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Summary A sector rule for chiral allenes is derived,
relating the position of a substituent to the sign of the
lowest-energy Cotton effect, and a physical basis is
proposed for the Lowe—Brewster rule which connects the
configuration of a chiral allene with the sign of its D-line
rotation.

THE absolute configuration of a chiral allene is related to
the sign of its optical rotation at the sodium D-line by the
rule proposed by Lowe! and developed by Brewster.? The
rule states? that if the most polarisable substituent (R?) of a
chiral allene is aligned uppermost along a vertical axis, and
the more polarisable (R®) of the two rear substituents in the
horizontal plane is disposed on the right-hand side, a clock-
wise screw pattern of polarisability obtains, and the isomer
is dextrorotatory (Figure la). Conversely, if the more
polarisable of the two rear substituents in the horizontal
plane is disposed to the left, the allene is laevorotatory.
From the c.d. spectra of chiral allenes with an established
configuration, (Ia),® (IIa),* (IIIa),® (IV)S (Figure 2, Table)
and the static® and the dynamic? coupling theory of optical
activity we report a quasi-quadrant rule relating the stereo-
chemical configuration of an allene to the sign of the Cotton
effect associated with the lowest-energy absorption band of
the allene chromophore (220—250 nm) and propose an
electronic basis for the rule of Lowe! and Brewster.?

The allene chromophore has four singly-excited mrz*
configurations, resulting from the one-electron promotions,
7% —> 7wy*, Y —> ax*, wx — wx*, and 7y — wy*, where the
xz and yz planes are, respectively, those of the set of bonds
to the 1- and to the 3-carbon atom. The antisymmetric
combination of the first two configurations gives an excited
state to which an electronic transition from the ground state
is magnetic-dipole allowed with z-polarisation, 4, —> 4, in
the group D,; of the allene chromophore. The analogous
combination of the latter two configurations give an
excited state to which a transition from the ground state,
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FiGuRE 1. (a) The rule of Lowe* and Brewster.t Dextrovotation
at the sodium D-line is associated with a clockwise screw patiern of
polarisability, given by the group polarisability-order, R* > R2?and
R3 > R and laevorotation with the order R* > R2 but R3 < R4,
(b) The XY quadrant rule for chival allenes connecting the position
of a substituent with the sign of the lowest-energy Cotton effect.

A, —> B,, is electric-dipole allowed with z-polarisation. A
transition to the state formed by the symmetric combination
of the former two configurations, B,, or of the latter two, 4,,
has only an electric quadrupole moment.

Theoretical treatments of the electronic spectrum of
allene8-1¢ generally place the excited mm* states in the
energy-order, B, > B; > A4,, the position of the 4, state
being variable. The lowest-energy transition is expected
to be magnetic-dipole allowed, 4; — 4,, in accord!® with
the observation (Figure 2) that the lowest-energy c.d. band
of chiral allenes (220—250 nm) has a dissymmetry factor,
g = Ae/e, which is relatively large (g ca. 0-01). The high
intensity of the absorption of alkyl-substituted allenesi®.!?
near 180 nm (Figure 2) suggests that the electric-dipole
A, — B, transition lies in this region.

(@) Sector rules. A regional rule connecting the position
of substituents with the sign of the lowest-energy c.d. band
of a chiral allene is provided by either a static® or a dynamic?
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FiGURE 2. The absorption spectrum (upper curve) and c.d.
spectya (lower curves) of (I) ( ), (II) (————), and (III)
)-

coupling mechanism. If the static Coulombic field of a
substituent mixes the magnetic-dipole 4, — 4, transition
with a z-polarised electric-dipole excitation of the allene
chromophore, notably 4, — B,, which is close in energy, to
produce optical activity the field has a pseudoscalar com-
ponent with XY symmetry.® The resultant quadrant rule
has the signs depicted (Figure 1b) for the c.d. due to the
A, — A, transition if the perturbing field arises from
positive charges, e.g. the incompletely-screened nuclei of the
substituent atoms.

