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1,2-Dihydroxy benzenes have been protected as cyclic diacetals using 2,3-butane dione. These diacetals
are extremely robust and can be further chemically diversified and resolved with chirality embedded in
the 1,4-dioxane ring attached to the aromatic back bone as a result of the anomeric effect. These systems
can serve as ligands, auxiliaries or organocatalysts for asymmetric synthesis.
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1,2-Diacetal motifs have been extensively used as selective 1,2-
diequatorial diol protecting groups1 and also for stereo-controlled
transformations2 by virtue of their ability towards retention and
transmission of chirality.3 Several applications have been reported
in the literature where the motif’s chiral memory protocol can lend
itself as a powerful synthetic tool for constructing asymmetric
building blocks.4 In all the reported studies on the use of 1,2-ace-
tals, especially 2,3-butane diacetals (BDAs)5 the diols that were
protected for further synthetic manipulation were always those
attached to at least one sp3 carbon atom.6 Until now no attempt
has been made to ascertain if 1,2-diols attached to sp2 carbon
atoms such as catechol or 1,2-dihydroxy substituted benzenes
can be protected as 1,2-diacetals. The present work was inspired
by the pioneering contributions of Ley’s group1–4 and relates to
the development of a synthetic protocol enabling the preparation
of substituted racemic and optically active benzenes containing
1,2-diols protected as diacetal groups.

Considering that 1,2-diacetals are normally used to protect anti
or diequatorial 1,2-diols it was envisaged that the protection of
1,2-diols attached to unsaturated sp2 carbon atoms and aromatic
species such as catechol or substituted 1,2-dihydroxy aromatic
compounds with 2,3-butane dione7 or any similar alkyl dione8

may be tedious and require a multi-step approach.9 However, we
found that catechol when treated with trimethyl orthoformate
ll rights reserved.
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).
and boron trifluoride diethyl etherate in methanol gave the re-
quired diacetal 1 which was isolated in good yield.

Having prepared the diacetal, we were keen to explore the possi-
bility of making substituted benzenes with varying functionality
and to obtain the compounds with this motif in its chiral form. We
envisaged that making a BDA protected 1,2-dihydroxy aniline or
benzoic acid would allow us to use such functional handles to facil-
itate resolution and isolate the enantiomerically enriched constitu-
ents. These compounds would now have a chiral framework in the
form of a substituted diacetal functionality attached directly to the
aromatic backbone allowing the molecule to possess chirality.

Accordingly, the BDA protected catechol 1 was subjected to a
series of conditions that allowed us to obtain aniline 3 in its solid
crystalline form as shown in Scheme 1. We now needed to find a
suitable way to resolve the aniline where chirality was embedded
in the 1,4-dioxane ring as a result of the favourable anomeric ef-
fects and equatorial placement of functionality. After several at-
tempts we succeeded in finding a scalable method that allowed
for the resolution of the BDA isomers. The procedure involved
treating the aniline 3 with phthalic anhydride10 and the resulting
amide 4 was stirred with either (R) or (S) homochiral methylben-
zylamine in isopropyl alcohol at room temperature overnight and
during this time a colourless solid separated out which was filtered
and dried.

This enriched diastereomeric salt which separated as colourless
solid was suspended in methanol and heated to 60–65 �C for
15 min and filtered under hot conditions.
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Scheme 1. Synthesis of chiral anilines.

Figure 1. ORTEP diagram of compound 5a, 6a and 6b.
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Scheme 2. Synthesis of chiral benzoic acids.
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This process was repeated to yield a highly enriched diastereo-
meric salt. The stereochemistry of the optically active butane diac-
etal moiety was confirmed from X-ray data of the diastereomeric
salt formed from the chiral methylbenzylamine11 (Fig. 1). As ex-
pected the 1,2-dimethyl groups were in a pseudo equatorial posi-
tion with the 1,2-dimethoxy groups in the pseudo axial positions.
The salt formed with (R)-(+)-methylbenzylamine [(R)-(+)-1-phen-
ylethylamine] gave the R,R isomer 5a. Resolution of the diastereo-
meric salt prepared by treating the amide 4 with (S)-(�)-
methylbenzylamine [(S)-(�)-1-phenylethylamine] gave the S,S
isomer. The chiral anilines 6a and 6b were easily obtained by treat-
ing the above diastereomeric salts with aqueous 5 N sodium
hydroxide. Having succeeded in resolving the anilines with the
BDA rings attached in optically active forms, we looked into the
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protection of 3,4-dihydroxy benzoic acid as a butane diacetal and
again this was achieved using similar conditions that were applied
to catechol (Scheme 2). The diastereomeric salt 10a was prepared
by stirring the acid 8 with a chiral a-methylbenzylamine to resolve
the isomers. The salt formed with (R)-(+)-methylbenzylamine [(R)-
(+)-1-phenylethylamine] gave the S,S isomer 11b while the salt
from (S)-(�)-methylbenzylamine [(S)-(�)-1-phenylethylamine]
gave the R,R isomer 11a. We now had two ways to prepare enan-
tiomerically enriched 1,2-dihydroxy benzenes protected as butane
diacetals with suitable functionality that could be used for further
synthetic conversion and construction. The next objective was to
ascertain the stability of the acetal functionality and find suitable
applications for such systems. We set upon exploring the plausibil-
ity of using such compounds as ligands for asymmetric catalysis
and in this regard decided to construct atropisomeric bisphos-
phines having the chiral BDA motif. The preparation of such ligands
would allow us to subject the BDA functionality through a series of
chemically diverse conditions that would allow us to test the
stability of this group.
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Table 1
Asymmetric hydrogenation—comparative study

