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ABSTRACT

" 2 >—O—O
OH o
\/negative chirality

(A)-1 (R)-3

1-Arylethane-1,2-diols 1, reacting with 4-biphenylboronic acid 2, form the conformationally defined boronates 3 where the aryl and biphenyl
chromophores assume a fixed and known relative disposition. These chromophores thus define an exciton coupled system, whose chirality
(revealed by the sign of the biphenyl CD band at 260 nm) allows an unambiguous assignment of the absolute configuration of the stereogenic
center. This approach provides the hitherto unreported absolute configuration of diols 1c—f.

Chiral acyclic 1,2-diols play a prominent role in organic configurational assignment is still needed. Several research
chemistry. In fact, they are important synthetic intermedtates efforts have been devoted to developing general, simple, and
and auxiliaries in stereoselective processasd the 1,2- reliable methods of assigning the absolute configuration to
diol moiety is present in many natural produtfEheir role acyclic 1,2-diols. To this end some empirical and non-
has been further strengthened by the discovery of the empirical approaches based on the use of CD spectroscopy
asymmetric dihydroxylation (AD) procesthat allows one have been developed but, despite their increasing number,
to obtain chiral 1,2-diols in very high ee’s and, on the basis they still present some limitations. In fact, the CD analysis
of an empirical rulé, with a somewhat predictable stereo- of complexes formed in situ by 1,2-diols and metal iéns,
chemistry. These routinely used empirical predictions how- being a totally empirical approach, does not allow an
ever present some failufeand a method for a safe immediate and completely reliable correlation between CD
spectrum and configuration. On the other hand, nonempirical
(1) Kolb H. C.; Van Nieuwenhze, M. S.; Sharpless, K.@hem. Rev. approaches based on the exciton analysfislichromophoric
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2) (@) Whitesell, J. K.Chem. Re»1989, 89, 1581, (b) Rosini, C.. derivative$ require a conformational determmanon thgt_, in
Superchi, S.; Donnoli, M. IEnantiomer1999,4, 3. the case of acyclic compounds, may constitute a difficult

(3) Hanessian, STotal Synthesis of Natural Products: The Chiron
Approach; Pergamon Press: New York, 1983. (6) To this end several metal atoms have been employed: (a) Cu:
(4) Crispino, G. A.; Jeong, K.-S.; Kolb, H. C.; Wang, A.-M.; Xu, D.; Bukhari, S. T. K.; Wrixon, R. D.; Scott, A. I.; Wrixon, A. Dletrahedron
Sharpless, K. BJ. Org. Chem1993,58, 3785. 1970,26, 3653. Nelson, W. L.; Wennerstrom, J. E.; Sankar, Sl.Rrg.
(5) (a) Hale, K. J.; Manaviazar S.; Peak, S.Tetrahedron Lett1994, Chem.1977,42, 1006. (b) Os: Scott, A. I.; Wrixon, A. 0. Chem. Soc.,

35, 425. (b) Krysan, D. JTetrahedron Lett1996 37, 1375. (c) Vanhessche Chem. Commuri969 1184. (c) Ni: Dillon, J.; Nakanishi, KI. Am. Chem.

