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Herein we report an efficient one pot synthesis of new chiral 4,5-dihydro-4-arylspiro[1,3,4-thiadiazole]-
5,2'-camphane-2-carboxylic acid ethyl esters 5-7 and 4,5-dihydro-3-arylspiro| 1,4,2-oxathiazole]-5,2'-cam-
phane 11-13, using 1,3-dipolar cycloaddition of nitrilimines 2-4 and nitrile oxides 8-10 to (1R)-thiocamphor
1 respectively. The structure of the newly prepared 1,3,4-thiadiazoles 5-7 (obtained as pure diastereoiso-
mers) were fully established via spectroscopic analysis and X-ray structural analysis which proved the
absolute configuration of the C5 spiranic carbon to be (R). NMR spectral analysis were also very useful to
show the new 1,4,2-oxathiazoles 11-13 are mixtures of two (5R)/(5S) diastereoisomers with the ratio 6:4, 7:3

and 6:4 respectively.

J. Heterocyclic Chem., 41, 731 (2004).

Introduction.

Nitrogen and sulfur containing heterocycles are of con-
siderable interest because of their chemistry [1] and poten-
tially benefical biological activities, such as anti-inflam-
matory [2a], antibacterial [2b], insecticidal [2c], anti-HIV
[2d], anticonvulsant [2e] and antitumor [2f]. This
prompted us to prepare new nitrogen and sulfur containing
heterocyclic systems using the 1,3-dipolar cycloaddition
reaction of nitrogen containing 1,3-dipoles with a thiocar-
bonylated compound.

Since the work of Huisgen [3], 1,3-dipolar cycloaddition
reactions remained attractive to organic chemists as these
reactions provide a useful and general route to a large vari-
ety of five membered heterocyclic systems. While the
cycloaddition to substituted alkenes and alkynes has been
extensively investigated [3c] the use of thiocarbonyls as
dipolarophiles is limited to only few reports [4].

Among these studies, it is worth mentioning that the 1,3-
cycloaddition of diazomethane to thiofenchone or thio-
camphor leads to the corresponding unstable 1,3,4-thiadia-
zolines. These intermediates extrude N7 readily generating
the corresponding and more stable, 1-(methylthio)-a.-
fenchene and 2-(methylthio)-2-bornene [5]. Similarly,
diphenylnitrilimine reacts with thioketones, thioamides
and thiourethanes to produce the corresponding
cycloadducts [4a].

Encouraged by these results we became interested in the
1,3-dipolar cycloadditions of nitrilimines and nitrile
oxides with (1R)-thiocamphor 1, which provide new chiral
spiro-1,3,4-thiadiazoles and 1,4,2-oxathiazoles.

Results and Discussion.

Nitrilimines 2-4, which are generated in situ from ethyl
N-arylhydrazo-o-bromoglyoxalates and triethylamine
[3a], react at room temperature with (1R)-thiocamphor 1 to
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produce the corresponding cycloadducts 5-7 (Scheme 1) in
good yields [5 (92 %); 6 (80 %); 7 (85 %)].

All compounds 5-7 were fully characterised using stan-
dard methods (NMR, mass) of note are the chemical shift
values of the spiro carbon (C5) signals (94-96 ppm) in the
13C NMR spectra.

Furthermore, the most salient features of the 5-7 1H
NMR spectra is the one proton doublet [with a large cou-
pling constant (J ~ 15 Hz)] at about 2 ppm, and the one
proton doubled doublet of doublets (J ~ 15 Hz , J' 3.6-3.8
Hz, J" 3.4-3.7 Hz) which appeared between 2.19-2.32
ppm. The former signal was attributed to the Ha-C3' pro-
ton which has an angle of ~ 90° with respect to the adja-
cent H-C4' proton and therefore, only geminal coupling
(15 Hz) was observed. The latter is ascribed to the Hb-C3'
proton; its signal multiplicity (doubled doublet of dou-
blets) is likely due to a geminal coupling with Ha-C3' (15
Hz), a vicinal coupling with H-C4' (3.6-3.8) and a W-cou-
pling with one of the two protons at C5' position.

Here it is worthy to note that COSY !H-'H and HMQC
experiments were very useful to assign all carbon and hydro-
gen atoms of 5-7 and all the resulting spectrometric data
were consistent with those available from literature [6].

