2058060 - 1 - HETEROCYCLI C CCNPCUNDS - 2 - This invention rel at

e
het erocycl i ¢ conpounds, nore particularly to 2, 3-di hydro-| H—i-ndoleégtgggsg (
deri vat sto processes for preparing them internediates used in such
process and pharmaceutical conpositidns Tontaining them 5 In

phar ol ogi cal research on hypertension, recent attention has focused on
the study of the renin-angiotensin- al dosterone system and, in particular,
on the devel opnent of an effective anti-hypertensive agent which woul d,
theoretically, achieve its result by inhibiting the action of angiotensin

10 converting enzyme in conyefirfgventtooeampRyups0o angiotensin Il1. The

i nhibition of the producti on—ef——alg-oi-ehsiitlbacae | Nnportant because of

t he di scoveries that angiotensin Il is the nost potent presser agent
(vasoconstrictor) present in the mammal i an body and, in addition,

stinmul ates the adrenal cortex 15 to release al dosterone, thereby causing
excessive sodiumretention and fluid retention, contributing further to the
hypertensi ve stats. Thus, inhibiting the conversion of angiotensin | to
angiotensin Il is believed to work directly on the primary biochem cal

mechani sns creating increased 20 bl.ood pressure. For a description of the
mechani sns and of the manmal i an renal - angi ot ensi n- al dost erone system see
Hypertensi on, Genest et -al., ed., Chapters 6.1,6.2, 7.1,7.2 and 7.3 (MG aw¥,.
HI1l, 1977) and John H. Laragh, "The Renin Systemin H gh Bl ood Pressure, .
From Di sbelief to Reality: 25 Converting-Enzyne Bl ockade for Analysis and
Treatnment", Prog.

1,



in.Cardio. Vasc. Di sease, XXI, No.3 159-166 ( Novenber, 1978). An extensive
list of angiotensin convertiﬁg enzynme inhibitors is set forth in SuzaaEE}
0

OparilT*s article entitled "Angiotensin | Converting Enzyme and Inhi bi
in_ Ge est et 30 al., supra, Chapter 6.3, at pp. 159-161. . These inhi
are73u rized in Table I, p. 161, theregL and i ncl ude chelating agents,
sulrﬁnylatlng agents, heavy netal ions I”f hydryl binding reagents, and

oo PP e I TR R T st arnEh el BoR BB, hBse,
product s ofpamms:ula:ammgea,lmmmmmmm deirdvatdyes; E0APgOREESREO;
and vari ousgyn ﬁﬂl@-{? &@L@ﬁgeﬁwﬁ%n@&r used in 3uch PRotbskBs ERst

pot ent and nost st itors are.t Bothrops Jararaca snake venom

extract, tROGRIACKIEH QQ%HOQAE§9HﬁJQQQ§ N8 HnePereferred to as [err],
and thF mo?apgggjmqaﬁd}m@Blmﬂ&Lﬁr@ﬁM on |Wnt—dﬁrsﬁ,):n alreesntreferred
to as.[err st ands | gk .
been shown & arﬂetloghq’eﬂ‘ﬁ cﬁ‘{?eecg @ e}!ns° r']%gé: m'%‘lgilﬁl[t?g Et udi es
on ;humans alidpstEnaiea a‘xaﬁm,ofarh'y,perrt mmulalaow@mertha[ slavielopgendt of :
oral’ly actiMe & dtiay ia rRARS RS zﬁf%xﬁ&e@ganf‘?.fm%rﬁmrdy %e%'i‘%t‘i'c' '1.'1?2'

10 aspects of [err], see Gbnest et Chapter 6.3, pp.
recent |y, 2B ids rﬁ'ecﬁqlﬁ'e Werﬁﬂrﬁ{qkféé‘%aé’eoé&?%m ta@gﬂ.@tansa.n
si gni f i mANtdgh Vet mpteniymes nmbdmiemﬁ.mj W@ertaemsun umowﬂoltra@sanzyrre

Gor vat Lved TR FHEAHNBLASH e, b, el CTod, KRB NI 1T pocape,

to be the mmnonﬁanhnhaqausapuf the discoveries  that angiotensin II is
the most potent pressor agent (vasoconstrictor) present in the
mammalian'body and, in addition, stimulates the adrsnal cortex

15 to raleaée aldosterone, thereby causing excessive sodium'
&v’ retention and fluid retantlon,_contrlbutlng further to tha'

hypertensive stats. Thus, inhlbltlng the conversion of
angiotensin I to angiotensin II is belisved to work dlractly

rs’

on the primary biochemical mechanisms creatlng increased
20 blood pressurs. For a description of the mechanisms and af
“the mammalian renal-angiotensin-aldosterons system, see
Hypertension, Genest et al., ed., Chapters 6.1,6.2, 7.1,7.2
and 7;3 {(McGraw Hill, "1977) and John H. Laragh, "The Renin
System in High Bloocd Prsssurs, From Disbelief to Reality:
25 Converting-Enzyme Blockade for Analysis and Treatment", Prog.
in Cardio. Vasc. Dissase, XXI, No.3 159-166 (Novamber, 1878).
An extensive - list of angzotenszn convartlng enzyme
inhibitors is set forth in Suzanne Oparil's article entitled
"Angiotensin I Converting Enzyme and Inhibitors" in Genest st
* 30 al., supra, Chapter 6.3, at pp. 159-161. These inhibitors
are summarized in Table I, p. 161, thereof and include
~ Chaléting-agents; sulfonylating agsnts, heavy metal ions,
sulfhydryl binding reagents, and various peptides. Thse
polypeptides described thersin as angiotensin cbnverting -
35 senzyme inhibitors includs hormdnes,’such as bradykinin;
products of substrate digestion such as His-Leu, Phe-Arg,
and Arg-Pro-Pro; and various snake venom polypeptide extracts.



T TR ——,

cl udi ng being effective when administered orally. These praline and T
mer capt oprol i ne derivatives and various pharmaco- }ogical: test results N/

there02§§re described in Cushman et al., 20 "Design of New

Anti-h rtensive Drugs: Potent and Specific Inhibitors of Angiotensin -
Converti'ng Enzynme", Prog. in Cardio. Diseases, Vol. XXI, No.3 (Nov/DeC.\/i &=
1978), and in United States Patent MNo8.-4,046,889 and 4, 105,776, both to = ws—~
Ondetti and Cushman. 25 This invention provides :

N- ( 3- Fwpcaft he- mpr§| petersprogympstosiudinddipbibitras are- tBeboxylic -
?Cigsaéﬁﬂrg 5l ﬁbh&ﬁ&a??ﬁ&ﬁ@fvBﬁE?ESrEBEcEEFﬁHbabeEFEﬁFptide 4 - wﬂeaein: n
i's U, yqgrogen, (| ower _a aryl, or z yl: [e i s hydrogen .
or lo VraFkﬁr?rB' ia'SFBPr]%§?°h§8¥8§6ﬁF FBuaP gFESh’oﬁnhrgb#; R5 is
hydronynapabmmdeo(Pymwérpaphoxg;gXPb9~E¥dP6ganP:hyEroiy,aleuer al kyl, | ower
al kox | gen; bs hydyggggn r K k sk Ml nqk einLis
.0, e%?fgéfgg ?%hgfegrgﬁﬁfyiggﬁsd?8ég§§orakoa£?dgFtﬁﬁ§;pﬁ*?éé%gﬁgfaor [err]
(wher Bepéidp)irs BBPg, has been shouwn to bgyapogEheckaveradkbkyl, aryl, or

ar al kit pedtdnbeuel agaftl enr b1ahecalnéenandenchyhulkABo0eBh certeain

forms of hypertension. Houever,'BPPga is not orally active as :
an anti-hypertensive agent. For a summary of the clinical

