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. The structure of an isomeric tetrahydroalantolactone, “iso”-tetrahydroalantolactone, obtained by catalytic hydrogena-
tion of dihydroalantoglycol which is derived from dihydroalantolactone, was investigated as to its relationship with ordi-

nary tetrahydroalantolactone.

A structure Ib’ having 8-orientated hydrogen at Cj,-position instead of the a-oriemtation

in tetrahydroalantolactone, was proposed for this new isotneric lactone.

Recently Tsuda, et al.,® reported that the hy-
droxyl group of the lactonic linkage of alanto-
lactone must be at the Cs-position instead of Cs as
formerly proposed by Ruzicka, ef al.3

The results of conformational analysis of the
tetrahydroalantolactone by gorm, et al., 4 Tan-
abe®~® and Cocker, ¢f a/.,° allow the assignment of
structure Ib to tetrahydroalantolactone.

These investigations, however, were not con-
cerned with the positions of the double bonds in
the structures of the original alantolactone and
isoalantolactone or their dihydro derivatives, di-
hydroalantolactone (Ia’) and dihydroisoalanto-
lactone (Ia).

In the third paper of this series,!” we reported an
interesting difference between dihydroalantolac-
tone and dihydroisoalantolactone in their behavior
to catalytic hydrogenation. Thus with the con-
sumption of one mole of hydrogen, dihydroiso-
alantolactone (Ia) quantitatively gives tetrahydro-
alantolactore (Ib); however, under similar reac-
tion conditions dihydroalantolactone (Ia’) gives
both Ib and a deoxy acid (II) by hydrogenolysis
of the lactonic ring. The latter acid was identi-
fied as the saturated acid derived from ‘‘sesqui-
benihiol” formerly reported by Katsura.!!

This paper deals with a further study of this
interesting difference between the two dihydro-
lactones Ia and Ia’ as well as with a study of a new
isomeric tetrahydroalantolactone derived from
dihydroalantolactone.

Dihydroisoalantolactone is converted to a glycol
(Illa) by reduction with lithium aluminum hy-
dride, and IIIa is reconverted to Ia with sodium
dichromate in acetic acid. This reversibility shows
that lithium aluminum hydride induces no steric
change besides the reductive opening of the lactonic
ring in I11a.

Further, on hydrolysis with dilute alkali and
subsequent methylation with diazomethane, Ia
gave methyl dihydroisoalantolate (IVa) which is

(1) Previous paper in this series, T. Ukita and S. Nakazawa, Pharm.
Bull., 3, 299 (1954).

(2) K.Tsuda, K. Tanabe, I. Iwaiand K. Funakoshi, THIS JOURNAL,
79, 1009 (1957).

(3) I.. Ruzicka, P. Pieth, Th. Reichstein and I,. Ehmann, Helr.
Chim. Acta, 16, 268 (1933).

(4) O. Kovacs, V. Herout, M. Horak and F. Sorm, Collection
Czechosiov. Chem. Commun., 21, 225 (1956).

(5) V. Benelovi, V. St¢kora, V. Herout and F. Sorm, Chemistry &
Industry, 363 (1958).

(3) K. Tsuda, K. Tanabe, I, 1wai and K. Funakoshi, TH1S JOURNAL,
79, 5721 (1957).

(7) K. Tanabe, Pharm. Bull., 6, 214 (1958).

(8) K. Tanabe, bid., 6, 218 (1958).

(9) W. Cocker and T, B. H. McMurry, Proc. Chem, Soc., 147 (1958).

(10) T. Ukita and S. Nakazawa, Pharm. Bull,, 2, 239 (1954).

(11) S. Katsura, Nippon Kagaku Kaishi, 63, 1465 (1842).

unstable and is transformed back to Ia on treat-
ment with acid or standing at room temperature.
Methyl dihydroisoalantolate (IVa) is oxidized with
sodium dichromate to the oily methyl 7-ketodihy-
droisoalantolate (Va) and further converted to
7-ketodihydroisoalantolic acid (VIa) by alkaline
hydrolysis. The latter was methylated again to
Vv

a.

Methyl 7-ketodihydroisoalantolate (Va) is re-
duced to glycol IIla and dihydroisoalantolactone
(Ta), respectively, by lithium aluminum hydride
and sodium borohydride.

