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~ HISTORICAL

The formation of a 4a-methylhydrophenasnthrene containing

san aromatic ring (I) hes been sccomplished by several

COOH

| I

synthetic schemees. Some of the investigators sought a
synthesis of dehydroabletic acid (II), or related diterpenes,
while others were interested in intermedlates for sterold
syntheses,

The phenanthrene synthesls of Bardhan and Sengupta (1)
was used by Kon (2) to obtain 4a-methyl-1,2,3,4,48,9,10,10a~-
octahydrophenanthrene (I). The potassium ealt of ethyl
cyclohexene~2-carboxylate wae alkyleted with B -phenylethyl
bromide to give the ketoeeter IIIl. Alkaline hydrolysis



COOEL
i \Y) V

of the ketosster was accompanied by decarboxylation to

the ketone IV, which was converted to the tertiary alcohol

V with methylmagnesium lodide, Cyclodehydration of the al-

cohol with phosphorus pentoxide gave the hydrophensnthrene I,
In thelr studies on the cyclizatlon of various B-phen-

¥lethyl cyclohexanols, Barnes and co-workers (3) ueed the

Bardhan-Sengupte method to eynthesize seversl Ya-methyloota-

hydrophenanthrenee, including the S5-methoxy-8~bromo (VI),

the 5,8-dimethoxy (VII), and the 9-keto (VIII) compounds.

CHz0 CH
Br oC H3

Vi Vil Vil



Using the same procedure, Renfrow (4) veported the
synthesis of 4a-methyl-2,8-dimethoxy-1,2,3,4,44,9,10,10a-
octahydrophenanthrene (IX), and Panizzi and Plattelli (5)
syntheslized the B-methoxy compound X.

ocHy OCHg
CHSO

X X

A shorter route to phenanthrenes involving some of the
same stepe ae the Bardhan-Bengupta synthesle was dlscovered
by Bogert {6), and by Cook (7). This method is illuetrated
by Bogert's syntheels {8) of the known (2) ooctahydrophenan-
threne I, The tertiary alecohol XI, obtained by condensing
the Grignsrd reagent of pB-phenylethyl bromide with 2.
methyleyclohexanone, ylelded the hydrophenanthrene I on

treatment with sulfuric acid.

MgBr OH

Xl



Using this same procedure, Slater (9) reported the
synthesis of the hydrocarbon XII. Bogert (10) obtained

X X1 X1V

hydrocarbons XIII and XIV by simlilar meane,

In 1939 Haworth and Barker (11) attempted to extend
the Bogert-Cook method to the synthesis of dehydroabletic
acid (II)., The tertiery slecohol XV was dehydrsted, and then
cyclized, to give 1,4a-dimethyl-7-isopropyl-1,2,3,4,4s,9,
10,10e~0ctahydrophenanthrene~l-carboxylate (II). No reso-

lution of the synthetic product has been reported,

N ¢
COOEL
MgBr COOEt COo H

XV |



Attempts to synthesirze podocarpic acid (XVI) in the
same manner have been reported (12, 13). Agein, no resolu-

tion of the eynthetic aclde hae been reported.

OoH

coonr

XV

Barnes (3, 14) has obtained additional octahydrophen-
anthrensee from his studies of cyclizations of compounds of
the type used in the Bogert-Cook synthesis,

S81ir Robert Robinson (15) in 1946 syntheslzed the
methoxy phenanthrone XVII by adding 4~diethylamino-2-
butanone methiodide to l-methyl-S5-methoxy-2-tetralone,

)
(e — A5
+ N\R.g, 0*

XVH



Using the same procedure, Grob and Jundt (16) prepared 4a-
methyl-5, 8~dimethoxy~4#,48,9,10~-tetrahydro-2(3H)-phenanthrone
(XVII1), and Stork (17) synthesized the methoxy ketone XIX,

OCHy

CH30 O
SORNN®
le 5 04 .

XVIH XX XX

A general synthesies of hydrophenanthrene ketones of
type XX has been reported (18). Condensation of Hagemann's
ester (XXI) with the required B-phenylethyl bromide gave

the corresponding substituted cyclohexenone XXII,

COOEt COOQEt R R

XX| XX XX\



Decasrbethoxylation with alcoholic poteesium hydroxide,
followed by cyelization with phosphorice =zeld, gave the
hydrophenanthrene ketones XXIII, with B repregenting
hydrogen, methoxyl, and isopropyl groupinge. 4 closely
related synthesis has been publlehed recently by Baha,
Bagchi, and Dutta (19).

A phenylacetylene aleo can be condensed with a
cyclohexanone to obtain the g -phenylethyleyclohexanol
{or cyclohexene) needed for cyclization. By thie means
the synthesis of dl-ferruginol (XXVII) was eccomplished
(20). Addaition of the sodio derivative of p-methoxyphenyl-
acetylene to 2,2,8-trimethylcyclohexanone gave the ace-~
tylenic carbinol XXIV, This wes reduced, and then cyclized
to the methoxy hydrophenanthrene XXV, The acetyl compound
XAVI wag formed, and wes converted to dl-ferruginol by
the following four stepe., Addition of methylmagnesium
iodide to the ketone XXVI, followed by dehydration,
hydrogenatlion, and cleavasge of the ether linkage, gave

the desired XXVII.



OCH3
@ '©OCH3

== _

XXV XXV
OH OCHy Q
C\CH_3
4 Steps

W

XXV XXV

Dodson, Parham and Wheeler (21, 22) attempted the
synthesis of dehydroablietic acid (II) in a similar manner,
Ag a preliminery experiment they condensed potaseium
phenylacetylide with 2-methylcyclohexanone to obtain the
acetylenic carbinol XXVIII, The actlon of formlc acld on
XXVIII gave a liquid ketone (XXIX), which was cyclized to
give the phenanthrone XXX,



10

O, =0—-.-0

XXV

3ol

AXX XXIX

Similarly (21, 22), the acetylenic slcohols XXXIa and
XX¥XIb were obtained by the reaction of the Grignard reagent,
prepared from the corresponding phenylacetylene, with 2,6~

dimethyl-2-ecarbethoxycyclohexanone. The Rupe resrrangement
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R
S I ¢ I
COOEt v
¥ S
XXXVQ, rR=n XXXa, r-H
XXXH), R =-CH({CHy), XXX“b, R =-CHECHg),
Y
coon cocts
XXXV XXX

of each acetylenlc carblnol gave as the principel product
the corresponding ketolactone (XXXIIa and XXXIIb), When
elther of the lactones was cyclized under Frledel-Crafts
conditions, the ketoacid XXXIII waes obtalned. FPreliminsry
attempte to effect cyclization of XiXIIb with retention
of the isopropyl group have been unsuccessful, Wolff-
Kishner reduction of the ketoscld XXYIII gave two acids

of structure XXXIV,



12

Nelther of the isomeric acids (XAXIV) was identloal
with the deg-isopropyldehydroabletic acid obtained by
treating dehydrosbletic acid (II) with aluminum ehloride.
It has been postulated (21) that the two synthetic acide

of structure XXXIV have the stereochemlstry shown below.

! 7 H
CH; CooH CHz COOH

By reacting the lactone of Z2-methyleyclohexeneacetic
acld {XXXV) with benzene and aluminum chloride, Ghosh (23)
has syntheeized the acetic acid XXXVI, Cyclizsetion of XXXVI
to the phenanthrone XXXVII wae sccomplished with sulfuric
acid.

(:b*o CooH 'O

XXXV XXXV XXXV
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Q
C-ci

XL XLt

QH

Deno and Chafetz (27), however, have reported the suc~
ceseful synthesis of the methoxy ketone XLIV by condensing
anisole with the hydroxy ester XLIII in the presence of poly-
phosphoric acid, Thie reaction doees not appear to be of
general appllication (27).

[::j\v/coost

OH No)

OCHg

XL XLV

Grewe {28) hae obtained the acid XLVI by eyelirzation
of the lactone XLV,

Y

COOH

XLV XLV
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Fieger {29) has used the ﬁi@lawﬁlder reactlion to fornm
hydrophenanthrenes, Addition of 2,3~dlmethylbutadlene to
3,4-41hydro~l-naphthoic ester gave the tricyclic ester

COOE’c

XLV XLV

ZLVII. Reduction of the ester %o the alcohol, conversion
to the chloride, and catalytlc hydrogenclysis of the
chloromethyl group, gave the octahydrophenanthrene XLVIII,

It has been shown (30) that o- and p-alkyl substituted
phenols, on treatment with chloroform and alkeli under the
conditione of the Reimer-Tlemasnn eynthesis, were converted
to phenoliec aldehydes and to c¢yclohexadienones, The ratio

of “normal® to "abnormal' product varied with the structure
of the phenol.
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Woodward (31) made use of the "abnormal" Reimer-
Tiemann reaction to synthesize 10-methyl-2-decslone {(LI).
The dichloromethyl ketone XLIX was reduced to the

Clz Clz
HC H
oofi:I::] HOJ:::}::j 0’[::1::3
XLIX L L

dichloromethyl alcohol 1, and this, after hydrogenolyels
of the chlorine atoms, wae oxidized to the decalone LI.

The introduction of a potential angular-methyl group
in the form of a dichloromethyl group was reported by
Gibson (32). The phenol LII containing the basic skeleton
of ferruginol (XXVII) was converted to LIII by means of

& Relilmer-Tiemann reaction.

~

LI L
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Dodson and Webb (33) attempted the synthesis of 4a-
(diahlaramathyl)«&,&aﬂﬁihyﬂrawzfBH)*phsnanthrene {(LVI)
from the "abnormal® Reimer-Tiemann product LV, The di-

chloromethyl ketone LV was readily obtalned from the

LIV | LV | LV

corresponding naphthol LIV, but the hydrolyeie and cyclize-
tion of LV wae unsuccessful,

The cyano dichloromethyl ketone LVII, and what wes
agsumed t& be the diketone LX, have bsen pre?mred a8 inter-

mediatee for phenanthrene syntheses (34), However, LVII

® X8 50, R

LV IH LV I LiX
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LX LX]

underwent reductive cyclization on reduction with platinum
in scid to glve the amine salt LVIII., The structure LIX has
been proposed (34) for the sulfonamide of the amine obtalned
on Clemmeneen reduction of LVIII., When the diketone L was
reduced with Reney nickel in basic solution, LXI wae obtained
(3).

Corley (35) attempted to use the dichloromethyl group
introduced by & Reimer-Tiemann reszction se the point of
attachment for a six-membered ring, and thereby introduce

en engular-methyl direetly. The "abnormal® product from

"

N COOE® ” COOEt

&

LXI1 L XV
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LXIY LXV

p-erescl and chloroform wae rescted with ethyl acetoacetate,
end the products examined for the presence of the expected
diketoester LXV. The three products isolated {LXII, LXIII,
and LXIV) were formed, however, by the initial product of
the Michael addition undergoing s second addltion to the

-unsaturated keto grouping present, instead of dlsplacing

the chlorine atome of the dichloromethyl group.

It is well known that 2 phenol may undergo alkylation
reactions elither at the oxygen atom, or at the ortho- or
pars-poslition. Several exsmples of C-addition of phenols
to o, g -uneaturated ketones are cited here.

Robinson and Waelker (36) have condensed resorcinol

with geveral o,p -~unsaturated ketones in the presence of



20

an acld and an oxidizing agent to obtain bengopyrylium
salte. 4n illustration is the addition of resorcinel to
the ketone LXVI to glve 7~-hydroxy-2-phenylel-p-methoxy-
phenylbenzopyrylium chloride (LXVII).

CH3 @
EID HO 05 o
~ ) C
T ¢
QOCHg3

LXV] LXVI

The base-catalyzed addition of Z-naphthol to methyl
vinyl ketone also wee reported by Robineon (37)., Using
potassium ethoxide as the catalyst, the ketobutyl naphthol
LXVIII was obtalned.

-0

l!lﬂlil°?.lr)k‘ — [!IHIE’OH

LXVII
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DISCUBSION

Bince abletic acid (LXXIII) and its partly-sromatic
counterpart, dehydroabletic acid (II), possess a trens A-B
~ ring fusion {42), any synthetic approach to these natural
preoducts must Introduce this frens ring eystem directly, or
provide a means whereby it can be made to occcur. The intro-
ductlion of the methyl end carboxyl groupe at (-1 also must

be controlled stereochemically.

CHg COOH

L XX H

In this etudy ettention was first focused on obtaining
& ba-methylhydrophenanthrene with irans fused 4-B rings.

Had the synthetic scheme of Corley (35) been success-
ful, & ueeful method of obteining irans decalins would be
available, FHowever, the difficulties encountered by Corley
(35) (see Higtorical section) could be overcome by using
the known dichloromethyl compound LXXV (43) as the Michael

acceptor. Here a gecond, internal Michsel additlion was



2l

improbable, and reaction in the manner anticipated by Corley

{33) would give the ketoester LXXVI, The carbethoxyl group

Cl
!il] t4c3i!iEFI
nI!I(DH 0

LXXIV LXXV LXXV |

at Cel in the ketoester LXIVI could not be retained for the

aynthesis of deg-isopropyldehydroabletic acid, for methyla-
tion at C-1 would ocour mainly from the slde opposite the
angular-methyl, and & product of wrong etereochemistry would
be obtalned, However, the formation of & phenanthrone via
intramolecular displacement of chloride lon from & dimhleﬁn*
methyl group appeared worthy of further study.

The dlohloromethyl naphthslenone LXXV has been isolated
previously (#3) a8 a product of the "sbnormal® Feimer-
Tiemann reascilon (30) on 4-methyl-l-naphthol (LXXIV). The
yield of naphthalenone LXXV from the resction with ehloro-
form was low (reported as 13.8%) (43), but the naphthol
LXXIV wes easy to obtaln.

The preparation of the regquired Y-methyl-l-naphthol
was accomplished by two methods. In the firet, l-methyl-

naphthelene was sulfonated with concentrated sulifurie acid



{4), The sodium salt of the sulfonic acid was isolsated

by partial nsutralizatlion of an squeous eolutlion of the scid
with sodium cerbonate, and by selting out the godium gulfo-
nate with sodium chloride (45), Fusion of the eulfonic acld
galt with a KOH-NeOH (1:1) mixture (L4, 48) gave crude 4-
methyl-l-naphthol in overall ylelds of 20-50%,

Clemmensen reduction of the known 4-hydroxy-l-naphthal-
dehyde (47) ueing ethanol-water as the solvent (48) also
¥y lelded 4-methyl-l-naphthol. The slow addition of the alde~
hyde and the use of encugh athanal in the reaction mixture
to keep the maezjmnte in solutlon were nweamry to prevent
tar formetion, While the purity .of the product prepared by
reduction of the aldehyde was beltter than that from the
sulfonic acld fuelon, the latter was more adapteble to large
gcale preparation,

The use of the crude naphthol (purified only by vacuum
distillation) wes satiefactory for the Relmer-Tiemann resc-
tion. In addition to the expected 4-methyl-4-(dilchlore~
methyl)~-1{4H)-naphthalenone (LXXV), m,p., 109-110°, a 3-4%
yield of the Z-naphthalenone LXXVII, derived from l-metihyl=~
2-naphthol, was lsolated when the starting naphthol was
prepared by sulfonation and alkaline fusion, The known l=
(dichloromethyl)=1l-methyl-2{1H)-naphthalenone (LXXVII) (33)
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wae ldentified by reduction to l-(dichloromethyl)-l-methyl-
2-tetralone, m.p. 71-72° (33).

