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Abstract-The structure of hydroxyeremophilone and its various derivatives have been veril?ed 
using IUMR spectroscopy. All four of the thermodynamically stable C-8 and C-9 eremophilauonea 
have now bten prepared and their optical rotatory dispersion curv@ and NMR spectra compared. 
Three of these ketones have been prepared from the naturally occurring hy~oxye~mop~ione by 
variation of the experimental conditions. The fourth stable ketone has been prepared from the 
closely related sequiterpenes eremophilone and hydroxydibydroeremophiloae. Hydroxydibydro- 
e=mophilone has been converted into two diosphenols-A and B, by treatment with base and by 
hy~ogenation followed by reaction with bismuth trioxide, respectively. The less stable diosphcnol-B 
was convected into the more stabie diosphenol-A with alkali. The two diosphenols were converted 
into eremophilanones of known configuration and the NhfR spectra and optical rotatory dispersion 
curves of the diosphenols and their derivatives are discussed. 

H~Ro~MoP~~~ (HE; I, R = H), eremop~lone (II) and hydrox~dihydr~ 
ereomphilone (HDE; III) have been of considerable interest to natural products 
chemists since Penfold and SimonsenS first pointed out that these substances did not 
follow the “isoprene rule”. Only recently has the absolute configuration of these 
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substances been determined by conversion of HE into the ftans C-8 eremophilanone 
(IV) which itself was totally synthesized. 4 HE has also been interrelated with eremo- 
philenolide (V) by the conversion of both substances into the cis C-8 eremophilanone 
(VI).‘j Compound V is one member of a family of furanoeremophilane compounds 
recently isolated by Sorm et al. from Petasites o~c~~~Z~ Moench. 

1 Paper XWII in the series Terpenes from Oklahoma State University. Present address: School of 
Chemistry, Georgia Institute of Technology, Atlanta, Georgia, 

10 Postdoctorate research fellow, 1963-1964. 
I* Postdoctorate research fellow, 1962-1963. 
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The original assignment of structure I (R = H) to HE was based on the assumption 
that the various derivatives of HE (I, R = COCH,, CH, and COC,HJ possessed the 
same structure as HE itself.e That is, it was assumed that no rearrangement to other 
tautomeric forms occurred during preparation of the various derivatives. Yet, 
Simonsen et aI.’ showed by W spectroscopy that HE and its beruoate existed in 
different tautomeric forms in ethanol solution and suggested that HE existed, under 
these conditions, predominantly in the trienic form VII. The earlier workersa*G10 
provided ample evidence for the skeletal structure of HE and for the location of the 
potential 1,24ketone system at C-8 and C-9, and later work has confirmed these 
findings.“*‘” 

Modem instrumental methods, in particular, NMR spectroscopy are ideal for 
solving questions of tautomeric differences. Therefore, the NMR spectra of HE, its 
methyl ether, acetate and benzoate were run in deuteriochloroform and the spectra, 
which were similar, clearly indicated that all of these substances were correctly 
represented by structure I. The most important feature of these spectra was the 
position of the isopropyl methyl groups; in HE these methyls gave non-equivalent 
singlets integrating for three protons each at 6 l-97 and 2.18, whereas in the acetate, 
benzoate and methyl ether these signals were located at B l-83 and 2.10. No vinylic 
protons were evident in any of the spectra. Of the various tautomeric forms only I 
is consistent with these observations. However, reexamination of the UV spectrum 
of HE in the non-polar solvent cyclohexane still revealed the long wavelength band 
(&l&X 308 m,u, log E 3-97) assigned by Simonsen et al? to tautomeric structure VII). 

Geissman” pointed out that a “phenol”, Cr2H1s03, isolated by Simonsen et al.” 
in the oxidative degradation of HE, its benzoate or its methyl ether could not be 
satisfactorily accounted for by structure I. After reexamination, the “phenol” was 
found to have the molecular formula C!i6HB04 and Geissman assigned it structure 
VIII on the basis of its UV spectrum, and it was stated that this structure constituted 

XllI XI X 

8 For summarizing review see J. Simonsen and D. H. R Barton, T7u~ Terpenes, Vol. III, pp. 212-224. 
Cambridge University Press, New York, N.Y. (1952). 

’ A. E. Gillam. J. I. LynasGray, A. R. Penfold and J. L. Simonsen, J. Chem. Sot. 601 (1941). 
a A. E. Bradfield, A. R. Penfold and J. L. Simonsen, J. Chem. Sot. 2744 (1932). 
* A. E. Bradiield, N. HellstrBm, A. R Penfold and J. L. Simonsen, J. Chem. SOC. 767 (1938). 

lo F. C. Copp and J. L. Simonsen, J. Chem. Sot. 415 (1940). 
I1 C. Djexassi, R Mauli and L. H. Zalkow, J. Amer. Chem. Sot. 81,3424,1959). 
19 D. F. Grant and D. Rogers, Chem. & Znd. 278 (1956); D. F. Grant, Acru Cryst. 10,498 (1957). 
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additional evidence in support of structure I. However, the spectral data obtained 
could equally well be accommodated by structure IX. Compound IX could arise 
from HE or its derivatives if they were represented by tautomeric structure X by the 
same mechanism postulated for the formation of VIII.= The “phenol” was prepared 
as previously described and on the basis of the NMR spectra of it and its acetate, 
structure VIII can now be assigned with confidence. The gem dimethyl group at 
C-13 appeared as a singlet in VIII at 8 l-43 and as a pair of closely spaced singlets, 
B 1.47 and l-50, in the acetate of VIII. If structure IX had been correct these methyl 
groups would have been expected to appear as a doublet (J = 5-7 c/s) at higher 
field and the proton at C-l would have been evident. 

