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The title dilactone has been resolved into its enantiomers (+)-(S,5)-1 and (-)-(R,R)-1, whose absolute configurations were found
by X-ray diffraction analysis of intermediate lactonic amide 2a&; the magnitude of the n—Tt* Cotton effect increased with an increase
in folding or a diminution in twist of the boat conformation of a dilactone ring.

Optically activea,a’-dihydroxyglutaric acid dilactones are of formationally flexible §S)-lactide4 {Ag,,; =-5.7 [(MeO)}P=0],
interest as conformationally rigid model systemsGgfsym-  Ae,;3=-5.9 [(CR),CHOH)]} stabilised? in the boat confor-
metry! which provide an opportunity to perform a detailed mation Bg) by equatorial methyl groups are also consistent with
analysis of the structure—chiroptical properties relationship ihis correlation.

these compounds in order to reveal the structural characteristics According to the octant projection of Klyne's sector #ile
that are responsible not only for the observed optical rotatioapplied to either of the homotopic lactone groups of dilactbnes,

sign, but also for the magnitude of the Cotton effect.

Previously, we have developed a proce#l@ifer optical reso-
lution of 1,4-ditert-butyl dilactone ()3 and examined chiroptical
properties of its enantiomers by the electronic @&R@nd vibra-
tional (VCD) circular dichroism methods.

BU 7 Bd H H
Os 4 1 M
o o) 2% 0 Me 57)(8 e
0 0T X, —0 "0
o~ BU B O c 2
(+)-(1R4R)-3, (Bn) (5)-(1S49-3, (By) (+)-(1549-4, (B9

In this work, we have resolved dilactone of ¥ -dihydroxy-
a,a'-dimethylglutaric acid (£}t (Zelinsky’s dilacton&9) into its
antipodes (Scheme f1hy a modified procedure. The difference
between this procedure and that described eatlier the reso-
lution of dilactone ()3 consists in the ring opening in bicycle
(£)-1 under the action ofS-a-methylbenzylamine (MBA) to

the perturbation effects caused by the 1,4-dialkyl substituents,
which are close to the symmetry plane of lactone chromophore
[p(Cp—C—-C=0) = 10.4, 10.0 or —18.1° far 3 or 4, respec-
tively], are generally small and mutually compensated. Moreover,
the contribution of dilactone bridging bonds to the optical rota-
tion is opposite to the observed sign of tha* Cotton effect.
Therefore, not only the sign, but also the magnitude orfi-t

T Characteristics and spectroscopic datR spectra were measured on
a Specord-80M spectrometer. NMR spectra were recorded on a Bruker
WM-400 spectrometer (using TMS as an internal standard) at 400.13
(*H) and 100.62 MHZzC) (data in square brackets were obtained under
conditions of {2,4-Me}). Optical rotations were measured on a Polamat A
polarimeter. CD spectra were taken on a Jasco J-500A spectropolarimeter
with a DP-500N data processor.
(1S49-(+)-1: yield 28%, mp 97-98 °Ccf. ref. 6 for ()4, mp 102—
104 °C], p]# = +130.0° ¢ 0.30, CHC)), Ae =+9.895 (228 nm)
2.94x1063 mol dm 3, MeOH).H NMR (CD;0D) ¢6: 1.64 (s, 6H, 2Me),
2.63 (s, 2H, CH). *H NMR (C4Dg) 6: 0.94 (s, 2H, Ch), 1.07 (s, 6H, 2Me).
(IR4R)-(-)-1: yield 30%, mp 96-97 °Ce] = —130.6° ¢ 0.31, CHC)),
As =—10.441 (228 nm)(2.67%x163 mol dm3, MeOH).1H NMR spectral

form acyclic diastereomers, which were converted into a mixtureata for (+)1 and ()1 in CDCL were identical to those for (#)in ref. 6.

of monocyclic diastereomeBab using an Amberlyst 15 cation
exchanger. Diastereomerically pure lactonic amigeand2b