10 aspects oF'BPpga ses Genest et al., supra, Chaptsr 6.3, pp. -
163=4. '

More recently, a series of proline derivatives has been - S

-found to be significantly more potent as inhibitors of angio- :
tensin converting -enzyme and as anti-hypertensive agents than

15 BPPQE. Uf'these.proline derivatives, DfB-mercapto-Z-me#hylpro- )
pandyl-L-proline has besn reported to be the most effective, in- \/
cluding being effective when administered orally. These
proline and ﬁercaptoprnline derivatives and various bharmaco-
logical test results thereon are described in Cushman et al.,

20 "Design of New Anti-hypertensive Drugs: Potent and Specific
Inhibitors of Angiotensin Converfing Enzyme", Prog. in Cardio.
Diseases, Vol. XXI, No.3 (Nov/Dec., 1978), and in United
States Paten@_Nus. 4,046,889 and 4,105,776, both to Ondetti
and Cushman. ' | |

25 This invention provides N-(3-mercapto-2-alkyl=-1-oxopropyl)-
2,3-dihydro-1H-indole-2-carboxylic acids and derivatives
therecf having'the formula:

(: . ‘_'1(;(7:

_Ia ' e

0=C~CR3R,=(CHRy) -R,



| ows# al kyl, or aryl);.Ais 0, NRI3 or S; [err] .and [err] are,

i ndependent |y, hydrogen, "al kyl, 20 aral kyl or aryl; R13 is
hydrogen or lower alkyl; mis 0, 1,2, or 3; R20 is hydrogen or -aryl; and -
R21_i s\bydroxy er |ower al koxy; 25 or pharmaceutically acceptabl e sal
t hegeof.. This invention also provides 1H BH[1, 4]thiazepino- [4,3-4
I ndol es and 1-H[1,4]thiazino[4,3-a] indoles having the formula: - -
[err] wheregwerdfis]. X, and Y are the sanme as defined for Formula la. The
conpounds of fornu a La and 11 (and disul phides of fernmula la) forma
single class of R ohpolns tpresented by 5 the generic fornmula [err]
wherein X Y, [er rﬂ,{ abhsl mydregars, dedueedalbole dthel daint exrdlikyd sr epresents an
optional bond, wath | bond is present then T
represents S an?%e}%ﬁ%ﬁwgﬁe%‘%&e@ng&a%ﬁMen the bond is absent T
represents [err]R40i®rheeeerpLeer kit ¢F %13 [err] is as defined
above-[err] is Rg is hydroxy, amindyibifiesudr isldeiy; al so represent

X is hydrogen, hydroxy, lower alkyl, louwsr élkoxy, aor
halogen; '
Y is hydrogen, louwsr alkyl, or aryl;

10 R4,is -SH, -SfC-M, -A-E-UR11, ar rNR13-FH-(CH2)m-R20;
R1z COR21
wherein

L is' 0, NR, or S (where R, is hydrogen or lower

A alkyl);
M is Rg, ORg, SRg, or NRgR,q (uhere Rg is
15 , hydrogen, lower alkyl, aryl, or aralkyl;

and Rg and R10 ars, independently, hydrogen;
lower alkyl, or aryl):;
A is @4, NR13 or. S

R51 and R12 are, independantly, hydrogen, alkyl,
20 aralkyl or aryl;

Ryg 18 hydrogen or lower alkyl;

m is 0, 1,2, or 3;

R20 is hydrogen or aryl; and

R21 is hydroxy or lowsr alkoxy;

25 or pharmaceutically acceptable salts thereof.

k1,

This invention also provides 1H, 3H-[1,4]thiazepino-
(4,3-g] indoles and 1-H-[1,4]}thiazino[4,3-a] indoles having the’
formula: |

.



- 6 - [err] and when T is S, [err] also represents [err] wherein [err] , -

n an are, as defined above, and salts thereof. The compounds, of Formulae ™~
| a™a (and disulfides of la) 5 act as inhibitors of angiotensin

conv g enzynme and are useful as agents for ‘the treatnent of

hypertensi on and for the study of «I& < enin-angi ot ensi n-al dost erons systewn =

of warm bl ooded animals. Also within the scope of the. invention are s~
met hods of treatnment of hypertension utilizing the 10 conmpounds of the

i nvention, processes for the preparation of the conmpounds, and internedi ate
conpounds. As used herei ¥ and "lower al kexy" refer to groups
havi ng up to 4 carbon ‘efers to phenyl or “phenyl substituted

by a hal ogen, | ower wer al koxy group. "Aralkyl" refers to
benzyl or benzyl subst}tuted for phenyl. "Aroyl" refers to

benzoyl or benzoyl subs tgy phenyl .- Hal ogen refers to
“chlorine, bromne and fl uorine. prefeF‘ d group (lc) of.conmpounds of
formula la are 20.those in whiclH [err] i9 hydrogen or lower alkyl; and Ris
-SH or [err] WwereinLis O, [€r] or S ere [err] is hydrogen or | ower
alkyl); and Mis [err] or [err]g gwﬁ%ﬂe [/r i s hydrogen, -7 - lower 3
al kyl, aryl or-aralkyl; and [err R%@ ar e, -

'y

where n, R1,-R2, R3, X, and Y are the same as defined for

Formu.a la.
The compounds of formula Ia and Il (and disulphides of

Farmula Ia) form a single class of compounds repressnted by
5 the generic faormula

0
dry)

EE LY

CRqRy=(CHR3 - T(Rg4)

wherein X,Y,R4,R,,Rs and n are as defined above
the dotted line rspresents an optional bond, uith the proviso
that when the bond is present then T represents S and R,, and
R5 are absent and when the bond is absent T represents 4,NR

; ) _ 13 -

10 or S and R,, and Ry are present, =
Rg is as defined abave )
R24 is l[l] and when T is NR13, R24 alsc reprasents-

'—p — OR

GR

11

12



indéﬁgndently, hydrogen, |ower alkyl,. or aryl). Another preferred group
(I'D) of conpounds of Formula | are those in which-R is [err] 5

[err] wherein mis 0,1,2 or 3; R13 is hydrogen or |lower alkyl; R20 is
hydrog® or aryl; and 10 R is hydroxy or |ower al koxy. Prefefjr
conmpdunds of the latter group (ID) are those in which mis 2, R13 i
hydrogen, R20 is phenyl and R is ethbx?,for hydr oxy. Further preferfre
conpounds of FO{nuIa-I include those 15 in which Y is hydrogen, |

al kyl, or ar§i=(8H,) s Pygr og@Rd ovhemwbrial kyiR, 4 2490 | ZEREAIAN | :
aryl carbonylfhio; nis 1; nis 1 and R2 and R3 are hydrogen; n is 0 and R2
I s hydrogen; d RS is hydroxy. Particularly preferred conpounds of
Formula | _incttgle those in which X is hydrogen; Y is hydrogen; 20 Rl is

| ower al kyl; .S thiol or benzoylthio; nis 1, Ris lower alkyl, and R2
and R3are hydr®ggn;and n is 0, [err] ig lower alJo  and R is hydrogen.
A particul arl-y preferred conpound of For '4”he sonmpound of Exanpl e

