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For comparison with the proton magnetic resonance
(p.m.r.) spectra of some 2-substituted 2-hydroxybutyrolactones,
the isomeric methyl piptodisinates and thelr 2-0Q-acetyl
derivatives (1), we have examined those of a number of
model compounds, Chemical shifts lie in the expected ranges,
the signals for the 4-protons (8 4+0-4ekt) being well to
low-field from those for the 2- and 3-protons ( § 2:2-2.8),
Coupling constants from analysis of the ABXY (2) or AB spectra
together with those for leucodrin tetra-acetate (3) and methyl
O-~acetyl-=-piptodisinate are collected in Table 1.

The "normal" geminal coupling constant, igem, in a
saturated methylene group may be taken as that for methane,
-12:% % 046 c/s (¥). Values of JE3¥ are high* as previously
found for methylene groups adjacent to carbonjl groups
(3,5,6,7), whereas those of _{g§" are essentially "normal',

and those of JB®® low, Decreases of JB®® of the order of

* We assume that geminal coupling constants for saturated
methylene groups are negative in sign (%) and use high, low,
and cognate terms to refer to the magnitude of Jgem,
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TABIE I
COUPLING CONSTANTS (e¢/s) FOR SOME r-LACTONES

Compound a lggm iggm PA gﬁm Others
I - 13-1‘. ge1 E = 7.0, B_ = 6'9 b

II - "13*1 88 [N =68, R =6:6"P

III - 134 . -

v - - 89 -

v 180 - 10°5 -

VI 1849 - = Jp3 = 5%9, dpy = -002°
VII (lactone &) & 17¢2 - - Iy 12k, I,y =748
VII (lactone B) a . - - 134 (trang) = 8-3

VIII - e 87 N=8,R=73P
a

I ¢ 2-hydroxy-2-methylbutyrolactone in pyridine
II : 2.hydroxy-2-phenylbutyrolactone in pyridine
III : 2-hydroxy=2,k,t-trimethylbutyrolactone in pyridine
IV : 2-hydroxy-3,3-dimethylbutyrolactone in pyridine
V : 3-acetoxy-3-methylbutyrolactone in CDC13
VI . 3,)+-dibromo-{-valerolactone in CCly
VII : leucodrin tetra-acetate (3)in CDC1
VIII : methyl Q-acetyle-x-piptodisinate in %DCl_g 1)

PN =4y, * L3n)s B = ¥y * I30,0). Values of N and §
may be interchanged.

€ Uncertainty, + 0¢2; see text.
a Related compounds give similar values (3).

e rgem ; =
A 3 cannot be obtained 31nce833, Oe



No.39 2913

0-8 c¢/s per degree have been observed with increase in the

HCH bond angle (8) although the accompanying theoretical
treatment is in error in not predicting the negative sign

for JE®® (4), In a y-lactone for which the internal angles
have been measured (9), although there is some distortion

owing to a fusion to a decalin system, those at positions 3

and 4 are 9° and 6°, respectively, less than tetrahedral. The
HCH angles at these positions are therefore presumably both
somewhat greater than tetrahedral. Any decrease of lggn from
this cause is apparently compensated by the opposite effect

of electronegative substituents attached to the adjacent carbon
atoms, (10), the carbonyl group to C2 and the acyloxy group

to C4, This compensating effect is also shown in the value of
lggn for compound V, in which an acetoxy group is attached to
the adjacent C3, as compared with other values of lgﬁ',
uniformly low at ca. 9 c¢/s. Intermediate values of JE®® (10-12
¢/8) occur for methylene groups attached to the ethereal oxygen
atom in furanose (1) or pyranose (11) rings and for those in
primary alcohol groups or their acetates attached to saturated
carbon atoms (7), bond angles in these cases being unknown. The
low values for the methyl halides, methanol, and dichloromethane
(4) may however be "corrected", from the known HCH angles

(by -0¢8 c/s per degree), to the values expected at the
tetrahedral angle. Corrected values for the limited series
CH3B1-, CH301, CH3F', and CH,Cl, fall from 12°2 to $¢7 c¢/s in
this order, that of increasing electronegativity (12) of the

substituents, perhaps fortuitously since the values for
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CH3I {(11+4% ¢/s) and CH3OH (106 ¢/s) lie ¢ca. 1 ¢/s below the
line, Apart from any effect on bond angle, it seems likely
that direct attachment of an electronegative hetero-substituent
to a saturated methylene group Jlowers the value of lgem. Any
explanation of this effect is not likely to lie in simple
considerations of reduced electron densities 1n the C-H bonds
as 1s intultively assoclated with the term, electronegativity,
since electronegativity induced in a saturated carbon atom
attached to the methylene group is correlated with increase
in J8°® (10).

