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SUMMARY 

Und yl,  dodecyl and hexadecyl sulphonates were prepared 
w i t h  y&-label i n  t h e  1 -pos i t i on .  The syntheses r e q u i r e  t h e  
fo rma t ion  o f  a Grignard in termediate from t h e  appropr ia te 
n-1 a l k y l  bromide fo l l owed  by ca rboxy la t i on  o f  t he  Grignard 
w i t h  14CO2 and subsequent e s t e r i f i c a t i o n  w i t h  diazomethane. 
Reduction o f  t he  e s t e r  w i t h  l i t h i u m  aluminium hyd r ide  and 
conversion t o  the  corresponding a l k y l  bromide prov ides a 
s u i t a b l e  l-14C l a b e l l e d  d e r i v a t i v e  f o r  conversion t o  t h e  
requ i red  t h i o l  which i s  r e a d i l y  ox id i sed  t o  t h e  corresponding 
sulphonate w i t h  r e t e n t i o n  o f  t h e  l a b e l  i n  t h e  1 -pos i t i on .  
The s y n t h e t i c  r o u t e  prov ides an acceptable o v e r a l l  y i e l d  
(18-24%) o f  s p e c i f i c a l l y  l a b e l l e d  a l k y l  sulphonat s o f  h igh  
p u r i t y .  By us ing (35Sl th iourea i n  the  sequence &- labe l l ed  
dodecyl sulphonate was r e a d i l y  obtained. The i d e n t i t y  and 
p u r i t y  o f  t he  products was confirmed by mass spectrometry, 
i n f r a - r e d  spectroscopy, t.1.c. and reverse- isotope d i l u t i o n .  
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INTRODUCTION 

A1 k y l  sulphonates a re  cons t i t uen ts  of some commercial detergent  

f o rmu la t i ons  and i n  order  t o  i n v e s t i g a t e  t h e i r  metabol ic  f a t e  i n  animals, 

t h ree  homologues (undecyl, dodecyl and hexadecyl sulphonates) were synthesized 

w i t h  a 14C-label i n  the  1 -pos i t i on  o f  t he  a l k y l  chain. 

sulphonate was l a b e l l e d  w i t h  35S t o  study poss ib le  desulphonation o f  t h i s  

compound i n  v ivo.  

detergent  i n d u s t r y  f o r  t h e  product ion o f  a l k y l  and a r y l a l k y l  sulphonates. 

Addit ionaJly, dodecyl 

Sulphonation reac t i onsa re  t r a d i t i o n a l l y  those o f  t he  
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The methods employed by i n d u s t r y  a r e  unsu i tab le  f o r  l a b o r a t o r y  preparat ions 

because they produce a range o f  homologues and isomers t h a t  are n o t  r e a d i l y  

separable. 

sulphonates (l)y the o x i d a t i o n  o f  a l k y l  t h i o l s  i s  t h e  most s u i t a b l e  as no 

secondary o r  poly-sulphonate by-products a r e  formed. The respec t i ve  a l k y l  

t h i o l s  were synthesized by a r o u t e  (see F igure)  which produced an acceptable 

o v e r a l l  y i e l d  (18-24%) and s p e c i f i c a l l y - l a b e l l e d  products o f  h igh  p u r i t y .  

The combination o f  p rev ious l y  repor ted procedures f o r  t he  p repara t i on  o f  long 

chain d 4 C I a l  k y l  compounds (2,3) w i t h  the  sulphonation procedure described 

above, y i e l d e d  [1-14Clal k y l  sulphonates o f  s u f f i c i e n t  p u r i t y  (>98%) and 

s p e c i f i c  a c t i v i t y  (1.9-5.1 mCi/mmole) f o r  metabol ic  s tud ies.  

sulphonate was prepared by r e a c t i n g  35S-thiourea w i t h  dodecyl bromide and 

subsequent o x i d a t i o n  o f  t he  r e s u l t a n t  t h i o l  w i t h  70% HN03. 

extens ion t o  and s l i g h t  mod i f i ca t i ons  o f  estab l ished methods ( 2 , 3 ) ,  a general 

procedure i s  made a v a i l a b l e  f o r  t h e  p repara t i on  o f  s p e c i f i c a l l y  l a b e l l e d  

a1 k y l  su l  phonates. 