LXXV]

When ethyl scetoscetate was rescted with the Reimer-
Tiemann produot LXXV ueing 0.3 mole percent of sodium ethox-
lde a8 the catalyst and ethanol as solvent, only one product
other than eterting materisls could be 1solated. This com-
pound, CygHygCly0y, m.p. 116-117°, was isolated in 94% yleld
baged on recovered naphthslenone.

Bince the dichloromethyl naphthalenone wmust have a
planar, or nearly plenar structure, additlon of the ethyl
acetoacetate anlon to this system should ooccur predominantly
on the side of the methyl group. The dichloromethyl moiety
would be expeoted to offer considerably more steric hindrance,
Isolation of only one product in high yield tended to verify
this expectation.

The Michaeel addition of ethyl acetoacetate to LXXV was
carrlied out successfully using sodium ethoxide or potassium

t-butoxide as the catalyst. The adduct was 1solated
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originally using 0.3 mole-percent of base at rocom tempera-
ture. Using one equivelent of either slkoxide at room
temperature or &t reflux had no sdvantegecus effect on the
outcome of the reaction, Hence further preparation of the
adduet {LXXVIII) wae carried out ueing 0.3 of an equivalent
of sodium ethoxide in ethanol at room temperature.

The presence in the infrared spectrum® of an sleoholic,
non-~enolic OH band at 3600 am.“l, and the sppearance of a
meximum in the ultravielet spectrum at 258 mu (related l-
tetralones have & meximum at 252 mu ), indicated that the
original Michsel adduct hed undergone an internal sldol
reaction. Rabe (49) reported s similar aldol resction when
he added ethyl acetoacetate to carvone (LXXIX) and to 3~
methyleyelohexanone (LXXX) in the presence of sodium ethoxide,

Here the intermedlate ketoester was not 1solated, but was

Z
‘J\[::l\ —_
N Y0

(8] OH

LXXIX XXX

#Thie spectrum and all others mentloned subsequently
appear in the Epectra section.
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o ;;i:Lb
OH

LXXX LXXXH

hydrolyzed and decarboxylated with aqueous base to glve the
bieyalo[ﬁ;3¢i] nonanoneg LXXXI and LXXXII.

The infrared spectrum also indicated that the adduct was
enolized completely. The absence of bands in the 1666-1800
om."t reglon, and the presence of bands at 1640 em,~1 and at
1605 om.”}, attributed (50) to carbonyl and to csrbon-carbon
unsaturation, respecotively, in the conjugated, ahalataﬁtanol
form, were the basgis ra: this assignment.

From the elemental anslysie end the spectral character-
ietios mentioned above, the adduct was assigned the structure
of the enol of ethyl 3-keto-5-hydroxy-6,7-benzo-8~(dichloro~
m&thyl)nawmethyibieyela[B.B.i]nananemzwaarbaxylata (LXXVIII).

LXXV
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The complete absence in the infrered spectrum of LXXVIII
of the bands at 1744 and 1718 em.”} found in ethyl cyclohexa-
none~2-carboxylate, &nd assigned to the ester and carbonyl
groups (50), respectively, may be & consequence of the
bi@yclc[j.B.lJn@nana ring syetem. The spectrum of Corley's
compound LXIII, or of any related bleyclliec S -ketoester, has
not been compared to that of LXXVIII,

By using piperidine and bengene as catalyst and solvent,
respectively, for the Michael addition of ethyl acetoacetate
to the naphthalenone LXXV, 1t was possible to isolate the
unaldolized adduct, ethyl 2-(l-(dichloromethyl)-l-methyl-b-
keto~1, 2,3, 4~ tetrahydro-2-naphthyl )-3-ketobutyrate (LXXXIII),
m,p. 102-103°,

XXX LXXXNV
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The infrevad spectrum of LAXYIIT exhibited the expested

uneonjugated carbonyl absorption with s shoulder at 1730 mm*"l

and a pesk at 1715 em,"t, The conjugated carbonyl band was
st 1880 om.™L,

The viperidine catalyzed sdditlon was a slow reaction,
and even though the reaction time was ten times that of the
sthoxide rune (52 daye against 5), 78% of starting materisl
wae recovered, and only an 18% yisld of unaldolized adduct
LXXXITI, and & 1% yi21d of sldolized adduct LXXVIII were
obtained. Since a 20 day reaction gavs & 15% yleld of un-
aldolized adfuct, the piperidine-benzene resction may have
procesded to near equilibrium. Inoressing the reasctlon
temperature to that of refluxing benzene and shortening the
reaction time to 3 daye gave a 96% recovery of starting
material, and only & 0.3% yleld of unaldolized LXXXIII. How-
ever, when a similar reactlon wae condusted in refluxing
ethanol (3 days), & 0.4% yield of aldolized adduect LXXVIIIX
and a 94% vecovery of gtarting material were obtalined,

When the diketoester LXXXIII was treated with sodium
ethoxide at room tamgeraﬁur&,:tha aldolized product LXXVIII
wee formed in 35% yield, and 62% of the original naphthale-
none LXXV wae formed by reversal of the MHicheel sddition.

Hydrogenation of the keto group &d)acent to the benzene

ring in LXXXIIT wae seocomplished readily in the pressnce of
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palladiuvm-on~-charcosl cetelyet and e small amount of acid.

The resulting substituted ascetoscetic ester LXXAIV should

be much more suiteble for oyclization to a phenanthrone

than would LXXXIII because of the inabllity of the former

to gﬁ@a%@a the reverse MNichael and sldolization reactions.
The uwﬁwaw%mwm snd decarbvoxylation of the ethyl aceto~

agetate sdduetes LXXVIII and LXXXIII was carried out in

e thanolie hydrochleoric acid, Basic hydrolysis wes not

attempted bacause of the observed tendency of the Michael

%&&ﬁaw to revert to naphthalenone. The producte ilsolated

were conaldered to be 4~{dichloromethyl)-d-methyl=3-scetonyl-

1~tetralone (LXXXV), m.p. 147-148°, and 5-hydroxy-6,7-benzo~-

msaa»awwe@cgaam%wv;mcmamwwwwwawawemw.w.mwasawazu;asg (LXXXVI),

m.p, 187-188°, The diketone had absorption bands in the

infrared &t 1715 cm.~1 (asturated carbonyl) and 1680 em, "

{conjugeted carbonyl), while the hydroxy ketone exhibited

;w, a8 well as OH absorption

carbonyl absorption at 1705 om.
in the 3500 cm, "+ region., The ultraviclet epectra of the
diketone hed & meximum at 252 mu (& 10,600) characteristic
of %he l-tetralone system, while the hydroxy ketone exhibited
only & low intensity maximum at 285 mu (£ 200).

In the case of the aldolized adduct LXXVIII, the

diketone and hydroxy ketone were igolated in 60 and wmm
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yields, respectively. Similarly, the unaldolized LXXXIII
gave 58% of the diketone snd 20% of the hydroxy ketone.

Cj C
HCZ HEZ
--OW o" H

LXXXV XXXV LXXXVI]

Removal of the tetralone carbonyl in the diketone LXIXV
was desirable, because otherwise on bage treatment elimina-
tion of the acetone side chalin or aldolizstion could occur.
Hydrogenstlorn of LXXXV over palledium-on-charcoal in acid
seclution gave l-methyl-l-{dichloromethyl)-2-acetonyl-1,2,3,4-
tetrahydronsphthalene (LXXXVII), m.p. 82-83°,

Ag the hydroxy ketone LXXXVI end the diketone LXXXV
apparently were in equilibrium in acid solution, 1t appeared
poseible to convert the hydroxy ketone LXXXVI to the acetonyl
compound LXXXVII by reduction in scid medium. The dlketone
LXXXV would be removed from the equilibrium by reduction to
LXXVII, This proved to be the cese, as LXXIVI in acid eoclu~-
tion and with 5% palladium-on-charcoal as the catalyst,
slowly absorbed hydrogen to give LXXXVII in quantitative
yislid,
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The cyclization of the acetonyl compound was the key
step in this phenanthrene synthesis, To be successful,
the anlon formed on the methyl group adlacent to the ketone
would have to displece a chloride ion from ths dichloro-

methyl group as shown below, After the initial dlsplacement

LXXXVil

of chloride ion, the dehydrochlorination to give 4Yp-methyl-
ha,9,10,108~tetrahydro-2(1H)«phenanthrone (LXXXVIII) would
be expected to proceed readily in the g-chloroketo system.
Neopentyl halides are known to ﬁnﬁ@rgo bimolecular
nueleophilic displacements with difficulty {51). The method
of eynthesle of the dichloromethyl compound LXXV showed that
the abnormal Reimer-Tlemann product wae no exception. In-
ternal chloride ion displacement in LXIXVII to give the
phenanthrone LXXXVIII ghould take precedent over dlsplace-
ment by an external base, especlally 1f a strong base of
wesk nucleophilicity {such ae the g-butoxide or triphenyl-
methide anione) wes used to form the anion of the acetonyl

gcompound LXXXVII, Non-reversible anion formation, such ne
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occurs with podlum hydride, alec should Tavor the internal
displacement reaction.

When potassium $~butoxide (B.Q mole/mole of LXXXVII)
wae used ag the base for the cyclization of LXXXVII, no
definite praduat could be isoclated, Chloride ion displace-
ment, ae evidenced by the formation of potassium chloride in
the reactlion flask, occurred, but none of the crude material
isolated hed an infrared a?wetrum exhibiting the expected
conjugated carbonyl band at about 1675 om. "1,

Bimilarly, & resction occurred when sodium hydride wase
tried, but the infrared spectrs of the crude products 4did
not show unsaturated carbonyl abeorption.

A 43% yleld of ha-methyl-4a,9,10,108-tetrahydro~2(1H)-
phenanthrone (LXXXVIII), m.p. 103-104°, wes obtained when
a four-fold excess of sodlum triphenylmethyl was used as
the base. Due to loes in transferring, the amount of base
sctually present in the resction mixture may not have been
as high ss indiceated by the preliminsry titrations, but an
sppreciable yield of phenanthrone wse not realized unless
enough triphenylmethyl anlon was present to keep the reaction
mlxture a deep red throughout the three-day reaction time,
No product other than the phenanthrone wee recovered from
the mixture obtained on hydrolysis of the reaction, but the

infrared epectra of various fractlons obtalned by
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chromatography showed that a conalderable amount of un-
resoted dichloromethyl compound LAXXVII s%ill was present.
The phenenthrone LXXXVIII resdily took up 1 mole of
hydrogen to give trang-be-methyl-3,4,4a,9,10,10a-hexahydro-
2(1H)-phensnthrone (LXXXIX), m.p. 107-108°%, in quantitative
yleld. The assignment of frans fusion to the A-B rings was
predicated on the initisl stereospecific additlion of aceto-

acetic esster,

LXXXIX

An attempt was made to syntheslze the acetonyl tetra-
lone LXXXV, or ite internal aldol product LXXXVI, by mdding
acetone to the dichloromethyl compound LXZXV, The principal
productes (62%) of the reaction, run in the presence of
potassium t-butoxide, were two high melting (227° and 240°)
golids, A mixture of these compounds wae lgolated easily
from the reaction mixture due to their relative insolubllity
in ethanol, Separation of the two compounds from one
another was accomplished by fractlonal recrystallization

from ethenol-ethyl scetate,
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The ultraviclet speetra of the two were almost ldenti-
cel, but the infrared spectra (CHCly and nujol mull) were
&iffar%nt in the &mlﬁ/u reglon, These CpyHpgCly0, com-
pounds were considered to be lsomeric 1,3~di-{1-(dichloro-
methyl)-l-methyl-d-keto-1,2,3,4-tetrahydro-2-naphthyl )2~
propanones {XCA and XCB), From the data at hand, no

ﬁtereQahemical asgignments could be made. Apparently,

COH - H H
CClp cCl, CClz cCin

JORAOPHSORAGe
o o

XCA , m.p. 227-228° XCIA , mp. 190-19/°
XCB , mp. 24024 XCIB , mp. 186-188°

elther the sddition of acetone to LXXV, or the addition of
the initlel scetone adduct LXXXV to LXXV, was not stereo~
gspecific, with the result that at least one of the lsomers
had a eide chsin attached on the seme glde g the éichl@rs»
methyl group.

Both XCi and XCB absorbed 4 moles of hydrogen to give
the ilsomeric propanones XCIA and XCIB. When XCIA, nm.p.
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190-191°, wes admixed with XCIB, m.p. 188-190°, & mixture
melting point of 1?141?ﬂ° wag obgerved,

Only trace amounts of the desired produecte, LXXIV and
LXXXVI, eould be isclated from the r@aétimn mixture, HNo
sign of the stereolsomers of the aaat@ﬁa adductes could be
found, but & complete product balance was not obtained,

From a similar reactlion employing excess acetone, &
Gl&H§0012@2 compound was isoleted. Because of the infrared
gpectrum (aaxbonyl bande at 1705 and 1675 am‘*l). and because
of the similarity of the ultraviolet spectrum (maxima at 252
and 290 mu ) to that of LXXXV, 1t was assigned the octa-
hydroanthracene structure XCII,

H
- (o103 7 -

LXXV + /(\_} -

i

XC Il

Hesityl oxlde could form in the reaction mixture, and
the formation of the intermedlate shown above could occur
by Mlchsael addition of the anion derived from the o ~methyl
group of mesityl oxide to LXXV. An internsl Michasl addi-
tion as indicated by the arrows (above) would account for

the formation of XCII, The stereochemistry shown for XCII
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was based on the sssumption that the é&rst addition ocourred
Irans to the dlchloromethyl group, and that the more etable
frans ring fuelon would result Ifrom the thermodynamlo
equilibrium possible in excess base,

Before any attempt was to be mede to use the phenan-
throne synthesis outlined above for the total synthesls of
dehydrosbietic acid (II), it w&é consldered necessary to
prove conclusively that the A-B ring fusion in LXXAIX was
trans. One way to do this would be to obtain ba-methyl-
%,b4a,9,10-tetrahydro-2( 3H)~phenanthrone (XCIII), and to
reduce 1t to 4a-methyl-3,4,48,9,10,108~hexshydro~2(1H)-
phenanthrone (XCIV or LXXXIX) both cstalytically and with
l1ithium in liguia ammonia, The catalytic reduction is known
to result, in the case of steroidal zﬁ&~3«katanen and related

eystems (52), in predominantly gis A-B ring fusion. The

o5 A

XCill XCI\V

lithium-liquid ammonia reduction should result in the
thermodynemically more stoble ggéga fusion (53).
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The phenanthrone XCIII ghould be cobteined readily by
the addition of methyl vinyl ketone to lemethyl-2-tetralone
(the classlcal method of Robinson (15)). It was declded,
however, to investigate other methods of preparing the
desired phenanthrone.

