ORGANIC
LETTERS

Highly Diastereoselective Diels —Alder ol ee

Reaction Using a Chiral Auxiliary 14871490
Derived from Levoglucosenone

Ariel M. Sarotti, Rolando A. Spanevello, and Alejandra G. Suarez*
Instituto de Qimica Organica de Sntesis, Facultad de Ciencias Bioguicas y

Farmacaiticas, Universidad Nacional de Rosario - CONICET Suipacha 531,
S2002LRK Rosario, Argentina

asuarez@fbioyf.unr.edu.ar

Received February 5, 2006

ABSTRACT
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A new chiral auxiliary derived from levoglucosenone is reported. The compound is obtained by a cycloaddition reaction with 9-methoxy
methylanthracene followed by a diastereoselective reduction of the C-2 keto function. The auxiliary has been used as a chiral template in an
asymmetric Diels —Alder reaction of the corresponding acrylic ester derivative with cyclopentadiene. The results showed excellent diastereomeric
excess even at room temperature when the reaction was promoted by Et -AICI as the Lewis acid.

The transfer of chirality through the use of chiral auxiliaries dienophile. Recently, we have reported the design and
has been demonstrated as an effectual means for preparingynthesis of an alcoha? derived from levoglucosenone
enantiopure materials. Most chiral auxiliaries reported in the (Scheme 1) and its use as a chiral inductor in Didiider
literature are derived from naturally occurring compounds.
As part of our program on the pyrolytic conversion of —
biomass into high value chemicals, we have been concerne Scheme 1
with the synthetic application of levoglucosenori¢ (1,6- o
anhydro-3,4-dideoxy-p-glycero-hex-3-enopyranos-2-ul- 0 HI
ose) as a chiral building block in the development of new E j
tools for asymmetric synthesis. This bicyclic enone is the XN
major product of the pyrolysis of cellulose or cellulose- 1 2
containing material such as waste paper.

The Diels—Alder reaction has been among the most

popular and successful synthetic applications of carbohydratereactions of the corresponding acrylate yielding the product
auxiliaries, particularly when they are attached to the With 80% diastereomeric exce$$Attempts to improve the

O ” ” : Trom - nt-facial diastereoselectivity in these cycloaddition reactions
1) Witczak, Z. J., EdLewoglucosenone and keglucosans: Chemistry ; ; _
and Applications: ATL Press: Mount Prospect, 1994. led us to envisage a new acrylate de_nved from Ievoglucose

(2) Witczak, Z. J., Tatsuka, K., Ed€arbohydrate Synthons in Natural ~ none. The introduction of a substituent at the benzylic

Products Chemistry. Synthesis, Functionalization, and ApplicatiaGs position closer to the ester group would introduce a new
Symposium Series; American Chemical Society: Washington, DC, | f . | th i . . dditi |
2003. element of steric control, therefore imposing an additiona

(3) Sarotti, A. M.; Spanevello, R. A.; Suarez, A. Betrahedron Lett. restriction to the transition state. Our approach for the design

2004,45, 8203. . .
(4) Sarotti, A. M.; Spanevello, R. A.; Suérez, A. Getrahedron Lett. of the new molecular scaffold simply relies on the use of a

2005,46, 6987. suitable 9-substituted anthracene derivative as a possible
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source of molecular diversity to tune the efficiency of the || NENENEKEKGNGNGGGGN

asymmetric inductor. Table 1. Reduction of4 at 0°C
Ouir first choice was to use 9-methoxymethyl anthracene

; ; . t t Ivent ield (%) ratio 6/7
(3) derived from the commercially available 9-anthracene- S T¢38¢% oven yield (%) ratio
methanol. Cycloaddition reaction afwith 3 afforded only 1 LiAlH, THF 100 47:53
two of the four possible isomeric products in 99% overall 3 EaEE‘* ﬁegﬁ/cH b1 Sg g;:ﬁ
. a 4 e oUlg 1: B
yield (Scheme 2). 4 NaBH, MeOH/CH;Cl, 5:95 90  70:30
5 L-selectride CHCly 80 0:100

aYield corresponds to isolated products.
Scheme 2. Synthesis of Cycloadduet

PhMe
reﬂux
99 %

4:5=288:12 MeO

Both alcohol6 and 7 have the appropriate functionality
to be tested as chiral auxiliaries in the asymmetric Diels
Alder reaction of the corresponding acrylic ester and cyclo-
pentadiene.

