21Y6181 ARYLTETRALI N DERI VATI VES BACKGROUND OF THE | NVENTION 1. Field of
1-he I nvention The present invention is directed to internedi ates. which can
bQ:converted into epi podophyl | otoxin and related antineoplastic agents

MoFe specifically, this invention relat eth-o new and efficient tot 1
synt hesi s of epi podophyl | otoxin, which can then be readily converti&%)ﬁlg
known procedures into known antineoplastic agents. Additionally, the
present invention provides processes for the preparation of such

i nternedi ates, and processes for the conversion off the internediates into

epi podo- phyllotoxin and rel ate RGLTRA ﬂ¢$ - ;ﬂggv S Di scl osure

St at ement Epi podophyl | ot oxi n (Ig—e—gﬂhg' : -#—M&M S of podophyl | ot oxi n
(I'1), which is a known lignan | actone isolated from several species of -
Podophyl | um and possesses pot entBASKGROUND QF aTHEVINVEN/RIO®r ous ot her

rel ated conpounds having the characteristic aryltetralin rlng structure,

either naturally
1. Field of the Inventlon

— o The present invention is directed to intermediates.

' " which can be converted into epipodophyllotoxin and related
antineoplastic agents. More specifically, this invention relates
to new and efficient total synthesis of epipodophyllotoxin, which

\o can then be readily converted by known procedures into known
artineoplastic agents. Additionally, the present invention
preovides procesges for the preparation of such intermediates, and
processes for the conversion of the intermediates into epipodo- |
phyllotoxin and related compounds.

N\



occurring or derived fromsone naturally occurring conmpounds are known;
sometof these conpounds possess ant Fn€opl astic activity, while others are

useful for the conversion to conpounds having such activity. ?
Epi podophyl | otoxin (1) and podophyllotoxin (I1) have the structures shomn
bel ow. [err] Epi podophyllotoxin (1) -3- OH [err] Podophyllotoxin (I1)

Many of these conpounds, including podophyll otoxin, have now been prepared
by total synthesis. InJ. Og. Chem,. 31, 4004-4008 (1966), W J. Gensler

and C P Gabggglg%gggcrggg Eﬁ é;orrpl etion of the total synt hesi s of
podophylTo epi neri zati on by enol ate quenching of the
O-tetrahydropyranyl derivative of picropodo- pyllin. However, this

epi meri zati on doegp) Qo JUEMA %é&ﬁ?nﬁiﬂ 851 eRe anﬁyafe%atalp%eqf A about

45: 55 m xture of podgphyl | ot oxj n and cropodophyllin (1
reqU|reaé gpgy&aggg R %II), ngch(ls a nogn 8n P %ctbne(lséagéZd

from several species of Podophyllum and possesses potent cyto-
toxic activity. Numerous other reléted compounds having the
characteristic aryltetralin ring structure, either naturally ;4
occurring or derived from some naturally'occurring compounds are
known; some of these'compounds possess_antineoplastié.activity,
while others are useful for the conversion to compounds having
such activity Eplpodophyllotoxln (I) and podophyllotox;n (I1) “;
have the structures shown below,. : -

CH30

Epipodophyllotoxin (I)



"pﬁ§llin (1'11) which is the ci-s-lactone isonmer of podophyllotcxin (I1) has
t'he structure: [err] Picropodophyllin (IIl) In J. Am Chem Soc., 82,
1744-1727 (1960), W J. Gensler et al. report the total synthesis of '

pi &ropodophyllin - -4- (I11) by a lengthy procedure involving 13 steps and
a low overall yield. The present invention3s conpletely different from
that reported by Gensler et al. and avoids altogether the preparation of

pi cropodophyllin (111). In J. Og: Chem, 46, 2826-2828 (1981), A S. Kende
et al. report on an inproved total synthegﬂscﬁ podophyl lotoxin (I1) in 12
steps with an overall yield of %,5 pergnal . However, the Kende
‘synthesis requires the prepara [ ubsequent eplnerlzatlon of
pi cropodophyl lin (111) simlar to entoned Gensler synthesis. In
J. ' C. S Perkin |, 271-276 (1983 '
an. i nproved synthe5|s of the aryltetralone (IV)ohaV|ng the structure

-CH3O OCH

- | 5
~ | | - ocH

3

Podophyllotoxin (II)

“’A_. Many of these compounds, including podophyllotoxin, have ncw beern
prepared by total synthesis.

In J. Org. Chem., 31, 4004-4008 (1966), W. J. Gensler
and C. D. Gatsonis describe the completion of the total synthesis
of podophyllotoxin (II) through the epimerization by enoiate
guenching of the O-tetrahydéropyranyl derivative of picropodo-
pyllin. However, this epimerization does not proceed to ccm-
pletion, and separation of an about 45:55 mixture of podophyl-
lotoxin 1II) and picropodophyllin (III) is reguired. Picrcpodo-
phyllin (III) which is the cis-lactone isomer of podophyllotcxin
(I1I) has the structure:

Picropodophyllin (III)

In J. Am. Chem. Soc., 82, 1714-1727 (1960), W. J.
Gensler et al. report the total synthesis of picropodophyllin

ot




[err] Aryltetralone (1V) The aryltetralone (IV) is an internediate in the
synt hesi s of picropodophyllin (111), which is described above in J. Am

Chem Soc., 82, 1714-1727 (1960). The present invention also utilizes the -u
aryltetralone (1V) as a starting material in the total synthesis of *
epi podophyl l otoxin (I) described herein=4-n J. Am Chem Soc., 103,

6208- 6209 (1981), D. Rajapaksa and R Rodrigo and in J. Org. Chem, 45,

4538- 454X 1o dey ,a Repgthygprocegore 4nvodviyng hcksistens pmd)pmylmotwemu

(1) anf&fe{l&)(’doﬁm{'ﬁﬁé%hﬂ Lhyenhiich %old&n méﬂﬁrd@f’maéa ?ﬁf
podoph OtOXIﬂ

present “in the conversio I cropodgphyl | |n (1

(11) as?&ﬁ?ﬁﬁ%@wgﬂs$?nﬂg§ EE&&A 3 SMRIAS gﬁﬁﬂﬁfr%ﬂ%rﬁﬁ%%%rﬁFlon
CGensl er &t plcrapeddengeleh arr) .How ever, the Rodrigo synthesis requires
the preparation of a bi- cyclic precursor (conpound 9 in the 1980
reference) , and a satisfactory yield can be achieved only by recycling
procedures. The prksedit OngenChem.al 46 ,a\28 2fe- 2888 plI&idodobhys! iKerde | ¢t

o e e e o0 LRy REONEARS SIARUIS UE I SheseRsc L
in 12 steps w1th an overall yield of 4.5% from piperonal. \J _
However, the Kende synthesis reguires the preparation ané then
the subsequent epimerization of picropodophyllin (III) similar to
the above-mentioned Gensler synthesis.

: | | o/
-In J. C. S. Perkin I, 271-276 (1982), W. S. Murphy and
S. Wattanasin describe an improveé synthesis of the aryltetralone
(IV) having the structure

o<

G

COOR

CHBO OCH

OCH3

3

Aryltetraloné (IV)

The aryltetralone (IV) is an intermediate in the synthesis of
picropodophyllin (III), which is described above in J. Am. Chem.-
Soc., 82, 1714-1727 (1960). The present invention also utilizes
the aryltetralone (IV) as a starting material in the total
synthesis of_épipodophyllotoxin (I) described herein.

In J. Am. Chem. Soc., 103, 6208-6209 (1981), D.
Rajapaksa and R. Rodrigo and in J. Org. Chem., 45, 4538-4540
(1¢80), R. Rodrigo, report a new synthesis of podophyllotoxin

{II) and epipodophyllotoxin (I) which"avoid; the thermodynamic -
huréle present in the conversion of picropodophyllin (III) to



tﬁ%t t he new process described herein is comercially feasible. United
States Patent No. 3,524,844, issued August 18, 1970 to Keller-Juslen et al.
dgﬁ;rlbes t he preparation of 4'-

d t hyl. epi podophyl | otoxi n-[err]-D-(substituted)glucosides of-the fornula
[err] wherein, inter alia, R is nethyl (et8poside) or 2-thienyl

(teni posi de) fron14' denet h Iegi podophyl | ot oxi n_(V)_ havi ng the - 6-
structure SIISPRIYINSR ¥®¥%®|§ pﬂ?IVBFoEFﬁVGVPsﬁﬂl@ﬁsqq4hﬁﬂw4n|§?ﬁﬂ¥%ﬁ¥%ﬂ

Lroglp0doﬁm@ﬂﬂﬂdﬁéd1féféren&b@ of Geﬁflerbet al. andlxendedet al. How-
' -denxet |po of oxli subStitu ucosi es .
especi al | y posd'b%k#?% T+§° S%?ﬁ?%}s %aqtléﬁﬁsoiﬁﬁ) CERArRtics qr}glaerﬁﬂ'),

are antine@maiﬂd(pEgpﬂtSOMM(cbmpoandsefuh thetﬂesmreaﬁhrmhc@ﬂ Hamh a

cancers, S r nger R

pr esent |nve Cilsgénééa- éi d%féjg% g |§§eﬁ y%t §Pg§ E?pec% ?t\lgm%edures

synt hesi s of eplpodophyllotOX|n (1) and related

The present invention also avoids the plcropodophyllln

(IIT) intermediate and, in addition, provides a new and efficient

— _
sterecspecific synthesis utilizing inexpensive chemicals, such
that the new process described herein is coemmercially feasible,

_ United States Patent No. 3,524,844, issued Augﬁst lg,

\“(._ " 1970 tc Keller-Juslen et al. describes the preparaticn of 4'-
demethylepipodophyllotoxin-8-D- (substituted)glucosides of the
formula

e

N

CH,0 OCHj

1

-wherein, inter alia, R~ is methyl (etoposide) or 2-thienyl

(tenipcsice) from'4'-demethylepipodcphyllotéxin (V) having the



conpounds whi ch can readily be converted into known anti neo- plastic

agents. Accordingly, there are enployedg- I nternedi - ates having
the formul ae depicted in Scheme 1 (of which those of formulae VIII to Xl
are incl wathotdken the anbit of this invention). Scheme 1 R [err] -7-

[err] wherein [err] and [err] each are independently-hydrogen or (Il ower)-

al koxy,

I s hydrogen, hal ogen, (I ower

hydrogen or (| ower)al koxy; R
a
trimethylsilyl, phenylsulfongz

of [err]

(I ower)al kyl,

or [err] and [err] taken together, is nethylenedioxy, R is hydrogen ’
or a carboxyl -protecting group; R4 and [Q¥ i

each are independently
phenol - protecting group; R7
nyl , gcar boxyl, cyano, -

LNyl in which the phenyl ring
ndependently sel ected from

may cont ain one or two sub

Y
&

..cn3o OCHs
OH - o
4'-Demethylepipodophyllotoxin (V)
which, in turn, is prepared from podophyllotoxin (II). The g;

4'-demethylepipodophyllotoxin-8-D-(substituted)glucosides, and
especially etoposide (Rl = methyl) and teniposide tRl = 2-
thienyl), are antineoplastic agents which are useful in the
treatment of human cancers, especially testicular cancer.

- SUMMARY OF THE INVENTION

The present invention provides an efficient and stereo-
specific total synthesis of epipodophyllotoxin (I) and related
compounds which can readily be converted into known antineo-
plastic agents. Accordingly, there are .employed intermedi-
ates having the formulae depicted in Scheme 1 (of which those of

formulae VIII to XI are included within the ambit of this invention). _J
' /

Scheme 1
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-8% hal ogen, (lower)al koxy and trifluoronethyl; and [err] is cyano,

am nonet hyl, fornmyl or carbanoyl; or an acid addition salt thereof. In
cqQnnection with t he. present invention, use may be nmade of the

f-of | owi ng synthesis of the aryltetra- lones VI via the novel

I nternmedi ates XIV which can be optionally iSolated and having the formul a
depicted in Schenme 2. Schenme 2 0 [err] wherein [err] and [err] are as

previ ously ckﬁ§¥1 ; Ae is phenyl or (Ionkr 3 I i onal |y
substituted by one pl ogen, atons sel ected ne, chlorine
and brom ne. -9 2 FSITOORVent 550 pgoMisde gosel egti ve
processes for R%e pr&par aBl on of internedi ates RA 't hertot™ad s'i'lﬂ@@k% S .of >
epi podophyl | ot oxi n and epfeQdophyl | ot oxin rel ated derivatixgs. Use of the
i nt er medi at es and procep bf the present invention avd  he
difficulties encountgrel N[

R R rd =6

o vIII .

XII

wherein Rl and R

alkoxy, or R1 and R

2 each are independently hyérogen cr (lower)-

2, taken together, is methylenedioxy; R3 is

hydrogen or a carboxyl-protecting group; R4 and R6 each are

° is hydrogen or a

indepenéently hydrogen or (lower)alkoxy:; R
phenol-protecting group; R7 is hydrogen, halogen, (lower)alkoxy-
carbonyl, carboxyl, cyano, trimethylsilyl; phfnylsulfonyl or
phenoxycarbonyl in which the phenyl ring‘of_R/ may cont&in one oOr

two substituents independently selected from (lower)alkyl,



prior art and provides a comercially feasible synthesis for useful
anti neopl asti ¢ agents such as etoposi de and teni poside. The terns
“(lower)al kyl"™ and-"(Iower)al koxy" as used herein and in the clains (unless-,
the context indicates otherw se) mean unbranched or branched chain al kyl or?
al koxy groups contain- ing froml to 6 carbon atons such as nethyl, ethyl,
propyl, isopropyl, butyl, isobutyl, t- bu%xl anyl', hexyl, etc. Pref-
erably, these groups contain fron11 to 4°arbon atons and nost preferably,

they contal e pr @1&?&9@1@&%@%&%@&%%& e,SpRai RPeds!

partdi cul ar I nstance, the tern1"ha| en" as used her nd,in t e claims is
i nt ended aBinoRe thiel ¢ e OF |G8F i BFofPndcd daﬁgﬂthn Stktterm
"aci d addihémepsalt” is intended to |nclude t he nont oxi ¢ carboxylic and
phenolic acid salts, e.g. nontoxic netallic salts such as sodi um

pot assi um caIC|un1and magnesi um the ammoniumsalt and salts with nontoxic
anmines, e.g. tInatdoynedtims wintocai ne, Fhige PEPEERNANVEY EL @R neise may

N- et hyl nor phel iniQe I}kfr@mylfaFﬂsc,aﬁbne and e&h@heamsnes ¥hé Clrypyér hpen

resent | hURRE: h Heo (e A e dhretaerd ez fat; vhieh, Fak B Sé’égsﬁfﬁ%n;

present i hoR%%i bh A9 p
inventionisntaudésaudIhaﬁinguthﬁxindmuaae@&@np@#drnn Sabedeadt er eoneri c
forms of the conpounds of the general fornulae depicted in Schenes 1 and 2

and in the clains. Mxtures of isoners can be separated into
Scheme 2 :

XIII XIV

6

wherein Rl, Rz, R3, RA, R5 and R
R? is phenyl or (lower)alkyl optionally substituted by one or

more halogen atoms selected from fluorine, chlorine and bromine.

are as previously defined; and



= : : :

I ndi vi dual isoners according to nethods which are known per se, e.g.

fractional crystallization, adsorption chromatography or other suitable

sQParatlon processes. Resulting racemates can be separated into antipodes
t he usual manner after introduction of sig<able salt-formng groupings,

e g. by formng a mixture of diastereoisoneric salts with optically active

salt-form ng agents, géﬁa?@?ﬁmyﬁIMBWﬂm&uﬂnaahaQ)pnqanESKSMEIEDSEdéGtﬁmd

-10- conver Separ d psdldata t ﬂgggggg%i bIe
enantlner|6§¥g€ﬁégﬁg QB% %%%e se ?gﬁg cnTeractlonatlon hFou % IIy
active hi ghSPREREFLE P%qGP&PEIﬁ‘PE’ 1&@%@ @adjrﬁ@pqéonhyhlsamvm eldelited

prepare thedepivagkves) i ﬁ@@ebefth%pla.l@Q@ﬂE\d:!éHéB('dhd i dde $Y9E hald C

+ mer of the resen .nventi esolved by resol uti on net hods
ol | - known P5PRESoLERERFEARM FVEHasathe A Arin s e tars diirorthiny

be ef f ect edpricnnaear Rndr psb&gdelsnat rm@myemdmsmsy meaén@rar?mﬁ bflo:: f
formng an et ohi ) aarrbaseart Agenssoaton i dRchabiM mhd v iRy e
(+) or (-) isoner of eplpodOphleo-

— - - The terms " (lower)alkyl" and "(lower)alkoxy" as used
herein and in the claims (unless the context indicates otherwise)
mean unbranched or branched chain alkyl or alkoxy groups contain-
ing from 1 to 6 carbon atoms such as methyi, ethyl, propyl,

XN) isopropyl, butyl, isobutyl, t-butyl, amyl, hexyl, etc. Pref-
erably, these groups contain from 1 to 4 carbbn atoms andé, most
preferakly, they contain 1 or 2 carbon atoms. Unless otherwise
specified in the particular instance, the term "halogen" as used
herein and in the claims is intended to include chlorine, fluo-
rine, bromine and iodine. The term "acid additicn salt" is
intendeé to include the nontoxic carboxylic and phenoclic acigd
salts, e.g. nontoxic metallic salts such as sodium, pctassium,
calcium and magnesium, the ammonium salt and salts with nontoxic
amines; e.g. trialkylamines, procaine, dibenzylamine, pyridine,
N—methylmorpholine,_N-methylpipe:idine ané other amines which
have been used to form salts of carboxylic acid and phenols.

~— As the compounds of the present invenﬁion may possess
one or more asymmetric carbop.atoms, the invention includes all

- of the possible enantiomeric and diastereomeric forms of the
cocmpounés of the general formulae depictgd'in Schemes 1 and 2 and
in the claims. Mixtures of isomers can be separated into
individual 1somers according to methodés which are known per se,
e.g. fractional crystallization, adsorption chromatography or
other suitable separation pfocesses. Resulting racemates can be
separated into antipodes in the usual manner after introduction
of suitabl® saltéfofming groupings, e.g. by forming a mixture of
diastereoisomeric salts with optically active salt-forming
acents, separating the mixture into diastereomeric salts and



toxin. As an exanple of a resolution procedure in this general class of
conmpounds, W J. Censler et-al. inJ. Am. Chem Soc., 82, 1714-1727 (1960)
descri bed the resolution of DL-a-apopodo- phyllic acid to -the natural 3
optically active [err]-apopodophyllic acid by form ng and isolating the
correspondi ng optically active quinine sz&= Car boxyl - protecti ng groups

whi ch can be enployed in the present, .invention to.bl ock or protect _the

car boxyl?@%%?g?f‘ﬁnﬁget F&P%Fé‘%%lﬁqll&ﬁ)vﬂr{‘%% t'tr}'h s%r%?i??%‘-’\&wg?he The and

i ncl ude pseib e enehtameflicwdforaiskyay sy | Ke oveparaked, by i figastbenation
stitute ] ( NCAVA P 51 =5 M g e P& VATt =11 PENZ

di pheny%n@?ﬁ@%ka%gﬁﬁéaﬁ'_ng . he%é-%rgogt/ée%stl ng%ifﬁ%ge%\ﬁ%{éﬂagéhi%ghy

enpl oyedc® kumme. present invention to- bl ock or protect the phenol function.
- are also well-known to those skilled in the art and include noieties such

as (lower)al kyl, phenyl- (lower)alkyl, ring substituted en |, ower) al kyl ,
bengyl o'xy2 ca?lbonsp,f FZ}%— Idﬁsd'%ﬁec#fg@ rﬁﬁ@g%ﬁ%o?ﬂﬁ n?r’é‘fﬁ%iyr%& E}F?mﬁkl QEy

and the ¢pkpodophielotoiktial! ehEmtiin isynthorps e isemépsef the present
ot e ek oE ). B0 DI 1 Speo TleRAe e Mo gL ogim iR ey &
her eby itbosposatiddedy ineftdvecrant. Alternatively, the resolution may be
effected at an earlier stage in the synthesis by the same general
methods with one of the intermediates described herein which is
capable of forming an optically active salt to produce the o
desired cptically active (+) or (-) isomer of epipodophyilo- A
toxin. As an example of a resolution procedure in this general
class c£ compounds, W. J. Gensler et al. in J. Am. Chem. Soc.,
82, 1714-1727 (1960) described the resolution of DL-a-apopodo-
phyllic acid to the natural optically active a-apopodophyllic

acid by forming and isolating the corresponding optically active
guinine salt.

Carboxyl-protecting groups which can be employed in the
present invention to block or protect the carboxylic acid func-
tion are well-known to those skilled in the art and include
moieties such as {loﬁer)alkyl, phenyl (lower)alkyl, ring sub-
stituted phenyl(lower)alkyl, methoxymethyl, benzyloxymethyl, &J;J
allyl, diphenylmethyl and the like. Phenol-protecting groups
which can be.employed in the present invention #o block or
protect the.phenol function are also well-known to those skilled
in the art and include moieties such as (lower)alkyl, phenyl-
(lower)alkyl, ring substituted phenYl(lower)alkyl, benzyloxy-
carbonyl, 2,2,2-trichloroethoxycarbonyl, methoxymethyl, aliyl and
the like. Other suitable protecting groups are disclosed in
“"Protective Groups in Organic Synthesié",'Theodora'w. Greene
(John Wiley & Sons, 1981), Chapter 3 for phenol and Chapter 5 for
carbexyl, which are hereby incorporated by reference.



DEECRIPTICN OF THE | NVENTI ON According to one aspect of the present

i nventi on,

there are provided conpounds of the formula [err] wherein [err]

and [err] each are independently hydrogen or (lower)- alkoxy, or [err] and
R, taken together, is nethyl enedioxy; [errdiiis hydrogen or a

carboxyl
or (lower)al koxy; and R is hybESTRIPTION (HETRE- PNVERTIONg group; or an
acid addition salt thereof. In a preferred enbodrnent, there are provided
conpounds of the formula [err] wherein R is hydrogen or a

car boxyl

gr oup;

there are provi

or

protecting group; [err] and [err] each are independently hydrogen

-protecting gm@g@rdﬂny(ﬁ0rqnesa$9ehbgeﬁ the sppégent - pnventiong there

agrgcgg %Q@Ietdl %,@@J&,égﬁggg lfar@'_cl)j_ger preferred enbodi nent,
8 onpounds o the mula O
L
2 .3
R X COOR VIII - trans, and
IX - gis
24 g8
5
OR
wherein Rl andé R2 each are independently hydrogen or (lcwer)¥
alkoxy, or R1 and Rz, taken together, is methylenedioxy; RS is

hydrogen or a carboxyl-protecting group; R4 and R6 each are

indeperndently hydrogen or (lower)alkoxy; and Rs_is hyérocen er a
phenol-protecting group; or an acid addition salt thereoZ.

In a preferred embodiment, there are provrded compou.

of the formula
o _
<o oor>

CH3 OCH3
- OR

VIiia

wherein R3 is hyérogen or a carboxyl-protecting grcup, ané &> is

hydrogen or a phenol-protecting grocup; or an acid addition salt

thereof.

In another preferred embodiment, there are previded



[err] wherein Ris hydrogen or a carboxyl-protecting group, and [err] is
hydrogen or a phenol -protecting group; or an acid addition salt - thereof.
In the conpounds of Formulae Villa and | Xa, R pref- erably is hydrogen,

(1 ower)al kyl, phenyl (1 ower)al kyl, ring substituted phenyl (|l ower)al kyl or
di-phenyl net hyl and, nost preferably, is'TH%imar)alkyl or di phenyl et hyl .

[err] preferably ischydro |-ower) al kyl, phenyl (I ower)al kyl, ring
substHnﬁ%ﬂP?ﬁﬁ%@lgflg&grggpwyﬂg benzyl oxycar bonyl or _
2,2,2-trichloroethoxy- carbonyl and, nost preferably, is nmethyl or benzyl.
The phenyl .ring of R3 and R5_may contain one or two substituents indepen-
dently sel ected from (| owegtal Ny Ral ogen, (| ower) al koxy and . .
trifluoronmethyl. The donpo of mula VIl may be prepared fromthe
correspondi ng aryltetrapoerre 3 VI by reduction of the ketone
radi cal in conpounds VI or Vla an@ subSequent dehy- drationIxa the
resulting alcohols VII or VIla ™t hods well- known tc those skilled in
the art, as shown in Schenme 3. 3-

OR

3._';

CH30 OCH3 QJ

’ . . : »
wherein R3 is hydrogen or a carboxyl-protecting group, and R~ is
hyérogen or a phenol-protecting group; or an acid addition salt
therect. : . o

In the compounds of Formulae VIIIa and IXa, R3 pref-~
erably is hydrogen, (lower)alkyl, phenyl(lower)alkyl, ring
substituted phenyl (lower)alkyl or diphenylmethyl and, most
preferably, is (lower)alkyl or diphenylmethyl. R° preferably is
hydrogen, (lower)alkyl, phenyl(lower)alkyl, ring substituted
phenyl (iower)alkyl, benzyloxyCarbonyl or 2,2,2-trichlcroethoxy-
carbonyl and, most preferably, is methyl or benzyl. The phenyl

3 and R5 may contain one or two substituents indepen-

ring of R
dently selected from (lower)alkyl, halogen, (lower)alkoxy and

trifluoromethyl.

The compounds of Formula VIII may be prepared from tﬁar’
corresponding aryltetralones of the Formula VI by reduction of
the ketcne radical in compounds VI or VIa and subsequent dehy-
dration of the resulting alcohols VII or VIIa by methods well-
known tc those skilled in the art, as shown in Scheme 3.



-

Schenme 3 [err] -14- [err] wherein [err] and R are as previously
defined. The aryltetralone starting material of the Formula VI wherein
[ar] and R, taken together, is nmethylenedioxy, [err] is hydrogen, [err]
or [err] and [err] are nmethoxy, and [err] -ijg-nethyl may be prepared by the
general nethod described in J. Am Chem Soc., 82, 1714-1727 (1960), W J.
Gensl er et SadhemeéStarting materials of Fornmula VI may al so be prepared by an
i nproved procedure described in J. C. S. Perkin |, 271-276 (1982), W S.

Mur phy and S. Wattanasin, in which [err] is nethoxy and [err] is hydrogen,
or [err] and R2, taken toge.her i s nethyl enedi oxy, R3 is hydrogen or

ethyl, R and [err] are hyo ogen or R and [err] are nethox and [err] is
met hyl . Al t ernatig ' arting material of t ~Qr mul a VI may
be.prepared by the nroved procedure illustrs pre detail in
t he di scl osure a&g% Yy t 8

reaction route,

vI OR . OR VvIa

N
OH

. rL

Rz < COCE
7 | '
AN

. 5 R4 RG
Vi ‘ OR ORS

Viia

OR VIII



change the R3 carboxyl -protecting group,‘the aryltetralone VI is first
hydr ol yzed by conventi onal nethods, such as acid or ‘base hydrolysis, and
preferably by base hydrolysis, for exanple, potassium hydroxide. The

resulting acid Vla is then subjected to sghective reducing conditions to v

effect the reduction of the ketone radical to the al cohol VIla. The

reduction may be accom plished by catal ytic hydrogenati on enpl oyi ng

hydr ogenati on catal ysts such as palladium platinum Raney nickel or

rut heni um -15- being optio | y supported on a conventional carrier

such as carbon, diatonmaceous eart\ non-reduci bl e inert solvents

such as water, nethanol, ethanol ¢et at e. ‘Hydrogenation is

preferably conducted at roomtenpe 8\ AT, Bnospheric or slightly

el evated pressure. Mre preferaRly, the ayltetralone'Vlia is reduced in a

suitable solvent with a selective reducigg~nagent, e.g., sodi um borohydri de,

sodi um cyanobor ohydri de, zinc borohydri{o qul f ur at ed sodi um bor ohydri de

(NaBH2S3), 1ithium borohydride, disigmNyoLeReg anmoni a bor ane,

t-butyl am ne borane, pyridine bor arfe, ignﬁtri-s-butylborohydride, or

other simlar reducing agents which will @Rt reduce thexarboxylic acid \)
wherein Rl, R2, R3, R4, Rs and R6 are as previously defined. o’

wherein Rl

The aryltetralone starting material of the Formula VI
and R®, taken together, is methylenedioxy, R° is
hydrogen, CH, or C,Hg, R? and R® are methoxy, and R® is methyl
may be prepared by the general method described in J. 2Am. Chem.
Soc., B2, 1714-1727 (1960), W. J. Gensler et al. Starting
materials of Formula VI may also be prepared by an improved
procedure described in J. C. S. Perkin I, 271-276 (1982), W. S.

Murphy and.s. Wattanasin, in which Rl is methoxy and Rz is

1 and Rz, taken together, is methylenedicxy, R3 is
4 ana r®
is methyl. Alternatively, the starting materials-
of the general Formula VI may be prepared by the new and impro(JtJ

procedure illustrated in more detail in the disclosure and

hydrogen, or R

hydrogen or ethyl, R are hydrogen or R4 and R6 are

methoxy, and R5

examples of the present invention.

According to one reaction route, when it is desired to

change the R3

carboxyl-protecting group, the aryltetralone VI is
first hyvdrolyzed by conventional methods, such as acid or base
hydrolvsis, and preferably by base hydrolysis, for example,
pctassium hydroxide. The resulting acid VIa is then subjected to
selective reducing conditions to effect the reduction of the
ketone radical to the alcohol Viia. The reduction may be accom-
plished by catalytic hydrogenation employing hydrogenation _
catalysts such as palladium, platinum, Raney nickel or ruthenium, B



‘% .
radical. The alcohol Vila which is produced is then subjected to standard

dehydration conditions with a smal'l ampunt of organic or mneral acid such

ass p-tol uenesul fonic acid or sulfuric acid to give the trans-olefin VIlI,

wherein R is hydrogen. The reaction is carLjged out in a suitable inert

organi c solvent, e.g., toluene, benzene, ether or nethylene chloride, in

the presenbeiog @Pﬁﬁﬂﬁlikiﬂﬁuppﬁrﬁhd[Gﬁr& %onvantlonal ?Hk?@ék?%u%?ié%ied
or bl ro uced i.s azeotropica

W th 2 DeasiEpefy Eiscdhicila MU LLh, S B noRr B G061 P Loebr) Folvents

wher ei n R SPShhpgr ¥@der mAethanohe ethanolied ethybeaveuvatenunHeErdgehadion

bl b | f Z dr
Shoul 0 be. anpt Siaran i (R R FIUR Peftcalbly RRE“ Y CBkbpsbbex i
formthe c%igggﬁ&ﬂdl W%iﬂﬁnﬂi%@ﬁqﬁ?tPmﬂQ%%yﬂ?%f?ﬁﬂblEacthgnarYIhetra1one
product i onvaé tberb@@h@ﬁeiﬁJaMédlﬂkﬁmﬁﬂkéﬁbéﬁ@'&fﬁﬁtAV§e§E€£§98h§€Hﬁéhng

nd cgar radicals of the al cohol
A A M e M Y R N A I e
borohydrlde, sulfurated sodlum borohydride (NaBH2 3), lithium
e borohydride, disiamylborane, ammonia borane, t-butylamine borane,

pfridine borane, lithium tri-s-butylborohydride, or other similar
reducing agents which will not reduce the carboxylic acia
radical. The alcohol VIIa which is produced is then subjected'to
\y/- ‘standarc dehydraticn conditions with a small amount of orgaric or
mineral acid such as p-toluenesulfonic acid or sulfuric aciéd to

give the trans-olefin VIII, wherein R3

is hydrogen. The reaction
is carried out in a suitable inert organic solvent, e.g.,
toluene, benzene, ether or methylene chloride, in the presence of
a2 drying agent, e.qg. Na2s04, MgSO4, molecular sieves, etc., or
preferably, the water which is produced is azeotropically .removed
with a Dean-Stark trap or similar apparatus. The trans-olefin
VIII, wherein R3 is hydrogen, may then be esterifiecd in the usual
manner with a suitable carboxyl-protecting group and preferably
with benzhydryl. |

e It should be appreciated by those skilled in the art

e ) that the alcohol VIIa may form the corresponding lactone XV in
the dehydration reaction.  The production of the lactone XV will
depend on the relative stereochemical configuration of the
hydroxyl and carboxyl radicals of the alcohol VIIa which are usecd

[



[err] The trans-olefin VIII, wherein R is a carboxyl-protecting group, may *
then be prepared directly by the addition-of an al cohol, for exanple,
benzhydryl al cohol, to the dehydration reaction enploy- ing the lactone XV.
1 2 In one specific exanple wherein Rg@and R, taken together, is
met hyl enedi oxy, [err] and [err] are nmethoXy and [err] is methyl, the
‘al cohol VI ke psa fie18A 2Bdckhen.esterified in the usual manner with
benzhydryl al cohol to produce the trans-olefin Villa. In another specific
exanplte, the | actone XVa was isolated fromone of the dehydration reactions
enpl oyi ng the correspon»ﬂhg al cohol VIIb. Treatr '
| act one XVa vkih be | al cohol under stand®
condi tions produd $ired trans-olefin VIlla
OH [err] ' - '

Viia ’ | XV

VIII

The trans-olefin VIII, wherein R>

is a carboxyl-protecting grocup,
may then be prepared directly by the addition ¢f an alcohol, for
example, benzhydryl alcohol, to the dehydération reacticn employ-

ing the lactone XV.