40 (Formula la, X and Y = hydrogen, 25 |

and [err] are hydrogen, nis 1, [err] is ISH and. havin configuration
of chiral centres). A preferred g-oup of ADRPoNON ormula Il are those
in_which R is hydrogen or |ower alkyBSCUFurW er preferred conpounds of
Formula Il include those in which Y is 30 hysy ogen, |ower alkyl, or aryl;
R1 is hydrogen or lower alkyl; nis 1, nis 1 aga&gerr] - and [err] are
hydrogen; and n is 0 and R is hydrogen. Parti€ularly preferred conpounds
of Formula Il include those in whhﬁh(XHR%)my@ﬁq@%n; Yis

gs met hyl , [err]

whersein R1,R2,R3,R5,R11,R12,R13,R20,R21, n and m ars
as defined above, and salts thersof.
— The compounds of Formulas Ia and II (and disulfides of Ia)
5 act as inhibitors of angiotensin convérting enzyme and are
useful as agents for the treatment of %ypertension and for
the study of the renin-angiotensin-aldosterone system of
warm-blooded animals. -Alsq within the scope of the. invention
are methods of treatment of hypertensioh utilizing the
10 compounds'af_the invention, processes for the preparation of
the compounds, and intermediate compounds. “
As used hersin, "lower alkyl” and "lower alkoxy" refer
~ to groups having up to 4 carbon atoms. "Aryl" refers to
phenyl or phenyl substituted by a halogen, lower alkyl, or
15 lower alkoxy group. "Aralkyl” refers to benzyl or benzyl
substituted as above for phenyl. "Aroyl" refers to benzoyl
- or benzoyl substituted as above for phenyl. Halogen rsfers
to chlorine, bromine and fluorine.
A preferred group (Ic) of compounds of formula Ia are
20  those in which R3 is hydrogen or lowser alkyl; and R4 is
-SH or ' - :

lli '

=5=-C-M uwherein

L is 0, NR, or S (where R, is hydrogen or lower alkyl);
and

M is Rg,0Rg,5Rg, or NRgR,y (where Rg is hydrogen,



hydrogen; [err] is lower alkyl; nis 1, [err] is lower alkyl, and 35 \J‘”‘

[err nd [err] are hydrogen; and nis 0, R is lower alkyl; and -8- R
is h en. Where either Y or R3 of Formula | or Il is other than B
hydr " the carbon atomto which it i 4Attached is an asymetric carQon ...

atom imJlarly, e ngd,-R3,-31RvD: di &f engnRt R the,Garbon atomto ‘o~
whi ch t hey ]a “ée%t?izliygﬁ:aﬁ iﬁfsygnggsyﬁ’rret Y?c ggr bof at om !'%Additi onal | y, the

carbon at omritepemdertl?, | hydoegena LewandadkyleaPSoRratldm desi gnated 1la
in Formul a & el qy apd-£ 88 ge&@ N (@bymogesbapaadslQF iFormairal B did
bel ow are asymetric. [err% 10 ere gerr, IS %grr] the carbon atomto
whi ch the -torsa it oupiel ntaéhéHRhg'i v incRoThus, the conpounds of
the invention (including internediate &¢gnmpounds) exist in stereoisoneric
forms Sor in racenic nixtures thereof, SPR2af Wwhich are within the scope of
the invention. 15 . - .In the Exanples (vide infra) conpounds of formula
| are. exerf?®¥$¥Y chiral wherein carbon atons carrying [err] and [err]
have the S,'S; Sha £ Soang2RorR3¢onfigurations respectively. The foll ow ng
conmpounds of Forul a, |1 re preferred: T nmpounds in which X, Y, [err]
and [err] are,HggxobingﬁﬁHQﬁgﬁoor ﬁ?wﬁét%§F?8%hich is 11,
11a-dihydro-4-nem§gliikhg&kpqenlorthraiephnd[4,3-a]indole; and the conpound

inwhich X Y, [gFF] r ¢ oludr agglhi ch i's -
11,11&- i hydro-1 Bkﬁisﬁ¥399ﬁ'aggp?ﬁo%%,%-g]ﬁxaole. The fol |l owi ng conpounds ~
of formul a P¥éfercedrepwpeunds of the latter group (ID) are those in

wnich m is 2, R,3 is hydrogen, R,, is phenyl_and Ry 4 is _

v fxi

ethoxy, or hydroxy; _ S
Fnrther-prefefréd compouhds of Formula I include those
15 in which Y is hydrogen,'loy?r alkyl, or aryl; R1 is hydrogen
or lower alkyl:; R, is thiol or arylcarbenylthio; n is 1; W
n is 1 and R, and R, are hydrogen; n is 0 and R, is hydrogen;
and R5
Formula I include those in which X is hydrogen; Y is hydrogen;

is hydroxy. Particularly_preferred compounds of

20 R1 is 10wer:alkyl; R4 is thiol or benzoylthio; n is 1,'31
is. lower alkyl, and R2 and R3 are hydrogen; and n is 0,
Ry is lower alkyl, and R, is hydrogen. .
A particularly preferred compound of Formula I is the
compound of Example 40 (Formula Ia, X and Y = hydrogen,
25 Rg = OH,_Ri is mgthyl,-Rzlapd Ry are hydrogen, n is 1,
R, is SH and Having's,s configuration of chiral centres).
A preferred ¢ -oup of compounds of Formula II are those
‘in which R3 is hydrogen or lower alkyl. Further preferred

compounds of Formula II include those in which Y is .

) Qd.

30 .hydrogep'~lower_alky1, or‘arYl; R1_is hyd:ogen'or lower
alkyl; n iS"1;_n is:1 a_nd.R2 and R3 are hydrogen; and n is
0 and R, is hydrogen. .Particularly preferred compounds of
Formula II include those in which X is hydrogen; Y is
hyd_rogen-;'.R1 is lower alkyl; n is 1, R, is lower alkyl, and

35 R2 and R,

3 are hydrogen; and n is 0, R1'is lower alkyl, and



H - The conmpound in which. X, Y, and R are hydrogen and R is rre
ich is 10, 10a-di hydroo-3-nethyl - 1H[ 1, 4] t hi azi.no- [4, 3-a]indole; 2 he
conmpound in which X, Y, RlL, and R2 are hydrogen, which is ‘
10,{29-dihydro-lk+[1 41 thiazino[4,3-a] 5 imdol®. Also within the scope of
tTie nvention reid dﬂ@?é .hediate conpounds of the fornula [err]
WhHerein: R ymo ower al kyl my ' ar al k R15 is
hydr ogen -or.: Iomer re%?+5h%§d¥03€n 3h9§r89§muﬂ6 °§I§§I15I8W@Prahﬁﬁﬁy
or hal ogen;’ \’hgﬂﬂnﬁﬁﬂogemnel@we?oﬁlk%bm 26 ahybhhaadlg E&tacﬁaﬁbqugmpfachd
rotectin ro salts thergo ther within t cope of the
anentlonga?ekﬁék?W?ﬁ %?ﬁﬁﬁ%ﬁ%ﬁc% %UndglﬂflﬁﬁiyfoWHﬁrﬁ hef ? %

wherein: R |sﬁﬂﬁﬁhmgnn1 thewecaebdy| atanyto ehiahakkgl; akeraktu&hhﬁdn&g%m
B e Ahaasidd 1o SOKVac G NOp gl cLONEH L] KO cBrnon acor '°

hydr ogen, hydro ower ower  ogen;
: designated 2 in Formula Ia and the carbon atom designated

11a in Formula IIa below-and the carbon atom designated 10a
- in Formula IIb below are asymmetric.

