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INTRODUCTION

Anisomycin was first isolated in 1954 by Sobin
and Tanner/I as a fermentation product isolable from

various Streptomyces species. In vitro studies have

shown that anisomycin has excellent activity against

several pathogenic protozoa and on occasion it has

been used for the treatment of amebic infectionsg.
The structure of anisomycin was elucidated in

1964 by Beereboom and coworkersE. They assigned

structure (1a) to the antibiotic, but this structure

!
CH,CC CH
)

H

1)

was later revised to (1) on the basis of the X-ray

N

f:t:rlalysisLIr of the bromo derivative (1b) of N-acetylaniso~ -

mycin.




Anisomycin is a white, crystalline compound
(m.p. = 141.5 - 142°C) with a pKa value of 7.9. The
molecule is a trisubstituted pyrrolidine, namely

2-(p-methoxybenzyl)~3-cis-4-trans-hydroxy-pyrrolidine.

It is readily acetylated to N-acetylanisomycin (2)
(scheme I, page 6 ) in cold acetic anhydride or to
N,0-diacetylanisomycin (3) in acetic anhydride in the
presence of pyridine. Hydrolysis of anisomycin in either
acid or base gives deacetylanisomycin (4). Treatment of
anigomycin with PGl5 in chloroform yields a chloro
compound which on treatment with ethanolic KOH gives the
cis-epoxide (5). Opening of the epoxide (5) with acetic
acid gives isoanisomycin (6) as the only product.
Similarly, opening of (5) by amines, alkoxides, or
mercaptans gives a 4-trans substituted-3-cis~-hydroxy-2-
(p-methoxybenzyl) pyrrolidine as the only product,.

The stereogpecific chemical behaviour of the
epoxide had led Beereboom and coworkers5 to assign the

frans configuration (5a) to the epoxide. They argued

O HO OAc

£) T e

R- RN R =

_‘r n — hig

% g CH o~
(5a) (6a)

that the p-methoxybenzyl group at C-2 was sterically
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inhibiting nucleophilic attack at C-% of the pyrrolidine
ring., This would be expected to occur only if the
bulky group at C-2 was trans to the epoxide, thereby
forcing attack at C-4 to give (6a) (i.e. the all trans
compound ). Correlation of anisomycin with (6a) led them
to assign the all trans configurpgtion (1a) to anisomycin.
However, since only one product is obtained from the
opening of (5), it appears that a factor other than steric
controls the opening of the epoxide (5)., It is now well
"""" known that diaxial products predominate in opening of
epoxides., Many examples can be cited from the steroid
field for instance5. It is reasonable to assume that in
the epoxide (5) the bulky C-2 substituent is equatorial.
Therefore, a diaxial product would have a cis C-3, trans
C-4 configuration. This is experimentally observed.

A number of synthetic approaches to anisomycin
have been reported. Wong6 established the absolute
configuration of anisomycin by a chemical correlation
to L-tyrosine as 2R, 38, 4S. This configuration is
correctly represented in (1). Oida7 synthesized racemic
anisomycin starting from racemic tyrosine., Salmdén and

8

Walls™ synthesized isomers of anisomycin from pyrrole,

9

Buccini” used a similar approach to synthesize racemic

deacetylanisomycin. More recently, Felner and Sohenkerqo
reported the total synthesis of anisomycin beginning
with L-(+)-tartaric acid diethylester. Reference will

be made to this work in connection with the work described
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in this thesis. The object of the work described in

this part of the thesis was to develop a synthetic

scheme that would lead to the total synthesis of optically
active anisomycin. The naturally occurring isomer of

tartaric acid was chosen as sbtarting material.




OAc

AcO-.

N

i
Ac

g

'Qj
Ac

AcQ

R -

(2)
H

(%)

oH

N
H

H
R

Cl

Ae G
R -

(4)

Ac

HO~_

()

(5)



RESULTS AND DISCUSSION

Natural anisomycin and its enantiomorph,
(+)-anisomycin, have been sterecospecifically synthesized
starting from L-(+)-tartaric aoidqq942°

L~(+)=tartaric acid was chosen as starting material
because it is readily available and, more ifportant, it
has two optically resolved carbon atoms. Since the
tartaric acid was destined to become the carbon skeleton
of the pyrrolidine ring of anisomycin, the C-3 and C-4
positions would be optically resclved and also have the
correct trans substituents. The problem was, then,
essentially the introduction of a nitrogen atom to
complete the pyrrolidine ring and the addition of the
p-methoxybenzyl side chain to complete the skeleton of
anisomycine

A literature survey showed that 3R, 48, dihydroxy
pyrrolidone (9) had been synthesized by Japanese workers/IB

from L~(+)-tartaric acid diethylester according to the

scheme shown below. The pyrrolidone seemed an attractive

CCOC,H COOCH COOC,H

275 275 275 - i
oH Ohc Ohc HO__ OH
HO AcO AcO > 0
I N I
COOC H CN CH,NH,, e

(7) (8) (9)
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intermediate for the introduction of the p-methoxybenzyl
side chain. However, the reduction of the nitrile (7)
according to the conditions of the Japanese workers
( 62 atmospheres of Hg) posed a problem since a high
pressure hydrogenator was not available to us at the
time; also the overall yield (10%) of the conversion of
the nitrile (7) to the lactam (9) is very poor. Since
we could not find a known suitable alternative for the
synthesis of (9 ) we abandoned the thought of using a
pyrrolidone as an intermediate*. Instead of 3,4-dihydroxy
pyrrolidone, we decided to use tartarimide (16) (scheme IIT,
page 23) as the intermediate to introduce the p-~methoxy-
benzyl side chain., The N-benzyl derivative was chosen
because the benzyl group is readily removed later on
by hydrogenolysis. N-benzyl tartarimide/14 is readily
obtained by condensing tartaric acid with benzylamine in
refluxing xylene.

The next problem was the introduction of the side
chain., Grignard additions to imides are well known.

.. However, there is some question as to whether the product

*It is interesting to note that Felner and Sohenkerqo

used 3R, 48, dimethoxy pyrrolidone (11) as an intermediate
in their synthesis of anisomycin (scheme IT, pagel2y.
They obtained (11) from the nitrile (10) in 80% yield

using hydrogen at atmospheric pressure.






is a 2-hydroxy-5-pyrrolidone or a ¥-keto amide. The
literature is somewhat unclear on this point. Recently

Queen and Reipas/I5 established that hydroxy pyrrolinones

Ph é NH

Fhn
are the products obtained on addition of Grignard reagents
to N-aryl maleimides. This is conbrary to the published
findings of Awad ald ooworkersq6 who proposed that the
open chain ¥-keto amides are the resulting products.
In maleimides the presence of the double bond may favor
the cyclic structure for the products, while in succin-
imides the open chain may be favored. However, Jocelyn
and Queenq7 and also Waltonq8 have shown that Grignard
additions to N-alkyl succinimides also lead to the
cyclic 2-hydroxy-5-pyrrolidones. This does not agree
with earlier findings of ILukes and Prelog/}9 who concluded
that the products were open chain keto-amides. More
recently, Sekiya and Teraogo have shown that succinimide
itself reacts with two equivalents of Grignard reagent
to yield ¥-keto amides in excellent yield. However,
evidence suggests that reaction of (16) with anisyl
magnesium chloride should give the pyrrolidone (17).

The Grignard reaction on N-benzyl tartarimide

failed in anhydrous ether due to solubility problems.
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However, excellent yields (70-80%) were obtained in
anhydrous tetrahydrofuran. Careful temperature control
was essential for a successful reaction. Relow BOOO

the formation of the p-methoxybenzyl magnesium chloride
was too slow. At reflux temperatures the Grignard
reagent coupled with unreacted p-methoxybenzyl chloride
to form 1,2-di(p-methoxyphenyl)ethane in high yield.
Optimum temperature for the formation of the Grignard
reagent was 55-5700. The product obtained after work up
was a pure white solid. The infrared spectrum of this

L and also

solid (figure 1) showed absorptions at 1720 cm™
at 1630 cm_q, Cbviously these bands represent a ketone
and an amide carbonyl stretch respectively. In other
words we did not obtain the pyrrolidone (17), but instead
the keto-amide (18). The presence of an amide N-H
stretch at 3280 cn™ ! in addition to the hydroxyl bands

T ana 3175 cm™ supported this conclusion.

at 3450 cm”™
The ring opening was a disappointment, but we felt that
opening had probably occurred during work up. Therefore
we subjected the Grignard addition complex (19) directly
to a lithium aluminum hydride reduction. The products
expected were the isomeric amines (20) and (21).
Experimentally, three amines were isolated : A, B, and
C. The yields were 10%, 1%, and 0.5% respectively.

These yields were reproducible over a large number of

runs. Variations in reaction conditions and methods of
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work up had little effect on the total yield. A puzzling
phenomenom was the extensive decomposition that occurred
during work up. In the immediate work up 90-95% of the
theoretically expected material was soluble in dilute
hydrochloric acid; hence presumably present as amines,.
The product yellowed, then blackened immediately upon
igsolation. After one hour the product was redissolved

in chloroform, and the dark chloroform solution extracted
several times with dilute hydrochloric acid. The acidic
solution then gave only a 15% yield of the expected
amines. From this material the three compounds A, B,

and C were isolated without further decomposition in
crystalline form., The major product (75-80%) had,
however, decomposed. The structure of the unstable

amine may have been the enamine (34) shown belowe.

