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Figure 1. Structural data for octamethyl-1,4-cyclohexanedione. Note that
atoms Cland C4, 01 and 02, and C2, C3, C5, C6, and their substituents
are crystallographically equivalent.

————=3104(5)—————

Figure 2, Newman projection of 1.

in the parent 2, as expected on general grounds and consistent
with the relatively low IRco frequency (1689 cm™1) of 1,3 The
presence of two internal carbonyl angles of 121.3° in 1 neces-
sitates a marked flattening of the ring, as can be seen perhaps
most clearly from the three consecutive torsion angles C1-
C2-C3-C4 = 43.5°, C2-C3-C4-C5 = 49.2°, and C3-C4-
C5-C6 = 43.5° and their sum of 136.2°. By comparison, the
three torsion angles in cyclohexane, which is slightly flattened,
sum to about 56 X 3 = 168°67 compared with a value of 180°
in “ideal” cyclohexane. The marked contraction of the axial-
equatorial methyl-methyl torsion angle o by 16° from the ideal
value of 60° and the corresponding expansion of the equato-
rial-equatorial angle 8 by 15° can be regarded as a further
consequence of the adoption of a strongly flattened six-mem-
bered chair. Apart from generating unusual torsion angles the
flattened chair conformation of 1 introduces an extremely short
contact of 2.88 A within each of the four equivalent pairs of
vicinal axial-equatorial methyl groups. The resulting repulsion
combined with the syndiaxial clash of 3.10 A involving the two
pairs of methyl groups may be a contributory cause of the
compre:sion of the four geminal dimethy! interbond angles to
106.9°,

Supplementary Material Available; Atomic coordinates and tem-
perature factor parameters for octamethyl-1,4-cyclohexanedione (1
page). Ordering information is given on any current masthead

page.
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Asymmetric Syntheses Using fert-Leucine. 1. An
Asymmetric Synthesis of 3-Substituted Aldehydes
via 1,4-Addition of Grignard Reagents to Chiral
a,3-Unsaturated Aldimines

Sir:

The exciting development of a variety of methods for
asymmetric induction continues to present a major challenge
to the syntheses of optically active natural products, phar-
maceuticals, etc.!+2

Meyers and Whitten have recently reported an asymmetric
1,4-addition of organolithium reagents to chiral oxazoline
derivatives giving, after hydrolysis, §-substituted carboxylic
acids in high enantiomeric purity.? We now wish to report that
the 1,4-addition of Grignard reagents to the chiral «,(-un-
saturated aldimines 3, prepared from «,3-unsaturated al-
dehydes 1 and optically active a-amino acid tert-butyl esters
2, gave, after hydrolysis, optically active S-substituted al-
dehydes 6, which are useful intermediates for the synthesis of
various optically active compounds.
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Table I.
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Asymmetric 1,4-Addition of Grignard Reagents to a,8-Unsaturated Aldimines 3

Alcohols 74

Syathetic Optical rotation® Optical
Run R R’ R” yield, % Obsd (caled)” Lit. yield, %’ Confign
1 Me i-Pr¢ Ph 41 o’ ~ 24.5° -39.0°¢ 63 R
2 Me -Bu? Ph 52 a?’p —32.8° (—35.6°) —39.0°¢ 91 R
3 Me -Bu? c-CgHy, 53 [@]20p +10.7° (+11.6°) +12.1°4 96 R
4 Me -Bu? #-Bu 40 [a]?5p =2.76° (—2.99°) —3.07°7 98 S
5 Me -Bu¢ (CH3),C=CHCH,CH, 48 [@]?5p +5.22° (4+5.59°) +5.51°/ 98m R
6 Ph  ¢-Bu® Et 56 [@]?5p +14.2° (+15.4°) —15.1°% 957 S

