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ABSTRA.CT

Several cornpounds which are intermediates in the total_

synthesis of tetracycline,I,and. its analogs have been

prepared. 5-carboxy-6, B-dihydroxy-7-cyano tetral-one, XXII,was

prepared from glycine ethylesterhydrochloride,Xl,dimethyl ac-

etone dícarboxylaterXIII,and 2-cyclohexenonerXVI. 2-methoxy-

carbonyl- 3-methoxy- 6-bromo¡ihenv l-acetonitri 1e , XLIV,was

prepared from m-methoxy benzyl_ al-cohol,XXV,via 4-bromo-7-

methoxy indanone, XXXV, and 2-oxime-4-bromo-7-methoxy indan-

dionerXLf.The S-membered ring was opened by a second order

Beckmann rearrangement. 3-oxo- 4- cyclohexenylcarboxamide , LV,

was prepared from m-hydroxy benzoic acj_d via a Birch

reduction.Ivlodel- BCD ring sysiems of tetracycl-ines have been

prepared by condensing XLIV with LV a-nd. XVI to give hydro-

anthra.cene systems

Some suggestions to complete the synthesis of tetra-

cyclines have also been made
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INTRODUCTION

Antibiotics were introduced to the chemical and

medical- world wíth Flemings di-scovery of pennicilin in
1929 (1), although it was not until World War II that
the discovery was utilized. The first clinical use of
pennicillin was in I94I (2) and large scale production

\^/as not feasible until 1943.

Pennicillin and Streptomycin, discovered by Waksman

in 1944, rúrere the only generally used antibiotics until
I94B (3) when Duggar (4) discovered aureomycin. At that
time this antibiotic had the tremendous advantage:, that
it could be administered either orally or j-ntravenously

whereas the other two had to be given by injection.
Furthermore aureomycin had a wide range of chemo'therapeutic

activity including most organisms susceptible to pennici-
1lin and streptomycin (5).

since Duggarrs discovery of aureomycin from cul-tures

of streptomyces aureofaciens a number of tetracycline
derivatives have been di-scovered from various strains of
streptomyces and their mutants. A few of the con'mon

tetracyclines, their source and date of discovery are

listed in table I.

Table I lists

known. Barret (6)

ly a few of the earlier tetracycl_ines

his excel-]enL review lists over

on

in



TETRÀCYCLINE
DERIVATIVE

Tetracycline

Aureomycin
( 7- ch lorotetracycline )

Terramycin (S-fryaro*y-
tetracycl-ine)

6-demethyl tetracycline

6-demetiryl- 7- ch lorotetra-
cycline

7-bromotetracycline

R1

ï

II
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rV

V

VI

Streptomyces 1953
aureofaciens
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Streptomyces 1950
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Streptomyces i-957
aureofaciens
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two hundred tetracyclines and tetracycline deri"'atives

.some of which are synthetically produced and others

biologically from normal and mutant straj-ns of strepto-

myces aureofacj-ens and streptomyces rimosus.

trnlork on the chemistry and structure of tetracyc-

lines was started shortly after the discovery of aureomycin,

not only because they were such effective chemotherapeutic

agents but because they represent a new cl-ass of struc-

turally interesting natural products. The many labile

functional groups in these products makes their chemistry

very complex and this represents an immediate challenge

to the organic chemist. The many reactions which occur

at several centres of the tetracyclines have been dis-

cussed in a number of reviews (13,14,15).

The relatively short time required for the struc

ture of terramycin to be elucidated reflects the intense

effort which went into the chemical studies of the tetra-
cyclines. Terramycin was discovered in 1950 (I0) and in
1953 Woodward published a complete structure (16) including
a stereochemícal structure defining the six asymmetric

centres as in VfI. A number of summaries of tr{oodward's

work have been published (13r14,15). This structure
differed from that (of terramycinhydrochl-oride) obtained

by Takeuchi 1960 (17) by X-ray analysis onty in the

configuration about Cn and Cr. (The numbering and tabelling
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of the tetracyclines is shown in VIII). III is the

accepted structure of terramycin today.

Shortly after Woodward published. a complete

structure for terramycin it was shown that both aureo-

mycin (IB,l-9) and terramycin are substitution products

of tetracycline I (19). Again, using X-ray techniques,

it was shown that aureomyci-n and terramycin are not only

structurally related but have the same configuration about

their asymmetric centres (20). At this point it is logical
OH HO

==l I

Me 765t6a 5a 4a'

10a LLa-L2a
l0 I LT2 1

VII VIII

to extend the configuration of t"rr.*y.in to all- other

tetracycl-ines isolated from streptomyces.

As mentioned above the structure of the tetracyc-
lines presents a tremend.ous challenge to the organic

chemist and synthetic work was attempted very shortly
after the structure v/as known. Although a large number

of tetracycline analogs and their derivatives \,vere

prepared (6,21) no total- synthesis v,/as reported until
trtToodlard and coworkers reported the total synthesis of
6-demethyl-G-deoxy-tetracycline, rX, in a communication

B

9

3

2
D c B A



(22) .

-f,*

A fr.rll report rvas publishecl in 1968 (23) .

oi{ H

oNH2 coNH2

In i96B l'{uxfeld and coworkers in a communication

reported the total synthesis of dl--terramycin' frf , (24) .

Although it. appears very unlikely Lhat tetraclzcl-ines

wil-l be prepared synthetically on a commercj-al scal-e due

to their complex chemistry and ease of preparation of thé'

natural product in large fermentation tanks ' the analogs

prepared are useful- as a confirnLation of structure and

in the study of activity, mode of action, and biosynthe-

tic routes. These topics have been re-¿iewecl by Barret (6)

Some of the work done in this laborator:y is aimecl at

the total synthesis of tetracycl-ine analogs and precursors

using an approach completely different from that taken by

other rvorkersrfor exarnple inToodward and Muxfeld. (see above) .

XIX

* An excel-l-ent surnm.ary

teti:acyclines has been

Castl-eman (25).

of laboratory scale

published by Evans,

preparation of

Richard, and
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The problem is approached by synthes izLng the AB

ring system t or a close relative of it, and the D ring

system and then fusing them with the formation of the

C ring.

The preparation of the immediate precursor of the

AB ring system of terrarubein, X, with atl the correct

substituents has been described by J.Buccini (26)

(schemes If and III). Part of the work has been repeated

and is described in this thesis (scheme II). A detailed

ana-lysis of infrared (i.r. ) and nuclear magnetic reso-

nance (n.m.r.) spectra is presented.

XXIV was prepared as f ol lows. An isoxazole ring was __.

condensed onto a cyclohexanone ring via a Michael- addi-

tion followed by an intramolecul-ar displacement of meth-

oxide from a carbonyl to form a linear tricycli-c tetra-

hydronaphthaleireisoxazole system, XVIfI

Opening of the isoxazol-e ring forms a nitri1e and

hlzdroxyl functions on a bicyclic hydronaphthalene sys-

tem with functional- groups via which aII terrarubein A

ring substituents can J¡e introduced directly (schemes II

and III).

The preparation of the D ring and subsequent pre-

1:aratio::r of a model- BCD ring system of tetracycline is

descrj-bed in full detail in this thesis (schemes I\r and

VI).
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The D ring can be prepared homophthalic acid

deri'¡ative XLIV. 2-methoxycarbonyl-3-methoxy-6-bromophenyl-

a-cetonitrilef XLIV, was prepared via a second order Beck-

manrl rearrangement (27) from the corresponding oxime

acetate. The bromine atom. was introduced to prevent

cyclization of the propionic acid to S-methoxy indanone,

which product is preferred over the required 7-methoxy

indanone. If so desired the bromine atom may be readily

removed (28) at a later stage.

Attempts to prepare a homophthalic acid derivative

via XXXVIII failed due to an inability to form an enol

acetate.

3-oxo-4-cyclohexenylcarboxamide, LV' was prepared

-[scheme VI) to be condensed. with the homophthalic acid

Cerivative XLIV. This procluct \^zas prepared from nt-methoxy-

benzoic acid via a Birch reduction.

The tricyclichydroanthracene' system formed from

the condensation of XLIV and LV forms a model BCD ring

system of tetracyclines LVI (scheme VIf).

The carbamoyl group was j-ntroduced to enable intro-

cluctj-on of a double bond oß to be carbonyl in the (tetra-

cycline) B ring of LVIII so that a fourth ring, the A

-ring of tetracycline or its precurser coul-d be condensed

on.

Horvever, the carbamoyl group caused severe sol-ubiliLy

difficulties and tl-re approach r,vas modified I:y condensing

XLIV with cyclohexenone. Alternate suggestions for the
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introduction of the double bond are presented in

another section (scheme VIII) .

It was feared that with the introduction of the

doubl-e bond. in the tricyclic ß-diketone the whole system

woul-d aromatize. This can be prevented by introducing

a substituent a to the nitrile function. To this end

it was attempted t.o do the condensation reaction using

cl- ( 2-methoxycarbony 1- 3 -methoxy- 6 -bromopheny 1 ) propioni tri 1e

XLV, with the hope that LVII would be obtained, scheme

VTI. However, the conditions required to generate

the anion of XLV were too severe (sodamide in hot dioxane)

and no condensation products were obtained.. In another

experíment, using NaIì in benzene to attempt to .rgenerate

the anion of XLV, a product which was probably a dimer

(Michael addition) of cyclohexenone \^Ias recovered (i.r.

data) .

An al-ternate procedure for introducing a second

substituent is described in another section scheme VfIf.

Groups other than a nitrile could be used as an

entry to introduce substituents on the carbon correspond-

inq to C. of tetracycline, €.9. methoxycarbonyl. I{owever,-6

the nitrile is a versatile group. It may be left to

form a 6-cyano derj-vative of tetracycline, it could be
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converted to other substituents or j-t may be readily

removed by cónversion to a carboxyl followed by clecarbox-

ylation to prepare u C6 unsubstituted tetracycrine

(scheme VIII).

Scheme f shows the worlt descríbed in this thesis in

relation to the work done by John Buccine and a proposal

to complete the synLhesis of the AB ring system of tetra-

cycline



RESULTS Aj\D DTSCUSSTON

Part A. Scherrie II

Starting material- for the sequence shown in scheme

II v¡as glycine ethylester hydrochloride, XI, which was

converted to ethylchloroximino acetate' XII, through the

action of nitrous acid according to the procedure of G.S.

Skinner (29). The product was obtained as a white cryst-

altine sol-ic in 50U yield.

Spectral data are in accord with structure XII and

are presented in figures I (i.r.) and IA (n.m.r.). The

i.r. shows absorptions. due to OH, CO and C=N stretching
-tfreguencies at 3500 ) 1740 and 1600 cm - respectively.

The n.m.r. spectrum shorvs the lowfield oxime proton at

10.1 ppin and the ethyl protons at L.4 and 4.4 p.p.m. in a

ratio of Lz2z3.

The anion of d-imethyl acetone dicarboxylate,Xllf ,

formed in refluxing benzene by treatment with sodium

hydride, \,ras condensed with XII to form the intermediate

XIV with the el-imination of sodiuin chloride. Addition

of a catalyt-ic amount of p-toluenesulfonic acid mono-

hydrate (PTA) caused cyclization to occur with the

elimination, of water. The product, methyl--3-ethoxycarbonyl-

4-methoxycarbonyl isoxazolyl acetate XV was obtained in

poor yield, 203 as a pale yelloiv oiÌ.

