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SUMMARY 

Two s u r f a c t a n t s ,  one containing a six and t h e  o t h e r  containing a 

n i n e  u n i t  polyoxyethylene g lycol  s i d e  chain a t tached  t o  p - ( l y l , 3 , 3 -  

tetramethylbuty1)phenol 

The rad ioac t ive  l a b e l  was  introduced i n t o  t h e  f i r s t  e thylene oxide u n i t  

a t tached t o  t h e  a r y l  moiety, TOPOCH~*CH~(OCHZCH~)~@H, by coupling 

ch loroace t ic -1401 ac id  with TOPOH. A 4-step reac t ion  scheme w a s  

u t i l i z e d  i n  t h e  synthes is ,  and a l l  reac t ions  gave e x c e l l e n t  y i e l d s  

except f o r  t h e  f i n a l  Williamson coupling reac t ion .  A competing el iminat ion 

reac t ion  occurred i n  t h e  f i n a l  reac t ion  t o  a f f o r d  a v i n y l i c  by-product , 
TOPOCH=CHCl, which w a s  i d e n t i f i e d  by spectroscopic  methods. The o v e r a l l  

y i e l d s  f o r  TOP(OCH2CH2)60H and TOP(OCH2CH2)gOH were 42 and 33 per  cent ,  

respec t ive ly  . 

(TOPOH) , were prepared with s p e c i f i c  14C-labeling. 

INTRODUCTION 

The synthes is  of s p e c i f i c  14C-labeled s u r f a c t a n t s  of 2,6,8-trimethyl- 

4-nonanol (TMNOH) with homogeneous polyoxyethylene g lycol  moiet ies  w a s  

r e p o r t e d ( l ) .  

metabolism and environmental f a t e  of nonionic sur face  a c t i v e  agents .  The 

These de te rgents  were prepared f o r  i n v e s t i g a t i o n s  i n t o  t h e  

0 1976 by John WiZey & Sons, Ltd. 
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synthesis and study of specific 14C-labeled nonionic aryl detergents is an 

important extension of these investigations. A reaction sequence was 

prepared for the synthesis of 14C-labeled homogeneous poly(ethoxy) ethanol 

containing detergents of ~-(1,1,3,3-tetramethylbutyl)phenol (TOPOH). We 

had hoped to utilize the same experimental conditions that were reported 

for the TMNOH surfactant synthesis; however, those conditions proved 

unsatisfactory for all reactions except for the diborane reduction. 

Therefore, the reactions given in Scheme 1 were developed for the 

synthesis of homogeneous nonionic aryl surfactants. 

(TOPOH = x-octylphenol) 
P 3  

CH3 
CH3-F - CH2- C 

TOPOCH2*CH20H 
B2H6 

TOPOCH~*COOH 

210, 4-5 days 

TOPOCH2*CH2 (OCH2CH2) ,OH 

Scheme 1 

EXPERIMENTAL 

Materials and Methods. The ~-(1,1,3,3-tetramethyIbutyl)phenol 

was purchased from K & K. 

to yield a product of greater than 99% purity by gas-liquid chromatography 

(GLC). 

activity of 26.3 mCi/mmol was obtained f rom New England Nuclear. The 

specific activity was reducsd to 8 mCi/mmol by addition of nonradioactive 

chloroacetic acid. The source, purification, and drying of all other 

chemicals were as previously described('). 

This material was recrystallized from n-hexane 

Chl~roacetic-~~C-l ac!d (6 mCi, purity 99%) with a specific 
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Equipment and gene ra l  o p e r a t i n g  c o n d i t i o n s  f o r  GLC were t h e  same 

as  p r e v i o u s l y  r e p o r t e d  i n  the  a l k y l  d e t e r g e n t  s y n t h e s i s .  I n  Table I 

a r e  g iven  some s p e c i f i c  c o n d i t i o n s  and t h e  r e t e n t i o n  times of t h e  

s u r f a c t a n t s  and t h e  in t e rmed ia t e s  of TOPOH. 

