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Sugars and the i r  de r iva t ives ,  labeled with t r i t ium,  a rouse  the in te res t  of invest igators  due to the 
convenience of inser t ing  the isotope,  its re la t ive  low cost ,  and the small  biological hazard  of application 
[1]. In pa r t i cu la r ,  t r i t i um- labe led  D-xylose  can find broad application in a number  of chemical  and b io-  
chemica l  studies as a substi tute for  the expensive and difficult ly available rad iocarbon- labe led  xylose .  
However ,  the desc r ibed  synthesis  of labeled xylose f rom dialdose (I) includes the p repara t ive ly  incon- 
venient  reduct ion  with LiB3H4, the availabi l i ty of which is l imi ted  [2]. We developed an a l ternate  synthesis  
of t r i t i um- labe led  D-xylose  (II) by the reduct ion of dialdose (I) with the readi ly  available and highly active 
c o m m e r c i a l  NaB3H4, which pe rmi t s  running the reduct ion in water  employing the s imples t  exper imenta l  
technique.  The thus obtained D-xylose-5-3H (specific radioact iv i ty  32 #Ci /mole )  was then used to synthe-  
s ize the o r t h o e s t e r s  and 1 ,5-anhydride ,  which, on the one hand, a re  needed to study the polymer iza t ion  of 
sugar  o r t hoe s t e r s  (ef. [3]), and on the other  hand, a re  potential  in te rmedia tes  for the synthesis  of gly-  
cosides  and o l igosacchar ides  that contain a labeled xylose moie ty  
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The synthesis  of the bicycl ie  (lID and t r i cye l ie  (IV) o r t h o es t e r s  of G-D-xylopyranose  was desc r ibed  
previous ly  [4], in which connect ion it  was proposed  to use molecu la r  s ieves  for  the final cyel izat ion [5], 
which pe rmi t t ed  running the synthesis  on a small  scale .  The indicated methods were  t r a n s f e r r e d  to the 
synthes is  of the labeled der iva t ives ,  with the di f ference that all six steps f rom the labeled D-xylose to the 
t r i cye l i c  o r t hoe s t e r  (V) were  run  without isolat ing the in te rmedia tes  except  for  the i r  chromatographic  
charac te r i za t ion .  In this way o r t h o e s t e r  (V) was obtained in 22% yield when based on the xylose ,  and 21% 
when based on the radioac t iv i ty ,  and was identified by compar ing  with the authentic unlabeled specimen.  

The i somer iza t ion  of the t r i eyc l i c  1 ,2 ,4 -o r thoes te r s  of ~ -D-xy lopyranose  to 1 ,5 -anhydro- f l -D-  
xylofuranose  der iva t ives  was d i scovered  and studied in detail  on the example of the or thobenzoates  [6], 
whereas  for  or thoace ta te  (V) this reac t ion  was only asce r ta ined  chromatographica l ly .  We studied two 
var ia t ions  of the i somer iza t ion  of o r t hoes t e r  (V): in ref luxing ehlorobenzene in the p re sence  of eoUidinium 
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perchlorate, and in refluxing nitromethane in the presence of HgBr 2. Diacetate (VI) was obtained in both 
cases, in which connection the yield was substantially higher in the second variation. 

The structure of diacetate (VI) was confirmed in the following manner. Its deacetylation leads to the 
known anhydride (VII). The NMR spectrum of diacetato (VI) contains two three-proton singlets of the acetyl 
groups and the signals of the ring protons, which in their chemical shifts are very close, while in the 
values of the SSCC (spin-spin coupling constants) they practically coincide with the signals of tlle cor- 
responding protons in the NMR spectrum of 1,5-anhydro-2,3-di-O-benzoyl-~-D-xylofuranose [6]. In 
particular, the SSCC of the protons in the head of the bridge have values that are characteristic for dioxa- 
norbornane systems, and specifically Jl,2 = J4,5 = 0, J3,4 = 5, J4,5' = 3 Hz (cf. [6, 7]). 

In conclusion, the isomerization of the labeled orthoester (V) in nitromethane gave the labeled 
anhydride (Vl) in 49% yield when based both on compound and on label. 

