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INTRODUCTION -
In the last several decades the chemistry'of podocarplc
acid (I) has been investigéted extensively, in part because of

its poséible use as an intermediate in the synthesis of other

terpenes and steroids., However, a number of poteptially in-
teresting reactions have:not been studled yet, and some un-
}usual procésses have been left unexplained. It is the purpose
of the present study to investigate several of thése reactions

-

in some detall.
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HISTORICAL

Catalytic Hydrogenations of Terpenes

‘The terpenes constitute a large and interesting class of
natursl products. One of the most challenging aspects of
their chemistry is the attempt by the orgsnic chemist to pre-
pare these natural products in the laboratory from convention-
‘al si;arting materials. In tﬁesé attempts much new organic
chemistry of a general nature has evolved,

In particular, the synthesis of diterpenes is noteworthy.
A general part structure .of a majority of these Cpq snbstances'

may be represented as follows:

Seversl generalities are shown in II. C-l is nearly always
disubstituted. Usually R or RY iz a methyl group, while the
other asubstituent is either a x;mthyl group or another one- |
carbon fragment in a higher state of oxidation. Another
general feature is the A:B trans ring juncture of the absolute
configuration shown in II. TthgreA are some except:lons}, howe

ever. They include eperuic acid (III). and related derivatives
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(1, 2), cafestol (IV), columbin (V), and andrographolide (vI).

III | ‘ v

One synthetic route for -diterpenes involves the introduc-
tion o:t the C-l subst:!.fuents on a 2-octalone VII by the proce-~
dure of Woodward (3, 4). This is followed by removal of the
keto group apd catalytic hydrogenation of,_ the A-s’_6 system |
VIII to give the decalin IX. |

vir . - VIII
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The first example of this type of reaction scheme for
diterpenes was the total synthesis of g-dehydz;éabietic acid
(X) by Stork and Schulenberg (5). The second G-l substituent
was introduced by alkylation of the’q', £ -unsaturated ketone
XI with ethyl bromoacetate to give the ester XII. After re-
moval of the keto functlon via its thioketal and desulfuriza-
tion with Raney nickel, the double bond was hydrogenated .
catalytically. Barbier-Wieland degradation of the acid XIII
gave the deslred natural product X, whose A:B ring ;]uncture
is known to be irans. This constituted Apr'oo”:'t‘ that the double

bond had been hydrogenaf:ed from the o -side.

COH | ‘—CO,R
x XI XII R = CHpCHj

XIII R= H

A number of examples of similar schemes of alkylation
and reduction are known. Sondheimer and Elad (6) reduced the
octalol XIV and obteined the decalol XV in 73% Yield. The
stereochemistry of the AéB juﬁcture was assigﬁed on the'basis'
of models of XV, These éqne investigators (7) ef:ecte_d 'th'e_
reduction of the ketone XVI to give the trans-decalone. This



5

was proved by comparison of a derivative XVII with—a compound
prepared by Gaspert, Halséll, and Willis (8), to which config-
uration XVII had been assigned., This assignment had been made
on the basis of the‘degradatidn of XVII to XVIII and compari-
son Ar the latter with the compound obtained from XIX by a
series of reactions, the first of which was reduction with

~ lithium-smmonia, a reaction known to give trans ring fusion

(9).

OH
0”?
XVI
0%

XVII XVIII XIX

Ealvoda and Loeffel (10) did some careful studies on the
catalytic hydrogenation of some octalone systems. They found
that reduction of XX with platimm oxide in acetic acid gave

6:1.8 ratio of trans-:cis-decalones. However, hydrogenation

 of the epimeric acetate XXI gave }.3:0.9 ratio of cls:trans

products.



AcO

T ees

XX | XXI
In proving the isomerization of the C-10 methyl group
during the delsopropylation reaction of dehydroabietonitrile,
Wenkert and Jackson (11) used a stcheme which involved the
hydrogenaﬁion'of the enol-acetate XXiI.. Hydrogenation 6f this
acetéte furnished compound XXIII which was shown to be an

enantiomer of desoxypodocarponitrile.. This indicated that the
hydrogenation of XXII had yielded a trans A:B ring juncture.

In the étéreospecific synthesis of ferruginol (XXIV),
Rao and Raman (12) obtained the phenolic diterpene from a-
seriesvof.reactions which included catalytic reduction of tﬁe'
unsaturated_cqﬁpound XXV, The proof of'the_stéféochemistry
of thié reduction is the fact that the compound isoléted was
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XIV

Stork et al. (13) reported the total synthesis of the
triterpene o<~onocerin (XXVI). The tricyclic intermediate
XXVII was prepared by the catalytic hydrogenation of XXV.

XXVII

~ In thelr preliminary studies into the synthesis of
pentacyclic triterpenes, King, Ritchie, and Timmons (1l)
hydrogenated the conjugated dlenone XXVIIT snd obtained the

trans-ketone X.XD%
| 1l N

H

XXVIII . | XXX
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This type of reduction has also'been investigated in the
steroid field. In syntheéizing i-methyl and lj,li-dimethyl hor-
mone ansalogs, Ringold and Rosenkranz (15) reduced the steroid
ketone XXX catalyticgllyvto give h,hrdimethylandrostan9-17-
B-o0l-3-one (XXXI) in 81% yield. Evidence. for the trans A:B
jﬁncture was the optical rotatory dispersion curves of XXXI
and XXXII which were identical with the knowrn h,h-dimethy1-3-
keto-A B trans terpenes. Similerly, Beton et al. (16) reduced
XXXIII to give the cholestane derivative XXXIV whose 2-propy-
lene dithio derivative XXXV was shown to be identical with
the l,li-dimethyl compound obtalned by methylation of the

cholestanone derivative XXXVI.
OH OR

:
:

CHﬁ,




In preliminary investigations into the synthesis of lab-
denolic secid (XXXVII), Cocker and Halsall (17) prepared the
decalol of Soﬁdheimer and Elad XV by catalybié reduction of
the octalol XIV. The trans ring Jjuncture was inferred from
the results of preiious investigations (16). In later studies
Halsall snd Moyle (18) hydrogenated XXXVIII with Adams cata-
1lyst to give methyl-8- £ (H) -1abdan-15-oate (XxXx1X) .

XXXVIIT | XXXIX
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Ghatak et al. (19) reduced the homo=-acid XL in the
preparation of thq_ste:eoisomers of deisopropyldehydroabietic
acid and obtained the A:B trans compound XLI in almost quanti-
' tative yieid. |

\—Co,H
XL

Furner and Shaw (20) synthesized a degradation product of
phyllbcladene (XLII) by the palladium-catalyzed reduction of
the unsaturated ketone XLIII to the.saturated.zgggg tricycle -
XLIV. |

XLII




11
Raney Nickel Desulfurization

Since the use of Reney nickel for the desulfurization
of oz;ganic thiq compounds was first described by Bougault,
Cattelain, and Chabrier (21), it has become a valuable syn-
thetic tool for the organic chemist. The reaction involves
the straightforward replacement of one or more sulfur atoms
attached to carbon with one or more hydrogen atoms, ylelding
the parent hydrocarbon. Howevér, bec;a.use Raney ni_ckel is also
a hydrogena.ﬁion catalyst (22, 23, 21;,), i1ts behavior with cém-
pounds'of general structure XLV, having the: double bond -
allylic to the sulrur atom, may give mixed results. The sul-
fur atom may be removed with (a) no interaction with the
double bond, (b) -migration of the double bond to & thermody-
namically more stable position, or (c) concomitant hydrogen-

: ation of the double bond.

XLV

E‘x.amplesl of this desulfurization have been previously
i-eported. Hé.uptmann (25) prepared the unsaturated dibenzyl
mercaptol XLVI with benzyl mercapten, zinc chloride, snd
sodim:_z‘ sulfate. The pfodu'ct was. desulfurized with Raney
nickel in dioxane swater to give XLVII, identical in melting
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‘point and optical rotation with A l-cholestene (XLVII).

CgHi7
R?
XIVI R = (CgHCH,S),
XIVII R = Hp

Other workers obtained.similar»resulfs on steroid de~
rivatives. 'Rﬁlé, Dodson, .and Riegel (26) prepared XLIX
using ethanedithiol with dry hydrogen chloride as the cat-
alysf. Desulfurization in dioxane:water gavé L, which on
.brominatioﬂ of the double bond gave a dibromo | compound identi-
cal In all respects with XLVIIi. " This provided evidence ‘tbat
the double bond had neither migrated nor been reduced.
Djerassi et al. (27) prepared the dithio dlacetate LI and
effected its desulfurization in acetone to give LII which was
shown to be ldentical with authentic LII by mixed melting
point and infrared comparison. |

CgHi7 -

AcO

[+ + [,
=~

 XLVIII
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AcO

AcO

s
x;.lx R_ES> LI R
'L RaH LITI R

n
h
37
\/

"

'Ne_ighboring Group Participation

In 1937 it was noted by Cowdrey et al. (28) that the
hydrolysis of opticaily act’ive ’oc-bromo proplonate witﬁ
hydroxide iop gave the cérresponding o~-hydroxy proplonate
with unexpected retention of configuration. Two years later
Winstein and Lucas (29) noted similar stergochemical results
in the reaction of hydrogen bromide with the 3-bromo-2-butan-
ols. According to Winstein these ovservations were best ex-
piained by considering that thé atom attached to the ox-carbon
atom (in this case bromine) had particiﬁated in thé reaction
enabling the reaction center to retain its original stereo-
chemiatrf. Mther studies have added credence to this |

theory, now known as the theoi'y of neighborig | group partic- .

128.1:103.0



» This type of interaction is well documented in the
. chemiéal literature. A celebrated example is the i‘omatioﬁ of
.i-cholesteryl ether (LIII) in the'methanolysis of cholesteryl
p-toluenesulfonate (-0Ts = p-toluenesulfonate) (LIV) (30).
Among the many mvestigatbrs who have looked into ‘this reac-
tion has been Winstein (31) et al. who suggested that the

- reaction may involve the formé.tion" of intermediates such as
LV or LVI. The fact that the l-ether LIII can be converted

back to LIV with overall retention of configuration is evi-~

dence in favor of such intermediates. ]
CgHiz S . CgHyz

TsO ]
OCH3
LIIT S LIV
i
+ g._-—-‘r\.J
LV IVI

The theofy of homoallyliec rearrangemepts has been ex-
pounded and investigated by Winstein et gl. using a series

of .2-phenyle£hanol compounds of general structure LVII., Evi-
dence ga{:hered in these investigations has given rigorous

-
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proof for the existence of symmetrical intermedlates LVIII.

Y = H, OCHs, NH, , CH,, etc.
X = C1, Br, OTs, OAc, etc.
IVII . LVIII

For ihstance, Winstein (32) investigated the formdlysi;
of the opticﬁlly pure értoluenesulfohate LIX and observed
that the product LX possessed 85% reténtion.of configunation. .
- These authors also showed that the presence of”electron- |
doﬂating groups on the aromatic ring enhanced the rate of this
reaction, since the p-methoxy compound,LXI,gave‘formate IXIT
37 times.faster'than the simple benzyl compound LIX. -

OCH3
.a’CH3
H
_ OR
LIX R=0Ts _IXI R = OTs
IX R =CHO - IXII R = CHO

- Homoallylic participation has also been observed 'in.other

unsaturated systems.. Winstein and Battiste (33) solvolyzed
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ILXITI in acetic acid with added sodium acetate and obtained
the cyclopropane IXV and the acetate IXIV in the ratio of
18:1, respectively. The structufe of IXV was proved by com-
parison of the ultraviolet and infrared spectra with the

spectra of authentic LXV prepared by another method (3l).

e

IXIII R = OTs | : LXV

Okc

IXIV R

By observing the kinetics of some eolvoi;ses in the
norbornyl series, Winstein and_co-ﬁorkers obtained striking
results which further Indicated the existence of homoalliiic
interactions. These workers (35) treated the exo- and endo-
.5-bramobenzenesﬁlfohates IXVI (-0Bs = p~bromobenzenesulfonate)
with acetic acid and obtained the same exo-acetate LXVII,
Winstein postulated the.non-claesical carbonium ion DiVIII as
the activated intermediate whieh gives rise to thezobservea
behavior. Also, the relative solvolysis rates (36) of antif7;
norbornenyl p-toluenesulfonate (EXIX) and 7-norbornyl éftol-
uenesulfonate (IXX) are in the ratio.of 1011'1, respectively.
The rate enhancement was explained again on the basis of par-
ticipation of the homoallylic double bond as in LXXI._
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AcO

[17],

1
i
R

IXVIa R = H; R' = OBs IXvir IXVIII
IXVIb R = OBs; R! = H

[

IXIX | XX ' LXXI

OTs

In a1l the cases réviewed thus'far, the evidence for the
cyclopfopyl-type ihtérmediate has been inferred from the
examination of the products (e.g. theif retention of config-
uration), and in no case has the actual isoiation‘of such an
intermediate been repofted. However, in 1957, Winstein and
Baird (37, 38) passed an ethéréal solution of 2-p-hydroxy-
phenyl-l-ethyl bromide (nxin) through a basic alumina column
and obtained a solution of a compound which they postulated
to have the ggiggrstrudture LXXIII on the basis of thé follow-
ing evidence. The infrared spectrum was consistent with that
expected forlﬁ'highly conjugated carbonyl structure. It gave
the correct carbon-hydrogen snalysis for CgHgO. .Chdm;caily,
catalytié'hydrogenatipnvgaﬁe Bfethylphenolbin good yleld.
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When IXXIIT is treated with ethereal hydrogen bromide, the
parent compound ILXXII is isolated. -

OH

IXXII v . IXXIII

DePuy et al. (39) observed rate enhancement and cqmpiete'
stereospecificity-in tﬁe acetolysis of the exo- and gggg-'
iégyiates, LXXIV and‘BXXV§, respectively. LXXIV’éave the
rearranged acetate IXXVI, ahd ILXXVa gave the endo-acetate
ILXXVb as thelsole prodﬁct. The homoallylic interaction of
the double bonds with the reaction center was cited as the
explanation of bofﬁ the accelerated rates and the'stereo-.
~ specificity. In work on the 5,6-dihydro compounds, LXXVIIa -
and IXXVIIb, DePuy and Story (L0) noted similar results with

regard to the relative rates and stereochemistry.

