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Abstract: The coordination of four aldehydes (formaldehyde, acetaldehyde, benzaldehydéraarshcrolein)

to N-sulfonyl 1,3,2-oxazaborolidin-5-one has been studied by means of theoretical calculations. The effect of
alkyl substituents on the ring has also been examined. Coordination can take place on each ring face, the
energy minima presenting different types of interaction: hydrogen-bord®(SH—C or B—0O---H—C) or
syn-periplanar HB---O=C arrangements. In contrast with previous models, a preference for coordination on
the top face has been found (by 2.3 kcal motl). The largest interaction energies hold for complexation

with benzaldehyde 7 kcal mol). The configuration of the major products experimentally obtained in
Diels—Alder and Mukaiyama-aldol reactions can be explained by means of two reaction models. Our results
are consistent with available experimental data for enantiomeric excess. Thus, an enantiomeric excess of 99%
is predicted for benzaldehyde reactions, in good agreement with the highest experimental values (98%). The
only known case where the proposed models are not valid corresponds to reactions catalyzed by
oxazaborolidinones bearing aromatic substituents, because of the stabilization of a structure presenting a
B—0---H—C hydrogen-bond induced by the formation of a charge-transfer complex between the aromatic
ring and the aldehyde.

Introduction Scheme 1
The use of chiral Lewis acids as catalysts of organic reactions g%ﬁ’z
has become one of the most effective methods of asymmetric = ‘———t
synthesis. In particular, a special interest has been paid to . ! ,
N-sulfonyl 1,3,2-oxazaborolidin-5-oné)(derivatived (Scheme R R o
1) because of the simplicity of their syntheses fraramino o-\S_H,\','/" <o
. . . . e . /I > —peT
acids as well as the high enantioselectivities induced. These H Ei

2
catalysts have been mostly applied on Diefdder’* and - R R® .
Mukaiyama-aldol reactiorfsthough good results have also been R R RSECECEETELEELEERR PR LR ’

found for other processés. BOTTOM

Because of the low Lewis acidity of oxazaborolidinones, only
the most reactive substrates can be successfully used in the
corresponding catalyzed reactiohis particular, aldehydes are
largely used in Mukaiyama-aldol reactions and Diefdder

1 R'=H, R%=H, R®=H

cycloadditions (conjugated enals, in the later case). Evidently, knowledge of the structure of the oxazaborolidi-
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none-aldehyde complexes should be useful for a rational design
of more efficient catalysts. Indeed, the aldehyde coordination
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anisms have been proposed that include formation of hydrogen
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Figure 1. Possible anchoring ways for complexes between aldehydes
andN-sulfonyl 1,3,2-oxazaborolidin-5-ond)(

bond between a sulfamide oxygen and the aldehydic cafbon.
By combining the alternative coordination on both top and
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also been published, though no systematic search of energy
minima was apparently dorfg115

In this work, we present a density functional study on the
role of the different anchoring ways in the complexationlof
to different aldehydes ®&€HO: formaldehyde (R= H, 2),
acetaldehyde (R= Me, 3), benzaldehyde (R= Ph, 4), and
acrolein (R = CH,=CH-, 5). The role of substituents has been
examined in a few cases, namel§=RCHjz for complexes with
3 and R = Pr for complexes witht. An S configuration has
been assumed fot-derivatives throughout this work (this
determines the relative orientation of Bnd R as well as the
definition of top and bottom sides according to Scheme 1).
Evidently, the interpretation of the results described here can
be applied to oxazaborolidinones derived fr®amino acids
by considering the specular images of the structures involved.

Methods

Gaussian94 packatfewvas used throughout this work. All calcula-
tions were carried out using the density functional theory (DFT)
approach by means of the B3LYP hybrid functiokarlhis choice was
based on two main reasons. First, recent investigations have demon-
strated that the DFT-B3LYP method leads to excellent results for
geometries and energi&s.0On the other hand, this approach is
substantially less computer demanding than other methods (for instance,
MP2), having a comparable accuracy. Therefore, considering the size
and the number of systems studied, MP2 appeared to be less suitable
than DFT-B3LYP (a typical geometry optimization for a complex took
one week of CPU time in an IBM RISC 3BT workstation).