However, the absolute configuration of the newly
formed stereogenic centre (C5 spiranic carbon) was so far
unknown. This prompted us to carry out X-ray crystal
structural analysis which allowed an unambiguous assign-
ment of the absolute configuration (R) to the spiranic car-
bon, as established by anomalous dispersion effects in dif-
fraction measurements on the crystals (Refinement of the
Flack's enantiopole parameter).

In addition, a search in the Cambridge Structural
Database [7] shows that the overall geometry of the 1,3,4-

Figure 1: ORTEP view of the molecular structure of 5 with atoms
labelling scheme. Ellipsoids are drawn at 50% probability.

thiadiazoline ring fits well with the values reported in the
literature [8-13].

Figure 2: ORTEP view of the molecular structure of 7 with atoms
labelling scheme. Ellipsoids are drawn at 50% probability.

In an attempt to understand the stereospecific nature of
the 1,3-dipolar cycloaddition of nitrilimines 2-4 to (1R)-
thiocamphor 1, a rapid calculation (geometry optimisa-
tion) using the semi-empiric PM3 method [14] compounds
5-7 (R = H and the alkyl chain on the ester function is a
methyl group) indicates that the 5R stereoisomer is 2.8
Kcal mol-! thermodynamically more stable than the 55
stereoisomer. A single point calculation (the conforma-
tions obtained from PM3 geometry optimisation were
used) of the energies of two stereoisomers by using
Hartree-Fock methods (6.31G™) leads to a similar order
(3.2 Kcal mol-! energy difference between the two
stereoisomers in favour of 5SR isomer). Furthermore, the
Re face of the (1R)-thiocamphor is much more sterically
hindered than the Si face. Therefore the approach of the
nitrilimine on the (1R)-thiocamphor should be favoured on
the Si face thus producing the experimentally observed
stereoisomer.

The reaction of 1 with arylonitrile oxides 8-10, gener-
ated in situ from the corresponding arylhydroximinoyl
chlorides [3b] on the other hand, afforded inseparable
diastereomeric mixtures of spiro 1,4,2-oxathiazoles 11-13
(Scheme 2) albeit in good yields [11 6:4 (83 %); 12 7:3 (90
%); 13 6:4 (85 %)].

Conclusion.

In summary, we have described a simple one-step syn-
thesis of new spiro 1,3,4-thiadiazoles 5-7 and spiro 1,4,2-
oxathiazoles 11-13 via 1,3-dipolar cycloaddition of N-
aryl-C-ethoxycarbonyl nitrilimines 2-4 and arylonitrile
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oxides 8-10, to (1R)-thiocamphor respectively. The reac-
tion has proven to be efficient as the desired nitrogen and
sulfur containing heterocyclic systems 5-7 and 11-13 were
obtained with good yields (= 80 %). The synthesis of 5-7
was revealed to be highly diastereoselective as all the new
1,3,4-thiadiazoles were isolated as pure diastereoisomers.
Using NMR and X-Ray structural studies, we have demon-
strated that the newly formed chiral center (C5) possesses
an (R) absolute configuration. A brief theoretical study,
carried out using semi-empiric PM3 method confirmed the
established result. In contrast, the newly prepared 1,4,2-
oxathiazoles 11-13 were obtained as inseparable
diastereoisomeric mixtures easily identified from the cor-
responding NMR spectra which revealed 5R/5S
diastereoispmeric ratio of about 7/3 or 6/4.

EXPERIMENTAL

General Remarks.

Melting points (mp) were determined using a capillary appara-
tus and are uncorrected. Analytical TLC was performed on plates
precoated with E. Merck silica gel 60 F,s4 of 0.25 mm thickness.
The optical rotations were measured (chloroform) with Perkin
Elmer 241 polarimeter. Mass spectra were registered on a JEOL
D 300 spectrometer. 1H and 13C nmr spectra were recorded in
CDClj; with a Bruker AM 400 instrument. Chemical shifts (8) are
expressed in ppm with TMS as internal standard. The elemental
analyses were carried out on a CHN2400 Perkin-Elmer analyser.

Typical Experiment.

