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The synthesis and resolution of 3-methyl-5-oxchexanoic acid (5) are presented. A synthesis of (S)-5 from
(4R )-4-methyl-6-oxcheptanoic acid is also reported. The different isomers of 5 were used to prepare all four opti-
cal isomers, as well as the two racemic pairs of cis- and trans- 3,5-dimethylvalerolactones. The synthetic routes
used established the configuration of these lactones at position 3. The configuration at position 5 and the confor-
mational assignment of these lactones were established by an analysis of the 'H nmr, **C nmr, and CD spectra.

Studies concerning the structure, configuration, and con-
formation of saturated §-lactones are a subject of continu-
ing interest. X-Ray analyses of lactones have shown that
the carbonyl, the ethereal oxygen, and the two adjacent
carbon atoms lie in the same plane.? The lactone ring can,
therefore, assume either a half-chair or a boat conforma-
tion, and both conformations have been found in the crys-
talline state. In addition, infrared (ir),2¢ ultraviolet (uv),3
optical rotatory dispersion (ORD), and circular dichroism
(CD)* and proton nuclear magnetic resonance (\H nmr)®
studies have been used to study the structure, configura-
tion, and conformation of saturated lactones in solution.
The results have shown that some 8-lactones exist in a half-
chair conformation in solution, whereas other é-lactones
possess a boat conformation,

The present paper contains the synthesis and analysis by
various 'H nmr, C nmr, and CD techniques of the config-
uration and conformation of 3,5-dimethylvalerolactones.®

Results and Discussion

Synthesis. The synthesis of all four optical isomers of
3,5-dimethylvalerclactone was accomplished as shown in
Chart I. Diethyl 1-methyl-3-oxobutylmalonate (3) ob-
tained by the Michael addition of diethyl malonate (2) to
3-penten-2-one (1) was converted to its ethylene ketal de-
rivative (4). Alkaline hydrolysis of 4, followed by acidifica-
tion and thermal decarboxylation, yielded (RS )-3-methyl-
5-oxohexanoic acid (5).7 Attempts to prepare 5 directly
from 3 without protection of the 3-oxo function gave very
low yields of 5. We found that d-(+)- and [- (~}-a-methyl-
benzylamine effected a high yield optical resolution of 5 to
give (S)- (+)-5 and (R)-(—)-5, respectively. When the salts
A and B were treated with N-ethoxycarbonyl-2-ethoxy-
1,2-dihydroquinoline {EEDQ)® in tetrahydrofuran, the dia-
stereomeric amides 6a and 6b were obtained in high yield.
These products could be used to determine the optical pu-
rity of the resolved acids. The nmr spectra of 6a and 6b as
well as the racemic amide obtained from (RS)-5 and (—)-
a-methylbenzylamine showed only one methyl resonance
for the CH3CO and NCHCH 3 moieties. However, the nmr
spectra of the amide from (RS)-5 obtained in the presence
of tris(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octane-
dionato)europium [Eu(fod)s] showed two singlets for the
CH3CO group and two doublets for the NCHCH 3 group.
From the integrated intensities of the CH3;CO and
NCHCH 3 signals(s) of 6a and 6b it was possible to assay
for their optical purity. These resuits established that the
amides 6a and 6b were >95% optically pure, and, thus, the
acids (S)-(+)-5 and (R)-(~)-5 possess similar optical puri-
ties (see Experimental Section for details).? Reduction of
(S)-(+)-5 with sodium borohydride in ethanol or catalyti-
cally in the presence of platinum oxide gives a mixture of
cis-(3S,6R)- and trans-(3S,5S)-3,5-dimethylvalerolac-

tones 7a and 8a, respectively. Reduction of (R)-(~)-5 in a

-similar manner gives a mixture of the optical isomers 7b

and 8b, whereas reduction of (RS)-5 gives a mixture of
(B3RS, 5S8R )-cis- and (3RS, 5RS)-trans- 3,5-dimethylvaler-
olactones 7 and 8, respectively.
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It was not possible to separate the cis and trans lactones
by distillation or liquid chromatography. However, the am-
ides obtained on treating the mixture of lactones with py-
rollidine could be separated by chromatography on alumi-
pum oxide. The lactones could be regenerated by treating
the separated pyrollidinamides with ethanolic sodium hy-
droxide. Regeneration of the lactones from the separated
pyrollidinamides under acidic conditions gave a mixture of
cis and trans lactones.

(38)-3-Methyl-5-oxohexanoic acid (5) could also be ob-
tained from (4R )-4-methyl-6-oxoheptanoic acid (9)'° by
the route shown in Chart II. Esterification of 9 followed by
treatment with ethylene giycol in refluxing benzene con-
taining p- toluenesulfonic acid gave (4R )-methyl 4-methyl-
6-ethylenedioxyheptanoate (10). Addition of phenylmag-
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Table 1
Proton Chemical Shifts of cis- and trans-8,6-Dimethylvalerclactones:

Cormpd Solvent C-3 CH? Jrmont  AcmtoRe -5 CHP Ju.cuy® Agyp,CPCR .5 HP bw/ Aggpy D0
7 CCl, 1.01 (d) 8.7 1.33 (d) 6.0 4.29 (m) 42
CDCl; 1.01 (d) 5.5 1.36 (d) 6.2 4.40 (m) 40
CelDs 0.63 (d) 5.9 +0.38 1.09 (d) 6.2 +0.27 3.86 (m) 36 +0.54
8 CCly 1.09 (d) 6.1 1.33 (d) 6.1 4.46 (m) 37
CDCl; 1.09 (d) 6.1 1.36(d) 6.2 4.56 (m) 35
CeDys 0.66 (d) 6. +0.43 1.07 (d) 6.2 +0.29 4.05 (m) 39 +0.51

