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O R G A N I N  P R E P A R A T I O N S  AND P R O C E D U R E S  I N T .  5(1), 31-35 (1973) 

PREPARATION OF pDk-threo- AND -- _DL_-erythro-3 ,5-DIAMINOHEXANOIC ACID 

V. Krasnobajewl, E .  A. Rimerman and H. A. Barker 
Department of Biochemistry 

University of  Cal i forn ia ,  Berkeley , Cal i forn ia  94720 

3,s-Diaminohexanoic ac id  (111) , probably the  i-erythro isomer, w a s  

first reported as an intermediate i n  the  enzymic degradation of  lys ine  by 

c l o s t r i d i a  and w a s  i s o l a t e d  i n  mg amounts and c h a r a c t e r i ~ e d . ~ ' ~  To obta in  

l a r g e r  quan t i t i e s  o f  t h i s  compound and i ts  isomers for biochemical i nves t i -  

gations,  a convenient syn the t i c  method w a s  needed. 

beck had reported the  synthes is  f r o m  s o r b i c  ac id  (I)  and ammonia of a 

diaminohexanoic ac id  which w a s  i so l a t ed  as a p i c r a t e  bu t  no t  adequately 

characterized. Recently the  major product of t h i s  synthes is  w a s  c rys t a l -  

l i z e d  as t he  dihydrochloride , i d e n t i f i e d  as 3,s-diaminohexanoic ac id ,  and 

p a r t i a l l y  resolved by f r ac t iona l  c r y s t a l l i z a t i o n  under unspecified condi- 

t ions  i n t o  two racemates, one of  which contained the  b io log ica l ly  ac t ive  

i 9 0 1 n e r . ~ ~ ~  We now describe a wel l - tes ted  method of  synthesizing 111 from 

so rb ic  ac id  and separa t ing  the  threo and erythro racemates on a 200 g s c a l e  

i n  a pu r i ty  of 80 t o  98%. 

Fischer and Schlo t te r -  
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In  alkaline neu t r a l  or weakly ac id i c  (pH 3) so lu t ion ,  3 ,S-diamino- 

hexanoic ac id  is converted t o  the  lactam (11) slowly at 40°, *re rap id ly  
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V .  KRASNOBAJEW,  E .  A .  RIMERMAN AND H .  A .  BARKER 

a t  higher temperatures; consequently heating under these conditions should 

be minimized. 

r i n6  t o  form a yellow-orange product t h a t  h a s  an absorption maximum a t  413 

nm and a shoulder i n  the  540-570 nm region. 

ac id  ( threo or erythro) gives ninhydrin color values 0.55, 3.02 and 0.25 

of  those of  leucine a t  413, 440 and 570 nm, r e s p e c t i ~ e l y . ~  

the  threo and erythro forms were determined by converting the  acids t o  

t h e i r  lactams , reac t ing  the  lac tans  with L-glurarnyl-N-carboxyanhydride 

t o  form the  L-glutamyl peptides’, and estimating the  l a t t e r  by means of an 

amino ac id  analyzer. 

The diamino acid can be estimated by reac t ion  with ninhyd- 

On a molar bas i s  the  diamino 

The amounts of 
8 

EXPERIMENTAL. 

To 250 g (2.23 moles) of so rb ic  acid i n  a 1 1. screw capped f l a s k  

provided with a magnetic s t i r r i n g  ba r  w a s  cautiously added 700 m l  (11.5 

moles) of  conc. aqueous ammonia and the mixture w a s  s t i r r e d  u n t i l  the  

s o & i c  ac id  w a s  mostly dissolved. The so lu t ion  and remaining s o l i d  w a s  

then t r ans fe r r ed  t o  a s t a i n l e s s  s t e e l  pressure reac t ion  vessel” f i t t e d  

with a pressure  gauge and thermometer. The reac t ion  vesse l  w a s  kept at  

150 2 3O ( in t e rna l  pressure,  260 p s i )  f o r  20 hr  and then allowed t o  cool 

to  room temperature. 

a th ick  syrup under reduced pressure  (bath temperature, 40-45O). 

syrup w a s  d i lu t ed  with 200 m l  o f  water and again concentrated under 

reduced pressure t o  remove res idua l  ammonia. 

The c l ea r ,  pa l e  yellow so lu t ion  w a s  concentrated t o  

“he 

lko  batches of  syrup (550 ml) were combined and conc. HC1 (950 ml) 

w a s  slowly added with s t i r r i n g  t o  give a f i n a l  concentration o f  about 5 N. 

The r e su l t i ng  so lu t ion  w a s  refluxed f o r  6 h r  t o  hydrolyze the  lactam (11). 

Upon standing overnight,  t he  so lu t ion  deposited a th ick  l ave r  of c rys t a l s  

on the walls of  the f l a s k  and a s t i cky  brown s o l i d  on the  sur face  of  the 

so lu t ion .  The l a t t e r  w a s  skimmed o f f  and discarded. The so lu t ion  w a s  
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PREPARATION OF &-threo- AND &-erythro-DIAMINOHEXANOIC ACID 

then decanted from the  c rys t a l l i ne  material and the l a t te r  w a s  washed with 

100 m l  of 1:l (v/v) 2-propanol-water. 

coabined with the mother l iquor.  

300-500 g moist wt) contained 80-85% threo and 15-20% erythro racemates 

of 3.5-diaminohexanoic acid-2HCl. 

