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IH AND I~C NMR SPECTRA, STEREOISOMERISM, AND CONFORMATIONAL 

STATES OF 3-PHENYL-5-1SOPROPOXYTETRAHYDRO-2-FURANONES 

A. A. Panasenko, A. A. Fatykhov, 
L. V. Spirikhin, and G. Ao Tolstikov 

UDC 547.722.3:541o63:543. 
422.25:681.3.06 

The IH and 13C NMR spectra of the diastereomers of 3-phenyl-5-isopropoxytetra- 
hydro-2-furanone were obtained. The stereoisomerism and preferred conformation- 
al states of these diastereomers were established by means of the spectroscopic 
criteria found for 3,4-disubstituted sulfolanes and l,l,3,4-tetrasubstituted 
silacyclopentanes. It is shown that for the cis isomer the equilibrium is 
shifted to favor pseudoequatorial conformers, whereas for the trans isomer it 
shifted to favor ae conformers with a preferred pseudoequatorial orientation of 
phenyl substituent. 

The diastereomeric pair of 3-phenyl-5-isopropoxytetrahydro-2-furanone, in which the sub- 
stituents are attached to carbon atoms separated by one CH 2 group, is a convenient subject 
for testing the efficiency of the spectroscopic criteria for the determination of the stereo- 
isomerism of disubstituted five-membered heterocycles developed primarily in the investiga- 
tion of the IH and i~C NMR spectra of vicinally substituted five-membered cyclic compounds 
[1-3]. 

The IH NMR spectra of the ring protons of diastereomers I and II correspond to a four- 
spin ABKX system (Tables 1 and 2). 

As analysis of the chemical shifts (CS) of the ring carbon atoms shown that the chemi- 
cal shifts of the C(2 ) and C(~) nuclei, i.e., the carbon nuclei coupled with one substituent, 
of I are greater than the CS of the corresponding carbon nuclei of II. It is known that in 
disubstituted derivatives of cyclopentane and cycl0hexane the carbon nuclei coupled with one 
substituent are more strongly shielded in the trans isomers if the substituted carbon atoms 
are separated by one methylene fragment [5, 6] as compared with the CS of the analogous atoms 
in the cis isomers. Consequently, II is the trans isomer, and I is the cis isomer. Since 
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zJ~3c_ H for C(~) of II is greater than the corresponding constant for I, while the constants 

for C(2 ) of the two compounds are approximately the same, the equilibrium in solution at room 
temperature for I, according to [i, 3], is shifted to favor the pseudoequatorial conformers, 
whereas for II it is shifted to favor the ae conformers with a primarily pseudoaxial iso- 
propoxy group. 

The parameters of the IH NMR spectra (primarily the CS of the geminal protons) presented 
in Table 1 confirm the assignments of the stereoisomers made on the basis of the ZaC NMR spec- 
tra. It is known that 8 substituents shield cis-vicinal protons and deshield trans-vicinal 
protons [7], and the CS of the geminal protons ittached to the C(~) atom of the cis compound 
therefore should differ significantly from one another, while this difference should be in- 
significant for trans isomer II. In fact, ~06AB = ~59~ Hz in the ZH NMR spectrum, while 
906AB is on the order of 9.0 Hz for II. Moreover, taking into account the effect of 7 sub- 
stituents on the CS of the 3- and 5-H protons in accordance with [3] also confirms the cor- 
rectness of the establishment of the configurations of I and II. 

-~,... .~.~ 

,.:-i,,,-o~/'--o-"~o. +'~ ~" . -~o~-~o  ~ 
- i'l,~ l i  x i. - l ,  r o  

l ~. I I  

According to the scheme presented above for taking into account the effect of the ~ and 
substituents on the CS, the signals of the 3- and 5-H protons of I should be found at 

stronger field as compared with the signals of the corresponding protons of II; this is com- 
pletely confirmed experimentally. 

It has been shown that ~-lactones in the crystalline state exist in the "envelope" form 
with the C(~) atom outside of the C(2)-<)-~(5 ) plane [8]. On the basis of this it might be as- 
sumed that an "envelope" conformation with the C(~) atom outside of the plane of the ring is 
also the most likely conformation in solution for the two diastereomers of 3-phenyl-5-iso- 
propoxytetrahydro-2-furanones. For the analysis of the angular dependence of the vicinal 
constants we used a modified Karplus equation (i) with the constants found for cyclic ~-acet- 
oxy ketones [9]: 

�9 ( lOcos20 ,  0 ~ 1 7 6  
~IH~ = ~ 16 cos = O, 90~ 0 ~< 180 ~ ( 1 ) 

An analysis of the vicinal constants for trans isomer II shows that of the two possible 
conformations, conformation B is preferred: 

H x P h  H A 

t ix 0 
H A 

C-~O C = O  

H s i - P r O  H K 

A B 

In fact, according to Eq. (i), when 3JHBHx = 1.13 Hz dihedral angle HxC(~)C(4)H B = 90 ~ , 

which corresponds to conformation B, in which the isopropoxy group is pseudoaxially oriented 
in conformity with the Z3C NMR data. 