¢ Spectra obtained on a Varian HA-100 spectrometer. Chemical shifts given in & values relative to SiMes. * d = doublet,
m = multiplet. ¢ Coupling constant with C-3 H. ¢ Aq,p, " = difference between chemical ghift in CDClyand CeDs. ¢ Coupling

constant with C-5 H. / Band width of H-5.

nesium bromide to 10 gave (4R )-1,1-diphenyl-4-methyl-6-
ethylenedioxyheptanol (11). Treatment of 11 with a reflux-
ing solution of p-toluenesulfonic acid in chloroform ef-
fected both elimination of water and deketalization to give
(4R )-7,7-diphenyl-4-methyl-2-oxoheptene (12). Compound
12 was subjected to ruthenium tetroxide oxidation to give
(38 )-3-methyl-5-oxochexanoic acid (5).
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Stereochemistry. cis- and trans-3,5-dimethylvalero-
lactones 7 and 8, respectively, can each exist in two possible
half-chair and two possible boat conformations (A, B, C,
and D). Ir studies have demonstrated that é-lactones that
have half-chair conformations show carbonyl stretching
frequency in the range 1730-1750 cm~* and é-lactones that
possess boat conformations show absorption in the range
1758-17656 ¢cm~1.2¢ Since both lactones 7 and 8 show in-
frared carbonyl absorption (CCly) at 1736 cm™1, it can be
assumed that both 7 and 8 possess half-chair conforma-
tions. Inspection of Drieding models shows that the cis iso-
mer has the C-3 CHj; and C-5 CHj; groups in a cis 1,3 rela-
tionship and would be expected to exist preferentially in
conformation 7A which avoids diaxial opposition of these
groups.!! In addition, since the low- and high-temperature
nmr analyses of both 7 and 8 show no new signals and show
no line broadening of the signals present in the 180 to ~80°
temperature range, conformational homogeneity is indicat-
ed for both lactones. Thus, the problem is to determine
which of the two lactones has the cis structure and to
choose between the two possible half-chair conformations
for the trans isomer. A detailed analysis of the *H nmr, 13C
nmr, and CD properties of 7 and 8 was used to accomplish
these assignments.

Proton Nmr. The proton nmr data for lactones 7 and 8
in three solvents are listed in Table I. Concentrating first

on the spectra obtained in CCly, the significant aspects are
the shifts in the two spectra of the C-3 CHj3 (8 1.01-1.09)
and C-5 H (6 4.29-4.46) and the appearance of the C-5 CHjy
group at & 1.33 in both spectra. These results can be ex-
plained if the nmr spectrum having the highest field reso-
nance for the C-3 CHj is assigned to the cis isomer which
for reasons already stated exists preferentially in confor-
mation 7A. Since the cis and trans isomers have the same

resonance for the C-5 CHjg group (5§ 1.33), the trans isomer
seems best represented by conformation 8A which has this
group in an equatorial position. Johnson, et al,12 have
found that equatorial methy! groups on cyclohexanone ap-
pear at higher field and have J ;. coupling constants small-
er than axial methyl groups; thus the shift of § 1.01-1.09
ppm and the increased o ;. for the C-3 CHj group in going
from 7 and 8 (equatorial to axial CHs group) are the results
expected. In addition, the 0.17-ppm (6 4.29-4.46 ppm)
downfield shift of the C-5 H in going from 7 to 8 can be ex-
plained by the cis 1,3-diaxial interaction of the C-3 CHj
and C-5 H of 8 which is absent in 7. Deshielding in the
order of 0.18 ppm has been observed in cyclohexanols in
going from 1,3-H-H to 1,3-CHs-H interactions.3

The correctness of the conformations 7A and 8A as-
signed to the cis and trans lactones, respectively, is further
supported by measurements of the solvent effect (Table I).
The solvent shifts Acgp,CPC measured for the C-5 CHjy
and the C-5 H in lactones 7 and 8 show no significant dif-
ferences. These results indicate that both lactones 7 and 8
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Table I1
Nmyr Spectral Data of cis- and trans-3,5-Dimethylvalerolactones
7 and 8 in the Presence of Eu(dpm)

C-3 C-5 C-5 C-2 C-2
Compd Medium CHab JH‘OHSC CHBb JH,CHae Hb be Hax Jan.?eq JZax,ss.x JZax|aeq Hqu JZeq'Bax JQeqwieq Jﬁeq,Seq
7 CCly + 0.23mol  1.27 6.5 1.74 6.1 5.07 37 3.28 17.3 10.3 3.98 5.8 1.9
equiv of Eu- d) (d) (q) (0)
(dpm)s
CDCl; + 0.24 1.17 6.3 1.60 6.3 4.83 40 2.78 17.3 10.4 3.46 5.6 1.8
mol equiv of (d) (m) (@) (o)
Eu(dpm),
8 CCl + 0.24mol 1.50 6.5 1.95 6.3 5.49 38 3.88 16.1 9.0 4.39 5.6
equiv of Eu- (d) CY (@) (@
(dpm),
CDCl; + 0.38 1.27 6.3 1.61 6.1 4.96 37 2.87 16.5 9.0 3.33 5.5
mol equiv.of (@) (d) (m) (@ (@)
Eu(dpm);

¢~/ See Table I for explanation of footnotes. # 0 = octet.

form collision complexes with approximately the same ge-
ometry. Moreover, the Ac,p,CPC1 values of +0.27 and
+0.29 for the C-5 CHj of 7 and 8, respectively, are close to
the +0.22 to +0.28 values found for similarly situated
equatorial C-5 CHj groups in several é-lactones and are
quite different from the +0.36 to +0.39 values found for
similar axial CH; groups.’ The Ac,p,“PC" values for the
C-3 CH; in 7 and 8 are +0.38 and +0.43 ppm, respectively.
According to the suggested assignments the C-3 CHj group
is equatorial in 7 and axial in 8. The axial CHjz group of 8
shows a larger upfield shift as expected. However, the dif-
ference is smaller than might be anticipated. These results
suggest that the trans isomer 8 may actually exist as a
_slightly flattened half-chair form of 8A.

