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ORGANIC P R E P A R A T I O N S  AND PROCEDURES I N T .  7 ( 6 ) ,  283-290 (1975) 

PREPARATION OF 3-t-BUTYL-1,5-PENTANEDIOIC ACID 

AND OF 3-t-BUTYL-1,5-PENTANEDIOL DITOSYLATE 

+ * 
W. R. Purdum and K .  D. B e r l i n  

Department ofChemistr :y ,  Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  Oklahoma 74074 

Six-membered h e t e r o c y c l i c  sys t ems  p o s s e s s i n g  s t r a t e g i c a l l y  l o c a t e d  t- 

b u t y l  s u b s t i t u e n t s  a re  of c u r r e n t  i n t e r e s t  w i t h  r e s p e c t  t o  c o n f o r m a t i o n a l  

a n a l y s i s .  1-6 Although a major  p o r t i o n  of t h e s e  i n v e s t i g a t i o n s  have d e a l t  

w i t h  h e t e r o c y c l e s  c o n t a i n i n g  two he te roa toms ,  such  as 1,3,2-dioxaphosphor-  

i n a n e s  and t r i m e t h y l e n e  ~ u l f i t e s , ~  t h e  u s e  of t h e  4 - t -bu ty l  s u b s t i -  

t u e n t  t o  impar t  confo rma t iona l  s t a b i l i t y  t o  six-membered h e t e r o c y c l e s  w i t h  

o n l y  one he te roa tom h a s  r e c e i v e d  s c a n t  a t t e n t i o n .  5y6 

i n f o r m a t i o n  i n  t h e  l a t t e r  c a s e  cou ld  be  a r e s u l t  of a l a c k  of  s y n t h e t i c  

p rocedures  t o  o b t a i n  t h e  d e s i r e d  t - b u t y l - s u b s t i t u t e d  h e t e r o c y c l e s .  

4a ,b  

The p a u c i t y  of 

Although numerous methods e x i s t  f o r  t h e  i n t r o d u c t i o n  of  a he te roa tom,  

one major approach h a s  invo lved  a n  i n t r a m o l e c u l a r  c y c l i z a t i o n  of a 1,5-di-  

s u b s t i t u t e d  pen tane  d e r i v a t i v e  w i t h  a s e l e c t e d  he te roa tom moie ty .  

examples of t h i s  method have been r e p o r t e d  i n  t h e  p r e p a r a t i o n s  o f d i p h e n y l -  

Two 

phosphorinanium t o s y l a t e  ( I )  7 and t h e  t h i a n e  1-oxide (11). 8 

C H  
1 6  5 

TosO- I 11 
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W. R. PURDUM AND K. D. BERLIN 

The i n t r o d u c t i o n  of a t - b u t y l  s u b s t i t u e n t  a t  t h e  4 - p o s i t i o n  o f  a 

h e t e r o c y c l i c  six-membered r i n g  h a s  u s u a l l y  been l i m i t e d  t o  t h e  a d d i t i o n  of 

t-butylmagnesium h a l i d e '  o r  t - b u t y l l i t h i u m 9  t o  a 4-keto func t iona l i t y 'O  o r  

t h e  c o n v e r s i o n  of 4 - t - b u t y l p y r i d i n e  th rough  a series of r e a c t i o n s  to t h e  

d e s i r e d  h e t e r o c y c l e .  I n  o r d e r  t o  c i rcumvent  t h i s  n e c e s s i t y  o f  a 4-keto 

moiety o r  t h e  m u l t i s t e p  c o n v e r s i o n  of 4 - t - b u t y l p y r i d i n e  t o  a d i s u b s t i t u t e d  

pen tane  ( a  number of t h e s e  s t e p s  p roceed  i n  y i e l d s  of 50% o r  l e s s ) ,  wehave  

developed a s i m p l e ,  h i g h - y i e l d  r e a c t i o n  sequence  from r e a d i l y  a v a i l a b l e  

s t a r t i n g  m a t e r i a l s  t o  p r e p a r e  3 - t - b u t y l p e n t a n e d i o i c  a c i d  (111) and sub- 

s e q u e n t l y  3-t-butyl-1,5-pentanediol d i t o s y l a t e  ( IV).  