HG, CH HO, (051

(29) (54)

Although there is no conclusive evidence, there is some
circumstantial evidence for this. Later on in the
research, an attempt was made to synthesize (34) from

the lactam (29). The reduction of (29) by lithium
aluminum hydride in anhydrous tetrahydrofuran went

smoothly. An excellent yield of material soluble in




dilute hydrochloric acid was obtained. However, the
product yellowed upon isolation and then blackened.
This was remarkably similar to the above mentioned
pattern. Furthermore, after an hour no acid soluble
material could be isolated. It is reasonable to assume
that the enamine (34) had been obtained. However, the
enamine must be very unstable and decompose rapidly*o

All three of A, B, and C were characterized. The
infrared spectra (figures 2-4) showed hydroxyl absorptions
and were lacking in carbonyl abscrptions. The proton
magnetic resonance (p.m.r.) spectra (figures 1 - 3)
clearly indicated the presence of a mono-substituted
phenyl ring (5 proton singlet), a p-substituted phenyl
ring (A2B2 pattern), and a methoxy group. On the basis of
the infrared and p.m.r. spectra any one of the three
compounds A, B, and C could be the desired compound (20).
The mass spectra were a little more enlightening. A and
B gave nearly identical fragmentation patterns (page 13)
suggesting that these two compounds were probably

igsomeric and most likely (20) and (21). However, the

*The work of Fellner and Schenkerqo supports this
observation. They synthesized the enamine (1%) (scheme
II page 22 ) and found it to be unstable to the extent
that they could not isolate it, but had to hydrogenate
it immediately to the amines (14) and (15). Yields

were 4% and 43% respectively.
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molecular ion (M7 = %13) was not observed in either
spectrum. A logical explanation would be the apparent
facile cleavage of the C-2 side chain bond. This
cleavage generates the methoxytropyllium ion (m/e = 121)

or the m/e = 192 ion as shown below. The latter ion may
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fragment to give the tropyllium ion (m/e = 91). The
tropyllium ion could also result directly from the
parent ion. The masss@ectrUﬂlof C was significantly
different. The 192 peak is missing; instead there is
an intense peak at 210 - which is 18 mass units higher.
The parent peak occurs at m/e 331, This is 18 mass units
higher than the molecular weight of (20) or (21). This
would indicate the presence of an additional molecule
of water somewhere on the pyrrolidine fragment. The
greater relative intensity of the methoxytropyllium ion
indicates that the charge is more effectively carried
by this ionj; thus suggesting a structural difference
involving the C-2 carbon atom. It occurred to us that

compound C could possibily be the triol amine (22).




If the complex (19) rearranged to (19a), then subsequent

(19)

_— >

ClMgO

~

it

OligCl

NR,]

n
O MgOl

(19a)

reduction should yield (22). 4An authentic sample of
the triol amine (22) was prepared from the keto amide
(18) by lithium aluminum hydride reduction. Physical
and spectral data showed C to be identical with the
triol amine (22).

In order to establish which of the two compounds
A and B was the desired N-benzyldeacetyl anisomycin
(20), it was decided to synthesize (20) from natural
deacetyl anisomycin (4). Reacting (4) with benzyl
bromide in chloroform overnight at room temperature
produced N-benzyldeacetyl anisomycin (20) in low yield.
Suifficient material was obtained for spectral data.
Comparison of spectral data showed compound B, obtained
in 1% yield, to be identical in all respects (including
optical rotation ) with N-benzyldeacetyl anisomycin,

During the characterization of N-benzyldeacetyl
anisomycin, it was noted that rapid esterification o
a hydroxyacetate (infrared figure 6) occurred in cold

acetic anhydride. Frolonged contact of the crude

1




hydroxyacetate with cold acetic anhydride did not produce
any further changes in the infrared spectrum. Hence
esterification stopped at the mono acetate stage.
Repeated chromatography showed the hydroxyacetate was
pure. Hence esterification was stereospecific. Two
isomeric hydroxyacetates are possible: N-benzylanisomycin

(23) or N-benzylisoanisomycin (23%a). Hydrogenolysis of

AcO . OH HO Okc
TN \Cj
R R
g g
(2%) (2%a)

the hydroxyacetate yielded crystalline anisomycin
hydrochloride in excellent yield. Hence (2%) must be the
correct structure of the hydroxyacetate.

The selective esterification is really not very
surprising since the nitrogen of the pyrrolidine ring
acts as an internal catalyst. The preferred conformation

of the pyrrolidine ring is as shown, with the bulky C-2




substituent equatorial. Molecular models show that

other conformations increase steric interaction between
R and R’I‘
occurs only to the C-3 hydrexyl oxygen. The C-4 hydroxyl

Thegse models also show why acyl transfer

group is not properly oriented for acyl transfer to
occur,

Synthetic anisomycin was obtained from its hydro-
chloride salt. The physical and spectral properties
of the synthetic compound and the natural sample were
compared and found to be identical. Mixed melting point
determination did not cause any lowering of the melting
point.

Having achieved the total synthesis of anisomycin,
we decilded to attempt to invert the two hydroxyl groups
of the all trans diol (21) and thus synthesize the
enantiomorphic form of anisomycin. A successful attempt
would also prove the structure of (21). The vproblem
would be simple if we could synthesize the cig-epoxide
(25) , and the epoxide (25) could be readily made if we
could synthesize the hydroxyacetate (24) - that is, a
selective acetylation at the C-4 hydroxyl group of (21).
This problem turned out to be very simple. Analogous to
the selective acetylation of the diol (20),the all trans
diol should selectively acetylate at C-4. Consider again
the preferred conformation of the pyrrolidine ring as

shown below. In this case the C-4 hydroxyl is cis to
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the N-acyl group. Therefore, acyl transfer will occur
to the C~4 hydroxyl oxygen. Experimentally only one
hydroxyacetate (24) (infrared figure 10 ) was obbtained

in nearly quantitative yield. It decomposed on standing
and was therefore immediately reacted with PCl5 in
chloroform to form a chlorocacetate. This in turn was
treated with ethanolic KOH to yield the cig-epoxide (25) in
good yield. The infrared spectrum (figure 11 ) of (25)
lacked any hydroxyl absorptions. The absorption at

865 cm~ ! indicated that we indeed had the cig-epoxide
and not the isomeric trans-epoxide. This was concluded
from a comparison with a number of infrared spectra of
cis and trans epoxides synthesized by my colleague,

9

Dr. John Buccini”, who had found that the cis-epoxide

absorption always occurred at 865 cm_/l whereas the

trans-epoxide absorption always occurred at 848 cm'q.
The epoxide (25) opened readily in refluxing acetic

acid to give a mixture of hydroxyacetates. These were

not isolated, but directly hydrolysed in aqueous sodium

hydroxide solution. Chromatography of the crude_ hydro-



lysate yielded the diol (26) and the all trans diol (21)
in a 1:1 ratio in good yield. The infrared spectrum of
(26) was superimposable on Gthe infrared spectrum of the
dioi (20). The specific optical rotation of (26) was
found to be +51.4° compared to that of —51.dofor the
diol (20). Thus (26) is indeed the enanthiomorphic
form of N-benzyldeacetylanisomycin. The diol (26)
was converted to (+)-anisomycin according to the
procedure developed for the diol (20).

Having synthesized (+)-anisomycin from the all
trans diol (21), we then went back to try to develop
an improved synthesis of N-benzyldeacetylanisomycin
starting from the keto-amide (18), which we had obtained
in excellent yield. A considerable amount of +time was

spent to find an effective procedure for ring closure.

The unsaturated lactams (29) and (30) (scheme IV page 24 )

were finally obtained directly from (18) in  76%
yield. Ring closure of (18) was effected by heating
(18) in absolute ethanol at 155—14006 in a closed high
pressure reaction vessel. The major isomer (29) was
obtained in crystalline form., Its infrared spectrum
(figure 12) showed hydroxyl bands at 3500 cm”™ (sharp)
and at %350 cm_q (broad), a carbonyl stretch at 1730
cm'q, and an intense double bond stretch at 1660 cm™ .
The p.m.r. spectrum (figure 5 ) of its diacetate showed
the vinyl proton (4.09 T, doublet), the C-3% proton

- (3.757T, quartet), the C-4 proton (4.57 T, doublet),

O
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and the benzylic protons (5.157T, broad singlet). The C-3
acetate group (8.3fT) is shielded by the aromatic ring
causing an upfield shift -~ in contrast to the C-3
acetate group of the minor isomer (30) which has a normal
chemical shift (figure 6 ). In fact the structural
assignment of (29) and (30) was based on the p.m.r.
spectra of their respective acetates. In the minor
isomer the two aromatic rings are sterically inter-
acting; this induces anisotropic effects. This accounts
for the complex pattern of the aromatic protons and the
AB quartet (5.05Tand 5.757T) of the benzylic protons.
The vinyl, the C-3, and the C-4 protons give rise to
an ABC pattern (4.0-4.5T).

Hydrogenation of either (29) or (30) yielded the
same lactam (31) (infrared figure 14). The lactam (31)
had the all trans configuration since lithium aluminum
hydride reduction produced the all trans diol (21) in
good yield. Attempts to obtain isomer (32) under
different hydrogenation conditions failed. For instance,
the pyranyl ether derivative of (29) (infrared figure 15)
was prepared, in the hope that the bulky substituent
might change the stereochemistry of the product.
However, the only observable effect was a marked decrease
in the rate of reduction. Reduction of (29) to (34)
failed as previously described. However, synthesis of
the all trans diol (21) through the lactam (29) constit-

uted a marked improvement in total yield (43% compared o




10% in the single step approach).
Conversion of (21) into (+)-anisomycin proved
the structure of compound (21) as well as making

(+)-anisomycin available for biological testing.
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Melting points were determined on a Ffisher-

o

Johns hot stage apparatus and are uncorrected.