The application of shift reagents enabled us to obtain
additional support for the correctness of the assignments
7A and 8A for cis- and trans-3,5-dimethylvalerolactones.
The addition of Eu(dpm)s to a CCly solution of 7 and 8
shifted the C-2 methylene group into a spectral region
where the geminal spin—spin splitting of the C-2 H’s and its
splitting with the C-3 H becomes amenable to first-order
analysis.!* Both compounds 7 and 8 exhibit a rather large
geminal coupling constant J za¢ 9eq = 17.3 and 16.1 Hz, re-
spectively.1® Since the C-2 H protons are attached to an sp®
carbon, the large J g values must be due to an enhanced
o~ —= interaction with the adjacent lactone carbonyl, Such
large values for Jgzem can be accounted for according to
Barfield and Grant,1® if the carbonyl group bisects the
methylene group. This stereochemistry in combination
with a planar lactone grouping necessitates that the cis and
trans lactones exist in the half-chair conformation 7A and
8A. In the case of 7 the vicinal coupling J 9ax 505 = 10.3,
J 9eq.3ax = 5.8, and the long-range coupling of 1.9 Hz ob-
served between C-2 Heq and C-4 He, in 7A are also in ac-
cord with this assignment. The large long-range coupling
between C-2 He, and C-4 H, is particularly revealing since
the geometry in the half-chair conformation 7A has these
protons in the planar W configuration necessary for maxi-
mum effect.!? The geometry of a boat or half-boat confor-
mation for the cis isomer is not favorable for the observa-
tion of such a large long-range J 5eq 4eq coupling. In the case
of the trans isomer the slightly lower J gem value (16.1 Hz),
the slightly larger « ic (9.0 and 5.6 Hz) than expected, and -
the absence of C-2 Heq and C-4 Heq long-range coupling
support the earlier suggestion based on solvent shift stud-
ies that the trans lactone 8A has a slightly flattened half-
chair conformation.!8

Lambert has shown that the geometry about CH;-CHy
fragments and certain substituted ethylene fragments in
many cyclic six-membered rings can be defined by a ratio

of the two coupling constants Ji.ans and o ¢s.1? The ratio
o trans/d cis Which is called an R value will remain constant
in similar systems even though Ji.4ns and JJ s are variable
and thus are dependent only on the geometry about the
fragment. Since the R- value method has been used to de-
termine the geometry of the X-CH;CHR-Y segment of
several other six-membered rings, we have applied it to the
lactones 7 and 8. The R values calculated from the data in
Table II for the CHoCHCHj fragment C-2-C-3 for lactones
7 and 8 are 1.78 and 0.62, respectively. These results show
that the C-2-C-3 fragment geometry is different in the two
lactones. Thus, if the cis lactone 7 has the conformation 7A
as the steric requirements and ir data indicate, the trans
lactone 8 must have the conformation 8A or 8D to be con-
sistent with the calculated R values. The latter is inconsist-
ent with the ir data and also seems unlikely for steric rea-
sons. The unusually small R value for the C-2-C-3 frag-
ment of 8 would be compatible with the proposal that 8A
actually exists in a slightly flattened half-chair conforma-
tion.

Carbon-13 Nmr, Carbon-13 (13C nmr) chemical shifts
are remarkably sensitive to molecular geometry, and conse-
quently 13C nmr studies can be useful for stereochemical
and conformational elucidation.2® From fundamental stud-
ies on cyclohexanes®! and the related investigation of ecyclo-
hexanones?? it was found that, other things being equal, an
axial methyl carbon on the ring is more shielded than an
equatorial methyl carbon by about 4 ppm. The carbons
that are v to the methyl group (8 and 5 in methylcyclohex-
ane) are also shifted upfield. This-effect has been referred
to as the y effect. In addition, equatorial methyl groups im-
part deshielding « and § effects of about 6 and 9 ppm, re-
spectively, while axial methyl functions exert similar « and
8 effects of about 1 and 5 ppm, respectively.?

The *3C nmr chemical shifts relative to tetramethylsilane
for cis- and trans- 8,5-dimethylvalerolactones 7 and 8, re-
spectively, are listed in Table III. The 13C ninr chemical-
shift assignments are based on single frequency off-reso-
nance decoupling (SFORD) experiments and empirical cor-
relations?9-23 including direct comparison to the 1°C nmr
chemical-shift assignments of cis- and trans -3,5-dimethyl-
cyclohexanones which are also listed in Table IL.22 The 13C
nmr chemical-shift values are in accord with the conforma-
tions 7A and 8A. The C-5 CHj is equatorial in both 7A and
8A, and, thus, the 3C nmr chemical shifts of the C-5 CHj
in both lactones are almost identical. The difference of
+2.94 ppm between the equatorial and axial C-3 CHj car-
bon of 7A and 8A respectively, results from a steric effect
of the C-3 CHj; of 8A with C-5 (v carbon) and its axial hy-
drogen. The substantial upfield shift (+3.38 ppm) at C-5 (v
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Table 111
Carbon-13 Chemical Shifts of cis- and trans-3,5-Dimethylvalerolactones in C:D¢

Chemical shifts, ppm®

Compound Solvent C-1 C-2 C-3 C-4 C-5 C-3 CHs C-6 CHs

¢i8-3,56-Dimethyl-

valerolactone (7) CsDs 169.75 (s) 37.92 (t) 21.80(d) 38.65(t) 775.89(d) 26.75(q) 21.40 (q)
trans-3,5-Dimethyl-

valerolactone (8) C¢Ds 170.62 (s) 36.60 (1) 21.81 (d) 37.43 (t) 72.51 (d) 23.81 (q) 21.16 (q)
cis-3,6-Dimethyl-

cyclohexanone® ? 208.2 49.4 33.4 43.0 33.4 22.6
trans-3,5-Dimethyl- _

cyclohexanones:¢ 208.6 48.8 29.8 39.9 29.8 21.1

« Chemical shifts are in parts per million relative to internal tetramethylsilane. * Signal multiplicity obtained from single
frequency off-resonance experiments is given in parentheses beside the chemical-shift value; s = singlet, d = doublet, t =
triplet, ¢ = gquartet. ¢ Taken from ref 22. ¢ Original data converted §(TMS) = 5(CS;) + 192.8.