Table I 

3% ov-1, O C  Compound ml/rnin, N7 Re ten t ion ,  min 

190' TOPOH 80  3.7 

190' TOPOCH2 COOCH3 80 10.3 

1900 TOPOCH2 CH20H 80  8.3 

300' TOP(OCH2CH2)6OH 85 10.5 

335O TOP (OCH2 CH2) g OH 8 5  16.8 

10% DC-LSX- 
3-0295, O C  

2 loo TOPOCH2CH2C1 85 9.0 

The n u c l e a r  magnetic resonance (NMR) s p e c t r a  were t aken  i n  

deu te r ioch lo ro fo rm w i t h  t e t r a m e t h y l s i l a n e  as t h e  i n t e r n a l  r e fe rence .  

Only t h e  d a t a  invo lv ing  t h e  a l k o x y l  s i d e  cha in  of t h e  s u r f a c t a n t  

i n t e r m e d i a t e s  w e r e  r epor t ed .  I n t e r p r e t a t i o n  of t h e  NNR s p e c t r a  of t h e  

a romat i c  r i n g  and t e r t - o c t y l  s i d e  cha in  protons w a s  r e p o r t e d  bv 

S to l zenbe rg ,  Zay l sk ie  and Olson(*) .  

The procedures  f o r  v e r i f i c a t i o n ,  p u r i f i c a t i o n ,  and r a d i o a c t i v e  

count ing of t h e  a r y l  d e t e r g e n t s  d e r i v e d  from TOPOII were t h e  same as 

t h o s e  u t i l i z e d  i n  t h e  TMNOH d e t e r g e n t  s y n t h e s i s .  The two p u r i f i e d  

a r y l  s u r f a c t a n t s  w e r e  e s t i m a t e d  as having a radiochemical  p u r i t y  of 

g r e a t e r  t han  99% by th in - l aye r  chromatography and autoradiography.  

The s p e c i f i c  a c t i v i t y  of  t h e  s u r f a c t a n t s  w a s  v e r i f i e d  t o  be  8 mCi/mmol 

by GLC and l i q u i d  s c in t i l l a t i on  count ing.  

P u r i f i c a t i o n  of TOPOCH2COOH. S e p a r a t i o n  of  TOPOH from t h e  aryloxy- 

a c e t i c  a c i d  w a s  accomplished on a phosphate-buffered s i l i c a  g e l  (3) 

chromatographic  column. To p r e p a r e  the b u f f e r  s o l u t i o n ,  a s a t u r a t e d  

aqueous s o l u t i o n  of  sodium dihydrogen phosphate  was a d j u s t e d  t o  pH 4 .  
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and 40 m l  of t h i s  s o l u t i o n  w a s  added t o  60 g o f  s i l i ca  gel. The b u f f e r  

and s i l i c a  g e l  were thoroughly mixed, and then  a s l u r r y  w a s  p repa red  

by t h e  a d d i t i o n  of water-washed chloroform t o  t h e  s i l i ca  g e l  mixture .  

The chromatographic column was prepared by f i rmly  packing a 50-ml 

b u r e t  w i t h  t h e  b u f f e r e d  s i l i ca  ge l (3 ) .  

s o l u t i o n  was p l aced  on t h e  column, and e l u t i o n  w a s  i n i t i a l l y  performed 

wi th  250 m l  of water-washed chloroform. E l u t i o n  o f  t h e  column 

was cont inued w i t h  200 m l  of e t h y l  e t h e r ;  TOPOCH2COOH w a s  recovered 

i n  t h e  e t h e r  f r a c t i o n .  A s i g n i f i c a n t  f r a c t i o n  of t h e  product  remained 

i n  t h e  chloroform e l u a t e  a f t e r  t h e  i n i t i a l  pas sage  through t h e  column. 

Therefore ,  t h e  chloroform f r a c t i o n s  were combined, concen t r a t ed ,  placed 

on t h e  column, and t h e  e l u t i o n  sequence w i t h  chloroform and e t h e r  w a s  

r epea ted .  By p a s s i n g  t h e  material through t h e  column 4 times, 97% 

(0.704 mmol) of  t h e  r a d i o a c t i v e  p roduc t  was recovered i n  t h i s  

s e p a r a t i o n  procedure.  