4

Microanalyses were performed by Dr. Daesslé of
Montreal.

Optical rotations were measured on a Carl Zeiss
polarimeter.

Infrared spectra were recorded on Perkin-Elmer
model 137/ and model 700 infrared spectrometers using
methylene chloride solutions or nujol mulls as sbated.

Froton magnetic regonance spectra were recorded
on a Varian A 56/60 A spectrometer using tetramethyl-
silane as internal reference.

Mass spectra were recorded on a Hitachi Perkin-
Elmer RMU-6D mass spectrometer.

Preparative thin layer chromatography was
performed on 1 mm. thickness silica gel G-plates,

with a fluorescent indicator; visualizing with ultra-

violet light.

N
Ut
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(1) Preparation of I-(+)-N-benzyl-tartarimide (16):

A % liter, %-neck, round-bottom flask was equipped
with a heating mantle, an overhead stirrer, a dropping
funnel, and a reflux condenser with a Dean-Stark trap.

The flask was first charged with 2 liters of xylene and
75 grams (0.5 moles) of L-(+)-tartaric acid. With constant
stirring the mixture was brought to reflux temperature,
at which time 65 grams (0.6 moles) of benzyl amine was
added dropwise over a period of 30 minutes. Refluxing was
continued for % hours. The solution was then cooled in
an ice bath and the precipitated solid was filtered off
by suction, then washed twice with cold benzene. The
crude product was then dissolved in 3.5 liters of boiling
water and the mixture filtered hot to remove insoluble
material. The filtrate yielded white crystalline needles
on cooling. These crystals were collected to give 66 grams
(60%) of imide, m.p. = 196-198°C

[oe] 222 11260 (CH,,OH)

Infrared spectrum (figure 5): absorptions (cm"q)
at 3220 (OH)j; 1740 (imide carbonyl).

Mass spectrum: m' /e = 221, %1, 71, 60.

(2) Preparation of 5-(p-methoxyphenyl)-i-keto-2,3

dihydroxy pentanoic acid N-benzylamide (18):

A dry, 3 liter, round-bottom flask was equipped
with a reflux condenser, dropping funnel, thermometer,

. and magnetic stirrer. Provision was made for extérnal




cooling. Approximately 5 grams of magnesium and 100 ml,
of freshly distilled, dry tetrahyrofuran ( thf ) were
placed in the flask and stirred. TFive grams of anisyl
chloride were added, followed by a crystal of iodine.
The dark color disappegred suddenly within two minutes.
Approximately 600 ml. of anhydrous thf were added,
followed by 12 grams of magnesium. A dropwise addition
of 64.7 grams more of anisyl chloride was then started.
The temperature rose slowly and was maintained between
%% and 5700 by external cooling. When half the anisyl
chloride had been added (10 minutes), an additional

500 ml, of thf was added. The external coolant was
removed upon completed addition of the anisyl chloride
when the temperature began to drop. Stirring continued
for an additional 30 minutes. Next a warm solution of
22.1 grams (0.1 mole) of N-benzyl-tartarimide in 700 ml.
of anhydrous t.h.f. was added. During this time the
reaction mixture was cooled when the temperature rose
above 40°C. Stirring continued for an additional 2.5
hours. The solution was then decanted into a separatory
funnel and the remaining magnesium washed with 100 ml,
of dry +thf s, Then decanted. The combined solutions
were washed with 500 ml. of ice cold water. This was
shaken vigorously for five minutes and the liquid decanted
into a large beaker. The remaining pssty mass was
extracted with 500 ml. of wet thf . Anhydrous

magnesium sulphate (150 grams) was placed in the combined
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R solutions and the mixture then stirred vigorously
for one hour. After that the salts were allowed to settle.
The liguid was then decanted and evaporated tTo dryness
under reduced pressure. COverheating the residue was
carefully avoided. The o0ily residue was washed success-
ively with 200 ml,., of cold benzene, 200 ml. of ice cold
3N hydrochloric acid, 200 ml. of saturated KQCO5 solution,
and finally with water. Drying the product yielded 29
grams of crude ketone. Recrystallization from n-propanocl
(while avoiding prolonged heating) yielded 26.5 grams
(77%) of pure (18), m.p. = 172—174OC.

Infrared spectrum (figure 1) : absorptions (cm—q)
at 3450 (free -CH), 2280 (-NH), 3175 (hydrogen bonded -CH),
1720 (ketone carbonyl), 1630 (amide carbonyl).

w “+ =z : [ -~
Mass spectrum: m /e = 343, 236, 218, 194, 165,

148, 133, 121, 108, 106, 91, 78, 77, 65.
ANATYSIS C Il N
Calculated 06 . 46 6.15 4,08
Found 56,76 5655 4,09

(%) Preparation of lN-benzvldeacetyl anisomycin (20) and -

benzyl-2—(p-methoxybenzyl )=3-trang-4-~cig-dihydroxypyrrolidine

(21): The Grignard reaction was carried out as des-
cribed for the synthesis of (18). Instead of adding water

to the thf solution in the dropping funnel, however,

the golution was added dropwise Tto a stirred and reflux-




ing suspension of 15.5 grams of lithium aluminum hydride
in anhydrous thif (300 ml.). Refluxing continued for
8 hours. Most of the t.h.f. was then removed by distill-
ation, the remaining solution cooled, and ethyl acetate
(1500 ml.) added carefully. This was allowed to stand
with occasional shaking for 15 minutes. After that time
6N hydrochloric acid (300 ml.) was added and the mixture
shaken vigorously. Next the aqgueous layer was separated
and washed with ethyl acetate. These ethyl acetate
layers were combined. The aqueous layer was made basic
and extracted with chloroform. This chloroform solution,
upon evaporation, yielded only a trace of residue which
was discarded. The combined ethyl acetate layers were
next extracted several times with 5% hydrochloric acid.
and the combined aqueous extracts made basic. This basic
solution after extraction with ethyl acetate and evap-
oration of that solvent, then yielded a gummy oil that
became increasingly darker in color,

Thé residue was redissolved in chloroform after
2 hours and the solution extracted with 5% hydrochloric
acid. The aqueous solution was then made basic and
extracted with chloroform. Evaporation of the dried
chloroform solution yielded 4.8 grams of a gummy material.
That residue was dissolved in a small amount of benzene
and titurated with heptane. Iext a crystal of (21) was
added and the turbid solution allowed to stand overnight

under refrigeration. Filtration then produced %.1 grams
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(10%) of the all trans diol (21), m.p. = 112.5-11%.5°C.

[o¢] 2= +78° (cHOL,)
5
Infrared spectrum (figure?) : absorptions (cm"q)
at 3550 (~OH), 1620, 1590, 1510 (aromatic C=C), 1040
(—OCH5>.

P.m.r. spectrum (figure 1 ) : absorptions at
3.0T(s, 5H's, aromatic); 5.0—5.57KA2B2, 4H's, aromatbic);
6.4T(s, 3H's, —OCH5); 6.1 and 6.8T(AB gquartet, 2H's,
—N—OHg—Ph); 6.5T(m, 2H's, CB—H and 04—H); 7-7.5T unresol-

S ]
ved, 7H's, MeO@ CHE—CIi—I'\T—C'lHQ, ~CH).

Mass spectrum: m /e 192, 121, 91, 78, 65,

fl

ANATYSIS C H N
Calculated V2.86 7o B4 4.4
Found 72,84 76 30 4,50

The mother liguor was purified by thin-layer
chromatography (t.l.c.) on silica gel : (Rf values
21> 20> 22, solvent 7% MeOH in CHClB).

The mother liguor yielded 310 mg. (1%) of N-benzyl-
deacetylanisomycin (20), and 170 mg. (0.5%) of the triol
amine (22). Both (20) and (22) were identified by

comparison with data of authentic samples,

(4) Preparation of N-benzyldeacetylanisomycin (20):

Deacetylanisomycin (4) (450 mg.) and benzyl bromide

(540‘mg.) were stirred overnight at room temperature in
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50 ml. of OHGlB. The chloroform solution was then
extracted with 5% hydrochloric acidj; the aqueous solution
made basic and extracted with chloroform. The chloro-
form solution after drying with MgSO4 was evaporated
under reduced pressure. The residue was subjected to
t.lec. on alumina using %.5% MeOH in CHOl5 as solvent.

Elution of the fastest moving band yielded 191 mg.

(30%) of (4) , m.p. = 80-82°C .
[0f] 2°= -51.0°
Infrared spectrum (figure %) : absorptions (cm_q) at

3570 (~0H); 3370 (hydrogen bonded -CH); 1600, 1590, and
1500 (aromatic C=C); 1040 (—OCHB).

P.m.r. spectrum (figure 2 ) : absorptions at
%.0T(s, BH's aromatic); 5,0—5.61(A2B2, 4H's, aromatic);
6.47(s, 3H's, ~OCH5), 6.0-8.1T(unresolved multiplet,
11H's).,

Mass spectrum: m' /e = 192, 121, 91, 60, 39.

(5) Preparation of 1-p-methoxyphenyl-2,3%,4-trihydroxy-

S-benzylaminopentane (22):

The keto-amide (18) (500 mg.) dissolved in 20 ml.
of enhydrous +thf was added dropwise to a refluxing
solution of lithium aluminum hydride ( 250 mg.) in
20 ml., of anhydrous +thif . Refluxing continued for
17 hours. The solution was then distilled to a small

volume and ethyl acetate ( 15 ml.) added carefully %o
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the cooled solution followed by 150 ml. of ether. The
ether solution was extracted twice with 10 ml. of 6N
hydrochloric acid and the acid solution made basic, then
extracted with chloroform. This chloroform solution
was dried (MgSOQ) and evaporated to dryness. The residue
yielded 255 mg. (50%) of the triol amine (22),
m.p. = 120-123°C.