The observations in this series of reactions show
that no steric change occurs during conversion of
Va to VIa and that both compounds contain the
isopropionic acid side chains in equatorial orienta-
tions. Thus the stereochemical relations at Cs.
Cs, Croand Cy; are the same in Va and IIIa.

A similar series of reactions was performed on
tetrahydroalantolactone (Ib), and the corre-
sponding derivatives were obtained: glycol 111Ib,
methyl tetrahydroalantolate (IVb), methyl 7-
ketotetrahydroalantolate (Vb) and 7-ketotetra-
hydroalantolic acid (VIb).

Catalytic hydrogenation of glycol IIIa and
methyl 7-ketodihydroisoalantolate (Va) with plati-
num oxide in glacial acetic acid yields the re-
spective saturated derivatives IIIb and Vb, be-
longing to the tetrahydroalantolactone (Ib) series.

The glycol IIIa’ obtained from dihydroalanto-
lactone (Ia’) with lithium aluminum hydride was
again convertible to starting material by chromic
oxidation. However, the saturated glycol IIIb’
obtainable by catalytic reduction of the glycol
IITa’ with platinum oxide in glacial acetic acid is
isomeric with the saturated glycol IIIb derived
from tetrahydroalantolactone (Ib). Further, the
saturated lactone Ib obtained from IIIb’ by chromic
oxidation is isomeric, with tetrahydroalantolactone
(Ib) and is convertible to IIIb’ by reduction with
lithium aluminum hydride.

Methyl dihydroalantolate (IVa’) obtained by
alkaline hydrolysis and subsequent methylation of
Ia’ is also unstable, reverting to the originallactone.
On chromic oxidation, IVa’ gave methyl 7-keto-
dihydroalantolate (Va').

Unlike the similar ketonic acid VIa in the di-
hydroisoalantolactone series, a ketonic acid (VIa’)
from hydrolysis of Va’ showed a maximum absorp-
tion at 240 my characteristic of a double bond con-
jugated with a carbonyl group. Further, on meth-
ylation, VIa’ no longer reverted to the starting
methyl ester Va’ but gave a new isomeric ester
Va'/, which also showed similar absorption in the
ultraviolet. Such absorption was never observed
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for the parent methyl ester Va’. Thus the double
bond originally contained in Va’ is assumed to
migrate to the «,8-position of the carbonyl group
on alkaline treatment.!?
“Iso”-tetrahydroalantolactone (Ib’) behaved
thoroughly analogously in a further series of re-
actions similar to those performed for tetrahydro-

(12) These differences in the corresponding derivatives of dihydro-
alantolactone (Ia’) and dihydroisoalantolactone (Ia), ¢.e., occurrence
of isomeric tetrahydroglycols IIIb’ and IIIb from IIla’ and IIla,
respectively, and the migration of the double bond on alkaline treat-
ment of Va’ could be attributed to the difference in the positions of the
double bond in the structure of Ia’ and Ia, as they give the same tetra-
hydroalantolactone by direct hydrogenation and further IIIa’ and
IIla are respectively convertible to Ia’ and Ia. As reported in the
third paper of this series,!? the constant melting points and specific
rotations after repeated recrystallization of Ia and Ia’, reveal that these
materials are not mixtures of isomers but pure individuals. Further-
more, the position of the double bonds in these materials was con-
firmed by the investigations of their ozonolysis products.

Especially, on ozonolysis, Ia’ gave a ketolactonic acid, CisHzOs,
(Ia’-A) as an only oxidation product. Although Ia’-A gave no crys-
talline condensation products with ketone reagents, i.e.. 2,4-dinitro-
phenylhydrazine or p-nitrophenylhydrazine, it gave both a positive
iodoform reaction and a coloration with sodium nitroferricyanide and
a methyl ester which gave three characteristic absorptions in the infra-

alantolactone (Ib). Thus it gave methyl “iso”-
tetrahydroalantolate (IVb’), methyl 7-keto-“iso”-
tetrahydroalantolate (Vb’) and 7-keto-"'iso’’-tetra-
hydroalantolic acid (VIb’). However, these deriv-
atives were again the isomers of the corresponding
ones, IVb, Vb and VIb involved in the series of
tetrahydroalantolactone (Ib).

