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Abatrac-The influence of substituents in the aromatic nucleus of 2-aryl-3-methyl-2-butanols (1) on the 
magnetic nonequivalence of the isopropyl Me protons was investigated. Quantitative correlations were 
obtained with the aid of the Hammett-Yukawa and Taft equations. The origin of the phenomena is 

discussed in terms of preferred conformations of 1 and the diamagnetic anisotropy of the aromatic nucleus. 

INTRODUCTION 

IN 2-aryl-3-methyl-2-butanols (general formula 1) the isopropyl Me groups are 
diastercotopic by internal comparison due to the chiral centre at C-2. Variation of 
the nature and position of the substituent X at the aromatic nucleus may result, in 
principle, in a variation of anisochronism of the isopropyl Me protons. 

X 

1 

Although magnetic nonequivalence of diastereotopic atoms or groups has received 
growing attention in recent years,’ we are not aware of any systematic study of the 
effect as a function of the electronic nature of one of the groups attached to the chiral 
center. 

In this paper we communicate the results of such a study by variation of X in 1; 
the anisochronism of the isopropyl Me protons is found to be a satisfactory function 
of the Hammett-Yukawa or Taft substituent constants. Considerations with respect 
to both the preferential conformations of compounds 1 and the diamagnetic aniso- 
tropy of the aromatic nucleus are presented in order to elucidate the origin of the 

anisochronism. 

RESULTS AND DISCUSSION 

The PMR spectrum of 1, X = H shows two doublets (.I = 68 Hz) at 6 = 076 and 
@86 ppm (Ccl,, relative to TMS) corresponding with the isopropyl Meb and Me’ 
protons, respectively. This assignment was based on comparison with the PMR data 
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of threo-4-deutero-3-methyl-2-phenyl-2-butanol (4), which was prepared from threo- 
2-methyl-3-phenyl-1,3-butanediol* (2) according to 

TsCl 

pyridine 

0” FHzOTs 
C*-C.-H 

LAD 0” VHzD 
Et,d 

C*- C.-H 

be Ae ke AC 

2 3 4 

The PMR spectrum of 4 (CCIJ shows a doublet (J = 6.8 Hz) at O-84 ppm and a 
doublet (J = 7.0 Hz) of a triplet (J = 1.9 Hz) at 0.73 ppm corresponding with the 
isopropyl CH, and CH,D protons, respectively. 

The results for a number of substituted 1 have been arranged in Table 1 on the 
assumption of no change in the order of the Me” and Meb PMR signals. 

TABLE 1. PMR DATA OF THE ISOPROPYL Me PROTON OF 2-ARYL-~-M~HYL-~-BUTANOLS (1) 

Substituent “. % V,_Vb 

H 51.8 45.6 6.2 
m-Me 51.8 45.4 6.4 

p-Me 49.7 44.5 5.2 

p-Et 50.6 45.1 4.9 
p-isoPr 5@8 45.7 5.1 

p-terr-Bu 52.9 41.3 5.6 
m-F 52.8 45.1 1.1 

P-F 51.8 46.2 5.6 
m-C1 52.8 45.1 1.1 
p-a 51.8 45.3 6.5 
m-Br 53.3 45.6 1.1 

pBr 52.9 45.8 1.1 

m-OMe 51.4 45.0 6.4 

p-OMe 48.3 45-8 2.5 
m-NMe, 51.7 45.9 5.8 

p-NMe, 47.5 41.5 00 

m-CF, 541) 45.3 8.1 
m-NMel I- 52.1**’ 4ulb* e (lO)c’ 

piNId 55.1 45.3 9.8 

piN)H + CF,COO- 58.2’. * 41.2b*e (15Y.. 

’ 60 MHz; 10% (wt/vol) in Ccl,; chemical shifts in Hz relative to TMS 

b loo/, (wt/vol) in DMSO-d6 
’ Estimated value from the relation (v, - vb)- = 1.1 (v, - vJccI,, based on H, 

m-Br, and m-CF, 
’ 2-Wpyridyl)-3-methyl-2-butanol 

’ ‘Not included in the quantitative correlations 

The data sho.w that the difference in chemical shift of the isopropyl Me protons, 
v, - vb, is influenced by the substituents. It appears that electron-donation by the 
substituents causes a decrease, and electron-withdrawal an increase in the magnitude 
of v, - vk Although the same picture holds for v,, the variations in vb are rather small 
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RG 1. Positions of the isopropyl Me protons of 1, X = H as function of the shielding zones 
about the benzene nucleus for the conformations 5,6 and 7, respectively; z and pare expressed 