Infrared spectrum ( figure 4): absorptions (cm—q)
at 3450 (-0H); 3450-2650 (broad, -OH and -NH); 1620,
1590, and 1500 (aromatic C=C); 1040 (—OCHa).

P.m.r. spectrum (figure 3 ): absorptions at
2.7T(s, 5H's, aromatic), 2.8-3.3TASB,, 4H's, aromatic),

6.271s, 3H's, —OCHB), 5.7=7.5T(unresolved, 13H's).

Mass spectrum: m'/e = 331, 313, 295, 210, 180,
122, 121, 120, 107, 106, 100, 91, 85, 77, 65.

(6) Preparation of N-benzylanisomycin (23):

N-benzyldeacetylanisomycin (330 mg.) was dissolved
in cold acetic anhydride (25 ml.).After 30 minutes the
acetic anhydride was distilled at reduced pressure and
the residue subjected to t.l.c. on alumina (CHClB)°
Elution of the fastest spot yielded 60 mg. (14%) of
diacetate. ZElution of the major band yielded 256 mg.
(68%) of (23). This (2%) failed to crystallize and

yellowed on standing or when left overnight on alumina.

Infrared spectrum (figure 6): absorptions (cm“q)



3600 (-CH)j; 1725 (ester C=0); 1610, 1590, and 1510

(aromatic C=C) .

(7) Preparation of anisomycin hydrochloride:

N-benzylanisomycin (256 mg.) was dissolved in
ethanol (10 ml.); then 50 mg. of 5% Pd on charcoal was
added, followed by 5 drops of 712N hydrochloric acid.

This mixture was hydrogenated for 2 hours under one
atmosphere of hydrogen, then the catalyst was removed

by filtration. Addition of ether to the filtrate caused
the hydrochloride salt to precipitate. This salt was
redissolved in a small amount of methanol. Slow addition
of ether yielded anisomycin hydrochloride (140 mg.)

(65%) as white needles.

Infrared spectrum (figure 7): absorptions (cm_q)
at 3300 ( free -NH, -0H), 2700 (broad, amine salt),
1750 (ester C=0). The spectrum was superimposable on
the spectrum of natural anisomycin hydrochloride.

The mother liquors were combined and dissolved
in water (5 ml.). This solution was made basic and
exhaustively extracted with chloroform. The chloroform
was dried and evaporated. T.l.c. of the residue yielded
49 mg. (30%) of deacetylanisomycin (4), m.p. = 168-
170°C,

Infrared spectrum (figure 8): absorptions (cm—q)

at 3200 (-NH and -OH); 2700 (broad, hydrogen bonding);




1620, 159C, 1510 (aromatic C=C).

It was difficult to obtain reproducable spectra
from different mulls for comparison with natural (4),
For this reason synthetic (4) was converted to its
hydrochloride salt. The infrared spectrum of synthetic
deacetylanisomycin hydrochloride (figure 9) was superim-

posable on natural deacetylanisomycin hydrochloride.

(&) Preparation of N-benzyl-2-(p-methoxybenzyl)-3,4—

cis—epoxypyrrolidine (25):

180 mg. of the all trans diol (21) was sbirred in
acetic anhydride (25 ml.) at room temperature for 20
minutes. The acetic anhydride was then evaporated
under reduced pressure and the residue subjected %o
t.l.c. oOn silica gel (3% Me(OH in OHClB), Elution
yielded 188 mg. of the hydroxyacetate (24) (infrared
figure 10). Text compound (24) was dissolved in 1.6 ml.
of dry chloroform and to that solution was added 111 mg.
The golution was stirred for %0 minutes and
then evaporated to dryness under reduced pressure. To
the resulting reddish residue was . added 0.6 ml. of
ethanol; after dissolution of the residue 1 ml. of 20%
KCOH in ethanol was also added. The solution was heated
to reflux, allowed to cool, then transferred to a
separatory funnel and diluted with 4 ml. of water. The
solution was then extracted with chloroform and the

chloroform solution dried and evaporated. The residue




was subjected to t.l.c. on alumina (1:1 benzene/chloroform).
Blution of the major band yielded 105 mg. (60%) of the
epoxide (25). Recrystallization from ethanol/water

yielded pure (25), m.p. = 113-115°C.

(ST (CHO1)

Infrared spectrum (figure 11): absorptions (cm—qj

at 1620, 1590, and 1500 (aromatic C=C); 1040 (—OCHB);
865 (epoxide ring).

F.m.r. spectrum (figure 4 ): absorptions at
3.0%s, BH's, aromatic), 3.0—5.6TTA2B2, 4H's, aromatic),
6.4z, 3H's, -0CH;).

Mass spectrum: m' /e = 295, 277, 198, 186, 174,

170, 149, 121, 91, 65.

ANATLYSIS C H N
Calculated 77 e 50 a1 4,74
Found V7622 7.710 4,88

(9) Preparation of (+)-l-benzyl-deacetylanisomycin (26):

The cis-epoxide (25) (130 mg.) was refluxed for
one hour in acetic acid. The acetic acid was then
evaporated under reduced pressure and the residue
refluxed one hour in 10% KCH in ethanol. The solution was
then cooled and extracted with chloroform., The resulting
chloroform solution was dried (Mgsoq) and evaporated to
dryness. The residue was subjected to t.l.c. on silica

gel (7% MeOH in CHCIB). Elution of the faster band
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yielded 61 mg. (43%) of the all trans diol (21). The
slower band yielded 55 mg. (40%) of (+)-N-benzyl-deacetyl-
anisomycin (26), m.p. = 79-81°C.

~ 25 = o) -

[_OLJD = +57.4 (CnClB).

The infrared spectrum of (26) was superimposable

on the infrared spectrum of natural N-benzyl-deacetyl-

anisomycin (20).

(10) Preparation of (+)-anisomycin hydrochloride (28):

The procedure followed was identical with the
preparation of (-)-anisomycin hydrochloride. 55 mg.
of (26) yielded 23 mg. (43%) of (+)anisomycin hydro-
chloride (28), m.p. = 188-189°¢C.

The infrared spectrum was superimposable on that

of natural anisomycin hydrochloride, m.p. = 187-188°¢C.

(11) Prepgration of lactams (29) and (30):

The glass liner of a 500 ml. Parr high pressure
reaction vessel was charged with 7 grams of the keto-
amide (18), 7 grams of anhydrous Mgs0,, and 200 ml. of
anhydrous ethanol. The liner was then placed ingide the
high pressure reaction vessel, the vessel sealed, its
atmosphere replaced by 50 p.s.i. of NE’ and the temperature
rapidly raised to 150006 The temperature was maintained
between 135 and 15800 for 7 hours. The vessel was then
cooled and the pressure released. The slightly colored

ethanol solution.was filtered and on standing for an hour
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vnder refrigeration the unreacted (18) crystallized out
(605 mg). The crystals were removed by filtration and
the ethanol solution was then evaporated to dryness.
Orystallization from benzene produced %.87 grams (63%)
of (29). Chromatography of the mother liquors on silica
gel yielded an additional 0.5 grams of (29) for a total

yield of 4.37 grams (72%) of (29), m.p. = 148-149°¢,

Infrared spectrum (figure 12): absorptions (cm_q)
at 3500 (-CH); %350 (hydrogen bonded -CH); 1725 (C=0);
1665 (C=C); 1610, 1580, 1510 (aromatic C=C).

Pem.r. spectrum (figure 5 ) of the diacetate
derivative: absorptions at 2.7Ts, SH's, aromatic),
2.9-5.4TA,B,, 4H's, aromatic), 3.8T(4 line m, 1H,
65_H>’ 4.1Tbroad d., 1H, vinyl proton), 4.57(a, 1H,
Cy=H), 5.1T(broad s, 2H's, §-CH,~Fh), 6.3T(s, 3i's,
-0CHz), 7.8T(s, 3H's, C,-0COCH;), 8.37(s, 34's,
CB—OCOCH5>.

Mass spectrum: m+/e = 525, %21, 307, 237, 216,

188, 160, 147, 146, 108, 91, 77, 65.

ANATYSIS C H N
Calculated 0.4 5.89 4,34
Found 70,28 5.08 4,52

Elution of the lower chromatographic band yielded

566 mg. (6%) of (30) as an oil.

Infrared spectrum (figure 13): absorptions (cm—q)

at 2300 (broad -CH); 1725 (C=0), 1680 (C=C), 1616-and
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1510 ( aromatic C=C).

Pem.r. spectrum of the diacetate (figure &),
absorptions at 2.7-3.5Tm, 9H's, aromatic), 4.,0-4.57T
(4BC pattern, 3H's, -CH=0-C3H-C,H), 5.1 and 5.77(AB,
PH's, N—CHQ—?h), 6.27TWs, 3H's, —OCHB), 7.8 and 7.97T
(2s, 6H's, 2 —OCOOHB).

(12) Preparation of N-benzyl-2-(p-methoxybenzyl)-3-

trans-4-cis-dihydroxypyrrolidone (31):

The lactam (29) (567 mg.) was dissolved in ethanol
(50ml.); 230 mg. of 5% PA/C was added and the flask
placed in a Parr hydrogenation vessel under 500 p.sS.i.
of hydrogen pressure. Hydrogenation was allowed to
oroceed for 18 hours at room temperature. The catalyst
was then filtered off and the ethanol evaporated under
reduced pressure. The residue was recrystallized from
benzene to yield 444 mg. (85%) of (31). m.p. = 111.5-
112.5°C.

