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ABSTRACT

I. A new method of angular methylation was developed
in a synthesis of l-valeranone. This Claisen rearrangement--
decarbonylation procedure was further investigated on the
substrate cholest—4—en—%ﬁ—ol. |

II, The synthesis of the pentacyclic triterpene

dl-germanicol is described.
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INTRODUCTION

The results of two independent research projects are
presented herein:

‘Part I: An Investigation of the Utility of the Claisen
Rearrangement in Angular Methylation as Illustrated
by the Synthesis of 1-Valeranone.

Part II: The Total Synthesis of the Pentaéyclic Triterpene
dl-Germanicol.

An intrdduction and a discussion of each project is

given separately; a combined experimental section follows.



PART I

THE INVESTIGATION
OF THE UTILITY OF THE CLAISEN REARRANGEMENT

IN ANGULAR METHYLATION

AS ILLUSTRATED BY THE SYNTHESIS OF 1-VALERANONE



INTRODUCTION

Angular methylation has long been one of the most diffi-
cult problems encountered in synthetic organic chemistry,
especially in the synthesis of natural products. The diffi-
culty in this procedure resides both in the attachment of a
methyl group to a ring fusion and in the stereospecific control
of this process to give a product with either a cis or a trans

ring fusion, Figure 1.

cis trans

I « II III
Figure 1: Angular Methylation

In order to add this methyl group to the carbon atom of
a ring fusion, thé angular carbon atom must either be adjacent
to an activating group (Type A) or be functionalized itself
(Type B). Four common methods of_éngular methylation are
described below:
1. Alkylation of a ketone (Type A)

Treatment of the ketone IV with a base such as sodium

hydride gave the corresponding sodium enolate V. The C-2



position was blocked with an n-butylthiomethylene group to
prevent enolization in the wrong direction. The 151(9)-
enolate was alkylated with methyl iodide to give, after removal
of the blocking group, the angularly methylated ketone VI,

E—Valeranonel’2 (Figure 2).

Cajg\l/ T YT

0
d-valeranone

Iv \'s . VI

Figure 2: Angular Methylation by Alkylation of a Ketone

2. Cleavage of a methoxycyclopropane (Type B)

Simmons-Smith cyclopropylation of the allylic alcohol VII,
followed by Jones oxidation and Wolff-Kishner reduction of the
resulting cyclopropyl alcohol, yielded the methoxy-cyclopropane
VIII, the cyclopropyl group of which was in the ot-configuration,
the same COnfiguration as thevhydroxyl group of the starting
material. Acid hydrolysis of this methoxy-cyclopropane (VIII)

gave l-valeranone (IX) directly.3

—-———_} =
HO” _ _ ,

OCHg OCH 0

l—valeranone
VII VIII IX

Figure 3: Angular Methylation by Methoxy-cylcopropane Cleavage



3. Conjugate addition of methylcopper complexes (Type B)

In the presence of copper salts, methylmagnesium halides
or methyllithium adds 1,4 to an cmﬂ-unsaturated ketone.4
Thus, reaction of octalone X with methyllithium and cuprous
iodide gave the angularly meth&lated cis decalone XI in one
step.5 Under the same conditions, enone XII did not undergo

_a.1,4—addition,2 demonstrating the sensitivity of methylcopper

complexes to steric hindrance.

0% 0
X Ll(CH3)2Cu XI
———-—%———’
0= \'/ (0] \T/
 XII ‘ XIII

Figure 4: Angular Methylation by the Conjugate Addition

of Organocopper Reagents

4. Conjugate addition of cyanide (Type B)

Diethylaluminum cyanide in benzene (thermodynamic
COnditions)'or triethylaluminum and hydrogen cyanide in tetra-
hydrofuran (kinetic conditions) add cyanide 1,4 to an agﬂ—
unsatﬁrated ketone (XIV). 1In the former case the cis-fused
isomexr XV usﬁally predominates, and in the latter it is the

trans-fused isomer XVII which is the major product. In each



case. the nitrile group can be reduced to the corresponding

methyl group.to give the angularly methylated ketones XVI

el KFLTT o°

Al (C HS)ZCN .
R 5
CN
XV XVI
XIV \ -\’ F\,
Al (C H5)3
HCN o | ” |
CN . '

XVII XVIII

D

N

Figure 5: Angular Methylation by Conjugate Addition of Cyanide

Each of the above angular methylation procedures suffers
from some deficiency, for example, low yield, harsh reaction
conditions, or susceptibility to steric hindrance; no one
method is suitable for all applications. Therefore another
method of angular methylation was sought to supplemenﬁ the
foﬁr methods listed above.

In 1961, Burgstahler and Nordin7 reported the use of the
Claisen rearrangement to effect angular ethylation (Figure 6).
The allyl vinyl ethér intermediate XX was prepared by a
mercury(II)ecatalyzed transetherification of the allylic

alcohol XIX with ethyl vinyl ether. On heating, the allyl



vinyl ether XX underwent a Claisen rearrangement to give the
unsaturated aldehyde XXI. Catalytic reduction of the olefinic
double bond and thioketalization followed by Raney nickel

desulfurization provided the angularly ethylated compound XXII.

CZH50—CH=CH2 heat
——en —_—
"J?: Hg(OAC)z
\\_ XX
—_—— - =
_ CHO
XX1 XXII

Figure 6: Angular Substitution by Claisen Rearrangement

Since then, Ireland and coworkers,8 Blichi and White,9
and Mori and Matsuilo have successfully used this procedure
to introduce a quaternary acetaldehyde group.

A similar type of Claisen rearrangement was recently
employed by Eschenmoser and coworkers.ll In this modification,
the .allylic alcohol XXIV underwent an acetal exchange with
N,N—diméthylaéetamidedimethylacetal (XXI11) foilowed by loss
of methanol. Claisen rearrangement then occurred to give a
compound with a quaternary dimethylacetamide group (Figure 7).
Since an angular acetamide can be readily converted to an

angular acetaldehyde by reduction with lithium dihydrodiethoxy-



OCH
3 COZCHS
CHS—T—N(CHB)z :::rCH2=?—N(CH3)2 heat
+
OCHg OCH3
XXIII , XXIV g
CO CH CO CH, COZCHS
heat \
(CHS)ZN
% XXVII
N(CH ) CH N(CH )
OCH3
XXV XXVI

Figure 7: Amide-Acetal Claisen Rearrangement

aluminatelz 6r disiamylborane,13 or electrolytic reduction,14 the
amide—acetal_Claisen route could also be used to prepare
angular acetaldehydes.

Transformation of the angular acetaldehyde moiety to an
angular.methyl group would result in a new angular methylation
procedure. The decarbonylation reaction reported by Tsuji and
Ohno,15 and Wilkinson and coworkers16 appeared ideal for a one
step conversion of én acetaldehyde "to a methyl group. Heating
an alkyl aldehyde with an equivalént of tris(triphenylphosphine)-
chlororhodium(i) (XXIX) in benzene or acetonitfile effected a

high yield decarbonylation to give the hydrocarbon (Figure 8).

C.H

R-CHO + Rh(@5P)4Cl hgag R-H + Rh(8,P),(CO)CL + B P
XXVITI XXIX XXX

Figure 8: Decarbonylation



Studies on valeranone and cholestenol were undertaken to
determine the utility of the proposed angular methylation
procedure. The synthesis of valeranone was selected to illus-
trate the advantage of this procedure in synthetic chemistry.
Thé cholestenol system was chosen as a model on which the
reaction conditions could be standardized.

In 1957 l-valeranone was discovered in the roots of the

garden heliotrope, Valeriana officinalis, by Stoll,vSeebeck,

and Stauffacher.17 A year later, Govindachari and coworkers18

isolated a compound, which they named jatamansone, from the

0il of Nardostachys jatamansi and found that it was therapeu-

tically useful in the treatment of heart seizures caused by
electric shock. Sorm and coworkers19 later showed that
jatamansone and valeranone were identical. Govindacharizo’21

and Djeras_sizl proposed the structure XXXI for valeranone,

XXXI IX

which was later proved incorrect by éorm,zz who then deter-

mined the correct relative structure (IX).ZS Finally, Klyne

and coworkers found that l-valeranone had the absolute
- 4
configuration shown in structure IX.Z

Valeranone has been successfully synthesized by Marshall
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and coworkersl’2 in 1965 and by Wenkert and Berges3 in 1967.
Both synthetic schemes began with carvomenthone. Marshall
used l-carvomenthone to synthesize d-valeranone, while Wenkert
employed the d form to synthesize the natural isomer,
l—Valeranone. |

b outlined in Chart A, is

Marshall's synthesis,
'straightforward. 1-Carvomenthone (A-1) was annellated with
methyl vinyl ketone under basic conditions to give the keto-
alcohol A-2 which was readily dehydfated to the octalone A-3.
The ketone function was removed by a three step sequence:
lithium aluminum hydride reduction of the enone to an allylic
alcohol (A-4), acetylation, and cleavage of the acetate group
with lithium in ethylamine gave the octalin A-6. Hydro-
bOration——oxidation of the octalin yielded the #-alcohol A-7
which was then oxidized to the decalone A-8. Since enol
acetate formation under eqﬁilibrating conditions gave a 1:1
mixture of the two possible enol acetates, which could not be
readily separated, the C-2 position of decalone A-8 was
blocked by an n-butylthiomethylene group. Enolization of this
blocked ketone (A-9) gave the desired enolate A-10. Methylation
of this enolate in benzene produced a 3:1 mixture of O-
methylated and C-methylated (A-11l)material. Alkaline hydrolysis
of the:methylated ketone A-11 yielded d-valeranone (vi).

Wenkert's synthesis3 of l-valeranone (Chart B) intro-
duced a new and highly successful method for angular

methylation. d-Carvomenthone (B-1) was annellated with 1,4-
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CHART A

_l_-_carvomenthone
A-1 A-2

LiAlH

HO v ~ ]/



CrO
3 i
; H :: ‘T/

1

2

CHART A (continued)

o

oH
BT
[:;;:1::::1 =
H= .
S/C WH T/
1
gl
A-9
on ©

1
n

e

iges
O
C4Hg

A-11

P
n-C H

@‘r -

A-8
CH, I
0® T/
A-10

5 o
g—valeranone

VI
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dimethoxy-2-butanone, and the resulting keto-alcohol B-2 was
‘dehydrated with potassium hydroxide to the methoxyoctalone

B-3. Lithium aluminum hydride reduction of this octalone

gave almost exclusively the «x-allylic alcohol VII, which

formed the corresponding lu,9a}cyclopropane B~-4 on treatment
with iodomethylzinc iodide (Simmons-Smith reaction). Jones
oxidation of alcohol B-4 to the ketone B-5, followed by Wolff-
.Kishner reduction of this ketone yielded the methoxycyclo-
propyldecalin VIII, which upon acid hydrolysis yielded l-valer-
anone in excellent yield.

In each of the above valeranone syntheses, the crucial
step was the angular methylation. By employing the Claisen
reafrangement»edecarbonylafion procedure in a synthesis of
valeranone, its effectiveness as an angular methylation route
coﬁld be compafed with the methods used in the other two
syntheses;

Cholestenol, employed in the second part of this angular
methylation study, has long been a popular substrate for
investigating new reactions or determining the stereochemical
features of well-known reactions because of the rigidity of its
ring system and its availability.  Ireland and Pfister25 have
performed preliminary work on the Claisen rearrangement--~decar-
bonylation method of angular methylation with cholestenol. The

low and variable yields obtained prompted further investigation.
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THE SYNTHESIS OF 1-VALERANONE

l—Cérvone (C-1 in Chart C) was used as the starting
material in the synthesis of l-valeranone since it was both
readily available and the proper enantiomer for the conversion.
The first four steps in this synthesis were developed by
Marshall and coworkers during their studies on the valeranone
System.26 Marshall found that the Birch reduction of carvone
gave a higher yield of the desired product when a pfoton source
was present dﬁring the reaction. Some over-reduction to the
alcohol did occur, but Jones oxidation of this alcohol restored
the ketone function. Thus, reduction of l-carvone on a 100~g
_scale with lithium and ethanol in liquid ammonia followed by
Jones oxidafion27 and distillation of the crude product
afforded dihydrocarvone (C-2) in 74% yield. Addition of a
catalytic amount of sodium ethoxide in ethanol to dihydro-

carvone, which had been cooled to =107 followed by the addi-

>
tion of 0.5 equivalent of methyl vinyl ketone gave the homo-
annellated keto-alcohol C-3 in low yield, however by
recycling the recovered starting material twice a good yield
of the keto—alcohol>was obtained (38% conversion or 51% based
on unrecovered dihydrocarvone).

The unsaturated keto-alcohol C-3 was quantitatively

hydrogenated in the presence of a platinum catalyst in ethanol
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to afford the saturated keto-alcohol C-4 which, in turn, was
dehydrated with hot aqueous oxalic acid to give the octalone
C-5 in quantitative yield.

The next step was the reduction of the octalone C-5 to
the proper allylic alcohol required for the Claisen rearrange-
ment reaction. Since the synthesis of valeranone necessitated
the insertion of an « methyl group at the C-9 position, it
was evident that the hydroxyl group of the allylic alcohol
also hgd to have an a;configuration (alcohol C-6). One of
the best reagents for the reduction of a cyclic ketone to an
equatorial alcohol is lithium aluminum tri-t-butoxy hydride.28
Reduction of the octalone C-5 with this reagent in refluxing
'tetrahydrofﬁran afforded an allylic alcohol in 91% yield. Nu-
ciear magnetic resonance (nmr) analysis established that this
was the expécted quasi—equgtorial isomer C-6. This alcohol,
obtained in 34% overall yield from l-carvone, was the precursor
for all the compounds synthesized in this phase of the project.

The first goal of the project was the conversion of
this precursor to the cis-9,10-dimethyldecalin XXXII, which

possesses the valeranone skeleton, . thereby providing a test of

XXXII



18

the angular methylation procedure. After this procedure had
been developed on the model, the next objective was the
modification of the route to include functionality at the C-1
position, ultimately leading to l-valeranone.

Since the procedure for the Eschenmoser amide-acetal
Claisen rearrangementll is simpler than that for the vinyl
ether Claisen rearrangement used by Burgstahler,7 the former
method was chosen for this model stqdy. Upon heating a solu-
tion of the allylic alcohol C-6 with four equivalents of N,N-
dimethjlacetamidedimethylacetal in p-xylene, the unsaturated
amide D-1 was isolated in a rather disappointing yield of 29%
(Chart D). Angular methylation studies on the cholestenol
system provided an explanafion for this low yield, p 43.

The unsaturated‘amide D-1 was hydrogenated in ethanol in
the presence of a 10% palladium-on-carbon catalyst to afford
the saturéted amide D-2 in quantitative yield. Reduction of
this amide with lithium dihydrodiethoxyaluminate12 in ether
gave a product which consisted of 89% aldehyde D-4 and 11%
starting material by vapor phase chromatography (vpc). The
crude reaction product on treatment with semicarbazide hydro-
chioride and pyridine in methan0128 gave pure semicarbazone
D-3 in 51% overall yield from the saturated amide D-2. On
heating:in benzene solution with aqueous hydrochloric acid,
the aldehyde D-4 waé quantitatively regenerated from the semi-
carbazone.

15,16

Decarbonylation of the purified aldehyde was
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achieved by heating with tris(triphenylphosphine)chloro-
rhodium(I). VEvaporative distillation gave a 43% yield of
the desired hydrocarbon XXXII,29 the structural assignment
of which was verified by the nmr and infrared (ir) spectra.
Since this new angular methylation procedure worked
satisfactorily in the model route, the synthesis of l-valer-
anone, itself, was undertaken by the scheme outlined in
Chart E. This scheme, a modification of the one uséd above,

eliminated the ZﬁKz)

double bond hydrogenation; by leaving
this double bond intact, provision was made for the eventual
production of the C-1 ketone in valeranone. In addition, the
vinyl ether Claisen reafrangement was used because of the poor
‘yield observed in the amide-acetal procedure. Accordingly,
tfeatment of the allylic alcohol C-6 with mercuric acetate in
ethyl vinyl éther,7 work-up and filtration through alumina
gave the vinyl ether E-1 in greatly variable yields: 0-87%
(Chart E). 1In the nine times that this reaction was done,
no relationship between yield and experimental procedures
could be deduced. The problem appeared to be in the filtration
step; although filtration conditions were varied each time,
the original yield of 87% was never again duplicated. This
probiemlwas encountered and finally resolved ih the choles-
tenol series (p 44) .

On heating at 195° for three hours, the vinyl ether E-~1
rearranged to. the aldehyde E-3. Vpc analysis of the crude

product indicated that the aldehyde comprised 85-90% of the
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mixture; the remainder was starting material and dienes,

which originated from the thermal loss of acetaldehyde from

the vinyl ether E-1. The aldehyde was isolated from the

crude reaction product as the semicarbazone E-2 in 54% over-
ali yield from the vinyl ether E-1. Hydrolysis of.the semicar-
bazone regenerated the aldehyde E-3 in 93% yield.

Decarbonylationls’16

of the aldehyde by tris(triphenyl-
phosphine)chlororhodium(I) in refluxing benzene affbrded the
angularly methylated octalin E-4 in medium to good yield
(47-78%). It is interesting to note, in view of later devel-
opments, that the £}(2)double bond did not interfere in any
way with the decarbonylation reaction.

Now, all that remained was the conversion of the double
bond in octalin E-4 to a ketone function at the C-1 position.
The first_mefhod attempted was hydroboration. Hydroboration--
oxidation of the olefin E-4 should afford a mixture of the
Cfl and C-2 alcohols, which could be oxidized to the respec-
tive C-1 and C-2 ketones. Valeranone and its C-2 keto isomer
could then be separated chromatographically.

Hydroboration30 of the octalin E-4 with the least hin-
dered hydroboration reagent, diborane, followed by oxidation
with alkaline hydrogen peroxide afforded a 1:1'mixture of two
alcohols by vpc analysis. Jones oxidation27 of the crude
alcohol mixture gave a single ketone which was obtained in
62% yield from the octalin E-4. The nmr spectrum of this
ketone indicated the presence of four &K-keto protons. There-

fdre, the oxidation product had a keto function at the C-2
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position (E-6), and the two alcohols (E-5) must have been

epimeric at e,

Such stereospecifity in the hydroboration of a 1,2-

disubstituted double bond was impressive as well as unexpected.

A consideration of the steric environment about this double

bond may offer an explanation for the results of this reaction.

Figure 9: Conformers of Octalin E-4

The cis ring fusion in the octalin.E-4 allows two chair-

chair conformers (Figure

9), one with the isopropyl group

axial (E-4a) and one with it equatorial (E-4b). The conformer

with the axial isopropyl
of 1,3-diaxial nonbonded
group and the C-1 carbon

therefore, the conformer

group should be less stable because
interactions between the isopropyl
atom and the C-5 hydrogen, and,

with the isopropyl group equatorial
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(E-4b) should predominate and control the course of the
reaction. - Attack by diborane on thé/g-face of the cup-shaped
conformer E-4b is hindered by the C—Qﬁ and C—%ﬂ protons on the
B ring. The hindrance is greater at the C-1 position than at
the C-2 because of the proximity of the C-1 position to the B
ring. Any/g-face attack by diborane would thus be directed to
the C-2 end of the double bond to give, after oxidation, the
C-2p alcohol. Attack on the ad-face is hindered by the C-10
methyl‘group which is axial to the A ring. Again, the hin-
drance is greater at the C-1 carbon because of its 1,3-diaxial
interaction with the C-10 methyl. As a result, any «-face
attack by diborane would lead to the formation of the C-2«
alcohol.

In an attempt to exploit the proximity of the C-9 angu-
lar substitutent to the olefinic double bond and thereby
obviate the problem of steric hindrance, the scheme outlined
in Chart ¥ was tried. The lactol F-3, which could be easily
obtained from the aldehyde E-3, should be in equilibrium with
the hydroxy-aldehyde F-4, which, in turn, should undergo decar-
bonylation to the C-1 alcohol F—5,_which is one oxidation step
ffom valeranone. The crude aldehyde E-3, obtained by Claisen
rearfangement'of vinyl ether E-1, was oxidized with silver
voxides to the carboxylic acid F-1. Treatment of this ¥,6-
unsntnrated aetd with sefluxing fommie ncifd sftewied e -
lactone F~2 in 58% yield from the vinyl ether E-1. Reduction

of the lactone with disiamylboranesg’33 in tetrahydrofuran
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gave a 64% yield of the lactol F-3. The decarbonylation of
the lactol was unsuccessful. Apparently the equilibrium
between the lactol F-3 and the hydroxy-aldehyde F-4 greatly
favors the lactol. The only volatile material isolated from
thé reaction mixture was the lactone F-2, which was obtained
in 22% yield énd was probably produced by a catalytic
dehydrogenation of the lactol.

Since reagents such as N-bromosuccinimide and peracids
are not as sensitive as diborane to steric hindrance, such an
oxidation of the double bond in octalin E-4 should lead to a
mixture of C-1 and C-2 functionalized compounds, thereby cir-
cumventing the steric hindrance problem. The bromohydrin route
is shown in.Chart G. Treatment of olefin E-4 with N-bromo-
succinimide in aqueous dimethylsulfoxide34 afforded a mixture
of bromohydfins in 66% yield. The crude product was oxidized
with Jones reagent27 in 83% yield to give one bromo-ketone.
Reduction of the bromo-ketone with zinc dust in an acetic acid--
sodium acetate buffer35 resulted in an excellent yield of the
undesired isomeric ketone E-6, the same isomer as that pro-
duced by the hydroboration route (Chért E). Therefore, the only
bfomohydrin formed was the l-bromo-2-hydroxydecalin G-1, which
on oxidation produced the l-bromo-2-decalone G-2.

The final fﬁnctionalization scheme employed epoxidation
of the doubie bond of the octalin E-4 fcllowed by hydride
reduction of the resultant epoxide (Chart H). In this route

steric hindrance should preclude attack by hydride at the C-1
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position of the intermediate epoxide. The resulting alcohol
ﬁith a C—l‘hydroxyl group could then be oxidized to valeranone.
Octalin E-4 was epoxidized with m-chloroperoxybenzoic
acid in dichloromethane.28 The product, isolated in 55% yield,
was a mixture of two compounds by analytical thin-layer
chromatography (tlc) and nmr spectroscopy, which indicated
that both « and g epoxides were present in about a 1:2 ratio.
Since both epoxides were expected to give C-1 alcohol upon
reduction, the mixture was treated with the hindered reducing
agent, lithium tri-t-butoxy aluminum hydride,28 in refluxing
tetrahydrofuran, however no reduction occurred. The epoxides
were then’reduced with iess selective but more reactive
reducing agénts, lithium aluminum hydride28 (74% yield) and
aiuminum hydride36 (69% yield) to a mixture of two alcohols
(H-2) in a 30:70 ratio. Jones oxidationz7 of the alcohol mix-
ture gave a mixture of two ketones, l~va1eranone*(IX) and the

2-keto isomer E-6, again, by vpc analysis, in a 30:70 ratio.

. I;i ‘ Jxx
H

on |/
: .

- e

PR Y
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|

Figure 10: Reduction of the Epoxide Mixture H-1
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It'éppears that steric hindrance had a negligible effect
in the reduction of the epoxides. As shown in Figure 10,
Egggg-diaxial opening of the 1:2 epoxide mixture would, after
oxidation, yield the 30:70 ketone mixture. Therefore, it must
be assumed that the reduction proceeded under stereoelectronic
control rather than steric control.

The isomeric ketones IX and E-6 were separated by prepar-
ative thin 1layer chromatography to give ketone E-6 in 35%
yield and pure l-valeranone in 23% yield. The l-valeranone
was identified by comparison of its optical rotation and infra-
red spectrum, and the melting point of its 2,4-dinitrophenyl-
hydrazone derivative with those of the natural l—valeranone.l7;8

The above work demonstrated that it is possible to insert
ah_angular methyl group to give a compound having a cis ring
fusion. To illustrate the flexibility of this synthetic pro-
cedure, the insertion of an angular methyl group to give a
compound (I-10) having a trans ring fusion was undertaken.

Conversion of a cis-fused o-keto-acetal to a bicyclo-

[Z.Z.ﬂ octane ring system has been accomplished by Ireland

XXXIII - ' : XXXIV

Figure 11: Conversion of a §-Keto-acetal
to a Bicyclo[2.2.2] octane
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and coworkersso on the system illustrated in Figure 11. A
similar transformation in the valeranone system can be effected
py the conversion of the 2-decalone I-2 to the bicyclo p.2.2]—
octane I-3 (Chart I). Eschenmoser and coworkers have found
that a g-keto-sulfonate cleaves.under basic conditions to the
corresponding unsaturated carbonyl compound37 (Figure 12). On
the basis of this precedent, the success of the conversion of
the bicyclo[?.Z.Z]octane 1-3 to the trans-octalin I-5 was
assured. Manipulation of the functiénality in this octalin

would then afford the trans-di(angular methyl) decalin I-10.

OSOZCH3 KOH e

0 CO,H

XXXV XXXVI

Figure 12:;?—Keto—su1fonate Cleavage

The unsaturated acetal I-1 was prepared in 93% yield by
reaction of the unsaturated aldehyde E-3 with ethylené glycol

and Sulfuric acid.38 Hydroboration——oxidationsp

of the unsat-
urated acetal followed by Jones oxidation of the resulting
alcohol mixture afforded the decalone I-2 in 88% overall yield.

The structural assignment of this ketone was confirmed by the

nmr Spectrum.' Hydrolysis of the keto-acetal I-2 occurred in
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aqueous hydrochloric acid in acetone30 with concomitant
cyclization to the substituted bicyélo @.2.2]octane I-3 in
77% yield.

Treatment28 of the keto-alcohol I-3 with p-toluene-
sulfonyl chloride in pyridine led to the tosylate I-4. The
yield based on unrecovered starting material was 94% or a
. 74% conversion. Treatment of the tosylate with sodium meth-
oxide in methan0137 gave in 50-60% yield a variablevmixture
of methyl ester I-5 (R = CHy) and acid I-5 (R = H). The
ester--acid mixture was reduced by lithium aluminum hydride in
refluxing tetrahydrofuran to the unsaturated alcohol I-6 in
96% yield, thereby obviéting the need for separation of the
ester from the acid.

| Collins oxidation (chromium trioxide--dipyridine complex
in dichloromethane)zmaof the unsaturated alcohol I-6 proceeded
in 84% yield to give the air-stable unsaturated aldehyde I-7.

