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Although the solvent shift of a methyl group in benzene, relative 

to that in ~~13 solution (A = b CDC13- 6 ~6~) has been Sound to have a 

maximum of -+0.3 pph when It is axial and slightly negative or nearly zero 

when it is equatorial, due to a single oarbonyl group (1,2), it has reoently 

been observed that in laotones, these shifts are positive in both the cases 

and have a much higher value for the axial group. In Y-lactones (3), the 

values are +0.46 + o.OG_when the methyl group is quasi-axial and +0.23 + 

0.06 when it is quasi-equatorial, and similar results hold good for &-lautones 

as well (4). These reeults in the laotones appeared anamolous, at least as 

far as the equatorial methyl group is ooncerned, since it lies olose to the 

reference plane (1,2). 

To ascertain whether this differenoe in behaviour in the la&ones oan 

be acoounted for by ascribing a positive contribution from the ether oxygen 

atom of the laotones for both the axial and equatorial groups, a Sew known 

and new rigid oyolic ethers without interfering functional groups In the 

system were prepared and their spectra determined in cm13 and benzene solu- 

tions. In pyrldine solution shifts were Sound smaller and hence spectrawere 

taken only in one case. The results are given in Table 1. 

The data show, as expected, that the ether oxygen atom alone gives 

a slgniflosnf positive b value to the c11-cx3. hesides, the solvent shifts 

of the diiierent groups in the examples, though limited in number, lead to 

some generallsatlon regarding the A of the different groups. IS a reference 

plane is drawn purpendloular to the plane made by the ether oxygen and the 

two oarbon atoms holding It (e.g. c6 and cl2 in I to Iv) and passing through 

the mid-points of the c-0 bonds, then protons in front of it, i.e. on the 

same side as the oxygen atom (e.g. C4a-CH3 ih I and II) are deshielded and 

protons lying behind the plane (e.g. cl1 -cH3 in I to III) are shielded. 
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Compound 

II 

H c$- ;i f 

III 

TABLE 1 

so1wmt Chealoal 8hift In ep8 at 6~ m of the 

C*-CH3 

CDCl2 59,65 

C6Hs 
76,62 

shift in -17 

'SK6 
pyrldine 70,76 

Qhlft in -11 
pyridine 

ml3 59,65 

c6% 
78,84 

shift in -19 

CSHS 

CDCl3 56,64 

CsHe 62,68 

shift in -4 

'6% 

cDCl3 59,66 

c6% 56.5, 
64.5 

Shift in +o.S 

'6% 

CDCl3 

C6H6 
shift in 

C6H6 

CDCl3 

c6% 
shift in 

CSH6 

$9 

240 

236.5 

+3.5 

C12-=2 Cll'CH3 

197 56,63 

195 46,53 

+2 +lo 

. . 50,57 

. . +6 

199.5 51.67 

ClO'CH3 

51.5 

47 

+4.5 

. . 

. . 

46 

+2.5 

249.5 

245 

+4.5 

196 40146 
+4.5 +ll 

51 

46.5 

+4.5 

245 199 

241 197 

+4 +2 

66,62 

46.5, 
53.5 

+8.5 

57.5 

53.5 

241 197 53,50 69 

238.5 192 47,54 68 

+a.5 

CM'= 

54 

44 

+lo 

69 

64 

+5 

+5 +6 -9 

60,6Q 

71,66 

-3, +2 

~11 l peatra given in this paper were taken on a Varlra ~-60 8p8ctro- 
meter in lg 8olution in the 8olvent8 giv8n. I, from a-8mtOnil¶, C.KOva88, 
V, Herout, M. Horak and F. Qorm, ~011. cneoh. Ch8r. C8m. 11, 216 (1956); 
III, ether from Y-tetrahydro-a-aantonln, 6.D. Jo8nl Y .V. ILadival, 3.N. 
Kulkunl and s.C.Dhattaohuya, Tetrahedron 23, lQES'(1967); II, ether pre- 
pared in 8even step8 from +rantonln, 11&e ror III, b.p. 1560/2.5 mm 
(bath temp.) (a) +48.6' IV; ether prepared from 6-Opi-a-8MtOnin like the 
other8. b.p. 110~115 /2 mm (bath temp.) (a)_ -32.5'. v. a 16-oruteroid. 
K.n.Ki~rstead and A.&rOane; J. Crg.-Ciie~;'U 
and T.R. Kallturi, ibid. 26, 4'bm (1961) 