Infrared spectrum (figure 14): absorptions (cm—q)
at 3500 and 3300 (-CH); 1690 (C=0); 1610, 1600, and 1500

(aromatic C=C).
Mass spectrum: m' /e = 327, 206, 178, 121, 91,

ANALYSIS C H v
Calculated 69,71 O.47 4,28

7
Found 69.93% 6.26 4,49
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(13) Preparation of N-benzyl-2-(p-methoxybenzyl)-
S-trans-4-cis~dihydroxypyrrolidine (21) from (29):
The lactam (29) (2.2 grams) was hydrogenated

in the pregence of 1.1 grams of 5% Fd/C as described

for the preparation of (31). The resulting crude

[ T

oroduct was dissclved in 20 ml. of anhydrous thf
and then added dropwise o a warm suspension of 1.06
grams of lithium aluminum hydride in 80 ml., of +hf .
After the addition was completed, the mixture was
refluxed for 77 hours. Then the t.h.f. solution was
evaporated at reduced presgssure to half the original
volume, tThe resulting suspension cooled, and 100 ml,

of ether carefully added, followed by 50 ml. of waber.
The mixture was transferred to a separatory funnel and
shaken vigorously. The agueous layer was then separated
and extracted twice more with ether. The combined wet
ether extracts were evaporated, benzene (25 ml.) added,
and the benzene solution extrgcted with 5% hydrochloric
acid. This HC1l solution was made basic and extracted
with chloroform. The chloroform solution was dried
with MgSQ4 and evaporated. The regidue was dissolved
in a small volume of hot benzene and the benzene
solution titurated with hepbane. Refrigeration

overnight produced 1.6 grams (74%) of (21).
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Daunomycin, a metabolite of Streptomyces

peuceticis, is an anbtibiotic whic¢h strongly inhibits

. - . - : ‘ 21
The growth of a variety of experimental tumors® .

AT present it is used as an investigational anti-
cancer antibiotic that appears to damage proliferative
cells both by binding with DNA and by intercalating
in the DNA double helixgg. Daunomycin also has
produced hematologlic remissions in acute leukemia
as the initial form of treatument.

Daunomycin was first isolated in 1963 by Grein
et 3125. It is 2 glycoside which on acid hydrolysis

yields an aglycone, daunomycinone24 (35), and an

. .25
aminosugar, daunosamine o (36).

O HC O

. 26 . P ca o .
Dubost et al © in 1565 described an antibiotic,

rubldomycin, whose properties appear to correspond
with those of daunomycin.
Daunomycin is closely related to the anthra-

27

cyclines™", a group of antibiotics that contain a




tetrahydrotetracenequinone chromophore linked to a

N

sugar. In The anthracyclines, (R = —CHQGHB), the

number and the pogition of the phenolic hydroxyl groups
vary. 4in addition, the C-10 carbon atom may carry
either a hydroxyl group or a carbomethoxy group. in
daunomycinone, (R = -COCHB), the C-10 position is not
subgstituted. Furthermore, the C-4 hydroxyl group

is methylated.




The Structure of Daunomycin

Daunomycin (%7) (027H2JN040)

optically active substance. Its ultraviolet and visible

O HO

MeC

spectrum closely resembles that of 1,4,5~trihydroxy-

: : 24‘ i L 7 K s 9 1
anthraquinone™ . The presence of the quinoid chromo-
phore is also shown by the fact that readily reversible

reductlon occurs on treatment with mild reducing agents.

Mild acid hydrolysis of daunomycin affords s red
J o

aglycone, daunomycinone (35) ngquOg}, and an amino-
J
sugar, daunosamine (36) (C.H,.NC.). The ultravioledb

spectrum of daunomycinone is similar to that of
daunomycin. Zinc dust distillation of daunomycinone
yields tetracene, identified by its ultraviolet spectrum;
Thus suggesting a linear tetracyclic skeleton. The

= n] ! k) 7 t. S ] C. '—/]
infrared spectrum shows an absorption at 1718 cm_.,

1s a red, crystalline,
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derivative substantiat
The p.m.r. spectrum of daunomycinone shows absorptions
for one methoxy group (s,s 4,04) and one methylketone
(0,5 2.69). The data given to this point accounts
for the complete carbon skeleton of daunomycinone:
9 0
—ten,
2
—OCH,,
2
O
Methylation of daunomycinone with dimethyl-
sulfate yields a trimethylether derivative,

(CopHp00)e  The infrared spectrum still shows a

|
[©]
o
<t
s
<
3

hydroxyl band at 3350 cm . The p.mM.T. 8]

singlet absorptions at $=4,00 (&H,
(zH, -0C h~), 3.56 (3H, -OCH5>,

CH,). ZFurther, the three proton

shows four sharp

) 39
-CO

two -0CH;), 3

and 2.40 (3H,

oo

multiplet ( V-8, ABC pattern) indicates that the

aromatic protons are adjacent on the same ring.

Hence the following is the pa al structure for the
ether derivative:
Rq MeQ Q
‘0015
—OCH5
R, O MeC TR

where either Rq or R2 is a methoxy group. The absorption
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at &=4,92 (11, 4 lines) is the X part of an A
sovectrum. The chemical shift indicates that this
proton 1s on an oxygen bearing carbon atom as well as
being in a benzylic position. The 4B part consists
of two pairs of gymmetrical doublets centered at

e _8/‘(‘1“ 7N SN IR T

approximately 8=1.87 (1H) and 2.42(1H).

The structure is now apparently:

R C’ M e O O

The methylketone and hydroxyl group must both be on
the C-9 carbon atom, since no further proton coupling
to the AB part is indicated. This leaves two benzylic
geminal protons to be accounted for and these can
easlly be identified from the p.m.r. spectrum as two
doublets at 83.02 and $3.22 (AB pattern). The fact
that the remaining hydroxyl group is tertiary explains
why it does not methylate.

The next problem was to establish which of the
hydroxyl groups ig methylated in daunomycinone.
Treatment of daunomycinone with either base or acid

yields bisanhydrodaunomycinone, which on oxidative




fission with vpermanganate yields 1,2,4-benzene Tri-
,carboxylic acid and 3-methoxy phthalic acid. Therefore,
the methoxy group is located on the A ring. The

only remaining question is which of Rq or R2 is the
methoxy group. No rigorous chemical proof has yet been

published. However, the position of the methoxy

I

group may be deduced on The basis of sgpectroscopic

. 2% - . . .
evidence ™ “., Daunomycinone on treatment with chromic

anhydride in acetic acid yields (38),which when

(38) (29)

tregted with 2N NaOH gives (39). Treatment of (39)

with aluminum chloride in benzene yields (40) where

By 9O wo £h

Ry C HO HO

(40) =




iy

in different solvents is identical with that o
1,6,170,11-tetrahydroxy-5,12-naphthacene dione, On
the basis of this evidence, it was concluded that

Rgz methoxy,

The position of the glycosidic linkage may be
deduced by catalytic hydrogenolysis of daunomycin.,
Hydrogenation yields 7-deoxydaunomycinone and daunos-
amine, thus confirming the attachment of the amino-
sugar at C-7,

The relative cis stereochemistry of the two

Il

hydroxyl groups at C-7/ and C-9 may

1,

be established by
The successful conversion of daunomycinone to the

~ + L= O L —1
/59 ace'conlae5 o Oy

daunomycinone, thus confirming the cis stereochemistry

of the hydroxyl groups.

The structure of daunosamine was established ag
follows25, Daunosamine is a reducing sugar. 1t also
gives a positive ilodoform test, indicating a 6-deoxy
sugar. JThis is further confirmed by the isolation of
acetaldehyde on periodate oxidation. xidation of

l-benzoyldaunosamine yields K-benzoyl-I-(+)-aspartic

acid. Thus the absolute configuration at either C-2

)]

or C-3 ig (8). BSince the p.m.r. spectrum shows a

’(J/

(=

triplet atgih75 for the C-1 proton, there are 2H's

on the -2 atom. Therefore, the (-3 carbon atom must

carry the nitrogen atom. Hence the absolute config-




vration at C-3% is (&). Comparison of the molecular

. ) .

rotationg of the eight stereociscomeric 2,56-di

O

N
24

SOy

hexoses with daunosamine gsuggests that daunosamine
(36) has the L-lyxo configuration. This has been

confirmed by an unambiguous, stereospecific synthesis

7 =z

51 2

and the D-enantiomer”’~. A debailed
. - - . - Fal 3 - s 5 O
study of the p.m.r. spectrum of deunomycin

o , . R .
yridine shows that the anomeric proton, H is
D3 J ’ g

of daunosamine

in

equatorially oriented and that the sugar therefore
exists in the ~IL- form. The benzylic proton at C-7
of The aglycone exhibits spin coupling to the C-8

axX. and C-8 eqg. protons of 5.0 and 1.5 Hz respectively.
The magnitude of the coupling constants indicates that
The proton at C-7 is pseudoequatorially oriented.
Varying the solvent from pyridine —d5 to acetone—d6
produces a change in the spin coupling between (-8

ax. end C-7/ from 5.0 to %.0 Hz, Furthermore, after
slight warming, the aoetone~d6 spectrum exhibits

two sets of resonances for the amino sugar as well as
the methoxyl protons. This is furbther evidence that
the methoxyl group is situated at C-4. If the methoxyl
group were located at C-1, changes in the chemical
shift due to conformaticnal changes in the sugar

molety would not be observed.