T.r. and n.m.r. data are presented in figures II and

- t1-
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IIA respectively. The C=0 stretching absorptions are

grouped together at i_740 .*-1 and the C=C-C=N system

absorbs around 1610 "*-1. rn the n.m.r. the ethyl
protons absorb at 1.45 and 4.45 ppm, the active methylene

at 4.2 ppm and the methoxyJ-s at 3.75 and 3.85 ppm.

The sodioderivative of the active methylene of the

isoxazole triester was formed by the action of sodium hyd-

ride in anhydrous tetrahydrofuran (THF). The anion was

added to the olifinic bond of cyclohexenone XVI j-n a

Michael type of addition" The anionic addition product,

reacted intramol-ecularly with the 4-methoxycarbonyl

group of the isoxazole ring to eliminate methoxide ion

to form XVII (compare with the condensation reaction in
scheme VIB). However, during the course of the reaction

or during the workup the initial product was oxidized to
the aromatj-c product XVIIf. The ethoxycarbonyl group

was hydrolyzed during the workup. Even when the whole

procedure was carried out under a nitrogen atmosphere

the aromatized product was obtained.

The crude product was purified and an i.r. spectrum,

figure III, \^ras made.The carboxylic OH absorbs at about

3000 "*-1 while the phenolic OH has shifted to much l-ower

wavenumber (Ionger wavelength) since it is strongly

hydrogen 'bonded or chelated to the aromatic ketone.

Chel-ation has caused the ketone carbonyl_ to broaden and

become very intense at 161-0 .*-1. G.A. Mina and coworkers

have shown that isoxazolyl acids absorb at very high



_ 15_

frequency (30) . Therefore the absorption at L755 .*-f

is assigned to the carboxylic carbonyl and the absorption
-lat L725 cm ¿ to the ester carbonyJ-.

To facilitate analysis of XVIIf a small amount of

XIX was prepared by treating.the former with diazomethane.

Methylation of the phenolic OH causes the ketone carbonyl

to decrease in intensity, sharpen up and shift to higher

wavenumber, 1680 .*-1. Methylation of the carboxyl group

caused its carbonyl absorption to shift slightly to

lower wavenumber, 1750 "*-f comparable to that observed

by c.A. Mina (30) figure IV. The n.m.r. spectrum of

XIX fLg. IVA shows a total- of six aliphatic protons, 2.L5,

2.75 and 3.35 ppm compared to nine methoxyl protons at 4.0

4.05 and. 4.1 ppm. Tf the product obtained from the

condensation reaction were XVII there should be three

more aliphatic protons.

XVIII decarboxylated very readily when pyroJ-ysed. or

heated with methanol with accompanying ring opening to

form a phenolic OH and aromatic nitrile (XX¡. The product

was obtained as white needles from acetone in 41% yield

calculated from XV.

The i.r. spectrum, figure V, of this bicyclic

compound shows OH absorpti-ons at 2600 and 3000 .*-1
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The very strong chelation of the phenolic OH to the

ketone carbonyl has shifted the OH absorption to very

Iow frequency. The hydroxyl ortho to the methoxycarbonyl

group is less strongly hydrogen bonded and absorbs at a

hígher frequency. The aromatic nitrile absorbs strongly
_r^-I

at 2250 cm'. The absorptj-ons at 1600, L640 and 1680 cm

are due to the aromatic system, ketone and ester respec-

tively. The carbonyl absorptions are shifted considerably

to lower wavenumber due to hydrogen bonding. The phenolic

protons could also be observed i'n the n.m.r. spectrum,

figure VA, obtained in deuterated chloroform at 12.9

and 14.5 ppm. The aliphatic and methoxyl protons absorb

at 2.I, 2 .7 , 3 . 35 and 4.05 ppm.

To facilitate spectral analysis a small amount

of XX was treated with diazomethane to form XXI. The

i.r. spectrum, figure VI shows aromatic absorptions at

1570 and 1580 .nl-l. The ketone and ester carbonyls

absorb at 1690 and I740.*-1 both having shifted to higher

frequency since there is no more hydrogen bonding. As

before the nitrile function absorbs at 2250 "*-f. The

n.m.r. spectrum shows three methoxyl absorptions to six
aliphatic protons, figure VI A.

The diphenol ester was then hydrolyzed to the acid

XXII using l-0% NaOH solution. This procedure had to be
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carefully controlled since the hyd.rolyzed acid decarboxy-

lated very readily to form XXIII. The desired hydrolysis

product is obtained as a white crystalline solid, after

recrystalization from acetone/water, in 46å yieId.

Spectral d.ata are presented in figures VIf (i.r.)

and VIIA (n. m. r. ) .

When Lreated with diazomethane XXII is converted to

XXI.
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Part B Scheme IV

m-methoxybenzyl alcohol XXV was treated with m ol-ecufar

bromine in carbon disuÌfj.de at low temperature (<10o) .

Under these conditions only the position para to the

methoxyl is brominated. HBr is produced as a side

product.

The two organic products isolated from this reaction

could very readily be separated by crystalization from

methanol. The product remaining in the mother liquor

XXVT showed a strong infrared OH absorption characteris-

tic of alcohols fig. VIII. ft was obtained as white

needles in 49e" yield. The precipitated dibromide XXVIr

was obtained as white needles in 45e" yield. The yield

\{as not appreciably changed by bubbling HBr through the

reaction mixture.

The n.m.r. spectrum of XXVIrfigure VIIIArshows

a OH absorption which is missing in that of XXVII (fig.

IXA). Both spectra show an aromatic ABC pattern. Proton

A (meta to CH,X) absorbs as a doublet to lowest field
showing an ortho coupling of 8.5 cps to proton B.

Proton C (ortho to CHrX) absorbs as a doublet at 7 and

6.95 ppm in XXVI and XXVfI respectively. Meta coupling

to proton B (para to CH,X) is about 3.5 cps . The result
is that B absorbs as a quartet to highest field. There

is a stight broadening of protons A and C due to para

coupling (31). Also all protons are weakly coupled to
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the methylene protons and methoxyl protons (32) .

A l-iterature search shows that XXVI has not been

prepared previously.

Reaction of XXVI with thionyl chloride in benzene

solution formed XXVIII in 422 yield calculated from XXV.

Recrystallízation from methanol formed the product as

white needles.

As expected the i.r. spectra of XXVII and XXVfIf show

only subtle differences in the fingerprint region. XXVIIf

(fig.X) l-acks the absorption of XXVII at I22O "*-f , Simi-

larly the only difference in the n.m.r. spectra of the

two compounds is that the methylene absorption of the

benzyl chi-oride is slightly to lower field than that of the

benzyl bromide (^'0.1 ppm) . This is as expected on the

basis of the el-ectronegativities of the Br and Cl atoms

(3.0 and 3.2 respectively (33)). The n.m.r. spectrum

of XXVIII is presented in figure X A.

Both XXVII and XXVIII have relatively high vapor

pressl.lres and losses can result from excessive aspiration

to remove solvents. Both are lachrymators.

In a large scal_e preparation the two bromination
products were not separated but the mixture was treated

with thionyl chl-oride in benzene. The mixed products

were purified and reacted in the next step.
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The benzyl halides obtained above were condensed

with excess diethyl malonate, XXIX, using sodium hydride

as condensing agent in dry THF. The condensation

product XXX was obtained in 962 yield.

The crude prod.uct XXX was purified for spectral

ana.lysis using silica gel. I.r. and n.m.r. spectra

are presented in figures XI and XIA respectively. tl"

i.r. shows the a::ornatic doublet at 1575 and 1600 .*-t

ancl the strong broad carbonyl absorption around. i-740 "*-1.
The n,m.r:. shows the two equival-ent ethyl groups with

methyl and methylene protons absorbing at l-.15 and

4.05 ppm. The benzilic protons absorb as a doublet at

3.0 ppm due to coupling with the methine proton which

absorbs as a triplet at 3.7 ppm.

The condensation product, XXX' was hydrolyzed to

the diacid / XXXI, u-.íng concentrated sodium hydroxide

sol-ution followed by concentrated hydrochloric acid.

The excess malonic ester used is readily removed at

this stage since the mal-onic acid formed after hydro-

lysis is water soluble while the cond-ensation product'

XXXI, is tr9t. The yietd, after purj-fyi-ng the diacid,

is 73e" calcul-ated over the condensation and hydrolysis

steps. A sample sublimed at 1.400/0.3 mm decomposed
arat 148" upor-r heating.
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Spectral data are presentecl in figures XII (i.r.)
and XIIA (n. m. r . )

Decarboxylation of XXXÏ to xXXrr proceeds smoothly

at 170o with evolution of carbon dioxide and discoloration
of the product XXXrr is obtaíned in goz yield as white
crystals after puri-fication.

The i.r. spectrum,figure XfIï, shows two forms of
the acid present, monomer and dimer, with respective
carbonyl and hydroxyl absorptions at L740, 3500 .*-1 and

1705, 3000 "*-1 (34,35a) . The n.m.r. (figure XIIïA) shows

a low fiel-d proton at 12.B ppm, three aromati-c protons

around 7.4, 6.7 and 6.5 ppm and four aliphatic protons --

around 2.8 ppm as an ArB, pattern. The ultraviol_et
spectrum shows only an aromatic absorption (figure xrrrb).

XXXIï was cyclized to XXXV usìng HF, polyphosphoric
acid (PPA) and a seguence of SOC12, A1C13 and CI{rNr. ppA

\^/as found to be the reagent of choice with yields of
7Lz compared to an average of 442 with HF which ¡,vas

al¡out the same as for the series SOCI-2, AtCl3, CH2N2.

The PPA cycli-zaticn formed xxxvr in l-lz yleld (repre-
senting 222 yield of indanone) as a secondary product
by condensing tv¿o indanone mol-ecules together. This
product rvas ir-rsignifj-cant on a small- scale preparation
and should be minimized by reducing the concentration
and reacticn time. The byproduct was reactily separated
from the desired product since it was poorly soluble in
methanol while the desired produ.ct was quite sol-ubl_e.
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The bromine atom was introdr:ced to prevent cyclíza-

tion in the position para to the methoxyl group. This

woul-d be the major product if that position were not

blocked (36,37). Besides, a single product is obtained

and purification is much simplified. The bromine is
readily removed by hydrogenolysis.

Compound XXXV gave a satisfactory elemental analysis.

I.r", n.m.r. and u"v" data are presented in figures XVI

XVIA and XVIB respectively. The i.r. spectrum shows a

single aromatic absorption at 1685 .*-f and a ketone

absorption at 1705 .*-1. The n.m.r. shows an aromatic

AB pattern at 7.6 and.6.7 ppm. The latter is slight.ly
coupled to the methoxyl protons (32) and is therefore
not as sharp as the former. The aliphatic region shows a

complicated. ArB2 pattern at 2.85 ppm. The methoxyl

absorbs at 4.0 ppm" The u.v. spectrum shows an absorption

due to the ketone conjugated with the aromatic ring
at 3.23 mU (1og e =3 .64) .

I"r.r n.in.r.ru.v. and mass spectral data of the

secondary product are presented in figures xvrr, xvrrA,
xvrrB and XVrrc. The infrared spectrum shows carbonyl,
aromatic and c=c absorptions at 1680, l-600, and l5B0 ",-f.
The n.m.r. shows two aromatic AB patterns. The allylic
benzil-1ic methylene (ph-CH2-C=C) absorbs at 3.85 ppm.

