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Table I
Acetal Formation
Mole ratio Temp, % yield'z

Registry no, Aldehyde Alcohol aldehyde/alcohol °c Time, hr No catalyst ®'-A1Cl3b
100-52-7 Benzaldehyde 1-Butanol® 0.21 95 2.5 8 21
Benzaldehyde 2-Butanol? 0.21 95 92 0 0
552-89-6 o-Nitrobenzaldehyde 1-Butanol 0.21 45 3 1 40
o-Nitrobenzaldehyde 1-Butanol 0.21 95 18 0 62
104-88-1 b-Chlorobenzaldehyde 1-Butanol 0.21 95 18 1 32
123-11-5 b- Anisaldehyde 1-Butanol 0.21 95 93 0 0
90-02-8 o-Salicylaldehyde 1-Butanol 0.21 95 47 0 0
535-16-8 p-Nitrobenzaldehyde 1- Butanol 0.21 95 24 0 48

@ Yields determined by VPC with added internal standard of m-chlorotoluene. ® One-half gram of ®A1013usedper 20 mmol of aldehyde

¢ Registry no., 71-36-3. ¢ Registry no., 78-92-2.

Table IT
Competitive Rate Factors for Dibutyl Acetal Formation
from Para-Substituted Benzaldehydes®

General Procedure. Reactant concentrations, temperatures,
times, product, and yield data are given in Table I. The aldehyde,
alcohol, anhydrous benzene (5 ml/20 mmol of aldehyde), and 0.5 g
of ®-AlCl3 per 20 mmol of aldehyde were stirred in a closed reac-

Substituent Ry/ky tion tube for the appropriate temperature. After the desired reac-

tion time, aliquots were removed and analyzed by gas-liquid chro-
NO, 1.36 matography on a Hewlett-Packard Model 5750 flame ionization
N(CH,),? 0.00 gas chromatograph. The columns used were 6 ft X 0.125 in, 3% sili-
H 1.00 con gum rubber on Chromosorb W and 10% Carbowax 20M on
1 1.08 Chromosorb P. Yields were determined by the addition of the in-

4 20 mmol of substituted benzaldehyde, 20 mmol of benzalde-
hyde, excess 1-butanol, and 0.55¢g of ®A1Cl3 stirred .at 55°.
% Registry no., 100-10-7.

itive rate data (see Table II) for various para-substituted
benzaldehyde reactions with 1-butanol and (®-AlCls.

Consistency of (®-AlCl; preparation was demonstrated
by two different batches which gave yields of the acetal
from o-nitrobenzylaldehyde and 1-butanol within 0.1%.
Some catalysis by polymer (styrene-1.8% divinylbenzene
copolymer) alone was also shown in the case of the o-nitro-
benzaldehyde—1-butanol reaction. Yields of 67% acetal
compared to the (®-AlCly catalysts were observed. The
cross-linked polystyrene alone probably works as an en-
trapment agent for the water formed in the reaction. The
total catalytic activity of (®)-AlCl; is no doubt derived from
both its Lewis acid nature of the bound aluminum chloride
plus the ability of the cross-linked polystyrene to entrap
water.

The ®-AlCl3 was also an effective catalyst for the hy-
drolysis of acetals. For example, heating the diethyl acetal
of o-chlorobenzaldehyde with (®-AlCl; in benzene-metha-
nol-water (2:6:1) for 17.5 hr gave a 61% yield of o-chloro-
benzaldehyde together with 34% of o-chlorobenzaldehyde
dimethyl acetal and 5% of a product tentatively identified
as the methyl ethyl acetal. Under similar conditions a
blank containing all reagents but ¢)-AlCls produced only
4% of the aldehyde and 2% of the mixed methyl ethyl ace-
tal.

(®-AICl3 is a useful catalyst for synthetic reactions which
require both a dehydrating agent and a Lewis acid. Though
its versatility is rather limited, on a larger scale, it may be
quite useful because the reagents can be recycled and be-
cause the catalyst’s reactivity is somewhat attenuated be-
cause of the presence of the polymer. For reactions requir-
ing an acid catalyst in compounds with a sensitive secon-
dary functional group, ®-AlCl; may well be the reagent of
choice. Extensive electron microscopic studies detailing the
exact structure of (®)-AlCl; will be published shortly.

Experimental Section

All alcohols and aldehydes were reagent grade and the latter
were redistilled prior to use. ()-AlCl3 was prepared as before.?

