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Diphenylmethyl anions are stable hydrocarbon anions due to charge delocalization into 

the two aromatic rings-la The resultant n-bonding across the benzylic carbon-phenyl bond 

leads to restricted phenyl rotation. 
lb 

Indeed, it might be expected that the electron-donor 

properties of para substituents on the phenyl rings would affect the respective exocyclic 

r-bond orders and thus the respective barriers to phenyl rotation. This report concerns 

'H and l3 ' C[ H] DNMR evidence for differential rates of phenyl rotation for the two rings -- 

of the 4-deuterio-4'-methyldiphenylmethyl anion (1). 

Examination of the 'H DNMR spectrum (270 MHz) of the lithium salt of 1 (0.4M in THF) 

at 300°K (Figure 1) shows two different overlapping spectra each of which has apparent AB 

characteristics consistent with the presence of two different rings. The two low-field 

doublets of each respective phenyl spectrum are superimposed while the low-field line of 

the highest field doublet overlaps with the high field line of the next lower field doublet. 

At lower temperatures, the spectrum undergoes a series of complex changes and is sharpened 

at 195°K into overlapping ADFM and BCEN spectra as labeled in Figure 1 and determined from 

complete 'H DNMR line shape analysis. 
2 

The spectrum at 195OK (Figure 1) is clearly 

consistent with the observation of four different protons on each ring and rotation of both 

rings being static on the DNMR time scale in the delocalized anion (see2). At temperatures 
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'igure 2 

above 195"K, complete DNMR line shape analyses reveal an 

interesting dynamical situation in 1. Perusal of the DNMR 

spectra (Figure 1) at 208'K or 223°K illustrates the 

situation. It is clear at 208°K or 223°K that the ADFM 

spectrum is substantially more collapsed than the BCEN 

spectrum due to the onset of a rate process which is 

becoming rapid on the DNMR time scale. Indeed, a complete 

DNMR line shape analysis at 208°K reveals the rate constant 

for exchange of the ADFM system to an MFDA system is 20 
-1 

and that for the BCEN to NECB exchange is 2.5 set 
-1 

set . 

Phenyl rotation will exchange HA with HM, HF with HD, HB 

with HN, and HC with HE (see2). The important observation 

is that one ring is rotating faster than the other. This 

observation is very nicely consistent with the electron- 

donating property of methyl leading to reduced n-bonding 

of the methylated ring to the benzylic carbon of 1 and a 

reduced barrier to 4-methylphenyl rotation as compared to 

4-deuteriophenyl rotation.3 Thus, these observations for 1 

provide unequivocal evidence for differential rates of 

rotation in an unsymmetrical 4,4'-disubstituted 

diphenylmethyl anion. 

The phenomenon of differential rates of rotation is 

also illustrated very effectively in the 13C[lH] DNMR 

spectra of 1 (Figure 2). Examination of the 13C[lH] FT 

DNMR spectrum (22.64 MHz) of 1 (-0.4M in THF) at 313°K 

reveals two different ortho carbon resonances at 6117.7 

and 116.9 (TMS reference) consistent with the presence of 

two different rings. The singlet nature of both signals 

suggests that the ortho carbons are being rotationally 

averaged at a rate which is fast on the DNMR time scale. 

At lower temperatures, the spectrum undergoes exchange 

broadening and the singlet indicated by the asterisk at 

313°K is sharpened into two singlets (indicated by asterisks) 

at 192°K which are separated by 9.30 ppm. The other singlet 

resonance at 313°K separates into two singlets at 192°K 

separated by 9.35 ppm. It is obvious from an examination 

ofthe13 ' C[ H] DNMR spectrum of 1 at 218°K that the rate 

process associated with the asterisked peaks is slow on 

the DNMR time scale while the other pair of singlets is 

subject to exchange broadening, i.e., one ring is rotating 

faster than the other. Such DNMR spectral behavior is 
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consistent with the asterisked peaks being assigned to the ortho 

group which is rotating at a slower rate than the 4-methylphenyl 

carbons of the 4-deuteriophenyl 

ring.3 A complete DNMR line 
7 

shape analysis at 254OK revealed the rate of rotation of the deuteriated ring to be 500 set-' 

and that for the methylated ring to be 3000 set 
-1 

in good agreement with the 'H DNMR data 

(Figure 1). The activation parameters for 4-deuteriophenyl rotation are aH* = 12.1 2 0.4 

kcal/mole, AS* q 1.9 + 1.0 gibbs, AG * = 11.7 + 0.1 kcal/mole at 223OK, and for 4'-methylphenyl 

rotation AH* = 11.2 + 0.4 kcal/mole, AS* = 1.8 f 1.0 gibbs, and bG* = 10.8 + 0.1 kcal/mole 

at 223°K. 

These obsewations for 1 reveal a clear cut differential substituent effect on the rate 

of rotation in an unsynznetrical 4,4'-disubstituted diphenylmethyl anion. We are pursuing work 

aimed at an incisive depiction of the origin of the substituent effect in terms of intrinsic 

substituent electron-donor properties, solvation, and ion-pairing phenomena. 
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Our DNMR computer program is a local substantially modified version of DNMR3 by 

D. A. Kleier and 6. Binsch, J. Magn. Reson., 3, 146 (1970). Our modifications 

are described in C. H. Bushweller, 6. Bhat, L. J. Letendre, J. A. Brunelle, 

H. S. Bilofsky, H. Ruben, D. H. Templeton, and A. Zalkin, J. Am. Chem. Sot., 97, 65 

(1975). The spectrum is simulated accurately using 

~~6.63 (TMS reference), 6D6.43, 6F6.30, ~~6.08; 3JAD = 8.0 Hz, 5JAF = 0.0, 

4JAM = 1.1, 4JDF = 1.1, 5JDM = 0.0, 3JFM = 8.2 Jo@ hB6.56, ~~6.52, 6E6.36, 

~~6.03; 3JBc = 8.0 Hz, 5JBE = 0.0, 
4 

JBN = 1.1, 4JCE 
= 1.1, 5JCN = 0.0, 

3 
JEN = 8.2. 

(3) Assignments of the ADFM and BCEN spectra to the respective rings of 1 (see 2) is 

consistent with substituent effects on the 'H NMR spectra of symmetrical 4,4'- 

disubstituted diphenylmethyl anions examined in our laboratory. Assignments made 

for the l3 C DNMR spectra of 1 herein are also consistent with the general effect 

of a 4-methyl group on the ortho 
13 C NMR chemical shifts of diphenylmethyl anions. 