'S

IIb

10  Where R4 is -NR, 3 CH(COR21J(CH2)m-R20, the carbon atom to
which the -COR21 group is attached is asymmetric. Thus, the
compounds of the invention (including intermediate compounds)
exist in stereoisomeric forms or in racémi¢”miXtures thereof,
all of which are within the scope of the in#ention.

15 - In the Examples (vide infra) compounds of formula I are.
exemplified chiral whé:ein carbon atoms carrying R, and CORg

" have the £,S; S,R; R;iS and R,R confiqurations respectively.
The follow1ng compounds of Formula IIa are preferred:
The compounds. 1n which X, ¥, RZ and R3 are hydrogen and R1

20 is methyl, which is 11, 11a-dihydro 4-methyl-1H,3H-[1,4]1~
thiazepino(4,3-alindole; and the compoﬁnd in which X, Y, Ry,
R, and R, arelhydrogEn,_which is 11,11a-dihydro-1H,3H[1,4]-
thiazepino([4,3-a}indole. T

9,

The following compouﬁds of formula IIb are preferred:



and Y is hydrogen, |lower alkyl, or aryl; or salts thereof. Further
internpargtes wthin the scope of the 10- i nvention are those fornmed by
pn of the reactants of the Formula VII with the starting

[err], snd [err] are as previously defined; R3 is 15 hydr ogen, | ower

al kyl, or aroyl; [err]. is [err] or €9 where {err] and Z are as previously
defined); and Wis Br, O, I, or tosyloxy.R3 is preferably hydrogen or

| over dhleylcomplogindi dol whdehi X,t Ne €09pB,oRTENBYIRGSRNI 8AidaRe iRe diners
(di sul He%ﬁg)l,otm%ﬁ GRTROY 8% -2 hFerBUBambahiyd -WALENR ,40thikeinb-i S - SH.
These ionp %ggs may be fornmed durln% t he ;*n G%IS of the.B%rﬁnt mer capt o
conpound o addPond Sia @@ R CABPEUREL AT aMEF K Aowr > mBuno88Y R This

i nvent iag@ alysropeoyi dedcpr dse38690bodipyeparitig[h¢ Jebdpaind§ 496~ s

i nvepti,on.
foll mﬁﬁ °6F6cesses a) reacting a conpound of forrmula [err] 5

wher ei n X, YALsor widhdn[ dhe] sgogeas fdéhendavepsien Rrs thehgartegen or | ower
al kyl, nWdita coMpRWARsOLF’ @hBulrarht1l:f ol | owed by deprotection when [err]
is [err] where [err] i-s [err] wherein L-and Mare as defined above 10

to give a compound of formula | wherein T is S and R24

IV

HC==C-C=0

l.
Ris Ry

wherein: _ o o
R1 is hydrogen, lower alkyl, aryl, or aralkyl; .
10 - Ryg is hydrogen or lower alkyl; o

X is hydrogen, hydroxy, lower alkyl, laower alkaxy, or

.hélogen; | -
Y is hydrogen, louer alkyl, or aryl; and
2 is a carboxylic acid.hrntscting_groﬁp:

15 or salts thersof.', R . | .

~ Further within the scope of the invention are the

intermediate compounds aof the formula:

-

[1, which are represented by the formula: [err] wherein n, X\;yﬁﬁk

Conpounds of fornula I and salts thereof may be prepared by the

E



L
-
h

i%y [err] nis 1, .and [err] is hydrogen and. R is. hydrogen or-ower
‘al'kyl;. or b) —:reacting a conpound of fornula: [err] wherein R, Y, [err]

and [err] are as defined above, W15 is chlorine, brom ReQjodine.
or tosyloxy and Ris as defined above or OZ where Z is a carboxy -/
priot®cting group, with a conpound of fornmula -12- wherein [err] is [err]
Whierein L and M are as defined above?-&ﬂd‘rennving the protecting group Z.
when presentto give a compound of formula | wherein Tis Sand R is 5
or c) wheykshtng a conpound of formula Il [err] wherein X and Y are as

defined above and-[err] is as defined above excluding hydroxy with a“
conpound of foRguka:hydrogen; lowencalkyldearydyiar atmkiept; (such as an
aci d or anhydrgde) ; 10hydr¥hERCEP [aliSET .[err] are as defined above and
R26 is Lf[err]h15wtér2an and §4a?e1as;ﬁ€??hed above, or R is a thiol.
protecting groBg, 1&nAYFEARY: ngMine, BBt ERYPRIAHFXNE when present, to give
a cogpound of XoisUh@pdtodbe| chydToky, Slewér RalkyB, loder alkoxy, Mysrogen
-C-M.15 or subj ecting a conpound of formula [err]
halogen;. ' o R ) -
=  and.Y is hydrogen, louwer alkyl, or aryl;
or salts thersof. N
- ' _ Further intermediates within the scope of the
10 invention are thoss formed by the reaction of the .rsactants .
_df the Formula VII with the starting materials II1I, which are

rebresented by the formula:

Y

Je
o NEery,

D=C-CR1R27(CHR3)nfU

VIII

wherain _
N, X, Y, R1, and'R2 are as previously defined; Rs is
15 hydrogen, lower alkyl, or aroyl; R4, is Rg or 0Z (where RS
and Z are as previously defined); and W is Br, C1, I,
or tosyloxy;RS is preferably hydrogen or lower alkyl. -
Also included in the scope of the invention are the
dimers (disulfides) of the compounds of Formula Ia in which
< 20 - R, is -SH, Thesse campounds may be formed during the synthesis
. af the .parent mercapte compound or may be made fram the

'

mercaptan by known methods.



wherein n,[err] X and Y are as defined above R14 is R as defined above or o
f™e Z is a protecting group and R26 is a thiol protecting group or to

anmorfd|Ovsi-s and/ or hydrolysis or other 5 ..  .conditions known for the

pf’ R26, and Z when present,to give a conpound of formula | wherein T

reno
Is S & R24 is hydrogen; or e) reacting a conpound.of formul.a [er f:ﬁ_
wherein'n, [err],X and Y are as defi ndd-above, 10 Rl4i s ami no, .| ower —

al kyl or &z wherein Zis a protecting group and [err] is OHor [err] where
R is as dehisnednyendhl he awsbh p%a%m@@%efas&g@wbé beephrlipgr | wherein

[err] and [err]| are -as defined in Claiml exclu g ? Aydr ogen; or

[err] éﬁ@/GPmP@FFFSréﬁréQéﬁt1@W@E§§°Phat°8&ﬁ°ﬂ5d@o FefPEBYULE Rydrogen by

andi o “ao ??‘2‘???‘"“"‘:“’“ e Py Z?lﬁﬁé“?‘r?‘t sturanrirthel it
e o AReitdng & CRaPhly e fofnfilp SR, com

formula | re| err - or f)
reacting a conpound of formula VIII as defined herelnbefore with a conpound
of fornula HSPC(ORll)(OH 2) ' (XII'1) wherein Rl1 and R12 are as
defined herein, tg g ve a correspondi ng conpound of formula

wher ei n

AT

X
(va) .
‘ l 00&4 -
Hf-==ﬁ-c=0
Rys Rq
5 vherein X,Y,R, and Rq,are as defined above, R is .
; 1 . 15 _
hydrogen or lower alkyl, : . : : o
" with a compound of formula
R -H
folluued by deprotsction uhen R.l4 is bz,
L _

_ where R4 is -5~ B M wherein L and M. are as deflnsd above
10 to g;ve a compound of formula 1 uheraln T 1s 5 and Rz4

