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Scheme 1. Synthesis of diverse 4-O-protected 2,3-O-isopropylidene- D-erythrose

Enantiomerically pure building blocks with two chiral cen-
ters play important roles in the total synthesis of naural com-
pounds1 as well as the synthesis of biologically important com-
pounds.2 One of these type of chiral building blocks is 2,3-O- 
isopropylidene-D-erythrose, whose derivatives are already of 
great interests to the researchers to achieve the synthetic targets.3 
The aldehyde functionalities, similar to that of erythrose moiety, 
have attracted the synthetic chemists as it permits convenient 
addition of a lot of other functional groups thereby allowing 
diversified organic molecules.4 On the other hand, the hydroxy 
functional groups, similar to 4-hydroxy group of erythrose, are 
also interesting to connect other groups for getting diversity in 
the structures.5 The additional scope of convenient generation 
of glycol moiety by the release of the 2,3-O-protective isopro-
pyledene group stimulated considerable interests in biosynthetic 
and pharmacological studies, as well as in the total synthesis of 
natural compounds.6 Moreover, the scope of simple conversion 
of the configuration from cis to trans may provoke additional 
synthetic interests to the researchers as this type of conversion 
is already in use.7 Thus 4-O-protected 2,3-O-isopropylidene- 
D-erythrose appears to be an important chiral building block 
for the synthetic and medicinal chemists.

Though synthesis of 4-O-protected 2,3-O-isopropylidene- 
D-erythrose is possible by opening the lactol ring to get alco-
hol (6) which can be converted to 4-O-protected alcohol (7). 
This alcohol can be subjected to ozonolysis to get the desired 
D-erythrose (8) by following the already published procedures 
(Scheme 1). But because of significant limitations such as lack 
of convenience, long reaction time, and low to moderate yield, 
sometimes those may be of discouraging for the researchers.8 
In this paper, we report a convenient and efficient method for 
the synthesis of enantiomerically pure 4-O-protected 2,3-O- 
isopropylidene-D-erythrose.

Results and Discussion

By following the procedure published by Li, Y. L. et al.,9 
commercially available D-(-)-isoascorbic acid (5) was converted 
to (-)-2,3-O-isopropylidene-D-erythronolactol (4), which on 
subsequent refluxing with N,N-dimethylhydrazine in absolute 
ethanol for 3 hours afforded the hydrazone (3) in 96% yield. 
The reaction was observed to be very clean, thereby permitting 
one-pot reaction with the respective halides in presence of a 
base to provide diverse 4-O-protected derivatives (2a-d) in excel-
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lent yields (91 - 96%). Subsequent ozonolysis of these 4-O-pro-
tected derivatives afforded the desired carboxaldehydes (1a-d) 
in 89 - 96% yields (Scheme 1).

It was reported that the ring opening reaction of erythrono-
lactol (4) offered the alcohol (6), but required more than 2 equiv. 
of triphenylphosphonium bromide resulting in the product con-
taminated by triphenylphosphine oxide.8 Moreover, the reaction 
required relatively long time (12 hours), but showed variable 
yields (75 - 99%). In addition, ozonolysis of the protected al-
cohol (7) gave poor yield (45%) of the desired products (1a).10 
Again, though it was published11 that silyl chlorides can open 
the lactol ring resulting in 4-O-protected aldehydes (9), several 
trials in our lab with TBSCl, TESCl, and TBDPSCl were not 
sussessful to offer the open form (9), but to generate the silyl 
derivataives (8) exclusively. Thus our method conveys the bene-
fits over these published methods since it requires short time 
(3 hours) but represents efficient and convenient one-pot re-
action with excellent overall yields. In addition, the highly vola-
tile by-product, N-nitroso-N,N-dimethylamine, in the ozonolysis 
of the 4-O-protected hydrazones was evaporated conveniently 
on a rotary evaporator. Spectra and optical rotation values of all 
the products were found to be similar to those of the reported 
compounds.12-15

Experimental Section

General. 1H NMR spectra were recorded at 300 MHz, unless 
otherwise specified, in CDCl3 solution using tetramethylsilane 
as internal standard. Analytical thin-layer chromatography was 
performed on precoated silica gel plates (0.25-mm 60 F-254 
E. Merck). The products were purified by flash column chro-
matography on silica gel 60 (Merck, 230 - 400 mesh). THF was 
dried over sodium benzophenone prior to use. Commercially 
available compounds and solvents were used without previous 
purification.