I . o

OTs

o d
"

2D~

IXXIV , IXXVa R = OTs
' ILXXVb R = OAc
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Aeg |

7/
| LXXVI IXXVIla R = H, R? = Ofs
. IXXVITb R = OFs, R* = H

Meinwald and Wiley (,-l-]_-) observed an unusual réarrange-

N ment | in a benzonorbornene system which was thought to involve
group participation. When the epoxide LXXVIII was treated
with mild base the product isolated was not the deécefjlated
epoxide but the tétraol IXXIX. 'This unexpected result was
:I.nterpreted.by the authors as a éonsequeﬁce of a homoallylic
i.nteractidn of the hydfoquinone ring with the epoxide. The

reaction rate was high in contrast to the general inertnéss

of such epoxides toward attack by base.

OAc _ OH ' OH
>
o]
N
OAc | OH
IXXVIIT ' CIXXIX

Internal Phenol Alkylations

~ Intremolecular phenol alkylations have been investigated
. pecently as a method of attadﬁing alkyl groups to an allicyclic
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ring. The cases reported thus far have involved substituted
phenblswhich un&erwent "desaromatization" (a2 word coined by
Dreiding (42) ) during the reaction. |

The first instance in the literature of intramolecular
phenol alkylation comes from the work of Dreiding (1;2).‘ When
a dilute t-butenol solution of the potassium salt of LXXX was
heated in a sealed tube at 1709, t_here was realized an 88%'
yield of é dienone whose structure was shown to be ILXXXI. . The
melting pof_!.nt and spectral pi'operties of LJDdC[ and ii;é Z,L,,-'
dinitxfophenylhydrazone were ldentical with those of asuthentic
LXXXI which had beén prepkared by an alternate metﬁqd by | |
Burnell end Taylor (43). The same Investigator, together with
Barner and Schmid (Ll), ‘treated the hexahydrobiphenyl LXXXII
under similar conditions. and isolated the bridged compénnd.'
IXXXIII in 8% yleld. Two other products, LXXXIV (13%) and
LXXXV (56%), were identified from the reaction mixture.

OH

OH , <')' ' Z\l

Y,

OTs

LXXX LXXXI . LXXXII
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s

IXXXIII LIXXIV LIV

About the same time W:Lnstein (l|.5), in his extensive
studles into neighboring group participation, heated the
potassium salt of the p-bromobenzenesulfonate LXXXVI in t-
butenol end obtained in more than '50% yield a dienone which
was. shown to be the gem-compound IXXXVII. This structure was

- valldated by the elemental analyslis, spectral properties, and
, op'take of 2 moles of hydrogen. Also, LXXXVII could be caused
to .nndergo the known dicﬁone-phenol rearraﬁgcment to give the
 tetrahydronaphthol LXXXVIII. With a compound of similar
structure, Doring and Haifley-Masop (46) observed a comparable
product. When the ketal LXXXIX was treated with potassium -
butoxide in t-butamol, the bicyclic ketal XC was formed in 4oZ
yield. The same product and yield were realized by pyrolysis |
of the oodim salt of IXXXIX. The structure of the product
was proved by hydrolysis of the ketal and subjection of the
diketone to the conditions of the dienone-phnnol rearrange-
ment (mineral acid in acetic anhydride). The diacetate that
formed was aromatized, giving 2,6-diacetoxynaphthalene (XCI).



OH 0
LXXXVI LXXXVII LXXXVIII
" |
OH I
g
~
/ c OAc
\7 \/ e
0 0 | |
IXXXIX . XC xcI

This reaction has been used in the formation of an
1ntenﬁediate toward the synthesis of a diterpene, phylloclé—
dene (XLII). Masamune (li7) prepared the p-toluenesulfonate
" XCII and heated its potassium salt to give the tricyclic
ketone XCIIT. Confirmation of the proposed structure was
shown by the elemental analysis and 1ts ultraviolet end

infrared pfopérties.

OTs

HO

XCII
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The Favorskil Reaction

Since the original observation of_the action of hydrox-
ylic bases on ok=haloketones by'Favorskii (4L8), much effort
has been put forth in determining feaction conditions,
products, and stereochemistry. A thorough review of the
Favorskll reaction has been assembled by Kende.(h9). A number
of authoré (50, 51, 52, 53, 54) have proposed'mechanisms which
'Eave partlially explained the results. ﬁhtil recently, how=-
ever, there wasvno'rigorous proof for any one mechanism. An -
elegant investigation carried out by Loftfield (55) has dis-
proved many of the existing theories and étrongly éupports the
idea thaf the mechanism iﬁvolves a symﬁetrical‘intermediaté.
The proof involved the use of b-lh tagging experimenté. The
o=chloroketone XCIV was prepared with equal propdrtions of
radioactivity‘at.carbons 1l and 2 (thé éstérisks indicate the
labeled positions). When XCIV was treated with sodium
isoamyloxide and the resulting ester hydrolyzed, the carbox-
ylic acld XCV isolated contained equal amounts of C-1l at both
the o- and P-carbon atoms. - This was cited as conclusive .
proof for the formation of a symmetrical intermedlate which
Loftfield proposed to be the cyclopropanone XCVI,

0
[l

o o
| cl . . | @

XCIV XevV. . ~ XeVI
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The Loftfield mechanism, however, does not explain those
cases where o-haloketones with no ox-hydrogen atoms undergo a
Favorskii-type reaction. In 1939 Tchoubar and Sackur (56)
noted the formetion of the scid XCVII upon trestment of the
haloketone XCVIII with po'wdered'poi.:'assim hydroxide. The
authors postulated a mechanism that involved the 1,2 migration
- of the.phenyl group. Some years later Stevens and Farkas (57)
'studied the action of base on the same substrate. They found
that 53% of the rearranged acid XCVII formed under optimm
| conditiéns. These investigators proposed a pinacol type re‘ar-.

rangement mechanism with the Iintermediate formation of the

bridged ion XCIX.

XCVII " XCVIII XCIX

Several other exsmples of a similar reaction have been
reported., Frins and Shoppee (58) treated the D-homoandrostane
derivative C (parfial structure as shown) with'powdered sodiam
hydroxide in dloxane and lsolated the acid CI in less than 1%
yield. Mousseron and Phuoe Du (59) obtained methyl-l- |
indanoate (CII) from the. resction of sodium methoxide with

2-chloro-l-tetralane (CIII).
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o .
0 | ‘ COoH
Br
[) ]
[] ]
H H
c - CI
. (o) '
'1[ jr _cl
CII 4 CIII

Smissman and Hite (60) investigated the so-ca.lled.

quasi-Favorskii rearrangement" using the benzoylpiperdine
cIV. They obtained evidence that the electron pair on the
nitrogen atom was involved in the reaction pathway. When op~-
tically pure CIV was treated with powdered sodium hydroxide in
refluxing xylene or Skelly E, there was formed the racemic
acld CV and the dextrorotatory hydroxyketone CVI. Optical
rotatory dispersion studies showed that the relative configu-
ration. of the original o-chloroketone CIV and CVI were the
seme, implylng that the chloride ion had been replaced with
retention of configuration. The ion pair CVII was proposed to '
. explain this observation. CVII upon loss of a cbloride ion
could undergo racemization and,'j:henyl migration to give the
®quasi-cyclopropanone intermediate® CVIII. This cation could
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account for the racemic acid CV which was isolated from the
reaction. Other evidence in favor of the formation of a
cation was that optically pure CIV was racemized to t.he ex-

- tent of 10% when reiflu.xed for. 30 minutes in xqune. |

Qg COH
N N
/
CH3 CH3
" CIV | cv

CVII

Elimination Reactions of o¢-Haloketones

Because of the medicinal importance of steroids in
modern times extensive chemical investigations have been
carried out on the reactions and synfhesis of these compounds.
Hhoie areas of organic chezﬁistry hafe their béckground in the
studies of natural products such as the éteroids. One such
area is the reaction of bases with o«-haloketones. The reason
for extensive wo:;k in thiﬁ particular area becomes 'apparent‘ on
the basis of the fact that most physiologipvally.active‘ ster- -

oids in the androgenic, progesta’éionai, and cortical hormone -




series c‘zontain a All--3-keto grouping CIX. If the double bond
is not already present, it 1s usually introduced by c-LL bro-
minati'on of the appropriate 3-ke£o system and dehydrobromina-
tion. In the estrogenic serie.s ;bﬁe feasibility of thi§ szme
general method for obtalning an aromatic ring A has 'been |
investigated. |

cIX

Unfortunately this method has its limitations. While in
the "normal®™ steroid series (A:B cis-ring juncture) bromina-
tion leads to the G-l derivative, the product obtained in the
"allo" series (A:B trans-ring juncture) has the bromine at
6-2 (él), Not all bases are sultable reagents for thé de-
hydrobromination step. Simple hydroxylic .bases. will proﬁote
‘'mainly undesirable condensations or initiate the Favorskii
reaction. Therefore, nitrogen bas.es vsuch as pyridine, col-
1idine or varioms anilines have been used. More recently (62)

b,-dinitrophenylhydrazine (2,4DNP) has been shown to be an |
excellent dehydrobrominating agent.

Kotz (63), as early as 1908, studied the transformation

of hydroaromatic to aromatic éompounds by this method. . -Bro-

" mination of cyclohe::anona gave cx which, on treatment wii:h

aniline, gave the conjugated ketone CXI. However, aniline was

Ve
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found to give poor yields and side reactions. 'It was found
that simple distillation caused the evolution of hydrogen
bromicie, glving the same products. For instance, the bromo
compound CXII gave the phenol CXIII by this procedure.

CO,C,H

CXII ' CXIII

Various investigators have studiéd this reaction exten~-
‘sively. Butenandt ané Schmidt (6l4) found that treatment of
CXVII with reflu.xing pyridine for ‘12 hours gave the desired
enone CXV . The monobromo compound CXVII was obtailned from the -
€-20 hydroxy compound which was oxidized to the diketone ané
‘then: dehydroﬁrominated. Butenandt and Wolff (61) prepared 2-
Br-cholestanone (CXVIII) and obtained theAl=3-ketone CXIV by
the use of potasSitm acetate and acetic é.cid under stringent
conditions. The corresponding ).;Qbromo derivative-CXIX: wifh

refluxing pyridine gave the enone CXVI (m.p. and mixed me.p.).
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CXVII R = H; R' = Br; R = Ac
CXVIII R = Br; R' = H; R" ='c8317
CXIX R =H; R' = Br; R* = "8317

Work carried out by Djerassi and Scholz (65) indicated
that & mixture of produété could form in this reaction. When
the 2-bromo compound CXX was treated with collidine_, both thé

Al- and A,*-enones, GXJCII and GXXIV, were formed, the latter
in 204 yield. In preparing some estradiols from cholesterol,
Djeraﬁsi and Wilds (66) found that the dibromo ketome CXXI
formed the vinyl bromide CXXIII on treatment with refluxing
‘collidine, The same ketone .CXX'I, when reacted with hydrogen
bromide in acetic acid, gave the isomerized halide CXXV which
was dehydrobrominated to the dienone CXXVI., The latter could
be rearranged to the l-methylphenol GXXVII. Using the same
‘procedure Djeraééj. and Seholz (67) prepai-ed S-methyl-doisyno-

1ic acid (CXXVIII) from androsi:an’e-3,17-diohe‘ (cxXix), after
| clegvége of ring D. o | | | I
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Collidine has been fqun& to reasct at different rates in
dehydrobrozhinations depending upon 'th:e position of the bro-
mine atom. Fieser, Romero, and Fieser (68) determined the re-
activities of the bromine atoms in GXXX. The dienone CXXXI
was formed after 5 minutes with refluxing collidine, which on
longer treatment with the same reagent, gave the trienone
CXXXII. Also, the 2,5-dibromocholestanone (CXXXIII) gave the
unsaturated bromide CXXXIV by selective treatment with col-

1lidine.
CgHiz

CgHi7

Br
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Similar reactivity differences were noted by Inhoffen
and Zuhlsdorff (69). Treatment of CXXXV with collidine formed
the enone CXXXVII after 5 minutes s and the benzoate GHXVI
gave the A h‘-ke’cone CXXXVIII in only 2 minutes. Treatment of
CXXXIX for % hour with the seme base formed the dienone GXL.

R ' : o R

Br

0%
CXXXV R = 0C0CgH;; . CXXXVII R = 0GOCgH;y
CXXXVI R = 0COC4Hg CXXXVIII R = 0COCgH

CXXXIX R = OAc

0%
CXL
Although colliding. has begn employed extensively as a
base, Mattox and Kendall (62) have shown that 2,4DNP 1is a
useful reagent. Treatment of the bromoketo ester CXLI with
the hydrazine derivative gave fhe unsaturated hydrazone CXLII.

The ketone CXLIII couid be regenerated' by hydrazone 6xcbanée'
with pyruvic acid. CXLIII proved to be identical with the
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product made by pyridine dehydrobromination of CXLI. Using
the same reagent Djerassi (70) obtained the Al-ketones GXLV
from the 2-bromides CXLIV in 80-90% yield in the A:B trans

series,

C5HigC02CH3 C5H|gCO2CH3

0”7 R%
Br :
CXLI OXLII R = EN(H)CgH, (N0, ),
CXLIII R =0

CXLIV R = CgHyy or COxCH3 CXLV R =z CgHy7 or COCHy

Work has also been carried on with mono- and bicyelic
compounds. Rinne et al. (71) prepared the conjugated ketone
CXLVI from 2-methyl-l-cyclohexanone (CXLVII) by making the
intermediate bromide and.freating ﬁit& 2,4DNP to obtain the
hydrazone of CXLVI in 78% yield. Remirez snd Kirby (72)
obs/er_ired the same. reactidns with substituted cyclohexanones.