Entry Substrate Conditionsc

1 F3C

O O

OC2H5

10 bar, 110 �C
1 h, EtOH

2

O O

OC2H5C2F5

10 bar, 110 �C
1 h, EtOH

3 S
O

O

OC2H5

10 bar, 80 �C
24 h, EtOH

4

F O O

OC2H5

10 bar, 80 �C
24 h, EtOH

5 O
O

O

O

20 bar, 50 �C
24 h, MeOH

a L1 = (R)-BINAP, L2 = (R)-SEGPHOS, L3 = (R)-17.
b Enantiomeric excess measured by chiral HPLC and GC.
c Reactions were conducted on a 1-mmol scale with 1 mol % of in situ prepared RuBr
Our proposed plan was to subject the aniline to conditions
required for diazotization to obtain a halide, preferably an aryl bro-
mide as depicted in 12. It was apparent that the aryl bromide 12
could then be converted into a phosphine oxide 1312 followed by
ortho-lithiation to obtain iodide 14. The subsequent homo coupling
under Ullmann conditions followed by reduction would yield the
bisphosphine ligand 17 with dual chirality resulting from the
BDA components and the atropisomeric biphenyl structure. The
BDA group proved to be extremely stable and no trace of any
deprotected diol was noticed while performing the synthetic se-
quence. As envisaged, the bisphosphonate was obtained but sur-
prisingly with a diastereomeric ratio of 84:16 for the resulting
atropisomeric biphenyls. It appears that the chiral BDA component
is having an effect in allowing for one diastereoisomer to form as
the major product in the Ullmann reaction13 (Scheme 3). The bis-
phosphines were further enriched to an optically pure form
(>99% ee) using O,O-dibenzoyltartaric acid. The (+)-bisphosphine
was enriched using (+)-O,O-dibenzoyltartaric acid14 and the (�)-
bisphosphine was enriched using (�)-O,O-dibenzoyltartaric acid.
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Atropisomeric ligands such as BINAP and several other related
systems have proved to be excellent ligands for ruthenium cata-
lysed asymmetric hydrogenations.15 The aryl BDA ligand 17 was
tested and compared for catalytic activity in asymmetric hydroge-
nations along with the commercially available BINAP16 and SEG-
PHOS.17 To ascertain if there could be any added value or
enhancement of activity due to the presence of the BDA function-
ality, we only chose substrates that were reported in the litera-
ture18 where the use of these popular ligands did not provide a
high degree of selectivity resulting in low enantiomeric excess in
the isolated products. A selective comparative study was done
where BINAP19 or SEGPHOS gave poor stereo-induction in ruthe-
nium catalysed asymmetric hydrogenations. The results shown in
Table 1 are very encouraging and clearly show that (R)-17 can
serve as a stable and selective ligand in promoting asymmetric
catalysis.

In conclusion, we have described a method for protecting and
isolating enantiomerically enriched anilines or benzoic acids
containing 1,2-diols. These compounds can serve as precursors to
construct novel and diverse chiral scaffolds. Future work will focus
on the design of other aryl-BDA containing phosphines, amines,
N-heterocyclic carbenes and other chelating systems and gauge
their efficacy in asymmetric and organocatalytic reactions.

Acknowledgements

The authors would like to thank Dr. Ravi Kumar and the Indian
Institute of Chemical Technology for the X-ray crystallography
analysis.