15,18 of this aldehyde with tris(triphenyl-

Decarbonylation
phosphine)chlororhodium(I) in refluxing benzene gave in 74%
yield a 1:1 mixture of two compounds.’ The nmr spectrum of
this mixture indicated that one of -these compounds was the
E{gﬁg—di(angular methyl) octalin I-8. The other product
(I-9j, é saturated hydrocarbon, was not identified. It is
thought that this.hydrocarbon was a bicyclo[z.z.ﬂ heptane,
originating from addition of an organorhodium decarbonylation

intermediate across the double bond. The mixture of olefin

I-8 and hydrocarbon I-9 was quantitatively hydrogenated
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A Possible Structure for Hydrocarbon I-9

in the presence of platinum in ethanol to a 1:1 mixture of
the desired Efggg—di(angular methyl) decalin I-10 and the
unchanged hydrocarbon I-9.

The difficulty encountered in the decarbonylation
reaction originated in the olefinic double bond; therefore,
this bond was reduced prior to decarbonylation. Since cata-
lytic hydrogenation of the unsaturated aldehyde with platinum
iﬁ ethanol resulted in partial reduction of the aldehyde
moiety, thevdouble bond of the unsaturated alcohol I-6 was
quantitatively hydrogenated giving the saturated alcohol I-11,
which was oxidized with Collins reagent39 to the aldehyde I-12.
This aldehyde was very air-sensitive and decomposed to several
products after exposure to air for only an hour. The other
three aldehydes prepared in this study: D-4 (cis, saturated),
E-3. (cis, unsaturated), and I-7 (trans, unsaturated) were all
stabie:in air. Because of this sensitivity, the saturated

15,16

aldehyde I-12 was immediately decarbonylated to the

desired angularly dimethylated trans-decalin I-10 in 64%

yield.
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The above work demonstrates that it is possible to in-
sert an angular methyl group to give a compound with either
a cis or a trans ring fusion with complete stereospecificity.
The three main problems with this new procedure were the low
yield of the amide-acetal Claisen reaction, the variable
yield in the vinyl ether preparaton, and the side product
possible from the decarbonylation of an unsaturated aldehyde.
These problems were subsequently studied on the cholestenol

system.
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ANGULAR SUBSTITUTION STUDIES ON THE CHOLESTENOL SYSTEM

Five.reactions were studied in the cholestenol series
(Charf J): (a) the reaction of cholest-4-en-34-0l (J-1) with
N,N—dimethylacetamidedimethylaéetal to give the amide J-2,
(b) the reaction of this cholestenol with triethyl ortho-
acetate to give the ester J-3, a procedure used by Johnson
aﬁd coworkers with great success,40 (c) the synthesis of
cholest-4-en-3g-yl vinyl ether (J-4) from the alcohol J-1,
(d) the.Claisen rearrangement of this vinyl ether to the
aldehyde J-5, and (e) the decarbonylation of the unsaturated
aldehyde J-5. The objectives of this study also included the
determiﬁationAof reaction conditions leading to the highest
yields and the identification of any side products in these
reéctions.

The.three products of angular substitution: (a) amide,
(b) ester, and (c) aldehyde originate by similar mechanisms.
The mechanism for the first two, amide [Y = —N(CHS)Z]and
ester [Y = —OCsz], is shown in Figure 13. 1In each case the
high reaction temperatures used cause rapid equilibration of
the acetal XXXVII and vinyl XXXVIII forms of the reagent
(N,N;dimethyiacetamidedimethylacetal or triethyl orthoacetate).
Cholesténol J-1 adds to the vinyl form XXXVIII to give the

acetal XXXIX, which, upon loss of methanol or ethanol,
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Figure‘13: Mechanism for Amide and Ester Formation

yields the substituted allyl vinyl ether XL.

All'the reactions so.far have been reversible. Now,
with the formation of the cholestenyl vinyl ether XL an
essentially irreversible pathway out of the equilibrium occurs;
the allyl vinyl ether undergoes a Claisen rearrangement to an
angular acetamide (J-2) or acetic ester (J-3). If the equi-
librium mixture contains enough of the allyl vinyl ether XL
and if the temperature is high enough to effect the Claisen
rearraﬁgement, all the allylic alcohol is eventually converted
to the Claisen product. At the high temperature necessary for

the Claisen rearrangement, the methanol or ethanol is driven

from the reaction mixture. The loss of one of the reaction
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products also favors the formation of the allyl vinyl ether.

&l and Claisen rearrange-

The mechanism for the formation
ment of the vinyl ether J-4 is almost identical to that shown
above. Because ethyl vinyl ether is volatile (bp 360), the
reaction must be done at a low temperature. At this low
temperature a catalyst is necessary for the addition of an
alcohol to the ethyl vinyl ether; the catalyst used is

mercuric acetate, and so the equilibration between the vinyl

species XLI or XLIITI and the acetal XLII actually becomes a

reversible alkoxy-mercuration (Figure 14). Since the reaction
HO e Q@/
" ® CH- CH2 HgOAc
pH—-CH % HgoAc "
Sofs? xua -oitxc%ozxce £°8 3Ll
_ Hg(OAc) \\\\/
H CH
XLIII ' J=5

Figure 14: Mechanism of Vinyl Ether Formation

temperature is too low for the Claisen rearrangement and
distillative removal of ethanol, product formation is not

favored. The equilibrium mixture must therefore be forced
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toward product by the use of a large excess of one of the
reactants, namely ethyl vinyl ether, which becomes the reaction
solvent. The vinyl ether XLIII is then isolated and rearranged
at a higher temperature.

A major side reaction of these Claisen rearrangements
is diene formation, resulting from loss of dimethylacetamide,
ethyl acetate, or acetaldehyde from the vinyl ether XL
(Figure 15). Abstraction of a proton from the C-2 position of

the vinyl ether by the terminal methylene group gives the

XLIV

+
CHBCOX

Y = —N(CHB)Z, ~OC2H5,

H

Figure 15: Mechanism for Diene Formation

diene, identified in one reaction as CF’4—cholestadiene
(XLLIV). Since vpc usually indicated the presence of two

dienes, it is 1likely that the A?’4—diene slowly isomerized
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to the more stable A3’5—diene during the reaction. The
elimination occurred to a greater extent in the amide and
ester product mixtures than in the aldehyde product, pre-
sumably because the electron-donating propertiés of the nitro-
gen and oxygen atoms in the vinyl ether XL [Y = -N(CH3)2 and
-OCZHSLYare greater than that of hydrogen and increase the
nucleophilicity of the terminal methylene.

The best cbnditions found for the preparation of the
amide J-2 were heating a solution of cholestenol and
N,N-dimethylacetamidedimethylacetal in refluxing o-xylene
(bp 1400) for about 65 hours. At this time vpc analysis
indicated that the reaction was complete: 70% amide J-2 and
30% dienes. Removal of the Volatilé material at reduced pres-
sure and chromatography of the residue on silica gel afforded
the amide in 65% yield, a much better yield than that obtained
in the valeranone synthesis. The higher temperature used in
this later study probably accounted for the higher yield.

The optimum conditions for the preparation of the ester
J-3 were similar to those used above. A éolution of choles-
tenol J-1 in freshly distilled triethyl orthoacetate was
heated at reflux (142°) for eight days with distillative
. removal of ethanol. Vpc analysis indicated that the reaction
mixture contained 70% ester product J-3 and 30% dienes. Removal
of the volatile material and dhromatography of the residue gave

a 60% yield of the ester J-3. Use of propionic acid as a cata-
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1yst40 increased the reaction rate at the expense of yield
and is therefore not recommended.

The vinyl ether--aldehyde preparation was far more
difficult to optimize. The best procedure fouﬁd was heating
a solution of the cholestenol and mercuric acetate in ethyl
vinyl ether at reflux for 17 hours, followed by the addition
of acetic acid to decompose the alkyl mercury cbmplex. The
crude product wés chromatographed on silica gel to give a 78%
yield of the vinyl ether J-4, which was thermally rearranged
at 220-225° for five hours and then chromatographed to afford
the aldehyde J-5 in an overall yield of 53%.

Unfortunatély, this procedure is sensitive to a great
many factors. The mercuric acetate had to be recrystallized.8
The ethyl vinyl ether had to be purified with great care. The
vinyl ether J-4 had been successfully chromatographed on
alumina by Burgstahler,7 and Ireland and Pa?ister.z5 However,
when alumina chromatography was attempted, the yield of product
was low and variable. In contrast, silica gel chromatography
was quite successful. All glassware had fo be base-washed; an
attempt to rearrange the vinyl ether in a new flask, which had
not been washed with base, resulted predominately in diene
formation.

Incomplete rearrangement 6ccurred when the vinyl ether
was heated under the conditioﬁs used in the valeranone study,
195O for three hours. Increasing the temperature (2200) and

time (five hours) led to a better yield, although not as high
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as that found in the valeranone system. Apparently the un-
favorable geometry of the steroid ring system necessitates
the higher rearrangement temperature (Figure 16), which, in

turn, prodﬁces more elimination products. Ring rigidity may

XLa

Figure 16: Transition State for Claisen Rearrangement

explain why the rearrangements at 140° in the amide and ester
preparations were so slow, 65 hours and 8 days respectively.

A higher reaction temperature in a pressure vessel may decrease
the reactlon time but also increase the extent of side reac-
tions. In acyclic systems the unfavorable geometry is elim-
inated, and far shorter reaction times are needed. For

example, Johnson and coworkers4o converted the acyclic alcohol

XLV to the ester XLVI in 92% yield in one hour.

CH5C(OC,H,) 4
| CH_.CH, CH2C02H i
H
A heat OC,H,

XLV XLVI

Flgure 17: Conversion of an Acyclic Alcohol to a Rearranged
Ester
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TABLE I

CLAISEN REARRANGEMENT REACTIONS OF CHOLEST-4-EN-34-OL

, Yield
Reagent Time Temperature of Isolated
Product
N,N-Dimethylacetamide- "
dimethylacetal 65 hr 140 65%
Triethyl orthoacetate 8 days 140° 60%
Triethyl orthoacetate, - &
propionic acid 32 hr 140 55%
Ethyl vinyl ether, - b &
mercuric acetate 17 hr 36 78%, 53%

avpc yield; byield of vinyl ether; coverall yield to aldehyde

A comparison of the three routes to angular substitution
is presented in Table I. Although the vinyl ether--aldehyde
route affords the lowest yield, the aldehyde can be directly
decarbonylated, while the amide or ester must first be trans-
formed to the aldehyde.

The decarbonylationls’16

of the unsaturated aldehyde J-5
with 1.0-1.5 equivalents of tris(triphenylphosphine)chloro-
rhodium(I) proceeded in very high yield (98- 99% mass recovery),
and the ir spectrum of the product showed no aldehyde absérp—
tion. However, the nmr spectrum, vpc, and preparative siiver
nitrate chromatography demonstrated the presence of three

compounds: the desired material, qg—methylcholest—S—ene (J—G);

the cyclopropane J-7; and an olefin, probably 5f4-methylcholest-
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9-ene (J-8). These compounds were present in an approximate
ratio of 65:15:20. The desired decarbonylation product J-6
was identified by comparison (vpc and nmr) with authetic
material prepared in these laboratories by Ireland and

25

Pfistef, and Muchmore42 by the sequence outlined in

Figure 18.

Li,CoH NH,
XLVII XLVIII J-6
|
PDA- = (CHg) ,N-P»0
N(CH3)2

Figure 18: Preparation of 54-Methylcholest-3-ene by the Lithium
Dimethylcopper--Phosphodiamidate Cleavage Route

The identity of the cyclopropane was confirmed by an

independent synthesis,. which is outlined in Chart K. Simmons-

43

Smith cyclopropylation of cholest-4-en-34-0l (J-1), followed by

*
The first two steps of this synthesis were performed
by J. Tilley in the Ireland laboratories.
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Jones oxidation27 gave the cyclopropyl ketone K-~2, which,
after Wolff-Kishner reduction,44 afforded the cyclopropane
J-7. This cyclopropane was identical by ir, nmr, vpc, and tlc
analysis with the decarbonylation side product.

The assignment of the side product J-8 as 54-methyl-
cholest-2-ene was made from the nmr and ir spectra, and the
vpc and silver nitrate thin layer chromatographic behavior
of this compound.

The mechanism for the formation of the two side products
remains elusive. Although l-butene is partially isomerized to
2-butene by tris(triphenylphosphine)chlororhodium(I) and
l-pentene is isomerized to 2-pentene by bis(triphenylphosphine)-
carbonylchlororhodium(l),45 treatment of the C? olefin J-6 with
either of these rhodium compounds in benzene (decarbonylation
conditions) resulted in no isomerization to the 43 olefin J-8.
Evidently, isomerization must occur before or during the
decarbonylation step itself. Another unexplained fact is the
selectivity with which the decarbonylation intermediates attacked
the double bond. Unsaturated aldehyde E-3 underwent decar-
bonylation with no side product formation, whereas the unsatu-
rated aldehydes I-7 and J-5 experienced attack on the double

bond.

\CHO HO HO
E~-3 I-7 . J-5
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The three-component mixture obtained by decarbonylation
of aldehyde J-5 cannot be readily separated. The cyclopro-
pane J-7 was isolated by chromatography on silica gel
impregnated with silver nitrate, but the isomeric olefins J-6
and J-8 were incompletely separated by this method. Prepara-
tive gas chromatography would provide a means of separating
these isomers, but this method is not suitable for a large
scale manipulation. Alteration of the reaction conditions
(using acetonitrile as the solvent, or reducing the tempera-
ture) did not eliminate the two side products. It must
therefore be concluded that, in this case, the olefinic double
bond would have to be reduced or converted to another func-
tional group before decarbonylation to one angularly methylated

product could occur.
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CONCLUSION

The work reported above demonstrated that the Claisen
rearrangement--decarbonylation method of angular methylation
can be quite useful, especially in cases where more direct
routes fail. Moreover, this route provides for the insertion
of a functionalized angular substituent, a process which
could be applied to the synthesis of natural product analogs.
Reaction conditions have been optimized to the pqint where
the yields are competitive with those of other methods, and
so a facile application of this procedure to other systems is

foreseen.
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PART II

THE TOTAL SYNTHESIS

OF THE PENTACYCLIC TRITERPENE

d1-GERMANICOL
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INTRODUCTION

Triterpenes are a large diverse group of C isoprenoid

30
natural products. Most triterpenes, especially the pentacyclic
triterpenes, are only found in plants, but a few, for example
squalene, ambrein, and lanosterol, do occur in animals.
Although the first of the triterpenes was isolated in 1788,46
the size, complexity, and lack of functionality of members of
this class of compounds prevented any structural elucidation
until 1949.47 Ruzicka and coworkers48 did much of the work

on the structure determination of the triterpenes and also
promulgated a theory on their biosynthetic orgin.

This theory, now established for the triterpenes
1anosterol49 and /g—amyrin50 proposed that the cyclic triter-
penes originate from a concerted enzymatic cyclization of the
polyene squalene (L-1), followed by a series of rearrangements
(Chart L). The cyclization product is dependent upon the
configuration which the squalene molecule assumes on a partic-
ular enzyme. A chair-chair-chair-boat-boat conformation is
necessary in the biosynthesis of most pentacyclic triterpenes;
the two known exceptions are hydroxyhopenone and davallic
acid, which are produced from an all-chair conformation of

squalene.48b

48b

The proposed biosynthetic pathway for lupeol (L-5),

germanicol (L-7), and several other pentacyclic triterpenes
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CHART L (continued)
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is iilustrated in Chart L. In this pathway, the polyolefin
squalene cyclizes to give a carbonium ion (L-2). A "pause"48b
then occurs while the C-16 group undergoes a Wagner-Meerwein
shift to the C-18 position giving "intermediate" L-3. Intra-
molecular attack of the terminal double bond on the C-17 posi-
tion of the carbonium ion affords a new bridged ion with a
completed E ring. Either a proton from one of the terminal
methyl groups of the ion L-4 can be lost to give lupeol (L-5),
or the C-20 group can undergo a 1,2-shift to the C-22 position
to give a new ion L-6. Loss of the C-17 proton by the ion
L-6 affords germanicol (L-7). The ion L-6 can also produce the
triterpenes g-amyrin (L-8), taraxerol (L~9), alnusenone (L-10),
and friedelin (L-11) by a succession of 1,2-shifts, followed
by loss of a proton.

The second of these triterpenes and the object of the

51

work reported herein, germanicol (L-7), was first isolated

by Simpson in 1944 from Lactucarium germanicum, the dried latex

of Lactuca virosa.52 David,53 who undertook the first

structural study of germanicol (Chart M), found that the double
bond in this compound would not undergo a catalytic hydrogen-
ation but did form an epoxide (M-1) with perbenzoic acid. The
epoxide yielded the known compound oleana~11,13-dienol (M-2)
on treatment with ethanolic sulfuric acid. This discovery,
together with the determination of the germanicol empirical

formula as CSOHSOO’ established that germanicol was an isomer
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M-4 - M-52  C-13 oH
M-5b  C-13 pH
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of ﬁ¥amyrin (L-8). The infrared spectrum supported two
structural assignments M-4 and M-5. Definite proof that
germanicol had the structure L-7 (M-5b) was obtained in 1950
by its synthesis from morolic acid (M—S).54 This result was
verified by the conversion of both lupeol (L—5)55 and
p-amyrin (L—8)56 to germanicol.

The synthesis of germanicol was undertaken as the first
part of a program to establish an efficacious general route to
several of the pentacyclic triterpenes. The first synthetic
objective in this program was the functionalized tricyclic
intermediate with the general structure XLIX, which was then to

be converted to pentacyclic compounds.

The original workers in this ten year long synthetic
project, Dolfini and Ireland, synthesized the intermediate
tricyclic keto-alcohol N-4 (Chart N).57 Homoannelation of
methyldihydroresorcinol (N-1) with ethyl vinyl ketone yielded

the bicyclic dione N-2, which was then selectively protected
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to give the tetrahydropyranyl ether N-3. Another homoannela-
tion with ethyl vinyl ketone, followed by acid hydrolysis of

the tetrahydropyranyl ether, yielded the tricyclic enone

N-4 in 19% yield. This compound lacked a methyl group at the
C—l* pbsition. All attempts at methylation with base and methyl
iodide failed.

At about the same time the above work was done, Johnson,
Brown,58 and Schmiegel59 developed another synthesis of the
tricyclic system that eliminated the difficulties encountered
in the methylation of enone N-4. They found that direct homo-
annelation of the dione N-2 with ethyl vinyl ketone, without
protection of the saturated ketone function, resulted in a

15% yield of the tricyclic dione O-1. The dione was then

selectively ketalized to the keto-ketal 0-2, which underwent

*The tricyclic compounds discussed herein are named as
derivatives of phenanthrene, and the pentacyclic compounds are
named as picene derivatives. The numbering system used is
that found in the Ring Index (A, M. Patterson, L, T. Capell,
and D, F. Walker, "The Ring Index,'" American Chemical Society,
Washington, D. C., 1960.).

Although only one enantiomer is drawn, all compounds
synthesized from methyldihydroresorcinol are racemic.

phenanthrene picene
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reducfive methylation to afford the keto-ketal 0-3. Hydrolysis
of the C-8 ketal and protection of the C-2 oxygen function as
an acetate, followed by catalytic hydrogenation of the Aﬁb(s)
double bond, gave the tricyclic acetoxy-ketone 0-5 with the
desired stereochemistry (Chart 0).

The most discouraging step in the sequence shown in
Chart O was the second homoannelation, conversion of the
bicyclic diketone N-2 to the tricyclic O-1. A competitive base-
induced cleavage of the vinylogous/g—diketone reduced the yield
of homoannelated product to 15%. The following step, a selec-
tive ketalization of diketone 0O-1, proceeded in only 50% yield.

Baldwin and Ireland were able to improve the yield
considerably by interchanging these two steps.ﬁo Selective
ketalization of the bicyclic diketone N-2 afforded the keto-
ketal P-1 in 94% yield (Chart P). Homoannelation of this enone
(P-1) with ethyl vinyl ketone gave a 25% yield of the tricyclic
enone 0-2 along with a 52% recovery of starting material.
Recycling the recovered starting material twice resulted in an
overall homoannelation yield of 46%. The yield for the con-
version of the bicyclic diketone to the tricyclic keto-ketal
was therefore raised from 7.5 to 43%, a nearly five-fold
increase. This improvement permitted the synthesis of the tri-
cyclic acetoxy-ketone 0-5 in an overall yield of 22% from methyl-
dihydroresorcinol.

Since the acetoxy-ketone was available in reasonable

quantities, the project was then direéted toward the synthesis
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of germanicol. The next important synthetic objectives were
the construction of the remaining rings (D and E) and the
insertion of the C-6bot angular methyl group. The synthetic
scheme -selected to attain these objectives involved conversion
of the acetoxy-ketone to an exocyclic methylene ketone, fol-
1owed by a 1,4-addition of a benzyl Grignard reagent to this
enone and then methylation of the resulting enolate at the C-8
position. By following this route, Baldwin and Ireland were
able to synthesize the diketone Q-11, one step removed from
a pentacyclic germanicol intermediate (Chart Q).

The exocyclic methylene ketone Q-7 was dbtained from
the acetoxy-ketone 0-5 through the intermediacy of the endo-
cyclic olefin Q-5. Treatment of the acetoxy-ketone 0-5 with
methyllithium afforded the diol mixture Q-1. The secondary
hydroxyl group of the diol, arising from methyllithium
cleavage of the acetate group, was oxidized with Jones reagent27
to the ketone, and the tertiary hydroxyl, the result of methyl-
lithium addition to the C-8 carbonyl, was dehydrated with
thionyl chloride in pyridine to give the isomeric keto-olefins
Q-3. This olefin mixture was equilibrated with p-toluene-
sulfonic acid in benzene to give the thermodynamically more
stable endo isomer Q-4, which upon treatment with ethylene
glycol and p-toluenesulfonic acid gave the ketal olefin Q-5.
The five step synthetic sequence from the acetoxy-ketone 0-5

to the ketal olefin Q-5 was accomplished in 86% yield.
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al of the ketal olefin Q-5 in pyridine

Photo-oxygenation
solution in fhe presence of hematoporphyrin as the sensitizer,
followed by reduction of the intermediate hydroperoxide with
lithium aluminum hydride, afforded the allylic alcohol Q-6 in

variable yields (45-—67%).60

Oxidation of the allylic alcohol with Collins reagent39
‘gave the desired exocyclic methylene ketone Q-7 in 91% yield.
The methylene ketone was then treated with m-methoxybenzyl-
magnesium chlofide in ether. The m-methoxy group was used to
introduce oxygen functionality in the E ring, which was
necessary for the modifigation of this ring at a later stage
in the synthesis. With or without cupric acetate catalysis,
1,4—addition of the Grignard reagent to the enone predominated
over 1,2—addition.

Since direct methylation of the enolate produced by
Grignard addition (Q-8) was unsuccessful, the enolate was
quenched with acetic anhydride to afford the 1,4-adduct, enol
acetate Q-9, in 71-74% yield. The enolate Q-8 was then regen-
erated from the purified enol acetate Q-9 with methyllithium
in dimethoxyethane. ‘Methylation of the enolate with methyl
iodidelproduced the keto-ketal Q—lb, which was hydrolyzed to
the diketone Q-11. The yield reported for this conversion
from the enol acetate was 68%.

The remaining work entailed the development of a large-
scale preparation of diketone Q-11 and its transformation into

dl-germanicol.
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DISCUSSION

Before the synthesis of germanicol could be continued,
it was necessary to prepare the diketone Q-11 in larger
guantity. Both the aforementioned route and a new, epoxide

cleavage route were used for this preparation.
60,61

The photo-oxygenation procedure used for the con-
version of olefin Q-5 to the allylic alcohol (Figure 19) had
the disadvantages of moderate yield, experimental difficulties

on other than a small scale, and long reaction times. 1In an

- Figure 19: Photo-oxygenation of the Ketal Olefin Q-5

effort to avoid these problems an alternate route was inves-
tigated. 1In .this route the olefin R-1 was epoxidized, and the
product rearranged with base to the allylic alcohol R-3

(Chart R). This route has precedence in the work of Crandall
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Li @ | . OH

HF—:N@
LI ,/1\1 LII

Figure 20: Epoxide Cleavage by Lithium Diethylamide

and Lin,62 who. cleaved the epoxide LI with lithium diethyl-

amide to obtain the exo-methylene allylic alcohol LII
(Figure 20).

Since the carbonyl group of keto-olefin Q—4* was sen-
‘sitive fo the basic reactidn conditions used, it required
protection. The protecting group selected was the 2,2-dimethyl-
prépylene ketal, for Heathcock63 has reported that an ethylene
ketal is hot stable to the‘extremely basic conditions used in
the epoxide cleavage reaction. Apparently, an ethylene ketal
can undergo a/g—elimination reaction with a strong base
(Figure 21). The dimethyl propylene ketal, lacking /gprotons,
is stable. . |

In contrast to the formation of the ethylene ketal Q-5

in 84% yield with ethylene glycol, the six-membered ring ketal

*All racemic materials in this part of the germanicol
project were prepared from 20 g of keto-alcohol 0-4 left by
S.W. Baldwin and 30 g of keto~ketal 0O-3 prepared by J.H. Ham
in the Ireland laboratories.
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) 4 CHBCHQ

Figure 21: /Q-Elimination of an Ethylene Ketal

R-1 was obtained in only 58% yield with 2,2-dimethyl-1,3-
propanediol. The cause of this low yield is not immediately
apparent, however vpc analysis of the crude reaction product
indicated numerous side products. It is possible that the
acid catalyst induced methyl group migrations. A similar
rearrangement was proposed by Baldwin to rationalize the
isomerization of the keto-olefin Q-4 during silica gel

chromatographyGO (Figure 22).

LVI

Figure 22: Acid-Catalyzed Rearrangement of Keto-Olefin Q-4
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Treatment of the ketal olefin R-1 with m-chloroperoxy-
benzoic acid resulted in the formation of the epimeric mixture
of epoxides R-2 in 99% yield (Chart R). On exposure to
1ithium diisopropylamide in refluxing ether, the epoxide mix-
ture rearranged to a mixture of allylic alcohols. Collins
oxidation39 of the mixture gave both endo- and exo-cyclic
enones, from which the desired methylene ketone R-4 was sep-
arated by silica gel column chromatography. The yield for the
epoxide formation, cleavage, and oxidation steps was 52%.

The infrared spectrum of the crude oxidation product
exhibited two carbonyl bands of equal intensity (1685 and
1655 cm*l). The absorption at 1685 e originated from
the desired exocyclic enone R-4, and that at 1655 cm"1 was
due to the endOcyclic'enone LVIII. This major side product,
isolated in 35% yield in one reaction, was apparently the
result of an oxidative rearrangement of the tertiary allylic
alcohollLVII, which, in turn, was a side product of the
epoxide cleavage reaction (Figure 23). Evidence for the
origin of this side product was supported by the results of an
epoxide cleavage wifh lithium diethylamide. Since lithium
diethylamide is less sterically hindered than lithium diiso-
propylamide, it was expected to exhibit less pfeference for
the primary protons of the C-8 ﬁethyl gfoup and therefore to

also abstract a C-6 proton. The nmr spectrum of the alcohol

mixture obtained by using this base indicated that the pre-
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Figure 23: Base Cleavage Products of Epoxide R-2
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dominant isomer was, indeed, the tertiary allylic alcohol LVII.
Moreover, Collins oxidation of this mixture produced an enone
mixture in which the endocyclic enone LVIII was the main
isomer. The infrared spectrum of this mixture had the two
carbonyl absorptions corresponding to the enones LVIII and

R-4 in a ratio of 3:1.