(4R,5S)-5-(Hydroxymethyl)-2,2-dimethyl-1,3-dioxolane-
4-carbaldehyde N,N-dimethyl-hydrazone (3). A stirred solution 
of (-)-2,3-O-isopropylidene-D-erythronolactol (30.0 mmol) 
and N,N-dimethylhydrazine (36.0 mmol) in absolute EtOH (50 
mL) was refluxed for 3 h. The reaction mixture was allowed to 
cool to room temperature and concentrated in vacuo to afford 
crude product as very pale yellow oil, which was used without 
further purification. Analytical sample was obtained by flash 
column chromatography using 20 - 40% ethyl acetate in n-hex-
ane as eluent to give pure product as colorless oil.

Yield: 96%, colorless viscous oil. 1H NMR (CDCl3) δ 1.39 
(s, 3 H), 1.40 (s, 3 H), 2.83 (s, 6 H), 3.66 (m, OH and 2 H), 4.34 
(m, 1 H), 4.80 (m, 1 H), 6.49 (d, 1 H, J = 6.5 Hz).

(4R,5S)-5-(Benzyloxymethyl)-2,2-dimethyl-1,3-dioxolane- 
4-carbaldehyde N,N-dimethyl-hydrazone (2a). To a stirred 
mixture of NaH (60% dispersion in mineral oil, 16.5 mmol) in 
dry THF (40 mL) was added dropwise a solution of alcohol 
(15.0 mmol) in dry THF (10 mL) over 10 min at room tempera-
ture. After 30 min, benzyl bromide (16.5 mmol) was added. 
After 3 h more stirring, the reaction mixture was poured into 
cold water and extracted with ethyl acetate, washed with brine, 
dried over MgSO4, filtered, and then concentrated in vacuo to 
afford crude product, which was purified by flash column chro-

matography using 10 - 20% ethyl acetate in n-hexane as eluent 
to give pure product as colorless oil.

Yield: 91%, colorless viscous oil. 1H NMR (CDCl3) δ 1.38 
(s, 3 H), 1.51 (s, 3 H), 2.77 (s, 6 H), 3.49 (dd, 1 H, J = 7.3, 10.5 
Hz), 3.55 (m, 1 H), 4.42 (m, 1 H), 4.57 (ABq, 2 H), 4.74 (m, 
1 H), 6.40 (d, 1 H, J = 7.3), 7.10-7.45 (m, 5 H).

(4R,5S)-5-[(tert-Butyldimethylsilyloxy)methyl]-2,2-dime-
thyl-1,3-dioxolane-4-carbaldehyde N,N-dimethylhydrazone 
(2b). A mixed solution of alcohol (15.0 mmol), tert-butylchloro-
dimethylsilane (16.5 mmol), and imidazole (20.0 mmol) in 
dry dichloromethane (60 mL) was stirred for 2 h at 0 oC. The 
reaction mixture was concentrated in vacuo and the sticky re-
sidue was diluted with ethyl acetate and water. The organic layer 
was separeted, washed with 0.5 N HCl and saturated aqueous 
NaHCO3 solution, dried over MgSO4, filtered, and then con-
centrated in vacuo to afford crude product, which was purified 
by flash column chromatography using 10 - 20% ethyl acetate 
in n-hexane as eluent to give pure product as colorless oil.

Yield: 93%, colorless viscous oil. 1H NMR (CDCl3) δ 0.00 
(s, 6 H), 0.82 (s, 9 H), 1.31 (s, 3 H), 1.43 (s, 3 H), 2.76 (s, 6 H), 
3.57 (dd, 1 H, J = 7.3, 10.9 Hz), 3.67 (m, 1 H), 4.16 (m, 1 H), 
4.68 (m, 1 H), 6.67 (d, 1 H, J = 7.3).

(4R,5S)-5-[(tert-Butyldiphenylsilyloxy)methyl]-2,2-dime-
thyl-1,3-dioxolane-4-carbaldehyde N,N-dimethylhydrazone 
(2c). Following the above procedure, product was obtained as 
colorless oil.

Yield: 96%, colorless viscous oil. 1H NMR (CDCl3) δ 1.04 
(s 9H), 1.37 (s 3 H), 1.48 (s, 3 H), 2.77 (s, 6 H), 3.68 (dd, 1 H, 
J = 7.3, 10.8 Hz), 3.80 (m, 1 H), 4.26 (m, 1 H), 4.78 (m, 1 H), 
6.52 (d, 1 H, J = 7.3 Hz), 7.41-7.66 (m, 10 H).

