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COMPOUNDS HAVING A DISUBSTITLUTED
ACETYLENE MOIETY AND RETINOIC
ACID-LIKE BIOLOGICAL ACTIVITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present inventioa is directed to the preparation
of corspounds which have retinoic acid-like biological
activity. More specifically, the present invention is di-
rected to processes and intermediates which result in
the synthesis of disubstituted scetylene compounds hav-
ing retinoic acid-like activity. .

2. Related At

European Pateat Application 176034A (published
Apr. 2, 986) discloses terrabydronaphtalene compounds
having an discloses compounds wherein three olefinic
units from the acid-containing moiety of retinoic acid
are replaced by an ethynylphenyl functionality. These
compound have retinoic scid-like biological activity.
~U.S. Pat. No. 4,810,804 (issued on Mar. 7, 1989) based
on sa application of the same inventor and assigned 10
the same assignee as the present application, discloses
such disubstituted acetylene compounds wherein one of
the substituents of the acetylene (ethyne) group is &
substituted phenyl group, and the second substituent is
a substituted or unsubstituted chromanyl, thioohroma-
nyl or tewahydroquinolinyl group. The compounds
disclosed and claimed in U.S. Pat. No. 4,810,804 have
retinoic acid-like biological activity.

Several co-pending applications of the present inven-
tor, which applications are assigned to the assignee of
the present which application, are directed to further
types of disubstituted acetylene compounds wherein
one substituent of the acetylene (cthyne) moiety is &
sybstituted phenyl or a substiruted heteroaryl group.
and the other substituent is a substituted unsubstituted
chromanyl, thiochromanyl or tetrahydroquinolinyl
group. The disubstituted acetylene compounds de-
scribed and clairoed in the aforesaid co-pending applics-
tions have significant retinoic acid-like sctivity.

Retinoic acid-like activity has been generally recog-
nized in the art 10 be associsted with useful biologicsl
activity. Specifically, compounds having retinoic acid-
like activity are useful as regulstors of cell proliferation,
and panicularly as agents for treating dermatoses, such
as acne, Darier’s disease, psorissis, icthyosis, eczems,
atopic dermatitis and epitbelial cancers, for tresting
arthritic discases and other immunological disorders
(e.g. lupus erythematosus) for promoting wound beal-
ing, for tresting dry eye syndrome and for reversing the
effects of sun damage to skin.

With respect t0 the synthetic processes of the present
invention which involve either the formation of an
acetylenic (ethynyl) function in the compounds of the
invention, or the coupling of the compounds of the
invention which already have the ethynyl function,
with & haloges substituted phenyl or heteroaryl group,
the following article comprise basckground information:
A General Synthesis of Terminal and Internal Arsylalk-
ynes by the Palladium-Catalyzed Reaction of Alkynyl-
zinc Reagents with Aryl Halides by Anthoay 0 King
and Ei-ichi Negishi, J. Org. Chem. 43 1978 p 358; Con-
version of Methyl Ketones into Terminal Acetylenes
and (E)-Trisubstituted Olefins of Terpenoid Origin by
Ei-ichi, Anthony 0. King, and William L. Klima, /. Org.
Chem. 45 1980 p.2526. and A ConvenientSynthesis of
Ethynylarenes and Diethynylarenes by S. Takahashi, Y.

S
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2
Kurovama, K. Sonogashira. N. Hagihara. Synraesis
1980 p 627-630.

SUMMARY OF THE INVENTION

The present invention is directed to 3 novel process
for making the biologically active and useful disubsti-
tuted acetylene compounds having as one of the substit-
uents s substituted or unsubstituted chromanyl, thio-
chromanyl or tetrahydroquinolinyl group. In another
aspect, the present invention covers intermediate com-
pounds which are utilized in the process 10 make the
l‘:':tememioned biologically active disubstituted acety-

es.

Specifically, in accordance with the present invention
the é-thiochromanyi-ethyne, 6~chromanyl-ethyne and
6-tetrahydroquinolinyl-ethyne compounds of Formula
1, or their suitable metal salts are rescted with s suitable
balogensubstituted phenyl or heteroaryl compound of
Formula 2 to provide the compounds of Formula 3. The

20 compounds of Formuls 3 either have useful retinoic

28

3.
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acid-like activity or sre readily converned by routine
organic synthetic steps (such as esterification, deesterifi-
cation, homologstion, oxidstion, reduction, amide for-
mation or the like) to compounds having the retinoic
acid-like activity. (Formulae 1, 2 and 3 are incorporsted
in Reaction Scheme 1).

Reaction Scheme |

Formuia |

X' o= A=(CHp)a=B =—=3p

Formula 1

Ry R2

‘ A—=(CHpa=B
P,
Ry X 3]

Formuls 3

In Formula 1, 2, and 3, Ri, Rz, Ry, Rs and Rs are
hydrogen or lower alkyl groups (of 1-6 carbons) where
Ri. R1, R3, Raand Ry may be identical or different from
one anotber) X is S, O or NR’ where R’ is hydrogen or
lower alkyl, Z represents hydrogen or a metal ion capa-
ble of forming a salt with the ethynyl moiety of the
molecule, X' is 3 leaving group such as a halogeno
group, A is pheayl, or heteroaryl such as pyridithienyl,
furyl, pyridazinyl, pyrimidinyl, pyrazinyl. thiazolyl or
oxazolyl, o is an integer between O 10 S, and B is H,
~—~COOH or s pharmaceutically acceptable salt, ester or
amide thereof, —CH;OH or an ciher ot ester deriva-
tive, or —CHO R; or an acetal defivative, or —COR,
or a ketal derivative where is an alkyl. cycloalkyl or
alkeny! group conuining 1 to S carbons.

The reaction shown in Reaction Scheme 1. ie. the
coupling between the compounds of Formula | and the
compounds of Formula 2, is conducted, in accordance
with the inveation in the presence of cuprous jodide and
in the further presenice of PA(PQ;3):Cha (Q is phenyl) or
similar complex when Z is and in the presence of

Section 1
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-Pd(PQ3)a (Q s phenyl) or similar complex when Z is a
metal ion. such as ZnCl+.

The compounds set forth in Formula 1. comprise
another aspect of the present invention. These com-
pounds are useful as intermediates for the svnthesis of
the biologically acuve and useful retinoic acid-like com-
pounds of Formula 3.

When the preferred compounds of Formula 1 are
reacted with compounds of Formula 2, then. in the
resulting compounds of Formula 3 the X, Ry, Ry, R3,
Rs and R substituents are defined as for compounds 1’
through 9. -

The resction conditions for the coupling of com-
pounds of Formula | with the compounds of Formula 2,
in accordance with the present invention, as well as the
processes for synthesizing the compounds of Formula 1,
are explained in the ensuing description of Specific
Embodiments and examples.

GENERAL EMBODIMENTS
Definitions

The term “ester” as used here refers 10 and covers
any compound falling within the definition of that term
as classically used in Organic chemistry. Where B (of
Formulae 1 and 2) is —COOH, this term covers the
products derived from treatment of this function with
alcohols. Where the ester is from compounds where B is
—CHJOH. this term covers of the formula —CH-
700CR where R is any substituted or unsubstituted
aliphatic, aromatc or aliphatic-aromatic group.

Preferred esters are derived from the saturated ali--

phatic alcohols or acids of tea or fewer carbons stoms
or the cyclic or saturated aliphatic cyclic alcohols and
acids of $ to 10 carbon atoms. Particularly preferred
aliphatic esters are those derived from lower alkyl acids
or alcohols. Here, and where ever else used, lower alkyl
means having 1-6 carbon atoms. Also preferred are the
phenyl or lower alkylphenyl esters.

Amide has the mesning classically accorded that
term in organic chemistry In this instance it inciudes the
unsubstituted amides and all aliphstic and aromatic
mono- and di-substituted amides. Preferred amides are
the mono- and di-amides amides derived from the satu-
rated aliphatic radicals of ten or fewer carbon stoms o
the cyclic or ssturated sliphatic-cyclic radicals of § 1o
10 carbon stoms. Particularly preferred amides are
those derived from lower alkyl amines. Also preferred
are mono- and di-substituted amides derived from the
phenyl or lower alkylphenyl amines. Unsubstituted
amides are also preferred. .

Acetals and ketals include the radicals of —CK
where K is (—OR)2. Here, R is lower alkyl. Also, K
may be —OR;O— where R; is lower alkyl of 2-5 car-
bon atoms, straight chain or branched.

A pharmaceutically acceptable salt may be prepared
for any compound made in sccordance with this inven-
tion, provided the compound bas & functiopality caps-
ble of forming such salt, for example an acid or an amine
functionality. A pharmaceutically acceptable salt may
be any salt which retains the activity of the parent com-
pound and does not imparst any deleterious or uatoward
effect on the subject to which it is administered and in
the context in which it is administered.

Such a salt may be derived from and organic or inor-
ganic acid or base. The salt may be s mono or polyva-
lent ion. Of particular interest where the acid function is
concerned are the inorganic ions, sodium, potassium,
calcium, and magnesium. Organic amine salts may be

<

P

4

made with amines. particuiarly ammonium salts such as
mono-, di- and tnalkyl amines or ethanol amunes. Saiis
may also be formed with caffeine. tromethamine and
similar molecules. Where there is 2 nitrogen sufficiently
basic as to be capable of forming acid addition salts,
such may be formed with any tnorganic or organic acids
or alkylating agent such as methyl iodice. Preferred
salts are those formed with inorganic acids such as by-
drochloric sulfuric acid or phosphoric acid. Any of s
number of organic acids such as mooo-, di- or tn-acid
may also be used.

The compounds which are preferably utilized in the

- synthetic process of the present invention to introduce

20

5
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the substituted chromanyl, subsututed thiochromanyl,
and substituted tetrahydroquinolinyl moiety as one of
the substitueats of the ethyne portion of the biologically
active compounds, and which therefore are the pre-
ferred intermediates in accordance with the investion,
are shown in Formuls 4.

Ry Ry Formula 4

CH
Rs X Ry

These preferred compounds and intermediates are:
Compound 1 X=S5; Ri=R;=CHj R;=Rs=Rs=H
Compound 2 X=S; Ri=R;=R3=CHj Re=Rs=H
Compound 3 X=S R;==R;==R4=Rs=CH; Ry=H
Compound 4 X=0 R;=R;=CH) Ry=Re=Re=H
Compound § X=0 R;=R;=Rs=Rs=CH) Ry=H
Compound 6 X==NH R;=R;=CHj Ry==R4=Rs=H
Compound 7 X==NH R|=R;=Ru=Rs=CH; Ry=H
Compound 8 X=S R;=R;=Ry=Rs=Rs=CH;
Compound 9 X==0 Rj=R;=R3;=R=R;—CH;
4,4-dimethyl-6-ethynylthiochroman (Compound 1)
4,4,7trimethyl-6-ethynyithiochroman (Compound 2)
2,2,4,4-tetramethyl-6-ethynylthiochroman (Compound

3)
4,4-dimetbyl-6-ethynylchroman (Compound 4)
2,2,4,4-tetramethyl-6-ethynylchroman (Compound 5)
4,4-dimethyl-6-cthynyl-1,2,3,4-tetrahydroquinoline

(Compound 6)
2.2.4, 4-tetramethyl-6-ethynyl-1,2,3,4-tetrahydroquino-
line (Compound 7)
2.2,4,4,7-pentamethy 1 -6-cthynylthiochroman = (Comwm-
pound 8)

2,2,4,4,7-peatamethyl-6-ethynyichroman (Compound 9)

The metal (preferably zinc) salts of the preferred
compounds are also preferred as intermediates in the
process of the invention.

Generally speaking the compounds of Formula 1, or
their (such as zinc) salts preferably the Compounds of
Formula 4 (or their salts), are rescted with the com-
pounds of Formuls 2 to provide the compounds of
Formula 3. .

When the preferred compounds of Formula 4 are
rescted with compounds of Formula 2, then, in the
resukting compounds of Formula 3 the X, Ri. Rz, Ry,
Rs and R substituents are defined as for Compounds 1
through 9.

The reaction conditions for the coupling of com-
pounds of Formula | with the compounds of Formula 2.
in accordance with the present invention as well as the
processes for synthesizing the compounds of Formula 1,
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arc explained in the ensuing description of Specific
Embodiments and Examples.

With respect to biological activity of the compounds
of Formula 3 made in accordance with the process of
the present invention (utilizing the intermediates of the
invention in the process) the following is noted.

The retionic acid like activity of these compounds
was confirmed through the classic measure of retionic
acid activity involving the effects of retionic acid on
ornithine decarboxylase. The original work on the cor-
relation between retionic acid and decrease in cell pro-
liferation was done by Verms & Boutwell, Cancer Re-
search, 1977, 37, 2196-2201. That reference discloses
that ornithine decarboxylase (ODC) activity increased
precedent 10 polyamine biosynthesis. It has been estab-
lished elsewbere that increases in polyamine synthesis
can be correlsted or associated with cellular prolifera-
tion. Thus, if ODC activity could be inhibited, cell
hyperproliferation could be modulated. Although all
causes for ODC activity increase are unknown, it is
known that 12-0-tetradecanoylphorbol-13-acetate
(TPA) induces ODC activity. Retionic acid inhibits this
induction of ODC activity by TPA. The compounds of
this invention also inhibit TPA induction of ODC as
demonstrated by an assay essentially following the pro-
cedure set out in Cancer Rez, 35, 1662-1670, 1973.

By way of example of retionic acid-like activity it is
that in the assay conducted essentially in accordance

- with the method of Verman & Boutwell, ibid. the fol-

lowing examples of compounds made in accordance
with the process of the present invention (Compounds
10, 11 and 12) sttained an 80% inhibition of TPA in-
duced ODC activity at the following coscentrations

(1Cw):

Compound 1Ce0 conc (mmols)
10 0
1 0.13

Compounds 10, 11 and 12are characterized with ref-
erence to Formula 3 as follows;

k

33

40

6
Compound 10 X=S R;=R:=R4=R=CH: R:=H.

A—(CH3)a—B=sthyl 6-rucotinate
Compound 11 X==0 R;=R;=Rs=R=CHj; R:=H

A—(CH;),—B==¢thy! &nicounate.

Compound 12 X=0 R;=R;=R;=Ru=R=CH;

A—(CH;)s—B="thyl é-nicotinate.

In view of their retinoic acid-like sctivity the of For-
mula 3 may be administered systematically or for treat-
ment of s variety of conditions, as is indicated in the
introductory section of the present application for pa-
tent. For a detailed description of the modes of adminis-
tration, of various pharmaceutical formulations and
dosages in the treatment of msmmals (including hu-
mans) with the compounds of Formula 3, reference is
made to U.S. Pst No., 4,810,804, the specification of
which is incorporated herein by reference.

Specific Embodiments

The compounds of the invention which are defined in
Formula 1, and which serve as key intermediates in the
process steps of the invention to make the compounds
of Formula 3, can by s number of different synthetic
chemical pathways. To illustrate this invention, there is
bere outlined a series of sieps which have been proven
to provide the compounds of Formulae 1 and 3 when
such synthesis is followed in fact aod in spirit The
synthetic chemist will readily appreciate that the condi-
tions set out bere are specific embodiments which can
be generalized to any and all of the compounds repre-
sented by Formulse | and 3. Furthermore, the synthetic
chemist will readily appreciate that the herein described
synthetic steps may be varied sad or adjusted by those
skilled in the art without departing from the scope and
spirit of the invention. Moreover, it should be under-
51004 that some of the steps and processes utilized in the
hereinbelow given examples of the compounds of For-
muia |, are novel and innovative on their own right
Such novel steps are described here in sufficient detail
to ensble the ordinary artisan to duplicate such steps:

With refereace to the compounds of Formula 1, Re-
action Scheme 2 illustrates an example of their synthesis
when X=S and R4 and R; are both hydrogen.

Scheme 2 .
R; R;
o= C L~
HS/O" N s %
13 13

~

PR
R R3 Ry [ 31 (.’
.~
T s L} s 3
' 1 "

R R » ZeQ R; R: z
(o <CCx
s L3 s Ry

19 1

Section 1
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Thus, with reference to Reaction Scheme 2. a thio-
phenol 13 which may be substituted with the R} substit-
uent {(defined above as hydrogen or iower aikyl) in the
3 position is alkylated, preferably under strongly
strongly basic conditions such as NaOH in a polar sol-
vent (acetone, room temp.) with the Compound 14,
which is either 1-bromo-3-methyl-2-butene (R and R3
are methyl, available from Aldnch) or a derivative
thereof where either R and R; or both are lower alkyl
other than methyl. The resulting alkylated thiophenol
(sulfide, Compound 15) is thereafier ring closed under
Fridel Crafts or like conditions, typically by refluxing in
a inert soivent such as benzene or toluene, in the pres-
ence of phosphorous pentoxide and phosphoric acid.
Tbe resulting thiochroman 16, made in accordance with
Reaction Scheme 2, has no substituents in the 2 position,
and preferably in accordance with this reaction scheme
R and Rj are methyl and R; is hydrogen.

Compound 16 is acetylated under Fridel Crafts con-
ditions, the like, preferably with acetyl chloride (AICl;,
CH;C13, reflux) to provide the 6-sceryl-thiochroman 17.
The acetyl function of Compound 17 is converted into
an acetylenic {ethynyl) function by means of lithium
diisopropylamide, or a similar base, at reduced tempera-
ture. An intermediate derived from Compound 17 (pre-
sumably & lithium salt of the corresponding enol, not
shown on Reaction Scheme 2) is esterified by treatment
with diethychlorophosphate (or the like) and is again
reacted at reduced temperature (e.g. —78 degrees C.)
with lithium diisopropylamide, to form the triple bond
(presumably by an elimination resction) and to yield the
6-cthynylithiochroman derivative (Compound 18).

It is noted at this point that the present invention is
not intended to be limited or bound by the sbove-men-
tioned and other theories of reaction mechanisms. Brief
description of of reaction mechanisms (where applica-
ble) are given to further enabie and facilitate the work
of a skilled artisan in the field to modify and adjust the
synthetic conditions 1o fir particular specific intermedi-
ates and to make the several compounds of the inven-
tion, without departing from the scope and spirit of the
invenuon.

The 6-ethynyl-thiochroman 18 is either utilized di-
rectly in the coupling resction indicated in Reaction
Scheme I, or is converted to a metal (zinc) salt (Com-
pound 19) before the coupling step.

Generally speaking the zinc chioride salts (Com-
pounds 19) are prepared under conditions which ex-
clude water and oxygean. dry, ether-type solvent such as
dialikyl ether or a cyclic ether such as a furan or pyran,
particularly a tetrahydrofuran, may be used as the sol-

. vent. A solution of compound 18 is first prepared under

an inert stmospbere (argon or mitroges) and then &
strong base such as n-butyl lithium is added (in about a
10% molar excess). This reaction is begun at s reduced
temperature of between — 10 degrees and + 10 degrees
C., preferably about O degrees C. The reactios mixture
stirred for s short period, between 30 minutes and 2
bours, then treated with about a 109% molar excess of
fused zinc chloride dissolved in the reaction solvent.
Thus mixture is stirred for an additional 1-3 hours at
about the surting temperature, then the temperature is
increased to about ambient temperature for 1040 min-
utes.

The foregoing general description for the preparation
of the Zncl salts symbolized by Compound 19, are also
applicable, with such modifications which will be
readily apparent to the skilied artisan in the field, 10 the

5,023,341
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preparation of al] Zncl salts corresponding 10 Formula
1.

Reaction Scheme 3 shows another method for pre.
paring the compounds of Formula | when X==S and Ry
and Rs hydrogea. The synthetic sequence shown wn

Reaction Scheme 3 is preferably (but not exclusively) -

used when R; is not bydrogen. In contrast the reactions
shown in'Resction Scheme 2 are preferably (but not
exclusively) used whea R} is hydrogen.

Thus, with reference to Reaction Scheme 3 and 4
bromothiophenol (Compound 20) (which is preferably
alkyl substituted in the 3-position) is alkylated with
Compound 14. The resulting &-bromo pheny! sulfides
21 are ring closed under conditions analogous to the
ring closure of Compounds 15 described in connection
with Reaction Scheme 2.

Resction Scaeme )
Br

+' R R %
HS ' |¢’\/

20 14
{Q )
s Ry
Br

H R

s Ry

To introduce the acetylene (ethyne) portion into the
molecule, the substituted 6é-bromothiochroman 22 is
reacted with trimethylsilylacetylene in the presence of
cuprous jodide and 8 suitable catalyst, typically having
the formuls P4(PQ3);Cha (Q is pheny!). The reaction is
typically conducted in the presence of bis(tfipheayl-
phosphine) palladium (II) catalyst, an acid acceptor,
(such as triethylamine) under an inert gas (argon) atmo-
sphere, by beating in a sealed tube. The resuiting 6-
trunethylsilylethynylthiochroman, is as Compound 23
in Reaction Scheme 3.

As is further shown on Reaction Scheme 3, the -
methylsilyl moiety is removed from the é-trimethyl-
silylethynyl-thiochroman 23 in the next synthetic step,
to provide the ring substituted 6-ethynyl-thiochroman
derivative (Compound 18). The lstter reaction is con-
ducted under basic conditions, preferably under an inert
gas atmosphere.

The 6-ethynyl-thiochroman 18 can be utilized di-
rectly in the coupling reaction set forth in Reaction

Section 1
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Scheme !. or pnor to coupling can be converted to the
Corresponding ZnCl salt, as is described above.

Reaction Scheme 4 shows preparation of the com-
pounds corresponding to Formuls | where X==S and at
least one of the Raand Rs groups is lower alkyl, prefera-
bly where Raand Rsare both lower alkyl, and still more
preferably where Rs and Rs are identical with one an-
other.

Thus, with specific reference to Reaction scheme 4,
the 2 substituted (preferably 2,2 di-substituted) 6-cthy-
nyl thiochromans can be prepared as follows. The 4-
bromo-thio-phenol (Compound 20) is acylsted with an
acylating agent such as an chioride (Compound 24)
derived from an appropristely substituted acrylic acid.
The acylation is conducted in ag inert solvent (such as
tetrahydrofuran) in the preseace of strong base (for
example sodium hydride). The resulting thioester
{Compound 25)

Reaction Scheme ¢

H

-~
w

10

stood by those skilled in the art that depending on the
telative molecular ratios of the Grignard reagent and of
the oxothiochroman compound (Compound 26), and
also depending on the reaction conditions, the primary
products of the resction may be derivatives where ei-
ther one or two alkyl groups have been introduced
through the Grignard reaction. When the Grigoard
reagent (such as methylmagnesium bromide) is in ex-
cess, the thiochromane ring is opened and the tertiary
alcoho! derivative of the 4-bromo thiophenol (Com-
pound 27) is formed. .

Ring closure of the thiophenol derivative (Com-
pound 27) which has the desired Ry, Ri, Ry, Rsand Rs
substituents, is affected by hesting in acidic conditions,
preferably by beating compound 27 in aqueous acid.
The resulting 6-bromothiochroman which bears the
desired alky! (or hydrogen) substituents, Ry, Rz, Ry, Rs
and Ry, is shown as Compound 28 in Reaction Scheme

Ry Ry
Br Br
: (o]
HS | S =] (o) 3 Ry
20 22 25

Re

R) Ry Ry R;

Br Ry 4 Br
3 —> —_— OH
O’ s Ry HS Ry
26 27

R, Ry
Br
Ry s | 3]

which contains the olefinic boad of the acrylic acid
moiety is ring closed in the presence of a Friedel Crafts
vypeuulyn(mhndﬁninmchbdde)bysﬁrriuh
a suitable solvent such as methylene chioride. The re-
sulting 2-ox0-6-bromothiochromane (compound 26) is
usually isolated in crystalline form.

The Raand/or R substituents (both of which cannot
be hydrogen when the steps of Reaction Scheme 4 are
used) and which preferably are identical with one an-
other (for example both are methyl) are introduced by
treating the 1-oxo-6-bromothiochromane (Compound
26) with a Grignard reagent, bearing the alkyl substitu-
ents Rs and Rs (such as methylmagnesium bromide
when R and Rs are methyl). It will be readily under-

55 4

The 6-bromothiochromans 28 (which differs from the
6-bromothiochromans 22 only in that in Compound 28
" the 2 position of the thiochroman ring is substituted) is
converted 10 the 6=(2-trimethylsilyl)-ethyny} derivative

60 29, and thereafter into the 6-cthynyl derivative 30, (and

further if desired into the ZaCl salts 31) in reaction steps

which are analogous to the corresponding steps de-

scribed in connection with Rezction Scheme 3.
Turning now 10 compounds of Formula | where

6 X=0 and where Rq and Rs are H. (that is turning 10

chromans substituted in the 4, and possibly in the 7
position) the compounds can be as indicated in Reaction

Scheme S.
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In Reaction Scheme $ Q is phenyl and Ry’ and Ry”
are hydrogen or lower alkyl having 1 to 5 carbons, and
Rj is defined as above in coanection with Formuls 1.
The reaction sequence is bereinafter further described 40
for the preferred case where Ry’ and R2” and R; are all
hydrogen, i.e. for the synthesis of 4,4-dimethyl-6-
ethynylchroman (Compound 4).

With reference to Reaction Scheme 5, the phosphate
(Compound 34) is prepared from the corresponding 43
diphenyl chlorophosphate 32 is prepared from the cor-
responding diphenyl chiorophosphate 32 and 3-methyl-
3-butene-1-0l (Compound 33, Ry’ and R;” are both H)
available from Aldrich, or prepared by means known in
the art. It is preferred to prepare 34 by %0
dissolving the alcobol 33 in sbout & 10% excess of pyri-
dine or the like under an inert atmosphere cooled. to
approximately — 10 degrees t0 10 degrees C. This solu-
uonuthenlddeddmp-mnndetummtmbeu
to a solution of diphenyl chlotopbosphu 32, in about
an equal amount of the reaction solveat. About 8 2-5%
molar excess of dxphenyl chilorophosphate 22 relative to
the slcohol 33 is employed. ‘The atmosphere may be
argon, nitrogen, or another inert gas. The mixture is
hested at reflux for between 1 and § hours, preferably ¢«
about 3, to effect the reaction. The product is then
recovered by conventional means. The dipheny! phos-
phate ester (Compound 34) is then rescted with a phe-
nol 35 to effect formation of chroman (Compound 36).
For example, pbenol 35 (or Rj substituted phenol) is 63
sdded 10 a fask siresdy containing stannic chloride
under argon which has been cooled to between —10
degrees to 10 degrees C. After thorough mixing of this

s

Original NDA 21-184
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combination for sbout 15 minutes to an hour at the
reduced temperature, the phosphate 34 is added at the
reduced temperature. Both of these steps are carried out
under an inert atmosphere such as argon or nitrogen.
When the addition of the phosphate 34 is completed, the
mixture is stirred at sbout ambient temperature for up to
24 hours. Then the reaction is quenched with a dilute
solution of aqueous alkali metal base or the like. The
product is recovered by extraction and other conven-
tional means.