The total absolute configuration of daunomycin

N

W

was established by Areamone et al”’”., 7-0- methyl-




desmethyldavnomycinone (41) was oxidized with lead

tetra-acetate to the dicguinone (42). The diguinone

was oxidized further with a periodate/permanganate
mixture to give, after purification, 8(~)-methoxy-

succinic acid (4%), This establishes the absolute

COOH
HOOG\\g/CHE
7

H  Ole
(43)

configuration of C~7., Since C-Y is sterically related
(&)

']
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Synthesgis of Daunomycin

N

Although a number of the anthracyclines have

-y

been known for over two decades, 1t 1s surprising that
no chemical synthesis has been reported to date on

tibiotics.
28

)

any of the a
March and coworkers reported The synthesis

of compounds structurelly related to daunomycin. Their

objective was to determine structure-activity relation-

SNipPSe.

1

In our approach to the synthesis of daunomycin,

it was decided to first synthesize racemic /-U-methyl-
. . . 3L . : s
demethoxydaunomycinone” . The synthesis of this

molecule in conjunction with 3. Schwenk and D. Popilen
constitutes the second part of this thesis. Discussion
will be limited to the work carried out by the author

himself.

7-0O-methyl-4~demethoxydaunomycinone



A key step in our planned gsynthetic approach
was the condengation of a phthalic acid derivative
with a suitable bicyclic compound to give the linear

tetracyclic skeleton. Since R was destined to become

MeO

MaC

a hydroxyl function, the diketone (45) was considered
a useful intermediate to synthesize. The bicyclic

diketone (45) would be readily available from the

keto-acid (44), Iz nitially it was decided to gvnthesize

compound (44) by two successive alkylations of aceto-
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acetic ester; followed by hydrolysis and a ketonic
cleavage of thet3~keto—acid (scheme V, page 60).

Diethyl acetylsuccinate wag condensed with
2,5-dimethoxybenzyl chloride using sodium ethoxide
as bage in absolute ethanol. Upon vacvum distillation
two clear liguid products were obtained. The major
fraction was identified from its p.m.r. Spectrum as
2,5-dimethoxybenzyl ethyl ether. The spectral data
of the higher boiling fraction were consistent with
the desired product (46) . Hydrolysis of (46 in cold,
dilute agueous sodium hydroxide gave the diacid (47)
as the major product. Its infrared spectrum showed
a broad hydroxyl absorption from 3500 to 2300 cm-q
and a broad carbonyl absorption at 17710 cm—/]n To confirm
that the product was indeed a diacid, 1t was refluxed
for 5 minutes in acetic anhydride. The infrared
spectrum of The crude product lacked any hydroxyl
absorptions and the carbonyl peak had shifted from
1710 em”™ ' to 1790 em™! with an additional medium
intensity band at 1870 cn™ . The ready formation of
the anhydride (48) confirmed the structure of (47).
Warming of the anhydride in polyphosphoric acid
gave compound (49) in excellent yield. Its infrared
spectrum showed a broad hydroxyl band centered at
3150 cm—q, a carbonyl band (acid) at 1725 cm-q, and

1

a carbonyl band (aromatic ketone) at 1660 cm .

Compound (49) was fully characterized by a colleague,
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Bob Schwenk, who synthesized (49) by a different approach
and successfully converted the carboxyl group To &
methyl ketone.

After the diacid (47) had been removed from tThe
reaction oproduct, the mother liguors were concentrated.
The p.m.r. spectrum showed a weak absorption attribub-
able to a methyl ketone. The presence o the keto-
acid (44) was assumed and the mixture was warmed in
polyphosphoric acid at 5000, From the neutral fraction
of the product the diketone (45) was:isolated by
chromatography. The infrared spectrum lacked any
hydroxyl absorptions and had carbonyl absorptions at
1720 cm™ ! (aliphatic ketone) and at 1680 cm” (aromatic
ketone). The p.m.r. svectrum had absorptions at

8= 2.2 (31, COCH,), &=3.8 (6E, OCH,), §=6.8 (2H,

5)’
AB quartet, sromatic H's), and a 5 proton multiplet
in the region.5=2.5—5,5, The mass spectrum gave the
correct molecular ion (m' /e = 248),

Having obtained compound (45), we looked for
)

at room temperature or al reflux temperature gave tarry

[0

means to improve its yield. Acid hydrolysis of (4

products. The failure to obtain satisfactory yields
of compound (44) from acetoacetic ester derivatives
led us to try derivatives of acetyl acetone by a similar

approach. £ince the P-keto ester underwent facile

carbon~carbon cleavage, a.B—diketone would be expected



To Dbehave similarly.

A

acetyl acetone wags condensed

A

The sodium salt ©

<.

with ethyl bromoacetate in absolute ethanol To give
compound (50) (scheme VI, page 61 ) Condensation of
2,5-dimethoxy~benzyl chloride with compound (50) in
thanol also gave 2,5-dimethoxybenzyl ethyl ether

as the major product and only a small yleld of the

desired compound (51). To circumvent this problem,

the condensation was carried out in anhydrous thf

using sodium hydride as base. The reaction proceeded

very slowly, requiring 4 days at reflux btemperabure.
Compound (51) was not isolated, but the reaction product

was warmed overnight in 1K Na

»—»4

solution. Work up
of the reaction mixbture yielded the keto acid (44) in
41% yield.

A further improvement in the synthesig of
compound (51) was made by condensing 2,5-dimethoxy-
benzaldehyde with acetylacetone to give compound (52)
in nearly guantita*ive yvield. The infrared spectrum
showed carbonyl absorptions at 17/C0 Cm"q and 1660 cm_/]°
A medium intensity band at 1630 cmnq can be attributed
to the double bond. The p.m.r. spectrum showed

(%H, COCH ),5 .4 (3H, COCH,),

)]
o

absorptions at £=2.
and 5=7,7 (14, vinyl). Compound (52) was hydrogensted
in quantiative yield to compound (53%) and compound
(53) crystballized in the enol form. The infrared

spectrum showed broad carbonyl absorption at 1600 cm“q.
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groups (& =2.8

ester grouv,.

ueous godium hydroxide,gave the

eto acid (44) in excellent yield,

ses compound (44) was synthesized

!

E

zaldehyde without igolating any
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e1d

ds of 85-90% were consis-

lar scales.

the keto acid (44) in polyphos-—
ound (45) in poor yield. Similar
in concentrated sulfuric acid.

- . 0O .
fluoride at 20°C, however,

ined. In addition a by-product

low yield., #hen the reasction
0

0~C, compound (54) was obtained

selective reduction of

in compound (45) proved to

Ketalisation of the aliphatic ketone
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in compound (45) with ethylene glycol occurred quickly
with only a small percentage of diketal being formed.
The diketal was selectively hydrolysed to the desired
monoketal by adding a few drops of acetic acid in 95%
ethanol. The monoketal (55) was obtained in high
yield. The infrared spectrum lacked a carbonyl
absorption at 1720 om_q, but retained the carbonyl
abgorption at 1680 om_q, thus showing that the aliphatic
ketone was ketalised. Furthermore, the methylketone
peak in the p.m.r. spectrum .shifted fifm18=2,2 to

£=Jh#3 and an additional absorption for the ketal
bridge was observed at S =4.0.

Compound (55) was reduced with sodium borohydride
in methanol to give the benzylic alcohol (56). The
infrared spectrum had a strong band at %600 cm—q ror
hydroxyl absorption. The spectrum lacked carbonyl
absorptions. When compound (55) was reduced with
sodium borohydride in methanol and the solution was
then acidified with 6N HCl and allowed to stand for
2 hours, compound (57) was obtained in nearly gquant-
itative yield in both epimeric forms. This was indicated
by the presence of 2 aliphatic methoxy peaks in the
D.M.T. spectrum at 5:5.4 and S=5.5. The infrared
spectrum lacked hydroxyl absorption bands. The aliphatic
ketone absgorption occurred at 1710 cm_/]° Numerous
attempts were made to introduce the Tertiary hydroxyl

group ol to the carbonyl function. However, none




X

MeO OCH5

proved succesgsful.

Attempts To condense phthalic acid derivatives

methods algo failed. It became obvious that the funct-

ional group in the benzylic position wag a real liab-

1lity to further synthetic oprogress. IHence 1t was

<L

decided to remove the oxygen functicn completely.
Cabalytic reduction of compound (45) in acidified
ethanol gave an excellent yield of the monoketone

58). A colleague, D. PopienBE, successfully
converted the monoketone (58) back to the methoxy-—
ketone (57). This solved the problem of reintroducing
the bengylic oxygen Tfunction,

Attempts to form the enol ether or enol acetate
of compound (58) failed. However, the cyanohydrin
(5¢) formed reszdily. The cyanohydrin was not purified,
but converted directly to (£0) by treatment with

vhosphorous oxychloride in dry pyridine at room




1

temperature. The infrared spectru

m ghowed an absorp-
tion band at 2250 cm for t"eci,ﬁ ungaturated

nitrile and a band at 1650 cm for the double bond.
The p.m.r. spectrum lacked any vinyl protons, indicatil
that the double bond is tetrasubstituted. Oxidation

of compound (60) with potassium permanganste in acetone

in the presence of magnesium sulfate gave a fair yield

of the desired hydroxyketone (61). The infrared specbtbrum

showed a hydroxyl absorption at 3500 cm_/I and a car-
bonyl band at 1700 cm~q. A petter procedure for tThe
synthesis of compound (61) was developed by D. Popien-
when he successfully introduced the tertiary hydroxyl
function by oxidizing compound (58) with molecular
oxygen 1in the pregence of potassium tert.-butoxide.