Mineral  o i l  from t h e  sodium hydr ide  d i s p e r s i o n  p reven ted  a l l  t h e  

TOPOCH2COOH-14C i n  chloroform 

a r y l o x y a c e t i c  a c i d  from remaining on t h e  column d u r i n g  e l u t i o n  w i t h  

chloroform. I n  t r i a l  s t u d i e s  w i t h  p u r e  materials, t h e  a c i d  was e a s i l y  

s e p a r a t e d  from t h e  phenol w i t h  a s i n g l e  pas sage  through t h e  column. 

improve t h i s  s e p a r a t i o n ,  t h e  a lkox ide  of  TOPOH shou ld  be p repa red  wi thou t  

u s ing  a d i s p e r s i o n  i n  mine ra l  o i l .  However, t h e  u s e  of sodium and 

potassium metal o r  sodium methy la t e  d i d  no t  prove as convenient ,  

r e l i a b l e ,  o r  g i v e  as h igh  a y i e l d  as d i d  t h e  sodium hydr ide  d i s p e r s i o n .  

Therefore ,  t h e  b e s t  method t o  avoid m i n e r a l  o i l  i n t e r f e r e n c e  a t  t h e  

p u r i f i c a t i o n  s t e p  appears  t o  be t o  wash t h e  sodium hydr ide  d i s p e r s i o n  

f r e e  of m i n e r a l  o i l  w i t h  an i n e r t  s o l v e n t  p r i o r  t o  s y n t h e s i s .  

To 

S y n t h e s i s  of TOPOCH2COOH. I n t o  a modif ied K j e l d a h l  f lask( ' )  w a s  

added 0.6 g (3 m o l )  of  TOPOH, 0.16 g (4 mmol, 57% d i s p e r s i o n  i n  mine ra l  

o i l )  of sodium hydride,  and 5 m l  of  anhydrous diglyme. A f t e r  t h e  i n i t i a l  

vigorous r e a c t i o n  a t  ambient temperature ,  t h e  mix tu re  w a s  hea t ed  a t  120' 

f o r  about  20 min t o  ensu re  complete conversion of t h e  s u b s t i t u t e d  phenol  

t o  t h e  sodium sa l t .  The r e a c t i o n  w a s  cooled t o  room temperature ,  and 
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70.9 mg (0.75 mmol, 6 mCi) of chloroacetic-14C-1 acid dissolved i n  1 m l  

of dry dioxane w a s  slowly added t o  t h e  phenol ic  s a l t  s o l u t i o n  with s t i r r i n g .  

The addi t ion  funnel  was washed with a small por t ion  of anhydrous e t h y l  

e ther .  Then t h e  addi t ion  funnel  w a s  remved,  t h e  s i d e  arm stoppered, 

and the f l a s k  manually shaken t o  ensure complete n e u t r a l i z a t i o n  of 

t h e  ch loroace t ic  ac id .  The e t h e r  w a s  removed from t h e  reac t ion  by 

hea t ing  t h e  mixture at g e n t l e  r e f l u x ,  and t h e  reac t ion  was then 

maintained a t  120" f o r  3 h r .  Af te r  allowing t h e  mixture t o  cool, the  

s o l u t i o n  w a s  made a c i d i c  with 5 m l  of 10% (v/v) s u l f u r i c  ac id  i n  water. 

The product w a s  ex t rac ted  from t h e  reac t ion  mixture with a l iquots  of 

n-hexane. NMR, 4.61 (ZH, s i n g l e t ,  -0CQC- group), 11.22 ppm (H, s i n g l e t ,  

-COOEJ group). Yie ld  97%. 

The ary loxyace t ic  ac id  was separated from t h e  a r y l  phenol before  

reduct ion (cf .  P u r i f i c a t i o n  of TOPOCH2COOlI). After p u r i f i c a t i o n ,  a l l  

t r a c e s  of water were removed from t h e  sample by azeotropic  d i s t i l l a t i o n  

with benzene i n  a micro soxhle t  ex t rac tor (1) .  

Synthesis  of TOPOCH2CH20H. An apparatus  f o r  t h e  e x t e r n a l  generat ion 

of d i b ~ r a n e ( ~ )  w a s  assembled f o r  t h i s  s y n t h e s i s  as previously descr ibed( l ) .  

The reac t ion  v e s s e l  contained 186 mg (0.704 mmol) of T0POCH2COOH-14C 

i n  15 ml of anhydrous te t rahydrofuran (THF). In  t h e  generat ion f l a s k  

w a s  placed 1.5 ml (1.66 g, 11.7 mmol) of boron t r i f l u o r i d e  e t h e r a t e  i n  

4 m l  of dry diglyme. 