(254S589)-(—)-2a yield 27.3%, mp 150-152 °C (benzene—-hexaRg),
0.30 (acetone—benzene, 1:3)F = -30.1° £ 0.73, CHC}), Ac = +1.748

(d.e > 98%,H NMR data) were separated by column chroma-(228 nm)Ae =—2.817 (216 nm)(15.6x16%mol dm3, MeOH).*H NMR

tography (Scheme 1) followed by acid-catalysed cyclization intd

enantiomeric dilactones (#)and ()1 (e.e > 96%, Pirkle’s rea-
genf), respectively. The cyclization resulted in lower yiélds
as compared with the formation of téit-butyl antipodes (+3
(61%) and (-)3 (64%) under similar conditior?s.

CDCly) 6: 1.48 (d, 3HMeCH, 3J 6.9 Hz), 1.55 (s, 3H, Me-2), 1.60 (s,
3H, Me-4), 2.09 and 3.00 (dd, 2H, §RJ,g —14.1 Hz), 2.60 (br. s, 1H,
OH), 5.09 (m, 1H, Me@), 6.78 (br. d, 1H, NH3J 8.1 Hz), 7.29-7.35
(m, 5H, Ph).13C NMR (CDCl) 6: 21.39 (dgq,MeCH, 1J 127.9 Hz,2)
3.6 Hz), 24.07 (dq, Me-2J 129.3 Hz 2, 4.4 Hz), 25.38 (dq, Me-4,
1] 129.3 Hz,%J,;) 4.4 Hz), 46.71 [ddm, CH 1, 130.8 Hz, 13,

The absolute configurations of all optically active compoundsi3s.1 Hz], 48.88 (dmCHPh,1J 141.0 Hz,J 2.9 Hz), 73.59 [br. d, c&),

were determined from X-ray diffraction analysis ddta high-

J 5.8 Hz], 83.11 [m, C(4)], 125.99 (dra;Cpy, 1J 159.0 Hz), 127.41 (dlt,

melting isomer2a (Figure 1), which possesses an asymmetriqp-Cp,, 1J 160.1 Hz), 128.63 (dan-Cpy, 1J 160.2 Hz), 142.46 (ni;Cpy),

carbon atom C(8) with the knowB){configuration.

The characteristic feature of a molecule2af in a crystal
(Figure 1) is that thg-lactone ring (phase andfgp, = 198.6°)
has the shape of an almost ideal envelgiey, = 198°)1 sta-

171.37 (m, CONH2J,;) 6.0 Hz,J 5.0 and 3.5 Hz), 176.60 (m, ring
C=0, [br.d,3Jyp 5.8 Hz,3J,;) 0.5Hz]). IR (CHCI,, vicmr?): 3680
(OH), 3424 (NH), 1788 (ring C=0), 1678 (C=0, amide 1), 1520\H,
amide 1), 1184, 1126, 1054, 964, 860.

bilised by intermolecular H-bonds of the C(7)=0(4)---H(3)-0(3), (2RAREF-(-)-20: yield 15.3%, mp 72-74°C (hexanef (0.48),

type [the O(4)---H(3) and O(4)---O(3) distances are equal to 1.

and 2.78 A, respectively].

The experimental long-wave Cotton effect for {{figure 2),
associated with the dilactomett* transition3 is negative; this
fact is consisted with the optical activity calculations f&t,4R)-1
(RHF/6-31G*//6-31+G*, Gaussian 92).