Ae mentioned in the Historical section, 2-naphthol
rescted with methyl vinyl ketone to give 1-( ¥ ~ketobutyl)-
2-nephthol (37). If & similar reaction occurred with 1-
methyl-2-naphthol (XCV), the X ~ketobutyl naphthalenone
XCVI might result. This would be expected to undergo an
aldol reaction to give ha-methyl-l,ba-dihydro-2(3H)-
phenanthrone (XCVII),

HO O lo}4 O\\' 0\\"

XCV XCVI XCVHI

Reduction of 2-hydroxy-l-naphthaldehyde, prepared by
the procedure of Adams (47), was accomplished with copper-
coated zinc in acetic ascid (54) to give l-methyl-Z-naphthol
(XCV), m.p. 110-111°,

When the additlon of methyl vinyl ketone to l-methyl-

Z-naphthol wae attempted under the reaction conditione used
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by Robinson (37) for the similar addition to 2-naphthol
(sodium ethoxide in ethanol at 5°), l-methyl-2-naphthol
wae recovered, There was no sign of any other product.

The addition of methyl vinyl ketone to lemethyleZ-
naphthol then was carried out using 0.1 equivslent of potas-
slum t-butoxide ss the catelyst. In addition to l-methyl-
2-naphthol, three products were obtained from the oily
reaction mixture, Two of these were soluble in petroleunm
ether, and were geparated readlly by chromatography on
Celite-silicic acid. Both were CjgHyg0p compounds, with
the isomer of m.p. 103-104° being eluted from the column
before the lsomer of m.p. l@$~169@. Low intenslty maxinma
in the 264, 272 and 294 m_u regions of the ultravioclet were
- observed for both lsomere. The intenslty of absorption
shown by the lower melting (& 410, 410, 4b0) was grester
than that of the higher melting isomer (£ 390, 360, 390),
hut no Btereochemical aselignment wag attempted on thie
basies., The infrered spectra of both compounde possessed
an uncengugat&d‘aayb@nyl b&nd at 1715 am.”l, but definite
differences appesred in the 7-11 4 region. Each gave a
diw3,4~aiu&trapﬁmnylhy&raznna.

They were assigned structures XCVIIIA and XCVIIIB, the
stereolsomeric l-methyl-S5,6-benzo-8-acetylbicyelo [2.2.2]

poten~2-ones,
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XCVIHA XCVIUB

Evidence for postulsting XCVIIIA and B as being C-8
eplmere came from sodium ethoxide equilibration studles,
B8ince C«B has a hydrogen adjacent to & keto grouping,
trestment with base should allow XCVIIIA and B to come to
thermodynamic equilibrium vie carbanion formation., As the
two products were abﬁaiﬁaﬁ from a potasslium f-butoxide
(mainly potassium naphthoxzide) solution in which this
egquilibrium should have Eaan att&iné&,‘aiﬁh&r XCVIIIA or
B should equilibrate to the same mixtgr@ as was lsolated
originﬁlly. ?hiﬁrwas & raﬁierar 0.69 g. to i.ll g., OT
0.62, When XCVIIIA wee treated with an equimolar quantity
of sodium ethoxide in ethenol for 10 haurg at room tempera-
ture, the ratio of XCVIIIA to Xﬁvxirﬁ;gsolated wae 0,67.
Slmi&ar treatment of XCVIIIB gave a prm&ﬁat ratio of Q.é&,

confirming that the compounds were epimeric st a carbon



42

The formation of XCVIIIZ and XCVIIIB aaaurbeﬁ when
the inltisl adduct (XCVI) of methyl vinyl ketone and 1.
methyl-2-naphthol underwent & second, internsl Michsel
eddition (XCVIa, arrowe}., The snion XCVIa, formed by the

XCXr\\\A
XCVIIB

b
>

02
XCVla

P

addition of methyl vinyl ketone to l-methyl-Z-naphthol, may
have undergone the second addition before it had any chance
to equilibrete wilth solvent, and with the anion from the
methyl group., Had the intermedlate Y -ketobutyl cempmund
XCVI exlsted in the solution for some time, and had the

equilibrium shown below been attalned, some aldol reasction
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resulting in the phenanthrone XCVII (or the ketol precursor
to it) should have occurred. No trace of the vhenanthrone
(later isolated under different conditions) was found,

The evidence for assigning the configurstlons of
XCVIIIA and B rests on three facts, Firstly, XCVIIIA was
eluted more reedily from either an alumina or & siliclc
acid~Celite column, The two keéto groups in these molecules
are the only functionsl groups present that will be adeorbed,
and therefore mugt be protected in one isomer more than in
the other, W%hen the acetyl group is on the same gide of the
two-carbon bridge as the C-2 keto grouping, this hindrance
could well be grester than when 1t is on the‘siﬂa of the
venzene ring.

The second observation, the results of ethoxide egui-
1ibration, correlated with the firet., The more thermody-
namieallj stable XCVIIIB was the ieomer more strongly
adsorbed in chrometography. The interaction of the C-8
acetyl group and one of the C-3 hydrogens in XCVIIIZ, a
1-3 diaxlal interaction in & boat-form cyclohexane ring,
ghould be lese favored than the alternative acetyl-benzene
ring interaction of XCVIIIB,

The third fact to be consldered was the product ratio
obtained when the resction wae conducted in ether solution

using boron triflucride as the ocatslyet., Here a definite
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preponderance of XCVIIIA (7:1) wae obtained, The boron
trifluoride gatalyst in this resction undoubtedly complexed
with the keto grouping of methyl vinyl ketone (55). The
initial product of the addlition (XCVIb) surely would

B0 “O

@ OH

XCVib

encounter unfavorable steric and electronle interactlons
with the benzene ring when it essumed the configurstion
leading %o XCVIIIB. Orientation in the manner leading to
XCVIIIA would lead to no such interference.

The third product, a Glgﬁggﬁj,ewmyaumé melting at 244~
245°, was isolated in 4% yleld from the petroleum ether-
insoluble residues of the resction mixture. Only saturated
carbonyl absorption (1710 em.”!) was present in the infrared
5-6u4 region, while the broad band st 1100 en.”t wae attrib-
nted to the ether linkage. There was no indlcation of ab-
sorption in the 3200-3800 em,”' reglon. Only low intensity
maxime at 265 and 295 mu  were pregent in the ultraviolet

gpectrum. The presence of two cerbonyl groupings in the
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moleocule wae confirmed by the formation of & di-2,4-dinitro~
phenylhydrazone which did not exhibit carbenyl absorption
in the infrared., On the basis of the datsz glven above, it
wag formulated as l-methyl-2-{(3-keto-l-butoxy)-5,6-benzo-
9-ketotrieyolo [2.2.2.2% 8] aecane (x0IX).

o Q
~ N n/\ } 02 9
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XCIX

The triecyclic diketone XCIX wae formed when XCVIIIA
underwent an internal aldol reaction to give the enion of
the tricyelic ketol shown above, Addition of this alkoxide
ion to methyl vinyl ketone resulted in XCIX.

The use of & hydroxylie solvent for the addition re-
actlon was considered next. A medium of thie type might be

more favorable for the equilibrium shown below. Reaction
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of the enolic conjugate acid XCVIe in the manner shown below,
and ae observed in the boron trifluoride reaction, would

give rise to XCVIIIA and XCVIIIB., The degired phenanthrone

e Gt

(XCVII) would be obtained if XCVId underwent an aldol
reaction ag indlcated below; therefore regction conditions

favorsble to the formation of XCVI4 were sought.
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The addition of methyl vinyl ketone to l-methyl-2-
naphthol was carried out in glaclal acetic acld, using p-
toluenesulfonic acid se the catelyst. Thig led to a mixture
of three products, whose geperstion was accomplished, though
inefficiently, by repeated chromatogrephy on sillicle acld-
Celite and slumina., Small smounts of the isomeric bicyeclie
diketones XCVIIIA and XCVIIIB were obtalned, but the main
product (26%) consisted of pale yellow needles melting at
97-98°.

This was considered to be Ya-methyl-4,4a-dihydro-~2{3H)-
. phenanthrone, The ultraviolet spectrum exhibited maxima
at 242 and 354 my (€ 16,800 and 14,900), and carbonyl
sbsorption in the infrared was at 1655 em, =L,

~ The addition aleo was succeseful when ethanol saturated
with gaseoue hydrochloric acld was used ag solvent and
catalyst. However, an 89% recovery of naphthol and only a

6% yleld of phenanthrone were realized,
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The bage-catalyzed addition of methyl vinyl ketone to
l-methyl-2«naphthol failed to give s phenanthrone because
of the occurrence of an internal Michael reaction {(discussed
above). Thie difficulty might be overcome by using an
acceptor that would possese, after the initiel addition,
an o, 8 -unsaturated carbonyl system in the side chain (C).
The double bond in the Y-~ketobutyl side chain not only
might prevent the system from attaining the geometry necesg-

sary for an internal Michasel additlion, but also would make

C Cl Cl

for an unfavorable anlon on the double bond adjacent to
the carbonyl group,

This ascumption was tested using 4-ehloro-3-buten-2-one,
The C~alkylation adduect CII from this ketone and l-methyl-2-
naphthol was expeocted to undergo rapld A-elimination of
chloride lon to give the )} -ketobutenyl naphthalenone €,

¥hen bechloro-3-buten-2~gne wag reacted with l-methyl-
2-naphthol in the presence of 1.1 equivalent of potassium

%-butoxide, a CjHy;0p compound melting at 70-71° wae
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isolated in 43% yleld. A maximum in the ultraviolst was
observed at 245 mu ( £ 24,600), and ocarbonyl absorption in
the infrared was found at 1675 em.~1, This product absorbed
1 mole of hydrogen when hydrogenated over 5% palladium-on-
charcoal to give a product melting at 51-52°, The hydrogena-
tion product exhibited an ultraviolet spectrum similar to a
naphthol, with maxima at 230, 282, 322 and 335 mu (€ 69,000,
5,200, 1,?0@1 1,700, respectively). Saturated carbonyl
sabeorption {1710 om.~l) was obeerved in the infrared spectrum,
| The structure of the hydrogenation produect, H-(l-methyl-
2-naphthoxy)-2-butanone {CIV), was established by base
treatment. With methanolic sodlum hydroxide, a 98% yleld

of l-methyl-2-naphthol was obtained from the butanone CIV,

The nsphthol resulted from the faclle g -elimination of
l-methyl-2-naphthoxide lon from the g -naphthoxy ketone CIV,

Y AUS

Clil | CIvV
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However, trestment with potassium t-butoxlide gave, in addl-
tion to lemethyl-2-naphthol, the three products (XCVIIIA,
XCVIIIB and XCIX) isolated previously by the butoxide.
catalyzed addition of methyl vinyl ketone to l-methyl-2-
naphthol, 'The ratio of XCVIIIA to XCVIIIB found here (0.63)
sgreed wilth the previous equilibration dats.

The assglignment of the naphthoxy butanone structure to
CIV implied that the CjgHju02 compound was 4o{lemethyl=2-
naphthoxy)~3-buten~2-one (CIII).

The same naphthoxy butenone CIII wee igolated when the
anhydrous sodium sgalt of lemethyl-2-nephthol wae reacted
with 4-chloro-3-buten-2-one in acetonitrile or in dloxane.
¥hen methanolic sodium hydroxide was used, l-methyle2-
naphthol wag recovered cleanly.

Addition of d4-ghloro-3-tuten-2-one to l-methyl-2-
naphthol undoubtedly resulted in the formation of the
O-alkylation product, 4-{(l-methyl-2-naphthoxy)-4-chloro~
2-butanone, and this product underwent dehydrochlorination
to give CIII,

Fallure to find any indicstion of a C-slkylation product
from the base~catalyzed 4~chloro-3-buten-2-one reactlons may
be attributed to seversl fectors. Apparently the dehydro-
chlorination of 4-~(l-methyl~2-naphthoxy)-l#-chlore-2-butanone
proceeded readily, and the resulting naphthoxy butenone CIII
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was stable under the reaction conditlons., The butenocone
01II theoretically could revert to sterting material via
chloride fon additlion, and eliminstion of naphthoxide ion,
but the weak nucleophilic properties of chloride lon pre-
elude this reversion,

Formetion of the desired C-alkylation proﬂuét gonceiv-
ably could occur by C-addition of a nephthoxide ion to the
naphthoxy butenone CIII, 1If the resulting butasnone CV
undervent B -elimination of the naphthoxy portion of the

CV

molecule, the Y -ketobutenyl naphthalenone C would result,
Ae a several-fold increase in the resction time gave nelither
any indicstion of the desired product C, nor resulted in any
decrease in the yield of CIII obtained, it wae concluded
that the rormaﬁian of CIII was irreversible in this case,

The isolation of only CIII implied that the rate of
O-slkylation of 4-chloro-3-buten-2-one was very much greater
than the rete of C-alkylation.
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The pointe dlecussed above contrast with the methyl
vinyl ketone addition, Here O-alkylation was reversible
vie B~elimination of the naphthoxide lon; hence the
compounde igolated were the slowly formed, but more stable,
C-alkylation producte, Thle ascumptlion wae confirmed by
the rearrangement of the nesphthoxy butanone CIV to the
same products isolated by addition of l-methyl-2-naphthol
to wmethyl vinyl ketone.