to the C-3 CHs3) of the 6-lactone 8A with an axial C-3 CHj
as compared with 7 with an equatorial C-3 CHjs can be as-
cribed to the same steric effect (v effect). In the case of cis-
and trans- 3,5-dimethylcyclohexanone shifts of 1.5 and 3.6
ppm were observed for the C-3 CH; (C-5 CHj3) and C-5 (C-
3) carbon in going from the cis to the trans isomer.?? The
difference in chemical shift between the carbonyl carbons
in 7A and 8A as well as those in the cis- and trans-3,5-
dimethylcyclohexanones is small. The relative insensitivity
of the 13C resonance of this carbon to substituent effects
has been attributed to the lack of directly bonded protons
which make the normal mechanism of long-range substi-
tuted effects inoperative.?2 The 3C nmr resonances of C-2
and C-4 of TA appear at lower field relative to the same res-
onances in 8A. These results are expected since the equato-
rial C-3 CHj of 7A would impose a greater deshielding (8
effect) than the axial C-3 CHj of 8. Similar results are ob-
served with the 3,5-dimethylcyclohexanones.?2 The 13C
nmr chemical shifts of Cg in both 7A and 8A are approxi-
mately the same. Everything else being equal, the C-3 of

7A which has an equatorial CHjy substituent should be .

deshielded relative to 8A which has an axial substituent («
effect). Apparently the deshielding « effect of the equatori-
al CHj group of 7A is balanced by a larger v effect from the
ethereal oxygen of 7A. If 8A actually exists in a flattened
half-chair conformation as previously suggested and if the
dihedral angle between bonds C-1-0 and C-2-C-3 is larger
than the same angle in 7A, 7A would be expected to show a
larger v effect.?¢

CD Spectra, Several empirical rules have been proposed
to explain the relation between the sign of the n—7* Cotton
effect (CE) of optically active lactones and their absolute
configuration. Klyne and coworkers? formulated a sector
rule, and Snatzke and coworkers?® used a system with
curved nodal surfaces; however, neither of these methods is
applicable to lactones that contain a second chiral sphere.2?
Wolf,2® Beecham,?® and Legrand and Bucourt3? have relat-
ed the sign of the Cotton effects of §-lactones to the chiral
character of the lactone ring. Legrand and Bucourt rules on
ring chirality allow the sign of a CE to be predicted for con-
formations other than half-chair and boat forms.2” Accord-
ing to the rules of these authors the sign of the n—r* band
of nonplanar lactones is opposite to the sign of the torsion
angle between bonds C-1-0O and C-2-C-3 when a Newman
projection is viewed along bond C-2-C-1.3! The CD spectra
of both 7aA and 8aA show negative CE for the lactone n-
«* transition. Lactone 7aA shows a negative minimum at
225 nm ([f] = —1760) and lactone 8aA shows a negative
minimum at lower wavelength (214 nm) but with larger
molecular ellipticity ([0] = —5169).

The Newman projections O and P of 7aA and 8aA, re-
spectively, show lactone 7 in the half-chair conformation O

and lactone 8A in a conformation P where the torsion angle
is approximately +20°. The conformation P, which is inter-

H y H
H
0 0] H O== CH;
H CH, HCHs H HC H
H
0 P

mediate between a half-chair and boat conformation, pre-
dicts a —CE for lactone 8aA. In addition, this conforma-
tion, which has a larger torsion angle than O could account
for the larger CE minimum of lactone 8. The —CE of lac-
tone 8 could also be accounted for by the half-chair confor-
mation (8B) or the half-boat conformation (8C). However,
the chair form 8B does not account for the 12-nm differ-
ence3? in the CD minimum of 7A and 84, the boat form 8C
does not account for its ir carbonyl absorption at 1736
cm~1, and neither 8B nor 8C is consistent with the 'H
and *3C nmr data.

Conclusions

The synthesis of all four optical isomers of 3,5-dimethyl-
valerolactone has been achieved. This was accomplished by
first resolving (£)-5- into (S)-(+)- and (R )-(—)-3-methyl-
5-oxohexanoic acid (5), followed by reduction of the 5-keto
group of 5, lactonization of the 5-hydroxy-3-methylhexa-
noic acids formed, and separation of the resulting cis and
trans lactones in each case. Since the optical isomers of the
methyl ester of (R )-5 have been related to (R )-(+)-3-meth-
ylhexanoic acid,33-35 their configuration, as well as those at
the 3 position of the 3,5-dimethylvalerolactones, is estab-
lished. (S)-(+)-5 was also prepared from (4R )-4-methyl-6-
oxoheptanoic acid (9) whose absolute configuration has
been determined.?6:37 The absolute stereochemical assign-
ment at the 5 position of these lactones, and, thus, the com-
plete stereochemical assignment of the four 3,5-dimethyl-
valerolactone enantiomers was established by a detailed
analysis of their H nmr, 3C nmr, and CD spectra. In addi-
tion, the cis and trans lactones 7 and 8, resectively, were
shown to possess the half-chair conformations 7A and 8A,
respectively. In the case of 8 the data indicate 8 to have ac-
tually a slightly flattened form of the half-chair 8A.