The absorption is probably broadened due to coupling
with the other allylic protons which absorb at around.

3.5 ppm. The absorptions at 2"95 and 3.5 ppm are due
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to an ArB, system v¡hich is unequally perturbed by

an external infl-uence.

The possibility of the other isomer rather than

the structure shown, XXXVI, cannot be discounted, Although

a separation was attempted on silica 9e1, a mixture of the

two isomers is not excluded. In the other isomer there

woul-d be steric interference between the carbonyl and

methoxyl groups " Therefore the isomer shown is
probably the one obtained.

Compound XXXII was converte'f . to XXXIII iiy thionyl
chl-oride followed by cyclízation to XXXIV with 41C13 in
CSZ or CHrCLr. The infrared spectrum of XXXIIf is pre-

sented in figure XIV. The carbonyl absorptÍon of the

acid chloride has shifted to L7gO.*-1.

The cyclization product XXXIV was recovered in 47e"

yieId. Recrystall-ization from methanol gave a pure

product as white needles.

I.r., n.m.r., and u.v. spectra are presented in

figures XV, XVA and XVB. The infrared shows a sharp

phenolic OH at 3380 "*-1. The carbonyJ- absorption is

not low enough, 1680 .*-1, to be strongly hydrogen bonded

as is the case with sixmembered phenolic hydroxyls
(compare with XVII and XX), although it is more intense

than the corresponding absorption in XXXV (38). There

is an aromatic absorption at L62O .*-1. Methylation

shifts the carbonyl absorption to higher frequency and the

aromatic absorption to lower frequency. The n.m.r. shows
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the 1ow field proton, ân aromatic AB pattern and an

aliphati" A2B2 pattern at 8.75, 7.6, 6.7 and 2.85 ppm.

The ultraviol-et spectrum is not appreciably different
from that of XXXV.

Hydrogenolysis of XXXV using Pd/C in basic methano1

solution Qe¡ formed XXXVII in 7BZ yield. Spectral

data is presented in figures XVIff and XVIIIA. The i.r.
(figure XVIIr) shows differences in the range 1000-1100

"*-1. The n.m.r. (figures XVIIïA) shows an ABC pattern

in the aromatic region. The aliphatic ArB, system is
coupled to the aromatic proton as shown by the asymetric

pattern at 2.85 ppm.

The ring opening reaction vía a second order

Beckmann rearrangement (27) was first tried on a model

system using indanone (scheme IVB). The 2-oxime-I,2-

indandione \^/as prepared from indanone using sodium

hydride and isoamyl nitrite in anhydrous THF followed by

acidification with a minimum amount of HCl. The sol-vent

\,vas removed using an aspirator and the water was removed.

by pumping off a benzene water azeotrope. The residue

was acetylated and then converted to 2-methoxycarbonyl

phenylacetonitrile.

When the reaction was tried on a larger scale on

compound xXXV the final- product obtained from the reaction
with isoamyl nitrite was 2-methoxy-S-bromophenyl homophtha-

limide¡ xxxrx. This product was obtained by Beclmann



_26_

rearrangement of XLI during the workup, i.e. when the solvent

was pumped off the residue became very acidic and caused the

rearrangement.

The i.r. spectrum of the imide XXXIX, figure XIXI,

shows the N-H stretching absorption at 3700 .*-1 and a

carbonyl absorption at 1640 c*-f. Six membered imides
_'t

slrow a carbonyl absorption around. 1700-L7I7 cm ', however

conjugation with an aromatic ring l-owers the frequency to

that observed. The n.m.r. spectrum of XXXIX figure
XIXA shows the NIJ proton as a very broad absorption around

B.B ppmr âs shown by the integration curve, and AB quartets

due to the aromatic and methylene proLons at 6.7-6.g ppm.

The methoxyl protons absorb at 4.0 ppm.

The imide could be methylated with diazomethane to
form the N-met.hyl derivative XL.

The N-methyl d.erivative, XL, shows a much more intense

imide carbonyl absorption which is shifted to 1660 "*-1 in
the i"r. spectrum, figure XX. The n.m.r. figure XXA again

shows the two AB patterns and two methyl groups attached to
heLero atoms at 3.95 and 4.07.ppm.

The AB pattern due to the heterocyclic methylene protons

of compounds xXXrX and XL can only arise if the heterocyclic
ring is nonplanar d.ue to the pyramidal arrangement around.

the nitrogen atom.

To avoid the side

converted to XLIV by a

Grob and Wiesbach (39).

advantage of simplicity

reaction described above XXXV was

proiedure essentially that of

This procedure has the added

in the preparation of XLI.
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Conversion of XXXV to XLI was accomplished by

reaction with isoamyl nitrite, using conc. HCl as catalyst

in 562 yield. The product was obtained as yellow crystals.

The i.r. fig. XXf, shows OH, C=0, C=N and aromatic

C=C bands at 3275 | 1700, 1630 and 1580 .*-f . The n.m.r.

figure XXIA, shows two aromatic AB protons a methoxyl

and a sharp methylene group at 7.6, 6.85, 3.7, 3.35 ppm.

The u.v. spectrum is presented in figure XXIB.

Since the oxime, XLI, \,üas rather insoluble and

therefore difficult to analyse a small- sample was methyl-

ated with diazomethane to form XLII" This product was

more soluble in common solvents and spectral- data was

easier to obtain.

The infrared carbonyl absorption of XLII is quite

low, 1680 "*-1, d.ue to the crß-unsaturated C=N bond.

Conjugation is not very strong in this type of system

and therefore the intensity of the ketone is not much

different from that of XXXV. S-cis oß-unsaturated

ketones absorb to higher frequency than S-trans sß-

unsaturated ketones (35b). The aromatic band again

appears at f5B5 .*-l and a strong C*N stretching band

appears at 1555 .*-f, (Figure XXII). The n.m.r. spec-

trum, figure XXIIA, shows the aromatic AB pattern

at 7.70 and 6.83 ppm and the methoxyl at 3.97 ppm.

The most interesting feature of this spectrum is the

coupring between the N-methoxyl protons and the methylene

protons, 4.27 and 3.79 ppm. These peaks were expanded
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on a 50 cycle sweep width (figure XXII A2) and a coupling

constant I.25 cycles \,vas determined. When the methylene

absorption was saturated in a double resonance experi-

ment, the N-methoxyl triplet collapsed (figure XXII AI).

To observe such a long range coupling is very unusual,

particularly such a strong coupling. ft was suggested

that the methylene.protons are interacting with the

n electrons which almost cover the entire molecule as

shown in XLVI.

XLVT

The coupling effect of the nitrogen atomr ân equal

number of bonds from both the methoxyr and methylene

protons, is not clear. Nitrogen has a nuclear spin of l.
An ultraviolet spectrum is presented in figure xxrrB.
Reaction of XLI with ace'L.ic anhydride yielded XL

as brigirt yellow crystals in Bgz yield. This product was

unstable to heat and/or light becoming a dark yerlow upon

standing at room temperature.

The i.r- spectrum, figure xxrrr, shows a high frequency
ester carbonyÌ due to the unsaturation o¿ to the acetoxyl
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at 1785 cm-l. The five member ketone absorption appears

at ]1725 .*-1 while the C=N stretching and aromatic C=C

bands appear at 1650 and 1585 "*-1 respectively. There

is a dramatic change in intensity and position of the C=N

band from compound XLIf to XLIfI. The n.m.r. (figure
XXIIIA) shows the usual- aromatic pattern, a methoxyl and

a methyl-ene group. The methylene absorption (as in
XLII , figure XXIIIA) is sharp indicating that there is
no coupling or at best a small coupling with the nitrogen

atom. An aliphatic methyl absorption appears at 2.4 ppm.

A second order Beckmann rearrangement (27) of XLIII
formed the nitrile ester XLrv in 7Bz yield of unrecovered

starting material-. 562 of the starting material is
recovered as the oxime XLI.

Blatt and Barnes (40) suggest that this reaction
is primarily a cleavage reactíon forming the nitrile
acetate ion and acylium ion which reacts with the metha-

nol solvent. vüater and co, are formed as sideproducts
(scheme vA) . rt was hoped that by introducing a better
leaving group, trifruoroacetoxyl instead of acetoxyl the
yierd wourd be increased. However no reaction occured

with the trifluoro compound.

The suggestion that the reaction proceeds via
methoxyl attack on the carbonyl, (scheme V B) , is not
vai.l-d since the reaction does not require anhydrous

conditions.
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Compound XLIV was recovered as a white crystaline

product after recrystalization from methanol/eLlner solvent

A sublimed sample gave a satisfactory el-emental analysis.

The i.r. spectrum shows a weak nitrile absorption
-1at 2280 cm '.Non-conjugated nitriles are much weaker than

conjugated ones (compare with xxl for example).There is a

strong ester carbonyl- at 1730.*-l,figure XXIV.The n.m.r.

spectrum shows the typical aromatic AB pattern and two

methoxyls at 7.6, 6.85, 3.95,and 3;B ppm.The weakly acidic

methylene protons absorb at 3.8 ppmrfigure XXIV A.The u.v.

shows an aromatic ester absorption at 293 mU (1og e = 3.4?)

figure XXIV B.

XLIV was readily converted to XLV in 90e" yield by

treatment with sodium hydride in dry boiling THF followed

by methyl iodide.

Infrarecl .and n.m.r. spectra are presented in figures

XXV and XXV A.Predictably the i.r. is very similar to that

of XLTV.The most. obvious difference is the cl-ose doublet

at 965 and g7O .*-1 of XLIV compared to the wide doublet

at 965 and 1005 "*-1 of XLV.The nitrile absorption of XLV

is more intense than that of XLfV.The n.m.r. shows a

quartet at 4.35 ppm and methoxyl absorptions at 3.95 and

3.8 ppm.The secondary metyl absorbs as a doublet at I.7

ppm as part of an AX, system.
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Part C Scheme VI

The ether, m-methoxy benzoic acid, XLVIIf, was formed

from XLVII in NaOH solution usíng dimethyl sulfate (4f¡ .

An excess NaOH was used to hydrolyse any ester formed. The

product was obtained as white crystals in 972 yield,

after recrystallization from water.

Reaction with thionyl chloride produced the acid

chloride, XLIX, which was converted to the amide, L, with

ammonia in 752 yield.

Birch reduction of L with sodium in distilled,
dried, liquid ammonia produced the 1,4-dihydrobenzene

derivative, LI, (42a) in 702 yield. The remainder is
probably recovered as the tetrahydro derivative, LIIf,
(42b, 43,44) as shown by the n.m.r. spectrum. The yíeld
is much better than that reported by Kuehne and Lambert (44).

