Tetrahedron: Asymmetry Vol. 5, No. 12, pp. 2325-2334, 1994
@ Pergamon Elsevier Science Lid

Printed in Great Britain
0957-4166/94 $7.00+0.00
0957-4166(94)00313-0

Influence of Intramolecular Hydrogen-Bonding on the
Conformational Properties of Sugar Thioureas

Carmen Ortiz Mellet, Alberto Moreno Marin, José L. Jiménez Blanco,
José M. Garcia Ferndindez®, and José Fuentes*

Departamento de Quimica Orgénica, Facultad de Quimica, Universidad de Sevilla, Apartado 553, E-41071 Sevilla, Spain.

Abstract: Reaction of deoxyisothiocyanato derivatives of 1,2:3,4-di-O-isopropylidene-a-D-galactopyranose,
1,2:3,5-di-O-isopropylidene-a-D-glucofuranose, and 2,3:4,5-di-0-isopropylidene-$-D-fructopyranose with ammonia
afforded the corresponding sugar thioureas. Both the Z and E stereoisomers around the NH-C(=S) bond were
observed in the 'H and 13C NMR spectra of the later in the low temperature range, their relative proportions being a
function of the sugar configuration. Experimental evidence for the existence of seven-membered NH---O
intramolecular hydrogen bonds in the E isomers of thioureas has been obtained from DNMR experiments, rotational
barrier height calculations, measurements of temperature coefficients for the 1H chemical shifts of the NH signals,
and study of the influence of the solvent polarity in the rotameric ratio.

Thioureido sugars are important intermediates in synthetic approaches to nucleoside analogues. In
addition, the structural analogy of the thiourea group with other functional groups commonly found in
naturally occurring carbohydrate derivatives, such as amide, urea, or phosphate, make sugar thioureas
interesting from a biological point of view. For this reason, much effort has been directed to the synthesis of
such compounds.! However, works dealing with the configuration and conformation of sugar thioureas are
scarce, 14 in spite of the influence that these structural aspects may have on both the chemical and biological
properties.

Previous studies concerned exclusively the particular case of a thioureido group linked to a secondary
carbon atom of an acylated aldopyranose. The conformational rigidity of the sugar ring simplifies the
structural analysis of these molecules. We now report the synthesis and conformational properties of some
thioureido sugars in which the functional group is linked to a primary carbon atom. The existence of two
slow-rotating pseudo amide bonds in these compounds makes the structural analysis more complex as
compared to the homologous thioamides2. On the other hand, the sharing of delocalized & electrons leads to
much lower energy barriers suitable to study by using dynamic NMR techniques.3 The possibility of hydrogen
bonding as a consequence of the relative flexibility of the thioureidomethyl group and its role in the
stabilization of certain conformers as a function of the sugar configuration have been studied.
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RESULTS AND DISCUSSION

6-Deoxy-1,2:3,4-di-O-isopropylidene-6-thioureido-a-D-galactopyranose (1b), 6-deoxy-1,2:3,5-di-O-
isopropylidene-6-thioureido-c-D-glucofuranose (2b), and 1-deoxy-2,3:4,5-di-O-isopropylidene- 1-thioureido-
B-D-fructopyranose (3b) were prepared by reaction of the corresponding sugar isothiocyanate4 1a-3a with
ammonia (Scheme 1).
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Scheme 1

The 1H (Table 1) and 13C (Experimental) NMR spectra of the thioureas 1b-3b, recorded at room
temperature for CDCI3 solutions, displayed broad signals, indicative of a relatively slow chemical exchange
process. Variable temperature !H NMR spectra evidenced several coalescence phenomena. It must be
considered that in thiourea derivatives both N-C(=8) rotations are restricted. Consequently, the hydrogen
atoms at the NH3 group become chemically and magnetically different in both the Z and E isomers. Hence, in
addition to the chemical exchange associated to the Z/E configurational equilibrium, two degenerated
processes involving the pro-Z (Hz) and pro-E (Hg) protons must be considered.
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The three coalescence phenomena were clearly perceived in the region of the NH resonances, with
coalescence temperatures (T) of respectively 305, 268, and 252 + 2 K for the Z—E/E—Z, E—E, and Z—Z
exchanges (Figure 1). In the low temperature range, at least one of the resonances of the o-methylene protons
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appeared at considerably lower field than the other one, suggesting a spacial proximity with respect to the
sulphur atom. Therefore, the Z configuration was tentatively assigned to this isomer. Definitive evidence for
this assignment was obtained from ROESY experiments at low temperatures, which, in addition, allowed
identification of the signals for the diasterotopic NH2 protons in both rotamers from the cross peaks indicated
in the formulae.