Experimental Section

General. Melting points were determined on a Kofler hot stage
microscope using a calibrated thermometer. Ir spectra were mea-
sured with a Perkin-Elmer Model 467 grating infrared spectropho-
tometer. Uv absorption spectra were obtained on a Cary Model 14
spectrometer. The purity of the compounds was checked by glc
analyses using a Hewlett Packard Model 700 gas chromatograph



3894 J. Org. Chem., Vol. 39, No. 26, 1974

equipped with a thermal conductivity detector. Stainless steel col-
umns (6 ft X % in.) packed with 10% SE-30 (column A) or 10%
DEGS {(column B) on 40-60 mesh Chromosorb W (AWS) were
used. Microanalyses were carried cut by Micro-Tech Laboratories,
Skokie, I11.

Nmr Spectra. Proton nmr spectra were recorded on a Varian
Model HA-100 spectrometer using tetramethylsilane (TMS) as an
internal standard. The high- and low-temperature studies were
conducted at North Carolina State University at Raleigh, N.C., on
a Varian HA-100 spectrometer.?® Nitrobenzene was used as sol-
vent for the high-temperature studies (up to 180°) and trichlorof-
luoromethane was used as solvent for the low-temperature studies
(—85° to ambient temperature).

The 13C nmr spectra were determined at 24.92 MHz on a modi-
fied JEOL JNM-PS-100 FT-NMR interfaced with a Nicolet 1085
Fourier transform computer system. Spectra were obtained in ben-
zene-dg (CgDg) in a 10-mm tube. The spectra were recorded at
ambient temperature by using the deuterium resonance of CgDg as
the internal lock signal. All proton lines were decoupled by a broad
band (~2500 Hz) irradiation from an incoherent 99.076-MHz
source. Interferograms were stored in 8K of computer memory (4K
output data points in the transformed phase corrected real spec-
trum), and chemical shifts were measured on 5000-Hz sweep width
spectra. Typical pulse widths were 10.0 usec, and the delay time
between pulses was fixed at 1.0 sec. Normally 1012 (twice as many
for single frequence off-resonance experiments) data accumula-
tions were obtained on a 100 mg/2 ml of solvent sample. The
chemical shifts reported are believed ‘accurate to within +0.05
ppm. ’

CD Spectra and Optical Rotations. CD measurements were
made at ambient temperatures (~25°) with a Durrum-Jasco
Model-20 ORD-CD spectropolarimeter calibrated with d- 10-cam-
phorsulfonic acid (0.313° ellipticity for a 1 mg/ml solution in water
using a 1.0-cm cell at 290.5 nm). All observed rotations at the sodi-
um D line were determined with a Perkin-Elmer Model 141 polari-
meter (1-dm cell).

Diethyl 1-Methyl-3-oxobutyimalonate Ethylene Ketal (4).
A mixture of 57.9 g (0.237 mol) of diethyl 1-methyl-3-oxobutylmal-
onate (3),% 208 g of ethylene glycol, 2.3 g of p-toluenesulfonic
acid, and 3500 ml of benzene was refluxed under a Dean-Stark
tube for 43 hr. The cooled reaction mixture was washed with 5%
potassium hydroxide solution, water, and brine solution and dried
(NayS0,). Distillation of the liquid remaining after removal of
benzene gave 60.3 g (88%) of 4: bp 115-117° (0.04 mm); n%2D
1.4450; ir (CHClp) 1735 ecm~! (C==0); the nmr (CDCl;3) showed

two overlapping triplets and a doublet at § 0.53-0.68 [CH3CH;-

and CH(CH3)), a singlet at 0.72 (CH3COs), a doublet at 3.46
[CH(CO3Et),], a singlet at 3.92 (OCHCH0), and a quartet at
4.18 ppm (CH3CH 7).

Anal Caled for C,4H,404: C, 58.32; H, 8.39. Found: C, 58.57; H,
8.38.

3-Methyl-5-oxohexanoic Acid (8). To a refluxing solution of
100 g of potassium hydroxide in 100 ml of water was added drop-
wise 111.4 g (0.386 mol) of ketal diester (4). After the addition, the
reaction mixture was refluxed an additional 4 hr. Water (100 ml)
was added to the reaction and 100 ml of distillate collected (etha-
nol-water azeotrope). The reaction mixture was cooled in an ice
bath and acidified to pH 1 with concentrated hydrochloric acid.
The acid solution was refluxed overnight, cooled, and extracted
with chloroform. The dried (NagSO,) extracts were concentrated
on a rotary evaporator. The resulting liquid was distilled under re-
duced pressure to give 36.6 g (73%) of 5: bp 114° (0.5 mm); n %D
1.44492; ir (CH5Cly) 1710 (C==0); the nmr (CDCl3) showed a dou-
blet at 6 1.04 (>CHCH ), a singlet at 2.16 (CH3CO), and a singlet
at 10.0 ppm (acid OH).

Anal Caled for C;H1204: C, 58.31; H, 8.39. Found: C, 58.40; H,
8.23.

Resolution of 3-Methyl-5-oxchexanoic Acid (8). To a solu-
tion of 100 g (0.83 mol) of - (—)-a-methylbenzylamine in 4700 ml
of ethyl ether was added 118.5 g (0.82 mol) of 5 in 200 ml of ethyl
ether. The solid which separated after standing at 10° for 3 days
was isolated by filtration, and the filtrate was retained for further
examination. The salt obtained was recrystallized five more times
from ethyl ether to give 21.1 g of I- (—)-a-methylbenzylamine (—)-
3-methyl-5-oxohexanoate as a hygroscopic salt.**

Anal Caled for C;3HgsNOg: C, 67.89; H, 8.74; N, 5.28. Found: C,
68.03; H, 8.70; N, 5.35.