K. P. M.; Sharpless K. BJ. Org. Chem1996,61, 7978. (d) Salvadori, P.; Soc.1975,97, 5409. (d) Pr: Dillon, J.; Nakanishi, K. Am. Chem. Soc.
Superchi S.; Minutolo, FJ. Org. Chem1996,61, 4190. (e) Boger, D. L.; 1975,97, 5417. (e) Mo: Frelek, J.; Ikegawa, N.; Takatsuto, S.; Snatzke,
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task®® The problem of the conformational flexibility of the biphenyl one, havit§a well-defined electrically allowed
acyclic 1,2-diols has been successfully overcome, at least intransition at 260 nm, polarized along the biphenyl long axis.
the case of 1,2-diarylethane-1,2-diols, by converting them The use of such a chromophore presents the further
into conformationally defined derivatives such as theif-2,2 advantage that the above absorption band is located in a
dimethyl-1,3-dioxolane® Here the two aryl chromophores, wavelength range free from interference due to absorptions
being rigidly and chirally disposed to each other, give rise of most aryl chromophores. Moreover, since the boron atom
to exciton coupling, and from the sign of the couplet(s) in is si hybridized, new stereogenic centers are not formed in
the CD spectrum the absolute configuration of the starting the boronate preparatidf.
1,2-diol can be nonempirically determined. This method In the boronic esters3, the biphenyl and the aryl
however does not have general validity, requiring the chromophores are placed in a relative disposition which
presence of two chromophores on the stereogenic centers oflepends only on the absolute configuration of the C
the diol. It cannot be applied, for instance, to 1-arylethane- stereocenter, and exciton couplingetween the two chro-
1,2-diols @) where only one chromophoric group is present. mophores can occur. If the Ar group absorbs in the same
The aim of this paper is to show how this approach can be spectral region of the electrically allowed transition of the
easily modified, extending its applicability to monoaryl- biphenyl chromophore, a degenerate exciton couffing
substituted dioldl. occurs. Then a couplet feature corresponding to the 260 nm
In the case of monoaryl diols it is necessary to introduce  biphenyl absorption will appear in the spectrum. Otherwise,
a second chromophore and, at the same time, to transformwhen the two chromophores absorb in different spectral
them into conformationally defined derivatives (e.g., by regions, a nondegenerate exciton coupling will result. This
forming a cycle). In these derivatives the electronic transition type of coupling gives rise to two Cotton effects having
dipoles of the two chromophores must be placed in a fixed opposite sign which correspond to the absorptions of the
and rigid relative disposition which depends only on the chromophores involve@?® (e.g., the biphenyl and the aryl
absolute configuration of the stereogenic centers of the diol. ones). In the case of boronatg&however, the CD band that
This task can be achieved by reactifhigwith a suitable corresponds to the aryl absorption (high-energy component)
derivatizing agent which bears a chromophore with electronic can be overlapped by other bands due to different optically
transitions of known polarization and which can give rise to active transitions (vide infra) and only the low-energy
cyclic, rigid derivatives. Accordingly, 4-biphenylboronic acid counterpart (around 260 nm) is visidfebeing in a region
(2) (Scheme 1) is an ideal derivatizing agent. In fact it can free from other absorptions. Then, depending on the type of
aryl chromophore, the absolute configuration atgan be
s safely and nonempirically determined from the sign of the
Scheme 1 couplet (degenerate coupling) or from the sign of the single
monosignate Cotton effect at 260 nm (nondegenerate cou-

pling).

B(OH)z @ If we consider dioll having an R) absolute configuration,

HO  OH the corresponding boronatdR)-3 has the conformation
2 > depicted in Figure 1. If the aryl group is @substituted
Ar oHO, 4A MS !
la-e Qoo
1a AF:CSH3 Ar

1b Ar = 4-MeOCgH, O: <@> <§>

1c Ar= 4CFLCdis 3a-e

1d Ar = 4-PhCgH,

1e Ar = 2-Naphthyl \_j negative chirality

(R)-3

be easily preparet.It forms cyclic boronates with 1,2-diols

in mild conditions!? and it bears a chromophore, such as Figure 1. In 4-biphenylboronat® derived from 1-arylethane-1,2-
diol and with an R) configuration, the aryl and biphenyl chro-

(7) Treaments of exciton coupling and its application in organic Mophores define a negative chirality.
stereochemistry: (a) Mason, S.®uart. Re».1962,17, 20. (b) Mason, S.
F. Theory II. InOptical Rotatory Dispersion and Circular Dichroism in
Organic ChemistrySnatzke, G., Ed.; Heyden and Son: London, U.K., 1967; . . .
Chapter 4, p 71. (c) Gottarelli, G.; Mason, S. F.; Torre JGChem. Soc. benzene or a 2-naphthyl ring, we can predict the sign of the
I(3>1i°\>/|71, 134‘;39- I:(&) ll-iaré}dabN-t; N?Xag_?i,ﬁ(g?hcg%m.IR§19_7235, t2_57. above-mentioned Cotton effect as follows. The substituted
e) Mason, S. FMolecular Optical Actiity and the Chiral Discriminations P
Cambridge University Press: Cambridge, 1982. (f) Harada, N.; Nakanishi, benzene ChrlomOphore possesses a strongly allowed _transmon
K. Circular Dichroic Spectroscopy: Exciton Coupling in Organic Stereo-  (*A1g— 1Ex,in the parent benzene chromophore) which can
chemistry; University Science Books: Mill Valley, CA, 1983. be describe by a pair of degenerate transition moments

(8) Nakanishi, K.; Berova, N. IrCircular Dichroism: Principles and . . . .
Applications; Nakanishi, K., Berova, N., Woody, R. W., Eds.; vCH Polarized in the benzene plane (the first oriented along the

Pugi)sners Cllnc.’:\l NgW_ YO/&k, (13994;pr ’36398-8 LHoY G 3 C*—Ar direction, the second orthogonal to it). Taking into
arada, N.; Saito, A.; Ono, H.; Murai, S.; Li, H.-Y.; Gawronski, J.; . .

