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CONFORMATION OF NON-AROMATIC RING 

COMPOUNDS-XLIV’ 

NMR SPECTRA AND DIPOLE MOMENTS OF SOME 2-SUBSTITUTED 
1,3-DIOXOLANES 

C. ALTONA* and A. P. M. VAN DW VEEK 
Laboratory of Organic Chemistry, The University, Leiden 

(Received in the UK 20 October 1967; accepted for publication 15 January 1%8) 

Abrhrd-Proton spin coupling constants and chemical shifts (AA’BB’ part) in a number of 2-substituted 
1.3dioxolanes of the types : 

OR 

L% 

OR 

and 
0 EL 

are reported. 

Combination of NMR and dipole moment data indicates rotation about the C2-OR bond giving rise to 
an equilibrium between anti and gauche forms; the equilibrium constant depends on the bulk of group R. 

The mean phase angle of pseudorotation shifts slightly towards that of an envelope form, i.e. towards a 
smalkr torsional angle of the CHI-CH3 fragment, on passing from anti to g-&e. From earlier X-ray 
data on bis-l,3dioxolane’3 it is deduced that the maximum possibk value of 9 in 1,Mioxolanes is about 
30”; the actual value in the solid is 21”. 

INTRODUCTION 

IN PREVIOUS papers the conformation of some 5-membered ring compounds was 
studied : rrmrs-l,2-dihalogenocyclopentanes,2 1,1,2-trihalogenocyclopentanes,3 ring 
D in steroids4* 5 and halogeno-substituted tetrahydr~furanes.~ Several physical 
techniques-X-ray analyses, NMR, IR and Raman spectra and measurements of 
dipole moments-were combined to yield a consistent picture of the conformational 
properties. In particular, the exploitation of the linear relationship between vi&al 
coupling constants and the squares of the dipole moments has proved fruitful.2* 3. ’ 
We now report on this approach in a study of the little-known 2-alkoxy-1,3dioxo- 
lanes, for which compounds a convenient synthetic route has been described.* 

The stereochemistry and conformation of 1Jdioxolanes have received con- 
siderable attention in recent years, 9-l’ but most of the work has been limited to the 

H, 

study of NMR spectra. It is well established that the presence of two dilTerent 
substituents on C2 gives rise to an AA’BB’ spedrum of the protons on c4 and C5 
(Fig. 1). 

l Present address : Case Wcstctn Reserve University, Cleveland, Ohio. 
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It has been stated9 that the chemical shift of the cis hydrogens (Hi, and H,) of 
2-substituted 1,3_dioxolanes depends on the nature of group R; for R = alkyl or 
aryl the truns hydrogens are hardly a&c&d. The present study shows that for R = 
afkoxy not only the shifts of the cis but also those of the rruns hydrogens are influenced 
by the nature of R in a complicated manner. Conformational isomerism about the 
exo C2-0 bond and pseudorotation of the dioxolane ring seem to play a role. 

Three different spin couplings are obtained from the AA‘BB’ pattern :9 

J J,, 12 = = Jet, (positive) 
J 14 = J,, = J8_(positive} 
J 13 = J,, = Jon. (negative) 

The ring is non-planar and the equality Jr, = J,, originates from a rapid inter- 
conversion of two equally populated families of pseudorotation conformers (Fig. 2). 

f 2 
2 

3 * 

0 
Ip 

0 >< 

R- 
1 

HV 

4 

*’ >< 

R 
tp 

4 
H 

0 
3 

FIG. 2 

Each form of Fig. 2 represents the average of a range of ~nfo~tio~ of practically 
equal energy (~udolibration2). No direct information is available about the im- 
portant average torsional angle of the fragment 0--CH,-CH2-4 of 1,3dioxolanes 
in solution. A minimum energy form (half-chair, C,) with Q, x 40” has been assumed.g 

S~~sin~y, however, ~nsid~ration of the only publ~h~ X-ray analysis of a 
1,3dioxolane derivative, bis-1,3dioxolane,‘3 indicates that the CH,CH2 fragment 
is not maximally puckered and, if it were, it cannot attain a torsion angle larger than 
about 30”. 