The physical constants of these isomeric deriva-
tives of tetrahydroalantolactone and ‘‘iso”-tetra-

red corresponding to lactonic (1770 cm.-1l), carboxzylic (1740 cm. -1}
and ketonic (1710 cm. 1) carbonyl groups.

o - o,
0 co co
HOOC K(%
COOH
la’-A Ia*-B

From these results, the ketolactonic acid should be represented with
the alternative structure of Ia’-A or Ia’-B. However, the structure
(Ia’-B) may be excluded by the fact that a ketohydroxylic acid ob-
tained by alkaline hydrolysis of methyl ester of the ketolactonic acid
did not show the properties of a 8-hydroxylic acid, expected if the
starting material had structure Ia’-B.

Thus the double bond involved in dihydroalantolactone (Ia’) must
be located at the Cs-¢ instead of the Cio-s position.
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TaBLE I
J‘F [ .0 ol ., 0l !,,-\1_,\\&/10
Compounds ’ ! o | CH,0H \)\/\ COH
Series \[/\/\‘/ i ] {
Tetrahydroalantolactone M.p. 141-143° M.p. 111-113° B.p. 95°° M.p. 153-154°
{a]®p +15.0° le]?®D — 7.9° [e]®p — 6.0° |e]tp 4-0.8°
M]p +35 [M][p —19 M[p —16 MIp +2
“Iso”-tetrahydroalantolactone M.p. 136-137° M.p. 126-128° B.p. 116°° M.p. 118-119°
|a]®D +37.9° [a]?®D 4-23.9° la]¥p +34.1° [a] D +41.9°
{M]p +90 Mlp +57 IM]p 491 Mlp 486

¢ At 0.05 mm. * At 0.1 mm.

hydroalantolactone series are summarized in Table
I

Similar to Ib, Ib’ showed infrared absorption
at 1760 cm. 1 specific for a ¢is fused lactone ring!®4
and the reversibility between Vb’ and VIb’ reveals
the equatorial position of the isopropionic acid
side chain at the Cg-position of Vb’. These
observations suggest axial substitution for the
hydro/xylic radical concerned with the lactone ring
in Ib’.

These relations are entirely similar in the case
between Vb and Ib, and no difference in the stereo-
chemical sequences at Cg and C; in both Ib and
Ib’ is to be expected.

Further, because no configurational change at
C,, during catalytic hydrogenation of I1Ia’ to I11Ib’
is expected, there is no steric difference at the
Cyi-positions of Ib and Ib’.

Tsuda and Tanabe? have reported two Cy-
isomers of tetrahydroalantolactones (m.p. 108~
109° and m.p. 74-75°) having frans fused lactone
rings. One of the present authors has synthesized
a Cy-isomer of tetrahydroalantolactone (Ib)®
which was also reported by Iwai, et al.,' and Tan-
abe.®

None of these known isomers of tetrahydro-
alantolactone was identical with ““iso’’-tetrahydro-
alantolactone.

From the above evidence for “iso”-tetrahydro-
alantolactone Ib’ the only remaining difference
between this new isomer and tetrahydroalanto-
lactone (Ib) is the steric isomerism at the Cy-
position, and thus it may be concluded that Ib’
has a cis fusion between rings A and B.

There are several instances in steroid chemistry
in which 53-steroids are more dextrorotatory than
S5a-derivatives.” As shown in Table I all deriva-
tives of ‘‘iso’’-tetrahydroalantolactone are more
dextrorotatory than the corresponding derivatives
of tetrahydroalantolactone.

As a result of the above discussion and on the
basis of the experimental observations, the authors
propose structure Ib’ for “iso”-tetrahydroalanto-
lactone.

As for the mechanism for the occurrence of Ib’,
some migration of the double bond in dihydroalan-

(13) J. H. Brewster and C. H. Kucera, THIS JoURNaL, 77, 4564
(1955).

(14) T. Kanzawa, H. Kamio, M. Sumi and M. Nishikawa, sbsd., 80,
3705 (1938).

(15) S. Nakazawa, THIS JOURNAL. 82, 2229 (I960).

(16) H. Matsumura, I. Iwai and E. Ohki, Yekugoeku Zasshi, T4, 738
(1954).

(17) L. F. Fieser and M. Fieser, **Natural Products Related to
Phenanthrene,” Reinhold Publ. Corp., New York, N, V., 1049, p.
211,

tolactone (Ia’) is assumed to occur prior to the
hydrogenation of I11a’ to IIIb’.