1 2

and R, taken

are methoxy and R5 is

~ In one specific exémple wherein R
together, is methylenedioxy, R4 and R6
methyl, the alcohol VIIb was dehydrated and then esterified in

the usual manner with benzhydryl alcohol to produce the .
trans-olefin VIIIa. - : iJ"d

In another specific example, the.lactone XVa was
isolated from one of the dehydration reactions employing the
corresponding alcohol VIIb. Treatment cf the resulting iactone
XVa with benzhydryl alcohcl under stancdard acidic dehydration
conditions produced the desired trans-oclefin VIIIa as shown
below. |



Ina%n alternate reaction route, when it is desired to retain the sane
[err] carboxyl-protecting group, the selective reduction of the
aryltetralone VI may be carried out by catalytic hydrogenation enploying
hydr ogenati on catal ysts such as pall adi um 1ufginun1 Raney ni ckel or
rut henium being optionally supported on a conventional carrier such as
carbon, diatomacecus earth, etc., in non-reducible inert solvents such as
met hanol , ethanol or ethyl acetate. Hydrogenation is preferably conducted
at roomtenperature and at atnospheric or slightly elevated pressure. Mre
preferably, the aryltetralone VI is reduced in a suitable sol vent mnth a
sel ective reducing agent, . sodi um bor ohydri de, sodi um
D).

cyanobor ohydri de, dri de, - 18- sulfuratedosod|.-
ammoni a borane, t- but @

[err] disianyl bor

pyri di ne borane, \Jit but yl bor ohydri de, or her duci ng
agents which will o ANSCODHPOXY| i C_est &y rad . W
which is produced is.-then syRjected to stanaaraé%ehydratlon co ions with
a small amount of organic (G# neral acid such as p-tol uenesul acid or
sul fugi.c acid to produce t

CH3O OCH3 CH3 OCH3

. OCH3 |
- o .

CH,0 OCH

VIIIa

In an alternate reaction route, when it is desired to
retain the same R3 carboxyl-protecting group, the selective
reduction of the aryltetralone VI may be carried out by catalyti
hydrogenation employing hydrogenation catalysts such as

[

palladium, platinum, Raney nickel or ruthenium, being cptionally
c

Y

o
0

supported on a conventional carrier such as carbon, diatcmace
.earth, etc., in non-reducible inert solvents such as methancl,
cte

0,

ethanocl or ethyl acetate. Hydrogenatlon is preferakly con

l f!l

at room temperature and at atmospherlc or slightly elevated
pressure. More preferably, the aryltetralone VI is reduceé in a
suitable solvent with a selective reducing agent, e.g., sodium
borohydride, sodium cyanoborohydride, zinc borohydride,

St



trans-olefin VIIIl, wherein [err] is a carboxyl-protecting group. The
reaction is carried out in a suitable inert organic solvent, e.g. tol uene,
benzene, ether or nethylene chloride, in the presence of a drying agent,
e.g. [err] nolecular sieves, etc., or preferably, the water which is
produced is azeotropically renoved with al®ean-Stark trap or similar
appar at us. nver si on qQf the traqﬁﬁﬁiefin VIII to the cis-olefin I X my be
ef f ect e by P RREERI FOFLER POF LY ¢ at¥RBB15 ¢) es@éfipmyibaranethi s
% i:rrer_ idZ&lili:@flahé , Uatambhyl ac a:ro:c’riai'fé ,ota-wt[ﬂm?mé tbOrgAa|, Cgijehugﬂb %FQE:@S,
and af, low t erat.ur ro ou err] to [err].an refera at
about [ef$ﬁﬁh%?|§ggﬁ5r§ Fﬁé?gr iﬁﬁf%)sepgd%ﬁh%£ ?+%h$ﬁﬁ129§PFaag Ygents
pot assi whbek (vilikenbyl reducg the dmrboxhlien esteppradytati deThe kiltbhom
bis(tri- t L yLk) ani ig]gﬁ'fé]é i 5.t )C ith.acid,
for exarr‘{) e @%{niﬁtérgkgglb gcgﬁgﬁ's;?%y%roc or?%dag?d,gggﬁ #g‘?l @Sgtg%gb?‘of’he
li ke, tFoRSHbEenst Wishsal sMallelamaunt 95 -Qganic|or minenalhacidspuch eb

the presgntolneREE1L2FonEBCRR i¥ ®r sulfliric acid to produce the

trans-olefin VIII, wherein R3

is a carboxyl-protecting group.
The reaction is carried out in a suitable inert organic solvent,
e.g. toluene, benzene, ether or methylene chloride, in the
presence of a drying agent, e.g. Nazso4, Mgso4, molecular sieves,
etc., or preferably, the water which is produced is
azeotrcgically removed with a Dean-Stark trap or similar

apparatus.

_ Conversion of the trans-olefin VIII to the cis-olefin
IX may be effected by the epimerizatio:n of the carboxylic ester
radical. This epimerization is usually carried out in an inert
organic solvent such as THF and at low temperatures from about
-78°C to -20°C and preferably at about -78°C while employing a-
strong base such as lithium hydride, potassium bis(trimethyl-
silyl)amide, lithium diiéopropylamide or lithium bis(tri-
methylsilyl)amide. The resulting anion is ther cuenched with
acid, for example, mineral acids such as hydrochloric acid,

sulfuric acid or the like, to produce stereoselectively the LJ;}

cis-olefin IX.

In another aspéct of the pfésent invehtion, there are



pﬁbvided conpounds of the formula [err] wherein [err] and [err] each are
I ndependently hydrogen or (lower)al koxy, or [err] and R, taken together,
i s. met hyl enedi oxy; [err] is hydrogen or a carboxyl-protecting group; R
arid R . each are independently hydrogen or (lower)al koxy; and [err] is
hydrogen or a phenol -protecting group; .or an acid addition salt thereof;
provided that, when [err] and [err] are ed8k nethoxy and [err] is nethyl
[err] and [err are not each nethoxy or taken together nethyl ene dioxy.
[err] mherE%?W¥$¢¢]CQQPQBQﬁ%mﬂﬁl Formudaxyl - protecting group, and [err]
I s hydrogen or a phenol -protecting group other than nethyl; or an acid
addition salt ‘thereof. In a nore preferred enbodi nent, there are provided
conmpounds of the Fornula XVlia whe®ein [err] is (lower)alkyl or

di phenyl methyl and [err]grts benzyl . -20- The
cis-aryltetral one of Formi be prepared by the epinerization of

the correspondi ng trans-ar es \43 Conmpounds of Fornula XVl are
then reduced and dehydrg® "COOR XV1
~ 6
4 R
R
_ oR>

wherein R1 and R2 each are independently hydrogen or
{lower)alkoxy, or R1 and Rz, taken together, is methylenedioky;
R3 is hydrogen or a carboxyl-protecting group; R4 and R6 each are
independently hydrogen or (lower)alkoxy; and Rs is hydrogen or a
phenol-prbtecting group; or an acid addition salt thereof:
provided that, when R% and R® are each methaxy and R° is methyl, R! and R2

are not each methoxy or taken together methylene dioxy.

o ' - 0
a T~ . o . )
1," 3
COOR XVlia

OCH
CH,0 3
3 ORS

whereiﬁ R3 is hydrogen or a carbbxyi-protecting group, and RS is

hydrogen or a phenol-protecting group other than pethyl; or an acid
addition salt thereof.

In a more preferred embodiment, there are provided
compounds of the Formula XVIa wherein R® is (lower) alkyl or
) diphenylmethyl and R is benzyl.

«



produce cis-olefins of Formula | X according to Reaction Scheme 4. Scheme 4 *
R . R [err] The starting aryltetralone VI, with
the ester radical in the relative trans configuration, is epinerized to the |,
cis- aryltetralone XVl at |ow tenperatures fromabout [err] to [err] and ol
preferably at about [err] by enol quench+2g-utilizing a strong base such as

| i thium hydride, potassiumbis(trinmethyl- silyl)amde, |ithium

di i sopr opyl ani de oﬂhﬁlEEEnﬂﬂﬁk#Q¢431¢msh?st¢ymv&n1H§I|maanbenprePargdnbg
sol vent gHehe imZHEz%QCidmea”f fr c Q

hydrochlerlc EC| Thgggigﬁ?t|ﬁéﬁ§?§iggg$g%¥é %r%i%@ﬁ%ﬁloqes VI'b
sub- jec EBP?Bn§é|SEtFFE“P@dueﬁﬁb TohdrieBnsef e ape FHEYﬁééﬁéﬁléﬁ 3 of
t he ket ogpeodadicel st-olieifdra cth@ofvila WERr 8t6oRiihg 8oCRERBGKY bnPEehesle 1J
group. The reduction may be carried out by catalytic hydrogenation

enpl oyi ng hydrogenation catal ysts such as palladlun1 pl ati num Raney ni ckel

or rutheBfuemebd |ng optionally

at
3
g N COOR “coor3

)
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]
L. )
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Rl . ' Rl

| Iiilm'lil’ 3
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The starting aryltetralone VI, with the ester radical
in the relative trans configuration, is epimerized to the cis-

aryltetralone XVI at low témperatures from about -70°C to -20°p'
and'pre:erably'at'aboﬁt'&78°c by enol quenéhing utilizing a

stronc base such as lithium hydride, poctassium bis(trimethyl-
silyl)amiae, lithium diisopropylamide or lithium bis(tri--
methYlsilyl)amide in an inert organic solvent such as TEF and

ther adding a mineral acid, for example, hydrochloric acid. . |-



3
supported.on a conventional carrier such as carbon, diatonmaceous earth,
etc., in non-reducible inert solvents such as water, nethanol, ethanol or
ethyl acetate. Hydrogenation is preferably conducted at roomtenperature
and at atnospheric or slightly elevated preggure. Mre preferably, the
aryltetralone XVI is reduced in a suitable solvent with a selective
LedUﬁigglggent,lﬁ.g.ThnﬁnﬁpdﬂtimydaidegrymﬁéUﬂhEg@éphvmfgayrEﬂendbgn%ub-'
or ohydri 4 t [ ert I si_al orane, dihorane,
anmoni a tbo Eﬁ%%ﬁEﬂﬁhfﬁéﬁ?ﬁ%ﬁ%ﬂ#@ﬁégqgér?%P%é b%?gng?'n¥FﬁFﬁnF§é-re°“F ioh
tri-s-but yportdiey ketine gradiidrer 9 ntheratedbeingvagewheretincR wilksl anot

reduce, hy R | ST A car yii I gal I o]
| ahi b r e o ! ot e o ot anccl Qengar atranone by
condi t i ons SRt YA GV ZRARMA L IAN RTRIPY1DT RyAspgenatignsgakadysts such as

p- t ol uenespkfloREd udf, PLHt ik UIREn&F| Al ERe DI @HUEELhERIGIns- BE€hENobXionally
wher ei n [err% I S a]farboxyligrotectln roug. The reactlog Is Garried out
in a suitaBPEPCFHRS Sy FhiCEMRREHNA L GRTTLET LBRED BENGRRRONet AptEMacecus
met hyl ene eklrthi,deeta.n, tire noessdeciile igrtgsaleattsesdgch| &5rwater,

nol equl ar s ~1Et refe , ter | | dyced. is
azeoS%opicgﬁﬁﬁgﬁgﬁﬁvgﬁqm ?#1§¥xé§§%¥a?ég ?ﬁ%‘orH§$%§P%?§5§%§r§§ugFe*erablY
Accor di ng FETEHGHeSt FtekaqorEenprEature and-atyateespherbfeoxvelightdpuced

in a suitabheva@leeePrabddrd, SQh&Ed iyfeferably, the aryltetralone XVI is
reduced in a suitable solvent with a selective reducing agent,
gf/ e.g. sodium borohydride, sodium cyancbocrohydride, zinc
borohycdride, sulfurated sodium borohydride (NaBﬁzs3),
diSiamylborane, diborane, ammonia borane, t-butylamine bcrane,
pyridiné borane,.lithium tri-s-butylbcrohydride, or other similar
reducing agents which will not reduce, hydrclee nor epimerize
the carboxylic ester radical. The aIcohol XVII which is produced
may then be subjected to standard dehydration conditions with a
small amount of orgahic or mineral acid such as p-toluenesulfonic
acid or sulfuric acid to produce the cis-olefin IX, wherein R3 is
a carboxyl-protecting group. The reaction is carried out in a
suitable inert organic solvent, e.g., toluene, benzene, ether or
methylene chloride, in the presence of a drying agent, e.g.
Na

| 2
" which is produced is azeotropically removed with a Dean-Stark

504, Mgso4, molecular sieves, etc., or preferably, the water
trap or similar apparatus.

According to another reaction route, the cis-aryltetra-
lone XVI is reduced in a suitable solvent with a selective

«



-22- reducing agent, preferably Iithiun1borohydride, to give the al cohol ~

Xlla and/or the lactone having the formula XVIIIl. [err] It should be
appreci ated by those skilled in the art that the alcohol Xila may formthe
correspondi ng | actone XVIIIl in the reductlon and workup. The anount of . =~ ¢
| actone XVII1 isolated fromthe reaction /4 depend on the relative

stereocheni ¢ configuration_of I QX and .car boxyl radicals of the
al cohol X8 Q&ﬁ%ﬁ?ﬁg. prBﬁﬁgﬁﬁa%Hytﬁé%Féﬂ%b FEEYGF 49 FRIITE Bx@anpl e
wher eisn [edradhahdk {24 r dn8Akenthegdtbeone havdiny e dfaway 1R XaITI R6 are
met hoxy and [err] is nmethyl, the lactone XVilla was the preferred product

i solated fromthe reaction mxture. [err] The resulting Iaﬂ? e XVlilla my
t hen be treated\MtrPEn al cohol , and preferabl%pm Ry dr yr==abcohol

under st anl dareNa dehydratlon condi tions; nséb0ve for
~ |l act one X@a, D the desired cis-olefin IX grr] is a -
car boxyl - prot g
R

*Boox R X

OR | .
XIIa | XVIII

It should be appreciated by those skilled in the art
<hat the alcohol XIIa may form the corresponding lactone XVIII in
the recduction and workup. The amount of lactone XVIII isolated
from the reaétion'Will depend on the relative stereochemical
'configuration of the hydroxyl and carboxyl radicals of the
alcoholIXIIa which was produced in the reduction. 1In the

specific example wherein Rl and R2, taken together, is

6 are methoxy and R® is methyl, the

’ methylenedioxy, R4 and R
lactone XVIIIla was the preferred product isolated from the

reacti O"l mixture.

o
Vv
2

CH3O

The resulting lactone XVIIIa may then be treated with
an alcchol, and preferably with benzhydryl alcohol, under stan-
daré acidic dehydration conditions, as described above for

lactore Xva, to produce the desired cis-olefin IX wherein R3 is

}I)

.carbcxyl-protecting group.



B According to another aspect of the present invention, there are

provi ded conpounds of the fornula [err] wherein R and R each are

i ndependent | y- hydrogen or (lower)- al koxy, or [err] and [err] taken
tdyether, is methylenedioxy; [err]-is hydrogen or a carboxyl -protecting
group; R and R each are independently hydrogen or (|l ower)al koxy; [err] is
hydrogen or a 7 phenol -protecting group; andaR- is'hydrogen, hal ogen,

(1 ower) - al koxycarbonyl, carboxyl, cyano, trinethylsilyl, phenylsulfonyl or
phenoxycar bonyl |n\Mn5¢b¢rﬁum@eﬂqlamoﬂgeﬁfaﬁpébi BnythanFﬁéBeﬁBelﬁbehWQon,

Koy and RO Fot 884 PEbiRonp R PEEREL Bt 8 R e cor - in &

preferred enbodi nent, there are provided conpounds of the forrmula [err]
wherein [err] is hydrogen or a carboxxhiprotecting group; [err] is
_ 7 .

1

2

wherein R™ and R each are independently hYdrogen or (lower)-

l-and Rz, taken together, is methylenedioxy; R3 is
hydrogen or a carboxyl-protecting group; R4 and R6 each are
independently hydrogen or (lower)alkoxy; Rs is hydfogen or a
phenol-protecting group; and R7 is hydrogen, halogen, (lower)-
alkoxycérbonyl, carboxyl, cyano, trimethylsilyl, phenylsulfonyl
or phenoxycarbonyl in which the phenyl ring of R’ may contain one
or two substituents independently selected from (lower)alkyl,
halogen, (lower)alkoxy and trifluoromethyl; and acid addition
salts thereof.

— ' In a preferred embodiment, there are provided compeunds

N of the formula

alkoxy, or R

| Xa

wherein R3 is hydrogen or a carboxyl-profecting group;'R5 is

ot



-24- hydrogen or a phenol-protecting group; and [err] is hydrogen, halogen,*
(lower) al koxycarbonyl, carboxyl, cyano, trimethylsilyl, 7 phenylsulfonyl or

phenoxycar bonyl in whi ch t he phenyl ring  of Rmay contain one or two ¢
substituents independently selected from (|l ower)al kyl, hal ogen,
“(lower)al koxy and trifluoronethyl. In a_gpre preferred enbodi nent, there

are provi ded conpounds of the Formul a Xa“wher ei n [err] is hydrogen

(lower)wswogg n GaPherp é%ﬂéroiééfln Sgﬁsﬁgyl afl hénu' hy@® ﬁen's broni ne

o el ol e oD o L B Bl o
cycl O?d?:ﬂfn?gsl’m&:ﬂﬁem penvexyca foonyt Srez Gihlneneltﬁe tigfnger rr]m;g'lhteft éa(:

d _
S or P ol s i S bl o Shub E85L . OREs *HaYBen bRty 8! sBazliall aoR |

an |nerﬂlgﬂenmale&umhakpgen, (lower)alkoxy and trifluoromethyl

In a more preferred embodlment, there are provided
compounds of the Formula Xa wherein R3 is hydrogen, (lower)alky\j
or diphenylmethyl; R5 is methyl or benzyl; and R7 is bromine or
chlorine.

The compounds of Formula X may be prepared from the \‘;
corresponding cis-olefins of the Formula IX by employing a [3+2]
cycloaddition reaction as shown in Scheme 5.

Scheme 5

1 " ® O

L, e

| % |
4 S r4 rS
R 5 " OR°® :

or | Ul
X X '

The cis-olefin IX is reacted with at least one equiva-
lent of a substituted nitrile oxide of the formula XX at about
-20°C to refluxing temperatures in an inert solvent (aqueous or
organic, or mixed agueous-organic) such as water, C,-Cq alcohols,
ethyl acetate, dioxane, tetrahydrofuran, acetone, nitromethane,
methylene chloride or chloroform to give-the isoxazole adduct X\
Although the solvent and temperature of the reaction are not
critical, it is preferred, when R? is ' halogen, that the reaction
be conducted near the refluxing temperature of the solvent, for

example, acetone or ethyl acetate.

*Where R3:U1compound X is a carboxyl-protectlng group,
it may optionally be selectively deblocked (R then being H).



= .

organic, or m xed aqueous-organic) such as water, [err] alcohols, ethyl
acetate, dioxane, tetrahydrofuran, acetone, nitronethane, nethylene
cblorlde or chloroformto give the isoxazol e adduct X* Although the sol vent-.
and tenperature of the reaction are not critical, it is preferred, when
[err] is halogen, that the reaction be condécted near the refl uxing
tenperature of the solvent, for exanple, acetone or ethyl acetate. *Were

[err] in compound X & AScCRFBERTFEPr §Pe¥ERNGNgCHES SS3 aMOURy SptthenAiibride
sel ecti velox itbl xc kel ther hboveen ,Beidagoar c cigiddﬂtﬂdhl¥é§éﬁﬂﬁﬁ1&hé59

an excess ampunt_of t nitrile o n bove 1, polar
cycl oaddi tYorT r%%%t?%%blﬁndaﬁoﬁécﬁlséf Q?XB‘I fquéﬁag'ﬂ‘ S ltﬁ Shui v rft 2380
used. It|pxeﬁemr¢detergederatgemheahetthaenbkmdeax»axﬁaé&&urfrbdltdgon1
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such as K err an1n suc
pyr|d|neahﬁ%#uﬁ%F%e#émKH¢Obepr]Na co or a trisubstituted amlne such as

triethylamine or pyridine as shown below:

~ 7 ® o
C=N-OH Base 5 R7-c=n—o0
V%
Br
.
i XIX | XX
7

For the preparation of Compound XXa, wherein R’ is bromec, the
bromonitrile oxide is generated from dibromoformaldoxime XIX

wherein R7 is bromine as described in Tetrzahedron Letters 21,

229-230 (1980), or more preferably by the modified procedure
describec herein in Example 20, Step A. Other nitrile oxices of
the formula XX wherein R7 is hydrogen; ethoxycarbonyvl, carbcxyll
and cyano; trimethylsilyl; and phenylsulfonyl may be preparec by
the general procedures described in Tetrahedron Letiers, 24,
1815-1816 (1983); J. Org. Chem., 48, 366-372 (1983); Synthesis,
719 (1982); and J. Org. Chem., 48, 1796-1800 (1983),
_ respectivély, and references therein.

- In the spécific example with Compound X, wherein R1 and
Rz, taken together,'is methylenedioxy; R4 and Rs are methoxy; R
is methyl; R’ is bromine; and R° is diphenylmethyl, deblocking of
the carbexyl-protecting group with dry HCl in an inert crganic
solvent such as nitromethane readily gave crystalline i
acid Xc, wherein R3 is hydrogen and R7 is chlorine. This gpar
ular deblocking procedure of a compound of Formula resulted in

~)

halogen displacement wherein the bromine racdical of R in the
isoxazole ring was replaced by chlorine. When it is desired to
retain the bromine radical of R7, then the deblocking prccedure
L] is preferably carried out with trifluoroacetic acid as is éemon-
strated herein for the preparation of the isoxazole acid Xé.

(&



For the preparation of Conpound XXa, wherein R is brono, the brononitrile
oxide |is generated from di bronof-ornal doxinme XI X 7 wherein Ris bronine as
described in Tetrahedron Letters 21, 229-230 (1980) ', or.nore preferably by

» the nodified procedure described herein in Exanple 20 Step A. Ot her

nitrile oxides of the formula XX whereindgrr] is hydrogen; et hoxycar bonyl ,
carboxyl and cyano; trimethylsilyl; and p enyIsquonyI may be prepared by

E Qggg)ener al procedghgs sdes@d zﬁcTeédxabeﬂn@elbﬁt ber ﬁhe2£soi%£éié8%6n

o bheh, ChBboTRga s 40 oy o8, ERARAA | R) he cRBBF ofGRehEcLRENSRBEN |
t he specsiitueganphemmnd1dﬁmdznxxjWQtNWE&&Steféoﬁmde[senkctlbakea the §
{20} "rioned R Rt dnnid 0T G e SABELD e S AR b K
car boxy| s peotEOECAPYGr o HOWSVEY .dr:,n Hudet:n em pnev;dergéﬁnclgoa&envxgeaneas
”'tromtéfnéhéeéélghﬁggfé‘é‘iﬁw?ﬂ' T Pffc pature of the grese?xtac' d

Xc, wherein R IS en an rine. partic-
debl ocki v BREEEBuUr éth HIMFHFPRA m%mea@%emwa FﬁPﬁéFGSerth the

di spl acepegh sMBEeFiin wmquWHEIEhdﬁﬁhﬁéﬂo@f [err] in the isoxazole ring wgﬁ
repl aced by chlorine. Wen it is desired to retain the brom ne radical

[err] then the debl ocking procedure

9-—-N
CO et 8000
Br-C"N-—O :
x 00C,Hy Y COOoC,H,
2L ’
CE0 OCH CH,;0 T oCH,
ocH, | CHy
VIIIb X1

The isolation of Compound XXI containing the cpposite
stereochemistry in the attachment of the isoxazole ring confirms
that the process of the invention described herein for the .
preparation of Compound X is a highly stereoselective process.q\}-J
producing the desired regiospecificity required for the efficient.
synthesis of eplpodophyllotoxln and eplpodophyllotox1n-related
derlvatlves.

According to a further aspect of the present invention,



is preferably carried out with trifluoroacetic acid as is demon- strated
herein for the preparation of the isoxazole acid Xd. -26- The
stereospecific construction of the'isoxazol.e ring in Conpound X which was
produced by the approach of the sub- stituted nitrile. oxide XX with

di astereof ace selection to the [err] face afatdhe cis-olefin I X can be
readily determ ned by [err] NWMR spectroscopy. However, in order to provide
addi ti onal eteteneareofprdva desd)icusypenirfdss afficklss efeeomwlkai fi c nature of the
present invention, the [3+2] cycloaddition reaction was repeated with the
trans-olefin VIIIb as shown below [err] The isolation of Conmpound XXl
containing the opposite stereochggi stry in the attachnment of the isoxazole
ring confirns that the process off thegi nvention described herein for the
preparati on of Comnpou {58 st ereosel ecti ve process producing the
desired regiospecificity or the efficient synthesis of

o T Ok
epi podophyl | ot oxi n and @'@

L3-rel ated derivatives. JAccording to
a further aspect of tHHR present ;nve'gﬁkh, xé

-
. R‘ 6
5
OR
~ wherein R1 and R2 each are independently hydrogen or (lower)-
alkoxy, or Rl and Rz, taken together, is methylenedioxy; R3 is

hydrogen or a carboxyl-protecting group; R4 and R6 each are

independently hydrogen or (lower)alkoxy; Rs
8

is hydrogen or a
phenol-protecting group; and R is cyano, aminomethyl, formyl or

carbamoyl; and salts thereof.

In a preferred embodiment, there are provided compounds
of the formula

OH
R4S
CH3O S H3
OR

wherein R3 is hydrogen or a carboxyl-protecting group; and Rs is
hydrogen or a phenol-protecting group; or an acid addition salt

thereof.

w _ In a more preferred embodiment, there are provided
compounds of the Formula XIa wherein R3 is hydrogen, (lower)alkyl



-27- there are provided conpounds of the fornmula OH [err] wherein [err]

and [err] each are independently hydrogen or (lower)- alkoxy, or [err] and
[err] taken together, is rmethylenedioxy; R is hydrogen or a

car boxyl - prot ecting group, R4 and [err] each are independently hydrogen or
(1 ower)al koxy; [err] is hydrogen or aiagmenol protecting group; and Ris
cyano, am nonethyl, fornyl or carbanoyl? and salts thereof. In a

f d h S folh I -
oy o SECTPIGA R X L ) TR ok O Y L84

hydr og&alér t& I-protectlng group; or an acid addltlon salt thereof. In
a nore preferred enbodi nent, there are provided conpounds of the Fornula

Xla wherein [err]InI 3 oX:%rorg fef(erre )& chAiment-,"ﬁhere are provided
compounds of the formula

OH o
_ ' CH2NH2 _ - bt
g ! “coor> N
Ll -
CH,0 . OCH, .—'—-_ :
OR - -

" wherein R3 is hydrogen or a carboxyl-érotecting group; and ﬁs is-

hydrogen or a phenol-protecting group; and salts
thereof.

In a more preferred embodiment, there are provided
compounds of the Formula XIb wherein R? is hydrogen, (lower)alkyl
or diphenylmethyl and Rs is methyl or benzyl; or an addition salt

thereof. S

The epipodophyllotoxin and epipodophyllotéxin related
derivatives of Formula XII may be prepared from the correspbndihg
isoxazole compounds of Formula X by the sequence described in
Scheme 6. B - :



_28- or di phenyl nethyl and [err] is nmethyl or benzyl; or an acid addition
salt thereof. In another preferred enbodi nent,there are provi ded conpounds
ofythe fornula [err] wherein [err] is hydrogen or a carboxyl-protecting
group; and R is hydrogen or a phenol-protecting group; and salts thereof.
In a nore preferred enbodi nent, there are p?%vided conpounds of the Formul a
XIb wherein [err] is hydrogen, (lower)alkyl or diphenylnethyl and [err] is
met hyl or §E£E§Eiibr an addition salt thereof.  The epi podophyl | ot oxi n and
epi podophyl | ot oxi n rel at ed_derivatives of Formula Xi| may be pS&pared from

t he correspondi ng i soxaz onﬁ)'punds of Formula X b)RJt-h C
described in gghe _

R £

X ' _ XIc

i
"t
O
o
O
x

x1d - o XI1x
K{”' Compounds of the Formula X are subjected tc reaction
conditions to provide N-O bond heterolysis. The conditions for
cleaving the isoxazole ring will normally vary depending on the
R7 substituent and whether R3

protecting group. For example, when R7 is trimethylsilyi,

is hydrogen or a carboxyl-

thermal rearrangement followed by hydrolysis according to the

general procedures described in Heterocvcles, 20, 511-318 (1983)

will prcduce compounds of the Formula XIc. When R7 is

alkoxycarbonyl, phenylcarbonyl or cyano, hydrolysis to compound X
whereirn R7 is carboxyl followed by decérboxylation according to
the general procedures described in J. Org. Chem., 48, 366-372
~"(198'3) wiil also provide compounds of the Formula XIc. In the

s case where R7 is phenylsulfonyl and R3 is hydrogen or a
. carboxyl-protecting group, selective reduction with, for example,



-29- Scheme 6 OH [err] Conpounds of the Fornmula X are subjected to reaction
conditions to provide N-O bond heterolysis. The conditions for cleaving the
i soxazole ring will normally vary depending on the 'R substituent and
whether R is hydrogen or a carboxyl- protecting group. For exanple, when
[err] is trimethylsilyl, thermal rearrargérent foll owed by hydrolysis
according to the general procedures described in Heterocycles, 20, 511-518
(1983) ®ECL st RAKDYDMRRIRE 8% SRE1EDr ABRAIRMC acivadings ta Im»wmwtnw]l
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herein R is hydrogen, then the resulting cyano compound of

¥

Formula XIc may, without isolation, be further reduced to produce
the aminomethyl compound.of Formula XId. Furthermore, it has G
been found that the isoxazole of Formula X wherein R7 is bromo '
may be reduced to Compound XIc with tributyltin hydride in the
presence of a free radical initiétor such as 2,2'-azobisiso-
butyronitrile. More preferably, reduction of Compounds X whereir
R7 is chlorine or bromine is carried out by catalytic b
hydrogénation. The reduction is preferably conducted at initial
pressures of about 40-50 psi of hydrogen in the presence of a
catalyst such as Raney nickel, platinum oxide, palladium on

carbon cr nickel boride in a non-reducing solvent, e.g. alcohols,
ethyl acetate, water or the like, or mixtures therecf. When the
reduction is carried out with a compound of Formula X wherein R3

is other than hydrogen, then the pH of the solution mayv be
adjusted to prevent the possible epimerization of the carboxyi
group by adding a suitable buffering agent such as boric acid or
cther similar mild buffering acid. If Compound X wherein R° is
hydrogen is used, then the reduction is less sensitive to the

reaction conditions and the buffering agent may be omitted. Lb“) _

Campbunds of the Formula XIc wherein R3 is hydrogen or
a carboxyl-protectfng group are then selectively reduced to
effect the reduction of the cyano radical to the aminomethvl
compounds of the Formula XId. When R3 is a carboxvl-protecting
group, the reduction may be carried out by catalytic hyérogen-
ation émploying hydrogenation catalysts such as platinum oxide or
Raney nickel in non-reducible inert solvents such as water, '
metharol, ethanol or ethyl acetate, or mixtures thereof.
Eydrogenation is preferably conducted at room temperature-and at
atmospheric or slightly elevated pressure. Alternatively, the
reduction may be carried out with selective reducing agents such -
as diborane in tetrahydrofuran or other similar reducing agents '



%
procedures described in J. Og Chem, 49, 123-125 (1984) and J. Am
Chem Soc., 101, 1319 (1979) will produce conpounds of the Formula Xlc.
Adgitionally, if a stronger reducing agent such as l.ithium al um num hydride
I's enpl oyed wi tha conmpound of Fornula X whe_rﬁimn [err] is hydrogen, then the
resul ting cyano conpound of Fornula Xl c may, t hout isolation, be further -

reduced to e; § he ' y (o] .Qf . FQr mul |.d., .Furthernore, it
has been fSﬂﬁﬁg?ﬁafi?hgaggg§§§%Pe58 E@ﬁ%%lé ﬁ&53$%%%§§Xﬁ;ﬁ5?%%?ﬁnf§ﬂﬁFal°
be reduced The Gapelhéngl compePrndsi bt Fowmu liay Klidevhieretime Rir eisercecafbax yl -
free radi caglrdtddt 8hQT gBHGP ARay2tRendBb@Pirdmd¥ed® UnEedNiddnl i re

pr ef er abl y?é reducti oﬁ %f' rrgoﬂndse?( Mer.e?‘%%%dR 1S e%lntgﬁ rf%nr r%‘n%“%e S
carried .outc‘Tﬂfg’c%’t%F?t i 8+ By dPYYERILPERY ShiFe e dFdS &y dre Lyisdfser abl y
conducted at initial pressures of about 40-50 psi of hydrogen in the

presence of a catal ys such_a ni ckel , platinum oxide, palladiumaon
car bon - or ni ckel bori%%r?npﬁgﬁﬁggggﬁuci § SEAPSHLon. of thecsHEne radipal of
acetat e, walawpwundseXIckeheoein RUuiss hyldeogeh idheariried editcbyordtalytic
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such as bometpendt PreBhanol, ethyl acetate, methylene chloride or mixtures
thereof. Hydrogenation is preferabiy conducted at room tempera-

. ture and at atmospheric or slightly elevated pressure. Most
N preferably, the reduction is carriéd_cut with lithium aluminunm
| hydride in a suitable solvent such as tetrahydrofurén. The

resulting product of Formula Xid wherein_R3 is_hydrogen may, if
desired, be isolated in the form of 'an addition salt such as an
acetic acid salt.