Thus, we experimentally supported a correlation, which wasl,,, 137.2 Hz3Jy, 3.5 Hz), 48.79 (dmCHPh,1J 140.8 Hz

suggested previously for bridging 1,4-dialkyl dilactones, be-
tween the sign of the—t* Cotton effect and the inherent dilac-
tone ring chirality of the boat enantiomeric form of the S-type
[Bs: (+)+1 (O—CO—-C-0), (—)jr—1* Cotton effect] or N-typ#!
[By: ()4, (+)-n=t* Cotton effect]. The CD spect#@of con-

& = -31.8° £ 0.54, CHCJ), Ae = —9.848 (216 nm)0(0.024 mol dm3,
OH). IH NMR (CDCly) 6: 1.39 (s, 3H, Me-2), 1.47 (d, 3#eCH,
3)6.9 Hz), 1.61 (s, 3H, Me-4), 1.98 and 2.88 (dd, 2H,,CHg —14.1 Hz),
3.60 (br. s, 1H, OH), 5.07 (m, 1H, MK}, 6.69 (br. d, 1H, NH3J 7.8 Hz),
7.20-7.29 (m, 5H, Ph)3C NMR (CDCL) ¢: 21.63 (dg,MeCH, 1J
128.2 Hz,2) 3.6 Hz), 23.91 (dg, Me-2] 128.1 Hz,3JH(1iZ.9 Hz), 25.64
(dg, Me-4,13129.4 Hz,3JH(1) 5.2 Hz), 46.46 (ddm, CH JH(1 132.7 Hz,
3, 73.53 (m,
C2,2)5.2 Hz,23 5.0 Hz), 83.15 (dm, €23 4.9 Hz), 126.02 (dmy-Cpy,
1J158.0 HzJ 3.8 Hz), 127.29 (dip-Cp;, 13 160.2 Hz,J 3.2 Hz), 128.53
(dd, m-Cpy, 13 160.6 Hz,J 4.7 Hz), 142.35 (mi;:Cypy), 171.32 (m, CONH),
176.64 (m, ring C=0). IR (C)l,, v/cm1): 3680 (OH), 3428 (NH),
1786 (ring C=0), 1678 (C=0, amide 1), 1528 NH, amide II), 1186,
1128, 1054, 964, 860.
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4 8 /Ph H Figure 1 Molecular structure of lactonic ami@a Selected bond lengt
C’(O)NH— Cuy (A): O(1)-C(1) 1.351(5), O(1)-C(4) 1.461(4), C(1)-C(2) 1.519(5), C
Me C(1) 1.199(4), O(4)-C(7) 1.228(4), N-C(7) 1.332(5) C(4)-C(7) 1.5z
H selected bond and dihedral angles (°): O(1)-C(1)-O(2) 120.7(4),
C(1)-C(2) 111.0(3), O(2)-C(1)-C(2) 128.3(4), N-C(7)-O(4) 122.9(4
)-(254589-2a O-RARES-20 c§7§_c54§ 116.6&3;, o§4§_c§7§_c54§ 120.4533, C(z)Sc)(l)Ecg(l)—C(Et)
liv liv (po), O(1)-C(1)-C(2)-C(3) 17.1, C(1)-C(2)-C(3)-C(4) —26.4, C(2)~(
C(4)-0(1) 27.3, C(3)-C(4)-0O(1)-C(1) -17.2.
Me o) (o} Me bridge is accompanied by a close approach of C(1) and C(4)
o 2% 1"650 atoms to each other [distances bf 2.20 and 4) 2.66 A], and
0 9 by a decrease in the angle between the planes of O(2)C(1)C(6)
O Me Me O and O(5)C(4)C(3) groupsvf = (1) 52.3 or §) 81.3°] or ester
(+)-(1S49-1, (By) (9)-(1R4R)-1, (B9 groups (O—-C=0)d¢, = (1) 109.8 or 4) 137.3°]. Therefore, in

general, this leads to an increase in the dilactone ring folding
Scheme 1Reagents and conditions, (9-a-MBA, room temperature,  ffo|ding amplitudé® S, = (1) 1.132 or 4) 0.795;p, [O-C(=0)-

120 h, 74.5%; ii, Amberlyst 15 (Horm, Fluka)/CHCJ, room temperature, _ 0] = o _
48 h, 79.5%; iii, column chromatography, silica gel (60 A, 200125 meshC O] = (1) 69.2 or 4) 42.8°}, and also to an approach of car