Another isomer of dihydroalanto glycol I1Ic con-
taining the double bond at its Cs-jp-position, an
isomer which will be reported in the following paper
of this series, was catalytically hydrogenated
under conditions similar to those used in the case
of IIla’. The product of this reaction, however,
was tetrahydroalantolactone (Ib). This result is
comparable to the hydrogenation of y-eudesmol to
dihydroeudesmol.!8

Another possibility of obtaining the 108-isomer
of IITb is hydrogenation of the dihydroalanto
glycol containing a double bond at Cyp_s This
will be the subject of further investigation.

Experimentall®

Dihydroisoalantolactone (Ia) and Dihydroalantolactone
(Ia’).—A mixture of dihydroisoalantolactone (Ia) and dihy-
droalantolactone (Ia’) (6 g.) obtained by the reduction of a
mixture of alantolactone, isoalantolactone and dihydroiso-
alantolactone by aluminum amalgam,® was fractionally.re-
crystallized from ethanol to obtain ca. 3.5 g. of dihydroiso-
alantolactone (Ia), m.p. 171-172°, («)¥p +44.1° (¢ 1.36,
abs. ethanol), and 2 g. of dihvdroalantolactone (Ia’). m.p.
133.5-134°, (a)?%D —49.5° (¢ 2.5, abs. ethannl). On further
recrystallization both materials showed each constant melt-
ing points and specific rotations.

Ketolactonic Acid (Ia’-A) Obtained from Dihydroalanto-
lactone (Ia’).—Compound Ia’ (2 g.) was ozonized in 30 ml.
of chloroform, and the sirupy ozonide obtained after re-
moval of the solvent was decomposed with 10 ml. of water
and distilled with steam. Tle residue was extracted with
ether and the ether-soluble proditct was extracted with 5%
sodium bicarbonate solution to separate it into acidic
(0.7 g.) and neutral (1.3 g.) products. Tlie acidic product
solidified to a crystalline mass which was recrystallized from
ethyl acetate to colorless prisms, m.p. 193-195°. Anal.
Caled. for C;sH»0;: C, 63.83; H, 7.80; COOH, 15.9¢.
Found: C, 63.48; H, 7.52; COOH, 15.72 (monobasic
acid).

After mild oxidation of the neutral fraction with potas-
sium permanganate, the acidic product obtained (0.8 g.)
was methylated with diazomethane to furnish colorless
crystals with m.p. 128-130°, (a)p 4+175.8° (¢, 0.9Y eth-
anol); »SEC 1770 (lactonic-carbonyl), 1740 (carboxylic
carbonyl) and 1710 cm.=1 (ketonic carbonyl). Amnal.
Caled. for C1gH205: C, 64.86; H, 8.10. Found: C, 65.14;
H, 7.87.

On alkaline hydrolysis, the methyl ester gave the same
ketolactonic acid Ia’-A in the theoretical yield. Both thisacid
and the methyl ester furnished no crystalline 2,4-dinitro-
phenylhydrazone or p-nitroplienylhydrazone by the usual
method, but they gave a positive iodoform reaction aud
sodium nitroferricvanide coloration.

Reduction of Dihydroisoalantolactone (Ia), Tetrahydro-
alantolactone (Ib), Dihydroalantolactone (Ia’) and ‘‘Iso’’-
tetrahydroalantolactone (Ib’) with Lithium Aluminum
Hydride to Dihydroisoalanto Glycol (IIIa), Tetrahydro-
alanto Glycol (IIIb), Dihydroalanto Glycol (IIIa’) and

(18) F. J. McQuillin and J. D. Parrack, J. Chem. Soc., 2973 (1956).

(19) All melting points are uncorrected.

(20) T. Ukita, R. Matsuda and S. Nakazawa, Yakugaku Zasshi, 13,
796 (1952),
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TaBLE II
[alD
Crystals, ~———Caled. ——TFound: (¢ 2.5, EtOH),
Products colorless M.p., °C. Formula C ¢, °C.
1I1a Prisms 129-131 Ci1sH260, 75.63 10,92 76.08 10.97 +46.0 (16)
IITb Needles 111-113 C1sH2s0: 75.00 11.66 75.05 11.50 - 7.9(23)
IIIa’ Cubelets 83-85 CisHz602 75.63 10.92 75.43 10.98 +30.8 (24)
IIIb/ Prisms 126-128 Identified with IIIb’ obtained in the next experiment.
““Iso’’-tetrahydroalanto Glycol (IIIb’), Respectively.—A TaeLe 111
solution of 1 g. of Ia in 100 ml. of ether was added dropwise — Analyses, %
to a solution of 0.4 g. of lithium aluminum hydride in 70 ml. Prod- Crystals, 2 R f—ECalcd-? r—CFWﬂdﬁ“
of ether at room temperature under stirring. After addi- ucts  colorless . ormula ;
tional stirring for 2 hiours at the same temperature the mix- IVa  Cubelets 103-106 CiHwsOs 72.18  9.77 72.50  9.59
ture was treated in the usual manner to yield 1.01 g. of  IVb Needles 124-127 CuHuO: 71.64 10.45 71,78 10.26
Also0.5g.of Ib,3 g.of Ia’and 0.12 g. IVa’ Needles 103-105 CisHO2 72.18 9.77 72.41 9,53

