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SURFACTANTS & DETERGENTS I 

Synthesis of Suffactants from 1-Olefins via Bromoalkoxylation 
Reaction 
Mitsuo Okahara*, Yohji Nakatsuji and Masanori Miyakoshi 
Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamadaoka 2-1, Suita, Osaka 565, Japan 

Alkyl  fl-bromoalkyl e ther  derivatives (I)  ( i someric  
mixture)  were  prepared by the bromoalkoxylat ion  
reaction of  o le f ins  with N-bromosuccinimide  (NBS)  
and appropriate alcohols.  A ser ies  o f  nonionic  surfac- 
tants was  obtained by the  reaction o f  I w i t h  glycols  or 
ethanolamines .  The distribution of  two i somers  (Mar-  
kovn ikov- type  and anti-Markovnikov-type) in products  
was  found to be sl ightly di f ferent  from that  in the 
starting material  (I).  Surface propert ies  o f  several  
nonionic surfactants,  which were  prepared from I, 
were  presented  and d i scussed  based  on the  di f ference  
in the  structures.  

KEY WORDS: Bromoalkoxylation, Markovnikov, N-bromo- 
succinimide, nonionic, olefin, surfactant, synthesis. 

The b romoa lkoxy la t ion  reac t ion  of olefins wi th  N-bro- 
mosucc in imide  (NBS) has  been  known  to afford the  
co r r e spond ing  alkyl f l-bromoalkyl e the r  derivat ives in 
high yields as a m i x t u r e  of Markovnikov a n d  ant i-  
Markovnikov adduc t s  (1). This reac t ion  is r ega rded  as an  
ionic one  having a b r o m o n i u m  ion as a t r a n s i e n t  in te rme-  
dia te  (1). We no ted  the  usefulness  of this r eac t ion  a n d  
appl ied it to the  syntheses  of alkyl c rown ethers  (2,3) a nd  
b romome thy l  c rown ethers  (4,5). If a long-chain  alkyl 
olefin is chosen  as a s t a r t ing  ma te r i a l  for the  bromoalk-  
oxyla t ion  react ion,  a lipophilic s u b s t a n c e  having a reac- 
tive group  is obta ined.  I n t r o d u c t i o n  of a hydrophi l ic  
group to it gives an  a m p h i p a t h i c  subs tance .  Especially, a 
combina t ion  of a long-chain  olefin with a long-chain  
alcohol cons t i t u t e s  a doub le -cha in  s t ruc tu re ,  which  has  
recent ly  a t t r a c t ed  a t t en t i on  as bi layer-forming mater ia l s  
(6-8).  

In o rder  to clarify the  effectiveness of the b romoalkox-  
ylat ion reac t ion  as a key reac t ion  for p r epa r ing  amphi -  
pa th ic  subs tances ,  we describe the  reac t ion  of long-chain  

*To whom correspondence should be addressed. 

olefins wi th  NBS a n d  alcohols, the  react iv i ty  of alkyl fi- 
b romoalkyl  e thers  wi th  a var ie ty  of nucleophiles ,  and  the  
surface  proper t ies  of the  non ion ic  s u r f a c t a n t s  obtained.  

EXPERIMENTAL PROCEDURES 

Synthesis of long-chain alkyl fi-bromoalkyl ether (I). A 
m i x t u r e  of long-chain  olefin (0.15 mol),  alcohol (2.0 mol), 
a n d  NBS (0.05 mol)  was  s t i r red  at  50~ for 5 hr. After the  
excess olefin a n d  alcohol  were removed,  wa te r  (500 mL) 
was  added  to the  residue.  The insoluble  m a t t e r  was  
removed  by f i l t rat ion,  a nd  the f i l t rate  was  washed  with 
w a t e r  (150 mL X 4) a n d  dried over MgSO4. The organic 
layer was  c o n c e n t r a t e d  a nd  pur i f ied by dist i l lat ion in  
vacuo to give a slightly yellow oil. The resul t s  are s u m m a -  
rized in Table 1. 