Ve

Treatment of the 2,lDNP derivative of CXLVIII with boiling
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acetic acid fbr S minutes gave'the unsaturated compound CXLIX.
However, 2-bromo-l-tetralone (CL) and the'tetrahydfophenan-

fhrone CiI’did not eliminate the elements of hydrogen bromide
under identical conditions. The authors;explained}this on the
basis of the extra resonance'éﬁergy stabilization of the ben-

zene ring to the ground state of the molecule,

) R
- R
' Br

CXLVI CXLVII CXLVIII R =R!' = H
- f =
or R = RY = CHj
' 0
R . . Il
Br
R . | | @
NNCgH3(NO2)o |
GXLIX Rz R'=H CL
or R =z R!' = C,H3'

CLI
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In the formation of pyridinium salts of phenacyl bromides
Krollpfelffer and Muller (73) isolated the unssturated ketone
CLIII in 1-2% from the reaction of pyridine with ‘the halide
CLII. Using the same base or dimethylaniline, the o, ox-
dibromide CLIV was conver_ted' to the_ naphthol CLV in 40% yield.

CH30/‘/H< CH O/\/

CLII CLIII
0)
Br
: ) ' Br
4@

CLIV. | | CLV

Galinovsky (7&); working with cx,.cx'-dibrcmides, synthe~-
sized the corresponding aromatilc Qampoundé bj tﬁis method. |
The dibramocyclohexanoné CLVI gave phenol in high yleld, while
the dibromodecslones, CLVII and CLVIII, formed the correspond-
ing naphthols, CLIX and CIX, respectively, in 50-60% yvield.

CIVI / oLvII | CLVIII
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OH o
o9s g
CLIX | CIX

Much work has been done on -tetralones. Arnold et al.
(75) formed the unsaturated ketone CLXI from the o¢-bromide
CLXIT in 60% yileld with refluxing collidine. Coulson '(76) |
~ obtained the..Anaphthol CLXIII via the bromide CLXV using
reflnxing. dlethylaniline. Finally, V‘F'ieéer and Dunn (77) re-
acted a similar tetralone CLXVI with the same ba‘.se.. and iso-
lated the aromatic compound CLXIV in greater than 50% yleld.

il o
CIXI . CLXTT
)
il
408
R” |
Rl
CIXIII R z R' = CH, CIXV R = R' = CHj
CIXIV R =z H; R' = 8 CIXVI R = H; R' = CHy
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‘ lHassner et al. (78) in some recent work rean some compe-
tiﬁ;on studies on the directional praferénce 91‘ this elimina-

tion. Using the benzyl tetralone CLXVII and morpholine s 'they
" obtained :the naphthol CLXIX in 60% yield with no report that
the benzylidene compound had foméd. In similar studles on.
the li,4j-dimethyltetrslone CLXVIII and a séries of amine ’bases
(79), they isclated CLXX and CIXXI, the latter being formed
predaminantly. For example, with piperidine the yield of
CIXX and CLXXI was lh. and 86%, respectively.

OH
O CHoCgHs

CIXVIT R =R'=zH ' | CIXIX

CLXVIII R = R' = CHy

0
1] 3
Z 4CHC§H5

CIXX | CLXXI
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DISCUSSION

oX~-Haloketones

As has already been noted in the literature survey,
lparticipation of neighboring groups'in soivolysis reactions
has been proved by many studles involving mainly reaction
kinetics (32). Participation mechanisms are often operative
in ceases 1nvolving rigid structures (e.g. fused ring com-
pounds).l One such compound, whose solvolysis could proceed
' a priori in several diréctions, is a derivative of podocarpic
‘acild, the bromoketone CILXXV. The chemistry of this ketone
waé selected for the present study.

The required ketone CLXXV was obtained from podocarpic
acid iﬁ a four-step synthesis. Podocarpic acid waé first
acetylated with acetic anhydride and~sodium‘acetate to give
O-acetylpodocarpic acid (CLXXII). The results of the analyﬁi-
‘cal sample indicated that CLXXII contained one mole of water
of crystallization.

MethyllO-acetylpodocarpate (CLXXIIT) was next prepared by
treatment of.CLXXIi with diazomethane and the crystélliﬁe ma--
terlal was used for the subsequent reaction without purifica-
tion. | |
o The third stép involved chromic acld oxidation which

~ proved more ﬁnprediétable than the otherfsteps. The yield of
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methyl O-acetyl-7-ketopodocarpate (CLXXIV) appeared to be
somewhat dgpendentvon the age of the chromic acid employed. .
The best yields were obtained with fresh oxidizing sasgent. In
order to obtain pure CLXXIV the crude product was chromato-
graphed on hydrochloric acid washed alumina. This removed the
chfomium (III). salts which were present in the chloroform ex-
tract. After a series of runs it was found that the chroma-
tography was most successful if completed in approxihately .
thirty minutes after the material was added to the coiﬁmn.

As 1s true of phényl acetates in genefal, this compound was
extremely labile toward base hydrolysis, and some deaéetylated
product was alwayé obtained from the coiumn. .That this latfeﬁ
product had not been formed during the reaction or its wqu-
up was shown in the following manner. The chloroform extracts
vcontaining CLXXIV were washed with dil. sodium hydroxide as
paftlbf the purification procedure. 'The'washiﬁgs were examin-
ed carefﬁlly for the presence of free phenol but no trace of
organic material was ever fqund.‘ The hydrolysis must have

: occﬁrred.on the column.

The bromination step was carried oﬁt according to the
procedure of Ohta and Ohmori (80). ;This reaction proceeded
smoothly and gave methyl O—acetyl-6-bramo-7-ketopodocarpate'
(CLXXV) in good yields. Here again chromatography on hydro-
cﬁloric gcid washed alumina gave.partial hydrolysis. 1In a

typical run there was isolated the acetate and théifree phenol



10

in 7:1 ratio.

Having obtained puré CLXXY it appeared worthwhile to
study its behavior on acid and base hydrolyses; Several
interesting facts were.uncovered in this investigation.. The
first sucﬁ reaction involved the treatment of CLXXV with two

'moles-of sodium,methoxidé. It was noted that upon addition
of the base»there was formed & bright yellow color which was
- most likely due to the phenoxide ion. In these studies it
was found tb be generally trué that thqse podocarpic acid
derivatives which contained a 7-keto function gave yellow
colored solutions iﬁ the presence of base., A good yield of
the enone CLXXVI was obtained. |

Collidine was the second base to which CLXXV was exposed.
A procedure had been reported previously by Bible (81) involv-
ing the reaction of collidine with qther 6-bromo-7-keto-
poddcarpic.acid dérivatives: Employing this method CLXXV was
found to give a mixture of two products. Thesé products wéré'
the lactone acetate CLXXVII and the enone acetate CIXXVIII in
roughly equal amounts. The infrared spectrum of the crude
reaction miﬁtureAclearly indicated the présence of such com-
pounds, but it,Qroved more difficult to effect a clean éepa-

’ratidn.of them. ‘Selective crystailization failéd. In fact,
the crude product could not be made po solidify. Separation
’by chromatoéraphy was attempted nexti Both élumina and

silica gel failed as adsorbents. They caused hydfolysis of
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the acetate and no usable material could be eluted'from the
column. Finally, chromatography was tried on & Bentonite-
Gelite column according to a method first described by
Elvidge and Whalley (82) for the separation of 2,li-dinitro-
phenylhydrazones. Even though a short column (3-l. centi- -
meters) was used, this chromatography proved to be an effi-
cient method of separation. The enone was eluted first,
while the lactone came off the column in a more polar solvent
mixture.’ |

A ﬁoint for discussion arises here. Can a suitable mech-
anism be found to éxplain the formation of both coﬁpounds?
Before possible mechanisms for the formation of these products
can be discussed, it is necessary to conslder various path;-
ways'of bromination of the keto compound CLXXIV. An explana-
tion of the reaction mechanism.ﬁf CLXXV with collidine is |
dependent on the stereochemistry of the bromine atom in the
haloketone. |

Recently, Corey (83) has examined the stereochemistry of -
a. series of steroidal cx-halokeﬁones. On the basis of his
work he has formulated a rule that the kinetically controlled
brominﬁtion of sﬁefoid ketones always gives the axially bro-
minated product. He determined experimentally that the
stereochémistry of a 6-bromo-T7-keto steroid formed by‘kinetiq/
céntrol_contaiﬁed an axial bromine atom. -On the basis of

this rule the bromination of CLXXIV (somewhat analogous to the




Figure 1. Reaction scheme
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T-keto steroids) would be expected to give the 6 B (axial)
~bromo compound. ' .

After the examination of the stereoqhemistry of some
&-haloketones Djerassi (8&; 85, 86) reached a significantly
modified conclusion from that stated in Corey's rule. He

. examined the 2-brom6 steroid obtained from the bromination of
2 (-methylcholestan=~3-one enollacetaté (CILXXXIII). The ultra-
violet and infrared spectra showed the bromine atom to be
axial. vawever, the optical rotatory dispersion curve was

the opposite of that predicted by the axial haloketone rule
(87).  He repeated the‘broﬁination of CLXXXIII under kinetic-
ally controlled conditions and obtained the same product with
1ts unexpected dispersion curve. |

Djerassi proposed that the optical rotatory dispersion
curve could only be explained if ring A in CLXXXIV was in the

‘Qggg form. Tﬁere are several possible explanations for this
particular conformation. Ring A could héve been brominated
after it had assumed the boat form. This would agree with
Corey's proposal as far as axial bromination is céncerned.
However, there eiists the‘possibilityrthat CIXXXIII was bro-
minated by equatorial appfoach of the bromine atom following
which ring A had "flipped" into the boat form. Djerassi pre-
ferred the latterlexplangfion and presented expefimental data
in support of this Qiewpoint. o -

Kineﬁiéally controlled bromination was carried out on
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CLXXXV to see if the keto compound would give the same results
" as its enol acetate. This was found to be true. It was also
shown that 3-keto steroids lacking the 2 X-methyl group under

identical bromination conditions gave the equatoriagl 2-bromo

compound (ring 4 in chair form). . When equilibration studies
were run on a 2 o(-bromo-Zp -methylandrostane defivative
CLXXXVI, its‘l7-acetate, and'its 17-acetate enol abetate, the
thermodynamically stable isomer was shown to be the 26-bfo’mo
(axial) derivative.

"Bromination was also carried out on C-l9vnorsteroids as
CLXXXVII in order to gain some informaﬁién on fhe stereochem-
ical role of the C-10 methyl group. It was found that in
these cases both axial and equatorial 2-bromo derivatives
‘were formed under kineticaily controlled_conditions, indica-
ting that there is significant steric influence of this methyl
group under-tbese conditions. ‘

These results are not in'cqmplefg'accord With those
étated.by Corey, and Djerassi considers other poséible mech-
anismé to explain his observations. For inStancé, Eartbn and
Cookson (88) have suggested that the bromination of cyclo- |
' hexanones is mechanistigally similar td the bromination of
cycldhéxenes. This 1is pilctured as involving the formatiénjof
an intermediate bromonium ion. DJjerassl tested this theory
g by.carfying out the.halogenationbof a series of 3-keto

steroids and their enol aqgtates with Br-Cl. vIn no case was

/



L6

the chloroketone oﬁtained. This makes the Barton-Cookson
mechanism appear very unlikely. |

Djerassi favors the idea that brominaﬁion of 3-keto
steroids may occur via equatorial attack by the bromine. In
support of this the steroids CLXXXVIII and its enol acetate
were brominated undef kinetically controlled conditions,
Their bromination products were shown to be almosf exciﬁ- '
sively the equatorial isomers, and this would seem to be the
preferped path in the presence of steric hindrance. The un-
favorable 1,3 interaction of the C-10 methyl group with a
bromine atom approaching axially at C-2 is circumvented by
the attack of an equatorially'approaching bromine to giﬁe the
conformation CLXXXIX. However; the C-2 and C-10 methyl groups
now experience a similar 1,3 interaction, and ?he equatofiallj
located br@mine atom hﬁs e repulsive dipolér interaction with .
the 3~keto group. To alleviate these unfavorable interactions
the ring then "flips" into the boat form as pictured in CXC.

Finally, there is the possibility that the mechanisms of
both Corey and Djérassi are operating. This would result in
the formation of both the equatorial and axial bromoketones.

' The reaction'condifions employed for the bromina£i6n of
the ketone CLXXIV were essentially those used by Djerassl in
the formation of the kinetically;controlled bromihated keto
steroids. The product CLXXV could be eﬁpected to be the

‘ikinetically controlled isomer.
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Figure 2. Compoundé involved in Djerassi's proof
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Would the axial or equatorial bromine be expected 2
priori? Consider each separate situation. With an axial
bromine atom there are two unfavorable 1,3 interactions with
the bromine. These involve the C-10 methyl group and the
, cafbomethoxy group at C~l,. In the case of an equatorially
eriented bromine atom there 1s the unfavorable dipolar.inter-
action between the C-Br bond and the keto group along with
a peri interaction with the C-li methyl. There are, however,
no axial 1,3 interactions. At first glance the equatorially
brominated product would be expected.

Can anything be gained from the experimental results
concernlng the stereochemlstry of CLXXV° There are several
pieces of evidence that give some indlcatlon of the orienta-
tion of the C-Br bond. An equllibratlon reaction was carried
| out (89) on CLXXV using hydrogen bromide in ether solution.
After twelve hours at room temperature the product was exam-
ined and the material isolated (43% of the starting material)
gave a m.p. and mixed m.p. identical with the startlng materl-
al. If the starting material had contained an axial bromine,
it would appear likely that the thermodynamically stable prod-
uct (bromine atom equatorial) would have been formed.