EXPERIMENTAL METHOD 

The nitromethane, chlorobenzene, diehloroethane, and AI203 were prepared as described in ~8, 9}. 
The TLC was run on either silica gel or Al203 in the systems: CHCIs-Me2CO, 50:50 (A), 60:40 (B), and 
95.5 (C). The GLC was run on an LCM-8MD, Model 5, instrument, using a l-m steel column packed 
with 3% PNPPS deposited on Chromatone NL-AW-HMDS, N 2 as the carrier gas, a flame-ionization detector, 
and a temperature of 135~ The counting rate was measured on an Isoeap-300 liquid scintillation counter, 
manufactured by Nuclear Chicago, in either a toluene or a dioxane scintillator using toluene-3H of known 
specific radioactivity as the internal standard. The melting points were determined on a Kofler stand, 
while the specific rotations were measured on a Perkin-Elmer-141 polarimeter. The NMR spectra were 
taken on a Varian-DA-60-1L spectrometer in CCI 4 solution relative to TMS. All of the solutions were 

evapora(ed in vacuo at 40 ~ 

All of the obtained compounds were chromatographically homogeneous in the indicated solvent sys- 
tems. All of the labeled compounds were identified by direct comparison with authentic unlabeled speci- 
mens. All of the orthoesters were cleaved completely under the conditions of the hydrolytic test for sugar 

orthoesters [9]. 

D-Xylose-5-SH (If). With slight modifications, the starting 1,2-O-isopropylidene-~-D-xylo-pent- 
adialdo-i ,4-furanose (I) was synthesized as described in [I0]. A solution of 2.16 g (9.50 mmoles) of HIO 4 
�9 2H20 in 25 ml of water was adjusted to pH 7 by adding solid Na2CO 3. To the obtained solution at 0 ~ was 
added in small portions 2.00 g (9.10 mmoles) of 1,2-O-isopropylidene-(~-D-glucofuranose in 30 rain. After 
45 rain was added 0.5 ml of ethylene glycol, and the solution was demineralized with anionite IRA-410 
GICO3- ) and eationite KU-2 H+). The resins were separated, washed with water, and the filtrates were 
evaporated to dryness. From the residue we obtained 1.66 g (97%) of dialdose (It, [~]D-25.3 ~ (C 1.0, 

equilibrium, water). The TLC was run in system A. 

A solution of 94 mg (0.50 mmole) of (1) in 0.5 ml of 0.01 N borate buffer solution (pH I0.0) was added 
to a fresh portion of commercial NaBSH4 (2.4 mg, 0.063 mmole, 100 ~tCi). The solution was let stand for 
a day, then 9 mg (0.24 mmole) of NaBH 4 was added, and the whole was let stand overnight. Cationite KU-2 
(H +) was then added until weakly acid, the resin was separated, the solution was evaporated to dryness, 
the residue was treated with 0.3 ml of AcOH and 5 ml of MeOH, and the solution was repeatedly evaporated 
with MeOH until all of the H3BO 3 was removed. To the residue was added 230 mg of pure D-xylose, and 
the mixture was recrystallized from 0.5 ml of MeOH, which contained 1 volume % of 95% AcOH. We ob- 
tained 222 mg (73%7 of 01), mp 144-146 ~ [G]D + 19-1~ (C 1.0, equilibrium, water), specific activity 32 
#Ci/mmole (yield based on tritium 47%). Chromatograph on paper FN-II (butanol-pyridine-water, 
6.4:3), run as described in [ii], with counting of the radioactivity from the chromatogram revealed that 

the xylose zone contains 96% of all of the radioactivity. 

