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SUMWRY 

Two molecular ly  homogeneous non ion ic  d e t e r g e n t s  w i t h  spec i f i c -14C 

l a b e l i n g  were prepared.  Polyoxyethylene g l y c o l s  of s i x  and nine e t h y l e n e  

oxide units were coupled t o  2,6,8-trimethy1-4-nonanol (TFNOH). The 

r a d i o a c t i v e  l a b e l  was i n  t h e  f i r s t  e t h y l e n e  ox ide  u n i t  a t t a c h e d  t o  the 

a l k y l  moiety,  TMNOCH2*CH2 (OCHzCHz),OH. A l l  r e a c t i o n s  employed i n  t h i s  

s y n t h e s i s  gave good t o  e x c e l l e n t  r e s u l t s .  Two r o u t e s  were developed 

f o r  t h e  r e d u c t i o n  of an  a l k o x y a c e t i c  a c i d  i n t e r m e d i a t e  t o  t h e  corresponding 

a l coho l ,  and bo th  methods gave e x c e l l e n t  y i e l d s .  The o v e r a l l  y i e l d s  f o r  

TMN (OCH2CH2) 60H and TIN (OCH2CH-2) gOH were 42 and 33 p e r  cent, r e s p e c t i v e l y .  

INTRODUCTION 

Nonionic s u r f a c e  a c t i v e  materials prepared from e t h y l e n e  ox ide  

condensat ions a r e  wide ly  used as d e t e r g e n t s  and e m u l s i f i e r s .  

common method f o r  t h e  p r e p a r a t i o n  of t h e s e  nonhomogeneous s u r f a c t a n t s  

is by t h e  base  c a t a l y z e d  a d d i t i o n  of e t h y l e n e  oxide t o  e i t h e r  a long 

c h a i n  a l c o h o l  o r  t o  a n  a lky lpheno l .  

the p roduc t ion  of molecular  s p e c i e s  having a Po i s son  d i s t r i b u t i o n .  

The most 

Th i s  method of  s y n t h e s i s  l eads  t o  

The s y n t h e s i s  of homogeneous s u r f a c t a n t s  w i th  a d e f i n i t e  number 

of e t h y l e n e  oxide u n i t s  h a s  become d e s i r a b l e  f o r  t h e  s t u d y  of t h e  
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phys ica l  c h a r a c t e r i s t i c s  of t h e s e  m a t e r i a l s  as w e l l  as f o r  t h e  

de t e rmina t ion  of  t h e i r  f a t e  under environmental  c o n d i t i o n s .  Many 

workers have p r e v i o u s l y  r e p o r t e d  on t h e  s y n t h e s i s  of homogeneous a l k y l  

and a r y l  

coupl ing a homogeneous po ly (e thoxy)e thano l  moiety(7* 8, t o  a n  a r y l  o r  

a l k y l  group by means of  a Williamson type  r e a c t i o n .  

These m a t e r i a l s  a r e  g e n e r a l l y  prepared by 

Nooi g d. (9) prepared s p e c i f i c  and random labeled-I4C s u r f a c t a n t s  

of  octadecanol  by po lymer i za t ion  wi th  e t h y l e n e  oxide.  

l abe led  nonhomogeneous s u r f a c e  a c t i v e  agen t  w a s  prepared('') by a d d i t i o n  

of  e thy lene  oxide t o  d o d e ~ a n o l - ~ ~ C - l .  

of s p e c i f i c a l l y  labeled-I4C s u r f a c t a n t s  w i t h  molecu la r ly  homogeneous 

polyoxyethylene g l y c o l  s i d e  c h a i n s  has  not  been r e p o r t e d .  The re fo re ,  

t h e  r e a c t i o n  sequence g iven  i n  Scheme 1 was developed f o r  t h e  s y n t h e s i s  

of homogeneous s u r f a c t a n t s  of  2,6,8-trimethyl-4-nonanol ("OH). 

Another s p e c i f i c a l l y  

To our knowledge, t h e  s y n t h e s i s  

OH 
I 

CH3-~H-CH2-CH-CH2-~H- CH2-FH-CCH3 (TMNOH) 
C H 3  CH3 

NaH, 75' 
83% 

cH3/ ClCH2"COOH 

CH2N2 - + TMNOCH2*COOCH3 TMNOCH2*COOH - - - - - r /  
\ 99% / 

/ 
96% / LIAlH4 

/ 
/ 

TMNOCH~*CH~OH J 
B2H\ I 

Pyr,  S0Cl2 
98% I Ethe r  

J. 
TMNOCH2*CH2Cl 

NaH, DMSO 
n = 5, 86% H(OCH2CH2)nOH 

75-80°, 16 h r  
n = 8, 68% ! 

