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ted. We also prepared a carboxylic acid derivative, 16 by 
hydrolysis of 12 with potassium hydroxide in ethanol. 
However, lactonizations of compound 12 and 16 were not 
successful at all. Difficulty in lactonization of 12 and 16 
should be attributable to the instability of 17 owing to the 
strain of the trans-fused bicyclic system.

It was not necessary to isolate aldehyde 9 from the reac
tion mixture in DMSO in its reaction with the stabilized ylide

such as 10. However, in the reaction with nonstabilized 
ylides, aldehyde 9 must be purified to some extent and thus 
die ox거ation of 11 with DMSO-DCC is not appropriate 
because of d迁ficulty in isolation of 9. Pure 9 could be obtain
ed in 85% yi이d by oxidation of 11 with 사iromium trioxide
pyridine complex in methylene chloride-dimethylformamide 
at room temperature and by precipitating 9 in benzene
hexane. The Wittig reactions of isolated 9 with ylides 18-21 
in THF afforded chain-extended nucleosides 22-25 in high 
yields, respectively. The stereochemistry of newly generated 
double bonds varied with reaction condition and the ratios of 
나le cis and trans isomers of 조2-25 were not rigorously deter
mined.

The results of the present work indicate that Wittig reac
tions employing both stabilized and nonstabilized ylides are 
generally applicable to synthesis of chain-extended nucleo
sides and that bicyclic lactone nucleoside 17 is unstable and 
rather exists in the carboxylic acid form, 16. And interesting 
biological activities of the nucleosides synthesized in the pre
sent work are expected.
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The synthesis of aldehydes from carboxylic acid deriva
tives is one of the most important reactions in organic syn
thesis, and many useful reducing agents have been de
veloped.1 Recently thexylchloroborane-dimethyl sulfidela 
and thexylbromoborane-dimethyl sulfidelb are reported to be 
excellent reagents for the partial reduction of carboxylic 
acids and their salts to the corresponding aldehydes. 
However only a few reagents are knwon for the transforma
tion of carboxylic acid esters to the corresponding aldehydes. 

Representative metal hydrides for such purposes are 
diisobutylaluminum hydride2 (DIBAH), lithium tri-tert- 
butylaluminum hydride3 (LTBA), and bis(4-meth- 
ylpiperazinyl) aluminum hydride4,5 (BMPA). Of these 
reagents, LTBA reduces phenyl esters of aliphatic acids to 
aldehydes in yields of approximately 70%, however, can not 
be applied for aromatic acids. Although BMPA is effective 
for both aliphatic and aromatic esters, and gives 50-80% 
yields of aldehydes, the reaction requires the longer reaction
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Table 1. Partial Reduction of Carboxylic Acid Esters to Alde
hydes with DIBAH in the Presence of o-Anisidine in Toluene at 
-78°C

entry o-anisidine0 DIBAH« yield6 of 
aldehyde %

1 ethyl butyrate 0.5 1.5 87
0.5 1.7 84
2.0 3.0 94c(88rf)

2 ethyl caproate 2.0 3.0 95。(83c)
8K

3 ethyl isovalerate 2.0 3.0 86"
4 ethyl isobutyrate 2.0 3.0 89c (77)
5 ethyl cyclohexane- 20 3.0 89

carboxylate 1.0 2.2 84
6 ethyl pivalate 2.0 3.0 69 (55)

1.0 2.2 56
7 ethyl 4-chlorobutyrate 2.0 3.0 94

1.0 2.0 82
8 ethyl 3-chloropropionate 2.0 3.0 83
9 ethyl 2-bromopropionate 2.0 3.0 73(62)

10 ethyl crotonate 2.0 3.0 26
1.0 2.0 23

11 ethyl benzoate 2.0 3.0 7序（62少
12 isopropyl benzoate 2.0 3.0 83c (740
13 ethyl 4-methylbenzoate 2.0 3.0 47c (16c)
14 ethyl 4-methoxybenzoate 2.0 3.0 1序（序）

