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The greater deehielding of protons attached to the a-carbon atom of 

the alcohol moiety of esters (C'), as eompared with the ssme protons in the 

free aleehols, the so-called "acylstion shift", is a well- known phenomenon 

in nuclear mscnetic resonance spectroscopy'. In agreement with commonly 

quoted valws, data obtained for a number of simple esters (Table 1) shows 

that the acylstion shifts are essentially 1.0-1.15 p.p.m. for secondary 

alcohols, 0.45-0.60 p.p.m. Par primary alcohols and only 0.2-0.3 p.p.m. 

methanol. The physical basis of the shift hns not previously been dis- 

cussed RlthouRh it is cl*arl.y associated with anisotropy effects of the 

for 

ester system. Closer understanding has heen hindered by lack of knowledge 

of the conformation of esters. 

Senecionine (I) and other closely relnted 12-msmherrd rinz diesters 

of retronecine (II) are remarkable for thr high decree of magnetic non- 

equivalence of the H9 protons which are the Ca protons of the primary ester 

2 system (Tnhle 2; HsU_ is the upfield, H9fi the downfield proton) . They 

appear to constitute the first primary esters (esters being: characterised 

by Ca cis to the narhonyl proup, - in contrast to lactones) whose con- 

formntion at Ca is essentially fixed and determinable. 
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AlC~hc.1 

Methanol 

slcohols Primary 

Ethanol 

;-Hutanol 

Iso-Butsno - 
iso-Hexyl alcohol - 
Renzyl alcohol 

Secondng alcohol ___I_ 
~sOprOpR,,Ol 

sac-Butsnol - 
Cyclohrxanol 

--_ 

Chemical 

Shift of 

:= Protona 

.6,p.p.m.) 

3.35 

3.59 

3.53 

3.29 

3.44 

4.45 

3.91 

3.63 

3.53 

Ester 

Methyl formate 

Methyl acetate 

Methyl butyrate 

Yethyl laurste 

-- 
Chemical 
Shift of 

F Protons 

6,p.p.m.) 

3.71 

3.60 

3.60 

3.58 

0.36 

0.25 

0.25 

0.23 

Ethyl formate 

Ethyl acetate 

Ethyl propionste 

Ethyl g-butyrate 

Ethyl n-hex&e 

Ethyl iso-valerat - 
Et.h.yl stearate 

Ethyl succinnte 

Ethyl malonate 

n-Eluty1 lactate 

iso-Butyl acetate - 
iso-Hex.vl acetate - 
Benzyl acetate 

Henzyl propinnate 

Benzyl stearste 

4.17 0.58 

4.06 0.47 

4.07 0.48 

4.07 O.4R 

4.06 0.47 

4.06 0.47 

4.07 0.48 

4.09 0.50 

4.17 0.58 
4.14 0.61 

3.71 0.48 

3.93 0.49 

5.02 0.57 

5.04 0.59 

5.1A 0.73 

Isopropyl wetate 4.90 0.99 

see-Ill&y1 acetate 4.75 1.12 

Cyclohexyl aretat 4.67 1.14 

--_- -~ ---- 

TABLE 1 

Aeylation Shifts 04 Alcohol C" Protons (measured in 10% solutions in Ccl4 --- 
relative: to internal THS) 

Acylstion 

Shift 

(p.p.m.) 
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J 
Chemical Shifts (6, ppa) AH9 Mean B9 Shift 

Alkaloid 
Jw li9a- (PP) (Ppm) 

(Retronecine (II)) 4.25 4.25 4.25 

Integerrimine 4.16 '5.41 1.25 4.79 

Jacobine 4.09 5.62 1.53 4.85 

Jecozine 4.06 5.53 1.47 4.80 

Retrorsinc 4.07 5.46 1.39 4.77 

Scelerstine 4.07 5.58 1.51 4.03 

Senecionine (I) 4.02 5.49 1.47 4.76 

Seneciphylline 4.04 5.44 1.40 4.74 

TdBLE 2 

Chemical Shifts of H9 Protons in 12-Membored Ring Diesters of Retronecine 

The confoneation of senecionine can be defined ae in the Fig. from 

consideration of the iolloving data? plensrity of the C-O-(CO)-C grouping 

in eetere", preferred planar orientation of the C=C-&O group, 

hydrogen bonding of the C(OH)-CL0 system9, the ielative magnitudes of the 

homorllylic md rllylic coupling constants of the 89 protone (1.5-2.0 c/s 

for El9~ end too emrll to be resolved for H9g)2'10, end the eryetrl struc- 

ture of the structurrlly related jrcobine bromohydrin. 11 The oscillation 

permitted at C9 appcsrs to be quite small. Proton H9a is almost coplanar 
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Conformation of Senecionine (The dotted 1~1es indicate two groups 

of nearly coplanar bonds to which the H9g-C bond is common) 

vith the ester crrbonyl group and thus in L region of intense deshielding; 

it is rlsq nearly coplanar vith the double bond of the pyrrolizidina ring 

and thus subject to further deshielding from this source. Proton HsU_ is in 

c region where it is neither doshielded nor shielded to any appreciable 

extent by either group. The difference in chemical shifts,AA9, gives L 

mea~~ure of the sum of the two doshielding effects and the largest values of 

AH9 in Table 2, 2. 1.5 p.p.m., wre boliered to correspond to near maximum 

12 deshieldings. Calculation by the method of Yamsguchi et al. gores L 

value of 2. 0.5 p.p.m. for the doshielding of L C-H proton coplanar and & 

to an adjacent double bond, leaving 2. 1.0 p.p.m. for the deshislding of a 

C&O-CO-R proton by the ester carboqyl group when the two are almost co- 

planar. 