The spectral data of CIXXV should provide more conerete
evidence concerning the stereochemistry of the C-6 bromine
atom. . Accordifig to Jones et al. (90) the carbonyl absorption

in the infrared spectrum of an (-haloketone is changed little-
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from that of .the parent ketone if the halogen atom is axially
oriented. However, an equatérial halogen atom diéplaces the
carbonyl aﬁsbrption 20 em™Y toward higher frequency. The
caernyl band of the parent ketone CLXXIV is located gt 1670
cm™, but the same band in CLXXV is at 1687 ecm™l. On the
basis of Jones! rule it would appear that CIXXV contains pre-
dominantly fhe équatorial product.. The ultraviolet spectrum

" is also informative. Cookson (91) has shown that the position
of lthe A maic. in the ultraviolet spectrum of. of~-haloketones
is'a function of the aﬁéle between the carbonyl group and the
C-X bond. If the angle is.iérge (axial halogen atom) the
meximum is displaced +28 mu from that of the parént ketone.
With an equatorially ofiented'halogen'atom (small angle) the
displacement is much smaller. In the case of CLXXV the spec- .

"trum shows a shift of +5 mm suggesting strongly that the

- C=-6 bromine atom is attached predominantly in an equatorial
orientation. One may‘conclude that CLXXV contains an equa-
‘torial bromine atom. | | -

This conclusion is in agreement with the results obtained
by other investigétors on compounds of similar struqﬁure.
' Hassner and'Cromwell'(92) concluded from the infrared énd ul-
traviolet spectra of CXCI that this cbmpound'was predominantly

the equatorial isomer. Recent work carried out in these lab-

- oratories by Wenkert et al. (93) indicated that a closely

related compound in the abietic acid series, namely CXCII,
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contained an equatorially oriented halogen atom. This -
conclusion was reached on the following piece of evidence.
CXCII could be converted to CXCIII by thelaction.of dimbthyl
sulfoxide but only after a reaction time of ten days had
elapsed. The long reaction time suggests that the dimethyl
sulfoxide molecule had to approach CXCII from the B -side
(axial approach). 'Thié is very unfavorable because of the
1,3 interactions. '<x-Approach should have been much less
hinderéd and not required such extended reaction time.

It is how.necessary to explain the forﬁation of both
CLXXVII and CLXXVIII from the bromoketone CLXXV. Here the
stereochemistry of the C-6 broﬁine atom becomes cruclal. On
'the basis of the available evidence it will be assumed that
CLXXV contains predominantly an equatorial bfominé._

Formation of tbe~l§ctone can best be considefed as in-
volving internal displacement of the bromine atom by the C-L
ester via transition state CXCIX or CCV and intermediate CC
or CCVI, respectively, followed by collidine-induced demethyl-
ation.‘ Although there is strain associated with the lactone
ring, the stereochemistry is favorable for the intramolecular
displacément. However, the hydrogen bromide elimination glv-
ing CLKXViII is more difficult to explain. Because of the
eq@atorial'nature of the bromine atom an EZ2 elimination cammot
occur with collidine as the base. It is possible that equili-

bration of the bromine atom could occur in CLXXV resulting in
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the formation'of some of the axial bromine isomer which could
readily elihinafe hydrogen bromide. However, similar prbducts
were observed with the bromophenol CLXXIX and there is little
" chance that equilibration could occur here (though there is
the possibility of equilibration in the formation of CLXXIX).
The possibility of an El elimination is unlikely because the
carbonium ion that would be formed would be adjacent to a
carbonyl group. This is energetically unfavorable.

' Recently Winstein, Darwish, and Holness (9l). developed a
‘mechanism which may give an answer to the above.dilemma.
They studied the reaction of Ezggg-hﬁgfbutylcjclohexyl p-
toluenesulfonate (CXCV) with bromide ion. They noted that
two prodﬁcts, CXCVI and CXCVII wefe formed. The reaction was
known to involve an equatorial R—toluenesulfonaté groupvsiﬁce
the.presendg of a Egg}—butﬁl group in the li-position keepé 1L
trans substituents in.cyclohexane oriented equétorially. The
formation of the cyclohexene CXCVII was shown not to involve
the standard elimination reactions both on'the basis of steric
factors and reaction rates. Therefore, they formuléted a
. "merged bimolectilar nucleophilic éubstitutién" mechanism to
exélain their fesults. - Their mechanistic intermediate is
shown in CXCVIII. As picturedvthe intermediate is fhe one
which is génerally ascribed to the transition state in the
lSNZ reaction. The figure indidates approximately equal bond-

e

.ing between both the apbroacning bromide ion and the leéving
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tosylate group with the C-1 carbon atom. The formation of the
bromide CXCVI is self-expianatory{ To explain the formation
of CXCVII Winstein proposed that the leaving tosylate group
could assist in the removal of the axial hydrogen at C-2
thereby facilitating the formation of the olefin.

One can note a number of similarities between the reac-
tion of collidine with CﬁXXVland Winstein's reaction. In both
cases an equatorial leaving group is involved. With the C-L
axial carbomethoxy group acting in the capacity of Winstein's
bromide ion, transition states CXCIX or CCV become analogous
to CXCVIII., Therefore, not only can the afore-described dis-
placement leading to lactone CIXXVII via intermediate CC or
CCVI také place, but also an olefin yielding elimination |
induced Ey collidine abstraction of the 5 Ck(axial)-hydrogen
atom can occur. Should the carbon-broﬁine.bond in CXCIX be .
broken first, the resﬁiting oxonium ion CC or CCVI would
undergo an E2-type eliminatién.

The reaction of CLXXV with 2 moles of sodium mgthoxide
merits further discussion. In:-this case the major prqduét is
. the enone CLXXVi. However, there is less likelihood of an EZ2
eiimination here. The reason is the following. It could be
shown that hydrolysis of the acetate of CLXXV occurs much
faster and under milder conditions than the elimination of
hydrogen bromide. In the presence of ‘sodium methoxide (2

moles) the écetate was hydrolyzed completely in only one
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minute at room temperature, while the dehydrobromination was
completed after only two hours in refluxing methanol. This
indicates that the anion of CILXXIX (see CCI) is present pre-
ponderantly iIn the reaction mixture. It is possible that the
quasi~allylic bromide CCI suffers halide loss by cérbomethoxy
participation (see GCIT and CCIII or the snion equivalents of
CCV and CCVI) in a manner similar to the elimination CLXXV-
CLXXVIII. Alternatively transition state CCIV may be opera-
tive, ieading as a consequence to the cyclopropanone CLXXX.
This intermedliate may react in two different ways. First,
the ring may be opened by 5-H removal to give the ma jor prod-
uct CIXXVI. Secénd, since CLXXX isvan intermediate compara-
B ble with that proposed by Loftfield (55) for the Favorskii
reaction, the ketone could undergo ring opening 5y reaction
with eiﬁher'sodium mefhoxide oé methanol with the formation.
of the B-nordiester CIXXXTI.

The mother liquors from the sodium methoxide reaction
weré'féduced iﬁ volume until most of the CIXXVI had precipi-
tated. The remgining residue was taken up in chloroform and
dried. The solvent was evaporated and the dried residue was
Chromatqgraphed on an alumina column in an attempt to sepérate.
the 01l into fractions and examined to see if any CLXXXI'could
be identified. The residual enone CLXXVI was strongly adsorb-
ed by the alumina ané could not be eluted from the column.

With chloroform as the eluent a/colorless oil (approXimately



55

1% yield)bwas obtained from the column. Its infrared spec-
trum showed the presénce of a peak in the carbonyl region at
5.85}( with no trace of a peak at 6.05U where the T7-keto
function would be -expected to absﬁrb. The observed peak is
due in part to the C-l'methyl ester. waever, it is unlikely
that the material from the column is methyl podocarpate
A(CCXYI) although their infrared and ultraviolet spectra were
similar. However, it is difficult to imagine that any CCXVI
could have survived the entire reaction sequence leading to
the bromoketone CLXXV. The oil obtained from the chrématog-
raphy of the enone mother liquors could not be crystallized

" although CCXVI is easily purified by crystdllization. Proof
is yet lacking that the oil has the structure CLXXXI. How-
ever, the spectral data obtained are consistent with such a
structure. Further work with larger quaﬁtities of the bromo-
ketone CLXXV are necessary for proper isolation and charac-
terization of the oily product.

- After determining the products in the reaction of the
bromoketone CLXXV with collidine, i1t seemed worthwhile to
reexamine the reaction of collidine with the methyl ether
CCIX which had been previously described by'Bible (81). cCcIx
was synthesiied according to the procedures of Bibie starting
with methyl O-methylpod§carpate.(CCVII). The/oxidation'of
this compound with chromium tripxide;acetic acid proceeded

‘smoothly to give methyl O-methyl-T-ketopodocarpate (CCVIII)




Figure 3. Reaction scheme

e
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In good yield. The physical properties agreed wifh those
obtained by Biblé.' The elemental analjsis gave further proof
for its structure.. o

The bromination of CCVIII was carried out and a product
was obtained which appeared to be pure, judging from its melt-
ing point. ﬁowever, the m.p. was 20° lower than that repopted
by Bible, and its infrared spectrum showed three peaks in the
carbonyl region. The pure material was anﬁlyzed twice‘bﬁt

-

did not give velues in agreement with the structure CCIX.

These facts are difficult to explain.- Howéver, further

feactions which were run on assumed pure CCIX gafe unambiguous
proof that this bromoketone had been syntheéized.

In'order to prove that the bromoketone CCIX had been
prepared, the'material was refluxéd with one mole of sodium
methoxide in methanol. The product was an'unsaturated ketone
obtained in 84% yield. Its infrared and ultraviolet spectra
together with the analysis were in agfeement with the enone
structufe CCX.

Pure CCIX was then reacted with collidine under the ‘con-
ditions which'héd been used for the bromoketone CLXXV. The
work-up gave an oily product whose infrared spectrum clearly

indicated that it was a mixture of products. Crystallization

~ proved fruiiléss. Therefore, chromatography on a Bentonite-

Celite column was tried. Again separation was effected

smoothly and two products were obtained. The first to .come
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off the columm was an unsaturated ketone and proved to be
methyl O-methyl- 45’6-7-ketopodocarpate (CCX). This was
shown by m.p. énd mixed m.p. with authentic CCX prepared by
treatment of enone CLXXVI with dimethyl sulfate and sodium
hydroxide with heating. The second product was eluted with
chloroform‘and gave an infrared sbsorption peak at 5.60pM .
_ characteristip'of five-membered.lactones. Comparison of its
physiéal properties with those described by Bible and ah
elemental analysis proved that the compound was the lactone
CCXI. It is interesting that in Bible's patent no isolation
of any enone CCX is mentioned. Both compounds were isoiéted
in approximately the same quéntities. The érgﬁments-usedﬂto
-explain the formation of the products in the peaction of
collidine kith the lactone acetate CLXXV are valid for the
above reaction.also.

To complete the series the collidiné reaction wash;un'on'
the bromophenol CIXXIX. Similar results were noted in this
réaction. After unsuccessful attemptslat crystallization the
crude matefial was'chromatographed on a Bentonite-Celite
column. The products obtained were those expected on the
basis of the previous collidine reactions. The enone CLXXVI
was eluted first and its structure was proved by the-inffared
and ultraviolet spectra and its conversion to the known |
acetate CLXXVIII.

A lactone was next eluted and, although numerous'attempts



60

were made to bring about crystallization, it was noﬁ possible
to do so. The oil was finally converted to the lactone
acetate CIXXVII with acetic anhydride-pyridine. Its 1dentity
with authentic CLXXVII was shown by m.p., mixed m.p., and
infrared and ultraviolet spectra. Therefore, the lactone
CCXII must have been formed in the reaction with collidine.
The formation of these two products is explained by a mech-
snism similar to that described in the reaction of the bromo-
ketone CLXXV with sodium methoxide.

'Little has been mentioned concerning the propefties of
these lactones. Some~fufthef experiménts were carried ouﬁ
to determine spmé of these characferistics (89). Catalytic
“hydrogenation of the lactone acetate CLXXVII over long péri-
bds of time gave evidence that the lactone was slowly opened.
The prpducté, ﬁowever,‘were never fully characterized. Basé
hydrolyéis of CLXXVII at elevéted temperatures opened the
lactone ring. However, treatment of the laétone acetate with
sodium hydroxide at room temperature for one minute gave
infrared.evidence for ﬁhe presence of a phenol. The lactone
.peak at 5.60 M was still strong.

The hydrolysis of CIXXVII in the presence of two moles of
sodium methoxide was exaﬁinea more closely. In one run the
hydrolysis was carried out for two minutes at room tempera-
ture. The product had the same physical properties as the
lactone obtained from the’reactionlof the bromophenol CLXXIX



Figure l.
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with qoliidine. The hydrolyzed prodﬁct could not be crystal- -
- 1ized. Acetylation was attgmpted in the hope of obtaining the
starting material back. The crude hydrolysis product was
heated with acetlc anhydride with a traéeTof pyridine. The
acetylated product was easily crystallized and had spectral
properties,lme., and mixed m.p. identical with authentic

CLXXVII.

Catalytic Hydrogenations

The literature abounds with examples of éatalytic hydro-
'genations of many types, and various explanations have béen‘
proposed to explain the observed facts. It is well known that
.one of the major.féctors affecting the course of catalytic

- hydrogenation 1s the size and relative stereochemistry of
groups in the vicinity of ﬁhe double bond. Other.things being
" equal, catalytic hydrogenation will occur on that side of the
molecule which is less hindered sterically. Amohg.the systenms
that have been carefully examined have been polycybiic mole-
cules whose pértial structures are represented by CCXIX. In
the majority of the cases studied the hydrogenation has given
A:B EEEE& products. Because of_fhe availability of compounds
with partial structuré CCXIX it éppeared worthwhile to carry
out some similar hydrogenations'and examine the results.