The acetylenic (etbynyl) functios is introduced into
the 4,4-disubstituted (and optionally 7-substituted) chro-
man Compound 36 in 8 sequence of reaction steps
which are described in Resction Scheme 2 in connec-
tion with the analogous thiochroman com, Thus,

Section 1

pounds. )
a 6-acetylarion chromane (Compound 362) is first ob-

tained, by acetylation with acetyl chioride, and thereaf-
ter the acety} group is coaverted to the ethynyl group
through treatment with lithium diisopropylamide, dial-
kyl chlotophosphﬂe and another treatment with lith-
jum

Compound 4 {(or its saalogs where Ry is lower alkyl
and/or where the 2.2 substitents have 2-6 carbons) can
also be converted to the corresponding ZaCl salt (not
shown in Reaction Scheme $) prior to a coupling reac-
tion with compounds of Formuls 2.

Reaction Scheme 6 discloses. in general terms. the
preparation of compounds of Formula | where X=0
and R4 and R both are not hydrogen. In other words
Reaction Scheme 6 discloses the preparation of 2 substi-
tuted. and preferably of 2,2-disubstituted 6-ethynyl
chromanes.
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PN HO

39
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43

Thus, in accordance with Reaction Scheme 6, phe-

. nol, or a phenol substituted in the 3 (meta) position by

an alkyl substtuent (R;) (Compound 33) is acylated
with an acylating agent, such s the acid chioride (Com-
pound 24) derived from an appropriately substituted
acrylic acid. In Reaction Scheme 6, just as in Reaction
Scheme 4, the R; and R; substituents of the target com-
pounds are introduced through this acrylic acid derivs-
tive 24. The scylation with the acid chioride 24 is pref-
enblycondnctedmtbepmohmhse(e.g.
sodium hydride) in an inert solvent (such as utnbydto-
fursn). The resulting substituted phenyl-acrylate is
shown in Reaction Scheme 6 as Compound 38.

The substituted phenyl-acrylste 3s is ring closed
unduFmdanlhtypemcownou(AlG;
catalyst, in an inert solvent, such as methylene chloride)
to provide the 2-oxo-chroman compound (Compound
39) which bears, in the 4-position, the R and R substit-
uents and in the 6-position the R3 substituent (a3 applics-
ble). Just like the analogous 2-oxo-thiochroman 26 in
Reaction Scheme 4, thez-oxo-chronn”ofkn:non
Scheme 6 is treated with & Grignard reagent 10 intro-
duce the Rs and Rs substituents. As it was noted out
above, in this Reaction Scheme R4 and Rs both cannot
be hydrogen, and in the preferred embodiments Rs and
Rs are identical, for example both are methyl or ethyl.
When Rs and Rs are methyl, the Grignard resgent is
preferably methylmagnesium chloride (dissolved in
tetrahydrofuran, THF). A solution of Compound 39 in
s suitable solvent, for example in dry diethylether is
added to this Grignard reagent. The resuiting phenol
containing a teruary alcohol side chain, (that is a mole-

0

43

55

63

-~ m),

cule in which the chroman ring had been opened) is
shown in Reaction Scheme 6 as Compound 40.

Compound 40 which -.lmdy has the desired Ry, R3,
Rj, Rs and R substituents, is ring closed under acidic
conditions, (e.g. by heating in aqueous sulfuric acid) to
provide the chroman derivative (Compound 41). It
should be noted that up this point in the synthetic se-
quence similar or analogous steps are involved for mak-
ing both the 2,2-disubstituted thiochroman (Reaction
Scheme 4) and the 2,2-disubstituted chroman derivs.
tives (Reaction Scheme 6), the only difference being
that in Reaction Sscheme 6 the starting phesol deriva-
tive does not have a halogen (such as a bromo) substitu-
ent.

As is funther disclosed in R jion Sch 6, the
ethynyl group is introduced into the 2-substituted (pref-
ersbly 2,2-disubstituted) chroman in a sequence of steps
which is analogous to the steps described in Reaction
Scheme 2 for introducing the ethyny! functon into
4-substituted thiochromans. 6-Ethynyichroman 43 can
also be vrilized directly in the coupling reaction with
compounds of Formuls 2, or can be converted to0 a
suitable metal, preferably ZaCl, salt, in the manner
described above.

Compounds of Formula 1 where X is NR° (R’ is Hor
lower alkyl) and Rs and R are both hydrogen can be
made in accordance with Reaction Scheme 7. Tte reac-
tion sequence of Scheme 7 is hereinafter described with
pnmnry emphasis 10 2 preferred embodiment where R’
is hydrogen, R; and R; (of Formula 1) are both methyl,
and R is hydrogen. Thus, with reference to Reacuon
Scheme 7, the tetrahydroquinoline

Section 1
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Reacuon Scheme ?

- I
° .
Ri R # Ry
<—
N Ry o” N
| : H
COCH) L]
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Rt R; ] Ry
—>
N Ry N
H H

49

‘moiety, that is where X is nitrogen, is made in part by
the method described in European patent application
No. 0130795 published Sept. 1, 198. First, Compound
24, 3-methylorotonoyl chioride (when R; and R are
both methyl) is rescted with aniline 44 10 obtsin the
amide 45 . This amide 45 is then cyclized using alumi-
num chloride in the abseace of solvent to give Com-
pound 46. Lithium aluminum hydride or another ac-

ceptable reducing agent of similar type is then wmsed 10

reduce the 2-0x0-1.2.3.4-tetrahydroquinoline 46, prefer-
ably in inert solvent such as diethyl ether. The resulting
amine 47 is then scetylated using acetyl chloride in a
polar solvent such as pyridine followed by scetylstion

16

Ry R:
Ry o ) 7
- i R _R —> Q
a T~ 0% & Ry
H

43

Ry

“%
Z
Ry

30

pound 48. Compound 48 is then subjected to base hy-
drolysis to give the secondary amine 49,
The 6-acetyl group of Compound 49 is thereafter

18 converted into an ethynyl group in the manner de-

scribed above for analogous transformation of 6-acetyl
chromans or 6-acetyl thiochromans. The é-ethynyl
1.2,3,4-tetrahydroquinoline (Compound 50) may be
coupled directly or as the corresponding ZnCl salts,
with compounds of Formuls 2.

Alternatively compounds of Formula | where X—=1is
NR’, Rs and Rs are H, can also be prepared by the
synthetic sequence outlined in Reaction Scheme 8 (R:
and R preferably are methyl). Reaction Scheme 8 will

in the presence of aluminum chloride to give Com- pr be self-explanatory to those skilled in the art in light of

»
il
HN 3 :
i
R 51

the analogous reactions disclosed in the present specifi-
cation (R; is defined as above for Formula 1).

Reaction Schepe §_
3 R2
- Br
toon— LT
Q/\)’ o™ %
2 x 2

R; R

o N R3
$3
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-continued

Reaction Scheme & [
SI{CH)”

fﬁCKfﬁC(

The compounds of Formula 2 are coupied in accor-
dance with the present invention with the compounds
of Formula | to provide the biologically active com-
pounds of Formula 3. The compounds of Formuls 2 per
se, are not new, and can be made in accordance with
well known procedures, or by such adapuation of well
known procedures which are within the skill of the
practicing synthetic organic chemist.

In accordance with one preferred embodiment of the
invention, group A of Formuls 2 is s pheny} group, X’
is halogen, preferably bromine or iodine. Ethyl-4.
iodobenzoste is one preferred example of a resgent in
accordance with Formula 2, used in coupling with the
compounds of Formuis 1. Other examples, where A is
phenyl, are: ethyl 4-iodophenylacetate, ethyl 4-iodo-
phenylpropinoate, ethyl 4-iodo-phenylbutanoate, ethyl
4-jodo-phenylpentancate. Reagents in accordance with
Formula 2 where the X' and (CH;)a—B substituents
respectively are in meta or ortho position on the phenyl
ring, can also be used in the process of the invention.
Moreover, the group characterized as B in Formula 2
may be a suitably protected or unprotected alcobol,
aldehyde, ketone, amide, or such other functionality as
is set forth in the definition of the group B of Formula
2. The preparstion of such compounds in accordance
with Formuls 2, suitable for coupling with compounds
of Formula 12 1, will be within the skill of the practic-
ing organic chemist in light of the present disclosure.

When group A of Formula 2 is beteroaryl then exam-
ples of preferred reagents are: ethyl 6-chloronicotinate,
cthyl 2{2-<chloropyrid-5-yDacetate;
ethyl S{2-chloropyrid-5-yi)pentancate;
ethyl 2-(2-iodofur-5-yl)acetate;
ethyl 5+(2-iodofur-S-yl)pentanoste;
ethyl 2«(2-iodothien-5-yl)acetate;
ethyl 54{2-iodothien-5-yl)pentanoste;
ethyl 2-(3-chloropyridazin-6-yl) acetate;
ethyl HJchlompyndmn-‘-yl)penmw and the

chloro, or other halo, substituted py-
rimidinyl or pyraziny! apalogues of such esters. In
this series also, the B grouping of the compound of

Formula 2 can be protected or unprotected alcobol,

aldebyde, ketone, amide or other group, set forth in

connection with Formula 2.

1t is aiso within the scope of the present invention to
Couple compounds of Formuls 1 with compounds of
Formula 2, and thereafter subject the resulting molecule
(pcmcuhﬂydutpomon!heuofwhxchsdmdfm
the reagent of Formula 2) t0-such routine synthetic
transformations as a blocking and deblocking, homolo-
gation, reduction or oxidation, ester formation, saponifi.
cation, and the like, which results in the formation of
further analogs within the scope of Formula 3 and reti-
noic acid-like biological activity.

With respect to the novel coupling reaction of the
process of the present invention, the following is noted.
The coupling is affected typically in the presence of
cuprous iodide, a suitable catalyst. typically of the for-
mula PA(PQ3):Cl; and an acid acceptor, such as trieth.

20

28

30

45

0

5

[$]

ylamine, by heating in a sealed tube under an inert gas
(argon) atmosphere.

Alternatively, the compound of Formula 1 is first
cqnvened 10 a salt (preferably ZnC) salt) for the cou-
pling. exemplary generalized process for preparing
ZoCl salts of the compounds of Formuia I (where Z is
coaverted from H to ZnCl) is described above in con-
nection with Compounds 19.

Coupling of the Zncl salts of the &thnochmmyl
6chromanyl and  6<(1.2.3.4-tetrahydroquinolinyl)-
ethyne compounds with compounds of Formula 2, is
conducted in the presence of Pd(PQik catalyst (Q is
phenyl). For further details of the conditions of these
reactions, reference is made 10 the following detailed
procedures which describe the preparstion of specific
compounds. ’

SPECIFIC EXAMPLES

Phenyl-3-methylbut-2-enylsulfide (Compound 60)

A mixture of 14.91 g (135.324 mmol) of thiophenol
and 5.5 g (137.5 mmol) of NaOH in 100 ml acetone was
heated at refluz for 2.5 hours and then treated dropwise
with a solution of 20 g (134.19 mmol) of 1-bromo-3-
methyl-2-butene in 20 ml acetone. This solution was
refluxed for 40 hours and then stirred st room tempers-
ture for 24 hours. Solvent was then removed io vacuo
and the residuc was tsken up in water and extracted
with 3% 50 mi ether. Ether extracts were combined and
washed with 3% 30 ml of 5% NaOH solution, then
water, saturated NaCl solution and dried (MgSOy).
Solvent was then removed in vacuo and the residue
further purified by Kugelrohr distillstin (80 degrees C.,
0.75 mm) to give the title compound as 3 pale yellow
oil. PMR (CDCly) & 1.57 (3H, s), 1.69 (3H. 5), 3.52 2H,
d,J~77Hz2), 5.29(1H,t, J~7.7Hz), 1.14 (1H. 0, J~ 70
Hz), 724 2H, ¢, J~7.0 H2), 7.32 (2H. d, J~7.0 H2).

Proceeding in a similar manner, but substituting for
thiopbenol the appropriate 3-alkylthiophenol, the fol-
lowing compounds can be prepared:
3.methylpbenyl-3-methylbut-2-enylsulfide;
3-ethylpbenyi-3-methylbut-2-enylsulfide;
3-propylphenyl-3-methylbut-2-enylsulfide;
3-dutylphenyl-3-methyibut-2-enylsulfide;
3-pentylphenyl-3-methylbut-2-enylsulfide; and
3.hexylphenyl. -methylbut-2-enyisulfide.

4-Dimethylthiochroman (Compound 61)

To s solution of 15.48 g (86.824 mmol) of pheayl-3-
methylbut-2-enylsulfide (Compound 60) in 160 mi ben-
2ene were added successively 12.6 g (88.767 mmol) of
phosphorus pentoxide and 11 ml of 85% phosphonc
acid. This solution was refluxed with vigorous stirring
under argon for 20 hours. then cooled to room tempera-
ture. The supernatant organic layer was decanted and
the syrupy residue extracted with 3x 50 m! ether. Or-
ganic fractions were combined and washed with water,
saturated NaHCO; and saturated NaCl solutions and
then dried (MgSO4). Solvent was removed in vacuo and
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the residue purified by kugelrohr distiliation (30 degrees
C.. 0.5mm) 10 give the title compound as a pale yellow
oil. PMR (CDCly) :& 1.30 (6H. s), 1.90-1.95 (2H. m),
2.95-3.00 (2H. m), 6.96-7.00 (2H. m), 7.0+-7.07 (1H. m),
T.36-7.23 (1H. m).

This method can be used to make 3-position alkyl
analogues as exemplified by the following compounds:
4.4.7-trimethylthiochroman (Compound 2)
4.4-dimethyl-7-ethylthiochroman;

4 4dimethyl-7-propyithiochroman;
4,4-dimethyl-7-butylthiochroman; and
4,4dimethyl-7-hexyithiochroman.

4.4-Dimethyl-6-acetylthiochroman (Compound 62)

A solution of 114.3 g (80.21 mmol) of 4,4-dimethylthi-
ochroman (Compound 61) and 6.76 g (86.12 mmo}) of
acetyl chioride in 65 ml benzene was cooled in an ice
bath snd treated dropwise with 26.712 g (102.54 mmol)
of sunnic chioride. The mixture was stirred at room
temperawure for {2 hours, then treated with 65 ml water
and 33 ml conc. hydrogen chloride and heated at reflux
for 0.5 hours. After being cooled 10 room temperature,
the organic layer was separated and the aqueous layer
extracted with 5x 50 ml benzene. The recovered or-
ganic fractions were combined and washed with 3%
sodium carbonste, water, saturated NaCl and thea dried
(MgSO4). The solvent was removed in vacuo and the
residue purified by flash chromatography (silica; 5%
ethyl acetate in hexanes) followed by kugelrohr distilla-
tion (150 degrees C., 0.7 mm) to give the title compound
as a pale yellow oil. PMR (CDCl;): & 1.35 (6H. s),
1.92-1.98 (2H, m) 2.54 (3H, s), 3.02-3.08 (2H, m), 7.13
(1R, d, J~8.6 H2), 7.58 (1H, dd, J ~8.6 Hz, 2Hz), 7.99
(1H. d, J~2H2).

This procedure serves 1o scetylate all the compounds
which can be made by the process given for the prepa-
ration of Compound 61.

4,4-Dimethyl-ethynyhthiochroman (Compound 1)

To a2 solution of 1.441 g (14.2405 mmol) of iso-
propylamine in 30 ml dry tetrahydrofuran under argon
at =78 degrees C. was added dropwise 9ml of 1.6M
(14.4 mmol) n-butyl lithium in hexane. Afier stirring this
solution at —78 degrees C. for | hour, it was treated
dropwise with a solution 2.95 g (13.389 mmol) of 4,4-
dimethyl-6-aceryl-thiochroman (Compound 62) in S m!
of dry tetrahydrofuran. Afier another hour of stirring at
—78 degrees C., the solution was treated with 2.507 g
(14.53 mmol) of diethyl chloropbosphate and brought
to room temperature, where it was stirred for 3.75
hours. This solution was then transferred using a double
ended needle to a solution of lithium diisopropylamide
(prepared using 2.882 g (28.481 mmol) of diisopropyl-
amine and 18 ml of 1.6M (28.8 mmol) n-butyllithium in
hexane] in 60 ml dry tetrabydrofuran at —78 degrees C.
The cooling bath was removed and the solution stirred
at room tempersture for 15 hours, then quenched with
water and acidified to pH 1 with 3N hydrogen chioride.
The mixture was extracted with $ X 50 ml pentane and
the combined organic fractions washed with 3N -hydro-
gen chloride, water, saturated NaHCO; and saturated
NaCl. then dried (MgSOs). Solvent was then removed
1n vacuo, and the residue purified by kugelrohr distilla-
tion (100 degrees C., 0.7mm) to give the title compound
as 2 pale yellow solid. PMR (CDCly): & 1.34 (6H. s),
1.94-1.99 (2H. m), 3.04-3.08 (3H. m). 706 (I1H.4,J -84
Hz). 7.17 (1H. dd, J~84 Hz, 2.1 Hz). 7.51 (1H. d.
J~21 Ha).

w

10

s

20

20

Similarly. the acetyl group of ali compounds pre-
pared similar to' the preparation of Compound 62. can
be converted to'an ethynyl function.

4.4-dimethyl-6-cthynylthiochroman ZaCl (Compound
63) and ethyi 44, 4&-dimethylthiochroman-6-yl-ethynyl}
benzoate (Compound 64)

Reaction vessels used in this procedure were flame
dried vacuum and all operations carried out in an oxy-
gen-free, argon or nitrogen atmosphere. To a solution
of 533.9 mg (2.6389 mmol) of 4.4-dimethyl-6-ethynyl-
thiochroman (Compound 1) in 4ml of dry tetrahydrofu-
ran at 0 degrees C. was added dropwise 1.7 m! of 1.6M
(2.72 mmol) n-butyl lithium in hexane. This was stirred
at 0 degrees C. for 10 minutes and st room temperature
for 15 minutes, cooled again to O degrees C. and then
treated with a solution of 410 mg (3.008 mmol) of fused
Znclyin 4 @l dry tetrabhydrofuran using a double ended
needle. Thereafter, the solution was stirred at 0 degrees
C. for 45 minutes, then st room temperature for 20
minutes to give compound 63. This product was oot

isolated but further used as follows: A solution of 724.4 .
mg (2.6243 mmol) of ethyl 4iodobenzoate in 4 ml dry -

tetrahydrofuran was transferred by double ended nee-
dle into a suspension of 520 mg (0.45 mmol) of tetrakis-
triphenylphosphine palladium in $ ml dry tetrahydrofu-
ran and stirred at room temperature for 20 minutes, then

- treated by doubie ended needle with the solution of the

35

40

0

alkynyl zinc chloride prepared above. This mixture was
stirred at room temperature for 18 hours, then Qquenched
with ice and 30 mi IN bydrogen chioride. Product was
recovered by extraction with 3X75 ml ether. Ether
fractions were combined and washed successively with
saturated NaHCO; and saturated NaCl solutions and
dnied (MgSOs). Solvent was removed in vacuo and the
residue purified by flash chromatography (silica; 5%
ethyl acetate in hexane) followed by HPLC (Whatman
Partisil M-9 10/50; 4% ethyl acetate in hexane) to give
ethyl 4-(4,4dimethylthiochroman-6-yl-ethynyl) benzo-
ate (Compound 64) as a coloriess oil. PMR (CDCh) &
1.36 (6H), 1.42 (3K, t, J~7 Hz), 1.93-1.99 2H, m),
3.03-3.08 (2H, m), 4.40 (2H, g, J~7 HZ), 7.09 (1H, d,
J~8.4 Hz), 7.22 (1H, dd, J~8.4 Hz, 2.1 Hz), 7.56 (1H,
d, J=2.1 H2), 7.59 (2H, 4, J~7.8 Hz), 8.04 (2H, d,
J~78 Hz).

(3-Methyl-4-bromo~phenyl)-3-methylbut-2-enylsulfide
{Compound 65)

To a stirred solution of 9.52 g (68 mmol) of 3-methyl-
4-bromo-thiopheno! in 80 ml of acetone was added 2.86
g (68 mmol) of powdered sodium hydrozide and mix-
ture stirred until dissolution was complete. The reaction
mixture was then hested to reflux, and thea trested with
a solution of 11.26 g (68 mmol) of 4-bromo-2-methyl-2-
butene in 20 mi of acetone. The mixture was beated at
reflux for s further 0.5 h, cooled to room temperature
and the solvent removed in vacuo. The residue was
taken up in 33 mi of water and extracted with ether. The
ether extracts were combined and washed successively

with water and saturated NaCl solution and then .

(MgSO4). The solvent was removed in vacuo and the
residue kugelrohr distilled (140-145 degrees C.. 0.2 mm)
to give the title compound as a colorless oll. PMR
(CDCh): & 1.58 (3H, 5), 1.70 (3H. 5). 2.33 (3H. ). 5.49
(2H.d. J~1.8 Hz), 5.26 (1H, 1, J~ 7.8 Hz), 6.98 (I1H. dd.

‘J~8.3 Hz, 2.3 Hz), 7.7 (1H, d, J~23 H2), .38 (IH, ¢,

J~8.3 Hz).
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4.4.3.Trimethyl-6-bromothiochroman (Compound 66)

To 40 g of a vigorously stirred mixture of 1052 phos-
phorous pentoxide in methane-sulfonic acid was added
slowly 6.0 g(28.8 mmol) of (3-methyl4-bromophenyl)-
3-methylbut-2-enyl-sulfide (Compound 65).' The mix-
ture was stirred at room temperature for a further 2 h
and was then poured onto ice. The mixture was ex-
tracted with 2 X 40 mi of ether and the combined ether
extracts were washed successively with water and satu-
rated NaCl solution and then dried. The solvent was
removed in vacuo and the residue kugelrohr distilled
(130 degrees C.; 0.07 mm) o give the title compound as
a viscous oil. PMR (CDCly): & 1.28 (6H, 5) 1.84-1.93
(2H, m), 2.26 (3H, s), 2.95-3.03 (2H. m), 6.94 (1H, 3),
7.46 (1H, s). .

4,4,7-Trimethyl-6-trimethylsilylethynyl-thiochroman
(Compound 67)

A mixture of 624 mg (3.0 mmol) of 4,4,7-trimethyl-6-
bromothiochroman (Compound 66) 314 mg (3.2 mmol)
of trimethylsilyl acetylene, 40 mg (0.21 mmol) of cu-
prous iodide, 80 mg (0.11 mmol) of bis (triphenyiphos-
phin) paliadium (1) chioride and 1 ml of triethylamine

was degassed under nitrogen and heated in 8 sealed tube 25

at 85 degrees C. for 15 h. The mixture was thes treated
with a furtber 20 mg (0.11 mmol) of cuprous iodide and
40 mg (0.06 mmo}) of the pallsdium (ID) catalyst. The
mixture was theo heated under a nitrogen stmosphere in

the sealed tube at 100 degrees C. for s further 64 b. The 30

triethylamine was then removed under vacuum and the
residue purified by flash chromatography (silica; bex-
anes) to give the title as & yellow oil. PMR
(CDC13): & 0.28 (SH, 3), 1.30 (6H, 3). 1.88-1.97 (2H, m),

4.4,7-Trimethyl-6-ethynyl-Thiochromaa (Compound 2)

A mixture of 380 mg (1.69 mmol) of wrimethylsilyl
(4.4,7-trimethyl-thiochroman-6-yl) ethyne, (Compound

67) 4 ml of isopropanol and 2.5 ml of aqueous IN potas- 40

siutn hydroxide was under nitrogen and
stirred at room temperature for 16 h. The mixture was
concentrated under vacuum and extracted with 2x 10
ml of ether. The ether estracts were combined and

washed successively with water and saturated NaCl 45

solution and then dried (MgSO4). The solvent was re-
moved in vacuo to give the title compound as 3 yellow
oil. PMR (CDCly): & 1.31 (6H, 3), 1.88-1.96 QH. m),
2.35 (3H, 5), 3.00-3.08 2H. m), 3.25 (1H. 3), 6.94 (1H. 3),
747 (1H. 3).

;-(i-bmopayl) 334me$)yhhwwrym (Compound

To an ice bath cooled solution of 1.92 g (80 mmol) of

NaH (obuined from a 60% suspension in mineral oil by 33

3 x 18 m! hexane wash) in 30 ml of dry THF was added
slowly under argon a solution of 15.1 g (80 mmol) of
d-bromoxhiophmlinéonlbfdryTHFoverlh.m
mixture was stirred at 0 degrees C. for a further 30 min

and thea trested with a solutiop of 10.1 g (83 mmol) of 60

dimethylacryloy! chloride in 30 ml of dry THF. The
cooling bath was then removed and the mixture thea
sticred at room temperarure for 40 h. The resction mix-
ture was poured into 200 m! of water containing 2mlof

glacial acetic acid and the organic layer was separated. 63

The organic layer was washed with 2x 75 mi of water
and then dried (MgSO4). The solvent was removed in
vacuo 1o give the title compound as a yellow oil. PMR

(v

-

50

b

20

3 (3H. 5. 2.97-1.05 (2H, m), 6.92 (1H. 5), 7.43 (1H, 5). 33

22
(CDCl3): & 1.91 (3H. 5). 2.1 (3H. 5). 6.03-6.06 i 1H. m),
7.28(2H.d. J~8.6 Hz), .53 (2H. d. J— 4.6 Ha).

4.4 Dumethyl-6-bromo-2-oxo-thiochroman (Cozpound
0)

To a stirred, ice<cooled suspension of 15.9 g (119
mmol) of sluminum chloride in 140 ml of methylene
chioride was added under nitrogen, a solution of 21.64
g (79.9 mmol) of S{4-bromophenyl) 3.3-dimethyl-thios-
crylate (Compound 69) in 100 ml of methylene chioride.
The mixture was then stirred at room

for 72 h and then poured into 250 g of an ice and brine
mixture. The mixture was extracted with methylene
chioride and the combined organic extracts were
washed with sarurated NaCl solution snd then dried
(MgS04). The sol_vent was removed in vacuo and the

residue recrystllized from béxanes to give the title

compound as white PMR (CDCly): & 1.40(6H,
3), 2.67 (2H, ), 7.31-7.40 (3H, m). MS exact mass, m/e
269.9714 (caled. for CuHn §05r. 269.9714).

4-Bromo-2<1.1,3-trimethyl-3-hydroxybutyl) thiophenol
(Compound 71)

To 3.49 g (32.8 mmol) of lithium perchiorate was
added under argon )$ ml of 3.0M (105 mmol) methyl
magnesium bromide in ether. The above mixture was
treated dropwise with stirring with a solution of 2.961 g
(10.926 mmol) of 4,4-dimethyl-6-bromo-2-0xo-thiochro-
man (Compound 70) and the reaction mixture was then
heated at reflux for 70 h. The reaction mixture was then
allowed to cool and poured outo a mixture of 100 g of
ice and § ml of conc. H;SO« The organic layer was
sepanated and the aqueous layer was extracted with
2% 25 ml ether. The organic layers were combined and
washed successively with 2X23 ml of saturated NaH-
CO; solution, 25 ml of water and 25 ml of saturated
NaCl solution and then dried (MgSOq¢). The solvent
was removed in-vacuo and the residue purified by flash
chromstography to give the tite compound as pale
yellow oil. PMR (CDCly): & 1.05 (6H. 3), 1.52 (€H, 3),
230 2H, ), 3.71 (1H. s), 722 (1H, dd, J~-85 Hz, 2.1
Hz), 7.28 (1H. 4, J~8.5 Hz), 135 (1H, d, J~2.1 Hz)

Using ethyl magnesium bromide, instead of methyl
magnesium bromide, provides the corresponding 4-
bromo-2- (1,1 dimethy] 3-ethyl-3-hydroxypeatyl)-thio-
phenol.