Table 1. 1H NMR Data (300 MHz, CDCl3) of Compounds 1b-3b.

Comp. Chemical shifts (5, ppm)
Bla_ HIb B2 H3 HA i3 Héa _ H6b __NH NI
e 3330 4330 46540 42840 410bs  381bs  3.47ddd  6.3%bs 6.16bs
1bzc __ 5564 436m 4.64m 428bd 4.304.25m 3.99dd 3.45-3.34m 7.57t 6.48s
E 553 436m 464m 4230 38k 34533um 136t 68
b . 5954 4550 421d 428dd . 370-350m — 6.66t 6.22bs
2b2Zc _ 605d 461d 4.26d 4.36dd 3.83m 408 3.70-3.50m 7.39t 6.48bs
2bE _ 6.04d 4.63d 4.26d 4.36dd «——3.70-3.50m——> 3.43m 6.99t ggzs
3®  367bs—s —  431d 462dd 423dd  392dd 376dd  6.82bs 6.16bs
3bzc 405dd 394dd __ 4464 459dd 426m 3854 3754 744t 6.42s
3E 3564d 3354 _ 4290 4654 426m 392 3794 756 673
008

Coupling constants (J, Hz)

J1alb J J J J: J: Jas Jsea Js Ji Ji J
T J R — £ T 7 S F B X e

1bZ _ _ . 49 _ 18 __ _ _ 136 6.0 6.0
1bE _ _ _ 49 __ 78 __ 63 6.3 _ 6.2 6.2
2b . — . 3.7 0 40 7.1 _ _ _ 55 55
2bZ _ _ . 3.7 0 39 73 51 — 13.0 5.1 5.1
2bE _ _ _ 3.7 0 39 73 . . _ 6.0 6.0
3b 14.0 6.0 6.0 _ __ 18 8.0 1.4 0.6 13.2 . _
3bz 14.0 5.5 55 . _ 18 80 __ . 13.2 _ _
3bE 14.8 6.8 6.8 —— __ 18 80 —_ _ 13.6 —_— .
aAt 323 K bAt 313 K. cAt 263 K.
S S
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Figure 1. Partial (NH resonance region) !H NMR spectrum (CDCl3, 300 MHZz) of compound 1b at
different temperatures.

The following rules, arising from comparative analysis of the 13C NMR spectra, were of diagnostic
value: SacH2(z) > SacH2(E). 8C=5(2) > 8C=5(£). The relative proportion of Z/E isomers for 1b-3b did not
change significantly with temperature, the Z.E rotameric ratios being 1:0.48, 0.73:1, and 0.41:1, respectively.
These unexpected high percentages of £ rotamers cannot be satisfactorily explained exclusively in terms of
steric effects.

The fact that only the Z isomer of sugar thioureas has been detected up to now probably means that the
1,3-parallel interaction between the sugar substituent and Hg is sterically unfavourable with respect to the
sugar/sulphur cis arrangement. Intramolecular hydrogen bonding has been invoked in the case of N-(2-
pyridyl)thioureas (2) to explain a similar stabilization of the E-isomer.5 Analogously, an NH....O
intramolecular hydrogen bond involving the NH, group in the E configuration would explain the observed
experimental rotameric ratios for 1b-3b.

S
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To support the above hypothesis, three type of experiments were carried out: (a) calculation of the
activation free energies (AG™) for the hindered rotations about the N-C(=S) bonds, (b) measurements of the
temperature coefficients of the NH chemical shifts, and (c) study of the influence of the solvent polarity on the
relative proportion of Z/E isomers.