The enone CIXXVI was an appropriate Startihg méteriéi.
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However, to minimize any polar effects that migﬁt influence
the direcfion of hydrogenation, rem&vai of the T7-keto func-
tion was garried ouﬁ. Accordingly CILXXVI was reacted with
ethanedithiol using boron trifluoride etherate as the catalyst
in the hope of obtéining the thioketal QCXIIi.. it was noted
after the mixture had been standing for several hours that-a
bright burgundy color had formed. This color was pfobably
due to.oxidation products.since the T7-position of CLXXVI is
both benzylic and allylic and therefore highly susceptible to
air oxidation. The color proved difficult to remove, and the |
desired thioketal was obtained as pure crystalé only after a
number of recrystallizations. |

The desulfurization was carried out using the standard
‘Raney nickel'procédures. However, it was sdon found that the
different.typeé of Raney nickel yielded diffefent products.
If‘W;2 Raney nickel was employed in the reaction without anﬁ
deactivation, not only‘was the thioketal desulfurized, but
the doﬁble bond was also saturated giving-methyi podocérpéte
(CCXVI). Nevertheless, the unsaturated compound could be
~obtained by two methods which differed only in slight detall.

The first proceduré was thdt of Spero et al. k95) which
involved deactivation of the catalyst by fefluxing it in
acetone before the addition of the thioketal. The second
proceéure was. the method of Romo et al. (96) who added the

nickel catalyst and the thioketal to the acetone at the same
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time. Both methods gave comparable results although the
latter was most frequently used. Tbé structure of the prodﬁct
was assumed to be CCXIV. Crystallization of the oily product
was unsuccessful. Sublimation gave a brown colored solid
.which on resublimatioh gave a colorless product whose purity
was questionable as judged from its melting point range.

The oil was subjected to catalytic hydrogehation‘and é'
product was obtained'which was easily crystallized and proved
to be methyl podocarpate by'm.p. and ultraviolet and infrared
spectra. This was shOWh by comparison of the hydrogenation
product'with authentic CCXVI obtained by the action of diazo#
methane on podocarpic acid (I). Obviously, the hydrogenation
had given the A:B trans ring juncture in sgreement with re-
ported qbservatibns,on other.similar s&sﬁems.

However, there is anothér possible explapa%ion for these
resulﬁs. Raney nickel could possibly have caused migration
of the aouble bond to give the isomeric unsaturate& compoung.
CCXVII. Since this possibility cannot be ruled out, a series
of reactions wés undertaken to clear up this point. "

~ The ,é.cheme.involwfed the synthési_s of the A%7 compound
CCXVII in é cleér-éut fashion and comparison of 1its physiéél
properties with %héée_of fhe desulfurized ?rodupt. The start-
ing point was the ketodiester CIXXIV. It was hoped that.the
'carbonyi group coﬁldﬂbeyréduced to the alcoﬁoi, and an elim-

. ination reaction then carried out to give authéntic CCXVII.
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The ketodiester was treaﬁed with sodium bofohydride using
sodium carbonate as the buffering agent. .An inirared analysis
of the product showed several things. »First, the appearance -
of phenolié peaké around 3.0 4 indicated that the acetate had
been hydrolyzed during the reductions Secbnd,‘there was no
trace of a peak at 5.98 & where the 7-keto function would have
absorbed. Its structure was assumed to be-CCXV. The product
was a colorless oil which resisted all attempts af‘crystal—
ligzgtion. It wés used for the next reaction without further
purification. The optical rotation of the oil gave a value

of f+65° (in chloroform). The sigﬁificance of this value will
become apparent later.

Although the borohydride reduction went smoothly with
.CIXXIV, it gppeared worthwhile to determine whether the free
prhenol CLﬁXXII would reéct in the same ménner or the presence
of the acetate was necessary. The desired.phenol was obtained
quantitatively by treatment of CLXXIV with sodium hydrdxide-
at room temperature for three hours; The spectral data and
elemental analysis proved that the pheh;l had the structure
CLXXXII. |

A general property of thesé 7-ke£ophenols was brought
out in this experiment. The chloroform extracts of the crude
phenol contéiﬁed traées of hydrochloric acid‘from the work-up.

In attempting to remove this acid with dilute sodium carbonate

solution it was. found that the’produét was also extracted by
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the carbonate solution. This is in Sharp contrast to com-
pounds such as methyl podocérpéte (CCXVI) which are difficult-
ly soluble even in aqueéus potassium hydroxide solution.

The phenol CLXXXiI was treated with sodium borobydride
under the same conditions to which the acetate had been sub-
jected previouslj. After the reaction had gone for two hours,
the infrared spectrﬁm showed that the cafbonyl group had |
completely disappeared indicating that the reduction had
proceeded smoothly. The Crude product was hydrogenolyzed,
and the final compound proved to be methyl podocarpate.

Conditions were»now éxplored for the dehydration of the
7-hydroxy compound CCXV. After trying several different
procedures the following cénditions were chosen for the reac-
tién. CCXV was dissolved in methanol, conc. hydrochloric acid
was added, and thé solution was refluxed fof eight hours. The
0ily product was sublimed twice and gave pure material whose
elemental analysis was conslstent with the structure CCXVII.
Of significance, too, was the fact that the éptical rotation.
of this compound was -T7i° (iﬁ chloroform). Of all the
podocarpic acid derivatives investigated in this work CCXVII
was the only campouhd that gave a negative rotation.

The 136’7 compound CCXVII was subjected to the previous
conditions qf catalytic hydrogenation, and fhe product obtain-
ed was methyl podocar?ate_(CCXVI); The hydrogeﬁ”uptake of
CCXVIi was qﬁite rapid. Approximately 5% of the total volume
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was absorbed in the first five minutes of reaction.

One other hydrogenation was carried out that deserves
corment here. It was hoped that some significant difference
would.show up in attempted hydrogenation of the 7-hydroxy
compound CCXV to help differentiate if from its dehyaration
product CCXVII. Catalytic hydrogenation of CCXV showed
essentlally the same rate of hydrogen uptake as was obserfed'
for CCXVII. This is not'too surprising since similar benzyl-
type alcohols‘are known to hydrogenolyze readily under the
reaction conditions used. | | |

This scheme profided the needed eﬁidence that the origli-
nal Raney nickel treated thioketal had the structure CCXIV,
and its catalytic hydrbgenation had procéeded in the‘same

manner as similar systems reported in the literature.

. Decarboxylation and Oxidation -

in the Presence of the 7-Keto Function

The utiliﬁy of tricyclic ditérpenes as intermediates in
the synfhesis of other natural products has certain limita-
tions. One of the limiting factors is the structure of ring
A of many of these diterpenes.‘ Almost without exception they
contain methyl groués at C-li and C-10, with either another
methyl group or other oxidized'one-carbon'fpagmgnt attaéhed

at C-Li. The result is that the carbon atoms in ring A in



Figure 5. Reaction scheme
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most diterpenes are rather inert chemically. Unfortunately,
it is this same ring in the steroids which usually contains
an oxygen function at C-3 and, many times, a doublé bond or
aromatic ring. The introduction of these functions into ring
A of aiterpenes presents séme problems. For one thing the
gem-disubstitution at G-l has to be removed or altered.

One of the reactions which was investigated was the’
hydrolysis of the enone CIXXVI. Preliminary work with aquéous
potassium hydroxide iﬁdicatéd'that no hydrolysis was accom-
plished under these conditions. This was not too surprising
becéuse it is well kﬁown that reactions which-involve.neo-
pentyl carbon atoms, as the estgr carbonyl carbon, are very
sluggish. A new method for the hydrolysis of Such hindered
esters has recently appeared in the literature. This pro¥
cedure (97, 98) involvés treatment of the ester with lithium
iédide-collidine at high temperatures. The reéction was
carried out ﬁnder nitrogen in refluxing collidine for 8-10
" hours. An infrared spectrum of the product showed only oneb
peék in the carbonyl region, and that was located at 6.07m .
This suggested a highly.conjugated kétone structiure and, in
fact, the position of this peak was identical with the posi-
tion of the 7-keto absorption in tﬁe parenf enone CLXXVI. It
was evident ﬁot only that the C-l ester had been hydrolyzed

(no peak at 5.85m) but decarboxylation must also have qccﬁ;;
red. This decarboxylation‘OCcurs because of the presence of

/
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the vinylogous ﬂ -carbonyl.at C-7. The product was relatively
easy to crystallize, but removal of the brown'colored impuri-
ties did not occur with recrystallization. This was only
accomplished after chromatography of the crude solids on an
alumina column. Sublimation of the slightly yellow solid
product in a high vacuum gavé colorless platelets which melted
at 2331-237° (crystal change to needles at 200°). While the

reaction was not investigated further, it'appears to represent

- & possible route not only for the elimination of the C-L

carboxyl group, but also for opening ring A of podocarpic
acid for the introduction of other functions. |

It was of interest to investigate the behavior of the
T-keto function -of a podocarpic acid dérivative toward
selenium.dioxide. Previous work in these laboratories (93)
with selenium dioxide in the abietic acid series had shown
that 7-keto compounds un:dergo' oxidation moétly td A5’6 '
enones. This redction was tried on the keto diester CLXXIV
eand the product, which was obtained in good yield was the
enone CLXXVIII as shown by elemental analysis and by compari-
son with authentic CLXXVIII, which had been prepared by
acetylatiop of CLXXVI.



Figure 6. Ultraviolet spectra
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Figure 7. Ultraviolet spectr:h
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Figure 10. Ultraviolet spectra



- 360

300 320 340

IN  MILLIMICRONS

280

WAVELENGTH

260

240

20

2




Figure 11, TUltraviolet spectra
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Pigure 12, Infrared spectra
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Figure 15. Infrared spectra
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Figure 16. Infrared spectra
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Pigure 17. Infrared spectra -
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Figure 18. Infrared spectra
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EXPERIMENTAL

Procedure Notes

Al]l melting pointé and bdiling points are uncorrected.,

The term petroleum ether refers to a petroleum distillate
boiling at 66=70°. The microanalyses were performed by the
following laboratories: Weiler and Strauss Microanalytical
Laboratory, Oxford, England, Midwest Micfolab, Indlianapolis
'Ihdiana, apd Alfred Bernhardt, Max Planck Imstitute, Mulheﬁi
H(Ruhr); Germany. All optical rotations were measu}ed in
chloroform unless othérwise noted; employihg an 0. C. Rudolph
polarimeter. i

. Chromatography was carried out on two adsorbenfs, alumina
and Béntonite-Celite. -The alumina waé prepared by refluxing
commercially.available.alﬁmina in water containing concentrat-
ed hydrochloric acid (in the ratio of 1 kg. : 2.7 1. ¢ 7 ml.,
respectivély) for li hours. The alumina was then.washed with
warm water until a negétive silver nitrate test was obseried,
and dried in an oven for 2ly hours. The'Bentonite-Celite '
adsorbent was prepared by’mechanically mixing b gm. of Bent-
onite (USP, powder) for each grsm of Celite used. -

All infrasred spectra were taken on a Perkin-Elmer model
él infrafé& spectrophotometer, except those denoted by the

term "Infracord" which refers to spectra recorded on a Perkin-
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Elmer model "Infracord" infrared spectrophotometer.
Ultraviolet spectfa were run in 95%-ethanol on a Cary

model 12 recording spectrophotometer.
Special Reagents

The Raney nickel catalyst was prepared by the method of
.Mozingo (99) and wés refﬁigerated thereafter.

Commercially available collidine was purified . by allowing
- 1t %o stand 3 or l. days over barium,oxide'and distilling'it

under reduced pressure,

Acetylation of Podocarpic Acid

To 10 gm..(36.5 mmoles) of podocarpic acid was added 100
ml. of—aceticlanhydride and 2.4 gm. of sodium acetate and re-
flﬁxed for 3.5 hours. The excess acetic anhydridé was removed
by vacuum distillation. To the oily residue was added 100 ml.
of water, and the entire mixture was extracted three times
with chloroform. The combined extracts Were washed once with
water and dried over anhydrous‘sodium.suifate. ‘Crystalliza-
tion from ethanol-water (cooling not generally required) af-
forded 11.25 gm. (98%) of 0-scetylpodocarpic acid (CLxxi:I), |
m.p. 160-175°. The Analytiéal sample was recrystallized five
times from ethanol-water, m.p. 178-183°. [idt. value, m.p.
173-176° (100)] | | -
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Analysis

Calculated for CygHp)0) *Hy0: C,68.29; H,7.79. Found:
C,68.61; H,8.05.

Infrared spectrum

See figure 12.

Methylation of O-Acetylpodocarpic Acid (CLXXII)

A cold ether solution of diazomethane was prepared by
reacting 1l gm. (136 mmoles) of N-methyl-N-nitrosoures with
35 ml. of 50% potassium hydroxide solution with LOO ml. ether -
as solvent. ;The diazomethane solution was slowly poﬁred
into a cold ether solution of 11.2 gn. (35.5 mmoles) of o-
acetylpodocafpic acid and allowed to stir at room tempera-
tufe overnight. The ether was then evapprated,lleaving an
0il which crystallized on standing (11.7 gm., 99%), m.p.

' 1105126°. Recrystallization five times from methanol-water
afforded methyl O-acetylpodocarpate (CLXXIII), m.p. 123.5;
125.0°. [Lit. value, m.p. 125.0-125.5° (101).]
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Infrared spectrum

See figure 12.

Ultraviolet spectrum

See figure 9.

Optical rotation

22°
Ex_] 5 +113°

Chromic Acid Oxidation of
Methyl O-Acetylpodocarpate (CLXXIIT)

Twelve gtams (0.035 mo1e).of'ﬁhe crude diester ¢£XXIII_
was dissolved with heating in 160 ml. of glacial acetic acid.
Fourteen grams (O.Iﬁ.moles) of .chromium trioxide in 50 ml. of
,glacial acetic acid and 1l ml. of water was added dropwise
over a period of 20 minutes with stirring, care being taken to
maintain the temperature below 18° C. Cooling of the reaction
was continuéd'for another hour and then_aliowed to warm to
room temperature for 12 hours. -The reaction mixture was pour-
ed ipto 600 ml. of saturated salt solution and extrgcted threé
times ﬁith chloroform. The combined extracts_ﬁeré washed suc-
cessively with cold 5% sodium hydrdiide, dilute hjdrochloric
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acid, and saturatgd salt solution. The solution was dried
 over anhydrous sodium sulfate and, after evaporation of the
$olvent,.chromatographed rapidly (total time: 4O min.) over
alumina. The chromatographic column was prépared with ben-
zene, and the oxidation produét eluted with benzene. The |
yield of crude material was 12.9l gm. The analytical sample
was'recrYStallized from methanol-water, once from benzene-
petroleum ether, and again from.methanql-water giﬁing methyl
O-acetyl-7-ketopodocarpate (CILXXIV), m.p.'132-136°.