A second side product of the epoxide cleavage was the
saturated ketone LIX (Figure 23), which probably resulted from
a C-7 proton abstraction. Although this saturated ketone was
a minor side product in the small scale epoxide cleavage,

a large scale cleavage resulted in a 20% yield of this ketone,
which was.isolated as the Grignard addition product LX (R =
m-methoxybenzyl). It is possible that the formation of this
side product was caused by the presence of a 25% excess of
diisopropylamine in the large scale cleavage reaction mixture.

The yield for the epoxidation, base cleavage, and Collins
oxidati§n (52%) is comparable to that of the photo-oxygenation--
Collins oxidation synthon (41-61%). However, if the olefin
equilibration and ketal formation steps (84% yield for the
five-membered ring ketal and 58% for the six-membered) are
considered, the photo—oxygenation.route is definitely superior.
Improvement of the dimethylpropylene ketal formation or the
Suppression of the side products of epoxide cleavage would
énhance the desirability of the epoxide route.

The 1,4-addition of m-methoxybenzylmagnesium chloride
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to the mefhylene ketone R-4 in ether, followed by quenching
of the enolate with acetic anhydride, formed the enol acetate
S-1 in 56% yield, which was the same yield as that obtained
using the ethylene ketal ketone Q-7. Treatment of the enol
acetate S-1 (Chart S) with methyllithium in dimethoxyethane
regenerated the enolate, which was alkylated with methyl
iodide to give a mixture of keto-ketal S-2 (60%), dimethylated
ketone LXI (16%), and another compound (20%), which was
considered to be the methyl enol ether LXII, since hydrolysis
of this material yielded the unmethylated ketone LXIII, No
unmethylated ketone, however, was found in the crude product

mixture. ‘Hydrolysis of ketal S-2 gave a 64% yield of dione Q-11.

LXIII

Figure 24: Side Products from the House Alkylation
of Enol Acetate S-1
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The next problem was the verification of the structure
of the dikétone Q-11. Preliminary aromatic solvent induced
shift measurements by Baldwin and Ireland indicated that the
C-8 methyl group of the keto-ketal Q-10 did have the antic-
ipated « configuration. The collision complex of a ketone with
benzene causes the nmr absorption of an axial methyl group
adjacent to this ketone to experience a large upfield shift
(20-30 Hz) relative to its position’iﬁ pure deuteriochloro-
form. The absorption of an equatorial methyl group exhibits
only a small upfield or downfield shift.64 The observed
shift of the C-8 methyl group signal of keto-ketal Q-10 was
17 Hz upfield,'which is consistent with the axial assignment.60

This result was confirmed by a direct comparison of the
racemic diketone Q-ll.with the optically active diketone
obtained by degradation of the tetracyclic triterpene euphol.

6% and Hudrlik66 isolated euphol (T-1)

Johnson, Crawford,
from euphorbium gum and degraded it to the lactone acetate
T-8 (Chart T) by a modification of the procedures developed
by Arigoni and coworkers.67
The lactone acetate was then converted to the optically

6a by the sequence of

active diketone Q-11 by M. Dawson
reactions outlined in Chart U. Saponification of the lactone
acetate T-8, followed by acidification, yielded the hydroxy-—

lactone U—1,‘which was oxidized with Collins reagent39 to the
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keto-lactone U-2. DProtection of the ketone function as a

ketal and reduction of the lactone moiety by disiamylborane69
afforded the ketal lactol U-4, which reacted with E—methoxy—
phenylmagnesium bromide69 to give the diol U-5. This diol,

upon hydrogenolysis of the benzyl hydroxyl group,69 hydrol-
ysis of the C-2 ketal, and oxidation of the C-7 hydroxyl

group afforded the optically active diketone Q-11 in an over-
all yield of 57% for the eight steps. The racemic and optically
active diketonés were identical by vpc, tlc, and ir and nmr

(60 and 220 MHz) spectroscopy.

The structure of the intermediate diketone Q-11 having
been established, the synthesis of germanicol was continued.
The next two synthetic objectives were the construction of the
D and E rings by the acid-catalyzed cyclodehydration of the
diketone and the insertion of the C—SQA angular methyl group
(picene numbering).

Ih a model study, Baldwin and Ireland60 found that treat-
ment of the keto-ketal LXIV with polyphosphoric acid (PPA)

did not afford the cyclodehydration product LXV but decomposed
instead (Figure 25); In contrast, the related diketone LXVI
cyclized smoothly in PPA to give an excellent yield of the
tetracyclic ketone LXVII. When they applied tﬁis procedure
in a preliminary cyclodehydration of ketone Q-11, only decom-
position occurred.

Therefore, the synthesis of the diketone Q-11 through the

e€thylene ketal--photo-oxygenation route was repeated. As in the
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Figure 25: Cyclodehydration in the Model System

case of the methylation of the dimethylpropylene ketal enol
acetate S-1 (Chart S), several préducts were observed in the
conversion of the enol acetate Q-9 to the ketone Q-10. 1In
addition to the desired monomethylated ketone Q-10, the crude
produét always contained some dimethylated (LXVIII), O-
methylated (iXIX), and unmethylated (LXX) material (Figure 26).

The last two contaminants were observable in the vapor phase
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OCH

LXVIII

Figure 26: Products from the House Methylation
of the Enol Acetate Q-9

chromatogram of the mixture and easily removed by preparative
thin layer chromatography. The dimethylated ketone LXVIII
had the same vpc refention time as the ketone Q-~10, and a
chromatographic separation of theée two compounds was difficult.
Hydrolysis of the'purified keto-ketal Q-10 aff&rded the di-
ketone Q-11 in 41% overall yield from the enol acetate. Treat-
ment of the pure diketone with PPA gave a 90% yield of the

pbentacyclic ketone V-1 (Chart V). Because of these results,
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it appears likely that the sample of diketone Q-11 isolated
by Baldwin &0 was very impure, since it gave numerous prod-
ucts on an attempted cyclodehydration.

The pentacyclic ketone V-1 was reduced with lithium
tri-t-butoxy aluminum hydride to the pentacyclic alcohol V-2.

A;zb) of this alcohol could then be

The styrene double bond (
réduced by either a Birch reduction or a hydrogenation to
afford a mixture of the pentacyclic'alcohols V-3 (cis C/D
ring fusion) and V-4 (trans C/D ring fusion). The stereo-
chemical assignment for these two structures was made from a
comparison of the nmr spectra. One of the C/D ring-fused
‘isomers'héd a quaternary methyl absorption at 0.40 6. The
position of this signal was very much farther upfield than

the other four methyl‘resbnances of this isomer and the five

methyl signals of the other isomer. The upfield position of

the methyl signal would be expected for the cis-fused compound
V-3 since models reveal that only in the cis isomer does a
methyl group (C—6%ﬂ CH3) lie in the shielding cone of an
aromatic ring (ring_E).70

The trans:cis product ratios differed for the  reduction
methods. Vapor phase chromatographic analysis.indicated that

the trans:cis hydrogenation product ratio was 25:75, while that

for the Birch reduction was 55:45. Since the trans isomer was

the desired 6ne, a Birch reduction in the absence of a proton

Source was used to saturate the styrehe double bond. After
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purification, the trans-fused product, pentacyclic alcohol V-4,
was converfed to the hydroxy-enone V-5 by a Birch reduction

in the presence of a proton source, followed by acid
hydrolysis and equilibration of the dihydroanisole intermediate.

The preparation of the enone could be more conveniently
accomplished by concurrent reduction of both the styrene
double bond and the aromatic ring of the alcohol V-2. The overall
yield for the hydride reduction of the ketone and this Birch
reduction of the alcohol product was 45%.

The angular methylation of the enone V-5 was performed
according to procedures developed by Nagata and coworkers6
and'modified by Welch and Ireland.44 Treatment of the enone
with triethylaluminum and hydrogen cyanide in tetrahydrofuran
(kinetic conditions) éfforded the cyano-ketone W-1 as the
only isolated product in a quantitative crude yield (Chart W).
Nagata6 and Welch44 have found that kinetic hydrocyanation
conditions, such as those used to prepare compound W-1,
generally give a preponderance of trans-fused material in
similar systems. Therefore, the D/E ring juncture of the
cyano-ketone W-1 was assumed to beiirggg.

The conversion of the cyano-ketone W-1 to the corresponding
methyl ketone W-5 was accomplished by a four-step synthon. The
ketone function was protected by ketalization. The resulting
cyano-ketal W—Z, which was obtained in 77% yield from the enone

V-5, was then treated with diisobutylaluminum hydride to form
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the imine W-3, which was immediately reduced to the methyl
ketal W-4 under Wolff-Kishner conditions. Finally, removal
of the ketal protecting group by acid hydrolysis gave the
hexamethyl ketone W-5 in 93% yield from the cyano-ketal W-2.
All that remained in the synthesis of germanicol was
the addition of the gem-dimethyl grouping at the C-11 posi-
tion, the formation of the Alz double bond, and the removal
of the C-10 carbonyl function. The first two transformations
were td be accomplished by conversion of the saturated ketone
W-5 to the ,B-unsaturated ketone X-2 and then dimethylation.
The-double bond of ketone X-2 was introduced by a
bromination4édehydrobromination procedure used by Marshall and
cbworkers,2 and Long and Green.71 This procedure (bromination
with bromine in acetic acid, followed by dehydrobromination
with calcium carbonate in fefluxing dimethylacetamide) gave high

2,71

yields in cis decalin and steroid systems, however applica-

tion of this method to the ketone W-5 resulted in only a fair
yield of the «,f-unsaturated ketone X-2. Bromination of the

ketone [ir (CHClg) 1700 cm '

(C=O);]1ed to a mixture of bromo-
ketones X-1 [ir (CHClS) 1715 e (broad C=0)] (Charf X).
Treatment of this mixture with calcium carbonate in dimethyl-
acetamide gave, after purification, the enone X-2. The yield
Afor these two steps’was 32%. The reason for this low yield 1is

uncertain; perhaps only one of the bromoketone isomers elimi-

nated to give the enone X-2 and the others did not.
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The original plan for the conversion of the hexamethyl
ketone X—zlto the octamethyl ketone X-4 called for a simple
dimethylation step, however three attempts at gem-dimethyla-
tion of this unsaturated ketoné with methyl iodide and
potassium t-butoxide only resulted in recovery of starting
material. Forcing conditions led to the destruction of the
enone. Evidently the C-1l2a& proton of the enone is too hin-
dered to be abstracted by the base.

This problem was solved by deconjugation of the enone
prior to methylation. A ketalization--deketalization experi-

1 double bond could be deconjugated

ment indicated that the A}
to fhe A}Z position. The double bond of the enone X-2 was
equilibrated with hydrochloric acid in refluxing methanol. From
)

of the product, it appears.that at equilibrium the ﬁgx-and H -

an inspection of the infrared spectrum (1715 and 1675 cm

enones were present in a 2:1 ratio. After re-equilibration of
the q,ﬂ-enone fraction, obtained from the first acid treatment,
a 67% yield of the ﬂ,flunsaturated ketone X-3 was obtained.

Alkylation of this ketone with potassium t-butoxide and
methyl iodide gave the dimethylated-ketone X-4 in 42% yield
aftef purifiéation. The oxygen function at the C-10 position
was reméved by a Wolff-Kishner reduction44 to afford a 57%

yield of gl—germaniCOI.
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CONCLUSION

The synthetic germanicol was identified by comparison
with a sample of natural g—germanicol.* Both the natural and
thé synthetic compounds exhibited a single spot (Rf = 0.65)
on analytical thin layer chromatography (3.3% methanol in
.chloroform). The Vapor phase chromatograms (2700, 4% SE-30)
of both exhibited one major peak at a retention time of 4.9
min. Co-injection prdduced a chromatogram with a peak at the
same retention time. As Figures 27 and 28 illustrate, the
infrared and nmr (220 MHz) spectra for the dl and d forms of

germanicol were the same.

2 ,

The natural triterpene was prepared by reduction of
germanicyl acetate, which had been kindly provided by
Professor C. Djerassi, Stanford University.
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EXPERIMENTAL SECTION

*(a) The compounds containing an asymmetric carbon atom,
which are mentioned in Part I of this thesis and are described
herein, are optically active; the "d" or "1" prefix has been
omitted. -

The compounds of Part II, which possess an asymmetric
carbon atom, with the exception of d-germanicol, are racemic.
The "dl1" prefix has been omitted.

(b) Melting points (mp) were determined on a Kofler
Micro Hot Stage or a Thomas Hoover capillary melting point
apparatus and are uncorrected.

(c) Infrared (ir) spectra were determined on a Perkin-
Elmer 237B grating infrared spectrophotometer. Solution
spectra were observed in 0.1 or 0.2 mm cavity cells using
chloroform or carbon tetrachloride as the_solvent and a
polystyrene calibration band at 1601.4 cm L

(a) Ultraviolet'(uv) spectral determinations were taken
on a Cary spectrophotometer (Model 11).
: - o
(e) Optical rotation [qjg measurements were performed
on a Perkin-Elmer polarimeter (Model 141).

(f) Nuclear magnetic resonance (nmr) spectra were
determined on Varian A-60A, T-60, and HR-220 spectrometers.
Silanor C [Merck, Sharp and Dohme deuteriochloroform containing
1% tetramethylsilane (TMS) as the internal reference/, unless
otherwise mentioned, was used as the solvent. The chemical
shifts are reported as s values in ppm relative to TMS = O.

(g) Vapor phase chromatographic (vpc) analyses were
performed on a F and M gas chromatograph (Model 810),equipped
with hydrogen flame detectors. Helium was used as the carrier
gas at a flow rate of 50-75 ml/min. Analyses were carried out
on 6-ft x 0.125-in columns packed with 1) 5% SE-30 on Diato-
port S, 60/80 mesh, referred to as a 5% SE-30 column; 2) 10%
SE-30 on Chromosorb P, 60/80 mesh, referred to as a 10% SE-30
column; 3) 4% SE-30 on Chromosorb WAWDMCS, 80/100 mesh, referred
to as a 4% SE-30 column; and 4) 10% SE-52 on Chromosorb P,
60/80 mesh, referred to as a 10% SE-52 column. Relative peak
areas were determined by a disc chart integrator.



95

(h) Analytical thin layer chromatography (tlc) was
performed according to Stahl. (E. Stahl, "Dunnschicht-
Chromatographie Ein Laboratoriumshandbuch," Springer-Verlag,
Berlin, 1962.) Silica Gel G (E. Merck AG) on 1x3-in micro-
scope slides was employed as the adsorbent. Components were
detected with iodine vapor or spraying with a 5% solution of
phogphomolybdlc acid in ethanol followed by heating at 100-
150 for a few min.

Preparative thin layer chromatography (source of
adsorbent, plate size, development solvent) was performed on
‘plates coated with a 0.l-cm layer of silica gel PF.254+366
(Brinkman Instrument Co.) or commercially prepared plates
coated with a 0.25-cm layer of silica gel (Analtech). Unless
otherwise mentioned, the dimensions of the plates were
20x20 cm. Bands were observed with the aid of ultraviolet
light.

Merck silica gel (0.05-0.2 mm, 70/325 mesh) was
used for column chromatography.

(i) Elemental analyses were performed by Spang Micro-
analytical Laboratories, Ann Arbor, Michigan, and Elek Micro-
analytical Laboratories, Torrance, California.

(j) Reactions were run under an inert gas. For the
preparation of the compounds of Part I up to the cholestenol
study, nitrogen was used; thereafter, argon was used.

(k) As reaction solvents, dimethoxyethane, ether, tetra-
hydrofuran, benzene, pyridine, and dichloromethane were dried
by distillation immediately prior to use. The first three
were distilled from lithium aluminum hydride. Dimethoxy-
ethane was distilled in an argon atmosphere. Benzene and
pyridine were distilled from calcium hydride, dichloromethane
from phosphorous pentoxide.

Petroleum ether refers to the fraction with.a boiling
point (bp) range of 30-60°, which is supplied by J. T. Baker
Chemical Co.

~ The solvents used for extraction in the work-up
procedures were reagent grade quality. In addition, benzene
was distilled from calcium hydride before use.

(1) The brine referred to in the work-up procedure is
an aqueous saturated sodium chloride solution. Dilute brine
is a saturated sodium chloride solution diluted with an equal
part of water.



96

(m) Concentration at reduced pressure refers to
evaporation on a rotary evaporator connected to an aspirator
system (20 mm) followed by additional evaporation on a
vacuum line (0.05-0.1 mm). The latter step was omitted in
the preparation of volatile compounds.

(n) The chloroform used for crystallization and
chromatography was reagent grade, which was stabilized with
0.75% ethanol.
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Dihydrocarvone (C-2) was prepared by the procedure of

Marshall.26 "To a solution of 18.7 g (2.69 moles) of lithium

wire (cut in small pieces and washed with dry petroleum ether)
in 3.0 1 of liquid ammonia (distilled) was added 101.2 g

(0.674 mole) of l-carvone (Calbiochem.) in 830 ml of anhydrous
ether over a period of 3 hr. Then, 200 ml of absolute ethanol
were added over a 3.5-hr period. The reaction mixture was
quenched with 170 g (3.2 moles) of ammonium chloride, and the
ammonia was allowed to evaporate overnight. Dilute brine

(1000 ml1) was added to the residue, and the resulting mixture
was extracted with five 200-ml portions of ether. The combined
extracts were washed with 200 ml of brine and dried (NaZSO4).
Benzene (200 ml) was added, and the solvents were removed at
réduced pressure to give 107 g of a yellow o0il, which was
dissolved in 700 ml of acetone, cooled to 20, and treated with
150 ml of 8 N chfomium trioxide in sulfuric acid (Jones

27). The excess Jones reagent was destroyed by the

reagent
dropwise addition of isopropyl alcohol, and the color of the
reaction mixture changed from brown to green. The mixture
was neutralized with solid sodium bicarbonate and filtered.
Diétillation of the filtrate at atmospheric pressure removed
most'offthe Solvent. The residue was poured into 500 ml of
brine ahd extracted with five 100-ml portions of ether. The
combined extracts wére washed with two 100-ml portions of

brine. These washings were re-extracted with 200 ml of ether.

Benzene (5 ml) was added to the combined ethereal extracts,
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and this pale yellow oil was distilled. After removal of

the solvents, the pressure was reduced to 22 mm. The product,
dihydrocarvone, was obtained as a clear, colorless oil,
weighing 75.5 g (74% yield), bp 106-109° (22 mm);

ir (film) 3080 (vinylic C-H), 1715 (C=0), 1645 (C=C), and

1

890 cm (C=CH2).

74-Isopropenyl-9a-hydroxy-10a-methyldecal-2-one (C—3)26 was

prepared by the procedure of Marshall. To 68.4 g (448 mmoles)
of dihydrocar?one (prepared by the above method), which was
cooled to -10° and mechanically stirred, was added 2.7 ml of
3 N (8.1 mmoles) ethanolic sodium ethoxide. To this yellow
.reaction ﬁixtUre was added 18.75 ml (231 mmoles) of methyl
vinyl ketone (Aldrich) over a period of 1.25 hr. The resulting
emerald green solution was stirred at —100 for 15 min and at
room temperature for 18 hr. It was then poured into 200 ml of
brine and extracted with five 100-ml portions of ether. The
combined extracts were washed with 50 ml of brine and dried
(NaZSO4). On distillation, first at atmospheric pressure and
then at reduced pressure, 40.6 g of dihydrocarvone (bp 38—420,
0.1 mm) was recoveréd. The crude product (C-3) was left in
the distillation pot. |

The recovered starting material (40.6 g,'263 mmoles) was
treated as above with 1.6 ml of 3 N (4.8 mmoles) ethanolic
sodium ethoxide and 11.1 ml (137 mmoles) of methyl vinyl ketone.

The reaction mixture was distilled from the same flask, which
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was used ébove and still contained the crude ketol C-3. The
recovered dihydrocarvone (bp 41—430,0.12 mm), which weighed
22.9 g (150 mmoles), was homoannelated a third time with

0.9 ml of 3 N (2.7 mmoles) ethanolic sodium ethoxide and
6.3 ml (77.6 mmoles) of methyl vinyl ketone. Distillation of
this product mixture from the flask used above afforded 17.1 g
(25% recovery) of dihydrocarvone (bp 36—429, 0.12 mm) and

56.4 g of crude ketol C-3 (bp 95°, 0.06 mm, to 170°, 0.15 mm),
which crystallized upon seeding with a previously purified
sample. Recrystallization of this material from ether--
petroleum ether gave two crops of crystalline ketol C-3:

21.5 g, mp 105—1070, and 9.4 g, mp 103-106°. The mother liquors
were chromafographed on 1 kg of activity III Woelm alumina.
Eiution with 7.0 1 of 10% ether in petroleum ether and 1.0 1
of 30% ether.in petroleum ether gave only unidentified side
broducts. Continued elution with 30% (1.5 1) and 50% (4.0 1)
ether in petroleum ether afforded 9.7 g of ketol, which was
.recrystallized from ether--petroleum ether to give a third
crop of ketol C-3: 7.2 g, mp 103-106°. The total yield of
38.1 g represented a 38% conversion or a 51% yield based on
unrecovered dihydrocarvone.

ir (film) 3460 (0-H), 3080 (vinylic C-H), 1705 (C=0),

1645 (C=C), and 890 cm ™+

(C=CH2).
nmr (CDC1,) & 1.22 (s, 1, C-10 CHg), 1.70 (d, 3, J=1, vinylic

CHz), 2.2-3.0 (m, 4, CH,COCH,), 4.70 (m, 2, =CH,).
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746-1sopropyl-10a-methyl-1(9)-octal-2-one (C—5)26 was

synthesized by the method of Marshall. Platinum oxide (2.5 g)
was added to a solution of 38.0 g (171 mmoles) of ketol C-3
(prepared above) in 400 ml of absolute ethanol. This mixture
was stirred under a hydrogen atmosphere for 18 hr and then
filtered through Celite and 5 g of Merck silica gel to remove
the colloidal platinum. The solvent was evaporated at reduced
pressure to give 40.8 g of a very viscous oil, containing the
saturated ketoi C-4 and some solvent.

ir (£film) 3445 (0-H), 1700 (C=0), and 1360 and 1380 cm"l

(gem-dimethyl).

To fhe,crude ketol C-4 was added 400 ml of 10% aqueous
oxalic acid; the resulting biphasic mixture was boiled vigor-
ously for 9 hr, cooled and extracted with five 100-ml portions
of a 2:1 ether-benzene solution. The combined extracts were
washed with two 50-ml portions of saturated aqueous sodium
bicarbohate>and 50 ml of brine, and dried (Na2804). Removal
of the solvent at reduced pressure and evaporative distillation
(60-120°, 0.1 mm) of the residue afforded 35.4 g (100% yield
from the unsaturatea ketol C-3) of the octalone C-5 as a
colorless oil:
ir (£film) 1675 (C=0), 1620 (C=C), and 1365 and 1380 cm_l
(gem-dimethyl);

nmr (CDC1,) é 0.88 (m, 6, -CH(CH

Hs),), 1.27 (s, 3, C-10 CHg),
5.73 (s, 1, vinylic H).
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Lithium Aluminum Tri-t-butoxy Hydride.28 To approxi-

mately 38 g (1.0 mole) of lithium aluminum hydride (obtained
from 45 g of Ventron lithium aluminum hydride by a Soxhlet
extraction) in 2.0 1 of anhydrous ether was added over a
period of 4 hr with stirring 253 g (3.41 moles) of t-butanol
(purified by distillation from calcium hydride). During the
addition, heat was evolved. A reflux condenser was used to
prevent excessive loss of ether. The product precipitated as
a white powder, which was washed thoroughly with ether and
dried under vacuum to afford 266 g of lithium aluminum tri-t-

butoxy hydride.

78-1sopropyl-10x~-methyl-1(9)-octal-2«-01 (C-6). A pro-
cedure used by Be1172 was modified for this reduction. A
solution of 9.0 g (43.6 mmoles) of octalone C-5 (obtained in
the manner déscribed above) in 450 ml of tetrahydrofuran was
édded to a solution of 50.2 g (197 mmoles) of lithium aluminum
triﬁg—bhtoxy hydride in 750 ml of tetrahydrofuran. The cloudy
solution was heated at a vigorous reflux for 2 hr and then
cooled. Next, 20-ml portions of 10% aqueous sodium hydroxide
and saturated aqueous sodium sulfate were added slowly. After
the resulting paste had been stirred at room temperature for
18 hf, the solvent was removed at reduced pressure and the
white residue was‘dissolved in a mixture of 1.0 1 of saturated
aqueous ammonium chloride, 500 ml of a 2:1 ether-benzene
solution, and just enough 10% aqueous hydrochloric acid to

effect solution of the aluminum salts. This mixture was
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extracted with five 200-ml portions of a 2:1 ether-benzene
solution. 'The combined extracts were washed with saturated
aqueous sodium bicarbonate and brine. The washings were
back-extracted with 100 ml of the ether-benzene solution. The
combined organic extracts were dried (Na2804). Removal of the
solvent at reduced pressure afforded the allylic alcohol C-6
as white crystals weighing 8.96 g (99% crude yield). In the
same manner, another 14.75 g (71.5 mmoles) of octalone C-5
was reduced with 64.0 g (252 mmoles) of lithium aluminum
tri-t-butoxy hydride in 2.0 1 of tetrahydrofuran, and then
gquenched with 25.5-ml portions of 10% aqueous sodium hydroxide
and-saturated aqueous sodium sulfate. Upon work-up, 14.87 g
(quantitative crude yield) of the allylic alcohol C-6 was
obtained. The combined products were sublimed (700, 0.07 mm)
to afford 22.0 g (91% yield) of white solid, the allylic
alcohol C-6:
s (CHCiS) 3595 and 3410 (0-H), 1655 (C=C), and 1365 and

1380 cm ' (gem-dimethyl) .