The SJHBHx and 3JHAHK coupling constants are the trans-vicinal values, and the corre- 

sponding torsion angles can therefore be determined most accurately from them. The other 
two coupling constants SJHBHK and 3JHAHx are cis-vicinal values, and their values show only 

the degree of puckering of the ring [i0]. Thus according to expression (i), in the trans 
compound dihedral angle LHKC(s)C(4)H A = 146 ~ and LHxC(5)C(~)H B = 72~ 

In the cis isomer the trans-vicinal constants are SJHBHx and SJHBHK, and the two sub- 

stituents are oriented either pseudoaxially or pseudoequatorially. 
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Fig. I. Scheme of the pseudorotations of the trans- 
2-phenyl-4-isopropoxy-7-1actone molecule (A is the 
phase angle of pseudorotation). 
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Vicinal constant 3JHBHx = 5.65 Hz was obtained experimentally. According to Eq. (i), 

for this value of the constant dihedral angle ZHxC(s)C(~}H B can be found both over the 0-90 ~ 
range and over the 90-180 ~ range. This is also valid for the other trans-vicinal constant 
3JHBHK. Thus in the cis isomer it is impossible to unambiguously determine the preferred 

orientation of the substituents and choose between conformations C and D only on the basis 
of iH NMR data. However, according to the I~C NMR data, in the cis isomer the substituents 
are oriented primarily pseudoequatorially, and of the two possible conformations, the D con- 
formation is consequently preferred. Then, according to (i), the dihedral angles in the cis 
compound are LHKC(3)C(~)H B = 143 ~ and ZHxC(~)C(~)H B = 126 ~ 

The values of the dihedral angles obtained in an analysis of the angular dependence of 
the vicinal constants taking into account the electronegativities of the substituents [ii] 
are close to the values found from expression (i). Thus ZHKC(~)C(4)H A = 158 ~ and LHxC(5)C(4)H B = 
74 ~ for the trans isomer; ZHKC(s)C(~)H B = 154 ~ and LHxC(5)C(4)H B = 135 ~ for the cis isomer. 
Twenty of the most probable conformations for the trans-3-phenyl-5-isopropoxytetrahydro-2- 
furanone molecule [12, 13], the analysis of which taking into account the NMR spectroscopic 
data shows that trans isomer II exists in equilibrium between the E, b, a, b, and c forms 
(Dreiding models were used in the analysis), are presented in Fig. I. Here there are three 
"envelope" conformations, viz., E, a, and c, in which the terminal atoms [C(3 ), C(4 ), and C(5 ), 
respectively] are situated outside of the plane of the ring. The other two conformations, 
viz., b and b, are "half-chair" conformations. Pseudoequatorial character of the phenyl sub- 
stituent and pseudoaxial character of the isopropoxy group are characteristic for all five 
states. The same most probable conformations were similarly found in cis isomer I. 

Thus an investigation of the IH and I~C NMIR spectra of the diastereomers of 3-phenyl-5- 
isopropoxytetrahydro-2-furanone shows that, first, the spectroscopic criteria that we pre- 
viously found in an investigation of substituted sulfolanes are also valid for y-lactones 
and, second, only the combined analysis of the vicinal proton-proton and direct carbon-proton 
SSCC makes it possible to most fully investigate the conformational states of five-membered 
saturated heterocyclic compounds. 
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EXPERIMENTAL 

The 13C NMR spectra of 5-10% solutions of the compounds in CDCI~ were recorded with a 
Jeol FX-90Q pulse spectrometer 122.5 MHz). The radiation-pulse duration was 45-90 ~ and was consis- 
tent witha timebetween pulses from3 to 6 sec: the buildup of the spectrum was carried out for 
16K points with a spectral sweep width of 2000-6000 Hz, which made it possible to obtain a 
digital resolution of 0.24 Hz. The IH NMR spectra of 1.0-1.5% solutions of the compounds 
in CDCI 3 were recorded with a Tesla BS-567 Fourier spectrometer (100 M}{z). The buildup was 
carried out for the maximum number of points - 16K - with a minimal sweep width of 760 Hz 
and a digital resolution of 0.095 Hz. Tetramethylsilane (TMS) was used as the internal stan- 
dard in both cases. 

Iteration analysis of the iH and iSC NMR spectra was carried out by means of the 
LAOCOON-3 program described in [14] and adapted with an SM-4 minicomputer. Test parameters 
~A, VB, VK, vX, JAK, JAX, JBK, and JBX were determined from data from the experimental spec- 
tra. It was assumed that J = 14.0 Hz [15] for the geminal constants. The JKX value was as- 
sumed to be equal to zero. 

In conclusion, the authors thank master's candidate A. Spivak for the compounds provided 
for investigation. 
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