Full optimization of the structures df, aldehydes, and the corre-
sponding 1—aldehyde complexes were achieved by means of the
6-31G** basis set, whereas single point energy calculations were carried
out by using the 6-31:tG(2d,2p) basis set, because of the good
performance of this contraction pattern on intramolecular hydrogen
bonds!® Unless otherwise stated, only energies computed by means of
this triple< basis set will be considered for discussion. Neither ZPE
nor BSSE corrections were regarded in this work. Only the most stable
conformer §-transconformation}® was considered fds in both isolated
and 1-coordinated forms.

bottom sides and the four possible interaction mechanisms, a Since aldehydes behave as electron-deficient compounds in aldol
total of eight different anchoring ways can be considered (namedreactions and DietsAlder reactions are usually controlled by HO-

as A—H in Figure 1).

Despite some mechanistic studies, the exact role of each

possible anchoring mode is not well-known. Thus, a reaction
model for some DielsAlder cycloadditions catalyzed by certain
aromatic oxazaborolidinones {R: 3-indolyl methyl, 3-indolyl
1-ethyl; R = p-Tol; R® = H) has been proposed by Corey et
al., although the structural details described cannot offer a
general validity inasmuch as the opposite facial selectivity is
experimentally observed when aliphatic amino acid derivatives

MOgiens— LUMO gienophieinteractions, the comparison of LUMO energies
for the complex structures obtained may be an indication of their relative
reactivity, at least to some extent. Note that the energy of the LUMO
has been found to be in all complexes studied substantially lower than
the energy of the next nonoccupied molecular orbital, typically by about
0.1 hartrees. Thus, these values will be given for each complex using
the triple< basis set results.

Results and Discussion
1 and Aldehydes.The geometries obtained fdr and the

are considered as catalysts or when acrolein (instead ofaldehydes studied are shown in Figure 2. The structurgé of

methacrolein) is used as dienopHifeOn the other hand, some

oxazaborolidinone-aldehyde complexes have been studied by

means of MNDG and AM1>13 methods, though some caution

should be taken with the results obtained because of the poor
performance of these semiempirical techniques on hydrogen

bonds!* Finally, studies based on high level calculations have

(9) Corey, E. J.; Barnes-Seeman, D.; Lee, T.Wtrahedron Lett1997,
38, 1699-1702.

(10) Sartor, D.; Saffrich, J.; Helmchen, G.; Richards, C. J.; Lambert, H.
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Encyclopedia of Computational Chemisthy Schleyer, P. v. R., Allinger,
N. L., Clark, T., Gasteiger, J., Kollman, P. A., Schaefer, P. R., lll, Schreiner,
P. R., Eds.; Wiley: Chichester, 1998.

presents a nearly planar ring, whereas the oxygen atoms of

(15) Uggla, R.; Nevalainen, V.; Sundberg, M. Retrahedron: Asym-
metry1996 7, 2725-2732.

(16) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson, G.
A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G.; Ortiz, J. V.; Foresman, J. B.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
Wong, M. W.; Andfs, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-
Gordon, M.; GonZez, C.; Pople, J. AGaussian 94Revision B.3; Gaussian,
Inc.: Pittsburgh, PA, 1995.

(17) (a) Lee, C.; Yang, W.; Parr, Rhys. Re. B 1988 37, 785-789.

(b) Becke, A. D.J. Chem. Phys1993 98, 5648-5652.

(18) (a) Bauschlicher Jr., C. WChem. Phys. Lettl995 246, 40—44.

(b) El-Azhary, A. A.; Suter, H. UJ. Phys. Chem1996 100, 15056-
15063.