_is -C-N,-n is 1, and R2 is hydrogan-and R3 is. hydrogen

© or lowsr alkyls;. ,
or b) - reacting a compound of formula-

Y
CORqy (VIII) -
0=C-CR Rz-(CHRSJ.-U_ N . ~

N 'uherein n, X, Y, R1, R2 and R, are as defined abovs U
15 is chlorlne, bromlne iodine or tosyloxy and R
 is Rs as defined above or 07 whers Z is a carhoxy
protectlng group, with a compound of formula



1Js Sand [err] is [err] and renoving the protectrng group Z when present
‘and if required-converting [err] and/or [err] to hydrogen by catal -
hydr ogenol ysi s; 10 or Q) reacting a conpound of formula (XXI) ]
wherein n, X, Y, [err] and {err] are as defined above and [err] [err]
as |ned above or OZ wherein Z is a carboxy protecting group; wth (i) a
cBnpound of formula: [err] or (ii) a coﬁﬁbund of fornmula: [err]

(XV1) - 15 - under &ﬁductive aIk*bﬁéron conditions; in which fornmul ae
[err] and m ar e a et i eq_above an represents bronine chlorine or

I odi ne; d gy {renmy n, pry 0 .ql

formul a I e Rb mg.’ %! MO “‘:aé\grlg"sé‘m g‘%ﬁlglfrte agR)é’%Frgg%?errFGgf

oxi-di si n@”(de Igammern@g ti"tﬁjrpri‘@)f-e&fé@rmmpofz fubem PEesente toi givR2a | s -Hto
give a dicydpdinde of0 formula I @HER@4Rd T0fisf @ B Rl Wﬁ%re'” ~is [err] or
1) cyclising (A).a conpound of fornula [err] mhe?érn n, X-tYm [®err] and
[err] are as defined above. and

S or c) ~acylating a compound of formula III-

(111)'

uherein X and Y are as defined above and Rq4 is as defined
— above excluding hydroxy with a compound of formula:

sts'(CHR3)n?CR1RZCUQH B | (XVIII)

or a reactive derivative thereof'(such'as an acid or anhydrids)
10 whersin n, R1,R2 and R3 are as Bsﬁined above and st is

" wherein L and M are ae'dafinad above, oar R26 is
-C-M o

a thicl pratecting grohp,_and removing the protecting groups
when present, to give a compound of formula I wherein T is §

and Ry, is ﬁ '~ or hydrogen,
~C=M
. 15 or d) .subjecting a compound of formula
Y .
(x1x)
CUR.,4

0=C—CR1R2-(CHR3)H-SR26



one of a and b represents 0 while the other one of a 15

1

: and b ;;,?
repres 1 or a reactive derivative thereof, - 16 - or (B) a conpound
of. forjika XXI | | C OR27 or a salt thereof wherein X and.Y are as defined

conmpound of formula I

10

as defined afldvé an® renovi ng.

“"R27 is a group having the fornula -CR 1R2-(CHR3)-R28 or 5
[err] where n, [err] and [err] are as defined above, R15 is hydrogen or
-lower alkyl, and [err] is a |eaving @aup. or ‘atonm to. give a correspondi ng
wherein T is S andthe dotted line is a single bond,

=

&y T

whersinom,) B1acﬁzat iﬁg) X ampdlrarofad odefidred | abogedef i ned
above with g cogpognd jqf de?'q :ﬁ:a e[]c:m:?i %H’bfblé %ﬁlgerr] and [err] are
1 A . 2

€ protecting group

en present to give a

cor r espondi Rgotessdmed aFPURoans R g WRerithip) LIplgrting grove 24 is
hydrogen; or k) reacting a conpound of formula | wherein at |east one of

R11 and R12kis tricghloroethyl with ap,al kanpl or aral kanglin the
of CsF to ggug a. %ofagp ol J}orlﬁyé%oly h

5

ar

10

18

20

onolysis an sis or other

conditions knouwn far the'ramnval-nf-Rzﬁ,and Z .uhen
‘present,to give a compound of formula I wherein T.is
S and R24 is hydrogens

a).raacting a compuund.cf formula

Y

"
|

COR 14 |
3 ,2 XX
wherein n, R4, Ry, Rs;.x.and Y ars as defined above,
- Rq4is amino, lower alkyl or 0Z whersein Z:is a

presence

protecting group and 22 is OH or NHF!.“5 where R1é is as

defined  above uwith a compound of formula

:cl-po(nn11)(ua12) - (x11)

uherein R,, and R,, are as defined in Claim 1 excluding
hydrogen; or R11 and/o; Ryn represent groups that can be’

converted to hydrogen by catalytic hydbbgennlysis;if

nadssséry followed by_catalytic-hyd:dgenblysis and/er

daeprotaction t@ remave Z; to give a corresponding
~ compound of formula I wherein T is 0 ar NR,, and R

A

- P - OR

0R12.

24

11

v



cqmpound of fornmula | wherein at |east one of R and RLl2 is al kyl or

aral kyl; or 1) converting an acidic conpound of fornula | to a salt with
an inorganic or organic base, 5 or ) neutralising a salt of a
conmpound of forrmula I with an insoluble acid to give the free.acid fokM=®e

t hes ound of fornmula I. Wth reference to process (a) .above the thio
acd or thiol of formula R His coupled to the side chain of the inter- 10
medi ate conpound of fornmula (Va). Thi g4 eaction may be effected in an
inert organic solvent. such as nethylene chloride. Preferred R4 groups are

aryl carbonyl thi o, - especi al |l y benzoyl t hio,. and .l ower -al_kyl carhanyl t hio, e.g.
“acetyl thi T 1 Wt%ﬁ%%@%%@é fagpula, JIIL; ﬁé A SR
of formula R -H irsmaintdeftbde uith iantcampsdirat @ fofformuda a (VI11).
Preferably Wrepresents bromne. This reaction nmay be effected in an inert

sol vent e.g. nethylene chloride, THF or djoxane, preferably , e presence
of .base, eg. an 20 al kali nEteuH&ﬁﬂgaﬁmﬁXJQﬁqﬁ$-as K2C(G8. . w&&ﬁggs for
effecting processes (a) and (b) are described in US Patent .No. 4, 105, 776
cited above. In process, c)_ acyl atipn using an i f .l 11 may be
effected in the. pred&iRin di1a %pﬁj‘lmga%ﬁg%ﬁ ?degf?ignfief hJ_rcgerJ’ At ' '

di cycl ghexyl car bodjiveé de.cofesapondirdprdompawes &b fofrma deiunaR@ime used

to effect acylatiap,;s n id halide, -e.g. chloride or an anhydri de.
Prbtecting.groupsoﬂ§ﬁfﬁfqg§§ﬁgﬁﬂﬁﬁ%1ude p- net hoxybenzyl, 2-pyranyl and

acet am donet hyl .. Renoval of such grogps by known nethods after the

acyl ation gives conpounds of fornula || wherein 30 R24 is hydrogen. . Met hbds
for effecting process c) and deprotechion are al so described in US Patent
No. 4,105,776 and references cited therein, §hq2larly in process d) when
R26 ' l - L

_DR12

and removing the-proiecting group Z_uhen;pfesent; _
and if requiredlcqnverting.ﬁ11_and/o: Rdz to hydrogen
. by catalytic hydrogenolysis; -
10 dr_g) . reacting a compound of formula

Y
| (XXI)

COR44

U=C-CR1R2(CHR3)nNHR13 ;

~whersein n, X, Y, R1,R2 and R3 ~are as defined above
and R14 _
is a carboxy protecting group;

with (i) a compound of formula:

is Ry as defined above or 0Z wherein Z

|.l'.