5a  

H 

I11 

H O T s  

I V  

The f i r s t  s t e p  i n  t h i s  s equence  invo lved  t h e  LAH r e d u c t i o n  of d i e t h y l  

t -bu ty lma lona te  (V)" t o  2-t-butyl-l,3-propanediol (VI) . * 
i n  t h e  t ime  of r e f l u x ,  t h e  y i e l d  w a s  r a i s e d  t o  92%. Conversion of t h e  

d i o l  t o  d i t o s y l a t e  VII was a l s o  accomplished i n  h i g h  y i e l d  (93Z) by 

u t i l i z i n g  an  a d a p t a t i o n  of t h e  e a r l i e r  p r o c e d u r e  w i t h  p - t o l u e n e s u l f o n y l  

c h l o r i d e  i n  a l a r g e  e x c e s s  of p y r i d i n e  a t  0O.l  T h i s  d i t o s y l a t e  V I I  w a s  

a c r u c i a l  i n t e r m e d i a t e  i n  t h e  s y n t h e t i c  s equence  f o r  i t s  c o n v e r s i o n  i n  

one s t e p  t o  t h e  d i n i t r i l e  V I I I .  The one - s t ep  p r e p a r a t i o n  o f  V I I I  (87%) 

involved t h e  a d d i t i o n  of V I I  t o  a n  e x c e s s  of sodium c y a n i d e  i n  d ime thy l -  

s u l f o x i d e  (DMSO) 90-95" f o r  3 h r .  Although t h e  c o n v e r s i o n  of h a l i d e s  o r  

t o s y l a t e s  w i t h  sodium cyan ide  i n  DNSO i n  good y i e l d  h a s  been  known f o r  

some t i m e , 1 2  i t s  a p p l i c a t i o n  t o  t h e  s imul t aneous  p r e p a r a t i o n  of a 

d i n i t r i l e  h a s  r e c e i v e d  on ly  s p a r s e  a t t e n t i o n .  

By a n  i n c r e a s e  

13 
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L 

V 

(CH3) 2CCH(CH20Tos)2 

V I . 1  

VI 

NaoH . ( c H ~ )  3 ~ ~ ~ ( ~ ~ 2 ~ ~ 2 ~ )  E t O H  . (CH3)3CCH(CH2C02Et)3 
A ,  H 2 0  H', A 

111 I X  

X 

Basic  hydro lys is  of V I I I  gave t h e  prev ious ly  unreported 3-t-butyl- 

pentanedio ic  a c i d  (111) almost q u a n t i t a t i v e l y .  E s t e r i f i c a t i o n  of 111 w i t h  

e thanol  a f forded  t h e  d e s i r e d  d i e s t e r  I X  (86%) which w a s  reduced w i t h  LAH 

as p r e v i o u s l y  t o  g i v e  3-t-butyl-1,5-pentanediol (X) i n  80% y i e l d .  This  

d i o l  X i t s e l f  could b e  u t i l i z e d ,  f o r  t h e  in t ramolecular  c y c l i z a t i o n s  w i t h  

c e r t a i n  heteroatom moie t ies ,8  o r  converted i n  69% t o  g i v e  t h e  more r e a c t i v e  

d i t o s y l a t e  I V .  

With t h i s  s y n t h e t i c  sequence, t h e  i n t r o d u c t i o n  of a heteroatom via 

in t ramolecular  c y c l i z a t i o n  t o  a six-membered r i n g  possess ing  a t - b u t y l  

s u b s t i t u e n t  i n  t h e  4-posi t ion should b e  g r e a t l y  f a c i l i t a t e d  o r ,  a t  l ea s t ,  

o f f e r  another  approach t o  t h i s  t y p e  of h e t e r o c y c l e  f o r  f u t u r e  s tudy .  

2-t-ButyZ-l,3-propanedioZ (VI) was prepared by an a d a p t a t i o n  of an 

ear l ier  l i t e r a t u r e  procedure.  A s l u r r y  of l i t h i u m  aluminum hydr ide  

(11.4 g ,  0.30 mole) i n  100 m l  of anhydrous e t h e r  was t r e a t e d  (dropwise) 

w i t h  d i e t h y l  t-butylmalonate" (49.9 g ,  0.23  mole) i n  200 ml of e t h e r  a t  
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W. R. PURDUM AND K. D. BERLIN 

room temperature .  A f t e r  complete  a d d i t i o n  ( l h r ) ,  t h e  m i x t u r e  w a s  b o i l e d  

f o r  5 h r ,  cooled t o  room tempera ture  and hydrolyzed c a u t i o u s l y  w i t h  100 m l  

of a 20% NaOH s o l u t i o n .  A f t e r  f i l t r a t i o n  of t h e  w h i t e  p r e c i p i t a t e ,  t h e  

f i l t r a t e  l a y e r s  were s e p a r a t e d  and t h e  aqueous l a y e r  w a s  e x t r a c t e d  w i t h  

e t h e r  ( 2 x l O O m l ) .  Thewhiteprecipitatewastrituratedwithether ( 2 x l 0 0 m l ) .  