A portion of the allylic alcohol obtained from another
experiment was recrystallized from-petroleum ether for the
analytical sample: mp 83—840;

nmr (CDCl,) & 0.84 (m, 6, CH(CH 1.14 (s, 3, C-10 CH,),

4.22 (m, 1, CHOH), 5.29 (s, 1, vinylic H);

Anal. Calecd for Cl4H24O: C, 80.71; H, 11.61. Found: C, 80.77;

H, 11.48.
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9«~ (N ,N-Dimethylcarboxamidomethyl)-74~isopropyl-10«-—

methyl-l-octalin (D-1). The procedure of Ning73 was

modified. A mixture of 5.0 g (24.0 mmoles) of allylic alcohol
Cc-6 (mp 73-800 after sublimation, prepared by the method
desbribed in the preceding experiment) and 6.35 g (47.7 mmoles)
of N,N-dimethylacetamidedimethylacetal (Fluka) in 48 ml of
B—Xylene was heated in a sealed flask at 114° for 8 hr. After
cooling, another 6.35 g (47.7 mmoles) of N,N-dimethylacetamide-
dimethylacetal'was added and heating (1140) was continued for
16 hr. After removal of the volatile materials at reduced
pressure, the residue was chromatographed on 240 g of activity I
Woelm alumina. Elution with ether and 10% methanol in ether
gave 4.27 g 6f crude amide D-1. Recrystallization from
pefroleum ether afforded a small amount of purer material. The
mother 1iquofs were chromatographed on 100 g of activity III
Woelm alumina; elution with petroleum ether and then ether gave
1.94 g of purer amide. The combined purified fractions were
crystallized from petroleum ether and gave 1.96 g (29% yield)
of analytically pure unsaturated amide D-1 as white crystals:
mp <37O; :
ir (£ilm) 3000 (vinylic C-H), 1645 (C=0), and 1385 cm™ ' (gem-
dimethyl);
hmr (CDClB) s 0.87 (m, 9, all CHB), 2.44 and 2.49 (s, 1 each,

CH,-CO), 2.95 and 3.04 (s, 3 each, N-CH,), 5.63 (m, 2,

2
vinylic H);
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Anal. Calcd for C NO: C, 7T7.92; H, 11.26; N, 5.05.

18H31
Found: C, 78.06; H, 11.31; N, 4.99.

9«~ (N N-Dimethylcarboxamidomethyl)-74-isopropyl-10a-

methyldecalin (D-2). To a solution of 228 mg (0.83 mmole) of

unéaturated amide D-1 (obtained by a procedure similar to the
one described.above) in 20 ml of absolute ethanol was added

50 mg of 10% palladium on charcoal. This mixture was stirred
under a hydrogen atmosphere for 4.5 hr and then filtered. The
solvent was removed at reduced pressure to give 228 mg (99%
crude yield) of saturated amide D-2 as a pale yellow o0il:

ir (film) 1645 (C=0) and 1385 cm - (gem-dimethyl);
ggﬁ_(CDClg) $§ 0.87 (m, 9, all CH3), 2.12 and 2.66 (d, 1 each,

J=14, CHZ—CO), 2.92 and 3.07 (s, 3 each, N—CHS).

This material was used in the next reaction without further
purification;

A sample prepared by an identical procedure was purified
for analysis by evaporative distillation at 158" (0.1 mm). The
infrared spectrum of this distilled material was identical to
that of the crude material.obtained above.

Anal. Calcd for 018H33NO: ¢, 77.36; H, 11.90; N, 5.01. Found:

€, 77.45; H, 11.99; N, 5.04.

9&—Carb0xaldehydomethyl—?a—isoprOpyl—10¢;methy1decalin

Semicarbazone (D-3). The procedure of Brown and Tsukamotolz

was modified. A solution of 224 mg (0.80 mmole) of amide D-2

(prepared in the previous reaction) in 2 ml of dry ether was
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cooled to 00, while 0.89 ml of 0.523 M (0.46 mmole) lithium di-
hydrodiethoxyaluminate in ether was édded over a period of
1.5 hr. The cloudy solution was stirred at 0° for another
30 min, and then 4.5 ml of 2 N (9.0 mmoles) aqueous hydro-
chioric acid was slowly added. The reaction mixture was
extracted with four 50-ml portions of a 2:1 ether-benzene
_solution, and the combined extracts were washed with 50 ml
portions of saturated aqueous sodium bicarbonate and brine.
The washings wéere re-extracted with 50 ml of the ether-benzene
solution. The combined organic phases were dried (Na2804).
Removal of the solvent at reduced pressure afforded 194 mg of
an oil: ‘
ir (film) 3410 (0-H), 2720 (aldehyde C-~H), 1720 (aldehyde C=0),
1640 (amide C=0), and 1365 and 1380 cm = (gem-dimethyl).
The‘aldehyde D-4 was isolated and purified as the semi-
carbazone D-3 by the procedure of Fieser and Fieser.28 A
solution of the crude aldehyde in +the minimum amount of
methanol necessary to effect solution was treated with 0.5 ml
of 2 M (1.0 mmole) agqgueous semicarbazide hydrochloride and
0.14 ml of pyridine. Two crops of crystalline semicarbazone
Weferbtained: 86 mg of white crystals, mp 171—1730, and 34 mg
of créam—colored crystals, mp 164-1680, a totallyield of 120 mg
(51%) :

ir (CHCl,) 3150, 3475, and 3540 (N-H), and 1690 en™ 1

(c=0).
A sample of the semicarbazone prepared in a similar

manner was recrystallized from benzene to give the analytical
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sample as a white powder, mp 170—1730, the infrared spectrum

of which was identical to that described above.

Anal. Calcd for Cl7H31N3
Found: C, 69.76; H, 10.67; N, 14.39.

0: C, 69.58; H, 10.65; N, 14.32.

9a~Carboxaldehydomethyl-74-isopropyl-10a-methyldecalin

(p-4). The semicarbazone D-3 (122 mg, 0.42 mmole), which
was obtained by a procedure similar to that described above,
was dissolved in 25 ml of benzene. After the additon of 25 ml
of 3 N aqueous hydrochloric acid, the mixture was heated at
reflux for 3 hr, cooled, and then extracted with four 50-ml
portions of a 2:1 ether-benzene solution. The combined
extracts were washed with 50-ml1 portions of saturated aqueous
éodium bicarbonate and brine. The washings were re-extracted
with two 50-ml portions of the ether-benzene solution. The
combined Qrgénic phases were dried (Na2804). Removal of the
solvent at reduced pressure left 101 mg (103% crude yield) of
the aldehyde D-4 as a pale yellow oil:

ir (film) 2710 (aldehyde C-H), 1720 (C=0), 1365 and 1385 cm—1

(gem~dimethyl);

nmr (CDCl,) 6 0.85 (m, 9, CHy), 2.11 (d of d, 1, J,4=3, J, =14,
CH,-CHO), 2.74 (d of d, 1, Jpu=4, J,p=14, CH,-CHO),
9.87 (d of d, 1, J,,=3, I, ~4, -CHO).

This material was decarbonylated immediately without further

purification.
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Tris(triphenylphosphine)chlororhodium(I) (XXIX) was

16 A solution of

prepared by the procedure of Wilkinéon.
3.0 g (11.4 mmoles) of rhodium trichloride trihydrate (Alfa)
in 105 ml of hot absolute ethanol was added to a warm solu-
tion of 18.0 g (68.6 mmoles) of triphenylphosphine in 525 ml
of absolute ethanol. A brown solid immediately precipitated.
On heating the stirred mixture at reflux for 1.5 hr in a
nitrogen atmosphere, the brown precipitate was repléced by
reddish—purple'crystals. The suspension was cooled, and

the solid was washed twice with ethanol and twice with ether,
and dried at reduced pressure to afford 8.84 g (84% yield) of
tris(triphenylphosphine)chlororhodium(l) as reddish-purple

crystals.

9« ,10x~-Dimethyl-74-isopropyldecalin (XXXII). A reported

procedure]."5 was modified.. To a solution of 101 mg (about
0.42 mmole) of crude aldehyde D-4 (synthesized by the above
procedufe) in 10 ml of benzene was added 444 mg (0.48 mmole)
of tris(triphenylphosphine)chlororhodium(I) (prepared by the
prdcedure of Wilkinsoan), and the resulting red suspension
was heated at refluﬁ for 22 hr. The solvent was removed at
reduced pressure, and the residuevwas evaporatively distilled
at 130-155° (10-12 mm) over a period of 6 hr td give 37.3 mg
(43% yield from the.semicarbazohe D-3) of analytically pure
hydrocarbon XXXIIas a clear, colorless oil:

ir (£ilm) 1365 and 1380 cm_'1 (gem~dimethyl);
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nmr (CDC1,) S 0.88 (m, 12, all CHg);
Anal. Calcd for 015H28: C, 86.46; H, 13.54. Found: C, 86.38;

H, 13.59.

7s-1sopropyl-10q-methyl-1(9)-octal-2x~yl Vinyl Ether

(Eél). A procedure used by Ireland and coworkers8 was modified.
Ethyl vinyl ether (Eastman) was purified by heating at reflux
over sodium for 3 hr and then distilling into a flask, which
had been cleaned with hot chromic acid solution, rinsed with
distilled water, and dried in an oven. To 400 ml of the
purified ethyl vinyl ether was added 6.89 g (33.1 mmoles) of
allylic alcohol C-6 (obtained by the procedure described above)
and 3.32 g (10.4 mmoles)'of mercuric acetate (MCB, recrystal-
lized from efhénol containing 0.02% acetic acid, and dried and
stored at reduced pressure). The clear, colorless solution
was heated at reflux for 17 hr; then 0.25 ml (4.4 mmoles) of
acetic acid was added, and the solution was stirred for 3.5 hr
at room temperature, before it was poured into a mixture of

600 ml of petroleum ether and 90 ml of 5% aqueous potassium
hydroxide. The organic layer was washed with three 90-ml

portions of water and dried (Na_,SO Removal of

2774 3)'

the solvent at reduced pressure afforded 8.3 g of a colorless

and NaZCO

oil, which was filtered through 240 g of neutral Merck alumina
to remove the meréuric salts and starting material. Petroleum
ether eluted 6.71 g (87% yield) of the vinyl ether E-1, as a

clear, colorless oil:
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ir (£ilm) 3110 (vinylic C-H), 1605 and 1630 (C=C), and
1365. and 1385 cm T (gem-dimethyl);

nmr (CDClS) § 0.87 (m, 6, CH(CH 1.15 (s, 3, angular CHS)’

3)2) 3
4.00 (d of d, 1, J, =7, J,.=1.5, -CH=CH,), 4.32 (d of d,

1, Jpy=14, J,5=1.5, -CH=CH,), 4.0-4.6 (m, 1, CHOH), 5.37

BX AB

(m, 1, C-1 H), 6.39 (d of d, 1, J,,=7, Jp,~14, -CH=CH,).

AX BX
A portion of this material was evaporatively distilled

at 800 {(G.1 mm) to.give the .analytical sample, the infrared

spectrum of which was identical to that of the undistilled

material.

Anal. Calcd for 016H26O: C, 81.99; H, 11.18. Found: C, 82.04;

H, 11.26.
Repetition of this experimental procedure gave low and
variable yields.

Qa-Carboxaldehydomethyl—?ﬂ—isopropyl—10ﬂ-methy1—1—

octalin Semicarbazone (E-2). A procedure of Ireland and co-

worker58 was modified. A sample (523 mg, 2.2 mmoles) of vinyl
ether E-1 (prepared in the preceding reaction) was sealed in a
Carius tube under a reduced nitrogen pressure. The tube was
suspended in refluxing ethylene glypoi (bp 196—1980) for 3 hr,
codled, and opened carefully. Vapor phase chromatography
(2000; 5% SE;SO) of the contents showed one major peak with a
retentién time of 3.9 min (85%)

ir (£ilm) 3010 (Viﬁylic C-H), and 1365, 1375, and 1385

(gem—dimethyl), 2725 (aldehyde C-H), and 1720 cm“1 (C=0).
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A mixture of this material, 1.1 ml of 2 M (2.2 mmoles)
agqueous 'semicarbazide hydrochloride, and 0.28 ml of pyridine
was dissolved in enough methanol and ether to effect solution
(total volume: 30 ml). After warming on a steam bath, the
solution was filtered and boiled to dryness. The residue was
crystallized from benzene, and crystalline semicarbazone E-2
was obtained in two crops: 105 mg, mp 1810, which was used for
the analytical sample, and 248 mg, mp'l78--180O (a total yield
of 54%).

Anal, Calcd for C,.,H,,N,O: C, 70.06; H, 16.03; N, 14.42.

177293
Found: C, 70.17; H, 10.10; N, 14.36.

9a-Carboxaldehydomethyl-78-isopropyl-10a-methyl-1-

octalin (E—S). The saturated semicarbazone D-3 cleavage
pfocedure was used. A mixture of 248 mg (0.85 mmole) of semi-
carbazone_E—é (mp 178~1800), 50 ml of benzene, and 50 ml of 3N
équeous hydrochloric acid was stirred and heated at reflux for
3 hr, cooled, and extracted with four 100-ml portions of a 2:1
ether-benzene solution. The extracts were washed with 100-ml
portions of saturated aqueous sodium bicarbonate and brine.
The combined washings were re-extracted with 100 ml of ether-
benzene. The combined extracts were dried (Na2804) and then
concentrated at reduced pressure to afford 186 mg (93% crude
yield) of the unsaturated aldehyde E-3 as a pale yellow o0il,
which was used in the next reaction without further purifica-

tion:



111

ir (£film) 3010 (vinylic C-H), 2725 (aldehyde C-H), 1720 (C=0),
1650‘(C=C), and 1370 and 1380 cm—1 (gem~dimethyl);

nmr (CDCl,) § 0.85 (m, 9, all CHg), 2.46 (d, 2, J=3, -CH,-CHO),

2
5.72 (s, 2, vinylic H), 9.91 (t, 1, J=3, -CHO).

9a,10a-Dimethyl-74-isopropyl-1l-octalin (E-4). The pro-

cedure used for the decarbonylation of the saturated aldehyde
D-4 was followed. To a solution of 1.52 g (6.5 mmoles) of
unsaturated aldehyde E-3 (prepared by the above procedure)
in 150 ml of benzene was added 6.64 g (7.2 mmoles) of tris-
(triphenylphosphine)chlororhodium(I). After the red suspen-
sion had been heated at reflux for 39 hr, the solvent was
removed by distillation first at atmospheric and then at
reduced preséure. The residue was filtered through 45 g of
Merck silica gel; ether was used as the eluant. After removal
of the solveht, the residual oil was evaporatively distilled
at 85° (0.03 mm) to give 1.04 g (78% yield) of olefin E-4 as a
clear, colorless oil:
ir (film) 3010 (vinylic C-H), 1650 (C=C), and 1370, 1375, and
1385 cm™! (gem-dimethyl);
omr (CDC1l,) s 0.88 (m, 12, all CH;), 5.42 (m, 2, vinylic H).
A similarly prepared sample had the same infrared spectrum
and Wasrsubmitted for analysis.

Anal. Calcd for C; H,.: C, 87.30; H, 12.70. Found: C, 87.22;

H, 12.60.
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9¢,10x-Dimethyl-74-isopropyl-2-decalone (E-6). The
hydroboratioh——oxidation and Jones oxidation procedures

30 were modified. To a solution

used by Ireland and coworkers
of 207 mg (1.00 mmole) of octalin E-4 (prepared in the pre-
ceding reaction) in 6.6 ml of ether was added 4.9 ml of

0.213 M (1.04 mmoles) diborane in tetrahydrofuran.74 After
. the reaction mixture had been stirred at room temperature

for 1.5 hr, 1.6 ml of 10% aqueous sodium hydroxide and 1.6 ml
of 30% aqueous hydrogen peroxide were slowly added. The solu-
tion was heated at reflux for 30 min, cooled, poured into

100 ml1 of brine, and extracted with five 25-ml portions of
ether. The combined extracts were washed with 50-ml portions
of water andlbrine, and dried (Na2804). Removal of the sol-
vént at reduced pressure afforded 225 mg (quantitative crude
yield) of_aléohol mixture E—S as a clear oil.

The crude hydroboration--oxidation product was dissolved
in 14 ml of acetone and cooled in an ice bath, while 0.29 ml of
8 N chromic acid (Jones reagent)z7 was slowly added with
stirring. After 3 min, the excess oxidant was reduced with
isopropanol, and 7.2 ml of 5% aqueous.potassium carbonate was
added to neutralize the acid. This reaction mixture was
workéd—ﬁp the same way as the alcohol mixture E-5 was and
afforded 203 mg of a clear oil, the vapor phase chromatogram
(2000, 10% SE-30) of which showed two peaks with retention
times of 2.1 (12%) and 4.5 min (88%). Under the same condi-

tions, the chromatogram of the starting material (olefin E-4)
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had one péak with a retention time of 2.1 min. The crude
oxidation product was purified by preparative thin layer
chromatography (Merck silica gel, 25% petroleum ether in ben-
zene) to give 150 mg of ketone E-6 as a clear oil:

ir (film) 1720 (C=0), and 1375 and 1385 cm—1 (gem-dimethyl);
nmr (CDC13) $ 0.83 (m, 6, CH(Q§3)2), 0.98 (s, 3, C-9 CHB)’ 1,12

(s, 3, C-10 CH,), 1.9-2.6 (m, 4, -CH,COCH,-).

2
The assignment of the nmr signals for the C-9 and ol methyl
groups was baséd on a comparison of this spectrum with that of
the keto-acetal I-2.

Evaporative distillation at 75° (0.02 mm) of the clear
0il gave 138 mg (62% yield from the olefin E-4) of analytically
pure ketone E-6.
éﬂél- Calcd for 015H26O: C, 81.02; H, 11.79. Found: C, 81.06;

H, 11.75.

9a-Carboxymethyl-74-isopropyl-10aq-methyl-1-octalin (F-1).

An oxidation procedure used by Ireland and coworkers8 was
modified. The crude aldehyde E-3 (1.75 g, 7.5 mmoles) from
Claisen rearrangement of vinyl ether E-1, was dissolved in 75 ml
of absolute ethanol. To this solutioﬁ was added 1.2 g (7.1
mmoles) of silver nitrate dissolved in 13 ml of water and 1.2 g
(30 mmoies) of sodium hydroxide in 49 ml of water. The

black reaction miXture was stirred at room temperature for

2.5 hr, poured into 150 ml of water, and extracted with three
50-ml portions of ether, which were then discarded. The aqueous

layer was acidified with concentrated hydrochloric acid
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and extracted with four 50-ml portions of ether. The combined
extracts were washed with 50 ml of brine and dried (Na2SO4).
Removal of the solvent at reduced pressure afforded 1.12 g
(70% yield) of the acid F-1 as white crystals: mp 95-98.5°;

ir (CHCl,) 1700 (C=0), and 1370 and 1385 cm ' (gem-dimethyl);
nmr (CDClB) $§ 0.85 (m, 9, all CH3), 2.22 and 2.67 (d, 1 each,

J=13, —C§2002H), 5.3-6.1 (m, 2, vinylic H), 11.19 (broad

s, 1, CO,H). '

A portion of this material was chromatographed on Merck
silica gel. The petroleum ether eluant was discarded. Ether
eluted the analytically pure, white crystalline carboxylic
acid F-1, mp 97-99°.

Anal. Caled for CjH,.0,: C, 76.75; H, 10.47. TFound: C, 76.77;

H, 10.43.

The Lactonization of Octalin F-1 was accomplished with

the procedure of Dietrich and Lederer.75 A solution of 500 mg
(2.00 mmoles) of the carboxylic acid F-1 (prepared by the above
prbcedure) in 120 ml of formic acid (98-100%, B and A) was
heated at reflux for 1.25 hr, cooled, poured into 500 ml of
water, and extracted with four 50-ml bortions of a 2;1 ether-
behzene solution. The combined extracts were washed with two
50-ml portions of saturated aqueous sodium bicarbonate and two
50-ml1l portions of brine, and dried (Na2804). The solvent was
removed at reduced pfessure. The residue, a golden o0il, was
evaporatively distilled at 1150‘(0.02 mm) to give 486 mg (97%

yield) of the lactone F-2 as a clear, colorless oil, which
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solidified upon seeding. The infrared spectrum of this material
was identiéai to that of the analytical sample, mp 40—450,
obtained earlier using this procedure:

ir (CHCL,) 1770 (C-0), and 1370 and 1385 cm = (gem-dimethyl);
nmr (CDC13) s 0.87 (m, 6, CH(CHS)Z), 1.00 (s, 3, angular CHS)’

2.07 and 2.72 (d, 1 each, J=17, -CH,CO-), 4.10 (m, 1,

2
>CHO-CO-) ;

Anal. Calcd for Cl6H2602: C, 7¥6.75; B, 10.47, Found: C, 76.885;

H, 10.42.

The Reduction of the Lactone F-2 to the Lactol F-3 was car-

ried out by an adaptation of a procedure of Brown and
MoerikoferBB‘which was modified by Ireland and Evans.32 A
solution of 0.59 g (8.5 mmoles) of 2-methyl-2-butene in 0.34 ml
of dry tetrahydrofuran was cooled to -20° while 4.05 ml of

0.48 M (1.94 mmoles) diborane74 in tetrahydrofuran was added
over a period of 1 hr. The solution was stirred at 0° for 4 hr
and then diluted with 3.0 ml of dry tetrahydrofuran. A solution
of 251 mg (1.00 mmole) of the lactone F-2 (prepared in the
preceding experiment) in 2.2 ml of dry tetrahydrofuran was added
dropwise over a peribd of 15 min to this disiamylborane solution,
and the resulting reaction mixture was stirred at 0° for two

hr and ét room temperature for 10.5 hr. The reéction mixture
was again cooled to OO while 0.74 ml of water and 1.76 ml of

30% aqueous hydrogen peroxide, which had been made basic (pH=8)

with 10% aqueous sodium hydroxide, were slowly added. This

mixture was stirred at room temperature for 1 hr. The solvent
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was removed at reduced pressure. To the residue was added
100 ml of beﬁzene, and this mixture was washed with 50 ml of
5% aqueous potassium hydroxide and three 50-ml portions of
brine, and dried (Na2804). Removal of the solvent at reduced
pressure gave 227 mg of a cloudy oil, which was evaporatively
distilled at 115° (0.03 mm) to afford 163 mg of analytically
pure lactol F-3 as a clear, colorless oil (64% yield):

ir (film) 3385 (0-H), and 1365 and 1380 cm_1 (gem-dimethyl);

nmr (CDC13) $ 0.85 (m, 6,CH(CH 0.93 (s, 3, angular CHS)’

3)2),
3.82 (m, 1, >CHO-CHOH-), 5.47 (m, 1, >CHO-CHOH-);

Anal. Calcd for 016H2802: C, 76.14; H, 11.18. Found: C, 76.26;

Hy ¥1.15.

The Attempted Decarbonylation of Lactol F-3. The aldehyde

E;3 decarbonylation procedure was used. A mixture of 151 mg
(0.60 mmole)’of lactol F-3 (prepared in the above procedure)
dissolved in 14 ml of benzene and 0.62 g (0.67 mmole) of tris-
(triphenylphosphine)chlororhodium(I) was heated at reflux for
45 hr. The vapor phase chromatograms (2600, 10% SE-30) of
aliquots of the reaction mixture, which were taken during this
time period, indicated that the three peaks corresponding to
the vpc pattern of the starting material (retention times 1.3,
2.2,.ana 3.1 min) were not decreasing. Therefdre, 1.0 ml of
concentrated hydrochloeric acid was added to the reaction mix-
ture to shift the position of the lactol--hydroxy-aldehyde
equilibrium. - The reaction mixture first turned clear and

then a yellow precipitate formed. After being heated at reflux
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for 26 hr, the mixture was poured into ether, washed with
saturated aqueous sodium bicarbonate and brine, and dried

(Na_SO The residue left after removal of the solvent at

550,).
reduced pressure was chromatographed on 15 g of activity I
Woelm alumina., Elution with petroleum ether and 5% ether in
petroleum ether produced only unidentifiable material; elution
with 50% ether in petroleum ether afforded 32 mg (22% yield)
of the lactone F-2 as a yellow oil: .
ir (CHClB) 1770 (C=0), and 1365 and 1385 cm_1 (gem-dimethyl).
The infrared spectrum of this material was the same as that

obtained in the lactonization of octalin F-1 experiment.

1—Bfomo—94,1Ox—dimethy1—2—hydroxy—7ﬂ—isopropyldecalin

(G-1). The procedure of Dalton and coworkers34 was modified.

To a solution of 206 mg (1.00 mmole) of octalin E-4 (prepared
above) and 45‘#1 (2.50 mmoles) of water in 5 ml of dimethyl-
sulfoxide (dried over Linde 4A molecular sieves) was added
356 mg (2.00 mmoles) of N-bromosuccinimide. The resulting
yellow solution wés stirred at room temperature for 1 hr,
poured into 50 ml of brine, and extracted with five 25-ml
portions of ether. The combined Qfganic extracts were washed
with two 50-ml portions of water and 50 ml of brine, and
dried (Na2804). Removal of the solvent afforded 292 mg of
yellow crystals. Two recrystallizations from petroleum ether
produced 25 ﬁg of pure bromohydrin G~1 as white needles:

mp 88.5-91.5°;
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Anal. Calcd for C15H27Br0: C, 59.40; H, 8.97; Br, 26.35.

Found: C, 59.17; H, 8.94; Br, 26.29.

‘The mother liquors were chromatographed on 30 g of Merck
silica gel. Elution with petroleum ether gave only unidenti-
fiable material; elution with 20% ether in petroleum ether
produced 175 mg of bromohydrin G-1 as pale yellow needles:
mp 85—89.50;
ir (CHClS) 3550-3600 (0O-H), and 1365 and 1385 cm_l (gem-di-

methyl);
nmr (CDC13) $ 0.82-1.07 (m, 12, all CHB),.3.9~4.4 (m, 1,

CHOH), 4.45 (d, 1, J=7, CHBr).

The total yield was 200 mg (66%).

The Oxidation and Debromination of Bromohydrin G-1. The

bromohydrin was oxidized by a procedure used by Ireland and
coworkers,so‘ A solution of 173 mg (0.57 mmole) of bromohydrin
G—l (prepared in the preceding reaction) in 8 ml of acetone
was stirred at 0° while 0.23 ml of 8 N chromic acid?? was added
dropwise. The yellow solution was stirred at 0° for 2 min,
quenched with excess isopropanol (the mixture became green)
and 6.1 ml of 5% aqueous potassium.cérbonate, poured into

50 ml of brine, and extracted with four 25-ml portions of a
231 ethér—benZene solution. The combined extracts were washed
with 50 ml of brine and dried (Na2804). The residue left after
removal of the solvent at reduced pressure was evaporatively

distilled at 95° (0.0l mm) to afford 143 mg (83% yield) of

the bromoketone G-2 as a pale yellow oil:
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ir (film) 1720 (C=0), and 1375 and 1385 cm * (gem-dimethyl);
nmr (CDClS) § 0.84 (m, 6, CH(CHg),), 1.23 and 1.33 (s, 3 each,

‘angular CHS)’ 3.78 (m, 1, CHBr).