Synthesis of I I  by the reaction of I wi th  glycols. After 
sod ium meta l  (10 mmol )  was dissolved in the  glycol (70 
mmol) ,  I (7 mmol )  was  added  d rop  by drop  to the  
m i x t u r e  a nd  the  m i x t u r e  was s t i r red  at  140~ for 24 hr. 
After  cooling the  m i x t u r e  to room t empera tu r e ,  it was 
neu t ra l i zed  with d i lu ted  HC1 a n d  t h e n  was  made  slightly 
basic wi th  10% Na2CO3 aqueous  solut ion.  Water  (100 mL) 
was  added  to the  m i x t u r e  a nd  ex t r ac t ed  wi th  e ther  (200 
mL X 3). The combined  organic layer  was  dried, concen-  
t r a t e d  a nd  pur i f ied by dist i l lat ion in  vacuo. In the case of 
the  reac t ion  with hexae thy lene  glycol, t -butyl  alcohol was 
used as the  solvent.  The resul ts  are shown in Table 2. 

Synthesis of I I I  by the reaction of  I wi th  amines. A 
m i x t u r e  of I (7 mmol )  a nd  e t h a n o l a m i n e  or d ie thano lam-  
ine (70 mmol )  was  s t i r red  at  150~ for 24 hr. After  cooling 
the  m i x t u r e  to room t empera tu re ,  10% Na2CO3 aqueous  
solut ion (300 mL) was  added  to the  m i x t u r e  and  it was  
ex t r ac t ed  with d i c h l o r ome t ha ne  (150 mL X 3). The 
organic  layer was  dr ied  over MgSO4, c o n c e n t r a t e d  and  
pur i f ied by dis t i l la t ion in vacuo. The resul ts  are shown in 
Table 3. 

Concentration of  Markovnikov-type adduct (I-M) by 
treating the mix ture  (I) with base. A m i x t u r e  of potas-  

TABLE 1 

Synthesis of Compounds I 

Compd no. R R' Yield (%)a I-M (%)~ Bp (~ 

Iad C6H13 C6H13 90 (63) 80/0.04 
Ib C8H17 C4H 9 91 (67) 80/0.04 
Ic CloHel C2H5 75 (66) 80/0.04 
Id CsHlv CsHIv 94 (64) 120/0.05 
Ie CloH21 CIoH21 89 (68) 160/0.08 
If C12H25 C12H2~ 81 (69) 175/0.03 

a Olefin : NBS : alcohol = 3 : 1 : 40 (mol ratio). The isolated yields are calculated based on 
NBS. 
The content of the Markovnikov adduct. 

c Kugel-rohr distillation. 
NMR (CDC13) ~ 0.88 (t, 6H), 1.1-2.0 (m, 18H), and 3.2-4.2 (m, 5H); infrared (IR) (neat, 
cm 1) 2930, 2850, 1460, 1380, and 1100. 
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TABLE 2 

Synthes is  of Compounds II 

Compd no. R R' n Yield (%) Bp (~ a 

I Ia  b CsH17 C4H9 1 49 c 120/0.05 
IIb CsH17 C4H9 3 48 c 140/0.04 
I I c  C6H13 C6H13 5 13 d 1 8 5 / 0 . 0 5  
IId CsHI7 C4H 9 5 174 170/0.04 
l i e  C~0H21 C2H 5 5 15 d 180/0.05 

a Kugel-rohr distillation. 
NMR (CDC13) 5 0.78-1.02 (m, 6H), 1.1-1.8 (m, 18H), 2.2 (bs, 1H) 3.3-3.9 (m, 13H); IR 
(neat, cm -1) 3400, 2940, 2860, 1460, 1380, and 1100. 

c Reaction conditions: 140~ 24 hr, Na. 
d Reaction conditions: 80~ 36 hr, t-BuONa/t-/BuOH. 

TABLE 3 

Synthesis  of  Compounds III 

Compd no. R R' R" Yield (%) III-M (%)a 

I I Ia  ~ CsH17 C4H 9 H 79 (71) 
I I Ib  CsH17 C4H 9 HO (CH2CH2) 72 (74) 
IHc C12H25 C12H25 HO (CH2CH2) 65 (78) 

a The content of the isomer derived from I-M. 
b NMR (CDC13) 5 0.80-1.04 (m, 6H), 1.1-1.8 (m, 18H), 2.22 (bs, 2H), 2.6-2.9 (m, 3.7H), and 

3.2-3.8 (m, 5.3H); IR (neat, cm l) 3300, 2940, 2870, 1460, 1380, and 1100. 