Acid-catalyzed addition of 4-chloro-3-buten-2-one to
1-methyl-2-naphthol also wae tried. If C-slkylation were
to ocour, and if the expected aldol reaction would take
place to give CI, the chence that be~methyl-2(4eH)-phenan-
throne (CI) actually could be isolated would be small, A
dienone such as CI ig known to undergo the alanmneéph@nal
resrrangement (56) in acld to give a phenolic product. In
this cage, 2-hydroxy-i4-methylphenanthrene (CVI) would be
the ekyeazm& product. Conventlonal methyl migratlon would
prbbably occur when an aromatic ring and double bond are
in eénjngatian with the dienone grouping, as contributing
gpeclies to the resonance hybrid permit the 10,10a-bond to

acquire some double bond charscter,



53

eyt

CV|

However, neither boron trifluoride in ether nor p-
toluenesulfonle acld in glacial acetle aecld gave the
expected phenanthrel. When e catalytic amount of elither
acid was used, a 95% recovery of 1*mathylmz~naphxhni, and
a trace of & solid, m.p. 158-160°, was obtained. The trace
of product had peaks at 1680, 1350 and 1420 om.”) in the
infrered, but no band in the OH region. This product was
not investigated further,

Uge of excess Dboron trifluoride in ether gave & small
amount of oily material, and & 50% recovery of naphthol,
The olly product had a broad absorption band at 1660 om,~1
in the infrared, but the sbsorption bande in the 7-11 u
reglon were not the same as 4a-methyl-2(ksH)~-phenanthrone.
Thie 01l also was not investigated further,

Another route to the ¥ ~ketobutenyl adduct C would be
via methyl ethynyl ketone, The addition of l«methyl-2-
naphthol to it could give, obviously, the naphthoxy butenone
CIII, as well se the desired C-alkylation product,
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When the resctlion was tried using 0.1 equivalent of
potassium t-butoxide as catalyst, a mixture of products
wag obtalned. Sepsaration of the mixture by chromatography
on siliecle acid-Celite gave a 25% recovery of l-methyle2-
naphthol, & 25% yield of the naphthoxy butanone CIII, a
gmall amount of & yellow oil and 26% of a Cy 5H1 4,05 compound
melting at 132-134°,

The yellow oll was purified by chromatography on
sglumina, but apgarﬁntly was not homogeneous. It could net
be obtained crystalline at room temperature, but would
s01lidify at -10°, When it wae converted to a 2,4-dinitro-
phenylhydrezone, a pixture of purple and orange orystals
wee obtained. It probably was predominantly 4a-methyle
2(4aH)-phenanthrone (CI),

The €y gHy0p compound exhibited the spectral charsoc-
teristics expected of lLs-methyl-lOa-hydroxy-4s,10a-dihydro~
2(1H)-phenanthrone (CVII), The maxime in the ultraviolet
were at 222 and 264 my (£ 28,000 and 7,500), and were
attributed to the « ,2 -unsaturated ketone and styryl
chromophores, respectively., The infrared had pesks at
1875 om.~ 4 {conjugated carbonyl), and at 3340 cm.~l (OH
group).
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Elemental analyels of the 2,4-dinitrophenylhydrazone
of CVII indicated thet 1t, es antlicipsted, underwent de-
hydration during derivative formatlon., This derivative,
M.Ps zasﬁzeh” dee., did not depress the meliing point of
the purple 2,4-dinitrophenylhydrazone melting at 194-196°
obtalined from the oily CI.

Hydrogenation of CVII over palladium-on-charcosl led
to 4a-methyl-lOa~hydroxy-3,%,4a,9,10,10a-hexahydro~2(1H)~
phenanthrone (CVIII), m.p. 15?«1586. The ieolation of
only one product in the caese of CVII and CVIII indlicated
that only one dissterioisomer of CVII wae produced by the
addition reaction., Thie wae probably the thermodynamically
more stable product. A related condensation reaction
led to & ketol that wae aesigned the gis configuration
(57).
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The hydroxy phenanthrone CVIII war dehydrated cleanly
with p-toluenesulfonic acid in benzene to give Ys-methyl-
L, 4a,9,10~-tetrahydro-2( 38 )-phenanthrone (XCIII), m,p. 89-
90°.

Reduction of XCIII with lithium in liquid ammonia (57,
58) gave a 70% yleld of irans-4a-methyl-3,4,4a,9,10,108«
hexahydro-2(1H)-phenanthrone (LXXXIX), This product wese
identicsl with the phenanthrone obtained through the
cyclization of the acetonyl dichloromethyl tetralin LXXXVII,
confirming the trans structure originslly assigned to the
zx3uphenanthrene LEXXXVIII,

¥Yhen 4a-methyl-4,4s-dihydro-2(3H)~phenanthrone (XCVII)
was hydreogenated with palladium-on-charcoal catalyst, 2
moleg of hydrogen were absorbed readily. The ail& product
was chromatographed on salumina, and an 11% yield of trane-
hg-methyl-13,4,4e,9,10,10a~hexahydro-2(1H)-phenanthrone
(LXXXIX) wae obtained. The major product of the reduction

wag an olly, satureted ketone assumed to be
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oie-haw-methyl-3,4, 42-9,10,108~-hexahydro~2(1K)-phenanthrone
(XCIV). Thie oil could not be obtained erystalline at room
%em@wratura, but would crystallize on standing overnight

at <109, only to revert to an oil on slight warming, The
infrared spectrum was different from that of the solid
trens phenanthrone.

Attempts to prepare s 2,4-dinitrophenylhydrazone of
the gie phenanthrone were not fruitful., Even after repeated
recryetallizations from ethanol and ethanol-ethyl acetate,
and after chromatography on alumine, an amorphous product
melﬁing at about 98-103° was obteined. The game derivative
from the trang phenanthrone also was difflcult to purify.
The melting point, after recrystallizations and chromatog-
rephy, graduslly rose from 162-170° to 199-200°, but the
elemental analyesis did net check.

Bemicarbazone and p-nitrophenylhydrazone formation on
both the gig end frans products was more successful, The
e£ig8 p-nitrophenylhydrazone, sgaln difficult to purily,
melted at 148-150° dec., and that of the grans hed a m.p.
of 1?&»186@ dec., The semicarbazones were resdily prepared,
however. The gis derivative melted at 195-197° dec., and
the trans at 220-221° dec. When the isomeric semicarbazones

were admixed, no definite depresslion of melting pointe wee
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obaerved, but considerable preliminary darkening with a
melting point of 199-201° dec. was noted.

The infrared spectra of the semicarbagonee in nujol
{not recorded in the Spectra section) showed definite 4if-
ferences, The bands at 1570 and 1088 ecm.~l in the gie were
displaced to 1590 and 1077 om.”l in the trens. In addition,
the sharp gie band at 764 om,~l was brosdened in the trans,
and a pesk at 742 cm.~l in the gis wae miseing in the trans,

Hydrogenation of the zslaphﬁnanthwena XCI1I with
palladiun-on-charcoal also gave predominantly gisg phenan-~
throne XCIV. The presence of some trans phenanthrone was
indlcated by the infrered spectra of fractions isclated by
chromatography on alumina, The main frsction, purified by
chromatography on slumina, gave a semicarbazone melting at
195-197°, This 414 not depress the melting point of the
game derivative prepared from the olly reduction product
-af hg-methyl-l, ba-dihydro-2( 3H)-phenanthrone,

That the yellow oil ebtalned from the methyl ethynyl
ketone addition to l-methyl-2-naphthol wae mainly 4e-methyl-
2(4sH)-phenanthrone was indicated by reducing it over
- palladium-on-charceal, It sbsorbed 3 moles of hydrogen
to give a good yield of gie-4a-methyl-3,4,4s,9,10,108a-
hexahydro-2(1H)-phenanthrone, identified by infrared spec~

trum and semlicarbszone formation.
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It has been shown that the formation of ethylene ketsle
of eteroldal 134~3mketanes wae accompanied by migration of
the double bond to the 5,8~poeition (59). If similar double
bond migration were to ocour on formation of the ethylene
ketal of XCIII (leading to CIX), 1t should be possible to
effect the further migration of the doubles bond into conlu~
gation with the benzene ring. Higration of the double bond
from the 10,10a~ to the 9,10-position in the ketal CIX would
give the A9-ketal CX poseeseing the thermodynsmically more
stable A-B ring fusion. Hydrolyels of the ketal, and re-
duction of the double bond in the ketone CXI, would glve
either of the saturated phenanthrones, LXXXIX or XCIV, A
somewhat analogous reaction of a sterold derivative led to

a product with rings A-B gtrans fused (60).

(’ Q ‘OO

CIX CX CXi

The ketal CIX was prepesred in the usual manner (59),
but was not purified or charscterized, The infrared gpec-
trum of the crude product showed no absorption in the 5-6

‘M region, and the ultraviolet exhiblted a maximum st
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265 mu (£ 400), The ketal was heated with KOH in ethylene
‘glyeol at 190°, and the crude product from this was hydro-
lyzed with acid, Chromatography of the hydrolyeils residuss
gave a 16% yleld of & ketone melting at 68-69°., Thie ketone
(CXI) showed saturated carbonyl absorption in the infrared,
and the ultraviolet hasd a maximum at 267 mu (€ 9,800)
cheracteristlic of the styryl chromophore,

Hydrogenation of CXI over pslladium-on-charcosal gave
& clean yleld of an olly produet whoege infrared spectrum
was ldentical with that of the gls phenanthrone XCIV, Con-
firmation of the gis econfiguration for the reduction product
was obtained from the melting point, mixed melting polnt,
and infrered spectrum of the semicarbazone, This led to
the assignment of gis A-B ring fusion in CXI,

The isolation of only & emall yield (16%) of the
A S-phenenthrone (CXI) from the k@tﬁl equilibration pre-
ventes any rigorous statement regarding the stability of
&is and Yrans ring fueion in CX. FHowever, as only ¢ls was
lsolated, 1t can be aseumed that gle ls the more stable.
Thig observation contrasted with that found in a relsted
reaction (60), end was somewhat unexpected in view of the
usual greater stabllity of the trane isomer in fueed systems
guch as this (61),



61

In the 9-methyldecalin system, the energy difference
between glg and trane ring fuelon 1s only about 0.8 keal
(61). However, the ketal CX does not possess a true decalin
ring eystem due to the double bond at C-9 and the benzene
ring attached at carbons 4b and Ba, The two double bonds
- in ring B require an almost plansr structure for this ring.
Thue, the energy differences between gle CX and trans CX
(below) would be due eesentially to the difference between
the angular methyl being axial (trans fusion), and the

e g

cis CX trans CX

C-ba,4b-bond being axiel (gis fusion), The methyl group
might well encounter greater 1,3-diaxial interactions from
the hydrogens at C-1 and C-3 than would the trigonal C-4b,
If 1% can be assumed that the g¢ls ketal CX is thermo-
dynamlically favored over the tr s &n attempt to use a
Aluphananzhrane such as CXII for the ayathéa&a of ring-C-
aromatic tricyclic diterpenes could well be unsuccessful.

(A phenanthrone such as CXII could be obtained using ethyl
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vinyl ketone in the scheme of Robinson (15), or by using
the sppropriete l-methyl-2-naphthol and ethyl ethynyl ketone
in the manner outlined above.,) Carbalkoxylation of CXII

Y Y Y Y
o* 0" ¢ ¢ <
COOEt COOEt COOEt

CXH CX1H CXI\V - CXV

should lead to CXIII, In an analogous case, Woodward and
Barton (60) dimethylated cholestenone at C-4 {(equivalent to
C-1 in CXIXI), After reduction of the keto grouping in
CXIII, migretion of the double bond from 0-10,10a to C~9,10
{giving CXIV) probably would be necessary, ae reduction of
CXIII to give trans ring fusion would vreeent difficulties.
If, however, CXIV possgessed a2 gis ring fusion, and the
result of the ketal eqnilzbratian indiecates that such
stereochemlstry might obtain, the synthesle would produce
a dlastereolsomer of the desired product.

The poseibility exlste that CXII could be reduced to
the saturated ketone via lithium and liquid ammonia to give
the necegsary Lrans ring fuslon, but carboxylation of the

saturated ketone might not oecour at C-1.
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Attempts to convert a compound of the CXII type to a
tricyelic diterpene by methods other than those discussed

above are in progrese in another lasboratory (17).
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BPECTRA

All infrered -abeorptlon spectra wers récorded using
8 Balrd Double Beam infrared spectrophotometer. Ultraviolet
spectra were run in 95% ethancl using a Beckman modsl DU
guartz spectrophotometer. 3yaeial4thaak$ are due ﬁheklnatiw
tute for Atomic Reszesrch, Iows State College, for the use

of the Anfrared spectrophotometer.



Figure 1

Ultraviolet Spectra
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Figure 2

Ultraviolet Spectra
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Figure 3

Infrered Spectra
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Figure &4

Infrared Bpectra
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Figure 5

Infrered Spectra
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Figure 6

Infrared Bpectra
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Flgure 7

Infrared Spectra
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Figure 8

Infrared Spectra
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Pigure 9

Infrared Specira
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Figure 10

Infrsred Spectra
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Figure 11

Infrared Spectra
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EXPER IMENTAL

411 melting polnte and bolling pointe are uncorrected.
Tha4%erm petroleum ether refers to the fraction b.p. 60-70°,
Ultravioclet speotra were measured in 95% ethanol solution
with & Beckman model DU quartz spectrophotometer. Hlero-
analyges were aaéria& out by the Btrauss and Weller

Micrcanalytical Laboratory, Oxford, England,

Activeted alumina, §0-200 mesh, was allowed to etand | !
with ethyl acetate for 24 hours, then washed with water and
methanol, and drled at 100° for 24 hours. |
The Celite-siliocic acid adsorbent was prepared by
mixing equal weights of Celite and Mallinckrodt 100 mesh
gilicic acid.
Equal welghts of Celite and Norit-A were mixed
thoroughly to prepare the Cellte-charcoal adsorbent.

b-Methyl-l-naphthol

thod A. 1l-Methylnaphthalene wes sulfonated by the
method of Elbs and Christ (44), snd the eodlum 4-methyl-
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When the l-naphthalenone LXXV was prepared using 4-

methyl-l-naphthol from the fusion preparation, concentration
of the petroleum ether filltrates gave the lsomeriec 2-
naphthalenone LXXVII, m.p. 66-67°, in 3-4% ylelds.

Ultraviolet spectrum. A pox. 239 mu { £ 13,300) and
315mu (£ 9,900), BReported (33): A 239 m u (£
11,900) and 314 mu (e 9,200),

Bax.

Hydrogenation of the 2-naphthalenone LXXVII using Adams
catalyet gave the known (33) 1l-(dichloromethyl)-l-methyl-2-
tetralone, m.p. 71-72°.

