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Absmt: Reaction of deoxyisothiccyaaato derivatives of 1,2:3,4-G-0-isoprupylidenea-D-galactopyranose.. 

lf:3j~-O-isopropyla-~~~ , aad 23:4JdiX%qxopylidareg-D-fructepyrauose with ammonia 

afforded the cenespcudiag sugar Uricureas. Roth the 2 and E stereoisomers around the NH-C(=S) bond were 

observed in the lH aad 13C NMR spectra of the later ia the low temperature range, their relative proportions being a 

function of the sugar configuration. Experhnental evidence for the existence of seven-membered NW-0 

in@an~okcular hydrogen bonds in the E isomers of thioureas has been obtained from DNMR experiments, rotatieasl 

barrier height calculations, measmements of tempemhue coefficients for the lH chemical shifts of the NH si@s. 

aud study of the influence of the solvent puliuity iu the mtamedc 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.1 However, works dealing with the configuration and conformation of sugar thioureas are 

scarce,tu~e in spite of the infhtence 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 1~ electrons leads tc 

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 tbiotneidomethyl group and its role in the 

stabilization of certain conformers as a function of the sugar conQuration have been studied. 
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RESULTS AND DISCUSSION 

6-Deoxy-l3:3.4-di-O-isopropylne-6-thioureido-a_D (lb), 6-deoxy-1,2:3.5-di-O- 

isopropylidcne-dthioureido-a-D-glucofura (Zb), and l-deoxy-2,3:4.5-d&0-isopropylidene- l-thioureido- 

p-D-fructopyranose (3b) were prepared by reaction of the corresponding sugar isothiocyanate4 la-3a with 

ammonia (Scheme 1). 

NH, R 
R-NCS ____c R-NH-C-NH* 

la-3a lb-3b 

R= 
he 

1 (D-ga/acrO) 

0 &A 0 
0 

3 (D-ffucto) 

Scheme 1 

The IH (Table 1) and l3C (Experimental) NMR spectra of the thioureas lb-3b, recorded at room 

temperature for CDC13 solutions, displayed broad signals, indicative of a relatively slow chemical exchange 

process. Variable temperature lH NMR spectra evidenced several coalescence phenomena. It must be 

considered that in thiourea derivatives both N-C(=S) rotations are restricted. Consequently, the hydrogen 

atoms at the NH2 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 (I-&) protons must be considered. 

The three coalescence phenomena were clearly perceived in the region of the NH resonances, with 

coalescence temperatures (Tc) of respectively 305, 268, and 252 f 2 K for the Z-WE+Z, E+E, and Z+Z 

exchanges (Figure 1). In the low temperature range, at least one of the resonances of the a-methylene protons 
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appeared at considerably lower field than the other one, suggesting a spatial proximity with respect to the 

sulphur atom. Therefore, the 2 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 lb-3b. 

Comp. Chemical shifts (8, ppm) 
H-la H-lb H-2 H-3 H-4 H-5 H-6a H-6b NH NH2 

5 53d - . 4.32dd 4.65dd 4.28dd 4.1Obs 3.81bs 3.47ddd 6 82b 6 16b . s . s 1W 
1bZC 
IbE 

23 

zbzc 
2bE 

3M 

3bzc 
3bE 

- 5.56d 4.36m 4.64m 4.28bd 4.304.25m 3.99dd 3.453.34m 

- 5.53d 4.36m 4.64m 4.23bd 3.84t c3.453.34m-_, 

- 5.95d 4.55d 4.21d 4.2&M t- 3.70-3.5om __) 
- 6.OM 4.6ld 4.26d 4.36dd 3.83m 4.08 3.70-3.5om 

