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Summory.  Fructose-1,6-d iphosphote o ldo lose (E.C.  4 .1 .2 .13)  f rom robbi t  musc le  coto lyzes the s tereospec i f ic
o ldo l  condensot ion o f  d ihydroxyocetone phosphote wi th  o  vor ie ty  o f  pentose-5-phosphotes ond hexose-5-
phosphotes.  The o ldo l  products  con be dephosphory lo ted wi th  oc id  phosphctose (E.C.  3 .1 .3 .1)  and the
result ing free corbohydrotes ore perocetyloted. These Cg ond C9 sugors con serve os precursors to ond
onologs of  KDO, s io l ic  oc ids ond re lo ted substonces.

Th i s  l e t t e r  demons t ro tes  t ho t  r obb i t  musc le  o l do lose  (E .C .  4 .1 .2 .13 ,  f  r uc tose -  1 ,6 -d iphospho te  o ldo lose )

cr to lyzes the reg iospec i f ic  o ldo l  condensot ion o f  d ihydroxyocetone phosphote (DHAP) wi th  o  number  o f  C5

ond Ca sugor  monophosphotes (eq l4 ;  Toble  l ) .  Th is  reoct ion ( fo l lowed,  i f  necessory  Dy removol  o f  phosphote
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moiet ies  f rom the product :  4*5)  prov ides o broodly  oppl icob le  synthet ic  method thot  t ronsfers

stereochemistry present in hexoses ond pentoses into Cg ond C9 sugors ond sugor phosphotes. We ore

in terested in  these substonces os precursors  to  ond onologs of  KDO, s io l ic  oc id  ond re lo ted r rgorr ,5  ond os

in ter rnedio tes i  n  complex synthes is .

Coto lys is  by o ldo lose is  o  usefu l  method for  prepor ing hexoses ond pentoses us ing non-sugor  o ldehydes

os subst ro tur .5-9 The C3-C4 bond is  formed reg iospec i f ico l ly .  A ldo lose requi res DHAP or  o  c lose s t ructuro l

onolog cs one subst ro te . l0  A l though o ldo lose occepts  o  number  o f  o ldehydes os the second subst ro te ,

unphosphoryloted hexoses ond pentoses ore occepted poorly or not of ol l .  The centrol observotion on which

the present work is bcsed is thot hexose-5-phosphotes ond pentose-S-phosphotes ore qood substrotes for
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robbi t  r lusc le  o ldo lose. l  I  The phosphote groups in  the products  cre  he lp fu l  in  iso lo t ions;  they ore eos i ly

removed wi th  oc id  phosphotose (E.C.  3 .  |  .3 . l ) .

Toble  I  summor izes s tor t ing moter io ls ,  products ,  ond y ie lds.  We hove dephosphory lo ted,  perocety lc ted

ond pur i f ied these compounds to  homogenei ty ;  s tereochemico l  oss ignments  ore bosed on 500 MHz lH ond 125

MHz l3C Nmn spect ro  o f  the perocety lo ted substonces The fo l lowing porogrophs out l ine exper imento l

procedures.

Method A: Frtrctose-lr6-diphosphote. Ribose-5-phosphote disodiurn solt  dihydrote (1.55 g,5 mmol)

ond f ructose-1,5-d iphosphote t r isod ium so l t  pentohydrote  (1 .25 g,2 .5  mmol)  were d isso lved in  20 mL of  c

0.05 M d ie thonolomine- t r ie thcnolomine buf f  er .  The pH wos od ju : ted to  6 .8  by the oddi t ion o f  I  N HCl .

A ldo lose (100 U)  ond t r iosephosphote isomerose (500 U,  E.C.5.3 .1 .1)  were odded,  ond the so lu t ion wos

stirred of room temperoture for 42 h, of which t ime enzymotic ossoy indic.oted 62"b conversion. Borium

ocetote  (2 .6  g ,  l0  mmol)  ond ocetone (50 mL)  were odded to  the reoct ion mix ture,  ond o whi te  prec ip i to te

formed immediote ly .  The reoct ion mix ture wos o l lowed to  s tond ot  0  oC f  or  24 h,  ond the prec ip i to te  ( the

borium solt of compound 4f) wos col lected (3.2 g).