Aldrich), acetone-benzene (1:3); iv, TSOH-toluene, reflux, 5 h, then sublibonyI groups to each other [the _C(S)"'C_(G) distance) i8.73
mation (50—60 °C/15 Torr). or (4) 2.82 A; the O(8)---0(9) distance is 4.848 and the

O(7)---0(8) distance is 5.14 A).
Cotton effect are probably related to the stereochemistry of the However, an increase in the volume of 1,4-alkyl substituents
dissymmetric dilactone chromophore. in the conformationally rigid bridged dilactone structure leads
In contrast to the experimental VCD spettod dilactones  to a negligible decrease of the dilactone ring foldingS8){3
(5)-1 and (—)3, the similarity of their CD spectra (Figure 2), as [S,=1.128,¢, = 68.2°, the C(1)---C(4) distance is 2.22 A, the
well as the spectra 080)-4,12 allowed us to analyse the influ- C(3)---C(6) distance is 2.74 A, the O(8)---O(9) distance is 4.86 A,
ence of structural features of their monocyclic dilactone rings, = 53.2° andv, = 110.4°], as compared with thatinMore-
upon the magnitude of the Cotton effect. The latter is propomver, an increase in the twist angle of the dilactone ring for
tional to the rotatory strength for the CD bands having almosty,[C—O-C(=0)-C] = 1.8°} and (p, = 7.3°), as compared with
Gaussian shapes (Figure 2). that for1 (p,=0.9°), is probably responsible for a noticeable
A comparison of the geometric modetg homochiral bicyclic  change in the relative orientation of carbonyls [the projected dihe-
dilactones RR)-1 and §9)-3 and slightly distorted monocyclic dral anglep, (O=C.--C=0) =1) —34.5, 8) —27.6 or 4) —20.0°].
dilactone §9-4 demonstrates that the enantiomeric boat form

(Bg) of a dilactone ring for these molecules, € 270.4, 271.1 10r
or 277.7° forl, 3 or 4, respectively) is similar to the canonical L
boat shapey(, = 270°)11 gk

As follow from a comparison of the molecular structures of

dimethyl dilactonesR,R)-1 and §9-4, the introduction of a ok 1
*+ Crystallographic data foRa: C;sH;gNO,, M = 277.31, orthorhombic
crystals, space group2,2,2;, 293(2) K, a=19.368(4),b = 9.889(2), ab

c=7.944(2) AV =1521.5(6) &, d, .= 1.211 g cm3, Z = 4. Intensities

of 1891 reflections were measured on an automatic KM-4 four-circle
diffractometer {MoKa radiation, 2.10° € < 97.02°). The structure was 2F
solved by a direct method (SHELXS#@nd refined using the full- L \
matrix least-squares procedure (SHELXI998 the anisotropic approx-
imation for all non-hydrogen atoms. Hydrogen atoms were located from
the difference Fourier synthesis with the exception of the hydrogens of
the methyl groups, the positions of which were calculated and included —2r " /,/
in the further refinement using a riding motion model. The refinement is L /
converged tavR, = 0.1053 and GOF = 1.024 for all independent reflec- \ ' /.
tions [R, = 0.040 is calculated againstfor 1001 observed reflections |
with | > 20(1)]. Atomic coordinates, bond lengths, bond angles and thermal r \ /,'3
parameters have been deposited at the Cambridge Crystallographic Data  _g- \ N /'
Centre (CCDC). For details, see ‘Notice to Authdvndeleev Commun | . y
1999, Issue 1. Any request to the CCDC for data should quote the full \ /
literature citation and the reference number 1135/56. -8 \ /
§ The geometry of dilactoneRR)-1, (S9-3 and §S)-4 was completely
optimised at theb initio theoretical level of the second-order Mgller— -10- \
Plesset (MP2) theory with the conventional 6-31G* basis set using proce- . . . . . . )
dures implemented in the Gaussian 94 program paék#tmnvergence 200 220 240 260 280
criteria for the density matrix were set to 1x8LQAll calculations were A/nm

performed on an SGI Power Challenge computer. The calculated energies )