The tetrahydro product is formed as shown in scheme

v. The sodamid,e formed in the initiat reduction reaction

isonerj-zes the nonconjugated diene to the conjugated diene,

LII, (42c) which can then be further reduced to the

tetrahydro derivative. The sod¿¡.mide formed can be

destroyed, before it has a chance to isomerize the primary

product, if the reaction is carried out in the presence

of a proton donor such as ethanol- or water. However,

when there was either methanol- or water present mainly

starting material was recove¡ed when moderate ( I.S-Z
equivarents) quantities of sodium \,ùere used¡ ês reported
previously (4a¡ .
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The infrared spectrum of LI, figure XXVIII shows the

N-H stretching doublet at 3430 and 3550 "*-1. The amide

carbonyl and the typical N-H bendÍng band absorb at

1690 and l-580 .*-1. The C=C stretching band of the

enol ether appears at 1650 .*-1 and the .vinyl ether

C-O-C stretchi-ng at I22O "*-f . The n.m.r. spectrum of
I,I , figure XXVIIf.Arshows the methylene doublet 2.7

ppm and the methoxyl protons at 3.55 ppm. The methine

proton shows as a broad band around 3.7 ppm. The two

adjacent olifinic protons absorb at 5.8 ppm, while the

single olifinic proton absorbs as a doubret at 4.7 ppm d.ue

to coupling with the methine proton. The amide protons

appear as a broad band centred at 5.7 ppm.

The action of cold dilute HCi_ converts Lf to LV

through the inLel'ruediate Lrv, of which a smalr amount was

isolated. The intermediate LIV was found to be unstable

at room temperature, keeping only a few d.ays, but more

stable at - 20o , although even then it decomposed slow]y

to form LV and some very insoluble side product. Treat-
ment of Lrv with acid forms LV. Lrv is more solubl-e in
chloroform than in water. The reverse is true of LV.

The i.r. spectrum of LIV shows the typical pri-mary

amide absorptiorìs, the vinyl ether absorptions'have

disappeared and a cyclic non-conjugated ketone appears at
-'ìL720 cm *, figure XXIX , The n.in.r., figure XXIX Arshows the

broad amid.e proton absorption .ràrrra 6 ppm. The complex

doublet at 6 ppm J-s due to the two vinyl protons, the
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aIlylic methylene protons show a doublet at 2.g ppm

and the methylene protons coupled to the methine protons

absorb as a broad band around 3.5 ppm. Dreid.ing models show

that the angles betleen the methine and methylene protons

are approximately l-BOo and 600 when the carbamoyl is in the
quasi equatoriar position (45) which is expected to be

the most stable conformation. This v¡ou1d .r produce

coupling of approximately g.2 and L;7 cps according to
Karplus' prediction (46) . The observed coupling are 9.0

and 2.5 cps.

The product LV was obtained in 65å yield from Lf.
The pure material is colorless but upon standing

at room temperature j-t bec.':rìcs yel-low, the color deepen-

ing r^ii-tii time. spectra presented bel-ow compare well
with those of 3-oxo-4- cyclohexenylcarboxyrate prepared

by former colleague, rda Chang (47).

The i.r. figure XXX , shows features typical of
primary amides and oB-unsaturated ketones. The two carbonyl
functions are superimposed at 16g0 "*-1. The intensity
is much greater than the comparable absorption in xlVrrr
figure XXVIfIrwhen compared to the N-H bending band.

The n.m.r., figure XXX. A, shows two olifinic protons

at 7.2 and 6.0 ppm. The olifinic proton cr, to the carbonyl
¡bsorbs to higher field, it is the l-ess complicated pattern.
The u-v. spectrum, figure xxx B Ís identical wÍth that
obtained by Kuehne and Lambert (44).
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Part D Scheme VIf

Michael condensation of LV and XLIV using sodium hyd-

ride.as condensing agent formed a rather insoluble product

LVI which v¡as obtained in 202 yield. Upon heating the

product d.ecomposed at 250-260o.

The infrared nujol spectrum, figure XXXr, shows the

amide doublet at 3360 anC 3470 "*-f, a ni-trile at 2260 "*-1
and the amide carbonyl at L675 .rn-f. The ß-diketone

abscrbs as a J:road band, at 1600 "*-1 whil-e the shoulcler

at l-570 "*-l is due to tfr" aromatic C=C stretching
frequency. A u.v. ethanol spectrum is presented in

figure XXXI B. These compare very well- with those

obtained of LVIII (see below)

The condensation product, LVIII of XLIV with XVI

(a mechanism is shown irr scheme VIB) \^/as obtained in 322

yield using dry THF as solvent and sodium hydride as

base. The product was obtained as pale yellow crystals

after recrvsta-ll-ization from methylene chl-oride/petroleum

ether.

The i.r. spectrum of LVIII, figure XXXII , shows

the presence of the ß-diketone by the broad intense

absorption at 1600 .*-l-. The nitrile shows very weakiy

at 2260.*-1. In the n.m"r. spectrum, figure XXXïI A,

the benziltc proton absorbs as a doublet ( J = 4 cps) at

4.3 ppm due to coupling rvith the cl melhine proton. The

very l-ow field absorption, at 16.35 ppm., is typical of
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enolic ß-difetones (34b). The aromatic AB pattern, the
methoxyl and the seven aliphatic protons absorb in the

expected regions of the spectrum. The u.v. spectrum is
presented in figure xxxrr B. The mass spectrum, figure
XXXII, Crshows a parent ion m+7e = 347 (Br = 79) as is
required by the structure LVrrr. A sample sublimed at
I2Oo/0.3 mm Hg gave a satisfactory elemental analysis.

Treatment of Lvrrr with excess etheral diazomethane

formed two O-methylated products LIX and LX (plus a very
minor product which appeared. to be c-methylated LXr in
39 and 572 yield respectively. Both recrystall-ized
from methylene chloride/petroleum ether as pale yellow
crystals, Lrx as grannular and LX as flocurent crystals.

LIX showed a strong u.v. absorption band at 344

mf (À*"*) figure XXXIII Brwhile LX absorbed. at 328 mir

(À*u.*) figure xxxrv B. on this basis structures Lrx and

LX were assigned since the u.v. absorption shifts to
longer wavelength as the conjugation is extended.

This argument is supported by the i.r. absorption
data. The infrared spectra of LrX and LX are presented

in figures XXXIII and XXXTV respectively. In LX the

c = c bond is conjugated with the carl:onvl- and absorbs

at around 1560 .*-1. rn LrX the olifinic bond. is further
conjuEatèd with the aromatic ring and the absorption is
lowered. to 1540 "*-1 (35c). Similarly, the ketone in
Lrx has an ct ß-unsaturated bond. only and the carbonyl

absorption occurs at 1655 "*-1, i.e. it has been shifted
I

:/
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to lower frequency as is to be expected. (35 b).
The n.m.r. spectrum of LfX, figure XXXI II A,shows the

aromatic AB pattern, a doublet for the benzíllic proton at

4.25 ppm ( J-4.5 cps), two methoxyl absorptions at 3.8

and 3.95 ppm. The absorption at 3.4ppm is an ímpurity

which is partially removed by recrystallization from

methylene chloride. (it is probably some C-methylated

product LXI). The n.m.r. spectrum of LX, figure XXXIV

is similar to that of I,TX except that the methoxyls are

magnetically equivalent. This supports the assignment

made of st¡iuctures LIX and LX since the methoxyls of LX

are more likely to be in a similar environment than

those of LIX.

The mass spectra of LTX and LX both sho\,,z a parent ion
J.m'/e = 361 (Br =79) as expected, figures XXXIII C and

XXXIV C.



- 4L-

Suggestions for further Research

compound Lrx rvas prepared to permit introduction of
a double bond in the c ring to form LXVrr âs shown in the

scheme vrrr A, so that it could be cond.ensed with the

isoxazole triester xv. The products could then be con-

verted to the tetracycrine derivative or to terrarubein x

through procedures analogous to schemes rr and rrr via
LXÏI.

Br CN
ì.fe*lv1e

-OMe

-coNtI^
¿

14e

oNH.
OMe

LXII LXIIÏ

Two suggestions for preparing LXVI are shown in
scheme vrrr A" LXrv could be prepared in a procedure

analogous to that used to prepare LV. The condensation

product obtained by reaction with xI,rv would be more

workable than LVI . El_imination of HCN using strong
base v¿oul-d form LXVI after suitably protecting the

ß-diketone.

Alternately a bromine atom can be introduced as

shown using pyrrolidone hydrotribroinide (pItT) , (48) , followed
by dehydrohalogenation.
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To prepare the BCD ring systenr of tetracycl_ine

the nitrile and ß-diketone can be reduced as shown in
scheme VIIIB. The exocyclic methylene can be pre¡:ared

by exhaustive methylation of the amine followed by

elimination of trimethylamine via a Hoffmann degrada-

tion (49,50,51) . Acid catalysed ad.dition of water to
the double bond would give LXVII which can be oxidized to
form LXVfIf. A procedure analogous to that described in
scheme V]TI A woul-d introduce a double bond wi'rich would

permit condensation with the isoxazole XV and after
suitable reactions LXTII would be obtained.

It woul-d be difficult to selectively reduce the

trr ring of LXIII. The D ringrhaving fewer electron
releasing substituentsrwould probably be reduced first.

An alternate procedure to synthesize tetracycline
d.erivatives is suggested in scheme rX beginning with xxrv
prepared by J. Buccini. The ketal is prepared to
prevent Birch reduction of the ketone which reduces

faster than the aromatic ring. The Birch red.uction

should go as shown (42 a).

A. tertiary hydroxyl has been introduced into a

simi]ar system using cerium chloride and. morecular oxygea

in dimethylformamide solution (22) .
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To condense the CD ri ngs onto this system a

double bond must be introduced into the B ring. This

can be done using PHT as described above.

It is necessary to introduce the tertiary hydroxyl be-

fore bromination since this reaction would preferentially

go in the tertiary position.

Methylation is required to prevent dehydration to an

aromatic system.

Condensation of LXX with XLIV would give 7-bromo-

6-demethyl-6-deoxy-3, 1-0, L2a-methoxytetracycline, LXXI .

BT CN
Me*Me

N.oYlooEt
ntoocAo-N

LXXT LXXII

The preparation of the isoxazole XV as desc:ribed

in .scheme II causes significant amounts of oximino

anion to be present, since oximes are more acidic than

dimethylacetonedicarboxylate XIIr. This causes con-

densation of two molecules of ethylchloro oximinoacetate

to form a six member oxygen, nitrogen and carbon

heterocyclerLXXII. Some of this product has been iso-
lated and identified by n.m.r. spectroscopy (B.pt.<I4Oo/

0.5 mm Hg) but has not been ful1y characterized.

A slight modification in the procedure woul-d avoid

the oximino anion and would therefore substantiatly
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increase the yield.

Oximes are readily acetylated with acetic anhydride

or acetyl chloride. Ithen the oxime hydroxyl is thus

protected it will not interfere with the anion of

dimethylacetonedicarboxylate. After the condensation the

acetoxime is readily hydrolysed by dilute base, scheme

X (compare with the acetylation and hydrolysis of

compounds XLI and XLIII).

Complication could arise if the ethyl ester also

hydrolyzed as readily.

It would be interesting to prepare some variations

of 2-methoximino-4-bromo-7-methoxy indanone XLII to

investigate the coupling mechanism of the methoxyl and

methylene protons and also to determine the effect, if
âny, of the nitrogen atom.

It was suggested that the coupling meóhanism occurs

via the r electrons. The coupling wíth protons above

the 11 cloud could be investigated if a methyl \Á/ere

introduced in position 3. These protons presumably

would not interact with the TI electrons.