Gawronska, K.; Sugioka, T.; Uda, lEnantiomerl996, 1, 119. Hartl, M.; account that there is free rotation around t_h_e_@‘T bond,
Humpf, H. Tetrahedron: Asymmetr§998,9, 1549. the transverse dipole of tHé,; — E,, transition assumes
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any possible orientation with respect to the biphenyl dipole, configuration of some unknown 1-aryl-substituted diols such
so that the coupling effect is averaged to zErdherefore, as (—)-1c—e. To the best of our knowledge, didle—e have
only the nondegenerdfeexciton coupling between the already been described in optically active form; the absolute
biphenyl transition and the C*Ar dipole will remain. These  configuration of1c has not been reportédwhile the (R)
two dipoles define a negative chirality in (R)-3, and a configuration has been attributed to diols){1d?! and (—)-
negative Cotton effect will be produced that corresponds to 1€?? on the basis of empirical correlations. Enantiopure diols
the biphenyl transition at 260 nm. A similar analysis, leading (—)-1c—e were prepared by ADof the corresponding
to the same prediction, can be performed for the case of thealkenes in the presence of the (DHQBHAL ligand which,
2-naphthyl group. according to the Sharpless empirical rtihould afford diols

To prove the validity of the above considerations, diols having the R) absolute configuration. From these diols the
(R)-(—)-1ab, of known absolute configuratiol§, were boronates<)-3c—e were then prepared and their CD spectra
reacted with 4-biphenylboronic aci@) in CHCE, in the recorded.
presence of 4A molecular sieves (Scheme 1). After filtration,  In the spectrum of+{)-3d a distinct negative couplet was
evaporation of solvent and chromatographic purification observed (Figure 3) between 300 and 230 nm. The presence
(CHCIy), boronates (R)-(—)-3a,tvere isolated in high yield
(~ 90%) and their CD spectra (THF) recorded. The CD
spectra of bothR)-(—)-3aand R)-(—)-3b (Figure 2) showed
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Figure 3. Absorption (UV) and circular dichroism (CD) spectra
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Figure 2. Absorption (UV) and circular dichroism (CD) spectra

of (R)-(—)-3bin THF in the 216-350 nm range. of such a couplet clearly demonstrates that the (degen&rate)

exciton coupling mechanism is operative. The CD spectrum
of (—)-3c showed a feature similar to that dR)-(—)-3a,b,
with a negative Cotton effect at 260 nm, due to a

respectively) at 260 nm, confirming our expectatidhs. nondegenerate exciton coupling. The case of—{-3e
Once the reliability of our approach was verified, we deserves some additional comments: the observed UV

applied this method to the determination of the absolute SPectrum shows absorptions due to the biphenyl (260 nm)
and naphthalene (225 nm) chromophores. In the CD spectrum
the expected negative Cotton effect at 260 nm is clearly
observable, while the high-energy (positive) counterpart at
225 nm is barely detectable. This fact can be explained by
considering that the very low dissymmetry factprelated

to the 220 nm transition prevents any accurate CD measure-

a clear negative Cotton effecAé ca. —3.0 and —5.0,

(10) (a) Rosini, C.; Scamuzzi, S.; Uccello-Barretta, G.; Salvadod, P.
Org. Chem.1994,59, 7395. (b) Rosini, C.; Scamuzzi, S.; Pisani-Focati,
M.; Salvadori, P.J. Org. Chem1995,60, 8289. (c) Rosini, C.; Spada, G.
P.; Proni, G.; Masiero, S.; Scamuzzi,5Am. Chem. S04997,119, 506.

(11) Diorazio, L. J.; Widdowson, D. A.; Clough, J. Metrahedrorl992
48, 8073. Suenaga, H.; Mikami, M.; Yamamoto, H.; Harada, T.; Shinkai,
S. J. Chem. Soc., Perkin Trans. 1995, 1733. Boronic aci@ is also
commercially available from Lancaster, U.K.

(12) Kobayashi, Y.; Mizojiri, R.; Ikeda, El. Org. Chem1996 61, 5391. (19) It is important to point out that at around 260 nm the parent diols

(13) Sagiv, J.; Yogev, A.; Mazur, Yd. Am. Chem. S0d977,99, 6861. 1 show a very weak Cotton effect (& 0.1, see Supporting Information

(14) On the contrary, the derivatization of the diols by simple formation for spectrum ofle, and Fontana, L. P.; Smith, H. .Org. Chem1987,
of cyclic acetals with aromatic aldehydes leads to the introduction of a 52, 3386 for spectrum ofa); therefore the\e values observed for boronates
new chiral center and then to the formation of a couple of diastereoisomers. 3, which are more than 10 times greater, are certainly the result of the

(15) See, for instance: Harada, N.; lwabachi, J.; Yokota, Y.; Uda, I.; exciton coupling between the aryl and the biphenyl moieties.