From the reported atomic parameters of bis-1,3-dioxol~e we timd the follo~ng 
torsional angles v, (Fig. 3 and Table 1). 
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5 

A=0 A-+36 
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IrIG. 3 

TABLE I. OB!BRVEO TORSIONAL ANGLES IN SOLID BE-~,~-DIOXOLANEI AND CALCULATED 

ANGLE3 POR THE SYMMETRICAL CONFORMATIOW (SE FIG. 3 AND TEXT). 

talc. c2 (A = 0”) obs. (A = + 19.1”) talc. C,(A = 36”) 

(Po((Ps - 1) +u)3” +3@3” +29.1” 
CPI (cpi - 2) -248 - 279 -29.1 
qx ($72 - 3) + 9.5 + 13.6 +18-O 
03 (co, - 4) + 9.5 + 46 0 ,- ,- 
cp* (cp, - 5) -24.8 -207 - 18.0 

The true geometry of the ring is difficult to depict but it may be considered as being 
mid-way between the halfchair (C,) form B and the envelope (C,) form C. In the 
solid the exe bonds of both rings are (pseudo) equatorial and anti. 

A more exact definition of the ring conformation is obtained by means of the relation between any 
torsional angle q, in a regula cyclopentane ring and the phase angle of pseudorotation:“*’ 

vJ = ‘?I ws (fd + ia) (1) 

...l.~r~ : , , , A. I _ (““0 ““A 
nurlr, = 1, + -I, -v, ” - I_ au” q;, 

.I.- -“..:-..- ^^^..:Ll- . .._“..^..“I ..^_I_ c:..-.. . . ..^ ^- -^-^ .__^ :--..t 
,115 luaAUuul pux+,“lG L”LJl”um aulyck “LIC” LW” “1 “lure L”lsl”LLal 

angles qJ, the values of cp, and can be calculated from Eq. (1). We find A = 19.1” and cp_ = 3@3”, i.e. the 
conformation is indeed halfway between C2 (A = 0”) and C, (A = 36”) symmetry. It is easily verified that 
permutation of the experimental qr,‘s in Eq. (1) yields a can&ant (k2”) value of A - j )< 72”, as required 
by theory;’ the approximation involved (regular bond lengths) does therefore not introduce serious errors. 

By substitution of A = 0” and A = 36” in Eq. (1) (cp, = 3@3”), we obtain the torsional angles of the 
symmetrical forms that are part of the same pseudorotation circuit’ (Table 1). 

In the case of 5-membered rings it is a priori uncertain whether or not the torsional 
angles of the molecule as found in the crystal lattice will change to a significant 
extent on passing into solution. Of course, in solution a complicated mixture of 
forms under rapid equilibrium may occur, a: with respect to the position on the 
ring, pseudo axiai and pseudo equatoriai and b: with respect to the rotation about 
the exo C2-OR bond : Mti and ~uuche (below). Assuming that the ring geometry is 
mainly determined by intramolecular forces, the true energy minimum along the 
pseudorotation circuit of the equatorial anti form will correspond more or less 
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closely to the coronation of the ring in the solid. Theoretical just~~tion of this 
hypothesis rests on consideration of the two strongly conflicting demands made on 
the ring in solution as well as in the solid : 

(a) The tendency to increase the torsional angle of the CH$H, fra~ent at the 
cost of the CH2--0 fragments; the former has undoubtedly the greater energy 
barrier to internal rotation. 

(b) For stereoelectronic and electrostatic reasons the above tendency is opposed 
by the outspoken preference 14*‘s of the 0-C-O-C fragments to assume a 
clinal conformation with Q, = 60”. 

The resulting compromise is a form in which QI CH,--CH2 = q14 = 21”, equal to 
the average (p C--o--c--Q = (qr + qQ’2 = 21”. 