TMNOCH2*CH2 (OCH2CH2) ,OH 

Scheme 1 
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I n  Scheme 1, t h e  d o t t e d  a r rows  i n d i c a t e  an alternate r o u t e  f o r  t h e  

In r e d u c t i o n  of  t h e  c a r b o x y l i c  a c i d  t o  the a l c o h o l  i n  excellent y i e l d .  

our  case, the d ibo rane  r e d u c t i o n  w a s  s e l e c t e d  because of s l i g h t l y  h ighe r  

y i e l d s  and g r e a t e r  ease of  p roduc t  i s o l a t i o n .  

EXPERIMENTAL 

Materials and Methods. Sodium hydr ide  was used as a 57% d i s p e r s i o n  

i n  mine ra l  o i l .  Dimethyl s u l f o x i d e ,  bis(2-methoxyethyl  e t h e r  (diglyme),  

pen tae thy lene  g l y c o l ,  o c t a e t h y l e n e  g l y c o l ,  and TMNOH were d r i e d  over  

molecular  s i e v e  4 8  beads.  Anhydrous e t h y l  e t h e r  was purchased i n  sea l ed  

metal  c o n t a i n e r s ,  and f r e s h l y  opened samples were used wi thou t  f u r t h e r  

d r y i n g .  Boron t r i f l u o r i d e  e t h e r a t e ,  a f t e r  a d d i t i o n  of  a s l i g h t  excess  

of  e t h e r ,  w a s  r e d i s t i l l e d  over calcium hydr ide  t o  y i e l d  a c o l o r l e s s  

l i q u i d .  Tetrahydrofuran was p u r i f i e d  and d r i e d  by d i s t i l l a t i o n  from 

l i t h i u m  aluminum hydr ide .  

over potassium hydroxide p e l l e t s ,  and t h i o n y l  c h l o r i d e  was r e d i s t j l l e d  

from a small  q u a n t i t y  of naphthalene and phosphorous p e n t a c h l o r i d e  

t o  y i e l d  a c o l o r l e s s  p roduc t .  

Anhydrous p y r i d i n e  was prepared by d i s t i l l a t i o n  

The 2,6,8-trimethyl-4-nonanol was purchased from Fluka and w a s  

approximately 99% pure (GLC). Pen tae thy lene  g l y c o l ,  w i t h  a p u r i t y  of 

g r e a t e r  t han  95%, w a s  obtained from Chemical Samples Company. The 

o c t a e t h y l e n e  g lyco l (4 )  was k i n d l y  provided by D r .  R. L. West of Atlas-ICI,  

and t h i s  material had a p u r i t y  o f  g r e a t e r  t han  98%. 

a c i d  (6 m C i ,  p u r i t y  99%) w i t h  a s p e c i f i c  a c t i v i t y  o f  26.3 mCi/mmol w a s  

purchased from New England Nuclear .  

reduce t h e  s p e c i f i c  a c t i v i t y  t o  8 mCi/mmol. 

C h l ~ r o a c e t i c - ~ ~ C - l  

Unlabeled m a t e r i a l  was added t o  

Nuclear magnetic resonance (NMR) d a t a  were obtained on a Varian 

A-60A spec t romete r .  Samples were d i s s o l v e d  i n  deu te r ioch lo ro fo rm,  and 

t e t r a m e t h y l s i l a n e  w a s  used as t h e  i n t e r n a l  r e f e r e n c e .  

t h e  TMN moiety were not  r e p o r t e d ,  because s t r u c t u r a l  changes were only 

performed on the  a lkoxy l  s i d e  cha in .  

NMR d a t a  invo lv ing  
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Gas-Liquid Chromatography (GLC) . The de te rmina t ion  of material 

p u r i t y  and t h e  e s t i m a t i o n  of product  y i e l d  were performed on a Barber- 

Colman series 5000 gas  chromatograph equipped w i t h  a f lame i o n i z a t i o n  

detector. Gas Chrom Q of 80 t o  100  mesh was used as t h e  s o l i d  suppor t  

f o r  t h e  p r e p a r a t i o n  of  t h e  chromatographic  columns. 

t empera tu res  were h e l d  a t  least  25' h i g h e r  t han  t h e  column 

temperature .  

s u r f a c t a n t s  and t h e  i n t e r m e d i a t e s  of TMNOH are given i n  Table  I. 