In the dynamic case” the magnetic moment of the 4, — 4,
allene transition couples with a transient electric dipole
induced in the substituent by the radiation field to produce
optical activity. The coupling is mediated by the Coulom-
bic potential between the induced electric dipole of the
substituent and the leading electric multipole of the 4, — 4,
allene transition, the latter being an xyz octupole. If the
polarisability of the substituent is isotropic, or if the

TABLE

The specific votation, [a]p (degrees), the wavelength, A (nm), and c.d. maxima, Ae = (er-er), of chival allenes in a paraffinic solvent.

The

Ae values are not corrected for optical impurity.

A, =>4

Allene felp A ' : Ae

I)a.p +16 229 +1-14
%Il)c.d +4-126-8 236 +1-22
(I11)a:p +32 243 —0-28
(IV)e.e —24-2 223 +0-63
L —54-4 222 +0-73
(VIee —175-7 219 +1-01

a Jso-octane solution. ® Optical purity 100%;.

409 relative to [M]p —132 (EtOH) for (VII).22
or 87 Y relative to [M]p —132 (EtOH) for (VII).22

¢ Pentane solution.
largest value, [a]p —43-8, for (IV) reported,®® or 129/ relative to [M]p —132 (EtOH) for laballenic acid?? (VII).

A, > B4, A;—> B,

A Ae Ae
205 +0-79 <185 <-4
218 —0-63 <185 >+6
225 +0-33 <185 >+40-7
206 +0-74
192 +1-7 <185 —ve

<185 —ve
<185 —ve

4 Optical purity 90-5%. € Optical purity 56 % relative to the

t Optical purity

g Optical purity 100 9] relative to the largest value, [ot]5;4 — 728, for (VI) reported,’®
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contribution of the mean polarisability is dominant, the
regional rule is given by the geometric factor, XY (722 — R?)
for the potential between the z-component of a dipole and
the xyz-component of an octupole.

Both the simple XY quadrant rule (Figure 1b) and the
bifurcated-quadrant rule, XY (722 — R?) (Figure 3), are

I+\\ R2

FiGURE 3. The bifurcated quadvant rule XY (122 — R?) for chival
allenes. The signs refer to the lowest-energy Cotton effect associated
with groups substituted into the +Y hemisphere. The signs are
reversed for groups substituted into the -Y hemisphere.

consistent with the c.d. data for chiral allenes in the 220—
250 nm region (Table, Figure 2), e.g. (Ib), (IIb), and (IIIb).
However, the dynamic mechanism appears the more
probable on three grounds. Firstly, the c.d. band of the
3-steriodal allene® (I) and of (R)-(+)-1,2-cyclononadienet
(II) near 230 nm are comparable in magnitude (Figure 2,
Table), whereas the XY rule (Figure Ib) suggests that (II)
should have a substantially larger c.d. than (I) in this
region. The comparability is consistent with the XY-
(722 — R?) rule (Figure 3) since the C(6)-C(7) bond of (II)
lies in the region where (7Z% — R?) is negative and the
C(4)-C(5) and C(8)—C(9) bonds in the region where that
function is positive.

Secondly, the static coupling mechanism® provides no
explanation for the observed optical activity in the 220—250
nm A, — 4, region of allenes with cylindrically symmetrical
1- and 3-substituents, e.g. (IV) (Table). According to the
dynamic mechanism? this optical activity originates from
the anisotropy of the polarisability of the methyl sub-
stituents in (IV). Finally, the static mechanism® requires
that the mixed transitions, 4, — 4, and 4, — B,, have
rotational strengths of opposite sign and equal magnitude,
whereas the dynamic mechanism? implies no such necessary
connection. The c.d. bands due to these two transitions
are of opposite sign for the allenes (I), (III), (IV), (V), and
(VI), but they have the same sign in the case of (II) (Table,
Tigure 2.