To a solution of (1R)-thiocamphor 1 (0.23 g, 1.37 mmol) and
ethyl N-aryl hydrazo-a-bromoglyoxalates, precursors of nitrilim-
ines 2-4 (or arylhydroximinoyl chlorides, precursors of aryloni-
trile oxides 8-10) (1.37 mmol) in dichloromethane (20 mL), tri-
ethylamine (0.3 mL) in dichloromethane (2 mL) was added
slowly at room temperature. The reaction mixture was then,
stirred at room temperature for two days (monitoring by tlc), fil-
tered and concentrated under reduced pressure. The resulting
residue was purified by chromatography (SiO,, hexane/ethyl
acetate 95:5) and recrystallised from hexane.

Ethyl (5R,1'R4'R-4,5-Dihydro-4-(p-methylphenyl)spiro[1,3,4-
thiadiazole-5,2'-camphane]-2-carboxylate (5).

This compound was obtained as colourless crystals in 92%
yield, mp 89-90 °C; [a]p25 = +1035 (c = 5, CHCl3); 'H nmr
(deuteriochloroform): 6 0.89 (s, 3H, H3C8'), 0.91 (m, 1H, Ha-
C5"), 1.03 (s, 3H, H3C9", 1.05 (s, 3H, H3C10", 1.35 (t J=7 Hz,
3H, CH3-CH70), 1.44 (ddd J = 13.5, 11.4 and 4.0 Hz, 1H, H-
C6", 1.70 (m, 2H, H-C4' and Hb-C5"), 1.92 (d J=15.3 Hz, 1H,
Ha-C3"),2.19 (ddd J = 15.3, 3.8 and 3.7 Hz, 1H, Hb-C3"), 2.35 (s,
3H, CH3-Ar), 2.47 (ddd J = 13.5, 9.8 and 3.7 Hz, 1H, H-C6'),
4.34 (m, 2H, CH>-0), 7.10-7.30 (m, 4H, H-Ar); 13C nmr (deu-
teriochloroform): & 11.94 (H3C8'), 14.19 (H3C-CH20), 20.77
(H3C9", 21.06 (H3C10"), 20.61 (H3C-Ar), 26.42 (HpC5"), 27.70
(HrC6") 42.67 (HpC3'"), 45.26 (HC4"), 48.98 (C7"), 58.17 (C1"),
62.06 (CH»-0), 94.31 (CS5), 129.49 and 129.12 (CH Ar), 137.67
(C Ar), 140.94 (N4-C Ar), 142.08 (C2), 160.74(C=0); ms: (EI*)
m/z 372 (64 %, M%), 357 (45), 301 (83), 263 (71), 249 (43), 118
(33), 105 (35), 95 (100), 91 (81), 67 (55), 65 (50), 55 (50).

Anal. Caled. for CyHygN,0,S: C 67.71, H 7.58, N 7.52.
Found: C 67.80, H 7.69, N 7.46.

Ethyl (5R,1'R4'R)-4,5-Dihydro-4-(p-nitrophenyl)spiro[1,3,4-
thiadiazole-5,2'-camphane]-2-carboxylate (6).

This compound was obtained as colourless oil in 80% yield;
[a]p23 = +1250 (c = 10, CHCl3); 'H nmr (deuteriochloroform): &
0.92 (s, 3H, H3C8"), 1.07 (s, 3H, H3C9"), 1.08 (s, 3H, H3C10"),
1.15 (m, 1H, Ha-C5"), 1.39 (t J=7 Hz, 3H, CH3-CH0), 1.52 (m,
1H, H-C6"), 1.76 (m, 2H, H-C4' and Hb-C5'), 2.11 (ddd J = 13.6,
9.4 and 3.7 Hz, 1H, H-C6'), 2.17 (d J=15.6 Hz, 1H, Ha-C3'), 2.32
(ddd J = 15.6, 3.6 and 3.4 Hz, 1H, Hb-C3'), 4.38 (m, 2H, CH3-0),
7.47-8.24 (m, 4H, H-Ar); 13C nmr (deuteriochloroform): & 11.69
(H3C8"), 14.02 (H3C-CH20), 20.61 (H3C9'), 20.80 (H3(C10"),
26.28 (HyC5), 28.21 (HyC6), 40.66 (HyC3"), 45.17 (HGH),
48.65 (CT'), 58.56 (C1"), 62.38 (CH-0), 95.48 (C5), 124.15 and
126.68 (CH Ar), 145.13.67 and 145.29 (N4-C Ar and NO,-C Ar),
149.90 (C2), 159.88(C=0); ms: (EI*) m/z 403 (12 %, M*), 150
(33), 134 (61), 109 (100), 93 (69), 67 (49), 55 (40).

