocorticosteroids in creams and ointments since the concentration is very 

low (0.025 - 1.0 weight%). No reports of the use of NMR to find glucocorticosteroids in 

creams and ointments have been found, but there are some reports using the NMR technique 

to assign signals to the structure for corticosteroids. The use of 
1
H-NMR and 

19
F-NMR in 

order to quantify, screen for and discriminate between glucocorticosteroids has been looked 

upon in this study.  
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2. Aim and goal 

The purpose of this thesis was to develop a method of screening for, quantifying and 

discriminating between various glucocorticosteroids in creams and ointments with NMR 

spectroscopy. The glucocorticosteroid content in creams and ointments is often at low 

concentrations which makes the task challenging.
 1

H-NMR and 
19

F-NMR are sensitive and 

non-destructive and have different advantages.  Fluorine is not common in molecules which 

make that finding fluorine content is a good hint about glucocorticosteroid content in 
19

F-NMR, but many glucocorticosteroids do not contain any fluorine. 
1
H-NMR provides 

signals for various glucocorticosteroid structures in a rather clear spectral window, but not all 

structures gives signals that are sufficiently characteristic and the signals might also be 

overlapped by matrix signals.  

Corticosteroids can be found at concentrations of 0.025 % - 1.0 %, where the anti-

inflammatory effect determines in which amount the glucocorticosteroid is added to a cream 

or ointment. Different substitutions, where fluorine substitution is one, at certain positions in 

the glucocorticosteroid main structure generally increase the inflammatory effect. Fluorine-

containing glucocorticosteroids can be found at concentrations of 0.025 % - 0.1 %. This thesis 

has mainly focused on using 
19

F-NMR to screen for corticosteroids with fluorine content. One 

part was dedicated to evaluate the feasibility to quantify glucocorticosteroids with 
19

F-NMR 

and if the use of 
19

F-NMR would give an added value to the information about the 

corticosteroid content relative to that available with 
1
H-NMR. Focus has also been put on how 

to determine the structure of a glucocorticosteroid with 
1
H-NMR. Questions included how to 

discriminate between different glucocorticosteroids and if it was possible to identify various 

glucoorticosteroids. Effort has been made to optimize the parameters for screening for 

corticosteroid content when testing products from the Swedish market for glucocorticosteroid 

content. A market research was also done in order to estimate the existence of creams and 

ointments illegally containing glucocorticosteroids on the Swedish market. Previous work at 

the Medical Products Agency had seen an occurrence of a split 
19

F-NMR signal when 

analyzing creams. The occurrence was thought to be caused by water, and structural effects 

and effects of the matrix were investigated in order to find out when the split is occurring and 

why. 

 

  



3 

 

3. Literature Study 

3.1. Method 

Information about the action and structure of corticosteroids was searched for in databases 

and in literature. The most important databases for the report are listed below. 

 Databases 

o PubChem: Provides information on the biological activities of small molecules including substance 

information, compound structures, and bioactivity data. 

o Science Direct: Scientific database containing journal articles and book chapters. 

Information about NMR was searched for in various textbooks and articles. 

3.2. Glucocorticosteroids 

In the human body corticosteroids are produced in the cortex of the adrenal gland and the 

production and secretion is regulated by the pituitary gland. The corticosteroids are divided 

into two groups, according to their effect in the human body. (Beermann, B., 2003, s. 112) 

Pharmacologically and structurally the distinction between the two groups is diffuse. 

(Claesson, A. et al., 2005, s.272) The mineralcorticosteroids regulate the body’s salt balance 

whereas the glucocorticosteroids effect the carbohydrate metabolism. (Beermann, B., 2003, s. 

112) Glucocorticosteroids reduce inflammation by reducing the formation of proinflammatory 

mediator prostaglandins, that otherwise trigger and upkeep the inflammatory reaction.  

Glucocorticosteroids also inhibit immune defense by reducing the activity of some types of 

white corpuscles. When used as topical treatment side-effects are uncommon. However, 

infections that remain masked by the anti-inflammatory effect of the glucocorticosteroids, 

which also suppress the immune defense, might exacerbate.  (Beermann, B., 2003, s. 112) 

In case of eczema and other inflammations in the skin, glucocorticosteroids in ointments and 

creams are used to relieve itchiness and reduce inflammation in the skin although they do not 

treat the cause of inflammation. Since glucocorticosteroids suppresse the immune defense, the 

risk of infection increases. Skin inflammations caused by bacteria or infection needs 

complementary treatment and antibiotics or anti-fungus are then usually given combined with 

corticosteroids. When used for a longer period, glucocorticosteroids might cause thinning of 

the skin, and more potent corticosteroid might cause permanent changes in the skin such as 

skin rupture. Thin blood vessels beneath the upper layer of skin might locally broaden and 

become visible with a sinuously appearance. This is the reason for being cautious when 

applying corticosteroid containing products on the face. (Beermann, B., 2003, s. 144) 

Cutaneous side effects could be striae rubrae distensae, delayed wound healing, steroid acne, 

perioral dermatitis, erythema, teleangiectasia, petechia, and hypertrichosi but they are rare if 

used in moderation. (Asadullah, K. et al., 2002, s.25) Systematic side-effects are unusual, but 

can be seen when used on large skin areas and/or for a longer period of time, for example 

suppression of the function of the adrenal gland. (Beermann, B., 2003, s. 259) 
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The basic structure of a corticosteroid is depicted in Figure 1, where the carbons in the 

skeleton have been numbered. Substituents can be denoted α, which implies that they are 

below the plane of the corticosteroid and β implies that the substituent is above the plane. 

Some substituents are characteristic for corticosteroids, e.g. there is nearly always a carbonyl 

group (cortisone) or hydroxyl group (hydrocortisone) at C-11, see Figure 2. These are the 

natural corticosteroids and they have a relative weak anti-inflammatory effect. (Claesson, A. 

et al., 2005, s.272-273) The corticosteroids are in general very difficult to dissolve in water, 

and their fatty acid esters have even lower aqueous solubility. Examples of the esters are 

hydrocortisone 21-acetate and hydrocortisone butyrate. The esters generally have a locally 

higher anti-inflammatory effect. (Claesson, A. et al., 2005, s.273-274) 

 

      

 

 

 

 

 

 

 

 

Some substituents (see collection in Table 1 on following page) on the main structure of the 

corticosteroid will increase the anti-inflammatory effect. By introducing a double bond 

between C-1 and C-2, the anti-inflammatory effect is increased. The cortisone with a double 

bond is called prednisone and the hydrocortisone with a double bond is called prednisolone, 

see Figure 2. The lipophilic prednisolone esters (e.g. prednisolone acetate) which have esters 

at C-21 are used in topical treatment. (Claesson, A. et al., 2005, s. 275) 

Figure 1. The main skeleton of a corticosteroid. 

Figure 2. Difference in structure between hydrocortisone, 

cortisone, prednisolone and prednisone. 
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Hydrocortisone NA

Double bond Between C-1 & C-2

CH

₃

C-6α

F C-6α

F C-9α

CH

₃

C-16α

CH

₃

C-16β

OH C-16α

PositionSubstituent

Increase in anti-

inflammatory effect

1

4

0.5

1.3

2.5

10

2

2.5

Methylprednisolene is a C-6α methyl group substitute analog to prednisolone, where the 

substituent strongly decreases the mineralcorticosteroid effect and increases the anti-

inflammatory effect with approximately five times. Beklomethasone, betamethasone and 

dexamethasone has a halogen substituent at C-9α position and flumetason has an additional 

fluorine at C-6α position. The molecules also have a methyl group at C-16, which strongly 

reduces the mineralcorticoid effect. The lipophilic esters to these corticosteroids are used as 

topical treatment. (Claesson, A. et al., 2005, s. 276-277) In Appendix III a compilation of 

several corticosteroids can be found with information about name, structure and molecular 

weight. 

In Table 1, the increase in anti-inflammatory effect relative to hydrocortisone is depicted for 

various substitutions. 

                       Table 1. The increase in anti-inflammatory effect due to substituents in corticosteroids relative to            

                       hydrocortisone. (Claesson, A. et a.,; 2005, s.276) 

 

 

  

 

 

 

 

 

 

The double bond between C-1 and C-2 and the various sites for substituent that increase the 

anti-inflammatory effect are marked with circles in the structure in the Figure 3. 

 

 

 

 

 

 

  

Figure 3. The main skeleton for a corticosteroid 

where sites of important substitutions for increased  

anti-inflammatory effect is marked with circles. 
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3.2.1. Glucocorticosteroids on the Swedish market 

There are ten corticosteroids used for topical treatment on the Swedish market today. Nine of 

these corticosteroids can be found in formulations where no other active pharmaceutical 

ingredient, API, is added. Five corticosteroids can be found in combined preparations with 

antiseptics, antibiotics or other API´s. The corticosteroids are listed in Table 2 according to 

their API. For a complete list of products on the Swedish market, se Appendix II. 

(Läkemedelsindustriföreningens Service AB, LIF, 2010a-d)  

 

 

 

The corticosteroids are divided into groups I-IV accordingly to their potency, where class IV 

is the strongest (in the US the highest potency is group I). The structural features as double 

bond between C-1 and C-2 and important substitutions are shown in Table 3. Four 

corticosteroids have fluorine on C-9, where three have a hydroxyl group and one have a 

carbonyl group on C-11.  Two of the products have fluorine on both C-6 and C-9, which 

means that six of the corticosteroids are substituted with fluorine. Seven of the corticosteroids 

have a double bond between C-1 and C-2 where all but one are substituted with fluorine. 

Three of the corticosteroids do not have fluorine, and as is shown in Table 2 these 

corticosteroids products have a higher concentration than the other corticosteroids. (LIF, 

Table 3. API’s in products on Swedish market 2010, showing molecular weight, important substitutions and classification. 

 

Table 2. API’s in Swedish products on the market 2010, showing formulation and strength for each API. 

 

API

Strength 

[%] C
r
e
a

m

O
in

tm
e
n

t

G
e
l

S
o

lu
ti

o
n

E
m

u
ls

io
n

F
o

a
m Cortocosteroid 

preparation

Combined 

preparation

Betamethasone 17,21-propionate 0.05 x x x x

Betamethasone 17α-valerate 0.121 x x x x x x x

Clobetasole 17-propionate 0.05 x x x x

Clobetasone butyrate 0.05 x x x

Fluocinolone acetonide 0.025 x x x x

Fluticasone propionate 0.05 x x

Hydrocortisone 1.00 x x x x

Hydrocortisone acetate 1.00 x x x x

Hydrocortisone butyrate 0.10 x x x x x

Momethasone furoate 0.10 x x x x x

Corticosteroid

Mw

[g/mol]

Subst 

C-6

Subst 

C-9

Fluor 

absence H
y

d
r
o

x
y

l 
G

r
o

u
p

 

C
-1

1

C
a

r
b

o
n

y
l 

g
r
o

u
p

 

C
-1

1

D
o

u
b

le
-b

o
n

d
 

C
-1

 C
-2

N
o

 d
o

u
b

le
-b

o
n

d

Other

Swedish 

classification, 

glucocorticoid Class

Betamethasone 17,21-dipropionate 504.59 F x x Potent Group III

Betamethasone 17-Valerate 476.58 F x x Potent Group III

Clobetasol 17-butyrate 481.00 F x x 1 Cl Very potent Group IV

Clobetasone butyrate 478.98 F x x 1 Cl Moderate Group II

Fluocinolone Acetonide 452.49 F F x x Potent Group III

Fluticasone propionate 500.57 F F x x 3 F Potent Group III

Hydrocortisone 362.46 x x x Mild Group I

Hydrocortisone acetate 404.50 x x x Mild Group I

Hydrocortisone 17-butyrate 432.55 x x x Moderate Group III

Momethasone furoate 427.36 Cl x x x Potent Group III
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2010a-d)   

3.3. Counterfeits 

Counterfeit medicines are preparations which might be contaminated or containing wrong or 

no active ingredient. They are illegal and it can be hazardous to use these products. Products 

with active pharmaceutical ingredients, API’s, which are not declared can be sold in stores 

where the knowledge of the counterfeit is not known. Products can also be sold where it is 

known that it is an illegal product, but the costumers do not know. In some cases fake 

medicine is sold in packaging that look almost exactly like the original medicine packaging, 

but it does not contain the same API or no API at all. The Medical Products Agency, MPA, in 

Sweden gives the advice to be cautious when buying medicinal products, particularly when 

ordering over the Internet. (MPA, 2010b) There are risks of using glucocorticosteroids 

topically during a long time and intensively; there are side effects on the skin as well as on 

inner organs. (MPA, 2010d)  In case of bacterial infections or fungus causing the skin 

problem, the treatment with only glucocorticosteroids does not treat the underlying problem – 

only disguises it. The immunosuppressing effect of the glucocorticosteroids might therby 

make infections worse. (Beermann, B., 2003, s. 144) 

An example of counterfeit topical medicine occurred in 1998 when a dermatologist in Sweden 

became alert when several of her patients miraculously had positive effects from a topical 

treatment on the market – while other potent medicine had not been helping. Colleagues of 

hers had had similar experience why the dermatologist contacted the MPA. When analysing 

the product, a potent glucocorticosteroid at 0.1 % concentration was found. The instructions 

to the product claimed that it would ease several topical problems, although two of those 

actually are contraindicated with the glucocorticosteroid content in the product. (MPA, 2010c)  

In 2004 the MPA went out with a warning about glucocorticosteroid content in another 

ointment, analysed after had been contacted by many persons about it. An English study in 

2003 showed that many herbal topical treatments with a fast effect on children contained 

undeclared glucocorticosteroids. As many as 20 of 24 analyzed products contained 

glucocorticosteroids.  (MPA, 2010d)   
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3.4. Nuclear Magnetic Resonance 

3.4.1. The NMR-technique 

Nuclear magnetic resonance, NMR, is a spectroscopic method for determination of molecular 

structures. Most often it is applied to liquid samples. It can distinguish between certain atoms 

in various positions in one molecule and show which atomic nuclei that are near each other 

either in terms of chemical bonds or spatial distance. It is the magnetic moment of a nucleus 

within an atom that interacts weakly with an external magnetic field. (Engel, T. & Reid, P., 

2006, s.687) The nuclear magnetic moment can take various orientations relative to the 

direction of the magnetic field, where the various orientations have different energies. 

