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Parthemollin, a New Xanthanolide from Parthenice Mollis Gray!
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The structure of parthemollin, a new xanthanolide from Parthenice Mollis Gray, has been elucidated. Abso-
lute configurations have been assigned to three of the four asymmetric centers.

The discovery of pseudoguaianolides in both Am-
brosia and Parthenium species?® was of interest because
of the debate on the position of Ambrosia and its rela-
tives, the ragweeds, in the general taxonomie scheme
of the Compositae.* Since that time the distribution of
sesquiterpene lactones in Ambrosia and related genera
has received considerable attention*’ because of the
possible utility of such knowledge in clarifying evolu-
tionary relationships® within the group. However, in
addition to the hints given by chemical examination of
a few Parthenium species,” there are reasons based
on morphology for suspecting that genera of the
Melampoditnae may be on the road to the ragweeds.®
As part of a general chemical investigation of this
notion we now report the results of our study of
Parthenice mollis Gray.®

P. mollis, although containing a relatively large
sesquiterpene lactone fraction, afforded only one
chemically characterizable entity in approximately
0.059, vyield which we have called parthemollin.
Parthemollin, Cy;H20ys, mp 116-118°, [a]p —130.0°,
had one hydroxyl group (infrared band at 3580 em~1,
formation of monoacetate Ib) and a conjugated +-
lactone (ir bands at 1775 and 1655 cm ™!, very strong
end absorption at 205 nm). The presence of a second
carbonyl function and a second double bond, probably
not conjugated because of the uv spectrum, was sug-
gested by ir bands at 1705 and 1620 ecm—.

Although catalytic hydrogenation of parthemollin
vielded a complex mixture, treatment with 1 mol
equiv of sodium borohydride produced a crystalline
dihydro derivative 2 whose uv and ir spectrum (see
Experimental Section) indicated retention of the a,8-
unsaturated lactone and reduction of the carbonyl
group originally responsible for the ir band at 1705
em™!, Treatment of parthemollin with excess boro-
hydride resulted in a tetrahydro derivative 3 by reduec-
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(4) For leading references, see W. Herz, in “Recent Advances in Phyto-
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(7) Parthenium hysterophorus L., ref 3 and A. Romo de Vivar, E. A.
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tribe Melampodiinae, tribe Heliantheae. The range of its single genus
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tion of the carbonyl group and saturation of the lac-
tone.

In the nmr spectra (Table I) the transformation of
1a to 2 was attended by the appearance of an additional
one-proton multiplet near 4.1 ppm signifying the for-
mation of a new secondary hydroxyl group; this was
accompanied by the conversion of a sharp three-proton
singlet near 2.2 into a three-proton doublet at 1.16 ppm
superimposed on a methyl doublet already present in the
precursor la. Evidently the reaction involved the
reduction of a methyl ketone. The nmr spectra also
confirmed the presence of partial structure A already
indicated by the facile formation of a pyrazoline. 1la,
1b, and 2 exhibited the typical doublet of the conjugated
exocyclic methylene group, whereas 3 displayed a third
methyl doublet due to the reduction of A.

0. CH, CH;,—C—CH,—CH—C==C

0 OH
0
A B

CHS—-(ﬁ“-—CaHz—(‘JQH—-C"=CEH—-(IJBH——R

0 OH R
C

Manganese dioxide oxidation of parthemollin estab-
lished the allylic nature of the hydroxyl group. The
spectral properties of the product 4 [Aymay 294 and 210
nm (e 16,200 and 17,500), ir bands at 1760, 1660 and
1600 cm—!] were, however, not those expected from
superposition of a,8-unsaturated ketone absorption on
that of an «,8-unsaturated lactone. Instead the ex-
tended conjugation indicated by the uv spectrum and a
positive ferric chioride test made likely the presence in
4 of an extended enolic 8-diketone chromophore pro-
duced by oxidation of partial structure B. The con-
version of 1b, on treatment with basic alumina, to di-
enone 6 [Amax 277 and 205 nm (e 17,500 and 15,500%) ]
provided further chemical support for this postu-
late.