(19) Reiling, S.; Brickmann, J.; Schlenkrich, M.; Bopp, P.JAComput.
Chem.1996 17, 133-147.
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Figure 2. Structures ofl and aldehydes.

sulfonyl group are close to the heterocycle plane and the
hydrogen-sulfur bond is approximately perpendicular to the
plane defined by the nitrogen-bonded atoms. This orientation
of the S-substituent agrees with theoretical resultf\omethyl
methanesulfonamidéand experimental data on several aryl-
sulfonamide$? This geometrical arrangement is also found in
RHF/3-21G calculations on a substituted oxazaborolidinone
(R =Pr, R = Ph, R = H),Z indicating that the replacement

of such substituents by hydrogen atoms in the model system

does not lead to substantial changes. As expected, the geometries

obtained for aldehydes show planar frameworks in all cases.
1-2 ComplexesAfter a comprehensive investigation of the

energy hypersurface of th&—2 complex, only the energy

minima corresponding to the anchoring ways A, C, and G could

Figure 3. Structures ofl—2 complexes.

Table 1. Binding Energies (kcal mot) of the -2 Complexes

be localized. The corresponding geometries and binding energies2fter B3LYP/6-31G** and B3LYP/6-31+G(2d,2p) Calculations

are summarized in Figure 3 and Table 1, respectively. In contrast

with previous results obtained at different theoretical levels
(MP2/6-31G* 8 and JMW/DNP® calculations as well as
computation® ! at ab initio RHF level by means of several
basis sets) no energy minimum has been predicted for H
complexes.

(21) (a) Bindal, R. D.; Golab, J. T.; Katzenellenbogen, JJ.AAm. Chem.
Soc.199Q 112 7861-7868. (b) Heyd, J.; Thiel, W.; Weber, W. Mol.
Struct. (THEOCHEM997, 391, 125-130.

(22) For example, see: (a) Beddoes, R. L.; Dalton, L.; Joule, J. A.; Mills,
O. S,; Street, J. D.; Watt, C. I. B. Chem. Soc., Perkin Trans.1D86
787—797. (b) Shipov, A. G.; Orlova, N. A.; Kobzareva, V. P.; Mozzhukin,
A. O.; Antipin, M. Yu.; Struchkov, Yu. T.; Baukov, Yu. [Zh. Obshch.
Khim. 1993 63, 371-377. (c) Helliwell, M.; Zhao, Y.; Joule, J. AActa
Crystallogr. 1997, C53 884—886.

(23) Nevalainen, VTetrahedron: Asymmetry996 7, 1449-1456.

structure B3LYP/6-31G** B3LYP/6-311G(2d,2p}
A —4.6 -0.9
C —5.2 —2.0
G —-3.0 +0.3

aB3LYP/6-31G** geometries.

Preference for structure H has been reported in the literature
through RHEP1or DFT-LDA® (local density approximation)
calculations. It may be attributed to an artifact of these methods
which is probably related to an overestimation of the net charge
on the sulfamide oxygen atoms. Indeed, poor results are obtained
for S=O bond-containing molecules with such techniques
(exaggeration of dipole moments in RHF calculatiéheyer-

(24) Alkorta, 1. Theor. Chim. Actal994 89, 1-12.
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estimation of the SO length by LDA method®8). MP2/6-31G*

calculations also predict a minimum energy for structure H,
though this form is substantially less stable than G (by 4.7 kcal
mol~1).8> The latter computations are certainly more reliable
than either RHF or LDA. Differences with respect to our values
may be ascribed in part to basis set effects due to the lack of

polarization function on H-atoms. MP2/6-31G** calculati&hs

have also been done but they were mainly devoted to the study

of the of B-0O---H—C and H-B---O=C interactions in complex

1-2 showing that no-minima exist for the former arrangement

J. Am. Chem. Soc., Vol. 121, No. 46, 1995/5

Table 2. Binding Energies (kcal mol) of the 1-3 Complexes
after B3LYP/6-31G** and B3LYP/6-311G(2d,2p) Calculations

structure B3LYP/6-31G** B3LYP/6-314G(2d,2p}
A -7.9 —4.2
B -5.2 2.2
C -8.7 -5.2
G —6.4 2.9

aB3LYP/6-31G** geometries.