s ium t -bu tox ide  (11.2 g, 0.1 mol) ,  m e t h y l t r i o c t y l a m m o n i -  
u m  ch lo r ide  (0.81 g, 2 mmol ) ,  a n d  I d  (13.9 g, 0.04 tool)  
was  s t i r r e d  a t  r o o m  t e m p e r a t u r e  for  3 hr. The  m i x t u r e  
was  n e u t r a l i z e d  wi th  d i lu t ed  HC1 a n d  t h e n  was  m a d e  
s l ight ly  bas ic  wi th  10% N%CO3 a q u e o u s  solut ion.  W a t e r  
(250 mL)  w a s  a d d e d  to t h e  m i x t u r e  a n d  it was  e x t r a c t e d  
wi th  h e x a n e  (250 mL • 2). The c o m b i n e d  o rgan ic  l aye r  
was  d r i e d  over  MgSO4, c o n c e n t r a t e d  a n d  pur i f i ed  by  
c h r o m a t o g r a p h y  over  s i l ica gel ( h e x a n e )  to  give Id -M as  a 
s l ight ly  yel low oil (5.57 g, 40% yield) .  The  c o n t e n t  of  t he  
Markovn ikov  a d d u c t  in th is  p r o d u c t  ( I d - M )  w a s  ca l cu la t -  
ed  to  be 93% b a s e d  on n u c l e a r  m a g n e t i c  r e s o n a n c e  (1H 
NMR). A c c o r d i n g  to  t he  s imi la r  p r o c e d u r e ,  I f -M (95% 
p u r i t y )  was  also o b t a i n e d  f rom I f  in a 48% yield. 

Measurement of surface properties. The c loud  p o i n t  
(Top) was  d e t e r m i n e d  v isua l ly  wi th  a 1% a q u e o u s  so lu t ion  
of  t h e  s u r f a c t a n t .  The  su r f ace  t ens ion  of  a s u r f a c t a n t  
so lu t ion  was  m e a s u r e d  wi th  a Wi lhe lmy t e n s i o m e t e r  
us ing a ser ies  of  a q u e o u s  so lu t ions  a t  v a r i o u s  c o n c e n t r a -  
t ions.  The foaming  p r o p e r t i e s  were  e v a l u a t e d  wi th  a 0.1% 
aqueous  so lu t ion  of  s u r f a c t a n t  by  the  s emi -mic ro  TK 
( T j u t j u n i k o w - K a s s j a n o w a )  m e t h o d  (9).  This  m e t h o d  con-  
s is ts  of  m e a s u r i n g  t h e  f o a m  vo lume  p r o d u c e d  by  bubbl ing  
250 mL of  a i r  over  a p e r i o d  of  50 sec in to  5 mL of  t he  t e s t  
solut ion.  

R E S U L T S  A N D  D I S C U S S I O N  

Synthesis. The b r o m o a l k o x y l a t i o n  r e a c t i o n  of  t he  long- 
cha in  olefin wi th  NBS a n d  the  excess  a lcoho l  gave t h e  
c o r r e s p o n d i n g  alkyl  f l -b romoalkyl  e t h e r  der iva t ive  ( I )  as  
a m i x t u r e  of  Markovn ikov- type  ( I -M)  a n d  ant i -  
Markovn ikov- type  ( I -AM)  in a high yie ld  (Scheme  1). The 
r a t io s  of  two  i somers  we re  d e t e r m i n e d  b a s e d  on t h e  
i n t e g r a t e d  va lues  of  1H NMR da ta .  The  r e su l t s  a r e  s h o w n  
in Table 1. The c o n t e n t s  of  I-M a re  63-69% a n d  a r e  

2 
CH2--C \ 

R--CH=CH2 + I N B r  + R'OH 
CH2--~ 

0 
(NBS) 

R--CH--CH2Bm R--CH--GH2OR' 
�9 I + I 

R'O Br 

X--M I - - A M  / 

(Z) 

SCHEME 1 

r e g a r d e d  to  be  a l m o s t  c o n s t a n t  in sp i te  of  t h e  d i f fe ren t  
alkyl  g roups .  

