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ABSTRACT: The synthesis of 2,2-dimethyl-6-(trityloxymethyl)tetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-ol was 
started from D-Ribose. The important ring closure step was carried out by Grubbs catalyst to form  pentene carbasugar 
where is cyclopentene will be a central ring. Catalytic hydrogenation of the c=c has yielded the D-Ribose configured 
saturated carbasugar with excellent diastereomeric ratio (~98%). The inversion of the selective chiral center was done 
and the molecule 9 can be a new class of key intermediate for the synthesis of novel series of nucleoside analogs  
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I. INTRODUCTION 
 
D-Ribose is an important counter part of de-oxy ribo nucleic acid (DNA) of many living organisms, and it generally 
exists in its pyranose form where bonded to its nitrogen base which is integral part of nucleoside in DNA.1,2 
tremendous number of nucleoside analogs reported in literatures which are strong mimics of natural DNA3-5 and 
RNA.4,6-10 D-Ribose and its carbasugar analogs are important and vital bio-mimics of many new medical entities in 
modern medicinal chemistry research11-14 even from long before and these have been synthesized, including 
iminosuars15-17, thiosugars15, floro,18,19 cloro20  and bromo21-23 carbasugars (Fig. 1) etc. The ability of these compounds 
to inhibits many viral enzymes,  for example  RNA dependant RNA polyemerase (RdRp) of hepatitis C virus (HCV) 
which is responsible for the genesis of progeny RNA of the hepatitis24-26 and other viruses26-29 make D-ribose mimics 
interesting biological targets with potential therapeutic value.15,30 Carbasugars in which the ring oxygen is replaced by a 
methylene group can also act as glycomemitics.15,31 Synthesis of some carbapentofuranases15,32 and 
cabahexofuranoses15,33 previously reported, but direct synthesis of 9 from 8 is not reported before, we report in this 
letter the diastereo selective synthesis of 9 from 8 is for the first time. We designed the scheme to synthesize the 
diasteromer 9 from a hemiacetal of the same ring size as the desired chemical analog, a furanose hemiacetal in this case, 
and used ring-forming metathesis to create the carbasugar 9.15-17,34-55  
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Figure 1: Few modified sugars & carbacyclic nucleosides56 
 
The above mentioned all (Fig.1) cabasugars possess the parental configuration of D-ribose. The D-ribose coupled 
synthetic nitrogen bases which are regular interesting nucleoside analogs in medicinal chemistry arena, which 
demonstrate potential antiviral properties.56 If we alter the chiral centre in the derivatives (carbasugars) of D-ribose, the 
properties of the carbasugar which are part of nucleoside mimics may be different and the side effects also  than regular 
D-ribose / carbasugars.57-60 This idea motivated us to synthesize the inverted chiral center (4') in regular carbasugar 
intermediate 8 to synthesize 9. 

 
II. MATERIALS & METHODS 

 
2.1 Synthesis of cyclic Carbasugar from D-ribose The modified carbasugar 8  prepared according to the 

previously reported method from commercially available D-ribose(scheme I),61 and 9 as per the mentioned scheme 
(scheme II) with improved methods and reduced purification steps. The modified step is, during TBDMSiCl protection 
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the addition of TBDMSiCl was added to reaction mixture at very slow (the maximum possible slow mode (dead slow) 
addition, due to this implementation of this concept we selectively got only one and exclusive single and pure isomer 
(single spot on TLC also in NMR) where the yield was 96%. Thereafter we moved to next step (swern oxidation) 
without purification. Here also we observed the single spot as a reaction output and directly moved to de-protection of 
TBDMSiCl again without purification by column chromatography (cc) or any other method and so on we got the 
product of 8. Further the intermediate 8 was subjected to hydrogenation on Pd-C (0.2mmol) to convert final product 9 
with excess diastereomeric ratio (~98%). The hydrogen pressure was 55PSI units for 8h and EtOH was the solvent. The 
final product 9 was purified by cc and characterized by Mass and NMR spectral methods and got the pure in condition. 
The intermediate 9 was crystallized in CDCl3 at room temperature and X-Ray diffraction analysis was carried out to get 
the structural information (Fig. 3). The specific rotation of the compound also recorded that is [α]20