To a solution of the salt in 200 ml of water was added 10 m! of
concentrated hydrochloric acid, and the solution was extracted
with chloroform. The chloroform extracts were dried (NagSQO4)
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and concentrated on a rotatory evaporator. The resulting liquid
was distilled to give 7.6 g of (—)-5: bp 110° (0.05 mm); [«]*®D
~2.3°; [a]3657%2 —33.2° (¢ 0.519, C:H50H). The ir and nmr spec-
tral properties were identical with those of (&)-5,

The filtrates retained from the preparation of (—}-5 were con-
centrated in vacuo and the free acid regenerated. The liquid ob-
tained was distilled to give 75.4 g (0.52 mol) of partially resolved 5.
A solution of the acid in 200 ml of ethyl ether was added to 63.3 ¢
{0.62 mol) of d-(+)-a-methylbenzylamine in 2000 ml of ethyl
ether. The solid which separated on standing at 10° for 3 days was
recrystallized three more times from ethyl sther to give 18.5 g of
d- (+)-a-methylbenzylamine (+)-3-methyl-5-oxohexanoate as a
hygroscopic salt.*0

Anal. Caled for C15HasNOs: C, 67.89; H, 8.74; N, 5.28. Found: C,
68.11; H, 8.92; N, 5.45.

Using the same procedure described for the preparation of (~)-
5, the salt above gave 8.2 g of (+)-5: bp 110° (0.05 mm); []**D
+2.8°; [a]36528 +35° (¢ 0.50, CsH;0H).

In a separate experiment conducted in the same manner as
above, (+)-5 having [¢]®D +2.64°, [a]es2® +33.6° (¢ 0.568,
CoH;0H), was obtained.

Determination of the Optical Purity of (+)- and (~)-5. The
salt (0.200 g) obtained from (&)- or (+)-5 with - (+)-2-methylben-
zylamine was dissolved in 10 ml of tetrahydrofuran containing
0202 g of 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
(EEDQ), and the mixture was heated at 50° for 16 hr. The reaction
mixture was concentrated on a rotary evaporator, and the remain-
ing residue was dissolved in benzene. The benzene extracts were
washed with 5% hydrochloric acid sclution and water, and dried
(NagSO4). The benzene solution was concentrated to a small vol-
ume and chromatographed on alumina using benzene-chloroform
(3:1) as the eluent. The product fractions were combined to give
0.150-0.175 g of the amides from (&)- and (+)-5. The 100-MHz
nmr spectrum (CDCl3) of 0.026 g of the mixture of diastereomers
obtained from (£)-5 in the presence of 0.120 g of Eu(fod)s exhib-
ited two doublets at & 4.82 and 5.08 and two singlets at 5.85 and
6.02 ppm for the NCHCH 3 and CH3CO resonances, respectively.
The 100-MHz nmr spectrum (CDCl3) of the amide (6k) from (+)-5
([a]se5 +35°) showed one doublet at 5.08 and one singlet at 6.02
ppm for the NCHCH3 and CH3CO resonances indicating that
this compound is optically pure. The calculated optical purities of
(~)-5 ([a]ses —33.2°) and (+)-5 ([a]se5 +33.6°) are 95 and 96%, re-
spectively. These values were substantiated by nmr analyses of
their respective a-methylbenzylamine amides as described for the
analysis of the racemic amide of (+)-5.

cis~ and trans-3,5-Dimethylvalerolactones (7 and 8). (A)
Sodium Borohydride Method. T'o a cooled (ice bath) solution of
5.5 g (0.038 mol) of (=), (+)-, or (£)-5 in 50 ml of 95% ethanol was
added 1.45 g of sodium hydroxide in 8 ml of water. To this solution
was added portionwise 2.93 g of sodium borohydride, and the reac-
tion mixture was stirred an additional 2-4 hr after the addition.
The reaction mixture was acidified with hydrochloric acid and 19 g
of tartaric acid was added. The resulting clear solution was ex-
tracted with ether. The extracts were washed with water, dried
{Na2S0y), and concentrated on a rotary evaporator to give a mix-
ture of cis- and trans- 8,5-dimethylvalerolactones, which was dis-
tilled under reduced pressure to give 4.2-4.3 g (86-88%) of a mix-
ture of 7 and 8; bp 65-67° (0.08 mm).

(B) Catalytic Reduction. A solution of 2.17 g (0.016 mol) of
(—)-5 in 40 m] of absolute ethanol containing 1 g of platinum oxide
was shaken on a Parr hydrogenator under 50 lb of hydrogen pres-
sure for 3 days. The catalyst was separated by filtration and the
filtrate concentrated on a rotary evaporator. The remaining liquid
was distilled under reduced pressure to give 1.66 g (76%) of a mix-
ture of cis- and trans- 3,5-dimethylvalerolactones; bp 50-55° (0.05
mm). Reduction of 10 g (0.069 mol) of (£)-5 under similar condi-
tions gave 8.5 g (72%) of racemic cis- and trans- 3,5-dimethylvaler-
olactones; bp 75-77° (2 mm).

Separation of cis- and trans-3,5-Dimethylvalerolactones.
Method A. A solution of 5.7 g (0.045 mol) of a mixture of cis- and

. trans- 3,5-dimethylvalerolactones obtained from (~)-, (+)-, or

(£)-5 in 25 ml of benzene containing 25 ml of freshly distilled py-
rollidine was refluxed under a Dean-Stark tube for 24 hr. The ben-
zene and excess pyrollidine were removed on a rotary evaporator.
An ir spectra of the remaining liquid showed the absence of lac-
tone carbonyl. The mixture of hydroxyamides was chromato-
graphed on 1800 g of Woelm neutral alumina (II) eluting first with
benzene and then with the following solvents: benzene and chloro-
form mixture, chloroforms, and finally 3% methanol in chloroform.
One amide (I) was eluted with benzene and chloroform eluents and
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Table IV
Optical Rotations of cis- and
trans-3,5-Dimethylvalerclactone Samples«

Optical rotations (deg),

Compd (no.) lalp; lalss, ¢ (CH:OH)
(BRS,55R)-cis (7) 0
(BRS,5RS)-trans (8) 0

+6.15; +14.99, 0.521
—62.7; —224, 0.498
—6.18; —15.0, 0.534
+63.2; +222, 0.498

(3S,6R)-cis (7a)?
(3S8,58)-trans (8a)®
(8R,58)-cis (7b)
(BR,5R)-trans (8h)