The LUMO energies for A and C structures are, respectively,

at that computational level. It is interesting to note that such a —0.132 and-0.119 hartrees. Therefore, these values suggest a
conclusion is reached here too, although we show below thatlarger reactivity for complex A.

structures of type B or F may indeed be obtained for other

aldehydes.

1-3 Complexes.The investigation of the potential energy
hypersurface of thel—3 complex allowed to localize four

Structural data for the complexes considered can be used tadifferent anchoring ways (corresponding to structures A, B, C,
interpret the origin of their relative energies (see Figure 3). For and G), shown in Figure 4, whereas the corresponding binding

structure A, the geometrical features of the=G--H—C

interaction agree with the existence of a hydrogen bond. Thus,

the C-H---O angle (140) agrees with typical experimental
values found for this type of bonds (12Q@80C),26 whereas the
short oxyger-hydrogen distance (2.19 A) indicates a relatively

energies are gathered in Table 2.

Energy values show that the complex formation is exothermic
for all four anchoring ways. When analogous structures are
compared, one can observe that complexe8 afe ~3 kcal
mol~1 more stable than those correspondin@,tin agreement

strong interactioi® Previous theoretical studies have shown that with the greater Lewis basicity of the form&A preference

S=0---H—C interactions can lead to significant stabilizatidhs.

for coordination to the top face can be noticed, that on the

For structures C and G, approximately planar dispositions bottom side being disfavored by 2.3 kcal mblAs found for

are found for the atom connections18:--:O=C—H in such a

1-2 complexes, the most favorable anchoring way corresponds

way that the hydrogen atoms involved are placed at distancesto form C. Structure A energy is 1 kcal mélhigher, and the
of 2.31 A (structure C) and 2.22 A (structure G). The existence other structures are less stable than C by more than 2 kcatmol

of form G had been predicted by MP2/6-31G* calculations,

Interestingly, the preference for structure C had already been

although its stability had been explained in terms of a predicted by MNDO calculations for a related systent &R

S=0-:*H—C hydrogen bond. However, we think that this
interaction cannot be present in G since the computedHO

'Pr, R =Ph, R=H, R*=Pr)’
These results can be used to model the behavior of aliphatic

distance is rather large (e.g., 2.52 A for the MP2/6-31G* aldehydes on Mukaiyama-aldol reactions catalyzed by ox-

geometr§ and 2.54 A for the B3LYP/6-31G** calculation).
The triple< single point calculations (see Table 1) lead to

azaborolidinones. Thus, we propose two different reaction
models (named as | and Il in Figure 5), which are based,

binding energies which are substantially smaller than those respectively, on structures A and C. We assume in both cases

derived using the doublé-basis set (note that form G has now

steric hindrance of Rforces R to be placed on the opposite

a positive value). This result agrees with theoretical computa- ing side (shown as top and bottom face, respectively), as
tions for other formaldehyde-Lewis acid complexes showing proposed by Helmchen and co-workétsEurthermore, the
that the increase of the flexibility of the basis set leads to a origin of diastereoselectivity is attributed to the steric repulsion

decrease of the binding energy calculat&ddecause of the

in the transition state between the incoming reactant and

magnitude reduction of the basis set superposition error by different groups of the catalyst tRor model | and the sulfamide
increasing the basis set flexibility, the binding energy decrease 0xygen atoms for model Il). As one can remark, both reaction

could be due in part to such an effect.

models predict the attack on the Si face of the aldehyde.