- 6.04d 4.63d 4.26d 4.36dd t_3.70_3.50m_+ 3.43m 

c- 3.67bs -+ - 4.3ld 4.62dd 4.23dd 3.92dd 3.76dd 

4.05dd 3.94dd _ 4.46d 4.59dd 4.26m 3.gJd 3.75d 

3.56dd 3.35dd _ 4.29d 4.65dd 4.26m 3.92d 3.79d 

7.57t 6.48s 

7.36t 6.89s 
6.70s 

6.66t 6.22bs 
7.39t 6.48bs 

6.99t 6.77s 
6.51s 

6.82bs 6.16bs 

7.44t 6.42s 

7.56t 6.73s 
6.68s 

lb 

lb2 

1bE 

2b 

2bz 

2bE 

3b 

3bz 

3bE 

- - 

- - - 
4.9 _ 7.8 _ 13.6 6.0 6.0 

- - - 4.9 _ 7.8 _ 6.3 6.3 _ 6.2 6.2 

- - - 

3.7 0 4.0 7.1 

- 

5.5 5.5 

- - - 3.7 0 3.9 7.3 iY : 13.0 5.1 5.1 

- 

14.0 G G 

3.7 0 3.9 7.3 _ _ _ 6.0 6.0 

_ _ 1.8 8.0 1.4 0.6 13.2 _ _ 

14.0 5.5 5.5 _ _ 1.8 8.0 _ _ 13.2 _ _ 

14.8 6.8 6.8 _ _ 1.8 8.0 _ _ 13.6 _ _ 

OAt 323 K. bAt 313 K. CAt 263 K. 

NOE NOE 

Z E 
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HE HZ 

I ‘HE Hz 

Ii. +f-y_ 248K 

PP. 7.5 1.0 -T 6.6 

Figure 1. Partial N-I resonance region) 1H NMR spectrum (CDC13.300 MHz) of compound lb at 
different temperatures. 

The following rules, arising from comparative analysis of the l3C NMR spectra, were of diagnostic 

value: &CHZ(~ > &HZ(E), &=s(z) P- &S(E). The relative proportion of Z/E isomers for lb-3b did not 

change significantly with temperature, the Z:E rotamek ratios being 1:0.48.0.73:1. and 0.41:1, respectively. 

These unexpected high percentages of E 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 HE 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....0 

intramolecular hydrogen bond involving the NH2 group in the E configuration would explain the observed 

experimental rotameric ratios for lb-3b. 

S 
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To support the above hypothesis, three type of e xpuiments 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.6 and substitution of the rate constants obtained in Eyring’s 

equation (2) results on the AGZ values7 for the Z+E/E+Z. E-S, and Z+Z exchanges showed in Table 2. 

The reliability of these data was confumed by a magnetization transfer experiment8 carried out on compound 

3b at 273 K, involving the NH2Q aud NHz(E) singlets (see Experimental). The values of AG#Z, (15.1 f 

0.2 Kcal mol-1) and AGfE_,z (14.7 f 0.2 Kcal mol-t) obtained by this methodology reasonably approached 

those obtained from eq (1) and (2). 

k=xAW 

AG* = RT(ln k&h - In xAW/l) 
(1) 

(2) 

Comparison of data from Table 2 with reported data9 for N-methylthiourea (5) revealed that, whereas 

the barrier heights associated to the Z+E/E+Z and Z-+Z processes in lb-3b were very similar to those for 

rotations about the corresponding bonds in IV-methylthiourea, AG*E_~E values were significantly higher than 

AG* for rotation about the NH2-C(=S) bond in 5, and even higher than the reported value for thiourea itself9 

(6). 

AG*=l5.1 Kcsl mol-’ s AG’=l0.2 Kcsl mol-’ S AG’r11.3 Kcal mol-’ 

\, 11 ,‘d II 

cHg\Npf~N/H 
.‘/ 

H\,/c!N/H 

I I I I 
H H H H 

5 6 

Table 2. Gibbs energies of activation to hindered rotations of the sugar thioureas 
lb-3b. 

fbb 
3b 

# 
AG E+E 

AG“r (‘rb) 

@E+z 
# 

AG Z-+E 

aIn Kcal mol-l. Calculated according to eq (1) and (2). The estimated enurs 

do not exceed a.3 Kcal mol-l. See ref 7. bin K. 
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This result is in agreement with the involvement of N&(E) in an hummolecular hydrogen bond in 

compounds lb-3b which would partially anchor the E configuration, resulting in higher rotational barriers. 