The debromination step was perfomed according to a
modified published procedure.35 A solution of 82 mg (0.27
mmole) of the bromoketone and 44 mg (0.53 mmole) of sodium
‘acetate in 0.44 ml of acetic acid was stirred at 100° while
52 mg (0.81 mmole) of zinc dust was added. Stirring at 100°
was continued for 25 min, and then the reactién mixture was
cooled, diluted with ether, and filtered. The solvent was
removed from the filtrate at reduced pressure. The residue
was added to 100 ml of ether, washed with 50-ml portions of
10% aqueous.hydrochloric acid, saturated aqueous sodium bi-
carbonate, and‘brine, and dried (NaZSO4). Removal of the
solvent at reduced pressure afforded 60 mg (99% crude yield)
of ketone E-6 as an 0il, the infrared and nmr spectra of
which wére identical to those of decalone E-6 prepared by

the hydroboration--oxidation route.

The Epoxidation of the Octalin E-4 was done according to
a standard proceduré.28 A solution of 206 mg (1.00 mmole) of
octalin{E—4,(prepared by a previoﬁsly described procedure)
and 244 ng (1;20 mmoles) of E—chloroperoxybenzéic acid (85%,
Aldrich) in 10 ml of methylene'chloride was stirred at -20°
for 2 hr and at room temperature for 15.5 hr, then 120 mg

(0.60 mmole) more of m-chloroperoxybenzoic acid was added, and

stirring was continued for 4.5 hr. A 10% aqueous sodium sul-
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fite solution was added until a negative starch-iodide test
was obtained. The reaction mixture was diluted with 50 ml of
ether and washed with two 50-ml portions of 5% aqueous sodium
bicarbonate and 50 ml of brine, and dried (Na2804). After
removal of the solvents at redﬁced pressure, the residue

(232 mg of an 0il) was purified to remove the starting material
(octalin E-4). Preparative thin layer chromatography (Merck
silica gel, petroleum ether) afforded 151.mg of epoxide, which
was evaporatively distilled at 650 (0.0B mm) to give 121 mg
(55% yield) of the purified epoxide mixture H-1 as a clear,
colorless oil:

ir (film) 1365 and 1380 cm™© (gem-dimethyl);

nmr (CDClS) $ 0.78 (m, 6, CH(CH 0.91 (s, 2, angular CHS)’

39
0.95 (s{ 1, angular CHS)’ 1.02 (s, 2, angular CHS)’ .18
(s, 1, angular CHS)’ 2.61 and 3.22 (m, 1 each, C-1 and
C-2 H); |

Anal. Calcd for C15H260: C, 81.02; H, 11.79. Found: C, 81.13;

H, 11.94.
Marshall and coworkersz have synthesized the optical isomer of
the « epoxide, the nmr spectrum of which had angular methyl
signals at 0.93 and 1.12 §. Therefore, it appears tﬁat the
epokide mixﬁure prepared above contains the « and A epoxides
in a rétio of 1:2.

l—Valeranone‘(IX). A 114-mg portion (0.51 mmole) of the

epoxide mixture H~1 from the preceding reaction was dissolved

in 14.5 ml of tetrahydrofuran, and then 22.4 mg (0.59 mmoles)
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of lithium aluminum hydride (Ventron) was added. This mix-
ture was heated at reflux for 21 hr. The vapor phase
chromatogram (2200, 10% SE-52) of the mixture exhibited two
peaks with retention times of 2.3 (70%) and 2.6 min (30%).

The retention time of the starting material was 2.3 min.
Another portion of lithium aluminum hydride (0.50 g, 13.2
mmoles) was added, and heating at reflux was continued for
1.25 hr. At the end of this period, the vapor phasé chromato-
gram of the reéction mixture had no 2.3 min retention time
peak. The reaction mixture was diluted with 50 ml of ether,
quenched by the addition of excess ethyl acetate, 10% aqueous
sodium hydroxide, and saturated sodium sulfate, and poured
into 100 ml of ether. This mixture was washed with two 50-ml
portions of brine, and dried (Na2804). The residue obtained
by removal of the solvent at reduced pressure was evaporatively
distilled at 75° (0.03 mm) to afford 86 mg (74% yield) of a
mixture.of alcohols as a colorless oil:

ir (film) 3350 (O-H), and 1370 and 1380 cm ' (gem-dimethyl).
nmr (CDClS) é 0.81-1.03 (m, 12, CHS)’ 3.33 (m, 0.3, C-1 CHOH),

4,10 (m, 0.7, C-2 CHOH).

By a similar procedure,36 feduction of 194 mg (0.87
mmole) of the époxide mixture H-1 with aluminuh hydride, which
was prepared from 380 mg (10.0 mmoles)of lithium aluminum
hydride and 441 mg (3.30 mmoleé) of aluminum chloride, in 5 ml
of refluxing tetrahydrofuran afforded a 69% yield of an

alcohol mixture after 18 hr.' This mixture was identical to
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that produced in the lithium aluminum hydride reduction by an
ir and nmr'sbectral comparison.

The attempted reduction of the epoxide mixture with
lithium aluminum tri-t-butoxy hydride in refluxing tetrahydro-
furan for a period of 18 hr resulted in a 97% recovery of
starting material.

A portion of the alcohol mixture, which was obtained
from the lithium aluminum hydride reduction of the epoxides,
was oxidized‘wﬁh Jones reagent by the procedure used above.
To a stirred solution of 83 mg (0.37 mmole) of the alcohol
mixture H-2 in 5 ml of acetone at 0° was added 0.15 ml of
8 §-chromic acid solution. The orange solution was stirred
at 0° for 2 min and then quenched by the sequential addition
of excess isopropanol and 3.9 ml of 5% aqueous potassium car-
bonate. The mixture was poured into 50 ml of brine and ex-
tracted with four 25-ml portions of a 2:1 ether-benzene
solutioh. The combined extracts were washed with 50 ml of
brine and dried (Na2S04). Removal of the solvent at reduced
pressure afforded 75 mg (91% crude yield) of a mixture of
ketones: |
ir (£ilm) 1700-1715 (C=0), and 1370 and 1380 cm = (gem-di

methyl); |
The vapor phase chromatogram (2000, 10% SE-52) of this oil
showed two partially separated peaks with retention times of
4.1 (30%) and 4.3 min (70%).

A similar ketone mixture (123 mg) was obtained by a
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Jones oxidation of 126 mg of the alcohol mixture from the
aluminum hydride reduction of the epoxides.

‘These two oxidation products were combined. A 162-mg
portion of this mixture was separated by preparative thin
layer chromatography (Merck silica gel, 5x20x0.1 cm plate,

8% ether in petroleum ether, extended development). The
component with the lower Rf was the 2-decalone E-6, whicﬁ
weighed 71.5 mg (35% yield) and which was identified by
comparison of its infrared spectrum with that of the 2-decalone
prepared in a previous experiment. The 2,4~dinitrophenyl-
hydrazone derivative melted at 118-122° with decomposition.

The'faster moving component was evaporatively distilled
at 65° (0.02 mm) to give 47 mg (23% yield) of l-valeranone
as a colorless oil. The 2,4-dinitrophenylhydrazone, which
was prepared by the method -of Shriner and Fuson76 and crystal-
lized from ethanol, melted at 100-104.5° (literature:2 104-
1050). 'The infrared spectrum of the synthetic l-valeranone
was identical to the published infrared spectruml7 of the
natural l-valeranone.
ir (£ilm) 1700 (C=0), and 1370 and 1380 cm"1 (gem-dimethyl);
nmr (CDCIS) 9 0.86 (m, 9, CH(CES)Z and one angular CHS)’

1,05 (s, 3, angular‘CHS).

Anal. Calcd for C15H26O: C; 81.02; H,; 11.79. Found: C; 8lL.1l1l;

H, 11.88.

: A _ o
The specific rotation ([“135 ) of the synthesized
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1-valeranone in ethanol was -42.1° ¥ 2.8°, which is in good

agreement with the published value of -40.10.18

9¢-(2"',2'-Ethylenedioxyethyl) —78-isopropyl-10q4-methyl-

l-octalin (I-1). A procedure developed in the Johnson

laboratories38 was followed. To a solution of 2.01 g (8.6
mmoles) of thé crude unsaturated aldehyde E-3 (obtained by
the Claisen rearrangement of vinyl ether E-1) and 7.8 ml
(113 mmoles) of ethylene glycol (redistilled) in 78 ml of
dry tetrahydrofuran, which was cooled in a Dry Ice--isopro-
panol béth, were added 26 g of anhydrous calcium sulfate
(Drierite) and 0.18 ml (2.6 mmoles) of concentrated sulfuric
acid.- This mixture was kept at 3° for-13 hr, and then the
acid was neutralized by the addition of 7.8 g (93 mmoles) of
sodium bicarbopate. After 15 min the mixture was filtered and
poured into 150 ml of 3% aqueous sodium bicarbonate and 400 ml
of petroléum ether. Thé ofganic phase was washed with 100 ml
of brine and dried (Na2804). Removal of the solvent afforded
2.24 g of crude acetal I-1 as a clear oil. In another experi-
ment, 1.29 g (4.7 mmoles) of crude aldehyde was treated with
5 ml (89.5 mmoles) of ethylene glycol, 17 g of calcium sul-
fate, and 0.11 ml of concentrated sulfuric acid in 50’m1 of
tetrahydrofuran to give 1.35 g of crude acetal.

The combined products (3.59 g) were chromatographed on
200 g of activity IiI Woelm alumina. Elution with 300 ml of
petroleum ether afforded 0.19 g of the vinyl ether E-1, which

was identified by its infrared spectrum. Continued elution
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with petroleum ether gave 3.2 g of acetal, which was evapo-
ratively distilled at 140° (0.09 mm) to afford 3.13 g (93%
yield) of the analytically pure acetal I-1 as a clear, color-
less oil:

ir (£ilm) 3010 (vinylic C-H), 1650 (C=C), and 1365 and 1380 cm

(gem-dimethyl);

mmr (CDC1,) § 0.86 (m, 9, CHg), 1.70 (d, 1, J=5.5, -CH,-CH<J),
_ <0y
1.90 (4, 1, J=4.5, ~CH,~CH<g) , 3.90 (m, 4, OCHyCH,0),
4.98 (d of d, 1, J=4.5 and 5.5, -CH,~CH{J), 5.3-6.0

(m, 2, vinylic H);

Anal. Calcd for ClSHSOOZF cC, 77.65; H, 10.86. Found: C, 77.76;

H, 10.77.

90-(2',2'-Ethylenedioxyethyl)-748-isopropyl-10c—methyl-

2-decalone (I-2)., The procedure employed for the conversion

of octalin E-4 to the decalone E-6 was modified. To a solu-
tion of 3.00 g (10.8 mmoles) of acetal I-1 from the preceding
reactioﬁ in 71 ml of ether was added 23.7 ml of 0.48 M

(11.4 mmoles) diborane in tetrahyrdofuran.74 After this solu-
tion was stirred at room temperature for 2.5 hr, 11.4 ml of

10% aqueous sodium hydroxide and 11.4 ml of 30% aqueous
hydrqgen peroxide were added slowly and sequentially. This
solution was heated at reflux for 1 hr, cooled,'poured into
100 ml1 of brine, and extracted with five 100-ml portions of
ether. The combined extracts were washed with 100-ml portions

of water and brine, and dried (Na2804). Removal of the sol-
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vent at reduced pressure left 3.39 g of a viscous, colorless
oil:
ir (£ilm) 3400 (O-H),and 1365 and 1380 cm—1 (gem-dimethyl).
This 0il was dissolved in 150 ml of acetone, and the
solution was cooled in ice while 3.4 ml of 8 N chromic acid
solution o were added dropwise. The orange mixture, which
"resulted, was stirred at 0° for 2 min more. Then excess iso-
propanol and 114 ml of 5% aqueous potassium carbonate were
added, and thié greenish mixture was poured into 100 ml of brine
and extracted with four 100-ml portions of a 2:1 ether-benzene
solution. The combined extracts were washed with 100 ml of
brine and'dried (Na2804). After removal of the solvent at
reduced pressure, the oily residue was evaporatively distilled
at 155° (0.05 mm) to afford 2.79 g (88% yield from the octalin
I-1) of analytically pure decalone I-2 as a clear, colorless
oil:
ir (filﬁ) 1710 (C=0), and 1365 and 1380 cm“l (gem-dimethyl);
nmr (CDC1,) § 0.84 (m, 6, CH(CHy),), 1.13 (s, 3, angular CHg),

-0

1.71 (d, 1, J=5.5, -CH -CHig), 2.07 (d, 1, J=4,-CH,-CH{)),

2

2.42 (m, 4, CH,COCH,), 3.88 (m, 4, OCH,CH,0), 4.83 (d of d,

2
0
1, J=4 and 5.5, ~CH,-CH{;); |
Anal. Calcd for C18H3003: C, 73.43; H; 10,2¥. Found; C, 73.31;

H, 10.23.
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Tricyclic Keto~alcohol I-3. The decalone I-2 was

rearranged-by a modification of a procedure of Ireland and

coworkers;30 A mixture of 1.65 g (5.6 mmoles) of decalone

I-2 from the preceding reaction, 75 ml of acetone, and 15 ml

of 10% aqueous hydrochloric acid was heated at reflux for

45 min, cooled, and poured into 200 ml of water. The

reaction mixture from another deketalization--rearrangement

[80 mg (0.27 mmole) of decalone in 3.5 ml of acetone and

0.7 ml of 10% équeous hydrochloric acid)] was added. The

combined mixture was extracted with four 100-ml portions of

a 1l:1 ether-benzene solution. The combined extracts were

washed wifh 100 m1 of brine and dried (Na2804). Removal of

the solvent at reduced pressure afforded 1.43 g of white

crystals, mp7163-1750, which were recrystallized from benzene--

heptane to give 1.13 g (77% yield) of keto-alcohol I-3 as

white crystals, mp 175-179.50, the infrared spectrum of which

was idehtical to that of the analytical sample, mp 178-178.50,

which was obtained in an earlier experiment:

aix (CHC13) 3595 and 3400 (0-H), 1710-1725 (C=0), and 1360
and 1380 cn”! (gem-dimethyl);

nmr * (CDC1,) 8 0.90 (m, 6, CH(CH 1.12 (s, 3, angular CHg),

3)9)
4.2-4.6 (m, 1, CHOH);

Anal. Calcd for Cl6H2602: C, 76.75; H, 10.47. Found, C, 76.51;

H, 10.30.
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The Tosylation of the Tricyclic Keto-alcohol I-3 was done
' 28 '

by a standard procedure. A solution of 1.13 g (4.5 mmoles)
of the keto-alcohol I-3 (prepared in the preceding reaction)

in 23 ml of pyridine (dried by distillation from calcium
hydride) was cooled to 0° while 1.72 g (8.8 mmoles) of
p-toluenesulfonyl chloride was added. This mixture was kept
at 3O for 4 days, and then it was poured into 280 ml of ice-
water and 50 ml of ether. The aqueous phase was extracted with
four 100-ml poftions of a 2:1 ether-benzene solution. The
combined organic phases were washed with 100 ml of water,

two 100-ml portions of saturated aqueous cupric sulfate, and
100-ml poftions of saturated aqueous sodium bicarbonate, water,
and brine, and dried (Na2804). Removal of the solvent at
reduced pressure left 2.01 g of a yellow oily solid, which was
chromatographed on 140 g of Merck silica gel. Elution with
300 ml of ether afforded 1.59 g of crude tosylate; further
elutionlwith ether (1100 ml) gave 248 mg (22% recovery) of
starting materialg the white crystalline keto-alcohol I-3,

mp 165-167°.

The crude tosylate was recrystallized from ether--
petrolegm ether to give the keto—fosylate I-4 in two crops of
wliihe eEvEbala: 1.07 g, mp 91-93.5°, and 0.27 g, mp 92.5-94°, for
a total yield of 1.34 g (74% coﬁversion or 94% yield based on
unrecovered starting material). The analytical sample, which

was prepared by this procedure, melted at 78.5—790; however,
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the ir and nmr spectra of this reaction product and the analyt-

ical sample were the same:

ir (CHClS)' 1730 (C=0), 1595 (aromatic), and 1175 cm'_1

(tosylate);

nmr (CDC13) $ 0.88 (m, 6, CH(CH 1.08 (s, 3, angular CH3),

3)2)’
2.44 (s, 3, aromatic CHS)’ 4.9-5.3 (m, 1, CHOSOZ), 7.2~
7.9 (m, 4, aromatic H);

Anal. Calcd for 023H3204S C, 68.28; H Y87 B, 7.93.

Found: C, 68.26; H, 8.00; S, 8.04.

94~-Carboxymethyl-78-isopropyl-10a-methyl-2-octalin and

Its Methyl Ester”(I—S, R =H, CH3l° A variation of the method

of Eschénﬁoser and coworkers87 was used. To 35.0 g (1,500
mmoles) of sodium dissolved in 700 ml of methanol (dried by

two distillations from magnesium) was added 1.11 g (2.8 mmoles)
of the keto-tosylate I-4 (prepared by the above procedure).
This solution was heated at reflux for 22 hr and then cooled

in a Dry Ice--isopropanol bath while hydrogen chloride gas

was bubbled in at.such a rate that an internal temperature

of -20° to -30° was maintained. After the solution was acidic
to litmus, the solvent was removed at reduced pressure. To

the residue was added 300 ml of water and 200 ml of ether.

The resulting aqueous phase was extracted with four 100-ml
portions of a 2:1 ether-benzene solution. The combined organic
phases were washed with 100-ml1 portions of water and brine, and

dried (Na,SO The 0,69 g of a cloudy yellow o0il, which was

950,) .
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left after the removal of the solvent at reduced pressure, was
chromatographed on 70 g of Merck silica gel with 20% ether in
petroleum ether. A 75-ml portion of this solvent mixture
eluted 0.3 g of the ester, which was evaporatively distilled
at 85° (0.03 mm) to give 244 mg (34% yield) of pure ester
I-5 (R = CHS) as a clear, colorless oil:
dr (f£ilm) 3005 (vinylic C-H), 1735 (C=0), 1640 (C=C),

1370 and 1385 cm * (gem-dimethyl);

nmr (CDCl ) &§ 0.86 (m, 6, CH(CH 1.00 (s, 3, angular CHB)’

H3)o)
), 3.62 (s, 3, CO,CH,), 5.60 (m, 2,

2.52 (s, 2, CH,CO,CH

2772773

vinylic H);

Anal. Calcd for C17H2802 C} 77.22; H, 10.67. Found: C, 77.16;

H, 10.53.

Further elution of the column with 175 ml of 20% ether in
petroleum ether afforded 165 mg (24% yield) of the carboxylic
acid I-5 (R = H) as a white solid:
ir (CHCIS) 1705 (C=0), 1640 (C=C), and 1380 and 1400 cm_1

(ggg—dimethyl).
nmr (CDClS) s 0.83, 0.92, and 1.01 (s, 3 each, CHS)’ 2.57 (s,

2, CH,CO H), 5.62 (m, 2, vinylic H), 9.0-9.7 (broad s,

—2
1, COZE).
The analytical sample, which was prepared'by a similar
procedufe and recrystallized from pentane, melted at 116-118.5
The inffared spectrum of this sample was identical to that of

the material isolated above.

Anal. Calcd for C16H2602 C, 76.75; H, 10.47. Found: C, 76.79;
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H, 10.53.

94~ (2'-Hydroxyethyl)-74-isopropyl-10gq-methyl-2-octalin

(I-6). To a solution of 10.9 mg (0.041 mmole) of ester I-5

(R = CH3) (prepared in the preyious reaction) and 5.2 mg
(0.021 mmole) of carboxylic acid I-5 (R = H) (prepared by the
above procedure) in 4.0 ml of tetrahydrofuran was added 40 mg
(1.06 mmoles) of lithium aluminum hydride (Ventron). This
cloudy solution was heated at reflug for 2 hr and then cooled
to 0° while the excess hydride was destroyed by the addition
of 1.0 ﬁl of 10% aqueous sodium hydroxide. The tetrahydro-
furan was removed at reduced pressure,.and the residue was
dissolved-in dilute hydrochloric acid and extracted with four
25—m1 portioné of ether. The combined extracts were washed
with 25-ml portions of water and brine, and dried (Na2804).
The residue obtained by removal of the solvent at reduced
pressure was evaporatively distilled at 105° (0.04 mm) to give
15.8 mg (108% yield) of the alcohol I-6 as a clear, colorless
0il, which solidified on standing.

When the reduction of the ester I-5 (R = CH3) was per-
formed separately on a larger scale and under similarlconditions,
a 98% yield of the alcohol I-6 was obtained; when the acid
was reduced, a 96% yield of alcohol was obtained.

The analytiéal sample, which was prepared by reduction
Qf the ester and evéporative distillation at 110O (0.1 mm)
was a white solid, which melted at 52-59°:

ir (£film) 3310 (O-H), 3015 (vinylic C-H), 1640 (C=C), and
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1365 and 1380 cm™ ' (gem-dimethyl).
nmr (CDCL,)§0.83-0.98 (m, 9, CHy), 3.71 (t, 2, J=7.5,

-CH,CH,0H) , 5.62 (m, 2, vinylic H);

Anal. Calcd for 016H280: C, 81.29; H, 11.94. Found: C, 81.46;

H, 11.94.

The Preparation and Decarbonylation of 94-Carboxaldehydo-

methyl—?d—isopropyl-10m—methy1—2—octalin (I-7). The alcohol
'I—G was oxidized to the aldehyde by a_modification of the
procedure of Collins and coworkers.39 A solution of 116 mg
(0.49 mmole) of the unsaturated alcohol I-6, which was a
portion of the analytically pure material prepared by the
above procedure, in 5.3 ml of methylené chloride was added to
a stirred solution of 1.1 g (2.99 mmoles) of the chromium
trioxide-dipyridine complex in 5.3 ml of methylene chloride.
Thé dark brown mixture was stirred for 15 min, diluted with
10 ml of éther, and fiiteréd through 9g of acid-washed Merck
alumina. with 150 ml of methylene chloride. After removal of
the solvent at reduced pressure, the residue was evaporatively
distilled at 95° (0.08 mm) to give 97.1 mg (84% yield) of the
unsaturated aldehyde I-7 as a clear, colorless oil:
13 (film) 3010 (vinylic C-H), 2715 (aldehyde C-H), 1715 (C=0),
| 1640 (C=C), and 1365, 1370, and 1385 cm—l (ggg—dimethyl);

nmr (CﬁClS) § 0.88 (m, 6, CH(CH 1.01 (s, 3, angular CHB)’

3)2)}

2.53 (d, 2, J=2.5, -CH,CHO), 5.63 (m, 2, vinylic H), 9.88

2
(t, 1, J=2.5, CHO).
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The procedure used for the preparation of the octalin
E-4 was modified for the decarbonylation of the aldehyde I-7.
A mixture of 97 mg (0.41 mmole) of the unsaturated aldehyde
and 425 mg (0.46 mmole) of tris(triphenylphosphine)chloro-
rhédium(I) in 9.6 ml of benzene was heated at reflux for
23 hr. Heptane was added to the boiling reaction mixture while
the benzene was removed by distillation. The rhodium compounds
precipitated as a yellow solid. The yellow supernatant solu-
tion was filtered thréugh 3 g of Merck silica gel with 75 ml
of petroleum ether. The solvent was removed at reduced
pressure, and the residue obtained was evaporatively distilled
at _60O (0.04 mm) to give 64 mg (74% yield) of a clear, color-
Toas otls .
Eﬁ_(film) 3010 (vinylic C-H), 1640 (C=C), and 1370 and 1380 cﬁd

(ggm—dimethyl); .
nmr (CDC1,) & 0.78-1.00 (m, 11, CHg), 5.57 (m, 1, vinylic H).
The vapor phase chromatogram (1600, 5% SE~30) exhibited only
one peak with a retention time of 6.0 min. However, the
nmr spectrum had only one proton in the vinylic region, where
two were expected, thereby indicating that more than one com-
pound was present.

| A'portiOn of the decarbonylation product (39 mg, 0.19

mmole) and 39 mg of platinum oxide in 20 ml of 95% ethanol was
stirred under an atmosphere of hydrogen for 18 hr. After

filtration, the solvent was removed by distillation at atmos-

pheric pressure. The residue on evaporative distillation (600,
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0.05 mm) afforded 39 mg (quantitative yield) of a clear, color-
less oil: |
ir (£ilm) 1370 and 1380 cm ' (gem-dimethyl);
EQ{\(CDCIB) § 0.78-0.88 (m, 6,,CH(C§3)2), 1.02 and 1.04 (s,
total of 6).
The vapor phase chromatogram of this oil showed two
peaks with retention times of 6.0 (50%) and 6.7 min (50%).

96—(2'—Hydroxyethyl)-76—isopropy1—10a—methyldécalin

(I-11). To a solution of 231 mg (0.98 mmole) of the unsatu-
rated alcohol I-6 (prepared by a previously described pro-
cedure) in 180 ml of 95% ethanol was added 0.20 g of platinum
oxide. -This mixture was stirred under a hydrogen atmosphere
for 48 hr, filtered, and concentrated at reduced pressure.
The residue obtained was evaporatively distilled at 100°
(0.03 mm),to‘afford 236 mg (quantitative yield) of the satu-
rated alcohol I-11 as a clear, colorless o0il.

A‘sample was prepared for analysis by an identical pro-
cedure:
ir (film) 3300 (0-H), and 1360 and 1380 cm = (gem-dimethyl);
nmr (CDC13) § 0.87 (m, 6, CH(CHS)Z)’ 1.05 (s, 3, angular CHS)’

3.68 (t, 2, J=8, -CH,CH,OH);

2

Anal. Caled for Gy gHaoO: €, 80.81; H, 12.68. Found: C, 80.77;

H, 12.74.

9s-Carboxaldehydomethyl-74~isopropyl-10x-methyldecalin

(I-12). Because of the sensitivity of the aldehyde I-12 to

air, the Collins oxidation procedure used for the preparation
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of the unsaturated aldehyde I-7 was modified. To a solution
of 145 mg (0.61 mmole) of the alcohol I-11 in 2.9 ml of
methyiene.chloride (freshly distilled from phosphorous pentox-
ide) was added under nitrogen a solution of 1.00 g (3.87 mmoles)
of the chromium trioxide--dipyridine complex39 in 10 ml of
dry‘methylene chloride. This mixture was stirred under nitro-
gen for 30 min and then filtered through 10 g of acid-washed
Merck alumina with 75 ml of methyleﬁe.chloride. The solvent
was evaporated under a stream of nitrogen to give an oily
residue, which was evaporatively distilled at 95° (0.03 mm)
to affordv128 mg (89% yield) of the saturated aldehyde I-12 as
‘a clear; coloriess oil.
The analytical sample was prepared by this procedure
in an earlier éxperimént:
ir (f£film) 2710 (aldehyde C-H), 1715 (C=0), 1360 and 1375 em™ !
(gem~-dimethyl);
nmr (CCl4) & 0.88 (m, 6, CH(Q§3)2), 1.10 (s, 3, angular CHB)’

2.33 (d of d, 1, J,.=2.5, J,,=14, -CH

AX AB 2

JBX=2.5, JAB=14, —CEZCHO), 9.79 ( two superimposed
doublets, 1, JAX=JBX=2.5, CHO) ;
Anal. Calcd for ClGHZSO: C, 80.61; H, 12.68. Found: C, 80.77;

H, 12.74.