2,2,4,4-Tetramethyl-6-bromothiochroman (Compound
12)

A mixture of 500 mg (1.4% mmol) of 4-bromo-21,1.3-
trimethyl-3-hydroxybuty}) thiopbenol (Compound 71)
and 8 ml of 20 percent squeous H;504 was hested at
reflux for 24 h. The mixture was extracted with hex-
anes. the organic extracts were combined and washed
successively with water, ssturated NaHCO;, water
again, saturated NaCl and then dried (MgSO.). The
solvent was removed in vacuo and the residue purified
by flash chromatography (silica; hexaoes) to give the
title compound as a colorless oil. PMR (CDCly) & 1.3
(6H ) 1.40 (6H, 8), 1.93 QH, 5), 7.17 (1H. dd. J~8.4 Hz,
2.1H2), 723 (1H. 4, J ~ 8.4 H2), 7.26 1H. 4, J ~ 2.1 H2).
MS exact mass, m/e 284.0221 (calcd. for Ci3Hi1 S Br,
284.0234). :

2.2.4. & Tetramethyl-6-trimethylsilylethynyl-thiochro-
man (Compound 73)

A solution of 600 mg (2.11 mmol) of 2.1.4:4-&!-
ramethyl-6-bromothiochroman (Compound 72) in 1.5
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mi of tnethylamine was placed in 3 heavy-walled tube
and degassed and then treated under argon with 1.4 g
(14.3 mmol) of trimethylsilylacetylene and a powdered
rixture of 75 mg (0.39 mmol) of cuprous and 150 mg
(0.21 mmol) of bis(triphemmol) nylphosphine) palla-
dium (I1) chioride. The reaction mixture was degassed
again, then placed under argon and the tube was sealed.
The mixture was heated at 100 degrees C. for 24 h,
allowed to cool to room temperature and then treated
with a further 1.4 g (14.3 mmol) of trimethylsilylacety-
lene and 3 powdered mixture of 75 mg (0.39 mmol) of
cuprous iodide and 150 mg (0.21 mmol) of bis(triphenyl-
phosphine) palladium (II) chloride. The mixture was
then degassed, placed under argon and then heated in
the sealed tube at 100 degrees C. for 96 b. The mixture
was cooled t0 room tempersture and extracted with
3 10 ml of ether. The organic extracts were combined,
washed successively with 25 ml of water and 25 ml of
saturated sodium chloride solution and then dried

10

(MgSOq). The solvent was removed in vacuo and the 20

residue purified by flash chromatography (silica; hex-
anes followed by 3% ethyl acetate in hexanes) to give
the title compound a3 a yellow, crysulline solid. PMR
(CDCl): & 0.23 (9H., 3), 1.36 (6H. 3), 1.39 (6H, s3), 1.94
(2H, s), 7.17 (1H. d4, J~8.2 Hz, 1.8 H2), 7.25 (1H, 4,
J~1.8 Hz), 7.30 (1H. d, J ~8.2 Hz). MS exact mass, m/1
302.1519 (calcd. for CisHj¢ S Si, 382.1524).

2,2,4,4-Tetramethyl-6-ethynyithiochroman (Compound
' 3

To a solution of 527.6 mg (1.7 mmol) of 2,2,4,4-tet-
ramethyl-6-trimethylsilyl-ethynylthiochroman (Com-
pound 73) in 4 ml of isopropano! was sdded, under
argon, 4 ml of IN KOH solution. The reaction mixture
was stirred at room temperature for 20 h and the isopro-
panol was then removed under vacuum. The residue
was extracted with ether and the combined ether ex-
tracts were washed successively with water and satu-
rated NaCl solution and then dried (MgSO4). The sol-
vent was removed in vacuo to give the title compound
as a yellow oil. PMR (CDCY): & 1.34 (6H. 3), 1.37 (6H,
). 1.91 QH.5). 299 (1H,s), 7.17(1H. d4, J~8.1 Hz, 1.8
Hz), 7.26 (1H. d, J~1.8 Hz1), 7.30 (IH, 4, J~8.1 H2).
- MS exact mass, m/e 230.1122 (calcd. for CisH;sS,
230.1129)

Diphenyl-3-methyl-3-buten-1-yl phosphate (Compound
%)

To an ice-cooled solution of 12.2 g (141.65 mmol) of
3-methyl-3-buten-1-0l (Aldrich) and 1.9 g (150.44
mmol). of pyridine in 100ml of furan was
added dropwise under argon » solution of 38.5 g (143.21
mmol) of dipbeny! chlorophosphate (Compound 32) in
100m! of tetrahydrofuran. The mixture was hested at
reflux for 3 hours.and then cooled asd filtered. The
filtrate was concentrated in vacuo and the residue dis-
solved in 400ml of 1:1 ‘ethey and bexane and then
washed with 2200 m] water, 7S ml sstursted NaCl
solution and dried (MgS04). The solvent was removed
in vacuo o give the title compound as a pale yellow oil.
PMR (CDCl3): & 1.69 (3H, 5), 2.37 QH. ¢, J~7 Hp),
4.32(H, g, I ~7 Hz), .72 (1H, 5), 4.80 (1H), 7.10-7.38
(10H, m).

4.4-Dimethylichroumian (Compound 76)

To a dry, ice-cooled flask containing 34.95 g (0.134
mo!) of stannic chloride was added quickly under argon
63.0 g (0.669 mol) of phenol. The mixture was stirred at

28
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0 degrees C. for 0.5 hour and then treated with 43.0 g
(0.135 mol) of diphenyl-3-methyl-3.buten-1-yl phos-
phate (Compound 75), followed by a S ml carbon disul-
fide rinse. The mixture was stirred at room temperature
for 21 hours and then quenched by pouring onto 700 g
ice and 1 liter of 1.SN NaOH. The mixture was ex-
tracted with 1 600 ml and 2 X 300 ml ether. The com-
bined ether fractions were washed with 2N NaOH.
saturated NaCl and dried (MgSO4) Solvent was re-
moved in vacuo and the residue punified by flash chro-
matography (silica: 2% ether in hexane) to give the utle
compound as a colorless oil. PMR (CDC);) &: 1.34
(6HD, 1.80-1.85 (2H, m)m 4.15-4.20 (2H, m), 6.80 (1H,
dd. J~8.1 bz, 1.5 Hz), 6.87 (1H, 1d, J~-8.1 Hz, 1.5 Hz),
;I.g?igﬂ. td, J~8.1 Hz, 1.S Hz), 7.26 (1H.dd, 8.1 Hz,

In & similar manner, but substituting the correspond:
ing 3 alkylpbenol for phenol, there may be prepared the
following compounds:
4,4,7-trimethyichroman;
4.4dimethyl-7-ethylchroman;

4 4-dimethyl-7-propyichroman; and
4 4-dimethyl-7-pentyichroman.
4,4-Dimethyl-6-acetyichroman (Compound 77)

To a stirred solution of 7.94 g (48.9425 mmol) of
4,4dimethylchroman (Compound 76) in 70 ml of nitro-
methane was added under argon 4.0 g (50.96 mmol) of
acetyl chioride followed by 6.3 g (51 mmol) of alumi-
oum chloride. This was stirred at room temperature for
5.5 hours and then cooled in an ice bath and treated
slowly with 70 ml of 6N hydrogen chloride. The resul-
tant mixture was stirred at room tempersture for 10
minutes and then treated with 100 ml ether and the
organic layer separated. The organic layer was washed
with water, saturated NaHCOj and saturated NaCl
solutions and dried (MgSO4). Solvent was removed in
vacuo and the residue purified by flash chromatography
(silica; 10% ethyl acetate in hexanes). This was fol-
lowed by kugelrohr distillation (95~100 degrees C.; 0.15
mm) to give the title compound as a colorless oil. PMR
(CDCL): & 1.40 (6H), 1.95-2.00 (2H, m), 2.58 (3H),
4.25-4.30 (2H, m), 6.83 (1H,d. J~8.0 Hz), 7.62 (1H, d4,
J~8.0 Hz, 1.5 Hz), 8.00 (1H, d, J~ 1.5 Hz).

Proceeding in the same manner, the other chroman

made similar to Compound 76, are converted to their
respective acetyl analogs.

4,4&-Dimethyl-6-ethynyichromaa (Compound 4)

To a solution of 2.47 g (24.41 mmol) of diisopropyl-
amine in 40 m} dry tetrahydrofuran under argon at — 78
degrees C. was added dropwise 15.2ml of 1.6M (24.32
mmol) n-butyl lithium in hexane This mixture was
stirred st —78 degrees C. for 1 hour and then trested
dropwise with a solution of 4.98 g (24.38 mmol) of
4, 4-dimethyl-6-acetyichroman (Compound 77) in | ml
dry of tetrabydrofuran. After stirring at — 78 degrees C.
for 1 hour, the solution was treated with 4.2 g (24.36
mmol) of diethyl chlorophosphste. The cooling bath
was then removed and the reaction mixture stirred at
room temperature for 2.75 hours. This solution was
then transferred using a double ended needle to a solu-
tion of lithium diisopropyl amide [prepared using 495 g
(48.92 mmol) of diisopropylamune and 0.5 ml of 1.6M
(48.8 mmol) n-butyllithium in hexane} in 80 ml dry tetra.
hydrofuran ~78 degrees C. The cooling bath was re-
moved and mixture stirred at room temperature for 18
hours then quenched with 50 m! water and 25 ml of 3N
hydrogen chloride. The mixture was extracted with

Section 1
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2100 m! and 3 X 50ml of pentane and the combined  the ether extract washed with saturated NaCl solution
. organic fractions washed with 3N hydrogen chloride, and then dried (MgSQO,). The solvent was removed in .
. . water, saturated NaHCO; and saturated NaCl solutions  vacuo and the residue purified by flash chromatography

and then dned (MgSO.). Solvent was tben removed in (silica; 5% ether in hexanes) to give the title compound
vacuo and the residue purified by flash chromatography $ asa yellow oil. PMR (CDCh)): & 1.99 (3H.5), 2.24 OH.
(silica; 10% ethyl acetate in hexane) followed by kugel-  5), 5.93 (1H, broad 5), 7.10 (2H. d. J~7.8 Hz) 7.22 (1H.
rohr distillation (70 degrees C.; 0.35mm) 10 give the title ¢, J~ 7.8 Hz), 7.38 2H. ¢, J~ 7.8 H2).
compound as a colorless crysulline solid. PMR . "
(CDCly): & 1.33 (6H), 1 81-1.86 (2H. m), 3.00 (1H. s), 4,4-Dimethyl-2-0x0-chroman (Compound 82)
4.19-424 2H, m). 6.75(1H,d, J~8.5 Hz). 7.22 (1H,dd. 10  To a stirred, ice-cooled suspension of 10.4
: 4 g (78
J~85Hz 23 H1), 74 (I1H, 4, J~23 Ha). .. mmol) of aluminum chloride in 160 ml of methylene
Using this method, the acetyl derivatives, made simi-  chipride was added slowly under argon s solution of 7
lar to Compound 77, are copverted to the ethynyl form. g (39.8 mmol) of pheny! 3,3-dimethylacrylate (Corn-
4 4-dimethyl-6-ethypyichroman ZaCl (compound 79) ¢ m‘;‘d 81) in 40 m! of methylene chloride. The cooling
and et.hyl H‘.‘dmﬂhyld_uomn-&ylelhynyl) W.ll removed and thc mixture stirred s further 42 h.
benzoate (compound 80) ;l;bemmel\:upoundmwlmmeofmdbﬁnemd
: . . e organic layer separated. The aqueous layer was
Fm'mﬁEMMmﬂmi extracted with methylene chloride and the organic ex-
dried under vacuum operations were carried OUt  1ryceg were combined and washed with satursted NaCl
in an oxygeuo-free, argon of nitrogen sumaspbere. To 8 20 o1ur0n and then dried (MgSOs). The solvent was re-
solution of 509.4 mg (2.74 mmol) of 44dimethyl-6 000y iy vacuo and the residue purified by flash chro-
ethynyl chroman (Compound?l)m4mlofdrymnhy- matography (silica; 10% ether in hexane) to give the
?’:&“’(;"’é‘ 0 d";’:f."m‘:': hldt:::nd?l wie l?szml of  tie compound as & colorless oil. PMR (CDCl) & 1.30
v;ru commenced at 0 de . C. for 30 minutes m 28 (6H. 3), 2.56 (2H. 5), 7.06 (1H. dd, J~8.0 Hz. 1.4 H2),
S arorstere for 1 minutes, afer which the solu- 16 (1H. 14, J—8.0 Hz, 1.4 Hz), 7.26 (1H, ud, J~ 8.0 Hz.
mmnwc";l‘“_mm,d C and then treated 17 H2): 7.33 (IH, d4, J~8.0 Hz, 1.7 Hz). MS exact
with a solution of 380 mg (2."79"' 1) of fused zinc mass, m/e 176.0852 (caled. for Ci1H 103, 176.0837.
* chloride in $ ml of dry tetrahydrofuran using a double  2(1,1,3-Trimethyl-3-hydroxybutyl)phenol (Compound

-

ended needle. The resulting solution was stirred st 0 30 23)
degrees C for "“',’f“c';::o":: 4 room temperature O T4 11 ml of 30 M (33 mmol) methyl magnesiuem
This product was pot isolated but further used as ::'d”“‘.‘“m-?",'“‘;";‘éi““'h-‘""";“-
follows: A solution of 628.6 mg (174 mmol) of ethyl  under aitrogen a solution of 1.96 g (11.1 mmol) of 4.4-
. 4-bromobenzoate in 4 ml of dry tetrshydrofuran was 38 dimethyl-2-oxo-chroman (Compound 82) in 35 m! of

transferred by double ended needle into a suspension of  47Y ether. The cooling bath was theo removed and the
380 mg (0.33 mmol) tetrakistriphenylphosphine palls-  Mixture stirred at room temperature for 72 b. The reac.
dium in § ml dry tetrahydrofuran and stirred at room  1on mixture was then poured onto a mixture of 100 g of
temperature for 15 minutes, then treated by double ice and 3 m! of conc. H;SO4and stirred until the magne-
ended needle with the solution of alkynyl zinc chloride 40 3ium salts were dissolved. The organic layer was sepa-
prepared sbove The mixture was stirred at room tem-  Tated and the aqueous layer extracted with 2 50 ml of
perature for 20 hours and then quenched with ice and 30 ether. organic layers were combined and washed suc-
ml of 3N hydrogen chloride. The mixture was then cessively with water, saturated NaHCO; and saturated
extracted with 3 X 75 mi ether and ether extracts were NaCl solutions and then dried (MgSO4). The solveat
combined and washed successively with saturated 43 Was removed in vacuo snd the residue was purified by
NaHCO; and saturated NaCl solutions and then dried  flash chromatography (silica; 20% ethyl aceuie in hex-
(M3gSO4). Solvent was removed in vacuo and the resi- anes) to give the title compound as & pale yellow solid.
due further purified by flash chromatography (silica; PMR (CDCYy): & 1.13 (6H. 5), 1.48 (6H. 3), 1.89 (1H., s),
10%. ethyl acetate in hexane) to obtain cthyl 444 223 (2H,s},6.60(1H.dd, J 7.9 Hz 1.4 Hz), 6.8 (IH,9),
dimethyichroman-6-yi-ethysyl) benzoste (Compound 30 6.84 (1H, td, J~7.9 Hz, 1.4 H2), 7.07 (1H. 14, J~ 7.9 Hz,
80) a3 a white solid. PMR (CDChL): & 1.36 (6H), 142 1.6 Hz), 7.31 (1H, dd, J~7.9 Hz, 1.6 Hz). MS exact
GH. t, J~1.3 Hz), 1.82-1.86 QH, m), 421425 QH. m),  mast, m/1 20.1458 (calcd. for Ci3Ha007, 208.1464).

4.40 (2H, q, J=1.3 H2), 679 (1H, &, J~8.1 Hz), 7.28 .
7.58 (2H, 4, J~8.7 Hz), 8.03 (2H, J~8.7 H1). ss  Amixture of 2.98 g (14.3 mmol) of 21,1.3-trimethyl-
L 3-hydroxybutyl) phenol (Compound 83) and 40 ml of
Pheny! 3.3dimethylacrylate (Compound 81) 20% aqueous HiSO« was heated at refluz, uader nitro-

To an ice bath cooled solution of 1.29 g (54 mmol) of gen, for 4 b. The mixture was stirred at room tempera-
NaH (obtained from 2 60% suspension in mineral oil by ture for s further 72 h and then diluted with SO m! of
3% 10 m! hexane wash) in 20 mi of dry THF was added €0 water. The mixture was extracted with 3x2.0 m} of
slowly under oxygen a solution of S g (53 mmol) of bexanes. The orpnk extracts were then combined and
phenol in S0 mi of dry THF. The mixture was then washed successively with water and satursted NsCl
treated with a solution of 7 g (59 mmol) of dimethylac-  solution and then dried (MgSOy4). The solvent was then
ryloy! chloride in 300 m! of dry THF. The cooling bath  removed in vacuo o give the title compound as a colot-

was then removed and the mixture was stirred for & 65 less oil. PMR (CDCly): & 1.36 (6H. s), 1.37(6H. s). 1.83

further 2. h. The reaction mixture was then poured (2H. 9), 6.71 (1H, dd, J~8.2 Hz, 1.5 H2) 6.92 (1H. id,
into 150 ml of water containing | ml of giacial acetic J~8.2 Hz. 1.5 Hz), 7.09 (1H, td, J~ 8.2 Hz, 1.5 Hz), 7.29
acid. The mixture was extracted with 150 m! ether and  (1H, dd, J~8.2 Hz, 1.5 Hz).
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.2.2.4,4-Tctnmethyi-6—acetyl-chromln (Compound 85)

To an ice bath cooled solution of 2 g (10.53 mmol) of
2,2 4. 41etramethyichroman (Compound 84) in 25 ml of
nitromethane was added, under nitrogen, 941 mg (11.99
mmol) of acetyl chloride followed by 1.59 g (11.92)
mmol) of aluminum chioride. The cooling bath was
then removed and the mixture stirred at room tempera-
ture for 16 h. The mixture was then cooled sgain in an
ice bath and treated with 25 ml of conc. HCL The mix-
ture was then filtered and the residue washed with
methyiene chioride. The filtrate was concentrated in
vacuo and the resultant residue was purified by flash
chromatography (silica; 10% ethyl acetate in hexanes)
to give the title compousd as a yellow oil. PMR
(CDClL3): & 1,38 (6H. 3), 1.39 (6H, 5), 1.87 (2H. 3). 2.56
(3H,3), 6.83 1H. 4. J~8.THz), 7.71 (1H. dd, J~8.7 Hz,
2.1 Hz2), 7.98 (1H, d, J~21 Hz). MS exact mass, m/e
232.1468 (calcd. for Cy3Hy0,, 232.1464).

2,2,4,&Tetramethyl-6<thynyl-chroman (Compound $)

To a cocled (—78 degrees C.) solution of 522 mg
(5.17 mmol) of diisopropylamine in 8 ml of dry THF
was added slowly, under nitrogen, 3.23 ml of 1.6 M
(5.17 mmol) n-bury] lithium in hexane. The mixture was
stirred at ~78 degrees C. for 40 minutes and then
treated with a solution of 1.24 g (5.17 mmol) of 2.2,4,4-
tetramethyl-6-acetylchroman (Compound 85) in 2 ml
dry THF. The mixture was stirred at —78 degrees C.
for a further | h and then treated with 895 mg (5.19
mmol) of diethylchlorophosphate. The reaction mixture
was allowed to warm room temperature and transferred
by double-ended needle into a solution of lithium diiso-
propylamide in THF st —78 degree C. [prepared as
described above from 1.04 g (10.34 mmol) of diisopro-
pylamine and 6.46 ml of 1.6 M (10.34 mmol) n-buty!
lithium in hexane). The cooling bsth was removed and
the mixture was stirred at room temperature for 16 h
The mixture was then treated with 10 ml of ice water

b
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organic layers were combined and washed successiveiy
with water and saturated NaCl solution and then dned
(MgSOq) The solvent was removed in vacuo and the
residue was purified by flash chromatography (silica:
10% ethyl acetate in hexane) to give the title compound
as 3 pale yellow oil. PMR (CDCl;): & 1.95 (3H. d.
J~1.3H2).221 (3H.d, J~2 Hz). 2.34 (3H, 5), $.90(1H,
broad S), 6.86-6.93 (2H. m), 7.0! (IH, d. J~-7.2 Hz),
7.24 (1H. t, J~7.2 Ha). :

2<1.1,3-Trimethyl-3-hydroxybutyl) S-methyl-phenol
(Compound 88)

To an ice-bath cooled suspension of 13 g (97.S mmol)
of aluminum chloride in 200 mi of methylene chioride
was added ise under argon a solution of 9.0 g
(474 mmol) of 3I-metyl-pbeayl-3,3-dimethylacrylate
(Compound 87) in 100 m! of methylene chioride. The
reaction mixture was stirred st 0 degrees C. for a further
30 min snd then at room temperature for 15 h. The

20 resction mixture was poured into 200 ml of an ice wa-

. ler/salt mixture and the organic layer was separated.
The aqueous layer was extracted with 50 m} of ether.
The organic layers were combined and washed succes-
sively with water and saturated NaCl solution and then

25 dried (MgSOs). The solvent was removed in vacuo and

the residue purified by flash chromatography (silics;
5% ethyl acetate in hexane) to give an approximastely
2.5:1 mixture of isomeric products, 4,4,7-trimethyl-2.
oxo-chroman and 4,4,5-trimethyl-2-0xo-chroman as a
pale yellow oil. To a solution of 3.8 g (20 mmotl) of this
mixture of isomeric 2-oxo-chromans in 60 m! of ether at
0 degrees C. was added under argon 20 m! of 3.0 M (60
mmol) of methyl magnesium bromide in ether. The
resction mixture was stirred at room tempersture for 43

Section 1

h and then poured onto s mixture of ice and 1 ml of

conc. H:SOs The organic layer was separated and the
aqueous layer extracted with 250 ml of ether. The
organic layers were combined and washed successively
with water, saturated NaHCOj; solution, water sgain

and acidified to a pH of 2 with 10% HCL The organic 40 and then saturated NcCl solution and then dried

layer was separated and the aqueous layer was ex-

(MgSOy4). The solvent was removed in vacuo and the

wracted with 3 30 m! of pentane. The orgunic extracts  residue was purified by flash chromatography (silica; 5
were combined and washed successively with 2.30 m! % ethyl acetate in hexanes) to give the title compound

of dilute HCY, water, 3xX30 ml of sarurated NaHCO»

as a colorless oil. PMR (CDCl3): & 1.14 (6H, s), 1.45

solution and saturated NaCl solution and then dried 45 (6H,s), 2.19(3H.s), 2.21 2H,3), 6.39(1H.d,)~1.8 H),

(MgS0O4). The solvent was removed in vacuo and the

6.67 (1H, dd, J~7.9 Hz, 1.8 Hz), 7.16 (1H), 4, J~79

residue was purified by flash chromatography (silica;  Hz), 7.44 (1H, 3). :

2% ethyl acetate in hexane) to give the title
as & pale yellow oil. PMR (CDCh): & 1.31 (6H., 3), 1.32

2.2,4,4,7-Pentamethyl-chroman (Compound 89)

(6H.s), 1.50(2H, ), 3.00(1H, 1), 6.72(1H.4,J~8.4 Hz), 50 To 2.16 g (11.7 mmol) of 2<1,1,3-trimethyl-3-bydrox-

7.20(1H,dd, J 8.4 He, 2.1 H2), 742 (1H. 4, I ~2.1 H2).

MS exact mass, m/c 214.1251 (caled. for CisH O,

214.1357).

3-Me¢yi—phnyl~§}diae¢yhcwum (Compound 87)
A 60% suspension of sodium hydride (3.22 g; 81

L

ybutyl) S-methyl-phenol (Compound 38) was added
under nitrogen 50 ml of 209% aqueous sulfuric acid. The
reaction mixture was heated at reflux for 13 h and then
cooled. The organic layer was separated and the aque-
ous layer was extracted with ether. The organic extracts
were combined ead washed successively with water,

mmol) in mineral ol was washed with 310 ml of  satursted NaHCOj solution, water sgain and satursted
hexane and then treated with 30 m) of dry THF. This  NaCl solution snd then dried (MgSOs) The solvent was
mixture was cooled in an ice-bath and then treated with removed in vacuo to give the title compound as a yel-
a solution of 8.6 g (79.5 mmol) of m-cresol in 80 wl of 6 low oil. PMR (CDCly): & 1.32 (6H, 3), 1.34 (6H, 5), 1.81
dry THF. The reaction mixture was stirred for 10 min (2H.5). 2.26 OH.35), 6.63 (I1H. ), 6. 72 (1H,d, ]~ 7.9 Hz),

and then treated with a solution of 10.5 g (38.5 mmol) of
dimethylacryloyl chloride in 40 ml of dry THF. The
reaction mixture was stirred at room temperature for 96

h and then poured into a mixture of 150 ml of water and 63

1 ml of glacial acetic acid. The mixture was stirred for
10 min and the organic laver was separated. The ague-
ous layer was extracted with 2X S ml of ether. The

7.15 (1H. d. J~171.9 Hz).
2.2.4,4,7-Pentamethyl-6-acetyl-chroman (Compound
90)

To an ice-bath cooled solution of 1.96 g (9.6 mmol) of

2,2.4,4.7-pentamethyl-chroman (Compound 89) in 30 mi
of aitromethane was added under argon 1.059 g (13.5
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mmol) of acetyl chloride followed by 1.9 g (14.3 mmol)
of aluminum chioride. The reaction mixture was stirred
at room temperature for 14 h and then cooled in an
ice-bath and treated with 28 ml of conc. HCL. The mix-
ture was warmed to room temperature and diluted with
ether and water. The organic lsyer was separated and
the aqueous layer extracted with ether. The organic
extracts were combined and washed successively with
water, saturated NaHCO; solution, water again, and
satursted NaCl solution, and then dried (MgSQs). The
solvent was removed in vacuo and the residue was
purified by flash chromatography (silica; $% ethyl ace-
tate in hexsnes) to give the title compound as a pale
yellow oil. PMR (CDCl): 1.36 (6H. 5), 1.37 (6H. 5), 1.86
(2H, 3), 2.49 (3H, ), 2.56 (3H. 5), 6.65 (1H, 3), 7.74 (1H.
s).