In  o r d e r  to  e v a l u a t e  t he  r eac t i v i t y  of  I, t h e  r e a c t i o n s  
wi th  glycols a n d  e t h a n o l a m i n e s  we re  c a r r i e d  ou t  
(Sc he me  2). The  r e su l t s  a r e  shown  in Tables 2 a n d  3. The  
yie lds  of  t h e  r e a c t i o n  of  I b  wi th  d i e thy lene  a n d  t e t r a e t h -  
y lene  glycols were  49% a n d  48%, r e spec t ive ly  (Table 2). On 
the  o t h e r  h a n d ,  t he  y ie lds  of  t h e  r e a c t i o n  of I b  wi th  
e t h a n o l a m i n e  a n d  d i e t h a n o l a m i n e  were  79% a n d  72%, 
r e spec t ive ly  (Table 3). The c o n t e n t s  of  M-type  of  I I I  we re  
also c a l c u l a t e d  b a s e d  on t h e  1H NMR da ta .  Though  the  
c o n t e n t  of M-type  of I b  w a s  67%, t h e  r e a c t i o n  p r o d u c t s ,  
I I I a  a n d  I I I b ,  c o n t a i n e d  71% a n d  74% of  M-type  i somer ,  
respect ive ly .  These  r e su l t s  s h o w e d  a s l ight  i n c r e a s e  of  t h e  
c o n t e n t  of  M-type  i somer  in p r o d u c t s .  In  e l imina t ion  of  
h y d r o g e n  b r o m i d e  f rom alkyl  b romide ,  t he  r e a c t i o n  r a t e  
for  t he  s e c o n d a r y  b r o m i d e  is k n o w n  to be m u c h  f a s t e r  
t h a n  t h a t  for  t he  p r i m a r y  one. Accord ing ly ,  t he  i n c r e a s e  
of  t he  c o n t e n t  of  M-type i somer  m e a n s  t h e  i n c r e a s e  of  t h e  
e x t e n t  of  t he  e l imina t ion  c o m p a r e d  wi th  t h e  subs t i tu t ion .  
The d i f fe rence  in t h e  c o n t e n t  of  M-type  i somer  b e t w e e n  I b  
a n d  I I I a  o r  I I I b  was,  however ,  r a t h e r  small .  The differ-  
ence  in t he  y ie lds  b e t w e e n  I I  a n d  I I I  also ref lec ts  t he  
d i f fe rence  in t he  e x t e n t  of  t he  e l imina t ion  r eac t ion .  This 
e l imina t ion  r e a c t i o n  can  be a p p l i e d  for  p r e p a r i n g  the  
alkyl  b r o m i d e  ( I )  hav ing  a h ighe r  c o n t e n t  of  M-type  
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i somer .  In  t he  p r e s e n c e  of  a p h a s e  t r a n s f e r  ca ta lys t ,  I was  
r e a c t e d  wi th  p o t a s s i u m  t -bu tox ide .  In  t he  cour se  of  t he  
reac t ion ,  t he  s t a r t i n g  m a t e r i a l  was  r e c o v e r e d  a n d  pur i -  
fied. The yie lds  r ecove red  were  40% for  I d  a n d  48% for  If.  
The  c o n t e n t s  of  M-type i somer  o b t a i n e d  f rom I d  a n d  I f  
we re  93% a n d  95%, respect ively .  

Surface properties.  Sur face  p r o p e r t i e s  a n d  foaming  
p r o p e r t i e s  of  I Ic ,  I I d  a n d  I I e  a r e  s u m m a r i z e d  in Tables 4 
a n d  5, respect ive ly ,  w i th  t he  d a t a  for  IV, which  is c h o s e n  
as  t he  re fe rence .  I Ic ,  I I d  a n d  I I e  a r e  nonionic  s u r f a c t a n t s  
a n d  possess  t he  s a m e  m o l e c u l a r  weight .  

Genera l ly  speaking ,  w h e n  t h e  pos i t i on  of  t he  hyd roph i l -  
ic g roup  loca tes  n e a r  t he  c e n t e r  of  t h e  h y d r o p h o b i c  g r o u p  
in an  ionic s u r f a c t a n t ,  wh ich  cons i s t s  of  only  o n e - c h a i n  
alkyl  group,  t he  c r i t i ca l  micel le  c o n c e n t r a t i o n  (CMC) of  
t h e  s u r f a c t a n t  i n c r e a s e s  (11).  We also f o u n d  t h e  s imi la r  
t r e n d  in t he  case  of  t he  s u r f a c t a n t s  t h a t  a re  ha l f -es te r  
de r iva t ives  of  male ic  ac id  (12).  As for  nonionic  su r fac -  
t an t s ,  t he  c o m p a r i s o n  of  t h e  su r f ace  p r o p e r t i e s  of  t he  
e thy lene  ox ide  a d d u c t s  of  1- a n d  7 - t r idecano l s  was  
r e p o r t e d  by  K u w a m u r a  et al. (13),  t h o u g h  the  e thy lene  
ox ide  cha ins  were  no t  homogeneous .  The l a t t e r  s h o w e d  a 
h ighe r  CMC a n d  a lower  Top c o m p a r e d  wi th  t he  former .  
The  c o m p a r i s o n  of  t he  p r o p e r t i e s  a m o n g  I Ic ,  I I d  a n d  I I e ,  
wh ich  have  the  s a m e  o x y e t h y l e n e  chain ,  is e x p e c t e d  to 
give i m p o r t a n t  i n f o r m a t i o n  a b o u t  t he  r e l a t ion  b e t w e e n  