E, 704 (i467); VI, G.B.petiit 
. 
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proton0 lying not far frsn the plane suffer relrtiraly au11 pesltive (0.5. 

c6 and c12-~ md al,, -CH~ in I, II and III) or negative shifts (~~6'0~~ In 

111 and clo-+ in m) rooording to their looation at the baok or front of 

the referenoe plans. gn y, one of the refhyl groapa at cl, lie slightly in 

front, aad the other slightly behind the plaua, showing thereby aaall down- 

field aud upfield shifts reapeatirely, while the al8 -protons being defiuite- 

ly behind the plme show luger upfield shift. Since the five membered ether 

ring 08x1 aaauue alightly different couforutlona, the plaue of the three 

l tou inoluding the ether oxygen is not very defirite and this indefinite- 

aeaa may extend te the exact angularity of the refcreaoe plaae with reapeot 

to the ring and hence to the relative position ef the adjacent groups. 

Sowever, the above eapirioal rule qualitatively holds good in general, In 

all the oases oited. Seaidea, the A valuea given recently by williaaa aad 

bhaooa (5) for the different protons in the D,g,F rings of sine aapogenina 

can mostly be aoaouated for, on the above eupirioal rule when the two refe- 

renoe planes for the five rembered and six aeubered ether rings in the aapo- 

genina are also taken into oonaideratisn. 

At this stage, it is l ttraotive to oonaider that the lone pair of 

eleotroua on the oxygen ator corpleufng with the solvent benaene, and 

holding it in a apecifio orientation is reaponaible for the shielding md 

deahielding effeot on protons differently sooated in the ring. 11 that 

ia so, other hetero atoms having lone pair of electrons should also be able 

to induce airilar solvent shifts. That this indeed is the aase, ia shown 

by the examples in Table 2. 

The straight ohain oorpounds being oriented zig-aag, showa aigni- 

fioant shifts Only for the protons on the a-oarbon atom. But In the oyolic 

ones, protons behind the plane show large upfield shifts and in front, 

large downfield shifts, whose magnitude, however, appeara to vary in 0, h 

and S. Models show that in XIII, the g4a-CSS lies in front of the refe- 

rem0 plane of the nearer s-atom and it suffers a relative deahielding of 

11 o/s oonpared to XII. 

These generaliaationa could be of oonaiderable use in the structural 

and atereoohenioal work on heterocyolie oorpounda. 

&aknowledgerent - we are indebted to Dr8.S.w. giersteaa for a aaaple of 

V, to Prof. S.B. Pettit, for a scruple of VI and to prof.w. Oooker for a 

generous sample sf B-•antenin ma to Dr.k.N. ryer for 8018 of the apeatra. 
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Compound 

TABLE 2 

chemioal shift in cps at 60 MC of the 

0 a 
VII (cH3-cE2)20 

a-H 0-H 
in CDCl3 

208 71 

a-H 0-H Solvent shift in 
in,benzene benzene of the 

a-H 6-H 

200 66 +8 +5 

224 110 215 89 +9 +21 

155 63 147 60 +B +3 

175 103 162 87 +13 +16 

VIII 

0 P 

.c 
0 

6 
IX (CA3-m;)3N 

P 
X oc 

B 
XI CH3-&2-S-F1 

?6,83 93,100 -17 

154 79 130 59 +24 +20 

C4-CR3 c4-CR3 C4-CH3 

59,66 65,72 -6 

1 D.'I. ~pilliams and N.S. Rhacca, Tetrahedron 2)-, 2021 (1965). 

2 3-D. Connolly and R. xaorindle, cbem. & Ind. 379 (1965). 

3 C-ii* Narayanan and N.X. venkatasubramanian, Tetrahedron Letters 
5865 (1966). 

XII W XIII, from a-SantOllin, vide refce.(3,6). 
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