2.2,4,4,7-Péntamethyl-6-ethynyl-chromas (Compound
9)

To a solution of 435 mg (4.5 mmol) of disopropyla-
mine in $ mi of dry THF at —78 degrees C. was added
under argon 3 ml of 1.5 M n-BulLi in hexane. The mix-
ture was stirred st ~78 degrees C. for a further 45 min

o~

0

and then treated with a solution of 1.07 g (4.3 mmol) of 23

2,2,4,4,7-pentamethyi-6-scetyl-chroman (Compound
90) in 4 ml of dry THF. The reaction misture was
stirred at —78 degrees C. for 1 h and then treated with
776 mg (4.8 mmol) of diethyl chiorophosphate. The

mixture was allowed 10 warm to room temperature and 0

then transferred by a double-ended needle into a solu-
tion of lithium diisopropyl amide in 10 ml dry THF at
— 78 degrees C. which was prepared as described above

using 910 mg (9.0 mmol) of diisopropylamine and 6 m} ;¢

of 1.8 M (9.0 mmol) n-BuLi in hexane. The mixture was
stirred st room temperature for 15 b and then poured
into 10 mi of iced water. The mixture was acidified to
pH=2 with 10% HCI solution. The organic layer was

separated and the aqueous layer extracted with peatane. 40

The organic extracts were combined and washed suc-
cessively with water, saturated NaHCO; and saturated
NaCl solutions and then dried (MgSO4). The solvent
was removed in vacuo and the residue purified by

Kugelrohs distillstion (82 degrees C, 0.3 mm) to give 43

the title compound as a pale yellow oil. PMR (CDCL):
& 1.32 (6H, 3), 1.34 (6H, 5), 1.31 2H, 3), 2.36 (H, 1),
3.18 (1H, 3), 6.64 (1H, s), 7.40 1H (3). MS exact mass,
m/e 228.1520 for CyeHaoO, 228.1514).

N-(4-Bromopbenyl)3,3-dimethylacrylamide
(Coeapound 92)

To a solution of 9.48 g (30 mmol) of 3,3-dimethylac.

ryloyl chioride in 200 ml of dry THF was added with .,

vigorous shaking & solution of 13.76 g (80 mmol) of
4-bromoaniline in 300 ml of dry THF. The mixture was
stood at room temperature for 2 b and then treated with
w;or'ieefouowedbyzmwofm‘l'heotpnic
layer was
tracted with 2% S0 m! of hexanes. The organic layers
were combined and washed successively with 30 ml of
water and 2% 30 ml of saturated NaCl solution and then
dried (MgSOq). The solvent was removed in vacuo and
the residue purified by recrystallization from an ethyl
acetate and hexanes mixture to give the title compound
as colorless crysuls. PMR (CDCl): & 1.91 (3H.s).2.23
(3H. 5), 5.73 (1H, broad 5). 7.38-7.55 (SH, m).

separated and the aqueous layer was ex- ¢

63

30

4.4-Dimethyl-6-bromo-2-0x0-1.2.3.4-tetrahydroquino-
line (Compound 93)

To 6.7 g (26.02 mmol) of molten N-(4-bromo-
phenyl)3.3-dimethylacrylamide (Compound 92) (heated
to 135 degrees C.) was added 4.15 g (31.09) of aluminum
chloride over 25 min. The reaction mixture was stirred
at 130 degrees C. for 16 b and then trested with s fur-
ther 1 g (7.5 mmol) of aluminum chioride. The reaction
mixture was heated st 130 degrees C. for s further 9 b
and then cooled to room temperature: The reaction was
then quenched by the slow sddition of 100 ml of ice
cold water with slight warming of flask to facilitate
mixing. The mixture was extracted with 1 x 100 m] and
4% 50 m} of ether. The organic extracts were combined
and washed with 25 ml of sstursted NaCl solution and
then dried (MgSO4). The solvent was removed in vacuo
and the residuc pusified by flash chromatography (sil-
ica; 30% ethyl acetate in hexanes) 1o give the title com-
pound as a pale yellow solid. PMR (CDCl): & 1.37
(6H, 5), 2.53 (2H. s), 6.85 (1H, d, J~8.4 Hz), 7.32 (1H,
dd, J~8.4 Hz, 2.1 Hz2), 743 (1H, 4, J~2.1 Hz), 10.12
(1H, broad 3). :

4,4 Dimethyl-6-bromo-1,2.3,4-tetrabydroquinoliste
(Compound 94)

To 23.5 ml of 1.0 M (23.5 mmol) lithium aluminum

“hydride in THF, heated to reflux under nitrogen, was

added a solution of 4.95 g (19.48 mmol) of 4,4-dimethyl-
6-bromo-2-0x0-1.2,,4-tetrahydroquinoline (Compound
93) in 50 ml of dry THF and 100 ml of dry ether via a
double-ended needle The mixture was hested at reflux
for 2 h and then cooled to room temperature. The reac-
tiop mixture was then quenched by the slow addition of
25 ml of water followed by 50 m! of 5% NaOH solution.
The mixture was extracted with 2x 25 m] of ether. the
organic extracts were combined and washed succes-
sively with 25 ml each of water and saturated NaCl
solution and then dried (MgSO4). The solvent was re-
moved in vacuo and the residue purified by flasb chro-
matography (silica; 15% ethyl acetate i hexanes) to
give the title compound as a brown oil. PMR (CDCly):
& 1.27 (6H, 3), 1.67-1.74 2H, m), 3.23-3.32 2H, m),
3.90(1H, broad s), 6.33 (1H, 4, J ~8.4 Hz), 7.10 (1H, dd,
J~8.4 Hz, 2.3 Hz), 725 (1H. d. J~2.3 H2).

4,4-Dimethyl-6-trimethylsilyletbynyl-1,2,3,4-tetrahy-
droquinoline (Compound 95)

A solution of 1.608 g (6.7 mmol) of 4 4-dimethyl-6-
bromo-1,2.3,4-tetrahydroquinoline (Compound 94) in
1.5 ml of triethylamine in a heavy-walled tube was de-
gassed under argon and then treated with 75 mg (0.39
mmol) of cuprous iodide and 150 mg (0.21 mmol) of
bis(triphenylphosphine) palladium (II) chloride. The
mixture was degassed agsin under argon, trested with
2.05 g (21.2 mmol) of trimethylsilylacetylene 20d the
tube was sealed. The mixture was heated st 30 degrees
C. for 48 b. After cooling 1o room tempersture methy-

Jene chloride was added to the reaction mixture and the .

mixture fltered. The filrate was concent-ated in vacuo
and the residue purified by flash chromnatography (sil-
ica; 10% cthyl acetate in hezanes) to give the title com-
pound as s yellow oil. PMR (CDCl;): & 0.20 (9H, s},
1.20 (6H, s), 1.57-1.63 (2H. m), 3.16-3.25 (2H. m), 402
(1H. broad s). 6.24 (1H, d. J~8.2 Hz), 7.00 (1H. dd.
J~82Hz 1.8 Hz2), 7.26 (1H. d, J~ 1.8 H2).
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4.4-Dimethyl-6-ethynyl-1,2.3 4-tetrahydroquinoline \ Ethyl
{Compound 6). 6-[4(6.4-dimcthy'1:hioch:oman-6-yl)-exhynyl]m’cminzte

To a solution of 569 mg (2.21 mmol) of 4.4-dimethyl-
é-trimethylsilylethynyl-1,2,3,4-tetrahydroquinoline
(Compound 95) in 3 ml of isopropano] was added, under
argon. | m! of IN aqueous KOH solution. The reaction
mixture was stirred at room temperature for 36 h and
the isopropanol was removed under vacuum. The resi-
due was extracted with ether and the ether extract was
washed successively with water and saturated NaCl
soluticn and then dried (MgSO4). The solvent was re-
tmoved in vacuo and the residue was purified by flash
chromatography (silics; 10% ethyl acetate in bexanes)
to give the title as a brown oil. PMR
(CDCly): & 1.26 (6H, 5), 1.635-1.72 (2H, m), 2.96 (1H, 3),
3.27-334 (2H, m), 6.34 (1H, . J ~ 8.3 Hz), 7.08 (I1H, dd,
J~8.3 Hz, 6 Hz), 7.33 (1H, 4, J~ 1.6 Hz).

Ethyl-4-iodobenzoate (Compound 97

To a suspension of 10 g (40.32 mmol) of 4-iodoben-
zoicacidinlwlnlluoluuemwlwnddedzml
thionyl chloride and the mixture was then heated at

“teflux for 3 hours. Solveat was removed in vacuo snd

the residue was dissolved in 100 ml ether. The ether
solution was washed with saturated NaHCO); and satu-
rated NaCl solutions and dried (MgSOs). Solvent was
then removed in vacuo an the residue kugelrohr dis-
tilled (100 degrees C.; 0.55 mm) to give the title com-
pound as s colorless oil, PMR (CDCLy): & 1.42 QOH, ¢
J~7Hz), 44 QH. q. J~7 H2), 7.8 (4HD.

In the same manner, but substituting for 4-iodoben-
zoic acid the appropriate scid, the following com-
pounds can be prepared:
ethyl 4&iodophenylacetate;
ethyl 3-{4-iodophenyl)propionate;
ethy] 4<(4-iodophenyloutanoste; and
ethyl $-(4-iodophenyi)pentancate.

Ethyl 6-chloronicotinate (Compound 98)

A mixture of 15.75 g (0.1 mol) 6-chloronicotinic acid,
6.9 g (0.15 mol) ethanol, 22.7 g (0.11 mol) dicyclohexyl-
carbodiimide and 3.7 g dimethylaminopyridine in 200
mlmethyleaechloridewhatedureﬂufotzm
The misture was allowed to cool, solvent removed in
vacuo and the residue subjected to flash chromatogra-
phy to give the title compound as 8 low-melting white
solid. PMR (CDCly): & 1.44 CH, t, J~6.2 H2) 444 QH,
q J—44 H2), 744 (1H. 4. J~8 | H2), 827 (1H, dd.
J~8.t Hz, 3 Hz), 9.02 (1H, 4, J~3 H2).

The foregoing procedure may be used to esterify any
ofothermo-suhuitmedacidsemployedinthemkin
of compounds such as: -
cthyl 2<(2-chloropyrid-S-yhacetate;
ethyl 5-(2-chloropyrid-S-yi)pentuanoate;
ethyl 2{(2-iodofur-5-yl)acetate;
ethyl 5-(2-iodofur-5-yl)pentanoste;
ethy! 2<(2-iodothien-S-yl)acetate;
ethyl $«(2-iodothien-$-yl)pentanoste;
ethyl 2<(3<chloropyridazin-6-yljacetate;
ethyl S$-(3-chloropyridazin-6-yl)pentanoate: and the

corresponding chioro, or other halo, substituted py-

rimidinyl or pyrazinyl analogues of such esters.

s

20

3]

5

63

(Compound 99)

Reaction vessels used in this procedure were flame
dried under vacuum and all operations carned out in an
oxygen-free, argon or nitrogen stmospbere. To a solu-
tion of 465.7 mg (2.3019 mmol) of 4,4dimethyl-6-ethy-
nyl-thiochroman {(Compound 1) in 4 mi of dry tetrahy-
drofuran at 0 degrees C. was added dropwise 1.5 ml of
1.6 M (24 mmol) n-butyllithium in hexane. This was
stirred at O degrees C. for 10 minutes and at room tem-
perature for 10 minutes, cooled again to 0 degrees C.
and then treated with s solution of 330 mg (2.421$
mmol) of fused ZaCl; in 4 mi dry tetrabydrofuran using
a double ended needle. Thereafter the solution was
stirred at O degrees C. for 30 minutes, then at room

for 10 minutes. A solution of 426.3 mg
(2.2967 mmol) of ethy! 6-chloronicotinate (Compound
98) in 4 ml dry tetrahydrofuran was transferred by dou-
bie ended needle into a suspension of 430 mg (0.37
mmol) of tetrakistriphenylphosphine palladium in 4 ml
dry tetrahydrofuran and stirred at room temperature for
10 minutes, then treated by double ended needle with
the solution of the alkyny! zinc prepared above. This
mixture was stirred at room temperature for 18 houn,
then quenched with 100 ml water. Product was recov-
ered by extraction with 3X 7S ml ether. Ether fractions
were combined and washed with saturated NaCl solu-
tions and dried (MgSO4). Solvent was removed in
vacuo and the residue purified by flash chromatography
(silica; 5% ethyl acetate in hexane) followed by HPLC
(Whatman Partisil M-9 10/50; 4% ethyl acetate in hex-
ane) to give the title com; ss 8 white solid.

PMR (CDCh): & 1.36 (6H, s), 1.45 3H, t, J~7 Hz),
1.96-2.00 2.00 (2H, m), 3.05-3.09 2H. m), 4.45 QH. .
J~7Hz), 711 (1H, d, J~8.4 Hz), 7.29 (1H, dd, J~8.4
Hz 2.2 Hz), 7.59 (1H,d, J~7.8 Hz), 7.66 (1H, d.J ~2.2
Hz), 8.30 (1H, d4, J~7.8 Hz, 2.3 Hz), 9.22 (IH, d.
J=~2.3 Ha). .

Alternative synthesis: Ethyl 6-{(4.4-dimethylthio-
chroman-6-ylethynylnicotinate (Compound 99) was
also prepared as follows. :

A solution of 15.4 g (76.2 mmol) of 4.4-dimethyi-6-
cthynyl-thiochroman (Compound 1) and 14.0 g (75.5
mmot) of ethyl-6-chloronicotinate (Compound 98) in 38
ulof{rumydbﬁneduiﬂhyhmmwudqmedmd
then treated under pitrogen with a finely powdered
mixture of 1 g (5.25 mmol) of high purity cuprous iodide
aod 2 g (288 mmol) of bis(tripbenylphosphine) paila-
diun(n)chlodde.'rhenixmrewhawdundefniuo-
;ennSSdepeaC.forthounndmencooledw
room tempersture. The triethylamine was then re-
moved under vacuum and the residue was diluted with
200 ml of s 1:4 mixture of cthyl acetate and hexanes.
This mixture was filtcred through silica and the filtrate
concentrated in vacuo. The resultant residue was puri-
fied by flash chromatography (silica gel; 15% ethyl

Section 1

acetate in bexanes) and recrysuallized from s mixtore of

ethyl acetate and hexanes to give the title compound as
a pale yellow solid.

Ethyl o
6-(4.4.7-trimethylthichromm‘&yl)ethynyl]mcoumte
(Compound 100)

A mixture of 86 mg (0.4 mmol) of 4,4.7-trimethyl-6-

- ethynyl-thiochroman (Compound 2). 85 mg {0.46

mmol) of ethyl 6-chloronicotinate (Compound 98) and
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0.8 ml of ethylamine was degassed under nitrogen
and then treated with 2 mixture of mg (0.05 mmol) of
cuprous iodide and 20 mg (0.03 mmo!) of bis(triphenyl-
phosphine) palladium (I1) chloride. The reaction mix-
ture was heated at 55 degrees C. under a nitrogen atmo-
sphere for 18 hours. The mixture was then extracted
with 1.5 ml of 40% ethyl acetate in hexanes and purified
by flasb chromatography (silica; 10% ethyl acetate in
hexanes) to give title compound as 3 yellow solid.

PMR (CDClj): & 1.32(6H.5), 1.43 (3H, 1. ]~ 7.2 H2),
2.44 (3H, 3), 3.01-3.05 2H, m), 4.42 2H. g, J~-7.2 Hz),
6.98 (1H, s), 7.54-7.63 (2H, m), 8.27 (1H, dd, J~8.3 Hz,
2.3 Hz),9.21 (1H. d, J~2.3 Hz).

Ethyl 6-{(4,4-dimethylchroman-6-yl)ethynyl]nicotinate
(Compound 101) )

Reaction vessels used in this procedure were flame

dried under vacuum and all operations were carried out

in an oxygen-free, argon or nitrogen atmosphere. To &

34
the organic layer was separated. The aqueous layer was
extracted with ether. The organic layers were then
combined and washed with saturated NaCl solution and
then dried (MgSO4). The solvent was removed in vacuo
S and the resultant residue was purified by flash
chromatograhy (silics; 10% ethyl acewte in hexanes) to
give the tile compound as s dark yellow oil. PMR
(CDCl3): & 1.32-1.43 (15H, m), 1.92 (2H.5). 4.38 (2H. g,
J~17.1 Hz), 7.28 (1H, dd, J~8.3 Hz 1.8 Hz), 7.32-7.38

10 (2H, m), 7.53 (1H. d, J~8.3 Hz2), 8.24 (1H, dd, J~32

Hz. 2.2 Hz), 9.16 (1H, d, J~2.2 Hz). MS exact mass,
m/e 379.1594 (caled. for C23H2sNO;S, 379.1606).

Ethy!

15 6-{(2.2.4,4-tetramethylchroman-6-yl)-ethynyl)nicotinate

(Compound 103)

A solution of 233 mg (1.09 mmol) of 2.2.4.4-tet-
ramethyl-6-ethynyichroman (Compound 5)-and 209 mg
{1.09 mmol) of ethy! 6-chloronicotinate (Compound 93)

solution of 509.4 mg (2.74 mmol) of 4.4-dimethyl-6- 20 in | ml of triethylamine was degassed and then trested

ethynyichroman (Compound 4) in 4 mi of dry tetrahy-
drofuran at 0 degrees C. was added dropwise 72 ml of
1.6 M (2.75 mmol) of n-buty} lithium in bexane. stirring
was commenced at O degrees C. for J0 minutes and at

under argon with a powdered mixrure of 50 mg (0.26
mmol) of cuprous iodide and 100 mg (0.14 mmol) of
bis(triphenylphosphine) palladium (II) chioride. The
reaction mixture was hested under argon at 53 degrees

room temperature for 15 minutes, after which the solu- 25 C. for 80 h and then cooled 10 room temperature. The .

tion was cooled again to 0 degrees C. and then treated trietbylamine was then removed under vacuum and the
with 2 solution of 380 mg (2.79 mmol) of fused zinc~  residue purified by lash chromsiography (siliza; 5%

chioride in $ m! of dry tetrahydrofuran using a double
ended needle. The resulting solution was stirred at 0

ethy] acetate in hezanes) to give the title compound as
a yellow oil. PMR (CDCh): & 1.36 (12H, 3), 1.42 (3H,

degrees C. for 1 bour and thea st room temperature for 30 t, J~7.2 Hz), 1.85 (2H. 3), 4.37 (2H, q, J~7.2 H2), 6.79

15 minutes. A solution of 628.6 mg (2.74 mmol) of ethyl
6-chloronicotinate (Compound 98) in 4 ml of dry tetrs-
hydrofuran was transferred by double ended needle into

(1H, d, J~4 Hz), 7.34 (IH, dd, J~8.4 Hz, 2.1 H2), 7.56
(1H,d,J~8.7Hz), 7.60 (1H. d, J~2.1 Hz), 8.27 (1H., dd,
J~8.7 Hz, 2.4 Hz), 9.19 (1H, 4, J~2.4 Hz). MS exact
mass, m/e 363.1837 (caled. for Ca3HasO3N, 363 1334).

a suspension of 380 wg (0.33 mmol) of tetrakistriphenyl-
hosphine palladium in § ml tetrahydrofuran and 3$
: &eos:nmpdwu stirred at r:;ym tempey:mm for 15 Ethyl-6-{(22.4,4.-peatamethyl-6-chromanyl)-ethynyl}-
minutes and then treated by double ended needle with nicotinate (Compound 104)
the solution of alkynyl zinc prepared sbove. The mix- A solution of 300 mg (1.316 mmol) of 2.2,4,4,7-
ture was stirred at room temperature for 20 hours and  tamethyl-6-ethynyl-chroman (Compound 9) and 243.6
then quenched with ice and 30 ml of IN hydrogen 40 mg (1.3276 mmol) of ethyl é-chloro-nicotinate (Com-
chioride. The mixture was extracted with 3X7$ ml  pound 98) in 2 mi of triethylamine was placed in s pres-
ether and ether extracts were combined and washed  sure tube and s stream of aitrogen was bubbled through
successively with satursted NaHCOj and ssturated  the solution for 15 min. The tube was thea flushed with
NaCl and then dried (MgSO4). Solvent was removed in  ~ argon and a finely ground mixture of 100 mg (0.1425
vacuo and the residue further purified by flash chroma- ¢S mmol) of bis (triphenylpbosphine) palladium (I) chio-

tography (silica; 10% ethyl acetate in hexane) to give
the title compound as & yellow solid.
PMR (CDCly) & 1.36 (6H, ), 1.44 OH, ¢, J~7.1 H2),

1.83-1.87 2H, m), 4.22-4.26 QH, m), 4.4 (2H. q. J~7.1

ride and 50 mg (0.2625 mmol) of cuprous iodide was
sdded to the solution. The pressure tube was then sealed
and the reaction mixture hested at 60 degrees C. for 72
. The mixture was cooled to room temperature and the

Hz), 6.80 (1H. &, J~7.6 Hz), 7.35 (1H, 4, J~8.9 Hz), 50 triethylamine removed under vacoum. The residue was

7.58 (1H. 8, J~ 7.6 Hz), 7.60 (1H, m), 8.28 (1H. 4, ) ~3.9
Hz), 9.21 (1H, s). .

Ethyt .
6-[(12.4,4-tetrmethylothiochmm-6-yl)-cthynyl}-
micotinate (Compound 102)

A solution of 232 mg (1.01 mmol) of 2.2.4,4-tet-
ramethyl-6-ethynylthiochroman (Compound 3) and 190
mg (1.03 mmol) of ethy! 6-Chloro-nicotinate (Com-
pound9l)in2mlofuiethyhmhewphcedin|
heavy-walled glass tube, degassed, placed under argon
and then treated with a powdered mixture of 53 mg
(0.28 mmol) of cuprous iodide and 84 mg (0.12 mmol) of
bis(triphenylphosptune) palladium (II) chloride. The

purified by flash chromastography (silics; 10% ethyl
acetate in hexane) to give the title compound as a yel-
low solid. PMR (CDCly): & 1.37 (6H, 3), 1.38 (6H. 3),
1.44 3H. 1, J ~ 7.2 H2), 1.85 (2H. 3), 249 (3H, ), 4.43

ss (2H, q. J~7.2 H2), 6.70 (1H, 3), 7.55-7.61 (2H. m), 8.28

(1H.dd,J~8.2Hz, 2.1 H2),9.22 (1H.d, ]~ 2.1 Hz). MS
exact mass, m/e 377.1982 (caled for CiH703N,
377.1991).

o Ethyl 4[(2.2.4.4,7-pentametbylchroman-6- yi}cthynyl}
benzoal

te (Compound 105)
Nitrogen was bubbled for 15 min through a solution
of 200 mg. (0.877 mmol) of 2,2.4.4,7-pentamethyl-6-
ethynylchroman (Compound 9) and 245.3 mg (0.888

mixture was degassed agan, placed under argon and the 65 mmol) of ethyl 4-iodobenzoate (Compound 97) in 2.ml

tube was sealed. The reaction mixture was heated at 55
degrees C. for 60 h and then cooled to room tempera-
ture. The mixture was treated with water and ether and

of triethylamine. The mixture was then placed under an
argon aumosphere and treated with a finely ground
mixture of 50 mg (0.2625 mmol) of cuprous iodide and
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100 mg (0.1425 mmol) of bis(iriphenylphosphine) palla-
dium (If) chloride. The reacuon vessel was then fitted
with a reflux condenser and the mixture was heated at
55 degrees C. under argon for 72 hours. The triethylam-
ine was then removed under vacuum and the residue
purified by flash chromatography (silica. 5% ethyl ace-
tate in hexane) to give the utle compound as a yellow
oil. PMR (CDCly) : & 1.32(12H, s), 1.37 GH. 1, J~70
Hz), 1.80 (2H, s) 2.40 (3H. s), 4.36 (2H, g. J~7.0 H2),
6.66 (1H, s, 7.42 (1N, s), 7.54 (2H, d, J~-8.6 Hz), 7.9%
(2H, d, J~8.6 Hz2). MS exact mass. m/e 376.2 038
(caled. for C3sH250;, 376.2038).

4-[(2.2.4.‘-tetrunethylchrom-&yl-eﬂ)ynyl]benzoue
Compound 106)

A solution of 233 mg (1.088 mmol) of 2,2.4.4-te1-
ramethyl-6-ethynyl-chroman (Compound 9) and 308
mg (1.087 mmol) of ethyl 4-iodo-benzoate (Compound
97) in | mi of triethylamine was placed in & heavy-
walled tube and degassed under argon. The mixture was
treated with s finely ground mixture of 50 mg (0.263
mmol) of cuprous iodide and 100 mg (0.142 mmol) of bis
(triphenylphosphine) palladium (II) chioride and the
tube was then seaied. The reaction mixture was thea
hested st 55 degrees C. for 48 hours. The triethylamine
was removed in vacuo and the residue was purified by
flash chromatography (silics, 5% ethyl acetate in hex-
ans) to give the title compound as yellow oil. PMR
(CDCly) : & 1.33(6H.3), 1.34 (6H) 3), 1.37GH. ¢, 1 ~7.2
Hz), 1.83 (2H. 3), 4.35 (2H., q. J~ 1.2 Hz), 6.75 (1H. 4,
J~8.4 Hz), 7.24 (1H, dd, J~8.4 Hz, 2.1 H1), 746 (1H,
d, J~2.1 Hz), 7.54 QH, 4, J~8.1 Hz), 799 (2H, d,
J~8.1 Hz) MS exact mass, m/e 362.1880 (calcd. for
CaH3403, 362.1881).

Ethyl
4-{(2,2,4,4-tetramethyl-thiochroman-6-yl)-ethynyi]
benzoate (Compound 107)

A solution of 110.7 mg (0.481 mmol) of 2.2,4.4-tet-

s

25

30

s

ramethyl-6-ethynylthiochroman (Compound 3) and 40

142.3 mg (0.516 mmo)) of ethyl 4-iodobenzoate (Com-
pound 97) in 2 ml of triethylamine was placed in s heavy
walled glass tube and degassed under argon. The mix-
ture was then treated with a finely ground mixture of 42
mg (0.22! mmol) of cuprous jodide and 63 mg (0.09
mmol) of bis (tripbenylphosphine) palladium (II) chlo-
ride. The resction mixture was degassed under argon
again and the tube was sealed. The mixture was stirred
at room temperature for 40 hours. The triethylamine
was removed under vacuum and the residue purified by
flash chromastography (silics, 3% ethyl acetate in hex-
anes) 1o give the title compouad as a pale yellow solid.
PMR (CDClj) : & 1.37-1.42 (15H, m), 1.96 (2H, 5), 4.38
(QH. q, 1~7.0 Hz), 7.25 (1H, d4, J~2.2 Hs, 1.8 H2),
7.33 (1H, d, J~1.8 Hz), 7.37 (1K, d, J-8.2 Ha), 7.65
(2H. d, J~8.6 Hz), 3.0] (2H, d, J~8.6 Hz). MS exact
mass, m/e 378.1636 (caled foc'C:cHchzS. 378.165.3).