On the other hand, the present IUMR results (below) indicate that q4, and hence 
the geometry of the entire S-membered ring, slightly depends upon the conformation 
about the C2--0R bond. Summa&in g, the “best” model of the 1,3-dioxolane ring 
geometry in solution seems to be one in which the important tor&onal angle 
cp (CH,CH,) adopts some value in the range B-25”; the ~~~ possible value 
of this angle on further pseudorotation is 30”, i.e. rather smaller than that estimated 
from observed coupling constants.’ ‘* ’ 6 

The dipole moments of several 2-alkoxy-1,3dioxolanes and of bis-1,3dioxolane 
~erc deters&_ to detect nossihle cnnfnrmatinnal i.snmerkm ahnut the pm hnnd c____-‘_ __-__-_-___-- ___- ____ t__ ----_ ____ ____ _--- 
(Table 2). 

TABLE 2. D~PUE W~MENIS (D) IN CARBON ~~~~HLORID~ (+I’) AND 

IN BENZENE @) AT 25” Q SOME 1,3-DIOXOLANEJ 

1 OMC H 1.87 1231 
11 OMe Me 205 2.05 
3 OtBu H ‘ 1.41 1.53 
i dioxo- Ii 1 ..I. LIK)’ - 

lane 

‘ Compound numbers co-pond to those in Table 5. 
* Ref. 17 reported p = I.92 D in benzene. 

Let us first consider the possible conformations of bis-1,3dioxolane (4). 
(i) Assuming a ring geometry such as shown in Fig. 3, two conformations may 

occur with regard to the possition of group R: pseudo equatorial (e) and pseudo 
axiai iaj. Thereiore, ring inv~isi~~ ~~~~ in ‘~~ ~~~“ob itiirii’i~~~~~~ of ib I’ve 

rings:ee,eaandaa. 
(ii) Internal rotation about the exo (CZ-C2l) bond gives rise to one anti and two 

equal energy @W~M forms for each of the above named confo~tio~ (Fig. 4). 
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RG. 4 Anti and gauche forms of his-1Jdioxolanc. 
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FIG. 5 Infrared spectra of his-lfdioxolane 
(a) in the solid (KBr disc) 
(0) in carbon disuip’nidc 
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Theoretically, 6 forms of different energy are possible. In the solid, only one is 
realized, the anti-ee conformation having a center of symmetry and a practically 
zero dipole moment. Interestingly, the large moment of the compound in solution 
(2% D, compare the moment of 1,3dioxolane,‘* I.47 D) indicates a strong pre- 
dominance of one or more of the polar forms: gaucL-ee, -ea, -aa or unti-ea. 
Model studies (Cenco Petersen) reveal the presence of several unfavourable short 
atomic distances in the ea and aa series not occurring in the gmtche+~ conformation. 
It seems likely, then, that the latter form predominantes. A dipole moment of 2-l- 
2.2 D is estimated for this form, in accord with the measured value. 

The drastic conformational change of bis-1Jdioxolane on passing from the solid 
into solution is also revealed by the IR absorption s_pectra of the two states. The IR 
spectrum (Fig. 5) of the solid (KBr disc) bears httle resemblance to that of the solution 
in carbon disulphide. Strong absorption bands of the solid, e.g. those at 928, 1030, 
1232 and 13 10 cm- l, are not found in the spectrum of the solution, which, moreover, 
shows many new bands, notably at 786,843,978,1005,1046 and 1181 cm- ‘. 

The dipole moments of the compounds 1,11 and 3 can likewise be understood on 
the basis of an equilibrium anti $ gauche; the equilibrium constant is presumably 
governed by the balance between steric, stereoelectronic and electrostatic factors 
(Fig. 6). 

FIG. 6 Gauche (8) and anti (a) conformers of 2-alkoxy-1,3dioxolanes. 