(a) Although total line shape analysis is by far the most reliable method to obtain AG¥ values, the use
of approximate equations based on spectral parameters usually provides accurate enough values for
comparative purposes in the case of two-site chemical exchange processes.4 Application of eq (1), where AW
is the line widening due to chemical exchange,5 and substitution of the rate constants obtained in Eyring's
equation (2) results on the AG* values? for the Z—E/E—Z, E-E, and Z—Z exchanges showed in Table 2.
The reliability of these data was confirmed by a magnetization transfer experiment8 carried out on compound
3b at 273 K, involving the NH,(Z) and NH,(E) singlets (see Experimental). The values of AG¥z_z (15.1
0.2 Kcal mol-1) and AG*g_,7 (14.7 + 0.2 Kcal mol-1) obtained by this methodology reasonably approached
those obtained from eq (1) and (2).

k = TAW 1)
AG* = RT(In kp/h - In RAW/T) [¢))

Comparison of data from Table 2 with reported data¥ for N-methylthiourea (5) revealed that, whereas
the barrier heights associated to the Z—E/E—Z and Z—Z processes in 1b-3b were very similar to those for
rotations about the corresponding bonds in N-methylthiourea, AG*5_, i values were significantly higher than
AG? for rotation about the NH,-C(=S) bond in 5, and even higher than the reported value for thiourea itself?

(6).

AG"=15.1 Kcal mol’

S AG"=102 Keal mol”! S AG"=11.3 Kcal mol™
CH * g "/ H H 'é 7 H
NN N O
I | l |
H H H H
S 6

Table 2. Gibbs energies of activation to hindered rotations of the sugar thioureas

1b-3b.
AG¥a (Tb)
AG% g g AG¥ g,z AG*7,g AGT 7,7
1b 13.9 (263) 14.2(293) 14.6 (293) 217048
2b 13.2 (263) 14.3 (293) 14.0 (293) 11.8 (248)
3b 13.8 (263) 14.7 (303) 14.2 (303) 11.3 (283)
n Kcal mol'l. Calculated according to eq (1) and (2). The estimated errors

do not exceed 0.3 Kcal mol"L. See ref 7. %In k.
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This result is in agreement with the involvement of NH2(E) in an intramolecular hydrogen bond in
compounds 1b-3b which would partially anchor the E configuration, resulting in higher rotational barriers.
The differences between AG*g_,z and AG*#z_, 7 (~2 Kcal mol-1) would represent the hydrogen bond
stabilization energy, assuming that differences arising from other stereoelectronic interactions are irrelevant.

(b) Additional experimental evidence for the existence of these hydrogen bonds was obtained from
temperature coefficient measurements for the NH chemical shifts (Table 3). It has been reported!0 that
protons involved in efficient intramolecular hydrogen bonding have temperature coefficients at least one order
of magnitude lower than protons which are not. In our case, the low values obtained for the pro-E NH3 proton
in the E isomers of 1b-3b, as compared with values for the other nitrogen-bound protons, strongly support the
above hypothesis. It is noteworthy that the NH proton in 1b(Z) also has a lower temperature coefficient value,
which may suggest a competition between two different hydrogen bonds in this molecule. This fact could
explain the inversion in the Z/E populations observed for the D-galacto derivative 1b as compared with the D-
gluco (2b) and D-fructo (3b) thiourea derivatives.

Table 3. Temperature coefficients (ppm K-1) for the NH chemical shifts of 1b-3b.

1) 2b 3b
NH (2) 20.003 0017 0015
NH (E) 0011 0,014 0013
NH; (B3 -0.002 0.002 -0.001
NH; (E) -0.011 -0.014 -0.011

9pro-E. bpro-Z.

(c) Accepting that the existence of intramolecular hydrogen bonds is the main driving force in the
stabilisation of the E isomers in CDClI3 solutions of the sugar thioureas 1b-3b, the position of the respective
E/Z equilibria should be strongly influenced by modification of the solvent polarity. Increasing of this
parameter by using mixtures of CDCl3-Me2S0-dg resulted in a progresive increase of the relative proportion
of the Z at the expenses of the E isomer (Figure 2). A competition between intra- and inter-molecular
hydrogen bonding probably explains this result. Binding of the NH protons to dimethyl sulphoxide molecules
would break the intramolecular hydrogen bond. Steric factors then favour the Z configuration.

In conclusion, all commented data strongly support the original hypothesis of hydrogen bonding
stabilization of the E isomers. Molecular models of 1b-3b, taken into consideration that the sugar rings kept
the rigid conformations already discussed for amides and thioamides2, showed that seven-membered NH:--O
bonds can be easily formed involving the pro-E proton of the NH2 group in the E-isomers and O-5 in the case
of 1b and 2b or O-6 in the case of 3b, but not in the Z isomers. Similar seven-membered hydrogen bond
interactions have been found to be responsible for configurational stabilization in N-(a-
hydroperoxyalkyl)amides!! and macrocyclic polypeptides.12 It is noteworthy that formation of these
hydrogen bonds keep the thioureido group in anti disposition with respect to C-4 (1b and 2b) or C-3 (3b), the
most favourable arrangement in terms of steric interactions.13
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Figure 2. Plot of the relative proportions of the Z/E isomers of 3b in mixtures of
CDCl3-Me2SO-dg at 283 K. In neat MesSO-dg the Z:E ratio was 85:15. The
concentration of 3b was kept constantat 9 - 10-5 M.

