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Synthesis of Racemic Ribose from D-Glucose
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Abstract: Racemic ribose is a valuable starting material fo-rrhls cqncept is of preparative mte_rest since the necessary
investigations of the origins of biomolecular homochirality. It ca -o!laldehyde can be synthesaed_from _readlly_avall—
be synthesized in seven steps starting ftagiucose. able diacetone glucose (Scheme 1) via regioselective gly-
col cleavage of @-allose derivative?2 of corresponding
relative configuration. Recently a modified approach has
been described by Pitdélior the synthesis of anribose
derivative frombD-glucose. Surprisinglyribo-pentodial-
dose4 has so far only been detected by GC-MS as a by-
product ofy-radiation of aqueous solutions Dfribosé?
andp-ribose-5-phosphateéand has been described as its
4-dimethylethéf in the context of a natural product
ructure elucidation.

Key words: biomolecular homochirality, cleavageibo-pentodi-
aldose, partial reduction, racemic ribose

D-Ribose is the central sugar unit of oligonucleotides: In
natural RNA it occursin its furanosyl constitution, in Es-
chenmoser’s {RNA in its pyranosyl constitutiofiln our
studies of the pairing between homochiral oligonucleoti
strands of opposite sense of chirality in thBRNA ) ) ]
seried and relating to the question of the origin of bioJ he conversion of diacetone glucose (synthesized from
molecular homochiralitracemic ribose was synthesizeddlucose) to diacetone allogeny oxidation with pyridini-
in preparative amounts. um dichromate followed by stereoselective reduction with

i 15 i _16-hv-
So far,rac-ribose has been synthesized only in minutl\lal':,’l_|4Is well known.” Selective cleavage of the 5-/6-hy

8roxy| protecting group of 1,2:5,6-b3-(1-methyleth-
amounts by treatment of formaldehyde with NaD€g- . moalle e o : o
OHS NH,SCN and light, from glyceraldehyde and gly- ylidene)#a-D-allo-furanosel was performed with 50%

. . ; ) aqueous acetic acid following Paulsen’s procéfiure
colic aldehyde with CaOFipr as rlbosedlphosphatefromand furnished 2. Treatment of 1,D-(1-methyleth-

g_choIic ?‘_'dehyd? _phosphate and formaldehyde “F‘der tﬁﬂl’dene)a—o—alIo-furanose2 with sodium periodate in
sic conditiong’.Mixing of equal amounts of both avallablewatelu instead of lead tetraacefAtgjave 1,20-(1-
enantiomers .Of ribosedid not seem appropriate for themethylethylidene)at-D-ribo—pentodialdo—l,4—fura{nose3
intended pairing and crystallization experiments. in quantitative yield. In aqueous soluti®exclusively ex-
Our concept for the synthesis of racemic ribose was thged as aldehyde hydrate as showrthyNMR spectra.
partial reduction of themeso-configurated 2,3,4-triny- As expected, the dialdehydewas obtained in quantita-

droxypentandia#t (Scheme 1). tive yield by cleavage o8 with strong acidic ion-ex-
change resin and gentle heating for 2.5 Ribo-
o} pentodialdosd is stable at room temperature for months
3 stops o o and shows only a single spot on the TLC in spite of five
D-glucose = ———————= possible isomers. At room temperature it is only soluble in
0 Oﬁ/ water, but not in methanol.
The structure ofibo-pentodialdosd was investigated by
! IH,1H- and!H,*C- correlated NMR spectra in,D. For-
‘ﬁf?s'fé';zo mation of the hemiacetal and hydrationdoan lead to
Nalo,, five isomers, two of them being furanoses, three of them
NaHCOs, HO pyranoses (Figure 1). An assumption on the distribution
50 rt,1.6h HO o of individual pyranose isomers was made based on con-
—K__?O A formational analysis: Lack of 1 8m-positioned axial hy-
Ho Oﬂ/ Hd O>‘/ droxy groups should favameso—_[i—p (B—allo-pgnto_dlaldo-
pyranose) over the two other isomers. Antiperiplanar po-
8 2 sition of the electronegative substituent at C1 relative to
Lﬁg“}’g'g‘;'ﬁ"z"' "0 the non-bonding electron pair of the endocyclic oxygen
7 atom (anomeric effect) should matae-p (a-allo-pento-
=0 o= | =° dialdo-pyranose) the preferred isomer compared to the
OH  NaBle MO HO OH .Cl-conformer of meso-a-p (B-talo-pentodialdo-pyra-
g: - :g g: nose). ThéC,-conformer ofmeso-a-p is sterically highly
— Ho oH disfavored due to three axial hydroxy groups.
4 5