The anti form possesses two clinal C-C-C-O arrangements, thought14*1s to 
be more stable than utrtiperiplanar C-O-C-O, whereas the guuche form contains 
only one (a similar count explains the preference for the gmcche conformation in 
bis-1,3dioxolane). Hence, notwithstanding greater steric repulsions the anti con- 
former in compound 1 (la) seems to be preferred over 1 g. This tendency, as is 
witnessed by its larger dipole moment, is strengthened in compound 11 because of 
the added skew butane interaction. Finally, the tBu group evidently suffers from 
large steric strain when in anti position and prefers to occupy more or less exclusively 
the less hindered conformation 3a, with a low dipole moment. The conformational 



Conformation of non-aromatic ring compounds-XL.IV 4383 

problems are, of course, more complex than can be dealt with at present since each 
g and a isomer may occur as an equilibrium mixture pseudo equatorial + pseudo 
axial. Dipole moment studies alone do not provide a clue to a detailed description 
of these complex systems. 

NMR spectra 
The AA’BB’ patterns recorded are similar to those described in the literature.‘-” 

An example is shown in Fig. 7. 

4 

24 16 8 0 c/s 

FIG. 7 AA’ part of the NMR spectrum (100 MC) of his-1.3dioxolane (4) in CDCI, (c’ = i). 

The assignment of the peaks follows the notation of Dischler et a1.19 The spectral 
parameters were easily calculated by hand and, in several cases, verified by the use 
of a cnn_nuter nmmam.* A further check on the correctnem of the assienments was =-_-_ T__p-____. __ _-_--_ ----- _- _-- --__--___c_ -. .-_ ------------ 
obtained by running the spectra of the majority of the compounds at 2 frequencies 
(60 and 100 MC) in various solvents. The coupling constants measured from the 60 
and 100 MC series agreed satisfactorily, the deviations being of the order of O-05- 
0.1 c/s. Spectral data9 for a large number of 2-alkyl-1,3dioxolanes already indicated 
narrow ranges of the coupling constants : 

Ref. 9 this work 
J eir 694-752 c/s 647-7.27 cfs 
J *_ 594-6.20 c/s 5aa-646 c/s 

J, -7.26- - 7.80 c/s -7*23- - 7.80 c/s 

A.., .,nl..s, CA’,, r ..,A r ^-^_ . . ..I. ,*I. rt.,.., AC A lA,-.&,lAr ,..A A ..rl..,....:, 9 
“UI VULUGB 1”1 aRoll. uuu dpcn “pp K WC,, W,IU l‘,“X “1 rI1UG1 WG,IG,UL amu rlllI11Gu111J) 

l We are indebted to Mr. R. Kaptcin for the ALGOL version of the Frequint IV program. The calcu- 

lations were carrial out on the XI computer of this university. 
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but the range for Ja. (the coupling most sensitive to changes in molecular geometry) 
is extended down to 65 c/s. WC will return in tbe discussion to this important point. 
The gem spin coup&gs have been discussed9 and will not be surveyed here. 

Table 3 lists the coupling constants and vOS values for compounds I-16. 

Rl RI St&@ J* Ja -3#ln .&ml@ +f&b vo6 @/# 

1 OMC H B 680 62.8 7.60 968 130 
D - 625 7s - t t-t* 
T 6*rn 6.11 791 946 to6 
N 6.80 624 7.50 964 to.4 

2 OEi H B - 626 7.52 - 14*5* 
D - 627 7-47 - 12.3 
N 6.8 615 747 957 11.6 

3 OtBu H B 741. 618 7.29 968 20.6 
D 698 617 - 966 t&9* 
T 706 6-33 7.35 986 179 
N 705 618 7.23 9.71 169 

4 dtowtalk? H 3 660 &13 7.35 943 201 
D 656 6.09 767 937 l&8 

5 OAc H B 7.15 643 764 loo0 12.3 
D - 446 7-64 - 8.3’ 

6 OPh H B - 6.33 752 - 22*5* 
D 669 6.30 7ecJ 965 17*3* 
N 676 615 7.45 953 18.4’ 

7ccI3 H B 6.85 627 7-69 970 28.7 
D 689 630 7-m 975 206 
T 686 642 7.75 986 202’ 