Supplementary data

Supplementary data (Complete experimental details, copies of
1H and 13C NMR for all new compounds. ORTEP diagrams of 5a
(854474), 6a (854475) and 6b (854476), HPLC and GC chromato-
grams.) associated with this article can be found, in the online
version, at doi:10.1016/j.tetlet.2011.11.111.

References and notes

1. Hense, A.; Ley, S. V.; Osborn, H. M. I.; Owen, D. R.; Poisson, J.-F.; Warriner, S. L.;
Wesson, K. E. J. Chem. Soc., Perkin Trans. 1 1997, 2023–2031.

2. (a) Ley, S. V.; Baeschlin, D. K.; Dixon, D. J.; Foster, A. C.; Ince, S. J.; Priepke, H. W.
M.; Reynolds, D. J. Chem. Rev. 2001, 101, 53–80; (b) Lence, E.; Castedo, L.;
Gonzalez-Bello, C. Chem. Soc. Rev. 2008, 37, 1689–1708.

3. Grice, P.; Ley, S. V.; Pietruszka, J.; Priepke, H. W. M.; Warriner, S. L. J. Chem. Soc.,
Perkin Trans. 1 1997, 351–364.

4. Ley, S. V.; Polara, A. J. Org. Chem. 2007, 72, 5943–5959.
5. Berens, U.; Leckel, D.; Oepen, S. C. J. Org. Chem. 1995, 60, 8204–8208.
6. Lence, E.; Castedo, L.; Gonzalez-Bello, C. Tetrahedron Lett. 2002, 43, 7917–

7918.
7. (a) Michel, P.; Ley, S. V. Angew. Chem., Int. Ed. 2002, 41, 3898–3901; (b) Michel,

P.; Ley, S. V. Synthesis 2004, 0147–0150; (c) Michel, P.; Ley, S. V. Synthesis 2003,
1598–1602.

8. Shing, T. K. M.; Leung, G. Y. C.; Luk, To J. Org. Chem. 2005, 70, 7279–7289.
9. Compton, B. J.; Larsen, D. S.; Larsen, L.; Weavers, R. T. Tetrahedron Lett. 2008, 49,

219–221.
10. Perry, C. J.; Parveen, Z. J. Chem. Soc., Perkin Trans. 2 2001, 512–521.
11. (a) Juaristi, E.; Escalante, J.; Leon-Romo, J. L.; Reyes, A. Tetrahedron: Asymmetry

1998, 9, 715–740; (b) Fogassy, K.; Harmat, V.; Bocskei, Z.; Tarkanyi, G.; Toke, L.;
Faigl, F. Tetrahedron: Asymmetry 2000, 11, 4771–4780.

12. Cheng-Chao, P.; Yue-Ming, Li; Zhong-Yuan, Z.; Chan, A. S. C. Tetrahedron Lett.
2002, 43, 2789–2792.

13. Paul, F. E. Synthesis 1974, 9–21.
14. Periasamy, M.; Anwar, S.; NarsiReddy, M. Indian J. Chem. 2009, 48-B, 1261–

1273.
15. (a) Noyori, R. Angew. Chem., Int. Ed. 2002, 41, 2008–2022; (b) Berthod, M.;

Mignani, G.; Woodward, G.; Lemaire, M. Chem. Rev. 2005, 105, 1801–1836.
16. Takaya, H.; Akutagawa, S.; Noyori, R. Org. Synth. 1993, Coll. Vol. 8, 57.
17. Shimizu, H.; Nagasaki, I.; Matsumura, K.; Sayo, N.; Saito, T. Acc. Chem. Res. 2007,

40, 1385–1393.
18. (a) De Paule, S. D.; Champion, N.; Ratovelomanana-Vidal, V.; Genet, J. -P.; Dellis,

P. U.S. Patent US2004/0260101 A1.; (b) Jeulin, S.; De Paule, S. D.; Champion, N.;
Virginie, A.; Ratovelomanana-Vidal, V.; Genet, J.-P.; Dellis, P. PNAS 2004, 101,
5799–5804.

19. Jeulin, S.; De Paule, S. D.; Champion, N.; Ratovelomanana-Vidal, V.; Genet, J.-P.;
Deschaux, G.; Dellis, P. Org. Process Res. Dev. 2003, 7, 399–406.

http://dx.doi.org/10.1016/j.tetlet.2011.11.111

	Synthesis and use of chiral substituted benzenes containing 1,2-diols  protected as cyclic acetals
	Acknowledgements
	Supplementary data
	References and notes