@ Optically pure L-2a was used.  1.-2b of 92.2% optical purity was used. ¢ D-2b of 93.4% optical purity was used. ¢ All alcohols were purified
by column chromatography on silica gel and subsequent vacuum distillation. ¢ All optical rotations were taken neat. / Values in parentheses
were obtained after correction for the optical purity of 2bused. & D. J. Cram, J. Am. Chem. Soc., 74,2137 (1952). # This value was obtained
by correlation with (R)-(—)-3-phenylbutanol of known optical purity. / P. A. Levene and A. Rothen, J. Org. Chem., 1,76 (1936)./ C. G. Ov-
erberger and H. Kaye, J. Am. Chem. Soc., 89, 5640 (1967). ¥ P. A. Levene and R. E. Marker, J. Biol. Chem., 100, 685 (1933). ! Corrected
for the optical purity of 2b used. " Calculated from the specific rotation of optically pure (R)-(+)-citronellol, [a]?3p +5.68° (neat), obtained
by correlation with (R)-(+)-citronellic acid; D. Valentine, Jr., K. K. Chan, C. G. Scott, K. K. Johnson, K. Toth, and G. Saucy, J. Org. Chem.,
41, 62 (1976). " After permanganate oxidation, the optical yield was calculated from the specific rotation of optically pure (R)-(—)-3-phen-
ylpentanoic acid, [«]2°p ~47.3° (neat), reported by P. A. Levene ard R. E. Marker, J. Biol. Chem., 100, 685 (1933).
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An ether-THF (5:1) solution of 3 was added dropwise to the
Grignard reagent (2,0 equv, 1.0-1.2 M in ether-THF (5:1))
at —55 °C under nitrogen. After 1.5 h of stirring, the resulting
orange-red mixture was poured into 2 N aqueous hydrochloric
acid at 0 °C with vigorous stirring. A usual workup gave crude
aldehyde 6, which was reduced to alcohol 7 with sodium bor-
ohydride in order to calculate the chemical (overall from 3)
and the optical yields (Table I), From the acidic aqueous phase,
amino acid ester 2 was recovered in good yield.

Besides 1,4-addition, several competitive reactions seem to
be possible under the present reaction condition, i.c., ab-
straction of a proton from the asymmetric carbon and from the
carbon adjacent to the olefinic double bond by the Grignard
reagent as a base, as well as addition to the ester carbony! and
1,2-addition by the same reagent as a nucleophile. It was found
that these competitive reactions are highly dependent on the
bulkiness of the R” group attached to the asymmetric carbon.
Thus, in cases where zert-leucine rert-butyl ester, 2b, was used,
1,4-adducts 6 were obtained as the only isolable compounds,
The amino ester 2b was recovered without any racemization,

and the optical yields of the products were found to be re-
markably high.

The absolute configuration of the aldehydes 6 obtained in
the present method using L-2b* as a chiral reagent was as
shown in Scheme I, while that of the aldehyde 6 was reversed
by using D-2b* (run 5). It is now possible to prepare, in a pre-
dictable manner, either R or S aldehydes 6 by choosing either
enantiomer of the amino ester 2b. Furthermore, the results
from runs 2 and 6 show that either enantiomer of the aldehydes
6 can also be prepared by simply exchanging the R group in
1 for the R” group in the Grignard reagent using a common
chiral reagent.

The following mechanism may be set forth based on the
above results (Scheme I). The initial attack of the Grignard
reagent to the a,8-unsaturated aldimine 3 prepared from 1 and
L-2 is expected to form the cyclic complex 4 by virtue of the
chelation® of the Grignard magnesium with the unshared
electron pairs on the nitrogen and oxygen atoms suitably dis-
posed. Subsequent attack of the R” group to the 8-carbon atom
from the less hindered side in S-cis conformation® would lead
to §, which provides, upon acidic cleavage, the 8-substituted
aldehydes 6 with the configuration shown.”

The present method has advantages in giving aldehydes 6
in high enantiomeric purity, allowing easy preparation of al-
dimines 3 as well as easy recovery of the chiral reagent 2b
without any racemization for reuse, and exhibiting general
utility, We are currently investigating various modifications
and applications of the present synthetic method,
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Substituent Effects on the Intrinsic Basicity of Benzene:
Proton Affinities of Substituted Benzenes
Sir:

Recently there has been considerable interest in examining
the intrinsic substituent effects on the basicity of benzene. The
interest is justified by the fact that the protonation of benzene
represents a prototype of electrophilic attack on the benzene
ring and is therefore closely connected with the Hammett type
linear free relationships and ¢ values for substituents. The
intrinsic or “dilute gas phase” basicities are independent of
solvent and therefore indispensible in separating true electronic
effects from solvent effects of substituents.

