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Multiple imJIWri88I Wb8 d8dUC8d iOr C8rtain mide8 from their 

proton nmgn8tic re8onance (PMB) rpectrogrm8. Th8 purpore of thir 
7 

letter ir to report there ob8ervAtionr. The &n&de, CH - N - - H (I) 
&x8 

/ - CH, 
Cl 

use prepared by 1) refluxing 2-chloro-6-methyl Aniline in an exce88 

of formic acid for four hoUr8, 2) i8OlAting the r88titiIlg 8eCondhXy 
formamide (II) by cry8tAlllaAtlon, and 3) reacting II with radium 

hydride And l-phenyl-l-ethyl bromide in rsi'luxing xylene. Aft8r 

wA8hing with water And etrlpplng off xylen8, I wa8 isolAt8d by 

8ioleCtiAr di8tillAtion at <l x lo-' mm And 155'C. About two-third8 
Of I WA8 dietilled off and dlscardrd A8 inrUrAtK8 AgAin8t COntamiMtiOn 

by II, which dilltill At About 1OO'C. 

N = 5.1; round: C = 70.2, H - 6.2, N 

C&8 - 
",c -0 

Kt- 
6 

(III) wa8 prepared.by 
-CH8 

Theory: C - 70.3, H - 5.9, 
= 5.2. The ethyl derivstive, 

the conv8ntlonAl rebction of 

triethyl orthofonmte with 2-chloro-6-methyl Anilln8 And lrolrt8d by 

vacuum di8tillation At About 100°C And 0.2 888. Tbory: c - 60.8, 
H = 6.1, N - 7.11 found: C I 60.7, H = 6.0, N - 6.9, Amide8 V, VI, 

and VII (888 8trlICtUral fOr8UI1IA8 below) W8r8 prepAmd by 8lmilAr 
I88thod8. The PMB 8pectrA (with rym-tetrachloroeth a8 the lolvent), 
were obtained lilth A VarlAn A-60 rpectromster fitted with the Varian 
variabls temp8rAture ACC888Ory. 
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Compound I rt 4o"c porrrerrar four rots of 61-6 r0r 611 

except the ring proton*. Thir over-h11 fourfold multiplicity can 

be attributed to the coexI6t6kce of epl6ter6 with the eplmere in turn 

having cl6 and trane amide lromer6. Rotation 16 slow enough around 

the benzene-to-nitrogen bondfl**) to produce one reymmatry center 

that 1s recogni6rble on the PMB time scale, while the r6mtrlc 

carbon atom 16 the other. Slow rotation around the crrbonyl to 

nitrogen (amide) bond 16 reepon6lble for the cl6-trane le~rlem. 

It should be noted that clr-trsne lromerl6m whe not observed in 

elmllrr epimerlc amides(*) that had large crrbonyl rub6tltuente. 

At 100°C the spectrum of I (not shown) 16 very badly blurred and 

largely unresolved. However, at 140' the spectrum 16 rharp and 

simple, and there 18 en over-all multiplicity of two. This behavior 

would be expected as rotation around the amide bond become6 rapid 

enough to cause coalescence of the cle-tranr 6lgnble into a single set 

for each of the two eplmere. The compound, 
? 

CHd 
9 

-""-7-" 
- H (IV), shows almost identical behavior. However, 

HeC- 

Q 

--Br 

CHS 

IV was not Isolated in high purity, and its behavior 16 reported 

here only to corroborate obrervatlone with I. 

The behavior of III 16 that of a elmple fonnemide (no 

dlsetereoreomer6) except that the methylene proton6 (b) 6re non- 

equivalent. Even at 100°C the reprrrte signals from the cl6 and 

trane isomers are vlrlble (one leomr being about three t-6 as 

abundant as the other). Nonequivalence in the methylene signals 

is clear for the major isomer only, but mry be present also for the 

minor isomer. At 140' the signals from Qe reprrrte leolwre h6ve 

almost entirely coalesced and nonequl~alence 16 barely detectable. 

The very similar formamldee (spectra not shown) 

CH, - CH, - N - 1 

a- 

- H (V), CH, - CH. - -! 
HeC- Br Cl- 

Br 8 

-xi (VI), and 
Br 

r 
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CHS - CH* - r - L Ii (VII) do not exhibit clear methylone 

HsC- 
0 

- Br 

ct 
proton nonequivalence even at -40°C, though there is some 

bro8denln.g for V and VI. 

There observrtionr point up two quite variable pattern0 Of 

beh8vior in tertiary amides that contain an unrymmetrically 2,6- 

substituted benzene ring attached to nitrogen. One of these 

variable patterns la the observation of cis-trans isomerism in 

certain epimer pairs, but not In others. The lack of apparent 

cls-trans ieomerlsm in amides(s) might be due to (a) rapid rotation 

around the amide bond at the lowest accessible temperatu?es or (b) the 

great preponderance of one isomer ior thermodynamic reasons. Factor 

(b) would seem to cause lack of observable cls-trans isomerism. (s) 

From work in progress in this Laboratory a.8 well as from other data(‘), 

it ia unlikely that replacement of the formy1 proton with a bulky 

group would decrease the temperature for the onset of rapid rotation 

around the amide bond by 150°C or more [fsctor (a)]. It is unlikely 

that the coexistence of four isomers in nearly equal abundance as we 

observed in I and IV ia very common. 

The other variable pattern is the seemingly random nonequivalence 

of the methylene protons of the N-ethyl iormamldes (III, V, VI, and VII). 

The absence of clesr nonequivalence (in V, VI, snd VII) could be 

ascribed to a rapid rate of rotation around the benzene to nitrogen 

bond. Since the ethyl group Is rmall compared to the 1-phenylethyl 

group, sterlc factors might favor rapid rotation around the benzene 

to nitrogen bond more in the N-ethyl formemldes than in I and IV. 

However, this seems unlikely since V and VII with the larger bromine 

atom replacing chlorine and VI wlth.bromine (about e&81 size) 

replacing the methyl group do not ahow the methylene proton 

nonequivalence observed for III. A more likely explanation is that 

the methylene protons in V, VI, and VII are very nearly equivalent 

derpite their lack of a symmetry element. Perhaps-the methyleie 

Protons are geOmetriCalQ nonequivalent, but because the field 
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gradient 18 80 am411, they 4re magneticrl~ equivslent. Alternatively, 

there may be rbpld moleculbr motlonr that produce such a good approxl- 

mrtlon of ametry that geometric nonequivalence 18 too amall to be 

detected. Thlr 1-t conrlderatlon carries additional weight in view 

qf the dlmlnution of the degree of nonequivaldnce in III with 

lncrerrlng temper4ture. 

Whrtever the underlying structural factoremay be, the 

coexlrtence of cle-trana lrromers in coexl8tlng eplmere ehould be 

lnvertlgated. ~nn.achreck~5) recently lrolbted 4 pure smide isomer; 

eplmers similar to those of I and IV were separated In this 

Laboratory(*). Therefore, It may be poealble to laolate individuals 

of the four Isomers for compounds such a8 I bnd 1v. This could, 

among other things lead to 4 direct etudy of the effect of 

diartereoiromerlam on the rate of rotation around the amide bond. 

Even In the abrence of Beparatlon of tie-trans Isomers, this 

Information could be obtained indirectly by signal shape 8nalysie(3). 
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*The Information contained in this art.icle wae developed during 
the cour.se of work under contract AT(37-2)-l with the U. S. 
Atomic Energy Commission. 