The combined e t h e r e a l  e x t r a c t s  were d r i e d  (FlgS04) and evapora ted  us ing  a 

r o t a r y  e v a p o r a t o r ;  t h e  r e s i d u a l  o i l  was t r i t u r a t e d  w i t h  l i g r o i n  (bp 30-60") 

whereupon s o l i d i f i c a t i o n  occured.  R e c r y s t a l l i z a t i o n  of t h i s  s o l i d  from 

l i g r o i n  (bp 30-60") gave 28.0 g (92%) of V I ;  mp 56-58", lit.' mp 57-58"; 

I R  (KBr) v (cm-'): 3242 ( O H ) ,  2809 and 2659 (CH), 1472, 1399, 1361, 1239, 

1184, 1102, 1052, 1012 (CO), 985 and 954; pmr (DCC13) 6 0.92 ( s ,  9,  (CH3)3C), 

1.44-1.80 (m, 1, CH), 3.56-4.08 (m, 6 ,  CH2, O H ) .  

2- t -Butyl-I ,  3-propanedioZ d i t o s y l a t e  (VII) w a s  p repared  by a m o d i f i c a t i o n  

of an  ear l ier  procedure. '  

mole) w a s  d i s s o l v e d  i n  100 m l  of anhydrous p y r i d i n e  and cooled t o  0" i n  an  

i c e  ba th .  p-Toluenesulfonyl  c h l o r i d e  (85.8 g ,  0 .45mole)  w a s  then  added i n  

smal l  p o r t i o n s  w i t h  shaking.  A f t e r  complete a d d i t i o n ,  t h e m i x t u r e w a s  

s toppered ,  s h a k e n a t  0" f o r  30min. ,  anda l lowed t o  s t a n d  a t  0" f o r 2 4 h r .  

mix turewas  thenwarmed t o  r o o m t e m p c r a t u r e a n d p o u r e d w i t h s t i r r i n g  i n t o 1 L o f  

i c e  water. A f t e r  s t a n d i n g  f o r 1 2  h r a t  roomtemperature ,  t h e  aqueous s o l u t i o n  

was decanted from t h e  w h i t e  p r e c i p i t a t e .  The s o l i d  w a s  d i s s o l v e d i n 2 0 0  m l  

of e t h e r ,  d r i e d  (MgSO ) and s o l v e n t  w a s  removed on a r o t a r y  e v a p o r a t o r  t o  g i v e  a 4 

whi te  s o l i d .  A f t e r  r e c r y s t a l l i z a t i o n  from cyclohexane and t h e n  t h e  mixed 

s o l v e n t  system hexane:ethyl  a c e t a t e  ( 4 . 1 ) ,  9O.Og (98%) of V I I w a s  o b t a i n e d ,  

mp 86.5-88.0", l i t . l m p 8 6 . 5 - 8 7 . 5 " ;  I R  (KBr) u (em-'): 2908 (CH), 1590 (Ar) ,  

1358, 1194, 1178, 1101, 970, 948, 858, 836, 817, 734, 676 and 668; pmr (DCC13) 6 

0.85 (s ,  9,  (CH ) C); 1.56-1.80 (m, 1, CH), 2.42 ( s ,  6,  CH3Ar), 3.92-4.62 (m, 4 ,  

CH2), 7 . 3 2  (d ,  J H C C H = 8 H z ,  4 ,  ArH), 7.72 (d ,  J H C C H = 8  Hz, 4 ,  ArH). 

2-t-Butyl-1,3-propanediol (VI) (28.0 g ,  0 .21  

The 

3 3  
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3-~-BUTYL-1,5-PENTANDIOIC ACID AND DIOL DITOSYLATE 

3-t-ButyZpentanedinit;"ize (VIII) . 2-t-Butyl-l,3-propanediol d i t o s y l a t e  (VII) 

(90.0 g,  0 . 2 1  mole) w a s  added t o  NaCN (35.0 g ,  0 .72 mole) i n  200 m l  of anhydrous 

d i m e t h y l  s u l f o x i d e  and t h e  m i x t u r e  w a s  h e a t e d  a t  90-95" f o r  3 h r .  The 

o range  m i x t u r e  w a s  coo led  t o  room t e m p e r a t u r e  and e x t r a c t e d  w i t h  e t h e r  

( 3  x 2 0 0 m l ) .  The DMSOlayerwas d i l u t e d w i t h  d i s t i l l e d H  0 u n t i l t h e p r e c i p i -  

t a t e  d i s s o l v e d .  T h i s  aqueous s o l u t i o n  w a s  a l s o  e x t r a c t e d  w i t h  e t h e r  ( 3  x 

2 0 0 m l ) .  

a f f o r d  a n o i l .  