the  s t r u c t u r e  a n d  t h e  su r f ace  p rope r t i e s .  A l though  it is 
no t  e a sy  to  d i s c r i m i n a t e  the  b o u n d a r y  be tween  the  
hydroph i l i c  a n d  t h e  l ipophi l ic  p a r t s  b e c a u s e  t h e y  con ta in  
an  oxygen  a t o m  in t h e  double  cha in  s t ruc tu re ,  t he  
pos i t i on  of  t he  hyd roph i l i c  g roup  a p p r o a c h e s  the  c e n t e r  
of  t he  h y d r o p h o b i c  g r o u p  as  t he  fol lowing o rder :  I I e >  I I d  
> I Ic .  Tcp d e c r e a s e s  a c c o r d i n g  to  the  s a m e  order :  I I e  
I I d >  I Ic .  The  so lubi l i ty  of  nonionic  s u r f a c t a n t s  in w a t e r  
is d e t e r m i n e d  by  the  e x t e n t  of  h y d r a t i o n  to  the  e t h e r  
oxygen  of  t h e  o x y e t h y l e n e  chain .  The h y d r a t i o n  to  the  
e t h e r  oxygen,  wh ich  is the  n e a r e s t  to  t h e  h y d r o p h o b i c  
group,  is c o n s i d e r e d  to  be s te r ica l ly  h i n d e r e d  by  the  
bu lk iness  of  t he  h y d r o p h o b i c  g roup  (14).  These  resu l t s  
a r e  r e a s o n a b l y  e x p l a i n e d  by  cons ide r ing  t h a t  the  e x t e n t  
of  t he  s te r ic  h i n d r a n c e  inc reases  w h e n  t h e  hydroph i l i c  
g r o u p  a p p r o a c h e s  t h e  c e n t e r  of  t h e  h y d r o p h o b i c  group.  
The CMC of  I I d  was  h ighe r  t h a n  t h a t  of  I I e  (Fig. 1). The 
s t r u c t u r e  of  I I e  is c o n s i d e r e d  to have  an  e t h o x y  g roup  to 
t he  f l -posi t ion of  h e x a e t h y l e n e  glycol m o n o d o d e c y l  e t h e r  
(IV). I n t r o d u c t i o n  of  e t h o x y  g roup  l ow e re d  t h e  h y d r o p h -  
l ic i ty  e s t i m a t e d  by  t h e  Tcp d a t a  a n d  i n c r e a s e d  the  CMC 
va lue  poss ib ly  b e c a u s e  of  mak ing  the  b r a n c h e d  s t ruc tu re .  
The  b r a n c h e d  s t r u c t u r e s  also l owered  t h e  foaming  p r o p -  
er t ies .  The fac t  t h a t  t h e  pos i t ion  of  t he  hydroph i l i c  g roup  
to  the  h y d r o p h o b i c  g r o u p  highly a f fec ted  the  su r face  
p r o p e r t i e s  s t rong ly  sugges t s  the  i m p o r t a n c e  of  mo lecu l a r  
des ign of  t h e  su r f a c t a n t s .  

'E  60 

A 
50 

~- 40 

n~ 
3O co 

10-5 

~ , ,  (Iza) 

I 

; ; 1o-4 ; ; Io-  ; 
Concentration {moll -I) 

FIG. 1. The surface tension-concentration plots  for IId and lie. 

TABLE 4 

Surface Properties of Compounds IIc, lid, IIe and IV 

Compd n o .  Tcp(~ 104 CMC (mol. 1-1) ~ CMC (mN �9 m l) 102A (rim 2) 

IIc 4 - -  - -  - -  
IId 27 4.6 30 61 
IIe 39 4.0 30 56 
IV a 49 0.85 32 52 

a Hexaethylene glycol monododecyl ether: reference 10. 

TABLE 5 

Foaming Properties of  Compounds IId, Ile and IV 

Foaming volume/mL 

Compd no. Temp. (~ 0" 30" 1' 1' 30" 2' 5' 

IId 20 160 60 20 0 --  - -  
IIe 20 90 30 10 0 --  - -  
IV a 20 250 220 160 140 100 0 

aHexaethylene glycol monododecyl ether; reference 10. 
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