crude product IlIa.
of Ib’ were reduced with the same reagent as in the case of
Ia to give the corresponding product IIIb, IIIa’ and IIIb’
in the theoretical yields. These crude products were recrys-
tallized from petroleum ether to pure compounds having the
properties given in Table II.

Catalytic Hydrogenation of Dihydroalanto Glycol (IIla’)
to ‘‘Iso’’-tetrahydroalanto Glycol (IIlb’).—A solution of 2.0
g. of dihydroalanto glycol (IIIa’) in 20 ml. of glacial acetic
acid was reduced catalytically with active platinum pre-
pared from 0.50 g. of Adams platinum oxide in 20 ml. of
same solvent. After consumption of 243 ml. of hydrogen in
5 hours, at 22°, 761 mm. (caled. for one mole, 209 ml.),
the mixture was treated in the usual manner to obtain 1.95
g. of crystalline product. Recrystallization from petro-
leum ether gave colorless prisms of IIIb/, m.p. 126-128°,
(a)®Dp +23.9° (¢ 2.5, ethanol). Amnal. Caled. for C;sHs Os:
C, 75.00; H, 11.66. Found: C, 74.80; H, 12.04. On
admixture of this glycol (IIIb’) with tetrahydroalanto glycol
(IIIb) a depression of the melting point (90-97°) was ob-
served.

Oxidation of Dihydroisoalanto Glycol (1Ila), Tetrahydro-
alanto Glycol (IIIb), Dihydroalanto Glycol (I1I1a’) and ‘‘Iso’’-
tetrahydroalanto Glycol (II1b’) to Dihydroisoalantolactone
(Ia), Tetrahydroalantolactone (Ib), Dihydroalantolactone
(Ia’) and ‘‘Iso’’-tetrahydroalantolactone (Ib’), Respectively.
—To solutions of 0.12 g. of IIIa, IIIb and IIIa’ or 1.35 g. of
IIIb' in 10 ml. or 100 ml. of glacial acetic acid was added
dropwise a solution of 0.1 or 1.13 g. of sodium dichromate in
5 or 50 ml. of the same solvent under stirring at room tem-
perature. Stirring was continued at the same temperature
for 2 hours and the mixture was treated as usual to give
the theoretical yields of crude crystalline products. In the
cases of the oxidation of IIla, IIIb and IIla’, the products
were recrystallized from ethanol to give colorless needles
m.p. 171-173° Ia, m.p. 141-143° Ib, m.p. 128-130° Ia’,
which were, respectively, identified with dihydroisoalanto-
lactone, tetrahydroalantolactone and dihydroalantolactone.

The oxidation product of IIIb’ was recrystallized from
petroleum ether and ethanol to colorless needles of m.p.
136-137°, (a)®p + 37.9° (¢ 2.5, ethanol), »SE 1760
cm.” ! (cis fused lactone). Amnal. Caled. for CisHaiOs:
C, 76.27; H, 10.17. Found: C, 75.97; H, 10.17. Ad-
mixture of this lactone Ib’ with tetrahydroalantolactone
(Ib) gave a depression of melting point (103-109°).

Hydrolysis and Methylation of Dihydroisoalantolactone
(Ia), Tetrahydroalantolactone (Ib) and Dihydroalanto-
lactone (Ia’) to Methyl Dihydroisoalantolate (IVa), Methyl
Tetrahydroalantolate (IVb) and Methyl Dihydroalantolate
(IVa’), Respectively.—To ethanolic solutions of 1 g. of Ia,
Ib or Ia’ was added a slight excess of 5% sodium hydroxide
solution and the mixtures were refluxed on a water-bath for 2
hours. After removal of ethanol by distillation and addition
of 30 ml. of water, the cooled mixtures were neutralized with
509, acetic acid under ice cooling. The oily products were
extracted with ether and the ethereal solutions were methyl-
ated with diazomethane to obtain the crude esters in the
theoretical yield. Recrystallization from petroleum ether
gave products with the properties given in Table ITI. These
csters reverted to the respective starting lactones on stand-
ing at room temperature.