(Atkins, P. W. et al., 2006, s.177) The superconducting magnets used in NMR produce 5-20 T 

magnetic field strength which gives a resonance with electromagnetic excitation with a 

frequency in the range of 20-900 MHz. By exciting nuclei in a sample with sequences of radio 

frequency irradiation and thereby observing the nuclear magnetization returning to 

equilibrium, the energy difference between the different nuclear magnetic states can be 

measured. By using Fourier transformation, the time-domain data can be converted to the 

frequency domain with peaks at frequencies corresponding to transitions between the various 

nuclear energy levels. Since the energy levels are separated with a relatively small energy, the 

sensitivity in NMR is relatively low and can be increased by using a stronger magnetic field. 

(Atkins, P. W. et al., 2006, s.177-178) 

3.4.2. Sensitivity 

The sensitivity in NMR depends on the abundance of the nuclear isotope and the size of its 

nuclear magnetic moment.  (Atkins, P. W. et al., 2006, s.177) The nuclear magnetic moment 

of the proton is 658 times weaker than the electron magnetic moment and does not affect the 

chemical properties in a molecule. Hence, for example, a molecule is essentially the same 

whether it contains 
13

C or 
12

C. (Engel, T. & Reid, P., 2006, s.687) 
1
H has 99.98 % natural 

abundance and a large magnetic moment while 
13

C has an abundance of 1.1 % and a smaller 

magnetic moment. 
19

F has an abundance of 100 %, and has thereby a higher sensitivity, and a 

magnetogyric ratio about 0.94 times that of 
1
H. 

1
H, 

19
F and 

31
P are particularly easy to observe 

in NMR, and there are many other elements where spectra can be observed. Properties for 
1
H 

and 
19

F are shown in Table 4. Nuclei with even atomic number and even mass number, such   

 as 
12

C and 
16

O, have 

a nuclear spin of 

zero, I= 0, and are 

therefore not NMR 

active. (Atkins, P. 

W. et al., 2006, 

s.177-178) One limitation in NMR is the presence of nuclear quadrupole moment, which is a 

non-uniform distribution of electric charge present for all nuclei with I > ½. This property 

broadens the signals and degrades spectral resolution. (Atkins, P. W. et al., 2006, s.177)  

Table 4. Important properties of 1H and 19F nuclei in NMR. (Gower, D.B. & Makin, H. L. J., 2010, s.64) 

                

Nuclei

Natural abundance 

           [%] Spin I

Relative 

sensitivity

Resonance frequency [Hz] 

(B = 11.47 T)

  H 99.985  1/2 1.00 500.00

  F 100  1/2 0.83 470.38
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3.4.3. Energy levels 

The nuclear spin, I, can be of value of multiplets of ½.  (Engel, T. & Reid, P., 2006, s.687)  

A nuclear spin can take on 2I+1 orientations relative to the direction of an applied magnetic 

field. Each orientation has a different energy and the lower levels have slightly higher 

populations. (Atkins, P. W et al., 2006, s.177) A nucleus with spin I= ½ can experience two 

orientations against the magnetic field, indexed by quantum number m. The alignment with 

the field, as in Figure 4, denoted m= +½ the spin state is called α. For a positive magnetogyric 

ratio, this alignment has a slightly lower energy and has a slightly higher population. The 

alignment against the field denoted m= -½ the spin state is called β. When applying radio 

frequency irradiation at the frequency that corresponds to the energy difference between the 

spin states, the orientation of the nuclear spin can change. After stopping the irradiation the 

nuclear spins return to their original state of thermal equilibrium and parts of this process can 

be detected. (Maitland, J. Jr.,2005, s.768-770) The energy separation between nuclei with 

m = - ½ in an applied magnetic field is        .    is the magnitude of the applied 

magnetic field and   is the magnetogyric ratio of the nucleus (the ratio of its magnetic 

moment to its spin angular momentum). (Atkins, P. W et al., 2006, s.177) The energy 

separation increase linearly with B0 and is shown in Figure 5. Since the separation is small a 

very high magnetic field is used in NMR to increase the separation. Today, fields up to 

18.5 T, which is nearly 10
6
 higher than the Earth’s magnetic field, can be generated. (Engel, 

T. & Reid, P., 2006, s.690)  

 

 

 

 

 

 

A magnetic moment that is not parallel to the magnetic field experiences a force        , 

see Figure 4 above. The torque, Г, is perpendicular to the plane containing B0 and µ and 

therefore leads to a movement, precession, of µ around the magnetic field direction. The 

Larmor frequency describes the frequency by which an individual magnetic moment 

precesses about the magnetic field direction:   
 

  
   or           . The frequency 

increases linearly with the magnetic field and the values are unique for various nuclei. Since 

there are numerous of individual spins in a sample, it is useful to describe the precession of 

their composite macroscopic magnetic moment, M, around the magnetic field. Ultimately, it 

is this precessing magnetization that provides the time dependent NMR signal. (Engel, T. & 

Reid, P., 2006, s.689)   

Figure 5. The energy dependence for 

α and β state of the magnetic field. 
Figure 4. Describes the precession of individual 

nuclear magnetic moment about the magnetic 

field for α spin. 
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3.4.4. Relaxation time 

The return of nuclei to thermal equilibrium after radio frequency irradiation consists of the 

following two major processes: spin-lattice or longitudinal relaxation and spin-spin or 

transverse relaxation. Both relaxation times depend on molecular motions. The relaxation 

time T2 describes how a precessing nuclear magnetization disappears which is connected to 

line broadening in the spectrum. (Engel, T. & Reid, P., 2006, s.703) 

When performing NMR experiments a relaxation delay time, D1, is put between the 

repetitions of radio frequency irradiation. If this is not sufficiently long the signal will not be 

proportional to the concentration of molecules in the sample that carry the investigated nuclei. 

In Figure 6 the delay time before exciting the nuclei in a sample is pictured.  

 

 

 

 

 

3.4.5. Chemical shift 

The chemical shift, δ, expresses the fact that the frequency of an NMR transition  varies 

between molecules and sites because the magnetic field exhibits local variation. It is typically 

expressed as the difference between the resonance frequencies of the nuclei of interest and 

that of a reference compound: 

 

  
    

  
           

 

Peaks will appear in different chemical shifts [ppm] where the variation is due to the magnetic 

environment of the nuclei. When δ is small the nucleus is said to be shielded and when δ is 

large the nucleus is said to be deshielded. Several factors are contributing to the shielding, 

where electron density is one factor. (Atkins, P. W. et al., 2006, s.177) Electronegative 

neighboring groups will withdraw electron density from the region, making the nucleus less 

shielded. The NMR resonance frequency will then be higher. The effect is limited to about 

three or four bond lengths. (Engel, T. & Reid, P., 2006, s.693) 

  

Figure 6. Shows the relaxation delay time, D1, which is put before the repetition of pulsing the sample with radio 

frequency in order to detect the oscillating signal from nuclei. When D1 is sufficiently long the signal will be 

proportional to the amount nuclei in the sample. 
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3.4.6. Splitting 

The NMR technique can distinguish between nuclei in various positions in one molecule 

where nearby nuclei might couple (interact), causing a splitting of the peaks shown in the 

spectrum. The splitting can be used to assign where in the structure the signal arose from and 

to identify or determine the structure of small molecules. (Engel, T. & Reid, P., 2006, s.687) 

The strength of this spin-spin coupling is reported as spin-spin coupling constants, J [Hz], and 

is a measure of the strength of interactions between individual magnetic moments.  

 

The splitting follows the n+1 rule for interacting nuclei, where n is the number of neighboring 

nuclei in equivalent environment that interacts through spin combinations. The signal 

intensities for the split signal are formed according to the Pascal’s triangle for I= ½, see 

Figure 7. (MPA internal instruction, 2010, identity number 00400) The closer the atoms are to 

each other, in terms of chemical bonds, the greater the coupling. Coupling of different sorts of 

nuclear spins is called heteronuclear coupling, and of the same sorts homonuclear coupling. 

(Atkins, P. W et al., 2006, s.179) In 
19

F-NMR homonuclear coupling can be seen when the 

nuclei are unrelated by symmetry of the molecule, e.g. one axial fluorine versus one 

equatorial fluorine in the same cyclohexane molecule. This is also the case if they are bonded 

to the same atom. (Atkins, P. W et al., 2006, s.179)  

 

 

 

  

Figure 7. The Pascal’s Triangle show in which relative intensity a signal for a nucleus of spin 1= ½ will take, caused by the 

different spin combinations from its neighbors. 
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3.5. 
19

F-NMR 

Other than an isotope of hydrogen, fluorine is the smallest substituent that can replace a 

hydrogen in a molecule. Fluorine is the most electronegative atom and it influences the 

surrounding with its electron withdrawing character. Fluorine has effect on the acidity of 

alcohols and carboxylic acids and the basicity of amines. The acidity of an alcohol 

CH3CH2OH substituted to CF3CH2OH is changed from pKa 15.9 to pKa 12.4. Fluorination 

may enhance lipophilicity, which is a property which is considered important since it often 

controls absorption, transport or receptor binding for biologically active compounds. Single 

carbon-bound fluorine substituents may show specific polarity influences, including hydrogen 

bonding, especially when bound to an aromatic ring. (Dolbier, W. R., 2009, s.1-4) 

3.5.1. Internal reference 

Fluorotrichloromethane (CFCl3) is the preferred internal reference for measurements of 
19

F-NMR spectra and is consequently assigned to zero chemical shift. Signals upfield of 

CFCl3 are assigned negative and signals downfield are assigned positive for their chemical 

shift. The advantage of CFCl3 is that it does not influence other signals and that most signals 

from carbon-bound fluorines lie downfield of CFCl3. Other compounds commonly reported as 

internal standards are: CF3CO2H (-76.2 ppm), hexafluorobenzene (-162.2 ppm), 

trifluoromethylbenzene (-63.2 ppm) and ethyl trifluoroacetate (-75.8 ppm). At -268 ppm 

the methyl fluoride has the highest chemical shift for an organofluorine compound. 

(Dolbier, W. R., 2009, s.5) 

3.5.2. Coupling 

The nuclear spin quantum number for fluorine is I= ½ and it has sufficiently long relaxation 

times for spin-spin splitting to be resolved. (Dolbier, W. R., 2009, s.5) If 
19

F-NMR is not 

decoupled there will be a spin-spin coupling between proximate fluorine substituents and also 

between fluorine nuclei and proton nuclei, see Figure 8. (Dolbier, W. R., 2009, s.15-16) 

  

Figure 8. The difference between not decoupled and decoupled 19F-NMR for the fluorine in Fluocortolone. The 

structure of fluocortolone is shown to the right. 
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For identical coupling strengths, the relative intensities of the peaks within multiplets will 

correspond to the binomial expansion by Pascals triangle for I= ½. The coupling constant 

between two vicinal fluorines is larger for a trans molecule than a cis molecule of the same 

compound. (Dolbier, W. R., 2009, s.15-16)  Fluorine spin-spin coupling constants are highly 

characteristic of their environment. (Dolbier, W. R., 2009, s.6) The magnitude of germinal 

and vicinal F-F and F-H coupling constants are generally larger than respective H-H coupling. 

For 
1
H and 

19
F spectra the intensities of individual signals are accurate measures of the 

relative number of nuclei from which the signal arises, given suitable NMR acquisition 

parameters. (Dolbier, W. R., 2009, s.10)  

Coupling between a fluorine and a hydrogen, a carbon or another fluorine which are separated 

by many bonds (more than three) can result from overlap of electronic orbitals occupied by 

unshared lone pair electrons. The term used for this effect is through space, but all isotropic 

coupling is transmitted in some way by electrons (bonds or unshared pairs). This space 

coupling depends strictly on the steric environment of the particular fluorine nucleus. 

(Dolbier, W. R., 2009, s.14-15)  

Homonuclear coupling constants are relatively large for fluorine atoms, compared to those for 

hydrogen atoms. Geminal homonuclear coupling constants for fluorine usually span between 

100-290 Hz, and have high variation depending on the environment. Vicinal homonuclear 

coupling constants in saturated aliphatic hydrocarbon systems are usually 15-16 Hz. Vinylic 

F-F trans coupling constants lie in the range of 35-52 Hz and cis coupling constants generally 

range between 14-20 Hz. (Dolbier, W. R., 2009, s.20) Geminal coupling constant for F-H 

range from 47-55 Hz and vicinal couplings range from 21-27 Hz, see Table 5 on following 

page.  Introducing further more electronegative substituents on the carbons bearing the 

coupling nuclei will for vicinal F-F and vicinal F-H decrease the coupling constant. (Dolbier, 

W. R., 2009, s.20) Single substitution of fluorine has the largest vicinal F-H coupling among 

hydrofluorocarbon systems, ranging from 21 Hz to 27 Hz. (Dolbier, W. R., 2009, s.36) One-

bond coupling between fluorine and carbon range between 162 Hz and 280 Hz, depending on 

how many fluorine atoms that are substituted on the carbon. (Dolbier, W. R., 2009, s.21)  
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Table 5 . Differences for primary, secondary and tertiary alkyl fluorides.    

              (Dolbier, W. R., 2009, s.37-43) 

Alkyl Fluoride Trends Primary Secondary Tertiary

Typical chemical shift [ppm]  -212 to -226  -183*  -156*

Geminal coupling [Hz] 47 to 49  ~47

Vicinal coupling [Hz] 21 to 27 20 to 25  ~ 21

*Very sensitive to branching (i.e. + 20 ppm)

3.5.3. Chemical Shifts  

Single fluorine chemical shifts range between -70 ppm and -238 ppm, while CF2 groups range 

between -80 ppm and -130 ppm and CF3 groups range between -52 ppm and -87 ppm. 

(Dolbier, W. R., 2009, s.11) Chemical shifts for single fluorine substituents in saturated 

hydrocarbons range from -130 ppm to -272 ppm. Primary fluorides absorb at higher field and 

tertiary fluorides absorb at lower field of the range. Single vinylic and aromatic fluorines can 

be observed at -95 ppm to -130 ppm. . (Dolbier, W. R., 2009, s.36) There are differences in 

the chemical shift for primary, secondary and tertiary alkyl fluorides in 
19

F-NMR, which is 

shown in Table 5. (Dolbier, W. R., 2009, s.37-43)  

 

 

 

 

 

 

 

Fluorocycloalkanes going from six-, five- to four-membered rings exhibit a small downfield 

trend in chemical shifts, whereas cyclopropanes exhibit a strong upfield shift. For 

fluorocyclohexane systems fluorine substituents at an axial position (-186 ppm) are much 

more highly shielded than one at an equatorial position (-165 ppm), both having the geminal 

coupling constant, F-H, 49 Hz. (Dolbier, W. R., 2009, s.45) In general a single, time-averaged 
19

F-signal will be observed for fluorocyclohexanes because of the relatively fast 

interconversion of the two chair conformations. A broad singlet at -171 ppm has been 

reported for dynamically equilibrated fluorohexanes at room temperature. Geminal coupling 

constants become larger with smaller ring size which is due to the presumed increased 

s-character of the carbon orbital binding fluorine. The absolute values of the chemical shifts 

for tertiary cyclohexyl fluorides can be directly correlated to the number of hydrogens in anti 

positions present: three: -177 ppm, two: -154 ppm, one: -141 ppm and zero: -129 ppm. 