As previously mentioned, HE has been converted into the two thermodynamically 
stable C-8 eremophilanones Iv and VP (Diagram I). The corresponding less stable 
C-7 epimeric ketones (XI and XII) have been prepared by synthesis4 and by degra- 
dation of eremophilenolide,6 respectively, and were readily converted into the stable 

Diagram I 

Preferred tram conformation Preferred CI!V conformation 

/I ,a 
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I8 T. A. Geissman, J. Amu. Chem. Sot. 754008 (1953). 
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isomers with base A third stable ketone has now been prepared from HE which can 
be assigned structure XIII. Ketone XIII was obtained by hydrogenation of HE to 
give tetrahydrohydroxyeremophilone, followed by treatment with alkali, than acetyla- 
tion and finally deacetoxylation with calcium in liquid ammonia; it was unchanged 
on treatment with acid or base. The spectral properties of XIII were unchanged after 
its conversion to its semicarbazone or 2,4_dinitrophenylhydrazone followed by ex- 
haustive recrystallization of the derivative and finally regeneration of the ketone. 
Careful examination of the mother liquor remaining after precipitation of the derivatives 
failed to show the presence of other isomeric eremophilanones. The assignment of 
structure XIII is based on the following arguments. Since the ketone is thermo- 
dynamically stable, it must correspond in structure to IV, VI, XIII or XIV (Diagram 
1). It was shown to differ from the stable C-8 eremophilanones (IV and VI) by 
comparison of IR, NMR and mass spectra and by optical rotatory dispersion; in 
addition, the semicarbazone and 2,4_dinitrophenylhydrazone of XIII depressed the 
m.ps of the corresponding derivatives of IV and VI. Thus, it was established that 
XIII was a stable C-9 eremophilanone. Of the two possible stable C-9 eremophila- 
nones, XIII and XIV, the latter had been previously prepared” from eremophilone 
and from HDE and was found not to be identical with XIII in spectral properties and 
was not identical in its 2,4dinitrophenylhydrazone and semicarbazone derivatives. 
Thus, structure XIII is firmly established and all of the thermodynamically stable 
C-8 and C-9 eremophilanones are now known and have been prepared as outlined in 
Diagram II. Also, all of the corresponding less stable epimeric ketones (XI, XII, 

Diagram II 

Eremophilone xm 

I. Hz. Pd/c 
2. AC&. Py 
3. CO.NH, 
4.003 
5. OH- 
6. Bi,O, 
7. See Ref.6 
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XV and XVI of Diagram I) except for XV have been described in the literature.4JjJr 
As illustrated in Diagram I, the more stable isomer, in each pair, possesses an 

equatorial isopropyl group at C-7 and the conversion of the bulky axial isopropyl 
group to the more sterically favorable equatorial conformation is the driving force 
for the epimerization of XI, XII and XV. The epimerization can take place to give 
an equatorial isopropyl group at C-7 in one of two ways, either by direct epimerization 
of the isopropyl group in the case of the C-8 eremophilanones as in the conversions 
of XI to IV and XII to VI or indirectly in the case of the C-9 eremophilanones by 
epimerization at C-10 as in the conversions of XV to XIII and XVI to XIV. In the 
preferred trans and cis conformations (Diagram I) the C-4 methyl group is also 
equatorial. In the alternative “non-steroid” cis conformation, the C-4 methyl group 
would exist in the axiaI conformation. 

In Diagram I the amplitudes and signs of the Cotton effects, taken form the 
experimentally determined optical rotatory dispersion (ORD) curves are shown to the 
right of the formulas, and these are consistent with the conformations indicated as 
predicted by the octant rule. l4 The unusually large negative amplitude observed in 
the ORD curve of unstable ketone XVI has been ascribed to the existence of the 
A-ring in a “twist-boat” conformation resulting in relief of the isopropyl-methyl 
interaction.15 The driving force for the epimerization of XVI, therefore, is found in 
the greater stability of the chair-chair conformation of XIVascompared to the boat-chair 
conformation of XVI. The NMR spectra of the stable ketones also support the assigned 
structures. For example, the C-5 methyl groups is cis ketones VI and XIV gave 
signals at 6 1.0 whereas in trans ketone IV this signal appeared at 6 O-93 and in trans 
ketone XIII it appeared at 6 0.63. It has been shown that in truns-IO-methyl decalins 
and steroids the bridgehead methyl groups give signals at slightly higher field than in 
the corresponding cis isomers.16 The large upfield shift observed for the C-5 methyl 
group in XIII results from shielding by the n-electron cloud of the C-9 carbonyl 
group and is analogous to that reported by Bates” for &eudesmol, XVIII. However, 
keto groups at C-4 in steroids shield the C-10 bridgehead methyl groups to only a 
slight extent.‘@ 

3 H OH 

The conversion of HE to ketone XIII requires, at some stage, a rearrangement of 
the hydroxyl and carbonyl functions. The most likely place for this to occur is in the 
second step (Diagram II), when tetrahydrohydroxyeremophilone is treated with 
alkali. 

During the course of an investigation of diosphenols derived from HDE, which 
” C. Djerassi. Optical Rotatory Dbpersion: Applications to Organic Chemistry McGraw-Hill, New 

York (1960). 
I6 C. Djcrassi and W. Klyne, Proc. Nat. Ad. Science 48,1093 (1962); C. Djerassi and W. Klyne, 

/. Chem. Sot. 4929 (1962). 
I‘ o J. I. Musher, J. Amer. Chem. Sot. 83, 1146 (1961): 

b N. S. Bhacca and D. H. Williams, Applications of NMR Spectroscopy in Organic Chemistry 
p. 19. Holden-Day, San Francisco (1964). 