N "The aminomethyl compounds of Formula XId wherein R3 is
hyéroger are then cyclized by diazotization of £he priméry amine,
and preferably with sodium nitrite or i-amyl nitrite in an
agueous acidic medium such as agueous acetic acid or agueous
trifluoroacetic acid. The cyclization'proceeés directly to the
desired lactones of the Formula XII having the correct relative

Lq;; .stereochemistry of epipodophyllotoxin and podophyllotoxin.

Compounds of the Formula XIc may, if' desired, be

selectively converted to compéunds of the Formula X1 wherein R8

is formyl by methods well-known to thcse skilled in the art such

as catalytic hydrogenation with Raney nickel in the presence of

sodium hypophosphite in agueous acetic aciéd cor zinc in acetic

acid. The compounds of Forrmula XI wherein R8 is formyl and R> is

hydrogen may then be selectively reduced to the alcochol

epipodephyllic acid which may be converted to epipcdophyllotoxin
- and related compounds by the method described in J. Am. Chem.

Soc., 103, 6208-6209 (1¢981). .



other simlar mld buffering acid. If Conpound X wherein Ris hydrogen is
used, then the reduction is |less sensitive to the reaction conditions and
the buffering agent may be om tted. Conpounds of the Fornula Xlc wherein
[erf] is hydrogen or a carboxyl-protecting group are then selectively
reduced to effect the reduction of the cy®2 radical to the am nonet hyl
conmpounds of the Fornula Xl.d. Wen [err] is a carboxyl-protecting group,

the reduction may Heomaprnés efit the Framuia XIe Meabernit deviredpllying

hydr ogenatd1it €abél ¥ SésnosBeds LBl abmpeiingd ¢ AhRaBMdI £K€! Wherein RS
non-reduci bl e inert folvegts such_as _water, nethnanol, ethanol or_et

acetat e, 0 GASRAFREL { KeFBof: Iy dPEGERFAT LR STL or IS TTRAIEH 2F room
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In a more preferred reaction pathway, the compounds of
Formula XIb need not be isolated and may be reacted further to
the desired epipodophyllotoxin (I) and relateé compounds. Thus, .
for example, the compouné of Formula XIa wherein R’ is methyl ana
R is hyérogen is first treated with a reducing agent such as
lithium alumirum hydride to effect reduction of the cyano radi-
cal. After the evaporation of the solvent, the resulting crude
precduct of Formula XIb is then treated with a solution ¢f sodium
nitrite to effect diazotization and subsequent lactonizaticn to

produce the desiréd epipodophyllotoxin (I), as shown below:

OCH3 ! ' CH30.

Xla " XIb

In a still more preferred reaction pathway, the com-~
- pounds of Formulae XIa and XIb need not be isolated and may be

treated further to the desired epipoddphyllotoxin'(l). Thus, for

example, the compcund of Formula Xa wherein R° is methyl, &> is

7

hyérogen and R’ is chlorine is sequentially treated with nickel =

boride and then platinum oxide at room temperature under an



ﬁbre preferably, the reduction of the cyano radical of Conpounds Xlc
wherein [err] is hydrogen is carried out by catal ytic hydrogenation

gnmpl oying hydrogenation catal ysts such as plati num oxi de or Raney nickel in
non-reduci bl e.inert solvents such as nethanol, ethanol, ethyl acetate,

met hyl ene chlorlde or m xtures thereof. Hyéﬁogenatlon is prefeerably

conduct ed at m.tenpera- ture_and a% % pg§ sllaftly el evat ed
pressure. * qb 2%FY, PTRBSPERUEE BROPS rﬁlegscut hen N8 syt iRg
aIuninunlmmmdaﬂpncﬂwc3u®fabbemsbhvnmb,suﬁhhasttEum&h;drahuna&JOﬁTmmd

resul tingg = 0f o for pull n [ r ydr n desi

be isol até& |n t e T%Ar:m @5%1(55!; glhtgls'gh ga Eo]tlzﬁ'ng'sq %glg:ce pzi:cﬁf ran

The ami noﬁ'é-tfﬂylsctﬁ)-rﬁf@)u%%rbﬁe FeRnanaaxid weddarn spshr psi :?qw:;gm%n@ tabeeind
cyclized Ry @ a@tw@ta@@l@édtéglpaasghynmtwmagd)pr eferably with sodium
nitrite or i-anyl nitrite in an aqueous acidi c nmedi um such as aqueous
acetic acid or aqueous trifluoroacetic acid. The cyclization proceeds
directly to the deSiIﬁds{ﬁiloﬂﬂéthértbepEetWUEathlph&%bh@ i IR there
relative stereochen%%%ré of eﬁé od p@ﬁ t oxi n_and podophyl | ot oxi n.

Co oynds%ﬁetﬂﬁfﬁi) | SR $,° f “H&siPETBe sel ectively converted to
cogBGUnds of the Formula Xl wherein [err] is fornyl by nmethods well-known
to those skilled in the art such as cataly?lc hydrogenatlon W th Raney

ni ckel in the presence of o-c-r?
R1
N - Iiilm'lil o3 '
. . Rr® «” COOR XIV
R4 R6
5
OR
wherein Rl and R2 each aré independently hydrogen or (lower)-
alkoxy, or Rl and Rz, taken together, is methylenedioxy; R3 is
hydrogen or a carboxyl-protecting group; r? and R6 each are

5

indeperdently hydrogen or (lower)alkoxy; R~ is hydrogen or a

phenol-protecting group; and R9 is phenyl or (lower)alkyl cption-

)

o ally substituted by one or more halogen atoms selected from
"N\~ . fluorine, chlorine and bromine. '

In a preferred embodiment, there are provided compounds



sodi um hypophosphite in aqueous acetic acid or zinc in acetic acid. The
conpounds of Formula XI wherein [err] is fornyl and .[err] is hydrogen may
then be selectively reduced to the al cohol epipodophyllic acid which may be
converted to epi podophyl | otoxin and relatgd conpounds by the nethod
described in J. Am Chem Soc., 103, 620878209 (1981). - -32- Conpounds of
the Fornul.a _Xlc if desired, be selectively converted to conpounds of

t he Fornﬁfatif\ﬁggaﬁ%F[err].is carbanoyl with e.g., hydrogen peroxide.

The conpounds of Fornula XI wherein R is carbanmoyl and R is hydrogen may
then be selectively reduced with e.g., |pthiumalum num hydride, to provide
conpounds of the Formula Xld wherein [erd]] igs hydrogen, which are converted
t o epi podophyllotoxin and rel ated conpPT&T®R by the net hods descri bed
herein. In a nore preferred geagkaQ £ way, the conpounds of Forrmula XIb
" need .not be isolated and nzg urther to the desired

é

epi podophyllotoxin (I) and i S TBus, for exanple, the
conpound of Fornmula Xl a wher et hy O 3 XIVa
_ (O
CH3 5 83
OR
C o3 . . . =5 . o’
wherein R™ is hydrogen or a carboxyl-proctecting group; K~ is .

hyérogen or a phenol-protecting group; and R9 is phenyl or
(lower) alkyl optionally substituted by one or more halogen atoms
selected from fluorine, chlorine and bromine. |

In a still more preferred embodiment, there are provid-'
13
eé compcunds of the Formula XIVa wherein R3 is diphenylmethyl; R~

is methyl or benzyl; and R9

is methyl.

The compounds of Formula XIV may be prepared from the
correspcnding compounds of the Formula XIII by an efficient and
improved cyclization procedure. The cyclopropane compounds XIII
are themselves prepared from the readily available chalcones o
XXII. The synthetic sequence for the preparation of compounds&/rd

. XIV as well as their use in the preparation of the aryltetralones.
VI is outlined in Scheme 7. '



2
Ris hydrogen is first treated with a reduci ng agent such-as |ithium
“alum num hydride to effect reducti-on of the cyano radi- cal. After the
eyaporation of the solvent, the resulting crude product of Fornula Xlb is
then treated with a solution of sbdiun1nit1$ e to effect diazotization and
subsequent | actonizaticn to produce the destted epi podophyllotoxin (1), as
"shown bel ogenEhe 7 _ CH [err] In a still nore

pref erred TeactToOm pat hway, the com pounds of Fornulae Xla and Xl b need
not be isolated and may be treated further to the desired .

epi-podophyl | ot oxi n (Ib Thus, for exanple, the conpounQ,of Formul a Xa
wherein [err] is nmethyl, R is hydrogen and [efxr] is chljorine is
sequentieﬂlﬁd Ll h -ni ckel boride and theg AN oxi de at, room
temperature u 33-_initigal hydrogen p .ae:ooog -50 psi

The resul ti Brmul a Xl b, r isolation and
purificatidh di azoti zing_agent and prefef™qbly with sodi ym
nitrite in an -acid nedi um\Sych”es_sq cetic acid t e the TREﬂT?%%
epi podophyl | otoxin (1). f OR 6
o , "R - R4 “ R
o _ . N OR>
XXII '
XIII
9
~ _ o-C-R° 1
Rl . R .
R? ‘ ‘_ coor® R?- " ~coor?
= ___9 s
S L.
R 5 R 5
CR OR
XTIV vI
N - The starting materials of the Formula XXII are readily

N prepared from known ketones and aryl aldehydes by the general
procedures described by S. Wattanasin and W. S. Murphy in
Synthesis, 647-650 (1980).

The cyclopropanation of the chalcones of Formula XXII
tc give the cyclopropyl ketones XIII may advantageously be
carried out with well-known cyclopropanating agents, e.g. ethoxy-
carbonyl dimethylsulphonium methylide by the general procedure
described by W. S. Murphy and S. Wattanasin in J. C. S. Perkin I,
271-276 (1982). The method of Murphy and Wattanasin, however,
results in the formation of about a 1:1 mixture of u-COGR3 andéd

e B-COOR3 epimers of compounds of Formula XIII. It was also

suggested by Murphy et al. that the a-isomer is the more



In still another aspect of the present invention, there are provided
conmpounds of the formula [err] wherein R and R each are independently
hydrogen or (lower)- alkoxy, or [err] and [err] taken together, is

met hyl enedi oxy; [err] is hydrogen or a carboxyl-protecting group; R and
[err] each are independently hydrogen or =@léower) al koxy; [err] is hydrogen
or a phenol -protecting group; .and R9 is phenyl or_ (lower)alkyl option- ally
substltuﬂ@PQQFQﬂmakﬁ°m%¥efﬁﬁl558ns&P§ﬁ§u§@Fe€M9}H44ﬁﬁQWlRﬁﬁ?ﬁ%OQﬂﬁ¥ﬂ¢%e

and br omige. d-tlsao:@é@f@gsm@lrwbedweehe bhesomere undet deslvicongeimds
erelg %err] I s hydrogen or a

-34- of the fornula
carboxylcﬁﬂi%ﬁ&??ﬁ)ﬁ+£ﬁbn E@thnP ydrogen or a phenol - protecting group;

and [err] is phenyl or (lower) alkyl optionally substituted by one or nore

hal ogen atom el echgdhLIgMELUSLLAR. cRUOUHIC AN DT dlned b 11 TOre

preferred enbodi nent ere are
cycloprcpyl ketone XIIIa is formed exclusively in 96% yield when

the cyclopropanation reaction is conducted in dimethylsulfoxide

with the corresponding chalcone XXIIa wherein R1 and Rz, taken

6

together, is methylenedioxy; R4 and R° is methoxy; R5 is methy

and R3 ‘s_ethyl.

The direct conversion by Lewis acid-catalyzed reactior’
of some of the cyclopropyl ketones of Formula XIII to the trans-
aryltetralones of Formula VI is well-documented by W. S. Murphy
and S. wWattanasin in J. C. S. Perkin I, 271-276 (1982) and
references therein. Murphy et al. describe the successful

cyclization of compound XIIIa wherein R1 and R2, taken together,

6 5 is methyl and R3 is

is methyvlenedioxy; R4 and R~ are methoxy; R
ethyl tc the corresponding important Gensler ketone VIb. The
cyclization is characterized by the dramatic effect of the use of
nitromethane as the solvent and the unsuccessful attempts to
‘achieve this rearrangement in benzene and methylene chlcride
under a variety of conditions [W. S. Murphy and S. Wattanasin, J.
C. S. Chem. Comm., 262-263 (1980)]. However, the rearrangement

of compcund XIIIa to the aryltetralqne VIb by the methoé cf
Murphy et al. proceeded rather slowly and yielded mixture of

products. The best procedure utilizing-BF3 J EtZO'in nitro-
methane for 15 days afforded a mixture of products and, at most,
prcduces a 57% yield of compound VIb alter preparative thin-iayer

chrematccraphy as illustrated in Scheme 8.



ed conpounds of the Formula XlVa wherein [err] is diphenylnmethyl; [err] is -
met hyl or, benzyl; and [err] is methyl. The conpounds of Fornul a XIV may be .

p% par ed fromthe correspondi ng conmpounds of the Fornmula XIIl by an
ficient and inproved cyclization procedure. The cycl opropane conpounds
X1l are thensel ves prepared fromthe readi{y_.availabl e chal cones XXI|

The synthetic sequence for the preparation of compounds XIV as well as
their use g@hieh® preparation of the aryltetralones VI is outlined in Schene
7. '~ -35-"Schene 7 [err] The starting materials of the Formula XXI| are
readily prepared from known ketones and aryl al dehydes by the general
procedures described by S. Wattanasin and W S. Murphy in Synthesis,
647-650 (1980). The cycl opropanation of the chal cones of .Formula XXIl to

gi ve the cycl opropyl Tetones X1l may advantageously be @arried out with
mell-knomn:y oy 1 K '

[ng agents, e.g. ethoxy

dlnethylqupho --CDpC&W% gener al Q(oce-
.
o . - < COOCZH5
~/ | /l | |
- CH,40 oan3 | | A
3 CH3O OCH3
OCH3

XIIla ' VIib

A significant 1mprovement in the preparat1on of the
aryltetralones VI is obtainable if the followlng procedure is
adopted.

A compound of Formula XIII is treated at about room
temperature with an amount of about 0.5 equivalent of a Lewis
acid, for example, SnCl4,.BF3° -Etzo, ZnCl2 or the like and at
least 1 equivalent of an acid anhydride, for example, acetic
anhydride or trifluorocacetic anhydride in an inert organic

'ng; solvent such as nitromethane, methylene chloride, benzene,
tetrahydrofuran, ethyl acetate, toluene, chloroform, dioxane,
etc., to produce the enol compound of the Formula XIV. The
solvent to be employed in the present procedure is not critical.
It is preferred to utilize 1 equivalent of a Lewis acid and 1
equlvalent or, more preferably, 2 equlvalents of an acid

anhydrlde of the formula

0
(r%4-) ,0



described by W S. Murphy and S. Wattanasin in J. C. S. Perkin I, 271-276
(1982). The nmethod of Murphy and Wattanasin, however, results in the
formAtion of about a 1:1 mxture of [err] and [err] epinmers of conpounds  of 5
Formula XI1l. It was al so suggested by Murphy et al. that the [err]-isomer

Is the nore -36- inportant isonmer for=8Be subsequent cyclization

reaction since the [err]-isoner epinerizes to the a-isonmer under Lewis acid

condi t i oRBeRFER R 14 Shidfutdsiingd Bhevaow YoaAdthRalewhs P& BEsotreEtofo
the cycl pprapyliikedgnd tXlid advaitigesusxebueerlinaie 26 woshd #‘q]ﬁc'?)et he
e

cycl opropanati on r.eac%}i Q iss congct ed j.n dinethylsul foxide wth ]
correspogﬁﬁﬁ *+ Ofta ok 9%% %2 TRHET ?%‘[e#?YeEﬁﬁ'[ Frf VERERT LS¥etheécid s
nehhrle$edbbxys Enci%jﬂsnuﬁilﬁzméthmxyhg[eea¢tienneth¢h.amdibeFEkféﬁiﬁg
et hyl . =1, colver e id- reactior. _of sone o
theycyclggrggf}lﬁ9 g%o%é% %% J%%ﬁ*aﬂ§fl?ftgoﬁg%a%¥g§g9 g??ﬁ?gﬁ 28 egs%ﬁ

For nul a ¥PTrSspendiage @hek enpouwnd XIWurphy and S. Wattanasin in J. C S

Perkin I, 271-276 (1982) and references therein. Mirphy et al. describe

t he successf ul L. -
When it is desired to produce the aryltetralones VI,

the cyclization of the corresponding cyclopropylketones XIII ié‘z
carried out under the same conditions as described above for the
preparation of the enol compounds XIV except that the reaction is
allowed to proceed until the conversion to the aryltetralones VI
is compiete. Additionally, it was found that the cyclization
reaction may be conducted with a catalytic amount of about 0.1
equivalent of an acid anhydride. 1It is preferred that the
cyclization be carried put with llequivalent of an acid anhydride
and most preferably'with 2 equivalents in order to complete the
reaction in about 1 to 2 hours and provide a purer pfoduct. In é |
procedure utilizing a weak Lewis acid such as ZnCl2 ané 2 _
ecuivalents of acid anhydride, it is preferred that the reaction
be allowed to proceed for more than 24 hours. It is understood. .
that if less than about 1 to 2 eguivalents of an acid anhydride
is used in the cyclization reaction, then longer reaction times

may be necessary to complete the reaction.



A

cyclization of conpound Xlilla wherein [err] and [err] , taken together, is
nmet byl enedi oxy; R4 and R6 are nethoxy; [err] is nethyl and R3 is ethyl tc
t he correspondi ng i nportant Gensler ketone VIb. The cyclization is
characterized by the dramatic effect of the use of nitronezhane as the

sol vent and the unsuccessful attenpts to aeBgeve this rearrangenent in
benzene and nethyl ene chloride under a variety of conditions [W S. Mirphy
and S. Wattanasiin the ase ARIBLLHER . inOScrERe (4980)]. However, the
rearrangenent of conpound Xllla to the aryltetralone Vib by the nethod of |,
Mur phy et al. proceeded rather slowy and yielded m xture of products. The
best procedure utilizing [err] in nitro- nmethane for 15 days afforded a

m xt-ure of guhaghets and, at nost, produced a 57%yield of conmpound VIb
after preparative thin-layer chromatography as illustrated in Schene 8.
-37- Schenme 8 0 ' _ O [err] A significant

i nprovenent in the preparation of the aryltetralones VI is obtainable if
the follow ng procedure is ' : '

~ | (o ' - o '
o | | 0 |
o) H .
L o] _ . COOC, H
u - | __
CH40 T CH, o ’J::;:l\
OcH,y CH,0 OCH,
: | o OCH, _
XIIIa _ . VD
. 0 ///;7
_ i .

0-C~-CH

. 3
XL,
0 g codcza5
| | CH30” " "ocs,

OC.Ha XIVb -



adopted. A conpound of Forrmula XIll is treated at about room tenperature
with an amount of about 0.5 equivalent of a Lewis acid, for exanple, {err]
of the'like and at |east 1 equivalent of an acid anhydrlde, for exanpl e,
acetic anhydride or trifluoroacetic anhydride in _an inert organic sol vent
such as nitronet hane, nethyl ene chlorlde enzene, t et rahydrofuran, ethyl
acetate, toluene, chloroform dioxane, to produce the enol conpound

f the Fo \, b | ent d
oot er (bt o TR agb ERkatla ‘%ﬁ&pf‘)é‘éﬂm% £ BE B0 Ehd dntne 1
equi val etdWwkvalents p?éf%@ﬁ‘b#-? aphydridel &ot PrOﬁu&'le sadind adooytdrli deurf vt:rae
fornul a [ |enol - fﬁ%eﬂﬁ@df&EeRXIVS aQx @%ﬁ'9&@13b3¥eﬁgémﬁﬁ&fggﬁgéTMne

[err] is Utlllzqggr dvant ageous to tefm nate a he Teact

in about B AR FROLE : FPMRORBL &t I8, Sa br@asedh widh & ;e]qu:.gralent
utilized o zﬂrelieamwneqﬁmalehtss offf atetied ahhyd@eilen4® Hheawact igh for

24 hoursg%g X & 5%%&4§9naqérégger than 90% yield of the enol compound

XIVb. The above examples, as well as other examples utilizing an
acid anhydride, clearly and dramatically illustrate the general /
applicability and advantages of the procedure mentioned.

Accordlng to the present invention, there is also

prov1ded a process for preparing a compound of the formula -

XII

ﬁherein R1 and Rz'each are independently hydrogén'or (lower) -

alkoxy, or Rl and R?, takén together, is methylenedioxy; R4 and
R® each are independently hydrogen or (lower)alkoxy; and R® is
hydrogen or'a-phenol-protecting group, or a pharmaceutically

acceptable addition salt thereof, comprising the steps of:



-
correspondi ng enol conpound XIV. Wien it is desired to produce the
aryltetralones VI, the cyclization of the correspondi ng cycl opropyl ket ones
XI41 is carried out under the sane conditions as descri bed above for the
preparation of the enol conmpounds XV except that the reaction is allowed
to proceed until the conversion to the aryl tédral ones VI is conplete.
Additionally, it was found that the cyclization reaction may be conducted
with a catallpti c TeadsiitnDfa gignobefirqafvahenfosmuda acid anhydride. It is
preferred that the cyclization be carried out with 1 equivalent of an acid
anhydride and nost preferably with 2 equivalents in order to conplete the
reaction in about 1 to 2 hours gnd provide a purer product. In a procedure
utilizing a weak Lewis acid su and 2 equival ents of acid
anhydride, it is preferred that t P be allowed to proceed for nore
than 24 hours. It is understood 2SS thgn about 1 to 2
equi val ents of an acid anhydri ge i sed¥n GRORYycl i zation re?\ﬂi on, then

| ongér reaction times may be necessary t&conplete the reactio -39- In
the_case illustrated in Scheme 9,
i
- | R4 &6
ORS
Y, 3

wherein R™ is hydrogen or a carboxyl-protecting grcup:; and

Rl, RZ, R4, Rs and R6

oxide of the formula

are as defined above, with a nitrile

® 0O
7

R -C=N—O0 XX

wherein R7 is hydrogen, halogen, (lower)alkoxyvcarbonyl,
carboxyl, cyano, trimethylsilyl, phenylsulfonyl or
phenoxycarbonyl in which the phenyl ring of R7 may contain
one or two substituents independently selected from
(lower)élkyl, halogen, (lower})alkoxy and trifluoromethyl, in
.\ﬂ”__ an inert solvent, to produce an isoxazole of the:formula

2 3 4 5 6 7

. : wherein Rl, R, R°, R", R, R and R’ are as defined above;



L

Schenme 9 0 0 [err] -40- conpound
Xilla was treated with 1 equivalent of [err] and 2 equival ents of acetic
anhydride to produce, in about 1 hour via the enol internediate X Vb, a 96%,_
yield of the aryltetralone VIb. In another exanple, Conpound Xl Ila was
treated with 1 equivalent of [err] and 2-&@«i val ents of acetic anhydride to
produce, in about 24 hours, a greater than 90%yield of the enol conpound
Xl Vb. Thdbabowsd esimnyg ethe atsoxizode vihgr odx Hiepimaslauty [t ipmpduread d
anhydride, cl eay 1§6&H515§aggélf@£hﬁlhlIustrate t he general applicability
and advant ages of the procedure nentioned. According to the present
“invention, there is also provided a process for preparing a conpound of the
formul a [err] wherein [err] and R ch are independently hydrogen or
(l ower)- al koxy, or [err] J_and [err] aken t oget her, is nethyl enedi oxy;

[err] and [err] each areR Qgeperde GN/dr ogen or (lower)al koxy; and R
i s hydrogen or a phenol - prot @w
. g2

p, or a pharnmaceutically
“ COOR XIc

2 3 4 5

wherein Rl,'R . R, R", R 6

and R’ are as defined above;

(c) s=lect1ve1y reducing the nitrile of Formula XIc to produce a
compound of the formula

XId

24 R | o | u,/

wherein Rl, Rz, R3, R4, Rs and Rs.are as defined above,'or a
salt therecf; and, if R3 is a carboxyl-protecting group,
removing said carboxyl-protecting group to produce a

compound of the Formula XId wherein R3 is hydrogen; and

(d) cyclizing the compound of Formula XI@ by diazotization of



A
acceptable addition salt thereof, conprising the steps of: -41- (a)
reacting a cis-olefin of the fornula [err] wherein R3 is hydrogen or a
car boxyl - protecting group; and [err] and [err] are as defined above, with
anitrile oxide of the formula 7 [err] mhengg [err] is hydrogen, hal ogen,
(1 ower)al koxycarbonyl, carboxyl, cyano, trinethylsilyl, phenylsulfonyl or
phenoxycar bonyl 4 } t r 5#§g
substituents ind Qg\rll\lg!g%?f)yggg&g?% ofl}%ﬂ(ﬁ {?ﬁ %%’Sen‘% 015r5cv.‘19ce a
(1 ower) al koxy a ?P?PPﬂoPgnépﬁyl°qm¥¥%ﬁ inert solvent, to produce an
i soxazol e of the formula [err] wherein [err] and [err] are as defined
above; '

H
Rl
o)
l.“
:z (]
_ R S I XII
. o
o
g4 r®
5
OR
—/ _
: wherein Rl, Rz, R4, R5 and R6 are as defined above.

A preferred embodiment of -the present invention is the
process of preparing an epipodophyllotoxin compound of the
formula

Ia
o
CH3 5 OCH3
OR

wherein R5 is hydrogen or a phenol-protectlng group, comprising
the steps of:



-42- (b) cleaving the isoxazole ring of Fornula X to produce a conpound of
the formula OH R [err] wherein [err] and [err] are_as defined above; (c)
selectively reducing the nitrile of Formula Xlc to produce a conpound of
the formula [err] wherein [err] and [err] e as defined above, or a salt
thereof; and, if R is a carboxyl - protectlﬂg group, renovi ng said

boxyl - pr ot ect t the Formula Xid wherei
Corr] Vs Bl dtent eaflael8 BRBRiRt of et Formula xid by

di azoti zation of -4 3- the amino radical followed by l'actonization to
~ produce a conmpound of the fornmula [err] wherein [err] and [err] are as

defi ned above. .
<f):jliIIIlliil
° " “coor®

OR

wherein R3 is hydrogen or a carboxyl-protecting grcup and ﬂ‘/
is hydrogen or a phenol-protecting group, with a nitrile

oxide of the formula

® O

R7-CEEN——0 XX

wherein R7 is hydrogen, halogen, (lower)alkoxycarbonyil,
carboxyl, cyano, trimethylsilyl, phenylsulfonyl or
phenoxycarbonyl in which the phenyl ring of R7 may contain
crne or two substituents independently selected from
(lower)alkyl, halogen, (lower)alkoxy and trifluoromethyl, in

an inert solvent, to produce an isoxazole of the formula

Xa

5 7

wherein R3, R and R’ are as defined above;



A*preferred enbodi mrent of the present invention is the process of
preparing an epi podophyl | otoxin conpound of the fornula OH [err] 5 wherein
R_is hydrogen or a phenol -protecting group, conprising the steps of:

-X4- (a) reacting a cis-olefin of the fornu E [err] wherein [err] S

hydr ogen or a-carboxyl - protectlng group and I s hydrogen or

RTs nyor dotn, Gurige the afsRrrbbrsthe Be Fok AR LR . %’%‘ué@” ger

trimethylsilyl, qurpsurdil $Hnyhe ofopmagdxycar bonyl in which the phenyl ring
of R may contain one or two substituents independently selected from

(1 ower)al kyl, hal ogen, (I ower)al koxy and trlfluoronethyl I n
OH
<? CN
o) % 3
¥~ 'COOR XIa
~
cxso s 33
OR
N

- wherein R3 ard Rs are as defined above;

(c) selectively reduéing the nitrile of Formula XiIa to produce 2

ccmpound of the formula

OH

XId

S CB3O

5

are as defined above or a salt ther

1\

£ th

wherein R3 and R csZ;
arndé, if R3 is a carboxyl-protecting group, removing sail
carnoxyl—protectlnc group to prcduce a cCm soaﬁc ci the

Fcrmula XIb wherein R3 is hya*ogen, and

(d) cyclizing the compound of Formula XIb by diszotization cf
the amino radical followed by lactonization to produce an



an inert solvent, to produce. an isoxazole of the fornmula Xa wherein R3 ‘RS
and R7, ‘are as defined above; -45- (b) cleaving the isoxazole ring of
Formul a Xa to produce a conpound of the formula OH [err] Werein [err] ands
[err] are defined above (c) selectively reducing the nitrite of Fornula Xl a
to produce a conpound of the fornula [errjgwherein [err]R5 are as defined
above or a salt thereof; ‘and if R3 is a carboxyl-protecting group,

renmoviing sai dp@%bé@%&&iﬂb@h@ﬁ% ROMPAUHS L OF PEREUESR, £ TPOUNd Of the
Formul a XIb whereéin hydr ogen; "and (d)-. cycI|2|ng t e conpound of

Fornula XI'b by diazotization of the amino allowed by lactonization to
produce an OH '

Ia

; : o’

wherein R” is as defined above.

another embodiment of the present lnventlon is the .
orocess for preparing a c1s-olef1n of the formula

&5 Uad

1 and R? each are independently hydrogen or -

"(lower)alkoxy, or R1 and R?, taken together, is methylenedioxy,

R3 is hydrogen or a carboxyl-protectlng group, R4 and RG each are
independently hydrogen or (1ower)a1koxy, .and Rs is hydrogen or a
phenol~-protecting group; or an acid. addition selt thereof;
comprising the steps of

wherein R



: 46- epi podophyl | ot oxi n conpound of the fornmula OH [err] wherein [err] is
as defined above. Another enbodinent of the present invention is the
process for preparing a'cis-olefi'n of the formula [err] wherein [err] and
[err] each are independently hydrogen or (lower)al koxy, or [err] and [err]
t aken together, is nethyl enedioxy; [err] is hydrogen or a

carboxyl -protecting group; R and R each He | ndependent |y hydrogen or

i daal 1 OR ol YREAEIRS Ahan) e e phomtia "SaF *(8) dehyarati ng

an al cohol of the fornmula [err] wherein 3

H
Rl
2 coor3
R X R VII
W
nd &S
S
OR
LJ .wherein
R3 is H- or a carboxyl-protecting group; Rs is a

phenolfprotecting'groﬁp; and Rl, Rz, R4 andéd R6 are as

defined above, in the presence of an acid to produce a
trans-olefin of the formula

l . .

VIII

1 2 3 4 5

'R'R'R'R 6

wherein R and R° are as defined above; and
(b) epimerizing the trans-olefin of the Formula VIII by
‘treatment with a strong base at low temperatures in an inert

organic solvent followed by quenching with acid';o produce a



R is H or a carboxyl -protecting group; R is a phenol -protecting

gr oup; and [err] and R are as defined above, in the presence of an acid
to produce a trans-olefin of the fornula [err] wherein [err] and R6 are as ¢
def bned above; and (b) epinerizing the trans-olefin of the Formula VIII by
treatment with a strong base at |ow ten@@-atures in an inert organic

sol vent foll owed bé%gyenching with acid to produce a cis-olefin of the
formul a [err]chfretefirePf] thgndommudae as defined above, and optionally

and sel ectively debl ocking to produce a conmpound of Formula |I X wherein
[err}.i's hydrogen and R is a phenol-protecting group or [err] is hydrogen
and [err] is a carboxyl-prqtcting group. Another preferred enbodi nent of
the present inventionis t 2osPeN, fi ¢ process of preparing an

| soxazol e conpound of the for ' -

x

i 212 03 4 5 6 e g
wherein R, R", R7, R°, R” and R are as defined abcve, and
optionally and selectively deblocking tc produce a compcund

5 is a

3

‘0f Formula IX wherein R> is hydrogen and R
phenocl-protecting group or Rs is'hydrogen and R” is a

carkoxyl-protecting group.