Nakanishi, K.J. Am. Chem. S0d.981,103, 5590. (20) Nelson, D. W.; Gypser, A.; Ho, P. T.; Kolb, H. C.; Kondo, T.;
(16) Sagiv, JTetrahedron1977,33, 2303. Kwong, H.-L.; McGrath, D. V.; Rubin, A. E.; Norrby, P.-O.; Gable, K. P.;
(17) This kind of analysis has been employed, for instance, to interpret Sharpless, K. BJ. Am. Chem. S0d.997,119, 1840.

the optical activity of théB transition of the naphthalene chromophore in (21) Miao, G.; Rossiter, B. E]. Org. Chem1995,60, 8424.

(R,R-(+)-2,2-dimethyl-4-phenyl-5-(2-naphthyl)-1,3-dioxolane. See ref 10b. (22) Howe, R.; Moore, R. H.; Rao, B. 3. Med. Chem1973,16, 1020.
(18) Ferraboschi, P.; Grisenti, P.; Manzocchi, A.; Santanielld, Ehem. Becker, H.; King, S. B.; Taniguchi, M.; Vanhessche, K. P. M.; Sharpless,

Soc., Perkin Trans. 1990, 2469. K. B. J. Org. Chem1995,60, 3940.
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ment?3 In addition, below 220 nm, overlappitfpf different formed in the corresponding boronate){3f. In the CD

CD bands due to the bipheA$#!® and the naphthalene spectra of £)-3f a negative Cotton effect was clearly visible
chromophoré can occur, thus masking the expected above- at ca. 260 nm and the (R) configuration wamempirically
mentioned band. According to our previous remarks, the assigned to the benzyl carbon atom. This case clearly shows
observed features of the CD spectra of){3c—eare then that the presence of a nonchromophoric substituent in the
correlated to the (R) configuration of the parent diol, thus 1- or 2-position does not affect the aryl/biphenyl coupling
confirming the configurational assignment made on the basisand therefore the assignment of the absolute configuration

of the AD Sharpless rule.

This approach to the determination of the absolute con-

figuration can also be applied to aeyythroor threo 1-aryl-
1,2-diol substituted in the 1- and/or 2-position with alkyl

of the G stereocenter. Thus, if therythrothreorelationship
is known, with the present method it is possible to assign
the configuration of both the stereocentérs.

In conclusion, we have described herein a simple and

groups or other nonchromophoric moieties. As an example reliable nonempirical approach to the assignment of the

of application to 1-aryl-2-alkyl-1,2-diols, we discuss the
following case. The diolf is a metabolite derived from the
in vivo detoxification of E)-anethole (1-(4methoxyphenyl)-

absolute configuration of 1-arylethane-1,2-diols. According
to this method, it is only necessary to prepare the 4-biphenyl-
boronic esters of the diols and to record their CD spectra in

prop-1-ene), an aromatic substance present in anise and othahe 230—320 nm range. If a negative couplet or a negative
spices’® and its absolute configuration has been determined Cotton effect is observed at ca. 260 nm, then Beapsolute

only empirically by correlation of the CD spectra of its
camphanyl estet

MeO

(R, AN £

By AD of (E)-anethole with (DHQD)PHAL as ligand,
we prepared thehreo diol (—)-1f, which was then trans-

(23) In fact the 260 nm and the 220 nm transitions carry the same
rotational strength (in absolute value) but they show different dipolar strength
and a differentg factor will result. At 260 nmg is 1.5 x 10°° (which is
already a low limit for accurate CD measurements) while at 220 nm, owing
to a strong increase of the related dipolar strengtis ca. 5x 1076, a
value which makes very difficult any CD measurement.

(24) salvadori, P.; Piccolo, O.; Bertucci, C.; Menicagli, R.; Lardicci, L.
J. Am. Chem. S0d.980,102, 6859.

(25) Marshall, A. D.; Caldwell, JFood Chem. Toxicoll992,30, 467.
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configuration has to be assigned to the aryl-substituted
stereogenic center of the diol. Work is now in progress to
carry out the boronate formation on a microgram scale and
to extend this approach tw andm-phenyl-substituted 1,2-
diols.
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