EXPERIMENTAL

Part A Scheme II

Preparetion of ethylchlor cetate XII

600 gms (4.1 mole) glycine ethylester hydrochlo-

ride, XI, in 800 ml water was placed in a 5 1 three-

necked flask equipped with a thermometer, dropping

funnel-, overhead stirrer, and acetone-dry ice coi-rling

bath

Solution A was prepared by dissolving áOO gm NaNo2

in 870 ml water

The solutÍon was cooled to -5o and after addition

of 360 ml conc HCl again cool-ed to -5o. HaIf of solution

A was added through a dropping funnel at such a rate

that the temperature did not exceed 0o. A further

360 ml conc. HCI- was then added and the solution again

cooled to -5o foltowed by ad.dition of the remaining part

of solution A at a reaction temperature of less than Oo.

After the sodium nitrite solution was :added the

reaction mixture was stirred for a further 20 minutes
.-oat -5

Upon standing the product floated to the top as

a scum. The aqueous layer was decanted into a large

beaker leaving a small amount of aqueous solution

along,with the prod.uct in the reaction flask. The

-48-
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product r,",as Laken up in 500 ml chloroform and the

aqueous layer separated and combined with the main a.queous

sol-ution. The combined agueous sol-ution was then

washed three times with 500 mI chl-oroform.

The combined chloroform solutions hrere then

dried over magnesium sulfate. After filtering
off the drying agent the solvent was removed using

a rotavapor leaving an oily residue with a fairly
high vapor pressure. Upon cooling it. 'crystalized

readily to a ivhite solid.
The product recrystallized readily from 200 ml-

benzene upon ad.dition of 750 ml- petroleum ether

or hexane. Yield 330 gm (2.I8 mole) S¡2.

M.pr . 75-7Bo , tir. B0o Qg) .

I. r. fig. I cm-f: OH 3500 (sharp) C=0 17 40

C=N 1600

N.m.r. fig.IA ppm: OH 10.I, CH2 4.4 CH3 I.4

Caution: The product is a severe skj-n irritant.

Preparalion of metLyl- 3-ethoxlzcarbony_.L-1!-metþoxy
car]¡onyl-isoxazolylacetate XV

l-74 gm (l- mole) dimethyl- acetone dícarboxylate

were dissolved in three liters dist.itl_ed benzene in a

5 t three-necked flask equipped r¡'ith an overhead st-i-rrer,

Dean-Stark v¿ater separator, condense.r, drying tube and

ireating mantle.
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Over a períod of twenty minutes 48 gm (l- mole) 503

NaH/nujol we::e added, rvaiting for the frothing to subsicle

between additions. During the ad<lition the solution

became yellow and hydrogen gas \^las evolved, The yellow

solution was stirred for 20 minutes whereupon 140 gms

(0.93 mofe) ethyl- chl-orooximinoacetate was added over

a period of 15 to 20 minutes. The reaction mixture was

stirred at room temperature for q nrí

. A catalytic amount of p-toluenesulfoni-c acid

monohydrate (2..5 gm) \,ias added and the solution reifluxed

for 5å hrs, and permitted to cool overnight.

The benzene sol-ution was then washed three times

with 500 ml water. The combined aqueous extracts

were r^¡ashed with 500 ml benzene which was combined with

the main body of benzene wirich was then dried over

magnesir.lm sul-fate. The magnesium sulfate was filtered

of f and washed with benzene. The benzene washings v/el:e

combined with the f il-trate "

An oily residue rernained after the benzene Liad been

removed v¡ith a rotavapor. The residue was allowed to

stand j-n a separatory funnel and the nujol (24 gm) \,vas

separated off

The product was then distilled under high vacuum

and the fraction boiling at 140-I45o/0.5 mm Hg was

collected . Yield 40 gms ( 0 . 1.5 mole ) 202 of unlecovered

star'f,ing material. Approximately 40 gm (0.23 mole)
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dimethyl acetone dicarboxylate was recowered'
_1

I.r. fig" TI cm -: three C=0 s around l-740, C=C and

C=N 1600.

N.m.r. Fig. If A ppm: CH3 1.45, CHz 4.2, OCH2 4.45

ocH3 3.75, 3.85.

Preparation of 3-carboxy- 4-hydrox]¡-5-oäo.-_5, 6.,Jt9_
tetrahydro-9-methoxlzcarbonylnaphth- ( 2, 3-d) isoxazole XVIII

To a solution of 36 gm (0"14 mole) of the triester

isoxazolerXV, in 2.7 I dry tetrahydrofuran (THF) (prepared

by distilling from l-ithium al-uminum hydride (LAH) ) in a

3 1 three-necked flask equípped with an overhead stirrer,

condenser, drying tube, and heating rnantle was added

7 . 4 gm 50å NaH/nuj oI (0 . 16 mol-e) in portions, waiting

for the frothing to subside before the next addition.

The reaction mixture was stirred at room temperature
'for an hour under a nitrogen atmosphere and then refluxed

for an hour. 18 ml cvcl-ohexenone was then added and

the mixtui:e ref luxed f or about 45 hrs.

The TI{F v¡as then distill-ed off until about one l-iter

of solution remained. The r:esidue was poured into a

separatory funnel and diluted with approx. 2.5 I ether.

The ethereal- solution was then extracted four times with

500 m] 22 NaOH sol-utìon. After a-cidifying,the aqueous

layer was extracted four times rvith 500 mI chl-oroform.

The chloroform extracts were concentrated to a vol-ume

of approx. 200 ml after drying over sodium sulfate.
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I.r. Fi-gurelII. "*-1: OH acid. - 3000,
phenolic 2800 (very broad),

C=0 acid 1755, ester 1720, ketone 1600 (broad).

Preparatíon of 3, 9-dimethoxy,. cqrÞsqyl-4-methoxy-5-oxo-
5,6, 7, B-tetrahydronaphth- (2 ,3-d) -isoxazol-e XIX

A small amount -75 mg of the Úricyclic acid was

treated overnight with excess ethereal- diazomethane. The

sol-vent was removed. using an aspirator and. the product

purified using silica gel chromatography (1.52 MeOH in

cHCl3).

I.r. fig. IV cm-f: C=0 keto 16BO arylester 1705,

j-soxazolylester 1750 .

N.m.r. fig IVA ppm; aliphatic protons: 2.15t 2.75,

3.35, OCH3 4.0 4.05' 4.r.

Preparation of S-methoxycarbonyl-6,_B-qiþy
l-tetral-one XX

droxy- 7-cyano-

In a 1]it. fl-ask 200 mI methanol was added to the

ctrloroform solution obtained above and refl-uxed for 4 hrs

v¡ith stirring usì.ng an overhead stirrer . Vigorous

stirring is required to prerrent bumping since the product

precipitates out of sclution. A large flask is required

since frothing occurs due to evolut,ion of carbon dioxide.
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After cooling, the product vias filtered off. The

mother liquor was concentrated and refiltered. Yield

11.8 gm (4.5 rn mole) . The mother liquor after again

concentrating yielded a further 2.6 gm crude product which

was recrystallized to yield 2.5 gm product (9.6 m mole).

The crude product wa.s dissolved in acetone and rvater

was added until the sol-ution became just cloudy. The

product recrystalized overnight. Toá1 yield 14.3 gm

(54.5 m rnol-e) ,39? catculated from the ísoxazole triester.

M.pt. 201-205o

ï.r. fig. V "*-1: oH chelated to ketone 2600

hydrogen bonded to ester 3000r C=N 2250, C=0 ester-'

16 80, ketoue 16 40 , aromatic C=C l-6 00

N.m.r. fig. V A ppm: OH 14.5 12.9, OCH3 4.051

aliphatíc 2.L, 2.7, 3.35

Preparation of S-methoxy carbonyl-- 6 , B-dimelhoxy_- 7-cyano-
1-tetralone XXI

A small amount of bicyclic ester diphenol, XX, was

treated with excess cl.iazomethane and purified by sil-ica

gel chromatograpÌry. The product isol-ated was an oil

which solidified on standing

I.r. fig. VI .*--1, aromatic C=C 1570' 1580, C=0

ester 1740, ketone 1690, CN 2250.

N.m.r. fig. VI A ppm: OCII. 3.95, 4.05, 4.:--5raliphatic

protons 2.I, 2 "75
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Prepa{g!¿_9I o @gúygggëI.:tg' an o te t r al one
XXII

11.8 gm (4.8 m moles) bicycl-ic ester was hydrolysed

for 7 hrs j-n 60 ml water containing 6 gm NaOH at 75o.

The temperature \^¡as regulated by immersíng the reaction

vessel in an oil bat.h controlled at 75ot3o. The con-

ditions are critical since the product decarboxylates

readi-Iy to form XXIII. The reaction mixture was then

poured into a beaker, cooled and acidified with 25 m1

conc. HCl.

The acidic products were filtered offrdríed over-

night and dissol-ved in B0 mI acetone followed by an

equal amount of water. Crystallization occured over-

night. The mother liquor yielded a further 0.35 gm

when the recrystallization procedrr.re was repeated.

5.2 gm (22 m.moles) r46Zrgrey crystals werq recovered.

Recrystal-lization from acetone water gave a white solid

which decomposed upon heating.

I.r. fig. VTI .*-1: C=0 ketone 1610, acid ir640

N.m.r. fig; VII A ppm: OH 7.55, aliphatic obscured

by DMSO.
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Part B schetle IV

Preparation of 2-bromo-S-methoxybenzyl- alcohol XXVI and
2-br:omo-5-methoxybenzyl bromide XXVII

A solution of 10 gm (73 m mole) 3-methoxybenzyl

alcohol XXV in 100 ml CS2 was placed in a 500 mI three-

necked flask equipped with thermometer, magnetic stirrer,

dropping funnel- and an ice-salt bath..
a'lAfter cooling to -10" a solution of 11.B 9m (74 m mol-e)

Br^ in 100 mI CS^ lvas added at such a rate that the¿¿
temperature of the reaction mixture did not exceed. 0o

( approx. ! hr). The sol-ution was then permitted to
!--.

warm to room temperature with stirring over a period of

several- hours.

Approximately 175 ml CS, was then d.istill-ed off

and Lhe remaining solvent remor¡ed using an aspirator.

The residue, a mixture of XXVI and XXVIIrsolidified when

ùhe solvent was removed.

9.2 gm (33 m mole) qSU XXVII was recovered as

col-orless needl-es by recrystallization from I00 mI MeOH.

m.pr. 9o-l-o. Lir. 9l--9 L.70 (52) .

I.r. fig. IX, "*-lt aromatic C=C I570, l-590

N.m.r. f ig. IX A ppm: aromatic 7 .35, 6.95, 6.65

cijz 4.45, OCH3 3.75 , Lit. 7.5-7.6, 4.52, 3.74 (52) .
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The alcohol XXVI wa-s obtained in 452 yield as an

oil which sol-idified on standing. Recrystallization from

methyJ-ene chloride/petroleum ether gave a pure sample

which melted at 45-45.50.

I.r. fig, VIII .*-1; aromatic C=C 1570, 1590.

N.m.r. fig: VIII A ppm: aromatic 7 .35, 7 .0, 6.65

cn2 4.6, ocH3 3.75, OH 2.2 .

Preparation of 2-bromo-S-methoxy_-benzyl-chloride XXVIII

2-bromo-S-methoxybenzyl alcohol obtained above was

dissolved in 50 ml benzene in a 250 ml flask equip;ced

with a magnetic stirrer, reflux condenser and heating

mantle

25 mI thionyl chloride was adoed and the solution

refluxed untiJ. SO2/HCI evolution ceased ct) hrs.