I n l e t  and d e t e c t o r  

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

3% ov-1. O C  

150" 

150" 

150' 

150' 

275" 

310' 

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

185' 

185" 

Tab le  I 

Compound 

TMNOH 

TMNOCH2 COOCH3 

TMNOCH2CH20H 

TPfNOCH2 CH2C1 

TMN (0 CH2 CH2 ) 6OH 

TMN(OCH2CH2) gOH 

TMNOCHzCH20H 

TMNOCH2 CH2 C 1  

d l m i n .  N 2  

80 

80 

go 

80 

85 

85 

70 

70 

Re ten t ion ,  min 

2.5 

8.6 

6 .0  

6.0 

7.5 

1 4 . 4  

5 . 1  

3.9 

Each of t h e  i n t e r m e d i a t e s  w a s  s y n t h e s i z e d  i n  gram q u a n t i t i e s  t o  

b e  used f o r  r e a c t i o n  development. P u r i f i c a t i o n  of t h e s e  i n t e r m e d i a t e s  

was accomplished by  vacuum d i s t i l l a t i o n  and t h i n - l a y e r  chromatography. 

The i d e n t i t y  of each s y n t h e t i c  product  w a s  v e r i f i e d  by NMR spec t romet ry .  

From these  p u r i f i e d  m a t e r i a l s ,  s t a n d a r d  s o l u t i o n s  of  known c o n c e n t r a t i o n  

were prepared f o r  t h e  e s t i m a t i o n  of  r e a c t i o n  y i e l d s .  

P u r i f i c a t i o n  of TMNOCH,COOH. I n  the i n i t i a l  coup l ing  r e a c t i o n ,  

TMNOH was no t  on ly  one o f  t h e  r e a c t a n t s ,  b u t  a l s o  served as the  s o l v e n t .  

The re fo re ,  it was necessa ry  t o  remove t h e  product  from a l a r g e  excess  

of TMNOH. P u r i f i c a t i o n  w a s  accomplished w i t h  a 2 . 5  x 38 c m  column 

c o n t a i n i n g  Whatman DE-52 microgranular  c e l l u l o s e  (DEAE). A s l u r r y  of 

DEAE c e l l u l o s e  i n  aqueous methanol (MeOH:H20, 80:20 v f v )  w a s  used i n  

- 
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column p r e p a r a t i o n ,  and a f t e r  packing, t h e  column was washed w i t h  a d d i t i o n a l  

aqueous methanol.  Flow rate  of t h e  column was he ld  a t  1.0 t o  1.5 ml/min 

u s i n g  a low p r e s s u r e  pump. Conversion of  t h e  column m a t e r i a l  t o  t h e  

a c e t a t e  form was accomplished by e l u t i o n  wi th  1 N a c e t i c  a c i d  ( i n  degassed 

aqueous methanol) u n t i l  t h e  column e l u a t e  was of c o n s t a n t  pH. 

a c e t i c  a c i d  was washed from t h e  column wi th  aqueous methanol.  

t h e  c a p a c i t y  of  t h e  column w a s  approximately 0.25 m o l ,  t h e  TMNOCH2COOH-14C 

was a p p l i e d  i n  smaller q u a n t i t i e s .  I m p u r i t i e s  were e l u t e d  f i r s t  w i t h  

about  155 m l  of degassed aqueous methanol,  and t h e  TMNOCH2COOH was 

recovered from t h e  column by e l u t i o n  wi th  approximately 225  m l  of 1 N 

a c e t i c  a c i d  ( i n  aqueous methanol).  Th i s  method o f  s e p a r a t i o n  would 

a l low abou t  95% recove ry  of t h e  a p p l i e d  material. 