D =  -9.0°. The 
reason for synthesizing the compound 9 is, we want to observe practically how the chiral center can be inverted on 
protected cabasugars and their subsequent role in nucleoside analogs and their importance in medicinal chemistry (we 
confirm its inversion from X-Ray structure and specific rotation, the specific rotation of 8 was 28° 62). This Carbasugar 
can be part of novel nucleoside (new chemical entity, NCE) preparation why because general nucleosides having the 
configuration of C-4' is actually from D-ribose (parental configuration). The general nucleosides are reported for 
potentially unwanted side effects on regular medication. If we use these type inverted carbasugar (configuration of C-4' 
position) part in the current nucleoside analogs synthesis, It may be different from general nucleosides properties and 
side effects.  However the real applications are unknown unless tested. 
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Scheme 1 

 
Scheme 1 Reagents and conditions: (i) Acetone 2,2-dimethoxypropane, PTSA,  1h; (ii) TrCl, Et3N, DMAP rt, 6h; (iii) 
Vinylmagnesium bromide, THF, -80°C, 24 h; (iv) TBDMSCl, imidazole, DMAP, 0°C - 5°C, 10 h; (v) (COCl)2, DMSO, 
DCM, Et3N,-80°C, 10h; (vi) Ph3PCH3Br, n-BuLi, THF, 0°C - 5-rt, 10 h; (vii) TBAF, THF, rt, 12h; (viii) Grubbs II 
catalyst, DCM, rt, 24 h. 61  
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Scheme 2 

 
2.2 Theory & Molecular modeling study of the hydrogenation of protected Carbasugar: The designed ligand 
(carbasugar, 8) drawn by using maestro63 software. The structure minimized by macromodel minimization64,65. Force 
Field used OPLS_2005, solvent is water. Charges used from force field source and extended cutoff method. The 
minimized structure used for measuring distance between specific atoms to calculate the distance which creates steric 
hindrance while hydrogenation is occurring.  
 

 
 

Figure 2 Pictorial demonstration of double bond site specific hydrogenation of protected cyclic pentene carbasugar to 
pentane carbasugar, the newly added hydrogen atoms shown in surrounded rings, those got added exclusively from 

Exo-site of the double bond. 

 
Figure 3   X-Ray structure of the Final carbasugar 9, (Thermal ellipsoid plots for 9 at 50 % probability level) 
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Table 1 Distance of double bond and the steric atoms from their position 
 

Double 
bonding 
holding Atom 

Steric Atom Distance in Å 

C-4' H64, H65 of C-5' 2.1, 2.1 
C-4', C-4'a Acetonide Methly Group (2' and 3' 

protected group) 
3.8 and 3.4 

C-4'a 1' OH 2.4 
C-4', C-4'a (2' and 3' Oxygen atoms) 2.4, 3.0 

 
2.3 Observation of Steric hindrance and site direction for stereo specific hydrogenation on pentene double 
bond: The Endo-site of the double is having more 3D molecular hindrance compared to Exo-site of the double bond.  

 
Figure 4 Describes the distance between the 4', 4'a and 5'hydrogens  and the strain causing from Endo-site orientation 

of the double bond 
The explanation has given in the following figures (Fig. 2-7). 4'C and 4'a C15 atoms which are holding the double bond 
having steric hindrance from the hydrogen atoms which are there on 5'C (Fig. 4), These two atoms are spatially  

 

 
Figure 5 Describing the distance between the 4', 4'a and acetonide protected group (Methyl Group) and the strain 

causing from Endo-site orientation of the double bond 
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oriented within the distance of 2.1Å from the double bond because of compact distance and other factors, the addition 
of hydrogens takes selectively from exo-site of the double bond. Further the acetonide methyl groups (which is 
protected the 2',3' hydroxyl ‘O’ atoms of the pentene carbasugar also creating serious spatial constraint (Fig. 5) for the 
endo-site addition of the double bond. 