The nmr spectra were in harmony with reactions
based on partial structure B and permitted elaboration
to C. Oxidation of la to 4 resulted in disappearance of

(10) Compare with the 276-nm maximum of xanthatin (§).11

(11) T. A, Geissman, P. G. Deuel, E. X, Bonde, and F. A. Addicott,
J. Amer. Chem. Soc., 76, 685 (1954); P. G, Deuel an\si T. A. Gelgsman,
<bid., 79, 3778 (1959); L. Dolejs, V. Herout, and F. Sorm, Collect Czech.
Chem. Commun., 88, 504 (1958); T. A. Geissman, J. Org. Chem., 37, 2692
(1962).
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vinylic signals and the lack of further coupling in the
components of the AB system required the substitution
depicted in C.

Since the empirical formula required that parthe-
mollin be monocyelic, since partial formulas A and C
accounted for 12 of the 15 carbon atoms, and since the
nmr spectrum (see Table I) had revealed the presence
of a secondary methyl group and another low field pro-
ton at 5.47 ppm plausibly associated with the lactone
oxygen, it was logical to formulate parthemollin as la
(exclusive of stereochemistry).l®* Carbon atoms 8, 9,
and 10 not represented in A and C were accounted for
by degradation of parthemoliin to (S)-(+4)-o-methyl-
glutaric acid (7) in the manner previously deseribed for
parthenin,® This result allowed only two possible ex-
pressions for parthemollin, la, and the biogenetically
highly implausible 12.

A decision between these two possibilities was reached
by spin-decoupling experiments at 90 MHz, whose re-
sults are given in Table I1.2!

TasLe II
90-MHz SpecTRUM OF PARTHEMOLLIN?

H.2 4.67 (t, brp Jas = 6, Jas = 1.2,
Jos = 1.5, Joo £ 0.5

H-3 2,59 (d)od Jo2 = 6

H-5 5.71 (m)e oz = 1.2, J56 = 3,
Jso =1

H-6 5.54 (ddd, bI‘) J6,2 = 1.5, Je,s = 3,
Jor = 8.5, Jo10 = 0.5

H-7 3.02 (c) Jis = 8.5

H-8, H-9/ 1.13-1.30 (c)

H-10 2.6 (c)

H-13a 6.25 (d) Jr130 = 3

H-13b 5.58 (d) Jre = 2.8

H-14% 2.19

H-15* 1.15 (d) Jos = 7

¢ 8ymbols are those in Table I. Values of J are accurate to
+0.3 Hz, ®Components of triplet resemble a broad triplet.
¢ Two protons. ¢ Superimposed on broad signal of H-10. ¢ Re-
gembles 1:2:2:2:1 quintuplet. / Four protons. ¢ Superimposed
on doublet of H-3. * Three protons.

Identification of the signal due to H-7 was achieved
by irradiating at the frequencies of the narrow doublet
of the exocyelic methylene group. This caused simpli-
fieation of a multiplet at 3.02 ppm (H-7). Conversely,

(13) Compounds of this type, all of them, however, with the lactone ring
closed to C-8, have been described!® as xanthanolides because of their
prevalence in Xanthium and related species: =xanthinin and xenthatin,1t
zsnthumin,’® xanthanol,® isoxanthanol,}® and ivalbin.? Some other
members of this class have been isolated from species in the tribe Inuleae:
carabrone,’® gafrinin,1® and griesenin.2

(14) T. G, Waddell, W, Stocklin, and T. A. Geissman, Tefrahedron Lett.,
1313 (1969).

(15) H, Minato and I. Horibe, J. Chem. Soc., 7009 (1969).

(18) T. E, Winters, T. A. Geissman, and D. Safir, J. Org. Chem., 84, 153
(1969).

(17) W. Herz, H. Chikamatsu, N. Viswanathan, and V. Sudarsanam,
ibid., 83, 682 (1967).

(18) H. Minato, 8. Nosaka, and I. Horibe, J. Chem. Soc., 5503 (1964);
H. Minato and I. Horibe, ibid., 2131 (1968); E. Diaz T., Bol. Inst. Quim.
Uniz. Nac. Auton. Mexz., 20, 84 (1968),

(19) L. A. P. Anderson, W. T. de Kock, and K. G. R. Pachler, ibid., 24,
1701 (1968).

(20) W. T. de Kock, K. G. R. Pachler, W. ¥. Ross, P. L. Wessels, and
1. C. DuPreez, Tetrahedron, 24, 6037 (1968).