Oxidation of Methyl Dihydroisoalantolate (IVa), Methyl
Tetrahydroalantolate (IVb), Methyl Dihydroalantolate
(IVa’) to Methyl 7-Ketodihydroisoalantolate (Va), Methyl 7-
Ketotetrahydroalantolate (Vb) and Methyl 7-Ketodihydro-
alantolate (Va’), Respectively.—To a solution of 1.5 g. of
IVa in 40 ml. of glacial acetic acid was added dropwise a

solution of 0.57 g. of sodium dichromate in & ml. of the same
solvent at room temperature with stirring. After 2 hours
additional stirring at the same temperature, the mixture
was treated in the usual manner to furnish 1.5 g. of colorless
oily product. This was purified by distillation; Va, b.p.
95-97° (0.05 mm.). Anal. Caled. for CgH2:0;5: C, 72.73;
H, 9.09. Found: C, 72.80; H, 8.88. Each 0.5 g. of IVb
and 5.9 g. of IVa’ was likewise oxidized with sodium di-
chromate to obtain the respective products Vb and Va’.

Coinpound Vb: colorless oil, b.p. 95° (0.05 mm.) [«]*D
—6.0° (¢ 2.5, ethanol). Amnal. Caled. for CjgHy05: C,
72.18; H, 9.77. Found: C, 72.49; H, 9.72.

Its 2,4-dinitrophenylhydrazone; pale yellow needles
(from ethyl acetate-petroleum ether), mn.p. 118-120° dec.
Anal, Caled. for CppHyOsNy: C, 59.19; H, 6.73; N, 12.56.
Found: C, 59.37; H, 6.43; N, 12.15.

Compound Va’: b.p. 110-112° (0.08 mm.) [«]%®D
—46.9° (¢ 2.8, ethanol). Amal. Caled. for CisHzOs:
C, 72.73; H, 9.09. Found: C, 73.11; H, 8.81.

Its 2,4-dinitrophenylhydrazone: pale yellow needles
(from ethyl acetate-petroleum ether), m.p. 188-190° dec.

Anal. Caled. for CyHasOgN,: C, 59.46; H, 6.31; N,
12.61. Found: C, 59.40; H, 6.40; N, 12.84.

Successive Hydrolysis, Methylation and Oxidation of
‘Iso’’-tetrahydroalantolactone (Ib’) to Methyl 7-Keto-
‘iso’’-tetrahydroalantolate (Vb’).—To 1.3 g. of ‘“‘iso’’-
tetrahydroalantolactone (Ib’) dissolved in 15 ml. of ethanol
was added 30 ml. of 5% sodium hydroxide solution, the
mixture was refluxed on a water-bath for 2 hours, and the
solvent was removed by distillation. The hydrolysate was
methylated with diazomethane and the methyl ester was
oxidized as described 1n the case of IVa to Va to give 1.27 g.
of oily ester. This product was purified by distillation to
give a colorless oily product Vb’, b.p. 115-116°, (0.1 mm.)
(a)®p + 34.1° (¢ 2.5, ethanol). Aual. Caled. for Cie-
Hy0,: C, 72.18; H, 9.77. Found: C, 72.44; H, 9.66.

Hydrolysis of Methyl 7-Ketodihydroisoalantolate (Va) to
7-Ketodihydroisoalantolic Acid (VIa) and Methylation of the
Latter to Va.—To 1.72 g. of methyl 7-ketodihvdroisoalanto-
late (V'a) dissolved in  ml. of ethanol was added 10 ml. of
5% sodium hydroxide solution. The mixture was refluxed
on a water-bath for 2 hours, then treated in the usual man-
ner to vield 1.55 g. of crude acidic product. As this product
was difficult to recrystallize, it was methylated directly with
diazomethane to give 1.60 g. of crude ester which was puri-
fied by distillation to a colorless oily product Va, b.p. 95
96° (0.05 mm.).