From these models, the NH----O-4 (1b, 2b) or NH---O-3 (3b) shortest distances are of ~1.6, 2.1, and

2.7 A, respectively. These differences explain the possibility of competition between the above mentioned
seven-membered hydrogen bond and a six-membered hydrogen bond in the case of 1b. Although this could
exist in either the Z or E configuration, steric considerations would favour the Z isomer, in agreement with the
experimental results.
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EXPERIMENTAL SECTION

General methods. The General Methods reported in ref 2 were followed. The magnetization transfer
experiment was carried out at 300 MHz for a CDCl3 solution of 3b at 273 K. A selective 7 pulse was applied
at the frequency of resonance of the NH,(Z) protons. Spectra were recorded using exchange delays (tx) of
0.005, 0.01, 0.02, 0.03, 0.04, 0.06, 0.08, 0.1, 0.2, and 5 s (blank). Numerical analysisi4 of the changes in the
peak heights of the NH, (Z) and NH, (E) signals as a function of the exchange delay (Table 4) yielded values
of Z/E isomerization rate constants of 2.98 s-1 (kz_,2) and 7.08 51 (kz_, ), and a longitudinal relaxation time
(T}, assumed equal) of 0.26 s.

Table 4. Peak height variations for the NH signals of 3b (300 MHz, CDCl3, 273 K) using
different exchange delays (tx).

A peak height? NH3 (E) A peak height? NH2 (E)

% (s) exptl calcd® expth calcd®
0.003 13.32 1552 -100.00 ~100.00
0.01 -16.71 -16.69 -95.14 -95.17
0.02 -18.73 -18.68 -86.33 -86.36
0.03 -20.36 -20.27 -18.55 -78.55
0.04 -21.61 -21.49 -71.64 -71.63
0.06 22322 -23.09 -60.05 -60.00
0.08 -23.88 -23.81 -50.85 -50.77
0.10 -23.92 -23.89 -43.44 -43.38
0.20 -19.61 -19.91 -22.61 2251
5 76.18 63.51

“In arbitrary units. #According to ref 14,

General procedure for the preparation of deoxythioureido sugars (1b-3b). Dry (KOH) ammonia
was bubbled into a solution of the corresponding isothiocyanato derivative4 1a-3a (0.6 g, 1.99 mmol) in ether
(30 mL)) at 0°C for 10 min, and then at room temperature for 20 min. The crystalline product was collected,
and washed with coid ether.

6-Deoxy-1,2.:3 4-di-O-isopropylidene-6-thioureido-a-D-galactopyranose (1b). Yield 0.6 g (95%), mp
187-188°C (from ether), [o]p -5.5 (¢ 1, CH2Cl2), Apax 252 nm (EmM 5.7); Vmax 3415, 3329, 1617, 1553, and
1093 cm-l. IH NMR (300 MHz, CDCl3): Table 1 and 3 1.45, 1.40, 1.30, 1.29 (4 s, 12 H, 4 Me). 13C NMR
(313 K): & 184.2 (C=S), 109.4, 108.9 (2 CMe»), 96.1 (C-1), 71.3 (C-4), 70.6 (C-3), 70.5 (C-2), 66.7 (C-5),
45.2 (C-6), 26.0, 25.8, 24.7, and 23.9 (4 Me); (263 K): 8 184.1 (C=S Z), 183.2 (C=S E), 109.4, 108.9 (2 CMey
Z,E), 96.0 (C-1 Z,E), 71.6 (C-4 Z), 70.6 (C-4 E), 70.2 (C-3 Z,E), 69.9 (C-2 Z,E), 66.8 (C-5 E), 66.4 (C-5 Z),
45.0 (C-6 Z), 44.3 (C-6 E), 26.0, 25.8, 24.7, and 23.9 (4 Me Z,E). EIMS: m/z 318 (20%, M+, 303 (34, M*-
Me’), 113 (45, 4-methylidene-2,2-dimethyl-m-dioxolene cation), 100 (50, 2,2-dimethyl-m-dioxolene cation),
85 (30, 2-methyl-m-dioxolenium cation). Anal. Calcd for C13H22N2058: C, 49.04; H, 6.96; N, 8.80; S, 10.07.
Found: C, 48.97; H, 6.95; N, 8.51; §, 10.11.