in ring radii (1.39 A) and 6s in ppm, according to Johnson and Bovey.” 
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I 
The preferred conformations of the benzene ring were determined according to 

the method of Baas.’ Using the skew-butane van der Waals repulsion energies 
(kcal/mole) OH,Me = 0.4, Me,Me = 0.9, Ph,Me = 1.3, Ph,H = 0.0, and Me, 
H = OO,l’ the equilibrium composition of these conformers at 37” will be approxi- 
mately 60,26, and 14% for 5,6 and 7, respectively. The positions of the isopropyl Me 
protons in these preferred conformations are illustrated in Fig 1, in addition to the 
isoshielding lines of the benzene nucleus according to Johnson and Bovey.’ ’ Before- 
hand, we assume that effects other than those arising from the magnetic anisotropy of 
the benzene nucleus are negligible. In conformation 7 the isopropyl Me groups are 
situated symmetrically with respect to the benzene nucleus, so that 7 will not give an 
important contribution to the variation in nonequivalence. On the other hand, the 
Me’ and Meb groups are quite differently situated in 5 and 6. Since these groups have 
approximately interchanged position in 5 and 6 with respect to the benzene nucleus, 
we may consider just conformation 5 for the interpretation of the results, taking into 
account that the magnitudes of shielding derived from this model have to be reduced 
to about one third. Using this model we obtain v, > vb, in accordance with the experi- 
mental result from the PMR spectrum of 4, while the estimated value for v, - vb= 4 
(0.3 f 01) ppm agrees well with the value of 0.1 ppm found for 1, X = H. 

At first sight, the much stronger substituent effect on v, than on vb seems to be in 
contradiction with the longer distance (- 1 A) between the Me” protons and the 
benzene nucleus. Therefore, instead of direct field effects of the substituents, we have 
to describe substituent effects in terms of alteration of the shielding and deshielding 
zones about the benzene ring. Whereas the average position of the Meb protons is 
very close to the nodal plane of these zones, i.e. will be only slightly influenced, the 
Me” protons are very definitely situated in the deshielding zone. Furthermore, the 
opposite substituent effects on v, and vb are easily understood, because the Me” and 
Meb protons lie in different zones, oiz. the deshielding and shielding zones, res- 
pectively. In this respect, the substituent effects on the Me” protons, for instance, may 
be interpreted as a change of shielding in the region p = 4, z = 1 f 0.5. which may 
be expressed quantitatively by 

(a& - GJ& = -0.55 0” - 0.45 AC?; 

with uB denoting the shielding factor in ppm. T’his relation is equivalent to the 
Hammett-Yukawa relation for v, 

In conclusion, we may state that the phenomenon of magnetic nonequivalence of 
the isopropyl Me protons in 1 and the influence of the substituents on this pheno- 
menon is completely understood by the occurrence of the preferred conformations 
5,6 and 7, and the large diamagnetic anisotropy of the aromatic nucleus. Therefore, 
the difference in chemical shift of the isopropyl Me protons originates only to a 
slight extent in the asymmetric center as such. 

EXPERIMENTAL 

The PMR spectra were measured on a Varian T-60 or XL-100-15 spectrometer at about 37’ with Ccl, 
as the solvent CIW/O wt/vol) unless otherwise stated. 

The preparation of a number of 2-aryl-3-methyl-2-butanols (1) has been described recently.” In tk 
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same way 2i4-pyridyl)-3-methyl-2-butanol, b.p. 100”/0.9 mm nn I5 1.5214, and 2dm-jluorophenyl)-3-methyl- 

2-buronol, b.p. 116”/17 mm nk’ 1.4965 were obtained. 

Threo-4-deutero-3-methyl-2-phenyl-2-butanol(4). TsCl(190 g, lO+l mmole) in pyridine (6 ml) was added 

dropwise with stirring to a soln of threo-2-methyl-3-phenyl-1,3-butanediol’ (2, 1.70 g, 95 mmole) in 

pyridine (6 ml) at 0’. The resulting mixture was stored for 16 hr at 0”. acidified with HCI aq and extracted 

with ether (100 ml). The dried (MgSO,) extract was evaporated to yield 2.88 g (91%) of a colourless oil (6). 

A soln of 6 in dry ether (60 ml) was added to a stirred suspension of LAD (10 g, 24 mmole) in dry ether 

(40 ml) under rellux. The mixture was heated for an additional 8 hr. hydrolyzed with NaOH aq (25%. 

30 ml) and extracted with ether (60 ml). The dried (MgSO,) extract was evaporated and the residue distilled 

in uacuo; yield of 4 0.54 g (43%). b.p. 11 l-l 13”/15 mm, nu ” 1.5139, containing 1.00 d (MS). 
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