The acrylate8 was simply prepared by the reaction of
acryloyl chloride with alcohob in the presence of triethyl-
amine at 0°C (Scheme 4). The est&was obtained as a

The stereochemical assignments of the new compounds
were made possible by the use'bf NMR spin decoupling
and NOE data. Both adducts corresponded to the product_
derived from the attack of the diene from the opposite face Scheme 4. Synthesis of Acrylaté
of the 1,6-anhydro bridge df Adducts4 (87%) ands (12%)
were identified as the ortho and meta regioisomers, respec-
tively. It was already observed that the ortho regioisomer is p O EgN
generally preferred in cycloaddition reactions of 9-substituted 6 + -
anthracenes with dienophilés. c 81%

The diastereoselective conversiordb the corresponding
alcohol derivatives relies mainly on the competitive steric
encumbrance exerted by the 1,6-anhydro bridge above the
plane of the pyranoside ring and the aromatic rings below ¢qorless oil in 81% vyield. All attempts to synthesize the
it. The reduction of ketond led to the formation of two  gepylic ester from7 failed, probably because of the steric
diastereomeric alcohoB and7 (Scheme 3). Separation of  pingrance surrounding the alcohol position. However, alcohol
these products was easily performed by column chromatog-7 can be reused by oxidation with PCC to generate the ketone
raphy. 4.in 94% vyield.

Diels—Alder reactions of acrylat® and cyclopentadiene

_ were carried out under different thermal or Lewis acid

Scheme 3. Reduction of Cycloadduct promoted conditions. An extensive survey of Lewis acids

o o afforded the expected four isomers depicted in Scheme 5.
O-Z.0oH O7H
4 Reduction S + N O

Med MeO Scheme 5. Cycloaddition Reaction 08 with Cyclopentadiene
6 7
O R /
8 —. ﬂb + Lbs + Exoisomers
COR* Sore
. . . . 2
As shown in Table 1, the conversion #fo the epimeric 9a 9b
alcohols6 and 7 depends on the reaction conditions. It is R*OH =6

noteworthy to mention that the outcome of the reduction of
4 with NaBH, is a function of the MeOH concentration,
favoring the product obtained from the attack of the hydride ~ The stereochemical assignments of each cycloadduct were
from the more crowded face of the carbonyl group (entries based on théH and *C NMR data as well as 2D NMR
2—4). These results can be understood considering aexperiments. The difference in the chemical shift between
coordination between the boron atom and the oxygen of thethe two endo and exo diastereoisomers allowed us to
methoxy group. determine the ratio of endexo andende9a/ende9b by the
analysis of théH NMR spectra of the mixture of isomefs.

(5) Fringuelli, F.; Tatichi, ADienes in the Diels Alder Reaction; John
Wiley & Sons: New York, 1990; Chapter 6. (6) These results were also confirmed by HPLC analysis.
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Table 2. Lewis Acid Promoted Cycloaddition Reactions (Scheme 5)

entry Lewis acid (equiv) solvent temp (°C) time (h) yield (%)* endo/exo endo-9alendo-9b
1 none toluene 110 1.5 72 71:29 29:71
2 none toluene 25 48 90 71:29 17:83
3 none CH.Cl, 25 48 95 76:24 23:77
4 Et2AlICI (0.2) CHyCly 25 48 93 78:22 22:78
5 Et2AICI (0.5) CH,Cl, 25 48 90 80:20 23:77
6 Et2AICI (1) CH.Cly 25 4 76 91:9 92:8
7 Et2AICI (1.5) CH.Cly 25 1 80 92:8 94:6
8 Et2AICI (2) CH.Clq 25 1 70 94:6 95:5
9 Et2AICI (2) CH.Cl, 0 1 70 94:6 97:3
10 Et2AICI (2) CH.Clg -20 1 73 95:5 99:1
11 Et2AICI (2) CH2Cly —40 1 75 97:3 98:2
12 Et2AICI (2) CH2Cly —80 1 80 98:2 99:1
13 EtAICI; (2) CH2Cl, 25 1 88 93:7 92:8
14 EtAICI; (2) CH2Cl, 0 1 89 93:7 93:7
15 EtAICIx(2) CH,Cl, —20 1 87 95:5 95:5
16 EtAICIx(2) CH,Cl, —40 1 97 96:4 95:5
17 EtAICIx(2) CH,Cl, —80 1 94 97:3 93:7
18 TiCls (0.5) CH,Cl, —20 1 92 95:5 86:14
19 TiCls (0.5) CH;Cl, —40 1 83 96:4 89:11
20 TiCl4 (0.5) CHsCly —80 1 79 97:3 93:7
21 LiCl04 5M ether 25 5 84 85:15 53:47
22 AlCl; (1.3) CH2Cl, 0 1 98 92:8 10:90
23 AlCl; (1.3) CH.Clg —40 1 97 96:4 6:94

aYield corresponds to isolated products.