8 SPh H B 7.26 6.42 7.80 1005 23.88 
D 7.22 637 7.66 998 2&t* 
ti 7.27 626 768 9!Ib 2toL 

9H H N 7.3’ 60 - - 0 

10 CH2Br H B 661 6.0s 768 938 13.7 
D 658 602 768 931 to4 

11 OMe MC B 656 619 7.61 947 t 1-z 
D - 620 7.58 - 1061 
T 650 6.02 730 7.27 94 
N 6.62 611 7.51 7.42 100 

12 OEt MC B 6.70 622 7.64 757 13.4 
D 670 6.15 7-58 7*50 to5 
N 670 615 7.59 7.50 100 
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TABW 3--eonhued 

Rt R, StaW &, J1, -Jp J-+ fJ, %W# 

13 ahie GHS B 7-11 616 744 9.72 17.1 
D 7.13 606 7.54 963 l&3 
N 7+8 6.09 7.56 963 159 

14 OEt WIS B 7.11 626 7.58 9.82 198 
N 7.12 6.15 7.50 9.71 175 

15 CHOHPh GHI D MS 5.88 7.47 9.31 210 

16 CHOHPhpCl PClCdHI B 6-48 6.31 7.95 960 f6.9 

l B = bcnznc, D a dcutcrocbloroform, i = carbon tctra&loridc, N = neat liquid 
b 100 MC, V& values indicated by + were calculated from 60 MC spectra only. 
c N. Sbcpptud and 1. J. Turner, Proc. Roy. Sot. A, .ZS2, M6 (1959). 

DISCUSSION 

Having c&&i&d that the cOnformation about the G-OR bond depends on the 
nature of the substituent we may now ask whether the riug geometry is similarly 
affected. If so, is it possible to construct a consistent model that explains the observed 
changes in coupling coustants and chemical shifts on substitution? 

We utilize the previously developed 2*7 linear correlations between various physic4 
properties of a given ~~o~tio~ ~~b~~ mixture. 

Themcanu#lpropertigP,Q~Rofatl#luiIibriummixtunoftwoformsanbtlustedtothepropertiw 
Pu, Pg. Qa, etc., of the individual conformers by: 

P-X$,+(1 -XJPa 

Q-X,Q,+tl --QQa 

R==X,R,+(l -X&R0 

whm X, is the molar fraction of companent u. 
It follows that: dP/dQ = (Pg - Pu)hQg - Qa) = APJAQ = Canaant; similarly dP/dR - ~~Ustmit, 

etc. 
On tbc condition that the individual propcrtie.~ Pg. Pu, . . . , a~ independent of the external inhnacs 

applied to vnry the equilibrium constant, a shift of the equilibrium ykl& lin& rclatiox~ between the 
mea~urcd pro* Moreover, if we cboc5c propertim Pg. Pa . . . , tht are amtant from compound 
to compouad, a single straight list h obtained for 8 homologous series of compotmda* 

For example, the dipole moments of the individual anti and gut&e forms of 
2-alkoxy-1,3dioxolanes are expected to be practically independent of the nature of 
the alkoxy @oupf and a plot of p2 vs any other property (coupling constant or 
chemical shift) permits one to draw several conclusions regarding this s4#ond 
property. 
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The experimental results (Fig. 8) indicate that there exists a linear relation between 
pz and JCls within the error of measurement. First, it follows that the variation of 
J,, from compound to compound is due to variations in equilibrium composition, 
JCls (anti) being signitkantly smaller than J, (gauche). Second, the properties of the 
conformers partaking in the equilibrium, in particular cis (anti) and J,* (gauche), 
seem to be constant for the a and g conformers of the compounds 1-3 in benzene 

ka 

1.0 1 
6.4 6.6 6.6 7.0 z2 

J & (c/r) 

FIG. 8 Plot of p1 vs .I,,, (compounds 1,3 and 11 in bcnzenc 0) and in carbon tetrachloride 0). 

24. 

20. 

i6. 

12. 

8. 