The wash solut ion w a s  decanted and 

The c rys t a l l i ne  residue (Fraction 1; 

'Ihe combined mother l iquor  and wash f r o m  Fraction 1 w a s  concentrated 

three timesll under reduced pressure (water a sp i r a to r ;  bath temperature , 

45') t o  remove excess HC1. ?he r e su l t i ng  p a r t i a l l y  c rys t a l l i ne  syrup w a s  

d i lu t ed  with about 350 m l  of water, warmed b r i e f l y  t o  45* on a steam bath 

t o  dissolve c r y s t a l l i n e  material, t r ea t ed  with 40 g of moist charcoal, 

and f i l t e r e d  while warm through a layer  of f i l t e r  paper and f i l t e r  aid.  

'Ihe f i l t ra te  w a s  concentrated t o  a thick syrup (about 350 m l )  and, while 

s t i l l  warm13, slowly d i lu t ed  with 2 volumes of 2-propanol with continuous 

s t i r r i n g .  Crystal l izat ion of the product began almost immediately. The 

solut ion w a s  l e f t  at 4' overnight; then the p r e c i p i t a t e  w a s  col lected and 

the f i l t ra te  discarded. 

with 2-propanol (400 m l )  and ethyl  e t h e r  and dr ied a t  37'. 

the color less  product (mainly siythm racemate) w a s  200 g. 

12 

The c rys t a l l i ne  product (Fraction 2) w a s  washed 

'Ihe y i e l d  of 

Purif icat ion of the threo racemate. The crude product (Fraction 1; 

400 g) w a s  dissolved i n  a minimum volume o f  water (about 350 m l )  a t  45' 

with s t i r r i n g .  

the brown o i l y  material on the surface w a s  removed with a spatula .  

charcoal (25 g) w a s  then added, the solut ion w a s  heated t o  45' and f i l -  

t e r ed  through a l aye r  of f i l t e r  aid.  

under reduced pressure t o  remove excess HC1. 

with about 450 m l  o f  water, warmed t o  40' t o  dissolve s o l i d  material, and 

slowly mixed while s t i r r i n g  with 2 volumes (about 1.5 1.) of 2-propanol. 

Crystal l izat ion began immediately. S t i r r i n g  w a s  continued f o r  an addi- 

t i ona l  hour i n  ice and then the solut ion w a s  l e f t  overnight at 4'. The 

'Ihe solut ion (about 650 m l )  w a s  then allowed t o  cool and 

Moist 

The f i l t r a t e  w a s  concentrated twice 

The syrup w a s  then d i lu t ed  
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V. K R A S N O B A J E W ,  E .  A .  R I M E R M A N  AND H .  A .  B A R K E R  

co lor less  product (Fraction l a )  was co l l ec t ed ,  washed with 80% 2-propanol- 

water,  2-propanol and e thyl  e t h e r ,  and dr ied  a t  37". ?he y i e l d  of product 

(94-98% threo racemate) w a s  about 250 g (24.4 moles %),  m.p. ranging from 

230' t o  249'. 

- Anal. Calcd. f o r  C6H16N202C12: C ,  32.9; N ,  7.34; N ,  12 .8  

Found: C ,  32.2; H, 7.49; N, 12.9 

lhe  combined mother l i quor  and wash from Fraction l a  was concentrated t o  

syrup and then d i lu t ed  t o  about 200 m l .  

added t o  give a second crop of about 40 g (Fraction lb)  cons is t ing  mainly 

of erythro racemate. 

s o  volumes of  2-propanol were 

Pur i f i ca t ion  of the erythm racemate. ?he crude product (Fraction 2; 

200 g) w a s  dissolved i n  a minimal amount of water a t  25' ( f i n a l  volume, 

480 ml) and 960 m l  o f  2-propanol w a s  added. 

30 min. 

w a s  cooled i n  i c e  for severa l  hours. 

cold and the color less  product (Fraction 2a) w a s  washed with 2-propanol 

and e t h e r  and dr ied  in uauuo over NaOH a t  room temperature. 

w a s  about 125 g. 

concentrated mother l i quor  i n  t h e  same manner. 

e r y t h m  racemate w a s  obtained by r e c r y s t a l l i z a t i o n  of Fraction l b .  

t o t a l  y i e l d  o f  e r y t h m  racemate amounted t o  200 g (18.8 moles %). 

m.p. ranged from 180" t o  205' with moderately slow hea t ing  (<8"/min); 

with more rap id  hea t ing  melting occurs a t  118-125' ( l o s s  of H20) followed 

by c r y s t a l l i z a t i o n  and remelting a t  180-194'. 

Crvs t a l l i za t ion  began wi th in  

Af t e r  standing f o r  another hour a t  room temperature] the  so lu t ion  

The suspension w a s  then f i l t e r e d  

The y i e l d  

An addi t iona l  45 g w a s  obtained by work up o f  the 

Another 30 g o f  mostly 

l h e  

Ihe  

- Anal. Calcd. for C6H1#203C12 (monohydrate): C ,  30-2; H, 7.60; N, 11.8 

Found: C ,  30.5;  H, 7.41; N, 11.8 

Preparations having a m.p. below 190' genera l ly  contained 80-90% ergthro 

racemate, t he  remainder being thzwo; with a m.p. above 190" the  s q t h  

content w a s  90-971. 

34 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



PREPARATION OF Ilk-threo- - -  AND gh-erythro-DIAMINOHEXANOIC ACID 

Solubility of 3,s-Diaminohexanoic Acida 

Water 2-Propanol- Water (v/v) 

1:l 2:l 3: 1 

&so 325 (370)b 88 44 30 

E r y t b  SOO(S80) 168 100 68 
~~~~~~~ ~~ 

In mg/ml of solution at 4". At 25O. a 
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11. Add about 125 ml of water before concentrating the second and third 
times . 

12. The filtrate should be clear and light yellow-brown in color. 
it is not clear, another 10 g of charcoal is added and the solution 
is filtered again. 

If 

13. If allowed to cool, the solution becomes very viscous. 
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