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LABELLED COMPOUNDS OF POTENTlAL BIOLOGICAL INTEREST 
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SUMMARY 

The preparat ion o f  the t i t l e  compound from 2-deoxy-Dmanno-heptose w i t h  potassium 

[ 1 4 C ]  cyanide fo l lowed by subsequent ox ida t i on  i s  reported. 

made it poss ib le  t o  f o l l o w  and opt imize the d i f f e r e n t  reac t i on  steps. The synthesis 

was c a r r i e d  ou t  on the m i l l i m o l e  l e v e l  and the product had a s p e c i f i c  a c t i v i t y  o f  50 

Frequent use o f  HPLC has 

mci/mnol. 
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I n  connection w i t h  our s tud ies on some enzymes invo lved  i n  the b iosynthes is  o f  l i p o -  

polysaccharides i n  Gram-negative bac te r ia ,  rad io labe l  l e d  3-deoxy-O-mannc-octu1osonic 

a c i d  ( D - m a n n o - K D O )  was requ i red  f o r  more accurate measurements o f  enzyme a c t i v i t i e s .  

The preparat ion o f  14C- label led KO0 by an enzymatic method s t a r t i n g  from 0-arabinose 

and [1-"+C]pyruvate has been repor ted (1). I n  t h i s  procedure, however, access t o  an 

enzyme not  ava i l ab le  c o m e r c i a l l y  i s  necessary, and it was the re fo re  considered t o  be 

advantageous t o  develop a chemical procedure. By such a method i t  would a lso be poss- 

i b l e  t o  ob ta in  KO0 i n  a c r y s t a l l i n e  form, which i s  impor tant  as fs as s t a b i l i t y  i s  

concerned, and futhermore a h igh s p e c i f i c  a c t i v i t y  could be achieved. 

s i s  o f  un labe l l ed  0-manno-KOO, two syn the t i c  routes have been used. 

these i s  mainly analogous t n  the biochemical method, and the s t a r t i n g  ma te r ia l s  are D- 

arabinose and oxa lace t i c  ac id  o r  i t s  d i - t e r t - b u t y l  es te r  (2,3,4). However, none o f  

these compounds i s  commercially a v a i l a b l e  i n  the '"C-label led form, and furthermore 

the reac t i on  leads t o  a m ix tu re  o f  isomers o f  KOO. The y i e l d  i n  t h i s  procedure i s  

low. 

heptose, which a f t e r  a d d i t i o n  o f  cyanide, hyd ro l ys i s  and subsequent ox ida t i on  g ives 

the  des i red product  (5,6). 

m a n n o - K D O  l a b e l l e d  w i t h  1 4 C  a t  h igh s p e c i f i c  a c t i v i t y  e s s e n t i a l l y  according t o  t h i s  

l a t t e r  procedure, b u t  w i t h  some mod i f i ca t i ons  and improvements. 

For  the synthe- 

The f i r s t  of 

I n  the second method 0-mannose i s  converted i n  several steps t o  2-deoxy-D-manno- 

We now r e p o r t  the preparat ion and cha rac te r i za t i on  o f  D- 

SYNTHESIS 

2-Oeoxy-0-manno-heptose (1) was prepared from 0-mannose and n i  tromethane by the method 

o f  Perry  ( 5 ) .  

which was removed by column chromatography on ce l l u lose .  

o f  [14C]cyanide i n  an equimolar r a t i o ,  was monitored by HPLC analys is  and i t  was found 

t h a t  the reac t i on  proceeded very slowly. The r e a c t i o n  t ime had t o  be extended t o  13 

days instead o f  4 as published i n  order t o  ob ta in  the a d d i t i o n  product i n  h igh y i e l d .  

According t o  HPLC ana lys i s  the f i n a l  product contained an impur i t y ,  

The next step, the a d d i t i o n  
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3-Deoxy-D-=-[1- CIOctu~osonic Acid 

After  hydrolysis  and ion exchange Chromatography the mixture of the 3-deoxyoctono- 

lactones (2. and - 3) was obtained i n  a c r y s t a l l i n e  form. Ring-opening of the lac tones  

was e f fec ted  hy continuous addi t ion of 0.5 M sodium hydroxide a t  pH 8, a t  the end of 

the addi t ion the temperature was ra i sed  t o  60°C. 

according t o  the published procedure. 

on time of 12 h was needed. 

aqueous solut ion was subjected t o  chromatography on a shor t  c e l l u l o s e  column with 70% 

aqueous acetone as  e luent .  

ographed on a second c e l l u l o s e  column and gradient  e lu t ion  with acetone-water was 

used. 

t o  HPLC) were combined, neutral ized w i t h  ammonia, and evaporated t o  give an o i l .  