As shown in Table 1, relative energies predict a slight Although calculations suggest a preference for model I, the

preference for structure C which is 1.1 kcal mbbelow A
and 2.3 kcal mol' below G. Thus, these results indicate

predilection for coordination on the top face. Such a preference

has been attributed to a directing effect of tlRSR, groupl®
Curiously, the small size of th&substituent considered in this

low energy difference involved does not allow ruling out a
significant role for model I.

The experimental results on the configuration of the major
products obtained in Mukaiyama-aldol reactions show a complex
pattern (Scheme 2). The stereochemistries of the compounds

model (R = H) shows that this effect presents a noticeable obtained in a number of these reactions by using aliphatic
nonsteric component. This result can be considered as a newdldehydes agree with the attack to the Si face of the aldetyie,

example of diastereofacial selectivity induced by stereoelectronic

effects?®

(25) (a) Altmann, J. A.; Handy, N. C.; Ingamells, V. Bt. J. Quantum
Chem.1996 57, 533-542. (b) Altmann, J. A.; Handy, N. C.; Ingamells,
V. E. Mol. Phys.1997, 92, 339-352.

(26) Steiner, TChem. Commuril997, 727—-734.

(27) (a) Sueez, D.; Lpez, R.; GonZaz, J.; Sordo, T. L.; Sordo, J. A.
Int. J. Quantum Chenl996 57, 493-499. (b) Moran, D. H.; Karuso, P.
Ab initio Molecular Orbital Study of> S=0---H—Cay Hydrogen Bond
Interactions poster presented in the Fifth Electronic Conference of
Computational Chemistry (Northern lllinois University, Dekalb, 1998).

(28) Branchadell, V.; Oliva, AJ. Am. Chem. Sod.991 113 4132
4136.

(29) (a) Cieplak, A. SChem. Re. 1999 99, 1265-1336. (b) Ohwada,
T. Chem. Re. 1999 99, 1337-1375. (c) Adcock, W.; Trout, N. AChem.
Rev. 1999 99, 1415-1435.

(30) Rauk, A.; Hunt, I. R.; Keay, B. Al. Org. Chem1994 59, 6808—
6816.

(31) (a) Takebuchi, T.; Hamada, Y.; Shioiri, Tetrahedron Lett1994
33, 5239-5242. (b) Kiyooka, S.-i.; Kira, H.; Hena, Mletrahedron Lett.
1996 37, 2597-2600. (c) Kiyooka, S.-i.; Yamaguchi, T.; Maeda, H.; Kira,
H.; Hena, M. A.; Horiike, M.Tetrahedron Lett1997 38, 3553-3556.

(32) Kiyooka, S.-i.; Maeda, Hletrahedron: AsymmetrQ97, 8, 3371~
3374.

(33) Kiyooka, S.-i.; Hena, M. ATetrahedron: Asymmetr§996 7,
2181-2184.

(34) Kiyooka, S.-i.; Kaneko, Y.; Kume, K.-iTetrahedron Lett1992
33, 4927-4930.

(35) (a) Parmee, E. R.; Tempkin, O.; Masamune, S.; AbikoJ.AAm.
Chem. Socl991, 113 9365-9366. (b) Parmee, E. R.; Hong, Y.; Tempkin,
O.; Masamune, STetrahedron Lett1992 33, 1729-1732.

(36) Hena, M. A.; Terauchi, S.; Kim, C.-S.; Horiike, M.; Kiyooka, S.-i.
Tetrahedron: Asymmetr{998 9, 1883-1890.
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Figure 4. Structures ofLl—3 complexes.