(4.71 mmol) of sodium borohydride dissolved i n  about 14 m l  of diglyme. 

The e n t i r e  system was f lushed wi th  dry ni t rogen,  and then diborane 

w a s  generated by dropwise addi t ion  of t h e  sodium borohydride s o l u t i o n  

over a 20 m€n period. The diborane was swept i n t o  t h e  reac t ion  vessel  

with a g e n t l e  flow of ni t rogen.  

1 h r  a t  70-80", and then t h e  m a t e r i a l  i n  t h e  reac t ion  v e s s e l  was he ld  

at g e n t l e  r e f l u x  f o r  2 hr. 

t h e  generator  f l a s k  w a s  disconnected. Hydride i n  t h e  generator  f l a s k  

w a s  destroyed by c a r e f u l  addi t ion  of water, and excess diborane i n  t h e  

reac t ion  vesse l  was decomposed by slow addi t ion  of 15 m l  of water 

The addi t ion  funnel  was charged with 180 mg 

The generat ion f l a s k  w a s  heated f o r  

Both f l a s k s  w e r e  allowed t o  cool ,  and 



102 F.S. Tanaka and R.G. Wien 

followed by 5 m l  of 6 M h y d r o c h l o r i c  ac id .  The THF w a s  removed by 

r o t a r y  evapora t ion ,  and t h e  product  w a s  e x t r a c t e d  from t h e  aqueous 

phase w i t h  n-hexane. 

method(l) .  

-OCH2C&0H group),  Y ie ld  93%. 

The sample w a s  d r i e d  by t h e  a z e o t r o p i c  d i s t i l l a t i o n  

NMR, 2.30 (H, s i n g l e t ,  -OH group) ,  3.98 ppm (4H, m u l t i p l e t ,  

Syn thes i s  of TOPOCH2CH7Cl. I n t o  a 25-ml pear-shaped f l a s k  w a s  

added 164 mg (0.655 mmol) of TOPOCH2CH20H-14C and 74 mg (75 ul, 0.9  mmol) 

of co ld  anhydrous p y r i d i n e .  Then 0.82 g (0.5 m l ,  6.9 mmol) of p u r i f l e d  

t h i o n y l  c h l o r i d e  w a s  s lowly p i p e t t e d  i n t o  t h e  r e a c t i o n  v e s s e l .  A r e f l u x  

condenser w i t h  d ry ing  tube' was f i t t e d  onto t h e  pear-shaped f l a s k ,  and 

t h e  r e a c t i o n  w a s  hea t ed  at r e f l u x  f o r  2 h r .  The s o l u t i o n  was cooled t o  

ambient temperature  and t r a n s f e r r e d  i n t o  a s e p a r a t o r y  funne l  con ta in ing  

about 20 m l  of n-hexane. Cold water was added t o  decompose t h e  excess  

t h i o n y l  ch lo r ide .  The aqueous l a y e r  was e x t r a c t e d  w i t h  a d d i t i o n a l  

p o r t i o n s  of hexane. The hexane f r a c t i o n s  w e r e  combined and washed 2 t i m e s  

w i th  aqueous 5% sodium b i c a r b o n a t e  and 3 times w i t h  d i s t i l l e d  water .  

The product  sample w a s  t h e n  d r i e d  by t h e  a z e o t r o p i c  d i s t i l l a t i o n  method. 

NMR, 3.74 (2H, t r i p l e t ,  J = 5.5 Hz, -CH2CHHC1 group) ,  4.20 ppm (2H, t r i p l e t ,  

J = 5.5 Hz, -0Cli2CH2Cl group).  Y ie ld  96%. 

Syn thes i s  of TOP(OCH2CH2),0H. A 25-ml round bottom f l a s k  w a s  

equipped w i t h  a p r e s s u r e  e q u a l i z i n g  a d d i t i o n  funne l  and a calcium c h l o r i d e  

drying tube.  In  t h e  f l a s k ,  59 mg (1.4 mmol) of sodium hydr ide  d i s p e r s i o n  

w a s  suspended i n  2 m l  of dry e t h y l  e t h e r .  

g lyco l  (1.67 g, 7 mmol) d i s so lved  i n  3 m l  o f  anhydrous d ime thy l su l fox ide  

was added dropwise t o  t h e  sodium hydride.  

