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Peracid oxidation of epoxynorcafestanone (II) afforded the lactone VII, which was opened to the livdroxy acid VIIIa,
methylated and then oxidized to yield the keto methyl ester IX. This sequence establishes unambiguously the location of

the glycol grouping in the five-membered ring of cafestol.

The optical rotatory dispersion curve of 1X affords additional

evidence on the stereochemistry of the B/C/D ring junctures and thus confirms the earlier proposed? absolute configuration

(I) of this diterpenoid.

Recently,® we proposed structure I as a complete
expression for the constitution and absolute con-
figuration of the diterpene cafestol. The per-
hydrophenanthrene skeleton encompassed by rings
A, B and C, the location of the angular methyl
group at C-10, and finally the connection of the
furan ring to positions 3 and 4 were settled by a
variety of unambiguous degradations. Further-
more, the absolute configuration of the A/B ring
juncture—antipodal to that of the steroids—
followed directly from optical rotatory dispersion
studies.?-3

The attachment of the five-membered ring of
cafestol to C-8 and C-13 as well as the location of
the glycol grouping at C-16 (rather than C-15)
rested on more circumstantial evidence,® notably
the remarkable coincidence of the rotatory dis-
persion curves? of epoxynorcafestanone (II)¢ and
the norketone IV’ derived from phyllocladene
(III). Brandt’s structure proposal’® for phyllo-
cladene (III) has recently been confirmed by
interrelation with abietic acid® and with manool®®
thus affording a reference compound for optical
rotatory dispersion comparisons. However, before
such comparisons between analogous ketonic deriv-
atives of cafestol and phyllocladene are justified,
it is necessary that the condition® of identical
absolute configuration and conformation around
the immediate environment of the carbonyl chromo-
phore be met,

Insofar as phyllocladene (III) is concerned, the
absolute configuration®!! implied in stereoformula
IIT (using the usual steroid notation) is derived
from two arguments: (a) The absolute configura-
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tion of carbon atoms 5 and 10 follows rigorously
from the reported interconversion®!® with abietic
acid and manool, while that of C-9 is probably
but not necessarily as indicated in III. (b)
Phyllocladene has been converted’® into a keto
acid, which now can be represented by V or VI,
depending upon the absolute configuration of C-8,
As pointed out earlier,® the octant rule!? predicts a
positive Cotton effect for V and a negative one for
VI, as well as for the 98-isomers of V and VI.
Since the keto acid from phyllocladene exhibits?
a positive rotatory dispersion Cotton effect curve,
the absolute configuration of phyllocladene at C-8,
C-9 and zpso facto at C-13 is settled.

Turning now to cafestol (I), since its A/B ring
juncture is antipodal to that of phyllocladene
(III), the coincidence of the rotatory dispersion
curves of their derived nor-ketones II and IV
implies'® that the two diterpenes possess identical
absolute configurations at carbon atoms §, 9 and
13 and it was for this reason that the complete
stereoformula I was proposed.® This assignment
leads to a 9,10-syn backbone in cafestol, which in
turn requires that ring B exist in a boat form and
the behavior of certain derivatives of cafestol was
found?® to be consistent with such a stereochemical
feature. Nevertheless, it was deemed highly
desirable to secure independent evidence for the
stereochemistry of the B/C/D ring fusion of cafe-
stol, and experiments bearing on this point are
reported herewith.

Oxidation of epoxynorcafestanouc (II)¢ with
peroxytrifluoroacetic acid'* furnished a crystalline
8-lactone, which had to possess structure VII or
X, depending upon whether the original glycol
grouping of cafestol is located at C-16 or C-15.
Alkaline opening of the lactone followed by cautious
acidification led to a crystalline hydroxy acid
VIIIa, which was transformed into its oily methyl
ester VIIIb, The latter could not be purified by
chromatography, since even neutral alumina caused
relactonization!’® and the ester was, therefore,
directly oxidized with chromium trioxide in pyri-
dine® to yield a crystalline keto ester. 1k forma-
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tion of this keto ester IX represents the first direct
chemical proof that the glycol grouping of cafestol is
attached at C-16 (see I). If it were located at C-15,
then the derived lactone X could not have been
convertible to a keto ester.

The keto ester IX also offers a means of examin-
ing the stereochemistry of carbon atoms 8 and 9.
It has been demonstrated numerous times® that the
nature of an angular substituent in an optically
active decalone has no important effect on the
over-all shape of the rotary dispersion curve, the
controlling factor being its stereochemistry. In-
deed this equating of an angular methyl group with
an angular acetic acid moiety offered the key to the
elucidation of the absolute configuration of gibber-
ellic acid' and of stevioll® by means of the rotatory
dispersion curves of appropriate ketonic degrada-
tion products. As shown in the Experimental
section, the keto ester IX exhibited a positive
Cotton effect in methanol solution.

Since the stereochemistry at positions 5 and 10
of cafestol (I) has aleady been established,® there
remain only four stereochemical alternatives (in-
volving C-8 and C-9) for the keto ester (IX, XI,
XI1I, XIII). According to the octant rule,!? one
would predict positive Cotton effects for IX, XI and
X1I, while a negative one is expected for XIII.
In view of the observed positive Cotton effect,
XIII can immediately be eliminated from further
consideration and cafestol cannot possess a trans-
anti-trans A/B/C skeleton.