Anal. Caled for CpgHysN30,8: C 59.53, H 6.25, N 10.41.
Found: C 59.65, H 6.14, N 10.49.

Ethyl (5R 1'R 4 'R)-4,5-Dihydro-4-(p-chlorophenyl)spiro[1,3,4-
thiadiazole-5,2'-camphane]-2-carboxylate (7).

This compound was obtained as colourless crystals in 85%
yield, mp 90-91 °C; [a]p2® = +1142 (c = 5, CHCl3); 'H nmr
(deuteriochloroform): 6 0.90 (s, 3H, H3C8'), 0.91 (m, 1H, Ha-
C5"), 1.03 (s, 3H, H3C9"), 1.05 (s, 3H, H3C10", 1.36 (t J=7 Hz,
3H, CH3-CH0), 1.47 (ddd J = 13.7, 11.7 and 4.0 Hz, 1H, H-
C6'), 1.66 (m, 2H, H-C4' and Hb-C5"), 1.88 (d J=15.3 Hz, 1H,
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Ha-C3'), 2.21 (ddd J = 15.3, 3.8 and 3.7 Hz, 1H, Hb-C3'), 2.37
(ddd J =13.7,10.0 and 4.0 Hz, 1H, H-C6'), 4.35 (m, 2H, CH3-0),
7.25-7.36 (m, 4H, H-Ar); 13C nmr (deuteriochloroform): § 11.82
(H3C8'"), 14.12 (H3C-CH0), 20.57 (H3C9"), 21.71 (H3(10"),
26.40 (HyC5"), 27.76 (H2C6'), 42.26 (HyC3'), 45.20 (HGH),
48.91 (C7"), 58.17 (C1"), 62.20 (CHp-0), 94.40 (C5), 128.99 and
130.26 (CH Ar), 133.27 (CI-C Ar), 142.16 (N4-C Ar), 143.57
(C2), 160.38 (C=0); ms: (EI*) m/z 394 (4.22 %, M+2]+), 392
(11.55 %, M*), 379 (1.91), 377 (4.81), 323 (10.02), 321 (27.27),
111 (15.51), 95 (100), 67 (13.34), 55 (15.46).

Anal. Caled for CagHysCIN,O,S: C 61.13, H 6.41, N 7.13.
Found: C 61.10, H 6.45, N 7.11.

(5R,1'R,4'R) and (5S,1'R,4'R)-4,5-Dihydro-3-(3"-chloro-4"-
methylphenyl)spiro[ 1,4,2-oxathiazole]-5,2'-camphane (11).

This compound was obtained as colourless solid in 83% yield,
mp 55-57 °C; 'H nmr (deuteriochloroform): 8 0.92 (s, 1.2H,
H3C8' 5S-diastereoisomer), 0.93 (s, 1.8H, H3C8' 5R-
diastereoisomer), 0.95 (s, 1.2H, H3C9' 5S-diastereoisomer), 0.97
(s, 1.8H, H3C9' 5R-diastereoisomer), 1.03 (s, 1.8H, H3C10' 5R-
diastereoisomer), 1.14 (s, 1.2H, H3C10' 58 diastereoisomer),
2.06 (d J=14.7 Hz, 0.4H, Ha-C3' 5S-diastereoisomer), 2.13 (d
J=14.7 Hz, 0.6H, Ha-C3' 5R-diastercoisomer), 2.47 (ddd J =
14.7, 4.5 and 3.3 Hz, 0.6H, Hb-C3' 5R-diastereoisomer), 2.75
(dddJ =14.7,4.4 and 3.4 Hz, 0.4H, Hb-C3' 5S-diastereoisomer),
2.40 (s, 3H, CH3-Ar), 7.24-7.65 (m, 3H, H-Ar); 13C nmr (deu-
teriochloroform): & 10.23 and 12.74 (H3C8'"), 19.85 and 20.12
(H3C9"), 20.39 and 20.50 (H3C10"), 21.21 (H3C-Ar), 26.87 and
26.98 (Hp(C5'), 28.94 and 33.08 (HpC6'"), 45.11 and 45.64
(Hp(C3"), 48.28 and 48.52 (HC4'), 49.42 and 49.60 (C7"), 54.95
and 55.51 (C1'), 113.66 and 116.63 (C5), 125.56 and 125.61 (CH
Ar), 127.76 and 127.84 (C Ar), 127.98, 128.02 and 131.07 (CH
Ar), 134.66 (CH;3-C Ar), 138.72 and 138.77 (CI-C Ar), 153.38
and 155.40 (C3); ms: (EI*) m/z 337 (4.47 %, M+2]+), 335 (12.16
%, M*), 183 (18.62), 169 (96.53), 127 (75.14), 123 (68.46), 116
(43.70), 109 (92.24), 108 (100), 107 (32.43), 95 (56.22), 93

(28.56), 81 (41.32), 69 (29.00), 67 (46.20), 55 (59.61), 53
(21.60), 43 (24.33).

