
Tetrahedron Letters Ho. 36, PP 3163 - 3184, 1974. per@mon Press. Printed in Great Britain. 

13C N.&B. STUBY OF BOTATIOEAI ISOMERIs IB RIBAlL, TBIOPBl%, ABBlj-EEEiY%PYEBOIE-2- 

CBS, 2-AfZTYUBW, FUFIAE-2-CABKNYL CHIOBIBE, ABD t_BUTYI FBBAE-2-CABBCXYLATE 

Derek J. (hadrick,* G. Benis Meakins, and (Ers.) Eva E. Richarda 

(Dyson Ferrine Laboratory, Oxford University, South Perks Boed, Oxford 0x1 3QY) 

(Received in BK 22 July 1974; accepted for publication 31 July 1974) 

Variable-temperature 13C n.m.r. is a sensitive method for detecting rotational 

isomerism in the Title comp8unds, and in some case8 this technique reveals features not 

detectable by other spectrometric methode. 

TBEBE have been many investigations, by proton magnetic re8on8nce techniquea, into the 

rotational iaomeri88 of the Title aldehydO8 and ketone8 (generally a8 solution8 in non-polar 

8OlWlt8). The most recent rrork suggeets (8ee formulae) that 8hile furan-2-carbaldehyde (I) 

has K oa. 6 at -9O'C end K oa 1 at 3C°C,1'2'3*4 -- --• and x-methylpyrrole-P-carbsldehyde (II) ha8 g 

I 22 at -6OOC and E I 9 at 30°C, 5r6 P-acetylfuran (IV) ha8 K ca. 1 over the 8hole temperature -- 

range.4'7 Only the z conformation of thiophen-2-aldehyde (III) ha8 been deteol8d,3 snd8ith 

t-butyl furan-2-carborylate (VI) 88 cannot find p.m.r. evidence for rotational isomerism even 

though appreciable amounts of the t8o rotamera are probably present at 3O'C.S 

The failure of p.m.r. to detect rotational isomerism may arise from the presence of a very 

lor proportion of one rotamer, a very small barrier to rotation, or an insufficient difference 

betrreen the rotamers' spectral oharaoteristioa. Ve have found that the sensitivity of 1% 

chemical 8hifte to OnViro!UZntal change provides a po8erful method for studying rotameric 

equilibria; in some case8 the 13 C resonances reveal feature8 not observable using the p.m.r. 

method. 

(I) x10, Y-H; (II) LBEe, Y-H! (III) KS, Y=B; (IV) X-0, Y=k@; (V) X-0, Y-ButO; (VI) X-0, Y=Cl 
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The l3 C resonance6 of compounda (I)-(VI) in euifable non-polar eolvente were examined, 
uc~ing proton noise decoupling, from 30°C to -9O"Cr resonance aaeignmente were made from off- 

resonance decoupling and deuteriation experiment6 which will be described later. In all of 

the compounds, the G3resonencee broadenwith deoreaee in temperature; in some oase~more 

striking effects alao ooour. Thus, below-60°Ci%ran-2-carMdehyde (I) inCg2C12/CD2C12 

shore a C-3 rescnancee [intensity ratio (higher tc lower field signale) 1:lO at -70°C, 

separation 2. 9 p.p.m.1 and a CL0 resonances (lOr1, oa, 3 p.p.m.). The intensity ratio may 

not reflect eractly the ratio of the rctamers because of the possible differences in relative 

Owrhauaerenhancementer the use of a solution in CDC13 containing Cr(e~ao)~, which minimises 

this difference but which mey alter the equilibrium position by a dielectric effeot,2 leads tc 

a ratio of 531. Shielding considerations 991 suggest, in agreement with but independently of 

the p.m.r. work, that the n form predominatea. 

Solutions of aldehydee (II) and (III) do not ahor similar splitting of the signals aa the 

temperature is lowered. The C-3 reaonancee broaden to maximel values at acertaintemperature 

and then &arpen to resume their original height8 at a lower temperature. For pmethylpyrrole- 

P-oarbaldehyde (II) the temperatures are -20°C and -50°C, and for thiophen-2-carbaldehyde (III) 

-75'C and ~a. -9O'C. Thus, although both compounds eriatverylargely in preferred forms 

(from the p.m.r. results, the E conformations) over the whole temperature range, the l3C 

results still demonstrate the ooourrence of rotational ieomeriem. With t-butyl furan-2- 

oarborylate (V) the broadening has not paseed its maximum even at -90°C, presumably because of 

a lorer rotational energy barrier. 

Splitting of eignals ie moat dramatic with the furan ketone (IV) and acid chloride (VI). 

At -SC°C the former shows pairs of signals with intensity ratios 3.511 (higher to lower field 

absorptiona) for the _CO and _C2 reaonancee, and pairs with ratios 113.5 for the &3 and _05 

reaonancee; the latter has paire with ratioe 1011 for ,oO and _Cq, and ltl0 for ,03 and 25. 

The E form of the ketone is considered to be the major rotamer at low temperature, and this 

will also apply to the acid chloride if the compounda' eubetituente are similar in their 

shielding characteristics. 
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