Ethyl
4-(4.4-dimethyl-1,2,3,4-tetrahydroquinoline-6-yl)-
ethynyllbenzoate (Compound 108)

Nitrogen gas was bubbled for 15 minutes through a

45

L]

53

€0

solution of 145mg (0.7838 mmol) of 44-dimethyl-6-

ethynyi-1.2.3.4-tetrahydroquinoline (Compound 6) and
220 mg (0.797 mmol) of ethyl 4-iodobenzoate (Com-

65

36

pound 97) in 2 ml of triethylamine placed in a heavy-
walled tube. The solution was then treated with a finely
ground mixture of 31 mg (0.163 mmol) of cuprous io-
dide and 62 mg (0.088 mmol) of bis (triphenylphos-
phine) palladium (II) chloride. The tube was then
flushed with argon and sealed. The reaction mixrure
was at 55 degrees C. for 72 b. The mixture was allowed
to cool and then treated with | mi of triethylamine. The
mixture was further treated with a ground mixture of 15
mg (0.079 msmol) cuprous iodide and 30 mg (0.003
mmol) of bis(triphenylphosphine) palladium (II) chlo-
ride. The tube was flushed with argon and sealed and
the mixture was heated at 55 degrees C. for a further 24
b. The mixture was cooled and treated with ether and
water and the organic layer was separated The aqueous
layer was extracted with ether and the combined or-
ganic extracts were washed successively with water
saturatéd NaCl solution and then dried (MgSOy). The
solvent was removed in-vacuo and the residue was
purified by flash chromatography (silica; 109 ethyl
scetate in hexane) 10 give the title compound as a yel-
low oil. PMR (CDCl;) & 1.31 (6H.3), 1.40 (3H. £, J ~7.2
Hz), 1.63-1.78 (2H, m), 3.32-3.40 (2H, m), .17 (1H,
broad 3), 4.38 (2H, q, J~7.2 Hz), 6.41 (I1H. d, J~8.2
Hz), 7.18 (IH, d4, J~8.2 Hz, 1.9 Hz), 7.39 (1H. 4,
H~19Hz),7.54(2H,d, J~8.4 Hz), 8.00 2H. d, J~ 8.4
Hz). MS exsct mass, m/e 333 1729 (caled. for
CuHiyOzN, 333.1728).

Several modifications of the above described com-
pounds and processes, and application of the heren
disclosed processes t0 numerous compounds beyond
the specific examples forth above, may be practiced by
those skilled in the art without departing from the scope
and spirit of the present invention. Therefore, the scope
of the present inveation should be interpreted solely
from the following claims, as such claims are read in
light of the present disclosure.

What is clsimed is:

1. A compound of the formula,

) 39 Ry

Ry X : Ry
wherein

X is S, and each of independently

Ri. Ry, Ry Rsand R; is hydrogen or lower alkyl

having 1 to 6 car bons, or s salt thereof.
2. The compound of claim 1 wherein Rsand Rs both
are hydrogen.
3. The compound of claim 2 wherein R and R; both
are methyl.

" 4. The compound of claim 3 wherein R; is methyl.
S. The compound of claim 3 wherein R is bydrogen.
6. The compound of claim 1 wherein Rs and Ry both

are methyl.

7. The compound of claim 6 wherein R; and Rz both
are methyl.
8. The compound of claim ? wherein R; is methyl.
9. The compound of claim 7 wherein R; is hydrogen.
L]

L . e o
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100 mg (0.1425 mmol) of bisttripkamaphosphine) palla-
dium (1I) chloride. The reacuor: vessl was then fitted
with a reflux condenser and the muxure was beated at
55 degrees C. under argon for 7Z fious. The triethylam-
tne was then removed under vasuwun and the residue
purified by flash chromatogragi~y usiica, 5% ethyl ace-
tate in hexane) to give the utie compound as a yeliow
oil. PMR (CDCl3) : & 1.32 (12 1. L3IT(3H. v J =70
Hz). 1.80 (2H, ) 2.40 (3H, 3}, 4 ®{H. q. ] ~7.0 H2),
6.66 (1H, s, 7.42 (1R, s), 7.54 (2H. 4. J ~ 8.6 Hz), 7.99
(H. d, 1~8.6 Hz). MS exacr nmas m/e 376.2 038
(caled. for CasH2403, 376.2038).

4{(2.2.4.41etramethylchroorezs-%-/i ethynyl)benzoste
- Compound W)

A solution of 233 mg (1088 .mavol) of 2,2,4,4-tet-
ramethyl-6-ethynylchroman (Campwund 9) and 308
mg (1.087 mmol) of ethy! 4icdo-memoate (Compound
97) in 1 ml of triethylamine vias fiaced in 8 heavy-
walled tube and degassed under aggon The mixture was
treated with a finely ground mwome of 50 mg (0.263
munol) of cuprous iodide and 100ang (0.142 mmol) of bis

(triphenylphosphine) palladisms {XI) chloride and the

tube was then sealed. The reaction mixture was then
heated at 55 degrees C. for 48 emrrs. The triethylamine
was removed in vacuo and the sesiitie was purified by
flash chromatography (silica, 5% ody! scetate in hex-
ans) to give the title compound! ws yellow oil. PMR
(CDCl): & 1.33 (6H. 3), 1.34 (@) 5),1.37OH, ¢, ] ~72
Hz), 1.83 (2H, 3), 4.35 (2H, q. J~T2Hz), 6.75(1H, 4,
J~8.4 Hz), 7.2 (1H, dd, J—33 #z.2.1 H2), 7.46 (1H,
4, J~2.1 H1), 1.54 QH, d, §~3.1 Hz), 799 (2H. d,
J~8.1 Hz) MS exact mass, mie 38.1880 (caled. for
C24H3¢09, 362.1881).

Eyy3
4-[(2,2,4,4-tetramethyl-thiochxamm.-6-yl)-cthynyi}
benzoate (Componnt 107)
A solution of 110.7 mg (Q.481 mmol) of 2.2,4,4-tet-

" ramethyl-6-ethynylthiochromes ¥Cbmpound 3) and

142.3 mg (0.516 mmol) of etkyh #<imdobenzoate (Com-
pound 97) in 2 ml of triethylassise wms placed in a beavy
walled glass tube and degassex umibr argon. The mix-
ture was then treated with a imely ground mixture of 42
mg (0.22]1 mmol) of cuprows jodiith and 63 mg (0.09
mmol) of bis (triphesyiphosphing) glladium (17) chlo-
ride. The reaction mixture was degassed under argon
again and the tube was sesled. Thwe mixture was stirred
at room temperature for 40 hoars. The triethylamine
was removed under vacuum and theresidue purified by
flash chromatography (silics, 2% «hyl acetate in hex-
anes) to give the title compouss! exa pale yellow solid.
PMR (CDCly) : & 1.37-1.42 (V€. :m), 1.96 (2H. 3), 4.38
(2H, g, J~7.0 Hz). 728 (1H, &2 V~8.2 Hz, 1.8 Ha),
7.33 (IH, d, J~1.8 Hz), 737 {PH. d, J~8.2 Hz), 7.65
(2H. d, J~8.6 Hz), .01 2K & J-3.6 Hz). MS exact
mass, m/e 378.1636 (caled. fox Zadl60:S, 378.165.3).

Eshy%
4-(4,4-dimethyl-1.2,3.4-tesradwDquinoline-6-yl)-
ethynyljbenzoste {Crmppsund 108)

Nitrogen gas was bubbled for % minutes through a
solution of 145mg (0.7838 munst) of 4,4-dimethyl-6-
ethynyl-1,2.3.4-tetrahydrogum: Jimre (Compound 6) and
220 mg (0.797 mmol) of ethyi %-bdobenzoate (Com-
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pound 97) in 2 ml of wiethylamine placed i s heavy-
walied tube. The solution was then treated with a finely
ground mixture of 31 mg (0.163 mmol) of cuprous io-
dide and 62 mg (0.088 mmal) of bis (mphenyiphos-
phine) paliadium (IT) chlonde The tube was then
flushed with argon and sesled The resction muxwure
was at 55 degrees C. for 72 k. The misture was allowed
10 cool and then tremeed with ! m) of wriethylamane. The
mixture was further tresied with a ground tmsture of 1§
mg (0.079 mmol) cuprows wdide and 30 mg (0.003
mmoi) of bis(triphbenylpbospitne) palladium (1) chlo-
ride. The tube was flushed with srgon end sealed and
the mixture was hestod at 33 degrews C. for a further 24
h. The mixture was cocled and tremted with cther and
water and the orgamic layer was separacad The agueous
fayer was extractad with ether and the combined or-
gagic extracts ware washed socommsively wish water
saturated NaCl solution and thes dried (MgS304). The
solvent was removed in-vacus and the residus was
purified by flash chromssogrephy (silicx 10% ethyl
acetate in hezane) to give the title compoumnd as & yei-
lowoil. PMR (CDQl5) & 1.31 (6K 3}, 140 (3H. 1. J =72
Hz), 1.68-1.78 (2H, m), 3.32-3.40 (2H, m), A17 (1H,
broad s), 4.38 (2H. q. J~72 Ha), 641 (I1H. 4. 3~82
Hz), 7.15 (1H, dd, J-82 Hx 19 Hz), 7.39 (IR 4.
H~19Hz), 754 (2H. 4, ] -84 H1), 800 QH. &4, J ~3.4

Hz). MS exact mass. m/e 333 1729 (calcd for

CnH;O2N, 333.1728).

Several modifications of the above described com-
pounds and procemes, and application of the heremm
disclased processes to aumerous compounds beyond
the specific examples forth above, may be pracnced by
those skilled in the art without departing fram the scope
and spirit of the present invention. Therefore, the scope
of the present irvention should be interprewmd solely
from the foliowing clams, as such claims are read 1
light of the present disclosure.

What is claimed is:

1. A compound of the formuls,

LY}

Ry X R

wherein
X is S, and each of indapesdandy

Section 1

Ky Rz, K3, b-ula‘-morlo-dkﬂ_

haviag I to € carboms, or a ssir therenf

Z The comrpoumt of chue I whereie Ro st Ry body
are hydrogen.

3. The compousd of claim 2 wherein R; and R botk
are methyl.

4. The compoumd of claier 3 wherein Rj is metityt.

§. The compound of claim 3 wherein R is kydeopes.

ammaa&-xmmumm
are methyl

7. The compound of claim 6 wherein R and Rz bath
are methyl.

8. The compounct of cizim T wherein Rj is methyl.

9. The compound of claim ?wheran R; is bydrogen

»
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57 ABSTRACT

Retinoid-like activity is exhibited by compounds of the
formula

A=(CH))s—D
x | §

where X is S, O, or NR' where R’ is bydrogen or lower
alkyl; R is bydrogen or lower alky); A is pyridyl, thi-
enyl, foryl, pyridazinyl, pyrimidinyl or pynnnyl. nis
0-2;and Bis H, —COOHora y sccept-
able salt, ester or amide thereof, —CH;OH or an ether
or ester derivative, or —CHO or an acetal derivative, or
—COR; or s ketal derivative where R is
~—(CH2)mCH3 where m is 0—4, or s pharmaceutically
acceptable salt thereof.

19 Qlaims, No Drawiags

APPEARS THIS WAY
ON ORIGINAL
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DISUBSTITUTED ACETYLENES BEARING
HETEROAROMATIC AND HETEROBICYCLIC
GROUPS HAVING RETINOID LIKE ACTIVITY

This is 2 continuation-in-part of pending U.S. applica-
tion Ser. No. 07/246,037 filed Sept. 15, 1988 now aban-
doned.

BACKGROUND

This invention relates to novel compounds having
retinoid-like activity. More specifically, the invention
relates 1o compounds having an ethynylheteroaromatic
acid portion and a second portion which is a tetrahy-
droquinolinyl, thiocromanyl, or chromanyl group. The
acid function may also be converted to an alcohol, alde-
hyde or ketone or derivatives thereof, or may be re-

-duced 10 —CHj.

RELATED ART

Carboxylic acid derivatives useful for inhibiting the
degeneration of cartilage of the general formula 4-(2-
(4.4-dimethyl-6-X)-2-methylvinyl)benzoic acid where
X is tetrahydroquinolinyl, chromany! or thiochromanyt
are disclosed in European Patent Application 0133795
published Jan. 9, 1985. See also European Patent Appli-
cation 176034A published Apr. 2, 1986 where tetrahy-
dronsphthalene compounds having an ethynyibenzoic
acid group are disclosed.

SUMMARY OF THE INVENTION
This invention covers compounds of formula 1

A=(CH,—B

X R

wherein X is S, O, or NR’ where R’ is bydrogen or

33

40

lower alkyl; R is hydrogen or Jower alkyl; A is pyridi- )

nyl, thienyl, furyl, pyridazinyl, pyrimidinyl or pynn
oy, nis0-2; and Bis H, —COOH or a

cally acceptable salt, ester or amide thereof, —CH;OH
or an ether or ester derivative, or —CHO or an acetal
derivative, or —COR; or a ketal derivative where R is
—{(CH;)mCHj where m is 0-4.

In & second aspect, this invention relstes to the use of 30

the compounds of formula 1 for tresting dermatoses,
such as acne, Darier’s disease, psoriasia, icthyosis, ec-
compounds are also weful in the treatment of arthritic
diseases and othey immunological disorders (e.g.. lupus
erythemstosus), in promoting wound bealing, in treat.
m.dryeyuyadronundnm‘thedl‘mdm
damage to skin.

Thit invention also relstes to s formu-

hdonmpﬁhgampmdfmnhihm

with a pharmaceutically acceptable excipient.

In another aspect, this invention relates to the process
for making s compound of formuls I which process
comprises reacting s compound of formula II with a
compound of formuls III in the presence of cuprous
iodide and Pd(PQ3):Cl; or a similsr complex where the
two formulas are represented by graphics 11 and 111

[ >]

X'~=A=(CH;)e—B
LY

where X' is a halogen, preferably I n and A are the
same as defined sbove: and B is H, or a protecied acid.
alcohol, aldehyde or ketone, giving the corresponding
compound of formula I; or to the process of making a
compound of formula I which consists of reacting a zinc
salt of formula IV with a compound of formula HI in
the presence of Pa(PQi) (Q is phenyl) or a similar
complex,

X R

giving the corresponding compound of formula I; or
homologsting s compound of the formula

A=(CH)),—B

where

n is 0-1 to0 give an acid of formula I; or

converting an acid of formula I 10 a salt; or

forming an acid addition salt;

converting an scid of formula I 1o an ester; or

converting an acid of formula [ t0 an amide; or

reducing an acid of formuls 1 to an alcohol or alde-

hyde; or
eonverun;nnnlcoboloffomuhlto-nemcrof
ester; or

oxidizing an alcobol of formula I 10 an aldehyde; or

converting an aldehyde of formula 1 to an acetal; or

converting s ketone of formula 1 to a ketal.

GENERAL EMBODIMENTS
Definits

The term “ester” as tsed bere refers to and covers
any comapound falling within the definition of that term
as claisically wsed in organic chemistry. Where A is
—OOOH, this tertm covens the products derived from
treatment of this function with alcobols. Where the
ester is derived from compounds where A is —CHOH,
this term covers compounds of the formula —CH-
:OOCR where Rlnynhnmudormwmmd

phatic alcobols or acids of ten or fewer carbon stoms or
the cyclic or satursied aliphatic cyclic alcobols and
scids of S 10 10 carbon atoms. Particularly preferred
alipbatic esters are those derived from lower alky! acids
and alcobols. Here, and where ever else wed, lower
alkyl means having 1-6 carbon atoms. Also preferred
are the pheny! or lower alkylphenyl esters.

Amide has the meaning classically accorded that
term: in organic chemistry. In this instance it includes

Section 1
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the unsubstituted amides and all aliphatic and aromatic
mono- and di-substituted amides. Preferred amides are
the mono- and di-substituted amides derived from the
saturated aliphatic radicals of ten or fewer carbon atoms
or the cyclic or saturated aliphatic-cyclic radicals of §
10 10 carbon atoms. Particularly preferred amides are
those derived from lower atkyl amines. Also preferred
are mono- and di-substituted amides derived from the
phenyl or lower alkylphenyl amines. Unsubstituted
amides are also preferred.

Acetals and ketals includes the radicals of the formula
—CK where K is (—OR);. Here, R is lower alkyl. Also,
K may be —OR0— where R, is lower alky} of 2~
carbon atoms, straight chain or branched.

A pharmaceutically scceptable salt may be prepared
for any compound of this invention having a functional-
ity capable of forming such salt, for example an acid
amine functionality. A pharmaceutically acceptable salt
may be any salt which retains the activity of the parent
compound and does not impart any deletetious or unto-
ward effect on the subject 1o which it is administered
and in the context in which it is administered.

Such a salt may be derived from any organic or inor-
ganic acid or base. The salt may be s mono or polyva-
lent ion. Of particular interest where the acid function is
concerned are the inorganic ions, sodium, potassium
calcium. and magnesium. Organic amine salts may be
made with amines, particularly ammonium salts such as
mono-, di- and trialkyl amines or ethanol amines. Salts
may also be formed with caffeine, tromethamine and
similar molecules. Where there is a nitrogen sufficiently
basic as to be capable of forming acid addition salts,
such may be formed with any inorganic or organic acids

or alkylating agent such as methyl iodide. Preferred ,

salts are those formed with inorganic acids such as hy-
drochloric scid, sulfuric acid or phosphoric acid. Any
of s number of simple organic acids such as s mono-, di-
or tri-scid may also be used.

The preferred compounds of this invention are those
where the ethynyl group and the B group are attached
10 the 2 and $§ positions respectively of s pyridine ring
(the 6 and 3 positions in the nicotinic scid nomesclature
bein;equivdemlo!hel/deplﬁoninthepwidine
nomenclsture) or the $ snd 2 positions respectively of a
thiophene group respectively; n is 0; and B is —COOH,
an alkali metal salt or organic amine salt, or 8 Jower
dkylesut.ot—CHzOHmdthelowalkylmmnd
ethers thereof, or —CHO aad scetal derivatives
thereof. ) -

The most preferred compounds are: :
et.hyl . 6-(2-(4,4-dimethykthiochroman-6-yi)ethynyl)-

Hz-(l.t-dinahyhhiochmn-&yl)ahynyw

acid;
6-(28 4-dimethylchroman-6-ylethynylnicotinic acid;
ethyl  6(2-{4.4-dimethyichroman-6-yl)etbynyl)nicosi-
nal
ethyl
ethyl H2{0.64hnﬂhyl-l.2,3.4—mhydroqdnoﬁn-&
yhethynyl)nicotinate; X
ethyl 5244 4-dimethyhthiochroman-5-yl)ethynyi)thio-
phene-2-carboxylate.
6-(2-(4,4-dimethylthiochroman-6-yl)-ethynyl)-3-
pyridyimethanol; and .
2-(2(4.4-dimethylthiochroman-6-yl)-cthynyl)-3-
pyridinecarboxaidehyde.

s

te; .
1 6-(2-(4,4. T-Arimethylthiochromas-6-yl)-ethynyl)-
K &0

6S

4

The compounds of this invention may be adminis-
tered systemically or topically, depending on such con-
siderations as the condition to be treated. need for site-
specific treatment. quantity of drug 1o be administered.
and similar considerations.

In the treatment of dermatoses, it will generally be
preferred to administer the drug topically. though in
cerain cases such as treatment of severe cystic acne.
oral administration may also be used. Any common
topical formulation such as a solution, suspension. gel.
ointment, or salve and the like may be used. Preparation
of such topical formulations are well described in the art
of pharmaceutical formulstions as exemplified. for ex-

" ample, Remington's Pharmaceutical Science, Edition 17,

Mack Publishing Company, Easton, Pa. For topical
application, these compounds could also be adminis-
tered as a powder of spray, particularly in serosol form.

If the drug is to be sdministered systemically, it may
be confected as a powder, pill, tablet or the like,oras s
syrup or elixir for oral administration. For intravenous
or intraperitoneal administration. the compound will be
prepared as a solution or suspension cspable of being
sdministered by injection. In certain cases, it may be
weful to formulate these compounds in suppository
form or as an extended release formulation for deposit
under the skin or intermuscular injection. .

Other . medicaments can be added to such topiaal
formulation for such secondary purposes as treaing
skin dryness, providing protection against light; other
medications (or treating dermatoses, preventing infec-

Treatment of dermatoses or any other indications
known or discovered to be susceptible to treatment by
retinoic acid-like compounds will be effected by sdmin-
istration of the therapeutically effective dose of one or
more compounds of the instant invention. A therapeutic
concentration will be that concentration which effects
reduction of the particular condition, or retards its ex-
pansion. In certain instances, the drug potentially could
be used in a prophylactic manner to prevent onset of 8
particular condition. A given therapeutic concestration
will vary from condition to condition and in certain
instances may vary with the severity of the condition
being treated and the patient’s susceptibility to ‘trear-
ment. Accordingly, s given therapeutic concentration
will be best determined st the time and place through
routine esperimentation. However, it is anticipated that
in the trestment of, for example, acne, or other such
dermatoses, that a formulstion containing between
0.001 and § percent by weight, preferably about 0.01 to
1%, will wsually coastitute a therapeutically effective
coocentration. If administered systemically, an amount
detween 0.01 and 100 mg per kg body weight per day,
but preferably about 0.1 1o 10 mg/kg. will effect a thera-
peutic result in most instances.

i ijon was done by Verma & Boutweli, Cancer Re-
search, 1977, 37, 2196-2201. That reference discloses
that omithine decarboxylase (ODC) activity increased
precedent 10 polyamine biosynthesis. It has been estab-
lished elsewhbere thst increases in polyamine synthens
can be correlsted or associsted with celiular prolifera-
tion. Thus, if ODC sctivity could be inhibited. cell
hyperproliferation could be modulated. Although all

Section 1
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causes for ODC activity increase are unknown, it is  pounds of formula I when such synthesis 1s followed in
known that  12-O-tetradecanoylphorbol-13-acetate fact and in spint. The synthetic chemist will readily
(TPA) induces ODC activity. Retinoic acid inhibits this appreciate that the conditions set out here are specific

induction of ODC activity by TPA. The compounds of  embodiments which can be generalized 1o any and all of

. this invention also wshibit TPA induction of ODC as 5 the compounds represented by formuyla 1.
demonstrated by an assay essentially following the pro- Compounds of formula | where X is —S— are pre-
cedure set out in Cancer Res: 1662-1670, 1975 pared as per Reaction Scheme 1.

Reaction Scheme |

D~ -0,
'- T\

R
L

/
J N

Howmologes & Derivatives

Here, R is hydrogen or s lower alkyl group, A is de-
SPECIFIC EMBODIMENTS SO fined sbove, 0 is 0-2 and B i H, or a protected acid,
The compounds of this invention can be made by s alcobol, aldehyde or ketone. X' is Cl, Bror I wbenn is
aumber of different synthetic chemical pathways. To O but prefersbly is Bror I whennis 1 or 2. .
illustrate this invention, there is bere outlined a series of Alternatively, compounds of formula | where X is
gwpcwmhlvebaamwmvide!hem ~S— are prepared ss per Reaction Scheme 1

Reaction Scheme 11

Betados
' l
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-continued
Reaction Scheme 1}

SiMe;

KIIFII(?I‘:E

Zact
EI:‘[( XoA—CH) =B o fi):-w\-(cm).-a
s R

Homologues & Aulop

28

Original NDA 21-184
Section 1

The definitions of R, n, A, B and X’ are the same here mdeﬁnidomofll.n.A.deX’m!henmeb_ere

as in Reaction Scheme I. as in Scheme 1.

Compounds of formula I where X is oxygen are pre- Compounds of formula | where X is N—R’ where R’

pared as per Reaction Scheme 111

Scheme IV.
Reactios Scheme 11l __
] : 9 1
@QOnPoa + 7 ""0H —> (QOp=P—0"
12 13 14

OH

13

o]
]
CIL <L <1
[+ " R o " R o 1 L3
C Y ey T
/"5
[} R . o | 3

1

Homologues & Derivatives

- is hydrogen or alkyl are prepared as per Resctuon
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Reacuon Scheme IV

10
- L
- ( QR
Q 2 o N’CLu Oml
NH; A n LB
20
o o

!,
O -0 -G,

&} Ylm, %"
CXr - fﬁ’

(n.u-(cum-l
Homologues & Derivstives e

40
The definitions of R, n, A, B and X' are the same here
as in Scheme 1.

Alternstively, the sequence of steps outlined in Reac-
tion Scheme V will serve o make such compounds
where X is N—R’ and R’ is H or lower alkyl.

Regction Scheme V|

[:j*v—»m - L

l\

"2

N
i
1S

Original NDA 21-184
Section 1
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~continued

Reaction Scheme V

e 20Cl A—(CHj).~B

—_—
38 R ‘,‘
¥

/

Homologs and Analogs

A general description for making each of the com-
pounds recited in the foregoing Resction Schemes fol-
lows.

In Reaction Scheme 1. the following generalized
reaction conditions are applicable. The thiophenol of
formula 1 is first treated with approximately an equimo-
lar amount of s strong base such as an alkali metal hy-
droxide, preferably sodium hydroxide, in acetone st
reflux. Refluxing is carried out for between 1 and 4
hours, preferably 2.5 bours, afier which the solution is
trested with an equimolsr amount of formuls 2, I-
bmo)—nethyl-z-butene (Aldrich), dissolved in ace-
tone. Refluxing is continued for sbout 2 days after
which the solution is stirred for another 24 hours at
sbout room temperature effecting formation of formula
3. It is isolated by conventional means.

Ring closure is effected by treating the sulfide (com-
pound 3), whose formation is described above, with
phosphorous pentoxide in the presence of phosphoric
acid under an inert atmosphere to give the thiochroman
of formula 4. The sulfide is first dissolved in an inert
solvent such as benzene, toluene, or the like, and then
treated with a2 small excess of phospborous pentoxide
along with concentrsted phosphoric acid. The solution
is hested at reflux with stirring under an inert gas such
as argon or nitrogen for up to 24 hours. The product is
then recovered and purified by conventional means.

The kewone of formula 3 is obtained by treating the
thiochroman with scetyl chloride in the preseace of
aluminum chioride. A suspension of the aluminum chlo-
ride in a polar inert solvent is prepared under an inert
atmosphere and at reduced temperature, ic, —10° to
10° C.mheumpheumybeumornimen.
preferably argon. The reaction is conveniently carried
omma:olvemmchumethylaechbnde.‘l‘othe

and acetyl chloride via s dropping funnel or similar
device. About 8 5% molar excess of scetyl chloride and
10% molar excess of aluminum chioride, relative to the
thiochroman material, is used. The reaction is effected
with agitation (stirring) over 0.5-4 hours at a tempera-
ture between 10°-30° C. Preferably the reaction is ef-
fected in about 2 bours at room Then the
feaction is quenched with water and/or ice, the product
extracted and ﬁmhepmﬂdbydnulhmorm
other sppropriste
mmwammumw
means of lithium diisopropylamide or a similar base at
reduced temperature under an inert stmospbere. The
reaction is carried out in an ether-type of solvent such as
a dialky] ether or a cyclic ether, for example, tetrahy-
drofuran, pyran or the like.