Recrystal l  i za t ion  from ethanol-water then afforded the c r y s t a l 1  ine f i n a l  product. 

The f ina l  oxidation was performed 

The react ion was followed by HPLC and a r e a c t i -  

The greenish residue obtained a f t e r  evaporation of the 

After  evaporation the yellow residue obtained was chromat- 

The f r a c t i o n s  containing pure 3-deoxy- D-manno-octulosonic acid (4) (according 
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EXPERIMENTAL 

Radioactivity was measured i n  a Packard-TriCarb l iquid sc in t i l l a t i on  spectrometer 

(Model 3320) using internal standardization (n-[  l-14C]Hexadecane from Amersham 

International Limited, (Amersham). 

Scanning of the paper chromatograms was carried o u t  u s ing  a Berthold "Dunnschicht 

Scanner 11". 

HPLC 

Apparatus 

The liquid chromatograph consisted of the following components: a LDC 711-47 pump, an 

injection valve (Rheodyne Model 7120 syringe loading sample injector w i t h  20 g1 loop), 

a precision-bore stain1es.s-steel separation column (length 150 or 200 mn, I.D. 3.8 mn 

and O.D. 1/4 i n . ) ,  an Optilab Multiref 901 refractometer with 1 mn c e l l ,  and a Tekman 

TE 200 recorder. The column end-fit t ings were modified Swagelok connections. 

- 

0 

The chromatographic support was Bondapak Carbohydrate (pa r t i c l e  size 10 p), obtained 

from Waters Associates, Inc., (Milford, MA, USA). Acetonitri le (HPLC-grade) from 

Rathburn  Chemicals Ltd . ,  (Walkenburn, Scotland) was used for chromatography. Tetra- 

butylammonium hydrogen sulphate was supplied by Hassle, (Molndal, Sweden) , and was 

used a f t e r  recrystall  ization from acetone and checking the purity 

The samples to be analysed were evaporated t o  dryness, and then d ssolved i n  50% 

aqueous ace toni t r i le  and injected. 

ammonium hydrogen sulphate in phosphate buffer w i t h  pH = 6.9 (25%) and ace toni t r i le  

( 7 5 % ) .  

rate was ca. 1.1 ml/min. 

The eluent was made up of 0.005 M tetrabutyl-  

The k'-values were calculated w i t h  tetrachloroethylene as reference. The flow 
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Comparisons w i t h  authent ic  samples r e f e r  t o  un labe l l ed  compounds, which have been 

e a r l i e r  prepared by the same rou te  and character ized by phys ica l  data, unless 

otherwise stated. 

Chromatographic technique 

The separation column was packed by the balanced-density s l u r r y  technique w i t h  

1,1,2,2-tetrabromoethane-tetrachloroethylene (50:50, w/w) as the d ispers ion medium a t  

an i n i t i a l  pressure of 400 bar. The packed column was washed w i t h  250 m l  o f  n-hexane, 

100 m l  of methylene ch lo r i de ,  and f i n a l l y  100 m l  o f  methanol before apply ing the  

mobile phase. 

2-Deoxy-D-manno-heptose (1) 
The t i t l e  compound was prepared according t o  Perry ( 5 ) .  

minor amount of an impur i t y  was formed ( k '  = 1.3 w i t h  75% aqueous a c e t o n i t r i l e  as 

e luen t )  . 
as e luents  afforded the heptose (I-) i n  a pure form ( k '  = 1.6). 