The benzene and excess thi-onyl chloride was

removed using an aspirator and the crude prodt-ict recryst-

:ll-ized from 50 ml methanol. 7.1 gm (30 rn.mole) of

benzyl. chl-oride XXVTII '.'¡if :.êcc,zr-¡¿d; 422 calculated

from m-methoxy benzyl alcohol.

A sample recrystallized from methanol melted at

76-77o, lir .. 75.4-76 (53) .

I.r. fig. X "*-1, aromatic C=C 1570 1590-

N.m.r. fig. X A ppm: aromatic 7.25, 6.85, 6.55,

cHz 4. 5 OCH3 3.7 .
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Prep ar at i on o f di e thy 1- 2 -b romo- 5 -methoxyþ9n-2y.1- -Ualonate--Xxx

11 g¡ms (69 m.moles) diethyl malonate was weighed into

a 500 mI three-necked flask followed by distilling 150 ml

dry THF into the flask. The flask is then equi-pped

with heating mantle, magnetic stirrer, condenser, drying

tube and stoppers.

3.3 gm (70 m mole) 50? NaH/nujol was then added

in portions,letting the frotiiing subsid.e between addi-

tions. The benzyl halides obtained above (63 m mole) \,vere

then added and the solution refluxed overnight during

which time sodium halide precipitated out of solution.

Approximately L25 mI THF was distilled off and the

remainder was removed using an aspirator. The product

r^¡as taken up in 200 ml ether and washed three times with

100 mt water acidified with 10 inl conc. HCl.

The ether was removed using an aspirator leaving

an oily resid.ue. The condensation product was obtained

in 96? yield.

f.r. fig. XÏ cm-l;aromatic C=C 1595, 1585 C=0 ;-750.

N.m.r. fig. XI A ppm;aromatic 7.3, 6.75, 6.6,

ocH3 3.7, OCH2 4.L' CH 3.7rPh -CHZ 3.15, C-CH3 I.2 .
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Preparation of 2-bromo-S-nethoxybenzyl malonic_acid XXXI

To the crude product obtained above was added,

with stirring, a solution of 14 gms NaOH in 26 ml-

water. The mixture v¿as rvarmed on a steam bath and :

stirred until- it solidified whereupon another 50 ml

water was added and the reaction mixture refluxed for

';i,'o liours.

After cooli-ng the solution \^/as extracted twice

with 50 mI chloroform to r€rrrovc neutral- material and
,''jtí::.,;filtered, íf necessary, to remove sol-id impurities.

Carefully, with cooling and stirring sufficient

conc. HCI was added to make the sol-ution acidic to

congo red ( ap¡:rox.35 ml). The yelIow precipitate

formedwas filtered off, dried and l-eached with 70 ml

carbon tetrachloride to remove the yellow impurities and

any decarboxylated material (very little).

14 gm." (46 m mole) of white crystalline solid

was obtained which decomposed at 1550. This is 73e.

calcul-ated from XXVII and XXVII I. A sample subl-imed

at L4Oo/0.3 mrn d.ecomposed at 14Bo when heated.

I.r. fig XII .*-1, Ott 2650, C=0 1700 (broad),

aromatic C=C 1580, 1595 .
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N.m.r. fig.'XII A ppm: arornatic 7.35, 6.75, 6.7,

ocH3 3.6 , cH 3 .5 
' 

CH2 3. 0

Preparati on of ß- 2-Bromo- 5-methoxyphen)z 1_p.q9Pielis_acid XXXI I

2I gm (69 m mole) of the disubstituted mal-onic

aci<l were placecl in a 125 ml flask ald heated to 1700

in an oil bath maintained at l70t3o. IJeating rvas

continued until COZ evol-ution ceased' approx. l-5 min.
\

The brown melt, f B gms (69 m mol-es), was allowed to

cool and was then taken up in l-25 mI chloroform. The

chloroform solution was washed twice with 20 ml-

slightly acidic rvater, filtered and dried over magnesium

sul-f ate .

The so]ution was then concentrated to a volunte of

approximately 30 ml and an equal volume of petroleum

ether added. Crystal-l-ization occurred. in an hour and

a hatf at -20o. A second crop of ct:ystals \'/as obtained

by concentrat-i-ng the mother liquor and repeating the

recrystal-lization procedure .

16 gm (62 m mol-esJ XXXII were recovered 902.

M.pr. 81.s-82. Lir.83.7-84.4 (Sa¡

N.m"r. fig. XIII A ppm: aromatic 7.3, G.4,6.75. OCll 3 3.7,

Aliphati" A2BZ 7.8, OH l-2.9
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I. r. Fig. XIrI "*-1: OH 3510 (sharp) , 3000 (broad) ,

C=0 1720 | l-7L0, aromatic C=C 1575, 1600

u.v. fig. xrrl 
" 

ârn.* (1og e): 229(3.95)r

__276 (3.27), 2BB (3.23).

Preparation of 4-bromo-7-methoxy-in4anone XXXV

(a) Using SOCI2 , Al-Cl-3, CH2N2 ¿

Erepa5glio!_ of ß- 2-bromo- 5-me_tþoxyphenvlpropanoyl-
chloride XXXIII

0.85 gm (3.3 m mol-e) XXXII was refluxed in thionyl

chl-oride for 1% hr, to form the acid chloride. The excess-

SOCl, was removed under reduced pressure. The residue

was dissoived in 2A ml- benzene whj-ch was al-so pumped

off . This v/as repeated until the odor of thionyl chlorj-de

was no longer deLectable ( : times).

This intermediate was not purified further but

reacted directly .ön the next step.

I.r. fig- XIV cm-lj C=0 LTgO,aromatic C=C 1600r1570

3 e XXXIV

Tire acid chloride, XXXIII , was taken up in 40 ml

distill-ed methylene chl-oride and 3.0 gm (2.2 m mole)

freshly subl-imed Al-C13 v/as added. The mixture was

refluxed and permitted to stand overnight. The reac-

tion mixture rvas protecl-ed wiËh a drying tu-be.

The meth)¡lene chl-oride was pumped off with an
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aspirator and the residue decomposed with water.

The aqueous solution was acidifj-ed. and extracted

w-i-th chlor<_)form.

After the solvent was removed 0.32 gm (1.6 m

rnole) , 4BZ, XXXIV was recovered as a white crystalline

sol-id after recrystal-l-ization from methanol.

M.pr .746-146.5 , tir L46.2-46.go (54) .

I.r. fig. XV cm 1, oH 3375, C=0 f'OSO' aromatic C=C ]'620.

ñ.m.r.fig. XV A ppm¡OH 8.95, aromatic AB 7.55,

6.65 , aliphatic ArB 2 2.85 .

u. v. f ig. xv B À*u.* ( log e ): 227 (4.22) ,

250(3.77) ,257 (3.7g) ,325(3.47).

Methylation with CH"\,

75 mg (0.33 rn mole) XXXIV was treated with excess

ethereal diazomethane and purified on silica gel (TLC)

using 2Z MeOH in CHClr.

7 4 rng (0.31 m mole) XXXV was recovered, 942.

(b) Cyclizaiion with IIF

2.02 gm (7.8 m rnol-e) XXXÍI r^¡as added to 30 ml HF

at room temperature in a polyethrziene bottle with

scre\^z cap and narrow vent and was stirred for 2 hrs. 15

min. The hydrogen fluoride v¡as evaporat-ed off by

warming gent-ly with a lukewarm water bath.After the HF

\^/a-s removed the resj-due \{as suspended in water and

washed 3 times with 20 ml chl-oroform"
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The red chloroform solution after drying over

sodium sulfate was evaporated and the residue taken up

in a minimum volume of ethanol which was diluted with

twice the volume ether.

Crystallization occured overníght in the freezer.

0.63 gm (2.6 m moles) was obtained; a further 0-19 gm

rc.79 m mole) was recovered from the mother liquor.

Total- yield 3 .39 m mofes , 43eo.

Cvclization with pol-vphosphoric acid (PPA)

Polyphosphoric acj-d was prepared in a stoppered

large necked 500 ml flask by dissolving 109 gm PZ}S in

gI gm 85? phosphoric acid. The mixture was stirred very

vigorously with a heavy magnetic stirring bar until only

a few undissolved pieces of PrO, remained. Much heat is

generated in this procedure ,and the reagrent was allowed

to cool to room temperature before using.

13 gm (50 m moles) of ß-2-bromo-5-methoxyphenyl-

propanoic acid, XXXII, was then stirred into the reagent

with a spatula. The mixture was heated on a steam bath

and vigorously stirred for 35 min. during which time

the mixture turned a deep red.

The reaction mixture was decomposed with J-20 gm

of ice while coolj-ng in an ice bath and then further

diluted with 150 ml water. The suspension was extracted

with 100 ml chloroform followed by three extractions of !
I
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50 mI. each.

The combined chloroform extracLs were washed with

50 ml l0e6 scdiurn bicarbonate sol-ution and dried over

anhydrous sodium sulfate.

After the chloroform was pumped off the residue

was taken up in methanol- and filtered. The precipitate

after washing with a smal-l amount of methanol weighed

2.5 gms (5.4 m moles) 11%, XXXVT.

The chl-oroform filtrate was pumped off and the

residue dissolved in 40 ml- benzene and diluted with an

equal volume of petroleum ether. The crystals were

fil-tered. off and the mother liquor reworked to obtain a

second crop of crystals.

Total yield 8.5 gm (35 m moles) pale yellow crystals

70z. The color is due to a small amount of XXXVI.

An analytical sample of XXXV was prepared by puri-

fying I20 mg with silica gel chromatography follov¿ed

by recrystall-ization from a minj-inum volume of methanol

by ditution with twice the volume of ether foltowed

by sublimation at AOor/O " S mm Hg.

This sample rnel-ted at 135-135.50 Lit. 133.6-134.2 (54)

I.r. fig. XVI "*-1, C=0 l-705, aromatic C=C 1585.

N"m.r. fig. XVI A ppm: Aromatic AB 7.6, 6.7, OCH3 3.95¡

aliphatic ArB 2 2.85 "

Li. v. f ig. XVI B l*r* (loge ): 225 ( 4 . 36 )

252 (3. 9t),28s(3. 9r),323 (3 " 64).



-6 4-

Elemental ana.lysis : Cl.HgO2Bt M=241. 11

CÉI
Calcul-ated

Found

Br
49.87 3.76 33.15

49.47 3.70 33.23

A small amount of XXXVI was recrystallized from

methylene chl-oride as pale greenish yellow crystals which.'

melted at 233-37o.

I.r. fig. XVII .*-f, q=g 1680, aå*.tic C=C 1600,

C=C i580.

N.rn.r. fig. XVII A ppm: two aromal-ic AB patt.erns

at 6.5-7.6, tvio OCH, 3.95, Ph-CH2-C=C 3.85'

AZB Z pattern 2 . B-3 .7 .

u. v. f ig . xvrr 
" 

À*_* ( loge ) : 22I (4 .27.) ,

256(3.85) ,327 (3.96) ,36L(4.07).

Mass spectrum fig.' XVfI C; parent ;o.r m*/" =462 (Br=79)

Preparation of 7-methoxyindanone XXXVIf _

46 mg (0.18 m mole) XXXIV, 25 mg triethyl-amine

(0.25 m inole) and 35 mg 5? palJ-adium on charcoal was

stirred vigorously in I0 ml- methanol- under a hydrogen

atmosphere for 40 mins.