2 The optically active lactones reported in this table were
prepared from (+)- and (—)-5 having [a)s +33.6 and
—83.2°, respectively. * The values for (3S,5R)-cis (7a) and
(38,58)-trans (8a) previously reported (ref 6d) were —7.33
and —68.17°, respectively. The rotation of the (3S,5R)-cis
(7a) previously reported (ref 6b) actually possessed a posi-
tive rotation.

the other amide (IT) with 3% methanol in chloroform eluent. The
progress of the chromatography and the purity of the amides were
determined by tlc analysis on alumina plates using chloroform as
the eluent. The plates were developed in an iodine chamber. The
tubes containing pure amide I and amide II were combined and
concentrated to give 2.11-2.24 and 2.39-2.68 g of amides I and II,
respectively. The ir spectra (CH5Cly) of both amides showed broad
absorption at 3400 (OH) and 1675 ¢cm™! (amide carbonyl), and
only slight differences were apparent in the fingerprint region of
the spectra; the nmr (CDCl3) of amides I and II were also very sim-
ilar. Amide I showed doublets at 6 1.00 and 1.17 ppm for the 3- and
5-methyl groups whereas amide II showed doublets at 6 1.00 and
1.15 ppm for the same groups. The mass spectra of amides I and II
were essentially identical: (70 eV) m/e (rel intensity) 199 (8, mo-
lecular ion), 181 (43), 166 (93), 140 (14), 124 (21), 113 (100), 98
(71), and 85 (36).

Amide I was refluxed in 10% sodium hydroxide solution for 4 hr.
The cooled reaction mixture was acidified with concentrated hy-
drochloric acid and extracted with ether. Concentration of the
dried (NagSO,) ether extracts followed by evaporative distillation
of the liquid obtained gave 82-85% of cis- 3,5-dimethylvalerolac-
tone (7): n?3D 1.4445; ir (CCly) 1735 cm™* (C=).

Anal. Caled for C;H 202 C, 65.59; H, 9.44. Found: C, 65.59; H,
9.19.

Amide II was converted to trans- 3,5-dimethylvalerolactone (8)
in exactly the same manner as described for the conversion of
amide I to 7: n 25D 1.4476; ir (CCly) 1736 cm™! (C==0).

Anal. Caled for C7H1209: C, 65.59; H, 9.44. Found: C, 65.54; H,
9.54.

Glc of all the isomers of 7 and 8 showed only one peak on both
columns A and B. The 'H nmr and *3C nmr properties of 7 and 8
are listed in Tables I and III, respectively. The optical properties
of 7 and 8 are listed in Table IV.

Method B. The lactones 7 and 8 could also be separated by pre-
parative gas-liquid chromatography on a Model 700 Autoprep GC
using a 15 ft X % in, copper column packed with 20% DEGS on
6080 Chromosorb W AW-DMCS (165°, flow rate 150 ml/min of
helium). For isolation 30-ul samples were processed: on this col-
umn. The cis isomer (7) had a retention time of 48 min, and the
trans isomer (8) had a retention time of 59 min 30 sec. The collec-
tion efficiency was 75-80%. The n25p, ir, and 'H nmr of the lac-
tones 7 and 8 separated by this procedure were identical with those
separated by method A.

(R)-(+)-Methyl 4-Methyl-6-oxcheptanoate Ethylene Ketal
(10). To a solution of 19.6 g of (+)-4-methyl-6-oxoheptanoic acid3®
in 100 ml of ether was added an ethereal diazomethane solution
until all reaction ceased. The solution was dried (NagS0y), filtered,
and concentrated in vacuo. Reduced pressure distillation of the
crude product yielded 18.6 g (88%) of methyl 4-methyl-6-oxohep-
tanoate: bp 92° (3 mm); ir (CH3Cls) 1712 (ketone C==0) and 1735
cm™?! (ester C=0).

A mixture of 18.1 g (0.105 mol) of methyl 4-methyl-6-oxohepta-
noate, 65 g of ethylene glycol, and 0.7 g of p- toluenesulfonic acid
was refluxed 4 hr under a Dean-Stark tube. The cooled solution
was washed with 5% KOH (2 X 250 ml), water (1 X 250 ml), and
saturated brine (1 X 250 ml), dried (Na2SQy,), and concentrated in
vacuo. The crude product was fractionated at reduced pressure to
vield 17.02 g (75%) of the title compound: bp 71° (0.06 mm); n 25D
1.4414; d22 1.033; [a)D +2.68° (neat).
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Anal. Caled for C1;Hg004: C, 61.08; H, 9.32. Found: C, 60.90; H,
9.20.

(R)-(+)-7,7-Diphenyl-7-hydroxy-4-methyl-2-oxoheptane
Ethylene Ketal (11). To a solution of 15.8 g (0.073 mol) of 10 in 75
ml of dry ethyl ether was added 58.5 ml (an excess) of a 3 M phen-
ylmagnesium bromide solution in ethyl ether, and the mixture was
refluxed for 5 hr. The cooled reaction mixture was poured onto ice,
and glacial acetic acid was added until the solids dissolved. The
ether phase was separated and combined with the ether extract (7
X 100 ml) of the aqueous phase, washed with 0.4% NaHCOj3 (5 X
100 ml) and saturated brine (1 X 100 ml), dried (NaSO,), and
concentrated in vacuo. The crude solid obtained was purified by a
combination of chromatography on Woelm aluminum oxide (III)
(benzene eluent) and recrystallization from a cyclohexane and hex-
ane mixture. A total of 17.64 g (71%) of 11 was obtained, mp 75~
80°. The analytical sample prepared by recrystallization from a cy-
clohexane and hexane mixture had mp 80-81°; [«])?25D +5.19° (¢
1.54, CoH5O0H); ir (CH.Cly) 3595 and 3380 (OH) and 1595 ¢cm™!
(aromatic); nmr (CDCl;) showed a doublet at § 0.93 (>CHCH 3, J
= 57 Hz), a singlet at 1.23 (CH3COgz), a singlet at 3.80
(OCH5CH,0), and a multiplet at 7.10-7.61 ppm (aromatic); mass
spectrum (70 eV) m/e 340 for molecular ion.