The differences between AG*E+E and AG*z+z (-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 reported10 that 

protons involved in efficient intramolecular hydrogen bonding have temperamre coefficients at least one order 

of magnitude lower than protons which are not. In our case, the low values obtained for the pro-l? NH2 proton 

in the E isomers of lb3b, as compared with values for the other nitrogen-bound protons, strongly support the 

above hypothesis. It is noteworthy that the NH proton in lb(Z) also has a lower temperamre 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-gufucfo derivative lb as compared with the D- 

giuco (2b) and D-frucfo (3b) thiourea derivatives. 

Table 3. Temperature coefficients @pm K-l) for the NH chemical shifts of lb-3b. 

NH0 
NH(E) 
NH2 (W 
NH2 (E>b 

apro-E bpro-Z. 

lb 2b 
-0005 
-0:011 

-0 017 
-0:014 

-0.002 -0.002 
-0.011 -0.014 

3b 
00 5 

-0:0:3 
-0.001 
-0.011 

(c) Accepting that the existence of intramolecular hydrogen bonds is the main driving force in the 

stabilisation of the E isomers in CDC13 solutions of the sugar thioureas lb-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 CDCls-Me$O-& 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 NII 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 lb-3b, taken into consideration that the sugar rings kept 

the rigid conformations aheady discussed for amides and thioamides2, showed that seven-membered NH...0 

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 lb 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-(U- 

hydroperoxyalkyl)amidesl 1 and macrocyclic polypeptides.12 It is noteworthy that formation of these 

hydrogen bonds keep the thiouxeido group in anti disposition with respect to C-4 (lb and 2b) or C-3 (3b), the 

most favourable arrangement in terms of stexic interactions.13 
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100 
%EorZ 1 - %Eisomer 

60 - 

% Z isomer 

01 
0 2 4 6 6 10 12 

% Me*SOd6 

in CDC13 

Figure 2. Plot of the relative proportions of the Z/E isomers of 3b in mixtures of 

CDClyMe2SO-d6 at 283 IL In neat Me$W-dg the Z:E ratio was 85:15. The 

concentration of 3b was kept constant at 9 .10-s M. 

From these models, the NH--*-O-4 (lb, 2b) or NH--XI-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 lb. Although this could 

exist in either the Z or E configuration, steric considerations would favour the Z isomer, in agreement with the 

experimental results. 

1bE 2bE 3b E 1bZ 
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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 CDC13 solution of 3b at 273 K. A selective x pulse was applied 

at the frequency of resonance of the NH#) protons. Spectra were recorded using exchange delays (zx) of 

0.005,0.01,0.02,0.03,0.04,0.06.0.08,0.1,0.2, and 5 s (blank). Numerical analysis14 of the changes in the 

peak heights of the NH2 (Z) and NH2 (I?) signals as a function of the exchange delay (Table 4) yielded values 

of Z/E isomerixation rate constants of 2.98 s-1 (k~_& and 7.08 s-t (k z_&, and a longitudinal relaxation time 

(Tt, assumed equal) of 0.26 s. 

Table 4. Reak height variations for the N& signals of 3b (300 MHz, CDC13.273 K) using 
different exchange delays (zx). 

TX (s) 
0005 
0:01 
0.02 
0.03 

:z 
0:os 
0.10 
0.20 

A peak heighta NH2 (E) 
exptJ calcdb 

15 52 
:16:71 

15 52 
:16:69 

-18.73 -18.68 
-20.36 -20.27 

-21.61 -23.22 -21.49 -23.09 
-23.88 -23.81 
-23.92 -23.89 
-19.61 -19.91 

A peak heighta NH2 Q 
expti calcdb 
10000 
-95:14 

10000 
-95:17 

-86.33 -86.36 
-78.55 -78.55 

-71.64 -60.05 -71.63 -60.00 
-50.85 -50.77 
-43.44 -43.38 
-22.61 -22.5 1 

aIn arbitrary units. bAccording to ref 14. 