6-Deoxy-1,2:3.5-di-O-isopropylidene-6-thioureido- c-D-glucofuranose (2b). Yield 0.62 g (98%), mp
165-166°C (from ether), [at]p +4.5 (¢ 0.6, CH2Cl2), Apax 259 nm (EmM 12.4); Vmax 3393, 3289, 1620, 1580,
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and 1095 cnrl. 1H NMR (300 MHz, CDCl3): Table 1 and § 1.46, 1.34, 1.30 (3 5, 12 H, 4 Me). 13C NMR (313
K): & 184.4 (C=S), 112.4 (CMe; dioxolane), 106.3 (C-1), 101.3 (CMe2 dioxane), 83.9 (C-2), 79.8 (C-4), 74.9
(C-3), 71.4 (C-5), 47.1 (C-6), 27.1, 26.4, 24.2, and 23.8 (4 Me); (263 K): & 183.1 (C=S Z), 182.8 (C=S E),
112.4 (CMe3 dioxolane Z,E), 106.2 (C-1 Z,E), 101.3 (CMe3 dioxane Z,E), 83.6 (C-2 E), 83.3 (C-2 Z), 80.7 (C-
42),79.5 (C-4 E), 74.7 (C-3 E), 74.5 (C-3 2), 72.2 (C-5 E), 70.3 (C-5 Z), 47.4 (C-6 Z), 46.5 (C-6 E), 27.1,
26.4, 24.2, and 23.8 (4 Me Z,E). EIMS: m/z 318 (5%, M*"), 303 (15, M*-Me’), 229 (15, Mt-
CH2NHCSNH»), 171 (10, 229-Me»CQO), 113 (100, 2,2-dimethyl-m-dioxenium cation), 100 (20, 2,2-dimethyl-
m-dioxolene cation), 85 (40, 2-methyl-m-dioxolenium cation). Anal. Calcd for C13H20N205S: C, 49.04; H,
6.96; N, 8.80; S, 10.07. Found: C, 48.83; H, 6.68; N, 8.84; S, 10.30.

1-Deoxy-2,3:4,5-di-O-isopropylidene-1 -thioureido-B-D-fructopyranose (3b). Yield 0.61 g (97%), mp
111-113°C (from ether), {&]p -47 (¢ 0.6, CH2Cl2), Apax 253 nm (EmM 12.5); vmax 3567, 3453, 3337, 1611,
1574, and 1092 cm-1. 1H NMR (300 MHz, CDCl3): Table 1 and & 1.55, 1.4, 1.38 (3 s, 12 H, 4 Me). 13C
NMR (313 K): & 184.3 (C=S), 109.1, 108.9 (2 CMe2), 102.3 (C-2), 71.2 (C-3), 70.5 (C-5), 69.9 (C-4), 61.1
(C-6), 51.1 (C-1), 26.2, 25.9, 24.9, and 23.8 (4 Me); (233 K): & 109.1, 108.9 (2 CMe3 Z,E), 102.8 (C-2 Z),
102.1 (C-2 E), 71.3(C-3 2), 70.1 (C-3 E), 69.9 (C-5 2), 69.7 (C-5 E), 69.5 (C-4 Z), 69.3 (C-4 E), 60.9 (C-6 E),
60.4 (C-6 Z), 51.3 (C-1 Z), 49.2 (C-1 E), 26.2, 25.9, 24.9, and 23.8 (4 Me Z,E). EIMS: m/z 318 (5%, M),
303 (5, Mt+-Me), 229 (90, M*+-CH,NHCSNH?'), 171 (100, 229-Me>CO), 113 (40, 4-methylidene-2,2-
dimethyl-m-dioxolene cation), 85 (35, 2-methyl-m-dioxolenium cation). Anal. Calcd for C13H22N205S: C,
49.04; H, 6.96; N, 8.80; S, 10.07. Found: C, 48.70; H, 7.07; N, 8.62; S, 9.91.

ACKNOWLEDGMENTS

The authors thank the Direccién General de Investigacién Cientifica y Técnica for financial support
(grant number PB91-0617), the Junta de Andalucfa for doctoral scholarships, (to A.M.M. and J.L.J.B.) and the
Ministerio de Educacién y Ciencia of Spain for a postdoctoral fellowship (to J.M.G.F.). We are also grateful
to Prof. Brian E. Mann (Sheffield University, UK) for carrying out the magnetization transfer experiment and
for useful suggestions.