Hydrolysis of Methyl 7-Ketotetrahydroalantolate (Vb)
and Methyl 7-Keto-‘‘iso’’-tetrahydroalantolate (Vb') to 7-
Ketotetrahydroalantolic Acid (VIb) and 7-Keto-‘‘iso’’-
tetrahydroalantolic Acid (VIb’), Respectively.—To solu-
tions of (.54 g. of Vb and 0.77 g. of Vb’ dissolved in 10 ml.
of ethanol was added 10 ml, of 5%, sodium hydroxide solu-
tion. The mixtures were refluxed on a water-bath for 2
hours. The hydrolysates were treated as usual to give prod-
ucts VIb and VIb' in yields of 0.5 and 0.7 g., respectively.

Compound VIb: recrystallized from aqueous methanol to
colorless scales, m.p. 153-154°, la|¥%p + 0.8° (¢ 2.5, eth-
anol). Anal. Caled. for CHxu0.: C, 71.43; H, 9.52;
COOH, 17.86. Found: C, 71.42; H, 9.39; COOH, 18.15.

Its 2,4-dinitrophenylhydrazone: pale yellow needles
(from ethyl acetate), m.p. 210-212° dec. Anal. Caled. for
CnHy06N,: C, 58.33; H, 6.48; N, 12.96. Found: C,
57.91; H, 6.76: N, 12.80.

Compound VIb': recrystallized froin aqueous methanol to
colorless prisms, ni.p. 118-110°, [a]®p +41.9° (¢ 2.5, cth-
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anol). Admixture of VIb’ with VIb showed a depression
of melting point (102-106°). Anal. Caled. for CisH,O;:
C, 71.43; H, 9.52; COOH, 17.86. Found: C, 71.44;
H, 9.22; COOH, 17.81.

Methylation of 7-Ketotetrahydroalantolic Acid (VIb) and
7-Keto-'‘iso’’-tetrahydroalantolic Acid (VIb’) to Methyl 7-
Ketotetrahydroalantolate (Vb) and Methyl 7-Keto-‘‘iso’’-
tetrahydroalantolate (Vb’), Respectively —Portions of 0.25
g. of VIb and VIb’ were methylated with diazomethane in
the usual manner, and the methyl esters obtained were
identified with Vb and Vb’, respectively.

Hydrolysis and Methylation of Methyl! 7-Ketodihydro-
alantolate (Va’) to the Isomeric Methyl 7-Ketodihydroalan-
tolate (Va’’).—To 5 g. of methyl 7-ketodihydroalantolate
(Va’) dissolved in 10 ml. of ethanol was added 25 ml. of 5%
sodium hydroxide solution. The mixture was refluxed on a
water-bath for 2 hours, 4 g. of VIa’ was obtained from the
hydrolysate by the usual isolation procedure. It was
methylated directly with diazomethane to obtain 3.80 g.
of oily product. This was purified by distillation to a color-
less oil (Va'’), b.p. 119-120° (0.02 mm.), [a]®D +20.6° (¢
2.6, ethanol), A%9® 240 my (log ¢ 3.63). Anal. Caled. for
CieH2,0:: C, 72.73; H, 9.09. Found: C, 73.16; H, 9.21.

Reduction of Methyl 7-Ketodihydroisoalantolate (Va),
Methyl 7-Ketotetrahydroalantolate (Vb) and Methyl 7-
Keto-‘‘iso’’-tetrahydroalantolate (Vb’) with Sodium Boro-
hydride to Dihydroisoalantolactone (Ia), Tetrahydroalanto-
lactone (Ib) and ‘‘Iso’’-tetrahydroalantolactone (Ib’),
Respectively.—To solutions of 0.26 g. of Va, Vbor Vb'in 10
ml. of methanol was added dropwise a solution of 0.03 g. of
sodium borohydride in 10 ml. of the same solvent at room
temperature with stirring. Stirring was continued at the
same temperature for 3 hours, and the mixtures were neu-
tralized with dilute bydrochloric acid. After evaporation of
solvent under reduced pressure, 20 ml. of water was added to
each residue. The mixtures were extracted with ether, and
recrystallized from ethanol: the product from Va, colorless
needles with m.p. 171-173°; that from Vb, colorless nee-
dles, m.p. 141-143°; and that from Vb’, colorless needles,
m.p. 136-137°, were identified with Ia, Ib and Ib’, respec-
tively.