15 hal-CH(CUR21)(CH2)m-R20 | (XV?).
or (ii) a compound of formula:

Rp40C-C0-(CHy ) =Rog C(xvI) -



rotecting group as described above, it can be renoved by known

usi f franol i ¢ anmoni a sol ution foll owed by acidification, or hydrolysis
e.qg. ‘g an al kali metal hydroxide followed by acidification gives a ™
compound-of formula I where R24 is hydrogen. 5 Preferably L

and Mis aryl, e.g. phenyl. The follgw ng flow di agram shows a preferred

gener al met hod of preparatlon of the“conpounds of the invention-.in which n
g and R.is hydroxy, which utilizes processes a), b)

and d)above4nd Br reductive alkylation conditions; Gharwhichefofmulae 19 -

is 1, [err] is hydro

carboxylic a

[err] where R?Q éhh madfle[ 85" HePiRedSabBelENEAdaRQY er Fe;ehﬁ a
preparatlon %

al . . Am Zhehenspc3$eeﬁ, Bd76i0d88 ¢dBFOYnd dhefoiemisledl X and Y
_su@stltuents HBYe bR PPLahPsdeRPaShgrti terjal 11l in a manner known to
t hose skllleg |nethe ar?b ﬂ% g%n%%h%dgggpﬁ2ﬁei$nventlon in which [err] is

an amno 10 group E gtalned fromthe appropriately substituted
2, 3-di hydro indol e7 2°Ta @%z thiT md or ester in a knowmn

- CORy,

or h) oxidising (e.g. using iddine) a compound of
formula I wherein 'R24 is =H to give a disulphide
10 R compound of formula I wherein R,, is

fS-(CHR3)h-PR1

or i) cyclising (A)_ahcombeundeof formula

__£O[-S-(CHRS)nACRTRZPCUJa-DH

| o XXII
\‘[ CO-CR, -(CHR3) -5=]-H
uhereln n, X, Y R R2 and R3 are as deflned above and
‘one of a and b represents 0 uhlle the other one of a

15 ene b represents_j or a.reactlve_derlvetlve therecf,

tion procedures. Wen [err] is [err] then - anmonel ysis, e.qg.

A8, oD PR TRt FafEEpT gglfgbggeémg'g!ggmgogg ot o

@

RN

N T

ﬁ ]

=

Y

i



nper. Where the starting material |11 then represents the am de or where
the carboxylic acid protecting group (Z) is the desired |ower alkyl gLoup,
the "deprot ection step. 15 (B) is not required. 1In such cases, [e fs
as desired in the end product. In step A of Chart |, the protected »ound
IIIa I's reacted with an acryloyl of the fornula [err] wherein R and R15
‘ar®& as defined. above and [err] is an-Zae -activated carboxyl group such as
an acyl halide, an active ester, m xed anhydride. The acyl halide group
is preferred. This .reagti aS ok a [ rgani c solvent, such as
et her or nethyl ene ch?grﬁgz °°ﬂﬁ8h§9e§£n?§ éygﬁn aci d scavenger, such as
triethylamne,. where an acid is forned 25-- durin g the reaction.: .- 20-
Alternatively, in step A a substituted alkyl acyl conpound of the. formula
[err] wherein n, [err] aug [err] are ag previously defined, may be reacted
with the starting matg - his procedure, 5 the carboxylic acid
group need not be,pLo ected ! B may, therefore, be elimnated. Use
of this route (i. 8 uhi ing reactapt VIl in step A) allows the
pr.eparation of all ¢ Re g¥ention wth respeggiip n, [err]
arid R3. ("hal" is chloring, bronine or Fg ne in formula vil). 10 - The
carboxylic acid protecting groupjmay be chosen fromany known carboxylic
acid protecting, for exanple, negfyl, ethyl, and t-butyl esters and various
anmi-de groups. Various carboxylic aéfd protecting groups and their use as

described in MQtea e6it BHoFest i WPalB NP dfd F Uakd Ca SHESH Sidy

‘above ar'ld‘Rz-7 is a grnUp-having the formula

-CR R -(CHRS) -R2B

U .. or

m

.

whers n, R1 R2 and R3 are as defined above, R15 is
' hydrogen or lowsr alkyl, and,R28 is a leaving group
or atom; to give a corresponding compound of formula I
. wherein T is S and. the dofted-line_is a single bond;
10 : or j) acylating a compound of formula III is
defined above with a compound of formula:

S — C=0

XXIV

wherein n is 1, R1,R2 and'RS'are as defined above and
removing. the protecting group Z uwhen present to give a
corresponding . compound of formula I wherein T is S

15 and R,, is hydrogen;

Wy

or k) reacting a compound of formula I wherein at
least one of R,, and R,, is trichloroethyl with an
alkanol or aralkanol in the presence of CsF to give a



RN

Chapt er_&J( Pl enum Press, 1973). <An appropriate protective group should be

sel ect the basis that (1) the reagent by which it ‘is i ntxoduced does
not re ith anot her part of the nolecule; (2) protective group does not
interf Wi th subsequent reactions; and (3) the process by which it is 20

renoved does not affect other portildns of the nolecute. In step B of Chart =

|, the car bouyboghauBel 2odaRnal oLl U demual: ofpdfbAlky] protecting

group by hydrolysis treatnent o i-nterme e IV, firstiTwith an
aqueous di n@RAyRgpl £8xPAEYRoLEs Sr@HKNIdr oxi de solutlon fol |l owed by 25

treatment wthoa dil ubBnieReidly @@l Ge iU DY Of b @1 Sl £YT i C
acid, is a convgnlent met hQd. Ot her nethods for deprotecting carboxylic

acid groups?af@lie¥ithpag FﬁoFﬁénPFtQFaFEH?“¥$gPa§§rthh1e ld. In step G,
t he thfjg ?r oupokem] ﬁfeughem@rlmiql la 3Rt Iokf Ia ccﬁ'r];dﬁadv‘ld cﬁﬂ\/ﬂﬂdsﬁhﬁlb.[ is ]0,
NR7 or Wwhere R7_is rogen or_.lower a Mis.Lerr] or_[err
(where [err} VEERyBPoBROLUGES: 2540 150 &3 eyt)cﬁ'e a?eky"fC1%n§1°%5“aﬂ’a [err]
are, indepenuencbmpohpdro@eﬁprmmmerIaIkyI or aryl)] is coupled to the

si de-chain of the internedi ate conmpounds - (Vb) -21- or to the A
i nter nedWate refrpuends (VI prpcessul(i@)ngbiovemtiiee thdawtdoid ofor hehsoarting 2

material ofl kgp é&%&? Rhe. r a%a%u hleg R i tr%(\s.tﬁig Sct’:&u{ ﬁdtﬁé' §1}E|€Qrc to
formthe desire er ] %rou except ere I's -SH) are thro acids
and tH} oregdigte ¢ﬁ@§@uﬂ§rﬁfa Pﬁm@é@yHWﬂ?¢|n??kﬁwﬁﬂﬁQEﬂQﬁkW@Yoheto t he B

third caébp@caéarmﬁf ahh¢nalkere gainde- Geaivan @ﬁm H&shpes by
substltutlon for the brom ne at 'the second or third carbon atom of the

si de- chafRl1QRErR - t hBTPESET SR Ryl STREPS & arylcar onylthio,
especially benzoylthio, and lower alkylcarbonylthlo, e.g.

acetylthio. _ _ _
15HW1th reference to process (b} above the tth ac1d or thiol - )
of formula R, -H is coupled to the ;ntermedlate_of_formula \/
(VIII). Preferably W represents bromine. This reaction may
be effected in an inert solvent e.g. methylene chloride, THF
- or dioxane, preferably in the presence of base, eg.