Another preferred embodiment of the present invention
is the stereospecific process of preparing an isoxazole compound

of the formula

Xa

wherein R3 is hydrogen or a carboxyl-protecting group; R5 is
hyérogen or a phenol-protecting group and R7 is hydrogen, halo-
gen, {(lower)alkoxycarbonyl, carboxyl, cyano, trimethylsilyl,
rhenylsulfonyl or phencxycarbonyl in which the phenyl ring of R

may contain one or two substituents independently selected from

7



3 . . 5 wherein R is hydrogen
or a carboxyl-protecting group; R is hydrogen or a phenol -protecting group
and [err] is hydrogen, halo- gen, (lower)alkoxycarbonyl, .carboxyl, cyano,
trinmethylsilyl, phenylsul fonyl or phenoxycarbonyl in which the phenyl ring
of [err] may contain one or two substituentsgndependently selected from
-49- (lower)al kyl, halogen, (lower)al koxy and trifluoromethyl, conprising -
'Ehe ]step of(lm?)agg@lci hanogie'rh;xF) qfl_ow&'l)fa(lﬂmﬂ&a_a{'r?i rdri’kff‘ﬁf@i-clﬁhe{ﬁfil ]and-
err are Lne ove wth_a nitri.le oxide of, the fo a err
wher ei n"\[.er&fmggls 89 an&egb&;errer?c&r’ﬂgnearts-_leﬁq'tﬁgtﬁr%'er p}i}hﬁwi IR L3 xed
aqueous-organi ¢ sol vent at about [err] to refluxing tenperature of the
solvent to stereosel ectively produce said isoxazol e conpound of the Fornul a
Xa and optionally and ‘sel ectivelLy debl ocking said conpound of Fornula Xa
wherein [err] is a carbcx%fl f group to produce a conpound of the
formul a

(o]

3

D - 5 . e ' o, S . a
wherein R and R™ are as defined above with a nitrile oxide cf

the formula

®
5

R -C=N—

oM

XX

whereir R7 is as defined above in an inert agueous or cxcanic, or
mixed acueous-organic solvent at about =~20°C to Eefluxing
temperatﬁre of the solvent to stereoselectively produce said
isoxazole compound of the Formula Xa and optionaily andé
selectively deblocking said compound of Formula Xa wherein R3 is
Kn'" a carbcxyl-protecting group to produce a compound of the formula

CH3 . OCH

7

wherein Rs and R’ are as defined above.



[err] wherein [err] and R7 are as defined above.
preferred enbodi nent of the present -.

50- Stil

anot her

I nvention is the process of

preparing an epi podophyl | ot oxi n conpound of the fornula OH 0 [err] wherein -

[err] is hydrogen or a phenol -protecting group,

conprising the steps of:

(a) cleaving the isoxazole ring of the fosggta [err] wherein [err] is
~hydrogen or a phenol -protecting group and [err] is chlorine or bromne, to
produce a nitrile oftidd fagohllexr Qrdferied embodiment of the present
,”~ invention is the process of preparing an eplpodophyllotox1n
compound of the formula
OH
o)
< )
o] '“1 _
¥ , Ia. (o
- o u
7 I o
CH,0"~\~"~ocH
3 5 3
OR .
' oo/
whereir: Rs 1S hvdroaer or a phenol-protectlng grouc, ccrprising

ur
W .

CH30
OR

wherein Rs
is chlcrine or kromine,

' OH
: CN
o] -
% 141, l |
" COOH
OR°

CH3O OC83

isoxazole ring of the formula

is hydrogen or a phenol-protecting croup
to produce a nitrile cf

XIe

anc

the

£
cIm

-

ila

W



-51- wherein [err] is hydrogen or a phenol -protecting group; (b)

sel ectively reducing the nitrile of Fornmula Xle to produce a conpound of
the formula OH [err] wherein R5 is hydrogen or a phenol -protecting group;
and {c) cyclizing the conpound of Formula Xé& by di azotization of the am no
radi cal followed by |actonization to producé&+an epi podophyl | otoxi n conpound
of the fornmula OR whereingR, i drogen or a_ phe oI}protthing roup A
variation of tkm?%&ﬁﬁ%ndgscFFbgﬂg%PSE s8Ff 8r PHERRAPIo%§ St o BFRSRGF t he
FornuIaKXII i nvol ves the sel ective reduction of the trans-aryltetral one of :
For mul a\VI der drolyzing Ltions . or .hydral ysi f .th arboxyl i ¢

ester of th ra @%‘Fgﬁ‘%h’a %gggg’gngﬁuPé‘%ﬁl%oﬁ%lov%\;&ﬁw)faszlgectﬁovéyrocuce a
reduction -5xomgppoum@ céstheafiormuild Via to produce a conpound of
Formula VIla. Conmpound Vila is then treated under dehydrating conditions in
the

OH
CH_NH
<o 2NHy
i © ¥~ “CooH XIf
g
™~
_ CH;0 5 CHs
./ OR

wherein R5 is hydrogen or a phenol-protecting group; anc

(c) cyclizing the compound of Formula XIf by diazotizaticn ol
the amino radical fcllowed by lactonization tc produce an
epipodephyllotoxin compound of the formula

OH

Ia

wherein RS is hydrogen or a phenol-protecting grcug.

A variation of the above-described process for prepar-
ing compounds of the Formula XII involves the selective reduction
cf the trans-aryltetralone of Formula VI under hydrclyzing

A conditions cr hydrolysis of the carboxylic ester of the
' trans-aryltetralone of Formula VI followed by selective reduction



presence of an acid to produce a trans-lactone of the formula R [err]
wherein [err] and R are as defined above. Conpound XV is dehydrated in
the presence of an acid and an al cohol [err] to 3 produce. a trans-olefin of
the Fornula VIIl wherein R is a carboxyl-protecting group. The
trans-olefin VIIl is then epinrerized b?s%ﬁmnaie guenching to produce a
cis-olefin, X s und 1 X is then reacted with_a nitrile oxide
of the (L;r ﬁg%ag%ggrtﬁ%ntthgﬁlg%ao{%o o?r?—%?‘ﬁfll 3 SPMRPERY; oft FereByapVédaced

i s sequemmpPanng YIdavds tthen tingdtded oinder ndebydtatingd cedatetdohs aR aHene
of For mut &d shhak i | el rdj 1 rQecess. descri bed
above to %?ggﬁgeathghdggﬁggﬁﬁgg%pouﬁﬁggf'gggﬁ%lga§£$?8A??u§§ﬁef°5§P'ation
of the above-described process for preparing the epi podophyl | otoxin and
epipodophyllotoxinlrelated uounds of Formula XIl invol ves epinerizing

the trans-aryl- R O = ®f Fornula VI by enolate quenching to

produce a

v,

. .
U | 2 4 5 6 o Et A
wierein R7, R", R, R” and R" are as defined above. Compound XV

is cdehycdrated in the presence of an acid and an alcohollR3OH to
produce a trans-olefin of the Formula VIII wherein R> is a
carbcoxyl-protecting grcup. The trans-olefin VIII is then
erinmerized by enoclate guenching to produce a cis-olefin of
Formula IX. Compound IX is then reacted with a nitrile oxide of
the Formula XX and the isoxazole of Formuia X which is thereby
produced is sequentially cleaved to a nitrile of Formula XIa and
reduced to an amine of Formula XIb, and then diazotized according
to the process described above to produce the desired ccmpound of
Formula XII. '

-

3

A further variation of the above-described process fOfJﬂJ?m

preparing the epipodophyllotoxin and epipodophyllctoxin related
compounds of Formula XII involves epimerizing the trans-aryl-



5is-ary|tetralone of the fornula [err] wherein [err] and [err] are as
defined above. Conpound XVI i5 then selectively reduced to produce a
conpdund 'of the forrmula [err] wherein [err] and R6 are as defined above.

onmpound XVI1 is then dehydrated in the presence of an acid with renoval
*The conpound XVI may if desired be prepargd in the formof a
phar maceutical |y acceptabl e addition salt. T-54- cf the water which is

[orma 10 Rettiande G Alalify V1 WP SRETIE dELbnBET ERNprbEiEl 2
react ed wi S syannltateabank of ﬁhﬁ fonmada XX, and the isoxazol e of

Formula X which is thereby produced is sequentially cleaved to a nitrile of
the Forrmula Xla and reduced to an am ne of the Fornula Xlb, and then

di azoti zation accordlng to the ocess descri bed above to produce
| : C % “coor3 XVI
W, .
6
r4 :; s &
OR

-/
. .1 2 .3 4 5 6 . . e
wherein R, R®, R, R', R and R  are as defined above. Compound
XVI is then selectively reduced to produce a compound of the
formula -

:I::::[:%:]%toog ’
R S
2 XVII
84/@36
T 0R5
N

wherein Rl, Rz, R3, R4, Rs and Rs are as defined above. Compound

XVII is then dehydrated in the presence of an acid with removal

*The compound XVI may if desired be prepared in the form of a
pharmaceutically acceptable addition salt.



the desired compound of Formula XIl. A still further variation of the
above-descri bed process for-preparing conpounds of the Fornmula XIl involves
epinmerizing the trans-aryltetralone of Fornula VI by enolate quenching to «
~produce a cis-aryltetralone of the fornula [err] wherein [err] and [err]
are as defined above. Conpound . XVI=3%~ t hen selectively reduced under
hydr ol yzi png condi ti ons, qQr_. hydr zed fol b electiye_reducgtion to
produce‘%FcBﬁﬁoﬁﬁ&erwpﬁgqﬂﬁﬁéﬁ T%ﬁrﬁovﬁﬁﬁé#% a[%#iToyﬁﬁbn[8%rf Care as
def i ned &dwwela Conpound XVII| is dehydrated in the presence of an acid and
an aleohol 3 R OHto produce a cis-olefin of the formula [err] wherein

[err] and [err] are as defined above. The cis-olefin of Formula I X is then
reacted with a nitrjie gxide Qf the Formula XX, and the isoxazole of the

Formula X which is ced is sequentially cleaved to a nitrile of

t he

R2 " coor> - .
= . IX
v
4 R®
R 5
OR
-’
wherein Rl, Rz, R3, R4, Rs_and'R6 are as defineé above. The

clefin of the Vormula IX is then reacted with a nitrile oxide
cf the Formula XX, and the isoxazole of Formula X which is
+hereby produced is sequentially cleaved to a nitrilie of the

la XIa and reduced to an amine of the Formula XIb, and then
izzotization according to the process cdescribedé abcve to produce
the desired compound of Formula XII. )

A still further variation of the above-described

process for preparing compounds of the Formula XII involves
epimerizing the trans-aryltetralone of Fcrmula VI by enolate
guenching to produce a gig—aryltetralong of the fornmula Lj;;ﬂ

XVI

| wherein Rl, R2, R3, R4, R5

and R6 are as defined above. Compound .



A

Formul a Xla and reduced to an am ne of the Fornmula Xlb, and then
dirazotization according to the process descri bed above to produce the

desi red conpound of Fornula Xl I. In another aspect of the present

i nvention, there is provi ded a process for preparing a conpound of the
formul a [err] mherern [err] and [err] each-&be i ndependent |y hydrogen or
_(Iomer)alko&y rrl] and R, taken _together, is nethylenedioxy; [err] is
hydr ogen of* z¥(kﬂ T $f beckivealy gredpcefenpfeanbypepiyziagcicoads tions or
|ndependenﬂiyyirrqllcyzcnjfnfd)llcﬁrb@a\eb}\abkmé&tlaédréaﬁl‘:}:lbﬁ h}bdb%%ﬂcgr acomPound

phenol - protge lﬂg &%Ei conprising the step of cyclizing a cycl opropy
conpound o the of Tt &0 [err] wherein [err] and [err] are as defined

above by treatnent with at least 0.5 equivalent of a Lewis acid and at
| east one equivalent of an acid anfgydride of the formula [err] wherein
[err] is phenyl or (Iowfr)alkyl thrx‘eq_éﬁ1 substituted by one or nore

hal ogen atons sel ectedR ri-ne and
o Rz £ :
L = XVIIiz
4 R®
- oR>
N/
wherein Rl, Rz, Ré, R5 and R6 are as defined above. Ccmpound
XVIII is dehydrated in the presence of ar acid ané an alcohol
R3OH to produce a cis-olefin of the formula
’Rl !ilnlllii
0, 3
e COOR
R = IX
o 4 6
\ML/ R s R

wherein Rl, Rz, R3, R4, R5 and R6 are as defined above. The

Th
cis-clefin of Formula IX is then reacteé with a nitriie oxide of
the Formula XX, and the isoxazole of the Formula X whick is
thereby produced is sequentially cleaved to a nitrile cf the
Forrmula XIa and recduced to an amine of the Formula XIb, and then
diazotization according to the process described above to produce

the desired compound of Formula XII.

. Ir another aspect of the present invention, there is



-57- bromne in an inert solvent until substantially the conpound of the
formula [err] is produced wherein [err] and [err] are as defined above. For
t he purposes of the present invention, use nay be nade of a process
for 'preparing a conpound of the formula [err] wherein RL and [err] each are
I ndependent |y hydrogen or (lower)- al koxyséer [err] and R2, taken together,
i s methyl enedi oxy; R3 is hydrogen or a carboxyl -protecting group; R and
[err] earkomideicncepardesgd VEdw dpoerearbng (kovempabkdxpf ahe [fermulias

hydr ogen or a phenol - protecting group, conprising-the step of cyclizing a
-58- cycl opropyl conpound of the formga O :

‘.

-

N . - - £ . - - - N -
. wherein R- ané R° each are incdepencdently hycérogen or

i

o-c-Rr’
349e

2 3
R v~ YCooR TV
W

4 r®

OR®
. - \r

_,(lower)a;koxy,_or“R1 &nd R2, taken together, is methylenedioxy:
R3 is hvdrogen or a carboxyl-protecting group; R4 and'R6 each are
independently hydérogen or (lower)alkoxy; and R5 is_hv
chenol-protecting group, comprising the step of’cYclizi-
cvclepropyl compound of the formula

3

+

XIII

"wherein R7, R';'R3, RY, R” and R6 are as defined above by

1 2 4 25
sreatmert with at' least 0.5 equivalent of a Lewis acié and at

least one eguivalent of an acid anhydride of the formula

(,)| .
(r%C-),0
wherein Rg is phenyl or (lower)alkyl optionally substituted by '
one or mcre halogen atoms selected from fluorine, chlorine and



[%rr] wherein [err] and [err] are as defined above by treatnment wth at

| east 0.5 equivalent of a Lewws acid and at |east a catal ytic anmount of an
acid anhydride of the fornula [err] wherein [err] is phenyl or (Iower)alkyl
optionally substituted by one or nore hal ogen atons selected fromfluorine,
chlorine and bromne in an inert organic sg&vent until substantially the
trans-aryltetralone of the formula [err] produced mhereln [err] and

o1t ] (27 0 PooEId B AROYac TR Lbe AL U5 RBNRREATII Bt Lhpoup®8s

process of  pr arl@f a trans-ary one o ornu erern
[err] is H og%ﬁm 434 carboxyl-protecting group and [err] is hydrogen or a

phenol - protectlng grcup, conprising the step of cyclizig a cycl opropyl
conmpound of the formula O o)

]
O-C-R9
st |
2 coor?
R S :
. £ XIv
4 RS
R 5
. OR
-
- is produced Qherein Rl, Rz, R3, R4,'R5, R6 9 are aé'defined

and R
above. '

For the purposes of the present invention, use may be made
of - a process for preparing a compound of the formula

@

and R2 each are independently hydrogen or (lower)-

1 and Rz, taken together, is methylenedioxy; R> is

hydrogen or a carboxyl-protecting group:; R4 and R6 each are

5

Vi

wherein R1

alkoxy, or R

independently hydrogen or (lower)alkoxy; and R
phenol-protecting group, comprising the step of cyclizing a

is hydrogen or a



[err] 3 wherein R is a carboxyl-protecting group and [err] 1is a

phenol - protecting group by treatnent with about one equivalent of a Lews
acid and about one to two equival ents of :an acid anhydri de of the fornula
[err] wherein [err] is (lower)al kyl optionally substituted by one nore .
hal ogen atons selected fromfluorine, chdgmrine “and brom ne in an
-60- inert organic solvent until substantially the trans-aryltetral one of
fornul a ¢gcibprepplocompdusiderod ntHe fowhiRa are as defined - above, and
optional Iy and sel ectively debl ocking to produce a conmpound of 3

5 Formula VIc wherein R is hydrogen and R is a phenol-protecting. group
or [err] is hydrogen and [err] is agrarboxyl-protecting group

coor?®
XIII
. 4
R4 s RG o
OR
wherein Rl, Rz, R3) R4, R° and RS are as defined above by

t-eatment with at least 0.5 equivalent of a Lewis acid and at
least a catalytlc amount of an acidé anhydride of the formula

9
(R9C-)2O

wherein R9

is phenyl or (lower)alkyl optionally substituted by
one or more halogen atoms selected from fluorine, chlorine and
bromine in an inert organic solvent until substantially the

trans-aryltetralone of the formula

VI

is produced wherein-Rl, RZ, RS, RA, Rs and Rs are as defined

s&bove.

In particular, use may be made of the



=" 61 - ‘DESCRI PTI ON OF SPECI FI C EMBODI MENTS The invention is illustrated in

t he Exanpl es section which now follows, and nore particularly the invention

as clainmed is illustrated by Exanples 7-9, 1I, 13, 14, 16-18, 20, 21 and
-35. In the followi ng exanples, all tenperatures are given in degrees

Centigrade. nelting points were recorded on~% Thonas- Hoover capillary

mel ting point apparatus and are uncorrected.. [err] NVR spectra were

ecor dod onPEoRRRReP ANRERRS S f AR 14 A TT4 (o0 04| TS Fosure

reported in 6 units and coupling constants in Hertz. Splitting patterns are

designated as fol- lows: s, singlet; d, doublet; t, triplet; g, quartet; m

multi- plet; bp, broad peak; ¥ dd, doubl et of doublet. Infrared spectra

were determ ned on a 5- 4240 spectrophotoneter and are reported

in reciprocal centiqﬁ

out on precoated si

g& -¥54) using W light and/or iodine
ash omat ogr aphy was ruwIed th Wel m
silica gel (32-63 [err]) and tph& ndicated solvents. All evaporations of
'solvents were performed under (édg ed pressure. As used herein, the term
Skel.l ysolve B is a petrol eumbkqlVv -%cfraction havi ng a

"/ CH.O H
OR
\/ wherein R” is hydrogen or a carbexy:-prctecting gxcur and 77 o-s
nydrocen cor a phenol-prctecting grcup, comprising the ster cf
cycliizing a cyclepropyl compound c¢f the fcrmula
X1IiIo

™

4
wherein R3 is a carboxyl-protecting group andéd R™ is
phenol-protecting group by treatment with about one

- e

a Lewis acidé and about one to two ecuivalents cf an

4

’.l
i
[\
' »
]
of
(¢}
(XN

13

a N

0

[V

anhydrice cf the formula

oll
(R°C-) 5,0

wherein Rg is (lower)alkyl optionally substituted by cne cr mcre

haloger atoms selected from flucrine, chlorire and ktrzmine 1o an



“bp range of [err] consisting essentially of n-hexane, and the term"ether"
is diethyl ether unless otherw se indicated. -62- Exanple 1 Ethyl . _
2- (3, 4- et hyl enedi oxvbenzovl )-3-(3, 4, 5-tri met hoxyphenyl)- cycl opr opane .
carbonxylate (Xilla) [err] In a three-neck one liter round-bottom fl ask,

equi pped with, a magnetic stirrer, dropping 69unne, nitrogen inlet and a

sept um was placed sodi um hydri de (8 2 g, 0.17 noles, 50% di sper- sion).

The d|spersPBﬁtmﬁs“ﬂ&éﬁb&thﬁﬁﬁxﬂﬁ§ﬂ¥nﬁﬁ¥§Fﬁﬁt{Ql%V1993nii_ﬁﬁ aryédtetnadone
nitrogen. ofrsemivlasul f oxoniumiodide (37.7 g, 0.17 noles) was added,

foll owed by a dropw se additon of dry dinmethyl sul foxide (45 m) via a
syringe over a 30-m nute period. The suspension was stirred at room
tenperature for 1.5 hours, andgthen a solution of carbethoxynet hyl

di met hyl sul f oni um brom de (41 0.18 nol es) in dinmethylsul foxide (60 m)
was added ove- a 10 d under continuous stirring. The mlky
[err] suspension s fu ed at, roomtenperature for 1.5 hours. A
suspensi on of 3,4, 5-0k :cxné&hylenedioxy chalsgge

v

H
CHBO 5_OC 3
OR
o
; . 3 ... T - "
-1s prcdéuced wherein R anc Rs are as ceiinegc above, and
cgticnally and selectively deblocking to -p*ﬂ‘“ce a compcuné cf

= 5

Fermula VIc wherein R3 is hydrogen ané R~ is a phenol-pronectlng
c

grcup ¢r R™ is hydérogen and R3 is a ca*bc>v*-prouect;rc cxocug.



»
XXlla (55.9 g, 0.16 noles) [prepared according to the procedure descri bed
by S. Wattanasin and W S. Murphy, Synthesis, 647 (1980)] in
di wet hyl sul foxide (185 m) was added in a steady stream over a 5-mnute
period, and then the reaction mxture was stirred at roomtenperature for
17 hours. The reaction mxture was poured intgcold 0.1N HA (700 nl), and
the resulting gummy naterial was separated fromthe aqueous solution. The

ageous sol ution. was extg 'p%ig et her 52 X 500 m). The conbined-
extract together wth araeet+ehs 1 E TSvas enpl oyed
to dissolve the gumy precipitate. The etheral soution -63- was
sequentially washed wt USRHS errl. solution (500 mM, 5% and water,
dried [err] and [err] ) a’ﬁeg conce'%ljtornatiésd 1t]g]"ﬁ"e‘l‘éjt?qllei"[ ethq -Exapmlesfsedion
title conpound (68.%hipHh arew flalgawsyeldrav g s parftiecul 4.1y 1t oGivet £ 454 @
and S Vartanasin ok CaneRiid AIIG SR s B e iy FUCILYT B3y TEne
trineihyisulfoxoni&ﬁliQﬁﬁ%ﬁ?ﬁﬂi@ﬁam%§ﬂ§54ized in the above proceduré was
omtted from the reaction to also afford, in high yield, the a-isoner of
the title .

_ In the following examples, all temperatures are given
in cegrees Cehtigrade. Melting points were recorded on a Thomas-

lg

E?f Hoover capillary melting point apparatus and are uncorrected.
NMR spectra were recorded on a Bruker WM 360 spectrometer in
CDC13. Chemical shifts are reported in & units and coupling
constants in Hertz. Splitting patterns are designated as fol-
lows: s, singlet; 4, doublet; t, triplet; gq, quartet;'m, multi-
plet; bp, broad peak; and dé, doublet of doublet. Infrared
spectra were determined on a Beckman Model 4240 spectrophotcometer
and are reported in reciprocal centimeters. Thin-layer chroma-
tography (TLC) was carried out on preccated silica gei p.ates
(60F-254) using UV light and/or icdine vapors as visualizing
agents. Flash chromatography was run with Woelm silica cgel
(32?63 um) and the indicated sclvents. All evaporations of
_ solvents were performed under reduced pressure. As used herein,
' \ﬁ\)f the term Skellysolve B is a petroleum solvent fraction having a
bp range of 60-68°C consisting essentially of n-hexane, and the

term "ether™ is diethyl ether unless otherwise indicated.

L]



compound. Thus, to a solution of sodiumhydride (0.67 q, 1.4 mVM , 50%
di spersion) in 10 m of dry di mt hyl sul foxi de was added car bet hoxynet hyl
di met hyl sul'fonium bronmide (2.98 g [err] nmVWD followed by an additional 19
nm of dinethlsul foxide. After approxi magly 75 minutes, a solution of

the chalcone XXIla (3.42 g, 1.0 MM in 21 m of tetrahydrofran and 4 m of

di met hyl sul f oxi de was sl owy added oveexampdeminute period. The reaction

m xture was worked up as in the above procedure to give the [err]-isoner of
the title conpound in 96%yield. Exanple 2 Trans-ethyl

1,2, 3, 4- t eturatly dr-ot B, F~methyl enedi oxybgnegyll) ~33 (8,45 5-trimethoxvphenvl) -

tri met hox gnyl e aLb _ (Mb) 0.

e XRNADE ANABIL Nal g 21 6B DORYE3LG (V1 D) 2089 L8m in

met hyl ene chloride (40 m).was added [err](0.24 nm, 19 -64- mV) foll owed
by acetic anhydride (®.36 m, 3.8 mVM. The solution was spirred at room '
tenperature for 2.5 higurs and then diluted with 8.2N 0di ufph hydr oxi de

solution (} Pyhyl ene _
OCHy | <o

0CC,H

275
NaH | . LJ
CH >
3 ® OCH
. OCH (CH,).,SCH,CO.,C,H. CH;0 3
3 3°2 27727275 OCH
_ :ED 3 .
XXIla _B ' XIIla N
In a three-neck one-liter rouné-bottom fiask, eguipped
with a magnetic stirrer, dropping funne:i, nitrogen irlet and a
é

septum. was placed sodium hydride (8.2 g, 0.17 mcles, 50% D
ion). The dispefsion was washed with petroleum ether (2 x 1
ml) ané déried under nitrogen. Trimethylsulfexonium iocdicde (3
g, .17 moles) was added, followed by a dropwise adéition of éry
dimethylsulfoxidé (45 ml) via a syringe over a 30-mirute period.
The suspension was stirred at room temperature for 1.5 hours, and
thén a solution of carbethoxymethyl dimethylsulfonium bromide
(41.2 ¢, 0.18 moles) in.dimethylsulfoxide (60 ml) was acéed ove~
a l10-minute period, under continuous stirring. The milky whif
suspension was further stirred at room temperature for 1.5 hours.
A suspension of 3,4,5-trimethoxy-3',4'-methylenedioxy chalccne
XXIIa (55.9% g, 0.16 moles) [preparéd according tc the procedure
describeé by S. Wattanasin and W. S. Murphy, Svnthesis, 647
(2386) 1 in dimethylsulfoxide (185 ml) was addeé in a steacy

stream cver a S-minute period, and then the reaction mixture was

o

irred at room temperature for 17 hours. The reaction mixture

n

materizl was separated from the agqueous solution. The agueous
scluticn was extracted with ether (2 x 500 ml). The ccmbirned
extract tcgether with an additioral amount of ether (300 ml) was
-employei to dissolve the gummy precipitate. The etheral soluticn

e



cﬁloride (50 mM). The organic |ayer was separated, washed [err] dried

[err] and concentrated to an oily solid (0.72 g). Recrystallization from

a@sol ute ethanol with charcoal treatnent affcrded the title conpound as a

~white crystalline solid (0.46 g); mp. 157-d6®C. The [err] NWVR spectral

data was in agreenment with that reported by W S. Mirphy and S. WAttanasin

J.C.S.  k Perki A - S 0t

1.2 3 4-tet S%%y%F&E’é’%ln]aeﬁ%ﬁ'?ﬁeﬁ%’? Q%Jﬁa?éﬁég&% solution (500 mi, 5¢%)

t ri met hoxypR&Ay Was@sht 180 iafe- Napf P @@t Moy b) 2TReCRREBRALRESE “EXHABLE Bhe

was repeat ed-Wieiche30 dm Kk i Smpyeh@Prepybkgloas Xl Lianexgeplcirhatass.

t he nethyleng cthrng utiliz thereig ¥$s_regLaced m@gh ni.tr nELhane,_ggd

there was t h&feby PYHHRRSE 7 hif 3t 1R 17 e ERPdORAY S TLECEREEFoa = &

gel / et her : Skelilsprelrve dpqrxad) |bydve §errhrphP. 86¢ SThEafserkshiVR spEcfra

data was id heal Lo t produced in Exanple 2. Exanple 4

Transfethylg%;gﬁ;ﬂéﬁegfgh Jﬁ%?gf7-nethylenedioxy-4-oxo-1-(3,4,5-

tri met hoxyphenvl ) napht hal ene- 2- carboxyl ate (VIb) (a) The procedure of

‘Exanpl e 2 was repeat edrd Na{BeRdW | &bFe £ihOht etiet BroRle 8BviOuliZorthioh icdice

cycl.opropyl ketone Xlilla equg; { hat. t he LerrL utilized therein, was .

replﬁéed' which was utiliz in the above procedure was omittec Ircxm toe
reacticn to also afford, in high yield, the a-isocmer of the tizle
compouné. Thus, to a solution of sodium hydride (C.€7 g, 1.4

M)

)
o8

508 dispersion) in 10 ml of céry Eimethylsulfcxide was adde

&

) .‘
U~

echoxvmethyl éimethylsulfonium bromicde (2.98 ¢, 1.2 =il

Iy O
0O
13

iicwes by an additional i¢ ml of dimethylsulfcxide., ~Iter

w
cximately 75 minutes, a solutlon ¢ the chalccne ¥XIia

[\
H

w1

-
~
-

.42 g, 1.0 mM) in 21 ml of tetrahyc€rcfuran anéd 4 mi ci

{
Cimeshivisulfoxide was slowly added over & 35-minute pericc. The

A}

eacticn mixture was worked up as in the above prccedire tc give

+he a-isomer of the title compcuné in §é% yield.

Exarple 2

Trans-ethvl 1,2,3,4-tetrahvérc-6,7-methvlenedionv~-4-cxo-1-(3,4,5~

trimethcxyphenvl)naphthalene-2-carboxylate (VIb)

K T3
> - ocxy
XIlla . ViIb
To a solution of cyclopropylketcne XIIZa ((.E ¢, 1.8
mM) in methylene chloride (40 ml) was added BF,*Et,C (C.24 mi, 12



with [err] and there was thereby produced about 90% yield cf the title
conpound. (b) The above procedure (a) was repeated except that the

met hyl ene chloride utilized therein was replaced with -65- nitronet hane, 4
and there was thereby produced about 90%3(/# eld of the title conpound. (t)

The above procedure (a) was acain repeate xcept that the net hyI ene

hi de utjl h
SrogLLeglﬁ%é #5??8&§§r% 3n?§ﬁ¥ﬁ? iﬁ%5 %cg Skef?yso i EQ??%P%
each of twes agbisrefir éé gp@au&%nnyaﬁﬁetl{@r fox 2) -‘26h°‘&ﬁ%1 ang FB?—P] Aipe ed

spectral data gese_ g@enwcai drp e PorveioRr PSlbicRY) | AnEXRERhO18ne Exanpl e
5 Trans eth T rah npth%genedloxy 0XO0- 1-

trlnethox?pﬁéﬂyF?nééﬁtﬁg ’ene- %ﬁxﬁ?ﬁﬁ&ﬁ%ﬂ X?ﬁtﬁaﬁh%e%?btéﬁﬂrewﬁF?Eﬁaﬁﬁhg)3
was repeadﬁsiecvm(s-bsbgnr andy dohdemidatndd cys| apropyy keodné Xblra gnd 204 ng
(2.0 MV of aceti rid [ exge a nt
equi val enf<of¥ "fg és' i gfef(?qrf ﬁaesrge?ﬁ%\%sé#}gﬁéfa‘g&h ﬁﬁ PEOL&] Er&?@n{a
affcrcec the title compound as a whlte crystalline SOlld (0.46
g); m.p. 157-159°C. The 1H NMR spectral data was in agreement
with that reported by W. S. Murphy and S. Wattanasin, J.C.S. J

rerkin I, 271 (1982).

Examrle 3 .
o’

- Trans-ezhvl 1, 2 3, tetrahucro-G 7-methvlenediocxy=-4-oxo-i-(3,4,5-

The procedure of Example 2 was repeated with 5C mg
(G.12 =) of cyclopropyvlketone XIIIa except that the methyvlere
chlicrice utilized therein was replaceé with nitromethane, and
+rere was thereby procduced 45 mg of the title compeund; TLC
[silica gel/ether:Skellysolve B (3:2)] gave R, = £.26. The "H
Ni“R spectral data was identical to the procduct produced in
Example 2.

Example 4

Trans-ethyl 1,2,3,4-tetrahydro~6,7-methylenedioxyfé-oxo-l-(3,4,5-
trimethoxyphenvl)naphthalene-2-carboxvlate (VIb}

(a) The procedure cf Example 2 was repeatec in
methyiene chlofide-with 50 mg (0.12 m¥) of cycloprcpylketone
xIIIa except that the BF3' Et20 utilized therein was rerl
with SnCl4, and there was thereby procuce; about 90% yield ¢

title compound.