I’ R. B. Bates, Chem. & Id 1759 (1962). 
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is discussed below, a means of rapidly determining the composition of a mixture of 
ketones IV, VI, XIII and XIV was sought. Exhaustive studies with thin-layer chroma- 
tography (TLC) failed to reveal a means of separating the ketones while the 2&h- 
nitrophenylhydrazones (2,4-DNP) of ketones IV, VI and XIV were indistinguishable 
by TLC but were readily separated from the more polar 2,4-DNP of XIII. Thus, the 
2,4-DNP’s of the C-8 eremophilanones can be separated by tedious recrystallizations 
as previously described,‘j while the 2,4-DNP’s of the C-9 eremophilanones XIII and 
XIV can be distinguished by TLC. 

It was noticed some time ago18 that HDE was transformed into a different substance, 
diosphenol-A (m.p. 91-92”), on treatment with alkali. On standing at room tempera- 
ture diosphenol-A changed to a viscous yellow gum. The IR and UV spectra indicated 
that diosphenol-A was an a&unsaturated ketone and a strong hydroxyl band also 
appeared in its IR spectrum. Diosphenol-A readily formed a monoacetate whose 
spectral properties again showed the presence of an a&unsaturated ketone; in 
addition, the carbonyl acetate band appeared at 1755 cm-’ suggesting an enol acetate. 
Diosphenol-A gave a deep blue color with ferric chloride and on addition of alkali 
its W maximum shifted from 278 rnp to 322 mp. Thus this substance was clearly 
an enolized a-diketone and could be represented either by XVIII or XIX. 

w 10 

RO 
H 

0 
w / 0 

OH 

XSZUIa-IOa 
XSDII b-IO/3 

XIX 

When hydroxytetrahydroeremophilone, prepared by hydrogenation of HDE 
as previously described,” was treated with bismuth trioxide in acetic acid, dios- 
phenol-B (m.p. 63-647 was obtained .18 The W and IR spectra of diosphenol-B 
and its acetate were almost identical to those of diosphenol-A and its acetate 
respectively but on admixture a slight depression in m.p. was observed both for 
the two diosphenols and for their acetates. Both diosphenols gave similar ORD 
curves with positive Cotton effects, whereas the two corresponding acetates showed 
similar ORD curves with negative Cotton effects, and the acetate ORD curves were 
virtually unchanged on the addition of a trace of acid.14 In every case diosphenol-A 
showed the more intense absorption bands (UV, ORD and [a]n). Thus, both dios- 
phenols must be represented by either XVIII (R = H) and differ in stereochemistry 
at C-10 or by XIX and differ at C-7. The almost identical spectral properties observed 
for the two diosphenols and their acetates precluded the possibility that one was 
represented by XVIII (R = H) and the other by XIX; this was also evident from 
comparisons of the NMR spectra of the diosphenols and their acetates. On treatment 
with aqueous sodium hydroxide diosphenol-B was readily converted into the more 
stable diosphenol-A. 

In order to distinguish between structures XVIII (R = H) and XIX it was planned 
to convert the diosphenols into either a stable C-8 eremophilanone (IV and/or VI) 

18 This observation was first made by Dr. R F. Mauli, Postdoctoral Fellow, Wayne State University, 
19574958, whom we thank for preliminary experiments. 
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or a stable C-9 eremophilanone (XIII and/or XIV), under conditions which did not 
allow the hydroxyl enol groups and the keto groups to interchange. The initial plan 
was to hydrogenate the acetates and then remove the acetoxyl groups with calcium in 
liquid ammonia, 4 but surprisingly, alI attempts to hydrogenate the diosphenol acetates 
under neutral conditions failed and gave back unchanged starting material. In addition 
several attempts to convert the carbonyl group of diosphenol-A acetate into a 
thioketal using ethanedithiol in acetic acid in the presence of boron trifluoride 
or p-toluene-sulfonic acid gave back unchanged diosphenol-A acteate. However, the 
free diosphenols were readily hydrogenated in the presence of Pd-C catalyst, and the 
resulting dihydro derivatives were acetylated and then treated with calcium in liquid 
ammonia in order to remove the acetoxyl groups. As usual in such ca.se~,~~~ the keto 
groups were also partially reduced and therefore the crude product from the calcium- 
ammonia reaction was oxidized with Jones’ reagenF’ and then converted into their 
crystalline 2,4-DNP derivatives. The latter derivatives both from diosphenol-A and 
diosphenol-B were identified, after separation by numerous recrystallizations, as 
those of ketone IV with a small amount of ketone VI and the ketones themselves were 
obtained by acid cleavage of the derivatives. 6 If rearrangement did not occur in the 
conversion of diosphenols-A and B into ketones IV and VI, then structure XIX could 
be assigned to the diosphenols. However, with the evidence available rearrangement 
could not be precluded. 