(in hartrees) and dipole moments (in debyes) #ye-$70.80912 and Figure 2 CD spectra of enantiomers) (+)-(SS)-1, (2) (-)-RR)-1and @)
5.622, 8) —805.82048 and 5.175, @) (-532.80678 and 3.362, respectively. (0)-(59-3 (8¢ = —7.8617,,= 231 nm) in MeOH.
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\

Mendeleev CommunicationElectronic Version|ssue 6, 1999 (pp. 213-255)



Therefore, both an increase in the folding and a decrease i N. D. Zelinsky,Ber., 1891,24, 4006.
the twist angle of the boat conformation of a dilactone ring, which6 R.G. Kostyanovsky, V. P. Leshchinskaya, Yu. I. Elnatanov, A. E. Aliev
decrease the distance and increase the skew angle between car2nd I I. Chervin,lzv. Akad. Nauk SSSR, Ser. Khittb89, 408 Bull.
bonyl groups, respectively, can be considered as the geometri AV‘VC"":'F?.CI'('IUSS'T_' gy\QkChem..SgBI?Ag,gS,PBST_)[i. ore. Chem 1977
factors responsible for increasing magnitude ofrtires Cotton a3 gpg oD olenga and M. s, Favii, g them 2540
effect. The calculations (CNDO-SCFM®@pf the optical activity g G'm. sheldrickActa Crystallogr, 1990,A46, 467.
of a glyoxal molecule resulted in a similar relationship betweeng . m. sheldrick, SHELXL-93, Program for Crystal Structure Refine-
the relative disposition of equivalent carbonyl groups and the cal- ment University of Géttingen, D-37077, Germany, 1993.
culated rotatory strength of the ketamet* transition. 10 N. S. Zefirov and V. A. PalyulinDokl. Akad. Nauk SSSR980,252,

In summary, we conclude that both the sign and the magnitude 111 [Dokl. Chem(Engl. Transl), 1980,252, 207].
of then—* Cotton effect of the dilactones reflect inherent dis- 11 |. V. Vystorop, A. Rauk, C. Jaime, I. Dinares and R. G. Kostyanovsky,
symmetry springing in chiral distortions of the dilactone ring, ~ Khim. Geterotsikl. Soedin1995, 1479 ¢hem. Heterocycl. Compd

which, therefore, can be considered as an inherently dissym:, (Eng': Trans), 1995,31, 1280].
metric chromophorés "iz C. Toniolo, V. Perciaccante, J. Falcetta, R. Rupp and M. Goodinan,

. . . Org. Chem, 1970,35, 6.
Note that the observed relations between the sign or magnj J.r,g;. Jer?r??ngs W. Klyne and P. M. Scope<Chem. Sag 1965, 7211

tude of ther—t* Cotton effect and the spatial arrangement of the 7209

lactone groupile,, the sign or magnitude of the twist angtg)( 14 M. J. Frisch, G. W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G. Johnson,
respectively] are opposite to the corresponding relations for the M. A. Robb, J. R. Cheeseman, T. Keith, G. A. Petersson, J. A. Montgomery,

lactam chromophore [(-9)p, (—)+—Tt* Cotton effect andvice K. Raghavachari, M. A. Al-Laham, V. G. Zakrzewski, J. V. Ortiz, J. B.
Versdyl7 for which the enforced—rt* Cotton effect is observed Foresman, J. Cioslowski, B. B. Stefanov, A. Manayakkara, M. Challacombe,
with increasing the twist angle). C. Y. Peng, P.Y. Ayala, W. Chen, M. W. Wong, J. L. Andres, E. S. Replogle,

R. Gomperts, R. L. Martin, D. J. Fox, J. S. Binkley, D. J. Defrees, J. Baker,
J. P. Stewart, M. Head-Gordon, C. Gonzalez and J. A. PGplgssian 94,
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