(21) These were carried out on a Bruker 90-MHz nmr spectrometer
purchased with the aid of a grant from the National Science Foundation
for which we express our thanks. Chemical shifts on the 90-MHz instru-
ment differed slightly from the values given in Table I, which were obtained
on a Varian A-60 instrument, because of small calibration errors.
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irradiation at 3.02 collapsed the doublet at 6.25 and
5.58 (H-13a and H-13b) and affected a series of signals
corresponding to four protons in the region of 1.13-
1.30, probably the methylene protons of the ring por-
tion giving rise to a-methylglutaric acid. Simultaneous
simplification of a multiplet at 5.54 ppm to a narrowly
split slightly broadened doublet of doublets (line sep-
aration 3 and 1.5 Hz) showed that this signal had been
correctly assigned to H-6.

Irradiation at the frequency of H-6 affected the sig-
nal of H-7, collapsed the multiplet of H-5 at 5.71 to a
broad singlet, and sharpened the broad triplet of H-2
at 4.67 ppm. Hence H-2 and H-6 were coupled homo-
allylically, In turn, irradiation at the frequency of
H-2 reduced the H-6 signal to a slightly broadened
doublet of doublet separated by 8.5 (Js:) and 3 Haz
(J5.10), collapsed a two-proton doublet at 2.59 super-
imposed on a broad one-proton multiplet to a singlet,
and sharpened the multiplet of H-5 to a doublet of
doublets separated by 3 (Jss) and 1 Hz (Js ).
Hence the two-proton multiplet at 2.59 ppm represented
H-3, and H-2 and H-5 were coupled allylically (/ ~ 1.2
Hz).

Irradiation at the frequency of the methyl doublet
(1.15 ppm) produced a change in the broad one-proton
multiplet at 2.6 ppm underlying the signal of H-3.
Hence the origin of this signal could be attributed to the
methinyl group present also in the degradation produet
ca-methylglutaric acid. Now irradiation at the fre-
queney of H-7 had produced no change in the 2.6-ppm
region and, conversely, irradiation at 2.6 ppm, while
collapsing the signals of H-2 and the secondary methyl
group and affecting the signals in the methylene re-
gion,?? did not exert any influence on the signal of H-7.
Hence formula 12 was ruled out and parthemollin was
correctly represented by la.

As concerns stereochemistry, isolation of (8)-(+)-
a~-methylglutaric acid by degradation of parthemollin
showed that the absolute configuration at C-10 was
C-10 methyl 8 and therefore identical with the absolute
configuration of other xanthanolides and pseudoguaian-
olides isolated from related species. The absolute con~
figuration of C-2 was found by application of Horeau’s
method of asymmetric esterification?® which has been
found applicable to sesquiterpene lactones.?® Reac-
tion of parthemollin with an excess of (=:)-a-phenyl-
butyrie anhydride resulted in recovery of (—)-a-phenyl-
butyric acid. Hence the configuration at C-2 was S,
or-OH a.

If one assumes, as is plausible, that the absolute con-
figuration of the C-7 side chain is 8 as in all other ses-
quiterpene lactones of established stereochemistry, the
remaining problem was elucidation of the stereochem-
istry of C-6. Since examination of molecular models
showed that knowledge of the coupling constants Jas
(1.2 Hz), Js6 (1.5), Js55 (3), and Je 7 (8.5) was not suffi-

(22) Irradiation at the frequency of H-10 also simplified the signal of H-5
t0 a doublet of doublets, showing that H-5 was allylically coupled to H-10
(J ~ 1 Hz) as well as to H-2 and removed a very small coupling ( <0.5 Hz)
from the signal of H-6. Hence H-8 was homosallylically coupled to H-10 as
well as to H-2. Because the components of the broad H-2 triplet were only
sharpened, but not resolved into doublets by irradiation of H-5 or H-6,
H-2 was apparently coupled (J £ 0.5 Hz) to another proton, probably
H-10. An attempt to demonstrate this by irradiation of H-10 failed since
H-3 and H-10 had very nearly the same chemical shift.

(23) A. Horeau, Tetrahedron Lett., 506 (1961); 965 (1962).