(4R,5S)-5-(Acetyloxymethyl)-2,2-dimethyl-1,3-dioxolane- 
4-carbaldehyde N,N-dimethyl-hydrazone (2d). A mixed solu-
tion of alcohol (15.0 mmol), acetic anhydride (16.5 mmol), 
triethylamine (50.0 mmol), and catalytic amount of DMAP in 
dry dichloromethane (60 mL) was stirred for 3 h at 0 oC. The 
reaction mixture was concentrated in vacuo to afford crude 
product, which was purified by flash column chromatography 
using 10-20% ethyl acetate in n-hexane as eluent to give pure 
product as colorless oil.

Yield: 95%, colorless viscous oil. 1H NMR (CDCl3) δ 1.39 
(s, 3 H), 1.52 (s, 3 H), 2.08 (s, 3 H), 2.83 (s, 6 H), 4.00 (dd, 1 H, 
J = 7.3, 11.6 Hz), 4.26 (m, 1 H), 4.43 (m, 1 H), 4.79 (m, 1 H), 
6.33 (d, 1 H, J = 7.3).

Ozonolysis for the synthesis of 4-O-protected 2,3-O-iso-
propylidene-D-erythrose (1a-1d). A stirred solution of protect-
ed hydrazone (10.0 mmol) in anhydrous dichloromethane (50 
mL) was ozonolysized at ‒78 oC. After hydrazone disappeared 
on TLC, the reaction mixture was quenched with dimethyl sul-
fide (5 mL) and allowed to warm to room temperature. After 
2 h more stirring at room temperature, the reaction mixture was 
concentrated in vacuo to afford viscous oil, which was purified 
by flash column chromatography using 10 - 20% ethyl acetate 
in n-hexane as eluent to give pure products.

4-O-Benzyl-2,3-O-isopropylidene-D-erythrose (1a).12 Yield: 
94%, colorless viscous oil; [α]25 +19.3o (c 1.34, CHCl3) [lit.13 
L-isomer; [α]26 ‒18o (c 1.34, CHCl3)] ; 1H NMR (CDCl3) δ 1,39 
(s, 3 H, Me). 1.36 (s, 3 H), 1.55 (s, 3 H), 3.44 (dd, J = 10.7, 3.9 
Hz, 1 H), 3.65 (dd, J = 10.7, 3.8 Hz, 1 H), 4.40-4.65 (m, 2 H), 
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7,25-7,30 (m, 5H), 9,63 (d, J = 2.1 Hz, 1 H).
4-O-tert-Butyldimethylsilyl-2,3-O-isopropylidene-D-eryt

hrose (1b).13 Yield: 92%, colorless viscous oil; [α]25 +52.3o (c 
1.2, CHCl3) [lit.14 [α]20 +51.8o (c 1.2, CHCl3)]; 1H NMR (CDCl3) 
δ 0.00 (s, 3 H), 0.04 (s, 3 H), 0.84 (s, 9 H), 1.34 (s, 3 H), 1.52 
(s, 3 H), 3.68 (m, 1 H), 3.73 (dd, 1 H, J = 2.1, 11.3 Hz), 4.41 (m, 
2 H), 9.63 (d, 1 H, J = 2.1 Hz).

4-O-tert-Butyldiphenylsilyl-2,3-O-isopropylidene-D-eryth
rose (1c).14 Yield: 96%, colorless viscous oil; [α]25 +41.9o (c 1.0, 
CHCl3) [lit.15 [α]25 +43.3o (c 1.01, CHCl3)] ; 1H NMR (CDCl3) 
δ 1.02 (s, 9 H), 1.39 (s, 3 H), 1.61 (s, 3 H), 3.72 (m, 1 H), 3.82 
(dd, 1 H, J = 2.4, 11.5 Hz), 4.48 (m, 2 H), 7.38-7.71 (m, 10 H), 
9.88 (d, 1 H, J = 2.4 Hz).

4-O-Acetyl-2,3-O-isopropylidene-D-erythrose (1d).15 Yield: 
89%, colorless viscous oil; [α]25 +31.8o (c 1.0, CHCl3); 1H NMR 
(CDCl3) δ 1.41 (s, 3 H), 1.59 (s, 3 H), 2.07 (s, 3 H), 4.02 (m, 
1 H), 4.40 (dd, 1 H, J = 2.3, 12.0 Hz), 4.46 (m, 2 H), 4.59 (m, 
1 H), 9.71 (d, 1 H, J = 2.3).
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