General procedure for the preparation of deoxytbioureido sugars (lb-3b). Dry (KOH) ammonia 

was bubbled into a solution of the corresponding isothiocyanato derivative4 la3a (0.6 g, 1.99 mmol) in ether 

(30 mL) at O°C for 10 mitt, and then at room temperature for 20 min. The crystalline product was collected, 

and washed with cold ether. 

6-Deoxy-1,2:3.4-di-O-isopropylidene-6-thioureido-a-D-gaiactopyranose (lb). Yield 0.6 g (95%), mp 

187-188°C (from ether), [a]~ -5.5 (C 1. CH2C12). Las 252 nm (ELM 5.7); Vma 3415.3329, 1617, 1553, and 

1093 cm-l. 1H NMR (300 MHz, CDCl3): Table 1 and 6 1.45, 1.40. 1.30, 1.29 (4 s, 12 H, 4 Me). t3C NMR 

(313 K): 6 184.2 (C=S), 109.4, 108.9 (2 CMez), 96.1 (C-l), 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): 6 184.1 (C=S Z), 183.2 (C=!J E), 109.4,108.9 (2 CMq 

Z,E), 96.0 (C-l 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 MeZ,E). EIMS: m/z 318 (2096, 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-mdioxolenium cation). Anal. Calcd for CI~H~~N~O~S: C, 49.04; H, 6.96; N, 8.80; S, 10.07. 

Found: C, 48.97; H, 6.95; N, 8.51; S, 10.11. 

6-Deoxy-l~:3~-di-O-isopropyii&~-6-thioureido-a-~-glucofuranose (2b). Yield 0.62 g (98%), mp 

165-166’C (from ether), [a]~ +4.5 (c 0.6, CH2C12). &nsx 259 nm (ELM 12.4); vmax 3393.3289, 1620, 1580, 
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and 1095 cm-l. 1H NMR (300 MHz, CDC13): Table 1 and 6 1.46, 1.34,1.30 (3 s, 12 H, 4 Me). 13C NMR (313 

K): 8 184.4 (C=S), 112.4 (CMe2 dioxolane), 106.3 (C-l), 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): 8 183.1 (C=S Z), 182.8 (C=S E), 

112.4 (CMe2 dioxolane Z,E), 106.2 (C-l Z,E). 101.3 (CMe2 dioxane Z.E), 83.6 (C-2 E), 83.3 (C-2 Z), 80.7 (C- 

4 Z). 79.5 (C-4 E), 74.7 (C-3 E). 74.5 (C-3 Z). 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. M+- 

CH$E-lCSNHi), 171(10,229-Me&!O), 113 (100,2,2-dimetby1-m-dioxenium cation), 100 (20,2,2dimethyl- 

m-dioxolene cation), 85 (40.2~methyl-m-dioxolenium cation). Anal. Calcd for C13H22N205S: 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. 

Z-Dcoxy-2.3:45-di-O-isopropyle-Z-thioureido-&D-~~topyranose (3b). Yield 0.61 g (97%). mp 

111-l 13’C (from ether), [a]~ -47 (c 0.6. CH2C12). Lax 253 nm (&mM 12.5); vmax 3567,3453. 3337, 1611, 

1574, and 1092 cm-l. IH NMR (300 MHz, CDC13): Table 1 and 8 1.55, 1.44, 1.38 (3 s, 12 H, 4 Me). l3C 

NMR (313 K): 8 184.3 (C=S), 109.1, 108.9 (2 CMez), 102.3 (C-2), 71.2 (C-3), 70.5 (C-5) 69.9 (C-4). 61.1 

(C-6), 51.1 (C-l), 26.2, 25.9, 24.9, and 23.8 (4 Me); (233 K): 8 109.1. 108.9 (2 CMezZ,E), 102.8 (C-2 Z), 

