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ABSTRACT

HO ™"OH (3 equiv.)
CHO  (Et0),CH (1 equiv.), NBS (1 mol%)

o0_0

MeOH (2 equiv.), CH,Cl,, 11, 6 h, 95%
(10 mmol scale)

Various types of carbonyl compounds were converted to the corresponding 1,3-dioxanes in the presence of ethyl orthoformate, 1,3-propanediol,
and a catalytic amount of NBS via an in situ acetal exchange process. In contrast to conventional acid-catalyzed acetalization reactions,
acid-sensitive substrates such as THP ethers and TBDMS ethers remain intact under described reaction conditions.

Acetals are among the most popular protecting groups for chemoselective acetalization of various types of carbonyl

carbonyl compoundsIn addition, chiral acetals are particu-

compoundd.However, these two catalysts were not suitable

larly important for the preparation of enantiomerically pure for the acetalization of carbonyl compounds containing other

compoundg.Although the formation of acetals is generally

acid-sensitive functionalities, such THP ethers. We thus

achieved with protic acid catalysts, it has been shown thatresearched a milder catalytic system that would allow
the use of Lewis acids in these transformations may be survival of other acid-sensitive groups.

advantageous in some casasery recently, we have shown
that WCE and ZrCl are highly efficient catalysts for

T Shiraz University of Medical Sciences.
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NBS has already been known as a mild oxidizing reagent
for chemoselective oxidative deprotection®Sacetals. A
brief survey of the literature shows that free hydroxyl groups,
disubstituted alkenes, and acid-sensitive functional groups
such as MEM ethers, TBDPS ethers, 1,3-dioxanes, and
phenolic benzyl ethers survive intact in the presence of NBS.
In our development of new methods for functional group
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s (+)-dimethyl tartrate in the presence of 2 and 3 mol % of

Scheme 1 NBS also furnished the corresponding optically active acetals
in high yields (Table 1, entries 12 and 13). Moreover,
acetalization of relatively hindered ketones such a3 (
camphor, benzophenone, ang>-&cetoxyandrost-5-en-17-
one was also achieved in low yields in the presence of 5
mol % of NBS after prolonged reaction times (Table 1,
entries 14-16). On the other hand, 4-hydroxybenzaldehyde
_ o ) ) was recovered intact even after 7 days under similar reaction
transformations, we are especially interested in exploring the -gnditions.

potential use of various types of neutral catafyatong this Because ketones undergo acetalization considerably slower
line, we have found that various aldehydes are converted toi,4 aldehydes, it seemed plausible that our system could
the corresponding 1,3-dioxanes in excellent yields upon promote chemoselective protection of aldehydes in the
treatment with (EtQICH (1 equiv), dry MeOH (2 equiv),  presence of ketones. Indeed, benzaldehyde and butanal were
1,3-propanediol (3 equiv), and a catalytic amount of NBS ¢onyerted to the acetals in the presence of acetophenone and

HO"""OH (3-5 equiv.)
J_ > (EtO);CH (1-1.3 equiv.), NBS (1-5 mol%) o‘><o2
R MeOH (2-5 equiv.), CH,Clj, 1t, R” R
(5-10 mmol scale)

— 1 i 7 R .. .
(0.01-0.02 equiv) (Scheme 1, Table 1, entries@) benzylacetone with complete selectivity (Schemé Zhis
Table 1. Acetalization of Carbonyl Compounds in the Scheme 2
Presence of NBS o