(24) W. Herz and H. B. Xagan, J. Org. Chem., 83, 216 (1967).
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cient to decide unambiguously between a cis or trans
fusion of the lactone ring,? information bearing on the
stereochemistry at C-6 was sought.

It has been suggested recently'¢ that the sign of the
lactone Cotton effect of a sesquiterpene lactone which
incorporates partial structure A offers a clue to the solu-
tion of this problem. The generalization has been
made!* that, regardless of structural type, cis-fused lac~
tones closed to C-8 exhibit negative Cotton effects, and
that in trans-fused lactones closed to C-8 the Cotton
effect is positive. The reverse situation prevails in lac-
tones closed to C-6: cis-fused lactones display positive
Cotton effects; trans-fused lactones show negative
values. The strongly negative Cotton effect exhibited
by parthemollin [Ay., 255 nm (6 —3400) ] comparable in
magnitude with the Cotton effect of other xanthanol-
ides!* would on this basis require a trans-lactone fusion
(H-68).

Because all C-6 closed pseudoguaianolides previously
isolated from Parithenium and related species are cis-
lactones (H-6 «)*72~% and might conceivably!? be
related to parthemollin through a common guaianolide
intermediate, and because several exceptions to the
generalization had been noted,' independent verifica~
tion of the existence of a irans-fused lactone ring fusion
in parthemollin seemed desirable. Accordingly we in-
vestigated the possibility of applying to parthemollin
the modified Hudson-Klyne rule® which had proved
serviceable in establishing the C-6 stereochemistry of
parthenin.®

Protection of the lactone function by thiaketalization
to 9 and sodium borohydride reduction of the latter
afforded a lactone 10, [a]p —34.0°. Lithium aluminum
hydride treatment of 10 gave the triol 11, [a]p —13.7°.
The observed change in rotation indicated that, if the

(25) Conformations for both eis- and i{rgns-fused Dreiding models of
parthemollin are possible which appear to satisfy the dihedral angle require-
ment imposed by the magnitude of the vicinal coupling constant Js,7, the
allylic coupling constant?® Jys and the homoallylic coupling? constant Jz,6.
Inspection of these models indicates that regardless of the configuration at
C-6, formation of a pyrazoline by reaction of pathemollin with diazomethane
should oceur primarily, if not excusively, by attack of the reagent from the
« side to give 8. On the basis of a recently deduced relationship?” between

absolute configuration of such pyrazolines and the sign of their Cotton
effect, one would expect a strongly negative CD curve for 8. This was indeed
observed, the value [Amgx 818 nm (8 —23,400)] being comparable in sign
and magnitude with that reported for coronopilin,® damsin,?” ambrosiol,?
and psilostachyin C. This provides excellent support for the postulated
B orientation of the C-7 side chain.

(26) For leading references, see G. P. Newsoroff and 8. Sternhell, Tetra-
hedron Lett., 6117 (1968},

(27) G. Snatzke, Riechst., Arorrien, Koerperpflegem., 19, 98 (1969); M.
Suchy, L. Dolejs, V. Herout, F. Sorm, G. Snatzke, and J. Himmelreich,
Collect, Czech, Chem. Commun,, 84, 229 (1969).

(28) Private communication from Dr. W, Stécklin,

(29) T. A. Geissman and F. P, Toribio, Phytochemistry, 6, 1563 (1967).

(30) N. K. Fischer and T. J. Mabry, Tetrahedron, 28, 2529 (1967).

(31) T. A, Geissman and 8, Matsueda, Phytochemistry, T, 1623 (1968).

(32) F. P. Toribic and T. A, Geissman, ibid,, 7, 1623 (1968).

(33) J. Romo, A. Romo de Vivar, A, Velez, and E, Urbino, Can. J. Chem.,
46, 1535 (1968).

(34) E. Bianchi, C. C, J. Culvenor, and J. W. Loder, Aust. J. Chem., 31,
1108 (1968).

(85) V. Sykora and M. Romanuk, Collect. Czech. Chem, Commun., 22,
1909 (1957).
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rule were applicable, parthemollin should be a cis-fused
lactone with H-6 «, a result directly contradictory to
the conclusion reached earlier by considering the CD
curve of parthemollin.