Melhod B: Dihydroxyaetone phcphote. Ribose-5-phosphote disodium solt dihydrote (170 mg, 0.55

mmol)  ond d ihydroxyocetone phosphote l i th ium so l t  (150 mg,0.BB rnmol )  were d isso lved in  l0  nrL o f  wcter ,

ond the pH wos od justed to  6 .8  us ing I  N sodium hydrox ide.  A ldo lose (50 U)  wos odded ond the so lu t ion wos

st i r red ot  room temperoture for  lE h ,  o t  which t ime both enzymct ic  ossoy cnd lH NMR onolys is  ind icoted on

82% convers ion.  Bor ium ocetote  (380 mg,  1 .5  mrnol )  ond ccetone (30 mL)  were odded to  the reoct ion

mix ture,  ond the so lu t ion wos cooled to  0  oC.  Af ter  4  h ,  the bor ium so l t  o f  compound 4f  wcs co l lec ted os c

whi te  prec ip i to te  (308 mg) .

Phcphote Clecvoge ord Acetylotion. Woter (5 mL) ond ion exchonge resin (Dowex 50 W x B H+ forrn,

0.50 g) were odded to 250 mg of the borium solt 4f formed by either method A or method B. The solut ion

wos s t i r red unt i l  the whi te  prec ip i to te  d isso lved.  The ion exchonge res in  wos removed by f i l t ro t ion,  ond the

pH of the oqueous loyer wos odjusted to 5.2 using I N HCl. To this solut ion wos odded 50 U of ocid

phosphotose, ond the reoction mixture wos st irred of room temperoture. After lE h, the volot i les were

removed by concent ro t ion in  vocuo.  The dry  res idue wos t rmted wi th  l0  mL of  o  l0 :  I  mix ture o f  pyr id ine

ond ocet ic  onhydr ide ot  0  oC.  Af ter  48 h,  t . l .c .  onc lys is  ind icoted the reoct ion wos complete .  The vo lo t i les

were removed by concentrot ion in vocuo ond the residue wos subjected to f  losh chromotogrophy (SiOr, l :  I

e thy l  ocetote /hexone)  ond gove o c leor  co lor less o i t .  l f i  NMR onolys is  reveoled the mqter io l  to  be o mix ture

of stereoisomers (327o overol l  yield bosed on r ibose-5-phosphote by method A ond 54o,6 overol l  yield by

method B). This mixture wos coreful ly rechromotogrophed ond yielded one pure onomer, which wos ossigned

the s tererchemist ry  g iven in  4 f  on the bos is  o f  spect roscopic  ev idence ( in  i ts  perocety lo teo form).12

We hqve not yet defined the ful i  ronge of sugor phosphotes occepted os substrotes by oldolose, but we

note thot the exomples in Toble I include pentoses, hexoses, o 2-deoxypentose ond 2-deoxyhexose, onc

2-ominohexoses.  Th is  ronge of  subst ro tes,  together  wi th  the brood subst ro te  spec i f ic i ty  chorocter is t ic  o f

o ldo lose,  suggests  thot  th is  reoct ion hos genero l  opp l icob i l i ty .  I t  thus combines the generc l i ty ,  s tereospec i -

f ic i tv .  ond eose of  ooerot ion requi red to  be c  wide ly  usefu l  odd i t ion to  the rnethodologv of  suqcr  svnt i res i . ; ,
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Toble l . Sumrnory  o f  s tor t ing mater io ls  ond o ldo l  products  obto ined f rom the
oldo lose-coto lyzed reoct ions us ing e i ther  DHAP or  FDP os on in  s i tu  source
of  the ketophosphote.