Ahalxsis

Calculated for CpgHp)Og: C,69.75; H,7.02. Found:
C,69.39; H,6.97. | |

Infrared spectrum

See figure 13.

Ultraviolet spectrum

See figure 6.

Optical rotatiqn

[oc_]jé +‘7c_>.o°
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Bromination of Methyl
0-Acetyl-T-ketopodocarpate (CIXXIV)

Two gramé (5.8 mmoles) of the keto dlester wasvdis‘-
solved with heating in 10 ml. of glacial acetic ac.id.. Two
drops-.of 15% hydrobromic acid were added, and then 1 ml. of
bromine (2.§'gm., 36 mmoles) in 410 ml. of glacial acetic acid
was 1n_tr<')duced‘dropwise, with s-tirring, at room temperature
.over a period of 5-10 minutes. Stirring was _'continued' for
another 10 minutes, whereﬁpon ell volati],eméterial was eveap-
orated in vacuo. The remaining oil was taken up in methanol
.and cry'stallized. Total weight of product, m.p. 119-127°, was
1.97 gm. (79%). The analytical sample was recrystallized five
times from métha.ﬁbl giving methyl b-acetyl-é-bfomo-?-ket_opodo-

carpate (CIXXV), m.p. 128-130°.

Analysis

Calculated for CpoHagOuBr: C,56.80; H,5.hli; Br,18.88.
Found: C,57.11; H,5.67; Br,18.65. |

Infrared spectrum

See figure 1.

-
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Ultraviolet spectrum -

See figure Te

Optical rotation

[oc]:fo-» 59.1°

Sodium Methoxide Treatment of

. Methyl O-Acetyl-6-bromo-7-ketopodocarpate LXXV)

To 10 ml. of anhydrous methanol was added 375 mg. (16.3
mmoles) of sodium. After the sodium had reacted completely,
3 gn. (7.1 mmoles) of the diester CLXXV was. introduced. The
solution was refluxed under anhydrous conditions for 5.5 '
hours. The reaction mixture was worked up by the addition of
30 ml. of saturated salt solution containing 1.5 ml. of conec.
bydrochloric acid (giving a pH of 2) and extraction of the
resulting solution three _times with chlorofom. The combined
.. extracts were washed once with saturated salt solution and
dried over anhydrous sodium sulfate. The solvent was removed
in vacuo leaving an oil which was crysfallizéd from methanol-~
water giving 1,90 gn. (89%) of methyl ASs®-7-ketopodocarpate
(CLXXVIj, m.p. 205-230° The analytical sample was recrystal-
lized :f.'ive times from a methanol-water mixture, s then sublimed
in vacuo, mepe 217-220°
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Analysis

Calculated for C18Hp O ¢ C,7l.59; H,6.67. Found:
C,72.00; Hy6.6T. |

- Infrared spectrum

See figure 15.

Ultraviolet spectrum

See figure 8.

Optical rotation

B,

Collidine Treatment of Methyl
'O-Acetyl-é-bromo;7-ketopodocarpate (cIxxV)

To 396 mg. (0.9l mmoles) of the diester CLXXV was added
3.0 ml. of anhydroﬁs collidine and the soiution was refluxed
under'anhydroug conditionsvfor-Z hours. During this time the
feactibn developed a dark coior. Afﬁér céoling, 1l ml. of
water wég added and conce. hydrochlqric aciq introduced drbp-

_ wise until pH 2 was reached.  The aQueoug solution was
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extracted four times with chloroform, and the combined ex-
tracts were washed three times with saturated salt solution
qontaining dil. hydrochloric acid to remove residual traces
of collidine. After a final washihg with saturated salt
solution thé organic layer was dried over anhYdrous'sodium
sulfate. Remofal of the solvent under reduced pressure left
‘sn oil (383 mg.) with the faint odor oflcollidine, whose.in-
frared épectrum.showed_bands characteristic of a mixture of
the lactone bf 6-hydroxy-7-ket§—o-acetylpodocarpic acid
(CLXXVII) and the enone acetate CLXXVIII. The crude mixture

ﬁaé chroﬁatographed on a Bentonite-Celite column.

Preparation of the Bentonite-Celite column

To a chroﬁatographic colum 2.7 em. in dismeter was added
a cotton plug, 1 cm. of sand, and 50-100 ml. of carbon tetra-
chloride, in that order. Approximately 6 gm. of the adsorbént
mixfure.was slufried in 20-30 ml. of carbon tetrachloride,'
care’being taken to break up all the lumps, and added in sev-
eral porfions'to the colum. Solvent was allowed Yo drip
slowly from the column as the adsorbent settled. The settling
material Qn the column was stirred at frequent intérvals. The
fdtal time allowed for settling was about 1 hour. When thei
solvenf was allowed to drip too rapidly, tbe'column packed
“ tightly and the flow rate was too slow. Although the colum |
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was onlj 3-h cm. high, moderate to good separations éould be

-effécted. .
The chromatography of the product from the reaction of

the diester CLXXV with collidine is summerized in the follow-

ing chért.
No. of | Wt. of Eluate Products
Fractions Eluent (mg.) Found
L ccy, - . I,1I%P
2 CC1) :GgH, 1031 I,I1P
_ | N
2 CC1), :GgHg 1032 - I,II
46 ; 169
2 G0l :CeHy 2:1 [ I,IIP
2 CCl):CeHy 1:1 I,IIP
2 CeHe - | IT,I118sP
1 CgHg :CHC1y 1031 Y | IT,IIIP
5 CgHg 1CHCLy 10:2 A - IIIP
o 131
2 CgHg 2CHCly 2:1 IITP
9 - CHC1, o 1P
a

I - starting diester CLXXV

IT - enone acetate CLXXVIII

IIT - lactone acetate CLXXVII
P pased onn the position end intensity of the carbonyl

peaks in the infrared.

The fractions through benzene were combined (169 MZe)e
The infrared spectrum of this material showed peaks at 5.70,



109

5.79, and 6.OhJL, which proved to be identical with the spec-
trum of authentic CIXXVIII. The crude material was crystal-
. iized three times fram:méfhanol-water, MePe lﬁl-luSO; mixed
me.p. wWith guthenﬁic enone acetate, 1&0-1h5°. The ultraviolet
spectrum of this compound was similar to the sﬁectfumfof
authentic CLXXVIII.

' The remaining fractions (131 mg.) were combined. The
infrared speétrum showed peaks at 5.60 (brbad) and 5.89 w.
‘The crude product was crystallized from methangl—water, MeDoe
137-1660. The analytical sample was recrystallized three |
times from fhe same solvent miiture giviné long needles of
the lactone acetate CLXXVII, m.p. 161-164°. These two com-
pounds accounted for utilization of 98% of the starting

materlial.

Analysis

Calculated for CygHpn0g: C,69.51; H,6.10. Found:
C,69.63; H,6.50.

Infrared spectrum

See figure 16.

‘Ultraviolet spectrum

: See‘figure 10.
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Optical rotation

GRS

Hydrolysis of Methyl
O-Ade%yl-6-bromb-7-ketopodocarpate (cIXXV)

Dry hydrogen chloride was bubbled into S ml. of absolute
ethanél, and 200 mg. (0.0l,7 mmoles) of the diester was =dded
andbrefluxed under anhydrous condiﬁions for 2 hours. The sol-
vent was evaporated under reduced pressure leaving a solid.
The residue was recrystallized from methanol-water, giving a
phenol (by infrared snslysis), m.p. 193-200° (dec.). A total
of 158 mg. (88%) wésvcollected.v The analytical sample was
reCrYstallizéd.four times from,mefhanol giving methﬁl 6-bromo-
7-ket6podocérpate (CIXXIX), m.p. 199-204° (dec.).

Analysis

| Calcu}ated for ClBHZIOMBr: C,56.71; H,5.51. Found:
05560)-'-6; H,50720 ‘

Infrared spectrum

See figure 1.
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Ultraviolet spectrum

See figure Te

Optical rotation

o, oo

Sulfuric Acid Hydrolysis of the Diester CLXXV

To 10 ml. of conc. sulfuric acid in a 100 ml. beaker was
added 1435 mg. (1.03 mmoles) of the diester CLXXV, end the
| solution was allowed to react at room temperature for I hours.
The diester dissolved readily upon addition to the sulfuric
acld, giving an smber cast to the solution which became darker
as the reaction proceeded. The work-up was gccomplished by
adding ice (40-50 gm.) with éoncomitant stirring, thén water
to a totallvolume of 90 ml. The aqueous solution was extract-
ed three times with chloroform. The combined extracts were
washed once with satﬁrated salt solution and dried over anhy-
'drqus sodium sulfate. After removal of the solvent under
reduced pressure the remaining solid residue (380 mg., 97%)
was crystallizéd_from.methanol-water, m.p. 193-199° (ded.f.
The analytical sample was recrystallized five times from the
same solvent mixture, m.p. 200-202o (dec.)s Mixed m.p. with
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authentic CLXXIX, 200-204° (dec.).

| Iﬁfr ared spectrum

The spectrum (Infracord) was identical with that of pure

CIXXIX.

Ultraviolét spectrum

Maxima: ‘232 (loge ; 4.212) and 2981!1/#(1;..076). 'Minima:
218 (4.128) and 261 (3.828).(cf. figure 7).

Base Hydrolysis of the Diester CLXXV

To 500 mg. (1.18 mmoles) of the diester CLXXV in 5 ml. of
absolute methanol was added a solution of 35 mg. (1.52 mmoles)
of sodium in 5 ml. of absolute methanol, and the mixture was

allowed to react for approximately one minute. The reaction

was immedlately quencheci- with a saturated salt solution con-
taining dil'.' hyc_irochloric acid. The solution was extfac’fed

twice with chloroform. The combined extracts were washed with
saturated salt solution and dried over: anhydrous‘ sodium sul-
fate. After removal of the solvent in M the residual oil
(513 mg.) was crjstallized from methanol-water, 'giiring 265 mg.

(59%) of a phenol, m.p. 187-194° (dec.). Recrystallization |
three times.fi;om this solvent mixture gave m.p. 197-202°
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(dec.). Mixed m.p. with authentic methyl 6-bromo-7-ketopodo-

carpate (CLXXIX) was 195-201° (dec.).

Infrared spectrum

Peaks at 5.78 and 5.95 (cf. figure 14).

Ultraviolet. spectrum

Maxima: 299 mm (logé&; l.042) and 232 (L.127). Minima:
258 (3.729 and 218 (}.028).(cf. figure 7).

Chromic Acid Oxidation of
Methyl O-Methylpodocarpate (CCVII)

To 1 gm. of methyl O-ﬁethylpodocarpate (3.4 mmolés)
[-prepared by treatiﬁg podocarpié: acid with dimethyl sulfate
(lOOﬂ, MePe ‘120-1300, dissolved in 10 ml. giacial acetic acid
was added slowly with stirring 700 mg. (7.0 mmoles) chromium
trioxide in 1.7 ml. of 80% acetic acid. The temperature was
maintained at 15-18° throughout the addition. The entire
mixture was placed in the refrigerator for 3.5 days and then
allowed to stand at room temperature for one day. Ten ml. of
water was intrbduced and the solution then extragted three
times with chloroform.. ‘The combined extracts were washed

three times with 10% ‘Bodium hydroxide, three times with water, '
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" and dried over sodium sulfate. After removing the solveht at
reduced pressuﬁe, the rémaining oil (1.1 gm.) was crystallized '
frqm.ethanoldwater'giving néedles of methyl T7-keto-O-methyl-
podocarpate (CCVIII), m.p. 117-23°. A total of 906 mg. of
T-keto compound was isolated (84%). The analytical sample was
recryétallized five times froﬁ.ethanoi-water, MePe 121.0~-

122.5°% A crystalline form change occurs at 108-110°,

Anglysis

Calculated for C19H2hoh‘ C,72.15; H,7.60. Found:
C,72.363 H,T.60.

Infrared spectrum

See figure 13.

Ultraviolet spectrum

See figure 6.

Optical rotation’

[0(] ESO +78.6°
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Bromination of the Xetone CCVIII

To 732 mge (2.32 mmoles) of CCVIII in 15 ml. of anhydrous
carbon tetrachloride was added 120 mg. (l;.26 mmoles) -of N-
bromosuccinimide. The solution was heated until most of the

N-bromo compound had dissolved and then allowed to stand at

room temperature for 26 hours (approximately .l3 hours in sun-
light). The solids which precipitated'(mostly succinimide)
were filtered off, and the solvent was removed.upder reduced
pressure leaving an oil (1.09 gm.). The residue was cr&stﬁi-
1ized from methanol-water, yielding 861 mg. (7h%) of cubic
crystals, m.pe. 118-122°., The analytical sample.was'recrystal-
lized five times from methanol-water, m.p. 123-126°. [ Lit.
value, 142-14).5° (81).] The snalytical semple gave unsatis-

factory values.

" Infrared spectrum

See figure 1l.

Ultravliolet spectrum

See figure 7.