Admittedly, the rotatory dispersion curve of the
keto ester per se does not distinguish among the
three remaining possibilities IX, XI and XII.
However, when taken in conjunction with the co-
incidence* of the rotatory dispersion curves of
epoxynorcafestanone (II), and the nor-ketone IV
from phyllocladene, the evidence now appears to
be overwhelmingly in favor of the earlier proposed?
stereoformula I for cafestol.
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(19) The frans-syn-cis sterenchenistry of XI, in particular, is now
excluded. If it were correct, epoxynorcafestanone should be repre-
sented by i and the coincidence of its rotatory dispersion curve with
that of the phyllocladene nor-ketone would require structure ii for the
latter. This in turn would lead to iii for its keto acid and as noted

earlier (ref. 3), iii should exhibit a negative Cotton effect, while a
positive oite has actually been observed. TFurthermore, it should

be noted that while the keto ester X1 can exist in an all-chair conforma-
tion, the corresponding lactone or tlie cyclic ketone i require a boat
conformation of rings Bor C.  While lactonization of a 4-hydroxy ester
with concomitant chair-to-boat inversion has been observed (C. Djer-
assi and J. 8. Mills, THIs JoUrNAL, 80, 1236 (1958)), the ease of re-
lactonization of the ¢-hydroxy ester V1IIIb would tend to favor a
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VIIla,R=H
b,R=CH;

H < H xnn

Experimental®

Peracid Oxidation of Epoxynorcafestanone (II).—To a
mixture of 1.28 g. of epoxynorcafestanone (I11)% (m.p. 129—
131°, AEPT 5.69 u, AEQH 292 mu, € 26), 6 cc. of methylene
chloride and 2.9 g. of disodium hydrogen phosphate was
added slowly with swirling over a period of 15 min. a
solution of 0.20 cc. of 909, hydrogen peroxide and 1.15 cc.
of trifluoroacetic anhydride in 6 cc. of methylene chloride.
After heating under reflux for 1 hr., the mixture was filtered,
waslied witli 10 cc. of 109} aqueous sodium carbonate solu-
tion, dried and evaporated. The resulting colorless oil was
cliromatographed on 120 g. of Merck acid-waslied alumina
and after eluting 0.28 g. of recovered epoxynorcafestanone
with benzene-ether (1:1), the lactone VII (0.63 g., m.p.
175-181° after recrystallization from chloroform-ligroin)
was obtained in the ether fraction.

Recrystallization or repeated cliromatography did not
raise the m.p. above 181° and while the lactone’s infrared
spectrum was identical with that of the analytical specimen,
purification was best accomplished as follows. The lactone
was heated under reflux for 12 hr. with 8%, methanolic potas-

formulation based on IX, XI1 or XI11 (where no conformational change
is required) rather than XI.

(20) Melting points are uncorrected (¥Fisher—]Johns btock), The
microanalyses were performed by Dr. A. Bernhardt, Miilheim, Ger-
many.
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sium liydroxide solution, cooled, diluted with water and
extracted with ether (discarded). The aqueous layer was
acidified, extracted with ether and the residue from the
washed and dried ether extract was dissolved in methanol
containing a few drops of concd. sulfuric acid. After heat-
ing for 24 hr., water was added and the lactone VII was
extracted with ether and recrystallized several times from
chloroform-ligroin; m.p. 184-186°, [«]®%D —31° (¢ 0.47
in CHCly), AEE: 5.76 u (10 hydroxyl band).

Anal. Caled. for CyHyiO5: C, 74.96; H, 9.27; O, 15.97.
Found: C, 74.78; H, 9.01; O, 15.80.

Conversion of Lactone VII to Keto Ester IX.—Tle above
lactone VII (0.6 g.) was heated under reflux for 12 hr. with
15 cc. of methanol, 10 cc. of water and 2.0 g. of potassium
liydroxide, cooled, diluted with water and extracted with
ether. The aqueous layer was cooled in ice?! and over a
period of 1 hr. there was added slowly with stirring 36 cc. of
1 N sulfuric acid. Extraction with chloroform, drying and
evaporation afforded 0.51 g. of the hydroxy acid VIIia,
m.p. 150-153° after one recrystallization. Three recrys-
tallizations from chloroform-ligrein led to 0.17 g. of the
analytical specimen, m.p. 157-161°,%22 AX% 2. 87 and 5.76 u

(21) When the acidification was condiicted rapidly at room tem-
perature, a mixture of lactone VII and hydroxy acid V1IIa was ob-
tained.

(22) The melting point of the hydroxy acid varied with the rate of
heating, When heated very slowly, melting commenced at 154° with
gas evolution, the melt resolidifying partially and then showing m.p.
178-187°, presumably due to lactonization, Rapid heating of a
specimen placed on a preheated block of 140° showed m.p. 160-164°.
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(as well as typical broad ““acid” absorption in 3.6 u region).
Anal. Caled. for CHs0Os: C, 70.77; H, 9.38; O,
19.85. Found: C, 70.37; H, 9.27; O, 20.04.