The monoketone (55) was successfully condensed
with the monomethylester of phthalic acid in trifluoro-
acetic anhydride at 5OOC to give two isomeric compounds
(62). No attempt was made to separate the iscmers.
RBasic hydrolysis of compound (&2) yielded the isomeric
acids (6%). Compound {(63%) was dissolved in anhydrous

1

f -

hydrogen fluoride and allowed to stand for 2 hours

at room temperature. Work up yielded the desired
tetracyclic quinone (64), The p.m.r. spectrum showed
it to be 1dentical with the guinone obtained by

25

De Popien In hig method he fused phthalic anhy-

dride with compound (58) %o give the phenol analogue

1

[89]
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of compound (&4). HMethylation with dimethyl sulfate

gave compound (64). The triflucroacetic anhydride
6

z
method is much milder. B. Schwenk”" used this method

successfully with the bicvclic hydroxy kebone (61)
J N J

to give the following compound:

The benzylic oxygen function was introduced using

=

D. Popien's”” method To give:

Demethylation with sluminum chloride gave the desired
o &

7=-0-methyl-4~demethoxydaunomycinone.
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See page 25 for related information.

(1) Preparation of ketoester (46):

A 1 liter, 3-neck, round-bottom flask was
equipped with a mechanical stirrer, reflux condenser,
and dropping funnel., Moisture was carefully excluded
from the system. To the flask was added 50 ml. of
absolute ethanol, followed by 2.3 grams (0.1 mole)

of sodiuvum. Ag soon as the sodium had dissolved,

n

1)
I

21.6 grams (0.7 mole) of diethyl acetylsuccinate

was added in one portion. The solution was then

brought to reflux and 18.7 grams (0.1 mole) of 2,5~

dimethoxybenzyl chloride in 300 ml. of absolute ethanol
o

added over a 15 minute period. Refluxing was continued

or an additional 4 hours. The mixture was then cocled

)

and filtered and the ethanol removed under reduced

pressure. The remaining mixture was again cooled

[y

£

and then filtered into a small distillation flask.
Vacuum distillation yielded 11.2 grams (56%) of
2,5~-dimethoxybenzyl ethyl ether, b.p. = 68—7000 at
0.5 mm, and 15 grams (£41%) of the ketoester (46),
DeDo = 180-190°C at 0.2 mm. .

Infrared spectrum (figure 16): abscrptions (cm—q)
at 1720 (broad) (carbonyl bands), and at 1610 and 1590

(aromatic double bonds).




(2) Freparation of diacid (47):

Compound (46) (8.8 grams, 0.024 mole) was
stirred vigorously with 100 ml. of 5% sodium hydroxide
solution for 16 hours at room temperature. The basic
solution was washed twice with ether and then acidified
with concentrated hydrochloric acid. The precipitate
was filtered off and dried. The crude product was
then washed with chloroform to yield 4.6 grams (72%)
of the diacid (47), m.p. = 155-156°C.

Infrared spectrum (figure 17): absorptions (cm"q)
at 3400-2200 (broad) (acid hydroxyl), 1705 (carbonyl
stretech) , 1600 (aromatic).

VMass gpectrum: m+/e = 266, 250, 208, 151, 121,

(%) Preparation of the bicyclic kebtoacid (49) via

the anhydride (48):

The diacid (47) (2.4 grams) was refluxed in
20 ml, of acetic anhydride for 5 minutes. The solvent
was then distilled under reduced pressure.
Infrared spectrum (figure 18) of the residue:
absorpticns (cm_q) at 1870 and 1790 (anhydride carbonyl).
Polyphosphoric acid (30 grams) was added to the
residue and the mixture was warmed Lo 50 then stirred
until homogeneous. The temperature was maintained at

0 - L. . - :
507C overnight. The resulting dark colored solution

wags then cooled and diluted with water; tThen the

)
N
el



cloudy aqueous solution was extracted with chloroform,
dried with MgS0,, and evaporated. The solid residue
was recrystallized from acetone to yield 1.43 grams

(64%) of the bicyclic ketoacid (49), m.p. = 20

_ . . . R
Infrared spectrum (figure 19): aebsorptions (em™ ')

at 3150 (broad) (hydroxyl stretch), 1730 (acid carbonyl),

1670 (aryl ketone), 1590 (aromatic).

(4) Preparation of S-carbethoxymethyl-2,4-pentane

dione (50):

A 500 ml. , 3-neck, round-bottom flask was
equipped with a mechanical stirrer, reflux condenser,
and dropping funnel. The flask was charged with 200
ml, of absolute ethanol and 9.2 grams of sodium. As
soon as the sodium had dissolved, acetyl. acebone
(40 grams) was added in one portion and the solution
brought to reflux. Ethyl bromoacetate (66.8 grams)
was then added dropwise from the dropping funnel and
refluxing was continued overnight. The ethanol was
then_evaporated under reduced pressure and the residue
filtered. The filtrate was distilled under reduced
pressure using a water aspirator and the fraction
boiling between 119°C and 136°C was collected to yield
29 grams (39%) of product.

Infrared spectrum (figure 20): absorption band

-1
1720 c¢m ° (broad) (carbonyl band ).
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(5) Prevaration of compound (44) from compound (50):
The B—diketone (50) (8.5 grams) was dissolved
o

in 150 ml, of anhydrous te.h.,f. in a 300 ml. round-

A

vottom flask. Sodium hydride (2.2 grems of a 50%
suspension in mineral oil) was added, followed by

9.0 grams of 2,5-dimethoxybenzyl chloride. The solutlon
was refluxed for 4 days. Then the solution was con-
centrated to a small volume and 150 ml. of a 15%

sodium hydroxide solution added. This mixture was
refluxed overnight, then cooled and washed twice wilith
benzene. The aqueous fraction was acidified with
concentrated hydrochloric acid and a solid precipiltate
wag collected, dried, and recrystallized from methanol

to vield 5.0 grams (41%) of the keto acid (44).

(6) Preparation of compound (52):

500 ml. , round-bottom flask was charged with
5.8 grams (0.% mole) of 2,5-dimethoxybenzaldenyde,
40 grams (0.4 mole) of acetyl acetone, and 300 ml, of
benzene. The mixture was stirred until homogeneous,
then 2 ml. of piperidine added followed by 6 ml. of
acetic acid. The flask was then equipped with a

Dean-Stark trap and a reflux condenser. The solution

~

was refluxed until no more water separated (approximately
1.5 hours) and then the benzene was distilled under

reduced pressure. The residue solidified on standing

LTS e
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Crystallization from methanol yilelded 65 grams (88%)
0

o

of condensed product, m.p. = 65-66

(@]
*

_— = N Coe -~ - . "-/I N
Infrared spectrum (figure 21): absorptions (cm ')

at 1700 and 1660 (carbonyl bands), 1630 (double bond ,
,ﬁ unsaturated ketone), 1590 (aromatic)

P.m.r. spectrum (figure 7): absorptions at
2.%T(s, 1H, vinyl proton), 342 T(m, 3H's, aromatic),
)y 7.6

v1 ketone).

6.27T(s, 3H's, —OOHﬁ), 6.% T(s, %H's —CCHj
(s, 3H's, methyl ketone), 7.87T(s, 3H's, meb
Mass spectrum: m' /e = 248, 217, 191, 176, 161,

/]4-8, /1/195 /1059 /IOB, 9/]7 ’779 ‘64'50

ANALYSIS C H
Calculated 67,75 049
Found 68,06 ©e55

(7) Preparation of the B -diketone (53) from 2,5-dimethoxy-~
) J

LY

tengzaldehnyde:

The aldehyde and acetyl acetone were condensed
as described above. The crude residue, after removal
of benzene, was dissolved in 1%00 ml. of ethanol in a
2 liter flask and 5% P4 on charcoal (7 gramg) was added.
Thigs mixture was shaken under one atmosphere or hydrogen
until the upbtake of hydrogen ceased (1.5 hours). The

~

catalyst was then filtered off and the ethancl removed
under reduced pressure. The resgidue was distilled

. : A T : - o}
uvnder vacuum and the fraction boiling at 13Y-1427C

15 mm. was collected to yield &¢

oM
ot
-]
AN




of product. Thig liguid product crystallized on standing.
Infrared spectrum of so0lid product (figure 22):
absoroptions (cm—q) at 160C (broad) (B ~diketone enol
form).
P.m.r. spectrum (figure &): absorptions at
-6.57T(s, 1H, enolic -OH), %.4T(m, 3H's, aromatic),
6.2 T(s, 2H'S, —OCu7), 6.3 T(s, %H's, —=CCH,), C.5T
(s, 2H's, benzylic methylene protons), 8.0 T(s, 6H'S,
methyl ketones (enolic) ).
Mass spectrum: m /e = 250, 207, 189, 138, 43,

-

(8) Preparation of compound (51) from compound (5%):

The B -diketone (53) (5 grams) was dissolved
in 100 ml, of anhydrous thf and then sodium hydride

fane /«

(1.0 grams of a 50% suspension in oil) was added.

[N
i

To the regulting amber colored solution was added

%.5 grams of ethyl bromoacetate and the solution
refluxed for 1 hour to complete The reaction. The
mixture was then concentrated to half its original
volume, cooled, and 100 ml., of water added. iext the
mixture was extracted with benzene Three times and t
benzene extracts washed with water and dried (Mg8 ;4),

h

The benzene was evaporated at reduced pressure.

0ily residue geparated into 2 layers, the upper layer

being the paraffin oil. The bobttom layer crystallized

i

on standing overnight under refrigeration. 4the oil

was decanted to leave a nearly pure product. Crystall-




ization from methanol vielded 5.1 grams (76%) of
. ( oy N\ . Pl 1“‘;0 ~
compound (51), meTe = 50-0/ C.