The solvent was pum¡:ed off , af te:: the charcoal.

was removed by filtration, and the residue taken up

in chloroform and wa.shed v¡ith some dilute acid to
remove the base "

After drying the chl-oroform was removed and the
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residue purified on silica gel (TLC) using 0.752 MeOH/

CHCI-. Melting point after recrystalli zíng from
J

methanollether was gg-702. Lit 102-30 (55), 106 (38).

25 mg (0.14 m mole), 7Bz, 7-methoxyindanone was

recovered.

I.r. fig. XVïïï cm-l: C=o 1700, aromatic C=C 1595.

N.m.r. fLg. XVIfIA ppm: aromatic ABC pattern around

7.2, OCH3 3.9raliphatic AZBZ 2-85.

Preparation of 3-bromo-6-methoxyhomophthalimide XXXIX

1.35 gm (5.6 m moles) xxXV was dissolved in 25 ml

dry THF in a 50 ml flask equipped with magnetic stirrer,

heating mantle, reflux condenser, and drying tube.

0.29 gms 50? NaH/nujol (6.05 m moles) were added

and the sol-ution warmed for a short time ( approx. one

minute) until it was dark red. After cooling somewhat

0.7 ml isoamyl nitrite was added and the solution

refluxed for a few minutes and permitted to cool to room

temperature. A minimum amount of HCl was added so that the

solution was just acidic.

The solvent was removed under reduced pressure and

the water was removed by pumping off a benzene water

azeotrope.
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0.39 gm (1.45 m moles), 262, XXXIX was recovered.

When recrystallized. several tj-mes from benzene the product

was recovered as white crystaline plates which melted at

203- 2050 after drying at 50o.

ï.r. fig. XIX cm-l;su str. 3700, C=O six member

imide 1640, aromatic C=C 1600.

N.m.r. fig. XIX A ppm: AB ..quartets. aromatic 7.75

6.82(J=7.5 cps) methylene 7 .82, 6.95 (J=9 cps) ,

ocH3 4.0

u. v. f ig. xrx B À*r* ( 1og e)t z2o (4 . 3LI 247 (3 . 9l-) ,

27r(370), 30s (3. 81), 330 (3.6s),343 ( 3.82) 3sB (3.76)

Preparation of N-methyl-3-bromo'-6-methoxyhomophthalimide XL

A sma1l amount of XXXIX was treated overnight with

excess d.iazomethane. The prod-uct was purified by silica

gef chromatography. After recrystalli zíng several

times from benzene the product was obtained as colorless

plates which melted at 144.5-1450 after drying at 50o

overnight.

I.r. fig. XX cm 1: six member imide carbonyls 1660,

aromatic C=C 1610

N.m.r. fig. XX A ppm:AB quartets aromatic 7.92

6.70 (J=B cps) methylene 7.73,675 (J=9 cPS),

U.v. fig. XX B À*.*(1og ¿):2I7 (4.34) , 248(4.01)

264(3.87) ,271(3.9 \) ,29ZlZ.BB) , 302(3.91) , 72g (3.74)t

342(3. BB) , 357 (3:82).
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Preparation cf 2-oxime -4-bromo-7:jnethcxy:l-,2-indandione
XLT

In a 50 mI f Iask, eqr-riped. with a nagnetic stirrer

and ref lux condenser, 8"5 gm XXXV (35 m mol-es) was

dissolved in l-20 mI distilled methanol. The sol-ution

was warmed on a hot water bath and 10 ml freshly

distilled isoamylnitrite was added with sfirring through

the reflux condenser, causing the solution to boil

vigorously, followed by 4 ml- conc. HCl.

The reaction mixtu-re was stirred on a hot water

bath for an hour and then cooled in the freezer (-20o).

The crystals formed were filtered off and washed with

a sma1l amount of chl-oroform follorved by some ether.

When drlz 5.3 gms (19 m moles) 562 XXI rvas

recovered as yellow crystals, which decomposed at 230'
'2400. Lir 233-6 (56).

ï.r. fig.XXI cm-f:OH 3250-, C=O 1700, C=N 1630,

aromatic C=C 1590.

N.m.r. 1i.9. XXI A ppm: aromatic AB 7.7, 6.8, OCH3 3.9,

cHz 3. B

u.v. fig. xxr B Àmax (1og e): 220(4.10),

246(4.03),227 (4.02), 349 (3.71) .
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Efgparation of 2-nìetho @

100 mg (0.37 m mole) XLI was treated overnight with

excess eLhereal- diazomethane in methanolr/ether sofution.

The residue, after the solvent was removed, \^ras taken

up in chloroform and purified on silica gel (TLC)

B0 mg (0.27 m mol-e) rnethylated product was recovered,

762.

RecrystallizaLíon from chloroform/peLroleum ether

(I:2 vol-) yielded pale greenish ye-Llow crystals which

decomposed ac IB0-90o"

I.r. fig. XXII cm Ir C=o l-685, aromatic C=C 1590 , -..

C=N 1560.

N.m.r. fig. XXf I A ppm: aromatic AB 7.7 , 6.83,

NOCH3 4.27, OCH3 3.97 ' CH2 3.79 .

U.v. fig. XXII B À*.*(1og ei; 3.15 (3.94),

361(3.70).

Prep ara ti on o f 2 - ace tox imi n o- 4 - bro]no- 7 -me tJlo¡y i nd ano_ne_è4 lÄ

4.5 gm (16.6 m mole) oxime XLI was suspended in

30 ml acetic anhydride, in a 100 ml flask, and heated on

a steam bath wii:h stirring for an hour and a half

The acetyl-atecl product precipitated out of solution

and. rvas filtered off after cooling in the freezer (-20o)

for an hour. A second crop of crystals was obtaj-ned

after the mother iiquo:: vzas concent::ated ancl cool-ed.
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Total yield , 4.6 gm (L4.7 m moles) , B9U. This

product is unstable at room temperature and slowly

discolors overnight. Melting point 1BO-95o-

I.r. fig. XXfïf cm-l;C=O ester 1785, ketone L725,

C=N 1685, aromatic C=C 1590.

N.m.r. fig. XXIII A ppm: aromatic AB 7 -25, 6-85,

ocH3 4.0 , cHZ 3. B, C-CH3 2.4 .

Preparation of 2-bromo-S-metho - 6-methoxycarbonyl-
envl acetonitrile XLIV

In a 100 mI flask 4.6 gm (15 m mole) XLIII was

suspended in 50 mI distilled methanol and warmed on a

steam bath. 1.5 gm anhydrous sodium caibonate was

added and. the suspension stirred. on a steam bath for

h lnr. The remaining 2-acetoximino-4-bromo-7-methoxy-

indanone goes into solution with the evolution of CO, gas.

Not all the sodium carbonate is \{as consumed'

Most of the methanol was then pumped off with

an aspirator and the residue taken up in 75 ml chloro-

form. Part of the residue dissolved and the remainder

was suspended in the chloroform. The chl-oroform solution

was then washed with 5Z NaOH solution until the

washings were colorless.
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2.3 gm (8.5 m mole) cxime,. XLI, vras recovered

from the NaOH solution after acidifying with HCl and

f i j-tering.

After drying over soCium sulfate the chloroform

\^/as removed under reduced pressure. The residue was

ta-ken up in a minimum volu.me of hot chloroform and

recrystal-l-ized by addition of twice the volume of

methanol and cooling in the freezey. A second crop of

crystals \^/as obtained from l-he mother' IJ-quor.

Total- yieldz I.44 gm (5.1 m mole) | 792, calculated

from unrecovered startJ-ng material.

An anatytical sample was prepared. by recryst--allizíng'

a sample from methanol and then subliming it at g5o/0.3

rnm. Melting point: L52.5-530.

ï.r" fl g. xxIV "*-1; C=N 2280, C=0 1730, aromatic

C=C l-585.

N.m.r" fig. XXIV A ppm: aromatic AB 7.6,6.85,

c}jz 3. 80, OCH3 3. B0, 3.95 .

U.v. fig. XXIV B Àn,u.,"(1og e): 228(3.89),292(3.42)

Mass spectrum f ig " XXIV C '. par:ent ion *o ¡.. ZB2 (Br=79)

El-emental analysis: Ctl.ng0rBrN M- 2B4"IL

CalculateC

l'ound

CIINBT
46.s0 3.55 4.93 28.13

46"s7 3.7I 5.06 28"28
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Preparation of cr-2-methoxycarbgryf ,lqethoxyphenylpropionitrile XLV

140 mg (0.5 m mole) XLIV was dissolved in 5 mI

dry THF. Upon addition of 30 mg NaH/nujol the solution

became yel-Iow due to formation of the anion. The color

became deep red after a few minutes standing or refluxing..

Add.ition of. 0. 75 mI methyl iodide caused sodium iodide

to precipitate out of solution.

After refluxing for an hour the solvent was

removed v¡ith an aspirator and the residue taken up

in chloroform and water, 10 m1 each. The aqueous layer

$¡as extracted twice more with 10 ml chloroform and the

combined chloroform solutions dried over sodium sulfate.

The slightly yellowish residue obtained after

the chloroform was pumped off was purified on silica

gel (TLc) .

130 mg (0.44 m mole) BgZ of XLV was recovered as

an oiI which crystallized on standing. Melting point

after recrystallization from methanol/ei-jner (7:2 vol)

8B-88.50.

I.r. fig, XXV cm-l: C=N 2275, C=0 L725, aromatic C=C1580

N.m.r. fig. XXVI A ppm:aromatic AB 7.55, 6.8, methine

proton 4.37, OCH3 3.95, 3.80, C-CH3 I.67.



-72-

Part C Scheme VI

Preparation of m-methoxybenzoic acid XLVIII

A 250 mt three-necked flask equipped with an ice-
salt bath, overhead stirrer, thermometer, and .,dropping

funnel was used

20 gm (0.15 mole) m-hydroxy benzoic acid was

dissolved in a solution of 17 gm sodium hydroxide in
160 m1 water and cooled to approx 10o in the reaction

flask. 42 ml- (58 9ffir 0.4 mol-e) d.imethylsulfate (DMS)

$ras added over a peri-od of half an hour from the dropping

funnel. The temperature was maintained at approx 10o

and the reaction mj-xture vigorously stirred at that
temperature for 2 hrs

Another 6 gms NaOH was then added and the solution
refluxed for an hour. After coolingr the solutj-on was

filtered to remove solid impurities and acidified to
congo red with conc. HCl

After cooling, the product, m-methoxyben zoic acid

XLVIIï, \^/as filtered off and recrystallized from 600 ml

hoÈ water . 2I.2 gm ( 0 . 14 mol-e ) 97 2, was recovered .
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Melting poinr 103-4. Lir. :-O7-go 1SZ)'

ï.r. fig. XXVï cm-l: OH 2gOO, 35507 C=Q 17OO, L760,

aromatic C=C 1595, 1610, C-O-C 1060,

N.m.r. fig.XXVI A ppm:OH II.2, aromatic g.0, OCH3 4.I.

Preparation of m-mêthoxybenzamLqe f.

2L.2 gm (0.14 mole) m-methoxybenzoic acid was

suspended in 150 ml distilled benzene in a I 1. three-

necked. flask equipped with an efficient overhead.

stirrer, heating mantle, ..cond.enser and drying tube.

50 m1 thionyl chloride was then added and the

solution refluxe-d untiL SO2/HC1- evolution ceased. The

benzene was then removed under reduced pressure and

fresh benzene added and. again removed..