O f  t h e  methods a v a i l a b l e  f o r  t h e  product ion o f  primary a l k y l  

Dodecyl [ 3 5 S l  

Thus, by an 

14 F igure Scheme f o r  p repara t i on  of [l- C l a l k y l  sulphonates 

LiAlH4 

.It HN03 * (NH212CS .It HBr 1 
RCHzS03H-RCH2SHt---RCH2Br -RCH20H 

denotes 14C label 
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MATERIALS 

Decyl bromide and pentadecyl bromide were obtained from Eastman Kodak Ltd., 

Kirkby, Liverpool, U.K. Undecyl bromide was a product of Pflatz & Bauer Inc., 

Flushing, New York, U.S.A. and B.D.H. Ltd.. Poole, Dorset, U.K. supplied 

dodecyl bromide and the other common reagents. 
14 redistilled in vacuo before use. Ba C03(20-25mCi/mmol) and 35S-thiourea 

(6.3mCi/mmol) were supplied by The Radiochemical Centre, Amersham, Bucks, U.K. 

The alkyl bromides were 

METHODS 

Preparation of [1-14C1A1 kyl Bromides 

The [l-14Cllabelled alkyl bromides were prepared by slight modifications 

to methods previously reported (2,3). 

the appropriate alkyl bromide (0.Olmol) and subsequently carbonated with 

5mCi Ba 

yield the [l-14Clalkanoic acids in a radiochemical yield of 80-85%, based 

A Grignard reagent was prepared from 

14 C03 together with unlabelled BaC03 (total BaC03 0.001 mol) to 

14 on Ba C03. 

Methylation of the [l-14Clalkanoic acids with diazomethane ( 4 )  yielded 

the respective methyl esters which on analysis by radio g.1.c. (3% SE-30 

column, 5' x 4mm, 150-185OC) were shown to be >90% radiochemically pure. 

Reduction of the methyl esters with LiA1H4 produced the corresponding d 4 C I  

alkyl-1-01s in 75% radiochemical yield. 

Kieselgel-ti plates in n-hexane:ether:acetic acid (40:10:1, by vol.) 

followed by radioautography 

cochrumtographedwith samples o f  authentic alcohols. 

respective [l- Cllabelled alkyl bromides was carried out in 58-62% radiochemical 

yield by treatment o f  the [l-l4CI alcohols with excess hydrobromic acid. 
products were shown to be homogeneous by t.1.c. as described above. 

T.1.c. o f  the products on 

showed that >90% of the applied radioactivity 

Conversion to the 
14 

The 
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14 Preparation of (1- ClThiols 

The alkyl bromides were converted t o  t h e  corresponding t h i o l s  by 

ref luxing w i t h  th iourea i n  absolu te  ethanol f o r  6h. (Typical proportions 

were 40mg thiourea:270ul absolu te  ethanol f o r  0.5mM). Af te r  cool ing,  NaOH 

(approx. 30mg in 3 0 ~ 1  water)  was added and the  mixture was refluxed f o r  a 

f u r t h e r  3h. 

followed by immediate ex t rac t ion  of the t h i o l  i n t o  e t h e r  t o  prevent ac id  

hydrolysis .  

anhydrous Na2S04, e t h e r  was removed under N 2  and the  r e s u l t a n t  t h i o l  was 

weighed. 

l e a s t  10pCi/mg (e .g .  1.9mCi/mmole undecanethiol). 

