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Although a large number of experimental values of couplings through four ¢ bonds are known
(1), relatively few data for cyclobutane rings have been published (2,3); and if one considers .
their sign, only scanty examples are available (4-9,14-16). We have studied two series of vie-
-dihal 0-2, 3-0xazabisyolo [3.2.0] ~-hept-3-snes,where all the ohloro~ and most of the bromo ste-
Teisomers were available, together with some other similar derivatives (I-XI)(17).

Since the assignment of cis and irans orientation of protons on four-membered rings, om the
basis of vioinal ooupling constants only, cannot be safely made, aspimted out by Williams
(2a),we fooused our attention on four~bond couplings and their relation with sterecchemistiry.
The complete analysis (18) of the spectra in different solvents was performed by using the
LAOCNS gomputer program (23)jthe sign of all coupling constants were determined by "tickling"
experiments (18) and azain deduced from the analysis (all spectra are 2“d order). The results
reported in Tab. 1 show that the cross-—couplings (‘J ) are positive, when the iwo interacting
yrotons are cis; negative, when they are irans. All the other data found in the 11‘toratua~
for four membered ring compounds are listed in Tab.t1 and 2, and are consistent with this ge-
neral pattern.

The stereochemistry of compounds I-IX has been proved by both chemical (17) and spectro-
scopic (18) evidence. The antl configuration of X has been deduced by conversion into VI onm
HC1 treatment; so the syn structure follows for XI: the complete analysis of its spectrum
waB carried out, and all couplings were found to be positive, but the assignment of 3.‘l and

4J (both emall) is so far ambiguous. For the same reason, the values of J ' and J“ in IX,

3
being too similar, cannot be unambiguously atiridbuted. But this indeed will not affect the
following considerations. No change in ocoupling constant values was observed in a range of
temperatures between +150° and —-80°; and this means that the conformation of the ring does

not change under these conditions, or that interconversion is still fast enough on the NMR
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411 the eigns, except in XXVIII, are deduced from the analysis.
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Table 1
4 4 4 4
T3 J2,4 i3 2.4
trans trans cis cis
M R I R = R'=C1 ~1.66 -0.68
{II = R'= Br =1.77 =-0,.73
111 = R'= COOMe ~1.44 -0.94
H v R = Rt'=2Cl1 ~1.49 +1.23
R v R'= R'= Br -1.38 +1.21
H A28 R=Cl, R'=0H -1.55 +1.42
H {VII R'=R'=Cl -0.91 +2.42
- VIII R = R'= Br ~0.61 +2.48

H
R
IX R =R'=C1 +2.98 +2.13
Hl
H H
H X «0.57 -0.73
X1 all J are positive
X

H
y X
" XII R = R'= COOMe  -0.82 +2.23 (4)
R
Me H XIII R = R'= COOH -0.4 +2.31 (4)
Me~ R
X = X'= Cl1 _
(¥V - Re- coon +1.3  +1.3 (5)
X = X'= Cl
H H xv R = R'= COOMe +1.4 +1.4 (5)
X X = X'= Br
R' B Y-
ﬂ\ XVI ;. R'= COOMe 1.2 +1.2 (5)
X R
X = X'= C1
XVII L oo o c0-0-CO +1.5 +1.5 (5)
X = R = COONa
XVIIT ¢, peo o-PhONa +0.6  +0.6 (6)
. X =X'=Cl1
H B XIX g -pe=coon 14 14 (5)
x' ~H X = X'= Cl
E X R = R'= CH,OH ~2*° 1.5 7)
X et 2
X = R = COONa
XXI 3o pie ooPhona —i°l 1.1 (6)
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Table 2
4 4
Jc:l.s Jtrans
H . . =
W ":s +5.16 (J,,) =0.93 (Jpg= J,,)
XX1I1 +0.01 (J’17) -1.07 (Jls) (8)
Mg 45
H1 H2 ( ) (x)
H +5.9 (J 0.4 or 0.6
3 He  xxam 34 (9)
He
xy X =8 +3.11 (Jy,) =0.75 (J;5)
R =Cl =-0.48 (J4'5) -0.75 (J24) (10)
Hy xxXv X=85 .20 -0.20 (11)
HW R=H
S
H4
Ha xxvi X=0 0.2 +0.14 (11)
R=H
xxyiz X =Co +4.2 -2.99 (12)
tendo) HgH (ex0) R=H +4.6 -2.8 (13)
H
HoL |
XXIX +1.47 (15)
R , g XXX R=H -1.35 (15)
XXX R = Me ~-0.94 (15)
Me Wy ™Me xxxi1 R =Cl -0.94 (15)
c 1F
" . XXXIII +7 .40 (JHA,F) -2.92 (JHB.P) (16)
AH. F
t” These signs, deduced from AA'B_RR' analysis, are presumed to be positive,

but the Authors don't discuss tﬁis point.
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soale. A distortion of no more than 20° is, on other hand, expected, especially in the most
hindered IV-IX isomers. A larger distortion can be excluded from examination of models and -
on the basis of the values of ‘J ., which show a maximum of 2.9¢ Es, in coaparison with 7.4
Hs in XXVIII and with similar values in bioyoclo [3.1.1]hoptml and bioyolo [2.1.1] hexanes (1a).