(b) The above procedure (a) was repeated except that
the methylene chloride utilized therein was replaced with



oF [err] (71 nmg, 0.5 mV), and there was thereby produced the title

~conpound.

The H NWR spectral data was identical tc the product produced

iy Exanple 3. Exanple 6 Trans-ethyl
1,2, 3, 4-tetrahydro- 6, 7- net hyl enedi oxy- 4- oxvé3=( 3, 4, 5- :

trinethoxyphenyl)naghthalene-2-carboxy|atgﬁéVﬂb) To
cycl por opyl ReEB5REEX

| uti on of

Bng (&0 Fere ¥4ayth ?PYﬂPfﬁdaFggoﬁE?HEngOﬁagiﬁaﬁeaf

a catal yti cehampyRlie EompRhur@.anhydride (10.2 ng, 0.1 m\) followed by [err]

(142 ng, 1.0 m\)

The reaction was stirred at roomtenperature and - 66-

foll owed by high préssure |iquid chromatography. After about 100 hours, the
reacti on m xture was t(odat @hendbovi®d proaddir @ N(ANaGreangceihutefente Bxpkpt

o methyl enengll Qheltie cnlte il gﬁmcgro%ﬁgqﬂgfezggfgﬁ@&s@nngegeamgcea with

evapor at ed under reduced - pressure

e conpoun The "H_NWR

spect r um wabendeneicand chere wasd e kit IREC R e Exbip| 8iDlexEEPPORBE  t he

presence of sone inpurities. Exanple 7 Trans-ethyl

1,2-dihydro-6,7-nethyhgpedioxy-4-

-

[

cet oxv-1-(3, 4, 5-
TLC [sifﬁcafgtheISSkelf§solve B (3:2)] of each of
the abcve three products gave R, = 0.26, and the 1B NMR spectral

ata were identical to the product prccuced in Example 2.

Examgle &

}

The procedure cf Example 3 was repeated with 4IE
(1.0 m¥) of cyclopropylketcrne XIIIa and 204 mg (2.0 rX) cI acetic
anhyéride in 5 ml of nitromethane, except that the 1 eguivalent
of BF3 . tzo utilized therein was reclacec with (.S equivalent
of BF3 . EtZO (71 mg, 0.5 mM), and there was théreby produ;eé.:he
title ccﬁpound. The 1H al tc the

NMR spectral deta was identic
1

prcéuct produced in Example 3.
Example 6

Trans-e+hvl 1,2,3,4-tetrahydro-6,7-methylenedicxyv-4-oxc-1-(23,4, 5~

trimethcxyphenyl)naphthalene-2-carboxylate (Vib)

To a solution of cyclc
mM) in 2 ml of nitromethane was
acetic anhydride (10.2 mg, 0.1 mM) foll

g, 1.0 mM). The reaction was stirred at rcom ter



tri met hoxyphenyl ) napht hal ene- 2- car boxylate (XIVb) [err] To a solution of

cycl opropyl ketone Xilla (1.40 g, 3.24 nmM in nethylene chloride (50 mM) was
added acetic anhydride (0.61 nl, 6.47 nwl ol lowed by [err] (0.40 m, 3.25 ,
mV) . sol ution was stirred for 5 mnutes an “then treated with 0.5N sodium

o LA T e BT e Al o LB
chr omat ogyanty, [ﬂtélyi:eacelehemmulml eres trertet: WHL195)) mbvesl @d2KvWaoH

e of PO, Ak LSUad 2 042 AR RS LI {dD0 TBIE Al e

Silica ge‘-‘} C roma- Tograp , usin acetate 1h°
chl ori de wes cdepanated) vemecaﬁhér ee@m:@ttaﬁo Mﬁromuwd mysmal to

purity. Thed AAE e LOTROR RpolRa22 &nd érg ]mm %ﬁe?atm &mrme L £Ed zeéoas
the title corrpound mp. [err] -67- Calc
63.82; Hthe Ei’i"%‘sc'QGPE)"ﬁBEﬁG in éxag@lgz 2 Iﬁ’x%?ﬁl 1i‘P‘T\II\?I*i‘? e??‘isen‘ie 1‘B{ts°"'e

3H, 7.2 WmpuRiedés. 3H)., 3.62(t, 1H,

Trans-ethyl 1,2-8ihvdro-6,7-methylenedioxy-4-acetoxv-1-(3,4,5-

+rimethcxyphenvl)nachthalene-2-carboxvlate (XIVb)

CH30 .OCH3

- X1Ila

-

To a solution of cyclopropylketone XIIIa (1.4C ¢, 3.24

mdM) in methylene chleoride (50 ml) was addeé acetic anhydrice
(0.61 ml, 6.47 mM) followed by BF g Et,0 (0.40 ml, 3.25 mM). T
solution was stirred for 5 minutes anéd then treated with (.3N
sodium hydroxide solution (35 ml). The orgarnic layer was sep-
arated, washed (HZO), dried (Mgsoé) and ccrncentrated tc & syrup
(1.53 g). Thin-layer chromatography [ethyl acetate:methylene
chlcride (5:95)] revealed two majocr spots at R.'s = (.47 and 0.:27
(R, of starting material = 0.36). Silica gel Eclumn chrorme-
to;raﬁhy, using 3% ethyl acetzte in methylene chloride as eluting

solvent, affecrded the twc compounds in analytical purity.

The faster component (C.52 g, Rf = 0.47) was cheréac-
terizeéd zs the title compound, m.p. 124-129°C,



5. 5 Hz), 3.81(s, 9H), 4.10(q, 2H), 4.49(d, 1H, .5 Hz), 5.55(d, 1H, 5.7

Hz), 5.92(s, 2H), 6.52(s, 3H), 6.68(s, 1H). The sl ower conponent (0.40 g;
[err] = 0.27) was identified as the tetralone VIb, which was identical to

t he conpound cbtained in Exanple 2. Exanpl e-87%rans- et hyl

1, 2-di-hvdro- 6, 7- et hyl enedi oxy- 4-acet oxy-1-(3, 4, 5-

tri met hoxypHdEiad,) hél &pE- 8, elppPyyl at € /( XPVER: THe Hr-&edure of Exanpl e

7 was repeated except that the [pehhcuti| pzedat Rereiy) was 4 epl aced with

[err] and, after 24 3 hours at roomtenperature, the reaction gave >90%
yield of the title conpound; TLC [silical/ethyl acetate:nmethylene chloride
(5:95)] gavelRINERO(@Cl.,The):[elr 18R SEectr 2l Hdat,a 2wl (9 deH)i cdH. 2004 hak,

product produced.j.n Exa 7 o+ 5 68= anpl e Sethyl - - . = ez
D o3, 4 et g A 6, 5 bebhyl SRk o0 dTaearts (4. 493¢% M, 5.5 me), sss e,
t ri met hoxyphdhy|3 naphz hal 8n@22scarBoxybabe (EXVIBE) ,06.66(s, 1H).

The slower component (0.40 ¢, R, = 0.27) was identifiecd
. . Ps
Lj. ag the tetrelcne VIb, which was identical to the compound

ckbtaines in Example 2.
Examcle 8

razans-ezhvi: 1,2=-8ihvéro-6,7~-methvlened

i
crimethcxvehenyl)narhthalene-2-carbexyvlate (XIVh)

2
& -
£
s &< room temperature, the reaction gave >%Ct yieid < th
€ 1

t
'l
13
[ |
m
0

cmpound; TLC [silica/ethyl acetate:methylen

&

)i gave Re = 0.47. The g NMR spectral data was icentical

)
to the croduct produceé in Example 7.



vl

[err] To a solution of 1.7M n-BuLi in hexane (10.6 n1 18.0 mMV) in
tetrahydrofuran (10 m) at [err] and under - + . was added slowy
diisopropylamne (2.52 m, 18.0 nM. After stirring the solution for 20

m nutes, a solution of trans-tetral one VIb682.93 g, 4.51 m\V) in
tetrahydrofuran (40 m) was added dropw se over a period of 30 m nutes at
[err] After the addition was conpl et e Example é#hge m xture was slowy
warmed to [err] over a 1-hour pertod and further stirred for 30 mnutes. A
sol ution of concentrated HO (3 5m) |n tetrahydrofuran (3.5 mM) was then
added in : 1 ; SR cig¥yet-omening3ié,S-
roonltenpeﬁﬁﬁﬁggwcﬁ hEh%ﬁNES W%SJ?éﬂéﬁﬁidﬁﬂﬂbﬁﬁléﬁeVﬁﬁﬁib nd extracted

wi th ethyl err] and
concentrated to glve 2.1 g of product, which was crystallized from 95%

et hanol . Recrystallizgtion from absolute ethanol with slow cooling to room
tenperature, yi el ded thje t|tIe conpound as a crystalline solid n1p|

[err] . 2 88(m, 2H) , 3.52(m -1Lf; q 3
3. 84(s, 3%& 4 4 72(d 1H, [err] Hz),( 6.
2H), 6.68(R 5 >

CH3C OCH3

VIb

To a solution of 1.7 n~Buli in hexane (10.6 ml, 18.0
mx) in zetrazhydrefuran (10 mi) at -7E°C andéd under rnitrccern was
acdcel s.owly diisopropylamine (2.52 ml, 18.0 mM). ZZ¢
the sclution for 20 minutes, a scluticn of trans-tetralcne VIb

.93 ¢, 4.51 mM) in tetrahydrofuran (40 ml) was addel crcpwise

cver a reriod of 30 minutes at -78°C. After the adéiticn was
complete, the orange mixture was slowly warmed to -40°C cver a
l-hour period and further stirred for 3C minutes. & scliuticn cof

ccncentrateé BCl (3.5 ml) in tetrahydrofuran (3.% ml) was then
adéecé in one poftion to yieléd a pale yellow soluticrn. 2fter .
warming to room temperature, the mixture was dilutec with 56 Lj-"
of water ané extracted with ethyl acetate. The ccmbined orgaﬁic
extrac+ was dried (MgSO ) and Eoncentrateﬁ to give 2.1 g of

g xur (€DCl,, §): 1.24(t, 3K, 8 Hz), 2.88(m, 2E), 3.52(z, 1H),
3.76(s, 6H), 3.84(s, 3H), 4.16(g, 2E, 8 Ez), 4.72(&, 1E, € Ez),
6.10(s, 2H), 6.24(s, 2H), 6.68(s, 1E), 7.64(s, 1H).



. 69 Exanp
1,2,3,4-tet
naphthalene
OH [err] To

bor ohydri de

roomtenperature for 3 hours and at [err] fcr 30 m nutes.

| e 10 Et hyl

rahydr o- 6, 7- net hyl enedi oxy- 4- hydr oxy-1-(3,4,5- trinmethoxyphenyl)

2-carboxylate (Vild) O

a solution of tetralone VIb (6. 2% @, 14.6 MV in 95% et hanol
(100 nl) and nethylene chloride (50 nl)exwaspadded a cold soluticn of sodium
(0.42 g, 1.1 mMM in water (o m) . The soluion was stirred at

The sol uti on was

di luted mﬁtEﬂhﬁiﬂl(ZKB;deteﬁmhhxﬁmmmsrafmdthplanedﬁbdyﬁésrddecah-DenBL4 5-

The resi due
(100 m).

045 AL LI, ONed el h0vbepe ghloride (1Q0.51) and water

| ene chl ori de

(100 mM), and the conbi ned organic extract was dried [err] and concentrated

to a sclid

the title c po
[err]: C, o487 HY 6.
1.15(t, 3H, .2 FE)JIZ.

2.95(m 1H), @

<

residue (5.99% g). Recrystallization from 95% et hanol
s a crystalline solid; mp. [err] Anal.
Found: C, 64.03; H, 6.02 gij

06(m 1H) ,2.35 (m 1H), 2.46 (

forded
c'd for

-7 vQ0g2. Hs, 3H), - .
4 §e2¥s = C0,C,ks
/II e
CH.O X OCH N l
I _ CH CH
3 OCH3 3 _ 3 3
CCH.
VIt vIie

Tc a solution of tetralone VIb (6.25 g, 14.6 =)
etharc® (100 ml) and methylene chloride (50 mil) was acdel

soiuticn cf sodium borohyvcdride (0.42 ¢, 11.: mM) in water

The sclution was stirred at room temperature fcr 3 heours an

40°C fcr 30 minutes. The solution was cdiluted with water

and cor.centrated to a solid residue at 35°C. The residue

partiticned between methylene chloridée (100 ml) ané water
ml).  The agueous layer was further extracted with methyl

chloricde (100 ml), and the combined organic extract was Zriec

(McSO ) and concentrated to a sclicé residue (5.9Z g).
Rec*}s allization from 95% ethanol afforded the ticl
& crystzlline solid; m.p. 151-152°C.

" oI-$ . s Q
2nal. le¢'d for C23H2608 C, 64.18; H, 6.0°¢°

Found: C, 64.03; E,

‘3 NMR (cac13, §): 1.15(t, 3H, 7.2 Ez), 2.06(m, -E), Z.33(=,
1H), 2.26(d, 1, 8.6 Hz), 2.95(m, 1E), 3.78(s, €E}, 3.82(s, 1¥),
£.06(q, 2E, 7.2 Hz), 4.31(d, 1H, 7.7 Hz), 4.83 (=, 1H), 5.¢1(z2E),

6.24(s, 2H), 7.07(s, 1H).

- -1 - . S, = aana
IR (¥Br), vmax, cm ~: 3290, 17320, 1725, 1390, 1233, 1i:ZzZ.



4.06(c, 2H, 7.2 Hz), 4.31(d, 1H, 7.7 Hz), 4.83(m, 1H), 5.91(2H) 6. 24(s,
2H) , 7.07(s, 1H IR (MBr) , vmax, [err] 3290, 1730, 1725, 1590, 1235,
1122 -70- Exanple 11 Trans-ethyl S
1,2-dihvdro-6,7-nethy|enedioxy-l-(3,4,5-t?7%ﬁthoxv- phenyl.)

napht hal ene- 2- car boxyl ate (Vi 11b) OH Eﬁ%klé syspensi on of al cohol VIld
(0.43 g, 1.0 MM in toluene (15 mM) c ' p-tol uenesul fonic acid
nonohydra-e (4 ng) was heated to reflux with a Dean-Stark trap for 1 hour.

Thi n- | aver (EHQBRIRAL 3P y-d S ¥ Fod6 sl ainet Byekhraabxy -B-((B,14), T-ameiaheth dHhigt

all of theTstarring et er T al 5 err] = 0U.40) S g nverted 1o a new compound

([err] = ISPV ARAtRAIRGGT 'ﬁ%—éﬁbﬂza—uéﬁeé—&r te 2823 t h 5% aqueous “sodi um

bi carbonat e sol ution and water, followed by concentration under reduced

pressure tc an oil regidue. The residue was purified by colum

chrcrmat ogr aphy over sklica gel (20 g) using nethylene chloride and 3% et hyl
T

acetate in oride as eluting solvent to yeld e N e
. <g e I
i
S AN Co,C,F
> rany

2

4

e

ViId VIIIb

A suspensicn of alcohel VIIG (0.43 g, 1
cluene (15 ml) containing E-toluenesulfbnic acié mcnohy
(4 mg) was heated to reflux with a Dean-Stark trap for ! hour.
Thin-laver chromatography [ethyl acetate:Skellysclve B ( !
revealed that all of the starting materiel (Rf = 0.40) was
converted to a new compound (Rf = 0.69). The sclution was
cocled, washed with 5% agueocus sodium bicarbonate sclution and

water, fcllowed by concentration under reduced pressure tc an oil

residue. The residue was purified by cclumn chrcmatograghy over
silica gel (20 g) using methylene chloride ané 3% ethyl acezate

in methylene chloride as eluting solvent to yield the title g)_}_
compounéd (R, = 0.69) as a white amorphous solid; m.p.
129.5-130.5°C.



conpound ([err] = 0.69) as a white-anorphous solid; mp. [err] -71-
Anal . Calc'd for [err]: C, 66.98; H, 5.87 Found: C, 66.83; H 5.87
[err] NMR [err] 1.14(t, 3H 7.3 Hz), 3.5 §m 2H), 3.80(s 6H), 3.83(s,
3H), 4.07(c, 2H, 7.3 Hz), 4.40(d, 1H, 94 , 5.82(dd, IH 3.9 Hz, 9.6

Hz), 5.89(t 42 s. 494 ddy; 1 0 H, 9.6 H
6. 233(3 1I(—|)'A—n|2"||£)‘( I%%}%g%n%o?-‘)cze?%%4?d7 %éslgéso H124§1|08;1125 Exanpl e) 12

1,2,3,4-Tetrahydro-6, 7 -met hyl efé®nsxy- 4‘F1yd$§)°x§/3"l ¥g,9:87¢r] -
met hoxyphenyl)napht hal: ene 2-carboxlic acid (VI Ib) 0 OH 0 [err] The

tetral one VLh ptepar % rrpl el‘é dr zgd, acgc ng I.Q the |

procedure descri‘%eg‘cg B/’ § I\/Urlp (\E’nd{% .&ﬁt aﬁhsln gg (For e = erkl ﬁ“’l‘s'

271 (1982), €&hd Bh&3riesuldting 4.07 (¢, 2B, 7.3 Hz), 4.40(&, 1B, 9.4 Ez),
5.82(éd, 1H, 2.9 Hz, 9.6 Kz), 5.89(t, 2H), 6.3%(s, 1lE)}, €.4Z2(s,
2H), 6.49(éd, 1H, 2.0 Hz, 9.6 Hz), 6.63(s, 1H).

IR (KBr), vmax, cm Y: 1726, 1580, 1240, 1125.

Example 12

T~ m - - - ey 33 Y (P S T2
1,2,2,4=-Tetrahvéro-6,7-methvlenecicx -4-hréronv-i~{Z,4,

methexvohenvl)nephthalene-2~carbexviic acid (VIIkh)

0 .
' %
O‘ <: ]
. COH . NaBH, ~ .

o) e OCH, caiy0 NP ,
3 ocH
VI

\\ /4

CH

vVid

g; : : The tetra.one VIb preparec in Exampie 2 was hydrclivzed
acceréing to the procedure described by W. S. Murzchy and
‘wWatténasin, J.C.S. Perkin I, 271 (1982), ané the resulting
1,2,3,4-tetrahydro-6,7-methylenedioxy-4-cxo-1-(2,4,5 e
phenyl)naphthalene-2-carboxylic acid (VIE) was treeat
sodium becrchydride acccrding to the cenerail prc <
bv W. J. Gensler et al., J. &m. Cher. Scc., 62, 1714 (Z

. give the title compound as a crystalline soiid; =. o
{repcrted m.p. 181.4-182°C). '

-

ity



(1}

1, 2, 3,4-tetrahydro-6, 7- net hyl enedi oxy- 4- oxo- 1- (3, 4, 5- t-ri net hoxy-

phenyl ) napht hal ene- 2-carboxylic acid (VId) was treated with sodi um
borchydride according to the general prceddv2-described by W J. Gensler et
al., J. Am Che. Soc., 82, 1714 (1960) to give the title conpound as a
crystaldine solid; mp. [err] (reportegygmpleldl. 4-1820) -72- Exanple 13
Trans- 1, 2- di hydr o- 6, 7- net hyl enedi oxy- I?t3“g‘3‘TT1nethoxyphenyl)

napht hal ene-2-carboxylic acid (VIIIc) OH[err] A suspension of alcohol VIIb
(400 ny, 0m99ngNLszdxﬁ¢&rw»(2ﬁkméthvmeﬁéanaxvng-u3tql@GRQSWéknuxxs%aék1)-
nonohydr at e _ 2.N §INg a Dean-Stark trap.  1ne
reacti on s&+ W , oy 15 M), dried [err] and
concentrated to a mhlte SO|Id (364 ng) Recryst-allization and char coal
treatment of solid frc-,, meth-aznol afforded the title conpound as a
crystalline solid; n1pc?%rr] :

) 4

: OCH,
3 OCH3 3

. VIIb

A suspensicr of alcohol VIIb (400 mg, 0.8%S8 mM)} in

ne (20 ml) containing p-toluenesulfonic acié mernchwvirate

[
]
!

0 mg) was refluxed for 2 hours using a Dean-Starkx traz. The
eactizcn scliuticn was coolec, washec¢ with water (13 ml), cEried
(MgSO,) and concentrated to a white solid (364 mg).
Reﬁrws:alllzatzon and charcocal treatment of solié Zfrcm metharncl
afforded the title compound as a crystalline sclic; m.z.

1= o
- .

)

f=-

-
[¢0]
C

p AP | 1 . . 3
el - o l d fOr c21H2007o c' 65.62' h, 5.24

Found: C, 65.61; H, 5.26 L;é,

-

E NM= (CDCl,, §): 3.60(m, 1H), 3.78(s, 6E), 3.82(s, 3%),

3’
.40(2, 1, 7.8 Hz), 5.83(dd, 1H, 4.6 Bz, 9.6 Ez), 5.8l (&, 2E),
V.,

6.39(s, 2E), 6.42(s, 1H), 6.53(éd, 1HE, 1.8 Hz, 9.7 Ez €.65(s,
.

IR (XEr), vmax, cm *: 1745, 1710, 1590, 1510, 1485, :125C, 1.30.



Ahal. Calc'd for [err] C, 65.62; H, 5.24 Found: C, 65.61; H 5.26
[err] NWR [err]: 3.60(m 1H), 3.78(s, 6H), 3. 82(s, 3H), 4.40(d, 1H, 7.8
Hg), 5.83(dd, IH 4.6 Hz, 9.6 Hz), .5.91 dl 6.39(s, 2H), 6.41(s,
1), 6.53(dd, 1H 1.8 Hz, 9.7 Hz). 6.64(s, “TH Mk (KBr), vmex. [err]
1745, 1710, 1590, 1510, 1485, 1250, 1130. A -73- Exanple 14

Tr ans- benzhydryl 1, 2-di hydro- 6, 7- met hy [E¥@8RI&\AY - (3,4, 5-tri -

met hoxvphenyl ) napht hal ene- 2-carboxvliate (Villa) [err] A solution of acid
VIllc (1:63.g, 4. .

p-t ol uenes ' eh-cF H - —

refl uxed fomeQrBQUbSeu inga hBeadeSEaak AvIﬁﬁﬁ 400) e@t of the reactlon
was nonitere y thin-Tayer chromatography (2% ethyl acetate in mnethyl ene
chloride). The solution was cooled to room tenperature and washed with 5%

aqueous sodiqg1bi bg e solution (90 m), matero\\/,»\\//~\\

CO,H ‘A\\//L\V/)‘cozcxphz

- CE, OCH4 . CH40

\J VIIIc viiia

A sclution of acid VIIIc (1.62 g, 4.24 w), benzhycry
alcchol (C.79 g, 4.2° mM), o-toluenes:1501ic acié mInchyviras

(37 mg) in toluene (100 ml) was refluxed for 2 hours uweing &

Dezn-Stark trzp. The progress of the reacticn was mcnizcred Ty
thin-laver chromatography (2% ethyl acetate in methviene
chlcride). The solution was coolec tc rocm temperature anc
washed with 5% agueous sodium bicarbcnate sclution (20 mi), water
(50 ml), cried (MgSO ) ané concentrated to & Lrown cil (2.4Z ¢),

e
da

which was further purlf;ea by column chrome

& - -

r"
J lQ
"
fu
fe
"
)
)
o
[¢]
m
t

toc affcrd the title compounéd as a solid amcrphcus material; =.F.
NS 149-156°C.

Anzl. Calc'éd fer C34H3007: C, 74.17
Found: C, 74.13; E,

u
-~
in wun
. .
'Y
O

5 KMR (CDCl,, &): 3.72(s, 6K), 3.73(m, 1), 3.83(s,
4.£1(d, 1H, 9.6 Hz), 5.84(&E, 1H, 4.2 Hz, 9.6 Hz),
6.35(s, 1H), 6.28(s, 2H), 6.52(dd, 1E, 2.0 Hz, 9.6 Ez
iE), 6.77(s, 1E), 7.37-7.07 (m, 10H).



(50 M), dried [err] and concentrated to a brown oil . (2.43 c), which was
further purified by colum chromatography (silica gel) to afford the title
conpound as a solid anorphous material; mp %{9-1560. Aral. Calc'd for
C34H3007 C, 74.17; H, 5.49 Found: C 7 .13; H 5.62 [err] NWR [err]
3.72(s, 6H), 3.73(m 1H), 3.83(s, 3H) _4.41 (d,. 1H, 9.6 Hz), 5.84 (dd, 1H,
4.2 Hz, 9.6 Hz) , 5.89(t, 2H) 635&;5&&2&L§§s,2m 6.52(dd, iH, 2.0
Hz, 9.6 Hz), 6.65(s, 1H), 6.77 (s, 1H) 737707(m 10H) -74- Exanpl e
ﬁdl89DW¢ &@%L_yw I 8- :
di oxxol o( 4 SRsAL ‘ :
suspensi oEigi :a-IQ:b‘ho5 M I(B)baazg_gpl@- /ﬂ@?)ﬁ@lﬂ@)(ﬁﬂ &IE.ISQ)er(W:t ol uene
ccntaining p-toluenesul fonic acid nonohydrate (500 ng) was heat ed at
reflux tenperature f@H about 2.5 hours using a Dean- Stark trap The

m xt ure waathe tregf ed W|th
o <o

CH3 OCB3

VIIb XVa

y-N su=pension cf alcohol VIIb (42.9 g, C.iC7 mcle) in 1

(300 =¢g) was heateé at reflux uemperata:e-for abcut 2.5 &

tsing 2 Dean~-Stark trap. The mixture was then treated wizh
1¢6.6 ¢ (0.107 mole) of benzhydryl alcchol in an adéiticnzl 100 ml
of toluene and refluxed for 3 additional hours. The reaction

mixture was washed with 5% agueous Na2C03 ané a saturated NaCl

scluticn, dried (MgSO4) and concentrated to 4%.0C c.

The residue was purified by cclumn chrcmatograph

/

v over
silice gel (350 g) using methylene chloride to 5% ethvl acetg\)ai
in. methylene chloride as eluting solvent to yield the title '
compound. A sample was recrystallized from 95% ethanci with
chaerccal treetment to yield the title compound as a crystalline

sclié; w.p. 191.5-193°C.

arz.. Teal'déd for CZIHZOO’: C, 65.79; H. 5.2€¢
Found: C, 65.32; H. 5.30C

E KMP (CDCl,, 8): 2.43(m, 2H), 2.98(d, 1H, 5.0 Hz), 3.73
(s, 6%}, 3.84(s, 3E), 4.40(bs, 1H), 5.25(d, 1E, 4.8 Ez), 5.%7(m,
2H), €.29(s, 2E), 6.49(s, 1H), 6.75(s, 1H).



19.6 (0.107 nole) of benzhydryl alcohol in an additional 100 m of tol uene
and refluxed for 3 additional hours. The reaction mxture was washed with
5% aqueous [err] and a saturated NaCl sol y4qn, dried [err] and

cSncentrated to 49.0 g. The residue was purified by colum chromat ography
over silica gel (350 usi nq net hyl ene chlorjide t.0 5%eth ta i .
net hyl ene, chloride as & %ol r%@?@/tﬂ%P?rﬁ??%%lgég%%%gggdwggAfgpeatec
sanpl e was egeepst ahlaitz athel temOhiemthankdoivel huthhi vedl therainewast omytoed

the titlé-conpound a r.yst al j 30| : , ‘drfogelberLk
C, 65.79; H.grng‘."ze"ﬁo%ﬁ%:"?“@?"654’%;%%@0“ [teéﬁélh\/ﬁzg e‘rhr‘f:élli g‘. %3 ﬁ%’%{ﬁé’
2.98(d, 1H, 1Bc@cHe) xV&.73 (s,6H), 3. 84 (s, 3H) , 4. 40 (bs, 1H , 5. 25
(d, 1H, 4. 8 Hz) , 5. 97 (m I n anot her experinent, the above procedure

was repeated except that the benzhydryl_al cohol utilized therein was
omtted from the reaction, and there produced the desired

| act one XVa. Exanple 16 Trans-benzhvdryl

1’2_d|hydrOﬁgééémggggﬁﬂg¥yf”%ffiéfkﬁhéglélf-methylenedioxv-l-(3,4,5-tri-
L 'methcxv:henyl)naphthalene-z-carboxylate (ViilIe)
W
0
Ky/ “o
>
Xva’ ' JIZla
A mixture of the lactone XVa (3.9 ¢, 10.2 =) and
benzhyéryl alcohol (1.87 g, 10.2 m¥) in 100 ml of tcluerne
. containing p-toluenesulfonic acid monchvérate (200 mg) wzs hezted
at reflux temperature for about 2.5 hours using a Dean-Starx
trap. .fter the theoretical amount ci water was collectec (C.2
L - ml), the reaction mixture was washed with a saturatec NaHC03
~ soluticn and a saturated NaCl solution, dériecd (Mgsoé) and
concentrated to an oil, which was further purified by elutirc &
methylene chloride solution of the o0il thrcuch a paé¢ ci silica
gel (1% g) with an additional amocurnt cf methyvlene chloride (75
nmi). fThe filtrate was evaporateé uncer reduced pressure to yie.c
£ ~

4,06 g of product as an oil. A sample was

e

cclumn chromatography (alumina) using metnylere hiorice tc Z%
ethyl azcetate in methylene chloride as eluant 0 Y
compounéd as a solid amorphous material which was iden

rrcéuct produced in Example 14; m.p. 146-256°C.



met hoxyphenyl ) napht hal ene- 2-carboxvlate (Villa) O [-err] A mixture of the

| actone Xva (3.9 ¢, 10.2 mM and benzhydryl alcohol (1.87 g, 10.2 nmV in

- 100 m of toluene containing p-toluenesuLfgnic acid nonohydrate (200 m g)
was heated at reflux tenperature for about 2.5 hours using a Dean-Stark
trap. “After the theoretical anount gk aMdhgr ywas collected (0.2 ) , the
reaction mi xture was washed with a sar%ﬁgred—ferr] solution and a saturated
NaCl solution, dried [err] and concentrated to an .oil, which was further

puri i ed i -eluiy Doy fo4@ikydesce chl-netHo18akdliioRy-af- (tahea (35t o Rl k)ﬁ- pad
of silica, Th a add’tlo al OT _Netnyrene cnror (75
m). The&E - RS K EELEEE pressure to yield 4 06 g
of product as an oil. A sanple was further purified by colum

chromat ography (al umi na) using nethylene chloride to 2%ethyl acetate in
met hyl ene ghl o gluant to yield the titlegconps a solid

annrphousghaterTa{ h was identical to the DFQEUC 1ﬂ%1‘ I n Exanpl e
14; mp. Nerr ,
P NU o~ ¥C0,C,Hy - 0 ~"C0o.,C.H
4 = 27275
o~ = L
I ~ ' W/
~ )
CH.O OCH CH.,O OCH
3 ocm, 3 3 3
s OCH3 |
Nt/

 VIIIb IXb

To a solution of 1.7M nBuli in hexane (7.3 ml, 12.4 mM)
ir tetrahydrofuran (20 ml) at -78°C ané under nitrcgen was adéed
crcpwise diisopropylamine (1.75 ml, 12.5 mM)., After stirring for
5 minutes, a sclution c¢f trans-clefin VIIIb (2.06 ¢, 5.0 mM) in
tetrahydrofuran (10 ml) was added dropwise over a twentv-minute
period by a syringe. After the adéition was complete, the
reaction mixture was warmed to -40°C over a 30-minute period and
stirred at this temperature for 30 minutes. Tc this stirred
solutior. was added concentrated HCl (2.2 ml) in cecld
tetrahyérofuran (2.5 ml). The dry-ice acetone bath was remcved,
ané the reaction mixture was warmec to room temperature. i:é/
Tetrahydrofuran was removed under reduced pressure, and the l
resultirg residue was partitioned between water (100 ml) and

" methvlene chloride (100 mi). The aguecus layer was Iurther
extracted with methylene chloride (50 ml), and the combined
organic extract was washed with water (100 ml), dried (MgSC,) ean

I o )

concentrazted tc an o0il (2.1 g). This oil was Zfurther purified b
silica gel column chromatography using 5% ethyl acetate in
methylene chloride as eluting solvent to yield the title comgound
as an amorphous solid (1.74 g). Recrystallizaticn from ethanol
affcrdeé an analytical sample; m.p. 112-113°C, '



Exanple 17 G s-ethyl 1, 2-dihydro-6, 7- et hyl enedi oxy- 1- (3, 4, 5-tri net hoxy-
phenyl ) napht hal ene- 2- carboxylate (I Xb) [err] To a solution of 1.7M nBuLi in
gexane (7.3 m, 12.4 nM) in tetrahydrofurap.420 m) at [err] and under
nitrogen was added dropw se dii sopropyl arri ne (1 75 mM, 12.5 M. After

stirring fqr m_nut es sol utj on.of tr in.Vi 2.06 g, 5.0 MV in
tetrahydro (d%é‘cm% %&F%mﬂiﬁk bpwi 6€e§ Y F\'Ne%t?gm nute period by a
syringe. After the addition wasFaompi et e, tﬁlé 8eacHioh.BRxture was warned
to [err]Mover a 30-minute period and stirred at this tenperature.for 30
mnutes. Tc this stirred solution was added concentrated HOJ (2.2 m) in
col d tetrah?‘dﬁrﬁﬁjr@q%lé T3 . IThe2 bk y-3Ee AcétBabk.bdtRSWas FEImvEd76disd

the reacti g it We s wey Mo o) r@@mtef@eratﬂrpz)Tegrghyqro&manequés,
removed under, reduce Orr% ressure, and the_resul ti ng resi due was Eartltlone '

bet ween watér ( foo arkd met 11 e 2hT Hile $16(Ft) 1HTnebagadsus IHdyer

was further extracted w th nethyl ene chloride (50 m),. and the conbined

orgaani c. ex e 1 h g ( m ri er nd
concentraté ta@éawa ‘Y}‘%(%g’ %’%b; #Qgés %E??hesggéh #8@ b3]/ 3P ca
gel- ¢ol umm chr omat ography using 5% et hyI acetate in nethylene chloride as
el ng solvent to yield the title conpoundi e 1g

Cis=-bernzhvdrvl 1,2-dihydro-6,7-methvlenedioxy=-1~-(3,4,5-tri-

nethcxvohenvl)raghthalene-2~carbexviate (IXC)

N
/O l/ | ~ . -0
AN / \\}// ~3
- ; |
0 x COZCHPh - "0 A o,
- > - ¥ co.,cEHPh
2N > : 2CHPhy
CH,0 OCH AN
ch OCH 3 CH, 0/\//LOCL"
. 3 - M 3
ocH
_ _ 3
VIiIIa _ - IXc
The procedure cf Example 17 was repeatecd, except that
N the trans-olefin VIIIb utilized therein was replaced by the

trans- clefin VIIIa, and there was thereby procduced the titie
. compourncé as a waxy solid.:

B! a
Aral. Calc'd for C34 30

C, 74.17; &,
FO\—nG- C' 74 .‘; !'

g
~
i, 5.