Optical rotation

209
[o(] +86.8°

D
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Base Treatment of Methyl O-Methyl-
6-bfomo-7-ketopodocarpate (CCIX)

To 261 mg. (0.66 mmoles) of the O-methyl ether CCVIII in
absolute methanol was added a solution of 20 mg. (0.87 mmoles)
of sodium in 5 ml. of absolute methanol and refluxed under dry
cbnditions for li hours. After éooling, saturated salt solu-
tion contgining dil. hydrochloric acid was added until the
reaction mixture was at ca. pH of 2. Then 15 ml. more of salt
sglution was added. The products were extracfed witﬁ c;hlofo—
form, the combined extracts were washed three times with
saturated salt solution, and the solution was then dried over
- anhydrous sodium sulfate.' Rémoval of the so}‘vent' left an oil
(260 mg.) which, upon crystallization from methanol-water,
gave .175 mg. (8L%) of methyl O-met‘hyi- Assé-'?—ketopodocarpate ‘
(QCX), m.p. 170-178°. The analytical ‘sample was recrystal-

lized five times from methanol-water, MeDe 173-1750.

Analysis

Calculated for Cl9H220)-l-: C,72.62; H,7.01., Found:
C, 72.205 H,7.23. . '

Infrared spectrum

See figure 15.
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Ultraviolet spectrum

See figure 8.

Optical rotation

[o(]iéo +152.5°

The mother liquors were dried over anhydrous sodium sul-
fate, and the solvent removed in vacuo leaving an oilu(ZS mg. )
which was added to a Bentonite-Celite'column in several drops—
of chloroform. The progress of the chromatography was follow-
ed by infrgred ahalysis. Elution through benzeneichloroform
(2:1) gave a solid résidue (21 mg.) with carbonyl peaks iden-
tical with'thqse‘of_the enﬁne CCX. Elution with chloroform
gave ca. 7 mg. of a mixture of enone and lactone CCXI, the
former being predominant. - The amount of lactone that had

formed did not exceed 2 mg.; on fhe basis of the infrared

resultse.

Collidine Treatment of Methyl
O-Methyl-é-brcmo-7-ket6podocafpate (ccIx)

To 310 mg. (0.79 mmoles) of CCIX was added 3.0 ml. of
anhydfous collidine aﬁd refluxed under dry conditions for 2
hbur8¢"Theh 1l mi. of;water was introduced and conc. hydro-
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chloric acid was added until a pH 2 was reached. The aqueous
mixture was extracted three times with chlorofonm.v The com-
. bined extracts were'wéshed three times with saturated.salf
solution containing dil. hydrochloric acid and once wifh
saturated salt solution alone. After drylng of the extract
ovér anhydrous sodium sulfafe the_soivent was evaporated. In-
'frare& examination of the remaining 0il showed peaks which
indicated the presence of a mixture of a lactone and an unsat-
urated ketone., The crude oil was added to a Bentonite-Celite
colum in a minimal amount of chloroform and'chromatographed.

The following chart shows the results of this chromatography.

No. of ' Wt. of eluate Products
fractions Eluent (mg.) - found
10 CClh | 99.5 . 1850
5 CHC1, 50.5 T,II8sP
10 CHCl3  170.5 1P

& I - enone ether. ccx
II - lactone ether: CCXI
b setermined by the position of the carbonyl peaks in

the infrared spectrum.

The combined fractidns from carbon tetrachlbride elution
gave infrared peaks at 6.05 snd 5.79M, in agreement with
those of authentic enone CCX. The material was crystallized
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three times from methanol-water, m.p. 166-170° (m.p. of
authentic CCX, 171-173°). )

Tﬁe first fractions eluted with chloroform were judgéd
to be mixtures of ca. an 80:20 ratio of lactone to enone. One
crystallization from methanol-water gave m.p. 135-160° Qﬁiég
supra).

The later chloroform fractions contained nearly pure
lactone CCXI. The combined fractions kere crystallized ffam
methanol-water, m.p. 193-198°. The analytical ssmple was
recrystallized four times from the same solvent mixture, m.pe.
1195-197.5° [Lit. value, 198-200.5° (81)]. About 91% of the

starting material was accounted for by the products isolated.

Analysis

Calculated for'C18HZOOA= C,72.00; H,6.67. .Found;
Cy72.15; H,6.66, . ' -

Infrared spectrum

See figure 16.

Ultraviolet spectrum

See figure 10.
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thicél rotation

20°
[o2” voo
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Collidine Treatment of the Bromophenol CLXXIX.

To 265 mg. (0.70 mmoles) of CLXXIX was added 3.0 ml. of
snhydrous collidine. The solution was refluxed under dry
conditions for 2 hours. After cooling, 1) ml. of water was
intréduced and conc. hydroéhloric acid was édded dropwise un-
til ﬁH 2 was reached. The aqueous solution was extracted
three times with chloroform. The combined extracts were
washed three times wifh saturated salt solution containing :

'd1l. hydrochloric acid and once with water. After drying
the chloroform'solution_over anhydrous sbdium sﬁlfate, the .
"solvent was removed under reduced pressure leaving an oii
(297 mg.) whose infrared spectrum made it appear to be a
mixture of the enone CLXXVI and predominantly a lactone. The
oil was added;to & Bentonite-Celite “column (2.5 x 3.5 em. in
height) in a small amount of chlorofoﬁm and chromatographed
ovef a ﬁeriod of 125 houfs. A summeary of the chromatography
is given in the following chart.
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No. of . Wt. of eluate  Products
fractions Eluent (mg.) found
2 CClh nggiigible
2 €01y :CgH, 10:1 negligible .
2 cc1u:c636 10:2 negligible
9 CC1) :CgHy 2:1 10 18D
19 CCly :CgHy 1:1 33 mainly IP
5 Cglg 2-5 90% 1P
| 6 _ CgHg 3CHC1, 10:1 -Bh 955 P
6 CeHg sCHCly 10:2
2l CeHgiCHCLy 2:1 142 I8P
5 CHC13 8 mixed I, IIP

8 I - enone phenol CIXXVI
IT - lactone phenol CCXII
b estimated from the position and intensity of the

carbonyl pesks in the Iinfrared.

The early fractions from the column contained a material
(80 mg.) with an infrared aBSOrption at_6.07/4 andvéppeared to
be thé enone CEXXVI. ‘The ultraviolet and infrared spectra of
this material were ldentical with those of suthentic CLXXVI.
Several of these fractions were cambined and acetyiated with
acetic anhydride~sodiﬁm-acetate. The infrared and ultraviolet
speétra”of~tﬁe crude product were those of the enone.acefate

CLXXVIII.
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The next material eluted (150 mg.) sppeared to be s
lactone on the basis of its infrared spectrum. Its spectral
properties were consistent'with the structure CCXII. Henever,
.it did not prove possible to crystallize the eil from any
solvent or solvent combination fhat was tried. In order to
prove its structure the material was acetylated with acetie
anhydride-sodium acetate to give crystals of the lactone
acetate CIXXVII, m.p. 161-164°. A mixed m.p. With authentic
CLXXVII was 160-165°, The irnfrared and ultraviolet spectra
of this acetate were identical with the spectra of pure
GLXXVII. |

Hydrolysis of the Lactone CLXXVII

To 32 mg. (0.10 mmoles) of CLXXVII dissolved in 5 ml. of
absolute methanol was added a methanol solution of 5 mg. (2
molar quantity) of sodium. The solution immediately became
yellow., The hydrolysis was allowed to run for 2 minutes and
then quenehed with 10 ml. of a saturated salt solution con-
taining dil. hydrochloric acid. The aqueous solution was
extracted twice with chloroform. 'The‘combined extracts were
washed once ﬁith saturated salt solution and dried over
anhydroue'sodium sulfate. The oil which remained could not.

- be made to crystallize from aqueous methanol, . 1Its infrared

spectrum showed clean peaks at 5 60 and 5.95 M in agreement
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with the.absorptions expected for the hydrolyzed lactone
| acetate CCXII. The infrared and ul;raviolet spectra of the
qil were ldentical with thosg of ﬁhe puré lactone obtained |
from treatment of the bromo-phenol CLXXIX with collidine.
Reacetylation of this oily product was carried out by
adding 1.5 ml. of acetic anhydride containing 2 drops of
anhydrous pyridine and heating the mixture on a steam plate
for 2 hours. The reaction mixture was poured into water‘ﬁnd
extracted twice with chloroform. The extracts were washed
twice with dil. hydrochloric acid and once with saturated salt
solution.‘ After drying over anhydrous sodium sulfate the
.soivent was removed leaving én oii which contained no phenol
absorptions in the infrared. The oil crystallizegi from
methanol-water to give needles of the lactone acetate CLXXVII,
m.p. 161-165°. Mixed m.p. with authentic CLXXVII, 161-166°.

Infrared spectrum

The infrared spectrum was identicél with that of pure .

CLXXVII.

Ultraviolet spectrum

The ultraviolet spectrum showed maxima and extinetion
‘coefficients identical with those of the spectrum of authen-

tie CIXXVII.




Methylation of Methyl A5’6-7-Ketopodocarpate (CLXXVI)

To 153 mg. (0.51 mmoles) of the ester CLXXVI in a three- .
necked flask fitted with a condenser was added 52 mg. (1.25
- mmoles) of sodium hydroxide in 3 mil. of 1:1 ethanol'water and
0.1 ml. (1 06 mmoles) of dimethyl sulfate at room temperature.
The mixture,was heated with stirring to approximately 120° for
20 minutes and then allbwed to cool. As the measured pH was
only 8, 50 mg. of sodium hydroxide was added, followed‘by a
large excess of water (ca. 10 ml.j. The resulting solution
was extracted three times with ether, and the combined ex-
tracts were dried over magnesium sulfate. The ethér was then
evagporated. An Infrared spectrum of tﬁe residue‘ga§e no .
evidénce for'the presence of a free phenol and peéks attrib-~
' utable to an aryl ether were present. The yieid was 89 mg.
(56%). The methjlvether'was crystallized from petroleunm |
ethér-benéene, m.p. 169-174°. The analytical semple was
prepared by three recrystallizations from the same solvent

mixture and two sublimations, m.p. 171-174°.

Analysis

C’72 63, H’7 11.
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Infrared spectrum

See figure 15.

Ultraviolet spectrum

See figure 8. ‘ .

Optical rotation

[oc] ioo +152.50

Acetylation of Methyl A5’6-7-Ketopodocarpate (CLXXVI)

To 200 mg. (0.585 mmoles) of the phenol CLXXVI was added
100 mg. (1.22 mmoles) of sodium acetate and 5 ml. of acetic
anhydride and the mixture was refluxed for 3 hours. The ex-
cess acetic anhydride was evaporated under reduced préssure;
10 ml., of water was édded, and the mixture was extracted twice

with chloroform. After washing the combined extracts once

with water and drying the organic layer over anhydrous sodium

sulfate, the solvent was evaporated, leaving an oil (415 mg.)
which crystallized upon standing. Recrystallization from
methanol-water gave 211 mg. (Bh%) of the acetate, m.p. 113~

146°, The analytical sample was recrystallized five times

-

~

from methanol-water , Mepes 1l13-1146°..
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Analysis

| Calculated for CpaHoo0g: C,70.20; H,6.hli. Found:
C,70.22; H,6.52. |

Infrared spectrum

See figure 15.

Ultraviolet spectrum

See figure 8.

Optical rotation

[ e

Hydrolysis of Methyl O-Acetyl-7-ketopodocarpate (CLXXIV)

To 100 mg. (0.29 mmoles) of the diester CIXXIV was added
10 ml. of 5% sodium hydroxide and 1 ml. of ethanol. ':”L‘he so-
lution was stirred for 3 hours at room temperature.- Ten ml.
of saturated salt solution was introduced and conc. hydro-
chloric acid added to pH 2. 'The solu_tioh was extracted four
times with chloroform. The combinéd extraci';s were washed with
saturated sali;, solution and dried over magnesium sulfate.
After evaporation of the sdivent the rémaining oil (96 mg.)
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' was crystallized from methanol-watér, m.p. 220-238° (75 mg.,
85% yield). The analytical sample was recrystallized five

times from the same solvent mixture to give methyl 7-ketoé

podocarpate (CIXXXII), m.p. 235-240°.

Analysis

Calculated for ClBHQZOA: Cy71le52; H,7.28. Found:
0:710233 H,7.20o

Infrared spectrum . .

See figure 13.

Ultraviolet spectrum

See figure 6.

Optical rotation

[o(]zso +52. 7°

Acid Treatment of the Enone Phenol CIXXVI -

To 100 mg. (0.33 mmoles) of enone, m.p. 215-218.5° was
added 2.0 ml. of glacial acetic acid and 3 mg; of p-toluene-
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sulfonic acid, and the mixture was heated at 85-90° for 15
hours. The acetic acid was removed in v_a_g_u_d, and thé oily
residue was crystallized from methanol-water giving 82 mg.
(82%) of the starting material, m.p; 216-.218.5°.  Mixed m.p.
witﬁ.starting material gave 219'—221,50. The mothei" liquors
(4 mg.) were chromatographed on an alumina column, but only
an insignificé.nt fesidué waé elutéd even through methanol.'

Thioketal Formation of
Methyi A5’6-!:7’-Ketopodocarpate (CLXXVI)

To 300 mg. (1 mmole) of CLXXVI dissolved in 6 ml. of
glacial acetic acid (with heating) was added 0.3 ml. of
ethanedithiol and 0.6 ml. of boron trifluoride etherate
“(freshly dist.illed,’b.p. 123,5-125.5° (1 atm.) ) and allowed
'to stand at room temperature for LLB hours with occasional
shaking. A deep red color gradually developed which proved
difficult to remove during purific‘atioﬁ‘. Water was introduced
dropwise, with cooling, until the thioketal precipitated. o
-There was collected 272 mg. (70%) of methjl A556-7-ketopodo-
carpate thioketal (CCXIiI'), m.l'a.‘ 2344-239°. An analytical
sample was 'prepared by recrystal;l.izing six times from aqueous

methanol giving white platelets, m.p. 237-211° (dec.).

-
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Analysis

‘Caleulated for CpgHy) 038p: 0,63.80; H,6.38. Found:
6,63.39; H,6.3l.