The excess  

Although 

A f t e r  e l u t i o n  wi th  a c i d ,  a f r a c t i o n  of  t h e  a lkoxyace t i c  a c i d  was 

t ransformed t o  t h e  methyl ester i n  t h e  a c i d i c  e l u a t e .  The re fo re ,  t h e  

a c i d i c  s o l u t i o n  was made a l k a l i n e  wi th  potassium hydroxide,  and t h e  

e s t e r  was hydrolyzed by r e f l u x i n g  f o r  4 h r .  The a lkoxyace ta t e  s a l t  

was concen t r a t ed  by r o t a r y  vacuum evapora t ion  (under these c o n d i t i o n s  

t h e  methyl e s t e r  would c o d i s t i l l  w i th  methanol-water).  A f t e r  a c i d i f y i n g  

t h e  s o l u t i o n  w i t h  h y d r o c h l o r i c  a c i d ,  the product  w a s  e x t r a c t e d  w i t h  

p o r t i o n s  o f  n-hexane. 

w a s  obtained.  

A recovery of  0.386 mmol of TMNOCHZCOOH-~~C 

P u r i f i c a t i o n  of TMN(OCH2CH2),0H. The two a l k y l  s u r f a c t a n t s  were 

p u r i f i e d  by t h i n - l a y e r  chromatography on p l a t e s  o f  s i l i c a  g e l  H (500 1! 

t h i c k n e s s )  developed w i t h  wa te r - sa tu ra t ed  methyl e t h y l  ketone.  

Autoradiograms were t aken  i n  o r d e r  t o  v i s u a l i z e  t h e  material on the 

th in - l aye r  p l a t e s .  The d e t e r g e n t  i n  each case w a s  removed from t h e  

chromatograms by vacuuming t h e  s i l i ca  gel i n t o  s m a l l  soxhlet thimbles .  

E l u t i o n  o f  t h e  product  from s i l i ca  g e l  w a s  accomplished in a micro s o x h l e t  

e x t r a c t o r  w i t h  methanol.  The two i s o l a t e d  s u r f a c t a n t s  were e s t i m a t e d  

as having g r e a t e r  than 98% radiochemical  p u r i t y  by t h i n - l a y e r  chromatography 

and autoradiography.  

by  comparison w i t h  a u t h e n t i c  samples d e r i v e d  from commercial p repa ra t ions .  

I d e n t i t y  of  t h e  s y n t h e s i z e d  p roduc t s  was  v e r i f i e d  
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Radioact ivi ty  measurements were c a r r i e d  out on a Packard model 3375 

l i q u i d  s c i n t i l l a t i o n  spectrometer. The detergents  a f t e r  i s o l a t i o n  were 

counted i n  a c o c k t a i l  of 10 m l  of Insta-Gel (Packard). S i l i c a  gel 

a f t e r  e x t r a c t i o n  w a s  removed from t h e  soxhle t  thimbles and counted 

as a g e l  suspension. 

a g i t a t i n g  3 m l  of d i s t i l l e d  water with 10 m l  of Insta-Gel. 

ana lys i s  v e r i f i e d  t h a t  a f t e r  ex t rac t ion ,  less than 1% of the r a d i o a c t i v i t y  

remained on t h e  s i l i ca  ge l .  Counter e f f i c i e n c y  w a s  estimated by t h e  

i n t e r n a l  and e x t e r n a l  s tandard methods, and the  r e s u l t s  were i n  good 

agreement with each other .  

The g e l  suspension w a s  prepared by vigorously 

This 

Drying of Intermediates .  It w a s  mandatory t h a t  each intermediate  

be i n  an anhydrous condi t ion before  use i n  the next reac t ion .  T r i a l  

experiments were performed using calcium s u l f a t e ,  magnesium s u l f a t e ,  

and molecular s ieve  4A a s  drying agents  added d i r e c t l y  i n t o  d i l u t e  

so lu t ions  of the intermediates .  Mater ia l  losses ranged from 3% t o  a s  

high as 80%, and the magnitude of  t h e  l o s s  was l a r g e l y  dependent upon 

t h e  intermediate  being dr ied.  The most e f f e c t i v e  method of sample 

drying was by azeotropic  d i s t i l l a t i o n  of t h e  water from the sample 

with benzene i n  a micro soxhle t  e x t r a c t o r .  By t h i s  technique, a dry  

sample could be obtained without mater ia l  l o s s .  

A 2 x 1 7  cm tube was used a s  the sample conta iner  t o  provide a 

long pathway t o  break up foam before it could reach the  top of t h e  f l a s k .  