This procedure was repeated until the SOCI, odor was

no longer detectable ( approx 2xIO0 mI).

The residue, m-methoxybenzoyl chloride, XLIX,

rÀras then dissolved in 200 mI benzene and

filtered to remove insoluble material.
While stirring vigorously, and. with occasional

cooling, amnoniaì was bubbled into the solution for
about 15 min. After cooling, the precipitate which

had formed was f.iltered off , dried, and recrystallized
from 200 ml water
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15.9 gm (0.11 mole)_ of m-methoxybenzamide was

recovered. after d.rying, '152.

Ivlelting point after a second recrystallization
from water was L32-3. Lit. L34o (58).

r.r. fig. xxvrf cm-1:N-H str. 3575, 3450, C=o 16g0,

aromatic C=C 1595, C-O-C 1050

N.m.r. fig. XXVII A ppm: aromatic 7 .4, NHZ 6.7,

ocH3 3. B ,

U.v. fig; xxvrr B À*r*(1og e):2I2(4.n),225(3.89),

292(3.40).

Freparation of 1-carbamovl-3-methoxv-1, 4-dihydrobenzene LI

200 ml ammonia was distilled into a 500 ml 3-necked

flask equipped with a magnetic stirrer, dry ice/acetone

reflux condenser, sodalime drying tube and 25 g*

' (13.2 m mole) L. The ammonia vapor was dried by passing

it through a column of soda lime.

0.8 gm Na (3.3 m mole) in small pieces was then

quickly added to the solution which was then stirred for
about 5 min. 10 ml ethanol was, then added as rapidly
as hras permitted by the vigorously boiling solution,
followed immediately by sufficient ammonium chloride to

remove the yellow color of the solution approx 2.5 gms.

This reaction was very vigorcus.
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The solvenù was removed by warming the reaction

f lask gently with a \,rarm water bath.

The residue was suspended in about 30 ml v¿ater

and extracted with chloroform (100 ml and. 2x50 ml). The

chloroform extracts were dried over sodium sulfate.

1.65 gms product was recovered after the solvent

v/as pumped off. This was dissolved in about 20 ml

chloroform a-nd recrysLallized in the freezer for 48 hrs.

The product fl-oated on the mother liquor.

I.4 gm (0 .92 m mol-e) dÍhydrornaterial was recovered,

70e". The very fine needles obtained after recrystal-lizing

twice from chloroform and. twíce from benzene melted at

r5B-9o. Lit t5B-6oo (44).

I.r.fig. xxvrrrcm I *-n str. 3430, 3550 bend 1580,

C=O 1690, vinyl ether C=C 1650

N.m.r.fig. XXVIIIÀ, ppmz CHr 2.7, OCH3 3.55, methj-ne

proton 3.7, CH=CH- 5.8, O-C=CH- 4.7, NHZ 5.7

P r ep a.g!åo tl_oil - o x o -' 4 - çVS_]_q

0.5 gm (3.27 m moles) LI was stirred into 3 ml

3U HCI sol-ution until solution is complete at ice bath

tempera'ture. Stirring was continued for approx , 20 mins.

to obtain equilibrium (59).
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The acidic solution was washed three times with

5 ml chloroform to remove nonisomerized ßy -unsaturated

ketone LIV.

The aqueous solution was then neutralized with

sodium carbonate and evaporated to dryness. The residue

\,vas leached 3 times with hot chloroform, 20 ml. The

, CHCI" leachings were combined, dríed over Na.SO,,J - ¿ +'

filtered. and pumped off with an aspirator. The residue

was taken up in a minimum volume of chloroform and

diluted with an equal volume of benzene to induce crys-

tal1i zation

0.25 gm (1.8 m mol-e) 554 LV was recovered., rn¡ pt.

116-8. This product was further purified by thin layer

chromatography (silica gel) and again recrystaflized
from chloroform/benzene. The melting point had then

improved to 118-9. Lit . 122-3o (44) .

r.r. fig; xxx .*-1, NH str. 3430, 3550, bend.l-595,

C=O amide and crß-unsaturated ketone 1690

N.m.r. fig. XXX A ppm: C=CH-C=O 6, CH=C-C=O 7.2 ,
7 protons 2-3.5.

U.v. fig. xxx B À*_*(1og e) : 222(3.53) Iit.22I (3.83) (44).

A small amount of LIV was obtained. when the chloro-
form washings obtained above were pumped. off. m.pt. BO-40.

I.r. fig. XXIX cm-l:NH str. 3240, 3560 bend 1595,

C=O amid.e l-690, ketone ]720.

N,m.r.fig. XXIX A ppm: NH26.0 -CH=CH- 6.0, allylic
methy1ene2.9,methineproton3.5,-CH2-(cH)2..1,
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Condensation products of 2-methoxycarbonyl-3-methoxy-6-
part D Scheme VI4

.

Preparation of 1, 2, 3, 4, 4a, 9, 9a, 10-octahydro-2-carba-
moyl-4, 10-dioxo-5-methoxy- B-bromo-9-cyanoanthracene LVI

200 mg XLIV (0.71 m mole) was dissolved in 10 ml

anhydrous THF and its anion formed by addition of 70

mg (1.45 m moLe) NaH/nujol, 50å. When the solution was

a deep red color 100 mg (0.72 m mole) LV was added. and

the solution refluxed overnight ( approx 16 hrs).

The THF sol-ution was acidified with a few drops

of con'.HCl after it was allowed to coo1. The precipitate

formed (NaCl)rwas filtered. off and the filtrate pumped

off with an aspirator. The residue was taken up in a

sma11 amount of methanol and the product LVI filtered

off. Yield. - 2OZ M.pt. 250o.

ï. r. fig.' XXXI cm-l: NH str. 3470, 3360, C=N 2260 ,

C=O amide 1675, ß-diketone 1600, aromatic C=C 1570.

U.v. fig. XXXI C À*.* (1og e)i227 (4.02) ,258(3.54)

265 (3.49) , 349 (3.90) .

Preparation of 1, 2, 3, 4, 4a, 9, 9a, 10-octahydro-4,10-
d.i oxo- 5 -me th oxlz- B-brorno- 9 - cy anoanthr acene LVI f I

1.8 gm XLIV, (6.35 m mole) was dissolved in 50 m1

anhydrous THF in a 100 mI flask equipped with stirrer,

drying tube, reflux cond.enser, and heating mantle.
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' When 0.7 gm (14.5 m moles) sodium hydri'å.e/nujo1

(503) was added hydrogen gas was evolved. and the

solution became yellow due to the anion formed. After

refluxing for a few minutes during which time the

soluti-on became deep red 0.7 gm (7.3 m mole) cyclohexenone

XVI was ad.ded and the solution ref luxed for B hrs.

The solvent was then pumped off under re<iìuced.

pressure and the residue taken up in 25 mL 3.72 HCI

and extracted overnight with chloroform. The chloroform

extract was dried over NarSOn and then pumped off to

leave the residue extracted from the agueous solutíon.

The residue was purified on silica ge1 (TLC) using

2Z methanol in chloroform. Recryst:Lllization from 5 ml

chloroform with 12 ml petroleum ether formed red crystals,

0.62 gm. A further 0.1 gm was recovered from the

mother liquor (2.05 m mole ) 32.52.

A sarnple recrystallized from methylene chloride/

petroleum ether (0.31 gilr 2 mL/SmL) formed translucent

crystals containing one half mole methylene chloride

per mole product ( nmr data) (CH,C1, was removed at 1000

when a melting point was obtained). Pale cream

colored crystals were obtained when the product was

dried overni-ght , m. pt . 15 2-3o .

f.r. fig.XXXII cm-Ii Ê-diketone 1600, aromatic C=C

1580r C=N 2260 (v.weak).

N.m.r. f ig. XXXïI A ppm:O=C-CH-C=O 16. 35, aromatic
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AB 7 .65, 6.95, CH-CN 4.3, OCH3

U.v. fig XXXIT. B À*r*(log e)

2se(3.62), 26s(3.60), 34,9 (4.

Mass spectrum fig. XXXII C :

(Br=79 ) .

Elemental analysis:

iphatic 1.5-3.

231( 4.l-7)

ion m1'/" =347

3.9 , al 6.

ø

04) .

parent

CteHtnOrNBr M=348 o4

/1

4

c

55

54

. J.7

.80

N

4 .02

4.19

Br

22"96

23 .09

H

Cal.culateci

Found

05

tl

E-gggg!1g¡_ p!_f , ?, 3, 4, 9, 9 a-heðahydro- 4-oxo- 5, l-0-dimethoxy-
-B--Ì¡::omo-9'-cvanoa-nthracene LIX, and L, 2,3,9, 9a, l0-hexa-hydro-
a;5

0.23 girr crude LVIII (0"6 m mole) wa-s treated over-

night with ethereal diazomethane. The residue, after the

sol-vent was recovered, vras purified on silica gel (TLC.2Z

MeoillCHCl¡ ) .

Two major bands rve.re oÌ:ta-i-ned. The band with

lowest R, rvas found to contain l-35 mg LX (0.37 m mol-e) .

I¡/hen recrystallized severa] times from CH2cL2/petroleum

ether, a ¡rale yellorv p::oduct was obtained as f l-occulent

crys Lals of melLing point L22-3o .

-tI.r. fig. XXXIV cn *¡ C=N 2250, C=0 1650, aromatic

¿rnd oIi-f ini-c C=C l-560 ,

N.r'.r"r. f j-9, XXXfV A pprn: aromatic AB 7 .6

4.25, OCH- 3.85, aliphatic 1.4-3.15.
J

U.v. fi-g, XXIIIV B Àn,o*(1og e ):

, 6.9, CH*CN

226 (4.A7) ,



_orì_

328(3.86)

Mass spectrum fig. XXXIV C parent ion m+7e 361 (Br=79) .

The band rvith greater R, 92 mg, separated into

2 components using alum-i-na gel chromatography (TLC) 1%

MeOH/CHC13. The slower component present in only a

smal-l amount is believed to be the carbon methylated

procluct LXI. Only a small amount of this product was

obtained and no furLher analysis was made.

The faster band on alumina gel was found to be

LIX. When recrystallizecl from rnethylene chloride/petroleum

ether pale yellow granular crystals \.vere obt.ained, m.pt. _-

19 6- Bo.

r . r. f ig. XXXTTI .*-1 C=* 2260 (v.weak) , C=0 1665 /

C=C aromatic 1580, olifinic 1540.

N.m.r. fig. XXXI:II A ppm:aromatic AB 7 "6,6.95,
CH-CN 4.25,OCH3 3. B,3.95,aliphat.ic 3.2-1.3.

U.v. f ig. XXXIII Àr.*(Iog e ): 230 (390) ,

307(3"77)344Ge2)

Mass spectrum fig. XXXIII C , p.t.rrt ion m+7e =361 (Br=79) .



SPECTRA

I.r. spectra were recorded on a Perkin Elmer 700

spectrophotometer.A Varian A-56/60A spectometer was used

to make all n.m.r. spectra except those presented in

figures XVII A, XVII 42.-and. XVII A2rwhich \¡lere made on a

Varian DA-60-I spectrometer with an internal TMS reference

signal-.U.v. spectra were made on a Unicam SP 800 B spectro-

photometer. Mass spectra lvere obtained on a Hitachi RMU

6 D mass spectrometer.
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Figure XXII A (cont. )
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