Anal. Caled for C;gH,,CINOS: C 64.36, H 6.60, N 4.17.
Found: C 64.48, H 6.64, N 4.02.

(5R1'R4'R) and (55,1'R4'R-4,5-Dihydro-3-(4"-nitrophenyl)-
spiro[ 1,4,2-oxathiazole]-5,2'-camphane (12).

This compound was obtained as colourless solid in 90% yield,
mp 150-152 °C; 'H nmr (deuteriochloroform): & 0.94 (s br, 3H,
H3C8"), 0.97 (s, 0.9H, H3C9' 5S5-diastereoisomer), 0.98 (s, 2.1H,
H3C9' 5R-diastereoisomer), 1.04 (s, 2.1H, H3C10' 5R-
diastereoisomer), 1.15 (s, 0.9H, H3C10' 5S-diastereoisomer), 2.09
(d J=14.8 Hz, 0.3H, Ha-C3' 5S-diastereoisomer), 2.16 (d J=14.8
Hz, 0.7H, H a-C3' 5R-diastereoisomer), 2.49 (ddd J = 14.8, 4.5 and
3.3 Hz, 0.7H, H b-C3' 5R-diastereoisomer), 2.79 (ddd J = 14.8, 4.2
and 3.5 Hz, 0.3H, H b-C3' 5S-diastereoisomer), 7.80-8.28 (m, 4H,
H-Ar); 13C nmr (deuteriochloroform):  10.18 and 12.74 (H3C8'),
19.78 and 20.46 (H3C9'), 20.35 and 21.17 (H3C10'), 26.83 and
26.97 (H2(C5"), 28.89 and 33.20 (HpC6'"), 45.11 and 45.66 (HyC3"),
48.32 and 48.55 (HC4'), 49.76 and 49.99 (C7'), 55.13 and 55.68
(C1"), 115.14 and 118.15 (C5), 123.89, 128.25 and 128.29 (CH
Ar), 134.65 and 134.73 (C Ar), 148.70 (NO,-C Ar), 152.55 and
154.54 (C3); ms: (EI*) m/z 332 (8.91 %, M*), 302 (3.40), 222
(9.47), 180 (14.17), 169 (100), 150 (46.47), 127 (64.26), 123
(58.62), 118 (32.77), 109 (82.81), 108 (95.06), 107 (31.17), 95
(92.94), 93 (35.42), 91 (24.89), 83 (31.78), 81 (65.04), 69 (36.47),
67 (49.93), 55 (79.86), 53 (30.97), 43 (25.74).

Anal. Calcd for C17HpgN,O3S: C 61.42, H 6.06, N 8.43.
Found: C 61.40,H 6.11, N 8.41.

(5R,1'R4'R) and (5S5,1'R4'R-4,5-dihydro-3-(4"-chlorophenyl)
spiro[ 1,4,2-oxathiazole]-5,2'-camphane (13).

This compound was obtained as colourless solid in 85% yield,
mp 78-80 °C; 'H nmr (deuteriochloroform): 8 0.92 (s, 1.2H, H3C8'
58-diastereoisomer), 0.93 (s, 1.8H, H3C8' SRdiastereoisomer),
0.96 (s, 1.2H, H3C9' 5S-diastereoisomer), 0.97 (s, 1.8H, H3C9' 5R-

Table 1
Crystal Data and Structure Refinement for 7 and 5

7
cvbn m,.Formula CyoH,5CIN,O,S
M, 392.93
TI[K] 160(2)

Cryst syst., space group Monoclinic, P2,

5
C1HagN>05S8
372.51
293(2)

Orthorhombic, P2,2,2,

a[A] 8.6990(11) 8.8526(6) A
b[A] 9.9840(10) 10.5985(10) A
c[A] 11.4460(16) 21.7152(17) A
Bldeg] 105.869(15) 90.0