The sample was heated i n  an o i l  bath t o  avoid loca l ized  heat ing.  The 

a rea  of the  soxhlet  e x t r a c t o r  between t h e  sample tube and the  condenser 

was wrapped with hea t ing  tape t o  lessen  t h e  hea t  on t h e  sample required 

t o  r e f l u x  the benzene azeotrope i n t o  the  soxhle t  thimble. Anhydrous 

calcium chlor ide  was placed i n  t h e  thimble, and the  sample was dissolved 

i n  about 20 m l  of benzene. The benzene s o l u t i o n  was held a t  r e f l u x  f o r  

8 h r ,  and a f t e r  drying the  sample, the benzene was c a r e f u l l y  removed 

by r o t a r y  evaporation. 

Synthesis of TMNOCH2COOH. A 10-ml Kjeldahl f l a s k  was modified by the 

attachment of a s i d e  arm, and both connections were terminated with ground 
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g l a s s  f i t t i n g s .  A calcium chlor ide  drying tube was placed on the  main 

t a p e r  of the f l a s k ,  and a n  a d d i t i o n  funnel with drying tube w a s  f i t t e d  

on t h e  s i d e  a r m .  TMNONa was prepared by adding 0.3 g (7.1 mmol, 57% 

dispers ion  i n  mineral o i l )  of sodium hydride and 3.0 m l  (2.46 g, 13.3 mmol) 

of TMNOH i n t o  the reac t ion  vesse l  and heat ing the mixture i n  an o i l  ba th  

a t  130' f o r  approximately 20 min. 

reac ted ,  the vesse l  was allowed t o  cool  t o  ambient temperature. 

t h i s  per iod , the  addi t ion funnel  w a s  charged with 70.9 mg (0.75 mmol, 6 mCi) 

of ch loroace t ic - lk-1  ac id  dissolved i n  1 m l  of anhydrous dioxane. 

After  t h e  sodium hydride had completely 

During 

The 

rad ioac t ive  ch loroace t ic  acid s o l u t i o n  was added t o  the  TMNONa at 

ambient temperature, and t h e  addi t ion  funnel  was washed w i t h  about 

1 m l  of dry e ther .  The funnel  w a s  then removed, the  s i d e  arm stoppered, 

and t h e  f l a s k  manually shaken t o  ensure complete conversion of t h e  

ch loroace t ic  a c i d  t o  the neut ra l ized  salt.  The r e a c t i o n  was  heated 

f o r  16 h r  a t  approximately 75'. During t h i s  per iod t h e  e t h y l  e t h e r  

w a s  allowed t o  d i s t i l l  from t h e  reac t ion  vessel. The cooled mixture 

w a s  made a c i d i c  wi th  20 ml  of aqueous 10% s u l f u r i c  ac id ,  and e x t r a c t i o n  

of t h e  a c i d  product was accomplished w i t h  a l i q u o t s  of n-hexane. 

hexane f r a c t i o n s  were combined, and t h e  excees solvent  w a s  removed by 

r o t a r y  evaporation. NMR, 4.15 (2H, s i n g l e t ,  -0C&- group), 11.20 ppm 

(H, s i n g l e t ,  -COO€Igroup). Yield 83%. 

The 

Separat ion of TMNOH from TMNOQI2COOH was required before  reduct ion 

of t h e  a c i d  t o  t h e  a lcohol  (cf .  P u r i f i c a t i o n  of TMNOCH2COOH). 

p u r i f i c a t i o n  of t h e  intermediate ,  t h e  sample w a s  c a r e f u l l y  d r i e d  

(c f .  Drying of Intermediates) .  

After 

Synthesis  of TMNOCH2CH20H. An apparatus  f o r  e x t e r n a l  generat ion 

of d i b o r a n e ( n 1  w a s  assembled using f l a s k s  of 50-ml volume f o r  t h e  

generator  and r e a c t i o n  vessels. 

TMNOCH2COOH-14C (94.2 mg, 0.386 -01) a f t e r  removal of benzene was 

dissolved i n  15 ml of anhydrous te t rahydrofuran (THF) and placed i n  

t h e  r e a c t i o n  vesse l .  

boron t r i f luorb .de  e t h e r a t e  (1.11 g ,  7.82 m l )  and 4 m l  of dry diglyme. 