15 ethyl 4-chlorobenzoate 2.0 3.0 75 (53)
16 ethyl 4-nitrobenzoate 2.0 3.0 76 (4序)

17 ethyl cinnamate 2.0 3.0 2序

Mmol per mmole of ester b Yields were estimated by 2,4-DNP. 
Yields obtained by DIBAH alone are 아lown in parenthesis.c Yields 
were estimated by GLC. d Yields reported by Zakharkin Ref. 2a 
e Isolated yield.

time (6-10 h), usually at elevated temperature (65 °C). On the 
other hand, DIBAH has been generally utilized for the alde
hyde synthesis from esters. However 한le yields of aromatic 
aldehydes (48-70%) are considerably lower than those of 
aliphatic aldehydes (80-88%)2a. Recently we have found the 
yields of aldehydes are improved substantially by adding 
o-anisidine to esters before the DIBAH addition. Therefore 
we have tested 나le generality of this method with represen
tative aliphatic and aromatic esters and the results are 
reported in this communication.

The reduction is typically carried out as described for 
ethyl benzoate b어ow. A mixture of ethyl benzoate (1 mmol) 
and o-anisidine (2 mmol) in toluene was charged into the flask 
which was cooled to - 78 °C by a dry ice-acetone bath. To 
this was added 2 ml of DIBAH (3 mmol) in toluene for 20-25 
min with release of 40 mZ of hydrogen gas. The reaction mix
ture was kept at - 78 °C for additional 10 min, then hydrolyz
ed with 8 ml of 4N HC1 and was stirred for 1 h at room 

temperature. Saturating the aqueous layer with NaCl, the 
organic layer was separated and dried over anhydrous sodum 
sulfate. The GLC analysis showed a 78% yield of benzalde
hyde, using 10% Carbowax 20 M with naphthalene as an in
ternal standard.

- The results are summarizd in Table 1. As 아)own in the 
Table, the less hindered linear carboxylic acid esters and the 
more hindered ethyl isobutyrate and ethyl cyclohexane
carboxylate give all the good yields of aid아】yde (86-95%) 
considerably higher than those obtained by DIBAH alone(en- 
try 1-5). Actually we isolated caproaldehyde in 81% yi이d, 
following the sodium bisulfite adduct procedure described in 
Ref. la. However a bulkier derivative such as ethyl pivalate 
gives a lower yield (69%), presumably due to the steric hin- 
drance(entry 6). Halogen-substituted derivatives also 아iow 
good results; however, the position of halogen substituent on 
carbon chain seems to effect the aldehyde yields. Thus, when 
halogen substituent is at /-carbon (ie, ethyl 4-chlorobut- 
yrate) the yEld is excellent, however when the halogen is 
substituted more closely (ie, ethyl 3-chloropropionate and 
ethyl 2-bromopropionate), the yields of the corresponding al
dehydes are 83 and 73% respectively(entry 7, 8, 9). In 
aromatic series, ethyl benzoate, isopropyl benzoate, ethyl 
4-chlorobenzoate, and ethyl 4-nitrobenzoate all give good 
yields of aldehydes, about 18-28% higher than those obtain- 
ed by DIBAH alone (entry 11, 12, 15, 16). However, the 
two benzoat은s which have electron releasing substituent, such 
as ethyl 4-methylbenzoate and ethyl 4-methoxybenzoate, 
give poor yields of aldehydes(entry 13, 14). The two, 
a .^-unsaturated esters tested, ethyl crotonate and ethyl cin
namate both give very poor yields(entry 10, 17).

In conclusion, the aldehyde synthesis from esters by 
DIBAH is improved substantially by the addition of o-anisi- 
dine, especially for aromatic esters. However, a ,/9-unsa- 
turated esters and benzoic acid esters which have an electron 
donating substituent give poor results.
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