Volume [A3] 956.2(2) 2034.2(5)

Z, Dgyie [g cm3] 2,1.365 4,1.214

Cryst. size [mm] 0.62x0.4x0.32 0.81 x0.63 x0.50
u [mm-1] 0.326 0.176
reflnScyiected/unique 9427 /3722 20913 /3984
Rint 0.0225 0.0428

20max 52.30 52.32
Completness [%] 98.2 98.1

no. of data/restraints/params 3722/1/240 3984 /41/271
GOF 1.06 1.045

Ry/WR, [>20(1)] 0.0236 / 0.0605 0.0349 /0.0841
R/WR, (all data) 0.0251/0.0617 0.0430/0.0894

Absolute structure parameter
Aprin [e.A]

0.00(4) (1734 Friedels's pairs)
0.233/-0.158

0.00(7) (1699 Friedel's pairs)
0.145/-0.119
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diastereoisomer), 1.03 (s, 1.8H, H3C10' SR-diastereoisomer), 1.14
(s, 1.2H, H3C10' 5S-diastereoisomer), 2.06 (d J=14.7 Hz, 0.4H,
H a-C3' 5§-diastereoisomer), 2.13 (d J=14.7 Hz, 0.6H, H a-C3' 5R-
diastereoisomer), 2.47 (ddd J = 14.7, 4.4 and 3.4 Hz, 0.6H, Hb-C3'
5SR-diastereoisomer), 2.76 (ddd J = 14.7,4.2 and 3.6 Hz, 0.4H, H b-
C3' 5S-diastereoisomer), 7.33-7.64 (m, 4H, H-Ar); 13C nmr (deu-
teriochloroform): 6 10.22 and 12.75 (H3C8'), 19.82 and 20.37
(H3C9", 20.50 and 21.18 (H3C10"), 26.84 and 26.97 (Hp(5'),
28.93 and 33.15 (HC6'), 45.10 and 45.62 (HpC3'), 48.27 and
48.49 (HC4'), 49.49 and 49.70 (C7'), 54.92 and 55.49 (C1"), 113.84
and 116.83 (C5), 127.11 and 127.20 (C Ar), 128.73, 128.76 and
128.89 (CH Ar), 136.47 and 136.52 (C1-C Ar), 153.47 and 155.51
(C3); ms: (EI*) m/z 323 (4.51 %, M+2]%), 321 (10.29 %, M*), 211
(2.38), 184 (5.45), 171 (12.47), 169 (100), 137 (25.07), 127
(51.09), 123 (43.04), 109 (49.51), 108 (48.87), 95 (30.48), 81
(35.01), 69 (19.90), 67 (26.10), 55 (45.23).

Anal. Caled for C;7H,,CINOS: C 63.44, H 6.26, N 4.35.
Found: C 63.48, H 6.27, N 4.33.

X-Ray Crystallographic Study.

A single crystal of compound 7 was mounted under inert per-
fluoropolyether at the tip of a glass fibre and cooled in the
cryostream of the diffractometer whereas, in contrast a single
crystal of compound 5 was fixed at the tip of a glass fiber and
maintained at room temperature. Both data were collected on a
Stoe IPDS diffractometer operating with monochromatic MoKa
radiation (A= 0.71073).

The structures were solved by direct methods (SIR97 [15]) and
refined by least-squares procedures on F2 using SHELXL-97
[16]. All H atoms attached to carbon were introduced into the cal-
culation in idealised positions [d(CH)= 0.96 A] and treated as rid-
ing models. In 5 the OEt group appears to be spread over two
sites in the ratio 0.59/0.41. The disordered model was constrained
to chemically reasonable dimensions using the tools available in
SHELXL-97 [16]. The drawing of the molecules (Figures 1 and
2) were realised with the help of ORTEP32 [17]. In both com-
pounds, final refinements allowed the fraction contribution of the
inverted enantiomer to vary [18], the Flack's parameter quoted
being the refined value of this contribution. Crystal data and
refinement parameters are shown in Table 1.

Supplementary Information.

Crystallographic data (excluding structure factors) for the
structures in this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication num-
bers CCDC- 215792 & 215793. Copies of the data can be
obtained, free of charge, on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK; [fax: +44(0)-1223-336033 or
e-mail: deposit@ccdc.cam.ac.uk].
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