Reduction of Methyl 7-Ketodihydroisoalantolate (Va),
Methyl 7-Ketotetrahydroalantolate (Vb) and Methyl 7-
Keto-‘‘iso’’-tetrahydroalantolate (Vb’) with Lithium Alu-
minum Hydride to Dihydroisoalanto Glycol (IIla), Tetra-
hydroalanto Glycol (IIIb) and ‘‘Iso’’-tetrahydroalanto
Glycol (IIIb’), Respectively.—(a) A solution of 0.2 g. of Vu
in 50 ml. of ether was added dropwise to a solution of 0.1 g.
of lithium aluminum hydride in 50 ml. of ether at room tem-
perature with stirring. Stirring was continued for an addi-
tional 2 hours at the same temperature and the mixture was
treated as usual to give 0.21 g. of crystalline product. Re-
crystallization from petroleum ether gave colorless prisms,
m.p. 129-131°, which were identified with dihydroisoalantn
glycol (IIla).

Similar reductions were performed on 0.26 g. of Vb and
0.13 g. of Vb’ and the products from Vb, colorless silky
needles, were recrystallized from petroleum ether, m.p. 111~
113°; the product from Vb’, colorless prisms, was recrystal-
lized from the same solvent, m.p. 126-128°; these were re-
spectively identified with tetrahydroalanto glycol IIIb and
““is0’’-tetrahydroalanto glycol (II1Ib').
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(b) The esters Va, Vband Vb’ obtained by remethylations
of the free acids were reduced as in (a) and the resulting gly-
cols were identified with IIla, IIIb and IIIb’, respectively.

Catalytic Hydrogenation of Dihydroisoalanto Glycol
(IIa) to Tetrahydroalanto Glycol (IIIb).—Dihydroisoalanto
glycol (I1Ia) (0.24 g.) was hydrogenated catalytically over
0.12 g. of Adams platinun oxide; 29 ml. of liydrogen was
consumed in 2 hours, at 23.5° (757.3 mm.) (caled. for one
mole, 25.3 ml.). After removal of the catalyst by filtra-
tion, and processing as usual, (.24 g. of crude crystals was
obtained. Recrystallization from petroleum ether gave
colorless silky needles, m.p. 111~113°, identified with tetra-
hydroalanto glycol IIIb,

Catalytic Hydrogenation of Methyl 7-Ketodihydroisoal-
antolate (Va) to Methyl 7-Ketotetrahydroalantolate (Vb).—
A solution of 0.36 g. of methyl 7-ketodihydroisoalantolate
(Va) was hydrogenated catalytically with platinum in
glacial acetic acid as described above. A total of 42.0 ml. of
hydrogen was consumed in 2 hours, at 26° (758.3 mm.)
(caled. for one mole, 34.5 ml.). The mixture was treated
in the usual manner yielding 0.33 g. of oily product, b.p. 100~
103° (0.01 mm.); 2,4-dinitrophenylhydrazone, pale yellow
needles (from ethyl acetate-petroleum ether), m.p. 118-120°
dec. The 2,4-dinitrophenylhydrazone was identified with
that fromn methyl 7-ketotetrahydroalantolate (Vb).

Reduction of Isomeric Dihydroalantolactone (Ic) with
Lithium Aluminum Hydride to Isomeric Dihydroalanto
Glycol (1IIc).—A solution of 0.12 g. of isomeric dihydro-
alantolactone (Ic) in 20 ml. of ether was added dropwise to
(.04 g. of lithium aluminum hydride in 20 ml. of ether at
room temperature with stirring. After 2 additional hours
stirring at room temperature, the mixture was treated in the
usual manner to give 0.1 g. of crystalline product. This was
recrystallized from petroleum ether to colorless prisms (IIIc),
m.p. 127-130°. Anal. Caled. for CisH»0:: C, 75.63; H,
10.92. Found: C, 75.34; H, 10.80.

Catalytic Hydrogenation of Isomeric Dihydroalanto Glycol
(IlIc) to Tetrahydroalanto Glycol (IIIb).—A solution of 0.1
g. of isomeric dihydroalanto glycol (I1lc) in 10 ml. of glacial
acetic acid was reduced catalytically with 0.12 g. of Adams
platinum oxide in 10 ml. of same solvent. After consump-
tion of 12.5 ml. of hydrogen in 5 hours, at 29° (757 mm.)
(caled. for one mole, 10.9 ml.), the mixture was treated in
the usual manner to yield 0.1 g. of crystalline product.
Recrystallization from petroleum ether gave colorless silky
needles, m.p. 111-113°, identified with tetrahydroalanto
glycol (lIIb).
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