as predicted by our models. Although a model based on structureways in these catalysts has been analyzed by means of B3LYP/
F also allows to predict the same major prodticsuch an 6-311+G(2d,2p)//B3LYP/6-31G** calculations for the com-
anchoring way is disfavored by our calculations since it does plexes formed betweehand theB-methyl derivative ofl.. Only

not correspond to an energy minimum. On the other hand, A, C, and G structures were computed. As fet3, our results
experimental data on reactions carried out by means of catalystsndicate a preference for structure C, that is more stable than A
derived from §)-tryptophan show the opposite facial selectiv- by 0.6 kcal mof™. A in turn is more stable than G by 1.9 kcal
ity.37 This discrepancy can be attributed to the preference for a mol~. One may note that the methyl-group effect is to decrease
reaction mechanism based on structure B induced by thethe C-A energy difference and to increase the @ one, which
formation of charge-transfer complexes between the indole ring can be attributed to the steric repulsion between the methyl
and the aldehyde, as proposed by Cdrfefhe interaction group bound to boron and the aldehyde hydrogen in C and G
energy necessary to reverse the relative stabilities of structuresstructures.

B and C (more than 3 kcal mol) is consistent with typical The energy of the LUMO predicted for A and C complexes

binding energies of charge-transfer complexes-16 kcal are respectively:—0.115 and—0.106 hartrees in the case of

mol~1).38 nonmethylated derivatives, areD.102 and-0.097 hartrees for
Although oxazaborolidinones bearing—B! bonds (i.e., the methylated ones. Note that the complexation energies are

R3 = H) are usually preferred in Mukaiyama-aldol reactions slightly greater for the methylated derivatives-Q(106 vs

because of their greater reactivityhe analogous-alkylated —0.097 hartrees for C, for instance).

heterocycles have been used in some occasdiohse possible 1—-4 Complexes.In addition to the four structures localized

modification of the relative energies for the different anchoring for the 1—3 complex, form F has also been found for the4
one, all five structures being shown in Figure 6. It can be

(37) Corey, E. J.; Cywin, C. L.; Roper, T. Oetrahedron Lett1992

33, 6907-6910. observed that the formation of a#)---H—C hydrogen bond
(38) () Willner, 1.; Eichen, Y.; Doron, A.; Marx, Ssr. J. Chem1992 as well as the syn-periplanar conformation of theBt--O=C
32,5359, (b) Stynes, D. Vinorg. Chem1994 33, 5022-5029. (¢) Odani,  ¢onnection allow the coordination on both sideslpfvhereas

A.; Sekiguchi, T.; Okada, H.; Ishiguro, S.-i.; Yamauchi, Bull. Chem. . . .
Soc. Jpn1995 68, 2093-2102. (d) Klemm, L. H.; Solomon, W. C.; Tamiz, the formation of a SO---H—C hydrogen bond is only possible

A. P.J. Org. Chem199§ 63, 6503-6510. for the association on the top side. The lack of an energy
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Table 3. Binding Energies (kcal mol) of the 1-4 Complexes
after B3LYP/6-31G** and B3LYP/6-311G(2d,2p) Calculations

structure B3LYP/6-31G** B3LYP/6-314G(2d,2p}
A -10.3 6.7
B -738 —4.9
C -10.0 -7.0
F —6.5 3.4
G -8.1 —4.9

aB3LYP/6-31G** geometries.

by the complex formation. Relative energies show a preference
for structure C, although form A presents a value only 0.3 kcal
mol~! higher. Instead, all other structures correspond to
significantly higher energies (at least 2 kcal mgl The
preference for structure C contrasts with AM1 results for a
related system (R= iPr, R = p-Tol, R = H, R* = Ph),
indicating a global minimum for &13

The results obtained for the—4 complex indicate again a
preference in~2 kcal mol! for the coordination the top face,
in disagreement with the reaction models for related systems
proposed by Corey (R=Pr, R = p-Tol, R = H, R* = Ph)'©
and Kiyooka (R = 'Pr, Rz = p-NO,CgH4, R® = H, R* = Ph)34

The experimental results on the major products obtained from
the Mukaiyama-aldol reactions of benzaldehyde show the same
behavior pattern observed for aliphatic aldehydes. For this
reason, the application of reaction models | and Il allows to
predict correctly the major products obtained in the Mukaiyama-
aldol reactions of benzaldehyde catalyzed by oxazaborolidinones
bearing an aliphatic Rgroup2® whereas tryptophan-derived
oxazaborolidinones induce the opposite configuratfomhis
later result can be explained by means of the particular stability
of structure B because of the charge transfer between the indole
ring and the aldehyd®.