Ethyl 3-keto-5-hy

To 240 ml. of absolute ethanol in which 0,64 g. (0,036
mole) of sodium had been diseolved was added 10.8 g, (0.083
mole) of ethyl acetoacetate snd 20.0 g. (0,083 mole) of the
l-naphthalenone LXiV., After gtanding ét room temperature
for 127 hours, the solution wae poured into 1 1. of water,
neutrallized with acetic acld, and extrascted with chloroform.
The chloroform golution wae washed with sodium bicarbonate

solution and water, dried (Mgs0,), and evaporated. The
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reeidual seml-s0lid was taken up in petroleum ether. From
this eclution 18.89 g. (61.4%) of the bleyclic ketoester
LXXVIII, m.p. 114-116°, oryetallized, The petroleum ether
filtrate was ohromatographed on a (elite-gllicie acid column,
Elution with petroleum ether-ether (97:3) gave 4,31 g,
{21.8%) of the naphthalenone LXXV. Further elution with
petroleun ether-ether (9:1) gave an additional 3.81 g.
(12.4%) orf the bioyelic ketoester melting at 114-116°. No
further products were obtained on continued elution of the
column, The analytical sample of the bieyelic ketoester
LXXVIII, white prisme melting at 116~11?9, wae obtalned by
erystallization from petrolsum ether,

Anel. Calod. for CygHyaCl,0p: €, 58.23; H, 5.43;
€1, 19,10, Found: ¢, 58.13, 58.19; H, 5.83, 5.58: (1,
19.2, 19.08.

Ultraviolet spectrum. (Figure 1) A ... 258 mu
(€ 8,300); Apgn, 232mu (£ 2,800),

The ketoester LXXVIII sleso wes obtained using sodium
ethoxide (1 mole) or potassium %-butoxide (0.3 or 1.0 mole)
a8 the base at elther room temperature or reflux. However,
the above procedure appeared to give the cleanest reaction.

When e solution of 60 ml. of ethenol, 0.40 ml. of
plperidine, 2.75 g. of ethyl acetoscetate snd 5.0 g, of
the naphthalenone LXXV was refluxed for 3 daye, a 4%
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recovery of the starting ketone plus a 0.4% yield of the
ketoester LXXVIII were obtained. \

Ethyl 2-(1-(dichloromethyl)-l-methyl-f-keto-1,2,3, b

A polution containing 120 ml, of benzene, 15.0 g.
(0.062 mole) of the l-naphthelenone LXXV, 15,0 g. (0.115
mole) of ethyl acetoacetate and 1.2 ml, of piperidine was
stoppered, shaken, snd allowed to stand at room temperature
for 52 dmys, The benzene sgolutlion was washed with dilute
acetic scid and water, drled over MgBOy, and evaporated to
glvﬁ’a solld residue. The solld was dissoclved in hot
petroleum ether, and on cooling, 5.86 g. (39.1%) of the
starting ketone LXXV, m.p. 107-108°, separated, The
petroleum ether filtrate was chromatographed on a Celite-
gilicic seld column, Elutlon with petroleum ether-ether
(19:1) gave an additional 5.80 g. (38.7%) of starting
material melting at 108-109%, Continued elution of the
column with petroleum ether-ether (9:1) gave 0.24 g. (1)
of the bleyoclic ketoester LXXVIII. Ths petroleum ether-
ether (4:1) eluate gave 4,2 g. (18,.3%) of white crystale,
MePe 98-160@. Recryetallization of this product from
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petroleum ether gave the dlketoester LXXXIII as white prisms
melting at 102-103°. 4‘

Anal, Caled, for Glaﬂgeclgaéz C, 58.23; H, 5.43; C1,
19.10, Pound: C, 58.32; H, 5.62; C1, 19.18.

Jltraviolet spectry

290 mu (€ 1,400),

A max, 252 mu (£ 10,000) and

-

¥hen & similar reaction wae allowed to stand st room
temperature for 20 daye, a 15% yleld of the dlketoeeter
LXXXIII weme obtained.

Refluxing the reactante in the same proportlons as
above for 3 daye gave a 0.3% yileld of the desired nroduct
{LXXXIII), and a 96% recovery of starting material,

To 20 ml., of ethyl acetate 6@nta1n1ﬁg 0.30 ml, of 80%
sulfuric acld wae added 200 mg, of the diketoester LXXXIII

and 50 mg. of 5% pslladium-on~charcoal catalyst. Hydrogena-
tion at one atmosphere was carried out whlle hydrogen absorp-
tion wae measured volumetrieslly. Hydrogen absorption
ceased at the end of 2 hours with an upteke corresponding

t0o 2 molee of hydrogen. The solution was filtered to remove

the catalyst, and washed with sodlum bicarbonate solution
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and water, Evaporation of the ethyl acetate under reduced
pressure left an olly reeidue. Slow evaporation of a
petroleum ether solution of thie residue gave orystals
melting at 125*1279‘ Recrystallization from petroleum ether
yielded the ketoester LXXXIV g8 hard white orystels melting
at 128-129°.

Anal, Caled. for CygH,5Cl504: €, 60,51; H, 6.21; Cl,
19.85. Found: €, 60.94; H, 5,89; €1, 19.6.

A pax, 250 mu (£ 7,400);

To a mixture of 300 ml. of 95% ethanol and 300 ml. of
concentrated hydrochloric acid was added 15.0 g. of the
bioyelic ester LXXVIII, The solution was refluxed on the

steam bath for 9 hours, cooled, and poured into 1200 ml, of
water. The chloroform extract of this mixture was washed
with sodium bicarbonate solution and water, dried (MgSQy),
and evaporated to give a gummy residue. Recorystalllization
of the residue from 95% ethanol gave 7.B88 g. (65.2%) of
4-{dichloromethyl)-lb-methyl-3-scetonyl~l-tetralone (LXXXV),
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m.p. 145-146°, Recrystallization of this material from
petroleum ether-bengene gave hard white crystale meliing
at 147-148°,

dnal, Caled. for G H5Cl,0,: €, 60.21; H, 5.39;
Cl, 23.70. Found: €, 60.29, 60.,34; H, S.40, 5,47; C1,
23.8, 23.5.

The ultraviolet spectrum is shown in Figure 1.

Evaporation of the ethanolic filtrate under reduced
pregsure and recrystallization of the residue from benzene
five times gave 0,77 g. (6.,4%) of S-hydroxy-6,7-bengo-8-
(dichloromethyl)-8-methylbieyalo[3.3.1] nonan-3~one (LXXXVI)
as white prisms melting at 187-188°, |

Ansl, Caled. for 315ﬁ13ﬁ13622 C, 60,21; H, 5,393
€1, 23.70. Pound: C, 60.14; H, 5.48; C1, 23.8.
265 mu (& 200);

. v 2k BpeC Lrum,
All filtrates from the shbove recrystallizstlions were

h max.

combined and evaporated under reduced pressure. 4 benzene
golution of the residue was placed on an alumina column,
Elution with benzene-chloroform (9:1) gave an additional
0.56 g, (4.86%) of the aiketone LXXXV melting at 1b4-148°,
When the eluent was changed to benzene-methanol (99:1),
1.15 g. (9.5%) of the hydroxy ketone LXXXVI, m,p, 186-187°

wes obltalined,



To 10 ml. of absolute ethanol containing 0.00035 mole

of sodium ethoxide was added 300 mg. (0.00081 mole) of the
diketoester LXXXIII, After 30 hours at room temperature

the reaction mixture waes poured into 100 ml. of water,
neutralized with acetlc acid, and extracted with chloroform.
The chloroform extract was washed with water, dried over
MgB0y, and evaporated to leave a syrupy residue. A petroleum
ether solution of the residue was placed on & Celite-siliecie
acid column, Elution with petroleum ether-ether (19:1) gave
120 mg, (61.5%) of the nephthslenone LXXV, m.p. 107-108°,
Further elution with petroleum ether-ether (9:1) gave 105
mg. (35%) of the bileyclic ketoester LXXVIII melting at
114-116°,

To a mixture of 10 ml, of 95% ethanol and 10 ml. of

concentrated hydrochloric acld was added 500 mg. of the
diketoester LEXXXIII, The mixture was refiuxed on the gtean
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bath for 7 hours, poured into 100 ml. of water, and partially
neutralized with a 10% sodium hydroxide solution. The chlo-
roform extract of the aqueous solution was washed with sodium
blearbonate solution and water, dried over MgSOy, and
evaporated., The s0lild residue wae taken up in benzene and
chromatographed on an salumina column., Elution with benzene-
ether (9:1) gave 235 mg. (58.4%) of 4~(dichloromethyl)-l-
methyl-3-scetonyl-l-tetralone (LXXXV) melting at 146-147°,
Continued elution of the column with benzene-methanol (99:1)
gave 80 mg., (19.8%) of 5-hydroxy-6,7-benzo-8-{dichloromethyl)-
8~methylbiaye10[3.3.§]ﬂenanwﬂmaﬁa {(LXXXVI) melting at 184
186°,

To a solution of 0.80 g. of potassium in 25 ml, of

anhydrous t-butanel was sdded 0.50 ml. of acetone end 2,00

g« of the naphthelenone LIXV, The mixture was warmed slightly
to effect solution of the naphthalenone, shaken, and then
allowed to stand st room temperature for 22 hours, 4 deep
red color sppesred soon after mixing the reactants, The
solutlon was poured into 60 ml. of water, neutrallzed with

acetic secld, and the aqueous suspension extracted with
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chloroform., The organic extract was washed with water,
dried (MgS0y), and evaporated to give a red gum. Refluxing
thie gummy mess with 50 ml. of 95% ethanol led to erystal-
lization, Filltration of the hot solution gave 0,90 g. of
a tan solid melting at 200-204°, On cooling & further 0,37
g. of 8olid material melting at 214-217° was obtained from
the ethanolic filtrate, HRepeated recrystallizstion (with
charcoal decolorization) of this high melting material from
ethanol-ethyl acetate gave 0,52 g. of 1,3 di-(1-(dichloro-
methyl)-l-methyl-b-keto-1, 2, 3, 4~tetrahydro~2-naphthyl)-2-
propanone (XCA) as white platelets melting at 225-226°, The
analytical sample, recryetallized from ethanol-ethyl acetate,
melted at 227-228%.
Anal,” Celed, for OpHpClyO4t C, 60.02; H, 4.84; C1,
26,25, Found: C, 60.0%5, 60.08; H, 5.03, 4.86; C1, 26,0,
Ultraviolet spectrum. A pax, 252 mu (g 21,200) and
292 mu (e 2,900).

When the mother licuors from the asbove recrystalliza-

tiong of the triketone XCA were congentrated and the residue

recryetallized from ethsnol-water, 0.80 g, of 1,3-dl-

*¥hile this compound and ite isomer (XCB) gave very
good, duplicable C and H analyses, considerable difficulty
was encountered in obtaining chlorine analyses that checked
with one snother.
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(1-(aichloromethyl )-l-methyl-4-keto-1,2,3,4-tetrahydro-2-
naphthyl)-2-propanone (XCB) melting at 227-230° wee obtained.
Repeated recrystallization of this material from ethanol-
water gave white needles melting at 240-241°%, When admixed
with the isomeric triketone XCA, a melting point of 207-209°
was observed.

Anal. Calod. for CppHpgCly04: ¢, 60.02; H, h.Bh; €1,
26,25, Found: ¢, 60,08, 60,06; H, 4.68, 5.12; C1, 26.6,
. 252 mu (£ 20,800) and

292nu (£ 3,200),

The ethanclic filtrate of the original reasctlon mixture
was pluced on a short (2 x 6 em,) Celite-charcoal column,
and eluted with 200 ml. of ethanol-ethyl acetate (1:1), The
- regidue obtained upon eveporation of the eluent was recrys-
tallized from 95% ethenol to give 40 mg, of 4-(dichloromethyl)-
hemethyle3-acetonyl-l-tetralone (LXXXV) melting at 145-146°.

A sample admixed wlth the diketone LXXXV from the hydrolysis
of the bleycllc ketoester LXXVIII melted at 146-147°,

Dilution of the ethenolic filtrate from the above re-
erystallization, and recryetallization of the product from
ethanol-water gave 60 mg. of the bicyelic ketone LXXXVI,

m.p. 186-187°. It 414 not deprees the melting polnt of the
bleyelliec ketone obtained from the hydrolysis of the blcyclic
ketoester LXXVIII.,
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A similar resction ueing a larger amount of acetone
{(1.20 ml,) also wee attempted. Chromatography of the
ethanol-goluble residue over slumina, and slution of the
column with benzene, led to the isolation of a smsll amocunt
of materisl m,p. 153-165°, Recrystallization from petroleum
ether-benzene gave hard white orystals melting et 156-157°.
Thie compound mey be 2,10-diketo-4,4,9-trimethyl-9-(dichloro-
methyl)-1,2,3,4,48,9,9a,10-00tahydroanthracene {XCII), A
mixture melting point with the diketone LXXXV, m.p. 146-147°
depressed to 125~13G9. ,

Ansl, Caled. for CygHpaCl,0,: C, 63.72; H, 5.95;
€1, 20,90, PFound: ¢, 63.74; H, 6.29; C1, 20.9.

ULtraviolet spectrum. A pay. 252 mu (£ 10,000) and
290 muy (& 1,500), The diketone LXXXV (see Figure 1)
exhibited A pay, 252 mu (£ 10,600) end 290 mu (& 1,600},

A mixture containing 60 wl, of ethyl acetste, 200 mg.
of the triketone XCA, 0.75 ml. of 80% sulfuric scid and 100

mg., of 5% palladium-on-charcoal wae hydrogenated at one

atmosphere while hydrogen absorption was messured
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volumetrically., Hydrogen absorption ceszsed after 1 hour
with an uptake corresponding to 4 moles of hydrogen., The
solution was Tiltered to remove the catelyet, waehed with
godium bloarbonate solution and water, end evaporated undepr
reduced pressure, The #0lld reeidue remalnlng had a m.p.
of 187*&91@. Repeated recrystallizetion from ethanol-ethyl
acstate gave 1,3-di-(1-(dichloromethyl)-l-methyl-l,2,3,4-
tetrahydro-2-nephthyl)-2-propenone (XCIA) as fluffy white
needles melting at 190-191°,

Anal, Caled, for @@7E3091a$z €, 63.29; H, 5.90;
¢1, 27.68, Found: ¢, 63.62; H, 6,02; C1, 28,08,
Ultraviolet spectrum. A ppy, 265 mu (€ 600);
A min, 235 mu (£ 100),

Similar reduction of the isomeric triketone XCB wase

complete in 1 hour. The solid residue, m.p. 183-188%, was
recryastallized from petroleum ether-benzene and 95% ethanol
to give 1,3-di{1-(dichloromethyl )~l-methyl-1, 2,3, 4-tetra-
hydro~2-naphthyl)~2-propanone (XCIB) as soft white needles
melting st 186-188°,

Anal. Celed. for CopHegCly0: C, 63.29; H, 5.90;
€1, 27.68, Found: C, 62.94; H, 5.88; C1, 28.534%,

*ﬁnly one chlorine analysis wae run on thie compound,
4e noted earlier, difficulty was encountered in getting
reliable chlorine analyses on compounds of this type.
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Ultraviolet spectrum. N\ gy 265 mu (£ 600);
A min, 235 mu (€ 100),

The mixed melting point of these two lsomers wae 171~
174°,

(LXXXV). A mizture contalning 60 ml. of ethyl acetate, 1.0
ml. of B0% sulfuric aeld, 200 mg., of 5% pallsdium-on-charcoal
and 690 mg. of the tetralone LXXXV was hydrogenated at one
atmoasphere while hydrogen absorption was measured volumet-
rically. Hydrogen sbsorption cessed after 90 minutes with
an uptake of hydrogen corresponding to 2 moles, The solution
weg filtered, washed with sodium bicarbonate solution and
water, and evaporated to give white crystals melting at 75~
79°%, Recrystallizstion from aqueoue ethanol gave l-(dichlo-
romethyl)~l-methyl-2-acetonyl-l, 2,3,4~tetrahydronaphthalene
(LXXXVII) ae white pletelets melting at 82-83°.