(Dolbier, W. R., 2009, s.46) 

The solvent effect on fluorine chemical shift is low, and is less than 2 ppm for CDCl3, 

DMSO-d6 and acetone-d6. (Dolbier, W. R., 2009, s.14) A hydroxyl group sited one or two 

carbons away, γ or δ, from the fluorine substituent does not influence the fluorine chemical 

shift significantly. (Dolbier, W. R., 2009, s.53)  

Fluorine substituents deshield proximate hydrogens because of their inductive influence. The 

influence on the 
1
H chemical shift decrease dramatically with distance from the hydrogen. 

(Dolbier, W. R., 2009, s.27)  
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3.6. Glucocorticosteroid Signal in NMR 

When searching for corticosteroids in creams and ointments with 
1
H-NMR it can be difficult 

to find clean peaks since there are many interfering signals from the matrix that are 

overlapping the corticosteroid signals. The resemblance between various corticosteroid 

structures makes the discrimination between them difficult, and the low concentration of 

0.025 – 1.0 % makes the signals rather small, see Figure 9. 

The normal approach at the MPA, identifying with NMR 2D-spectra, is not applicable for 

identifying corticosteroids in creams and ointments due to the low concentrations. A double 

bond between C-1 and C-2 (cortisone/prednisone derivatives) increases the potency, making 

the concentration of these products usually equal to or below 0.1 %. There is however a 

possibility of finding characteristic peaks for hydrogen on C-2 and C-4 for these 

corticosteroids. The characteristic peaks and where they arose from are depicted in Table 6. 

  

 

 

 

 

 

 

The double doublet on C-4 appears to be a triplet, but is a double doublet that is not 

completely resolved. The distance between the double doublets for hydrogen on C-2 is 

approximately 10 Hz. 

Figure 9.The difficulty in identifying corticosteroids in creams and ointments due to overlapping signals from the matrix. 

Table 6. Shows the characteristic signals in 1H-NMR for corticosteroids and their chemical shift. 

Signal  H-NMR  Position Chemical shift [ppm]

double doublet C-2 6.20 - 6.42

double doublet C-4 5.96 - 6.40

1



16 

 

The characteristic peaks of analyzed corticosteroids with double bond between C-2 and C-4 

are shown in Figure 10. They usually appear in a relative clear spectral window 

5.96-6.42 ppm. The characteristic peaks from the hydrogen on C-2 and C-4 appear to have a 

relation to each other due to substitutions on C-6, C-9 and C-11. In some cases the 

characteristic signals are reversed in order and in other the signals from C-2 and C-4 are 

overlapping each other. 

 

 

 

 

 

 

 

Since the hydrocortisone and cortisone derivatives do not have as high anti-inflammatory 

effect they will have a higher concentration and thereby the signal will be easier to observe. 

The signals for hydrogen on C-4 for hydrocortisone and halcinonid are shown in Figure 11. 

 

 

 

  

Figure 10. Shows the clear spectral window for the characteristic signals arising from hydrogen on C-2 and C-4 in the 

corticosteroid structure. 

Figure 11. 1H-NMR signals from corticosteroids not containing a double bond 

between C-2 and C-4. 
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As shown in Figure 10, the double doublet signal coming from the hydrogen on C-4 is more 

deshielded for prednisone and prednisolone corticosteroids. This deshielding can be seen for 

corticosteroids containing an electronegative substituent on C-6 and/or C-9. The deshielding 

seems to be quite characteristic for the various alternatives for electronegative substitution. 

 

 

 

 

 

 

Figure 12 shows the pattern between different substituents on C-6, C-9 and C-11 for the 

hydrogen signals on C-2 and C-4. By calculating the logarithm of the signal for C-2 divided 

by the signal of C-4 (in ppm) and multiplying it by 1000, a scale for identifying the 

electronegative substituents is shown. The scale does not give more information than the 

distance between the hydrogen signals, but makes it easier to plot them on the same scale and 

to percept the relation between structure and signal. The carbonyl or hydroxyl group on C-11 

also seems to have an effect on the relationship between the signals. Further studies on other 

structures and validation of those structures with only a few corticosteroids analyzed needs to 

be done to further validate these relations. Figure 11 shows that it is quite easy to discriminate 

between corticosteroids with various structures. Discriminating between corticosteroids with 

the same main structure has been looked upon in the experimental part of this study. 

    

Table 7. Shows the dependence of the corticosteroids distance between the 1H-NMR signals from C-2 and C-4 in relations to 

electronegative substituents. 
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Log

H C-2/ H C-4

*1000 Determinations

Theoretical 

min value in 

scale

Theoretical 

max value in 

scale

Methylprednisolone acetate x  -OH 76.16 18.06

Budesonide x  -OH 74.66 17.70

Momethasone furoate Cl x  -OH 68.85 16.10 1 15.81 16.41

Fluorometholone F  -OH 63.79 14.95

Dexamethasone 21-acetate F  -OH 63.78 14.92

Fluprednidene acetate F  -OH 63.15 14.78

Triamcinolone Acetonide F  -OH 62.70 14.71

Desoximetasone F  -OH 62.49 14.65

Betamethasone 17-Valerate F  -OH 62.04 14.49

BETAMETHASONE ACETATE F  -OH 60.62 14.19

Clobetasone butyrate F  =O 31.42 7.33 1 7.15 7.57

Fluclorolone acetonide F Cl  -Cl 16.26 3.70 1 3.68 3.93

Fluocortolone F  -OH 5.28 1.22 1 1.19 1.28

Diflorasone Diacetate F  -OH  -9.12  -2.08

Flumethasone F  -OH  -9.20  -2.11

Fluocinolone Acetonide F  -OH  -11.78  -2.68

Fluticasone F  -OH  -12.49  -2.85

Fluticasone propionate F  -OH  -12.50  -2.85

Fluocinonide F  -OH  -12.87  -2.94

2

7

6

17.17 18.12

13.89 15.22

 -3.11  -2.06

Figure 12. The logarithm of the signal of hydrogen at C-2 in ppm divided by the signalof hydrogen at C-4in ppm 

is multiplied by 1000 in order to make a scale over the distance between the signals of hydrogen at C-2 and C-4.  
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When looking on corticosteroids with 
19

F-NMR, it is quite evident if the sample contains 

fluorine-containing corticosteroids or not. Even at low concentration it is easy to detect the 

fluorine signal. Due to that fluorine is at α position, the fluorine at C-6 is axial and C-9 is 

equatorial. The corresponding signals will be at -186 ppm and -165 ppm respectively, see 

Figure 13. The signal from fluorine alone is not enough to identify the corticosteroid, it will 

only show if the corticosteroid contains fluorine and where it is located. A response for 

fluorine content at these positions is a validation if a sample contains a corticosteroid or not, 

especially if there are interfering signals in 
1
H-NMR. 

 

Figure 13. The signal [ppm] of fluorine on axial position at C-6 and of fluorine on equatorial position at C-9 is shown to the 

left, and corresponding signals in 19F-NMR are shown to the right. 
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4. Experimental Study 

4.1. Method 

4.1.1. Instrumental Setup 

Table 8. Instrumentation used for experiments at the Medical Products Agency in Uppsala 2010. 

 

  

Bruker Avance 300 MHz Bruker Biospin AG Faellanden Switzerland 5 mm broadband 

probe observe

Bruker Avance 600 MHz Bruker Biospin AG Faellanden Switzerland

Bruker Topspin 2.1 Bruker BioSpin 

GmbH

Rheinstetten Germany

Ultrasons JP Selecta

Labofuge 300 Heaeus

Genius Sartorious

UMX2 Mettler Toledo

Heidolph REAX top

Instrumentation

Whirley Mixer

NMR-spectrometer

Software

Ultrasonication bath

Centrifugal

Weighing-machine
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4.1.2. Chemicals  

Chemicals used for experiments at the MPA are listed in Table 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular sieve dehydrate, from FLUKA, with indicator for drying solvents (cobalt chloride, 

10-21 mesh beads) was used in a pre-experiment trying to dry out the water after extracting 

the corticosteroid out of the cream. 

  

Table 9. Chemicals used in experiments at Medical Pharmaceutical 

Agency in Uppsala 2010. 

Chemical

Corticosteroids

Betametasone 17-valerate CCL Industries 1998

Betametasone Acetate Schering AG 1978

Betamethasone dipropionate Schering AG

Budesonide Sicor 2003

Clobetasone butyrate SIGMA 2003

Desoximethasone Hoechst 1980

Dexamethasone 21-acetate Riedel-de Häen 2004

Diflorasone diacetate UpJohn

Fluclorolone acetonide ASTRA 1971

Flumethasone CIBA-GEIGY 1977

Fluocinolone acetonide Sicor 1998

Fluocortolone Schering AG 1965

Fluorometolone Hoechst 1975

Metylprednisolone UpJohn 1993

Mometasone furoate Schering-Plough 2009

Triamcinolone Acetonide UpJohn 1997

Other

Methanol d-4, 99,8 atom% D Merck 2010

2,2,2-Trifluoroethanol

2,4-Dinitrofluorobenzene Sigma Aldrich

Chloroform d, 98,8 atom% D Armar Chemicals 2010
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4.1.3. Products 

The products used for experiments are listed in Table 10-11. In Table 10 products from the 

pharmacy Apoteket that have been used to develop methods for quantifying, identifying and 

screening for corticosteroids are listed. In Table 11 the products that were bought for market 

research in Stockholm at three separate occasions are listed.  

It is of importance to know that the corticosteroid concentration is not always referred to the 

actual corticosteroid in the cream or ointment. An example of this is the bethamethasone 

valerate concentration of CSC001 and CSO001. The strength is reported as bethamethasone 

valerate corresponding to 0.1 % bethamethasone. The actual concentration of bethamethasone 

valerate is 0.121 %. (LIF, 2010e)   

 

 

 

 

  

Table 10. The pharmaceutical products bought at Apoteket AB in order for developing methods to quantify and detect 

corticosteroids. The cream and ointment without corticosteroid content was used to investigate the effect of the matrix 

of cream and ointment. 

Table 11. Products bought at different stores, which were not 

pharmacies, in Stockholm in 2010.  

Product on market Formulation

SSM10 Cream

SSM11 Cream

SSM12 Lotion

SSM13 Body butter

SSM14 Body butter

SSM15 Cream

SSM16 Lotion

SSM17 Cream

SSM18 Cream

Pharmaceutical 

product Formulation Strength [%] Active Pharmaceutical Ingridient

CSC001 Cream 0.121 Betamethasone 17α-valerate

CSO001 Ointment 0.121 Betamethasone 17α-valerate

CSO002 Ointment 0.05 Clobetasole 17-propionate

CSO003 Ointment 0.10 Mometason

CSC004 Cream 0.05 Clobetasone butyrate

CSC005 Cream 0.05 Fluticasone propionate

CSC006 Cream 1.00 Hydrocortisone

CSO006 Ointment 1.00 Hydrocortisone

CSC007 Cream 0.025 Fluocinolone acetonide

CSCB08 Cream NA NA

CSOB09 Ointment NA NA
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4.1.4. Extraction Process 

The process of extracting glucocorticosteroids in creams and ointments followed the process 

described below if else is not specified. 

1. 100 – 250 mg cream or ointment was weighed in to a test tube. 

2. 1.5 ml of deuterated chloroform and deuterated methanol in relations 2:1 was added to 

the test tube. 

3. The cream or ointment was suspended in the solvent, gently put into movement if 

necessary.  

4. An internal standard was added to the test tube for quantification experiments. 

5. A concentrated solution of corticosteroid in deuterated chloroform was added to 

samples which were to be spiked. Additional deuterated methanol was added to keep 

the relation 2:1 between chloroform and methanol. 

6. The test tubes were shaken on a vortex mixer. 

7. The test tubes were ultrasonicated during 10 minutes. 

8. The test tubes were centrifuged at 2500 rpm during 10 minutes. 

9. The solution was put in a NMR tube and was analyzed at the 300 MHz NMR 

instrument. 

4.1.5. Solvent 

A solvent of deuterated chloroform and deuterated methanol with relations 2:1 was used to 

dissolve corticosteroids analyzed. 

4.1.6. Internal Standard 

Problems had been seen with the baseline in previous 
19

F-NMR analyses at the MPA. Being 

able to choose an internal standard that lied closer in chemical shift to the fluorine signals of 

corticosteroids (-165 ppm and -187 ppm) reduced the problem by being able to choose a 

narrower spectral width. A pre-experiment was carried out with fluorine containing chemicals 

available at the MPA to see if an internal standard with a chemical shift closer to those in 

corticosteroids than trifluoroacetic acid (~-76.5ppm) could be found. The chemicals analysed 

were 2, 4-dinitrofluorobenzene 99% D and 2, 2, 2-trifluoroethanol 99.5% D. 

The internal standard used for quantification was 2,4-dinitrofluorobenzene 99% D, if else is 

not specified.  

  

(   ) 
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4.1.7. Quantification 

The quantification process followed internal instructions at the Medical Products Agency. 

There are some criterions to be fulfilled when quantifying with NMR. When quantifying with 
1
H-NMR deuterated solvents, at least 99.5 %, are chosen with respect to the solvent, the 

analyte and the internal standard chemical shift and solubility. The internal standard may not 

be overlapped by signals from the solvent or the analyte, which is to be ensured by taking a 

spectrum initially without the internal standard. The purity, at least 99 %, must be known.  