I__-_ 
6.0 6.4 6% 7.2 26 

Jci, (c/s) 

FIG. 9 Plot of ~,,a vs JCI. of 2-substituted 1,3dioxolanes. 
@in benzene, @ in deuterochloroform, Oin carbon tetrachloridc, @ neat liquid. 
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and in carbon tetrachloride and this is assumed to hold for the remaining compounds 
also. Third, the occurrence of a single straight line suggests* that two out of the 
four possible conformers (axial anti, axial grmche, equatorial m&i, equatorial grmche) 
predominate in the equilibrium. The available data do not allow an unambiguous 
choice between a and e conformers. 

The chemical shift between the A and B hydrogens (~6) is also a physical property 
expected to vary with the equilibrium anti - - gauche according to Fq. 2. However, 
due to substituent-dependent influences on the chemical shift, such as magnetic 
anisotropy and dipolar effects as well as specific solvent interactions, the correlation 
between v,6 and J,* (Fig. 9) or p2 shows greater deviations from linearity than the 
p’/J,, plot. Still: the general trend seems clear : increasing J;, ( = increasing amount 
of the guuche form) goes with increasing v,S. Compound 7 (R = Ccl,) shows an 
anomalously high v,6 value in benzene; in carbon tetrachloride its shift appears 
normal. 

It was assumed’ that the signal due to the hydrogens cis to the (carbon) substituent 
on C(2) is shifted upfield. An inspection of the chemical shifts 6, and dB of the 
2-alkoxy-13dioxolanes (Fig. 10) leads to the same tentative conclusion, although 
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FIG. 10 Chemical shifts (6 in ppm) of the A and B protons of 1,3dioxolanes in deutcro- 
chloroform. 

* See footnote * on page 4385. 
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matters here are more complicated. In all cases the average shift bAB is to lower 
field compared to that of 1,3dioxolane. Moreover, the downfield resonances in the 
series R = OMe, OEt, OtBu, 04, S&, occur in a narrow range (3.97-406 ppm in 
CDCl,) whereas the upfield signal progresses fairly regularly from 3.95 to 3.77 ppm, 
i.e. the cis proton signals are shifted progressively upfleld, with increasing proportion 
of the gauche conformers.* This shift may indicate a relatively large contribution 
from the dipole field of the lone pair electrdns on the exe oxygen atom. 

Coupling constants 
The Kmph equation” is utilized in the following form : 

j=~~s~cp,-a”coscp,+C 

(0 < cp < 180a) 

The theoretical constants,2’ adjusted to Eq. (3), are: A = 9, B = 0.5, C = -0.3 c/s. 
These constants are usually treated as empirically adjustable parameters with 
special emphasis on the largest constant A. Introduction of the ring torsional angle 
cp (CH,CH,) gives : 7 

J,, = J, (4) 

J 1- = f[J(120 + cp) + J(120 - cp,] (5) 

Fn (51 trctw thie firnn &IIQP the rino ic invm-tino rstnirtlv Frnm Fnc I?\ (A\ atnrl fC\ ‘1’ \_I -- - .VlYl v-- .Y” ‘LYb ..a .u.W“..a~ ‘..y’..*J. - .v- -v. \dn \T, -.. \u, 

we obtain a useful expression : 

J t- +$Jdr=$A+jC (6) 

Eq. (6) gives a means to check the validity of a general method” to determine the 

TABLB 4. J,_ + 4 J,,, (c/s) pox v~lllous XCRHCRHY AUOLIBHIS 

Fragment Compound Jhs. +:JN Ref. 

H-CHzCHz-H 
O-CHCH,-O 

O-CHzCHz-0 
N-CH&H1-0 
S-C&C&-_= 

s--cH&I%~ 
C-CH,CH-0 
=HICI&--O 

theor. constants 
carbon subst. . _ . 
1,4410xanef 

l+dioxanes 
morpholinc 
.I.:..,,.., .UI”_C 
dithiane 
cyclohcxanols 
1,3-dioxolams 

6.3 
I.4 

79 
8.1 
P.7 

;.; 
9.3 

9-71 f cm9 

966 f 0.18 

21 
14 

14 
14 
!4 
14 
. 
b 

this work 

l Average value from a number of compounds in the cyclohexane and steroid series. 
b Average value from the data given in Ref. 9. 