 
 
 

Figure 6 Describing the distance between the 4'a  and 1' hydroxyl Group and the strain causing from Endo site 
orientation of the double bond 

 
In addition to this, the 1'-hydroxyl group also creates the extra steric hindrance (Fig. 6) for the Exo-site direction of the 
double bond reduction. Moreover the lone pairs of electrons (Fig. 7) of the two oxygens (2 x 2 lone pairs on ‘O’ atoms) 
also additional strain for which the addition was forced for not to take from the Endo-site of the double bond.   
 

 
Figure 7 Describing the distance between the 4', 4’a and 2’, 3' (Acetonide oxygen atoms and lone pairs of oxygen) and 

the strain causing from Endo site orientation of the double bond. 
 
Fig. 2-7 are the conformation pictures of the molecule 9 drawn by using Schrodinger software and minimized structure 
which used for the steric distance analysis. 
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2.4 Crystallization of the designed compound: 
 
The product 9 was recrystallized from methanol and crystal grown in CDCl3. The crystal structure was solved using 
SuperNova, X-ray diffractometer with Mo−Kα radiation (λ = 0.71073 Å) and Using Olex266, the structure was solved 
with the ShelXS structure solution program using Direct Methods and refined with the ShelXL refinement package 
using Least Squares minimisation. The crystal structures have been deposited at the Cambridge Crystallographic Data 
Centre 9 (Reference number CCDC 1451811). ORTEP diagram of the product 9 with thermal ellipsoids drawn at the 
50% probability level (Fig. 3). 

 
III. CONCLUSION 

 
We first time report the site specific reduction of the double bond in a pentene ring structure without disturbing the 
protected groups on the carbasugar (8, 9) which is very useful in carbacyclic nucleoside research and for getting newly 
configured chiral centre. The hydrogenation of double bond is taking over predominantly from the Exo-site (above the 
double bond plane of the ring which is thermodynamically favorable. The hydrogen addition cannot take place from 
Endo-site (below the plane of the double bond, because 2,2 dimthoxy propane protected group at 2',3' hydroxyl groups 
and also 1' hydroxy group at Endo-site of the double bond, are additional factors. This is also proven from modeling 
studies of the molecule (Fig. 2-7) which explained above. The spatial arrangements of the Endo-site of the double bond, 
creates effective steric hindrances to reach hydrogen atoms from Pd-C catalyst surface. The above plane of the double 
bond is free from steric resistance and not creating hindrance, because of this the hydrogenation preferably takes place 
from the exo-site of the double bond. The inverted chiral centered carbasugar is different from general nucleosides 
carbasugar part and their regular properties in the view of activity and side effects may also be different if, these sugar 
intermediates used for the preparation of new class of nucleoside analogs with respect to medicinal chemistry 
applications. 
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Characterization  
 
3aR,4R,6R,6aS)-2,2-dimethyl-6-(trityloxymethyl)tetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-ol (4a-carba-D-
ribose 9): White flour like powder; Yield: 95%; mp: 390 °C; IR (KBr) (ν, cm-1): 3400 (-O-H stretching); MS (ESI) 
(m/z): 453.28 [M+.+22]; 1H NMR: (400 MHz, CdCl3-d6): δ 1.20-1.67 (s, 6H, 2,2-dimethyl), δ 1.29 (m, 1H (s, 1H, 
4'H(Tertiory proton), δ 1.64-1.65(d, 1H, J = 5.6 4a' gem H), δ 1.84-1.86(d, 1H, J = 5.6 4a' gem H), δ 2.87-2.91(t, J = 
1.6, 2'H), δ 3.11-3.15(t, J = 1.6 3'H), δ 3.67-3.70(m, J = 5.6 1'H), δ 4.3(s, OH), δ 4.42-4.49(m, J = 5.2, 2 of 5'H), δ 
7.21-7.38(m, J = 7.6, ArH), 
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