Ansl, Caled. for CygHygClp0: €, 63.17; EH, 6.35; Cl,
24,87, PFound: €, 63.50; H, 6.56; C1, 2h.4,

Mtrsviolet spectrum. A poy, 285 mu (£ 400);

A min, 240 mu (e 200).
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The 2,4-dinitrophenylhydrazone crystellized from
ethanol-ethyl acetate as yellow plates, m.p. l69~1?0°.

Anel, Calcd, for CUpHpoCLl,N,04: C, 54,205 H, 4.77;
N, 12.04, PFound: ¢, 54,08; H, 4,72; N, 12.2.

The keto tetrahydronaphthalene LXXXVII wae sometimes
ieoclated as prisms melting at 93-94%, The mixed melting
point of the two forme wae 92-94°., The infrared spectra
of the two ecrystal forme were ldentical, and their 2, 4.
dinitrophenylhydrazones had the same melting point (169~

170°) and 414 not depress on sdmixture,

ieyelo 3. nonan-3j-one (LXXXVI). A mixture of 200 mg,
of the bieyelic ketone LXXXVI, 25 ml. of ethyl acetate, 1.25
ml. of concentrated sulfuric aecid and 100 mg., of 5% palladium-
on-gharcoal was hydrogenated at atmesyh@bie pregsure, After
24 houre uptake corresponding to 2 moles of hydrogen was
complete., The solution wae filtered, washed with sodium
blearbonate solution and water, and evaporated. Reerystal-
lization of the residue from petroleum ether gave white
orystals melting at 80-81°., This compound was identical
with the keto tetrahydronaphthalene LXXXVII according to

mixed melting polnt determination and infrared comparison.
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of triphenylchloromethane, 4,0 g, of sodium sand, 250 ml,

of anhydrous ether and sgeveral pleces of Jagged glase in a
mechanical shaker until the solution turned deep red (usually
4 to 12 hours). After an additional 2 houre of shaking
allguote were hydrolyzed and titrated to determine the
concentration of base present.

To 1 g. (0.0035 mole) of l-{dichloromethyl)-l-methyl-
2-scetonyl~l, 2, 3,4~ tetrahydronaphthalene was added {in an
stmosphere of nitrogen) 200 ml. of ether eontaining 0,0286
mole of sodium triphenylmethyl. The solution was allowed
to stand at room temperature for 3 days with occasional
shaking, After a finsl 5 hour reflux on the steam bath the
reaction mixture (8till e deep red) was cocled, and then
hydrolyzed with water containing & little acetic acld, Thie
mixture was extracted with ether five times. The orgenis
extract was washed with scodium bilcarbonate solution and water,
dried over MgS0;, and evaporated, The resldue was extracted
five times wlth hot petroleum ether, and the cooled extract
was placed on a Celite-silicic acid column, Elution of the

column with petroleum ether containing incressing amounts
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of ether gave, in the petroleum ether-ether (19:1) sluate,
230 mg. (31%) of the phenanthrone LXXXVIII melting at 98-
160°, The non-crystalline fractions from the column shown
by their infrared spectrs to contsain appreclable guantities
of an unsaturated carbonyl compound were combined in petro-
leum ether and again chromatographed on Cellte-silicle acid,
Elution with petroleum ether-ether (19:1) yielded an addi~
tional 90 mg. of the phenanthrone, Three recrystallizations
of the product from petroleum ether gave Ya-methyl-4a,9,10,
l0a-tetrahydro-2{1H)~phenanthrone ae white crystale melting
at 103-104°,

Ansl, Caled. for ﬁlﬁﬁiﬁﬁz ¢, 84.,88; H, 7,80, Found:
C, B4.96, 85.21; H, 7.38, 7.61

ltraviolst spectrum. See Figure 2.

The 2,4-dinitrophenylhydrazone crystalllzed as red
platelets from ethanol-ethyl acetate, m.p. 205-208°,

Ansl, Celed. for CpyBpnMyOut €, 64.27; H, 5.14; N,
14.28. Found: ©, 63.94; H, 5.20; N, 13.8.

The fractlons immedistely preceding the phenanthrone
en elution of the column contained, as indlcated by infrared
gpectre, considerable amounts of the unrescted scetonyl
compound LXAXVII,



A mixture of 20 ml, of ethanol, 200 mg. of the phenan-
throne LXXXVIII and 50 mg. of 5% palladium-on-charcoal was
hydrogenated at one atmosphere. Hydrogen absorption was
meéssured volumetrically. Uptake corresponding to 1 mole
of hydrogen was complete in 15 minutes, and hydrogen absorp~
tion ceased., The solution was filtgreﬁ§ evaporated, and the
regidue recorystallized from petroleum ether to give the
hydrophenanthrene ketone LEXXIX a8 white plates, m.p. 107-
108°,

énsl. Caled. for CycH g0t C, B4,06; H, B.46. Found:
¢, 84.05; H, B.58. ’

! aviole Amm‘ 265 mu (e 400); A&in'
250 mu (& 200).

The semicarbazons cryestallized from aqueous ethanol
as white platelets, m.p. 220-221° dee.

Anal, Celed, for CygHpN40: C, 70.81; H, 7.80; N,
15.49, Found: €, 70.72; H, 7.76; N, 15.5,

The orange pars-nitrophenylhydrazone wes reorystallized
from ethanol, m.p. 178-180° dec.

Anal, Caled. for Gglﬁz3xaazz C, 72.18; H, 6.83; N,
12,03, PFound: C, 71.97; H, 6,34; N, 11.9.



106

The method of Adams and Levine (47) was used to prepare
2ehydroxy-l-naphtheldehyde., Thie wee reduced with copperw
coated zine sccording to Robinson (54), except that the
reaction time was increased to 5 hours to give more complete
reduction. The overall yleld of lemethyl-2-naphthol melting
at 110-111° was 40%,

4-Chloro-3~buten-2-one

Acetylene was bubbled through a carbon tetrachloride
golution of acetyl chloride and sluminum chloride for 8
hours as specified by Price (82). Two distillations of the
product gave & 50% yield of M-chloro-3-buten~2-one, b.p.
(18 mm,) 39~@1@, s0lidifying on standing in the refrigerator.

. o

3-Butyl-2~0l, b.p. 106-108 wae prepared by standerd
methode (63), and was oxidized by the procedure of Bowden,
et al,, (64) to give 3-butyn-2-one, b,p. 84-86°.



Depending on the eatalyst and solvent used, different
producte or mixtures of products were obtalned,

Potaseium L~butoxide. To 60 ml, of t-butanol in whiech

0.13 g of potassium hed been dissolved was added 5.0 g. of
l-methyl-2-naphthol and 2.8 ml, of freshly distilled methyl
vinyl ketone. The solution was swirled, and then allowed
to stand at room tempepature for 10 hours. The mixture was
poured into 200 ml. of water, and neutraslized with acetlo
aclid, The agueous mixture wae extracted with ether, and the
ether layer was washed with water, dried over MgSOy, snd
evaporated to glve an olly reeidue, Extraction of this resi-
due with hot petroleum ether (5 x 100 ml.) left a gummy
residue. The cooled petroleum ether extraet was chromato-
graphed on a Celite-gilicic acid eolumn, Elution with
petroleum ether-ether (19:1) gave 1.76 g. (35.2%) of 1-
methyl-2-naphthol melting at 110-111° From the petroleum
ether~ether (551) eluate was obtalned l-methyl-$,6-benzo-8-
acetylbiceyclo[2.2.2] octan~2-one (XCVIIIA) melting at 102«
lﬂaa. Recorystsellization of this meterlal from petroleum
ether gave 0.689 g. (9.6%) of white priesme melting at 103-
104°,
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Anal, Caled. for ﬂlﬁﬁlﬁﬁzt C, 78.92; H, 7.07. Found:
€, 78.96; H, 7.03,

Ultraviolet spectrum. A max, 264 mu (& K10), 272 mu
(€ 410), and 294 mu (& 440); A min, 24 ma (£ 130).

The yellow d1-2,4-dinitrophenylhydrazone was recrys-
tallized from ethanol-ethyl acetate, m.p. 238-239 dec.

Anal, Caled., for CpnHyyNglg: C, 55.11; H, 4,11; N,
19,04k, Found: C, 54.96; H, 3.84; H, 18.6.

Continued elutlon of the column with petroleum ether-
ether (3:1) gave the stereoiromeric l-methyl-5,6-benzo~8-
aeatyl»biaymle[z.z.é]octan~2~one (XCVIIIB) melting at 104~
1@69. Reerystallization of this masteriesl from petroleum
ether gave 1.11 g, (15.4%) of hard white needles melting
at 108-109°, |

Anel. Caled. for CygHyg0t C, 78.92; H, 7.07. Found:
¢, 78.89; H, 7.07.

Ultraviolet spectrum. ) nex, 264 mu (g 390), 270 mu
(& 360) and 294 mu (& 390);  Apy,, 2% mu (£ 150),

The yellow di-2,4-dinitrophenylhydrazone was recrys-
tellized from chloroform-ethyl acetate, m.p. 277-278° deo.

Apel. Csled. for UM, NgOg: ©, 535.11; H, 4.11; N,
19,04, PFound: ¢, 54,77; H, 3.93; N, 18.8.

The mixed malting point of the isomeric bieyelic
diketones XCVIIIA and XCVIIIB was 80~84°,
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The gummy residue remmining behind after the exirac-
tlone with petroleum ether was recrystallized {Norit-A
decolorization) from ethanol to give 0,38 g. (4%) of crystal-
line materiel melting at 234-238°, This compound, assigned
the structure of l-methyle2-(3-keto-l-butoxy)-5,6-benzo-9~
katatriayalﬂ[2*2.2.22*8]&eeana (XCIX), wae reorystallized
three times from 95% ethanol to glve white platelets melting
at 2ik-245°,

Ansl, Calcd. for CygHa,04: €, 76.48; H, 7.43. Found:
C, 76.56; H, 7.30.

A max, 265 my (£ 300) and

295 mu (€ 400); A 248 mu (€ 200).

min,
The yellow di-2,4-dinitrophenylhydrazone wes recrys-

tallized from ethanol-ethyl acetate, m.p. 262-264° dec.
Anal, Cslod, for Cq1HyoNgOg: N, 17.0. Found: N,

16.86.

11w yxide~—s : To 40 ml, of abeolute ethanol

in which 0.29 g. (0.0126 mole) of sodium had been dissolved

was added 2.00 g. (0.0127 mole) of l-methyl-2-naphthol, The

solution wae cooled in ice, and 1.2 ml, of freshly distilled
methyl vinyl ketone wae added. After remaining at 5° for
24 hours, the ethanolic solution was dlluted with water, and
extracted with ether, The ether extract was washed thor-

oughly with water, dried over MgBO,, and evaporated to leave
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a 80lld residue., This residue was taken up in refluxing
petroleum ether, and on cooling deposited ecrystals of 1=
methyl-Z-naphthol, m.p. 110-111%, The petroleum ether
filtrate was chromatographed on Cellte-silicic acid., Elu-
tion with petroleum ether-ether {ratio increasing from
97:3 to 1:1) and with ether gave further quantities of 1-
methyl-2-naphthol melting at 110-111%, Mo indication of
any other product could be found.

m«ﬁaq:mwu. To a solution of 1,9 g. of boren trifluo-
ride in 12 ml, of anhydrous ether was added dropwise, wwﬁw
ice cooling, a solution of 4,0 g. of l-methyl-2-.naphthol
and 2.3 ml, of freehly distilled methyl vinyl ketone in 35
ml. of anhydrous ether, After 1l hours at room temperature
the reaction mixture was poured into an lce water-hydro-
chloric aecld mixture. The aqueous solution wap made baslc
with sodium hydroxlde solution, neutraligzed with acetic
acld, and ether extracted., The ether extract was washed
with sodium bilcarbonate solution and water, and dried over
¥gBOy. Evaporation of the ether left a dark oil, The oil
wag extracted with refluxing petroleum ether (6 x 80 ml.),
and the cooled extract chromatographed on & Cellte~slliclc
acid column., Klution with petroleum ether-ether (19:1) gave
2.24 g, (56%) of l-methyl-2-naphthol melting at 110-1119°,
Continued elution with petroleum ether-ether (7:1) gave
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1.33 g. (23%) of the bileyclie diketone XCVIIIA, m.p. 102-
103°, Further elution of the column with incressing amounts
of ether gave only oily material, Thie was taken up in
petroleum ether-ether (9:1) and shrometographed on a silicile
acld-Celite column, Elutlon with petroleum ether-ether
(2:1) gave, after recrystallization from petroleum ether,

680 mg. of the isomerie bleyeclic diketone XCVIIIB melting

at 107-108°, By rechromatographing the residues on another
silicic moid-Celite column ean addition 0.13 g. (total of
3.3%) of the bicyclic diketone XCVIIIB melting at 107-108°
wag obtained,

&-Toluenesulfonic scid. To 5.5 g. (0.026 mole) of
p-toluenegulfonle aeld hydrate in 80 ml, of glacial acetie
acid was added 5,0 g. (0,0316 mole) of lemethyl-2-naphthol
end 7,0 g. (0,10 mole) of methyl vinyl ketone, The reaction
was gtoppered, swirled vigerously, and allowed to stand at
room temperature for 11 hours. The reaction mixture was
then poured into 500 ml. of water, partially neutralized
with 104 sodium hydroxide, and extracted with ehloroform.
After being washed with sodium blearbonete solution and
water, and drled iﬁgﬁﬁg)’ the chloroform solution was
evaporated to leave a dark 0il. The o0ll was extracted with
hot petroleum ether (8 x 100 ml.), end the cooled extract
ehromatographed on a siliecic acld~Celite column, Elution
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with petroleum ether-ether (19:1) gave 2.36 g. {(47,2%) of
lemethyl~2-naphthol melting at 110-111°, Further elution
with petroleum ether-ether (9:1) gave a yellow olil which
solidified after being taken up in petrolsum ether. Thus
1.21 g. (18.3%) of ha-methyl-i,la-dihydro~2(3H)-phenanthrone
(XCVII) wee obtained as hard yellow clusters melting at
95~9?ﬁ. Reerystallization from petroleum ether gave pale
y ellow needles melting st 97-98°.