Infrared spectrum

See figure 17.-

Ultraviolet spectrum

See figure 11,

Optical rotation

[0(] Eoo +128,5°

Desulfurization of the Thioketal CCXIII with Raney Nickel

W=2 Rangxﬁnickel in absolute ethanol

To 19 mg. (0;05 mmoles) of the thioketal in L ml. of |
absolute eﬁhanol was added a tenfold’quantity of Raney;nickel'.
and refluxed for 6 hours. The ethanol was then evaporated
32.12222’ the fesidue was extracted with chloroform, and the
extract was dried over anhydrous sodium sulfate. The chloro-

-'fdrmlwas.evapbrated, and the remaining solid was récrystal-
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lized twice from methanol-water, giving methyl podocarpate,
MePe 203-2090, mixed m.p. with authentic methyl podocarpate,
200-209°. The infrared spectrum was identical with asuthentic

CCXVI (Infracord).

W-2 Raney nickel in acetone

To §9 mge hf thioketal in 10 ml. of acetone was added a
tenfold quantity of Reney nickel snd the mixture was refluxed
for 2 hours. The catalysf was filtered (Celite), and the ace-
tone removed under reduced pressure. The residual hil (6&
mg.) was llght yellow, and changed to a deep red color when
exposed to air. This oil resisted all attempts at recrystal-
lization. Atfempted chromatography on a Bentonite-Celite
column gave only a deep red oil. However, some solid material
was fonmed on high vacuum subllmatlon although its melting

point did not indicate very high purity.

Infrared spectrum

See figure 18.

Ultraviolet.spectrum

See figure 11,
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Optical rotation

25° -
[ot] 7 +108°
D

Hydrogenation of Methyl A5 ’6-Podocarp ate (CCXIV)

To 6l mg. (VO.'22 mmoles) of the crude 'desox.y compound in
S ml. ethyl acetate in a micro-hydrégenation flask was added
10 mg. palladium-carbon catalyst (10%) and two drops of conce.
sulfuric acid. The catalyst was pre-equilibrated and thev
semple was hydrogenated for 3.5 hours. Most of the hydrogen
uptake occurred during the first hour. The yellow coloﬁ dis-
appeared. The catalyst was removed by filtration (Celite).
The ethyl aéetate. solution Wa’s washed ,‘oni::g with 5% sodium
bicarbonate and once with saturated salt solution. After
cirying over anhydrous so&ium sulfate the solvent was evap-
orated leaving crystals of methyl podocarpate (4O mg., 90%
yield based on the amount of thioketal used). Recrystal-.
lization from methsnol-water gave m.p. 197-204°. A mixed Iﬁ.p.’
with authentid CCXVI was 197-206.5°. Infrared (Infracord)
and ultraviolet spectra were identical with tho‘se of authen-

tic CCXVI.
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Borohydride Reduétion of the Keto Diester CIXXIV

To 200 mg.. (0.58 mmoles) of CLXXIV, dissolved in S ml. of
95% ethanol and 1 ml. of water, was added 200 mg..(5=3 mmoles)
of sodium borohydride and 200 mg. of sodium carbonate. The
mixture was stirred at room temperature for 2.5 hours. Conec.
hydrochloric acid was a@ded dropwise until bubbling ceased,
whereupon more was added unfil pH 2 was reached. Approximateé
ly 5 ml. of water was introduced, and the solution was ex-
tracted'twice with chibrofonm. The combined-extracté were
washed once with saturated salt solution and dried over énhy-
drous sodium sulfate. After evaporation of the solvent there “
remained a célorless oil (197 mg.) whose infrared speéfrum
gave indication that the product was methyl 7-hydroxypodo-
carpate (CCXV). Attempted purification by‘crystalliZation
~ gave only Oils. This material was employed'for the subsequent

reaction without further purification.

Infrared spectrum

See figure 17.

Ultraviolet spectrum

See figure 9.
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Optical rotation

[affo +64..9° o

Cétalytic Hydrogenation of the Hydroxyphenol CCXV

A mixture of 88 mg. (0.29 mmoles) of the crudé boro-
hydride product, 3 mg. of pre-eduilibrated palladium-carbon
cataiyst (10%), 2.drpps of conc. sulfuric acid, and 3 ml. of
ethyl acetéte was hjdrogenated at atmospheric pressure‘and |
room temperature. Approximately 75% of the total hydrogen up-
take occurred in the first 5 minutes of reaction. After 2.5
hours the hydrogenatioﬁ was stopped and the catalyst removed
by filtration (Celite). After washing twice‘with water to
remove the mineral acid, the solution was dried over anhydrous
sodium sulfate. Removal of the solvent left a s80lid residue
(62 mg.) which was crystallized from methanol glving needles
of CCXVI, m.p. 207-211.5°. ' Mixed m.p. with authentic methyl

podocarpate, 207-211.5°,

Infrared spectrum

The infrared spectrum (Infracord) was identical with that

of authentic methyl podocarpate.
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Ultraviolet spectrum

Identical with the ultraviolet spectrum of pure CCXVI.

Dehydration of Methyl 7-Hydroxypodocarpate (CCXV)

The crudé 7-hydroxy compound (95 mg.; 0.32 mmoles) was
dissolved in S ml. of methanol. One ml. of conc. hydrochlofic
acid was added and the solution refluxed for 8 hours. The
methanol was stripped in vacuo, and the remaining solids were
washed With O.$ ml. of water to remove the remaining hydro;
chloric acid. Crystaliization from,methanolfwater géve color-
ed solid material, m.p. 135-175°. Vacuum sublimation gave a |

crystalline solid, m.p. 172-1760.

Infrared spectrum

See figure 17.

-Ultraviolet spectrum

See figure 11.

Optical rotation

o2 mse
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Hydrogenation of.Methyl,A@’7-Podocarpate {CCXVII)

To 1.y mg. (0.05 mmoles) of CCXVII was added | ml. of
ethyl‘acetate, 2 drops of éonc. sulfgric acid, and 3-5 mg. of
palladium-carﬁon catalyst (10%4). After equilibration of the
catalyst the compound was allowed to react for 1l hours. The
ma jor portion of hydrogen uptake occurred during the first 10
minutes of hydrogenation. The éatalyst was removed by filtra-
tion-(Celite) and, after successive washings with 5% sodium
'bicarbonate and water, the solution was dried over énhydrous
' sodium sulfate. Removal of the solvent at reduced pressure
left & crystalline residue (15 mg., 100% yield). One crystal-
11zatipn from methanol-water gave m.p. 206-210°. Mixed m.p.

with authentic methyl podocarpate, 206-211.5%.

Infrared spectrum

Identicel with that of methyl podoéarpate.

Ultraviolet spectrum

Identical with the ultraviolet spectrum of pure CCXVI.

Borohydride Reduction of thé-Ketophenol CLXXXII

" To 63'mg. (0.21 mmoles) of CLXXXII dissolved in 2.5 ml.
of 95% ethanol and 0.5 ml. of water was added 63 mg. (1.67
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mmoles) éf sodium borohydride and 63 mg. of anhydrous.sodium
carbonate. The solution bubbled vigorously upon ﬁdditioh of
tﬁe borohydride and was stirred at room temperature for 1

hour. GConc. hydrochloric acid was added dropwise until pH 2

was reached. Then 10 mi. of water was introduced. After

extracting the solution twice with chloroform, the»combined
extracts were washed once ﬁith water and dried over anhydrous
sodium sulfate. After removal of the solvent in vacuo an -
infrared spectrum was taken of the residual "oil aﬁd showed a
small peak at 6.054, Which is present in the starting mate-
rial (see figure 13). Reduction was continued using the seame
amount of reagents for anéther hour. After.idénticél work=-up
an infrared analysis on the product (68 mg.) showed no ab-

' sorption at 6. 05/4. ‘

Hydrogenation of the borohydride product

This reduction p;-ociuct was hydrogenated in 3 ml. of ethyl
acetate with 3 mg. of palladium-carbon catalyst (10%) and é
drops of conc. sulfuric acid at atmospheric pressuré and room
temperature. The catalyst was pre-equilibrated.v Although
the hydrogenation was continued for 1 hour, absofption of
h&drogen stopped after 10 minutes. The catalyst was filéered
(Celite), the filtrate was washed twice with water, and the
splution was dried over anhydrous sodium sulfate. Evaporation
of the solvent left a solid (42 mg., 70% based on CLXXXII),
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which was crystailized from methanol, me.pe. 205-2090. Mixed

m.p. with authentic methyl podocarpate,_207-2ll°.

Infrared spectrum

Identical with that of pure methyl podocarpate.

Ultraviolet spectrum

Identical spectrum with that of pure CCXVI.

Attempted Reduction of the Enone Acetate CLXXVIII

To 100 mg. (0.29 mmoles) of the acetate CIXXVIII in 2.5
ml. of 95% ethanol and 0.5 ml. of water there was added iOO
nmg. (2.6 mmoles) of sodium borohydride and 100 mg. of sodium
carbonaté. The reaction was stirred at room temperature for
3 hours. Work-up was identical with that used in the reduc-
tion of the diester CLXXIV and.gave a slightly yellow oil
(93 mg.) which appeared to be the encne phenol CLXXVI from
the infrared spectrﬁm. Also, ultraviolet analysis showed
maxima at 22 and 307 mMand minima at 222 and 268 mu(ct.
figure 8). Attempted crystallization failed to produce any
solid material. _

The residue (89 mg.) was écetyiated with 2 ml. of acetic

anhydride céntaining 30 mg. of sodium acetate as catalyst.




138

After work-up there remained an oil (55 mg.) which was
- erystallized from methanol-water, m.p. lhO-lh?o. Its infrared

spectrum revealed it to be impure enone acetate CLXXVIII.

Base Hydrolysis of the Enone CLXXVI

To 790 mg. (2,63 mmoles) of CLXXVI was added approximate-
ly 7.0 ml. of distilled collidine and 2.8 gm. (20.3 mmoles) of
lithium iodide, and the solution was refluxed under nitrogen
for 10 hours. 4qulution of a gas was noted during the first
10 minutes of réfluxing. The gas sppeared to be basic judging
from its action on litmus paper. After cooling 15 ml. of
water was added to the feaction mixture. Then conc. hydro-
chloric aéid wés introduced dropwisé until pH 2 ﬁas reached.
'mThe aqueous solution was extracted four times with chloroform.
The combined extracts were washed twice with saturated salt
solution containing dil. hydrochloric acid and once with
saturated salt solution alone. The solution was dried over
magnesium sulfate. After removal of the solvent in vacuo
there remained a dark colored fesidue which éontained traces
of collidine and was partly crystalline.

The dark colored residue could be recrystallized from
methanol-water but, unfortunately, without loss of the dark
color. The 1atfer was removed finally by chromatography. A

chloroform solution of the crude product was added to an
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" alumina column and eluted immediately with methanol. This
gave slightly yellow crystalline material (ca. 200 mg., 31%
yield) which gave an infrared spectrum that contained only one.
band iﬁ the carbonyl region. This peak was located at 6.07 .
Again recrystallization from.mgthanol-water gave slightly
colored platelets, me.pe. 232-236° (a crystal change to needles
| at 200°).  Final purification of the analytical sample was |
accomplished by sublimation st 130-140° in high vacuum. This
gave white platelets of l-decarboxy- A5’6-7¥ketopodocarpic
acid (CCXVIII), m.p. 234-237°.

Analysis

Calculated for C H;g0,: C»79.35; H,7.lili. Found:
C,79001; H’7096¢

Infrared spectrum

See figure 18.

Ultraviolet spectrum

Maximas: 242 and 301 mg . Minima: 220 and 267 mm.

Optical rotation

[~] 12)50 +115°
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Acid Treatment of the Decarboxylated Ketone CCXVIII

To 2.5 mg. (0.009 mmoles) of GCXVIII was added 0.9 ml. of
5% hydroéhloric acid and sufficient methanol to dissolve thé |
' compound. The solution was allowed %o stand at'room.tem@era-
ture for uzrhours. The methanol was removed by an alr stresam.
The precipitate ﬁhich remained was crystallized from methanol-
water, m.p. 226-230° (crystals change to needles before

melting).

Ultraviolet spectrum

Maxima: 241 and 302 mm. Minima: 221 and 267 mau. (cf.
with the spectrmm of CCXVIII, p. 139). .

' Selenium Dioxide Oxidation- of

Methyl O-Acetyl-7-Ketopodocarpate (CLXXIV)

To 200 mg. (0.58 mmoles) of diester was added 680 mg. .
(6.1 mmoles) of freshly sublimed selenium dioxide and 20 ml.
of glacial acetic aéid.. The solution was refluxed for 5.5
bours, during which time a darklprecipitéte“of selenium
formed. The dark precipitate was filtered off (Celite), and
the acetic acid was removed under reduced pressure. The
residue was extracted three times with ether and dried over

anhydrous sodium sulfate. After evaporation of the ether the;
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remaining oil was crystallized from methanol-water giving 130
mg. (62%) of the enone acetate GEXXVIII,.m.p. 130-14°. Re-
crystallization three times from.méthanol-water afforded
_crystals of enone acetate, m.p. 1&3-1h5.56. Mixed m.p. with
authentic CIXXVIII gave a value of 142-146°.

Infrared spectrum

Identical with the spectrum of CLXXVIII.

Ultraviolet spectrum

Identical with that of pure CLXXVIII.




SUMMARY

1. Several.selected O -haloketones in the podocarpic
acid seriecs were reacted with collidine. The products in each
case were shown to be mixtures of the apprbpriate lactoﬁé and
_dehydrobrominated éompoﬁnd. Attempt was made to prove whether
a,"ggggi-Favorskii" reaction occurs in the reaction of the
bromoketone CLXXV with sodium methoxide. Some evidence is

presented in favor of this reaction.

2. The catalytic hydrogenation of a.145’6 unsaturated
derivative of podocarpic acid wa# shown to proceed stereo-
specifiéally to give the product predicted on the basis of
previously reported investigations. A number of other podo-
cérpic acid derivatives were hydrogenated catalytically and

their products determined.

3. A new method for preparing the A-ring of podocarpie
acid for modification by further chemical reactiqns is re-

ported.
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