Tvo other aspects of the data in Table 2 are important. Firstly the 

mean of the H~II, II92 chemical shifts for each alkaloid lies in the M.74- 

4.85 r&on where are found also the chemierl shifts of the H9 protons of 

rotronecine esters in which these protons are mscmetieslly equivalent (e.g. 
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the dirstereoisomere, intenaedine and lycopsemine (III), hare dl19 4.78 and 

4.81, reapectirelyt3). This region corresponds to a normal primary rcyl- 

stion shift, eince the H9 protons in retronecine have 64.252. Magwtic non- 

equivalence of the Ii9 protons is therefore the result of one proton being 

moved to lower field and tb other protm being moved an equal emount to 

higher field, suggerting interference with an averaging proceee nonnrlly 

applicable. Secondly the l?9~ protone ofeenecionine end relrtod alkaloids are 

eirilar in chemical shift to the B9 protone of retronecine iteelf (actually 

at slightly higher field). Here the main influencer are only inductive 

effects end, withe weak edditimsl deshielding operative in retronecine be- 

cause the II9 protons hare free rotation md spend come time in the plane of 

the double bond, it is apparent that the inductive effect of aa ester group 

on Co protons is not appreciably greater than that of e+ hydroxyl group. 

In the light of thie evidence, the eecondrky rcylrtion shift, l.O- 

1.15 p.p.m., is seen to be consistent with L secondary ester conformation 

in which the C" proton ie in or near the plane of the ester group. Such (L 

conformation is already strongly euggeeted by the available X-ray cry8trl- 

14 lograpbic data on secondary eaters . Interpretation of the 2x1 ratio 

between secondary end primary rcylation ehifte requires conriderrtion of 

the possible conformations. 

Secondary esters may have staggered confomations, (We), (IVb) and 

(IVC), or the eclipsed (Va), (Vb) md (Vc), there being en apparent prefer- 
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once for eclipsing of C=O md C=C in sldewdes end butene 15,16 . The 

preferreeL forma will be (IVs); (IVb) and/or (Vs); (Vb) and (Vc) are psrt- 

iculrrly improbrble because of the very smell approach distance between 

the crrbonyl oxygen atom and an eclipsed C' (c. 1.8:). 

Similarly the preferred forms of a primary ester will be the staggered (Via) 

and/or the eclipsed (VIIs) and (VIIb); here, however, the other two stag- 

gered farms, (VIb) md (VIc), cannot be dirregsrded. 

,:on.eidering staggered and eclipsed forms separately, it is seen that 

L 2:) ratio between secondary and primary acylstion shifts agrees precisely 

with the eclipsed conformations (averaging of ('711s) and (VIIb) will cause 



each CL" proton of primary ester8 to suffer half the deshielding experienced 

in the Secondary ester (Vr)) but not with the Staggered conformations aS 

liferrlly interpreted. Averaging (VIb) and (VIc) vould leed to helf the 

deshielding effective on the Ca proton in (IVa), but predominance of (VI&) 

in primary esters would upset the ratio. HovoTer, if the uwymmetricrl 

staggered forms, (IVa), (IVb), (VIb) and (VIc), are rotated to place the 

Ca-H bond closer to the plane of the carbonyl group than the C"_C' bond 

(i.e. approximating the eclipsed formS), consistency rith (L 2x1 ratio is 

possible. It iS not unreasonable to expect deshielding of each Ca proton 

in (Via) to be about half the +lue experienced in s near-eclipsed position, 

Decision M to whether the lovest energy State of a primary ester iS 

represented by the single Staggered fern (Vie) or the two eclipsed forma 

(VIIa) and (VIIb) will require measurements at very low temperatures. No 

significant changes in scylation shifts were noted for representative 

esters over the temperature range -40' to +150°. In cases of magnetic non- 

equivalence of Co protons in primary esters due to skeving of @Is) or de- 

population of one of the fours (VIII) and (VIIb),the resulting downfield 

shift of one proton and equal upfield shift of the other (c.f. Table 2) 

accords well vith the eclipsed forms but is not inconsistent rith the.strg- 

gered form (Via). 

The scylstion shift of methanol is lower than that of primary slco- 

hols because three CQ protons now share the positiona in the deshielding 

zone; the observed value, 0.23-0.36 p.p.m., one half to tvo-thirds the 

primary Shift, is in agreement with expectation. 

Similar arguments are applicable to CH-N-CO-R protons of amides for 

which model compounds are more readily available. In the amide (VIII), 

6 A axd2.7 end 6 H eq. ~4.6 , proton Heq being almost coplanar with the 

17 csrbonyl group . Alloving 0.4 p.p.m. for'the differential shielding of 

axial and equatorial protons due to single bond anisotropies, the deshield- 
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H 

(VIII) 
.ing by the carbonyl group of the nearly coplanar lieq muat be 2. 1.5 p.p.m., 

o value at lerst einilar in magnitude to that found for similarly placed 

co pretmr of artore. Other l imilrr l xemplee of cyclic lacteme exhibiting 

aoa-equirrlent Co! protons w*r* reported recently. 
18 
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