More specifically, lithium diisopropylamide is gener-
sted in situ by mizing diisopropylamine in & dry solvent
such ss tetrahydrofuran, which is then cooled. to be-
tween ~-70° and ~30° C. under an inert stmosphere.

n—7

15

k J

A=—(CH;),~8

An equimolas amount of an alkylithium compound such
as n-butyl lithium in an sppropnate solvent is then
added at the reduced temperature and mixed for an
appropriate time to permit formation of lithium diiso-
propylamide (LDA). The ketone of formula § (at least a
10% molar excess) is dissolved in the reaction solvent,
the solution cooled to thst of the LDA mixrure, and
added 10 that solution. Afier brief mixing, the solution is
then treated with s dialky! chlorophosphate, preferably
dietbyl chlorophosphate in about & 20% molar excess.
The reaction solution is then gradually brought to room
temperature. This solution is then added to a second
lithium diisopropylamide solution which is prepared in
situ using dry solvent all under an inent atmospheve,
preferably argon, at reduced temperature (e.g. —78°
C.). Thereafter, the reaction mixture is again warmed to
room temperature where it is stirred for an extended
period of time, prefersbly between 10 and 20 hours,

. most preferably sbout 15 bours. The solution is then

40

s

acidified and the product recovered by conventional
means.

Formula 7 compounds are prepared under conditions
which exclude water and oxygen. A dry, ether-type
solvent such ss dialkyl ether or a cyclic ether such as 2
furan or pyran, particyiarly a tetrahydrofursn, may be
used as the solvent. A solution of formula 6 is first pre-
pared under an inert atmosphere such as argon or nitro-
gen. and then s strong base such as n-butyl lithivm is
added (in sbout 8 10% molar excess). This reaction i
begun at s reduced temperature of between —10° and
+ 10" C,, prefersbly sbout 0° C. The reaction mixture is
stirred for a short period, between 30 minutes and 2
hours, and then trested with about a 10% molar excess
of fused zinc chloride dissolved in the reaction solvent.
This mixture is stirred for an additional 1-3 hours at
sbout the starting temperature, then the temperature is
incressed t0 about ambient temperature for 10-40 min-
otes.

Where a protected heterocaromatic compound is
ouddweocpkwnhfornnh7mpomd&nnhmy

tected acids, sicobols, aldehydes or ketones, are all
available from chemical manufactures or can be pre-
pared by published methods. Acids are esterified by
refluxing the acid in a solution of the appropriate ajco-
bol in the presence of thioayl chioride. Refluxing for
2-$ hours provides the desired ester. Alternatively, the
acid can be condensed with the appropriate alcobo! in
the presence of dicyclobexylcarbodiimide and dime-
myhmymmw-madmdp\mﬁd

bymmmndmmnhmdkmhueradﬂy )

made by the method described in March, “Advanced
Organic Chemisiry,” 2nd Edition. McGraw-Hill Book
Company, p. 810). Alcohols. aldehydes and ketones all
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may be protected by iorming respectively. ethers and
esters. acetals or ketals by known methods such as those
described 1in McOmie. Plenum Puyblishing Press, 1973
and Protecting Groups. Ed. Greene. John Wiley & Sons,
1981.

To increase the value of n before effecting a coupling
reaction. where such compounds are not available from
a commercial source. the heteroaromatics where B is
—COOH are subjected to homologation by successive
treatment under Arndi-Eistert conditions or other ho-
mologation procedures. These acids are then esterified
by the general procedure outlined in the preceding
paragraph. Alternatively, heteroaromatics where B is a
different functional may also be homologated by appro-
priate procedures. :

To effect the coupling of the thiochroman moiety
with those of formula III, the halo-substituted
heteroaromatic compound is dissoived in a dry reaction
solvent. The . heteromatic compound is used in an

amount approximating the molar concentration of for- 20

mula 7. This solution is introduced into a suspension of
tetrakis-triphenylphosphine pelladium (about a $ to
10% molar amount relative to the reactants) in the reac-
tion solvent at 2 temperature of between about —10°

and <+ 10° C. This mixture is stirred briefly, for about 15 23

minutes. To this just prepared mixture is then added the
pre-prepared solution of formula 7, the addition being
made at about room temperature. This solution is stirred
for an exiended period, between about 15 and 25 hours

st room temperature. The reaction is then quenched 30

with acid and the product separated and purified by
conveational means 10 give the compounds of formula

. An alternative means for making compounds where o

is 1 or 2 is to subject the compounds of formula [ where 35

B is an acid or other function to homologation using the
Armmdt-Eistert method referred to sbove or other ho-
mologation procedures. ’

The acids and salts derived from formula I are readily

obtainable from the corresponding esters. Basic i- 40
e b oty - available from Aldrich or which may be prepared by

fication with an alkali metal base will provide the acid.
For example, an ester of formula | may be dissolved in
a polar solvent such as an alkanocl, preferably under an
inert atmosphere at room tempersture, with about &

three molar excess of base, for example, potassium hy- 43

droxide. The solutior is stirred for an extended period

of time, between 15 and 20 hours, cooled, acidified and

the hydrolysate recovered by coaveationsl means.
The amide may be formed by any appropriste amida-

tion means knowa in the art. One way 1o prepare such 350

compounds is 10 coavert aa acid 10 an acid chloride and
then treat that compound with ammonium bydrozide o¢
an appropriste amine. For example, the acid is trested

- with an alcoholic base solution such ss ethanolic KOH .

(in approximately a 10% molar excess) st room temper- 35

ature for sbout 30 minutes. The solvent is removed and
the residue taken uwp in an organic solvent such as di-
ethyl ether, treated with s dialkyl formamide and then &
10-fold excess of oxalyl chioride. This is all effected at

14

Alcohols are made by converting the corresponding
acids to the acid chloride with thionyl chloride or other
means (J. March, “Advanced Organic Chemistry™. ind
Edition, McGraw-Hill Book Company). then reducing
the acid chlonide with sodium borohydnde (March.
Ibid. pg. 1124), which gives the corresponding alcohols.
Alternatively, esiers may be reduced with lithivm alu-
minum hydride at reduced temperatures. Alkylating
these alcohols with appropriate alkyl halides under
Williamson reaction conditions (March, Ibid, pg. 357)
gives the corresponding ethers. These slcohols can be
converted 10 esters by reacting them with sppropniate
acids in the presence of acid catalysts or dicyclohexyl-
carbodiimide and dimethylaminopyridine.

Aldehydes can be prepared from the corresponding
primary alcohols using mild oxidizing agents such as
pyridinium dichromate in methylene chloride (Corey,
E. J., Schmidt, G., Ter Lert, 399, 1979), or dimethyl
sulfoxide/oxalyl chioride in methylene chloride
(Omura, K., Swern, D., Tetrahedron, 1978, 34, 1651).

Ketones can be prepared from an appropriate alde-
hyde by tresting the aldehyde with an alkyl Grignard
reagent or similar resgent followed by oxidstion.

Acetals or ketals can be prepared from the corre-
sponding aldehyde or ketone by the method described
in March, Ibid, p 810. :

Compounds where B is H are prepared from the
corresponding  halo-beterocyclic entity preferably
where the halogen is 1. This haloheterocyclic com-
pound is reacted with the ethyny! entity or the ethynyl
zinc chloride entity as represented in Resction Scheme
I and w3 illustrated in the Examples. Halo-substituted
beterocyclic compounds where B is H are commer-
cially svailable or can be prepared by methods in the
literature.

Compounds where X is oxygen are prepared by the
steps outlined in Resction Scheme III. The phosphate
of formula 14 is prepared from the corresponding di-
pheny! chiorophosphate and 3-methyl-3-butene-1-0l

means known in the art. It is preferred to prepare for-
mula 14 by dissolving the alcobol of formaula 13 in sbout
s 10% excess of pyridine in s polar inert solvent under
an inert atmosphere cooled to approzimately —10° to
10° C. This solution is then added drop-wise, under an
inert atmosphere, to s solution of cooled dipheayl chlo-
rophosphate in sbout an equal amount of the reaction
solveat. About s 2-5% molar excess of dipheny! chloro-
phosphbate relative to the alcobol is employed. The
atmospbere may be argon, sitrogen, or another inert
o The mixture is bested st reflus for between | and S
bours, preferably about 3, to effect the reaction. The

The dipbeny! pbosphate ester from the preceding
paragraph (formuls 14) is then reacted with pbenol or
3-alkylphenol to effect formation of compound 16. For
esample, phenol is sdded to a flask already containing
staanic chioride under argon which bas beea cooled to

2 moderately reduced temperature between about — 10° 60 between ~10° to 10* C. AfRer thorough mixing of this

and + 10° C. The last mentioned solution is then stirred
at the reduced temperature for 1-4 bours, preferably 2
hours. Solvent removal provides s residue which is

combinstioa for about 1S minutes t0 an bour at the
reduced tempersture, the pbosphate is added at the
reduced tempersture. Both of these steps are carried out

taken up in an inert inorganic solvent such as benzene, Mnh«tmha!mhammnim.
cooled to about 0° C. and trested with concentrated 65 Wbentheaddiﬁonof&hepbqtphﬂeumplaed.me
ammonium hydroxide. The resulting mixture is stirred  mixture is stirred at about ambicnt tempersture forupto

at a reduced temperature for 1-4 hours. The product is
recovered by conventional means.

24 bours. Then the reaction is quenched with a dilute
solution of squeous alkali metal base or the like. The
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product 1s recovered by exiraction and other conven-
nonal means.

Formula 16 is then acetylated. converted 1o the acet-
ylene and enther the acetylene or the corresponding
alkyny! zinc chloride salt coupled with the appropnate
heterocycle by the steps outlined in Reaction Scheme 1.

The retrahydroquinoline moiety, that is where X is
nitrogen. can be made by the steps outlined in Reaction
Scheme 1V in part by the method described in Euro-

pean Patent Application 0130795 published Sept. 1, )

1985. First, 3-methylcrotonoyl chlonide is reacted with
aniline to obtain the amide. This amide is then cyclized
using aluminum chloride in the sbsence of solvent. Lith-
ium aluminum hydride or another acceptable reducing

agent of similar type is then used to reduce the 2-ox0- 13

1.2,3.4-tetrahydroquinoline, prefersbly in an inest sol-
vent such as diethyl ether. This amine is then acetyisted
using acery! chloride in 8 polar solvent such as pyridine.
This protected amine is then acetylated in the presence

of aluminum chloride. The acetyl function on the nitro- 20

gen may then be removed by base hydrolysis. Then the
acetylated compound is converted to the acetylene and
ZnCl salt a3 outlined in Reaction Scheme 1. The acety-
lene or the salt is then coupled with an appropriate

compound of formula II1 as described before 10 give 23

compounds of formuis I.

Reaction Scheme V sets out an alternative method
for making the tetrabydroquinoline compounds illus-
trated in Reaction Scheme 1V.

The following Examples are set out to illustrate the. 30

invention, not to limit its scope.
EXAMPLE |
Phenyi-3-methylbut-2-enylsulfide

A mixture of 14.91 g (135.324 mmol) of thiophenol >

and 5.5 g (137.5 mmol) of NeOH in 100 m! acetone was
heated at reflux for 2.5 hours and then trested dropwise
with s solution of 20 g (134.19 mmol) of i-bromo-3-

methyl-2-butene in 20 ml acetone. This solution was .,

refluxed for 40 hours and then stirred at room tempers-
ture for 24 hours. Solvent was then removed in vacuo,
the residue taken up in water, and extracted with 3 x 30
ml ether. Ether extracts were combined and washed

with 330 ml of 5% NaOH solution, then water, satu- 4

rated NaCl solution and dried (MgSQOs). Solvent was -
then removed in vacuo and the residue further purified
by kugelrohr distillation (30° C., 0.75 mm) to give the
title compound as s pale yellow oil. ’

PMR (CDCly): 81.57 (3H, s), 1.69 (3H, 3), 3.52 2H, d,
J~7.7Hz), 829 (1H, ¢, J~7.7 Hz), 7.14 (1H. ¢, J =70
Hz), 7.24 2QH, ¢, J~7.0 Hz), 7.32 2H, 4, J~7.0 Ha).

EXAMPLE 2

4,4-Dimethylthiochroman ss

To s solution of 15.48 g (86.824 mmol) of phenyl-3-
methyibut-2-enyisulfide (from Example 1) in 160 ml
benzene were added successively 12.6 g (88.767 mmol)
of phosphorus pentozide and 11 mi of 85% phosphoric

acid. This solution was refluxed with vigorous stirring €@

under argon for 20 hours. then cooled to room tempers-
ture. The supernatant organic layer was decanted and
the syrupy residue extracted with 3 50 ml ether. Or-
ganic fractions were combined and washed with water,

satursted NaHCO; and saturated NaCl solution and 63

then dried (MgSQO4). Solvent was removed in vacuo and
the residue purified by kugeirohr distillation (80° C., 0.5
mm) 1o give the title compound as a pale yellow oil.

16

PMR (CDCl;): 81.30 (6H. s). 1.90-;9¢ (2H. m.
2.95-3.00 2H. m). 6.96-7.00 (2H. m}. 7.05-7.05 (1H. m).
7.30-7.33 (1H, m).

This method can be used to make *-position alkv}
analogues as exemplified by the following compounds:
4,4, 7-trimethylthiochroman;
4,4-dimethyl-T-ethyithiochroman:
4,4dimethyl-7-propylthiochroman;
4,4-dimethyl-7-butylthiochroman: and
4,4-dimethyl-7-hexyithiochroman.

EXAMPLE 3
4,4Dimethyl-6-scetylthiochroman

A solution of 14.3 g (80.21 mmol) of 4.4-dimethy]
thiochroman (from Example 2) and 6.76 g (86.12 mmol)
of acety! chloride in 65 m! benzene was cooled in an ice
bath and treated dropwise with 26.712 g (102.54 mmol)
of stannic chloride. The mixture was stirred at room
tempersture for 12 hours, then treated with 65 ml water
and 33 ml conc. hydrogen chiotide and heated at reflux
for 0.5 hours. After being cooled to room temperature,
the organic layer was separated and the aqueous layer
extracted with $x 50 ml benzene. The recovered or-
ganic fractions were combined and washed with 5%
sodium carbonate solution, water, ssturated NaCl solu-
tion and then dried (MgSQOx«). The solvent was removed
in vacuo and the residue purified by flash chromatogra.
phy (silica; 5% ethyl acetate in hexanes) followed by
kugelrohr distillation (130" C., 0.7 mm) to give the title
compound as a pale yellow oil.

PMR (CDCl;): 81.35 (6H, 3), 1.92-1.98 (2H. m) 2.54
(3H, 3), 3.02-3.08 (2H. m), 7.13 (1H, 4, J ~8.6 Hz), 7.58
(IH.dd, J~8.6 Hz, 2 H2), 799 (1H.d, J~2 Hz).

This same method may be used to acetylate all com-
pounds made as per Example 2.

EXAMPLE 4
4,4-Dimethyl-6-cthynylthiochroman

To a solution of 1.44] g (14.2405 mmol) of diisopro-
pylamine in 30 ml dry tetrahydrofuran under argon at
~78° C. was added dropwise 9 mi of 1.6M (14.4 mmol)
n-butyllithium in hexane. After stirring this solution at
—78° C. for 1 hour, it was treated dropwise with s
solution of 2.95 g (13.389 mmol) of 4.4-dimethyl-6-
acetylthiochroman in 5 m! of dry tetrahydrofuran.
After another hour of stirring at —78° C., the solution
was trested with 2.507 g (14.53 mmol) of diethyl chloro-

and brought to room temperature, where it

phosphate on
30 was stirred for 3.75 bours. This solution was then trans-

ferred uzing » double ended needle to a solution of
lithium diisopropylamide ss above using
2.882 g (28.48] mmol) of diissopropylamine and 18 ml of
1.6M (28.8 mmol) n-butyllithium in hexane) in 60 m] dry
tetrahydrofuran at —78° C. The cooling bath was re-
moved and the solution stirred at room tempersture for
15 hours, then quenched with water and acidified to pH
1 with 3N hydrogen chloride. The mixture was stirred
at room temperature for 12 hours, then treated with 635
ml wster and 33 ml conc. hydrogen chloride and bested
st reflux for 0.5 hours After being cooled to room
temperature, the organic Isyer was separated and the
aqueous layer extracted with $x 50 ml benzene. The
recovered organic fractions were combined and washed
with $% sodium carbonate solution, water, saturated
NaCl solution and then dried (MgSO,). The solvent
was removed in vacuo and the residue purified dy flash
chromatography (silica; 5% ethyl acetate in hexanes)
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followed by kugelrohr distillation (150° C., 0.7 mm) to PMR (CDCl): 8§1.36 (6H, s5). 1.45 (3H. t. J~7 H2)

give the capuioned compound as a pale vellow oil. 1.96-2.00 (2H. m). 3.05-3.09 (2H. mj, 4.45 (2H. q. J~7

PMR (CDCly). 61.35 (6H. 5). 192-1.98 (2H. m) 2.54  Hz). 7.11 (1H. d. J~8.4 Hz). 7.29 (1H. dd. } ~8.4 Hz.

(3H. s). 3.02-3.08 (2H. m). 713 (1H, d, J~8.6 Hz). 7.58 2.2H2).2.59(1H.d. J~7.8 Hz), 7.66 (1H. 4. ] ~ 2.2 Hz).

.- (1H. dd. J~8.6 Hz, 2 H2). 799 (1H. d, J~2 H2). $ 8.30 (1H. dd. J~7.8 Hz, 2.3 Hz). 9.22 (1H. d. J~2.3
In the same manner. all acetyl-containing compounds ~ Hz).

prepared under Example 3 may be converted 1o their Using this method. but substituting the appropriate

corresponding ethynyl analogues. ethynylthiochroman from Example 4 and the appropri-

ate halo-substituted heteroaromatic ester from Exampie
EXAMPLE 5 . 10 5, the following compounds may be prepared:
Ethyl 6-chloronicotinate © ethyl 6(2(4.4,7-trimethylthiochroman-é-yl-ethynyl)-
A mixture of 15.75 g (0.1 mo}) 6-chloronicotinic acid, nicotinate; . .
6.9 g (0.15 mol) ethanol, 22.7 g (0.11 mol) dicyclohexyl- “’;{,‘,yny,)mé"z’.":‘t:’;“““"""“""“"“"’m"y'*

carbodiimide and 3.7 g dimethylaminopyridine in 200 imeth :
m] methylene chlonide was heated at reflux for 2 hours. ﬂhegynymme- yi-T-propylthiochroman-6-yl)-

B R e g vo¥ v AU
":Mul‘: féiéa?ﬁ“&d(?xi 'f?ﬁi“ﬁiﬁ"ﬁ’&“’m ﬂhz;'m ?mhylthiochmm-&yl)ﬂhynyl)vyﬁd-
T Iy o e
cther hato sobsitoted acids employed in the making of vy eyl T-ethylthiochroman-&-y1)-

-
“w

these compounds such as 25 ethyl 4 4-dimethyi-7-] thiochroman.
ethyl 2(2-chloropyrid-S-yecetate; AT -t aths
ethyl 5-(2<chloropyrid-S-yl)pentanoate; ethyl 3-(2{((4,4-dimethylthiochroman-2-yl)}-ethynyl)py-
ethy] 2-(2-§odofur-5-yl)weutc; rid-5-yl)propionate;

ethyl 5-(2-iodofur-5-yl)pentanoate; ethyl 324(4,4,7-trimethylthiochroman-6-yl)-ethyoyl)-
ethyl 2-(2-iodothien-5-ylacetate; 30 pyrid-S-yl)propionate;

ethy! 5<(2-iodothien-5-yi)pentanoste; ethyl 3<(2((4.4-dimethyl-7-ethylthiochroman-6-y!)-

ethyl 2-(3-chloropyridazin-6-yl)acetate; ethynyl -S-yhpre
ethy! S{(3<chloropyridazin-6-yl)pentancate; and the ad );4’;(“(’4 #ﬁ:mhylﬁ-buylthnochmm-&yl)—
corresponding chloro, or other halo, substituted py- ethynyl)pyrid-S-yl)propionste;
rimidinyl or pyrazinyl analogues of such esters. 35 ethyl $-(2<(4,4-dimethylthiochroman-6-yDethynyl)py-
EXAMPLE 6 1id-S-yl)peatancate;
ethyl 54(24(4,4,7-trimethylthiochroman-6-yl)ethyny!)-
. _ Ethyl . pyrid-S-ylpestancate;
6-{24(4,4-dimethyithiochroman-6-yl)ethynyl)nicotinate ethyl  S<2<(4.4-dimethyl-T-ethylthiochroman-6-yhe-
Reaction vessels used in this procedure were flame 40 thynyl)pyrid-S-yl)pentanoate;
dried under vacuum and all operations carried out in an ethyl (54(4.4-dimethyithiochroman-6-yi)ethynyl)fur-2-
oxygen-free. argon or nitrogen stmosphere. To a solu- vl
tion of 465.7 mg (2.3019 mmol) of 4,4-dimethyl-6-ethy- ethyl (5<((4,4,7-trimethylthiochromaa-6-yl)ethynyl)fur-
nyl-thiochroman in 4 ml of dry tetrahydrofuran st 0° C. 2-yl)acetate;
was added dropwise 1.5 m! of 1.6M (2.4 mmol) n-bntyk 43 ethyl (3<{(4,4-dimethyl-7-ethyithiochroman-6-yl)e-
lithium in hexane. This was stirred at 0° €. for 10 min- thynyl)fur-2-ylacetate;
utes and st room temperature for 10 minutes, cooled  ethyl (5{(4,4-dimethyl-7-bexylthiochroman-6-yl)e-
again t0 0° C. and then treated with a solution of 330 mg thynyi)fur-2-yl)acetate;
(2.4215 mmol) of fused ZaCl in 4 ml dry tetrahydrofu-  ethyl $-(5«((4,4-dimethylthiochroman-6-yl)ethynyl)fur.
mmgldwmmdmmmdm 50 2-yl)peawnoste;
was stirred a1 0° C. for 30 minutes, thes ot room temper-  ethyl  5-(5((4,4,7-trimethylthiochroman-6-yl)ethynyl)
ature for 10 minutes. A solution of 426.3 mg (2.2967 fur-2-yl)pentancete; )
mmol) of ethy! 6-chloronicotinoate (from Example $)in  ethyl  3(3+((4,4-dimmethyl-7-ethylthiochroman-6-yl)e-
Omldrymhydtohmwunsfmﬁbyduﬂe thynyi)fur-2-yl
ended needle into s suspension of 430 rag (037 mmol) of 35 ethyl 3<S<((4.4-dimethyl-7-hexylthiochroman-6-yl)e-
tetrakistriphenylpbosphine pelladium in 4 ml dry tetrs- thynyl)fur-2-yl)pentanocate;
hydrofuran and stirred at room temperature for 10 min-  ethyl (5(4,4-dimethylthiochroman-6-yl)ethynyi)thien-
utes, then treated by double ended needie with the solu- 2-yl
tion of the alkynylzinc prepared sbove. This mixture ethyl (5<((4.4,7-trimethyithiochroman-6-yl)ethynyl)thi-
was stirred st room temperature for 18 bours, then 60  en-2-yllacetste; .
quenched with 100 ml water. Product was recovered by  ethyl (3+(4,4~dimethyi-7-ethyithiochroman-6-yl)e-
extraction with 3X75 m} ether. Ether fractions were thynyl)thien-2-yhacetate;
combined and washed with satursted NaCl solutions  ethyl (5(4, &dmethyl-‘l-huylthmum-&yl)e-

and dried (mgSOs). Solvent was removed in vacio and thynyixhien-2-yi)acetate;

the residue pnnﬁed by flash chromatography (silica; €5 ethyl S(3<((4.4-dimethylthiochroman-§-yl)ethynyl)thi-

5% ethyl acetate in hexane) followed by HPLC (What- en-2-yl)pentancste;

man Partisil M-9 10/50; 4% ethy] acetate in bexane) 10 ethyl $(5<((4.4,7-trimethylthiochroman-6-ylethyayl)-
. give the title compound as & white solid. thien-2-yl)peatanoate;
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ethy!  $-(5-((4.3-dimethyl-7-ethylthiochroman-é-yvlie-
thynyiithien-2-yl)pentanoate:
ethy!  $-(5-((3.3-dimethyl-7-hexylthiochroman-6-yl)e-
thynylnhien-2-yl)pentanoate:
ethyl (6-((4.4-dimethyithiochroman-6-yl)ethynyl)-
pyridazin-3-yllacetate;
ethyl  (6-((4.4.7-trimethylthiochroman-6-yl)ethynyl)-
pyridazin-3-yl)acetate;
ethyl (6-((4.4-dimethyl-7-ethylthiochroman-6-yl)e-
thynyl)pyridazin-3-yljacetate;
ethyl (6-((4.4-dimethy}-7-hexylthiochroman-6-yl)e-
thynyl)pyridazin-3-yl)acetate:
ethy! 5-(6-((4.4-dimethylthiochroman-6-yl)ethynyl)-
pyridazin-3-yl)pentanoate;
ethyl 54(6-((4,4.7-trimethylthiochroman-6-yl)ethynyl)-
pyridazin-3-yl)pentanoate;

20
was purified by flash chromatography (silica gel: 15%
ethyl acetate in hexanes) and recrystalhized from a m:x-
ture of ethy! acetate and hexanes 10 give the ttle zom-
pound as a pale yellow solid.