Sugar Phosphale Yield [%]
FDP DHAP

roPr r o l
z l-.- ">* ol

',1,Y
OH

G l c - 6 - P  1 a

,9"o1-oo^
l - l - u .
A-/*ott

I
OH

G a l - 6 - P  1 b

- c P
H o l

dID-o"
f lO

M a n  6 ' P  1 c

roP
H O I

dl*o"
HO

2  D e o x y - g l c ' 6 - P  
' t d

- o P
p o l

- l - - * n '

,lH
Nf  l '

2 'Deoxy-2 'amtno -

q l c - 6 - P  1 e

'o l-o\o"

\-/
t l

i ro of l

R r b - S ' P  1 f

n ( ' - t  _ O r
t"' ,,);* or
\--v

I
t i o

A r a  5  P  1 9

l- 
oo

H N J

I r_tO Ou
. L _ l a  l(-tr

Ho I  cH2cP
HO

4 f

Tooltr-),J"  
i f j o O H

H o l _ _ l a ) '

\-J,.1
I  C t t - c P

tro
4g

Tuo
HT]  J"  

I  i lo  or l
) - l a  t

I i
\-!zt

I  c l i f o P
H O

4 h

45

"oln->*",,

H
z oel?v,,0 s P rh



5  8 1 0

Ref erenc es

l .  Suppor ted by NIH Gront  GM 30357.
2.  Amer icon Corcer  Soc ie ty  Postdoctoro l  Fe l low,  Gront  No.  PF-2762,  1986.
3.  Deutsche Forschungsgemeinschof t  Postdoctoro l  Fe l low 1985-1985.
4. The brocketed corbons in eq I respresent o voriety of furct ionol groups ond stereochemistr ies

occeoted in  the o ldo lose reoct ion.
5 .  Scho:er ,  R.  Trends in  B iochem. Sc i .  1985,357.  Unger ,  F .  M.  Adv.  Corbohydr .  Chem. B i rchem. 1981,

38,323.  Shoron,  N.  "Complex Carbohydrotes:  Thei r  Chemist ry ,  B iosynthes is  ond Funct ions" ;  Addison-
Wesley:  Reoding,  MA 1975.  Kennedy,  J .  F . ;  Whi te ,  C.  A.  "B imct ive Corbohydrotes in  Chemist ry ,
B iochemist ry  ond Bio logy" ;  E l l is  Horwood L imi ted:  West  Sussex,  Englond 1983.

0  Wh i tes ides ,  G .M. ;  Wong ,  C . -H .  Anqew.  Chem.  I n t .  Ed .  Enq l .  l 985 r l . -  611 .
7)  Wong,  C. -H. ;  Whi tes ides,  G.  M.  J .  Orq.  Chem. 1983,4q,  3199.  Wong,  C. -H. ;  Mozenod,  F.  P. ;

Whitesides, C. M. ibid. 1983, 49, 3493.
8)  Durrwochtet ,  J .  R. ;  Sweers,  H.  M. ;  Nozowi ,  K. ;  Wong,  C. -H.  Tet rahedron Let t ;1986,4r  l t261.
9)  Woldmonn,  H. ;  B ischofberger ,  N, ;  Bednorsk i ,  M. ;  So i to ,  T . ;  Whi tes ides,  G.  M. ,  unpubl ished.
l0)  Wegenerote DHAP e i ther  by phosphory lo t ion o f  d ihydroxyrcetone (Crons,  D.  C. ;  Whi tes ides,  G.  M.  J .

Am. Chem. Soc.  1985,  - ]07,  70 l f )  or  f rom f ructose-1,5-d iphosphote by the combined oct ion o f  o ldo lose
ond triosephospl-r,c te isomerose. /

l l )  Octo luses ond the i r  l ,&d iphosphotes hcnre been iso lc ted f rom p lonts  ond synthes ized independent ly
us ing o ldo lose bosed methods:  Jones,  J .  K.  N. ;  Septon,  H.  H.  Con.  J .  Chem. 196/ .J , ,? ' -753.
Kopusc insk i ,  M. ;  Fronke,  F.  P. ;  F lon igon,  J . ;  MocLeod,  J .  K. ;  Wi l l ioms,  J .  F .  Corbohydr .  Res.  1985,  140,
69. The octivi ty of hexose-6-phosphotes os substrotes for oldolose hos not been previously
invest igoted.

12) The NMR, lR ond moss spectrol doto ore consistent for compounds 4o-4h. For compourd 4f: lH NMR
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( m * *  l - A c O H , 4 l . 6 % ) .

( R e c e i v e d  i n  U S A  2 6  A u g u s t  f 9 8 6 )
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