Anel. Caled. for CygHyp0: €, 85.68; H, 6.72. Found:
¢, 85,67; H, 6.58,

Mtraviolet speotrum
354 mu (& 14,900),

The 2,4-dinitrophenylhydrazone, purple crystals melting
a8t 213-215° dee,, was recrystallized from ethanol-ethyl

A mex. 242 mu (& 16,800) and

acetate,

Anel, Calcd., for CuHygNu0y: C, 84.61; B, 4,65 N,
14,38, Found: €, 64,30; H, 5,06; H, 14.7.

Continued elution of the column with petroleum ether-
ether {2:1) gave 0,19 g. of the bieyellc diketone XCVIIIB,
B.p. 107-108°, 7The non-crystalline fractions were recombined
in petroleum ether and agaln chromatographed on esilicic acld~
Celite, The column was eluted with petroleum ether contain-
ing inereasing ﬁmn&nﬁa»@f’ethar, end with ether. The infra-

red gpectrs of the frsctions indlested an incomplete
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separation of the phenanthrone XCVII from the two lsomerie
bicyelic diketonee XCVIIIA and XCVIIIB., The fractions were
recombined in petroleum ether-benzene (1:1), and chromato-
graphed on alumina. Elution with benzene gave a major
fraction shown by infrared spectrum to contain the phenan-
throne XCVII and the bieyclic diketone XCVIIIA, Recrystal-
lization from petroleum ether gave an additional 0.48 g.
(7.3%) of ba-methyl-k,4a-dihydro-2(3B)~phenanthrone, m.p.
95-97°. From the filtrate wac obtained 20 mg. of the
bieyelic diketone XCVIIIA, m.p. 98-100°, Elution of the
ecolumn with benzene-ether (1:1) gave, after recrystallize-
tion from petroleum ether, an sdditionsal 0.13 g. of the
bicyelie diketone XCVIIIB, m.p. 105-106°.

Ethanol~-HCl. When methyl vinyl ketone and l-methyl-2-
naphthol wers reacted under conditions ldentical to the p~
toluenesulfonic acid-acetic acid run except thet commercial
absolute ethanol saturated with dry hydrochlorie acid gas
was used as solvent and catslyet, and 89.4% recovery of 1-
methyl-2-naphthol and a 6.5% yleld of Ya-methyl-4,la-dihydro-
2{3H)-phenanthrone was realized,



To 20 ml. of absclute ethanol containing 00,0022 mole
of sodium ethoxide was added 500 mg. {0.0022 mole) of the
bieyelle diketone XCVIIIA, After 10 h@urs at room tempers-
ture, the pale yellow mixture was poured into 100 ml, of
water and neutralized with scetic acid. The chloroform
extract of the agueous solutlon was washed with water, drled
over MgBOy, and evaporated to leave a clear oil. A petro-
leum sther sclution of the oll was chrometographed on a
Celite-sllielc acid column., Elution of the column with
petroleum ether-ether (4:1) gave 195 mg. of the bleyeclie
diketone XCVIIIA, n,p. 103~16&°, followed by 290 mg. of the
igomeric diketone XCVIIIB, m.p. 107-108°,

When 500 mg., of the bleycllc diketone XCVIIIB was
treated in e manner similar to that above, 185 mg, of
XCVIIIA, m.p. 103-104°, and 290 mg. of isomerie XCVIIIB,
melting at 107-108° was isolated,

of 75 ml, of g-butenol in which &.59 g. (0.0384 mole) of



115

potaseium had been dissolved was added 5.00 g. (0.0316
mole) of l-methyl-2-naphthol and 3.50 g. (0.0350 mole) of
heghloro-3~buten-2-one. A red coloration formed on addi-
tion of the butenone, After 8 hours at room temperature
the solution was poured inte 300 ml, of water, neutrallized
with mcetie scid, snd extracted with chloroform, The or-
genic extract wae washed with sodium blcarbonate solution
and water, dried over MgBOh, and evaporsted under reduoced
pressure to glve a dark oil., Extraction of the oll with hot
petroleum ether (5 x 80 ml,) left a small amount of a tarry
regidue. The ocooled pstroleum ether solution was chromato-
grephed on a Celite-sllicie aecld solumn, Elution with
petroleum ether-ether (97:3) gmave 2.15 g. (43%) of l-methyl-
2enaphthol, m.p, 110-111°, Continued elution of the column
ﬁitﬁ,gazralaum ether-ether {19:1) gave 2.49 g. (3%,8%) of
be{l-methyle2-nephthexy)-3-buten~2-one (CIII), m.p. 6&?9‘9,
Beveral olly fresctions from the chrometogram were teaken up
in @ztraleum ether and placed on enother ﬁsliﬁgnailie;g
| gcld column, Elution ses above gsve an additlonal 0.19 g.
(3.8%) of l-methyl-2-naphthol and 0.58 g. (8.1%) of the
naphthoxy butenone melting at 68-70°, Recrystsllization of
Buw{lmethyl~2~-naphthoxy)=3-buten-2-one from petroleum ether

gave long white needles melting at 70-71°.
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Anal. Celed, for G gH),0,: C, 79.62; K, 8.24, Found:
G, 79.47; H, 6.28.
Ultreviolet spestrum. A pay, 245 mu (e 24,600);

To & cooled mixture of

15 ml, of water, 5 ml. of methanol and 1.0 g, of sodium
hydroxide, wae sdded 1,0 g. of l-methyl-2-naphthol and 0,80
ml., of b«ghloro-3~buten~-one, After 18 hours at room
temperature the resction was worked up as deseribed above
for the potagelum %-butoxide run. A 96% recovery of 1-
methyl-2-naphthol melting at 110-111% was obtained., There

wag no indlcstion of any other preoduct.

methyl-2-naphthoxide was prepared by dlesgolving a known
smount of sodlum hydroxlide in methanol and adding an equi-
molar amount of l-methyl-2-naphthel to the methanolic
golution, The polution was evaporated to drynese under
reduced pressure, and the residue dried at 80° and 1 mm.
for 2 hours. |

To 25 ml, of purified dloxane contalining 1,20 g.
{0.00667 mole) of sodium l-methyl-2«naphthoxide was added
0.85 g. (0,0081 mole) of b-chloro-3j~-buten-2-one. A red
coloration and cloudiness formed in the solution, After

10 houre at room temperature the reaction mixture was
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poured into 200 ml, of water, neutrelized with acetic acid,
and extracted with chloroform. After being washed with
aad;ﬁm blearbonate solution and water, the chloroform ex-
traét was clarified with Kgﬁﬁg, end eveporated to lesave an
olly residye. A petroleum ether solution of the residue
wae chromatogrephed on & slliele aeld-Celite ¢olumn., Elue
tion of the column with petroleum ether-ether (19:1) gave
& recovery of 0,17 g. (16.1%) of l-methyl-2-naphthol.
Further elution with petroleum ether-ether (9:1) gave 0.84
g. (55.6%) of the naphtboxy butenone CIII melting at 68-709,
A small smount of materisl eluted by petrolsum ether-ether
(5:1) and melting at 205-208° dec. was not studied further,

Bodium l-methy To &

gtirred mixture of 30 ml., of acetonlitrile and 1.20 g.
(0,00667 mole) of sodium l-methyl-2-naphthoxide at 40° was
added 0,85 g. (0.0081 mole) of 4-chloro-3-buten-2-one,
Heating wes discontinued for 1 hour, and the golutlon then
warmed to 70° for 10 minutes. After an edditional 9 hours
at room temperature the reaction mixture was handled in the
same manner as the corresponding dloxane run (above) to
give 0.16 g. {15.2%) of l-methyl-Z2-nephthol and 0,82 g,
{54.3%) of the naphthoxy butenone CIII, m.p. 68-700, A
trace of materisl, m.p. 205-208°, i1solated from the
petroleum ether-ether (5:1) eluate and identical (by
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mixed melting point and infrared comperison) with eimilar
material from the dioxane run wase not investigated,
Ether-BFa, To & mixture of 1.50 g. of l-methyl-2-
naphthol, 20 ml. of ether and 1,1 g. of 4-chloro-3-buten-
2-one was added 0,80 ml, of 47% boron trifluoride-etherate,
The solution wes poured into 100 ml. of water after standing
at room temperature for 75 minutes. After making the ague-
ous solution basic with 10% sodium hydroxide solution, and
neutralization with acetic sclid, the ether layer was separated,
and the agueous layer extracted with chloroform, The ether-
chloroform extract was weshed with water, dried over MgSQ,,
and evaporated to give a dark oill. 7The oll was extracted
with hot petroleum ether, and thie cooled extract wae placed
on & Celite-siliele acid ecolumn. Elutlion with petroleum
ether-ether (19:1) gave 1.43 g. of l-methyl-Z-naphthol. Con-
tinued elution of the column with petroleum ether containing
increaging amounts of ether gave no material. Elution with
ether gave & small amount (20 mg,) of material melting, after
recrystallization from petroleum ether, at 158-160°, The
infrared spectrum (in CCly) of thie material showed absorp-
tion bands at 1350, 1420 and 1680 cm.“l. There wag no.
indication of abeorption in the 3200-4000 em,~} reglon.

This fraoction was not studied further,



119

A mixture of 500 mg., of l-methyl-Z-naphthol, 2§ ml,
of ether, 2.0 ml. of b-chloro~3-buten~2-one and 5 ml, of
k7% voron trifluoride-etherate wae allowed to stand at
room temperature for 7 hours, and then refluxed on the
steam bath 1 hour., The reaction mixture was washed and
extracted as described above, and a petroleum ether solu-
tion of the residue chromatographed on eillieclc ecid-Celite,
The first eluates contained 250 mg. of l-methyl-2Z-naphthol,
Further fractions contained materisl melting at 158-160°
that was ldentical by infrared comparison with the product
isolated previously, end a trace of a yellow oil which
showed & peak at 1660 om.”% in the infrared., The infrared
spectrum was not identical with that of the oily 4a-methyl-
2(4aH)-phenanthrone, Thie oil was not inveastigated further.
Glecial

scetic acid and p-toluenesulfonic acld hydrate were used as
solvent &and oatalyst, respectively, under conditions identi-
cal to the athﬁr~BF3 rung. The producte obtalned corresponded
to those from the athsrw3¥3 resctions, and were not studied

further,
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e(1-Methyl-2-naphihoxy)-2-butanone (CIV)

A mixture of 25 ml. of ethyl acetate, 150 mg. of 5%
palladium-on~charcoal and 500 mg., of 4-{l-methyl-Z2-naphthoxy)-
3-buten-~2~one was hydrogenated st one atmosphere and room
temperature, The hydrogen sbsorption wae measured volumet-
rically, Hydrogen absorption ceased after 3 hours with an
uptake corresponding to 1 mole of hydrogen. The solution
was flltered and evaporated to give a pale yellow oil, Re-
erystallization from petroleum ether gave white crystals
melting at Ls.47%, & petroleum ether solution of the erys-
tals was chromatographed on a Celite-silliele acid column,
Elutlon with petroleum ether-ether (19:1) gave 20 mg. of
l-methyl-2-naphthol, m.p. 110-111°, Further elution with
petroleum ether-ether (9:1) gave 4-(l-methyl-2-naphthoxy)-
2-butanone (CIV) melting at 50-51%. The anslytical eample,
after two recryetallizations from petroleum ether, melted
at 51-52°,

Anel, Calcd. for %5%662: C, 78.92; H, 7.07,

Found: C, 78.90; H, 7.07.

Ultreviolet spectrum. A pax, 230 mu (£ 69,000},
282 mu (£ 5,200), 322 mpu (&£ 1,700) and 335 mu (£ 1,700).



To a mixture of 5 ml, of water, 50 ml, of mgthmmél
and 0,75 g. of sodium hydroxide was added 500 mg, of the

naphthoxy butanone CIV, The solution wae refluxed in an

atmosphere of nitrogen for 2 hours, then cooled, and poured

into 200 ml. of water, The agueous solution was neutralized

with acetic aeld, and extracted with chloroform., The or-
ganic extract was washed wilth sodium blecarbonate salaﬁiaﬂ
and with water. A benzene solution of the solid residue
obtained on eveporation of the chloroform was filtered
through a short (2 x 7 om,) alumina column, A total of
0.34% g. (98%) of l-methyl-2~nephthol melting at 109-110°

was obbtalined,

Reaction of 4-{l-methyl-2-naphthoxy)-2-butanone with
otassium -butoxide

In an atmosphere of nitrogen, 1 ml. of t-butanol in
which 0.,0086 g. of potassium had been dilsgolved was added
to 500 mg. of the naphthoxy butanone CIV dissolved in 10
ml. of t-butanol. The solution turned pale yellow on

sddition of the base, The mixture was sllowed to stand
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&t room temperature for 15 hours with cccasional shaking.
The mixture waes poured into water (100 ml.), neutralized
with acetlc acld, and extracted with chloroform, After
belng weshed with sodium blcarbonate solution and water,
and dried (Mg80y), the chloroform solution wae evaporated
to lesve a clear oll, Thile olly residue was extracted with
petroleunm ether, leaving a small samount of a gummy resldue.
This residue wae recrystallized from 95% ethanol, and
vielded 20 mg. of white erystals melting at 236-238%, The
mizxture melting point of this materlal and the triecyeclle
decane XOIX (m,p, 244-245°) was 261-242°, fThe p@tr@l@ﬁm
ether extraoct was chromatographed on & sllleie acld-Cellte
column, The petroleum ether-ether (19:1) eluate gave 160
mg, of lemethyl-2-naphthol, m.p. 110-111°, Continued elu-
tion wiﬁh petroleum ether-ether (9:1) gave 85 mg., of kﬁe
Pioyelic diketone XCVIIIA, m,p., 102-103°. From the petro-

leum ether-ether (4:1) eluate came 135 mg. of the lsomeriec
bleyelic dlketone XCVIIIB, m.p. 106-107 .