ambient temperature  f o r  1 5  min fol lowed by an a d d i t i o n a l  15  min of s t i r r i n g  

a t  75". 

i n  e t h y l  e t h e r  (1 m l )  w a s  added t o  t h e  r e a c t i o n  v e s s e l .  After a d d i t i o n ,  

t h e  funne l  w a s  r i n s e d  wi th  a s m a l l  p o r t i o n  of e t h e r  and then removed 

from t h e  f l a s k .  

a r o t a r y  vacuum evapora to r .  

magne t i ca l ly  a t  ambient t empera tu re  f o r  4 days. The mixture  was 

A s o l u t i o n  of pen tae thy lene  

The mixture  was s t i r r e d  at 

Using t h e  a d d i t i o n  funne l ,  84.7 mg (0.315 mmol) of TOPOCH2CH2C1-14C 

The e t h e r  w a s  c a r e f u l l y  removed from t h e  s o l u t i o n  with 

The f l a s k  w a s  then s toppe red  and s t i r r e d  
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t r a n s f e r r e d  i n t o  25 m l  of dichloromethane and hydrolyzed with 25 m l  of 

5 N aqueous sodium chlor ide  and 5 m l  of 6 N hydrochlor ic  acid. Successive 

por t ions  of  dichloromethane w e r e  used t o  e x t r a c t  t h e  product. Yield 50%. 

For t h e  prepara t ion  of TOP(OCH2CH2)gOH, t h e  same procedure descr ibed 

above f o r  TOP (oa2CH2)60H synthes is  was  u t i l i z e d .  I n  this reac t ion  

2.6 g (7 m o l )  of octaethylene g lycol  was  employed, and t h e  mixture 

was allowed t o  s t i r  a t  ambient temperature f o r  5 days. 

DISCUSSION 

Yield 40%. 

I n  t h e  i n i t i a l  Williamson coupling of TOPOH with ch loroace t ic  ac id ,  

t h e  h ighes t  y i e l d  w a s  obtained when diglyme w a s  used as so lvent .  THF 

o r  dioxane gave lower y i e l d s ,  and dioxane a l s o  caused t h e  s o l u t i o n  t o  

foam considerably during r e f l u x ,  making the reac t ion  d i f f i c u l t  t o  

cont ro l .  The addi t ion  of ch loroace t ic  acid t o  a hot s o l u t i o n  of  the 

phenolic s a l t  i n  diglyme r e s u l t e d  i n  a 5 per  c e n t  reduct ion i n  y i e l d  

during preliminary s t u d i e s .  

The f i n a l  Williamson coupling of TOPOCH2CH2C1 with the monosodium 

s a l t  of penta- or  octaethylene glycol  gave the lowest y i e l d  of all t h e  

reac t ions .  The h ighes t  y i e l d  achieved f o r  t h i s  reac t ion  was 50 p e r  cen t ,  

and a l l  a t tempts  t o  improve the y ie ld  above t h i s  l e v e l  f a i l e d .  

K ~ l o b i e l s k i ( ~ )  obtained only a 12 per c e n t  y i e l d  of para-nonyl- 

phenoxydeca(ethoxy)ethanol using sodium methylate i n  t h e  f i n a l  coupling 

reac t ion .  Consequently, prel iminary s t u d i e s  were attempted with 

potassium hydride t o  improve t h e  product y i e l d  by use of a more r e a c t i v e  

a l k a l i  metal .  By t h i s  approach, however, very incons is ten t  y i e l d s  

of 22 t o  38 per cent  were achieved. Yields were improved by using 

sodium hydride with pentaethylene glycol  a t  

125' f o r  18 h r ,  170' f o r  5 h r ,  and 40' f o r  18 h r .  

condi t ions y i e l d s  ranged from about 30 t o  50 per  cent .  

the  f i n a l  coupling r e a c t i o n  w a s  also c a r r i e d  out a t  ambient temperatures. 

Aliquots were removed d a i l y  from t h e  ambient temperature reac t ions  

and increases  i n  y i e l d  were observed through the  t h i r d  day. 

were n e i t h e r  improved nor more c o n s i s t e n t  a t  e levated temperatures, t h e  

r e a c t i o n  condi t ions of 

Using these r e a c t i o n  

I n  t r i a l  s t u d i e s  

Since y ie lds  



F.S. Tanaka and R.G. Wien 104 

f i n a l  coupling r e a c t i o n  was c a r r i e d  out a t  ambient temperatures. 