When analysing small amounts, a reference solution of known concentration is used. The 

applied scale should be accurate to 0.01 mg or less. (MPA internal instruction, 2010, identity 

number 0800) 

The amount is detected by performing three sample preparations and weighings for the 

sample and calculating the mean value for the three determinations. The internal standard 

should be added in amounts giving a size of the signal similar to that of the analyte that is to 

be quantified. The relaxation time has to be at least 5*T1 or the signal will not be proportional 

to the amount of given nuclei in the sample. The number of scans should be at least 64 in 
1
H-

NMR. (MPA internal instruction, 2010, identity number 0800) 

In 
19

F-NMR the spectral window was set to: SW 116.4982 ppm (32894.74 Hz) and 

O1 -147.995 ppm (-41794.43). Inversion recovery experiments were performed to find the 

relaxation time T1. D1 was set to 20 seconds, after experiments determining T1, and fulfilled 

the criterion D1>5*T1. The number of scans were 512 and the experimental time was thereby 

3 h 10 min. 

In 
1
H-NMR D1 was set to 40 seconds and the number of scans to 256. The experimental time 

was 3 h 15 min. 

The amount of analyte in the samples of cream and ointment was calculated by 
 

          
                                      

                                 
 

where P is the purity, Mw is the molecular weight, nH is the number of hydrogens giving the 

signal, m is the weight and A is the integrated area. Std is for the internal standard, subs is for 

the pure substance of the analyte and sample is for the sample containing the analyte. 

When quantifying the corticosteroid content in creams and ointments with known amounts 

and calculating the yield, it is important to know that the corticosteroid content sometimes is 

referred to the derivatives main structure. An example of this is the bethamethasone valerate 

concentration of 0.121 % in CSC001 and CSO001 which is labeled as betamethasone valerate 

corresponding to 0.1 % bethametasone concentration. (LIF, 2010e)   

A concentration experiment was performed trying to concentrate the amount corticosteroid 

after the extraction process. This was done by bubbling the solution with N2-gas. 

Concentrating the sample would be beneficial both for quantification and screening since it 

could provide higher peaks and the quantification results could get a lower RSD value. 
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4.2. Screening 

Eight creams and ointments with known corticosteroid concentration were analysed with 
1
H-NMR with the 300 MHz NMR instrument. Six of the creams and ointments had 

corticosteroids containing fluorine and were analysed with 
19

F-NMR. The number of scans 

were altered between 8 and 512 in order to find the lowest number of scans to be able to 

detect the corticosteroid. The screening result took regards to both signal to noise, S/N, and if 

it could be detected when looking at (screening) the spectrum for corticosteroid content. The 

creams and ointments analysed were CSC001, CSO001, CSO002, CSC004 CSC006, CSO006 

and CSC007. The screening focused on corticosteroids containing a double bond between C-1 

and C-2. The experiment was done with the corticosteroid concentration and strength in 

Table 12.  

 

 

 

 

 

 

 

 

 

 

4.3. Split Signal in 
19

F-NMR Due to Water? 

A tendency of a split 
19

F-NMR signal for some corticosteroid-containing creams, but not 

ointments, had been seen in previous work at the Medical Products Agency. Why this split 

signal occurred was investigated by comparing various matrixes, cream and ointment, and by 

comparing various corticosteroid structures with each other. The water content for solvents 

with corticosteroids of various structures was altered by applying (1) various amounts of 

cream and (2) various amounts of water with or without ointment added. The various 

structures were corticosteroids with fluorine on C-6, fluorine on both C-6 and C-9, fluorine on 

C-9 along with a hydroxyl group, carbonyl group or chlorine at C-11. 

  

Table 12. The formulation and strength for screening experiment of corticosteroids. 

Product Formulation Strength [%] API

CSC001 Cream 0.121 Betamethasone 17α-valerate

CSO001 Ointment 0.121 Betamethasone 17α-valerate

CSO002 Ointment 0.05 Clobetasole 17-propionate

CSC004 Cream 0.05 Clobetasone butyrate

CSC005 Cream 0.05 Fluticasone propionate

CSC006 Cream 1.00 Hydrocortisone

CSO006 Ointment 1.00 Hydrocortisone

CSC007 Cream 0.025 Fluocinolone acetonide
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4.4. Discrimination 

To be able to identify and discriminate between various corticosteroids the relations between 

the corticosteroid signals in NMR have been investigated, both with 
1
H-NMR and

 19
F-NMR. 

Corticosteroids which gave the same pattern for the characteristic peaks were analysed to see 

if discrimination was possible between them. The corticosteroids which might be difficult to 

discriminate between were divided into three groups according to their structure, and were 

analysed with 
1
H-NMR and 

19
F-NMR. The three groups where: (1) fluorine on both C-6 and 

C-9; diflorasone diacetate (floron), flumethasone and fluocinolone acetonide, (2) fluorine on 

C-9; betamethasone 17-valerate, betamethasone acetate, desoximetasone, fluorometholone, 

triamcinolone acetonide and dexamethasone 21-acetate, (3) with no fluorine; budesonide, 

methylprednisolone and momethasone furoate.  

4.5. Identifying – 1 D COSY – selective pulse 

When screening for corticosteroids, and finding characteristic peaks, it is still necessary to 

identify which corticosteroid that a cream or ointment might contain. The result from the 

discrimination experiment showed which corticosteroids which can be discriminated from 

each other by adding a spike.  

By performing a 1 D COSY experiment in 
1
H-NMR (600 MHz) with a selective pulse, one 

more position in the corticosteroid structure can be identified. By comparing this signal with a 

reference signal, the structure of the analyte in the sample is further validated. Through this 

experiment it can be seen if the structure is that of a corticosteroid or not. By applying a 

selective pulse at the proton situated at C-2, the connection with the proton at C-1 will be 

confirmed for corticosteroids containing double bond. The connection between C-2 and C-4 is 

also seen. 

4.6. Market research 

A market research was carried out in Stockholm to see if it was possible to find any illegal 

products, counterfeits, on the market. Ordinary health food stores and other stores of interest 

were searched for on the Internet with the keywords: “ointment, cream, psoriasis, eczema”. 

Some of these stores were visited. Also Chinese / Asian food markets were visited. In the 

stores the salesperson was asked to recommend the most efficient cream or ointment that 

would help cure eczema or psoriasis. A total of nine various products were collected from the 

Swedish market, some of which had been recommended in several stores. The products were 

screened for corticosteroid content. The screening was performed both with 
19

F-NMR and 
1
H-NMR. With 

1
H-NMR the characteristic peaks coming from the hydrogens situated at C-2 

and C-4 was searched for in the region 5.96 - 6.40 ppm. In 
19

F-NMR the regions about 

-165 ppm and -187 ppm was investigated extra carefully since it is where corticosteroids 

containing fluorine would give signals. 
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5. Result and discussion 

5.1. Internal Standard 

2, 4-dinitrofluorobenzene 99% D was chosen to be the internal standard for quantification 

experiments since it was the fluorinated substance which lied closest in chemical shift 

(~ -107 ppm) in 
19

F-NMR to the corticosteroids. 2, 4-dinitrofluorobenzene 99% D has the 

advantage of having signals lying far down-field (8.96, 8.57 and 7.60 ppm) in 
1
H-NMR, 

thereby not overlapping the signals from the corticosteroids or being overlapped by the matrix 

signals, which makes it a suitable internal standard for 
1
H-NMR as well. The signal lying near 

8.96 ppm was used to quantify against. Quantifying provided best results when the internal 

standard was weighed in to the test tube. Since the corticosteroid concentration was low, a 

reference solution with the internal standard was made to give approximately the same size of 

the signal as the corticosteroid.  

5.2. Quantification 

Quantifying small quantities is difficult, especially when quantifying below the limit of 

quantification, LOQ, which often is the case when quantifying corticosteroids in creams and 

ointments. The corticosteroid concentration is usually between 0.025 and 1.0 %. The relative 

standard deviation, RSD, value will be larger for small quantities since the noise will have an 

increased impact on the integral quantification. It is favourable to quantify with decoupled 
19

F-NMR, since the signal is less split and more concentrated. Small quantities are sometimes 

below limit of detection, LOD, especially when not decoupled. The quantification is still quite 

accurate when analysing small amounts, but it is very sensitive to the integration method. 

Since the impact from the baseline is large, it has been favourable to quantify with individual 

integration widths close to the peaks base. In Table 13, the results from quantifying 

desoximethasone with the internal standard 2,4-dinitrofluorobenzene and the corticosteroid 

fluclorolone acetonide are shown. The addition of cream, giving a split signal, does not seem 

to effect the quantification. The RSD is half as high for quantification when the corticosteroid 

is used in comparison to when the internal standard is used. 

 

 

 

 

Table 13. Quantification result from two corticosteroids and the internal standard. The quantification parameters of integral 

width and how the internal standard has been added has been investigated. 
Quantification Corticosteroids F-NMR

Corticosteroid Reference corticosteroid IS Yield [%] STD RSD [%] Yield [%] STD RSD [%]

Desoximethasone Fluclorolone Acetonide

4-12 mg 5-11 mg 106 7.6 7.2 102 1.2 1.1 IS volume 180 Hz

105 5.4 5.3 103 1.1 1.0 IS volume 314 Hz

105 6.7 6.4 101 0.7 0.7 IS volume Individual

105 7.8 7.5 101 0.8 0.8 IS volume Individual

3-8 mg 3-8 mg 100 2.7 2.7 102 1.3 1.3 IS weight Individual

4-10 mg 5-13 mg 99 3.1 3.1 99 1.5 1.5 IS weight direct Individual

8-10 mg Cream added 104 2.5 2.4 IS volume Individual

19
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Weighing the internal standard directly in to the sample or weighing the internal standard and 

making a reference solution has been more favourable than measuring the volume of the 

internal standard. The internal standard should be as close as possible to the size of the signal 

of the analyte although it might be favourable having a higher quantity of internal standard in 

the sample, which decreases the relative weight of noise when integrating the internal 

standard. The internal standard will then contribute less to the obtained RSD. In this project, 

quantification with both 
1
H-NMR and 

19
F-NMR have been looked upon. Results from two 

corticosteroids showed that when analysing with 
19

F-NMR, it could be favourable to quantify 

with another corticosteroid instead. However, the quantification with 
1
H-NMR will then be 

disabled since the characteristic signals of the corticosteroids most often overlap each other. 

The quantification with 
19

F-NMR and 
1
H-NMR is shown in Table 14. The reason of getting 

yields above 100 % is that the baseline might contribute to the integral intensity. The 

contribution is relatively large if the signal is small due to the low corticosteroid 

concentration. The reason might also be due to that when manufacturing the creams and 

ointments, there is an interval of how much the content can differ from the amount declared. 

The actual scatter of concentration can be of 10 %, depending on the manufacturer’s 

specimen. Amounts as low as 0.025 % is below LOQ and near LOD, and depending on the 

signal it might be possible to quantify the amount. When quantifying fluocinolone acetonide 

at a concentration of 0.025 % by integration, the yield of detection was 80 %. When 

quantifying by height instead, the yield of detection was 96-112 %. This shows the difficulty 

of integrating at low concentrations. The method of determining the concentration based on 

the height requires similar line widths of the signal from the internal standard and the analyte.  

The cream CSC001 was spiked with related glucocorticosteroid, and the concentration was 

determined with integration. The yield was about the same as for the quantification of 

non-spiked samples, but the RSD value was improved. This verifies the impact of the 

contribution of the noise. When quantifying on a larger quantity, the effect of noise is 

lowered, and so is the RSD value. Since it is often a requirement that RSD values should be as 

low as below 2 %, spiking the sample might be one way to determine the concentration.  

 

 

 

 

  

Table 14. The yield and RSD values when quantifying creams and ointments with NMR. 
Quantification F-decoupled NMR H-NMR

Topical treatment Strength [%] Amount Spike Strength [%] STD RSD [%] Yield [%] Strength [%] STD RSD [%] Yield [%]

CSC001 0.121 115-185 mg 0.121 0.007 5.39 100 0.129 0.013 10.12 104

100-115 mg 0.116 0.008 6.82 96 0.119 0.005 4.11 98

175-200 mg ( 0.103 0.005 4.61 85 )  (not decoupled)

0.115 0.004 3.21 95

0.194 105-115 mg  (0.08) 0.190 0.001 0.62 98 0.198 0.001 0.47 102  spiked sample

CSO001 0.121 100-150 mg 0.118 0.002 2.10 98 0.128 0.004 2.8 106

CSC004 0.05 200-265 mg 0.044 0.005 12.33 89 0.052 0.008 15.59 105

100-135 0.050 0.01 20.09 100 0.049 0.014 28.68 98

CSC005 0.05 110-150 mg C-9 0.053 0.009 17.07 106 0.058 0.02 35.08 116

C-6 0.051 0.01 22.14 102

other 0.050 0.01 20.69 100

CSC007 0.025 110-150 mg C-9 0.020 0.006 28.62 80 NA

C-9 height 0.028 0.01 37.26 112

C-6 0.020 0.006 28.92 80

C-6 height 0.024 0.05 22.02 96

119
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A standard addition experiment, developed to better suit NMR conditions, using a confidence 

interval to estimate the concentration was tested. This included three determinations of non-

spiked samples and two determinations of spiked samples, together giving 6 determinations of 

the concentration of the cream. This method was not applicable due to the high RSD values 

from quantification of the non-spiked samples. The relatively large variation in the results of 

the quantification of the non-spiked samples gives relative good estimates for the mean value. 

When combined with the spiked sample the determination of the confidence interval results in 

a big interval and high RSD value. This method was also discussed if it could be used to see 

any matrix effects in NMR, as the method is used for other analytical techniques. But when 

analysing with NMR there is no “matrix effect” so this method could not be used for that 

purpose. The method is also used to determine the extraction effect, but due to the low 

concentration of corticosteroids giving a high RSD this is not a good method of finding out if 

there is an extraction effect or not. 

The result from trying to concentrate the corticosteroid content after the extraction process by 

bubbling the solution with N2 gas gave poor results. The bubbling of the solution made the 

solvent over-saturated by some component, which resulted in phase separation and/or 

precipitation. 
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5.3. Screening 

In order to detect the glucocorticosteroid content in creams and ointments with NMR the 

concentration must be sufficiently high and the peaks must show a characteristic pattern in 
1
H-NMR. The possibility of identifying corticosteroid content when screening for 

corticosteroids is depicted in Table 15 on the following page. Fluorine content does make it 

possible to find corticosteroids that otherwise could be difficult to detect. 

The minimum number of scans intended for finding corticosteroids in creams and ointments 

were: 

19
F-NMR: 64 number of scans with an experimental time of approximately 2 minutes. 

1
H-NMR: 160 number of scans with an experimental time of approximately 17 minutes. 

Creams could be extracted in amounts of 200 mg in order to increase the signal while 

ointments needed to be lower than 150 mg. If a higher amount of ointment was extracted one 

often experienced phase separation leaving an organic phase that was not sufficient enough 

for the NMR tube.  