During the Nef reac t i on  a 

Column chromatography on c e l l  u l  ose w i t h  acetone, 90 and 85% aqueous acetone 

3-Deoxy-D - gZycero-D- ga Zacto- [ 1 -14C 1 oc tono- 1,4- 1 actone (2) 
3- deoxy-D- g Zycero-0- 6aZe 1 1- 14C ]oc tono- 1 ,4- 1 actone (3) 
2-Deoxy-D-manno-heptose (210 mg; 1.08 mnol) was d isso lved i n  2 m l  o f  water and a 

s o l u t i o n  o f  potassium [14C]cyanide (65 mg: 1 mnol; 53 m C i ;  purchased from NEN Chemi- 

ca l s )  i n  1.5 m l  o f  water was added. The m ix tu re  was kept  i n  a r e f r i g e r a t o r  f o r  13 

days. Samples o f  20 pl were taken a f t e r  1, 5, 8, 11 and 13 days respec t i ve l y ,  and 

analyzed by HPLC. The peak corresponding t o  the products ( ' k  = 4.7) increased u n t i l  

t he  11 th  day whereas t h a t  o f  the s t a r t i n g  mater ia l  ( k '  = 2.5) decreased. The r a t i o  o f  

products t o  s t a r t i n g  ma te r ia l  was i n  t h i s  sample about 94:6 and i t  d i d  not  change 

markedly dur ing the l a s t  two days. 

warming t o  70°C (bath temperature) f o r  4 hours under a gen t le  stream o f  argon. 

was added from t ime t o  t ime i n  order t o  mainta in  the volume a t  about 3 m l .  The 

s o l u t i o n  was then cooled and app l i ed  t o  a sho r t  column o f  6 m l  o f  Dowex 50W X 2 (H 

(50-100 mesh) cation-exchange res in .  

The mixture o f  cyanohydrins was then hydrolysed by 

Water 

i 

The column was washed w i t h  several po r t i ons  o f  
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water ,  i n  a l l  100 ml. The e l u a t e  and the washings were combined and evaporated t o  

dryness under reduced pressure. 

of warm methanol and kept i n  a r e f r i g e r a t o r  overnight. 

co l lec ted ,  washed with a l i t t l e  ice-cold methanol and dr ied a t  roan temperature i n  

The semi-crys ta l l ine  residue was dissolved i n  70 m l  

The c r y s t a l l i n e  product was 

vacua. 

Yield: 154 mg (69.3% based on K 14CN). M.p.: 151.8-154.4"C (uncorr . ) .  HPLC showed a 

s ing le  peak w i t h  a re ten t ion  time corresponding t o  t h a t  of an authent ic  sample 

( k '  = 1 . 2 ) .  Spec i f ic  a c t i v i t y :  240.8 pCi/mg = 53.5 m C i / n m o l .  

Ammoni um 3-deoxy-D- mann@[ 1-I4C 1 octul  osonate (5) 
The mixture of lactone der iva t ives  from the previous s tep  (146.5 mg; 0.66 mnol) was 

dissolved i n  0.7 ml of water and 0.1 ml of 0.5 M aqueous sodium hydroxide was added. 

The solut ion was kept a t  60°C (bath temperature) and the pH was adjusted t o  R by 

adding 0.5 M aqueous sodium hydroxide whenever necessary. The t o t a l  amount of sodium 

hydroxide solut ion needed was 1.1 ml. After  about 2 h the hydrolysis  of the lactones 

was complete as  shown by HPLC. ( k '  f o r  the octosonic acids  = 4.5) .  The solut ion was 

cooled t o  room temperature and a suspension of an oxidation c a t a l y s t  was added. 

c a t a l y s t  was made by dissolving 89.5 mg of vanadium pentoxide i n  0.5 ml of conc. 

hydrochloric acid and adding 0.5 ml of pyridine t o  obtain pH = 3.2. Potassium chlora te  

(50.2 mg; 

tinued a t  room temperature f o r  12 h. Samples of 50 p1 were taken a f t e r  2 ,  7 ,  8, 10, 

and 12 h respect ively and analyzed by HPLC a f t e r  removal of the c a t a l y s t  and pyridine 

a s  described below. As the peak corresponding t o  the product ( k '  = 2.81 did not 

increase during the l a s t  two hours b u t  the formation of a by-product ( u n i d e n t i f i e d )  

ra i sed  from ca. 10% t o  ca. 17% compared t o  KOO, the  react ion was stopped. The cata-  

l y s t  was removed by f i l t r a t i o n ,  the pH of the f i l t r a t e  was adjusted t o  8 by adding 2 M 

aqueous sodium hydroxide (2 ml) and the excess of pyridine was removed by ext rac t ion  

w i t h  chloroform (3x7 m l ) .  The aqueous solut ion was then evaporated t o  dryness a t  30°C 

under reduced pressure. The residue was dissolved i n  5 m l  of 70% aqueous acetone, the 