VIII: bp 84-86"/1.0 mm; I R  ( f i l m )  w (cm-I),  2809 (CH), 2209 (CN), 1469,  1421, 

1404, 1376,  1292,  1035, 932, 899; pmr (DCC13) 6 1 .02 ( s ,  9 ,  (CH3)3C), 1.78-2.08 

(m, 1, CH), 2.52-2.68 (m, 4 ,  CH2CN). 

3-t-ButyZpentanedioic acid (111). 

2 

The combinedext rac tsweredr ied  (MgSO ) a n d  s o l v e n t w a s  e v a p o r a t e d t o  4 

D i s t i l l a t i o n o f  t h i s r e s i d u a l o i l i n v a c u o g a v e  2 6 . 8 g  (87%) o f  

3-t-Butylpentanedinitrile (VIII) (26.8 g ,  

0 .18mole )  w a s  added t o  NaOH (20.0 g ,  0.50 mole) i n  250ml of d i s t i l l e d  H 2 0 .  

s o l u t i o n w a s g e n t l y b o i l e d  ( 5  d a y s ) u n t i l t h e e v o l u t i o n o f N H  c e a s e d  (vapor s  

t e s t e d w i t h l i t m u s  p a p e r ) .  

a c i d i f i e d w i t h l O %  H SO ( t o  apH - 4 ) t o  g i v e a w h i t e p r e c i p i t a t e .  T h i s  p r e c i p i -  

t a t e  w a s  c o l l e c t e d ,  d r i e d ,  and r e c r y s t a l l i z e d t w i c e  (C H ) t o  y i e l d 3 3 . 8  g 

(99.7%) o f  111: mp 146-147.5'; IR (KBr) w (cm-I), 3550-2350 (b road ,  OH), 2915 

(CH), 1691(C=O), 1412 ,1387 ,  1315 ,1286 ,  1230 ,1175 ,  1060,  900, 669;pmr (DCC1 ) 

6 0.95 (s, 9 ,  (CH ) C),l .98-2.80 (m, 5 ,  CH(CH2)2, 11 .34  ( s ,  b r o a d ,  2 ,  CD2H). 

A?zaZ. Calcd.  f o r  CgH1604: C ,  57.45; H ,  8 .51.  Found: C ,  57.46; 

The 

3 

The s o l u t i o n w a s  coo led  t o  r o o m t e m p e r a t u r e  and 

2 4  

6 6  

3 

3 3  

H, 8 .46.  

Diethy2 3 - t -Bu ty  lpentanedioate ( I X )  . 3- t -Bu ty lpen taned io ic  a c i d  (111) 

(39.0 g ,  0 . 2 1 m o l e ) w a s  added t o  2 0 0 m l o f a b s o l u t e  e t h a n o l c o n t a i n i n g  4 m l  o f  

conc.  H2S04. 

t e m p e r a t u r e  and poured o n t o K  CO 

t e m p e r a t u r e  ( 2 4 h r ) ,  t h i s m i x t u r e w a s f i l t e r e d a n d s o l v e n t w a s d i s t i l l e d  o f f  a t  

a tmosphe r i c  p r e s s u r e .  

The s o l u t i o n w a s b o i l e d v i g o r o u s l y f o r  4 8 h r ,  c o o l e d a t  room 

A f t e r  s t a n d i n g  a t  room (15 g ,  0 . l l m o l e ) .  2 3  

D i s t i l l a t i o n  o f t h e  r e s i d u a l o i l i n  vacua gave 4 3 . 5 g  

287 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



;1. R. PURDUM AND K.  D. BERLIN 

(86%) o r  I X :  bp 109-110" (2 .5  mm) ; I R  ( f i l m )  v *(cm-l), 2900, 1725 (C=O), 1450,  

1370, 1305,  1255, 1195, 1160 (C-O), 1061,  and 1935; pmr 6 (DCC13) 0.90 ( s ,  9 ,  

(CH ) C), 1 .24 ( t ,  .IHCCH = 8Hz,  6 ,  CH CH ) ,  2.02-2.60 (m, 5 ,  CH(CH2)2, 4 .10 ( 9 ,  3 3  3 2  

= 8 H z ,  4 ,  CH CH ) .  