The characteristic signal with two sets of double doublets, one looking as a triplet, is not 

observed for all corticosteroids with a double bond between C-1 and C-2. This means that the 

screening method is not applicable for all corticosteroids with that structure, see Figure 10. 

Some corticosteroids that could be difficult to detect, although in sufficient amounts, are 

fluticasone,  flucortolone, fluocinolone acetonide, flumethasone and diflorasone, that is 

corticosteroids with electronegative substituents on both C-6 and C-9. Examples of 

corticosteroids with characteristic signals are: triamcinolone, momethasone, methyl 

prednisolone, clobetasone butyrate, fluprednidene, fluormetholone, desoximethasone, 

bethamethasone acetate and bethametasone valerate. Clobetasole propionate in a cream with a 

concentration of 0.025 % was very difficult to detect with a 300 MHz NMR instrument, both 

with 
1
H-NMR and 

19
F-NMR. Only by knowing that it had to be there, some signals could be 

sought out. With 
1
H-NMR (NS 512) only the double doublet could be observed at C-2 and not 

the double doublet at C-4. The distance between the double doublets of 10 Hz for the 

hydrogen signal on C-2 should be enough to make an operator alert, but the signal could as 

well be disregarded due to noise disguising the signal from C-4. The corticosteroid signals 

could however be observed with the 600 MHz instrument with 
1
H-NMR. A concentration of 

0.05 % clobetasol propionate was well detected with the suggested parameters of screening 

for corticosteroids with the 300 MHz instrument.  

When detecting corticosteroids with 
1
H-NMR the characteristic peaks might be overlapped by 

the signals from the cream or ointment. If containing more than one corticosteroid, the signals 

could also overlap each other. Therefore the use of 
19

F-NMR is of great advantage when 

searching for corticosteroid content. The use of 
19

F-NMR will increase the possibility of 

detecting corticosteroids in a cream or ointment. 
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Table 15. Shows screening opportunities for various corticosteroids, bold letters are determined by experiments. 

 
SCREENING H-NMR F - C-9 F - C-6 F

Diflorasone Oi -165 -186

Diflorasone Diacetate Oi -165 -186

Diflucortolone Oi -165 -186

Flumethasone Oi -165 -186

Halcinonide x* -165 -186

Fluocinolone Acetonide Xi -165 -186

Fluocinonide Xi -165 -186

Fluticasone Xi -165 -186

Fluticasone propionate Xi -165 -186 -193

Halometasone y -165 -186

Amcinonide x -165

Betamethasone x -165

Betamethasone 17,21-dipropionate x -165

Betamethasone 17-Valerate x -165

Betamethasone 21-valerate x -165

Betamethasone acetate x -165

Clobetasol x -165

Clobetasol 17-butyrate x -165

Clobetasol 17-propionate x -165

Clobetasol propionate ? x -165

Clobetasone x -165

Clobetasone butyrate x -165

Desoximetasone x -165

Dexamethasone x -165

Dexamethasone 21-acetate x -165

Dexamethasone 21-phosphate x -165

Dexamethasone acefurate x -165

Dexamethasone Isonicotinate x -165

Dexamethasone sodium phosphate x -165

Fluorometholone x -165

Fluprednidene acetate x -165

Triamcinolone x -165

Triamcinolone Acetonide x -165

Triamcinolone Acetonide 21-Acetate x -165

Triamcinolone Diacetate x -165

Flucortolone 21-acetate O -186

Fluocortolone O -186

Fluprednisolone O -186

Paramethasone O -186

Paramethasone acetate O -186

Clocortolone pivalate O/Oi -186

Fluclorolone acetonide x -186

Alclometasone dipropionate x

Beclomethasone x

Budesonide x

Desonide x

Methylprednisolone x

Methylprednisolone acetate x

Momethasone furoate x

Prednicarbate x

Prednisolone x

Prednisone x

Flurandrenolone x*

Hydrocortisone x*

Hydrocortisone 17-butyrate x*

Hydrocortisone 17-butyrate 21-propionate x*

Hydrocortisone aceponate x*

Hydrocortisone acetate x*

Hydrocortisone sodium succinate x*

Oi=characteristic signal not seen due to inversed overlap x=charachteristic signal

O=characteristic signal not seen due to overlap Xi=inversed characteristic signal

y=Cl at C-2 x*=singlet

1
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Glucoorticosteroids that theoretically could be detected with 
1
H-NMR are: (1) characteristic 

signal; fluorine content: amcinonide, betamethasone, betamethasone 17,21-dipropionate, 

betamethasone 17-valerate, betamethasone 21-valerate, betamethasone acetate, clobetasol, 

clobetasol 17-butyrate, clobetasol 17-propionate, clobetasol propionate, clobetasone, 

clobetasone butyrate, desoximetasone, dexamethasone, dexamethasone 21-acetate, 

dexamethasone 21-phosphate. dexamethasone acefurate, dexamethasone isonicotinate, 

dexamethasone sodium phosphate, fluorometholone, fluprednidene acetate, triamcinolone, 

triamcinolone acetonide, triamcinolone acetonide 21-acetate, triamcinolone diacetate, 

flucortolone 21-acetate, fluocortolone, fluprednisolone, paramethasone, paramethasone 

acetate, clocortolone pivalate, fluclorolone acetonide, no fluorine content: alclometasone 

dipropionate, beclomethasone, budesonide, desonide, methylprednisolone, 

methylprednisolone acetate, momethasone furoate, prednicarbate, prednisolone, prednisone 

and (2) characteristic signal in reversed order; fluorine content: fluocinolone acetonide, 

fluocinonide, fluticasone, fluticasone propionate. 

Glucocorticosteroids that theoretically could have overlapped signals, with fluorine content 

are: (3) overlapped characteristic signal; flucortolone 21-acetate, fluocortolone, 

fluprednisolone, paramethasone, paramethasone acetate, (clocortolone pivalate) and 

(4) overlapped characteristic signal in reversed order; diflorasone, diflorasone diacetate, 

diflucortolone, flumethasone, (clocortolone pivalate). The detection of these corticosteroids 

could be dependent on 
19

F-NMR. 

The singlet 
1
H-signal arising from corticosteroids with no double bond between C-1 and C-2 

can be observed if in sufficient amounts. It could be difficult to determine that the signal is 

coming from a glucocorticosteroid structure if only observing the singlet. Halcinonid may be 

identified due to that it also contains a fluorine atom. Structures giving a singlet signal not 

containing fluorine are: flurandrenolone, hydrocortisone, hydrocortisone 17-butyrate, 

hydrocortisone 17-butyrate 21-propionate, hydrocortisone aceponate, hydrocortisone acetate, 

hydrocortisone sodium succinate. Although when in larger amounts, which is the case for not 

fluorinated glucocorticosteroids, it may be possible to use 2D NMR experiments to establish 

the corticosteroid content. 
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5.4. Split Signal in 
19

F-NMR Due to Water? 

A split signal in 
19

F-NMR was due to both the matrix and the structure of the corticosteroid. 

The creams CSC001, CSC005 and CSC007 showed split signals with a split of 12 Hz for 

fluorine on C-9. Investigation of various corticosteroids showed that the splitting occurred for 

corticosteroids with fluorine at C-9 along with a hydroxyl group at C-11 in water containing 

environment. Corticosteroids with fluorine at both C-6 and C-9 showed a split in the signal 

for fluorine at C-9 but not for fluorine at C-6, when having a hydroxyl group at C-11. When a 

carbonyl group is at C-11, there was no split signal observed, see Figure 14-16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although a splitting of the signal only occurs for the fluorine on C-9 and not for that on C-6, 

the chemical shift does change for both signals. The change in chemical shift is larger for C-6 

than for C-9. This result shows that it can be difficult and misleading to try to identify a 

corticosteroid in a cream or ointment on the basis of the chemical shift of the fluorine.  

Figure 14. The effect of the signal for C-9 in 19F-NMR when adding water to a corticosteroid containing fluorine on C-6 

and C-9 and a hydroxyl group at C-11. Splitting occurs, but also a small change in the chemical shift. The structure of 

flumethasone is shown to the right. 

Figure 15. The effect of the signal for C-6 in 19F-NMR when adding water to a corticosteroid containing fluorine on C-6 

and C-9 and a hydroxyl group at C-11.Splitting does not occur, but it is quite evident that there is a change in the chemical 

shift. The structure of flumethasone is shown to the right. 
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When having a carbonyl group at C-11 in a corticosteroid, a split in the signal does not occur, 

but a change in the chemical shift for the fluorine on C-9 could be observed. The change in 

chemical shift implies that there is a change in the magnetic environment. Aggregation is one 

possible explanation of the splitting and changes in chemical shift. Fluorine is known to form 

hydrogen bonds, so hydrogen bonding could also be a reason for the splitting effect. 

The amount of water had an effect on the proportion of the intensities of the original singlet 

signal and the upcoming new signal. The more water that was added made the new signal 

increase in intensity and the original signal decrease in intensity. One question arising when 

analyzing samples containing corticosteroids, with fluorine on C-9 and hydroxyl group at 

C-11, is how to be sure that there only is one corticosteroid in the sample when a split signal 

is occurring (when there are no proof of else with 
1
H-NMR). This can be assured by adding 

water in amounts enough to make the signal change into one signal. Experiments on this have 

been performed with satisfying results. Another method could be to remove the water by 

drying the sample and thereby getting one signal. Experiments in smaller scale were 

performed with molecular sieves, which gave poor results.  

 

 

 

 

 

Figure 16. The effect of adding water to a corticosteroid containing fluorine on C-9 and carbonyl group at C-11. As can be 

seen, no splitting occurs. The structure of clobetasone butyrate is shown to the right. 



 

5.5. Discrimination 

The possibility to discriminate between different corticosteroids is shown in Tables 16-18. Most of the corticosteroids can be discriminated 

between each other either with 
19

F-NMR or 
1
H-NMR. Since the signal in 

19
F-NMR does vary with the solvent, the discrimination might not 

always be as the result from this analysis. 

   Table 16. The possibility of discriminating between corticosteroids with fluorine on C-9 and hydroxyl group at C-11 is shown.  

 

 

 

 

F H F H F H F H F H F H F H

Betametasone acetate

Betametason 17-valerate X X

Betamethasone 17,21-dipropionate X X X O

Desoximetasone X X X X X X

Dexametasone 21-acetate X O X X X X X* X

Fluorometholone X X X X X X X O* X X

Triamcinolone acetonide X X X* X X X X X X X X O*

X, discrimination possible

O, discrimination not possible

O*, discrimination might be seen in the hydrogen signal from C-4

X*, lies close to eachother, might look as one corticoid with added water

F(C-9) - Discrimination
Betametasone acetate Betametason 17-valerate Betamethasone dipropionate Desoximetasone Fluorometholone Triamcinolone acetonideDexametasone 21-acetate

Table 18. The possibility of discriminating between corticosteroids with fluorine on C-6 and C-9. 

F H F H F H

Diflorasone diacetate

Flumethasone X X

Fluocinolone acetonide X X X X

X, discrimination possible

O, discrimination not possible

Diflorasone diacetate Flumethasone Fluocinolone acetonide
F(C-6),F(C-9) - Discrimination

Table 17. The possibility of discriminating between corticosteroids that are fluorine absent. 

 Budesonide Methylprednisolone Momethasone furoate

H H H

Budesonide

Methylprednisolone XO*

Momethasone furoate X X

X, discrimination possible

O, discrimination not possible

XO*, discrimination difficult

F-absent Discrimination

    
17 18 
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Table 19. Shows various corticosteroids with theoretical value calculated for 1H-NMR, see Figure 12. 
Corticosteroid C-6  
C-9  C11 Double-bond No double-bond Theoretical value

Diflorasone Diacetate F F  -OH x  -2.08

Diflorasone F F  -OH x  -2.06 - -3.11

Diflucortolone F F  -OH x  -2.06 - -3.11

Flumethasone F F  -OH x  -2.11

Fluocinolone Acetonide F F  -OH x  -2.68

Fluticasone propionate F F  -OH x 3 F  -2.85

Fluticasone F F  -OH x  -2.85

Fluocinonide F F  -OH x  -2.94

Halometasone F F  -OH x Cl at C-2! ?

Clocortolone pivalate F Cl  -OH x <1.2

Flucortolone 21-acetate F  -OH x 1.2

Fluprednisolone F  -OH x 1.2

Paramethasone F  -OH x 1.2

Paramethasone acetate F  -OH x 1.2

Fluocortolone F  -OH x 1.22

Fluclorolone acetonide F Cl  -Cl x 3.70

Clobetasone F  =O x 7.3

Clobetasone butyrate F  =O x 7.33

Prednisone  =O x 8.3

Betamethasone acetate F  -OH x 14.19

Betamethasone 17-Valerate F  -OH x 14.49

Amcinonide F  -OH x 13.89 - 15.22     

Betamethasone F  -OH x 13.89 - 15.22     

Betamethasone 17,21-dipropionate F  -OH x 13.89 - 15.22     

Betamethasone 21-valerate F  -OH x 13.89 - 15.22     

Desoximetasone F  -OH x 14.65

Triamcinolone F  -OH x 13.89 - 15.22     

Triamcinolone Acetonide F  -OH x 14.71

Triamcinolone Acetonide 21-Acetate F  -OH x 13.89 - 15.22     

Triamcinolone Diacetate F  -OH x 13.89 - 15.22     

Fluprednidene acetate F  -OH x 14.78

Clobetasol F  -OH x 13.89 - 15.22     

Clobetasol 17-butyrate F  -OH x 13.89 - 15.22     

Clobetasol propionate ? F  -OH x 13.89 - 15.22     

Clobetasol 17-propionate F  -OH x 13.89 - 15.22     

Dexamethasone F  -OH x 13.89 - 15.22     

Dexamethasone acefurate F  -OH x 13.89 - 15.22     

Dexamethasone Isonicotinate F  -OH x 13.89 - 15.22     

Dexamethasone 21-phosphate F  -OH x 13.89 - 15.22     

Dexamethasone sodium phosphate F  -OH x 13.89 - 15.22     

Dexamethasone 21-acetate F  -OH x 14.92

Fluorometholone CH3 F  -OH x 14.95

Beclomethasone Cl  -OH x 16.1

Momethasone furoate Cl  -OH x 16.10

Desonide  -OH x 17.7

Prednicarbate  -OH x 17.7

Prednisolone  -OH x 17.7

Budesonide  -OH x 17.70

Alclometasone dipropionate  -OH x Cl at C-7 ?