EXAMPLE 7
(3-Methyl-4-bromo-phenyi)-3-methylbut-2-enylsulfide

To a stirred solution of 9.52 g (68 mmol) of 3-methyl-

4-bromothiophenol in 80 mi of acetone was added 2.86
8 (68 mmol) of powdered sodium hydroxide. This mix-
ture was stirred until the components were dissolved.
The reaction mixture was then heated to reflux. and
then treated with a solution of 11.26 g (68 mmol) of
4-bromo-2-methyl-2-butene in 20 mi of acetone. The
mixture was beated at reflux for s fusther 0.5 hour,

ethyl - 5(6-((4.4-dimethyl-T-ethylthiochroman-6-yl}e-  cooled 10 room temmperature and the solvent removed in
. thynyl)pyridazin-3-yl)pentancate; vacuo. The residue was taken up in 35 m! of water and
‘“"I)"' l;(ﬂ(‘vf'dﬁ;:r‘mylmm"'yl)" gp CFiracted with ether. The ether exuracts were combined
ynyl)pyridazin-3-y tanoate; and washed successively with water and saturated NaCl
ethyl .‘?;‘lvmﬂmm""‘m“ﬁ* solution and then driedy(M‘SO‘). The solvent was re-
pyrimidin-2-yhacetate: moved in’ and the resid distill
ethyl  (3-((4.7-wimethylthiochroman-6-ylethynyl (a0, 4qe 0 m):egive the ::: :L:%« ::
pyrimidin-2-ylacetate; . 6yl colorless oil.
e ety hiochroman-&-Ye: 23 PMR (CDCIy): 8158 GH. ). 1.70 GH. 1), 2.3 OH.
ethyl ) (5(6 4 imethyl -hexylthiochroman-6-yhe- %% 349 GH, &. J~7.8 Ha), 526 (1H. 1, J~7.8 H2), 6.98
vayDoyrimidin. 2-vhecetsie: (IH.dd.J~83 He 23 Ha), 117 (K. 4 J~23H0) T
ynylpyrimidin2-ylRoetate; I, d J~83 Hz
ethyl  S<(5-((4.4-dimethylthiochroman-6-yl)ethynyl)- (IH, 4.1~ ).
pyrimidin-2-yl)pentanoate; 3 EXAMPLE 8
ethyl 5-(5-((4,4.7-trimethylthiochroman-6-yl)ethynyl)- . LE )
pyrimidin-2-yl)pentanocate; 4,4,7-Trimethyl-6-bromothiochroman
ethyl  $4(34(4,4dimethyl-7-ethylthiochroman-6-yl)e- To 40 g of s vigorously stirred mixture of 10% pbos-
thynyl)pyrimidio-2-yi)pentancate; phorous pentoxide in methanesulfonic acid was added
ethyl ~ ${(34(4,4-dimethyl-7-hexylthiochroman-6-yl)e- 33 4151y 6.0 g (28.8 mmol) of (3-methyl-4-bromopbenyl)-
thynylpyrimidin-2-yl)pentanoate; 3-methylbut-2-enylsulfide. The mixture was stirred at
ethyl I(S-I«‘ &dmcthyhh:ochmm—&yl)ﬂhynyl)pyn room temperature for a further 2 hours and was then
zin-2-ylacetate; h " h
byl (4 -rimethyhbiochroman & yebynyl). paured otuo joe. The mixtufe whs extracied with 240
pyrazin-2-ylacetstie; A !
eyl (H(4dimerbylTethyliiochroman-syle NSl eSSy S e
“;:lwylb(’s_«‘ ‘-ﬁiﬁethyl-"ﬁhuylt.hiochm#yl)e- vacuo and the residue distilied using 8 kugelrohr appe-
thynyl)pynzi;:-z-yl)weu!z; ratus (130° C; 0.07 pim) to give the title compound asa
4-dimetbylthiochroman-6 48 Viscous oil.
ﬂl;’;'msz)sy}()(;amwyl yhetbyayl)- 43 “EEMR (CDCL:): 81.28 (6H, 5) 1.84-1.93 H, m), 226
ethyl S-(S-((44 7-trimethylthiochroman-6-ylethysyl)  (3H. s), 2.95-3.03 (2H. m), 6.94 (1H., 5), 7.46 (IH. 5).
2-yl)pentanoste; EXAMPLE 9
ethyl  5(S<(4, Hmethy!-'l«hyldnochmn-&yl)& . - o
thynyl)pyrazin-2-yl)pentancete; and 4,4,7-Trimethyl-6-trimethylsilylethynylthiochromsn
'dgl l’);(s'«‘ ‘-;h;lnﬂhylﬁ-huyllhmhm-&yl)b A mixture of 624 mg (3.0 mmol) of 4,4,7-trimethyl-6-
yoyl)pyrazin-2-yl)pentanoate. bromothiochroman, 314 mg (3.2 mmol) of trimethylsity-
Alemative : The title compound of Exam- Iscetylene, 40 mg (0.21 mmol) of cuprous iodide, 80 mg
ple 6 ebyl "(2'(""“"“"“”‘“:“""‘""* 55 (.11 mmo) of bu-(wipbenylpbospkine) palladium I
thyn 8 follows. chloride and | mi of triethylamine was

yijnicotinate, was

A solution of 15.4 g (76.2 mmol) of 4,4-dimethyl-6-
ethynyithiochromsn snd 14.0 g (75.5 mmol) of ethyl-6-
chioroaicatinate in 3$ ml of freshly distilled triethylam-
ine was degased and then trested under nitrogen with
-ﬁndy’owdadmofl;(s.zsml)ofhgh
unpromnod:dcndzg(luml)ofhu(w
ylphouphm)pdhdmm(ﬂ)chlorﬂemmm
wmmmusrcmmmm
then cooled to room temperature. The triethylamine
was then removed under vacuum and the residue was
diluted with 200 ml of a 1:4 mixture of ethyl acetate and
hexanes. This mixture was filtered through silica and
the filtrate concentrated in vacuo. The resultant residue

63

mmndhmedmauldmbeuu'c.for 13
bouars. The mixture was then trested with a further 20
mg (0.11 mmol) of cuprous iodide and 40 mg (0.06
mmol) of the palladium (II) catalyst The mirture was
then hested under 8 nitrogen stmosphere in the sealed
tube at 100" C. for s further 64 hours. The triethylamine
was then removed under vacuum and the residue puri
Mbyﬂnhcuommmhy(mm)wpve
the title compound as & yellow oil

PMR (CDCly): 80.28 (SH. 1). 1. JO(GH. s). 1.88-1.97
(2H. m), 2.33 (3H, s), 2.97-3.05 (2H, m), 6.92 (I1H, ),
7.43 (1H. 5).
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EXAMPLE 10

4.4.7.Trimethy)-6-ethynylthiochroman

A mixture of 380 mg (1.69 mmol) of 4.4.7-trimethy-6-
mmethvlsilylethynylthiochroman, 4 ml of isopropanol
and 2.5 ml of aqueous IN potassium hydroxide was
degassed under nitrogen and stirred at room tempera-
ture for 16 hours. The mixture was concentrated under
vacuum and extracted with 2 x 10 m! of ether. The ether
extracts were combined and washed successively with
water and saturated NaCl solution and then dried
(MgSOq4). The solvent was removed in vacuo to give
the title compound as s yellow oil.

PMR (CDCl3): 51.31 (6H, s), 1.88-1.96 (2H, m), 2.35
(3H. 5). 3.00-1.08 (2H. m), 3.25 (1H, 5). 6.94 (1H, 3), 7.47
(1H, s).

EXAMPLE 11

Ethyl
6-[2-(4.4,7-trimethyhthiochroman-6-yl)ethynyl]nicoti-
nate :

A mixture of 86 mg (0.4 mmol) of 4.4,7-1rimethyl-6-
ethynylthiochroman, 85 mg (0.46 mmol) of ethyl 6-
chloronicotinste and 0.8 ml of tricthylamine was de-
gassed under nitrogen and then treated with a mixture
of 10 mg (0.05 mmol) of cuprous iodide and 20 mg (0.03
mmol) of bis(triphenylphosphine) palladium (I1) chio-
ride. The reaction mixture was heated at $5° C. under s
nitrogen atmosphere for 18 hours. The mixture was
then extracted with 1.5 ml of 40% ethyl acetate in hex-
anes and purified by flash chromatography (silica; 10%
ethyl acetate in heaanes) to give the title compound as
a yellow solid.

PMR (CDCl;3): 81.32 (6H, 5), 1.43 3H., ¢, J~7.2 H1),
2.44 (3H, 5), 3.01-3.05 2H. m), 4.42 (2H. g, 1~ 1.2 Ha),
6.98 (1H, 5), 7.54-7.63 2QH. m), 8.27 (1H. dd, J~8.3 Hz,
2.3 Hz), 9.21 (1H.d, J~2.3 Ha).

EXAMPLE 12
Ethyl
5(244, C-dmethyl-nuochromnn-&yl)ethyuyl)th»
phene-2-carboxylate

Using the same general procedure described in the
preceeding Exampie 11, but using instead 4,4-dimethyl-
6-ethynylthiochroman and ethyl WL
carboxylate, the title compound was

PMR (CDCly): 81.31 (6H, 3), 1.36 GH. ¢, ]~ 7.5 Hz),
1.90-1.94 (2H. m), 2.99-3.03 2H, m). 4.33 QH. q. J - 7.5
Hz), 704 (1H, 4, J~8.1 Hz2), 7.13-7.18 2H. m), 7.50
(1H, 35), 7.65 (1H, ¢, J~3.9 H2).

EXAMPLE 13
Ethyl-5-{2<4, wmhyhhmhm-&yl)ahynyl)-z-

Amm;the.enenlpmcedmd&ampk 15
but using instesd 4.4-dimethyl-6-ethynyithiochroman
and ethyl S-bromo-2-furate, the title compound was
synthesized.

PMR (CDCly): 81.24 (6H, 3), 1.31 (3H, ¢, J~7.0 H2),
1.83-1.87(2H, m), 2.93-2.97(2H. m). 4.30(2H. q, J ~ 7.0
Hz). 6.60 (1H, d. J~34 Hz), 698 (1H. d. J~8.1 H1),
7.09-7.11 (2H, m), 1.46 (IH, d. J~ 1.7 Hx).

b

10

X

L

45

b
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EXAMPLE i4
Diphenyl-3-methyl-3-buten-1-y] phosphate

To an ice-cooled solution of 12.2 g (141.65 mmol) of
3-methyl-3-buten-1-0l (Aldrich) and 11.9 g (150.44
mmol) of pyndine in 100 mi of texuhydrofurm was
added dropwise under argon a solution of 38.5 g (143.21
mmol) of diphenyl chlorophosphate 93 in 100 ml of
tetrahydrofuran. The mixture was heated at reflux for 3
bours and then cooled and filtered. The filtrate was
concentrated in vacuo and the residue dissolved in 400
ml of 1:1 ether and hexane and then washed with 2 x 200
ml water, 75 ml saturated NaCl solution and dried
(MgSO04). The solvent was removed in vacuo 1o give
the captioned compound as a pale yellow oil.

PMR (CDCly): 81.69 (3H, M), 2.37 (2H. t. J N7 Hz),
4.32 (2H, q, J ~ 7 Hz), .72 (1H, M), 7.10-7.35 (10H, m).
EXAMPLE 15
4,4-Dimetbyichroman’

To & dry, ice-cooled flask containing 34.95 g (0.134
mol) of stannic chloride was added quickly under argon
63.0 g (0.669 mol) of phenol. The mixture was strred st
O‘CfMOSWMMWMmGOg(OHS
mol) of dipbenyl-3-methyl-3-buten-1-yl phosphate, fol-
lowed by & § ml carbon disulfide rinse. The mixture was
stirred at room temperature for 21 hours and then
quenched by pouring oato 700 g ice and 1 liter of 1.SN
NeOH. The mixture was extracted with 1 600 ml and
2% 300 ml ether. The combined ether fractions were
washed with 2N NaOH, satursted NsCl and dried
(MgSO4). Solvent was removed in vacuo and the resi-
due purified by flash chromatography (silica; 2% ether
in hexane) to give the title as 8 coloriess oil.

PMR (CDCl;): 81.34 (6H, M), 1.80-1.85 (2H. m).
4.15-4.20 2H, m), 6.80 (1H, dd, J~8.1 Hz, 1.5 H1), 6.87
(1H,td,J~8.1 Hz, 1.5 Hz2), 7.07 (1H. 14, J~8.1 Hz, 1.5
Hz), 7.26 (1H, dd, J~8.1 Hz, 1.5 Hz).

This method also serves 10 prepare the corresponding
7-alkylchroman compounds, starting with the sppropri-
ate 3-alkyiphenol, for example:

44, 1-trmethylchromn.

4,4-Dimethyl-6-acetyichroman

To.mndcolmol‘l“.(aﬂzsml)of
4.4-dimethylchroman in 70 ml of sitromethane was
added under argon 4.0 g (50.96 mmol) of acety! chloride
followed by 6.8 g (51 mmol) of aluminum chioride. This
was stirred at room temperature for 5.5 hours and then
cooled in an ice bath and treated slowly with 70 m! 6N
hydrogen chloride. The resultant mixture was stirred at
& room tempersture for 10 minutes, then trested with (00
ml ether and the ocganic layer separated. The organic

" lsyer was washed with waler, saturated NaHCO) and

65

ssturated NaCl solutions and dried (MgSOs). Sotvent
was removed in vacuo snd Ihete;dnemﬁedbyﬂnh

hy (silica; 10% ethyl scetate in hexanes).
Wfoﬂowed by kugelrohr distillation (95°-100°
C.; 0.15 mm) to give the title compound as s colorless
oil.

Section 1
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PMR (CDCl3): 51.40 (6H, M), 1.95-2.00 (2H. m). 2.58
(3H. M). $.25-4.30(2H. m). 6.83 (1H.d.J -~ 8.0 Hz). 7.62
(1H. dd. J~8.0 Hz. 1.5 Hz), 8.00 (1H. d. - 1.5 Ha).
Following the same procedure and using the com-
pounds of Example 15, the following compounds can be
prepared:

_4.4-dimethyl-6-acetyl-7-methylchroman;

4, 4-dimethyl-6-acetyl-7-ethylchroman:

4 4-dimethyl-6-acetyl-7-propylchroman;

4 4-dimethyl-6-acetyl-7-butylchroman;

4 4-dimethyl-6-acetyl-7-pentyichroman; and
4,4-dimethyl-6-acetyl-7-hexylchroman.

EXAMPLE 17
4,4-Dimethyl-6-ethynylchroman

To a solution of 2.47 g (24.41 mmol) of diisopropyi-
amine in 40 ml dry tetrahydrofuran under argon at
—78' C. was added dropwise 15.2 ml of 1.6M (24.32
mmol) n-butyl lithium in hexane. Mixture was stirred at
—78° C. for | hour and then trested dropwise with a
solution of 4.98 g (24.38 mmol) of 4 4-dimethyl-6-acetyl-
chroman in 4 ml of dry tetrahydrofuran. After stirring
at —78° C. for 1 hour, the solution was trested with 4.2
£ (24.36 mmol) of diethyl chlorophosphate. The cooling
bath was then removed and mixture stirred at room
temperature for 2.75 hours. This solution was 'then
transferred using a double ended needie to a solution of
lithium diisopropy! amide (prepared as per Example 4)
using 4.95 g (48.92 mmol) of diisopropylamine and 30.5
mi of 1.6M (48.8 mmol) n-buty] lithium in hexane in 80
ml dry tetrshydrofuran at —78° C. The cooling bath
was removed and mixture stirred at room temperature
for 18 hours and then quenched with 50 ml water and 23
mi of 3N hydrogen chloride. The mixture was extracted
with 2 100 ml and 3 x 50 mi of pentane and the com-
bined organic fractions washed with 3N hydrogen chio-
ride, water, saturated NaHCOj3 and saturated NaCl
solution and then dried (MgSO4). Solvent was then
removedhvncuonndtherm‘duepnﬁﬁdbynnh
chromatography (silica; 109% ethy] acetate in hexane)
followed by kugelrohr distillation (70" C_; 0.35 mm) to
give the title compound as a colorless crystalline solid.

PMR (CDCl;): §1.33 (6H. s), 1.81-1.86 (2H, m), 3.00
(1H, 5). 4.19-4.24 (2H, m), 6.75 (1H, d, J ~ 8.5 Hz), 7.22
(1H, dd, J~8.5 Hz, 2.3 Hz2), 744 (1H, d, J~2.3 H2).

This procedure serves to convert all acetyl-contain-
ing compounds prepared as per Example 16 to their
corresponding ethynyl-containing compounds.

EXAMPLE 18

Ethyl ’

62«4, 4-dimethylchroman-6-yl)etbynyl]nicotinate

Reaction vessels used in this procedure were flame
dried under vacuum and sl operations were carried out
in an oxygen-free, argon or nitrogen atmosphere. To s
solution of 309.4 mg (2.74 mmol) of 4,4-dimethyl-6-
ethynyichroman in 4 ml of dry tetrahydrofuran at 0° C.
was added dropwise 1.72 ml of 1.6M (2.75 mmol) of
n-buty! lithium in hexane. Stirring was commenced at 0*

C. for 30 minutes and st room tempersture for 1S min- 60

utes, after which: the solution was cooled again to 0° C.
and then treated with a solution of 380 mg (2.79 mmol)
of fused zinc chloride in S ml of dry tetrahydrofuran
using a double ended needle. The resulting solution was
stirred at 0° C. for 1 hour and then at room temperature
for 13 minutes. A solution of 628.6 mg (2.74 mmol) of
ethyl é-chloronicotinate in 4 ml of dry tetrahydrofuran
was transferred by double ended needle into » suspen-

pil

0

43

55
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sion of 380 mg (0.33 mmol) of tetrakistriphenylphos-
phine palladium in § ml dry tetrahydrofuran and mux-
ture stirred at room temperature for 15 minutes and then
treated by double ended needle with the solution of
alkynylzinc prepared above. The mixture was stirred at
room temperature for 20 hours and then quenched with
ice and 30 ml of IN hydrogen chloride. The mixture
was extracted with 3 X 75 ml ether and ether extracts
were combined and washed successively with saturated
NaHCO; and saturated NaCl and then dried (MgSOxs).
Solvent was removed in vacuo and the residue further
purified by flash chromatography (silica; 10% ethyl
aceuate in hexane) 10 give the title compound as a yel-
low solid.

PMR (CDCl3): §1.36 (6H, 5). 1.44 (3H. t, J~1.1 Hz).
1.83-1.87 (2H, m), 4.22-4.26 (2H, m), 4.44 (2H, q. J~ 7.1
Hz), 6.80 (1H, d, J~ 7.6 Hz), 7.35 (1H, d. J~8.9 H2),
7.58(1H,d.J~1.6 Hz2), 7.60(1H. M), 8.28 (1H. 4, ) ~8.9
Hz), 9.21 (1H, s).

By this method, using the sppropriate precursors, the
following compounds are prepared:
ethyl 6-(2(4,4,7-trimethylchroman-6-yi)-ethynyhnicoti-

nate;

ethyl 6-(244,4-dimethyl-7-ethylchroman-6-yl)ethynyl)-
nicotinate;

ethyl 6244, Mimahyl-‘l-pmpylchmm-&yl)e-
thynyl)nicotinate;

ethyl 6244, l-dmetbyl—'l-hexylchmmnn-&yl)ethyuyl)-
nicotinate;

ethyl (24(4,4-dimethyichroman-6-yl)ethynyl)pyrid-3-

yl)acetate;

ethyl (24(4.4,7trimethylchroman-6-yl)ethynyl)pyrid-5-
yhecetate;

ethyl (2-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)-
pyrid-S-yl)scetste;

ethyl (2<(4. Myl-%bexylchmm—é-yl)ﬂhynyl}
pyrid-S-yl)acetate;

ethy! 3(2{(4,4-dimethyichroman-2-yl)ethynyl)pyrid-5-

yl)propionate;
e!hyl 3+(24(4,4,7-trimethylchroman-6-yl)-ethynylpy-
rid-S-yl)propionste;
ethyl 3-(2((4. Mmﬂhyl-‘l-cthylchmn-&yl)ethynyl)-
pyrid-S-yl)propionate;
ethyl 3(2((4,4-dimethyl-7-bexylchroman-6-yl)ethynyl)-
pyrid-S-yhpropionate; )
ethyl $<(24(4.4-dimethylchroman-6-yl)ethynyl)pyrid-3-

yl)pentanoate; .

ethyl 5(2-((4,4.7-trimethyichroman-6-yl)ethynyl)pyrid-
S-yl)pentanoate;

ethy! 5-(2<(4.4-dimethyl-7-ethylchroman-6-ylethynyl)-
pyrid-S-yl)pentancate;

ethyl 52«4, &dmahyl-‘l-huylchm-&ylﬁhynyl)-

pyrid-S-yl)peatancate;
ethyl  S-(2«((4. G-damethyhhmn-&yl)ethynyl)ﬁlt

yhacetate;
ethyl  (5((4.4, 1-umhylchronu-&ylbthwv|¥ﬂf-2-

yl)ocetate;
ethyl (5-((4,4-dimethyl-7-cthyichroman-6-yl)ethynyl)-
fur-2-yl)scetate;
ethyl (5-((4.4-dimethyl-7-bexyichroman-6-yl)ethynyl)-
fur-2-yl)acetate;
ethyl  $-(5-((4.4-dimethylchroman-6-ylJethynyl)fur.2-

yl)peatanoeste;
ethyl 5+(5<((4.4,7-trimethyichroman-6-yl)ethynyl)fur-2-
yl)pentanoate;
ethyl 5-(3-((4.4-dimethyl-Tethylchroman-6-yDethynyl)-
fur-2-yl)pentanoate;
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ethyl $.(5-(14.4-dimethyl-7-hexylchroman-6-ylle-
thynyvi)fur-2-yhpentanoate:
ethyl  (S-ti4.3-dimethyichroman-6-ylethynyl)thien-2-
yhacetate:

ethy! (5-((3.4.7.tnmethylchroman- 6-yl)ethyn)l)xhxen~2- s

yDacetate:

ethyl (5-(t4.4-dimethyl-7-ethylchroman-6-yl)ethyny))-
thien-2-yhacetate:

ethy! (5-({4.4-dimethyl-7-hexylchroman-6-yl)ethynyl)-
thien-2-yhacetate;

ethyl 5-(5-((4.4-dimethyichroman-6-yl)ethynylithien-2-
yl)pentanoste;

ethyl  545-((4.4.7-trimethylchroman-6-yl)-ethynyl)thi-
en-2-yl)pentanoate:;

ethy! 5-(5-{{4.4-dimethyl-7-ethylchroman-§-yl)ethynyl)-
thien-2-yl)pentanoate;

ethyl $-(5-((4,4-dimethyl-7-hexylchroman-6-yl)e-
thynyl)thien-2-yl)pentanoate;

ethyl (6-((4,4-dimethylchroman-6-yl)ethynyl)pyridazin.
3-yl)acetate;

ethyl (6-((4,4,7-1rimethyichroman-6-yl)ethynyl)pyrida-
zin-3-yl)ecetate;

ethyl (6-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)-
pynidazin-3-yl)acetste;

ethyl (6-((4.4-dimethy!-7-hexylchroman-6-vl)ethynyl)-
pyridazin-3-yl)acetate;

ethyl $-(6-((4.4-dimethylchroman-6-yhethynyl)pyrida-
zin-3-yl)pentanoate;

ethyl $-(6-((4,4, 7-mmethylchromn—6-yl)¢thynyl)- 30

pyridazin-3-yl)pentanoate;

ethyl 54(6-((4, Ldnmethyl#-ethylchrom-&yl)ethynyl)—
pyridazin-3-yl)pentanoate;

ethyl $-(6-((4.4-dimethyl-7-hexykchroman-6-yl)e-
thynyl)pyridazin-3-y!)pentanoate;

ethyl  (54{(4.4-dimethylchroman-6-yl)ethynyl)pyrimi-
din-2-yl)acetate;

ethyl (5<(4.4,7-trimethylchroman-6-yl)ethynyl)pyrimi-
din-2-yl)scetate;

ethyl (5-(4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)-
pyrimidin-2-yl)acetate;

ethyl (5<((4.4-dimethyl-7-hexyichroman-6-yl)ethynyl)-
pynimidin-2-yl)acetate; - -

ethyl S(5-{(4, &d;methylchmu-&yl)ahynyl)pymm

din-2-yl)pentancate;

ethyl S$(54(4,4, 14nmethylchmn—6»yl)-ethynyl)-

pyrimidin-2-yl)pentanocate;

ethyl 5+(5{(4.4-dimethyl-7-ethylchroman-6-yi)ethynyl)-

pyrimidin-2-yl)pentanoste;

26

EXAMPLE 19
N(4-Bromophenyl)-3,3-dimethylacrylamide

To a solution of 9.48 g (80 mmol) of 3.3-dimethylac-
rvloyl chloride in 200 m] of dry tetrahydrofuran (THF)
was added with vigorous shaking a solution of 13.76 g
(80 mmol) of 4-bromoaniline in 300 mi of dry THF. The
mixture stood at room temperature for 2 hours and was

1o then wrested with 80 g of ice followed by 200 ml of
hexane. The organic layer was separated and the aque-
ous layer was extracted with 2 30 mi of hexanes. The
organic layers were combined and washed successively
with 30 ml of water and 2x 30 mi of saturated NaCl

15 solution snd then dried (MgSOy¢). The solvent was re-
amoved in vacuo and the residue purified by recrystalli-
2ation from an ethy] acetate and bezanes mixture to give
the title compound as colorless crysuals.
PMR (CDCly): 81.91 (3H, 5), 2.23 (3H, 5). 5.73 (1H.
20 broad s), 7.38-7.55 (SH, m).

EXAMPLE 20

4 4-Dimethyl-6-bromo-2-020-1.2,3,4-tetrahydroquino-
line

3 1o 67 g (2602 mmol) of molien N-(4-bromo-
phenyl)3,3-dimethylacrylamide (bested 10 135° C.) was
added 4.15 g (31.09) of aluminum chloride over 25 min-
utes. The reaction mixture was stirred at 130° C. for 16
hopurs and then treated with a further 1 g of aluminum
chioride. The reaction mixture was heated at 130° C. for
a further 9 hours aad then cooled to room temperature.
The reaction was then quenched by the slow addition of
100 ml of ice cold water with slight warming of flask to
s facilitate mixing. The mixture was extracted with
1 100 m} and 4% 50 mi of ether. The organic extracts
were combined sad washed with 25 ml of saturated
NsCl swlution and then dried (MgSO4). The solvent
was removed in vacuo and the residue purified by flash
40 chromstography (silica; 30% ethyl acetate in bexanes)
to give the title compound as s pale yellow solid.
PMR (CDCly): 81.37 (6H, 3), 2.53 (2H. 5), 6.85(1H. d,
J~8.4 Hz), 7.32 (1H. dd, J~8.4 Hz, 2.1 H2), 743 (IH,
d.J~2.l Hz), 10.12 (1H, broad s).

EXAMPLE 21
4,4-Dimethyl-6-bromo-1,2,3,4-tetrahydroquinoline

To 23.5 ml of 1.0M (23.5 mmol) lithium aluminum
bydride in THF, beated 1o reflux under nitrogen, was

L

ethyl S{5((4, t-dmethyl-%buylchm—‘-yl)e- added a solution of 4.95 g (19.48 mmol) of 4,4dimethyl-

thynyl)pyrimidin-2-yl)peatancete;

ethyl (54(4,4-dimethyichroman-6-yl)ethyayDpyrazin-2-

yl

zin-2-yl)acetate;

ethyl  (5((4, Myl-‘lﬁhychyl)ahynyl)-
pyrazin-2-yl)acetate;

ethyl (5<((4, Mnnhyl-‘l-huylchronn#yl)ﬂhynyl)—
pyrazin-2-yl)acetate;

ethyl SXS-{(4. Hmhylchromn-&yl)uhynyl)pynm-
2.yl)pentanoate;

ethyl 5<(5<((4.4,7-trimetbylchroman-6-yl)-ethynyl)pyra-

zin-2-yl)pentanoete;

6-bromo-2-0x0-1,2.3,4-tetrabydroquincline in 50 m! of
dry THF and 100 ml of dry diethy! ether vis a double-
ended peedle. The mixture was heated at a reflux for 2

Jscetate;
‘ethyl  (5<(4.4 7Mym4-yl)abml)pyn- s bowl and then cooled t0 room teroperature. The resc-

tion mixture was then quenched by the slow addition of
ZdewmebySOnlofﬂNuOleum
The mixture was extracted with 2x 25 ml of ether, the
organic extracts were combined and washed succes-
& Sively with 25 ml each of water and satursted NaCl
solution and then dried (MgSOq). The solvent was re-
novedmvacuondtheradnepunﬁedbyﬂnhchro—
matography (silica; 15% cthyl scetate in bexanes) 10
give the tite a3 8 brown oil.

ethyl 5{5-((4.4-dimethyl-7-ethyichroman-6-yl)etbynyl)- ¢ PMR (CDCly): 81.27 (6H. 3), 1.67-1.74 (2H, m).

pyrazin-2-yl)pentanoate; and

3.23-3.32 (2H. m), 3.90 (1H, broed 5), 6.33 (1H,d. J ~ 8.4

cthyl S-(54{(4.4-dimethyl-7-hexylchroman-6-yl)e- Hz), 7.10 (IH, 44, J~8.4 Hz, 2.3 Hz). 728 (IH, d,

thynyl)pyrazin-2-yl)pentanoate.