6): 3.51(s, 6E), 3.73(s, 32E}, 4.38(ct, 1E,
¥z, 2.9 Hz), 4.38(4, 1H, 7.5 Hz), 5.%i1(28), 6.19{c2, 1lH, 2.7 Ez,
§.7 Hz), 6.40(s, 2H), 6.51 (&4, 1B, 2.9 Bz, 9.8 Hz), 6.65(s, 2H),
6.75(s, 1H), 7.11-7.37(m, 10E).

~t ~1



as an anorphous solid (1.74 g). Recrystallization from ethanol afforded an
anal ytical 'sanple; mp. [err] -77- Anal. Calc'd for [err] C, 66.98; H,
5. 87 Found: C, 66.87; H 5.82 [err] NWR [err]: -~ 1.12(t, 3H, 7.2 Hz),
3.75(s, 6H), 3.76(s, 3H) , 4.07-3.95(m 3HPT 4.30(d, 1H, 7.7 Hz), 6.11(m
2H), 6.45(s, 2H), 6.50 (dd, IH, SOHiS B!Q%29661(s | H), 6.65(s, 1H).
IR (KBr), vmax, cm 1730, 1592 = 1250, 1130. Exanple 18

C s-benzhydryl 1, 2-di hvdro-6, 7- net.hnyl enedi oxy-1-(3,4,5-tri -

et Qgéypge@mnahb@ﬁbses-a-q%r,ﬁ%datﬁné Y1106, BLRCEHURS- 3f sExanpl e
repl aced higss P Y 3 : B¢ o P NIy
title conpound as a maxy SO|Id Anal. Calc'd for [err] S C, 74.17;

H, - 5.49 Found: C, 7ﬁ%17 H 5.76 [err] NWR [err]: 3.51(s, 6H), 3.73(s,
3H), 4.38(dt, 1H . 4 - L
@)

< ¢

‘o o -
- )
r

_ _ -
XVIb : XVIIIa
To a solution of the cis-arvltetralone XVIb (124 mg,
$.2% =) in 10 ml of dry tetrahydrofuran was adcec 0.2% =1 o
- 2.0x Li Eh4 in tetrahydrofuran (0.58 md). After stirring at rcoom

termperature for 17 hours, the reacticn mixture was treaz
ml of a saturated NH4C1 solution and the solvent layers we*é
separated. The agqueous layer was further extracted with ether

(3 x 5 ml), and the combineé organic extract was driec (Mgso4)

and concentrated to a light yellow cil. This o0il was further
purified by preparative thin-layer chromatography using S%
methanol in methylene chloride as eluting sclvent. The .
appropriate fraction at about Rf-= 0.53 was collected, filterg;).i
and concentrated to yield the title compound as an oil; TIC -
rsiiica/methanol:methylene chloride (5:95)) gave Ry = 0.33.

“H NMR (CDCl,, €): 2.33(¢, 1H, 11.5 Hz), 2.82(m, 1E), 3.03 (%,
iH, 4.9 Hz), 3.79(s, 6H), 3.85(s, 3H), 4.36(d, 1K, 4.5 Ez),
5.24(&, 1H, 5.2 Hz), 5.94(bd, 2H), 6.3C(s, 2H), 6.48(s, 1H),
6.75(s, 1H). |



L

Hz, 2.9 Hz), 4.38(d, 1H, 7.5 Hz), 5.91(2H), 6.19 (dd, 1H, 2. Hz, 9.7 Hz),
6.40(s, 2H), 6.51(dd, 1H, 2.9 Hz, 9.8 Hz), 6.65(s, 2H), 6.75(s, 1H),
7e11-7.37(m 10H). - 78- Exarrpl e 19 -79-

dl -8, 9- Di hvdro-9-(3, 4, 5- trlrrethoxyphenyl) 5, 8- et hano- 1, 3- di oxol o(4, 5-h)
(2) benzoxepi n-7(5H)-one [err] (XVila) |err]'! Ti a sol utlon of the
cis-aryltletral one XVib (124 ng, 0.29m 0 of dry tetrahydroofuran
was added 0.29 m of 2. OMIiSH in tetrahydrofuran (0.58 mM. After
stirring ats=§QQqRL st QP& atltbrbe;]f%r

treated w tf7 )

wer e separ akEé 5 . 2 ' i i $ it 4

m), and theaggab5uggeoqqgnlc extract was dried [err] and concentrated to a
light yelloworT. Thrs ofT was further purified by preparative thin-layer
chr omat ogr aphy using 5% net hanol in net hyI ene chloride as el utingysolvent.
The appropriate fraction at about [err] | t

,Om

- 0'*\\//*\V/)”~cozc255

7
e
CE,0” Y~ OcH,
L/ OCh3
IXb . Xa
~. cibrcmoformaléoxime

To glyoxylic acidé oxime hydrate (12 g, 112 m¥) in wa<ter

(60 ml) was added uncer stirring and ice bath temperature {({=-4°C)
me thylene chloride (130 mi) and sodium bicarbcnate (18.83 ¢, 224
mM). To this two—phase'mixture was added bromine (35.£4 g, 488
mmoles) in methylene chloride (50 ml), ané stirrinc was ccntinued
for 7 hours (at 0°C) followeé by additicnal stirring at rccm
temperature for 13 hours. Excess bromine was destroyeé by

N i careful addition of sclid sodium thiosulfate. The organic laver
was separated and the agueous layer further extracted with

méthylene chloride (2 x 100 ml). The combined crganic exiracst

was dried (Na2504) ané evapcrated to afiord the title rreduct zas
& white solid (11.4 g, 50.13% yield). A portion cf this material
‘was recrystallized from Skelliysclve B to obtain an anairtical

sarple; m.p. 65-6E°C.

TR (KBr): 3000-3600, 1580 and 980 cm >.

: C, 5.91; H, 0.49; N,
C, 5.40; E, 6.20; X,

Aral., Czlc'é for CENOERr

2
Found:



and concentrated to yield the title conpound as an oid; TLC )

[ silicalnmethanol:nmethylene chloride (5:95)] gave [err] = 0.53. [err] NWR
([err] )2.33 (dl,1H,11.5 Hz) 2.82 (m 1H) 38039t, 1H, 4.9 Hz), 3.79(s, 6H)
3.85(s, 3H), 4.36(d, 1H, 4.5 Hz), 5.24(d, 1H, 5.2 Hz), 5.94(bd; 2H),
6.3C(s, 2H), 6d‘h8([53a#ha 6o /P0B8]) LEkhyl 3ald, SE&@Hﬂt@t&%nﬂdi&IﬂbFéﬁeﬂs-
3a, 4, 5, 10b- t et rafyd m0-5-1
(6,7) napth (2434 :

acid oxinmme fwﬂﬂéﬁfaidﬁeg4-&érﬂog&%ata wﬁher (60 n1) was added under
stirring and i e ba enperature [err] nmethylene chloride (130 m) and
sodi um bi carbonate (18.83 g, 224 nM. To this two-phase m xture was added
br omi ne (35. 84 g, 4SBDnmn$et¢tlqnnefhgggneleﬁhoﬂﬂmb(Eﬂlhﬂ)g.eﬂmﬁ%tmmkih@

\t/vgs g(rjgi Lrn #‘?Oé'ééeéxaaiggogfrbg%&%ﬁ‘é@.ﬁo&i&@dwﬂ'@?%std T3 ngupt (£ red
w in Step A] followed by KHCO3 (145 mg, 1. The solution was

refluxed at 56°C for 3 hours. Thin-layer chromatography
[ether:Skellysolve B (1:1)] indicated that almost ali of the '~
starting material (Rf = 0.30) was consumed ané the product spotf
at R, = 0.19 had appeared. The solution was cooled, the sclids
were‘filtered off and washed with methylene chlcride. The
£ilirate was ccncentrated to a yellow cily sclié. ure greoiuct
(72 mg) was cbtained by silica gel cclumn . chromat LOGrachy using 4
ethvl gcetate in metnylene chloride as the eluting sclivent.

n
A1)

Recrystallization from ethanol afforded the titie compcounc a
'c*v=tel-ine solid; m.p. 212-214°C (dec.).

PR T 3 . R £3. N
Anal. Calc'd for C, , E, NGgBr: C, 53.85; H, 4.33; N,

Founcd: C, 53.64; H, 4.52; N,

DO
[\

NN
. .

1g NMR (cDCl,, &): 1.19(t, 3K, 7.2 Hz), 3.14(dd, 1H, 4.9 Bz

10.7 Hz), 3.76(s, 6H), 3.81(s, 3H), 3.93(t, 1H, 10.3 Hz), 4.10(c,
2H), 4.37(&, 1H, 4.9 Hz), 5.71(d4, 1K, 9.7 Hz), 5.98(s, Z¥),
6.08(s, 2H), 6.57(s, 1H), 7.02(s, 1H).

LAl
N
<

IR (KBr), vmax, cm 1: 1732, 1590, 1495, 1482, 1235, 1

AL ]



car ef ul

addition of solid sodi um t hi osul f at e.

The organic | ayer was

separated and the aqueous |ayer further extracted with nethyl ene chloride

(€ x 100 nl).
to afford the title product as a white solid (11 4 g,

portion of
anal yti cal
Calc'd for
6. 95

|soxazole-

m) in
in Step A]

at [err] for 3 hours.
I ndi cated that al nost all
consuned and ghe

\/

. extracted

i n acet paexwes ledded didyxaimite naiwoxi ne (146 ny,

-acetate in methylene chloricde as eluting scivent. &an

The conbi ned organic extract yggs.dried [err] and evaporated
50.13%yield). A
Skel | ysol ve B to obtain an
1580 and 980 [err] Anal.
C, 5.40;. H 0.20; N,

this material was recrystal
same; - mp. [err] IR (KRr):" ' -
[err]: C, 5.91; H 0.49; N, 6.90 Found:

- 8061 By 3264 lanl, 8l | 0B 8 Bede o yi0P3 4 04 I 2NV6K O St PLAYR: B 3-br omo-
(3,4, 5- trlnetnqupnenyl) 13 %)UIUXUIU\D 7y ITapr it

<, 1-U

NI} a3 GFCRGLO L6 o7

ESefineEsm(E0146) g,

0.24
0.72 mw) [prepared
followed by [err|[ (I45 nmg, I.45 mM). The solution was refl uxed

Thi n-1 ayer .chromat ography [ether: Skellysolve B (1:1)]
of the starting material ([err] Ma

t
spo {\‘//\

odu

/£ 0.,CHPh .
2 2 >

\ 4

IX¥c
etate (40 ml) was acdeé dibrcrocform
(0.47 4.€6% mM).

To a solution of cis-olefin
e:hy; ac
M),
refluxeé £for 3 hours.

i

folioweé by KHCC c,

3
Thin-layer chrcmat og*a

} LY
sclve B (1:1)] revealed that the reacticn was approximatel

complete. Consequently, additicnal dibromcformaldoxime (0.

and KHC03 (0.24 g) were added to the reaction mixtu

solution was further refluxed for 2.5 hours.

cooled ané concentrated to an oil, which

methylene chlcride and water. The agueous layer

was further
with methylene chloride, and the ccmbired organic

extract was dried (Mgso4) and concentrated to an cil.

-
~
e

ccmpounc (0.61 g, Rf = 0.25) was obtained as a sclid by siliicea

¢el cclumn chromatography of the abcve oil using 1-3% ethyl

sample was obtained by trituration with ethanol; T.p. 164.

lee°cC.
1!t - .l' .
Znal. Calc'd for C35H30NOSB-.. . C, 62.50, H, 4.50; N, 2.CE&;
Br, 11.88 _
Fcund: C, 62.12; E, 4.43; ¥, 2.C8;
Br, 10.75



at [err] = 0.19 had appeared. The sol ution was cool ed, the solids were
filtered off and washed with nethyl ene chloride. The f||trate concentrated

to a yellowoily solid. Pure product (72 gg) was obt ai ned by silica gel .
colum chronat ography using 4% et hyl acet@afe in nethylene chloride as the
el uting-splvent. Recrystallization from ethanol -afforded the title corrpound
as a cryst&lNﬁﬁe(§§ﬁﬂ@ ®g. [Fer30(decly. 4ndlHzcaPlé Hzdor 3 4AAE, 6

53.95; . H, 347635, NaH 6% fogURd: 1H.Cs57’3rﬁ£) He. 4408, Na,249% henr] s -.M@(d

[err]: 1] 19(t Hz 3. Hz) . 76(s.. .6H
3. 81(s 3k °9é(F=’JzH5 f)é (s Hi%‘*(’ SZLT){%(GQI-I?W% 35%&?'191??4. _8-%2)&5' 18),
5.71(d, 1t,09(#,HaH) ,57986s7.29)(m,6. 1K), 2H), 6.57(s, 1H), 7.02(s, 1H. IR
(KBr), vmax, cn: 1732, 1590, 1495, 1482, 1235,. 112G -81- Exanple 21

i -[err]-Benzhydryl 3a, 4,5, 10b-tetrahydro-3-bronmo- 5-(3,
4,5-tri neITRox¥phényvmak 3-ai cxol (B W) Yl h(R502d) 21483, 1240, 1130.

i soxazol e- 4-car boxyl ate (Xb) 3 [err]

Example 22

_ o W
él-73ax2,42,50,10bal-Ethv]l 32,4,5,10b-tetrahydro-3-bromc-5-(3,4,5-
+rimethoxvphenyl)-1,3-dioxolo(6,7)napth(2,1-d)iscxazole-4-

carbeoxvlate (XXI)

C—N
: ﬁh- x
<o NN <o\//\ N
l C |
~ : ~
o) C02C2H5 o . \_OZCZHS

3.
¥
N\

7

vIiiib ' XXI

To a solution of trans-olefin VIIIb (100 mg, 0.24 mM)
in ethyl acetate (5 ml) was added dibromcfcrmaidexime (148 mg, -
0.73 mM), followed by KHCO, (145 mg, 1.45 mM) and water (2 \)-/
drops). The reaction mixture was stirred at rocm temperature for
18 hours. Thin-layer chromatography (5% ethyl acetate in
methvlene chloride) revealed that all cf the starting mater:
(R, = 0.71) was consumed and two new spcots &t R.'s = 0.57 a
.90 had.appeared.' The reaction mixture was”fi;tered,
sclid precipiiates were washed with ethyl acetate. The fiitrate
c (MgSO4) and concentrated to a sclid residué " The
product (Rf = 0.57) was obtained by silica gel ccium=n
ography using methylene chloricde ané 10% ethyl acetate in
me iene chloride as eluting solvents, as an amcrphous sclié (80
mg); m.p. 208-209°C (dec.). An analytical sample of the title



| Xc To a solution of cis-olefin IXc (0.85 g, 1.54 nMin ethyl acetate (40
m ) was added di bronoformal dcxime (0.94 ¢, 4.63 MM, followed by [err]
(@.47g , 4.69 mM). The suspension was re.fdy.xed for 3 hours. Thin-layer
chromat ogr aphy [ether: Skelly- solve B (1:1)] reveal ed that the reaction was

appr oxi mat e %GO gRle &S al _dibro doxi e
(0.47 ¢) qn{::l¥ grgﬁ Eggﬂ% tdi"i'.'av%/ere % gtgéét%ﬁ%dpreac |J(>)?1 :Pég gﬁh"‘ﬁé m.p.
sol uti on wadlforilé r(éf—‘lcuﬂed for 2.5 hours. The sol ution was cool ed and
concentrated to an oil, Whl ch was partitioned between nethyl ene chloride

and water. The aguqzog% ayer was further extracted with nethyl ene

chl ori de, Bofbendd o gatia Bgitact s i 2% [Brrf- 3hd Sendehir at ed
to an oil, The t|tIe conpound (0. 61lrpurdarr] ¢, G295 weas, obt a8 ned, as_ ggsolid
by silica gel columm chromatography of the above oil using 1- 3% et hyT
acetate in,nmethylene chloride as eluting solvent. An analytical sanple

was obt ai nedH byMRr i(CDCAEi,omw t 1.0dhanol3H m7.2 ). 5- 3.1ﬁ:8(t, AR} .sCalgzd,

f4025[err]_ 3, %é@Z %9, ,3 $43Q, Mu)2- Q8ioglr3. obl:B8 fipund; 1, G 62512 H He) |
o N IH, 10 1 Ez), 5.97(s, 2H), 6.31(s, 2H), 6.37(s, 1lE),
~ -6.95(5, 1H) .

IR (KBr), vmax, cm-l: 1735, 1585, 1498, 148C, 1245, 112¢.

Example 23

1 &Z,46,52,10b8}~3a,4,5,10b-tet
trirtethoxvophenyl) -1, 3-dlcxo_o(6 7)n

ro=-3-chicrc-5-(3,4,5~-
1

-Cliscxazcle-i-

carboxvliic acid (Xc)

Br N
0 : o J—-C1
’l ' / : : i
‘CO,CHPh, ,Aqt//&\v/Juq
. >' z COZH
. _ -
| - OCH,; \\I
Km.. CH,O. _ OCH

/’\

LU OCH . . 3 bcp 3
. . ‘3
Xb ' Xc
To & solution of ester Xb (0.4 ¢, 0.61 mM) in nitrc-
methane (12 ml) was added at room temperature 1IN ECl (3.3 ml :ir
nitromethane). The sclution was stirred at rocm tempsratzure fcr

3 hours and at ice-bath temperature for 30 minutes. The cold
sciuticrn was filtered to collect the title compcound as a whize

crystalline solid (175 mg); m.p. 238.5°C.

al. Celc'd for CZZHZONOSC" C, 57.21;

E
- ‘ Found: C, 57.13; H, 4.3%; XN,




-82- HNWR [err]: 3.30(dd, 1H, 4.7 Hz, 9.4 Hz), 3.44(s, 6H), 3.76(s, 3H),
3.96(t, 1H, 9.7 Hz), 4.34(d, 1H, 4.7 Hz), 5.69(d, 1H, 10.1 Hz), 5.95(s,
2H), 5.98(d, 2H), 6.57(s, 1H), 6.93(s, 1Heg4Z Ol(s, 1H, 7.39-7.12(m 10H)

IR (KBr),Ernax cm : 1750, 1590, 1502, 1483, 1240, 1130. Exanple 22
-[err] a( 10bg § et r ahpdri@s3- Bror

tr| met hoxy FE%‘?&; _(ﬁ)%l%“ 032) o(g %qr%g-d hlh.lo BN élssoxazollse 42 )' r Dok 74(' SH)

(XX1) [er rap 8% st i 3nBefter AHs- éloef7| ﬁ? M I4| B Do Hiy, b '24H?TM $n7@t(ﬁyl

acetate (3myj)e vesuapdes, dihsoneor,mel.dexise 48 6 /a8 fs /318M . 7{ okl eweds by
[err] (145 ng, 1.45 mV) and water (2 drops). The reaction-m xture was

stirred at roomtenperature f 18 hours. Thin-layer chromatography (5%
et hyl acetIR e(xmzmethyéxnecmﬁ?@ri Qs o-auddl ,ed et 820 pfle 8B, slaBﬁlnglzs,
mat eri al ([oe_{ ]= 0.71) was consunmed and twp new spots at [err] 0.57 and
0.90 had appeared The reaction mxture was filtered, and the SO|Id

preci pitates were washed with ethyl acetate. The f||trate was dried [err]
and concentrated to a solid residue. ﬁ&@ﬁple 24

dl-[3a£,4e,50,10b£]-3a,4,S,10b-tetrahvéro-3-bromo-5-(3,4,5- J
trimethoxyohenyl)-1,3-dioxolo(6,7)napth(2,1~-d)isoxazclie-4~

carboxvlic acid (Xd&)

o N o—=

N “ : QJJVR\ 2
’CO ChPh ~ -//)”co 3
7

X H 2
o
OCH, CE;0 J\//\ ocH,
OCH : 3
3 ocH,
. Xb . xé

A cold (0°C) sclution cf the ester Xb (134 mc, (.2 mM)
in 1.3 ml of trifluoroacetic acic was aiiowed to warm ¢
temperature. After 2 hours of stirring, the trifluoroaceticl-~“=
was removed under reduced pressure at about 35°C. The *es‘dGE;‘r
was treated with water and filtered to vield the titie ccmpcurnd.

silica cel chreomatograzhy

E portion of the solid was purifieé by =ha
using 10% methanol in methylene chlcride as the el uting scivent
to affcrd the title compound (42 mcg) as & crystalline sclid; m.c.
225-229°C.



- desired product (Rf = 0.57) was obtained by silica gel colum.

chr onat,ography using nethyl ene chloride and 10% et hyl acetate in nethyl ene
&hloride as eluting solvents, as an anor phc o4 solid (80 ng); mp. 208-209C
(dec.). An anal yti cal sanple of the title -83- conpound was obt ai ned by
recrystallization from 95% et hanol ; n1§ ! { (dec.). Anal Calc'd for
[err] C, 53.95; H 4.53; N, 2.62 -t 53.95; H 4.48; N, 2.58
[err] NWVR [err]: 1.04(t, 3H, 7.2 Hz), 3.12(t, 1H, 8.1 Hz), 3.80(s, 6H)

. 3.84(s, 3 : :

5.97(s, 2
1735, 1585 : AR - 22BN

5, 10b-t et r ahydr o- 3- chloro 5- (3, 4 5-

tri met hoxyphenyl)-1, 3- d|ol$I0(6 7)napth(2, 1-d) isoxazol e-4- carboxylic
acid (Xc) [err] To a s on of ester Xb (0.4: g, 0.6: nM) inogitro-

<o 0-//\\
' f / ' > /K/l
o o "0, H = \0 \\g// co,n
AN
_ : |
_ . A A2
CH30 OCH3. . CH3O \\T/J\D;h3
K/' OCr.3 : O\.:-.3
Xc XIc
To a suspension cf chlcroiscxazoline acicé Xc (z2.00 g,
C.43 m¥) in methanol (100 mi) was aéfed Renrnev nickel {akceut

¢.5 cc), ané the suspencsion was shaken on a Parr &agpara
i (

2z resi hycdrogen pressure £cr 4 hours. Piatinum cxice c) was
addeé tc the sclution ané shaking ccntinued on the hydrccenator
£ id s were Ifiltered cif

¢
0

r an additional 2.5 hours. The ceata 1§
¥

d-
b
thrvagk a diatomaceous earth pad ané the filtrate concentrated tc

4]

clid resicdue (2 g). Thin-layer chromatcgraphy (20% methancl

in ne:bylene chloride) cf the s0lid residue revezlel besides the

starting acid (Rf = 0.53) two additionel ccmpcnents at Rf = {0,320

o (najor) and Rf = 0.09 (minor). The major compcnent at Re = 0.30
~ was isolated as a white solid (0.9 g) by silica gel coclurm

crnromatography using methanol-methylene chloride (1:5) as eluting

sclvent. Recrystallization from methancl aliordec an analytical

1 or by
sample ©f the title compound; m.p. 245-2£46.5°C (Cec.).
2w 3 Tt 1 : . 1 . Q&. N 2
Znal. Caic'd for CZZhZILOB‘ C, €1.82; H, 4.93; N, 2 |

Found: C, 61.€7; E, 4.93; X, 3.27

‘4 xMR (CDC1l,, §): 3.35(ad, 1H, 3.4 Fz, 12.4 Hz), 3.71(&¢
12.5 Bz, 5.8 Hz), 3.74(s, 6H), 3.78(s, 3E), &
4.9€(a, iH, 3.2 Hz), 5.94(m, 2B), 6.1i(s, 2H), 6.41(s, 1E),
- 6.86 (s, 1lH).

|



met hane (12 m) was added at roomtenperature 1N HO (3. nitronethane).
The solution was stirred at roomtenperature for- 3 hours and at ice-bath
tenperature for 30 minutes. The cold solution was filtered to collect the
title conpound as a white crystalline solbgg-(175 ng); mp. [err] Anal .
Calc'd fpr [err] C, 57.21,; Ji ‘4 36; N, 3.C3 Found: C, 57.13; H, 4.39;

N, 3.18 ° IR84K=}')H mq'erqu] 3.24%09d, 2380, 4204P1z, 17500 HBPLC.3.1A405, 18H9S,

3.80(s,, 3Fﬁ24§ 8§ﬁ@m 1&0330 7 FE) 4.42(d, 1H, 4.7 Hz), 5.76(d, 1H 9.8
Hz), 5.98(s, , 12(s, 2H), 6.58(s, 1H), 7.02(s, 1H). IR (KM), vnax,
[err]: 2800 3100 1715, 1520, 1485, 1230, 1125, 1035. Exanple 24
-[err]-3a, 4,5, 10b-tetrahydro- 3- br ontEpathigld, 26
tri met hoxyohenyl) -1, 3-di oxol o( 6, 7) napt h(2, 1-d) 1 soxazcl e-4- carboxvlic acid
(Xd) [err] Acold (0C solution of the ester Xb (134 ng, 0.2 . M
él-flec,20,33,46}-1,2,3,4- Tetrahydro-a-cvano-d-hvcroxv-'-(’.4.5—

trimethcxvphenvl)inaphthalene-2-carboxvlic acid (Xlg)

o— N | .
\ c1 ) OB (W
<o ~ ' ' o ~ ll CN
\ >~ "ty =, < Y,
(o]} v COZH > o N tOZH

Xc _ _ iIg

kaney nickel (about 1.0 cc) was aédeé tc a suspension

[\!

)
o
| 2
(%)
@
o

of chloroisoxazoline acid@ Xc (1.40 g, 2.23 mM) in meih
ml), and the suspension was hydrogenated on a Parr agparatus
under an ' initial hydrogen pressure of 5C psi for 2 hours. The
catalyst was filtered off thrcuch diatomaceous earth and the

solvent evaporated under reduced pressure. The acueous scluticn

amorphous sclid (0.8 g, 60%), whose F NMR soectru: was icerntical

was acidified with 6N HCl and extractedé with 10% methancl in

D:

methylene chloride. The combined organic extract was érie
(Mcso ) and evaporated to yield the tztle compound as an

to the product produced ir Example 25.



in 1.3 mM of trifluoroacetic acid was allowed to warmto room tenperature.
After 2 hours of stirring, the trifluoroacetic was renoved under reduced

-@ressure at about [err]. The residue was-gyeated with water and filtered
to yield the title conmpound A portion of the solid was purified by silica

gel .chrcmat ography using 10% net hanol gia-aBthylene chlcride as the eluting
solvent to affcrd the title conpound a crystalline solid;mp
“[err] . -85- Exanple 25 dl-[err]-1,2,3,4-Tetrahydro-3-cyar o-4- hydroxy 1-

(3, 4,5 tidethoxypheaykpnappeiial ene, 2, qim-.b@éxh 'ar@clsdcwn@-zr[-@rvrdro?gf-aa-

suspensi on 0f inorolso a20| ne 0. %p e nanot  ( 100
- shaken

m) was a
on a Parr apparatus under 42 psi hydrogen pressure fcr 4 hours. Pl ati num
oxide (50 ngy) was added_t¢ the sol ution and shaking continued on t he’

hydr ogenazor for an a |troE?I 2.5 hours. The catalystswfﬁﬁivélltered of f
t hrough a dbate MHad and the f||trate\T€2§ent e cho
1 t

: '
~~C0,C e \0"“§L//\\5/J cozc2
= . \ - 5
2 -~ 3
N

To a suspension cf ester Xa (0.106 g, C.2 mM) irn ethyl
(

[\J

cetate saturzted with water (20 ml) ané methanol
acdded keric acid (36 mg, 0.6 mM) fcllowed by Rane

C.i1 cc)l. The suspension was hydrogenzted in a Pa
40 psi for 6 hours. Thin-layer chromatography (5% ethy

-

M
H
>
[\ ]]

in methylene chloride) revealed, besiGes the starting est
(Rf = 0.61), a new component &t Rf = (.15. The catalyst was
filtered off, and the filtrate was ccncentrated tc a2 sclid
residue. Silica gel column chromatograghy ¢f this residue, using
5t and 10% ethyl acetate in methylene chloride as eluting

. k“\/ selvents,'afforded the title compoﬁnd (Rf = 0.15) as an amorphcus
solid (54 mg). Recrystallization frcm 95% ethanol afforded the
title compcund; m.p. 215-216°C.

.nal., Calc'é@ Zer C h SNOS C, 6
Found: C, 6

"

| V]
L
S}
(2R
o
w
.
tn w
(93]
“

w
[

lH NMR (CDC13, &): 1.17(t, 3H, 7.3 Hz), 2.62(&4, lH, 4.4 Ez],

:.44 (&8, 1H, 3.3 Hz, 12.4 Hz), 2.74(m, 1H), 3.74(s, 6E), 3.8C(s,
3iE), 4.06(g, 2H, 7.1 Hz), 4.53(d, 1E, 5.9 Hz), 5.07(t, 1%, 3.8
£z), 5.97(&d, 2H), 6.03(s, 2E), 6.42(s, 1lH), 6.85(s, 1H).

L)

. IR (KBr), vmax, cm t: 3560, 2245, 1725, 1590, 1235, 1128.



a solid residue (2 g) . .Thin-layer chromatography: (20% net hancl in

nmet hyl ene chloride) of the solid residue reveal ed besides the starting acid
(Rf = 0.53) two additional conponents at [e88~ = 0.30 (major) and Rf = 0.09 e
(n1nor) The maj or conponent at [err] = 0.30 was isolated as a white solid °
(0.9 9) by silica gel columm chromat ogExamplesiagy net hanol - met hyl ene

chloride (1:5) as eluting scivent. Recrystallization from nethanol

afforded an anal ytical sanple of the title conpound; mp [err] (dec.).