The methyl ether of diosphenol-A was prepared with alkaline methyl sulfate. 
Both diosphenol-A and B were unreactive toward diazomethane and since diosphenol- 
B is base labile its methyl ether could not be prepared. The similarity of the NMR 
spectra of diosphenol-A and its acetate and methyl ether indicated that all were to be 
represented by the same structure, XVIII (R = H) or XIX. Hydrogenation in the 
presence of Pd-C and chromatography of the crude product gave, in addition to the 
expected dihydrodiosphenol-A methyl ether, a small amount of ketone IV. In view 
of further evidence, to be described below, the most likely explanation for the for- 
mation of IV, in this case, is that it arises from the presence of a small amount of the 
methyl ether of XIX as a contaminant in diosphenol-A methyl ether. The methyl 
ether of XIX thus undergoes hydrogenation of the double bond, then loss of the 
methoxyl group by hydrogenolysis to give IV. Gas chromatography and NMR 
analysis failed to show the presence of the XIX-methyl ether contaminant but this 
is not surprising in view of its close similarity to diosphenol-A methyl ether (XVIIIa, 
R = CH3). A smalI amount of ketone VI might very well have been present also 
and not detected because of the low yield of saturated ketones produced in the 
hydrogenolysis of diosphenol-A methyl ether. A careful chromatographic separa- 
tion of the product obtained on hydrogenation of diosphenol-B also revealed the 
presence of about 10% of IV. In a similar manner HE was converted, in low yield, 
into IV. 

The conversion of the diosphenols into IV may proceed by preferential catalytic 
reduction of the C-9 double bond in tautomeric form XX from the less hindered 
bottom side to give the 9-hydroxy-8-keto-IO a derivative. The C-7 double bond 
would be expected to be less readily reduced because of the bulky C-7 isopropyl 
group. The dihydro intermediate would then be further transformed into IV either by 
hydrogenolysis of the a-hydroxy group, or more efficiently by further conversion to 
the a-acetoxy derivative followed by deacetoxylation with calcium-ammonia. The 

l’ K. Bowden, I. M. Heilbron, E. R. I-L Jones and B. C. L. Weedon, J. Gem. Sot. 39 (1946). 
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small amount of VI produced would arise in a similar manner by initial reduction, to a 
small extent, of the C-7 double bond from the more hindered top side. Diosphenol-A 
was recovered unchanged after exposure to the hydrogenation conditions in the 
absence of hydrogen. 

When dihydrodiosphenol-A methyl ether, the major product of the reduction of 
diosphenol-A methyl ether, was treated with calcium in ammonia and then the 
crude product reoxidized with Jones’ reagent“’ and then equilibrated with base, a 
saturated ketonic product was obtained, whose IR spectrum was essentially identical 
to that of XIV, but distinctly different from the spectra of IV, VI and XIII. However, 
a sharp melting crystalline derivative could not be obtained. The ORD curve of the 
ketonic product showed a weak negative Cotton effect, which could be explained as 
arising from XIV contaminated with about 20 % of IV. The ORD curve was distinctly 
different from that of VI, which also showed a weak negative Cotton effect. Gas 
chromatography showed that the dihydrodiosphenol-A methyl ether used above did 
indeed contain about 15 % of a saturated ketone with the same retention time as IV. 
These results strongly suggested that diosphenol-A was XVIIIa. The conversion of 
the 10a configuration in XVIIIa to the log configuration in XIV is readily explained 
by hydrogenation of XVIIIa (R = CH,) from the bottom side to give a /? axial 
isopropyl group at C-7 and this intermediate would then epimerize at C-10 to give 
the stable ,8-C-7, C-10 cis configuration. Several unsuccessful attempts were made to 
convert hydroxyeremophilone methyl ether (I, R = CHa) into XIX for comparison 
with diosphenol-A methyl ether. Reduction of I (R = CH,) with sodium borohydride 
in isopropyl alcohol led to reduction of the C-8 carbonyl group, as expected,” but 
the double bond of the isopropylidine group could not be isomerized under non- 
acidic conditions to give XIX. The use of pyridine as solvent in this reaction was 
also unsuccessful.20 

. 

Since the chemical interconversions mentioned above left something to be desired, 
instrumental methods were sought in order to arrive at the structure of the diosphenols. 
Three spectroscopic methods were utilized for this purpose; UV optical rotatory 
dispersion and NMR but only the latter appeared unambiguous. Diosphenol-A and 
B exhibited maxima in the UV at almost the same wavelength (278 rnp) reportedzl for 
the steroid diosphenol XXI; the wavelength calculated22 for XVIII is 269 rnp while 
that calculated for XIX is 274 rnp. Diosphenol-A methyl ether showed a maximum at 
254 rnp analogous to that reported 21 for XXII. Unfortunately, a steroid model 
similar in structure to XVIII was not available for comparison purposes. 

Diosphenol-A methyl ether gave a negative multiple Cotton effect ORD curve 
similar to that given by A4-3-keto steroids14 and by the a&unsaturated ketone 
XXIII. The latter substance was prepared by reduction of HE-acetate (I, R = COCH$, 
followed by pyrolysis. Reduction of XXIII with lithium in liquid ammonia, followed 
by chromic acid oxidation gave IV. Several attempts to convert ketone XXIII into 
the methyl ether of XIX via the intermediate epoxide using methyl sulfate as described 
in the steroid series21 were unsuccessful. The two steroidal diosphenol methyl ethers 

1o D. Kupfer, Tetrahedron 15, 193 (1961). 
11 W. Reusch and R. Le Mahieu, J. Amer. Chem. Sot. IX,1669 (1963). 
n A. E. Gillam and E. S. Stern, An Introduction to EIectronic Absorption Spectroswpy in Organic 

Chenrlstry” p. 232 Edward Arnold, London (1958). 
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XXII and XXIV, kindly supplied by Dr. Reusch,2l were found to give identical 
negative multiple Cotton effect curves differing only in amplitude. Thus the use of 
ORD for distinguishing between XVIII and XIX did not appear promising. 