Attempts to resolve this contradiction and to ascer-
tain the correct stereochemistry of parthemollin at
C-6 will be the goal of future studies. In the meantime,
the isolation from P. moliis of a xanthanolide which ap-
pears to stem from the same precursor as the pseudo-
guaianolides of Ambrosia species seems to support the
postulate of a relatively close relationship between the
two genera.

Experimental Section®

Isolation of Parthemollin.—Powdered above-ground Parthenice
mollis Gray, wt 10.4 kg, collected by Mr. R. Barr on Sept 10,
1968 (Barr #68-573, on deposit in herbarium of Florida State
University), along a wash, 1 mile south of Tubac, Santa Cruz
County, Ariz., was extracted with chloroform in the usual
manner.” The crude gum, wt 135 g, was chromatographed over
1.3 kg of silicic acid, 800-ml fractions being collected. Fractions
1-28 (benzene) and 29-40 (benzene—chloroform, 2:1) eluted non-
crystallizable gums. Fractions 41-44 (benzene-chloroform,
1:2) eluted approximately 15 g of semicrystalline material
which yielded 5.0 g of pure parthemollin after recrystallization
from ethyl acetate. The more polar fractions (chloroform and
chloroform~methanol, 9:1) eluted gums which could not be
induced to crystallize and represented mixtures (tlc) subject to
polymerization.

Pure parthemollin melted at 116-118°: [a]2%p —130.0° (¢
4.285); ir 3580, 1775, 1705, 1655, and 1620 em™!; uv end ab-
sorption (¢ 13,200 at 205 nm); CD cwrve (l-cm cell) Mmax 255
nm (6 —3400).

Anal. Caled for CizHyO4: C, 68.16; H, 7.63; O, 24.21.
Found: C, 68.12; H, 7.60; O, 24.05.

Acetylation of 0.25 g of 1a with acetic anhydride-pyridine at
room temperature and work-up in the usual manner gave crude
acetylparthemollin (1b) which was purified by filtration through
gilica gel and recrystallization from ethyl acetate-petroleum
ether. Pure 1b was obtained in a 0.20-g yield: mp 103-104°;
[«]?*D —135.0° (¢ 5.0); ir 1755, 1735, 1720, 1655, and 1625
em ™1 uv end absorption (¢ 18,300 at 206 nm).

Anal, Caled for CuH»0s: C, 66.65; H, 7.24; O, 26.11.
Found: C, 66.42; H, 7.31; O, 26.35.

To a solution of 0.09 g of 1a in 10 m! of tetrahydrofuran was
added 10 ml of an ethereal diazomethane solution. After 8 days
in the refrigerator the solvents were removed. The residue (8)
was recrystallized from ethyl acetate and methanol: mp 117-
119° dee; CD curve (1-cm cell) Amax 318 nm (6 —23400).

Anal. Caled for CH;OuNz: C, 62.73; H, 7.24; N, 9.14.
Found: C, 62.35; H, 7.19; N, 9.01.

A solution of 0.094 g of 1a in 25 ml of ethyl acetate was reduced
at atmospheric pressure with prereduced 109, Pd-C. Hydrogen
uptake ceased after absorption of 2.6 mol equiv of hydrogen
(partial hydrogenolysis). The produet was a mixture of four
components (tle) which could not be obtained in crystalline
form.

Reduction of Parthemollin with Sodium Borohydride. A.—
To a solution of 0.508 g of 1a in 25 ml of methanol was added
with stirring 0.180 g of NaBH, in 5 ml of methanol at 0°. Stirring
was continued for 1 hr, the reaction mixture was acidified with
dilute hydrochloric acid, the solvent was removed at reduced
pressure, and 10 ml of water was added to the residue. The
mixture was extracted with chloroform and the washed and dried
extract was evaporated. The solid residue (2) was purified by
preparative tle and by recrystallization from ethyl acetate:
yield 0.175 g; mp 153-156°; ir 3582, 3480, 1758, 1659, and 1600
cm™!; uv end sbsorption (e 16,500 at 205 nm).

{38) Melting points are uncorrected. Rotations were run in chloroform,
ultraviolet spectra in 95% ethanol on a Cary Model 14 recording spectro-
photometer, infrared spectra in chloroform on a Perkin-Elmer Model 257
grating spectrophotometer, and CD curves in methanol on a Jasco ORD/
UV-5 recording spectrophotometer, Petroleum ether was low boiling (30~
60°). Analyses were performed by F. Pascher, Bonn, Germany.