The 

0.41 nnnol) was added t o  the stirred react ion mixture and s t i r r i n g  was con- 
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s o l u t i o n  was passed through a column o f  m i c r o c r y s t a l l i n e  c e l l u l o s e  (1x13 cm) e q u i l  

brated w i t h  70% aqueous acetone, and the e l u t i o n  continued w i t h  200 m l  o f  the same 

solvent .  The e lua te  was 

evaporated t o  dryness and the residue was d isso lved i n  10 m l  o f  80% aqueous acetone. 

The s o l u t i o n  was chromatographed on a column of the same s o r t  o f  c e l l u l o s e  (2x27 cm) 

e q u i l i b r a t e d  w i t h  90% aqueous acetone. The column was e lu ted  f i r s t  w i t h  200 m l  o f  90% 

aqueous acetone fo l lowed by 300 m l  85% aqueous acetone and 200 m l  po r t i ons  o f  80%, 75% 

and 70% aqueous acetone. F rac t i ons  o f  3 m l  were c o l l e c t e d  dur ing the e l u t i o n  w i t h  the 

l a t t e r  three so lvent  mix tures ( f r .  1-63, 64-126 and 127-190, resp.) and were examined 

by measuring t h e i r  r a d i o a c t i v i t y  as we l l  as by the use o f  the pe r ioda te - th io -  

b a r h i t u r a t e  reagent (7 ) .  Both t e s t s  were c a r r i e d  out  on Whatman No. 3 f i l t e r  

paper. 

us ing t h i s  procedure 25 f r a c t i o n s  (76-100) con ta in ing  the des i red product cou ld  be 

combined and they were evaporated t o  dryness under reduced pressure g i v i n g  35 mg of a 

greenish-yel low o i l .  Th is  was d isso lved i n  3 m l  o f  water and passed through a sho r t  

column o f  6 m l  o f  nowex 50W x 2 (H 1 (50-100 mesh) c a t i o n  exchange res in .  The pH o f  

the e lua te  was adjusted t o  8 by adding a few drops o f  2 M aqueous ammonium hydroxide 

and the s o l u t i o n  was evaporated t o  dryness under reduced pressure. The residue was 

taken up i n  0.3 ml  water a t  about 35°C and 0.3 m l  o f  absolute ethanol was c a r e f u l l y  

added. 

c r y s t a l 1  i n e  ammonium 3 - d e o x y - D - ~ ~ ~ ~ ~ [ l - 1 4 C ] ~ ~ t u l ~ ~ ~ n a t e  were obtained. Y ie ld :  14% 

based on the l ac tone  m ix tu re  ( o v e r a l l  y i e l d  based on K14CN 9.3%). 

182 pCi/mg = 49.9 mCi/innol. Paper chromatography on Whatman No. 3 paper i n  e t h y l  

acetate-acet ic  acid-water (2:1:2) gave a s i n g l e  rad ioac t i ve  peak upon scanning as we l l  

as a s i n g l e  spot w i t h  the periodate-thiobarbiturate reagent a t  R f  = 0.59, which 

corresponds t o  the R f  value o f  an authent ic  sample and o f  commercial ammonium KDO 

(Sigma, Miss. USA). Also HPLC gave a s i n g l e  peak corresponding t o  the peak o f  these 

two samples. The mother l i q u o r  contained 8 mg, g i v i n g  a s ing le  peak on HPLC. 

Th is  treatment removed most o f  the s a l t s  from the product. 

The f r a c t i o n s  which showed p o s i t i v e  reac t i ons  were analyzed a l so  by HPLC. By 

t 

On keeping the s o l u t i o n  i n  a r e f r i g e r a t o r  overn ight  23.5 mg o f  co lo r l ess  

T p e c i f i c  a c t i v i t y :  
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The product was s tored i n  a 30% aqueous ethanol s o l u t i o n  a t  -20°C a t  a concentrat ion 

o f  about 50 pCi/ml. 
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