Scheme 1
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The ratio between the two anomeric ribo-pentodia dose
furanoses was almost the same as between the two ano-
meric ribo-furanoses, whereas the ratio of ribo-pentodial-
dose furanoses compared to ribo-pentodial dose pyranoses
was higher than in ribose (Table 1). In addition, this pyra-
nose isomer ratio correlated well with the predictions
based on conformational analysis.
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Four of the five isomers were present in sufficient
amounts to be detected by NMR: The furanoses rac-a-f
and rac-p-f (o~ and B-ribo-pentodialdo-1,4-furanose)
could be identified by their characteristic doublets at 5,53
(o) and 5,42 ppm (B). The third major doublet in the ano-
meric proton area was at 5,15 ppm (J=8,2 Hz) and
showed a cross-peak with the dd-peaks at 3,63 ppm,
which correlated with H-(C3) at 4,31 ppm. Since no fur-
ther correlation was found this major pyranose had to be
one of the meso-forms. The coupling constants of 8,2 and
3,1 Hz of H-(C2) unambiguously assigned these signalsto
meso-f-p (Figure 2). Thelast (minor) isomer present was
confirmed to be rac-p based on its correlation pattern and
the coupling constants (3J,5< 3J; ,).
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Table 1. 'H-, *C-NMR data (8 in ppm, J in Hz) and
distribution of isomers
H-(C1) H-(C2) H~C3) H-(C4) H-(C5)
C1 C2 C3 c4 cs
rac-o-f 5.53 4.27 434 ~4.17 ~5.17
22% d, 42 dd, 58,41 dd, 59,38 dd,41,41 d,~45
98.96 73.50 72.53 87.89 91.93
rac-p-f 542 4.16 447 396 5.16
39 % d 21 dd, 49,22  dd, 54,53 dd, 58,57 d,56
103.57 77.89 73.79 86.80 93.46
meso-B-p 515 3.63 431 =HA(C2) =H«(Cl)
25% d,82 dd,82,3.1 1,31
94.56 73.94 73.17 =2 =Cl
rac-p 54 378 <425 2.02 536
14 % d,~5.8 dd,5.6,29 dd,~3,0/d  dd,3.0,29 d,3.0
93.46 73.11 ~71.6 71.65 94.46

In the fina step ribo-pentodialdose 4 was reduced with
NaBH, to give the desired racemic ribose 5. No further re-
duction to ribit could be detected by TLC. A chromato-
graphic purification step could be avoided by work-up of
the reaction first with strong acidic and then with strong
basic ion-exchange resin. The synthetic rac-ribose was
analyzed by *H NMR spectra and capillary electrophore-
sis and was found to be sufficiently pure for further syn-
thetic steps. The enantiomeric ratio of 5 was determined
by Freissmuth’s method.'® A sample was converted to the
diastereomeric Schiff bases with (S)(-)-1-phenylethyl-
amine, which were reduced with NaBH,;CN and then di-
rectly subjected to capillary electrophoresis: Thus, the
synthetic product 5 was proven to be racemic.

Racemic ribose was synthesized in 7 steps in 50% yield
from D-glucose by the procedure described here® The
use of rac-ribose for the synthesis of 9-(B-bL-ribo-pyra-
nosyl)-adenine and further results obtained will be pub-
lished elsewhere.?*
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solution of 6.60 g (30.0 mmol) @and 3 g NaHCQin 300
ml H,O within 10 min. After stirring at r. t. for 100 min, the
reaction mixture was concentrated (< 40 °C), the residue
extracted four times with 200 ml EtOAc, filtered, and the

J=23.8,8.9, H-C(4)); 4.04K,J = 4.6, 9.0, H-C(3)); 4.664(,
J=4,H-C(2)); 5.014¢, J= 3.8, H-C(5)); 5.80d, J = 3.5, H-
C(1)).

Ribo-pentodialdose 4: 40 ml ion-exchange reskmberlite IR-
120 (H*form) was added to a solution of 5.0 g (26.2 mr3ol)
in 50 ml of HO and stirred at 45 °C for 2.5 h. The reaction
mixture was filtered and evaporated:3.83 g (98%8 mixture

of isomers. Colorless foam. TLC (silica gel, CH®IleOH/

H,0 85:30:2)R; 0.28. 1H NMRand 13C NMRsee Table 1. IR
(KBr):3401s (br.), 2973n, 1656n, 1465, 1420n, 1347,
1264m, 1054 (br.), 566n (br.). FAB-MS:167 (2MH,0"),

149 (13,MH*), 31 (100). Elem. anal.: calc3d;050.6 H,0:

C 37.79, H, 5.84; found: C 38.01, H 6.15.

DL-Ribose5: 95 mg (2.51 mmol; 0.28 eq.) NaBkh 5 mI H,O
was added to 1.33 g (8.98 mméin 30 ml HO. After 30 min
atr. t. 15 ml ion-exchange resimberlite IR-120 (H*form)

was added. The reaction mixture was stirred for 10 min and
filtered. 10 ml ion-exchange resimberlite IRA-400 (OH

form) was added to the filtrate, stirred for 10 min, filtered and
evaporated: 0.86 g (64%) Colorless foam. TLC (silica gel,
CHCI,/MeOH/H,0 85:30:2):R; 0.17 (identical to natural-
ribose).

Determination of enantiomeric ratio:20 pl of an 0.1M aqueous
solution of5 was treated with 10 pl of a 1M aqueous solution
of (9-(-)-1-phenylethylamine (pH 6.3 adjusted with
hydrochloric acid in advance) in &ppendorf cap, which was
sealed and heated to 90 °C for 10 min. 90 mg of N&BH
were dissolved in 300 ul of @ and 4.5 pl of that solution
added to the reaction mixture. It was kept at 90 °C for 60 min,
diluted with 60 pl of HO and injected for capillary
electrophoresis analysis (capillary: 77 cm, ID =50 pm;
injection time: 2 sec; buffer: 50mM borate pH 10.3/23%
MeCN; 30 kV).
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5 ml CCl, and evaporated to dryness: 5.58 g (98%)
Colorless foam. TLC (silica gel, EtOAc/MeOH 4:R):0.55.
IH NMR (200 MHz, B0):1.32, 1.5 (& Me); 3.82 ¢d,
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