(87) W, Herz and G. Hogenauer, J. Org. Chem., 27, 905 (1962).
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Anal. Caled for CisHy04: C, 67.65; H, 8.33; 0, 24.08.
Found: C, 67.21; H, 8.37; 0, 24.46.

B.—Reduction of 0.279 g of la with 0.265 g of NaBH, in the
manner described in the previous paragraph gave a noncrystalline
product (3) which was purified by preparative tle: [a]?%p —41.4°
(¢ 5.8); ir bands at 3580, 3480, 1760, and 1600 cm ™,

Anal. Caled for CpHyOf: C, 67.14; H, 9.01; O, 23.85.
Found: C, 67.09; H, 9.18; O, 23.48.

Dehydroparthemollin (4).—A solution of 0.243 g of 1a in 25 ml
of dry chloroform was stirred with 2.4 g of activated manganese
dioxide at room temperature for 4 days and filtered, the pre-
cipitate being washed thoroughly with chloroform. The com-
bined filtrate and washings were evaporated at reduced pressure
and the residual gum purified by preparative tle. This gave 0.13
g of 4 and 0.1 g of recovered starting material. The product was
recrystallized from ethyl acetate-petroleum ether: mp 95-97°;
ir 1760, 1660, and 1600 cm™; uv Mmax 294 and 210 nm (e 16,200
and 17,550).

Anal. Caled for CusHiOs: C, 68.69; H, 6.92; O, 24.40.
Found: C, 68.22; H, 7.05; O, 24.84.

Anhydroparthemollin (6).—A solution of 0.15 g of 1b in benzene
was chromatographed over a column of basic alumina. The
eluate was evaporated and recrystallized from ethyl acetate~
petroleum ether to give 0.0656 g of 6: mp 78-80°; ir 1760, 1708,
1665, and 1595 cm™; UV Amax 277 and 205 nm (e 17,500 and
15,500). The material polymerized on standing.

Anal, Caled for CuHisOs: C, 73.15; H, 7.37; O, 19.49.
Found: C, 73.05; H, 7.21; O, 19.32.

Oxidation of Parthemollin to «-Methylglutaric Acid.—A
solution of 1.0 g of 12 in 100 ml of ethyl acetate was ozonized
at 0° for 1 hr, After addition of 20 ml of water the mixture was
warmed on the water bath for 0.5 hr. The solvents were removed
at reduced pressure. The residue was taken up in 100 ml of
5% sulfuric acid and a solution of 5 g of KMnO, in 120 ml of
water was added dropwise in 4 hr. The precipitate of manganese
dioxide was reduced with sulfur dioxide solution in water. The
clear solution was concentrated to 20 ml of at reduced pressure
and extracted with ether. The washed and dried ether extract
was evaporated and the residual gum was chromatographed over
acid-washed alumina. Elution with chloroform-methanol (9:1)
gave 0.35 g of gum which was dissolved in acetone and mixed with
cyclohexylamine. The precipitated cyclohexylamine salt was
recrystallized from ethanol-acetone and then melted at 168-171°,
Decomposition of the salt with dilute hydrochlorie acid, extrac-
tion with ether, washing, drying, and evaporation of the ether
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extract yielded 0.21 g of (8)-(4)-a-methylglutaric acid which
was recrystallized from ethyl acetate-petroleum ether, mp 80-82°,
[a]?*p +21.6° (ethanol, ¢ 5.3)., The melting point was unde-
pressed on admixture of an authentic sample of mp 78-80°,
[e]**D +18° (¢ 1.24) and their ir spectra (Nujol) were super-
imposable.

Anal. Caled for CeHyO4:
49.25; H, 6.90.