Methylprednisolone acetate CH3  -OH x 18.06

Methylprednisolone CH3  -OH x 18.1

Hydrocortisone  -OH x One signal

Hydrocortisone sodium succinate  -OH x One signal

Hydrocortisone aceponate  -OH x One signal

Hydrocortisone acetate  -OH x One signal

Hydrocortisone 17-butyrate  -OH x One signal

Hydrocortisone 17-butyrate 21-propionate  -OH x One signal

Flurandrenolone F  -OH x One signal

Halcinonide F  -OH x One signal
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Table 20 shows the values of calculating the logarithm of the hydrogen signal from C-2 

divided by the hydrogen signal from C-4, multiplied by 1000. The values are within the 

theoretical maximum and minimum values, see Table 7.  

Table 20. Values from calculating the logarithm of the signal in ppm for 

hydrogen on C-2  divided by the signal in ppm for hydrogen on C-4 and 

multiplying the result by 1000. See Figure 12. 

Corticosteroid Value F - signal

CSC001 14.54 -167

CSO001 14.52 -167

Clobetasole 17-propionate

CSO002 14.30 -167

Momethasone furoate

CSO003 16.71

Clobetasone butyrate

CSC004 7.37 -167

Fluocinolone acetonide

CSC007  -2.58 -166

Betamethasone 17α-valerate
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5.6. Market research 

5.6.1. Screening for Glucocorticosteroids 

The nine products that were screened for corticosteroid content were SSM10-SSM18, where 

one, SSM10, was found to contain a corticosteroid, see Table 21. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 17 interfering peaks in the “clear spectral window” region of 5.96 - 6.42 ppm is 

shown for the creams and ointments on the market. The signals were carefully investigated, 

screening for the characteristic appearance of prednisone and prednisolone corticosteroid 

signals. The distance between the double doublets for hydrogen on C-2 is approximately 

10 Hz and the results from SSM10 showed the same distance. This distance was not found for 

any other suspect peak in the other products.  

Table 21. The results from the screening of products bought in stores other than pharmacies in Stockholm, Sweden 2010. 

Figure 17. The ”clean window” when analyzing for corticosteroids with 1H-NMR. SSM10 is the only 

one that was assigned positive to containing a corticosteroid. 

Product Screening H Screening F 1-D Cosy Possible IDx

SSM10 X X X Dexamethasone 21-acetate

SSM11 O O NA

SSM12 O O NA

SSM13 O O NA

SSM14 O O NA

SSM15 O O NA

SSM16 O O NA

SSM17 O O NA

SSM18 O O NA

X=Positive

O=Negative
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According to the list of contents that came with the cream SSM10, the cream should contain 

the corticosteroid dexamethasone 21-acetate. Ultra pure water was added to a sample of the 

cream SSM10 to ensure that there was only one corticosteroid present in the cream. If there 

had been two corticosteroids, and not one corticosteroid with a split of the signal, the 

chemical shift would have been altered for the signal in Figure 18. Here it is quite clear that 

the double signal is coming from one corticosteroid since the proportion of the signal 

intensities is altered.  The content of dexamethasone 21-acetate was confirmed by spiking the 

cream with dexamethasone 21-acetat and by comparing the spectra of 

dexamethasone 21-acetate with the cream, see Figure 19-20. 

 

 

 

An ointment containing dexamethasone acetate has been available on the Swedish market, but 

was deregistered as early as 1959. Other topical treatments with dexamethasone have also 

been deregistered. Dexamethasone is still an API on the Swedish market, but not as topical 

treatment. Dexamethasone is included in group II, classified as having moderate potency. 

(LIF, 2010e) 

Figure 18. The cream SSM10 showed a split signal for the fluorine signal on C-9. To ensure that the cream only consisted of one 

corticosteroid , water was added in the extraction process. SSM10 appears to only contain one corticosteroid. 

Figure 20. SSM10 spiked with dexamethasone 21 acetate  – 

 positive identification with 19F-NMR 
Figure  19.  SSM10 spiked with dexamethasone 21 acetate  – 

 positive identification with 1H-NMR.   
20 

  19 
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In April 2004 the cream SSM10 was reported by the MPA to be a counterfeit. The MPA had 

done several of analyses and confirmed the content of dexamethasone acetate. The 

corticosteroid potency is moderate and classified as group II. (MPA, 2010d)  

There is a declaration of corticoid concentration in the list of contents, however the declared 

concentration is not the same as the analysis reports. The declared concentration was 0.075 % 

corticosteroid and the amount found was about 0.09 %, see Table 22. This declared 

concentration would be somewhat “correct” if it was reported as dexamethasone 21-acetate 

corresponding to 0.075 % hydrocortisone. But since the anti-inflammatory effect is not 

proportional to the molar proportions because of the different substitutions in dexamethasone 

21-acetate, this does not seem to be a likely way of declaring corticosteroid concentration.  

 

 

 

 

The list of contents does have an instruction on indications and how it is supposed to be 

applied and used, but it is in Chinese. The declared corticosteroid concentration on the tube is 

in Chinese but the list of contents has an English translation for the API’s. 

The market research showed that there are counterfeits on the market, but it is very difficult to 

find counterfeits by searching for them solely by visiting distributors. A better approach 

would be to cooperate with dermatologist and general practitioners who are in contact with 

patients with skin problems on a regular basis. Products that appear to reduce severe problems 

without a reasonable explanation could thereby easier to be identified and screened for 

corticosteroid content. The cream SSM10 shows that there are counterfeits containing 

glucocorticosteroids on the market. One other problem with counterfeits is that the ingredients 

used could be added with respect to cost, and not with respect to health and pharmacologic 

action. Therefore it is important to know how to screen for all corticosteroids since an 

irresponsible manufacturer might add ingredients that are not used by pharmaceutical 

companies due to side-effects or other reasons. 

  

Table 22. Shows the result from quantifying SSM10 and confidence interval results from spiking two samples and comparing 

them to the three results from the ordinary quantification. 

Quantification F-decoupled NMR H-NMR

SSM10 Amount Strength [%] STD RSD [%] Strength [%] STD RSD [%]

100-130 mg 0.091 0.007 7.42 0.094 0.008 8.95

100-150 mg 0.094 0.006 6.20 0.090 0.004 4.83

119
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5.6.2. Identifying corticosteroids – 1 D COSY – selective pulse 

 

 

 

 

 

 

 

 

 

By applying a selective pulse on hydrogen on C-2, the connection to hydrogen on C-1 was 

shown. Comparing the connections between C-2 and C-1 from dexamethasone 21-acetate 

with the corticosteroid in the cream SSM10 further validates the structure of a corticosteroid.  

Figure 21. 1-D COSY experiment for dexamethasone 21-acetate and the cream SSM10, 

showing the connection between C-2 and C-1 for both corticosteroids. 



41 

 

6. Conclusions 

The analytical technique NMR has short sample preparation time and short experimental time 

when screening for and quantifying glucocorticosteroids in creams and ointments. In this 

project creams and ointments containing glucocorticosteroids were analyzed with a 300 MHz 

NMR-instrument. When screening for glucocorticosteroids in creams and ointments with 
1
H-NMR, structures of prednisones and prednisolones could be identified by characteristic 

signals in the spectral window 5.96-6.42 ppm which is rather clear of signals from the matrix. 

Not all prednisones and prednisolones give rise to the characteristic signals and sometimes the 

characteristic signals are overlapped by matrix signals. Many glucocorticosteroids contain 

fluorine why the use of 
19

F-NMR can increase the possibility of identifying 

glucocorticosteroid content and further validating the identity of a glucocorticosteroid. The 

screening experiment showed that the minimum number of scans, NS, when screening for 

glucocorticosteroids were with decoupled 
19

F-NMR 64 NS and with 
1
H-NMR 160 NS in 

order to detect concentrations above 0.05 %. Some glucocorticosteroids with a concentration 

of 0.025 % could be detected with these parameters. Discrimination experiments showed that 

the corticosteroids at the Medical Products Agency could be discriminated from each other, 

by adding a spike, using 
1
H-NMR and 

19
F-NMR.  

The quantification of glucocorticosteroids in creams and ointments could be performed with 

both 
1
H-NMR and decoupled 

19
F-NMR, although the results were sensitive due to the low 

concentrations. The accuracy was between 89-116 % when quantifying concentrations equal 

to and above 0.05 %, although the RSD values were not below 2 % as preferred. Quantifying 

concentrations of 0.025 % gave poor results, although quantification with regards to height 

instead of integrals could enhance the results. In a quantification experiment, doubling the 

concentration of glucocorticosteroid content gave an accuracy of 98-102 % and a RSD value 

below 1 %. A split 
19

F-NMR-signal was seen for fluorine on C-9 for glucocorticosteroids 

containing a hydroxyl group at C-11 in environments containing water. The reason for the 

occurrence of the split was not revealed in this study, rather than for which corticosteroids it 

was seen for. The market research showed that there are creams and ointments illegally 

containing glucocorticosteroids on the Swedish market.  
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Glucocorticosteroids for external use

Age: 0–4 5–14 15–44 45–64 65–74 75+ All ages

Male

Number of patients 18500 23176 67718 73022 41076 42076 265562

Patients per 1 000 citizen 67,03 44,94 36,1 60,43 99,75 133,13 57,68

*DDD per 1 000 citizen a day 23,55 14,82 15,75 30,58 47,86 64,45 26,22

Number of prescribtions 32065 37909 123528 147367 82951 87803 511623

Total cost 3268144 4236263 16675167 20662985 11051765 11334288 67228611

Pharmaceutical preference cost 726651 1397214 5403883 10498276 6791440 7685928 32503391

Female

Number of patients 15025 21669 92743 93289 48304 58316 329346

Patients per 1 000 citizen 57,57 44,25 51,67 78,41 111,01 120,96 70,79

*DDD per 1 000 citizen a day 18,56 14,65 19,01 31,11 43,37 50,35 27,15

Number of prescribtions 24622 35400 159057 172823 91299 115027 598228

Total cost 2481112 3964213 19703179 21696110 11155077 13918313 72918002

Pharmaceutical preference cost 475707 1167407 6986907 11458478 6959940 9446737 36495174

Total

Number of patients 33525 44845 160461 166311 89380 100392 594908

Patients per 1 000 citizen 62,43 44,6 43,71 69,35 105,53 125,78 64,27

*DDD per 1 000 citizen a day 21,12 14,73 17,34 30,85 45,55 55,93 26,69

Number of prescribtions 56687 73309 282585 320190 174250 202830 1109851

Total cost 5749256 8200476 36378346 42359095 22206841 25252600 140146613

Pharmaceutical preference cost 1202357 2564621 12390790 21956754 13751379 17132665 68998565

*DDD - Defined Daily Dose

9. Appendix I 

 

 

 

(The National Board of Health and Welfare, 2010) 
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10. Appendix II 

Record from FASS.se about topical treatment containing glucocorticosteroids that are on the 

market in Sweden and the basic chemical structure of the corticosteroids.  

 

D07 Glukokortikoider för utvärtes bruk 

D07A Glukokortikoider 

 

D07AA Milt verkande 

D07AA02 Hydrokortison 

Ficortril®, Salva 1 %, Pfizer 

Hyderm, Kräm 1 %, ACO Hud 

Hydrokortison CCS, Kräm 1 %, CCS 

Hydrokortison CCS, Salva 1 %, CCS 

Mildison Lipid, Kräm 1 %, Astellas 

Pharma 

 

 

 

 

 

D07AB Medelstarkt verkande 

D07AB01 Klobetason 

Emovat®, Salva 0,05 %, GlaxoSmithKline 

Emovat®, Kräm 0,05 %, GlaxoSmithKline 

 

 

 

 

 

 

 

D07AB02 Hydrokortisonbutyrat 

Locoid®, Salva 0,1 %, Astellas Pharma 

Locoid®, Kräm 0,1 %, Astellas Pharma 

Locoid®, Kutan lösning 0,1 %, Astellas 

Pharma 

Locoid Crelo, Kutan emulsion 0,1 %, 

Astellas Pharma 

Locoid Lipid, Kräm 0,1 %, Astellas 

Pharma 

 

 

 

 

 

                      
Hydrokortison-21-butyrate                Hydrokortison-17-butyrate 

D07AC Starkt verkande 

D07AC01 Betametason 

Betnovat®, Kräm 0,1 %, GlaxoSmithKline 

Betnovat®, Salva 0,1 %, GlaxoSmithKline 

Betnovat®, Kutan lösning 1 mg/ml, 

GlaxoSmithKline 

Betnovat®, Kutan emulsion 1 mg/ml, 

GlaxoSmithKline 

Bettamousse, Kutant skum 1 mg/g, Vitaflo 

Celeston® valerat, Kräm 0,1 %, Schering-

Plough 

Diproderm®, Kutan lösning 0,05 %, 

Schering-Plough 

Diproderm®, Kräm 0,05 %, Schering-

Plough 

Diprolen®, Gel 0,05 %, Schering-Plough 

 

 

 

 

 

 

 

D07AC04 Fluocinolon 

Synalar®, Gel 0,025 %, Bioglan 

Synalar®, Salva 0,025 %, Bioglan 

Synalar®, Kräm 0,025 %, Bioglan 

 

 

 

 

 

 

D07AC13 Mometason 

Elocon®, Kutan lösning 0,1 %, Schering-

Plough 

Elocon®, Kräm 0,1 %, Schering-Plough 

Elocon®, Salva 0,1 %, Schering-Plough 

Mometason Glenmark, Salva 1 mg/g, EQL 

Pharma AB 

 

 



47 

 

D07AC17 Flutikason 

Flutivate®,  

Kräm 0,05 %  

GlaxoSmithKline 

 

 

D07AD Extra starkt verkande 

D07AD01 Klobetasol 

Clobex, Schampo 500 mikrog/g, Galderma 

Dermovat®, Kräm 0,05 %, 

GlaxoSmithKline 

Dermovat®, Salva 0,05 %, 

GlaxoSmithKline 

Dermovat®, Kutan lösning 0,5 mg/ml, 

GlaxoSmithKline 

Dermovate, Kräm 0,05 %, Parallell 

Pharma 

 

 

 

 

 

 

D07B Glukokortikoider i kombination 

med antiseptika 

 

D07BC Starka glukokortikoider 

D07BC01 Betametason och antiseptika 

Betnovat® med chinoform, Salva , 

GlaxoSmithKline 

Betnovat® med chinoform, Kräm , 

GlaxoSmithKline 

 