1,2,4-Orthoaeetyl-3-O-aeetyl-G-D-xylopy ranose-5-SH (V). The acetylation of 56 mg (0.38 mmole) 
of (II) with 0.63 ml of Ac20 in 1.26 ml of pyridine was run at 0 ~ for 26 h, then 0.4 ml of MeOH was added, 
and after 30 rain the mLxture was diluted with 50 ml of CHCI 3, washed in succession with ice water' (15 ml), 
chilled saturated NaHCO 3 solution (15 ml), and ice water (2 • 15 ml), and then evaporated to dryness, with 
removal of the pyridine by azeotropic distillation with heptane. The sirupy residue was treated with 1.375 
g (4.33 mrnoles) of/~-D-xylose tetraacetate, and the mixture was dissolved in I0 ml of a 0 ~ saturated solu- 
tion of HBr in glacial AcOH and let stand for 3 h. Then if was diluted with 80 ml of CHCIs, washed in suc- 
cession with ice water (30 ml), chilled saturated NaHCOB solution (2 • 30 ml), and ice water (2 • 30 ml), 
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f i l te red  through cotton wadding, and evapora ted  to d ryness .  The semicrys ta l l ine  res idue  was dr ied in 
vacuo,  dissolved in a mix tu re  of 7.5 ml  of  MeNO 2, 1 ml of  absolute 2,6-1utidine, and 0.2 ml of absolute 
MeOH, and let  stand for  60 h. To the mix ture  were  added 11 ml of Me2CO, 5 ml of wa te r ,  and 3 ml of 
2 M AgNO 3 solution. After  10 min the prec ip i ta te  was f i l te red ,  and the f i l t ra te  was diluted with 80 ml of 
a 1 : 3 CHC13-hexane mix ture .  The organic  l aye r  was separa ted ,  washed in success ion  with water  (20 
ml) ,  sa tura ted  NaC1 solution (2 x 20 ml) ,  and wa te r  (3 • 20 ml) ,  and evapora ted  to d ryness ,  removing 
any res idual  lutidine by r epea ted  dist i l lat ion with heptane. The res idue  was dissolved in 10 ml of a 0.01 
N MeONa solution in absolute MeOH, and a f t e r  2 h the mix tu re  was neut ra l ized  with CO 2 and evaporated 
to d ryness .  The res idue  was ex t rac ted  with e ther  (4 • 20 ml).  Evaporat ion of the combined ex t rac t s  gave 
the s i rupy o r t hoe s t e r  (HI), which was eyel ized,  as desc r ibed  for the unlabeled analog [5], in 10 ml of 
dichloroethane in the p r e sence  of 4.06 mg of p- toluenesulfonie  acid (the reac t ion  was checked by TLC in 
sys tem B). To the mix tu re  was added 0.1 ml of pyr id ine ,  which was then cooled, diluted with 50 ml of 
CHC18, washed in success ion  with ice wate r  (10 ml) ,  chil led sa tura ted  NaHCO 3 solution (10 ml),  and ice 
wa te r  (2 • 10 ml) ,  and evapora ted  to d ryness .  The res idue  was acetyla ted with 1 ml of Ac20 in 2.5 ml of 
absolute pyridine (20 ~ 24 h), and the reac t ion  mix ture  was worked up as descr ibed  above for  the ace ty la -  
t ion of xylose.  The obtained aceta te  was r ee ry s t a l l i z ed  f rom ethanol to give 226 mg (22% yield) of (V), mp 
68~ [~]D + 63"8~ (C 1.0, CHC13). The TLC was run in sys tem C. The specif ic  radioact ivi ty  was 2.4 #Ci 
/ m o l e ,  and the yield based on t r i t ium was 21%. 