94,10a~-Dimethyl-74-isopropyldecalin (I-10). A red

suspension of 583 mg (0.63 mmole) of tris(triphenylphosphine)-

chlororhodium in a solution of 128 mg (0.54 mmole) of the

CHO), 2.83 ( d of d, 1,
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aldehyde I-12 (obtained in the preceding reaction) in 20 ml
of benzene'wés heated at reflux forb66 hr. The benzene was
displaced with heptane, and the red mixture was filtered
through 5 g of activity III Woelm alumina and 5 g of Merck
silica gel with 50 ml of petroleum ether. Removal of the
solvent by distillation and evaporative distillation of the
residue at 65° (0.03 mm) afforded 71.7 mg (64% yield) of the
decalin I-10 as a clear colorless oil:

ir (£ilm) 1370 and 1380 cm © (gem-dimethyl);

nmr (CDCl,) & 0.87 (m, 6, CH(CH,),), 1.04 (s, 6, angular e Y
Anal. Calcd for C15H28: C, 86.46; H, 13.54; Found: C, 86.45;
H, 13.54.

Cholest-4-en-34-01 (J-1). A solution of 12.3 g (32.0

mmoles) of cholest-4-en-3-one (mp 77—800, prepared in the
Ireland laboratories by D. Muchmore) in 320 ml of tetrahydro-
furan was added to 32.6 g (128 mmoles) of lithium tri-t-butoxy
aluminum hydride dissolved in 500 ml of tetrahydrofuran. This
cloudy solution was heated at reflux for a period of 4 hr,
codled, and quenched by the addition of 52 ml of 10% aqueous
sodium hydroxide. The white mixture was stirred at room temper-
ature for 18 hr and then filtered. The filtrate was concen-
trated at reduéed pressure. Ether was added, énd the mixture
was filtered again. Concentration of this filtrate gave

10.5 g of white crystalline cholest-4-en-38-0l, mp 122—1260.
This material was chromatographed on 1.0 kg of Merck silica

gel with 10% ether in reagent grade chloroform. Material
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elﬁted with the first 3 1 of this solvent mixture was discarded;
further elution with 1.7 1 of solvent gave 9.1 g of white
crystals, which were recrystallized from 100 ml of ethanol

to afford cholest-4—en—§p—ol in two crops: 5.94 g, mp 130.5~
131°, and 3.0l g, mp 128-130°, for a total yield of 73%.

ir (CHCl,) 3605, 3450 (0O-H), 1660 cm -

(C=C);
nmr (CDCl,) & 0.68, 0.80, 0.90, and 1.05 (allCHy), 4.2 (m, 1,
CHOH), 5.28 (s, 1, vinylic H).

58~ (N,N~Dimethylcarboxamidomethyl)~3-cholestene (J-2).

The proéédure of Eschenmoser and coworkers11 was modified. A
solution of 0.97 g (2.5 mmoles) of cholest—4—en—3ﬂ—ol (mp 130.5-
1310, prepared_in the previous reaction) and 1.67 g (12.5 mmoles)
of dimefhylaéetamidedimethyiacetal (Fluka) in 30 ml of o-xylene
was heated at reflux (1400) for 65 hr. The volatile material
waé removed at reduced pressure, and the residue (1.19 g of a
yellow oil} was chromatograﬁhed on 60 g of Merck silica gel

with ether. The material, which was eluted with 275 ml of

ether, was discarded; further elution with 425 ml of ether
afforded 0.74 g of a clear, colorless o0il, which crystallized
upon trituration with acetone to giye 0.74 g (65% yield) of

the amide J-2 as white prisms: mp 128—129.50, the inffared
specfrum of Which was identical to that of the analytical
sample,:mp 126—1280, prepared by a similar procedure:

ir (CHCLg) 1620 cm™ ' (C=0);

nmr (CDC13) 6_0.65, 0.80, 0.86, and 0.90 (&LLCHS), 2.05 (d, 1,

J=13, -CH,C0Y, 2.73 (d, 1, J=13, -CH,CO-), 2.89 and 2.96

2
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(s, 3 each, N—CHS), 5.3-5.8 (m, 2, vinylic H);

Anal. Calcd for C;,HooNO: C, 81.70; H, 11.72; N, 3.07.

Found: C, 81.52; H, 11.81; N, 3.13.

54-Carboethoxymethyl-3~-cholestene (J-3) was prepared by
40

a modification of the procedure of Johnson and coworkers.

A solution of 0.97 g (2.5 mmoles) of cholest-4—en—%e—ol
* (mp 130.5—1310, prepared above) in 40 ml of triethyl ortho-
acetate (MCB, distilled at 142—1470) was heated at reflux
(1420) for 8 déys with concomitant slow distillative removal
of ethanol. The volatile materials were then removed at
reduced pressure, and the residue (1.27 g of a thick pale
yellow oil) was chromatographed on 120 g of silica gel with
10% ether iﬁ petroleum ether. The material obtained by
elution with 240 ml of this solvent was discarded. Further
elution with 120 ml of solvent afforded 0.69 g of a clear,
éolorless 0il, which, upon trituration with acetone, gave
0.69 g (60% yield) of the ester J-3 as white crystals,

mp 89-92.5°. The infrared spectrum of this material was
idéntical to that of the analyticai sample, mp 90.5-940,
which was prepared by a similar procedure:

ir (CHClB) 1720 (C=0), and 1370 énd 1380 cm"1 (gem-dimethyl);
nmr (CDClB) S b.65, 0.80, 0.86, and 0.92 (all CHS)’ 2.20 {d,

‘1, =13, —CHZCO), 2.48 (d; L, J=18, —CHch), 4.10 (q,
2, J=7,'—COZCH CH3), 5.2-5.9 (m, 2, vinylic H);

—2

Anal. Calcd for C31H5202: C, Bl:52; H; 11.48. Found: C, 81.71;

H, 11.60.
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Cholést—4—en—3ﬂ-yl Vinyl Ether (J-4). The procedures

of Burgstahler and Nordin,7 and Ireland and coworkers
were modified. Ethyl vinyl ether (Eastman) was purified by
drying (NaZCOS)’ distillation from sodium wire (bp 360), and
thén distillation from calcium hydride (bp 360). Mercuric
acetate (MCB) was dissolved in ethanol containing 0.02% acetic
‘acid, and the solution was filtered and cooled. The
crystalline plates of mercuric acetate which formed were
isolated by filtration and dried at reduced pressure. The
reaction flask was cleaned with hot chromic acid solution, and
then, with all the other glassware used in this procedure,
washed with base, rinsed with distilled water, and dried in
an oven. | |

Ethyl vinyl ether (20 ml1) was distilled into a 50-ml
flask contaihing 0.97 g (2.5 mmoles) of cholest—4—en—3ﬁ—ol
(mp 130.5—1310, prepared above). To this solution was added
0.82 g (2.55 mmoles) of recrystallized mercuric acetate. The
slightly cloudy mixture was heated at reflux for 17 hr and
then cooled. Acetic acid (62/“1, 1.09 mmoles) was added, and
the resulting clear ‘solution was stirred at room tempgrature for
3 hr, and poured into 150 ml of petroleum ether and 50 ml of
5% aqueous potassium hydroxide. The aqueous layer was ex-
tracted with 50 ml of petroleum ether, and the combined
organic extracts were washed with three 50-ml portions of 20%
aqueous sodium chloride and dried (NaZCOB). Removal of the

solvent at reduced pressure afforded 1.11 g of a clear, color-
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less 0il, which was filtered through 5 g of Merck silica gel
with 200 mi of petroleum ether. The 0.81 g of an o0il, which
was obtained on removal of the solvent at reduced pressure,
was used in the next step without further purification.

In another experiment on twice this scale, the crude
product was crystallized from acetone to give a 76% yield of
the vinyl ether J-4 as needles: mp 55—56.50 (literature:7
mp 56-57°);
ir (£ilm) 3126 (vinylic C-H), 1605 and 1635 (C=C), and 1365

and 1380 cm ' (gem-dimethyl) ; |

nmr (CDCl,) s 0.70, 0.83, 0.93, and 1.08 (all CHy), 3.97 (d of d,

Ly Juuol.5, 3,57, —OCH=CH,), 4.29 (d of &, 1, J,.~1.5,
Jpy=14, -OCH=CH,), 4.32 (m, 1, C-3 H), 5.30 (s, 1, C-4 H),
6.32 (d of d, 1, J,,=7, J . =14, -OCH=CH,).

54-Carboxaldehydomethyl-3~-cholestene (J-5) was prepared

by modifying a procedure of Ireland and coworkers.8 The

crude Vinyl ether (0.81 g, 1.96 mmoles), which was obtained

in the preceding reaction in 78% yield, was transferred to

a 50-ml flask, which had been washed with chromic acid, base,
and distilled water, and oven-dried. The flask was then filled
with argon and heated in an air béth at 220-225° for a period
of 5 hr. The fesidue, which weighed 0.78 g, Wés chromato-
graphed on 75 g of Merck silica gel with 10% ether in petroleum
ether. The material which was eluted with 175 ml of this
solvent was discarded; elution with another 175-ml portion

of solvent afforded 0.55 g (53% yield from the allylic alcohol
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J-1) of the aldehyde J-5 as white crystals: mp 66.5-68°

(1iterature:7 mp 66-69°);

ir (CHCL,) 2760 (aldehyde C-H), 1715 (C=0), and 1380 cm -

(gem~-dimethyl);

nmr (CDC13) é 0.67, 0.82, 0.88, and 0.92 (aB.CHS), 2.18

(d of d, 1, J,.=14, J, =3.5, -CH,CHO), 2.55 (d of d,

2
CHO), 5.2-6.0 (m, 2, vinylic H),

AB AX

1, J,,=14, J_ .=3.5, -CH

AB BX 2

9.83 (two superimposed doublets, 1, Jpx™d =3 .6, CHO).

BX
The Decarbonylation of 54-Carboxaldehydomethyl-3-choles-

tene (J-5). The previously used decarbonylation procedure

was modified. To a solution of 206 mg (0.50 mmole) of the
aldehyde 3—5 (mp 64—670, prepared by the above procedure) in
20 ml of dfy benzene was added 0.69 g (0.75 mmole) of tris-
(triphenylphosphine)chlororhodium(l) (Alfa Inorganics). On
heating at reflux for 20 hr, the red solution changed to a red
suspension. The benzene was removed at reduced pressure and
was replaced with heptane. This mixture was filtered through
a column, which wés layered with 5 g of Merck silica gel and
then with 5 g of Merck alumina, with 40 ml of petroleum ether.
Removal of the solvent afforded 188 mg (98% crude yield) of a
clear, colorless oil:
ir (film) 3060 (cyclopropyl C-H), 3015 (vinylic C-H), 1650 and
1665 (C=C), and 1370, 1375, and 1380 cm_l (gem-dimethyl);
223 (CCl4) 5 0.67, 0.87, 0.88, and 0.95 (all CHS)’ 5.1-5.7

(m, 1.3, vinylic H).
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The vapor phase chromatogram (2200, 4% SE-30) of this
oil had two peaks with retention times of 9.0 and 9.8 min in
a ratio of 2:1. Injection of a known sample of the desired
olefin J-6, which was prepared by G. Pfister in the Ireland

25 produced a chromato-

laboratories by an alternate route,
gram with one peak at a retention time of 9.0 min. A compari-
son of the nmr spectrum of the decarbonylation product with
that of the pure olefin J-6 [(CDCIS) $ 0.67, 0.83, 0.87, 0.88,
0.93 (all CHy), 5.1-5.7 (m, 2, vinylic H)] indicated that

the decarbonylation product did, indeed, contain the olefin
J-6.

An 85-mg portion of the crude decarbonylation product was
separated by preparative thin layer chromatography (Analtech
Silica gel impregnated with a 10% silver nitrate solution in
1:3.28 water-methanol and then air-dried in the dark, 20x10x0.1
cm plate, hexané). One comﬁonent (Rf= 0.4-1.0) was obtained in
pure form from this plate. This colorless oil (8.1 mg, 10%
yield) had a vpc (220°, 49 SE-30) retention time of 9.8 min.
Analytical tlc under the same conditions that were used for the
preparative work showed a single spot at Rf= 0.65. This oil
was identified as the cyclopropane J-7 by comparison with an

authentic sample prepared by an alternate route, which is

presented below. The ir and nmr spectra of these two samples
were identical. Co-injection of these samples produced a

vapor phase chromatogram (2500,_4% SE~30) with a single peak

at a retention time of 3.1 min.
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Extraction of the remainder of the preparative tlc
plate (Rf= 0-0.4) produced 74.6 mg (88% yield) of a colorless
0oil, which on vpc analysis (2200, 4% SE-30) gave two peaks
with retention times of 9.0 and 9.8 min in a ratio of 3.5:1.
Analytical tlc (silver nitrate impregnated silica gel, hexane)
showed two spots (Rf= 0.25 and 0.35).

nmr (CDCL,) d 0.67, 0.83, 0.87, 0.88, and 0.93 (all CH,), 5.1~
5.7 (m, 1.7, vinylic H). '

4,5-Methanocholestane (J-7) was prepared by a modifi-

cation of the Wolff-Kishner reduction procedure used by
Ireland and Welch.44 To a solution of 49.8 mg (0.13 mmole)
of the cyclopropyl ketone K-2 (prepared by J. Tilley in the
Ireland laboratories according to a published procedure43)
in 8.5 ml of triethylene glycol (MCB) was added 0.85 ml (15
mmoles) of 85% aqueous hydrazine hydrate (MCB) and 0.22 g
(2.1 mmoles) of hydrazine dihydrochloride (Eastman). This
solution was heated at 130—135O for 3.5 hr, and then cooled
to 100° while 1.40 g (about 25 mmoles) of potassium hydrox-
ide pellets (B and A, 85%) were added. The temperature was
then raised to 170° over a period of 20 min, while the vola-
tile material was removed by distillation under a stream of
argoﬁ._.The internal temperature of the reaction mixture was
kept at 170-175° for a period of 6 hr while a slow stream of
argon was allowed to pass over the surface of the mixture.

After cooling, this mixture was added to 150 ml of brine and

extracted with four 50-ml portions of ether. The combined



144

extracts Were washed with ten 50-ml portions of water and

50 ml of brine, and dried (Na,80,) . 'Removal of the solvent at
reduced pressure afforded 49.2 mg of the cyclopropane as a
pale yellow o0il, the vapor phase chromatogram (2500, 4% SE-30)
of which had a single peak with a retention time of 3.1 min.
ir (CHCl,) 3060 (cyclopropyl C-H), and 1375 and 1385 cm -

(gem-dimethyl).
nmr (CDCl;) & 0.20 (m, cyclopropyl H), 0.67, 0.80, 0.90, and

0.95 (all CHS)'

This o0il was evaporatively distilled at 190° (1.0 mm)
to give 45 mg (94% yield) of +the analytically pure cyclo-
propane J-7 as a clear, colorless oil;
éggl; Calcd for 028H48: C, 87.42; H, 12.58. Found: C, 87.54;

| B, 12.62.

2,2-(2',2"'-Dimethylpropylenedioxy)-1,1 4a4,8,8a8-

pentamethyl-1,2,3,4,4a,4b¢,5,6,82,9,10,10aa~dodecahydro-

phenanthrene (R-1). A solution of 0.5 g (1.82 mmoles) of

the keto-olefin mixture Q-3 (prepared by the procedure of
Baldwin and IrelandSO) and 48 mg of E-toluenesulfonic acid
monohydrate in 65 ml of benzene was heated at reflux for
2.75 hr. After cooling and the addition of 28.5 g (274
mmolés).of 2,2-dimethyl-1,3-propanediol (MCB), the solution
was again heated at reflux for 37 hr. Then 1.0 g of sodium
bicarbonate and 10 ml of water were added. This mixture was
poured into 150 ml of dilute brine and extracted with three

50-m1 portions of ether. The combined organic phases were
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washed with five 50-ml portions of water and 50 ml of brine,
and driedv(NaZCOS). Removal of the solvent at reduced pres-
sure yielded 0.95 g of pale yellow oily crystals. Tritura-
tion with acetone gave 406 mg (58% yield) of white crystal-
line ketal olefin R-1, mp 165—168.50, the vapor phase chromato-
gram (220°, 4% SE-30) of which exhibited one main peak with a
retention time of 4.6 min (85%).
The analytical sample, which Waé obtained by an acetone
recrystallization of identically prepared material, melted
at 169-172°:
ir (CHClS) 1660 (C=C), 1390 (ggg—dimethyl group), and 1110 cm
(C-0 of ketal);
nmr (CDClS) $ 0.70, 1.00, 1.02, and 1.18 (s, 3 each, CH3),
0.88 (s, 6, CHSj, 1.57 (4, 3, J=2, vinylic CH;), 3.1-
3.9 (m, 4, —OCHz—), 5.18 (m, 1, vinylic H);

Anal. Calcd for CZ4H4OO2: C, 79.94; H, 11.18. Found: C, 79.92;

H, 11.27.

The Epoxidation of the Ketal Olefin R-1 was done

according to a published procedure.28 A solution of 406 mg

(1.13 mmoles) of the ketal olefin_ﬁ—l from the preceding
reaction in 7.8 ml of dry methylene chloride was cooled to
0° while 273 mg (1.34 mmoles) of m-chloroperoxybenzoic acid
(Aldrich, 85%) dissolved in 7.8 ml of dry methylene chloride
was added ovér a period of 4 min. After stirring at room
temperature for 1 hr, fhe reaction mixfure was neutralized

by the addition of 4 ml of 5% aqueous sodium bicarbcnate. A
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10% sodium sulfite solution was then added dropwise until a
negative starch-potassium iodide test was obtained, indi-
cating complete decomposition of the excess peroxide. The
reaction mixture was diluted with 150 ml of ether, washed with
two 50-ml portions of 5% aqueous sodium bicarbonate, 50 ml of
water, and 50 ml of brine, and then dried (NaZCOB)' Removal of
the solvent at reduced pressure afforded 0.42 g (99% yield)
of the epoxide'mixture R-2 as a whité.foam.

The analytical sample, which was obtained by acetone
crystallization of identically prepared méterial, was an
epimeric mixture: mp 138—1580;

1 (c-0 of ketal);

ir (CHCIB) 1390 (gem-dimethyl), and 1110 cm

nmr (CD013) § 0.70, 1.00, and 1.05 (s, 3 each, CH,), 0.83
and 1.18 (s, 6 eéch, CHS)’ 2.85 (m, 1, epoxide H), 3.1-
3.9 (m, 4, ~OCH,-);

Anal. Calcd for CZ4H4003: C, 76.55; H, 10.71. Found: C, 76.40;

H, 10.72.

2,2-(2',2"'-Dimethylpropylenedioxy)~7-hydroxy-8-methylene-

1,1,4a3,8ap-tetramethyl-1,2,3,4,4a,4b«,5,6,7,8,8a,9,10,10a¢g~

tetradecahydrophenanthrene (R-3) was prepared from the epoxide

mixture R-2 by a procedure of Crandall and Lin,,62

which was
modified by U. Hengartner in the Ireland laboratories.77
A 1.67-ml portion of 2.66 M (4.44 mmoles) n-butyllithium in

hexane (Alfa Inorganics) was added at room temperature to a

stirred solution of 0.64 ml (4.56 mmoles) of distilled di~
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isopropylamine (bp 83—840) in 8 ml of dry ether. A solution of
0.42 g (1.12 mmoles) of the epoxide mixture R-2 (prepared as
described above) in 8 ml of dry ether was added 5 min later.
The pale yellow reaction mixture was heated at reflux for 17.5
hr, cooled, poured into 150 ml of dilute brine, and extracted
with four 50-ml portions of ether. The combined extracts were
.wéshed with 50 ml of 1 N hydrochloric acid, followed very
quickly by 50-ml portions of saturafed sodium bicarbonate
solution, water, and brine. Drying (Na2C03) and removal of
the solvent at reduced pressure afforded 0.40 g (95% crude
yield) of a mixture of allylic alcohols as a white foam:

ir (CHCL,) 3605 and 3460 (0-H), 1705 (very weak C=0), 1635-

1 (C-0 of

1640 (C=C), 1390 (gem-dimethyl), and 1110 cm
ketal); | |

nmr (CDCl,) & 0.72 and 1.20 (s, 3 each, CH;), 0.88 and 1.05
(s, 6 each, CHS)’ 0.93, 1.00, 1.15, and 1.27 (s, weak,
CHy), 3.1-3.9 (m, 4, -OCH,-), 4.3 (m, 0.7, SCHOH), 4.7-
4.9 (m, 1.3,3C=CH,), 5.6 (m, 0.6, -CH=CH-).

This material was used in the next step (Collins oxidation)

without further purification.

2,2-(2",2'-Dimethylpropylenedioxy)-8-methylene-1,1,4a 8,-

8ag-tetramethyl-1,2,3,4,4a,4bq,5,6,8a,9,10,10aa~-dodecahydro-

7 (8H)~-phenanthrone (R-4) was prepared by a Collins oxidation of
the allylic alcohol mixture obtained in the preceding reaction.

A solution of 156 mg (0.414 mmole) of the crude allylic alcohol
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mixture in 6.2 ml of dry methylene chloride was added at room
temperature to a stirred solution of 644 mg (2.49 mmoles, 6
equivélents) of the chromium trioxide~-dipyridine complex39
in 14.5 ml of dry methylene chloride. After stirring for 5 min,
the brown suspension was filtered through 8 g of Woelm alumina
(activity III) with 30 ml of methylene chloride. Removal of
.the methylene chloride and pyridine at reduced pressure left
130 mg of white crystalline solid, thé ir spectrum (CHClS) of
which exhibited equal intensity absorptions at 1655 and 1685
cm-l, indicating both endo- and exocyclic unsaturated ketones.
The_white solid was chromatographed on 20 g of Merck
silica gel. Eiution with 65 ml of 1% ether in reagent grade
chloroform gave 70 mg (52% yield from the epoxide mixture R~2)
of.white crystélline éxocyclic enone R-4, mp 160-168°.
The analytical samplé was recrystallized from hexane:
prisms, mp 166-170.5°;
ir (CHC13) 1685 (C=O), 1610 (C=C), 1390 (gem-dimethyl), and

1110 em™ T

(C-0 of ketal);

nmr (CDClg) § 0.70, 0.90, 0.97, 1.06, 1.08, and 1.22 (s, 3 each,
CHy), 3.1-3.9 (m, 4, —OCHz—); 5.02 (d, 1, J=1.5, XC=CH,),
5.54 (d, 1, J=1.5, >C=CH,);

Anal. Calcd for 024H3803: C, 76.96; H, 10.23. Found: C, 76.92;

H, 10.32.
Further elution of the column with the same solvent

gave an approximately 20% yield of the endocyclic enone LVIII
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as white needles, mp 176.5—1830.

A comparable sample from an earlier experiment was
crystallizéd from methylene chloride--ether to give the
analytical sample: needles, mp'175—1800;

p by (CHClS) 1655 (C=0), 1615 (C=C), 1390 (gem-dimethyl), and

1110 et

(C~0 of ketal);

omr (CDC1l,) & 0.73, 0.90, 0.98, 1.05, 1.13, and 1.20 (s, 3
each, CH;), 1.85 (d, 3, J=1, Viﬁylic CHg), 3.1-3.9 (m,
4, -OCH,-), 5.70 (d, 1, J=1, vinylic H);

e 24"38"3"
B, 10.22.

Anal. Caled for C, . H..0,* C; 76.96; H, 10.23. TFound: €, 76.91:

When the.epoxide cleavage reaction was done on a large
scale [8.02 g (21.3 mmoles) of the epoxide mixture R-2 and
lithium diisopfopylamide,vwhich was prepared from 14.9 ml
(106 mmoles) of diisopropylamine and 31.8 ml of 2.67 M
(85 mmoles) n-butyllithium in hexane, in 300 ml of ether], the
product mixture contained a saturated ketone [ir (CHClS)

1705 cm ™t

(C=O)], which was assumed to be the ketone LIXon

the basis of further reactions. This impurity was carried
through the Collins oxidation reacfion with the allylic alcohols.
On purification of the oxidation product, the ketone LIX was
found to co-crystallize (hexane) and to co-chromatograph

(reagent chloroform) with the desired exocyclic methylene

ketone R-4.
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2,2-(2',2'-Dimethylpropylenedioxy)-8-(2'-m-methoxyphenyl-

ethyl)-1,1,4a4,8a4-tetramethyl-1,2,3,4,4a,4ba,5,6,82,9,10,10aa~

dodecahydro—7—phenanthryl Acetate (S-1) was synthesized by the
60

conjugate addition procedure of Baldwin and Ireland. A solu-
tion of 1.0 ml (7.42 mmoles) of m-methoxybenzyl chloride
[prepared by J. Tilley and C. Lipinski in the Ireland labora-
téries according to a published procedure,78 bp 132-134°

(20 mm)] in 23 ml of dry ether was added dropwise over a
period of 40 min to 180 mg (7.4 mmoles) of freshly cut
magnesium shavings covered with 45 ml of dry ether. The
Grignard reagent was stirred at room témperature for 2 hr and
then cobled to OO (internal temperature) while a solution of
923 mg (2.46 mmoles) of a 4:1 mixture of the unsaturated ketone
R-4 and the ketone imﬁuritleX (obtained from the Collins
oxidation of the large scale epoxide cleavage product mixture)
in 12 ml of dry benzene and 60 ml of dry ether was added drop-
wise over a 1.25 hr period. Each drop produced a transient
amber color. Aftér the addition was complete, the cooling

bath was replaced by a water bath at room temperature, and the
reaction mixture was stirred at roém temperature for 1 hr.
After quenching the enolate by the rapid addition of 2.3 ml

(24 .4 mholes) of acetic anhydride (twice distilled, bp 139-
1400), the resulting suspension was stirred for 19 hr, poured

into 200 ml of dilute brine and 100 g of ice, and extracted

with four 1004m1 portions of ether. The combined extracts
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were washed with 100-ml portions of water and brine, and dried
(MgSO4). Removal of the solvent at reduced pressure afforded
2.00 g of a pale yellow oil.