To 60 ml. of f-butanol in which 0,13 g, (0.0033 mole)
of potaseium had been dissolved was added 5.00 g. (0,0318
mole) of l-methyl-2-naphthol. The solution was cooled to
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15%, and 2,40 g. (0,035% mole) of 3-butyn-2-one was added
in an atmosphere of nitrogen. The mixture was allowed to
stand (occesional shaking) at room temperature for 24 hours,
Water {250 ml.) was then added to the resction mixture, and
the aqueous solution was neutralized with acetic ascid. The
chloroform extract of the mixture was washed wlth sodlum
bicarbonate solution and water, and dried over Mg80y.,
Evaporation of the chloroform solution left & dark, ta&ry
regidue, Extraction of the tar with petroleum ether (5 x
80 ml.) left & Gark solid residue. The petroleum ether
golution wae chromatographed on & Celite-~sillocle aeiﬁj
column, The petroleum ether-ether (97:3) sluate eaatglnea
1.27 g. {25.4%) of l-methyl-2-naphthol, m.p. 110-111°,
From the petroleum ether-ether (19:1) eluate came 1.80 g,
(25.4%) of U4-(l-methyl-2-naphthoxy)-3-buten~2-cne, m,p.
88-70°, The petroleum ether-ether (4:1) eluate gave @
yellow oil, and the 2:1 eluate gave 1.67 g. of Ha-methyl-
10a~-hydroxy-4a,10a~dihydro-2(1H)-phenanthrone (CVII) melting
at 131-133°. Recrystallization of this materiasl rromf
petroleum ether-bengzene gave white crystals melting &ﬁu
132-134°, |
Anal, OCaled. for CysHyu0s: C, 79.62; H, 6.24,
Found: €, 79.99; H, 6.26,
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Ntraviolet spectrum., (Figure 2) A

(£ 28,000) end 284 mu (& 7,500),

WAX,

The purple 2,4-dinitrophenylhydrazone was rseryatmiw
lized from ethanol-ethyl acetate, m.p., 202-203° deec.

Anal. Caled. for CpyFygNuOy ! €, 64.94; H, 4.16;

N, 14,43, Found: C, 64,92; H, 4,13; N, 14.7,

The dark residue remeining after petroleum ether ex-
traction was teken up in ethenol and passsed through a short
(2 x 7 em.) oharcosl-Celite column. Elutlon with ethanol-
ethyl acetate gave an additional 0,21 g. (totsl of 25.6%)
of the hydroxy phenanthrone CVII melting st 131-1339,

The yellow oll from the chromatogrem was taken up in
petroleum ether-benzene and placed on an alumina column,
Elution with benzene gave 300 mg. of a pale yellow oil con-
gldered to be U4a-methyl-2(4aH)-phenanthrone. Thies oil ﬁaa
sgain chromatogrephed on slumina, and eluted with benzene.
It would erystallize on standing overnight at -10%, but on
warning to 5° would revert to an oll, That it may have been
conteminated with some other substance was indlicated by the
formation of & small amount of orange crystale along with

the expeoted purple 2,4-dinitrophenylhydrazone,

*nehyaraxian took place on scld-ocatalyzed derlivative
formation. :
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The bright red 2,4-dinitrophenylhydrazone @ryatalﬁiz@ﬁ
as plates from ethanol-ethyl acetate, m.p. 204.205° dec.
Anal, Caled. for CpyHaoMyOy' : ©, 64.27; H, 5.14;
N, 14,28, Found; C, 64,16 H, 5.10; N, lb.b, |

To 25 wl, of dry benzene conteining 100 mg. of
p~toluenesulfonic acid hydrate and 100 mg. of calclum
chloride wag added 200 mg. of the hydroxy phenanthrone
CVIII. The solution was heated at 50° for 30 minutes, then
allowed to cool and stand at room temperature with eeaa;
sional swirling for an edditional hour. The benzene solu-
tion was washed with sodium blearbonate solution and wi&h
water, and dried (Mg80y). On evaporation of the benzene a
80lid residue was obtained. A petroleum ether-benzene (1:1)
golution of the #0lid was filtered through a short (2 x 6
om.) aslumina column to give 170 mg. of white crystsls melting
at 88-90°, Two recrystallizations from petroleum ether gave
white prisms, m.p. 89-90°.

Ansl, Caled. for CygHs0: €, 84.86; H, 7.80. Found:
C, 84.56; H, 7.42. |

*Based on the dehydrated compound.
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The ultravioclet spectrum ig ehown in Filgure 2.
The 2,4-dinitrophenylhydrazone, bright red plates
melting at EQB*QQQQ. did not deprese the melting paint?

of the gimllar derivative prepared from &a~matﬁy1~10a*5
hydroxy-3,4,48,9,10,10a-hexahydro~2(1H)-phenanthrone.

A mixture of 40 ml, of 95% ethanol, 200 mg. of 5%
palladium-on-charcoal and 800 mg. of the phenanthrone XCVIIX
wae hydrogenated at 740 mm., and 25° while hydrogen absorp-
tion waes measured volumetrically. Hydrogen absorption ceased
after 8 hours with an uptake corresponding to two daubie
bondes, The catalyst was removed by filtration, and th$
ethanolic flltrate evaporsated, The olily resgidue was dle-
solved in petroleum ether and chromatographed on alumina.
Elution of the column with petroleum ether~benzene {B:i)
gave a colear oil that did not solidify. COContlinued el&ﬁian
of the column with petroleum ether containing incressing
smounts of benzene gave & solid frection. Recrystalllzatlon
of thie e0lid materisl from petroleum ether gave 90 mg% of
eryetals melting at 104-106°, When this material was admixed
with the trans phenanthrone LXXXIX (m.p. 107-108°) from
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eyellzation of the dichloromethyl acetonyl tetralin LKEXVII,
a melting point of 196»16?° was observed, The inxraraa
spectra (CCly) of the trans phenanthrones prepared by the
different methods were ldentical.

The oil from the first fractione of the chromatogram
was taken up in petroleum ether, and again chromatographed
on slumina. The oll eluted by petroleum ether-benzene (2:1)
hed an infrared spectrum (CCly) different than the trans
phenanthrone LXXXIX, and was considered to be gis-4a-methyl-
3,4,48,9,10,10a~hexahydro~2(1H)~-phenanthrone (XCIV). The
material could not be obtained ecrystalline at room tempera-
ture. The oil would crystellize on standing at -10° over-
night, but melted almost lmmedlately when removed from the
refrigerator. ‘

The semlcarbszione of the gle phenanthrone ecrystallized
from agqueous ethsnol ae eparkling white platelets, m.p. 195~
197° dee. When admixed with the trans phenanthrone semi-
earbazone, & melting point of 199.201° deec., preliminary
darkening, was observed,

4nal, Caled. for CygHsN40: C, 70.81; H, 7.80; N,
15.49, PFound: €, 70.88; H, 7.90; R, 15.4, |

The yellow pars-nitrophenylhydrazone was recrystallized

from squeous ethanol, and melted at 1&8~15&¢ dec.
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4nal. Caled, for CpyHp3N30p: €, 72.18; H, 6.63; N,
12,03, Pound: ¢, 71.78; H, 6.73; H, 12.3.

i 3*1%‘5;23 14 .h"&t 9,10~tetrahydr

Depending on the conditions used, different producte
or mixtures of producte were obtained.

Pallgdium-on-carbon, A mlxture of 200 mg. of the phen-
snthrone XCIII, 15 ml. of 95% ethanol and 100 mg. of 5%
palladium-on-charcoal was hydrogenated at 740 mm. and EE”.
In an hour hydrogen absorption corresponding to one double
bond had ceocurred, and uptake ceased. The ethanolic soclu-
tion wes filtered, and evaporated, and a petroleum ether
golution of the residusl oil wae chromatographed on alumina.
A total of ten fractions were eluted usling petroleum ether-
benzene (2:1) and (1:1). The infrared spectra of the frac-
tions indicated the gis phenanthrone XCIV to be the main
‘product, with about 10% trans present. The first two frac-
tianﬂ’wera combined and converted to the semicarbazone, whieh,
after two recrystalllizations from aqueous ethanol, melted at
195-197° des. When admized with the glg semicarbazons from
the reduction of the phenanthrene dlenone XCVII, there was

no depressgion of meltliag polint,



Lithium in liquid smmonia. ¥To a solution of lithium
(100 mg,) in liquid ammonie (100 ml.) was added 200 mg, of
the phenanthrone XCIII in 20 ml. of dry ether, After 30
minutes 2,0 g. of ammonium chloride was added, and the
ammonia was allowed to evsporste, The residue was taken
up in chloroform-water, After washing the sgueous extract
with chloroform, the combined organlc extract was washed
with dilute hydrochloric scid; sodium bicarbonste solution,
and with water. The chloroform was removed by evaporation,
and the solld residue was taken up in benzene-petroleum

ether (3:2), end chromatogrsphed on alumina, Elution of

the column with the game solvent gave 140 mg., of trans-
hoa-methyl~3,4,48,9,10,10a~hexahydro~2(1H)~phenanthrone
(LXXXIX), m.p, 104-.108°.

A mixture of 15 ml. of ethanol, 100 mg. of 5% paslladium~
on-charcoal and 260 mg., of the phenanthrone CI was hydrogenated
&t atmoepheric pressure and room temperature while hydrogen
abesorption wae mesasured volumetrically. Hydrogen absorptlon
corresponding to 3 moles was complete ln 10 hours, The
solution wae flltered, and the ethanol evaporaeted under

reduced pressure, A petroleum ether solution of the
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resldue was chromatographed on alumina., Elution with
petroleum ether-benzene (3:2) gave 120 mg. of an oil whose
infrared spectrum wae ldentical with that of glg-la-methyl-
3,4,40,9,10,108-hexahydro~2{1H)-phenanthrone (XCIV), The
gemicarbazone of this oil melted at 193-195°, and did not
deprese the melting point of an authentic speclmen. Further
elution of the column geve materisl whose infrared spectra
indicated that i1t was a mixture of the gig and frans
phenanthronee XCIV and LXXXIX,

4 solution containing 150 ml, of benzene, 1,50 g. of

hag.methyl-4,4a,9,10-tetrahydro-2( 3H)-phenanthrone and 3.5

ml. of ethylene glycol wae distilled until 120 ml. of benzene
remained. After adding 40 mg. of p~toluenesulfonlie acid
hydrete and attaching a water trap, the solution was re-
fluxed and stirred for 4 hours. The cooled mlxture was
washed with sodium bicarbonate solutlion and water, and the
bengzene layer dried over MgBOy. Evaporation of the bengene
gave bg-methyl-4,4%a,9,10-tetrahydro-2{ 3H)~-phenanthrone
ethylene ketal (CIX) as a thick oil, The infrered spectrum
indicated no ketone was yréaant¢ The ketal was used in the

next resction without further purification or charscterizatlion,
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The ultraviolet spectrum of the crude ketal exhibited
a maximum at 265 mu (e 4hoo),

To 50 ml. of ethylene glycol containing 2.0 g. of
potaseium hydroxide wae added 1.0 g. of the ketal CIX, The
mixture was heated at 190° (bath temperature) for five hours
in an atmosphere of nitrogen. After cooling, the mixture
was poured into 250 ml, of water, neutralized with acetie
acid, and filtered to remove an inscluble residue. The
resldue was washed with chloroform, and the agueous mixture
was extracted with ehloroform. The orgenic layer was washed
with sodlum bloarbonate solution and water, dried with MgBQ,,
and evaporated., The resgldue obtained on evaporation of the
chloroform wae dlesolved in 60 ml, of 95% ethanol containing
10 ml., of 10% sulfuric acld, and refluxed on the steam bath
for 1 hour., The cocled reaction mixture was poured into 250
ml, of water, The chloroform axtraﬂé of the agueous mixture
was washed with sodium bicarbonste eolution and water, and
dried over MgBOy. The residue obtalned on evaporatlion of
the chloroform wae taken up in benzene-petroleum ether
{3:2), and chromatogrephed on alumina, The infrared spectra
of the first fractione (eluted with benszene-pstroleum ether,
(3:2)) showed & considersble amount of unhydrolyzed ketal.
These fractions were combined in 40 ml., of 95% ethanol and
10 ml. of 10% sulfuric ascid, and refluxed on the steem bath
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for 1 hour. The residue lsolated from this second hydrolysie
wee dissolved in 40 ml. of petroleum ether-benzene {1:1),

and combined with the remsining frections from the alumina
column {further eluted with benzene and benzene-ether),

This solution was chromatographed on alumina, Elution of
the column with petroleum ether-benzene (l:l) gave 125 mg.

of gle-de~methyl-3,4,4a,10e-tetrahydro~-2(1H)-phenanthrone
(CXI), m.p. 65-67°., Two recrystzllizations from petroleum

ether gave white plates melting at 68-69°,
M Caled. for elﬁﬂlgaz G, 8‘@&86; K; 7.80,
Found: C, 84,87, 84.36; H, 8,01, 7.61.

Nireviolet e

A mex, 267 mu (£ 9,800);

A min, 23% mu (g 3,000),
FPurther elutlon of the column with benzene geve a
gemall amount of materlal whose infrared spectrum was
identical with that of La-methyl-4,4s,9,10-tetrahydro-
2(3H)~phenanthrone (XCIII).
Reduction of gig-ba-methyl-3,4,4e,10e-tetrahydro~2(1H)-
phenanthrone (OXI)

A mixture containing 55 mg. of the phenanthrone CXI,
15 ml. of 95% ethanol and 20 mg. of 5% palladium-on-charcoal

was hydrogenated at stmospherlic pressure and room temperature,
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Hydrogen absorption, messured volumetrically, ocessed in

4% minutes with an uptake corresponding to one double bond,
The solutlon was filtered, and evaporated in a stream of
nitrogen., The infrared spectrum of the residue was identical
with that of the gig phenanthrone XCIV, A benzene solution
of the oily residue was filtered through a short (1.5 x 3 em.)
alumline column., The infrared spectrum of the oll eluted with
benzene was identlesl with that of the crude residue, The
01l wes converted to & gemicarbazone, which, after one re-
erystallizetion from ethanol, melted at 191-193°% dec. When
admixed with an suthentic specimen of the gig phenanthrone
(XCIV) semicarbazone, & melting point of 192-194° dec. wes
observed, The infrered spectrum {(nujol mull) of the semi-
carbezone wee 1ldenticsl with that of the semicarbagzone from

the gis hexahydrophenanthrone XCIV,
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BUMMARY

Two new gyntheses of hydrophenanthrens ketones are
outlined., The firet ie¢ based on ring formation by intra-
molecular displacement of chloride ion from a dichloromethyl
group by an adjacent scetone side chain, The novel addition
of an unsaturated ketone to le-methyl~2-naphthol to give a
phenanthrone 1s utlilized in the second method.

The sterecchemisiry of the intermedlste compounds ase
well as that of the hydrophensnthronee is dlscuseed.

Struoctures are proposed for several slde-products

isolated from the reactlon mixtures.
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