20 alkali metal carbonate such as K2C03£ Methods for effecting
processes (a) and (b) are described in US Patent No.4,105,776
cited above. In process c) acylation using an acid of |
formula- XVIII may be effected in the presence of a coupling
agent, e.g. dicyclohexylcarbodiimide. 'Reactive derivatives

25 of the acid may be used to effect acylation, such as an acid
halide, e.g.-chloride or-an'anhydride. Protecting. groups
useful ‘as Rye include p—methoxybenzyl,.2—pyranyl'and-
acetamidomethyl.. Removal of such groups by known methods

after the acylation gives compounds of formula I wherein

[N
LR

30 Y is hydrogen. Methods for effecting process c) and
deprotection are also described-in US Patent No. 4,105,776 and
references'éited”therein. ‘Similarly in process d) when Roe

is a protecting group as described above, ‘it can be removed
by known deprotection procedures. Whén R26 is i then

- =C-M



Tryfa%e reactions may take place in an inert organic*solvent, 10 S as
methyl ene chl oride, "THF; or'dioxane. In order to formthe conmpound 1 he
invention.of Formula | in which R is SH, a benzoylthio conpound is
preferably fornmed in step C and renoved by hydrolysis or ammonolysis in
s-te‘p'\&’ Such ammonol ysis may be acconplished 15 by first treating the
appropriate internediate Ib with a net hamol'Bc =armmoni a sol uti on and
thereafter treating the resultant product wth acid, such as HO, to a pH
of about 2. Wth pemnrelysilsq pratessing methaoopdondemhaiangoiotinha XX |

where a is 1 and Kk i,§ 0 nQvel,. ynds proyi : 20 t heclkpyenti on.

They can be prepa&@&iwa%ﬁoggi éﬁ%&%ﬁe@é -ﬁgg?gg'?g‘}%e?:géngggnéycI i sed

by means of any ofammemlkaddupiatiad rysiFemiseufedlowegepyi aeigyfira&ion for

of A sl | armunt R B e o R = Ry ie PadepgeAddi i on
_ yl.am no- pyri di ne ag 25 %tal st is

recommended. Al t &xefianably t'-hé-sc&"rﬁ&%g’s lﬁa\ﬁrﬁé’f &rBul B"RRYE *may be used

in the formof thejir reaqgtive desivatj.ves. S reacti rivatiyessmy be
prepared in mnneﬁ%f\ﬁﬁ'&ﬁ&‘"&%ﬂg é%%mags%tg{%"é"rse n&'f\égee qrryeer'i’t gtgh\eégatl he
derivatives with amethad et et epatadipn gfodhe fcomponndsned, the - acyl

hal i des, acid anhy; ! gﬁ:% j 5 ts T AR YRV or gdl a -
XXI'l where ais O 12{1 '|°§pﬁ'igﬁjglﬁ ?rferl?ag't’oa?%l )q| ndql e3 da@?i 52&5 s of i
foFmula la. The cywdzsatsonhdich mEilizas AEACERSAS idHle 2Nder i A)aBPP¥€ can
be carried out as hereinafter described, in particular by means of a
couplifg agent. Alternatively, the rea@harst derivatives of

1- (nmercaptoacyl )i ndoles, for exanple,- - - 22- '

Y

Illa

wy!




derivatives wth activated:carboxyl groups, can be prepared in known nmanngp = -
andd to formthe oxo-thiolactone of fornulall by tyclisation. 1In a
_pnagibed process to formthe conpounds of Formula Il of the invention, a
thid er 5 cyclization of the nercapto conpounds of Fornula la is )
utilized. The formation of these thiolactones (i.e. the \J"fj
1H 3H-[1, 4] thi azepi no[ 4, 3-a] i ndol es and 1-H-[1, 4]thi azi no- [4,3-a]indo|es -
of formula Il) can be acconpllshe% Dy a coupling reagent used widely in the
pepti-de synthesis, such 10 . asdicycl ohexyl carbodiim de (DCC) or '
N-et hyl - N - (3-di met hyl - am nopropyl ) carbodiim de and rel ated reagents
Exanpl e of such reagents are found in pp. 116-121 "Peptide Synthesis" (2nd
Ed.) by.M Bo : A usner, and M -A. Ondetti, Wley Interscience
Publ i catiqgn, Ne 1976] The presence 15 of small amunts of
4-dinethyma i df [ sed to accelerate the reaction and increase the
yield. The pr8 or the reaction is DCC in the presénce of

© 4-di met hyl - am ndy ridinF]useﬁ roomtenperature for several hours in a

met hyl ene chl ori de nmedi um The sanme thioester cycliz- 20 ations can be
acconpl i-shed by treatnent of the reactants with diethyl phosphocyani dat e
(DEPC) or di razidate (DPPA) in dinethylformam de in the
presence of trlethyla ne [ Yanada et al. J. Og. Chem, 39, 3302 (1974)],
or by neans of ﬁ@gbonyadllnldazole Iy carbonyl -di -1, 2, 4- ‘triazole 25
[Gai s, Angew,, em Edit. Engl , 16, 244 (1977)]p In formula XXII
R27 preferably represents a hal ogen atom or a sul phonate ester such as

tosyl ghgrgr xesy! AL S afBle cogﬁeuagsdeaihaa BBEyEoEAY! & XX k! and the'r -

salts can be_prep aﬂ In ﬁomn manner I nstance, a carboxz
proteEPEE°FMabFeaﬁ&9|H§°FHE FBBnﬂFS“PIKénFéuﬂévpaFea°PBrlﬂ%kM uce the acyl
groupghaupdg the fornula - CCRQ? wherein R27 is as defined above, the

Carboxyl'CTﬁglgrgﬁggg%EEHgof the startlng material (IIIa) 1s C
8 described by Corey et al., J. Am. Chem.’ Sac., 92, 2476-2488 ' A
(1970). The desired X and Y substituents may be obtained on
starting material III in a manner known to thoss skilled in
- the art. | S : |
‘The compounds of the invention in which Rg is an amino

2

-

10 group may be obtained from the approprlately substituted
2,3-dihydre indole, 2- carboxyllc acid or ' ester in a knoun
manner. UWhere the starting material III then reprasents
ths amide or where the carboxylic acid protectlng group
(Z) is the desired lower alkyl group, the deprotection step.

15 (B) is not required. In such casas,'RS_is as desired in the.
end product. : : S

-In step A of Chart I, the protected compound Illa is
reacted with an acryloyl of the Fo:mula-R.]-sHC-CR,ICUR.l6 (vi)
~ whersin R1 and_R15 are as defined above and CGR16-is'an

20 activated carboxyl group such as an acyl halide, an active
ester, or mixed anhydride. The acyl halide group is preferresd.
This reaction is run in an .inert organic solvent, such as
‘ether o:_methylene'chlqride, in the presence of an acid

L]
LRA

scauenge:,_such as triethylamine,_uhere'an acid is Formed
25 during the reaction.