Methylation of 89 mg. of the hydroxy acid (m.p. 150—
153°) with excess ethereal diazomethane solution afforded
the hydroxy ester VIIIb as a colorless resin. Chromatog-
raphy on 10 g. of Woelm neutral alumina (activity III)
and elution with benzene and benzene-ether (9:1) led after
recrystallization from chloroform-ligroin to 62 mg. of the
lactone VII, m.p. 176-179°.

Consequently in a second experiment, the methyl ester
from 140 mg. of hydroxy acid VIIIa was not chromato-
graphed, but the crude oily ester (A2 2.80 and 5.77 u)
obtained on washing the ether solution with sodium bi-
carbonate, was treated directly at 0° with 100 mg. of
cliromium trioxide in 10 ce. of pyridine. The mixture was
allowed to warm to room teniperature and was then stirred
for 9 hr. before dilution with water. After cooling in ice
and acidifying slowly with 259, sulfuric acid, the product
was extracted with ether, washed with sodium bicarbonate
and water, dried and evaporated. The residue was chro-
matographed on 12 g. of Merck acid-washed alumina and the
pooled benzene-ether (1:1) eluates were evaporated (80
ing., m.p. 55-64° after one recrystallization) and re-
crystallized eight times from chloroform—hexane to afford
37 mg. of the keto ester IX, m.p. 78-80°, AEl 5.73 and 5.79
My R.D. in methanol (C 0095) [a]mn +13°, [a]ssg +29°,
[alses +643°, [ala —357°, (el —155°.

Caled. for C20H3004: C, 7182,
Found: C, 71.92; H, 9.15; O, 19.35.

Anal. H, 9.04; O,

19.14.
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The 4-Pyrones. Part 1.

Reactions of Some 4-Pyrones and 4-Thiopyrones Involving

the Ring Oxygen

By MouaMED ABDEL-FATTAII ELKASCHEF AND MICHAEL H. NOSSEIR
RECEIVED JUNE 15, 1959

4-Pyrones and 4-thiopyrones react witih N-alkylainines to give N-alkylpyridones and N-alkylthiopyridones, respectively.

The N-alkylpyridones do not react with carbonyl or Grignard reagents.

When brominated they give the dibromo deriva-

tives, the bromine of which could not be removed by alkali and did not react as aromatic bromine when treated with mag-
nesium. N-Alkyl-2,6-diphenyl-4-pyridone is not hydrolyzed with hydrochloric acid but can be converted to the corre-

sponding thione by the action of phosphiorus peutasulfide.
give the corresponding anhydrosulfonic acids.

The 4-pyrones react with hydrazines to foru py-
razoles,'? with liydroxylamine to give hydroxypvr-
idones?® and with anumnonia to give pyridones.*

We have found that methylanine or ethyvlamiie
react with the pyrones (Ia, ITa and 1IIa) to give
the N-methyl- or N-ethylpyridones (VI, VII and
VIIa or b).

Thethiopyrones (1b, IIb, ITIband IVh) were found
to react with the same reagents to give the corre-
s;))onding thiopyridones (VI, VII, VIII and IXc or
d).

The formation of the N-hydroxy- or N-alkyl-
pyridones as well as the N-alkylthiopyridones may
be represented by the scheme A-E.

The non-reactivity of 2,6-di-p-methoxyphenyl-4-
pyrone (IVa) may be attributed to the partial coni-
pensation of the positive charge in structure A by
the 4T effect of the two methoxyl groups in the p-
positions,  2-p-methoxyphenyl-6-phenyl-4-pyrone
(I1Ia) being less readily convertible to the pyridone
than the 2,6-diphenyl-4-pyrone. Conversely, the

(1) R. G. Jones and M. J. Mann, TH1s JoUuRNAL, 75, 4048 (1953).

(2) C. Ainsworth and R. G. Jones, tbid., 76, 3172 (1954).

(3) G. Soliman and 1. E-S. El-Kholy, J. Chem. Soc., 1755 (1954).
(4) L. Neelakantan, J. Org. Chem., 23, 741 (1938).

The N-alkyl-4-thiopyridones, when oxidized with perhydrol.
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R
a, A= X =0
bhyA=0,X=95
¢, A= 0O, X = NOH
a, X = O, R" = CH,
hX = 0. R = Cull,
¢.X =S, R = CH;,
d.X = S, R" = CH
e.X = O, R = Osz
'R = R’ = CH,
II: R = R/ = Cs 5
III, R = CgH;; R’ = CH,OCH(p)
IV,R = R’ = CsH,OCHy(p)
'\V.IRR= CGR 55 RC/ = CelBr(p)
! . = = 3
'—II, R = R/ = Csl{s
VIII, R = CeH;
R’ = CHOCH;(p)
IX,R = R’ = CsH,OCHy(p)
X, R = CgH;; R’ = CeH,Br(p)

reactivity of the 2,6-di-p-methoxyphenyl-4-thiopy-
rone may be attributed to the stronger —T effect of
the C=S group as compared to that of the C==0