The NMR spectra of diosphenols-A and B and their acetates and the spectrum of 
diosphenol-A methyl ether were all similar and support structure XVIII rather than 

5.08 
I 

1 
TMS 

---JL 
Ro. 1. 100 MC Spectrum of Diosphenol-A. Chemical Shifts (6) Relative to TMS 

%g & 
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xr XXI R=H 

XXll R=CH, 

XIX. Of particular significance was the appearance of a septet which could be 
assigned to the proton between the isopropyl methyl groups in XVIII. If XIX had 
been correct, this proton would not be expected to appear so far downfield and it 
would be expected to show more than seven lines. Each of the above spectra also 
showed an AB quartet which could be assigned to the C-6 protons of XVIII ; again 
this observation is not consistent with structure XIX. In Fig. 1 the 100 MC spectrum 
of diosphenol-A is reproduced. It is clear that structure XVIII is consistent with this 
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spectrum. Thus the singlet at 6 0.73 arises from the C-5 methyl group, the doublet 
(J = 6 c/s) centered at 6 0.97 is due to the C-4 methyl group and the isopropyl methyl 
groups appear as a pair of overlapping doublets (J = 6.5 c/s) centered at 8 l-02 and 
6 I.05 respectively. As mentioned above, the C-6 protons give a quartet which can 
be seen as a pair of doublets (J = 16.5 c/s) centered at 6 2.08 and 6 2.33, and the C-13 
proton appears as a septet centered at B 3.14. The region of the spectrum containing 
the C-6 and C-13 protons is shown expanded in Fig. 2 where the C-13 AB quartet 

J 

02.3: 

d 

8298 

‘( 
Fia. 2. Expanded 100 MC Spe&mn of C-6 and G13 Protons of Diosphe+nol-A. 

and C-6 septet are more clearly delined. The singlet at S 5.08 in Fig. 1 is due to the 
hydroxyl proton of XVIII. 

The ~e~od~~~ly more stable isomer, diosphenol-A is assigned the 10a 
configuration, XYIIIa. The increased number of lines in the NMR spectrum of 
diosphenol-B in the 6 1.7-3-5 (60 MC) region of the spectrum suggest that it exists as a 
mixture of cis fused conformers. 

EXPERIMENTAL 

M,ps were taken on a Fisher-Johns apparatus and are uncomxted. Elemental analyses were 
performed by Midwest Microlab, Inc., Indianapolis, Ind. IR spectra were recorded with a Beckman 
IR-5 spectrophotometer and UV spectra were obtained with a Cary Model 14 spectrometer. NMR 
spectra were measured with a Varian A-60 spectrometer, using ~~thy~~e as an internal 
standard (a = 0) and CDCl, as a solvent. Rotatory dispersion curves were measured with a Japan 
Spectroscopic Co. Ltd. automatically recording spectropolarimeter model ORD-5. 

7a, 1Oa EsemophilaM-one. XIII 

HE(1*4g)was hydrogenated as previously described6 to give the tetrahydro detivative (l-3& which 
was added to 10 cc ethanol, and to this solution 8 cc SN NaOH was added. After refltaing in a N, 
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atm. for 3 hr, the solution was neutrali& with dil. HCiaq and extracted with ether. After dryii 
over higSO,, the ether extract was concentrated and the residue distilled (b-p. 70” at 0.01 mm) to 
give 1 g of the ketol7a. l@x-eremophii-S-ol-9-one; I,,, CR% 2.9,587/r; ORD (c, 0.189 in C!H,OH): 
[a],00 -310”. [aLr -18”, [alM -302”. [able +874”, (aJru +132”. (Pound: C, 75.71; H, 10.88; 
0,13*38. C,HnOs requires: C, 7558; H, 11QO; 0,13+42x.) This ketol differed in its TR spectrum 
from the isomeric ketols prepared by hydration of HB and hy~ogenation of HDE. 

The above ketol(1 g) was transformed into its acetate (1 g) with acetic anhydride in pyridine by 
the usual procedure and the a-acetoxy ketone was deacetoxylated, as previously described,‘ with 
calcium in ammonia to give O-4 g of XIII which was immediately transformed into its semicarbaxone 
(420 mg) by the semicarbaxide acetate method. Several further recrystahixations failed to raise the 
m.p. (208-210°) of the semicarbaxone of XIII. (Pound: C, 68.60; H, 10.43. C,,H,N,O requires: 
C, 68.75; H, 1046.) 

Pure XIII was obtained in quantitative yield by refluxing the semicarbaxone in 10% HClaq for 
2 hr followed by the usual workup, and the analytical sampfe was obtained after distillation @.p 
lOO’/@l mm) and showed dgiz 5.85 p; the fingerprint region of the IR spectrum of XXI differed 
from the spectra of isomeric ketones IV, VI and XIV. ORD (c, 0246 in CHsOH): [aMe] -El”, 
[alroe -1609” (trough), [aho -t-2084 (peak). (Pound: C, 80.96; H, 11.88. CL&HMO requires: 
C. 81.02; H, 11.79.) 