The p u r i f i e d  and d r i e d  sample of 

I n t o  t h e  generat ion f l a s k  were added 1.0 ml of 
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The dropping funne l  w a s  charged wi th  120 mg (3.16 mmol) of sodium 

borohydride d i s s o l v e d  i n  approximately 10 ml of diglyme. The e n t i r e  

system w a s  f l u shed  wi th  dry n i t rogen .  Diborane w a s  s lowly  gene ra t ed  

under an atmosphere o f  n i t r o g e n  by dropwise a d d i t i o n  o f  t h e  sodium 

borohydride s o l u t i o n  ove r  a 20 min pe r iod .  The generated diborane was 

t r a n s f e r r e d  i n t o  t h e  r e a c t i o n  v e s s e l  w i t h  a g e n t l e  s t r eam of n i t r o g e n .  

To ensure complete t r a n s f e r  o f  t h e  diborane,  t h e  g e n e r a t i o n  f l a s k  w a s  

hea t ed  a t  70-80" f o r  1 h r .  Then t h e  m a t e r i a l  i n  t h e  r e a c t i o n  v e s s e l  

wns h e l d  a t  g e n t l e  r e f l u x  f o r  2 h r .  A f t e r  bo th  f l a s k s  had cooled t o  

ambient temperature ,  t h e  gene ra to r  f l a s k  w a s  disconnected.  Excess hydr ide  

i n  t h e  gene ra t ion  f l a s k  w a s  decomposed by slow a d d i t i o n  o f  water u n t i l  

e f f e rvescence  ceased. I n  t h e  r e a c t i o n  vessel, t h e  excess  diborane was  

destroyed by c a r e f u l l y  adding about 15  m l  of d i s t i l l e d  wa te r .  ( I f  

water w a s  added t o o  qu ick ly ,  a r a p i d  formation of foam would develop 

from t h e  r e l e a s e d  hydrogen and t h e  con ten t s  i n  t h e  f l a s k  would overflow.) 

To complete hydro lys i s ,  5 m l  of 6 FJ hydroch lo r i c  a c i d  was added. 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  

with s u c c e s s i v e  p o r t i o n s  of n-hexane. The sample was then concen t r a t ed  

and d r i e d .  NMR, 2.50 (H, s i n g l e t ,  -OH group) ,  3.62 ppm (4H, m u l t i p l e t ,  

J = 3 Hz, -OC€?2CI120H group) .  Y ie ld  97%. 

Syn thes i s  of TMNOCH2CH2Cl. A 25-ml pear-shaped f l a s k  w a s  equipped 

w i t h  a 30-cm a i r  condenser,  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  f u n n e l ,  and a 

calcium c h l o r i d e  d ry ing  tube.  

49.2 mg (50 vl, 0.6 m o l )  of dry p y r i d i n e ,  and 1 m l  o f  anhydrous e t h y l  

e t h e r  were added i n t o  t h e  r e a c t i o n  v e s s e l .  To t h e  s o l u t i o n  was s lowly 

added 0.5 m l  (0.82 g, 6.9 mmol) of t h i o n y l  c h l o r i d e  d i s so lved  i n  1 m l  

of  dry e t h e r .  Ch lo r ina t ion  was accomplished by h e a t i n g  t h e  r e a c t i o n  

at approximately 100' f o r  4 h r .  As t h e  m a t e r i a l  r e f luxed ,  t h e  e t h y l  

e t h e r  w a s  al lowed t o  s lowly  escape from t h e  r e a c t i o n .  

s o l u t i o n  w a s  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  funnel  con ta in ing  25 m l  of 

n-hexane, and t h e  excess  t h i o n y l  c h l o r i d e  w a s  decomposed by adding co ld  

Then 86.2 mg (0.374 mmol) of TMNOCH2CH20H-14C, 

The cooled 

d i s t i l l e d  water. E x t r a c t i o n  of t h e  aqueous l a y e r  w a s  performed wi th  
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a l i q u o t s  of  hexane. 

t i m e s  wi th  aqueous 5X sodium bicarbonate .  Following t h i s  treatment, t h e  

product w a s  washed 3 successive times w i t h  d i s t i l l e d  water and d r i e d  by 

t h e  azeot ropic  d i s t i l l a t i o n  method. NMR, 3.61 (4H, two c lose ly  overlapping 

t r i p l e t s ,  J - 3 Hz, -OCHHQ&Cl group). 

Synthesis  of TMN(OCH2CH2),OH. 

The hexane f r a c t i o n s  were combined and washed two 

Yield 98%. 