AnaZ. Calcd.  f o r  C13H2404: C ,  63.93; H ,  9.84. Found: C ,  63 .85 ;  

J~~~~ 3 2  

H ,  9.87. 

3- t-ButyZ-l,5-pentanedioZ (X) . D i e t h y l  3 - t - b u t y l p e n t a n e d i o a t e  (IS) (43 .0  g ,  

0 .17 mole) i n  200 m l  of anhydrous e t h e r  w a s  added (dropwise)  t o  a s l u r r y  of 

l i t h i u m  aluminum h y d r i d e  (7.6 g ,  0.20 mole) i n  150 m l  of e t h e r  ( l h r ) .  The 

r e s u l t i n g  w h i t e  s l u r r y  w a s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  2 4 h r , t r e a t e d  

c a u t i o u s l y  w i t h  200 m l  of 10% NaOH, and t h e  l a y e r s  s e p a r a t e d .  The aqueous 

s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h e r  ( 3 ~ 2 0 0 m l ) .  The combined e t h e r  e x t r a c t s  

were d r i e d  (MgSO ) and s o l v e n t  was d i s t i l l e d  a t  a tmosphe r i c  p r e s s u r e .  The 

r e s i d u a l  o i l  w a s  d i s t i l l e d  in vaeuo t o  a f f o r d  22.0 g (80.4%) of X: bplOOo 

(0.4mm)and 132" (4.5 mm) ;  I R  ( f i l m )  v (cm-I), 3308 (OH), 2808 (CH), 1463,  

1395, 1363,  1240, 1148, 1094, 1039,  (C-0); pmr (DCC13) 6 0 .83  ( s ,  9 ,  (CH3)3C), 

1.00-1.66 (m, 5 ,  CH(CH2)2), 3.12-3.50 (m, 4 ,  CH OH), 3.84-4.06 (m, 2 ,  OH), 

4 

2 

Anal. Calcd.  f o r  C H 0 C ,  67.45; H ,  12.58.  Found: C ,  67.10;  9 20 2: 

H ,  12 .86 .  

_I_ , ;- t-ButyZ-I,  2-pentanedioz d i tosqZate  (IV) . 3-t-Butyl-l,5-pentanediol (X) 

(14.3 g ,  0 .09 mole) d i s s o l v e d  i n  100 m l  of anhydrous p y r i d i n e  and coo led  

t o  0' was t r e a t e d  (15 min) w i t h  p - t o l u e n e s u l f o n y l  c h l o r i d e  (34 .1  g ,  0 .18  

mole) i n  s m a l l  p o r t i o n s  (4-5 8) .  A f t e r  comple t e  a d d i t i o n ,  t h e  m i x t u r e  w a s  

s toppe red  and ma in ta ined  a t  0" f o r  24 h r .  The r e s u l t a n t  w h i t e  s l u r r y  was 

warmed t o  room t e m p e r a t u r e  and poured i n t o  300 ml of 20% H C 1 .  T h i s  mix- 

t u r e  was e x t r a c t e d  w i t h  e t h e r  ( 3 x 3 0 0 m l ) .  The e t h e r  e x t r a c t s  were washed 

w i t h  100 m l  of 10% NaHCO and d r i e d  (MgS04). Removal of t h e  s o l v e n t  on a 

r o t a r y  e v a p o r a t o r  a f f o r d e d  a w h i t e  s o l i d  which was r e c r y s t a l l i z e d  from 

3 
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3-~-BUTYL-1,5-EENTANEDIOIC ACID AND DIOL DITOSYLATT 

hexane:e thyl  a c e t a t e  ( 5 : l )  t o  g i v e  29.3 g (69%) of I V ;  mp 68-70"; I R  (KBr) 

v (cm-l), 2900, 1584, 1340, 1185, 1167, 1092, 943, 892, 833, 815, 767, and 

662; pmr (DCC13) 6 0 .75 (s ,  9,  (CH3)3C), 0.84-2.06 (m, 5 ,  CH(CH2)2), 2 .43 

(s, 6 ,  CH Ar) ,  3.97 (t:, J = 7 Hz, 4 ,  CH20), 7.34 (d,  JHCCH = 8 Hz, 4 ,  

ArH), 7.78 (d,  JHCCH = 8 Hz, 4,  ArH). 

Anal. Calcd. f o r  C23H3206S2: 

3 HCCH 

C ,  58.97; H ,  6 .84;  S ,  13.68.  Found: 

C ,  58.94; H, 7.02; S ,  13.87. 
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