Preparation of Sodium [1-’4C1A1 kyl Sulphonates 

Acid i f ica t ion  of the mixture w i t h  a few drops of 1M-H2S04 was 

The ether e x t r a c t s  were washed with water and dr ied  over 

Unlabelled t h i o l  was added so t h a t  the s p e c i f i c  a c t i v i t y  was a t  

An excess of 70%HN03 (0.8-1.2ml i s  s u f f i c i e n t  f o r  t h e  oxidat ion of up 

t o  lOOmg alkyl t h i o l )  was s t i r r e d  and heated while t h e  alkanethiol  was added 

slowly through a side-arm. 

degassed a t  90°C by bubbling N2 u n t i l  no more brown fumes were observed. 

Neutral izat ion with 30% w / v  aqueous NaOH and s torage  overnight  a t  4OC, 

produced white c r y s t a l s  which were f i l t e r e d  and r e c r y s t a l l i z e d  twice from 

boi l ing ethanol .  

which represents  an overa l l  radiochemical y i e l d  of  18-24%. The s p e c i f i c  

r a d i o a c t i v i t i e s  of the labe l led  a1 kyl sulphonates were undecyl sulphonate 

1.9mCi/mmole, dodecyl sulphonate 2.7mCi/nwnole and hexadecyl sulphonate 

5. lmCi /mmol e .  

Preparation of Sodium dodecyl [ SISulphonate 
35 

The mixture was heated a t  45OC f o r  3h then 

Approximately 50mg of each a1 kyl sulphonate was obtained,  

35 

Sodium dodecyl [ S] sulphonate was prepared by ref luxing equimolar 

proportions of dodecyl bromide and 35S-thiourea (1 25mg and 40mg respec t ive ly)  

i n  absolu te  ethanol (27Cpl) f o r  6h, cooling and neut ra l iz ing  w i t h  NaOH 

(28mg in 2 8 ~ 1  water) .  The mixture was refluxed f o r  a f u r t h e r  3h and then 
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extracted and oxidized in the manner described for the 14C-labelled 

compounds. Approx. 30mg of dodecyl sulphonate was synthesized with a specific 

activity of 1.6mCi/mole on the day of synthesis. 

ANALYSIS OF PRODUCTS 

Thin layer chromatography 

The homogeneity of the radioactive alkyl sulphonates was demonstrated 

by t.1.c. in the following solvent systems:- silicagel-H; butan-1-01: 

acetic acid:water, 4:1:1, by vol.; chloroform:methanol:water, 65:25:4, by 

vol.; and a reverse phase system, silicagel plates were impregnated with 10% 

"Nujol" in hexane, dried, spotted and developed in methano1:water saturated 

with "Nujol", 7:3, by vol. The three alkyl sulphonates were shown to be 

homogeneous in a1 1 three sol vent systems. 

Reverse Isotope Dilution Analysis 

Recrystallization of labelled a1 kyl sulphonates with excess unlabelled 

a1 kyl sulphonates from ethanol and subsequent radioactive measurements, showed 

that the synthesized compounds were >98% radiochemically and chemically pure. 

Infrared Spectrometry 

The alkyl sulphonates were examined as KBr discs in a Perkin-Elmer 

Typical absorption bands at 2850cm-1 257 Grating Infrared spectrometer. 

and 1 4 7 0 ~ m - ~  (-CH2-), 1470~m-~ and 1380cm-1 (-CH3), 1150-1260~m-~ and 1010- 

10 8 0 ~ m - ~  (sulphonate group) were observed for a1 1 three a1 kyl sulphonates. 

Mass Spectrometry 

Spectra of the alkyl sulphonates were obtained by field desorption mass 

spectrometry by Dr. D. E. Games, Chemistry Dept., University College, Cardiff 

on a Varian CH5 double focussing machine. 

2MtNa etc. were observed with this technique (4). Undecyl sulphonate 

produced a major ion at m/e 281 (MtNa), dodecyl sulphonate gave ions at m/e 

295 (M+Na) and m/e 567 (2MtNa) while the spectrum of hexadecyl sulphonate 

Cluster ions of the form M+Na, 
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contained a M+Na ion a t  m/e 351. 

AJT is  grateful t o  the Science Research Council and Unilever L t d .  f o r  a 

C . A . S . E .  studentship. 
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