Our results are qualitatively in agreement with the thecretiocal prediction of Barfield
(18,19). The agreement 1ies solely in that ‘qu are higher than ‘Jum , and the arrange-
ment of ois proton is more close than the trans to the “sig-sag" path, for which s maximum
positive coupling is theoretioally expected. The four bonds in the ois oonfiguration are
not ccplanar, and the ¢ and ¢’ angles are well below 180°, even with a distortion of the
oyclobutane ring. On the other hand the E_r_u_n_l interactions are more negative than theoreti-
cally expected. Of course agreement with theory in these couplings would have been surpri-~
8ing, because Barfield's angular caloulation are based only on the indirest "through bond®
contribution to ocoupling, in the absence of any quantitative information about the direct
"through space” contribution. Thus in these small rings, many factors can be important,
such as the number of ocoupling paths which link the ocoupled protons, the relative orienta-
tion of substituents, as well as the probable increasing coniribution of a direct mecha-
nism, even in molscules not highly sirained.

The values of long-range couplings in compounds I-XI are in line with the results obtai-
ned by other Authors (4-9, 14=16). The only discrepancies in sign are : J"- -0,01 in XXII
(e), ‘Jtranl- +0.14 in XXVI (11), .T“- ~0.48 in XXIV (10). Conoerning the first and the se-
oond case, we must point out that ocouplings with such a low absolute value, obiained only
by the iterative procedure of analysis, have no significance. Moreover J= +0.14 is an ave-
rage value for theirans ooupling in oxetans (XXVI), which is considered as rapidly flip-
ping. In this moleculs two completely different values have been published (20)s —0.4 ‘and
+0.7 Hs. It appears that the dotorﬁination of such small couplings in the complex speotrum
of oxetane requires a more acourate analysis. The third case seems a litile more signifi-
cant, and this negative coupling should be considered as an exception to the positive va-
lues of cis interaotions; but we must take into account that, even in this case, the sign
is not obtained directly by a double resonance experiment. On the other hand the influen-
ce of the heterocatom seems not to be relevant, since the other couplings in XXIV-XXVI
and in oyolobutanone (XXVII) are in agreement with the general trend of positive ois and

negative trans mtcutiou'.

*prom the analysis of the proton specirum of qclobnta‘u in a nematic -olxont (21) the
values of cross-ring oouplings have been deduced as: Joi = +2,5 and J ans * +0.3
Hs with an acouracy of g 0.7 Ns. With such an error the alen of “Jirans lacks
any signifioance, whilst that of ‘Jcn oan be accepted as positive.
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The four sterecisomers of the chloro series I, IV, VII and IX are partioularly intere-
sting, because we can observe the variation of cross-coupling constants with the stereo-
chemistry in the same fragments on cyclobutane ring. The data for the bromo series, sven
if not complete because the fourth isomer was not available, cohﬁzfu these results.

No coherent variation was observed from chloro to brome _dcrivatives, whereas ‘.'I13 were
always found to be higher (absolute value) than 4-1' 24° This could be attributed to the
isoxazole oxygen substituent effect (compare also compounds XII, XIII with XIV, xv, XIX)s
but if one takes the signs into acoount, an opposi® trend is observed for Jcis and J trans’
which is difficult to explain only with this observation. Other factors, for instanoe the
orientation of substituents, must be considered in small rings, where groups are gquite
near to eaoch other. -

Nevertheless the sign of four bond couplings in cyclobutanes seems highly stereospe-
oifio, mch more sensitive to the ole~trans arientation of the iwo interacting protons,
than to the effect of substituents, or to the distortion of the ring, if one excludes
the highly strained bicyclic molecules. In that case however the anomalous values of cis
four-bond couplings is presumably positive (14,22), suggesting again that the sign of
oross—couplings is strictly correlated with the orientation of protons. The same trend
is thus observed in cyclobutanone XXVII, in thietane XXV, and for H~F interaction in
XXXIII,

We conclude that the four~bond couplings seem much more suitable for studying the
stereochemistry of oyclobutanes, than the usual vicinal couplings, whioh show strong va-
riations with small distortions, and ambiguity between the ois and trans values.

This is why we would suggest their use, exocept when their absolute value is below 0.5 Hz,
in that case the sign has no'signifioanée; and we emphasize once more that the use of
small ocouplings for struotural purpose always needs the knowledge of their sign.
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