In an identical experiment, the reaction of 1.86 g
(4.96 mmoles) of the same enone-ketone mixture with the
Grignard reagent produced from 363 mg (14.9 mmoles) of mag-
nesium shavings and 2.0 ml (14.9 mmoles) of m-methoxybenzyl
chloride and then reaction of the enolate with 4.6 ml (48.8
mmoles) of acefic anhydride produced 4.28 g of oil.

These two products were combined, and the volatile
material (acetic anhydride and g—methoXyphenylacetone) was
removed‘by evaporative distillation at 100° (S/L) to afford,
after two recrystallizations from ether--benzene, 0.62 g
(16% yield) of the side product, hydroxy-ketal LX as white
plates, mp 172.5—1770. The nmr spectrum of this material was
the same as that of the analytical sample isolated as a side
productvof a later experiment.

The mother 1iquors, which weighed 4.05 g, were chromato-
graphed on 400 g of Merck silica gel. Elution with 30% ether
in petroleum ether gave 2.66 g of the impure enol acetate S-1
as oily white crystals and 0.22 g of cruder material. The
larger fraction upon trituration with petroleum ether afforded
1.78 g (51% yield) of the enol acetate S-1. The mother
liquors from the trituration and the 0.22 g of crude enol
acetate from the column chromatography were purified by

preparative tlc (two Analtech silica gel 20x20x0.25 cm plates,
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reagent chloroform) to afford 0.35 g of impure enol acetate
(Rf= 0.4-0.55). Trituration with petroleum ether gave 0.16 g
of white crystals. The combined product, which weighed
1.94 g (a 56% yield corrected for the presence of 10% ketal
alcohol LX, which was isolated from the product mixture of
the next experiment), melted at 140-142°.
The analytical sample, which was prepared by the same
procedure, was crystallized from petfdleum ether: prisms,
mp 137-141°;
ir (CHClS) 1740 (C=0), 1585-1600 (aromatic), 1390 (gem-dimethyl),

and 1105 em -

(C-0 of ketal);

nmr (CDCl,) & 0.73 and 1.23 (s, 3 each, CH,), 0.90 and 1.07
(s, 6 each, CHB)’ 2.17 (s, 3, acetate CH3), 3.1-3.9
(m, 4, -OCH,~), 3.84 (s, 3, -OCH,), 6.6-7.4 (m, 4,

aromatic);

Anal. Calcd for CS4H5005: €, 75.80; H; 9.35. Yound: C, 75.96;

H, 9.42.

2,2-(2',2'-Dimethylpropylenedioxy)-8p-(2'~-m-methoxyphenyl-

ethyl)-1,1,4a4,8q«,8as-pentamethyl-1,2,3,4,4a,4b«,5,6,82,9,10,~

10ag~dodecahydro-7(8H)-phenanthrone (S-2). The procedufe of

Baldwin .and IrelandGO was modified. To the residue left by

the evaporation of the solvent from 2.4 ml of 1.67 M (4.0
mmoles) ethereal methyllithium (Alfa Inorganics) was added

12 ml of dryldimethoxyethane. To the resulting cloudy solution
was added dropwise.over a period of 13 min 895 mg (1.66 mmoles)

of.enol acetate S~1 (prepared in the preceding experiment)
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dissolved in 12.5 ml of dry dimethoxyethane. After stirring at
room temperature for 1.3 hr, the pale yellow solution of the
lithium enolate was quenched by the addition of 12 ml (27.4 g,
194 mmoles) of methyl iodide (purified by two distillations
from phosphorous pentoxide). After stirring for 5 min, the
solution was poured into 100 ml of dilute brine and 50 g of
ice, and extracted with four 50-ml portions of ether. The
combined extracts were washed with 50 ml of water and 50 ml
of brine, and dried (NaZCOS). Removal of the solvent at
reduced pressure afforded 0.87 g of the crude methylated
ketone S-2 as a clear, colorless oil.

In dnother experiment, 0.99 g (1.84 mmoles) of the enol
acetate was treated with 4.4 mmoles of methyllithium in 27 ml
of dimethoxyethane and then with 13 ml (209 mmoles) of methyl
iodide. After stirring for 10 min, the reaction mixture was
worked up as above to give 1.07 g of crude ketone S-2 as an
oil. |

The combined products were triturated with petroleum
ether, which precipitated 0.20 g of the hydroxy ketal LX,
mp 178.5-181°. Cryétallization from benzene--ether afforded
the‘analytical sample: plates, mp‘181.5-1830;
ir (CHClS) 3580~3610 (0-H), 1585—1600 (aromatic), 1390 (gem-

dimethyl), and 1110 cm™*

(C-0 of ketal);
nmr (CDCl,) & 0.70, 0.98, 1.02, 1.05, and 1.22 (s, 3 each,
CHz), 3.1-3.9 (m, 4, -OCH,-), 3.80 (s, 3, ~OCHg), 6.6~

7.4 (m, 4, aromatic), 0.88 (s, 6, CH,);
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Apnal. Calcd for C32H5004: C, 77.06; H, 10.10. Found: C, 77.00;

H, 10.09.

The amount of this side product isolated from this experiment
and the preceding one was 0.82'g or 21% of the Grignard
reaction product mixture.

The 1.74 g of mother liquors obtained from the tritura-
tion was chromatographed on 200 g of Merck silica gel. Elu-
tion with 750 ml of 5% acetone in peffoleum ether gave 0.33 g
(20% yiéld) of O-methylated material LXII as a viscous oil:
ir (CHClS) 1670 (C=C), 1585 and 1600 (arbmatic), and 1390 cm_1

(gem-dimethyl). -

The.attémpted crystallization of this compound resulted in the
hydrolysis of the enol ether group, yielding the unmethylated
ketone LXIII, Recrystallization of this ketone from methylene
chloride——ether——petroleum'ether afforded analytically pure
material as a microcrystalline solid: mp 153—1570;

dr (CHClS) 1705 (C=0), 1585-1600 (aromatic), 1390 (gem-di-

methyl), and 1115 em ™t

(C~0 of ketal);

nmr (CDClS) S 0.73 and 0.87 (s, 6 each, CHS), 1.05 and 1.25
(s, 3 each, CHg), 3.1-3.9 (m; 4, -OCH,-), 3.79 (s, 3,
—OCHS), 6.6-7.4 (m, 4, aromatic H);

Anal. Calcd for C32H48O4: C, 77.38; H, 9.74. Found: C, 77.45;

H, 8.73.
Further elution of the column with 150 ml of the same

solvent gave 0.26 g (15% yield)‘of the dimethylated ketone
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LXI as an.oil, which formed white crystals on trituration
with petroleum ether, yielding the analytical sample: mp 130-
131.5%

ir (CHC1;) 1690 (C=0), 1585-1600 (aromatic), 1390 (gem-di-

1 (c-0 of ketal);

methyl), and 1115 cm
nmr (CDCl;) & 0.73, 0.87, 0.93, 0.97, 1.07, and 1.23 (s, 3

each, CHg), 1.23 (d, 3, J=7, C-6 CHy), 1.28 (s, 3, C-8«

CHg), 3.1-3.9 (m, 4, —OCHZ—),'3.82 (s, 3, -OCH;), 6.6-

7.4 (m, 4, aromatic);

3475274

Anal. Calcd for C,,H.,O0,: C, 77.82; H, 9.99. Found: C, 77.97;

H, 10.10. '

Elution with 450 ml of the same solvent gave 1.00 g
(60% crude yield) of the desired mcnomethylated ketone S-2,
which on trituration with petroleum ether afforded 0.89 g
(53% yield) of white crystals, the nmr spectrum of which was
identical to that of the analytical sample prepared by two
recrystallizations from methylene chloride--ether: micro-
crystalline solid, mp 168~1720;
ir (CHClS) 1700 (C=0), 1585-1600 (aromatic), 1390 (gem-dimethyl),

sl TI10 en

(C-0 of ketal);
nmr (CDCIS) § 0.73, 0.92, 1.07, and 1.22 (s, 3 each, CH,),
0.85 (s, 6, CHg), 1.31 (s, 3, C-8«CHy), 3.1-3.9 (m, 4,

—OCHZ—), 3.80 (&, 3, -OCHB), 6.6-7.4 (m, 4, aromatic);

3375074

Anal. Caled for C,.H..0.: C, 77:60; H; 9.87. Found: C, 77.64;

H, 9.76.
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84-(2'-m-Methoxyphenylethyl)-1,1,4a4,8«,8a4-pentamethyl-

3,4,4a,4b4,5,6,82,9,10,10ax~-decahydro-2,7(1H,8H)-phenanthrene-

dione-(Q—ll) was prepared by the deketalization method used
60

by Baldwin and Ireland. To 0.85 g (1.67 mmoles) of the
keto-ketal S-2 (prepared in the above reaction) dissolved in
80 ml of acetone was added 21.4 ml of 10% aqueous hydrochloric
acid. After standing for 1 hr, the clear, colorless solution
was poured into 800 ml of water and'eﬁtracted with five 100-ml
portions of ether. The combined extracts were washed with

100 ml1 of water and 100 ml of brine, and dried (MgSO4). Removal
of the solvent at reduced pressure afforded 0.71 g of white
crystalline diketone Q-11, mp 141-151°, which was purified

by recrystallizations from chloroform--ether and hexane. Two
crbps of white‘prisms.were obtained: 0.39 g, mp 160—1660, and
0.09 g, mp 158-1650, the vapor phase chromatograms (3000, 4%
SE-30) of which exhibited one major peak with a retention

time of 3.5 min (97% for the first crop, and 86% for the sec-
ond). The total yield was 64%. The ir and nmr spectra of
this diketone were the same as those of the diketone Q-11,
which was prepared by the hydrolysis of the ethylene ketal-
ketone Q-10. This hydrolysis procedure is presented below,

2,2~Ethylenedioxy-84-(2'-m~methoxyphenylethyl)~-1,1,4az4,-

84«,8ap3~-pentanethyl-1,2,3,4,4a,4bx,5,6,82,9,10,10ax~dodecahydro-

7 (8H)-phenanthrone (Q-10) was prepared by a procedure of
60

Baldwin and Ireland. To the residue left by the removal of
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the solvent from 1.66 ml of 1.75 M (2.91 mmoles) ethereal
methyllithium (Alfa Inorganics) was added 8.6 ml of dry
dimethoxyethane. To the resulting cloudy solution was added
dropwise over a period of 8 min 603 mg (1.21 mmoles) of enol
acetate Q-9 (obtained from the hydroxy ketone 0-4 by the
method of Baldwin and Ireland60) dissolved in 9 ml of dry
dimethoxyethane. After stirring at room temperature for

45 min, the enolate solution was quenched by the addition of
8.6 ml (19.6 g; 139 mmoles) of methyl iodide (purified by
distillations from phosphorous pentoxide and from magnesium
sulfate). After stirring for 5 min, the solution was poured
into 100 ml Qf'brine and 50 g of ice, and extracted with four
50-ml portiéns of ether. The combined extracts were washed
with 50 ml of water and 50 ml of brine, and dried (MgSO4).
Removal of the solvent at reduced pressure gave 537 mg of a
pale yellow oil.

Ih another experiment, 625 mg (1.26 mmoles) of enol
acetate Q-9 was treated with 3.0l mmoles of methyllithium and
8.9 ml (144 mmoles) of methyl iodide in 18.4 ml of dimethoxy-
ethane, and worked ﬁp as above to produce 585 mg of a pale
yellqw pil.

The combined products were triturated wifh hexane. The
873 mg of solid obtained was crystallized twice from ethyl
acetate~-heptane to afford 430 mg (35% yield) of the keto-
ketal Q-10 as white crystals, mp 151.5-154°. The vpc chromato-

gram (3000, 4% SE-30) of this material exhibited one main peak
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at a retention time of 4.7 min (92%).
Preparative tlc (Merck silica gel, 20x40x0.1 cm plate,
50% ether in petroleum ether) was used to separate the mother
liquors into three fractions: keto-ketal Q-10 (R;=0.25-0.35),
dimethylated ketoneLXVIII(Rf= 0.35-0.45), and the O-methylated
compound LXD((Rf= 0.45-0.55).
The dimethylated ketone LXVIII was identified by ir and
nmr spectral data:
iz (CHClS) 1685 (C=0), 1585-1600 (aromatic), and 1385 cm—l
(ggg—dimethyl);
nmr (CDClg) § 0.88, 0.90, 0.93, and 0.97 (s, 3 each, CHg), 1.21
(d, 3, J=7, C-6 CHy), 1.27 (s, 3, C-8« CH,), 3.78 (s, 3,
—OCHB), 3.95 (s, 4, —OCHZ—), 6.6-7.4 (m, 4, aromatic H);
nmr (benzene) § 0.75; 0.78, and 1.00 (s, 3 each, CH3), 1.05
(s, 6, CHS)’ 1.07 (4, 3, J=7.5, C-6 CHS)’ 3.40 (s, 3,
-OCHS), 3.58 (s, 4, -OCHZ—).
The enol ether LXIX was identified from its ir spectrum:
ir (CHClS) 1660 (C=C), 1580-1600 (aromatic), and 1385 cm—1
(gem-dimethyl) .
The fraction containing the keto—ketal Q-10 was tritu-
ratéd with hexane, and the solid obtained was crystallized
from ethyl acetate--heptane to give an additional 71 mg
(6% yield) of white crystals, mp 150.5-153°. The vpc chromato-
gram (3000, 4% SE-30) had one main peak with a retention time

of 4.5 min (93%).

The combined keto-ketal Q-10 product weighed 501 mg (41%
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yield): white crystals, mp‘151—1540;

ir (CHClS) 1695 (C=0), 1580-1600 (aromatic), and 1390 cm_1
(ggé—dimethyl);

nmr (CDClz) & 0.83 and 0.87 (s, 3 each, CHp), 0.92 (s, 6,
CHg), 1.28 (s, 3, C-8« CHg), 3.79 (s, 3, -OCHg), 3.96
(s, 4, —OCHZ—), 6.6-7.4 (m, 4, aromatic H);

nmr (benzene) & 0.72 and 1.03 (s, 6 each, CH3), 0.93 (s, 3,
CH,), 3.42 (s, 3, -OCH,), 3.60 (s, 4, -OCH,-) .

A Deketalization of 2,2-Ethylenedioxy-84-(2'-m-methoxy-

phenylethyl)-1,1,4a4,84,8a8-pentamethyl-1,2,3,4,4a,4ba,5,6,8a,~

9,10,Ianrdodecahydro—7(8H)—phenanthroﬁe (Q-10) was done

accdrdihg to the procedure of Baldwin and Ireland.60 To a

solution of 402 mg (0.86 mmoles) of keto-ketal Q-10 (prepared

in the precedihg expefiment) in 40 ml of acetone was added

10.8 ml of 10% aqueous hydrochloric acid. After 45 min, the

clear solution was poured into 700 ml of water and extracted

with four 100-ml portions of ether. The combined extracts

were washed with iOO ml of water‘and 100 ml of brine, and

dried (MgSO4). Removal of the solvent at reduced pressure gave

354 mg (100% yield) of the diketoné Q-11: white crystals,

mp 161-165°;

air (CHC13) 1700 (C=0), 1580-1600 (aromatic), and 1385-1390 cﬁd
(gem-dimethyl)

nmr (60 and 220 MHz, CDC13) s 0.87, 0.98, 1.05, 1.12, and 1.30

(s, 3 each, CHy), 5.80 (s, 3, ~OCH,), 6.6-7.4 (m, 4,

aromatic H).
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The vpc chromatogram (3000, 4% SE-30) of these crystals
had only one peak with a retention time of 2.7 min. The
optically-active diketone Q-11, which was obtained from the
degradation of euphol, exhibitéd a single peak with an
identical retention time. Co-injection of the two samples
gave a single peak. Analytical tlc (Merck silica gel, 50%
benzene in ether) of the racemic and optically active
diketones gave a single spot at Rf='0.50. The ir and nmr
(60 and 220 MHz) spectra of the optically active material

were identical to those of the racemic material (above).

The Preparation of Polyphosphoric Acid (PPA).az8 To

100 ml of 85% bhosphoric acid was slowly added 113 g of
phosphorous pentoxide with mechanical stirring and occasional
cooling in an ice bath to.prevent overheating. The resulting
clear, colorless liquid was heated at 130° for 1 hr, then
cooled to room temperature, and used directly in the cyclo-
dehydration reaction.

10-Methoxy-4,4,6a4,6ba,l4bs-pentamethyl~1,2,4ax,5,6,6a,~

6b,7,8,14,14aq,14b-dodecahydro-3(4H)-picenone (V-1). The

cyclodehydration procedure of Baldwin and Ireland6O wés
modified. To a saturated solution of 327 mg (0.77 mmole) of
pure diketone Q-11 (prepared above, mp 161—1650) in 2 ml of
benzehe was added 53 ml of polyphosphoric acid. The yellow
viscous mixture was rapidly stirred at 50° (internal tempera-

ture) with a mechanically driven teflon stirring paddle for a
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period of 30 min, then poured into 350 g of an ice--water
mixture, and extracted with four 50-ml portions of benzene.
The combined extracts were washed with 100 ml of saturated
aqueous sodium bicarbonate and 100 ml of brine, and dried
(MgSO4). On removal of the solvent at reduced pressure,
308.5 mg of oily white crystalline pentacyclic ketone V-1
was obtained. Two crops of crystals, 167.5 and 53.5 mg,
of ketone V-1 were produced on crystailization of the crude
product from ethyl acetate--heptane. Preparative tlc (Merck
silica gel, benzene) of the mother liquors gave another 60 mg
of the ketone (Rg= 0.1-0.2). The combined product weighed
281 mg (90% yield), mp 150-151.5°.
The énalytical sample was prepared in the same manner
as the abovevmaterialg mp 147.5—1500;
iz (CHClS) 1695 (C=0), 1645 (styrene C=C), 1610 and 1570
(aromatic), and 1375 and 1385 Gl (gem-dimethyl);
nmr (CDClB) § 0.97, and 1.03 (s, 3 each, CHS)’ 1.10 (broad s,
9, CHS)’ 3.786 (B, 3, —OCHS), 6.15 (two superimposed
J

doublets, 1, J 2, vinylic H), 6.5-7.6 (m, 3,

'AX “BX

aromatic);

Anal, Calcd for C28H3802: C, 82.71; H, 9.42. Found: C, 82.86;

H, 9.36.

3A-Hydroxy~-10-methoxy~4,4,6a4,6ba,l4bpg-pentamethyl-1,2,~

3,4,4aa,5,6,6&,6b,7,8,14,14am,14b~tetradecahydropicene (V-2).

Lithium aluminum tri-t-butoxy hydride (2.24 g, 8.8 mmoles),

which was prepared according to a reported procedure,28 was
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added to a solution of 0.38 g (0.93 mmole) of the pentacyclic
ketone V-1 in 60 ml of tetrahydrofuran, and the resulting
suspehsionvwas first heated at reflux for 3 hr and then
cooled. Water was added to destroy the unreacted hydride.
The resulting mixture was poured into 600 ml of 1% aqueous
hydrochloric acid and extracted with four 100-ml portions of
benzene. The combined extracts were washed with 100 ml of

1% aqueous hydrochloric acid and thénIIOO-ml portions of 10%
aqueous sodium bicarbonate, water, and brine, and dried
(Na2003). Removal of the solvent at reduéed pressure afforded
0.39 g (quantitative crude yield) of a white micro-crystal-
line solid, the pentacyclic alcohol V-2, mp 176-184°.

The analytical sample, which was obtained by recrystal-
lization from benzene.of material prepared in an earlier
experiment, melted at 185-188.5°:

g (CHClB) 3610 (O-H), 1640 (styrene C=C), 1570 and 1605

(aromatic), and 1370 and 1385 em™t (gem-dimethyl);
nmr (CDClS) ) 0.82 and 0.93 (s, 3 each, CH3), 1.02 (s, 9,

CHS)’ 3.2 (m, 1, CHOH), 3.77 (s, 3, —OCHB), 6.15 (two

superimposed doublets, 1, JA%=J 2, vinylic H), 6.5-

BX

7.6 (m, 3, aromatic H);

Anal. Calcd for 028H4002: C, 82:30; H, 9.87. Tound: 0, 82.14;

H, 9.87.

The 34-Hydroxy-10-methoxy-4,4,6a4,6ba,l4bsd-pentamethyl-

l,2,3,4,4a«45;6,6a,6b,7,8,12b,13,14,l4aa,l4b—hexadecahydro—




163

picenes (V-3 and V-4). A mixture of 31.8 mg (0.08 mmole) of
the alcohol V-2 (mp 185-188.5°) and 32 mg of 10% palladium on
carbon (Engelhard) in 30 ml1 of absolute ethanol was stirred
under a hydrogen atmosphere for 3 days. Removal of the
catalyst by filtration, and evaporation of the filtrate at

reduced pressure afforded an oily mixture of the cis and

trans pentacyclic alcohols V-3 and V-4, weighing 29.6 mg (93%
crude yield), the vapor phase chromatogram (3000, 4% SE-30) of
which exhibited two peaks with an area ratio of 3:1 at
retention times of 2.8 and 3.3 min. |
i (CHClS) 3600 (0O-H), 1580 and 1610 (aromatic), and 1375 and
1390 em™? (gem-dimethyl);
nmr (CDClB) S 0.40 (s, 2, C-6a CHS)’ 0.73; 0.97, and 1.27 (s,
3 each, CHS)’ 0;80 (s, 4, CHS)’ 0.92, 1.07, 1.12, and
1.23 (s, weak, CHB),‘S}z (m, 1, CHOH), 3.77 (s, 3, -OCH,),
6.6~7.3 (m, 3, aromatic H).
The nmr spectrum established that the predominant
hydrogenation isoﬁer was the cis C/D ring-fused alcohol V-3.

The Birch Reduction of the Styrene Bond of the Penta-

cyclic Alcohol V-2 was performed using a modification of a

pubiished procedure?9 To a solution of 85 mg (0.21 mmole) of
the pentacyclic alcohol V-2 (prepared as described above) in
40 ml of dimethoxyethane and 40 ml of tetrahydrofuran was added
2501m.of 1iquid ammonia distilled from lithium and sodium). The

solution became slightly cloudy; however the addition of 20 ml
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of tetrahydrofuran did not clarify it. Sodium (0.24 g, 10.4
mmoles) was added, and the blue mixture was stirred at reflux
for 1 hr and then quenched by the slow addition of 1.1 g (20.7
mmoles) of ammonium chloride. The ammonia was allowed to evap-
orate under a slow stream of argon. The liquid in the flask
was decanted and concentrated at reduced pressure. The concen-
trated material and the residue in the flask were mixed with
150 ml of dilute brine and extracted with four 50-ml portions
of benzene. The combined extracts were washed with 50-ml
portions of water and brine, and dried (Na2C03). Removal of
the solvent left 87 mg of a clear colorless oil, the vapor
phase chrématdgram (3000, 4% SE-30) of which had two major peaks
with retention times of 2.8 (45%) and 3.3 min (55%). Tritura-
tion with ether gave 12.4 mg of the trans isomer V-4: white
plates, mp 158—159.50, and 36.7 mg of slightly cruder material.
The purer material, the vapor phase chromatogram (3000, 4% SE-30)
of which had one peak with a retention time of 3.3 min (97%),
was recrystallized from benzene--methanol to give the analytical
saﬁple: prisms, mp 148~1510;
ip (CHClS) 3620 (O-H), 1585 and 1615 (aromatic), and 1385

and 1395 cm'1 (gem-dimethyl);
nmr (CDC13) & 0.80 (s, 6, CHS)’ 0.92, 1.01, and 1.08 (s, 3

each, CHS)’ 3.2 (m, 1, CHOH), 3.76 (s, 3, —OCHB), 6.6-

7.3 (m, 3, aromatic H);

Anal. Calcd for 028H4202: C, 81.90; H, 10.31. Found: C, 81.94;

H, 10.20.
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The 31 mg of mother liquors from the triturations
afforded 15.1 mg of cis isomer as a micro-crystalline solid,
mp 139—1440, on crystallization from ether--petroleum ether.
The vapor phase chromatogram (3000, 4% SE-30) of this material
had one major peak at a retention time of 2.8 min (91%).
ir (CHClB) 3615 (O-H), 1580 and 1610 (aromatic), and 1365,

1385, and 1390 cm 1 (gem-dimethyl);
nmr (CDCl3) § 0.40, 0.77, 0.81, 1.00, and 1.29 (s,v3 each,

CH,) , 3.2 (m, 1, CHOH), 3.80 (s, 3, ~OCH;), 6.6-7.3

(m, 3, aromatic H). ‘

3s-Hydroxy-4,4,6a4,6bs,l4bg-pentamethyl-1,2,3,4,4a«,5,~

6,6a,6b57;8,12,12aq,12bﬂ,13,14,14aa,14b—octadecahydro—10(llH)—

picenone (V-5). Because of the insolubility of the starting

material, a reported Birch reduction procedureSO was modi-
fied. A 10.2-mg (0.25 mmole) portion of the trans C/D ring
fused pentacyclic alcohol V-4 (prepared in the preceding
reactioﬁ) was dissolved in 15 ml of dimethoxyethane. Then

40 ml of liquid ammonia (distilled from sodium and lithium)
was added. A total of 47 mg (6.7 mmoles) of lithium was
added over a period.of 23 min to maintain the deep blue color
of the reaction mixture. Next, 0.72 ml (7.6 mmoles) of
i—butanol (driéd by distillation from calcium h&dride) was
added. After the blue color had disappeared, another 38-mg

(5.5 mmoles) portion of lithium and 0.48 ml (5.0 mmoles) of
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t-butanol were added. After 45 min, the blue reaction mix-
ture was quenched by the addition of 0.99 g (18.7 mmoles) of
ammonium chloride. After the ammonia had evaporated under

a slow stream of argon, the reéidue was diluted with 150 ml
of dilute brine and extracted with four 50-ml portions of
benzene. The combined extracts were washed with 50-ml
portions of water and brine, and dried (Nazcog).

The residue left after the removal of the solvent at
reduced pressure was dissolved in 15 ml of methanol with
heating. To this solution was added 5 ml of 5 N aqueous
hydrochloric acid and this mixture waé heated at reflux for
‘30 min, cooled, poured into 150 ml of dilute brine, and
extracted with four 50-ml portions of benzene. The combined
extracts were washed with 50-ml portions of saturated aqueous
sodium carbonate, water, aﬁd brine, and dried (Na2S04).
Removal of the solvent at reduced pressure afforded 11.5 mg
of a white solid. The vapor phase chromatogram (3000, 4%
SE-30) of this material had two major peaks with retention
times of 3.3 (45%) and 3.8 min (40%). The chromatogram of the
starting material showed one peak with a retention time of
3.3 min. The nmr spectrum of the crude Birch reduction
produc£ exhibited a signal at 3.77 § (s, 1, —OCHS). There-
fore, this crude pfoduct contained a large amount of starting
material.