I n  preparat ion of TMN (OCH2CH2) 6OH, 

a 25-ml round bottom f l a s k  w a s  f i t t e d  with an a i r  condenser, addi t ion  

funnel, and drying tube i n  t h e  same manner as i n  t h e  ch lor ina t ion  

reac t ion .  To 42 mg (1 mmol) of sodium hydride d ispers ion  w a s  added 

2 m l  of anhydrous e t h y l  e ther .  

pentaethylene g lycol  dissolved in 2 m l  of dry dimethylsulfoxide(12) 

(DMSO) was slowly added t o  the  ether-sodium hydride suspension as t h e  

material w a s  being magnetically s t i r r e d .  The mixture  was s t i r r e d  f o r  

about 1 5  min u n t i l  a clear s o l u t i o n  w a s  obtained,  and t h e  r e a c t i o n  was 

heated a t  75" f o r  an a d d i t i o n a l  15 min with s t i r r i n g .  

(0.183 mmol) of  T M N O C H Z C H ~ C I - ~ ~ C  dissolved in 1 m l  of dry e t h y l  e t h e r  

w a s  placed i n  t h e  addi t ion  funnel  and added dropwise t o  the  monosodium 

s a l t  of pentaethylene glycol .  

t o  r i n s e  t h e  dropping funnel. With cont inual  s t i r r i n g ,  t h e  reac t ion  

mixture was  heated at 75-80" f o r  16 hr .  The reac t ion  w a s  cooled and 

t r a n s f e r r e d  i n t o  a separatory funnel  containing 25 m l  of dichloromethane. 

Hydrolysis was achieved by addi t ion  of 25 m l  of  5 N aqueous sodium 

chlor ide  and 5 m l  of 6 N hydrochloric acid.  The product was ex t rac ted  

with dichloromethane. Yield 86%. 

A s o l u t i o n  of 1.2 g (5 m o l )  of 

Then 45.5 mg 

An a d d i t i o n a l  1 m l  of e t h e r  w a s  used 

For  t h e  preparat ion of TMN(OCH2CH2)gOH, the same procedure a s  

described above was followed. For t h i s  synthes is ,  1.9 g (5 m o l )  of 

octaethylene glycol  was used. Yield 68%. 

ALTERNATE ROUTE TO TMNOCH2CH20H 

Synthesis of TMNOCH2COOCH3. E s t e r i f i c a t i o n  of TMNOCH2COOH was 

achieved with an e therea l  a lcohol ic  s o l u t i o n  of diazomethane prepared 
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from Diaza ld  acco rd ing  t o  t h e  p rocedure  o f  d e  Bcer and Backer(13).  

A s o l u t i o n  o f  122 mg (0.5 mmol) of TMNOC3COOH i n  10 m l  o f  anhydrous 

e t h y l  e t h e r  was p l aced  i n  a 50-1111 round bot tom f l a s k .  

s o l u t i o n  was s lowly  added t o  t h e  a c i d  u n t i l  t h e  ye l low c o l o r  o f  t h e  

diazomethane p e r s i s t e d .  The s o l u t i o n  was t h e n  s t i r r e d  f o r  a n  a d d i t i o n a l  

15 min. Excess diazomethane w a s  des t royed  by g e n t l y  warming t h e  sample 

i n  a w a t e r  b a t h  u n t i l  t h e  ye l low c o l o r  was no longe r  p r e s e n t .  NMR, 

3.74 (3H, s i n g l e t ,  -OCg3 g roup) ,  4 .20  ppm (ZH, s i n g l e t ,  -OC€lzC- g roup) .  

Yie ld  99%. 

The diazomethane 

Syn thes i s  o f  TMNOCH2CH2OH. A 50-ml, 3-necked f l a s k  was f i t t e d  

w i t h  a r e f l u x  condenser  w i t h  d r y i n g  tube ,  mechanical s t i r r e r ,  and a d d i t i o n  

f u n n e l .  I n t o  t h e  r e a c t i o n  v e s s e l  was added 114 mg ( 3  mmol) of l i t h i u m  

aluminum h y d r i d e  (LAH) and 20 m l  of anhydrous e t h y l  e t h e r .  The mix tu re  

was hea ted  a t  r e f l u x  wi th  s t i r r i n g  f o r  1 h r .  Then a s o l u t i o n  of 129 mg 

(0.5 mmol) of TMNOCH2COOCH3 d i s s o l v e d  i n  10 m l  of e t h y l  e t h e r  was s lowly  

added t o  t h e  LAH s o l u t i o n .  Fol lowing  a d d i t i o n ,  t h e  r e a c t i o n  was s t i r r e d  

a t  r e f l u x  t empera tu re  f o r  1 h r .  Excess LAH was des t royed  by c a r e f u l l y  

adding  5 m l  of aqueous 10% s u l f u r i c  a c i d  t o  t h e  coo led  r e a c t i o n .  The 

product  was e x t r a c t e d  w i t h  a l i q u o t s  of e t h y l  e t h e r .  Yie ld  96%. 