Preparation of 9, 10, and 11.—A solution of 0.310 g of 1a and
0.8 m! of ethanedithiol in 10, ml of ether was mixed with 1.2 ml
of boron trifluoride etherate and allowed to stand at room tem~
perature. After 15 min concentrated aqueous potassium car-
bonate solution was added and the product was extracted with
ether. Evaporation of the washed and dried extract gave crystal-
line 9: mp 128-131°; [«]®p —61.7° (¢ 2.02); ir 3410, 1750, and
1653 em ™,

A solution of 0.15 g of 9 in 10 ml of methanol-dioxane (1:1)
were reduced with NaBH, as described in the preparation of 3.
The noncrystalline product 10 was purified by preparative tle:
[a] D —34.0° (¢ 5.62); ir 3420 and 1762 cm ™.

A sgolution of 0.10 g of 10 in 10 ml of tetrahydrofuran was
added dropwise with stirring to a slurry of 0.240 g of LiAIH, at
0°. Stirring was continued overnight at room temperature.
Excess reducing agent was decomposed by addition of ethyl
acetate. The mixture was acidified and the solvents were re-
moved. The residue was taken up in chloroform. The washed
and dried extract was evaporated and the nonerystalline product
11 was purified by preparative tle, wt 30 mg, [a]?p —13.7°
(c2.9).

Reaction of la with Phenylbutyric Anhydride.—The method
of ref 22 was employed, using 211 mg (6.8 X 10~¢ mol) of -
phenylbutyric anhydride and 61 mg (2.27 X 10~* mol) of ia.
The recovered a-phenylbutyric acid weighed 133 mg (constant
weight after drying i vacue, pure on tle), ais; ~0.064° (5 ml
of benzene, 4-ml tube, measured on a Bendix Type 143A auto-
matic polarimeter), [oit, —5.97°. This corresponded to an
optical yield of 25-309, ([«|D of a-phenylbutyric acid is 3=96.5°,
but a specimen of optically pure acid for determination of the
rotation at the Hgse.i line was not available).

C, 49.31; H, 6.90. Found: C,

Registry No.—la, 23264-32-6; 1b, 23264-33-7;
2, 23264-34-8; 3, 23263-08-1; 4, 23263-99-2; 6,
23282-28-2; 7, 1115-82-8; 8, 23264-01-9; 9, 23264-
02-0; 10, 23264-03-1; 11, 23264-04-2.
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The absolute configurations of a-isopropylphenylacetic acid and e~t~butylphenylacetic acid have been estab-
lished as B-(—) by relating them chemically to (S)-(+ )}-hydratropic acid through (R)-(—)-2-methyl-3-phenyl-

butane (2) and (8)-(—)-2,2-dimethyl-3-cyclohexylbutane (8).

{+ »t-Butylphenylearbinol (16) and (-+)--t-

butyl-8-phenylpropionic acid (13) have been related to a-t-butylphenylacetic acid (9) and shown to have the B

configuration.

These experiments resolve the uncertainties concerning the configurations of these compounds.

The method of configurational correlation of these and related compounds is outlined in formulas 1-16.

There has been considerable controversy concerning
the absolute configuration of a-isopropylphenylacetic
acid? (3). Cervinka and Hub? reported a method for
correlating configurations of a-substituted phenylacetic
acids, which involved the reaction of an excess of the
racemic acid with the chiral amine (S)-(+)-1-phenyl-

(1) We acknowledge with thanks support of these studies by the National
Science Foundation, Grant NSF GP 9452,

(2) (&) O. Gervinka and L. Hub, Chem. Commun., 761 (1966); (b)
Collect. Czech. Chem. Commun., 832, 2295 (1967),

(3) B, Halpern and J. Westley, Chem. Commun., 237 (1967).

(4) C. Aaron, D, Dull, J. L. Schmiegel, D. Jaeger, Y. Ohashi, and H. 8.
Mosher, J. Org. Chem., 33, 2797 (1967).

2-methylaminopropane, and measuring the optical
rotation of the recovered, unreacted acid. They con-
cluded that the a-alkylphenylacetic acids which they
tested® had the absolute S-(4) configuration with the
exception of a-isopropylphenylacetic acid which had
the S-(—) configuration. These experiments were
repeated by Halpern and Westley? who failed to con-
firm this latter exception and concluded that all these
a-substituted phenylacetic acids had the S-(4-) con-
figuration including the a-isopropyl derivative. We

(5) The alkyl groups included methyl, ethyl, n-propyl, n-butyl, n-amyl,
n-hexyl, iso-propyl, iso-butyl, benzyl, and allyl.