subst/diol/ @‘CHC HO™™""OH (3equiv) @—( :>1oo
N . . (EtO);CH (1 equiv.), NBS (1 mol%) o]
entry R' R’ MeOH/(EtO);CH/ time vyield” ,
NBS ) (%) ©_<0 MeOH (2 equiv.), CH,Cl,, t, 6 h C O:> .
1 Ph H 1:3:2:1:0.01 6 95 o)
2 4-(C1)CeHy H 1:3:2:1:0.01 2.5 97
3 4-(NOyC¢H, H 1:3:2:1:0.02 6 92 O/j
4 4<CHyCgH, H  1:3:2:1:0.02 6 78 _~_CHO  HO"OH (3equiv.) /\)\o 85
5 PhCH=CH H 1:3:2:1:0.02 5 92 0 (EtO),CH (1 equiv.), NBS (2 mol%)
6 n-propyl H  1:3:2:1:0.02 75 79 I MeoH @ equiv), CH,CL . 10N Y
7 PhCH,CH, CH; 1:3:3:1.2:0.03 72 89 Ph /<0)<O 0
8 Ph CH; 1:3:3:1.2:0.03 72 81 Ph
9 4-(CHCeH4 CH; 1:3:3:1.2:0.03 60 85
10 4-(NO,)C¢H, CHj 1:3:3:1.2:0.03 72 70
result suggests that our method may be generally useful for
the conduction of similar chemoselective acetalization reac-
11 1:3:3:1.2:0.04 72 86 . . . .
tions. It is also worthy of note that acid-sensitive substrates
12 Ph H  1:4:2:1:0.02 24 30" such as THP ethers and TBDMS ethers remain intact under
13 Ph CH; 1:4:3:1.2:0.03 72 78° these conditions (Scheme B).
14 Ph Ph  1:5:5:1.3:0.05 168 22¢
15 1:5:5:1.3:0.05 168 30° Scheme 3
AcO m
c 0._0
16 (-)-camphor 1:5:5:1.3:0.05 168 25 CHO
d
17 4-(OH)C¢Hy H  1:3:3:1.2:0.03 168 - HO" > ""0H (3 equiv.) 100
(Et0),CH (1 equiv.), NBS (1 mol%)_
_@Yields refer to isolated pure product unless otherwise stdtet)- MeOH (2 equiv.), CH,Cl,, 1, 3 h
Dimethyl tartrate was used instead of 1,3-propanedi¥ields are based Cl Cl
on NMR of the crude product€.No reaction. Ph/\/OTHP ph/\/OH 0
Aliphatic and aromatic ketones also formed the respective
acetals under these conditions, although long reaction times 0. .0
were required to obtain satisfactory yields (Table 1, entries GHO
7—11). The reaction of benzaldehyde and acetophenone with HO™™""OH (3equiv) 100
(EtO);CH (1 equiv.), NBS (1 mol%)
(5) (a) Williams, D. R.; Jass, P. A.; Allan Tse, H. L.; Gaston, R.JD. MeOH (2 equiv.), CH,Cl,, rt, 3 h
Am. Chem. S0d.99Q 112, 4552. (b) Schmidt, U.; Meyer, R.; Leitemberger, cl Cl
V.; Grisser, H.; Lieberknecht, ASynthesisl992 1025. Ph " OTBDMS Ph"~""0H -7
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The precise role of NBS is not clear in this method. One produced in smaller amounts in the NBS protocol than from
explanation for this process is that NBS probably generatesthe saturated solution of HBr. Another explanation is that
small quantities of HBr, which may be the actual catalyst NBS could act as a precursor for the formation of Bvhich
for the acetalization reactions. However, when we conduct in turn could behave as a Lewis acid in the reaction medium.
similar acetalization reactions with benzaldehyde in the Nevertheless, at this time we have obtained no experimental
presence of a catalytic amount of a saturated HBr solution evidence for these two features of NBS, and the actual role
in benzene instead of NBS, a drastic rate enhancement wa®f this reagent should be further studied in detail.
observed and the reaction was completed within minutes (15 In summary, we have demonstrated that NBS is a new,
min). This observation may be due to the fact that HBr is efficient, and practically neutral catalyst for 1,3-dioxanation
of aldehydes and ketones. Work on other reactions promoted

(7) General procedure for acetalization of carbonyl compounds NB nd rel m n i rrentl nderw in
catalyzed with NBS: To a solution of carbonyl compound (10 mmol), by S and related co pou ds is curre ty u de ay
(EtO%CH (10-13 mmol), anhydrous methanol (260 mmol), and dry our laboratory.
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