ternal standard of m-chlorotoluene. Preparative reactions were
performed as above. Isolation of products was accomplished by fil-
tration of (®)-AlCl3 and distillation of the filtrate. Products were
identified by VPC, NMR, ir, and comparison with authentic sam-
ples.
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Registry No.—p-Nitrobenzaldehyde dibutyl acetal, 19706-87-
7; p-(dimethylamino)benzaldehyde dibutyl acetal, 53951-32-9;
benzaldehyde dibutyl acetal, 5395-08-4; p-chlorobenzaldehyde di-
butyl acetal, 53951-33-0; o-nitrobenzaldehyde dibutyl acetal,
53951-34-1; AlCls, 7446-70-0.
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The use of an optically active NMR shift reagent, such as
Eu(hfac)s, offered an interesting approach to the problem
of the determination and correlation of configuration, or
the evaluation of the optical yield of reactions. The princi-
pal effect of such optically active shift reagents is the sepa-
ration of NMR signals for the corresponding enantiomers
by the selective complexation of one enantiomer. In this
study we report the application of Eu(hfac)s (europium 3-
trifluoroacetyl-d-camphorate) to the determination of the
configuration at C-2 of a series of derivatives of 2-methyl-
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5,6-dihydro-a-pyran 6,6-diacids. The five compounds we
used were (2R)-2-methyl-5,6-dihydro-a-pyrano-6,6-dicar-
boxylic acid (1), the dimethyl ester of this acid (3), diethyl
2-methyl-5,6-dihydro-a-pyrano-6,6-dicarboxylate (2), di-
ethyl cis-2,5-dimethyl-5,6-dihydro-a-pyrano-6,6-dicarbox-
ylate (4), and diethyl trans-2,5-dimethyl-5,6-dihydro-a-
pyranodicarboxylate (5). The conformation of this family
of compounds has recently been established.!-® The work-
ing principle of our study is that the ozonolysis of optically
active compound 1 (or 3) gives the lactic acid? (Scheme I).
Comparison of the NMR spectra of model optical isomers
of lactic acid (R or S) and the lactic acid obtained from the
ozonolysis—recorded in the presence of Eu(hfac); in etha-
nol-d—permitted us to conclude that the lactic acid from
the ozonolysis is 70% R. In fact, the induced shifts of CH
and CHjs protons were different for the isomers of lactic
acid. These shifts are bigger for the complex of the R acid
and Eu(hfac)s. We reexamined the 220-MHz NMR spectra
of compounds 1 and 3 (optically active) and their racemic
derivatives 2, 4, and 5. The spectrum-of 3 recorded in the
presence of Eu(hfac)s revealed that the induced shifts of
the H-2 and CHj-2 protons are § 0.98 and 0.52,5 respective-
ly (Table I). ‘

The direct application of Eu(hfac)s to the racemic com-
pounds 2-5 showed a separation of the signals for H-2 and
CH3-2. Comparison of the values of the induced shift for
the racemic and the optically active (R)-3—with the same
quantity of the shift reagent—permitted us to conclude
that of the pairs of optical isomers the one with a larger Aé
has the R configuration. On searching for the verification of
this conclusion, we observed a similar splitting of signals
for the ester 2, which means that the complex R ester-d
shift reagent showed a slightly larger Aé than the epimeric
complex S ester-d shift reagent. The quasiracemate forma-
tion between the optically active shift reagent and the
asymmetric center of the compound is characterized by the
smaller AS. This is a different representation of the fact
that the lanthanide complex has its own symmetry.

For the two diastereomers 4 and 5 (asymmetric centers
at C-2 and C-5), the corresponding racemic mixtures are
composed of R,S + S,R and R,R + S,S, respectively. A sep-
aration of signals by the same method was observed for the
protons of H-2 and CHj3-2 but the corresponding signals of
H-5 and CHj-5 remained unchanged. These results can be
explained by the position of the complexation site, which
for the dihydropyranol esters is known to be on the oxygen
close to C-2.!

The successful application of the optically active shift re-
agent technique to the reactions of epimerization, racemi-
zation, asymmetric induction, or simply to the identifica-
tion of configuration depends mainly on the use of a high-
resolution spectrometer and an appropriate solvent, and on
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TableI
Chemical Shifts of Selected Protons®

H-2 CH3-2 H-5 CHg-5 H-3 H~4

Lactic acid (R)? 4,50 1.34
Lactic acid (S5 4.28 1.19
1 (R) 4,84 1.45 3.10 5.52 5.92
2 2R) 5.01 1.62 5.55
(2s)  4.90 152 °1° 551 286
3 @2R) 5.12 1.57
29) 190 149 322 5.82 6.17
4 (2R,5S) 5.22 1.81 5.66
@s,5R) 5.11 1.3 °2° 1.25 gy 6.03
5 (2R,5R) 4.89 1.84 5.73
(2s,58) 4.78 1.53 3.30 1.28 570 ©:02

o After addition of 0.1 mol of Eu(hfac)s in CDCl; (10.0%). 2 In
ethanol-d.

the asymmetric center being relatively close to the com-
plexation site.

Experimental Section

The prefix dl has been omitted from the names of most racemic
compounds described. The NMR spectra in- CDCl3, CD30OD, or
CyD50D were registered on a Varian HR 220 MHz spectrometer.
The shift reagent Eu(hfac)s was purchased from Norell Chemical
Co., Ltd. The compounds 1-5 were prepared in a bomb tube and
purified by preparative VPC.1# The ozonolysis was carried out in
the Mathieson ozonizer in 10% methanol solution. The physical
constants of the compounds follow: 1, mp 112-114° (yield 60%); 2,
bp 79° (0.1 mm) {55%); 3, mp 92-93° (50%); 4, bp 82° (0.17 mm)
(47%); and 5, bp 84° (0.12 mm) (34%). The separation of the opti-
cal isomers of 1 [oD (Ho0O) +14°] has been carried out through the
brucine salt recrystallization. The (R)-lactic acid [aD (H20) +3.8°]
was bought from Sigma Chemicals Co.
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The 1,2 shift of cyclopropyl to an electrophilic center rel-
ative to hydride, alkyl, and pheny! shifts has been investi-
gated in a number of reactions. In the reaction with nitrous
acid of 2-cyclopropylethylamine? and in the solvolysis of