DISCUSSION 

I n i t i a l  a t t e m p t s  t o  p repa re  t h e  a l k o x i d e  o f  TMNOH were c a r r i e d  o u t  

w i th  sodium meta l ,  b u t  t h e  r a t e  o f  r e a c t i o n  was ve ry  slow. To i n c r e a s e  

t h e  r a t e  of a l k o x i d e  format ion ,  m e t a l l i c  po tass ium was employed, b u t  i n  

t h i s  c a s e  dehydra t ion  of t h e  a l c o h o l  w a s  t h e  pr imary  r e s u l t .  Consequent ly ,  

t h e  most e f f e c t i v e  r e a g e n t  f o r  t h i s  r e a c t i o n  proved t o  b e  a d i s p e r s i o n  

of sodium hydr ide  i n  mine ra l  o i l .  

Two r o u t e s  f o r  t h e  r e d u c t i o n  o f  TMNOCHzCOOH t o  t h e  co r re spond ing  

a l c o h o l  were developed. Both r o u t e s  gave e x c e l l e n t  y i e l d s .  E s t e r i f i c a t i o n  

and r e d u c t i o n  w i t h  LAH w a s  i n i t i a l l y  developed because  t h i s  method 

of ca rboxy l  r e d u c t i o n  w a s  a commonly used approach .  The d ibo rane  r e d u c t i o n  
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was developed nex t  because t h i s  procedure would e l i m i n a t e  one r e a c t i o n .  

The r e d u c t i o n  wi th  d ibo rane  w a s  v e r y  r e l i a b l e ,  ea sy  t o  hand le ,  and 

gave h igh  product  y i e l d s .  But mst important  w a s  t h e  f a c t  t h a t  t h i s  

r e a c t i o n  allowed a n  easy  s e p a r a t i o n  of t h e  product  from t h e  r e a c t a n t s .  

The LAH r e d u c t i o n  a t  t h e  0.5 mi l l imo le  l e v e l  was s t i l l  r e p o r t e d  a s  an 

a l t e r n a t e  approach because of  i t s  wide acceptance.  

I n  t h e  c h l o r i n a t i o n  of t h e  TMNOCH2CX20H, a low b o i l i n g  s o l v e n t  

was r equ i r ed  t o  c o n t r o l  t h e  r e a c t i o n  temperature  wh i l e  t h i o n y l  c h l o r i d e  

was b e i n g  added t o  t h e  p y r i d i n e  and a l c o h o l .  A 10 per  c e n t  r e d u c t i o n  

i n  y i e l d  was observed d u r i n g  p re l imina ry  s t u d i e s  when e t h y l  e t h e r  was 

not  p r e s e n t  i n  t h e  r e a c t i o n  mixture .  

Parameters  i n  t h e  f i n a l  Will iamson coupl ing r e a c t i o n  were a d j u s t e d  

t o  g ive  an optimum y i e l d  w i t h  excess  pen tae thy lene  g l y c o l  as r e a c t a n t  

and s o l v e n t .  

y i e l d  w a s  immediately i n c r e a s e d  by about 14 p e r  c e n t  t o  g i v e  an 

86 p e r  cen t  r e a c t i o n  y i e l d .  

Using d ime thy l su l fox ide (12)  as s o l v e n t ,  however, t h e  

I n  summary, t h e  r e a c t i o n s  i n  t h e  s y n t h e t i c  scheme gave e x c e l l e n t  

y i e l d s ,  and no loss occurred du r ing  t h e  d r y i n g  of each of  t h e  r e a c t i o n  

i n t e r m e d i a t e s .  The re fo re ,  i f  t h e  l o s s  of material had n o t  occur red  i n  

t h e  p u r i f i c a t i o n  of t h e  a l k o x y a c e t i c  a c i d ,  an excellent o v e r a l l  y i e l d  

o f  14C-labeled d e t e r g e n t s  would have been a f f o r d e d  by t h i s  sequence 

of r e a c t i o n s .  
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