D07C Glukokortikoider i kombination 

med antibiotika 

 

D07CA Milda glukokortikoider 

D07CA01 Hydrokortison och antibiotika 

Fucidin®-Hydrocortison, Kräm 20 

mg/g+10 mg/g, LEO Pharma 

Terracortril®, Salva 30 mg/g+10 mg/g, 

Pfizer 

Neomycin-hydrokortison i Essex kräm 

APL, Kräm , APL 

 

 

 

 

 

D07CC Starka glukokortikoider 

D07CC01 Betametason och antibiotika 

Betametason-neomycin APL, Salva , APL 

Betametason-neomycin i Essex kräm APL, 

Kräm , APL 

 

 

 

 

D07X Glukokortikoider i kombination 

med andra medel 

 

D07XA Milda glukokortikoider och andra 

medel 

D07XA01 Hydrokortison 

Fenuril®-Hydrokortison, Kräm , ACO Hud 

Hydrokortison-svavel i Essex kräm APL, 

Kräm 1 % + 5%, APL 

 

D07XC Starka glukokortikoider och 

andra medel 

D07XC01 Betametason 

Diprosalic®, Kutan lösning 0,5 mg/ml+20 

mg/ml, Schering-Plough 

Diprosalic®, Salva 0,5 mg/g+30 mg/g, 

Schering-Plough 

D07XC03 Mometason 

Elosalic®, Salva 1 mg/g + 50 mg/g, 

Schering-Plough 
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Alclometasone dipropionate 

Molecular weight  521.04218 g/mol 
Molecular formula C28H37ClO7 

 

IUPAC Name: [2-[(7R,8S,9S,10R,11S,13S,14S,16R,17R)-7-chloro-11-hydroxy-10,13,16-trimethyl-3-
oxo-17-propanoyloxy-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-17-yl]-2-oxoethyl] 

propanoate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=636374&loc=ec_rcs 

11 links to compounds with same connectivity 

22 links to depositor-supplied synonyms  

Amcinonide 

Molecular weight  502.571703 g/mol 

Molecular formula C28H35FO7 

 

IUPAC Name: NA 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=443958&loc=ec_rcs 

 9 links to compounds with same connectivity 

 23 links to depositor-supplied synonyms  

Beclomethasone 

Molecular weight  521.04218 g/mol 

Molecular formula C28H37ClO7 
 

IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,16S,17R)-9-chloro-11-hydroxy-10,13,16-trimethyl-3-oxo-17-

propanoyloxy-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] propanoate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=21700&loc=ec_rcs 

20 links to compounds with same connectivity 
88 links to depositor-supplied synonyms  

Betamethasone 

 

Molecular weight  392.461063 g/mol 

Molecular formula C22H29FO5 
 

IUPAC Name: (8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro-11,17-dihydroxy-17-(2-hydroxyacetyl)-

10,13,16-trimethyl-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-3-one 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9782&loc=ec_rcs 

 48 links to compounds with same connectivity 
110 links to depositor-supplied synonyms  

Betamethasone acetate 

Molecular weight  434.497743 g/mol 
Molecular formula C24H31FO6 

 

IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro-11,17- 
dihydroxy-10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15,16- 

octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=7848465&loc=es_rss 

 links to compounds with same connectivity 

 links to depositor-supplied synonyms  

Betamethasone 17-acetate 

Molecular weight  434.497743 g/mol 

Molecular formula C24H31FO6 

 
IUPAC Name: [(8S,10S,11S,13S,14S,16S,17R)-9-fluoro-11-hydroxy-17-(2-hydroxyacetyl)-10,13,16-

trimethyl-3-oxo-6,7,8,11,12,14,15,16- 

octahydrocyclopenta[a]phenanthren-17-yl] acetate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=710833&loc=es_rss 

3 links to compounds with same connectivity 
3 links to depositor-supplied synonyms  

 

 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=636374&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=443958&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=21700&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9782&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=7848465&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=710833&loc=es_rss
javascript: void window.open('../image/structurefly.cgi?cid=443958&width=400&height=400', 'StructureFly', 'resizable=yes, scrollbars=yes, WIDTH=620, HEIGHT = 620')
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Betamethasone 17,21-dipropionate 

Molecular weight  504.587583 g/mol 

Molecular formula C28H37FO7 

 

IUPAC Name:  [2-[(8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro-11-hydroxy-10,13,16-trimethyl-3-oxo-

17-propanoyloxy-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] 
propanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=21800&loc=ec_rcs 
26 links to compounds with same connectivity 

50 links to depositor-supplied synonyms  

 
 

Betamethasone 17-valerate 

 

Molecular weight  476.577483 g/mol 

Molecular formula C27H37FO6 

 
IUPAC Name: [(8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro-11-hydroxy-17-(2-hydroxyacetyl)-10,13,16-

trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl] pentanoate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16533&loc=ec_rcs 

20 links to compounds with same connectivity 

45 links to depositor-supplied synonyms  
 

Betamethasone 21-valerate  

Molecular weight  476.577483 g/mol 
Molecular formula C27H37FO6 

 

IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro-11,17-dihydroxy-10,13,16-trimethyl-3-
oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] pentanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=92922 
http://www.chemspider.com/Chemical-Structure.83881.html 

5 links to compounds with same connectivity 

7 links to depositor-supplied synonyms  
 

Budesonide 

Molecular weight  430.53386 g/mol 
Molecular formula C25H34O6 

 

IUPAC Name: NA 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5281004&loc=ec_rcs 

73 links to compounds with same connectivity 
81 links to depositor-supplied synonyms  

 

 

Clobetasol 

Molecular weight  410.906723 g/mol 
Molecular formula C22H28ClFO4 

 

IUPAC Name: (9R,17R)-17-(2-chloroacetyl)-9-fluoro-11,17-dihydroxy-10,13,16-trimethyl-
6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=32797&loc=ec_rcs 

11 links to compounds with same connectivity 

15 links to depositor-supplied synonyms  

 

Clobetasol 17-butyrate 

Molecular weight  480.996563 g/mol 
Molecular formula C26H34ClFO5 

 

IUPAC Name: [(8S,10S,11S,13S,14S,16S,17R)-17-(2-chloroacetyl)-9-fluoro-11-hydroxy-10,13,16-
trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl] butanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=91284&loc=ec_rcs 
5 links to compounds with same connectivity 

4 links to depositor-supplied synonyms  

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=21800&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16533&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=92922
http://www.chemspider.com/Chemical-Structure.83881.html
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5281004&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=32797&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=91284&loc=ec_rcs
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Clobetasol propionate  

Molecular weight  466.969983 g/mol 

Molecular formula C25H32ClFO5 

 

IUPAC Name: [(8S,9R,10S,11S,13R,14S,16S, 

17R)-13-(2-chloroacetyl)-9-fluoro-11-hydroxy-10,16,17-trimethyl-3-oxo-6,7,8,11,12,14,15,16-
octahydrocyclopenta[a]phenanthren-17-yl] propanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=34173354&loc=ec_rcs 
? links to compounds with same connectivity 

4 links to depositor-supplied synonyms  

 

Clobetasol 17-propionate 

Molecular weight  466.969983 g/mol 

Molecular formula C25H32ClFO5 
 

IUPAC Name: [(8S,9R,10S,11S,13S,14S,16S,17R)-17-(2-chloroacetyl)- 

9-fluoro-11-hydroxy-10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15,16- 
octahydrocyclopenta[a]phenanthren-17-yl] propanoate 

 

http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=C8037|FLUKA&N5= 

SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=96079564&loc=es_rss 

92 links to compounds with same connectivity 
5 links to depositor-supplied synonyms  

 

Clobetasone 

Molecular weight  408.890843 g/mol 

Molecular formula C22H26ClFO4 

 
IUPAC Name: (8S,9R,10S,13S,14S,16S,17R)-17-(2-chloroacetyl)-9-fluoro-17-hydroxy-10,13,16-

trimethyl-7,8,12,14,15,16-hexahydro-6H-cyclopenta[a]phenanthrene-3,11-dione 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71387&loc=ec_rcs 

3 links to compounds with same connectivity 

12 links to depositor-supplied synonyms  

 

Clobetasone butyrate 

Molecular weight  478.980683 g/mol 
Molecular formula C26H32ClFO5 

 

IUPAC Name: [(8S,9R,10S,13S,14S,16S,17R)-17-(2-chloroacetyl)-9-fluoro-10,13,16-trimethyl-3,11-
dioxo-7,8,12,14,15,16-hexahydro-6H-cyclopenta[a]phenanthren-17-yl] butanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71386&loc=ec_rcs 
 11 links to compounds with same connectivity 

34 links to depositor-supplied synonyms  

Clocortolone pivalate  

Molecular weight  495.023143 g/mol 
Molecular formula C27H36ClFO5 

 

IUPAC Name: [2-[(6S,9R,16R)-9-chloro-6-fluoro-11-hydroxy-10,13,16-trimethyl-3-oxo-
7,8,11,12,14,15,16,17-octahydro-6H-cyclopenta[a]phenanthren-17-yl]-2-oxoethyl] 

2,2-dimethylpropanoate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5282493&loc=ec_rcs 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=36673&loc=ec_rcs 

5 links to compounds with same connectivity 
23 links to depositor-supplied synonyms  

Desonide 

Molecular weight  416.50728 g/mol 
Molecular formula C24H32O6 

 

IUPAC Name: NA 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=12536&loc=ec_rcs 

13 links to compounds with same connectivity 
37 links to depositor-supplied synonyms  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=34173354&loc=ec_rcs
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=C8037|FLUKA&N5=%20SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=C8037|FLUKA&N5=%20SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=96079564&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71387&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71386&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5282493&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=36673&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=12536&loc=ec_rcs
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Desoximetasone 

Molecular weight  376.461663 g/mol 
Molecular formula C22H29FO4 

 

IUPAC Name: (8S,9R,10S,11S,13S,14S,16R, 
17S)-9-fluoro-11-hydroxy-17-(2-hydroxyacetyl)-10,13,16-trimethyl-7,8,11, 

12,14,15,16,17-octahydro-6H-cyclopenta[a]phenanthren-3-one 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5311067&loc=ec_rcs 

8 links to compounds with same connectivity 

25 links to depositor-supplied synonyms  

Dexamethasone 

 

Molecular weight  392.461063 g/mol 
Molecular formula C22H29FO5 

 

IUPAC Name: (8S,9R,10S,11S,13S,14S,16R,17R)-9-fluoro-11, 
17-dihydroxy-17-(2-hydroxyacetyl)-10,13,16-trimethyl-6,7,8,11,12,14,15,16-

octahydrocyclopenta[a]phenanthren-3-one 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5743&loc=ec_rcs 
48 links to compounds with same connectivity 

233 links to depositor-supplied synonyms  

Dexamethasone acefurate 

Molecular weight.  528.565923 g/mol 

Molecular formula C29H33FO8 

 
IUPAC Name: [(8S,9R,10S,11S,13S,14S,16R,17R)-17-(2-cetyloxyacetyl)-9-fluoro-11-hydroxy-

10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl] furan-2-

carboxylate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=17396762&loc=es_rss 

 
14 links to compounds with same connectivity 

4 links to depositor-supplied synonyms  

Dexamethasone 21-acetate 

Molecular weight.  434.497743 g/mol 

Molecular formula C24H31FO6 

 
IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,16R,17R)-9-fluoro-11,17-dihydroxy-10,13,16-trimethyl-3-

oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 

http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=46166|FLUKA&N5= 
SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC 

Decadronal: http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=236702&loc=ec_rcs 

29 links to compounds with same connectivity 
45 links to depositor-supplied synonyms  

Dexamethasone Isonicotinate 

Molecular weight  497.555183 g/mol 

Molecular formula C28H32FNO6 
 

IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,16R,17R)-9-fluoro-11,17-dihydroxy-10,13,16-trimethyl-3-

oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] 
pyridine-4-carboxylate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16752&loc=ec_rcs 
4 links to compounds with same connectivity 

25 links to depositor-supplied synonyms  

Dexamethasone 21-phosphate 

Molecular weight  493.414854 g/mol 

Molecular formula C22H28FNaO8P
- 

 

IUPAC Name: Sodium[2-[(8S,9R,10S,11S,13S,14S,16R,17R)-9-fluoro-11,17-dihydroxy-10,13,16-

trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] 
phosphate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5388957&loc=ec_rcs 
6 links to depositor-supplied synonyms  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5311067&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5743&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=17396762&loc=es_rss
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=46166|FLUKA&N5=%20SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=46166|FLUKA&N5=%20SEARCH_CONCAT_PNO|BRAND_KEY&F=SPEC
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=236702&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16752&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5388957&loc=ec_rcs
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Dexamethasone 21-phosphate (dexamethasone sodium phosphate) 

Molecular weight  516.404624 g/mol 

Molecular formula C22H28FNa2O8P 

 

IUPAC Name: disodium[2-[(8S,9R,10S,11S,13S,14S,16R,17R)-9-fluoro-11,17-dihydroxy-10,13,16-

trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] phosphate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16961&loc=ec_rcs 

11 links to compounds with same connectivity 
67 links to depositor-supplied synonyms  

 

Diflorasone 

Molecular weight  410.451526 g/mol 

Molecular formula C22H28F2O5 

 
IUPAC Name: (6S,8S,9R,10S,11S,13S,14S,16S,17R)-6,9-difluoro-11,17-dihydroxy-17-(2-

hydroxyacetyl)-10,13,16-trimethyl-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-3-one 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=213653&loc=es_rss 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71415&loc=ec_rcs 

19 links to compounds with same connectivity 

24 links to depositor-supplied synonyms  

 

Diflorasone Diacetate (florone) CID 71414 

Molecular weight  494.524886 g/mol 

Molecular formula C26H32F2O7 

 
IUPAC Name: [2-[(6S,8S,9R,10S,11S,13S,14S,16S,17R)-17-acetyloxy-6, 

9-difluoro-11-hydroxy-10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15, 

16-octahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71414&loc=ec_rcs 

7 links to compounds with same connectivity 
52 links to depositor-supplied synonyms  

Diflucortolone 

Molecular weight  394.452126 g/mol 
Molecular formula C22H28F2O4 

 

IUPAC Name: (6S,9R,16R)-6,9-difluoro-11-hydroxy-17-(2-ydroxyacetyl)-10,13,16-trimethyl-
7,8,11,12,14,15,16,17-octahydro-6H-cyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=17455&loc=ec_rcs 
8 links to compounds with same connectivity 