REFERENCES AND NOTES

1.  For leading references see: (a) Witczak, Z.J. Adv. Carbohydr. Chem. Biochem. 1986, 44, 91-145. (b)
Goodman, 1. Adv. Carbohydr. Chem. 1958, 13, 215-236. (c) Ortiz Mellt, C.; Jiménez Blanco, J.L.;
Garcfa Ferndndez, J.M.; Fuentes, J. J, Carbohydr. Chem. 1993, 12, 487-505. (d) Avalos, M.; Babiano,
R.; Cintas, P.; Jiménez, J.L.; Palacios; Fuentes, J. J. Chem. Soc. Perkin Trans. 1 1990, 495-501. (¢)
Fuentes Mota, J.; Cuevas, T.; Pradera, M.A. Carbohydr. Res., 1994, 257, 495-501.

2. Ortiz Mellet, C.; Moreno Marin, A.; Garcfa Ferndndez, J.M.; Fuentes, J. Tetrahedron: Asymmetry,
preceeding paper in this issue.

3.  For monographs see: (a) Oki, M. Applications of Dynamic NMR Spectroscopy to Organic Chemistry
(Methods in Stereochemical Analysis, Vol 4) ; Marchand, A.P., Ed.; VHC Publishers, Inc.: Deefield
Beach, 1985. (b) Sandstrdm, J. Dynamic NMR Spectroscopy; Academic Press: London, 1982. (c)
Dynamic Nuclear Magnetic Resonance Spectroscopy, Jackman, L.M.; Cotton, F.A., Eds.; Academic



2334

10.

11.
12.
13,
14.

C. ORTIZ MELLET et al.

Press: New York, 1975. (d) Sanders, J.K.M.; Hunter, B.XK. Modern NMR Spectroscopy. A Guide for
Chemists; Oxford, 1990; pp 208-236.

(a) Garcfa Ferndndez, J.M.; Ortiz Mellet, C.; Fuentes, J. Tetrahedron Lett. 1992, 33, 3931-3934. (b)
Garcfa Feméndez, J.M.; Ortiz Mellet, M.C.; Fuentes, J. J. Org. Chem. 1993, 58, 5192-5199. (¢)
Fuentes Mota, J.; Jiménez Blanco, J.L.; Ortiz Mellet, C.; Garcfa Ferndndez, J.M. Carbohydr. Res.
1994, 257, 127-135.

Sudha, L.V.; Sathyanarayana, D.N. J. Chem. Soc. Perkin Trans. II 1986, 1647-1658.

The line width of the signals arising from the NH; protons in the major isomers at ternperatures lower
than T, were considered. For our calculations, we assumed reasonable line width values in the absence
of chemical exchange of 6 + 2 Hz, taken into consideration the line widthening due to the quadrupolar
moment of the nitrogen atom and the unresolved geminal coupling constant in the NHy group (~2 Hz).
See: Wasylisten, R.; Schafer, T. Can J. Chem. 1971, 49, 3575-3576.

The error limits specified in Table 2 are not statistical ones, but rather represent an estimate of
probable errors from scatter in the data.

(a) Led, J.J.; Gesmar, H. J. Magn. Reson. 1982, 49, 444-463. (b) Forsén, S.; Hoffman, R.A. Acra
Chem. Scand. 1963, 17, 1787-1788.

Fillieux-Blanchard, M.-L.; Durand-Couturier, A. Bull. Soc. Chim. Fr. 1972, 4710-4715.

(a) Adams, B.; Lemer, L. J. Am. Chem. Soc. 1992, 114, 4827-4829. (b) Poppe, L.; van

Halbeck, H. J. Am. Chem. Soc. 1991, 113, 363-365.

Sagar, B. F. J. Chem. Soc (B) 1967, 428-430.

Pease, L.G.; Niu, C.H.; Zimmermann, G. J.Am. Chem. Soc. 1979, 101, 184-191.

Goekjian, P.G.; Wy, T.-Ch.; Kishi, Y. J. Org. Chem. 1991, 56, 6412-6422.

Grasi, M.; Mann, B.E.; Pickup, B.T.; Spencer, C.M. J. Magn. Reson. 1986, 69, 92-99,

(Received 8 September 1994)