model Il An upper limit for the chiral induction achieved by ox-
Figure 5. Reaction models | and II. azaborolidinones in benzaldehyde reactions can be roughly
estimated by assuming a total shielding for all structures
Scheme 2 regarded (A, C, and F forms leading to the opposite enantiomer
Re face than B and G). For a temperature-678 °C (typical condition
attack for Mukaiyama-aldol reactions), an enantiomeric excess of 99%
/\ is predicted, in good agreement with the highest experimental
X2 OTMS oo values found (98% eé§:3641
N * : H4JkH It could be argued that the presence of a substituent on C4
X \// """ (RY could affect the relative stability of structures A and C
Siface because of the possibility for different steric interactions with
attack the aldehyde group. However, B3LYP/6-31G(2d,2p)//B3LYP/

6-31G** calculations carried out for the complexes formed
between4 and the valine-derivated oxazaborolidinone R
'Pr) have shown again a slight preference for structure A (form

1. 1 derivative l 2. HgO*
C being 0.3 kcal mot* higher) for the most stable conformation

HOH O HQH O of isopropyl group (which has been previously describéor
R4 X! ., R X! a noncoordinated catalyst).
X2 x° X2 X The values of LUMO energies for forms A-0.136 hartrees)
gi"f’:c“:;ft;gg“k Fﬁ’;‘}‘;‘éce‘;’t‘t’gk and C (0.131 hartrees) indicate, as before, a greater reactivity

for structure A in aldol reactions, although the difference is no
minimum for E can be attributed to the geometrical requirements much smaller.
necessary for the formation of such a hydrogen bond (the 1-5 Complexes.All five structures found for thel—4
corresponding hydrogen and oxygen atoms being too far becausgomplex have also been localized for the5 one and are shown
of the orientation of the SO bonds toward the top face). in Figure 7, whereas the corresponding energies are gathered

The energies calculated ftor-4 complexes, gathered in Table  in Table 4. Relative energies show a preference for structure

3, indicate that binding interactions present larger absolute values
than those corresponding 16-3 structures, in agreement with (39) Gung, B. W.Tetrahedron Lett1991, 32, 2867-2870.
a previous theoretical study showing a larger; BFinity of 4 38(1%)5?2?; 4E- J.; Barnes-Seeman, D.; Lee, TTatrahedron Lett1997
relative to that of3.3° This result can be attributed to the greater (41) Kiyooka, S.-i.; Kaneko, Y.; Komura, M.; Matsuo, H.; Nakano, M.
ability of phenyl group to delocalize the positive charge induced J. Org. Chem1991, 56, 2276-2278.
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Figure 6. Structures ofLl—4 complexes.

Table 4. Binding Energies (kcal mot) of the 1-5 Complexes
after B3LYP/6-31G** and B3LYP/6-311G(2d,2p) Calculations

structure B3LYP/6-31G** B3LYP/6-311G(2d,2p}

A —9.5 —5.5
B —6.5 —-3.4
C —-9.3 —5.8
F —5.6 —2.4
G —7.4 —-3.8

aB3LYP/6-31G** geometries.

C, although the difference with form A is only 0.3 kcal ml
the other structures being disfavored by at least 2 kcal ol

The binding energies fat—5 complexes present intermediate
values between those obtained for3 and 1—4 structures.