Theoretical calculations for the energy change in the isod-
esmic! proton transfer (1) and experimental measurements
by ICR of the equilibrium (1) where X = alky! were reported
recently by Hehre et al.> More extensive calculations including
heterosubstituents were also reported later.> A brief discussion
of the halo-substituent effects was published recently from our
laboratory in connection with a general survey of compounds
having proton affinities between those of water and ammo-

nia.*
‘0-0-0-0 -
X X xg*
———

The present experimental results are summarized in Table
I. The data are based on proton transfer equilibria measure-
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Figure 1, (a) Comparison between experimental AH, values and STO-3G
calculated values for reaction 1: C¢H7t + XCgHs = CsHg + XCsHsH ™.
Straight line corresponds to 45° angle or perfect agreement. (b) Com-
parison between AH; O and AE| O ina o," plot of substituent constants.
Deviations of AH, values for X = CHO, CN, NO, due to substituent
protonation for these compounds.

ments at 600 K, involving also a number of other bases like
dimethyl ether, acetone, ethy! formate, isobutene etc., such that
a complete ladder of equilibria® was obtained between the
compounds with lowest and highest basicity. An average of
three thermodynamic cycles connected each compound to the
ladder. The proton affinity of aniline was obtained on basis of
PA(NH3) = 202 keal/mol*3 and earlier work.® The present
results, where overlapping with our earlier measurements,*
were in agreement within ~0,3 kcal/mol. However, the PA
values quoted in the present work are higher by ~1 kcal/mol
becayse here we have used the new AH{(H*) = 367 keal/
mol.

The measurements were done at 600 K in order to avoid
interference from the dimers BoH*. These dimers can become
the major ions at lower temperatures if the charge in BH™ is
concentrated on a few hydrogens as is the cases NH4+ or
H;0". The tendency to form dimers for ring protonated BH*
is very much lower, This allowed us to examine the temperature
dependence of K for the two reactions where X = F and Cl,
over a wide temperature range (25-360 °C). The linear van’t
Hoff plots gave in both cases AS®; = —3.5 + 0.1 eu, The en-
tropy change expected, because of changes of rotational
symmetry numbers in these two reactions, is AS;ors, = (R In
1)/6 = —3.56 eu. The closeness of the experimental entropy

Table I, Proton Affinities of Substituted Benzenes and Energy Differences for Reaction 14
Substituent PA,b

X kcal/mol —AG®,(600)¢ oB/oBH+ ~TAS os. —AH®S —AE® op
NH, 209.3/ 256 1 2.1 27.7 27.2 -1.3
OMe 199.4 15.7 1 2.1 17.8 15.7 -0.778
CHO 199.1 15.4 1 2.1 17.5 0.44
CN 195.1 11.4 1 2.1 13.5 -13.8 0.66
OH 195.0 11.3 1 2.1 13.4 16.0 -0.92
NO, 192.6 8.9 1 2.1 11.0 =22.1 0.79
Et 191.0 7.3 1 2.1 9.4 9.7 -0.295
Me 190.0 6.3 1 2.1 8.4 8.5 —0.311
H 183.7 0 6 0 0 0 0
F 182.9 -0.8 1 2.1 1.3 3.7 -0.073
Cl 182.7 -1.0 1 2.1 1.1 0.114

@ All energy values in kcal/mol. » Based on AH(¢-C4Hs*) = 169 kcal/mol (ref §), which with new AH(H*) = 367 kcal/mol’ leads to
PA (isobutene) = 194.2 kcal/mol, and experimental AG°(600) for proton transfer reactions. ¢ Free energy change at 600 K for reaction 1.
4 Ratio of rotational symmetry numbers. ¢ AS 5. represents entropy change for reaction 1 due to changes of the rotational symmetry ¢ numbers.
This is believed to be the major contribution to the total entropy change of reaction 1./ Experimental enthalpy change for reaction 1 calculated
from: AG®(600) = AH — TAS o5 & Theoretical results LCAO-MO, STO-3G obtained by Hehre? for reaction 1. & constants for para
substituents from ref 8. op*(NH) = —1.3 from J. E. Leffler and E. Grunwald, “Rates and Equilibria in Organic Chemistry”, Wiley, New
York, N.Y., 1963, p 204. ¢,(CHO) = 0.44 from J. Hine, “Structural Effects on Equilibria in Organic Chemistry”, Wiley, New York, N.Y.,
1975, p 66.  From previous measurement in ref 6 and PA(NH;3) = 202 kcal/mol? based on AH¢(H*) = 367 kcal/mol.’
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