l OW.1I.A;“” e anA 7. +I.- A~““.G;rlA .;m.a, & tlBrc.0 ,.r\mnn,.nrl. i. nn&hl” A*,r tn the rir_nmtnn~ Y....,~U.WU~ _ WY , , 6Y.M “““LYIIIU apa. V, “SW_ W”y.n.4”’ .a y”“.“., Y.... v - .,Y y.“---. 
t Trigonal projection symmetry is assumed. Calculations show that the error so introduced is of the 

order of 2-3”. In view of the more serious approximations involved in the use of a single set of constants 
in IQ. (9 (the assumption that the electronegative ring oxyen atoms influena the couplings of the a and c 
protons to an equal extentA it can safely be neglected. 
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constants A, B and C for a given X-CH2--CH,-Y fragment: this is to regard any 
change in the couplings of the same fragment in different molecules as due to the 
change in torsional angle. In that case, Jmau + i Jat should be constant for each 
fragment. A compilation of coupling constant data from the literature and from our 
work (Table 4) reveals that Jt_ + 3 Jet not only varies with the nature of X and Y, 
as expected, but also with ring size and/or ring strain. Hence, an attempt to estimate 
the torsional angle of the CH&H, fragment in 1,3dioxolanes from the measured 
couplings may lead to erroneous conclusions. 

The shrft of J* with the unti + gauche equilibrium deserves closer attention. 
Assuming that this shift is mainly due to a change in the average value of q4 (Fig. 3 
and Table l), we may conclude that the mean phase angle of pseudorotation A is 
diffkrent for the anti urrd gauche forrrts, Q, gauche < anti. Hence, the gauche con- 
formation about the exocyclic bond influences in such a way that it tends, on the 
average, more towards the C, form (Fig. 3) than the unti conformation. The effect is 
small, however. Let us consider the theoretical change in JCL and J,_ on passing 
from the C, (cp = 18”) to the Cz (cp = 25”) form. Using Eqs (4) and (5), and taking 
A=9,B=@5,onefmds: 

J,-(18°) - J-(25*) = -0047 A + W60 B f* -Q4c/k 

Q~i~tively, the observed change in Jek on passing from the tBu compound 3 
(predominantly gauche) to the OMe, Me compound 11 (predominantly anti), i.e. 
73-65 c/s, agrees with the calculated change, suggesting that the order of magnitude 
of the accompanying pseudorotation is about correct. As far as we are aware, this is 
the first experimental demonstration of the effect of the conformation about the 
exocyclic bond on the ~nfo~tion of the S-membered ring. A similar effect of the 
nature of the substituent directly attached to ring D of steroids has been reported.5 

TABIB 6. Nummca. DATA OP ‘rm D lELEcmucyBAsulEysm 

1 T 4.13 Of9 94.78 2340 
B 4.21 -633 9068 2340 

11 T 499 025 114.34 2Ht2 (~0 tip = 28W) 
B 543 -Q29 11363 28a2 

3 T 264 636 7807 37.26 
B 2.80 -026 8491 37.26 

4 T 4.99 024 119.1 3208 

’ T = carbon tctrachloridc, B = benzene. 

EXPERIMENTAL 

Synthcscs. Details of tbc ayntbcticid proazdures and analyses of the products will be given eiacwhcrc..’ 
B.pq refractive indicea and chemical sbifta are collected in Tabk 5. 

Dieiectr& manunnmts. The electric moments were dacrmintd by zneawiq diekctric conatu~~ and 
densit& of 4-4 solutions of the compound in CC& and in benzene (molar fraction range tMO25) at 25” 
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su describcd2~7 The total polarization Pa,, wan &xdated by the mctbod of Hahratadt and Kumkr;a6 
dipok moments foRowed from : 

p - OOl281 x 10-l’ [(Pa, - Rd Tj+ 

AckJlow~emeat-llIc authors thank Prof. Dr. E Havinga and Prof. Dr. w. Stevens for their atim- 
iotcnst,~U1:indcbtedtoDn.Th.J.StkuurandMr.RJ.&Kncgtfot~gtbeNMR~ 
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