1,5-Anhydro -2,3-di-O -acetyl  - f i -D-xylofuranose and 1 ~ 5 -Anhydro-2 ,3-d i -O-ace ty l -  f l -D-xylofuranose-  
5-~ t  (VI). a) A solution of 1.94 g (9.00 mmoles)  of o r thoes t e r  (V) in 25 ml  of chlorobenzene was ref luxed 
for 30 min in a f lask,  equipped with a ref lux  condenser  and a head,  containing 4/~ molecular  s ieves  [5]. 
Then a solution of 19.9 mg (0.09 mmole)  of 2,4,6-coll idinium pe reh lo ra t e ,  obtained in the same manner  as 
2,6-1utidinium pe rch lo ra t e  [8], in 5 ml  of chlorobenzene,  which was dehydrated by azeotropic  dist i l lat ion 
the same as  desc r ibed  in [5], was added. The mix ture  Was ref iuxed for  4 h until the o r thoes te r  had d i s -  
appeared  (checked by the hydrolyt ic  t e s t  [9] and TLC in sys tem C), af ter  which 5 ml of pyridine and 500 
ml of CHCla were  added, and the mix tu re  was washed with water  (3 • 100 ml) and evaporated until all of 
the pyridine had been r emoved .  The res idue  was dissolved in a mixture  of 60 ml of Me2CO and 0.6 ml of 
1 I~ tt2SO 4 solution, let  stand for  1 h, neut ra l ized  with pyr id ine ,  evaporated to ~10 ml ,  diluted with 500 
ml  of CHC13, washed with wate r  (3 • 100 ml) ,  and evaporated.  Anhydride (VI) was isolated f rom the 
res idue  by p repara t ive  chromatography  on A1203 (15 x 1 era, e lat ion with benzene).  The yield was 250 
mg (13%), [~]D + 9-5~ (C 1.0, CHC13). Found: C 50.07; H 5.70%. CgHi206. Calculated: C 50.00; H 5.56%. 
The NMR spec t rum in CC14 contains the signals (5, ppm): 2.03 s (3H, -COCH3); 2.07 s (3H, -COCH3); 3.35 
d.d.d. (1H; J5'5 = 7, Js '~  = 3, J~'3 = 1.25 Hz,  Hs'); 3.81 d (1H, J5,5' = 7 Hz, Ha); 4.55 d (1H, J2, 3 = 1.5 Hz, 
H2); 4.69 d.d.d.  (1H, J3~ = 5, J~,2 = 1.5, J3,5' = 1.25 Hz,  Ha); 4.89 d.d. (1H, Jr = 5 ,  J4,5' = 3 Hz, H4); 5.28 d 
{1H, J~ ~ = 0.75 Hz,  Hi). The spin re la t ion  of all  of the vicinal pa i r s  of protons and the fur ther  couplings 
of H 3 w~th H 5' , and of H i with H 5 , were  conf i rmed by the double resonance  data. 

Diacetate (VI) (128 rag, 0.593 mmole)  was deaeetyla ted with 0.01 N MeONa in absolute MeOH solution, 
a f t e r  which the solution was neut ra l ized  with KU-2 (CsHsNH+), the r e s in  was f i l tered,  washed with MeOH, 
and the combined f i l t ra tes  were  evapora ted  to d ryness .  The res idue  c rys ta l l i zes  f rom the sirup af ter  
evapora t ion  of the acetone solution to d ryness .  The yield of (VII) was 66 mg (84%), mp 95-97 ~ [~]D-12.0  ~ 
(C 1.0, EtOH). Based on the IR spec t rum and the absence of a mixed mel t ing point depress ion ,  the com-  

pound is identical  with an authentic spec imen  [6]. 

b) A solution of 432 mg (2.00 mmoles)  of o r thoes t e r  (V) in 15 ml of MeNO2 was t r ea ted  with 144 mg 
(0.40 mmole)  of HgBr 2, as desc r ibed  for the ehlorobenzene var ia t ion  (checked by TLC and GLC), a f te r  
which the mix ture  was diluted up to 50 ml  with Me2CO, 0.5 ml of 1 N H2SO 4 solution was added, and then 
it  was worked up as desc r ibed  above.  The yie ld  of anhydride (VI) was 250 mg (58%). Based on the TLC 
(system C) and GLC, the compound is identical  with the spec imen f rom the preceding exper iment .  

c) The labeled anhydride (VI) was obtained f rom 108 mg (0.50 mmole)  of o r thoes te r  (V) (labeled (V), 
the synthesis  of which was desc r ibed  above,  diluted in half with the unlabeled specimen),  as descr ibed  in 
va r ia t ion  b). After  dis t i l la t ion in a high vacuum (~10 -s m m ,  ~100~ the yield of (VI) was 53 mg (49%), 
the specif ic  act ivi ty was 1.2 # C i / m m o l e ,  and the yield based on t r i t ium was 49%. 

C O N C L U S I O N S  

1. Starting with 1 ,2 -O- i sop ropy l idene -~ -D-xy l~176  ,4-furanose and NaB3H4 we synthesized 
D_xylose-5-3H with a high specif ic  radioact iv i ty ,  and f rom it 1 , 2 , 4 - o r t h o a c e t y l - 3 - 0 - a c e t y l - ~ - D - x y l o -  

pyranose-5-~H.  
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2. We synthesized and character ized 1,5-anhydro-2,3-di-O-acetyl-fl-D-xylofuranose and its isotopic 
analog, labeled with tritium in the 5 position. 
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