In the crystal-state of Xalactones, C3 lies out of
the plane of C2-=C1-0-C4 (13), and we have interpreted vicinal
coupling constants in terms of such a conformation in
solution, The values of 123 and 12.3 for 3,h-dibromo-x-
valerolactone (VI) in carbon tetrachloride at 35° are very
close to those predicted by the original Karplus equation,
J = 8.5 cosz¢ - 0+28 (14) for ¢ = 30° and 90°, respectively.
Dihedral angles near these values lead to a conformation in
which H2 (mid-field) is pseudo-axial, H2' (high-field) and
H3 (low-field) are pseudg-equatorial, and the two bromine
atoms (whieh we assume to have added trans to =-angelicalactone)
are pseudo-axial (dihedral angle, ca. 150°) probably as a
result of strong repulsive forces between them in the
non-polar solvent., We note that the predicted small negative
coupling near 90° arises in the theoretical treatment from
approximate cencellation of two large terms (1L4), and
believe that 12.3 = -0¢2 c/s represents the first reported
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experimental value in agreement, There is however an
uncertainty of * 0*2 ¢/s in this value since the components
of the observed high-field and low-~field doublets consist
of pairs of unresolved lines whose separation may be up to
O+l ¢/s, as judged from widths at half-height,

As coupling constants are sensitive to substituent
effects (10), modified Karplus equations (15) of form g,u =
Ay cosz¢o 14 Bay be more appropriate but require sufficient
m assumed for g given substitution
pattexzn to have one of two values depending on whether
$,4 X 90° Should the 3-phenyl group in lactone A of
leucodrin tetra-acetate (VII) be pgeudo-axial, the values of
Iy3 and Jo13 could be met with dihedral angles of 56° and 64°,
respectively, and a,4 = 40 c¢/s, This value is improbably high
and furthermore a Dreiding model of this conformation is
severely (and inexplicably) strained, We conclude that the
phenyl group is pseudg-equatorial in the conditions of measurement
(CI)Cl3 solutiony temperature unstated (3)), but cannot determine
the 3 values and dihedral angles without further knowledge.

The conformation of a pair of adjacent methylene
groups may in principle be 8o calculated if at least three
of the vicinal coupling constants are known and on the assumption
implicit above that the projected geminal valence angles are
near 120°, For compounds I, II and VIII insufficient lines
in the XY portion of the ABKY spectra were resolved to allow
completion of the analysis (2) but the near equality of N and R,
readily obtained from the AB (low-field) portion at 40°%, is
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sufficient to show either that the 3- and Yamethylene groups
are nearly eclipsed or, more likely, that there is rapld
conformational inversion about this mean position., At the
lowest temperature (-35°) so far available to us there was
some broadening with loss of resolution of the lines in the
AB spectrum of compound I but no clear evidence of
conformational freezing.

We have confirmed the structure previously proposed (1)
for piptosidin by its reduction with sodium borohydride to
dihydropiptosidin whose p.m.r, spectrum shows that its only
structurgl difference from leucodrin lies in the substituents
attached to lactone A (16). The signal of the new proton,
H3, on lactone B is a doublet at5’+°80, Iy = 8+5 ¢/s, close
to gah in lactone B of leucodrin tetra-scetate, The 3-acetoxy
and 4-diacetoxyethyl substituents in the latter are trans
(17) and both may be assumed to occupy pseudow-equatorial
positions, owing to non-bonded interaction of the 4~ with
a 2=-substituent in the inverted conformestion, the H3-H4 dihedral
angle probably being near 160%, Should these substituents
be ¢is in dihydropiptosidin, the Y-~substituent weould probably
remain pseudo-equatorial but suffer stronger non-bonded
interaction with the 3-substituent. The H3-H4 dihedral angle
would then probably be7730° and 134 (c1s){ 6 ¢/ (assuming
& values near 10 and 8 c¢/s, respectively, for dihedral angles
greater than, or less than, 90°), It is likely that these
substituents in dihydropiptosidin are grang as in lactone B

of leucodrin.



No.39 2917

P.r.r, spectra of compoundsI - VI were measured at 35°
ont a Varian A &0 spectrometer at the University of Sydney
by dr. 2.0, Dentsen and Dr. R.V. Rodertson whom we bthaak
for their kind assistance.
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