102.1 (C-2 E), 71.3(C-3 Z), 70.1 (C-3 E), 69.9 (C-5 Z), 69.7 (C-5 E). 69.5 (C4 Z), 69.3 (C-4 E). 60.9 (C-6 E), 

60.4 (C-6 Z), 51.3 (C-l Z), 49.2 (C-l E), 26.2, 25.9.24.9, and 23.8 (4 Me Z,E). EIMS: m/z 318 (5%, M+‘), 

303 (5, M+-Me’), 229 (90, M+-CHzNHCSNHz’), 171 (100, 229-MezCO), 113 (40, 4-methylidene-2,2- 

diiethyl-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 Diici6n General de Investigaci6n Cientffica y Tkcnica 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 Educaci6n 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 csrrying 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, I. Adv. Curbohydr. Chem. 1958.13.215-236. (c) Ortiz Mellt, C.; Jin&nez Blanco, J.L.; 

Garcia Fertuhulez. J.M.; Fuentes, J. J. Curbohydr. Gem. 1993.12.487-505. (d) Avalos, M.; Babio. 

R.; Cintas, P.; Jim&iez, J.L.; Palacios; Fuentes. J. J. Calm. Sot. Perkin Trans. Z l!BO,495-501. (e) 

Fuentes Mota. J.; Cuevas. T.; Pradera, M.A. Carbohydr. Res., 1994.257.495-501. 

2. Chtiz Mellet, C.; Moreno Marfn, A.; Garcia FemBndez, 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, Vol4) ; Marchand, A.P., Ed.; VHC Publishers, Inc.: Deefield 

Beach, 1985. (b) Sandsmm. J. Dynumic NMR Spectroscopy Academic Press: London, 1982. (c) 

Dynamic Nuclear Magnetic Resonance Spectroscopy, Jackman. L.M.; Cotton, F.A.. Eds.; Academic 



2334 c. ORTIZ lvBE.UT et al. 

4. 

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

(a) Garcfa Fe&n&z, J&f.; Grtiz Mellet, C.; Fuentes, J. Tetrahedro L&t. 1992,33,3931-3934. (b} 

GarcSa Ferntidez, J.M.; Qtiz MelSet, M.C.; Fuentes, J. J. Org. Chem. 1993,58,5192-5199. (c) 

Fuentes Mota, J.; Jim&tez Blanco, J.L.; Grtiz MeIlet, C.; Gamfa Fem&xiez, J.M. Carbohydr. Res. 

1994,257,127-135. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13, 

14. 

St&a, L.V.; Sathyanarayana, D.N. J. Chem. Sot. Perkin Trans. II W86,1647-1658. 

The line width of the signals arising from the NH2 protons in the msjor isomers at temperatures lower 

than Tc were considered For our calculations, we assumed reasonable line width values in the absence 

of chemical exchange of 6 f 2 Hz, taken into consideration the line widthening due to the quadrupolsr 

moment of the nitrogen atom and the unresolved geminal coupling constant in the NH2 group (-2 Hz). 

See: Wasytisten. R.; Schafer, T. Can J. Chem. 197s. 49.3.575-3576. 

The error limits specified in Table 2 ate not statistical ones, but rather represent an estimate of 

probable errors from scatter in the data. 

(a) Led, J.J.; Gesmar, H. J. Mugn. Reson. 1982,49,444-463. (b) For&n, S.; Hoffman, R.A. Acta 

Ckem. Scam& 1%3,17,1787-1788. 

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

(a) Adams, B.; Lerner? L. f. Am. C&m. Sue. 1992,224,4827-4829. (b) Poppe. L.; van 

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

Sagar, B. F. J. C&em. Sot (B) 1%7,428-430. 

Pease, LG.; Niu, C.H.; Zimmermanu, G. J.Am. C&em. Sot. 1979,101,184-191. 

Goekjian. P.G.; Wu, 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. 

(Recejved 8 ~epf~er 1994) 