() The Lowe-Brewster rule. Although accessible only
to 185 nm the c.d. due to the 4, — B, allene transition is
large (Figure 2, Table) and Drude plots of the o.r.d. indicate
that generally it makes the major contribution to the
optical rotation at the sodium D-line. The rotational
strength of the 4, — B, allene transition, according to the
dynamic coupling mechanism,” depends upon the steric
disposition of the substituents and the anisotropy of their
polarisabilities, an isotropic group making no contribution.
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‘Whilst the C-H bond has a virtually isotropic polarisability,
that of the C-C bond is markedly anisotropic!® («, = 1-88
and o) = 0:02 A3), so that the major component of a dipole
induced in a C-C bond lies along the bond direction. For
(R)-(—)-1,3-dimethylallene® (IV), and other (R)-(—)-
substituted allenes,5:1%-23 the particular phase-relationship
between the induced dipoles of the two C-C bonds from the
1- and 3-carbon atom of the allene chromophore, due to
Coulombic interaction with the 4, — B, transition dipole
(Figure 4a), gives that transition a negative rotational

»x

- ——— b -
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FIGURE 4. The phase-relationship between the electvic dipole
moment of the A, —> B, transition (full arvow) and the induced
moments along the C-C bonds of (a) (R)—(—)-1,3-dimethylallene
(IV) and (b)(R)-(+)-1,2-cyclononadiene (1I).

strength. The D-line rotation is consequently negative, in
accord with the rule of Lowe! and Brewster.?
(R)-(+4)-1,2-Cyclononadiene? (II) does not conform to the
Lowe-Brewster rule because the phase-relationships between
the induced dipoles along each C-C bond are now such that
the A4,-> B, allene transition has an overall positive
rotational strength (Figure 4b). Whereas the induced
dipoles along C(3)-C(4) and C(1)-C(9) of (II) couple to give
a negative rotational strength, as in (IV), those along
C(5)-C(6)—-C(7)-C(8) couple with the A, — B, transition
dipole along C(1)-C(2)-C(3) to generate a substantially
larger positive rotational strength (Figure 4b). A similar
conclusion emerges from the coupling schemes for the
induced C-C dipoles and the 4, — B, transition moment in
conformations of (IT) other than the one depicted (Figure 4b)

(Received, July 14th, 1971; Com. 1212.)



1264 CHEMICAL COMMUNICATIONS, 1971

1 G. Lowe, Chem. Comm., 1965, 411.
2 J. H. Brewster, ‘Topics in Stereochemistry,” N. L. Allinger and E. L. Eliel, eds., Wiley, New York, 1967, vol. 2, p. 33.
3 P. Crabbé, and E. Velarde, forthcoming publication.
4 H. W. Anderson, S, D. Clark, T. M. Ozretich and W. R. Moore, forthcoming publication.
& (a) W. M. Jones and J. Walbrick, Tetrahedron Letters, 1968, 5229; (b) M. C. Caserio and W. L. Waters, Tefrahedron Letters, 1968,

5233.

¢ J. A. Schellman, J. Chem. Phys., 1966, 44, 55.

7 E. G. Hohn and O. E. Weigang, jun., J. Chem. Phys., 1968, 48, 1127.

8 R. G. Parr and R. Taylor, J. Chem. Phys., 1951, 19, 497.

® J. Serre, J. Chim. Phys., 1956, 53, 284.

10 W, T. Borden, J. Chem. Phys., 1966, 45, 2512.

11 A, Pellegatti, Theor. Chim. Acta, 1967, 8, 128.

12 J, C. Tai and N. L. Allinger, Theor. Chim. Acta, 1968, 12, 261.

13 T, Del Bene and H. H. Jaffé, J. Chem. Phys., 1969, 50, 1126.

147, J.Schaad, L. A. Burnelle, and K. P. Dressler, Theor. Chim. Acta, 1969, 15, 91.

18 S, F. Mason, Quart. Rev., 1963, 17, 20.

16 .. H. Sutcliffe and A. D. Walsh, J. Chem. Soc., 1952, 899.

17 L. C. Jones and L. W. Taylor, Analyt. Chem., 1955, 27, 228.

18 K. G. Denbigh, Trans. Farvaday Soc., 1940, 36, 936.

13 W. T. Borden and E. J. Corey, Tetrahedron Letters, 1969, 313.

20 R. J. D. Evans, S. R. Landor, and J. P. Regan, Chem. Comm., 1965, 397.

21 1. Crombie and P. A. Jenkins, Chem. Comm., 1967, 870.

22 M. O. Bagby, C. R. Smith, jun., and I. A. Wolff, J. Org. Chem., 1965, 30, 4227.

23 S. R. Landor and N. Punja, Tetrahedron Letters, 1966, 4905.