The 2,4-dinitrophenylhydne derivative of XIII was prepared with a methanohc HCI solution 
of 2,~~trophenylhy~ne and showed, after many ~~s~l~tio~, unchanged m.p. 125-126”. 
(Pound: C, 6237; H, 7.62. &H,N,04 requites: C, 62.66; H, 751.) Both the 2,4-dinitrophenyl- 
hydrazone and the semicarbaxone of XBI showed m.p. depressions on admixture with the corre- 
sponding derivatives of IV, VI and XIV. The 2,4-DNP of ketone XIII (m.p. 125-126”) was hydrolyzed 
by refluxing in dil. HClaq containing SnCls to give XIII which was immediately transformed into its 
semicarbaxone of identicaf m.p. (208-210°) to that observed as mentioned above. A careful 
examination of the mother liquors re main@ after removal of the WDNP and semicarbaxone of 
XIII failed to reveal the presence of other isomeric ketones in both cases. 

i?iosphenoi-A 

17re ucefale and methyl ether of diospkenoi-A. A solution containing 1 g HDE, 10 cc EtOH and 
8 cc SN NaOH was retluxed in a N, atm. for 2 hr. After cooling to room temp, the solution was 
neutralized with dil. HClaq, then extracted with ether. Evaporation on the dried (MgSOJ ether 
extract gave a yellow oil which crystallimd on standing and after three recrystalliitions gave 0.83 g 
diosphenol-A, m.p. 92-93”. agzX 2.91, 5.97, 6+X@; A,,, atoH 277 rnp (log E 403); [a]= +41” (c, 1.89 
in CsH,OH). ORD (c. 0.05 in dioxane): [a].so +80”, [aluo + 1200” (peak), [a]sW f 1050” (shoulder), 
[a],*, -4500” (trough). (Found: C, 76.34; H, 10.11; 0, 13.72. C&,,O, requires; C, 7622; 
H, 1024; 0, 13.54.) The crystalline diosphenol-A gradually turned to a yellow oil on standing. 

Diosphenol-A (O-5 g) was dissolved in 66 cc pyridine and 3.3 cc acetic anhydride was added. 
After standing at room temp overnight the reaction was worked up in the usual manner to give the 
crude acetate as a viscous gum which was crystallixed from EtOH-water to give m.p. 95-96” (05 g). 
AE:$ 5.67, 5.92, 8.10~. lzt$ 243 rnp (log e 4.04). ORD (c, 0.19 in C&OH): [a]68s + lo”, [a],,, 
-300Q (trough), [aIrso +720” (peak). The negative Cotton effect curve was unchanged on addition 
of a trace of HClaq. (Pound: C, 73.26; H, 9.27; 0,17+05. C,?HWOI requires: C, 73.34; H, 9.41; 
0, 1724.) 

Diosphenol-A (210 mg) was dissolved in 10 cc acetone and 1.5 cc dimethyl sulfate was added to 
the solution which was then made alkaline (pH 10) by the addition of 20% NaOHaq. The solution 
was stirred overnight then refluxed for 1 hr. After dilution with water, the solution was extracted 
with ether and the ether extract was successively washed with H,SO,aq and water and finally dried 
over Na$O,. Removal of the ether solvent left 200 mg crude methyl ether which was crystallized 
from EtOH to give m.p. 51-52’. Ati; 5.97, 6.10~. ,I::: 254 rnlr (log E 3.93). ORD (c, @212 in 
dioxan): [alIS, -lOO”, bh -6008” (trough). kh -5508”. [aIs,, -7260” (trough), [a]ut_u. 
-2253” (shoulder), [a],to 12,700” (peak). (Pound: C, 76.77; H, 10% C,,Hs,O, requires: C, 76.75; 
H, 10.47.) 

Diosphenol-B and diosphenol-B acetate 

Hydroxytetrabydroeremophilone (6OOmg, m.p. 85-8ci”) prepared as previously describedL1 by 
hydrogenation of DDE was dissolved in 10 cc glacial acetic acid; 1.1 g Bi,Os was added and the 
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solution refhtxed in a N, atm. for 1 hr, then an additional 600 mg B&O. was added and reflux con- 
tinued for another hr. The solution, after cooling, was filtered, the precipitate was washed with 
acetic acid and the combined filtrate and washings were poured on crushed ice, whereupon a white 
solid separated. After filtration and washing with water, diosphenol-B was mcrystallLzed from water- 
EtOH (1 :l) to give 210 mg pure material, m.p. 63-64”, while the mother liquor yielded after 2 days 
an additional 36 mg of diosphenoi-B. $j& 2.91, 5.97,6.08~; AZ?: 277 ml* (log E 3.78); (ah -+ 17” 
(c, 3.08 in CpH,OH). OBD (c, 0.19 in MeOH): [ahsr -i-IS”, [ef,,‘, +310” (peak), [altoo -201X*. 
After standing for several days diosphenol-B turned to a yellow oil which showed a negative Cotton 
effect! (Found: C, 76.45; H, 10.36. Calc. for ClaH,,OI: C, 7622; H, 10%) 

Diosphenol-B acetate was prepared as described above for diosphenol-A acetate in essentially 
quantitative yields, m.p. 62-64’. a:?:~ 5.67, 5.92, S~lOtc. 3.g2: 243 rnp (log z 4.01). OKD (c, 0.09 
in CH,OI-I): [a& -140” (trough), the negative Cotton effect curve was unchanged on addition of a 
trace of HClaq. (Found: C, 7320; H, 9.25; 0, 1761. C,,H,,O, requires: C, 73.34; H, 9.41: 
0, 1724.) 

Conversion of diosphetwH3 to diospbenol-A 

A solution of diosphenol-B (100 mg) in 2 cc EtOH and 1 ce SN NaOH was refluxed in a N, atm. 
for 3 hr and the solution was worked up as described above for the preparation of diosphenol-A 
to give in quantitative yield diosphenol-A, identical in all respects with that obtained directly by 
treatment of HDE with base. 