14 links to depositor-supplied synonyms  

Fluclorolone acetonide 

Molecular weight  487.388463 g/mol 
Molecular formula C24H29Cl2FO5 

 

IUPAC Name: NA 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=47206147&loc=es_rss 

5 links to compounds with same connectivity 
6 links to synonyms  

Flumethasone 

Molecular weight  410.451526 g/mol 
Molecular formula C22H28F2O5 

 
IUPAC Name: (6S,9R,10S,11S,13S,16R,17R)-6,9-difluoro-11, 

17-dihydroxy-17-(2-hydroxyacetyl)-10,13,16-trimethyl-6,7,8,11,12,14,15, 

16-octahydrocyclopenta[a]phenanthren-3-one 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5702178&loc=ec_rcs 

19 links to compounds with same connectivity 
25 links to depositor-supplied synonyms  

  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16961&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=213653&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71415&loc=ec_rcs
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=pccompound&term=71414%5buid%5d
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=71414&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=17455&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=47206147&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5702178&loc=ec_rcs
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Fluocinolone Acetonide 

Molecular weight  452.488206 g/mol 

Molecular formula C24H30F2O6 

 

Kemiskt namn: 6α,9-Difluoro-11β,21-dihydroxi-16α,17-isopropylidendioxipregna-1,4-dien-3,20-dion 

 

IUPAC Name:  
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=6215&loc=ec_rcs 

http://www.fass.se/LIF/produktfakta/substance_products.jsp?substanceId= IDE4POBWU93D4VERT1 
37 links to compounds with same connectivity 

108 links to depositor-supplied synonyms  

 

Fluocinonide 

Molecular weight  494.524886 g/mol 

Molecular formula C26H32F2O7 
 

IUPAC Name:  
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9642&loc=ec_rcs 
 

17 links to compounds with same connectivity 

62 links to depositor-supplied synonyms  

 

Fluocortolone 

Molecular weight  376.461663 g/mol 
Molecular formula C22H29FO4 

 

IUPAC Name: (6S,8S,9S,10R,11S,13S,14S,16R,17S)-6-fluoro-11-hydroxy-17-(2-hydroxyacetyl)-
10,13,16-trimethyl-6,7,8,9,11,12,14,15,16,17-decahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9053&loc=ec_rcs 
7 links to compounds with same connectivity 

31 links to depositor-supplied synonyms  

 

Fluocortolone (trimethyl) 21-acetate 

Molecular weight  418.498343 g/mol 

Molecular formula C24H31FO5 

 

IUPAC Name: [2-[(6S,11S,14S,16R)-6-fluoro-11-hydroxy-10,13,16-trimethyl-3-oxo-

6,7,8,9,11,12,14,15,16,17-decahydrocyclopenta[a]phenanthren-17-yl]-2-oxoethyl]acetate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=60903&loc=ec_rcs 

3 links to compounds with same connectivity 

2 links to depositor-supplied synonyms  
 

Fluorometholone  

Molecular weight  376.461663 g/mol 
Molecular formula C22H29FO4 

 

IUPAC Name: (6S,8S,9R,10S,11S,13S,14S,17R)-17-acetyl-9-fluoro-11,17-dihydroxy-6,10,13-trimethyl-
6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9878&loc=ec_rcs 
12 links to compounds with same connectivity 

80 links to depositor-supplied synonyms  

 

Fluprednidene acetate 

Molecular weight  432.481863 g/mol 

Molecular formula C24H29FO6 
 

IUPAC Name: [2-[(8S,9R,10S,11S,13S,14S,17R)-9-fluoro-11,17-dihydroxy-10,13-dimethyl-16-

methylidene-3-oxo-7,8,11,12,14, 
15-hexahydro-6H-cyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9980241&loc=ec_rcs 
4 links to compounds with same connectivity 

7 links to depositor-supplied synonyms  

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=6215&loc=ec_rcs
http://www.fass.se/LIF/produktfakta/substance_products.jsp?substanceId=%20IDE4POBWU93D4VERT1
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9642&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9053&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=60903&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9878&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9980241&loc=ec_rcs
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Fluprednisolone 

Molecular weight  378.434483 g/mol 

Molecular formula C21H27FO5 

 

IUPAC Name: (6S,8S,9S,10R,11S,13S,14S,17R)-6-fluoro-11, 

17-dihydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-7,8,9,11,12,14,15, 
16-octahydro-6H-cyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5876&loc=ec_rcs 
5 links to compounds with same connectivity 

46 links to depositor-supplied synonyms  

 

Flurandrenolone (fludroxycortide) 

Molecular weight  436.513623 g/mol 

Molecular formula C24H33FO6 
 

IUPAC Name: NA 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=15209&loc=ec_rcs 

15 links to compounds with same connectivity 

62 links to depositor-supplied synonyms  

Fluticasone 

Molecular weight  444.50759 g/mol 
Molecular formula C22H27F3O4S 

 

IUPAC Name: S-(fluoromethyl)(6S,8S,9R,10S,11S,13S,14S,16R,17R)-6,9-difluoro-11,17-dihydroxy-
10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15, 

16-octahydrocyclopenta[a]phenanthrene-17-carbothioate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5311101&loc=ec_rcs 

4 links to compounds with same connectivity 

11 links to depositor-supplied synonyms  
 

Fluticasone propionate 

Molecular weight  500.57085 g/mol 

Molecular formula C25H31F3O5S 

 

IUPAC Name: [(6S,9R,10S,11S,13S,16R,17R)-6,9-difluoro-17-(fluoromethylsulfanylcarbonyl)-11-

hydroxy-10,13,16-trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl] 

propanoate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9811617&loc=ec_rcs 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=87558854&loc=es_rss 
22 links to compounds with same connectivity 

8 links to depositor-supplied synonyms  

 

Halcinonide 

Molecular weight  454.959283 g/mol 

Molecular formula C24H32ClFO5 
 

IUPAC Name: NA 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=443943&loc=ec_rcs 

19 links to compounds with same connectivity 

23 links to depositor-supplied synonyms  

Halometasone 

Molecular weight  444.896586 g/mol 

Molecular formula C22H27ClF2O5 
 

IUPAC Name: (6S,8S,9R,10S,11S,13S,14S,16R,17R)-2-chloro-6,9-difluoro-11,17-dihydroxy-17-(2-

hydroxyacetyl)-10,13,16-trimethyl- 
6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=51091540&loc=es_rss 
20 links to compounds with same connectivity 

4 links to depositor-supplied synonyms  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5876&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=15209&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5311101&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9811617&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=87558854&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=443943&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=51091540&loc=es_rss
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Hydrocortisone 

 
Molecular weight  362,4599 g/mol 

Molecular formula C21H30O5 

 
IUPAC Name: (8S,9S,10R,11S,13S,14S,17S)-11,17-dihydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-

2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-3-one 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=657311&loc=ec_rcs 
63 links to compounds with same connectivity 

7 links to depositor-supplied synonyms  

 

Hydrocortisone sodium succinate 

Molecular weight  484.51449 g/mol 

Molecular formula C25H33NaO8 
 

IUPAC Name: sodium4-[2-[(8S,9S,10R,11S,13S,14S,17R)-11,17-dihydroxy-10, 

13-dimethyl-3-oxo-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-17-yl]-2-

oxoethoxy]-4-oxobutanoate 

 

Cortisol succinate: 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=23694214&loc=ec_rcs  

4 links to compounds with same connectivity 

18 links to depositor-supplied synonyms  

Hydrocortisone aceponate 

Molecular weight  460.55984 g/mol 

Molecular formula C26H36O7 
 

IUPAC Name: [(8S,9S,10R,11S,13S,14S,17R)-17-(2-acetyloxyacetyl)-11-hydroxy-10,13-dimethyl-3-oxo-

2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-17-yl] propanoate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=68921&loc=ec_rcs 

5 links to compounds with same connectivity 
15 links to depositor-supplied synonyms  

Hydrocortisone acetate 

Molecular weight  404,49658 g/mol 

Molecular formula C23H32O6 
 

IUPAC Name: [2-(11,17-dihydroxy-10,13-dimethyl-3-oxo-2,6,7,8,9,11,12,14,15, 

16-decahydro-1H-cyclopenta[a]phenanthren-17-yl)-2-oxoethyl] acetate 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=3641&loc=ec_rcs 

23 links to compounds with same connectivity 
17 links to depositor-supplied synonyms 

 

Hydrocortisone-17-butyrate 

Molecular weight  432.54974 g/mol 

Molecular formula C25H36O6 
 

IUPAC Name: [(8S,9S,10R,11S,13S,14S,17R)-11-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-3-oxo-

2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-17-yl] butanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=26133&loc=ec_rcs 

14 links to compounds with same connectivity 
45 links to depositor-supplied synonyms  

Hydrocortisone 17-butyrate 21-propionate 

 

Molecular weight  488.613 g/mol 

Molecular formula C28H40O7 

 
IUPAC Name: [(8S,10R,11S,13S,14S,17R)-11-hydroxy-10,13-dimethyl-3-oxo-17-(2-

propanoyloxyacetyl)-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-17-yl] butanoate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=51627&loc=ec_rcs 

5 links to compounds with same connectivity 

20 links to depositor-supplied synonyms  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=657311&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=23694214&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=68921&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=3641&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=26133&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=51627&loc=ec_rcs
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Methylprednisolone 

Molecular weight  374.4706  g/mol 

Molecular formula C22H30O5 

 

IUPAC Name: (6S,8S,9S,10R,11S,13S,14S,17R)-11,17-dihydroxy-17-(2-hydroxyacetyl)-6,10,13-

trimethyl-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-3-one 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=6741&loc=ec_rcs 

34 links to compounds with same connectivity 

129 links to depositor-supplied synonyms 

 

Methylprednisolone acetate 

Molecular weight  416.50728 g/mol 
Molecular formula C24H32O6 

 

IUPAC Name: [2-[(6S,17R)-11,17-dihydroxy-6,10,13-trimethyl-3-oxo-7,8,9,11,12,14,15,16-octahydro-
6H-cyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=17756788&loc=ec_rcs 
20 links to compounds with same connectivity 

8 links to depositor-supplied synonyms  

 

Momethasone furoat 

Molecular weight  427.36132 g/mol 

Molecular formula C22H28Cl2O4 
 

IUPAC Name: (8S,9R,10S,11S,13S,14S,16R,17R)-9-chloro-17-(2-chloroacetyl)-11,17-dihydroxy-

10,13,16-trimethyl-6,7,8,11,12,14,15, 
16-octahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=441335&loc=ec_rcs 
5 links to compounds with same connectivity 

13 links to depositor-supplied synonyms  

 

Paramethasone 

Molecular weight  392.461063 g/mol 

Molecular formula C22H29FO5 
 

IUPAC Name: (6S,8S,9S,10R,11S,13S,14S,16R,17R)-6-fluoro-11,17-dihydroxy-17-(2-hydroxyacetyl)-

10,13,16-trimethyl-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-3-one 
 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5875&loc=ec_rcs 

8 links to compounds with same connectivity 
35 links to depositor-supplied synonyms  

 

Paramethasone acetate 

Molecular weight  434.497743 g/mol 

Molecular formula C24H31FO6 

 
IUPAC Name: [2-[(6S,11S,14S,16R,17R)-6-fluoro-11,17-dihydroxy-10,13,16-trimethyl-3-oxo-

7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-17-yl]-2-oxoethyl] acetate 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=15333&loc=ec_rcs 

 

6 links to compounds with same connectivity 

22 links to depositor-supplied synonyms  

 

 

Prednicarbate 

Molecular weight  488.56994 g/mol 

Molecular formula C27H36O8 
 

IUPAC Name: [2-(17-ethoxycarbonyloxy-11-hydroxy-10,13-dimethyl-3-oxo-7,8,9,11,12,14,15,16-

octahydro-6H-cyclopenta[a]phenanthren-17-yl)-2-oxoethyl] 
propanoate 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=52421&loc=ec_rcs 
3 links to compounds with same connectivity 

22 links to depositor-supplied synonyms  

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=6741&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=17756788&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=441335&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5875&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=15333&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=52421&loc=ec_rcs
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Prednisolone 

Molecular weight  360.44402 g/mol 

Molecular formula C21H28O5 

 

IUPAC Name: (8S,9S,10R,11S,13S,14S,17R)-11,17-dihydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-

7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-3-one 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5755&loc=ec_rcs 

34 links to compounds with same connectivity 

181 links to depositor-supplied synonyms  

Prednisone 

Molecular weight  358.42814 g/mol 
Molecular formula C21H26O5 

 

IUPAC Name: (8S,9S,10R,13S,14S,17R)-17-hydroxy-17-(2-hydroxyacetyl)-10, 
13-dimethyl-6,7,8,9,12,14,15,16-octahydrocyclopenta[a]phenanthrene-3, 

11-dione 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5865&loc=ec_rcs 

 27 links to compounds with same connectivity 

186 links to depositor-supplied synonyms  

 

Triamcinolone  

Molecular weight  394.433883 g/mol 
Molecular formula C21H27FO6 

 

IUPAC Name: (8S,9R,10S,11S,13S,14S,16R,17S)-9-fluoro-11,16, 
17-trihydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-6,7,8,11,12,14,15, 

16-octahydrocyclopenta[a]phenanthren-3-one 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=31307&loc=ec_rcs 

36 links to compounds with same connectivity 

121 links to depositor-supplied synonyms  

 

Triamcinolone Acetonide 

Molecular weight  434.497743 g/mol 

Molecular formula C24H31FO6 
 

IUPAC Name: NA 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=44629790&loc=ec_rcs 

36 links to compounds with same connectivity 

3 links to depositor-supplied synonyms  
 

Triamcinolone Acetonide 21-Acetate 

Molecular weight  476.534423 g/mol 

Molecular formula C26H33FO7 

IUPAC Name:  NA 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=19746&loc=ec_rcs 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=50810600&loc=es_rss 

8 links to compounds with same connectivity 

5 links to depositor-supplied synonyms  
 

Triamcinolone Diacetate 

Molecular weight  478.507243 g/mol 
Molecular formula C25H31FO8 

 

 
IUPAC Name: [2-(16-acetyloxy-9-fluoro-11,17-dihydroxy-10,13-dimethyl- 

3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yl)-2-oxoethyl] acetate 

 
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=10384&loc=es_rss 

67 links to compounds with same connectivity 

3 links to depositor-supplied synonyms  

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5755&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5865&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=31307&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=44629790&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=19746&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=50810600&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=10384&loc=es_rss