Anal. Caled for CooHegOgs: C, 77.61; H, 8.29. Found: C, 77.90; H,
8.30.

(R )-(+)-7,7-Diphenyl-4-methyl-6-hepten-2-one (12). A solu-
tion of 14.88 g (0.0437 mol) of 11 in 450 ml of chloroform contain-
ing 3 m! of water and 0.45 g of p- toluenesulfonic acid was refluxed
for 1 hr. The cooled reaction mixture was washed with water, 0.4%
sodium bicarbonate solution, and water. The organic layer was
dried (NasSOy4) and concentrated on a rotary evaporator. The lig-
uid obtained was distilled under reduced pressure to give 10.76 g
(89%) of 12: bp 178° (0.02 mm); n 2D 1.5705; [a]25D +15.54° (c
2.02, CoH50H); ir (CHoClg) 1705 em~! (C==0); nmr (CDCly)
showed a-singlet at & 2.01 (CH3CO), a triplet at 6.11 (CH CHy), and
a multiplet centered at 7.23 ppm (aromatic protons).

Anal. Caled for CooHa20: C, 86.28; H, 7.97. Found: C, 86.24; H,
7.98.

(S)-(+)-Methyl-5-oxohexanoic Acid (5) Prepared from 12.
A solution of ruthenium tetroxide was prepared by adding 4.0 g of
sodium metaperiodate in 40 ml of water to a suspension of 1.0 g of
ruthenium dioxide in 300 ml of acetone (distilled from potassium
permanganate) and 120 ml of water. To this solution was added
dropwise a solution of 8.5 g (0.003 mol) of 12 in 400 ml of acetone
over a 2-hr period. The solution turned dark as 12 was added, and
the ruthenium tetroxide was regenerated by adding a solution of
60 g of sodium metaperiodate in 600 ml of acetone-water (1:1) as
needed. After the addition, more of the solution was added as the
mixture darkened in color. Two hours after the addition was com-
pleted, 400 ml of isopropyl alcohol was added. The reaction mix-
ture was filtered through a Celite pad and the precipitate washed
well with acetone. The filtrate was concentrated on a rotary evapo-
rator until an oil began to separate. This mixture was extracted
with chloroform (5 X 200 ml). The extracts were combined and ex-
tracted with 400 ml of 5% sodium hydroxide solution in three por-
tions. These extracts were cooled in an ice bath, acidified with con-
centrated hydrochloric acid, and extracted with chloroform. The
chloroform fraction was dried (Na;S0,4) and concentrated on a ro-
tary evaporator to give a‘yellow liquid. Distillation under reduced
pressure gave 2.74 g (62%) of (+)-5:4! bp 105° (0.08 mm); n 25D
1.4451; [2] %D +1.96° (¢ 0.46, CoHs0H); [«]}®’D +4.52 (neat). The ir
and nmr spectra of this sample of (+)-5 were identical with the
sample prepared by resolution of (£)-5.

Anal. Caled for C-H1304: C, 58.31; H, 8.39. Found: C, 58.13; H,
8.23.

Registry No.—3, 52920-95-3; 4, 52920-96-4; (£)-5, 52920-97-5;
(—)-5, 52949-94-7; (—)-5 (~)-a-methylbenzylamine salt, 52949-95-
8; (+)-5, 52949-98-9; (+)-5 (+)-a-methylbenzylamine salt, 52949-
97-0; 6a, 52920-98-6; 6b, 52920-99-7; 7, 52949-98-1; 7a, 32747-16-3;
7b, 52949-99-2; 8, 52950-00-2; 8a, 32747-17-4; 8b, 52950-01-3; 9,
52921-00-3; 9 methyl ester, 52921-01-4; 10, 52921-02-5; 11, 52921-
03-6; 12, 52021-04-7; amide I, 52921-05-8; amide II, 52921-06-9;
(—)-o-methylbenzylamine, 2627-86-3; (+)-a-methylbenzylamine,
3886-69-9; pyrrolidine, 123-75-1.
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The magnitudes of the apparent equilibrium constants for the formation of adduct in aqueous solutions of iso-
butyraldehyde and sodium bisulfite were determined spectrophotometrically and titrimetrically from pH 2.3 to
12.8 at 25°, The equilibrium constant for the addition of sulfite ion to isobutyraldehyde is 3.70 M~ (at zero ionic
strength) and the pK, of the sodium bisulfite addition compound of isobutyraldehyde is 11.32 (at zero ionic
strength). Rate constants were determined spectrophotometrically using potassium triiodide as a scavenger. Gen-
eral acids and general bases appear to have no effect on the rate of dissociation over the pH range of 4.4-7.8 and
the rate-determining step is clearly a unimolecular decomposition of the doubly charged anion. The pH indepen-
dent rate constants k4 and k¢, for decomposition and formation of this dianion, respectively, are 3800 sec™! and

14,000 M~1 sec™1, respectively.

Among the types of reactions used to characterize certain
reactive ketones and aldehydes is the formation of sodium
bisulfite addition compounds, which may at a later time be
decomposed to yield the aldehyde or ketone. The fact that
the carbonyl compound is recoverable is responsible for the

role this reaction has as a means of separating aldehydes
and reactive ketones from mixtures that contain other or-
ganic substrates. It is surprising that so little information is
available with regard to the equilibria, kinetics, and mecha-
nism of adduct formation and decomposition.