Hydroxyeremophilone 

The ORJ3 curve of HE is recorded here since improved i~tr~n~tion ROW permits penetration 
into lower wavelengths than previously possible. OBD (c, O-125 in dioxan): [a].** f361”, [c&, 
-1870” (trough), bbo +27,950 @eakh bLs -5280” (trough), Ic& +9060 (peak). 

Conversion of diosphenol-A to ketones IV and VI by sequential ky&ogenation 

Acetykation and calciam-ammonia deacetoxylation. Diosphenol-A (1 g) in 50 cc 95 % EtOH was 
readily hydrogenated in the presence of 10% Pd-C catalyst at room temp. and atm. press. to give the 
dibydro derivative (850 mg, b.p. 1 lO*/O*l mm). &,,,, “im. 287, 5.82~. (Found: C. 75.19; H, 10.91. 
C&,0, requires: C, 75.58; H, 11.00.) 

The dihydro derivative was converted into its acetate in qu~ti~tive yield by treatment with 
acetic auhydride in pyridine as previously described. B.p. 110“/0~1 mm, ??A:: 5.72, 5.80, 8.05~. 
(Found: C, 73.14; H, 10.11. C1,HI*OI requires: C, 72.82; II, 10.06.) 

Diiydro-diosphenol-A acetate (05 g) was dissolved in 15 cc dioxan and this solution was slowly 
added to 70 cc liquid ammonia containing 05 g Ca. The ammonia solution was allowed to evaporate 
overnight at room temp. and the umezted Ca was destroyed by the suazssive addition of 5 cc 
95% EtOH, 1Occ sat. NH,Claq and finally the solution was neutralized with dil. HClaq. The 
solution was then ether extracted and the dried ether extract evaporated to give a crude product 
which was directly oxidized with Jones’ reagent. I* After the usual workup, 350mg of a colorless 
liquid product (b.p. lOO”/O*l mm) was obtained, which was transformed into its 2,4-DNP derivative 
(m.p. 165-166”). This 2&DNP derivative, although sharp melting, was found to be a mixture of the 
2&DNP’s of IV and VI as was previously observed8 when HE was ~quenti~ly reduced to the tetra- 
hydro derivative, acetylated to the a-acetoxy ketone and finally deacetoxylated with Ca-ammonia 
to yield IV and VI. The isolation of IV (positive Cotton effect OBD curve) and VI (negative Cotton 
effect OBD curve) was accomplished as previously described& by acid cleavage of the 2,4-DNP and 
conversion of the free ketone mixture to the semicarbazone followed by separation of the individual 
semicarbazones by numerous reuystallirations and finally acid cleavage of the semicarbazone 
derivatives to give the pure ketones. Ketones IV and VI obtained in this manner were identical in all 
respects with these ketones isolated as previously described.‘ 

Conversion of diosphenol-B to ketones IV and VI by sequential hydrqenation 
Acetylation and calcium-ammonia deocetoxylation. Diosphenol-B (1 g) was hydrogenated as 

described above for diosphenol-A to give 920 mg diiydro derivative, b.p. llO*/O*l mm, dgi’: 2.87, 
582j1. (Found: C, 76.09; H, 1 l-16. GH,,O, requires: C, 7552; H, ll@O.) As shown below, the 
product contained some hydrogenolysis product, which accounts for the high carbon content found 
for the diiydro product and its acetate. 
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Dihydro diosphenol-B was converted into its acetate (b.p. 12tY/O~l mm) as described above for 
dihydro diosphenol-A, 12::: 5.72, 5.81, 8.OQ. (Found: C, 7351; H, 10.19. CI,H,aOI requires: 
C, 7282; I-I, 10.06.) The high carbon content observed results, as mentioned above, from the 
presence of some hydrogenolysis product. 

Dihydro diosphenol-B acetate was treated with Ca in liquid ammonia, to effect deacetoxylation, 
exactly as described previously for dihydro diosphenol-A acetate and an identical 2,4-DNP mixture 
(m.p. 165-166”) was obtained as in the d&phenol-A series. 

Hydrogenolysis of diosphenol-B to yield ketone IV 

Diosphenol-B (m.p. 64”, 280 mg) was dissolved in 90 % EtOH (25 cc) and hydrogenated at room 
temp and atm. press. in the presence of 10% Pd-C (45 mg) for 40 hr. After removal of the catalyst 
by filtration and evaporation of the solvent 260 mg colorless oil was obtained, which was carefully 
chromatographed on Merck acid washed alumina (15 g, Activity I). Elution with pet. ether-benzene 
(1 :l) and benzene gave 30 mg of a ketonic fraction (no &H absorption in IR spectrum). This ke 
tonic material was dissolved in 5 cc MeOH and 5 cc of 2N NaOH was added and the solution stirred 
under N, for 6 hr. After dilution with water, extraction with ether and evaporation of the dried ether 
extract, 20 mg of ketonic material was obtained. The latter was transformed into its semicarbazone 
derivative (m.p. 189-190”) and after two recrystallixations it showed m.p. 191-192”. This semicarba- 
zone was shown to be identical with the semicarbazone of ketone IV (see next section) by m.p. and 
mixed m.p. and it showed a m.p. depression with the semicarbazones of ketones VI, XIII and XIV. 
Ketone VI may have been present in the hydrogenolysis product but its semicarbazone derivative was 
not isolated. 