Attempts were made t o  determine t h e  reason f o r  t h e  low y i e l d s  t h a t  

were obtained i n  t h e  f i n a l  Williamson coupling. Upon p u r i f i c a t i o n  of 

the  de te rgents ,  approximately 40 t o  50 p e r  cen t  of the  r a d i o a c t i v i t y  

was observed t o  migrate near t h e  solvent  f r o n t  of t h e  th in- layer  

chromatogram. This materLal was i s o l a t e d  from t h e  th in- layer  p l a t e s  

for  i d e n t i f i c a t i o n .  Inf ra red  spectroscopy of the unknown mater ia l  

showed two absorpt ion bands i n  the middle frequency region t h a t  were 

not present i n  t h e  spectrum of TOPOH. The absorpt ion band a t  1650 cm-I 

was a weak, but  very sharp,  band and was apparent ly  due t o  C=C s t r e t c h i n g  

v i b r a t i o n .  The absorpt ion band a t  1720 om-' was more d i f f u s e  and 

appeared t o  r e s u l t  from the C-H overtone of t h e  v inyl  group. The NMR 

spectrum of t h e  unknown mater ia l  did not show the two t r i p l e t s  a t  

3.74 and 4.20 ppm which were due t o  t h e  two methylene groups between 

t h e  oxygen and ch lor ine  of TOPXH2CH2C1. The c h a r a c t e r i s t i c  p a i r  of 

doublets  f o r  para s u b s t i t u t i o n  on the aromatic r i n g  w a s  a l s o  p a r t i a l l y  

obscured by o t h e r  peaks. I n t e g r a t i o n  of the  aromatic region indicated 

t h a t  approximately 6 protons were present ,  and v i n y l i c  protons a t tached  

t o  two polar  atoms would be expected t o  appear i n  t h i s  region of t h e  

spectrum. Conclusive evidence was obtained by mass spectrometry. A 

molecular ion a t  m/e 266 was observed with an i so topic  c l u s t e r  ind ica t ing  

t h e  presence o f  one ch lor ine  atom. Therefore, t h e  molecular ion was 

two mass u n i t s  l e s s  than t h a t  of  TOPOCH2CH2Cl (m/e 268), and the 

fragmentation p a t t e r n  was i d e n t i c a l  with t h a t  of TOPOCH2CH2C1 except 

each fragment t h a t  contained the  alkoxyl  s ide  chain was two mass 

u n i t s  l e s s .  The physical  d a t a  c l e a r l y  ind ica ted  t h a t  the by-product 

of the  coupling r e a c t i o n  was TOPOCH=CHCl, and the formation of t h e  

v inyl  ch lor ide  was apparent ly  i n  competition with the coupling reac t ion .  

The chemical r e s u l t s  were a l s o  i n  agreement with the physical  

evidence. With the formation o f  a v inyl  ch lor ide ,  the chloro group 

would become very unreact ive i n  a Villiamson e t h e r  synthes is .  Experimental 

condi t ions t o  avoid t h e  e l imina t ion  r e a c t i o n  could not  be  determined. 
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Temperature d id  n o t  appear t o  b e  an important f a c t o r  s i n c e  approximately 

t h e  same y i e l d s  were achieved f o r  t h e  s y n t h e s i s  when experiments were 

performed from ambient temperature  t o  170". 

All t h e  r eac t ions  given in Scheme 1, except  f o r  t h e  f i n a l  coupl ing 

r e a c t i o n ,  gave e x c e l l e n t  y i e l d s .  I f  t h e  y i e l d  of t h e  l a s t  coupling 

r e a c t i o n  could be  improved, an e x c e l l e n t  o v e r a l l  y i e l d  of l abe led  

de te rgen t  could be obtained by t h i s  s y n t h e t i c  scheme. In a d d i t i o n ,  i t  

appears poss ib l e  t h a t  t h e  bu f fe red  s i l i c a  g e l  column could be u t i l i z e d  

f o r  t h e  s e p a r a t i o n  of t h e  a lkoxyace t i c  a c i d  from TMNOH s i n c e  similar 

compounds were being sepa ra t ed .  

m a t e r i a l  a t  t h a t  s t e p  i n  t h e  a l k y l  de t e rgen t  s y n t h e s i s .  
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