Table 2 shows the selected experimental conditions of the configuration of the 5-norbornene-2-carboxylic acid isolated
Diels—Alder reactions performed in this study. corresponded to the R-enantiomef. It is important to point
The cycloaddition reaction of cyclopentadiene with the out that the chiral auxiliaryy was recovered gquantitatively.
acrylic ester8 was endo diastereoselective, as predicted by To have a better understanding of the diastereoselection
the Alder endo rulé.As expected, the reactions performed process, we performed experiments to detect the formation
under thermal conditions furnished a mixture of adducts in of coordination compounds as intermediates of the reaction.
low zz-facial diastereoselectivity and moderate endo/exo ratio. Magnetic resonance spectroscopy has been a valuable tool
These experimental results were rationalized in terms of the for determining structures and charge distributions of Lewis
fact that the conformation of the dienoph8és not fixed in acid complexes with carbonyl compourfdSpectra of8 in
the absence of Lewis acid. CDCl; solution were recorded prior to and after the addition
As shown in Table 2, thendo-9a/endo-9atio varied of the Lewis acid. Progressive variations in chemical shifts
considerably with temperature, Lewis acid, and substrate/ were observed when thel NMR spectra oB were recorded
Lewis acid molar ratio employed in the reaction. A striking in the presence of increasing concentrations eAEll. As
reversal effect in stereoselectivity was obtained from the shown in Table 3, when 0.5 equiv of Lewis acid was added,
cycloaddition reactions promoted with TiGbr with more the deshielding effect on the vinylic protons suggests that
than 1 equiv of aluminum Lewis acids. These experimental coordination of the Lewis acid takes place with the carbonyl
results suggest that the metal coordination plays a key roleoxygen rather than with the other oxygen-coordination sites
in determining ther-facial selectivity of this chiral dieno-  presentirB. The shifting of the other protons in the molecule
phile. Surprisingly, diethylaluminum chloride @E{Cl) diminished significantly because the shielding or deshielding
promoted the most diastereoselective Digddder reaction effect is markedly attenuated with the distance from the
observed in this study. The use of,AlCI (2 equiv) in interaction site. When 1 equiv of &ICl was added to the
dichloromethane afforded both high levels of endo diaste- solution of compoun®, the deshielding effect in the vinylic
reoselection and the highest endo/exo ratio for all the Lewis protons increased. The downfield shifts for Heado-H-6,
acids screened (entries-82). It is noteworthy to mention  andexo-H-6 were also significant, suggesting the formation
the high diastereoselectivity obtained even when the reactionof a chelate species involving the acryloyl oxygen and the
was performed at room temperature (entrie8p The sense  oxygen of the 1,6-anhydro bridge. A progressive variation
of asymmetric induction in these Dielg\lder reactions has  of the chemical shifts was observed with 1.5 equiv of Lewis
been established by hydrolysis of the addiect The absolute

(8) Chang, H.; Zhou, L.; McCargar, R. D.; Mahmud, T.; HirstQIrg.
Process Res. Del999,3, 289.

(7) (a) Alder, K.; Stein, GAngew. Chem1937,50, 510. (b) Fringuelli, (9) Shambayati, S.; Schreiber, S. L. @omprehense Organic Synthesis
F.; Taticchi, A. The Diels—Alder Reaction. Selected Practical Methods; Trost, B. M., Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 1,
John Wiley & Sons: New York, 2002; Chapter 1. Chapter 1.10.
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Table 3. SelectedtH NMR Chemical Shifts (in ppm) fo8 Scheme 6. Diels—Alder Reaction o8 Promoted by BAICI
Recorded in the Presence obLAKCI

O-—AELCI
Lewis acid added (equiv) $ ;
atom none 0.5 1 1.5 2 —_— ‘ / - COR*
H-1 5.12 5.13 5.41 5.79 5.82 MeO
H-2 4.36 450 465 475 476 10 %
H-3 2.66 2.73 2.80 2.84 2.83 T
H-4 2.18 2.20 2.23 2.95 2.24
H-4a 4.17 416 4.18 4.19 4.18
H-5 4.65 4.66 4.76 4.89 4.88
endo-H-6 3.69 3.69 3.78 3.90 3.89
exo-H-6 3.75 3.75 3.87 4.03 4.02 — Aﬁ"’
H-7a 4.12 413 4.15 4.19 4.20 COR*
H-Tb 4.37 4.39 4.40 4.41 4.41
H-8 3.49 3.48 3.48 3.49 3.49 o
H-2' 6.20 6.47 6.65 6.68 6.68
cis-H-3 6.51 6.74 6.91 6.95 6.96
trans-H-3 5.89 6.16 6.36 6.42 6.41 selectivity. This type of Lewis acid behavior has precedent

for its occurrence in other systeris.
In conclusion, we have synthesized the excellent chiral
acid. An additional salient feature was that the chemical shift auxiliary 6 for use in the Diels-Alder reaction. The adduct
of the hydrogen at position 8 did not vary, demonstrating optained from the reaction of the corresponding acrylate and
that the oxygen of the methoxy group was not involved in cyclopentadiene is generally formed with high diastereo- and
the formation of the chelated complex. . stereocontrol even at room temperature. Saponification of
According to these experimental results, it is possible to {he acrylic ester provided the free carboxylic acid and the

postulate that at least two types of acrylate/Lewis acid cpijrgl auxiliary in good yields. Auxiliaryé was easily

complexes can be formed depending on the amount of Lewisgeparated from the acid and could be reused.

acid employed as the promoter (Scheme 6). The Biglder
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