Hydrogenation of diosphenol-A methyl ether 

Diosphenol-A methyl ether (m.p. 51-52”, 200 mg) was hydrogenated in 95 % EtOH (25 cc) using 
10% Pd-C catalyst (50 mg) for 60 hr. The reduction product, after isolation by the usual procedure, 
was dissolved in 10 cc MeOH and 3 cc 2N NaOH and this solution was stirred under N, overnight. 
After the usual workup, the product was chromatographed on 25 g Merck acid-washed alumina 
(Activity I). Elution with pet. ether gave 10 mg substance, the IR (no C=O band) and NMR of which 
suggested it to be a methoxyeremophilane. Further elution with yt. ether-benzene (9:l) gave 125 mg 
dihydro-diosphenol-A methyl ether; b.p. 126-129”/0*5 mm; A&\: 5.86~; NMR 6 3.20 (0-CI-I~. 
(Found: C, 7654; H, 11.20. C1#H,,,Oo requires: C, 76.14; H, 11 .18 %.) Elution with benzene gave 
25 mg of saturated ketone fraction (no O-CH, present by NMR) which was transformed into its 
semicarbazone, m.p. 184-185”. After two recrystallization it gave m.p. 194-196” and was identical 
to the semicarbazone of IV, previously obtained from HE acetate& and showed m.p. depressions with 
the semicarbazones of ketones VI, XIII and XIV. The mother liquor remaining after the removal of 
the above semicarbazone yielded additional semicarbazone of IV which after three recrystallizations 
gave m.p. 194-196”. The previously reported’ m.p. 176-180” for the semicarbazone of IV should be 
revised. The semicarbazone of IV (m.p. 194-196”) was cleaved by 10% HClaq to give pure IV which 
gave a positive Cotton effect ORD curve as previously described’ but of increased magnitude. ORD 
(c, 0.10 in CH,OI-I): [a],,,O”, [aJau +1176” (peak) [a],ri -2109” (trough), IR (Beckman IR-7): 
Ag;; 5.83, 6.82, 690, 7.12. 7.29.7.92, 8.25, 8.44, 8.82, 9.07, 940, 9.95, 10.29, 11.03, 11.87,~. 

Reaction of dihydrodiosphenol-A methyl ether with calcium ammonia 

Dihydrodiosphenol-A methyl ether (220 mg) in 2 ml dioxan was added to 70 ml liquid ammonia 
containing 1 g Ca. The solution was allowed to reflux for 2 hr then the ammonia was allowed to 
slowly evaporate overnight at room temp. EtOH (5 ml) and sat NI&Claq were added to the 
residue which was then neutralized with dil HClaq at 0”. The aqueous solution was extracted with 
ether and the ether extract washed with water then dried over Na,SO, and evaporated. The oily 
residue was immediately oxidized with Jones reagent i* to give 148 mg saturated ketonic fraction, b.p. 
115”/0.4 mm, the IR spectrum of which was essentially the same as that of ketone XIV. This 
substance was unchanged after equilibration with base and chromatography of alumina. ORD (c. 

0.09 in MeOH): [alOSp +11.7”, [allill -40.9. [al,il -35.1, [al,,, -40.9” (trough), [a],,o +445”, 
lal,,, +455”. 
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Reparation of eremophi&ene-g-one ooam) 

HE acetate (580 mg) in EtGH was reduced in the presence of 10% Pd-C catalyst (50 mg) to give 
the dihydro derivative (508 mg) as previously described.’ Pyrolysis of the tetrahydrohydroxy- 
eremophilone acetate gave mostly unreacted starting material at <MO”; the material (3.2g) was, 
however, successfully pyrolyzed in a dynamic system at 500” where upon 2.25 g crude product was 
obtained, which after distillation (2.18 g) was chromatographed on alumina (50 g) to give 1.7 g pure 
XKHI in the pet ether-benzene eluant. B.p. llO-113”/0*1 mm; Agit 594,6.14 p. ORD (c. 0.162 in 
dioxane): [allse +44”, [a],ss -285” (trough), [alus -252”. [ala‘, -257” (trough), [alrw +1200”. 
(Pound: C, 81.81; H, 11.17. C&H,,0 requires: C, 81.76; H, 10.98x.) 

Conwrsiotr ofketone XXIII to ketone IV 

Lithium ribbon (100 mg) was added to 30 cc dry liquid ammonia and after 30 min, XXIII (126 mg) 
in 5 cc dioxan was added to the solution. The ammonia was allowed to evaporate over a period of 2 hr 
and then 5 cc sat. NH&laq was added and the entire mixture heated on the steam bath for 10 min. 
The solution was extracted with ether and the ether extract successively washed with water, dil. HCI, 
water again and tinally dried. Evaporation of the ether extract gave a crude product, whose IR 
spectrum showed strong Q-H absorption. The crude product was oxidimd with Jones reagentlo 
and after the usual workup, 92 mg saturated ketone IV, b.p. 121”/0*5 mm was obtained. Ketone IV 
thus obtained was transformed into its semicarbawne, m.p. 192-194”. which showed no depression in 
m.p. with IV pmpared from HE or from diosphenols-A and B but did show m.p. depressions with 
semicarbaxonea of ketones VI, XIII and XIV. 

Hydrogenation and hy&ogenolysis of HE to yieki ketone IV 

HE (1 g) was hydrogenated at room temp and atm pres. in EtOH (40 cc) in the presence of 300 mg 
Pd-C for 12 hr. The crude product, obtained after the usual workup, was transformed into its acetate 
with acetic anhydride and pyridine and the crude acetate chromatographed on 20g Merck acid- 
washed alumina. Ketone IV (95 mg) was obtained from the pet ether eluant and transformed into its 
semicarbazone, m.p. 192-l!%“, which was found identical with the semicarbaxone derivative of IV 
prepared as described above. 
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