Anal . Calcai#tﬂAIanBB 48)-Eth¢l 6123823, 4+tetn§hydto€b€®'FUMﬂd—chfb>x-1-
61.67; H, N 35 ;
3. 71( dd, 1ﬁ et Yo *Ll’%’z”ﬁ‘{’ ' 2 .
Hz), 4.98(d, 1H, 3. 2 Ft) 5 94(n1 ZFD 6. 11(s 2H) , 6.41(5, 1FD ' 6. 86 (s,
1H) . -86- IR (KBr), Nr]: 3490, 2920, 2240, 1750, 1590031500 1485,

1240 1130, 1035. Exan) Br
-[err]-1, ¢ 0- 3- cvano- 4- hvdr oxy- 1-
trlnethoy) p -darboxylic acid (Xl Q)
”'fcozczn5 “c0.C. H

27275

A solution of ester Xa (64 mg, 0.12 mM) in § mi cf dr
tenzene under a nitrogen atmosphere was i
hydrice (0.12 ml, 0.45 mM) ané 2,2'-azchislisobuty:
(2 mg). The mixture was heated at reflux temper
' he reacticn

’-1 r'

and then stirred at room temperature cvernight.
mixture was evapcrated under reduceé pressure and the residue was
purified'by silica gel coclumn chromatography using 5% ané i3t

_ethyl acetate in methylene chloride as eluting scivent. 7Th

m

ec

[¢])

O

.a
-l

appropriate fractions were combined anc ew;,o:ated unéer re

0n

pressure to give the title compouné, whose "H KMR spectrum wa
identical to the product procduced in Example 27. L;”’I



-

‘[err] Raney nickel (about -1.0 cc) was added tc a suspension of

chl oroi soxazoline acid Xc (1.40 g, 3.23 nM in nethanol (200 m), and the
suspen5|on was hydrogenated on a Parr appamﬁgB under an initial hydrogen
pressure of 50 psi for 2 hours. The catalyst was filtered off through

di at omaceous earth and the sol vent evaporated under reduced pressure. The
aqueous sol ution was acidified with 6NBIEPRER ©3tracted with 10% net hanol
met hyl ene chl ori de. The conblned organi c extract was dried (NgSCﬂ) and
evapor at-ed ,-'yggln tgg ‘ d

whose [err]+™ Ly ' 5ot
25. -87- (Exgggrg- ?e&hckgm@pnﬁdﬁﬂaphthalene-2 carboxv ate ()Tb)

1,2, 3, 4-tetrahydro-3-cyano- 4- hvdroxy-1- (3,4, 5-trimethoxvphenyl)
naphthalene 2-carboxylate Xl h) [err] To a suspension of ester Xa (0.106 g,
0.2 M) in ethyl acetage gaturated with water (20 nl) and 8t hanol (5 nl)
was added b06IC Ld BX6 mv) followed by Rane e @eRout

11,
o 0 ~ C0,C K - Y o, k.
”~ '/ l
~
CH,0 OCH, CH307™ X - Hy
o/ Oc%s M
Xa XIh

2 suspension of ester Xz (106 mg, 0.2 m¥) in 2 ml cf

g0 aq:e:ué methanol containing 0.08 ml cof concentrated :

0 Z 10% PE/C (55% by weight in water) weas hydrcoccenzted under

pressﬁre of 1 atmcsghere for 24 hcurs and thexn allcowed
for 5 days. The catalyst was filtered cZZf throuch

eous earth and the sclution was neutralizeé tc abcut pE 7

f
[ 2
o
ot
0
=
[11)
0

with saturated NaHC03 sclution before the solvent was evapcirated
under reduced pressure. The residue was purifieé bv silica cel
cclumn chromatography using 20% ethyl acetate in methylerne
chloricde as eluting solvent tc give 40 mg cf the
'\, ! which was identical to the product produced in Exampie 27.



0.1 cc). The suspension was hydrogenated in a Parr apparatus at 40
psi for 6 hours. Thin-layer chronmatography (5% ethyl acetate in nmethylene
chloride) reveal ed, besides the starting e8Per Xa ([err] = 0.61), a new _
conponént at [err] = 0.15. The catalyst was filtered off, and the filtrate
was concentrated to a solid residue. Eﬁghbgg @9) colum chromat ography of
this residue, using 5% and 10% et hyl acetate net hyl ene chl ori de as

el uting-.solvents, afforded the title conpound ([err] = 0.15) as an-
annrphousa&ﬂﬂhi(iﬂ-mg)4“ Rec2y31 4+ rezathed ro-GRSENei4rana r s y-or<es), 4 he-
title COMRQYL %“42§{9A§“x )¢aéﬂfha;gﬁkf déL%@o eﬁnif G qg,lHi7?ibdéH

N 3.08 ruunu \ S En v v e 0 V) ) AR e by Sy

7.3 Hz), 2.62(d, 1H 4.4 k), 3.44(dd, 1H 3.3 Hz, 12.4 Hz), 3.74(m 1H),

3.74(s, 6H), 3.80(s, Ry, 06(g, 2H, 7.1 Hz), 4. 53(d, 1H, 5.9 ki), 5.07(t,
1H, 3.8 Hz)!, - Cd. 03(s, 2H), 6.42(s, 1H), iH. IR
(KBr), [errP< RFA5, 1725, 1590, 1235, 1128. g eN28
dl -[err]-E hyl ¢t r ahydr o- 3- cyano- 4- hydroxy-
it,
o - /cozg /’ e OCOZH
Z
_ NG .
CH;0 OCH; CH,0 CH;
H 2
OCH 3 oc..3
Xc ' . XIg
To a solution of chloroiscoxazcliine acid Xc (92 mc,
6.2 mM) irn 50 ml of solvent (comprising 36 ml of methancl, 10 =mI
cf methy:ene chloride and 4 ml of water) was added 30 mg of
'nickel toride, anéd the mixture was hycércgenated on a Parr
apparatus under an initial hydrogen pressure of 40 psi for 1€
hours. The catalyst was filtered off through diaztomacecus earth
ané the solvent evapcrated under reduced pressure to yi e;d ¢0 mg

(]

-cf the title compound, which was identical to the prcc

- produceé in Example 25.

Y&



< .
(3, 4,5-trinethcxvphenl) napht hal ene-2-carboxylate (Xlh) [err] A solution of
ester Xa (64 ng, 0.12 mMM in 5 mM of dry benzene under a nitrogen
-aenmosphere was treated with tributyltin hydrigle (0.12 m, 0.45 mM and
2,2' -azobisisobutyronitrile (2 ng). The mxture was heated at refl ux
tenperature for 6 hours and then stirred at,rgon1&enperature over ni ght.
The reaction m xture was evaporated und pressure and the residue
was purifjed by silica gel col um chronatography usi nc 5% and 15% et hyl

acetate in ngbhw,anQé: ualgg ;th oL

fracti ons were—cont evaporated—of A ‘ '
title conpoudd Wmﬂowwﬂrcmbmﬂhe acmdudv’--)
produced i n Exanple 27. -89- Exanple 29 dl- [err]-Ethyl

1,2, 3,4-tetrahvdro- 3- cvago 4- hvdr oxy- 1-
(3 4 5- trlnethoxyphenyl aphthalene 2-carboxyl ate (XIh) [errbgA suspen5|on
of ester Xa (186 €N 10 m of 90@6aqueo%f nmet hanol coeﬁa%@

A solution of the hycrcxvnlt-¢- XI¢ (0G.50C g, 1.2 mM)

i=
in

r)l
H

y tetrahydrcfuran (15 ml) was added under nitrocsn a+ 0°C
i

rf

& stirred suspension of lithium aluminum hydéride (C.
i tetrahydrofuran (20 ml). &fter 16 hours a+ rocm tenm
the excess lithium aluminum hydéride was cdecomposeé by seguerti
addition of water (0.16 mi), 15% scdium hvdroxide sclution (C.1

ml) and water (0.48 ml). The precipitate was filtereé cff and

13
M

 the tetrahyérofuran was removed under reduced pressure. Tk
agueous solution was acidified to pE 6 with 0.1N ECi ané ex-
_ tracteé with methylene chloride. The combineé extrac: was drie
\ﬂ.; (Mgso4) and evaporated to yieléd the title compcund (0.12 ¢, 24%

& portion of this sample was dissolved in methancl-methylere

0

(o]

cf silica. The column was washed with methanol (4 ml) and the

m

minc acicé eluted with 10% &cetic ac*d’*n'methanol'(z rl), The

(-

i€ drie

n

c.vent was evaporated and the resulting sc
vacuum at 78°C to give the title compcun

= ~t . r e W . . ) Y - AL B
.21, Calc'd for CZZHZSNOB CHBCOOh hZO. C, 56.57; E, 6.*3,.
- . N, 2.75

Founé: C, 56.85; E, 6.28;
' ‘N, 2.68 '

hloride (1:4) ancé applied to a solid phase extracticn cartiridce

¢ as an acetic zcié szit.



10 ng of 10% Pd/ C (55% by wei ght in water) was hydrocenated under a

hydrogen pressure of 1 atnosphere for 24 hours and then allowed to stand
for 5 days. The catalyst was filtered of§2Lhrough di at omaceous earth and
the solution was neutralized to about pH 7 with saturated [err] solution

before g J8IR/ Rinclias SYAPOEakets? yfler of Sduced 1aes Uy (o ThAr oS e

was purif f aphy ‘usi nd acetate I n
met hyl enddchlzam.dé-ﬁ e(hRJ nbﬁhol 4eh® (bB,gitid ., 4(3 Mg & t359 1348 onpfidiind
whi ch ‘was, i Cadyyt O od pPBO d i1m)Ex m,/-1). - 90 Exanple
30 dl - [e?r ]2%?%? 36543)1’et:§r gﬁ/cpi‘?o gﬁscya?lo%qﬁydrlo%y %rr?loe( '5- e

t ri met hoxyphenyl ) napht hal ene- 2- car boxyl i ¢ acid, (Xl-c). [err] To a sol ution of
chl or oi soxazoline acid Xc (92 ng O. ExaMbIEHBEO m of solvent (conprising
36 m of methanol ,10m of nethylene chloride and 4 mM of water) was added
30 ng of nickel boride, and the m xture was hydrogenated on a Parr

appar at ug iwgtdrc gicphwl latohydr ¢ieén pressure of 40 psi  for 16

— N . g}
Cl
<O
O ‘s
g COZH _
" o
J\T [IN
CE
3 OCH
Xc ' B
To a solution of chloroiscxazcline &acid Xc (2GC =g,
C.43 mM) in 100 ml of CH3OH/H20/CH2C12 (7:1:3) was addel nickel

becride (60 mg, 0.86 mM), ané the suspensicn was subjected tc
hydrogenétion in a Parr apparatus at 40 psi hyérogen pressure for
18 hours. Platinum oxide (200 mg, 0.88 mM) was azdded tc the
sclution, and the suspension was further hydrogenazted at 45
fer 2 hours. Thin-layer chromatography (5% MeOE in CHECLZ)
inéicated the disappearance of the starting acid (Rf = C.<E) a;/"’

" the appearance of a highly polar component (Rg = 0.07). The
catalysts were filtered off on a diatomaceous earth pad, anc the
filtrate was concentrated to a syrup. The syrup was dissclvel :irn
50% acexic acidé (7 ml), and to the resulting scluticn was aédecd
sodium nitrite (200 mg, 2.9 m¥M) solution In water (& ml). ~Iter
stirring the solution at room temperature fcr 4 hours, saturzted
agueous sodium bicarbonate sclution (20 ml) was carefuliy

ané the reaction solution was extracted with methyl . -
(5 x 30 ml). The combined organic extract was dried (Na,SC,)

. filtereé and concentrated to give the title compcundé as a light
veilow sclid (84 mg) which was homogenous on thin-layer ¢

tography. . -



o
hours. The catalyst was filtered off through di atomaceous earth and the
sol vent evaporated under reduced pressure to yield 90 ng of the title
c8npound, which was identical to the prcduct produced i n Exanpl e 25.
-91- Exanple 31 dl-[err]-1,2, 3, 4- Tet r ahydr o- 334mi nonet hyl - 4- hydr oxy- 1 -
(3, 4,5- trlﬁehﬁgxy hen napht hal ene- 2-carboxylic acid (XIi) OH OH [err] A
sol ution o Ihfﬁrﬁ%@%}jrlﬁb Xl §- 86.(m5014), B.29rMa,i nKyrys. 1 Hz, 14.1 Hz),

t et r ahydr of urlas( (s, nég) yes, sddegd mﬂeunb%mgeag?t cht3o(ﬁz ' §H ;[ﬂergr drear

suspensi on of, ldd y

(20 m). Afteré Jlj'hour's 'tpur'g;o{;t nPefde url) ot ﬁe2@>(§es§hl)|,t I6i. 5@ (@ ,urbzyym
hydri de was d&ed@nfsose)by sequentlal addition of water (0.16 m), 15%
sodi um hydr.oxi de solution (C. 16 m) and water (0.48 m ). The precipitate
was filtered off and the tetrahydrofuran was renoved under reduced

pressure. The aqueous B @whoie epecreral f detlat Os pih ﬁgygghe tlwlggltggdcata
ex- : for epipodophyllotoxin reported in J. Med. Chem. 22, 215 (1¢79)

< Example 33

Si-Ezizodophvllotoxin (I)

‘(O\j<§7\T/J\?»CN | \N//\\T/)
\O’iQQ/LL\E/J”CQZH ’l\\//‘L\V//T—TB

~ ‘ C
- \ -
Cx307 " TOCH, CE, N /\ o
OCH,4 ocH ;
Hy
XIg I

A solution of the hyérexynitrile Xig (C.25 ¢, 0.59 rv)

in déry tetrahydrofuran (7 ml) was adéec under nitroger tc &
. coccieé solution of lithium aluminum hydride (0.08 g, 2 =M) in
\T\J: tetrarhydrofuran (20 ml). The reacticn mixture was stirresd for i6
- hours at room temperature. The reacticn was terrmirated by adding
1:1 (v.,'V) acetic acid in water (i0 ml), and the tetrahydrofuran
as remsved under reduced pressure. 2 solution cf socit: nitrite
2CC mz, 2.9 mM) in water (1 ml) was addeé to the residre and
stirreZ at room temperature for I hcur., Saturated acuesus NaKCC
scluticrn was added to neutrzlize the acicdic sclution, and thre
X € was then extracteé with methylene chlcride. The ccmbined
Srganic extract was dried (McSO ) andé evapcrated tc vield
shyllotoxin (I) (0.21 g, 87%) as a ;ight-brow: foarn; the
s

Dectrum was identiczl to zhe epipcdophvlilictoxin crecared



tracted with nethylene chloride. The conbined extract was driec [err] and.
evaporated to yield the title conpound (0.12 g, 24%. A portion of this
sanpl e was dissolved in nethanol -nmethyleng, chloride (1:4) and applied to a
solid phase extraction cartridge of silitgﬁ‘ The col umm was washed with
met hanol (4 m) and the am no acid elﬂ§§£?y€t941096acetic acid in nethanol
(2 mM). The solvent was evaporat ed ulting solid dried under
hi gh vacuum at [err] to give the title conpound as an acetic acid sat.
Anal . Calc'd for [eihlen the ferdrall pPodddude £7BxERENds 1G 56485 1,
6.28; N, 2.68 -92- H-NWR [err]: 6'8féf1 1;%, 6,32(s, 1H), 6.05(s, 2H),
5.88 (d, 2Hy, 28:863(BFY B4 3TF RPENEIFLi-8. FOPEateEy € CePLs thgn) the
3.26(bp, 2khrrint3pmateldel 3 60(5ntithe tRoBP¢ T , iHrmeEkglphecidxy chalccne
O 5P POIRROKL! k4D ) f SldmgFe ® S0 UhLETA8La B OLR! 82ARNLI° BB E £
- a compound of the formula

0 W/
1
R ,
g2 NG XXIIb-XXIIc
wherein
Compouné R B & LSO
XXIIb ) H OCH, E CH, E
XXIIc B OCH, OCH, CE4 B
XX11é OCH, OCH, H CH, E
XI u CE 3
XXIle OCH, OCH, oCH, CE, -8
XXIIf -OCH 0~ OCH,  CH, B and
XXIlg _ OCH3 H H CH3 K, respectively

[which are prepared by the general procecures describe
é

Syrthesis, 647-650 (1980)], there is thereby procluce



L4

0.43 MV in 100 M of [err] (7:1:3) was added nickel boride (60.ng, O0.86
mV), and the suspension was subjected to hydrogenation in a Parr apparatus
af 40 psi hydrogen pressure for 18 hours. Platinum oxide (200 ng, 0.88 mV)
was added tfc the sclution, and the suspensir@h-was further hydrogenated at
40 psi for 2 QS <4 'fglayer chromat ogr aphy (5% MeOH in [err] indicated
t he di sappearance o e starting acid [err] = 0.48) a the appearance of a
hi ghly pol ar conponent ([err] = 0.07). the catalysts were filtered off on
a di at omaceous earth pad, and the filtrate was concentrated to a syrup.

The syrup was dissolved in 50% acetsic acid (7 m), and to the resulting

sol ution was added sodiumanitrite 200 ng, 2.9 . mMV) solution in water (8
m). After stirring the s i at~o0 t enperature for 4 hours,
sat urat ed aqueous sodi um bi ¢ar bphat e %olumion (20 mM) was carefully added,

and the reaction solutiq@ \\ex$kgp?bﬂ- ith methylene chloride (5 x 30
m ). The conbi ned organi c extractzwas ied [err] fil #&TbdXanTg
concentrated to give the title capoynd as a light yellow solid (84 np)
whi ch was ‘honbgenous on thin-1I ay, dhr oma- tography. - 93-

~ R4 R6
ORS
U wherein
Ccmzoeounsd R_l R_2 R4 ?.5 Rs
XIZkb B OCI-:3 E CH. ;—
g >
XIIc H OCI-I3 OCH., CE, E
XIIé& 5 'J
il OCH3 OCH3 E CI';3 H
XIile OCI—:3 : OCH, OCH3 CE, H
XIIit -OCHZO- OCH3 CH, H and
XIZg P
g OCH3 H H Cn3 H, respectively.
-



NVR [err]: 2. 86(m 1H), 3.29(dd, 1H 5.1 Hz, 14.1 Hz), 3.75(s, 6H)
3.81(s, 3H), 4.38(m.2H), 4.63(d, 1H 5.1 Hz), 4.88(t, 1H 3.4 Hz), 6.00(d,
2H), 6.29(s, 2H), 6.56(s, 1H), 6.89(s, 1H) .gf@he above spectral data is in
agreenent with the data fcr epiodophyllotoxin reported in J. Med. Chem 22,
215 (1979). Exanpl e 33 dl - Epi podophvllotoxin (I) [err] A solution of the
hydroxyniitrile Xlg (0.25 g, 0.59 mM in dry tetrahydrofuran (7 m) was
added under nitrocer. to a cool ed sol utgd fe |46 hi um al um num hydri de
(0.08 g, 2 mMVM) tetrahydrofuran (20 m): tion mixture was stirred
for 16 hours at roomtenperature. The reaction was term nated by adding

1:1 (vv) acetic acjd er Gl I 1%¥§£g§g;l§ﬂ§1£ﬂ§:
- under redufad IntrbsEy E'%@H‘&~?'%'W.T€ ; ?-9 my) in
wat er (1 nyy st Regeghenylhaapading enem 3 FPON "Hééggﬂiure for 1

hour. Sat acueous [err] solution mas.addéd to neutralize the acidic
sclution, and the m xture was then extracted with nmethylene chloride. The
conbi ned organic extract o| dri ed [err] and evaporated to yield©H

epi podczphyllotoxin (1) f0.22—@r87% as a |ight-brown foanp.the N
spectrum was ,:01 @‘ he epi podophyl | ot oxi n prep@ \J
s N 1,,
. | 'fco H rd E C°2H

= 2

CH,0 OCH, cH,0 CH;
5 OCH,

I
xd XIg

A mixture of solid bromoisoxazoline acid X4 (160 mg,
0.316 mM) and dry sodium hydride (39.2 mg, 1.22 mM) under
nitrogen was treated with dry tetrahydrofuran (8 ml).

The resulting suspension was stirred at room temperature
for 10 minutes, and at 60°C for 2 minutes, and cooled to
-78°C. 0.22 ml of a 1.6 molar solution of N-butyllithium
in hexane (= 0.35 mM)hwas then slowly added via a syringe
over 1 minute to give initially a red solution which becor
yellow after the addition is complete. Stirring of the' :
mixture was continued at -78°C for 5 minutes. The cooling
bath was removed and the contents were allowed to warm to
0°C over 3-5 minutes and then stirred at 0°C for 3 minutes.
After cooling again to -78°C, the reaction mixture was
poured into a mixture of 6% aqueous ammonium chloride

(50 ml), 5% hydrochloric acid (20 ml) and ethyl acetate

(40 ml). The organic phase was washed with water (30 ml)
and brine (30 ml), and dried (MgSO4). Rotary evaporation
followed by flash chromatography on silica gel (5-15%
CHL0H in EtOAc) afforded the title compound (124 mg), whose
1H NMR spectral data was in agreement to that reported in

Example 25.



|n Exanpl e 32.

starting mat eri al 3,4,5-trime-hoxy-3

-94- Exanpl e 34 Wen the general
2, 10, 11, 17, 20, 23 and 32 are sequentially repeated,

procedure of Exanples 1,
except that the

, 4' - meBAylenedi oxy chal cone xxa

utilized in Exanple 1 is replaced by an equi nol ar amount of a compound of

the forrmula [err] wherein Conpound

cLaz1mderr] f[err] [err]
mr—[err]

[err] XXIIDb [err] [err] [e [err] XXlIlc H
[err] [err] [err] ‘H XXl d [err] [err] H
lerr] HXXlIle A cbrpohnd of| ehe] formuder | [err] H XXI | f
Jerr] [err] [err] H and XXl 1g [err] H
H [err] H respectively:3 - 3 [which are
prepared by the general s desgribed in Synthesis, 647-650 (1980)]

3ﬁedur-

, there is thereby produce

R® v~ "COOR?
[
Rl RG
. ORS
AN '
wherein
% ané R“ each are independently hvdérccen cr (Lower)-
1
alkexy, cr R* and Rz, taken together, is methvienellicxy:
k]
R~ is hydrcgen or a carkoxyl-prctectinc croug;
4 . - C e
R~ and Re each are independently hyvirccen cr (licwer)jalkexy; an
.\5 - -~ -
R” is hydrogen or a phenol-prctecting groug;
cr an acid addition salt therecf.
2. A compound of Clzim '1 havincg the fcrmulsz
e
Nt
J
VIiIla

CH,07"

vwherein R3
hyérogen
therecf.

is hyérogen or a carboxyl-prctectin
cr a phencl-protecting grocug;

\nN

cr

TN O 0L



-95 - of the fornmula [err] =~ -96- Exanple 35 dl - .
[err]-1-, 2,3, 4-Tetrahydro-3-cyano-4-hydroxy-|-(3, 4, 5-

tr|nethoxyphenfyl)naphthalene 2-carboxyli ®@gcid (Xlg) [err] A mixture of
solid bronoi soxazoline acid Xd (160 ng, 0.316 m\V) and dry sodlun1hydr|de
(39.2 ng,,1.22 M) wn ogen tr. Iry_t dr of _
m). The %esultln guggé QP%Q %ESQ§¥%Wé§%%% é%ﬂgg 2 @ﬁ%ﬁ%y? 4?
m nut es, kil hi ﬁben}lﬂbwwgrhaAbwés rimg @mﬁsﬂitutqdnpﬂemyRlewenrabkil60r
ol ar ¢ sol 4 Liog 0f mbe Ry Y| hhBNREMiien HyenaRRd = G:ch m@ Lpe, tﬁ&g* %\yeﬁ)
added via a s rlnge over 1 minute to giVve | n|t|al
[err] yel3ow hf t BERENECRABLERERY] Pheamd (dower) Qfﬁ}mlirngb%zit-h‘é‘ ycarbonyl or
2,2,2-trichloroethoxycarbonyl; in which the phenyl ring cof RJ and
R" may contain one or two substituents'independently seiectecd
Zrom (lower)alkyl, halogen, (lower)alkoxy and trifluoromethyl; or
an acid addition salt thereof.
- . . 3L A4
4. The compound of Claim 3 wherein R™ is diphenylmethyl;
zné R° is methyl. '
s 2 ccmpound cf Claim 1 having the fcrmula o
® : . o/
ST
o- " COOR>
5 IXa
CH.O OCH
3 ORS 3

wm

!’i!
[e]]

wherein R3 is hyérogen or a carboxyl-protecting groug; R

is
hYdrogen or a phenol-protecting group; oxr an acid addition sai;#/

thereof.
6. A compound of Claim 5 wherein R3 is hycrouen, (iower) -
alkyl, phenyl(lower)alkyl, ring substituted phenyl (lower) alilkyl or

ciphenylmethyl; and R5 is hydrogen, (lower)alkyvl, phenyl(iower)-
1kyl, ring substituted phenvl(loue;)aTkvl, benzyloxycarbonvi or
2-trichloroethoxycarbonyl; y which the phenvl ring cf R3 and
R~ may contain one or twe substituents independently selected
from (lower)alkyl, halogen, (lower)alkoxy and triflucremethyl; or

gr. acié addition salt thereof.

"

. *



E-3

m xture was continued at [err] for 5 mnutes. The cooling bath was renoved
and the contents were allowed to warmto [err] over 3-5 mnutes and then
séirred at [err] for 3 mnutes. After cooli™ E’ag‘ain to [err] the reaction
‘nxture was poured into a mxture of 6% aqueous anmmoni um chloride (50 m),
5% hydrochl oric acid (20 m) and ethyl acetate (40 m ). The organi c phase
was washell wj th water 'f‘g’? %%p@ﬁgdbéknelﬁgﬁ & Wne?adndri’ed d &idnen RSN 1;
evaporation.foll d by flash chromatography on silica gel (5-15% [err] in
Et OAc) af'f oradell Rhel$ideh¥bapound (124 ng), whose H NMVR spectral data was
in agreement to that reported in Exanple 25. -97 - CLAI MS 1.

A conpound of the fornul a %er&% mhgr%bn %egr land [err] each are

i ndependent 18 hydr ogen® of OFPOWRE) ©LafRExFO<BF ferr] and R taken toget her
is methyl enedioxy; [err] is hydrogen or a carboxyl-protecting group;

R~ ané R each are independently hyvdrogen cr (lcwer)-
1 s -
- ES

kexy, or R and R, taken together, is methy

[S

s hvérogen or a carboxyl-protecting grc

W

LN R ¥ ) Y - Y I T
£
'

14
arné R° each are independently hydrogen cr (lower)aliXkcxy;

o)

is hydrogen or a phenol-protecting group; &nc

W

is hydrogen, halogen, (lower)alkoxycarboryl, carbexyl, Cyanc,
trimethvlsilyl, phenylsulfonyl or phencxycarbonyl

]
ot
tn

v
gheryl ring of R7 may contain one or two substituen
_ independently selected from (lbwer)alkyl, halogen, (Zower)alikexy
—  and trifluorcmethyl;

©

r an acié addition salt thereof.

; I



and [err] each are independently hydrogen cr (lower)alkoxy ; and [err] is
hydr ogen or a phenol - protecting group; or 2&??Cid addition salt thereof. 2.

A conpound of Claiml| having the formulaT 3 wherein R is hydrogen or
a carboxyl prctecting group; and [err] is hydrogen or a phenol -protecting
group; an acid addition salt A conpound of
Claim2 wﬁéreln [er ] TERH g%% eiffﬂmgr?aV&PﬁyF%ebﬁﬁﬁmWﬂ%www)aIkyI
ring substituted phenyl(lomer)alkyl or di phnenyl nethyl; and R5 i s hydrogen,
(lower)al kyl, phenyl (lower)- alkyl, ring substituted phenyl(lomer)alkyl,
benzyl oxycar bonyl or 2,2, 2-trichl oroethoxyc@ sdhyl ; in which the phenyl
ring of [err] and [err] may contain one or
sel ected from (| ower)al kyl, halggen ’
an acid addition salt thereof
[err] is diphenyl nethyl; d<ierr *

| ~/
CH,0 OCH,
ORS®

¥
)
M
Al
o
}

v
tn
)" 4]
n:

rogen or a carboxyl-protecting group:

2o

~1 Ut o

ct

H

t—1 [T YA Y
mn

.}d ogen or a phenol-protecting group; andé

nyérocen, halogen, (lower)alkcxvcarbenvl, carbcxyl, cyanc,

pov)
n

thylsilyl, phenylsulfonyl or phencxycarbenyl in which the

-

-
phenyl ring of R’ may contain one or twe substituents

indepencently selected from (lower)alkyl, halogexn, (lower)alkoxy

anéd trifluoromethyl;
cr an acid addition salt therecf.

20. A compouné of Claim 9 wherein R3

alkyl, phenyl(lower)alkyl, ring substitute¢ phenyl(lower)alkvl or
éiphenylmethyl; R5 is hydrogen, (lower)aikyl, phen?l(iower)alijﬁ/

ring substituted phenyl(lower)alkyl, benzyloxycarbonyl or
2,2,2-trichloroethoxycarbonyl; and R7 is halogen, (lower)aikoxy-
carbonyl, trimethylsilyl, phenylsulfcnyl or phencxycarbenyl; in

which the phenyl ring of R3, Rs

and R7 may contzin one or twe
substituents independently selected from (lower)alkyl, halogen,
(fower)alkoxy and trifluvoromethyl; or an acid zdéition salt
therect,

1. The compound of Claim 10 wherein R3-is cirhenylmethyl;
5

i
- . I .
F” is methyl; ané R' is bromine.

—\

Ny M

is hyvdrogen, (lower)-

L



*®

A.  ccnpound of Jdaim1l having the formula IXa [err] 3 wherein R is
hydr oggn or a carboxyl -protecting group. apd LFerr] s hydrogen or a

_phenol tprotecting group; or an acid addition sal thereof. 6. A
conmpound of Claim5 wherein [err] is hydrogen, (lower)- aIkyI

phenyl (I ower) al kyl, ring substituted phenyl (lower) alk

di phenyl net byl; and [ ehe] clo&pbyﬂﬁow C1(d aner9 a,bﬂse/iep:hen%iéowe}océﬂkyh is
ring substltu%g phen§ %gower) benz ony $§$oq¥

2,2, 2-tri chPoFBELRoRPCafborhyl € ech‘i fThif ?l’gtb‘?r'[%‘?‘r]: thagepérr]
ray. contain one or two substltuents I ndependent |y selected from

(I owner) al ky hal ogen I k14 1 hyh3 ,acld .
addi tion sa*% thereofThg nggbﬁ%ﬁg%ﬁb%ﬁ%hﬁ% }él%géfg%?iéme?%iﬁgférf] 'ls
dlphenylnetﬁ?FhVéndapérB] iis #gpﬁyme-A conpound of the formula [err]

. . . - s .
14, The compound of Claim 10 wherein R3 is hyvérogen; R is
7 . . - st
_ methvl; and R' is bromine; or an acidé adcition szl: therect.
::‘...V,l-
' 15. A compound of the formula
W OH
-R1 RB. }
2 “ 3
R COOR ®I
RS
where _ .
-1 . -2 . - . , . 3
R” and R~ each are indeperncently hydroger or (lcwer)alikexy, or R™
T ané Rz, taken together, is methylenedicxy:
LN 3
s R™ is hydrogen or a carboxyl=-protecting groug;
r? ana Rs each are independently hydrcgern or (lcower)alkoxy;

nd R°

n is hydrogen or & phenol-protecting grcup; and
g

W om

is cvano, aminomethyl, formyl cor carktam

r a sait therect.

0

®)

R ————

| R ) A



wherein [err] and [err] each are indepengestl-y hydrogen or (lower)- al koxy
or [err] and [err] taken together, is nethylenedioxy; [err] is hydrogen or
a carboxyl -protecting group; [err] and [err] each are independently
hydrogen or (| ower)al koxy; R5 is hydrogen or a phenol -protecting group; and
[err] is hyélrogen, hal egepounidowes )Cdlddox ychrieonitg - the bfayhnlayanc, .
trimethylsilyl, phenylsul fonyl or phenoxvcarbonyl in which the phenyl ring
of [ern] may contain one or two substituents independently selected from

(I ower)al kyl, hal ogen, (lower)al koxy anggrifluoronethyl; or an acid
addition salt thereof. - gorrpound of C aim 8 having

the formula N [err] [err] & boxyl -protecting group; R

i s hydrogen or a phenol - prgt ect]ing dnd [err] is hydrogen, hal ogen,
(1 ower)al kexycar bonyl, car ‘gethyI%I3M, phenyl sul fonyl or
phenoxycar bonyl in which th w COOR XIa
cH,0” Y ocH, -
OR® = -

3 e hrvdrod . . 5L e
wherein R™ is hydrogen or a carboxyl-protecting grcup; anc R™ is
hvérogcen cr a phenol—prbtecting group; c©r an acidé acddéiticn salc
thereof. '

7. A compouné cf Claim 16 wherein R3 is hydrocern, (lower)-

atkvl, chenyvl(lower)alkyl, ring substituted phenyl(lower)aixyl cr
cdiphenylmethyl; and R5 is hydrogen, (lower)alkyl, phenvl(lower)-
lkyl, ring substitutec phenyl (lower)aikyl, benzyloxycarbenyl or

2,2-trichloroethoxycarbonyl; in which the phenyl ring of R° an

™’

may contain one or two substituents independently selected
rem (lower)alkyl, halogen, (lower)aikoxy ané triflucromethyl; cor
an acid addition salt thereof.

18. The compouné of Claim 17 wherein RS is d;pnenylmeth?frj
and R5 is methyl.
19, The compocund cf Claim 17 wherein R™ is ethyi; andéd ®° is
methyl.