The possibility of conformational equilibrium i,S-unsatur-
ated aldehydes produces a higher degree of complexity on the
system studied because of the opposite topicity of both
conformers. Thus, although the common aldehydes (such as
acroleirf® or methacroleirff show a preference for thetrans

(42) (a) Durig, J. R.; Qiu, J.; Dehoff, B.; Little, T. Spectrochim. Acta
1986 42A 89-103. (b) Wang, Y.; De Smedt, J.; Coucke, I.; van Alsenoy,
C.; Geise, H. JJ. Mol. Struct. (THEOCHEM)1993 299 43-59. (c)
Badawi, H. M.J. Mol. Struct. (THEOCHEM1994 303 275-282.
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F G
Figure 7. Structures ofLl—5 complexes.
conformation, these reactants participate in the Didlsler whereas the analogous reaction induced by the corresponding
reactions mainly through the-cis conformer?3 (9-valine derivative leads mainly to the eRsadduct (Scheme

Experimental data on the configuration of the major adducts 3).44
from Diels—Alder reactions show again a complex pattern of If s-cisconformation is assumed for the enal in the transition
behavior. Thus, the cyclopentadiefremethacrolein reaction  state, one can deduce that adduct configuration is determined
catalyzed by an oxazaborolidinone derived frétfyptophan by the face attacked by the diene. Thus, the configuration of

yields the exoS-cycloadduct with high enantiomeric purity, the major adducts obtained in Dielélder reactions catalyzed
(43) (@) Garéa, J. .- Martnez-Merino. V.. Mayoral. J. A Salvatella, by oxazaborolidinones derived from aliphatic amino acids agrees
L. J. Am. Chem. S0d.998 120, 2415-2420. (b) Salvatella, L.; Mokrane, (44) Sartor, D.; Saffrich, J.; Helmchen, G.; Richards, C. J.; Lambert, H.

A.; Cartier, A.; Ruiz-Lpez, M. F.J. Org. Chem1998 63, 4664-4670. Tetrahedron: Asymmetr{991 2, 639-642.
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Scheme 3 No structure presenting a covalent bond between a sulfamide
Re face oxygen and the aldehydic carbon could be localized. Precedents
attack of such structures described in the literature must be attributed

/_\ to artifactual stabilizations inherent to the methods used, arising
\o from the exaggeration of the charge excess on sulfamide oxygen
@ . >——/( ; atoms.
beee- .. Only some types of interaction favor the occurrence of
NS conformational minima: hydrogen bond formation (both
Siface S§=0--H—C and B-O-:-H—C are possible) and syn-periplanar

H—B---O=C arrangements. Due to geometrical requirements,
the occurrence of structures presenting=Cs--H—C hydrogen

1 derivative bond when the aldehyde is coordinated on the bottom side of
is not allowed.
CHO Preference for coordination on the top side of the ring has
% CHO . Ab( been found, this fact being due to the stereoelectronic effects
induced by the orientation of the sulfonyl group. In all cases,
exo adduct from exo adduct from two structures (A and C) are favored, the latter presenting a
Si face attack Re face attack slightly lower energy, although the analysis of LUMO energies

with that predicted by our modetés whereas the opposite  indicates a greater reactivity for the former. All other structures
configuration is found when charge-transfer interactions between Present higher energies (in at least 2 kcal TiplTwo reaction

R! and the aldehyde are possibté? 46 models (corresponding to structures A and C) have .bgen
Again, a lower LUMO energy is found for form A<0.144 proposed. In general, these models allow correctly predicting
hartrees) in comparison with G-0.139 hartrees), indicating a _expenm_ental results for the_ configuration pf the major pro_ducts
greater reactivity for the former structure. in Mukaiyama-aldol and DietsAlder reactions (by assuming
in the latter ars-cisconformation for the conjugated enal). The
Conclusions only exception corresponds to the case of oxazaborolidinones

bearing aromatic substituents. This fact may be explained by
stabilization of structure B due to the formation of charge-
transfer interactions between the aromatic rings and the alde-
hyde.

Among the eight anchoring ways considered for the coordi-
nation betweerl and four different aldehydes, only three to
five energy minima could be localized, depending on the
carbonyl compound considered. Despite the different number
of possible conformational minima, some trends have been Acknowledgment. L.S. thanks the European Communities
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