J~13 Hz).
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EXAMPLE 22

4.4-Dimethyl-6-trimethylsilylethynyl-1.2.3.4-tetrahy-
droquinoline

A solution of 1.608 g (6.7 mmol) of 4.4-dimethyl-6-
bromo-1.2.3.4-tetrahydroquinohine in 1.5 mi of triethyl-
amine in a heavy-walled tube was degassed under argon
and then treated with 75 mg (0.39 mmol) of cuprous
iodide and 150 mg (0.21 mmol) of bis(triphenylphos-
phine) palladium (1I) chloride. The mixture was de-
gassed again under argon, treated with 2.09 g (21.2
mmol) of trimethylsilylacetylene and the tube was
sealed. The mixture was heated st 30° C. for 48 hours.
After cooling to room temperature methylene chioride
was added to the reaction mixture and the mixture fil-
tered. The filtrate was concentrated in vacuo and the
residue purified by flash chromatography (silica; 10%

_ ethyl scetate in hexanes) to give the title compound as
8 yellow oil.

PMR (CDCl;): 30.20 (9H, 3), 1.20 (6H, s). 1.57-1.63
(2H. m), 3.16-3.25 QH, m), 4.02 (1H, broad s), 6.24 (1H,
d, J~8.2 Hz), 7.00 (1H, dd, J~8.2 Hz. 1.8 H2), 7.26
(IH, d, J~1.8 H2).

EXAMPLE 23
4, 4-Dimethyl-6-ethynyl-1,2,3, 4-tetrahydroquinoline

To a solution of 369 mg (2.2} mmol) of 4,4-dimethyl-
6-tnimethylsilylethynyl-1,2,3,4-tetrahydroquinoline in 3
- ml of isopropanol was sdded, under argon, | ml of IN
aqueous KOH solution. The reaction mixture was
stirred at room temperature for 36 hours and the isopro-
panol was removed under vacuum. The residue was
extracted with ether and the ether extract was washed
successively with water and saturated NaCl solution
and then dried (MgSO;). The solvent was removed in
vacuo and the residue was purified by flssh chromatog-
raphy (silica; 10% ethyl acetate in bexanes) 1o give the
title compound as s brown oil.
PMR (CDCly)- §1.26 (6H, 5), 1.65-1.72 (2H., m), 2.96
(1H. 5), 3.27-3.34 (2H, m), 6.34 (1H, d, J~8.3 H1), 7.08
(1H, dd, J~8.3 Hz, 1.6 Hz). 7.33 (1H, 4, J~1.6 Hz).

EXAMPLE 24
6-(244, Mmhykhm—&yl)ethynylhmum acid

The absolute ethanol used in this experiment was
degmedbyapplmuvmwhﬂcmulwy
bubbling pitrogen
(0.30 mmol) of ethyl 624 4-dimethyichroman-6-yi)e-
thylyl)-nicotinoste in 2 ml ethanol was trested under
argon with 0.7 ml of a 1.81M (1.27 mmol) solution of
potassinm hydroxide in ethanol and water. This mixture
was stirred st room tempersture for 60 bours and then
solvent removed in vacuo. The residue was dimoived in
25 mil of water and extracted with 25 ml of ether. The
squeous layer was acidified with glacial acetic acid and
extracted with 4 30 ml of ether. Ether extracts were

" combined and washed with water, then sstursted NaCl
and dried (MgSO,). Solvent was then removed in vacuo
1o give the title compound. PMR ((CD»);CO): $1.40
(6H, ) 1.83-1.92 2H. m), 4.26-4.30 (2H, m), 6.82 (1H,
d, J~8.7 Hz), 7.37 (1H, dd, J~7.6 Hz, 2.2 Hz), .62
(1H, M), 7.63 (1H. d, J~8.7 Hz), 8.37 (1H, 44, )~ 7.6
Hz, 2.2 Hz), 927 (1H. d, J~2.2 Hz).

Proceeding in the same manner 6-(2-(4.4-dimethylthi-
ochroman-6-yl)ethynylnicotinic acid was prepared

it A solutioa of 101.1 mg"

)

s

43

0

53

[ ]

28
from  ethyl 6-(2{(4.4dimethylthiochroman-6-y1)-
ethynyl)nicotinoate.

PMR (CDCIixCD;3);CO): 61.37 (6H. M). 1.99 (2H.
m), 3.09 (2H, m). 7.10 (1H. d. J~8.] Hz). 7.28 (1H. dd.
J~8.1 H1), 2.1 H2). 7.64 (1H. dd. J~7.8 Hz). 1.8 H2z),
7.65 (1H. d, J~7.8 Hz. 1.5 Hz). 9.24 (1H. m).

Proceeding in the same manner. the esters prepared
as per the preceeding Examples may be converted 10
their corresponding acid.

EXAMPLE 25

6-(2-(4,4-Dimethyl-thiochroman-6-yl)-ethynyl)-3-
pyridylmethanol

To 3.0 m) of IM lithium aluminum hydride (3.0
mmol) in THF, cooled to —~78° C., was added dropwise
over 5 min s solution of 2.0 g (5.9 mmol) of ethyl 6«2-
{4,4dimethylthiochroman-6-yl)-<thynyl)nicotinate in §
mi of THF. The reaction mixture was stirred at - 78°C.
for 40 min and then trested with 2 ml of water. The
mixture was warmed to room tempersture and the or-
ganic layer was The aqueous layer was ex-
tracted with 310 m) of ether. The organic extracts
were combined and washed successively with 1 x 10 m}
of dilute HCl, 3 10 ml of water and 115 ml of saru-
rated NaCl solution ‘and then dried (Mg$O¢). The sol-
vent was removed in vacuo and the residue purified by
flash chromatography (silica; 50% ethy! acetate in hex-
anes) wo give the title com; as a pale yellow solid.

PMR (CDCly): 81.33 (6H, s5), 1.91-1.98 (2H, m),
3.01-3.07 QH, m), 4.75 (2H, 3), 7.08 (1H. d, J ~82 Ha),

7.23 (1H, dd, J~8.2 Hz, 1.7 Hz), 746 (1H, d, J~79

Hz), .60 (1H, &, J~12 Hz), 7.71 (1H, dd, J~7.9 Hz,
1.2 Hz), 8.51 (1H, broad 3).
EXAMPLE 26
244, 4-dimethyi-thiochroman-6-yl)ethynyl)-5-
bromopyridine
A mixture of 6.36 g (31.5 mmol) of 4,4-dimethyl-6-
ethynyithiochroman, 746 g (31.5 mmol) of 2%
dibromopyridine, 122 mg (0.64 mmol) of cuprous io-
dide, 224 mg (0.32 mmol) of bis(triphenylpbosphine)
palladium (II) chloride and 70 ml of freshly distilled
triethylamine was degassed under nitrogen and stirred
at room temperature for | hour. The mixture was then
treated with 180 mi of ether and 40 mi of water and the
wmhmwmumqwmhyetw-
extracted with ether, the organic layers were combined
and then washed with 2X40 ml of water, Zx‘Onlof
satursted NeCl solutioe and then dried (K;CO3). The
solvent was removed in vacuo and the residue purified
by flssh chromatography (silica; 5% ethy! acetate in
bexanes) nd recrystallination from ethy! acetate and
hexane to give the title compound as & pale brown solid.
PMR (CDQ;)- 81.34 (6H, 3). 1.94-1.98 (2H, m).
3.04-3.08 (2H, m), 7.08 (1H,d, J ~8.4 Hrx), 7.23 (1H. 44,
J~8.4 Hz, 1.8 Hz), 7.38 (I1H, J~8.4 H2), 7.60 (1H. d,
J~1.8 Hz), .78 (1H, dd, J -84, 2.3 Hz), 8.66 (1H, 4,
J~23 Hz). )
EXAMPLE 27
24244, Mmahylmochm-&yl)-ahynyl)s-
pyridinecarbozaidebyde
“To a cooled (~78° C.) solution of 358 mg (1.0 mmol)
of 2.(4,4-dimethylthiochroman-6-yl)ethynyl-S-
idine in $ m} of anhydrous ether was added
slowly under aitrogen 1.3 ml of 1.7M (2.21 mmol) ten-
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butyvl hthwm in pentane. The mixture was stirred at
~78° C. for 1 h and then treated with 95 mg (1.3 mmol)
of anhydrous dimethylformamide. The mixture was
stirred at —78° C. for a further 0.5 hours. then warmed

10 0° C. and trested with $ ml of saturated NH.Cl solu- .

tion followed by 5 ml of ether. The organic layer was
separated and the aqueous layer was extracted with
ether. The organic layers were combined. washed suc-
cessively with water and saturated NaCl solution and
then dried (MgSOs). The solvent was then removed in
vacuo and the residue purified by flash chromatography
(silica; 15% ethyl acetate in hexanes) followed by high
pressure liquid chromatography (Whatman M-9 Partisil
10750 column, 15% ethyl acetwate in hexanes) to give the
title compound as a pale yeliow solid.

PMR (CDCly): 81.33 (6H, s), 1.93-1.97 (2H, m),
3.03-3.07 (2H, m). 7.08 (1H, d. J~ 8.2 Hz), 7.26 (1H, dd,
J~8.2 Hz2. 1.8 H2), 7.63-7.65 (2H, m), 8.14 (2H, dd,
J~8.0Hz, 2.3 Hz) 9.05(1H, d, J~2.3 Hi), 10.1 (I1H, 5).

EXAMPLE 28

2-[2-(4.4-Dimethylchroman-6-y})ethynyl}-S-hydrox-
ymethylpyridine

A 250 m! 3.necked flask is fitted with a stirrer, &
dropping funnel, a nitrogen inlet and a thermometer. In
the flask is placed a solution of 379.5 mg (10 mmol) of
lithium aluminum hydride in 30 ml of dry diethy! ether.
The solution is cooled to —65° C. under nitrogen and a
solution of 3.2343 g (10 mmol) of ethy] 6-[2-(4,4-dime-
thylchroman-6-yl)ethylyljnicotinate in 15 ml of dry
ether is added dropwise at a rate such that the tempera-
ture does not exceed —60° C. The mixture is stirred at
~30" C. for | hour and the excess hydride is then de-
stroyed by the addition of 300 mg (3.4 mmol) of ethyl
acetate. The reaction mixture is then hydrolyzed by
sdding 3 ml of ssturated ammonium chloride solution

and allowing the temperature to rise to room tempera- 40

ture. The mixture is then filtered and the residue
washed with ether. The ether layer is then washed with
saturated sodium chloride solution, dried (MgSO4) and
then concentrated in vacuo. mmdunponﬁedby

3

chromatography followed by recrystllization to give 43

the ttle compound.

By the same process, acids or esters of this invention
may be converted o their correspoading primary sico-
hol.

EXWLE 29 .
2-{244,4-Dimethyichroman-6-yl)ethynyl}-5-acetoxyme-
thylpyridine

A solution of 2.81 g (10 mmol) of 3-{2(4,4-dimethyl-
chroman-6-yl)ethynyl}-S-bydromymethylpyridine, 600
mg (10 mmol) of glacial acetic acid, 2.06 g (10 mmol) of
dicyclohexylcarbodiimide and 460 mg (3.76S mmol) of
4-dimethylaminopyridine id" lwnlnahylenecuondc
is stirred at room temperature for 48 bours. The reac-
tion mixture is then filtered and the residue washed with
50 m! of methylene chloride. The filtrate is then coacen-
trated in vacuo and the residue is purified by chroma-

tography followed by recrystallization to give the title g5

~ compound.
Proceeding in the same manner, other alcohols of this
invention may be esterified.

3

30

EXAMPLE 30

2-(2-(4.4-Dimethylichroman-6-ylethynylipyridine-S-
carboxaldehyde

A solution of 1.396 g (11 mmol} of freshly distilled
oxalyl chlonde in 25 m! of methylene chloride is placed
in 3 4-necked flask equipped with a surrer, a thermome-
ter and two pressure-equalizing addition funnels fitted
with drying tubes. The solution is cooled 10 ~60° C.
and then treated dropwise with a solution of 1.875 g (24
mmol) of dimethyl sulfoxide (distilled from calcium
hydride) in $ ml of methylene chloride over & five min-
ute period. The reaction mixture is then stirred at —60°
C. for an additional 10 minutes. A solution of 2.82 g (10
mmol) of 2{2<4,4-dimethyichroman-6-yl)ethynyl}-5-
hydromymethylpyridine in 10 ml of methylene chlonide
is then added 10 the reaction mixture over a period of §
atinutes. The mixture is stirred for a further 1S minutes
and is then treated with 5.06.g (30 mmol) of triethylam-
ine. The cooling beth is then removed and the mixture
is allowed to warm to room temperature. Thirty m! of
water is then added 10 the mixture and stirring is contin-
ued for a further 10 minutes. The organic layer is then
separated and the aqueous layer is extracted with 20 ml
of methylene chloride. The organic layers are then
combined and washed successively with dilute HCl,
water snd dilute NayCO; solution and then dried
(MgSOq). The solution is thes filtered and concentrated
in vacuo and the residue is purified by chromatography
followed by recrysullization to give the title com-
pound.

Primary alcobols of this invention may be oxidized to
their corresponding aldebyde by this method.
EXAMPLE 31

242<4,4-Dimethylchroman-6-ylethynyl)-51-hydrox-
ypeopyl)pyridine

Four ml of a 3M (12 mmol) solution of ethylmag-
pesium bromide in ether is placed in & 3-necked flask
fitted with a mechanical stirrer, s reflux condenser pro-
tected by a drying tube and s pressure-equalizing drop-
ping funnel protected by s drying tube. The flask is
cooled in an ice bath and a solution of 2.8 g (10 mmol)
of 2{244,4-Dimethylchroman-6-yl)ethynyl)pyridine-5-
carboxaldebyde in 10 ml of dry cther is added slowly
with vigorous stirring. The cooling bath is then re-
moved and the mixture bested at reflux for 3 hours. The
mixture is then cooled in an ice-salt bath and $ ml of
satursted ammmonium chioride solution added. The mix-
ture is stirred for s further | bour and then filtered and
the residue washed with two 10 ml portions of ether.
The ether solution is then separated, dried (MgSOq) and
the ether removed in vacuo. The residue is then purified
by chromatography followed by recrysullization to
give the title compound.

Using the same procedure any of the other aldehydes
of this invention can be converted 10 a secondary alco-
hol.

Such secondary alcobols may be converted to their
corresponding ketone using the procedure recited in
Example 15.

Section 1

1 132



Allergan Confidential
Tazorac (tazarotene topical cream) 0.05%, 0.1%

Original NDA 21-184

2,Usy,ouYy

31

EXAMPLE 32

2-(2-(4.3-Dimethylchroman-6-yhethyayl)-S-dimethox-
ymethylpyridine

A round-bottomed flask is fitted with a Dean-Stark
apparatus under a reflux condenser protected by a dry-
ing tube. A mixture of 3.35 g (12 mmol) of 2-(4.4-dime-
thylchroman-6-yl)ethynyl)-pyridine-S-carboxaldehyde.
4.80 mg (135 mmol) of anhydrous methanol, 2 mg of
P-1oluenesulfonic acid monohydrate and 10 mi of anhy-
drous benzene is placed in the flask and the mixture
heated at reflux under nitrogen until close 10 the theo-
retical amount of water is collected in the Dean-Suark
trap. The reaction mixture is cooled to room tempera-
ture and extracted successively with $ ml of 10% so-
dium hydroxide solution and two $ mi poruons of water
and then dried (MgSQ,). The solution is then filtered
and the solvent removed in vacuo. The residue is puri-
fied by chromatography and then recrystallization to
give the title compound.

In a similar manner, any aldehyde or ketone of this
invention may be converted t0 an aceta! or s ketal.

EXAMPLE 33
Prefersbly, these compounds may be administered
topically using various formulstions. Such formulation
may be as follows:

lagredient Weight/Percent
Solution
Retisoid 0.1
BHTO.1
Alcokol USP 8.0
Polyethylene Glycol 400 NF 418
el
Reunoid o1
BHT 0.}
Alcobol USP s
Hydrozypropyl Cellulose 10
What is claimed is:
1. A compound of the formula
/A"(a'!l)n—'

where X is S or O; R is hydrogen or lower alkyl; Ry is
metbyl; A is pyridyL; n is 0-2; snd B is H, —COOH or
s pharmaceutically salt thereof, or an ester
thereof with s ssturated alipbatic alcobol of ten or
fewer carboa stoms, or with a cyclic or satarated ali-
phatic cyclic alcobol of $ 10 10 carboun atoms, or with

pbenol or with a lower alkylphenol, or an smide or s
mono or disubetituted amide thereof, the substituents oo

mmmwm.mma

satursted alipbatic radicals of ten or fewer carbon
atoms, cyclic or asturated alipbatic cyclic radicals of 3
to 10 carbon stoms, and pbeay! or lower alkyiphenyl

radicals, or B is CH;OH or in ester derivative thereofl

derived from s satursted aliphatic acid of ten or fewer
- carbon stoms, or from s cyclic or saturated aliphstic
cyclic acid of $ 10 10 carbon stoms, or from benzoic
acid, or an ether derivative thereof derived from a satu.
rated aliphatic radical of ten or fewer carbon atoms, or
from a cyclic or saturated aliphatic cyclic radical of 5 to

32

10 carbon atoms. or from phenyl or lower alkylphenyl
radical. or B is —CHO or a lower alkyl acetal denva-
tive thereof. or an scetal derivative thereof formed with
a lower alkyl diol. or B is —-COR or 2 lower alkyl ketal
derivative thereof. or a ketal derivative thereof formed
with a Jower alkyl diol, where R} is —(CH))-CH:
where m is 04, or a pharmaceutically accepuable salt of
the compound defined in said formula.

2. A compound of claim 1 where X is S. R is hydro-
gen,andnisQor 1.

3. A compound of claim 2 where B is —~COOH or 2
pbarmaceutically acceptable salt, lower alkyl ester or
mono- or di-lower alkyl amide thereof.

4. Ethyl 6{2<(4,4dimethylthiochroman-6-yi)e-
thynylnicotinate.

8. 6-(2<(4.4-dimethylthiochroman-6-yl)ethynyl)nico-
tinic acid or a pharmaceutically scceptable salt thereof.

6. A compound of the formula

3

-
“w

20
(CHp) =D

p2]
H

where n is 0 or 1 and where B is -—CH;0H or s lower
30 alky] ether or lower alkyl acid ester thereof.
7. A compound of claim 6 which is 6~(2-(4,4-dime-

. thylthiochroman-6-yl)-ethynyl)-3-pyridylmethanol.

8. A compound of claim 2 where B is —CHO or an
acetal derivative thereof.

9. A compound of claim 8 which is 2(2(4,4-dime-
thylthiochroman-6-yl)-ethynyl)-S-pyridinecarboxalde-
hyde.

. 10. A compound of the formula

3

(CH)=D

where R is lower alkyl, nisOor 1, and B is H, —COOH
”uuphmﬂymnltMmCotn
ester thereof with s sstursted aliphatic aicobol of tea or
fewer carbon atoms, or with s cyclic or saturated ali-
phatic cyclic alcobol of 5 to 10 carbon atoms, or with
pbenol or with a lower alkylpbenol, or an amide or &
ss ®ono oc di-substituted amide thereof, the substituents
umﬂemw&mnmmgd

10 10 carboa atoms, and phenyl or lower alkylphenyl
radicals, or B is CH;OH or an ester derivative thereof
derived from a sstursted aliphatic acid of ten or fewer
carbon atoms, oc from s cyclic or satursted aliphatic
cyclic acid of § to 10 carbon atoms, or from benzoic
acid, or an ether derivative thereof derived from s sate-
63 rated aliphatic radical of ten or fewer carbon stoms, or

from a cyclic or saturated aliphatic cyclic radical of § 1o

10 carbon stoms, or from phenyl or Jower alkyiphenyl

radical, or B is —CHO or s lower alkyi sceual deriva-
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33
tive thereof. of an acetal derivative thereof formed with
a lower alkyl diol. or B is —COR or a lower alkyl ketal
denvative thereof. or a ketal derivative thereof formed
with a lower alkyl diol. where R; is ~(CHj).CHj
where'm is 0-4. or a pharmaceutically accepuable salt of
the compound defined in said formula.

11. A compound of claim 10 which is 6-(2-(4,4.7-
trimethylthiochroman-6-yethynybnicotinic acid or a
pharmaceutically acceptable salt thereof.

12. A compound of the formula

(CHy)e—8

"0

wherenisOor I, and B is H, —COOH or a pharmaceu-
tically acceptable salt thereof, or an ester thereof with a
saturated aliphatic alcohol of ten or fewer carbon
atoms, or with a cyclic or saturated aliphatic cyclic
alcohol of 5 to 10 carbon stoms, or with phenol or with
8 lower alkylphenol, or an amide or a mono or di-sub-
stituted amide thereof, the subtituents on the amide
being selected from a group consisting of saturated
aliphatic radicals of ten or fewer carbon atoms, cyclic
or saturated aliphatic cyclic radicals of 5 10 10 carbon
stoms, and phenyl or lower alkyiphenyl radicals, or B is
CH;OH or an ester derivative thereof derived from a
saturated sliphatic acid of ten or fewer carbon stoms, or
from a cyclic or saturated aliphatic cyclic acid of § to 10
carbon atoms, or from benzoic acid, or an ether deriva-
tive thereof derived from a saturated aliphatic radical of
ten or fewer carbon atoms, or from a cyclic or saturated
aliphatic cyclic radical of 5 to 10 carbon atoms, or from
phenyt or lower alkylpheny! radical, or B s —CHO or
s lower alkyl acetal derivative thereof, or an acetal
derivative thereof formed with a lower alkyl diol, or B
is —COR or a lower alkyl ketal derivative thereof, or
a ketal derivative thereof formed with a lower alkyl
diol, where R| is —{CH3)wCH) wbere m is 0-4, or &
pharmaceutically acceptable sait of the compound de-
fined in said formula.

13. A compound of claim 12 where B is —COOH or
s pharmaceutically acceptable salt, lower alkyl ester or
mono- or di-lower alkyl amide thereof.

14. 6(2<(4,4-dimethylchroman-6-yethynyl)nicotinic
acid or a pharmaceutically acceptable salt thereof.

18. Ethyl m(&mhywyl)uhynyl)-
nicotinate.

16. A compound of claim 12 where B is —CH;OH or
8 lower alkyl ether or lower alkyl acid ester thereof.

l1.AeonponchhuvbﬂtBi—CHOwn
acetal derivative thereof.

18. A pharmaceutical noueompnsmgnphnr
maceutically acceptable excipient and a compound of
the formula

A—(CH.~B
-
t 4

H

10

20 10 carbon atoms, or from phenyl or lower alkylpheny! )

.43
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34
where X is S or O; R is hydrogen or Jower alkyl: Rais
methyl; A is pyridyl: n is 0-2; and B 15 H, —COOH or
a pharmaceutically acceptable salt thereof. or an ester
thereof with a saturated aliphatic alcohol of ten or
fewer carbon atoms, or with a cyclic or saturated ali-
phatic cyclic alcohol of 5 to 10 carbon atoms. or with
phenol or with a lower alkylphenol, or sn amide or a
mono or di-substituted amide thereof, the subtituents on
the amide being selected from a group consisting of
saturated aliphatic radicals of ten or fewer carbon
stoms, cyclic of saturated aliphatic cyclic radicals of $
to 10 carbon atoms, and phenyl or lower alkylpheny!
radicals, or B is CH;OH or an ester derivative thereof
derived from a ssturated aliphatic acid of ten or fewer
carbon stoms, or from s cyclic or saturated aliphatic
cyclic acid of 5 to 10 carbon stoms, or from benzoic
acid, or an ether derivative thereof derived from & satu-
rated aliphatic radical of ten or fewer carbon atoms, or
from a cyclic or saturated aliphatic cyclic radical of § to

radical, or B is —CHO or s lower alky! acetal deriva-
tive thereof, or an acetal derivative thereof formed with
8 lower alkyl diol, or B is —COR or s Jower alky) keta)
derivative thereof, or a ketal derivative thereof formed
with s lower alkyl diol, where R; is —(CH3)mCHj)
where m is 0-4, or a pharmaceutically acceptable salt of
the compound defined in said formula.

19. A method of treating psoriasis in s mammal which
n«hodmpmadmmgdmornoon)m
tion with s pbarmaceutically acceptable excipient, &
;hcn:le‘uwnyeffecuvemtohmpoudoﬂbe
form

/A-(Cl'lz)--l

where X is S or O; R is hydrogen or lower alkyl: R is
mhyl.Aapyndyl.auO—Z.udBnH.—COOHor

y acceptable salt thereof, or an ester
tbeteolwnhlnmmednhphncdcoboloneuor
fewer carbon atoms, or with a cyclic or satursted ali-
phatic cyclic alcohol of S to 10 carbon atoms, or with
phenol or with & lower alkylphenol, or an amide or a
000 or di-substituted amide thereof, the subtituents on
the amide being selected from a group coasisting of
sstursted alipbatic redicals of tea or fewer carbon
atoms, cyclic or ssturated aliphatic cyclic radicals of 5
t0 10 carbon stoms, sad pbeny! or lower alkylphenyl
radicals, or B is CH7OH or an ester derivative thereof
derived from s saturated aliphatic acid of 1en or fewer
carbon atoms, or from s cyclic or saturated aliphatic
cyclic acid of $ to 10 carbon stoms, or from benzoic
acid, or sn ether derivative thereof derived from a satu-
rated aliphatic radical of tea or fewer carbon stoms, or
from 2 cyclic or saturated aliphatic cyclic radical of $ o
10 carbon atoms, or from phenyl or jJower alkyipheny!
radical, or B it —CHO or a lower alky) scetal deriva-
tive theteol, or an acetal derivative thereof formed with
alower alkyl diol, or B is —COR or s Jower alky! ketal
derivative thereof, or s ketal derivative thereof formed
with 3 lower alkyl diol, where R} is —(CH;)mCH3
where m is O~4, or s pharmaceutically acceptsbie salt of
the compound defined in said formula.

L] L L] - *
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