Recrystallization of the‘product mixture from chloro-

form--ether afforded 5.5 mg of pure pentacyclic enone V-5
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as a white microcrystalline solid, vacuum mp 253—2560. The

vapor phase chromatogram of this material had one peak at

a retention time of 3.8 min. The ir and nmr spectra of this

enone were the same as that of‘the analytical sample, which

was prepared by ether--benzene recrystallization of material

prepared by a similar route: vacuum mp 263.5—268.50;

ir (CHClB) 3605 (0O-H), 1660 (C=0), 1615 (C=C), and 1375 and
1390 cm—l (gem-dimethyl); |

nmr (CDCl,) § 0.76, 0.83, and 1.05 (s, 3 each, CHy), 0.93
(s, 6, CHS)’ 3.2 (m, 1, CHOH), 5.80 (broad s, 1,
vinylic H);

Anal, Calcd for CZ7H4202: C, 81.35; H, 10.62. Found: C, 81.44;

H, 10.60.

The Birch Reduction of the Pentacyclic Alcohol V-2 was

done accordﬂg to the procedﬁre given above. A 1090-ml portion
of liquid ammonia was distilled from sodium and lithium into

a solution of 0.31 g (0.76 mmoles) of the pentacyclic alcohol
V-2 (prepared by a procedure described above) in 465 ml of
dimethoxyethane. To this slightly cloudy solution was added
2.62 g (380 mmoles) of lithium wire, which had been cﬁt into
2—cm.pieces and washed with dry hexane. After this blue
mixture:had stirred at reflux for 1 hr, 43.4 ml (455 mmoles)
of t-butanol was added. The blue solution was stirred for

3.5 hr and then quenched by the slow addition of 28.4 g (530

mmoles) of ammonium chloride. The ammonia was allowed to
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evaporate ﬁnder a slow stream of argon. The liquid in the
reaction flask was concentrated at reduced pressure. The
concentrated material and the white solid in the reaction
flask were diluted with 500 ml of water and extracted with
four 100-ml portions of benzene. The combined extracts were
:Wéshed with 100-ml portions of water and brine, and dried
(Na2804). After removal of the solvent at reduced pressure,
the white crystalline residue was dissolved in 465 ml of
methanol by heating. To this solution was added 155 ml of
5N aqueous hydrochloric acid, and the resulting mixture was
heated at-reflux for 30 min, and cooled. The solution was
concentrated at reduced pressure to give an aqueous residue,
which was poured into 500 ml of water and extracted with
four 100-ml portions of benzene. The combined extracts were
washed with 100-ml portions of saturated aqueous sodium bi-
carbonate, water, and brine, and dried (Na2804). Removal of
the solvent at reduced pressure left 0.31 g of a clear, color-
less o0il, which was triturated with ether to give 0.16 g of
crude pentacyclic enone V-5 as white crystals. The mother
}iqUors_(157 mg) were chromatograﬁhed on 20 g of Merck silica
gel with ether. Elution with 75 ml of ether géve two
unidentified side products; further elution with 70 ml of
é¢ther afforded 44.3 mg of crude enone V-5 as a white solid,

which was combined with 0.16 g obtained by trituration.
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The crude enone was recrystallized from dichloromethane--
ether to give two crops of purified pentacyclic enone V-5
as a white micro-crystalline solid: 103 mg, vacuum mp 258—2610,
and 33 mg, vacuum mp 242.5—2476 (45% yield). The ir and nmr
spectra of the combined product were identical to those of the
‘analytical sample, which are reported in the preceding experi-

ment.

8ap-Cyano-34-hydroxy-4,4,6a 4,6bx,l14bg-pentamethyl-1,2,3,~

4,42 ¢,5,6,6a2,6b,7,8,8a,11,12,12a«,12b#,13,14,14aa,l4b-eicosa-

hydro-10(9H)-picenone (W-1) was prepared according to the
6

procedure of Nagata and coworkers, as modified by Welch and

4% 5o & solution of 186 mg (0.34 mmole) of enone V-5

Ireland.
(prepared in the preceding reaction) in 15 ml of tetrahydro-
furan at 0° was added 1.92 ml of a tetrahydrofuran solution,
which was.cooled to OO and-which was 0.736 M in triethyl-
aluminum (1.41 mmoles, Texas Alkyls) and 0.540 M in hydrogen
cyanide4’4 (1.04 mmoles, prepared by R. Farr in the Ireland
laboratories). After stirring at Oo for 45 min and at room
temperature for 37 hr, the pale ygllow reaction mixture was
poured into 150 ml of cold 5% aqueous sodium hydroxidé and
extractéd with four 50-ml portions of benzene. ' The combined
extracté were washed with 50-ml portions of 5% aqueous sodium
hydroxide, water, aﬁd brine, and dried (Na2804). Removal of

the solvent at reduced pressure left 148 mg (quantitative crude

yield) of the cyano-ketone W-1 as a white micro-crystalline
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solid, vacuum mp 294-298° , The ir and nmr spectra of this
material were identical to those of the analytical sample,
which Was prepared by a similar procedure and then recrystal-
lized from ethanol to give a white, micro~crystalline solid:
vacuum mp 316—318.50;
iz (CHClg) 3600 (0O-H), 2220 (~CN), 1720 (C=0), and 1390 cm_1
(gem-dimethyl);
amr (CDCl,) § 0.78, 0.88, and 1.08 <s,'3 each, CHg), 1.00
(s, 6, CHB)’ 3.2 (m, 1, CHOH);
Anal. Calcd for CygH, NO,: C, 79.01; H, 10.18; N, 3.29.
Found: C, 78.88; H, 10.14; N, 3.26.

8éﬁ-Cyano—lO,10—ethylénedioxy—3Amhydroxy—4,4,6&5,6bq,—

14bg-pentamethyl-1,2,3,4,4a4,5,6,6a,6b,7,8,82,9,10,11,12,12a«,~

1256,13,14,l4ad,14b—docosahydropicene (W-2). A ketalization

procedure of Baldwin and Ifeiandeo was modified. Distilled
ethylene glycol (38 ml) and p-toluenesulfonic acid monohydrate
(100 mg, 0.53 mmole) were added to a solution of 189 mg (0.44
mmole) of cyano-ketone W-1 (prepared by the above procedure)
in 120 ml of benzene. This mixture was heated at reflux for
10 hr in a flask fitted with a Deaﬁ—Stark trap, the receiver
end of which was filled with benzene-washed Drierite to bind
the azeotroped water. After cooling, the reaction mixture
was péured into 400 g of ice-water and 200 ml of saturated
sodium bicarbonate. The aqueous phase was extracted with two

100-ml1 portions of benzene. The combined benzene solutions
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were washed with 100 ml of saturated aqueous sodium bicarbonate,
five 100-ml portions of water, and 100 ml of brine, and dried
(Na2804). Removal of the solvent at reduced pressure gave

0.20 g of a pale yellow solid, which was identified as the
cyano-ketal W-2 from the ir and anmr spectra. Recrystallization
of this material from chloroform--ether afforded 158 mg (77%
yield from the enone V-5) of cyano-ketal W-2 as a white, micro-
crystalline solid, vacuum mp 313-317.5°.

A sample prepared in an earlier experiment was recrystal-
lized from ethanol to give a white micro-crystalline solid:
vacuum mp_335—336.50;
ir (CHCIS) 3605 (0-H), 2220 (-CN), and 1375 and 1390 cm—1

(ggg—dimethyl);
nmr (CDClS) 5§ 0.78, 0.87, 0.95, 0.98, and 1.08 (s, 3 each,

CHg), 3.2 (m, 1, CHOH), 4.00 (m, 4, -OCH CH,0-);

2

Anal. Calcd for C30H47N03: C; 76.71; H; 10.,08; N, 2.98,

Found: C, 76.83; B, 10.15; N, 2.98.

4,4,6a3,6bx,8a8,14bg-Hexamethyl-34-hydroxy~1,2,3,4,4aq,~

5,6,6a,6b,7,8,8a,11,12,12a«,12b,5,13,14,14a«,14b-eicosahydro-

10(9H)~-picenone (W-5) was prepared by a modification of the
44

proéedure of Welch and Ireland, followed by removal of the
ketal protecting group.

To a solution of 158 mg (0.34 mmole) of cyano-ketal
W-2 (prepared in the preceding experiment) in 60 ml of benzene

was added at room temperature 1.36 ml of 0.567 M (0.77

mmoles) diisobutylaluminum hydride (X and K) in benzene.
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After stirring for 1 hr, the reaction mixture was poured into
150 m1 of cold 3.3% aqueous sodium hydroxide and extracted
with fhree 50-ml1 portions of benzene. The combined extracts
were washed with 50-ml portioné of water and brine, and dried
(NaZSO4). Removal of the solvent at reduced pressure gave
0.16 g of the crude imine W-3 as a white solid:

ir (CHClB) 3625 (0-H), 1630 (C=NH), and 1380 and 1390 cm-l

(gem-dimethyl). ‘

The crude imine was heated in 22 ml of triethylene glyéol
(distilled) to effect solution. The solufion was cooled to
room temperature, and 2.2 ml (38.6 mmoies) of 85% aqueous
hydfazihe hydrate and 0.56 g (4.96 mmoles) of hydrazine dihydro-
chloride were added. This mixture was then heated at 130-135°
(ihternal temperature) fof 3.5 hr, and cooled to 110° while
3.56 g (54 mmoles) of potaésium hydroxide pellets (B and A,
85%) were slowly added. The temperature of the reaction mixture
was raised to 175-180° over a period of 10 min to allow for
distillation of the volatile material under a rapid stream of
argon. The argon flow was decreased, and heating (175—1800)
was continued for 6 hr. After cooling, the cloudy reaction
mixtﬁre-was diluted with 500 ml of dilute brine and extracted
with six 100-ml portions of benzene. The combined extracts
were washed with ten 50-ml portions of water, and one 50-ml
portion of bfine, and dried (Na2804). Removal of the solvent

at reduced préssure afforded 0.16 g of a white solid: vacuum



173

mp 245.5-248°;
ir (CHClg) 3600 (0-H), and 1375 and 1385 em™! (gem-dimethyl);
EQ{(CDCls) $ 0.77, 0.86, 0.98, and 1.04 (s, 3 each, CH3),
0.95 (s, 6, CHy), 3.2 (m, 1, CHOH), 3.88 (m, 4, -OCH,-).
Because of the insolubility of this ketal (W-4), the
standard deketalization procedure60 had to be modified. A
solution of 0.16 g of the crude ketal in 80 ml of acetone
and 40 ml of methanol was cooled to'ldO while 33 ml of 10%
aqueous hydrochloric acid was added. The resulting solution
was allowed to stand at room temperature for 1 hr, poured
into 700 ml of dilute brine, and extracted with five 100-ml
portions of behzene. The combined extracts were washed with
100-ml1 portions of saturated aqueous sodium bicarbonate,
water, and brihe, and.dried (Na2804). The solvent was removed
at reduced pressure to afford 156 mg of the crude ketone W-5
as a white solid, which was recrystallized from dichloro-
methane--ether-~petroleum ether to give 142 mg of ketone W-5
as a white micro—érystalline solid, vacuum mp 282-292°. The
vapor phase chromatogram (3000, 4% SE-30) showed one major
peak at a retention time of 3.1 miﬁ (91%). The overall
yield for the three step conversion of the cyano-ketal W-2
to the ketone W-5 was 93%.
The analytical sample was prepared by an aqueous ethanol
crystallization of comparable material: vacuum mp 300—303.50;

ir (CHCl,) 3600 (0-H), 1700 (C=0), and 1385 cm™' (gem-dimethyl);
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nmr (CDClg) § 0.78 (s, 6, CHg), 0.87, 0.99, 1.02, and 1.03
(s, 3 each, CH3), 3.2 (m, 1, CHOH);

Anal. Calcd for CygH, 0,: C, 81.10; H, 11.18. Found: C, 81.00;
H, 11.07.

4,4,6a3,6ba,8a/4,14b4-Hexamethyl-33-hydroxy-1,2,3,4,4ae,~

5,6,6a,6b,7,8,8a,12a«,12bg8,13,14,14ax,14b ~ octadecahydro-10(9H)-

picenone (X-2) was prepared by bromination of the ketone W-5,

followed by dehydrobromination. A procedure of Marshall and
coworkers2 was modified for the first step. A stirred solu-
tion of 132 mg (0.32 mmole) of the pentacyclic hexamethyl
ketone W-5 (prepared in the preceding reaction) in 13 ml of
glacial acetié acid was cooled to 10-15° while 1.2 ml of

0;313 M (0.37 mmole) bromine in acetic acid, which was also
0.0075 M in hydrobromic acid, was added dropwise over a period
of 14 min. Thevorange solﬁtion was immediately poured into

150 ml of dilute brine containing 1.0 g (7.9 mmoles) of sodium
sulfite and extracted with four 50-ml portions of benzene. The
combined extracts were washed with two 50-ml portions of
saturated aqueous sodium bicarbonate, 50 ml1 of water, and 50 ml
of brine, and dried (N32804). Removal of the solvenf at reduced
pressure left 151 mg of a yellow solid, which was purified by
precipitation from dichloromethane--ether-~-petroleum ether,
treatment with acti?ated charcoal in chloroform and filtration,
and reprecipitation from the aforementioned solvent mixture

to give 123 mg of the bromoketone X-1 as a pale yellow solid:
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vacuum mp 177-1810 (decomposition);
ir (CHCls) 3620 (0-H), 1715 (C=0), and 1390 cm'-l (gem-dimethyl);
nmr (CDClS) S 0.78 (s, 6, CHB)’ 0.87, 1.00, 1.03, and 1.06

(s, 3each, CH,), 3.2 (m, 1, CHOH), 4.30 (m, 1, CHBr).

The bromoketone X~-1 (123 mg, 0.25 mmole) was dehydro-
»brominated by the procedures of Marshall and coworkers,z and
Green and Long.71 To a solution of the bromoketone in 10 ml
of dimethylacetamide (MCB, distilled, bp 1660) was added 0.50¢g
(5.0 mmoles) of calcium carbonate (Merck). This slurry was
stirred and heated at reflux for 30 min, éooled, poured into
150 ml of dilute brine, and extracted With four 50-ml portions
of benzéne.i The combined extraéts were washed with two 50-ml
portions of 10% aqueous hydrochloric acid, and 50-ml portions
of saturated aqueous sodium bicarbonate, water, and brine, and
dried (NaéSO4). Removal of.the solvent at reduced pressure
afforded 148 mg of a yellow oil, which was chromatographed on
20 g of Merck silica gel with 50% ether in benzene. The first
45 ml of eluant were discarded; the next 15 ml of eluant con-
tained 46.3 mg of an unidentified mixture, a white solid:
i£ (CHClS) 3620 (O-H), 1725 (C=O); 1685 (C=0), and 1385 cm_1

| (gem-dimethyl);

nmr (CD013) & 0.78, 0.87, 0.95, 1.00, 1.03, and 1.05 (s, CHS),

8.2 (u, 1, CHOH).
This material decomposed at 160o when a vacuum melting point

was attempted.
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Further elution of the column with the same solvent afforded

39.3 mg (32% yield from the saturated ketone W-5) of thecx,/L
unsaturated ketone X-2 as a white solid: vacuum mp 235—2420;

ir (CHClS) 3620 (O-H), 1670 (C¥O), and 1385 and 1390 cm"1
(gem-dimethyl);

d8l 227 nm,.

uv max (CHBOH) 236 nm (€ = 7300), calc
nmr (CDClS) 6§ 0.81, 0.88, and 0.91 (s, 3 each, CHS), 1.03 (m,

9, CHB),-2.23 (s, 2, CH,CO) , 3.2 (m, 1, CHOH), 5.99

(d of d, 1, J =3 and 11, C-11 H), 6.98 (broad d, 1,

J =11, C-12 H).

This material was recrystallized-from dichloromethane--
ethér to giVe the analytical sample as a white solid: vacuum
mp 245-247.5°;

Anal. Calcd for C28H4402: C, 81.50; B, 10,75, Found: C, 81.30;

H, 10.61. |

Attempted Dimethylation of the Enone X-2. The procedure

employed was a modification of one successfully used by Ireland
and Mander.80 To 0.39 ml of 1.12 M (0.44 mmole) potassium
t-butoxide in t-butyl alcohol was added a solution of 36.2 mg
(0.09 mmole) of the enone X-2 (prepared as described.above) in
0.7-m1 of t-butyl alcohol and 0.35 ml of benzene. After
stirriﬁg for 1 hr, 55/u1 (0.88 mmole) of methyl iodide (puri-~
fied by distillatioh from phosphorous pentoxide) was added and
stirring was continued for 18 hr, during which time a precipi-

tate formed. The reaction mixture was poured into 150 ml of
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dilute brine and extracted with four 50-ml portions of benzene.
The combined extracts were washed with 50-ml portions of water
and brine, and dried (NaZSO4). Removal of the solvent at
reduced pressure left 35.2 mg 6f an oily solid. The ir spectrum
of this material indicated that little of no reaction had
occurred:
ir (CHClS) 3620 (O-H), 1670 (C=0), and 1385 and 1390 cm—l
(gem-dimethyl) .

4,4,6a,6bq«,82a4,14bs-Hexamethyl-34-hydroxy-1,2,3,4,4ax,-

5,6,6a,6b,7,8,8a,9,12b4,13,14,14ax,14b-octadecahydro-10(11H)-

picenone (X-3) was prepared by acid eqﬁilibration of the enone

‘X—2} The hydrblysis and equilibration procedure used for

the preparation of the enone V-5 was employed. To 30.5 mg
(0.074 mmole) bf the a,f-unsaturated ketone X—2‘(prepared as
described'above) dissolved in 45 ml of methanol was added 15 ml
of 5N aqueous hydrochloric acid. This solution was heated at
reflux for 5 hr, cooled, and concentrated at reduced pressure.
The aqueous residue was poured into 150 ml of dilute brine and
extracted with four 25-ml portions of benzene. The combined
extracts were washed with 25-ml poftions of saturated-aqueous
sodium bicarbonate, water, and brine, and dried (Na2SO4).
Removal of the solvent at reduced pressure afforded 29.7 mg

of a yellow solid, which contained a 2:1 mixture of enones X-3
and X-2 accofding to the strengths of the carbonyl absorptions

in the infrared spectrum:
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ar (CHClS) 1715 (ﬁ,{—enone) andl 1675 o (x,p-enone) .
The infrared spectra, which were taken after 30-min and l-hr
periods of reflux, showed these two carbonyl bands in ratios
of 1:2 and 1:1, respectively.
The crude mixture was crystallized from dichloromethane--
ether to give 15.4 mg of a white solid: vacuum mp 258—2610;
ir (CHClg) 3615 (0-H), 1715 (strong 4 ,¥-enone C=0), 1675
(very weak ¢,4-enone C=0), and 1385 and 1395 cm (gem-
dimethyl);
nmr (CDCl3) S 0.79, 0.86, 0.91, 1.00, 1.06, and 1.11 (s, 3

each, CHS), 3.2 (m, 1, CHOH), 5.20 (m, 1, vinylic H).

Anal. Calcd for Gl i g, 81,507 ¥, 10.75. Foumd: ¢, B81.31;

H, 10.03,

The mother 1iqu6rs from this crystallization (14.3 mg,
0.035 mmole) were re-equilibrated as above with 7 ml of 5 N
aqueous hydrochloric acid in 21 ml of refluxing methanol for
2.7 hr. After an identical work-up, 14.1 mg of a yellow oil
was recovered, which was crystallized from chloroform--ether
to afford 5.2 mg of the j4,Y-unsaturated ketone X-3 as a
white solid, the infrared spectrumlof which was the same as
that.given above. The total yield was 20.6 mg (67%) of ﬂ,{—
enone X-3.

34-~Hydroxy-4,4,6a3,6ba,824,11,11,14bs~-octamethyl-1,2,3,~

4.,424,5,6,6a2,6b,7,8,82,9,12bs,13,14,14ax,14b~-octadecahydro-

10(11H)—piceﬁone(X-4) was prepared by a modification of a
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procedure used by Ireland and Mander.80 A mixture of 0.82 g
(21 mmolesj of potassium and 25 ml of t-butanol (distilled
from Calcium hydride) was heated at reflux until the metal
had completely reacted (2 hr), affording a 0.84 M solution of
potassium t-butoxide. To 0.24 ml of this solution (0.20 mmole
of potassium t-butoxide) was added over a period of 6 min a
solution of 16.7 mg (0.04 mmole) of the 4,¥-unsaturated ketone
X~3 (prepared as described above) in 0.5 ml of benzene and
1.3 ml of t-butanol. The resulting clear yellow solution was
stirred at room temperature for 10 min before 25/#1 (0.40
mmole) of methyl iodide (purified by two distillations from
-phoSphoroﬁs pehtoxide) was added. A precipitate formed within
2 min. The reacfion mixture was allowed to stir at room temper-
ature for 10.5 hr, poﬁred into 100 ml of dilute brine, and ex-
tracted with four 25-ml portions of benzene. The combined ex-
tracts were washed with 25-ml portions of water and brine, and
dried (Na2804). Removal of the solvent at reduced pressure
left 17.7 mg of crude dimethylated enone X-4 as a yellow oil,
the nmr spectrum of_which exhibited methyl signals at 0.79,
0.85, 0.91, 1.01, 1.03, 1.10 (strong), 1.22, and 1.28 & (weak).
The'nmr,spectrum remained the same after this product was
resubjected to potassium t-butoxide and methyl iodide accord-
ing to the above procedure.

The crﬁde product was purified by chromatography on
5 g of silica gel. Elution with 11 ml of 50% ether in benzene

gave no identifiable material; continued elution (4 ml) produced
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7.5 mg (42% yield, 28% overall yield from the o,f-unsaturated

ketone X-2) of the dimethylated ketone X-4 as a white solid:

mp 211-2230, needles;

ir (CHClS) 3615 (O-H), 1705 (C=O), and 1360, 1380, and 1390 cm‘l
(ggm—dimethyl);

hmr (CDClS)S 0.79, 0.85, 0.91, 1.01, 1.03, and 1.22 (s, 3 each,
CHS)’ 1.10 (s, 6, CH3), 38 (m,_l, CHOH), 4.99 (m,1, C=CH);
The analytical sample was recfystallized from benzene--

ether: mp 229-232°;

Anal. Calcd for CSOH4802: C, 81.76; H, 10.98. Found: C, 81.57;
H, 10.83. |

dl-Germanicol (L-7). Because of the small scale in this

reaction, the previously described Wolff-Kishner procedure was
modified. To é solution of 5.9 mg (0.013 mmole) of the octa-
methyl ketone X-4 (prepared in the preceding reaction) in

3.8 ml of triethylene glycol (redistilled) was added 0.38 ml
(6.6 mmoles) of 85% aqueous hydrazine hydrate and 97 mg (0.92
mmole) of hydrazine dihydrochloride. This mixture was stirred
at 135-140° (bath temperature) for 3.5 hr, and cooled to 176°
while 0.62 g (9.4 mmoles, 85% pure5 of potassium hydrbxide
peliets-were added. The bath temperature was increased to 180-
185° over a period of 20 min, while a rapid stream of argon
was used to remove volatile material from the reaction mixture.
After 30 min, the argon flow was reduced. The bath tempera-

ture was maintained at 180—185O for 6 hr. The reaction mixture

was then cooled, poured into 150 ml of dilute brine, and
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extracted with four 25-ml portions of benzene. The combined

extracts were washed with ten 10-ml portions of water and

10 ml of brine, and dried (Na2804). Removal of the solvent

at reduced pressure afforded 6.0 mg (quantitative crude

yield) of a white solid, mp 214—2180, the nmr spectrum of

which was identical to that of the natural d-germanicol.

The vapor phase chromatogram (3000, 4% SE-30) showed one

major peak with a retention time of 1.7 min (82%). Recrystal-

lization of a 4.9-mg portion of this material from chloro-

form--methanol afforded 2.8 mg (57% yield) of puré germanicol:

needles, mp 224—2290; vpc (3000, 4% SE-30): one peak at 1.7min

(98%). Material pfepared in an earlier experiment, mp 219—2230,

had ir and nmr spectra identical to those of a sample of

natural d-germanicol, mp 175—1770,_prepared below.

ir (CHClS) 3600 (0-H), 1355, 1375, and 1390 cm—1 (gem-dimethyl);

nmr (60 and 220 MHz, CDClB) $ 0.76, 0.78, 0.91, 1.00, 1.04,
and 1.10 (s, 3 each, CHS), 0.96 (s, 6, CH3), 3.2 (m, 1,
CHOH), 4.88 (m, 1, vinylic H).

The spectra are illustrated in Figures 27 and 28.

The vapor phase chromatograms (2700, 4% SE-30) of
synthetic and natural germanicbl showed one major peak at a
reteﬁtion time of 4.9 min (96% and 99%, respectively). Co-
injection produced a chromatogram with one major peak at this
retention time.

Analytical thin layer chromatography (Merck silica gel,

3.3% methanol in reagent grade chloroform) of each sample
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gave one major spot (Rf = 0.65).

A sample of synthetic germanicol, which was prepared
for analysis by recrystallization from chloroform~-methanol,
melted at 220-223°, white needles.

Anal. Calcd for CSOHSOO: C, 84.44; H, 11.81. Found: C, 84.35;

H, 11.71.

d-Germanicol. A solution of 7.8 mg (0.02 mmoles) of

natural germanicyl acetate (mp 267—2690, provided by

Professor C. Djerassi of Stanford University) in 5 ml of

dry tetrahydrofuran was treated with 26.1 mg (0.69 mmole) of
lithium aluminum hydride (Ventron). The mixture was heated

at reflux for 30 min, cooled in an ice bath during the addition
of excess ethyl acetate, poured into 100 ml of dilute brine,

and extracted with 25 ml of benzene. The aqueous phase was
acidified with 10% aqueous hydrochloric acid and then extracted
with three 25-ml portions of benzene. The combined extracts
were washed with 25-ml portions of 2% aqueous hydrochloric acid,
water, and brine, and dried (Na2804). Removal of the solvent
at reduced pressure afforded 7.7 mg ( a quantitative yield)

of pure d-germanicol as white needles: mp 175-1770, 1iterature53
mp 180—1810;

L (gem-

ir (CHC1,5) 3600 (O-H), and 1355, 1375, and 1390 cm~
dimethyl);

omr (60 and 220 MHz, CDCl;) & 0.76, 0.78, 0.91, 1.00, 1.04,
and 1.10 (s, 3 each, CHS)’ 0.96 (s, 6, CHS), 3.2 (m, 1,

CHOH), 4.88 (m, 1, vinylic H).
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