< . . 3 . - - =5
20. The compcund of Claim 17 wherein R™ is hydrogern; and R

is rethyl; or an acid addition salt thereof,

T



g

phenyl ring of R may contain one or two substituents independently

sel ected from (lower)al kyl, hal ogen, "(I owejyal koxy and trifluoronethyl; or
an acid addition salt thereof. 3 10. A conpound of Claim9 wherein R
is hydrogen, (lower)- alkyl, phenyl (lower) alkyl, ring substituted phenyl
(I ower) al kyl or diphenyinethyl; [err] is hydrogen, (lower)alkyl, phenyl

(1 ower) al gﬂng substﬁtG@&PQﬂﬂQﬂRﬁIQ&&#@a1£y¢?vbéﬂzyh9x§e§mbényl or 7
2,2,2-trichloroethoxycarbonyl; and R is hal ogen, (l|ower)alkoxy- carbonyl,
trinmethylsilyl, phenyl sul fonyl or phencxycarbonyl; in which the phenyl ring
of [err] and [err] may contain one or t@pdsubstituents independently

sel ected from (Il ower)al kyl, and trifluoronethyl; or
: und of Claim 10 wherein

or

-
>
-

nc

cr

wn

an acid addition salt theregQ
R is diphenylnethyl; P.5 i& net i's brom ne. -101-
o “, .
‘COOR? XIb
(o
CH,0 OCH,
ORS

-/ .

' wherein R™ is hydrogen or & cardoxyl-prciecting g¢rcup; anc
. ' . . . .
R” is hycdrcgen or a phenci-prctectinc grcup; ©r & sa.t therect,

' . 2 . .
22 A compound c¢f Clair 21 wherein R is hyérccen, (lcower)-
alkyl, pheryl(lower)alkyl, ring substituted phenvl(lower)alkyl
¢iphenylimethyl; and R’ is nyérocen, (lower)alkyi, phenvl(icwer)
alkyl, ring substituted phenyl(lower)alikyl, bernzyloxycarbenvl o
2,2,2-trichloroethoxycarbenyl; in which the phenyl ring cf R a
RS may contain cne or twc substituents independently selected
from (lower)alkyl, halogen, (lower)alkoxy ané triflucromezhyl;
& salt thereof.
\1k; 23. The compound of Claim 22 wherein R™ is hydrocen; anc

is methvl, or a salt thereci.

. C A



12. The conpound of C aim 10 wherein [err] is hydrogen [err] is methyl;

and R/ is chlorine;: or an acid addition salto4hereof. 13. The
conpound of C aim 10 wherein [err] is ethyl; [err] is nmethyl; and [err] is
brom ne. 14. The conpound of Claim 10 wherein [err] is hydrogen; R
Is methyl and [err] is bromne; or an acid addition salt thereof. .15.
A conpolindZ éf t he fohknubapokinderaf tier&rmkar] and [err] each are
i ndependent|y hydrogen or ('Lower)a3.'kc~x , cr R~ and [err] taken
together, is nethyienedioxy; R is hydrogen or a carboxyl-protecting group;
4 R and'R each are independently hydrog or (lower)al koxy; and [err] is
hydr ogen or a phenol - protecting group; 6 Igor] is cyano, am nonethyl,
formyl or carbanoyl or a salt thereof. - 102 - 4
R'~
R v “COORS? XIV
w
N
R? RS
ORS® )
o/
wherein
B~ and 32 each are independertly hyércgen or (lovver)alkexy, cr Rl
andé Rz, taker together, is methylenedioxy:
R> :is nyvirogen or a carboxyl-prctecting grour;
R4 and Es.each are independently hydrocen or (lower)alkexy;
Rs is hyérogen or a phenol-protecting group; ané
9

is phenyl or (lower)alkyvl optionally substituted Lv cne cr
more halogen atoms selected from fluorine, chlorine and brcmine.

25. , A compound cf Claim 24 having the formula

o . -
O—C-R? \;‘J

<

| COOR? XIVa

CH O OCH,
ORS

5 L =3 . 3
wherein R” is hydrecgen cor a carboxyl-protecting grour:
: .
K~ is hy

(o))

rogen or a phencl-protecting group; and

[

]



16. - A conpound of Claim15 having the fornula OH [err] wherein R3 is
hydrogen or a carboxyl -protecting group:; gngog hydrogen cr a _
phenol -protecting group; or an acid addition “salt thereof. 3 A conmpound of
- Claim 16 wherein R is hydrogen, (lower)- alkyl, phenyl(lower)alkyl, ring
substituted pheny(l ower)al kyl cr diphenvylethyl; and [err] is hydrogen,

I | kyl .9 ph bst t ed phenyl (I | kyl
benzyl oxycarbort B1enr St 1l aLkn T oRkrBBacrY “PRBREEEREERe by dng) oF
ring of [ermorartkRegemyatons aselectedr fLron fmberlheenthlbmdapeadénbkpmlne.
selected from (lower) alkyl, halogen (1 ower) alkoxy and trifluoronethyl;

or an acid addition salt thereof conpound of C aim 17
wherein R i2§ d|phenmi%t¢®mPQP%ﬁd°ﬁ2Clélﬂegﬁyvhelgln R” is gpphepwpoesbyl;
of Claim 17 eigumg{§§]§ ahd gl hyk; méfHy ferr] is nmethyl . 20. - The
conpound of C aim 17 erein [err] S hydrogen and [err] is nmethyl; or an

acid addition salt thereof.

- -

27, A compound of the formula

~ o

x
N
Uil

2

Q

O

by

w

H

wherein o , _
2 each are independently hydrogen or (lower)aikexy, or R*

Rl and R
and Rz, taken together, is methylenedioxy;

R” is hydrogen or a carboxyl-protectlng group;

and R6 each are lndependently hydrogen or (lower)alkoxy; and
is hydrogen or a phenol-protecting group:;

or an acid addition salt thereof;

[\, provided that, when R? and R® are each methoxy and R is methyl,

R! anda R? are not each methoxy or taken together methylenedioxy.

«©)
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-103-. 21. A conpound of Caim 15 having the formula [err] wherein
[err] -1s hydrogen or a carboxyl - protectlng o8l aup; and [err] is hydrogen
or a phenol -protecting group; or a salt thereof 22. A conpound of
Caim 2' wherein [err] i's hydrogen (Il ower)- alkyl, phenyl (| ower)al kyl,
ring substituted phenyl (I ower)al kyl or diphenylnethyl; and [err] is

hydr ogen, 2 §.l ower) & kydmpglirehydf| Olein- 22| ke ingi nhesfosmulat ed
phenyl (| ower) al kyl , benzyl oxycarbonyl or 2,2,2-trichloroethoxycarbonyl; in
whi ch the phenyl ring of [err]- and R5 may contai-n one or two substituents

I ndependent |y sel ected fron1(|omer)alky| hal ogen, (I ower)al koxy and
trifluoromethyl; cr a salt thereof. 23. The conmpound of C aim 22
wherein [err] is hydrogen; an? : | s/w%gt hyl., or a salt thereof -104-
24. A conpound of the/for}

(/) 4y 3
£ COOR XVIa

wherein R3 is hydrogen or a ca:boxyl-protecting group; and Rs idw
H or a phenol-protecting group other thanm methyl; or an aqid

addition salt thereof.

29. A compounéd of Claim 28 wherein R3 is hydrogen, (lcwer)-
alkyl, phenyl(lower)alkyl, ring substituted phenyl (lower)alkyl or
diphenylmethyl; and R° is H, (lower)alkyl other than methyl, phenyl (lower)-
alkyl, ring substituted phenyl (lower)alkyl, benzyloxycarberyl or
2,2,2=trichloroethoxycarbonyl; in which the phenyl ring of R3 andé
Rs may contain one or two substituents independently selected
from (iower)alkyl, halogén, (lower)alkoxy and trifluorcmethyl; or

an acid addition salt thereof.

\JE/
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[err] [err] and [err] each are independently hydrogen or (I ower) al kexy,
or [err] and [err] taken together, is nethylenedioxv;, [err] is hydrogen or
a carboxyl - protecting group; [err] and'[éﬁ?] “each are independently
Hydrogen or (lower)al koxy; [err] is hydrogen or a phenol -protecting group;
and RO is phenyl or (lower)alkyl optionally substituted by one or nDre
hal ogen ato sel ecte qu e and b Qn1ne

conmpound of rT%loal m 24 %‘a r%@et% o‘érqfrtu < ée)éré{]"“ aleél"ei#r [erﬁm‘?%urh?/a?gg‘élheor
a car boxyl - fosmad@i nc group; [err] is hydrogen or a phenol -protecting
group; and - 105 - R9 is phenyl or (lower)alkyl optionally substituted
by one or nore hal ogen atons selected fromfluorine, chlorine and brom ne.
26. The conpound of Caim 25 mhervﬁn [err] is diphenylnethyl; [err]
is methyl; and R is nmethyl. 27 s co pound of the fornula [err]
wherein

0o
r2 = | XII
_ o
"
a =4 r®
5
OR
whereinr Rl and Rz each are independehtly hydrogen or (lower)-
alkecxy, or R1 and R2, taken together, is methylernecdicxy; R4 &na
x® each are independently hydrogen or (lower)alkoxy; and R5 is
hyérogen cr a phencl-protecting group, or a pharmaceutically
acceptable addition salt thereof, comprising the steps of:
(a} cleaving an isoxazole ring of the formula
\
R
R1
— 7] 3
T R® Yy~ COCR X
\,—‘-(-;
r4 RS
ORS

wherein RY, R%, r3, R%, R®
R7 is hydrogen, halogen, (lower)alkoxycarbonyl, carbecxvl,

and R® are as defined abcve, and

‘cyano, trimethylsilyl, phenylsulfonyl or phencxycarbenvl in
which the phenyl ring of R7 may contain one or two substitu-
ents independently selected from (lower)alkyl, halcgen,

)
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[err] and [err] each are independently hydrogen or (lower)al koxy, or [err]
and R2, taken together, is nethyl enedi oxy; i s hydrogen or a

carboxyl -protecting group; [err] and [err]‘Eéch are i ndependently hydrogen
or (lower)al koxy; and [err] is hydrogen or a phenol-protecting group; or an
acid addition salt thereof; provided that, when [err] and [err] are each
met hoxy and Rb5 Kiowarhylrokyrapdamdﬂilumnymaﬁhxiuﬂtomnmm&wcarateﬁmpound of
t oget her net hyl EME ¥¥u1a -106- 28. A conpound of T ai m 27 having
the formul a [ere? erein [err] is hydrogen or a carboxyl-protecting
group; and [err] is Hor a phenol-protecting group other than nethyl; or an
acid addition salt thereof. 3 29. A conpound of Claim 28 mhereln R

i s hydrogen, . (I ower)- alkyl phenyl( omer)alkyl ring substituted
phenyl (I ower) al kyl or di pheRy] pe agaCRerr] is H (lower)al kyl other
t han nmet hyl, phenyl (lower)- 4 substituted phenyl (| ower)al kyl ,

benzyl oxycar bonyl or 2,2, 2- ér

gycarbpnyl; in which the phenyl
ring of [err] and COOR

Xlc

wherein Rl, Rz, R3, R4; Rs anc RE are as cefinecé abcve;

{t) selectively reducing the nitrile ci Formula XIc toc produce a

ccrmpoundéd cf the formula

. OH
Rl CPZ i,

2 “y 3 <

R Y~ COOR XIé
4 RG .
: 3 J~

OR o

wherein Rl, Rz, R3, R4, Rs anc F6 are as cefined akcve, cr &

salt thereof; anéd, if R3 is & carboxyl-proctecting grovz,

remcving said carboxyl-protecting grcup to rroduce a
- - > 3 . . )
pouné of the Formula XIE wherein R™ is hydrocen; and

{c) cyclizing the compound of Formuls XIE by cizzotization c¢f
the amino radical followed by lactonization to procduce &

9
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‘[err] may contain one or two substituents independently selected from

“(1 ower)al kyl, hal ogen, (lower)al koxy and trifluoronethyl; or an acid
caddition salt thereof. - 107 - 30. A process for the preparation of
a conpound of the formula H[err] whereiw {@2r}+ and R each are
I'ndependent |y hydrogen or (lower)- alkoxy, or [err] and [err], taken

t oget her, is_nethylenedioxy;ﬁgerr and [err] each are independently

hydr ogen or (| oneFPRPRBLY ofatseREoFmWadr ogen cr a phenol - prot ecting group,
or a pharnmaceutically acceptable addition salt thereof, conprising the
steps of: (a) cleaving an isoxazole ring of the formula -N [err] wherein
[err] and [err] are as defined abcve, @Hl R7 is hydrogen, hal ogen,

(1 ower) al koxycar bonyl , carbOXﬂl, i net hyl silyl, phenyl sul fonyl or
phenoxycar bonvl in which the phyfy ;rr] may contain one or two
substitu-

e i XTI
~ g4 g z6
OR

S“/ wherein Rl, RZ,-R4, Rs ané R6 are as defined above.

, 31. The process for the preparation of a compcunéd cf the
Formula XII as defined by Claim 30, further comprising the step
of reacting a cis-olefin of the formula

.
2 Iillllliil% 3
R x COOR IX
— 4 "~ 6
.~ R ’ sR
w OR

wherein R3 is hydrogen or a carboxyl-protecting group; and R*,
.Rz, R4, R
oxide of the formula

and R6 are as defined in'Claim 30, with a nitrile

® 9
R7-c=N—0 XX
wherein R7 is hydiogen; halogen, (ldwer)alkoxycarbcnyl, carboxyl,
cyano, trimethylsilyl, phenylsulfonyl or phenoxycarbonyl in which

X

the phenyl ring of R’ may contain one or two substituents

A A
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ents independently selected from (|l ower)al kyl, hal ogen, -108-

(I ower)al koxy and trifluoronethyl, to prodwﬁ§ a conpound of the formula OH
[err] wherein [err] and [err] are as def d"abcve; (b) selectively @
reducing the nitrile of Fornula Xic to produce a conpound of the fornula CH
[err] wherein [err] and [err] are as defined above, cr a salt thereof;

and, if R inSeperidiedy - béetd d ngremoypowerpel kg 1$ ahdlogehqxxllow&eat) %qlkb&g

t f.the For X
Pvar ogen: "ot (5t SRR o L8 fnoRREY S sPaVale’ SPieEsels, ot aprarole
of the am mf rdd cdrmwld owed by Iactqnlzatlon to produce a

3 7
\
Rl' R
” 3
2 COOR X

=
(.E

wherein Rl, Rz, R3, R4, Rs, R6 and R’ are as defined above.

32, A process for the preparation of a compounéd of the

formula

wherein R1 and R2 each are'independently hydrogen or (lower)-

1 and Rz, taken together, is methylenedioxy; R3 is
4 .
independently hydrogen or (lower)alkoxy: RS is hydrogen or =&

pherol-protecting group; and R7 is hydrogen, halogen, (lower)-

alkoxy, cr R

hydrogen or a carboxyl-protecting group; R° and R6 each are

alkoxycarbonyl, carboxyl, cyano, trimethylsilyl, phenylsulfonyl
or ohe1oxycarbonyl in which the phenyl ring of R7 may contain one
or two substltuents 1nuependently selected from (lower)alkyl,

gy

-
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~109- compound of the formula OH [err] wherein [err] and [err] are as
defi ned above. 31. The process for the preparation of a conpound of
#he Forrmula Xl as defined by Caim 30, further conprising the step of
reacting a cis-olefin of the fornula [err]-whéilern R is hydrogen or a
car boxyl -protecting group; and [err] [err] and [err] are as defined in
Cl ai m 30, mﬁtg anitrile oxide of the formula [err] wherein [err] is
hydrogen, hBRAGERD . (|{(3RWEFARRERFYaPBGh AT I LHAFABRA thitha kPR : $idhyEhe | SFeP
phenyl sul f oo¢l reacphiagoay edisbelgfinn ofiwle tfarmpiienyl ring of [err] may
contain one or two substituents -110 - independently selected from
(1 ower)al kyl, hal ogen, (lower)al koxy and trifluoronethyl, in an inert
sol vent, to produce an isoxgzole of the fornul a

' R

£ IX
~ |
. 84
N\
wherein Rl, Rz, R3, R4, R® and R6 are as defined abcve, with a
nitriile cxide of the formula
RONNO
R’ ~C=N—0 X%
wherein R7 is as defined above, in an inert agqueous or organic,
or mixed aqueous=-organic solvent at -20°C to refluxing
temperature of the solvent to stereoselectively produce said
compound of the Formula X, and optionally and selectively deblock-
ing said compound of Formula X wherein R3 is a carboxyl-
o protecting group to produce a compound of the formula
—N
1 >—r’
R
II,'
R Co0H
r? s R°
OR

1 2 4 5 6

wherein R°, R, R, R, R and R7 are as defined above.
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o
N 7 [err] wherein [err] and [err] are as defined above. 32, A
process for the preparation of a conpound of the formula N [err] wher ei n R
and R each are independently hydrogen ar jdower)- al koxy, or [err] and- %
[err] taken together, is nethylenedioxy; [err] is hydrogen or a

car boxyl -protecting group; [er] and R6 each are independently hydrogen or

| | k '
hydr ogen,  halogen, | { PoBECEa=ar g0z ie, BRIV 0 Hbllind Br (ML) 1

tr|nethylsf¢§WU1®henylsulfonyl or phenoxycarbonyl in which the phenyl ring

of R7 may contain one or two substituents independently selected from

(I owner) al kyl hal ogen, (lower)al koxy and trifluoromethyl, conprising the
step of reacting a cis-olefin of the ©8Brnul a [err] wherein [err] and [err]

are as defined above, with gt -

R “coor® XIc

1

"-e*eln R and R2 each are independently hydrogen or (lower)-

2, taken together, is methylenedioxy; R3 is

hyvércgen or a carboxyl-protecting group; R4 and Rs.each are

& .XCXy, or R1 and R

incepencerntly hydrogen or (lower)alkoxy; and Rs is hydrogen or a
phenol-protecting group; or an addition salt thereof, comprising
the step of cleaving the isoxazole ring of the formula

X y
r? # r®
OR
wherein R7 is halogen; and Rl, Rz, R3, R4, Rs and R6 are as
cefirned above, by reductzon to produce said compound of

Fecroula XIc.

¥
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bitrile oxide of the fornmula [err] wherein [err] is as defined above, in an
I nert aqueous or organic, or m xed agueous-organi c sol vent at

ferr] to refluxing tenperature of the_spkyqpt to stereosel ectively produce
-sai d conmpound of the Forrmula X, and optiohally and sel ectively debl ock- ing
sai d conpou§%pof Formul a %_mherein R is a carboxyl - %rotecting group to
produce a cOMgouftPTPCERR HOFIPLFRATH® £ GRABPEMRC[ &f thendoRPUdAe as defi ned
above. - 112 - 33. A process for the preparation of a conpound of
the formula OH [err] wherein [err] and [err] each are independently
hydrogen or. (Il ower)- al koxy or [err] and R, taken together, is

nmet hyl enedi oxy; R 1is hydrcgen or a carboxyl-protecting group; R4 and R6
each are 5 i ndependently hydrogen or (lower)al koxy; and R is hydrogen or a

R‘l
R? r” "COOR®
k- _
i~
R‘ " RS
1 H s
A, OR
wherein :
Rl and R2 each are independently hydrogen or -(lower) -
alkoxy, or R1 and Rz, taken together, is methylenedioxy;
R3 is hydrogen or a carboxyl-protecting group;
R4 and R6 each are independently hydrcgen or (lower)alkoxy; and
Rs is hydrogen or a phenol=-prctecting grcup;
or an acid addition salt thereof;
comprising the steps of
e

<«
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phenol - protecting group; or an addition salt thereof, conprising the step ®
of cleaving the isoxazole ring of the fornula [err] wherein [err] is

.hal ogen and [err] and ‘R are as defined above, by reduction to %
produce said conpound. of Fornul.a Xlc. -113- 34. A process forpreparirg
a conmpound of the fornula [err] wherein-1114 = 2 R and R each are

i ndependently hydrogen or (lower)- alkoxy, or Rand [err], taken together,
i s methyl enedi oxy; R3 is hydrogen or a carboxyl-protecting group; e[rr] and
R6 each are independently hydrogen or (I ower)al koxy; and R5 is hydrogen or

a phenol ¢ 95 ot geh B ad10iP arP"a RELISL o A0gh4 1 8@l thereof; comprising the
steps o ' :

2 ' .
R COOR VII .!,\j,

T o

° is a
and R6 are &as

wherein R3 is H or a carboxyl-protecting group; R
phenol-protecting group; and Rl, Rz, R4
defined above, in the presence of an acid to produce a

trans-~olefin of the formula

gt o
o2 O‘ coor3
. X VIIT
TS -

2 3 4 5 6

wherein R1, R, R, R, R and R
when a cis-olefin is desired,
(b) epimerizing the trans-olefin of the Formula VIII by

are as defined above; and,

treatment with a strong base at low temperatures in an inert
organic solvent followed by quenching with acid to produce a

[ .13

+ C. L M § =



-114 (a)." dehydrating an al cohol of the fornula [err] wherein [err] is H
or a carboxyl -protecting group; R is a phenq fE;Drotecting group; and [err]
and R6 are as defined above, in the presence dP ah acid to produce a
trans-olefin of the forrmula [err] wherein [err] and [err] are. as defined
above; and, when o] i i (b) epinerizing the trans-olefin
of the Formul a bie?lﬁ'g‘afﬁeﬁ?’ew%h a sat rong base at |low tenperatures in
an inert organic solvent foll owed by quenching with acid to produce a -
115 - cis-olefin of the formula_ [err] mhereln [err] and [err] are as
defined above, and optionally g
conpound of Forrmula | X wherein R

s 3
R Y COOR X
R‘ . RG
e OR’
, wherein Rl, Rz, R3, R4, Rs and R6 are as defined abcve, andé
N optionally and selectively deblocking to produce a compound
of Formula IX wherein R3 is hydrogen and R5 is a
phencl-protecting group or Rs is hydrogen and R3 is a
" carkoxyl-protecting group.
S
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phenol - protecting group or [err] is hydrogen and Ris a carboxyl-protecting .
group. . -116- 35. A process for preparing a conpound of the fornula .
[err] wherein R and R each are indepegggntly hydrogen or (I ower)al koxy, Red
or [err] and [err], taken together, are methylenedioxy; [err] is hydrogen

or a carboxyl-protecting group, R and R each are independently hydrogen

or (lower)al koxy; ,and Qr. . a phenol rotectin rou or

phar maceut ?g(fal |y a@c%ﬁ?%%?ﬁ ﬁa)é. Prgﬁagéptg Eh&CESP “é’or?gfut&eg er | Zi ng a
trans-aryltetralone of the formula R [err] wherein [err] and are as

previ ously defined, - 117 - _

- wherein Rl'and R2 each are'independently hydrogen or
(lower)alkoxy, or R1 and R2, taken together, are
methylenedioxy; R3 is hydrogen or a carboxyl-protecting
group; R4 and R6 each are independently hydrogen or
(lower)alkoxy; and R5 is hydrogen or a phenol-protecting
group; or a pharmaceutically acceptable addition salt
thereof;

comprising epimerizing a trans-aryltetralone of the formula

Rl _ﬂ
3 2
2 Y COOR .
6
4 R
R =5
VI
1 2 3 4 5 6

wherein R, R, R™, R, R and R~ are as previously defined,

[}
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by enol ate quenching, to produce a cis-aryl tetralone of the fornula [err]
wherein [err] and [err] are as previ ously defined, -118- . 36. A
process for producing a conpound of the fornmula O [err] wherein [err] and
['err] each are independently hydrogen or (lower)al koxy, or [err] and [err]
taken together, is methylenedioxy; [err] Lshiydrogen or a _
carboxyl -protecting group; [err] and [err] each are independently hydrogen
or (lower)al koxy; and [err] is hydrogen or a phenol -protecting group,
conprising the step of cyclizing a cyclopropyl conpound of the formula
[err] wherein blyerenolait® [RiarcHirte AStslep rodde &baveibyarytaterimalvinieh at

| east 0.5 equiv nt a Lews acid and at | east one equivalent of an acid
anhydri de of tﬁ%jﬁaﬁﬁﬁéfﬂéﬁﬁ] 9 :

~/
R1
N\, g2 ¢~ “Coor? . XV1
6-
R 7O s
OR
wherein Rl, R2, Rs, R4, R5 and R6 are as previously defined,
e

-
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-t

wherein R is phenyl or (lower)alkyl optionally substituted by one or nore

hal ogen atons selected from fluorine, chlorine and -119- bromne in an
inert solvent until substantially the conpt@ind of the formula [err] is
produced wherein [err] and [err] are as defined -120- 37. A

f duci d of the f I | d
Cerr] - eachar o | ndoBERsen ity Sraic e (3 Giamdid, 3F G (tofdly G7

[err] taken-together, are nethylene- dioxy; [err] is hydrogen or a

car boxyl -protecting group; R and R egch are independently hydrogen or
(lower)al koxy; 5 and [err] is- hydrogenfior ga phenol - protecting group; or a
phar maceuti cal |y acceptabl e addi ti onOs&rR"t her eof ; .

H XIv

. 1 s o2 L ioa - .
wherein R™ and R each are indepencdently rydrogen or
2

(lower)ealkoxy, or Rl and R™, taken together, is methylenedicxy;

€

3 .., . 4
K™ is hydrogen or a carboxyl-protecting group; R’ and R

independently hydrogen or (lower)alkoxy; and Rs is hydrcgen or a

phenol-protecting group, comprising the step of cyclizing a
cvclopropyl compound of the formula

o
Rl 3
COOR
RZ £ XIII
ré s =6 j&f?’
OR
wherein Rl, R2, R3, R4, Rs and R6 are as defined above by

treatment with at least 0.5 equivalent of a lewis acid and at
least one equivalent of an acid anhydride of the formula

Q

gll
(R C-)ZO

9

wherein R” is phenyl or (lower)alkyl optionally substituted by

one or more halogen atoms selected from fluorine, chlorine and

N I

each are

L1



conpr|5|ng selectively reducing a nitrile of the formula OH [err] wherein

*lerr] and R6 are as previously defined;: to produce the said conmpound of
:,the fornula XlId or salt thereof; and, Ff 1R s a car boxyl - prot ecti ng group,
“~removing the carboxyl - protectlng group to produce a conpound of the fornula
XI'd wherein [err] is hydrogen. -121- 38. - A process for the
preparation of a conpound of the formula OH R CN [err] wherein
R and R each are independently hydrogen or (lower)- alkoxy, or [err] and
[err] taken together,.is nethyl enedi oxy; [err] i s hydrogen or a

i T A R T e i i

addi ti onthel tfotximerleof, conpri si ng

5
o-c-r’
o
N :
‘ g2 .~ Ycoor?
__ X XIV
6
Y r4 5 R
OR

is procuced wherein Rl, Rz, R3, R4, Rs, R6 and Rg'a:e as defined

abcve.

| A O D R



sel ectively reducing a qﬁnpound of
63

the step of cleaving the isoxazale ring of the fornula -N 7 [err] wherein
[err] s halogen; and [err] and [err} 12@e~as defined above, by
nmetal l ati on to produce said conmpound of Forrmula Xlc. -122- 39. A
process for preparing a conpound of the formula [err] wherein [err] and
[err] each3ate indéperdestsis) flopd royetuaing | awamprdwkukyof orhg ef otmahal [err]
, taken together, are nethyl enedioxy; [err] is hydrogen or a

carboxyl -protecting group; J[err] and [err] each are independently
hydrogen or (lower)al koxy; and ‘R is hydrogen or a phenol -protecting group;
or a pharnaceutically acceptable ggrtion salt thereof; conprising

he a defined in claim 35,
%gzg%bpess of claim 35, to produce

cocn3 XId

this conmpound having b

wherein Rl and R2 each are independently hydrogen or

(lower)alkoxy, or R1 and R2, taken together, are methylene-
dioxy; R3 is hydrogen or a carboxyl-protecting group;

R? ana R® each are independently hydrogen or (lower)alkoxy;
and Rs is hydrogen or a phenol-protecting group; or a
pharmaceutically acceptable addition salt thereof;
comprising selectively reducing a nitrile of the formula

OH

2 “" cOOR | XIc

wyv

4 RS

oR’

~wherein Rl, R2, R3, R4, RS and R6 are as previously defined;

to produce the said compound of the formula XId or salt
thereof;

and, if R3 is a carboxyl-protecting group, removing the
carboxyl-protecting group to produce a compound of the

formula XId wherein R3 is hydrogen.

* € L M S
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- a conpound of the formula -123- [err] wherein [err] and [err] are as
preV|oust defined; and thereafter dehydrating the conpound of fornula XVi|
;in the presence of an acid, to produce §p¢ cis-olefin of the fornula IX
\E- 124 - 40. A process for preparing a conpound of the fornmula O [err]
wherein [err] and R each are independently hydrogen or (I|ower)al koxy, or R
and R taken together represent nethylenedi oxy, R4 and R each are
i ndependent |y hydrogen or (lower)al koxy, and R5 is hydrogen or a

phenol - protfeting groug, pPhc@ss for the preparation of a compound of the

formula
OH :
1
R CN
2 ) 3
R =" 7 CO0 X
. H R XIc
R4 RS
5
./ OR
wherein R1 ané R2 each are independently hydrogen or (lower)-
alkexy, or Rl and Rz, taken together, is methylenedioxy; R3 is

kvércgen or a carboxyl-protecting group; R4 and Rs each zre

1nhe;e*cent y hydroaen or (lower)alkoxy; and Rs is hydrogen or a
“be“ol—protectlng group; or an additicn salt thereof, comprising
the step of cleavzﬂg the iscxazole ring of the formula

A X
r? g Rr6
OR

wherein R7 is halogen; and Rl, Rz, R3, R4, Rs and R6 are as
defined above, by metallation to produce said compound of
Formula XIc.

[~

-
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pharmaceutically acceptabl e addition salt thereof; conprising cyclizing a
conpound, of the fornul a -125- [err] wherein [err] and [err] are as
defined -above, and [err] is hydrogen or a 8§?b6XyI-protecting group; said
car boxyl -protecting group, where [err] has that value, prelimnarily being
renmoved to produce a conpound of the fornula Xid wherein [err] is hydrogen;
by di azotization of the am no radical followed by |actonization to produce

(““ﬂl “ l:

t he said conmpound of the fornula Xl I. -126- 41. A process as clained in
any of clainms 30 to 40 substantially as described in any of the foregoing
Exanpl es. 39. A process for preparing a compound of the formula
. . ."u"'.
) 9@ '
“w 3
R X COOR™ > o
\o/
R4 Rr®
| oR>

wherein Rl and R2 each are independently hydrogen or
(lower)alkoxy, or Rl ana Re,'faken together, are
methylenedioxy; R3 is hydrogen or'a'carbokyl-protecting
group; R4 and R6 each are ihdependently hydrogen or
(lower)alkoxy; and R5 is hydrogen or a phenol-prctecting
group; or a pharmaceutically acceptable addition salt

thereof;

comprising selectively reducing a compound of the Euﬁj _
formula XVI defined in claim 35, this compoﬁnd having '
been prepared by the process of claim 35, to produce

a compound of the formula

T Q' N
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42. A conpound of the respective stated forrmula prepared by a process as
clsaimed in any of clains 30 to 40. 43. A conpound as clainmed in claiml1, 8,
1%, 24 or 27, prepared by a process substagtig&ly as described in any of

t he foregoi ng Exanpl es.

P e

[’¢

XVi1

wherein Rl, R2, R3, R4, Rs

and R6 are as previously defined:.
and thereafter dehydrating the compound of formula XVII in

the presence of an acid, to produce the cis-olefin of
the formula IX.
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40. A process for preparing a compound of the formula
H
Rl
o]
l"“
r? = | XII
A o]
o4 r6 e
OR> |
wherein _ u
Rl and R2 e%ch are independently hydrogen or (lower)alkoxy,
or R1 and R taken together represent methylenedioxy,
R4 and R6 each are independently hydrogen or (lower)alkoxy,
and
R5 is hydrogen or a phenol-protecting group, or a
pharmé.ceutically acceptable addition salt thereof;
comprising cyclizing a compound of the formula
i
AR O O VO :
e L M s oW _ *

N
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OH
rY CH,NH,
0/ * .
R? " "cooR3 - XId
r? R®
OR”

wherein

Rl, R2, R4, RS

3

and R6 are as defined above, and

R is hydrogen or a carboxyl—protécting group;

said carboxyl-protecting group, where R3 has that value,
preliminarily being removed to produce a compound of

the formula XId wherein R3 is hydrogen; by
diazotization of the amino radical followed by

lactonization to produce the said compound of the

formula XII.

[
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41. A processAas claimed in any of claims 30 to 40
substantially as described in any of the foregoing
Examples. C .

42. A compound of the respective stated formula
prepared by a process as qlaimed'in any of claims

30 to 40.
43. A compound as claimed in claim 1, 8, 15, 24 or

~

27, prepared by a process substantially as described o~
in any of the foregoing Examples. N
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