Tnfrared spectrum (figure 2%): absorptions (cm )
at 17%0 and 1700 (carbonyl streteh), 1620 (aromatic ).
P.m.r. spectrum (figure9): absorptions at

3,4 (m, 3H'S, aromatic), 5.9T(g, 2H's, -CCH,le),
—
L

(s, 2H's, ~CH, (benzylic) ), 7.2T (s, 2H's, —CHQJQCEC),
7.67T(s, GH's, CH,C0-), 8.87T (%, 3H's, ~O0CH,CH;).
Mass spectrum: m /e = 3%6, 247, 151, 121, 91,
Y7y WD
ANALYSIS C H
Calculated ol 27 7e19
Tound 6417 6.499

(9) Preparation of keto acid (44) from (53):

A 1 liter, %-neck flask equipned

stirrer, reflux condenser, and dropping funnel was

charged with 600 ml., of anhydrous  tinl and 50 graums

(0.12 mole) of compound (5%). Sodium hydride (6.0

crams. (0,125 mole) of a 50% suspecsion in oil) was

jon
i

ed in small protions to the vigorously stirred

ad
solution. After the addition was completed, 271 gramsg
(0,125 mole) of ethyl bromoacetate was added over a

20 minute period. The mixture was refluxed for one

roximately 500 ml. of th




70

vwas removed by distillation. ihe regidue wags allowed
to cool and then 250 ml. of an &% godium hydroxide
solution added. This mixture was stirred in an oil

and the benzene extracts discarded. 1Ihe aqueous solution

was transferred to a 2 liter beaker contalining crushed

ice and then carefully acidified with concentrated

hydrochloric acid. The precipitated acid was filtered

at 3400-2400 (carboxylic scid -CH stretch), 17

~ T SO NTT 2 ' Z - oy 3
-0, T(broad s, 1H, -CCCH,, %.4T(m, 3H's, aromabic),
4 T T - ’ g S TT i
T(s, 3M's,-0CH;), 6.4 (e, 3H's, -0CH;), 6.5-7.7

)
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Calculated 63,15 6,81
Found 63430 6.58
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(10) Frevparaticn of the bicyclic diketone (45)

1

A 250 ml. polyethylene botlle was placed securely
in a wabter bath at 15 in a well ventilated hood.
inhydrous hydrogen fluoride (50 ml.) was added and the
liguid stirred and allowed to warm to near the boiling
voint (15°¢). Then 5.% grams of the keto acid (44) was
added in smell portions. Stirring was conbtinued for

% hours, then the water bath temperature raised to
40°C, Lis soon as the evolubion of nhydrogen fluoride
ceased, the resgidual liquid was poured into 100 ml.

of ice water and the aqueous mixture extracted three
times with chloroform. The chloroform solution was
washed with saturated sodium bicarbonate, dried with

MgSC4, and evaporated. The oily regidue was dissolved

.)

in hot methanol. The prod:

C

et crystallized on cooling

to yield 3.3 grams (67%) o

r
L

pure (45), m.p. = 12%5-
=0
1257C.
. -7
Infrared spectrum (figure 25): absorptions (cm ')
at 1710 (methyl ketone), 1570 (aryl ketone), 1590
(aromatic).
P.m.r. spectrum (figure 11): absorptions at
.

> T(q, 2H's, aromatic), 6.2 T(s, SH's, _Obﬁ5>’

6e5=7.5T(m, S5H's), 7.8T(s, 3H's, —GOCHB).

\1
\)

Iy

Mass spectrum: m /e

oug, 205, 190, 175, 91, 43.
ANATYSTS C H
Calculated 6775

&
Tound SV C. 78




glycol added, followed by 100 mg. of p-toluene sulfonic
acid monohydrate. +‘he solution wes slowly distilled

for 1.5 hours with occasional addition of benzene to

was then distilled off

03

en

®

maintain volume., ''he ben
under reduced pressure and 50 ml. of ethanol containing
0.5 ml. of acetic acid adced to the residue. The golution
was stirred and the monoketal began to precipitate
almost immedistely from the solution. Stirring was
continued for 2 hours. filtration yielded Z.5H graus
(76%) of pure white ketal., The filtrate was diluted

nd ewxbracted with benzene., The benzene

o+
[SY)

with water
solution was waghed with bicarbonate solution, dried
A

end evaporated. Crystallization of the

a small amount of ethanol yielded an

400 mg. of product. The tobtal yield was

A

ared spectrum ( figure 26): absorpbtions
i O b

oL
Vaae o T ' Co D S I = =R =L B -
Mass spectrum: m Je = 292, 205, 91, &8&, &7, 43,




(12) Preparation of the methoxy ketone (57):

1
infrared spectrum (figure 27): hydroxy band at 3500

4l

TS " Nl e oo
550 mg.,) was a

methanol and then godium borohydride in pe

33
3

ided to the mixture. Dissolution

mixture occurred gradually. Stirring was conbtinued

minutes,

Work up ylelded

cm” 'y no carbonyl abs rption.]

with ether. The ether solution was dried with Mgid,

and evaporated. The oily regidue slowly solidified

Hydrochloric acid (6 ml. 6l) was added and the
mixture was stirred for 2 hours at room temper-

then diluted with 200 ml, of water and extracted

of product.

Infrared spectrum (figure 28): absorptions (cm )

N

he bicyclic monoketone (5&):

The diketone (45) (5grams) was digsolved in
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250 ml. of ethanol an
was added. The mixture was shaken under one atmosphere
of hydrogen for one hour, then the flask was [lushed
with nitrogen and 20 ml, of concentrated hydrocnloric
acid added. The mixture was then shaken under one
atmosphere of hydrogen for an additionsl 45 minutes.
the catalyst was removed by
The filtrate was concentrated under reduced pressure

to one third of the original volume and 150 ml, of

water added. This mixture was extracted with benzene

and the extract washed succesgively with water and sodium
bicarbonate, LT was then dried with Ng504 and evaporated,

The residue soon crystallized and was used withoub

ol

-
}..n

urther purification to yi

product, MePe = 02Z.5-07

absorption (cm™ ')

N~

Infrared spectrum (figure 29

at 1710 (aliphatic ketone), 1510 (sromatic).

P.m.r. spectrum (figure 14): absorpitions ab
5.5 T( DI o sromatic \ o7 { Gt OO N
De D Se 2 84 Ar0omavic ) Te D T‘\S5 Ol 8, =UUL, ),

S
nitrile (80):
o a vigorously stirred solution of % grams of

sodium cyani
was added 1 gram of compound (58). The mixture was

irred for 10 minutes, then 5 ml, of acetic acid




[apRaey

‘2

wae added and stirrins was continued for one hour.
The golution was bthen diluted with 100 ml. of water
and ewtracted three times with ether. The ether solution

was dried with M end evaporated to leave a cumn

gl L.

residue of the cyanohydrin (59) plus starting material.

Infrared spectrum (figure 30): hydroxyl band

at %620 cm ', weak carbonyl band (starting material)

o
ct
N

~J
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The residue was dissolved in 20 ml., of dry
oyridine. FPhosphorous oxychloride (Mml.) wes added
and the solution stirred at room temperature for 16
hours. The solution was then diluted with 100 ml. of
water and extracted % btimes with ether. Ihe ether

solution was washed with water, dried with M

. = s —/] N
Tnfrared snectrum (Ffigure %1): absorptions (cm )
at 2250 (Ci,B neaturated nitrile), 1650 (doubl
bond), 1610 (aromatic).

PelloT e SpECTTUl (figure 15): ebsorptions at
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(15) rreparacion ofol-hydroxy ketone (&67):

ja

e

0N

Digtilled acetone was pas through colunmn

srade silica gel and collected (5 ml.) under anhydrous

1




-
J4S)

conditions. inhydrous magnesium sulfa

was then added, followed by 240 mg. of the .,
unsaturated nitrile (60). The suspension was stirred

vigorously and vnotassium permanganate (160 mg. )
added. This mixture was stirred for 20 minutes
Dilute hydrochloric acid (20 ml. of 5% solution)

was added and the mixture shaken vigorously, then

r‘11

extracted with ether. The ether solution was dried

HI"

with Mg30, and evaporated. The residue was
g1

T

chromatographed to yvield 96 mg. (38%) of product
- En o o i 9

m.p. = 102-1037C.

. . . . s - =1
Infrared spectrum (figure %2): absorpbtions (cm ')

N
W

i

at 3500 (hydroxyl stretch), 1700 (ketone stretch),
1605 (aromatic).

F.m.rs spectrum (figure 16): absorptions at
3.47T (s, 2H's, earomatic), 6.257T(s, 3H's, -0CH.),
6.5 T(s, 2l

T(m, 4H's), 7.7’T(s, 3h's, -COCH,), 8.0-8.3 T

_.¢

,1

v'S, "'KC-—_- >’ ar/:) T(S, /IE{’ "(\J’LE>, 63'}—700

(m, 2H's).
(1€) FPreparation of the Getracyclic guinone (54):
Ketone (58) {115 mg.) and phthalic acid mono-

2 hours, then the trifluorcacetvic anhydride was

evaporated. The regidue was dissolved in ether




and washed with sodlwn bicarbonat

the igomeric

Infrared spectrum (figure %%): ketone and ecster

.

', aryl ketone stretch at 15660
-

JRTE Y Natls
at 1600 cm °

P.om,r. spectrum (figure 17): absorptions at

1.9-2.97T(m, 5H's, aromatic), 6.1 T (s,

H'e, -0C
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NaCH for 3 hoursg at 60°C. The basic solution was
cooled, washed with ebther, acidified, and sextracted

with ether, The ether solution was drie

was dissolved in Tlvoride at 1500
and allowed to stand for 3 hours. Then the hydrogen

flvoride was evanorated

cold water. fdhis mixture

and the chloroform washed
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