N



yp is renoved in known manner, the resultant carboxylic acid is

*Werted into its acid chloride by reaction with 35 phosphor us
pentachloride or thionyl chloride and the acid chloride is reacted :
-hydr ogen sul phide to formthe desired thioacid. The thioacid of fornula
XX | ere R27 - - 23 - is a group having the fornula [err] or its salt
caw be cyclised by standard procedures for the al kylation of thioacids.
The thioacids of fornmula XXII1 where B2%2gis - CRI=CHR15 or a salt thereof,
can be cyclised by an internal 5 M chael Addi tion by standard procedures to

bt 1. [ See,
For i nstance:  ARtRIRET R Ter dhineLeRon” sﬁbs%e-%%ﬂg%gi) B e 1
pages 749<cphpoungbloifstbe. ﬁprmudaghaﬁréﬁﬂRgahDa Sﬂqug& ilblgssyplnlo
(azd) saaraelahaw aéfhxeaiylnapl gg of a

conmpound havi g #he &én A8 mul & err] [ ei nd.-n are
dePPned aE@@E)aﬂr“&tg aPF@EtﬂﬁérQ aﬁﬁﬁﬁ KR?JEDG hiVl BlﬁhBrBEHQPHP’

formil § [ ¢hg] chTboxidier elcling&bdeneaﬂenas 6ef pmedeelﬁeme) and atderivative
t hereof egg he | |i de _t hi og 2RP eci ated by
the skill 8d™Pdd C sPerheitE, Rel 8115 adet) of othit! Thuls, £RRGETI B S0 0
be acylat@Gllnhonmem@apmanthdap1hnstepnﬂoaaXXXuan&hphernparegennzgf 2dtom

in the foriy Mhnd%analtm 1 HsRRERAX Y £ 24apeearal! A, oR §f hect kRE
acylatlon Und sired acyl ation reactions can be, avoi ded by sfland
proceduregzof (ﬂﬁ;%k;s chlorlne, bromine or iodine in formula VII )

10 The carboxylic acld protactlng group may be chosen from

The conpoHndﬁ Oh th”U %nﬁxh

any known carbaxylic acid protecting, for sxample, methyl,
ethyl, and t-butyl esters and various amide groups. Various
carboxyllc acid protecting groups and their use as described
. in McOmise, ed., Protectlve Grougs ln Drganlc Chemlstry,
' \T% Chapter 5(Plsnum Press, . 1973)_ An approprlate protective
| group should be selected on the basis that (1) the reagent
by which it is introduced does not react with another part of

the molecule; (2) prdtegtive group does not interfere with
subsequent ;aactions; and (3) the process by which it is
20 removed does not.afFact_othar.portiohs of the moleculs.
In step B uf.Chart I, the carboxyl group is deprotected.
For removal of an alkyl protecting group by hydrolysis
treatment of the intermediates IV, first, with an aqueous _
dlmethylsulan1de-potass;um hydroxide solution, followed by
25 treatment with a dilute mineral acid, such -as hydfobhlofic or
sulfuric acid, is a convenient method. Other methods for
deprotecting carboxylic acid groups are described in the
literature, e.g. in McOmie, Id.
In step C, the thio group R4'of the formula

ﬁ
30 -5-C-Mm, [uherein L is 0, NR, or S (uhere R, is
hydrogen or lower alkyl); and M is Rgs» ORg, SRg, or NRgR,,
(where R8 is hydrogen, lower alkyl, aryl, or aralkyl; and Rg
and R10 are, independently, hydrogen, lowsr alkyl, or aryl)]
is coupled to the side-chain of the intermediate compounds (Vb)

-~

s



chem stry. In particular groups that are not intended to react nay be N
proteeted (e.g. the nitrogen atom by t-butyl oxy- 25 carbonyl and the

car -éﬁ‘ in the conpound of fornula XXX by t-butyl) which groups are
reno\ed/foll owing the acyl ation. Such routes for preparing cyclic conp ds
of formula Il and intermediates therefor are described in our co-pentt’ng.
Eur opean Pat ent Appl n. No. 803008%3 7,filed 19th March 1980. - 24 - It'”
wi |l be appreciated that the vari 6us conpounds of Formula Ib in which [err]
is [err] (where L and M are as defined above).are internedi ates usef ul

|n th@rpﬂepdmna|umteimﬂdaa¢8r@@pmoumdﬁpdwﬁdi)oteﬁadﬁuha Feomwitbee [err] is

vvh| ). r\éfat.:h-] a %rfe%]% ts%a%%%s ﬁla(t%)m.%l?.o‘ﬁ xfahm%m%n@%aeftamr wglra XX in

1s [err first reacting the formul a

[err] %t? ﬁﬁé@l5té°of°?&rﬁﬂ@ad§PFF9d %hnﬁgﬂﬁedlate
1Uﬁiﬁu R - d scliser)opires thdibe acdidst hadf dhitoalla .

may t g

Xl th
: Cém r?lsgl?ogmt"{]t \(/;Vng_:%%ﬁg pﬁ%ggi!? e gggglpn%gdg%r Q-_?_%P,] tgmtb)&ctﬁﬂélfﬁ qur odﬁct
wher e candony adorh off the ad-lk@nﬁlzsu@-lﬁ}’l@rl@g dntegmedda tespVo pplratbef sel ection
of R o andiRlAilh Ry thePbldmite AN BcoRn@bd’ thalrd Kerd

hydrogenonS|s For exanple 5 rr and/or r-r be trlchloroethyl whi ch
is re@t@e®hthe $idss ?"fl’r'] gﬁ&tygﬁg wag K&EY%r oups for R
(and [revede raeetdeser |rr@d taiket hua.alclet é.lnatalmr dnard. ovip@mie, siolivéntl,n order to.
ke tho cO f. ven | 20 of Formula la is 0. an
r'Tﬁterrﬁ!,f‘ & a e g’%%gaﬁ% ﬁhﬁ%r&(‘%ﬁﬁgﬁ“cgg \g@' %grr(r%ed fromthe appropriate .
mwmmmwaﬁmﬂm@m#mmmmemﬂmmwmmmme -
Ch'OVQEHQEEEaﬁerW:uthh R, is SH, a benzoylthio compound is

preferably Fnrmed in stap C and removed by hydrolysis or

-

ammonolyszs in step D. Such ammanoly81s may be accompllshad
18 by first treatlng the approprlate intermediate Ibwith a ) W/
| methanolic ammonia - sclution and: thareaftar treating the
resultant.productfuith acid, such as HC1l, to a pH of about 2.
With refsrencs ib prdcesé i) £he compounds having formula
XXII where a is 1 and b is O are novel pomppdnds provided by
20 the invention. They can be prepared'by methods described
hereinafter. Théy'can'ba cyclised by means of any of many
_coupling reagents used in peptide synthesis, for example,
dicyclohexylcarbodiimide to ina.cdmpuuhds-af formula II.
Addition of a small amount bf-4-dimethylamina-pyridins_as
25  catalyst is recommended. Alternatively the compounds having
formula XXII may be used in ths form of their reactive
 derivatives. Such}reactivezderivatives may be prepared in
manner knoun per se. As examples there may be mentioned the
derivatives Qith an acﬁivatad carboxyl group, for instanba,

v

30  acyl halides, acid anhydrides.and active estsrs.
' The compounds having formula XXII where a is 0O and b N
is 1 are.1-(mercaptoécyl)indolesfdeiivatiVEs of formula Ia.
The cyclisation of the 1-(mercaptoacyl)indole derivatives can
be carried out as hereinafter described, in particular by
means of a coupling agent,-3Alternatively, the reactivs
derivatives of 14(mercaptoacyl)indoles, for example,



FnguIa XI'l (with subsequent hydrogenol ysis as descri bed herein where
necessary to obtain [err] or [err] as hydrogen).. In 25 order to make "
t hose..conpounds of the invention in which Ais 0 and [err] is H the ]
|ntng$diate of the formula XX ([err] =0OH) may be reacted with an

appropti ate chl orophosphate of Formula Xl in the presence of a base, such
as®pyridine or.triethyl- amne. Agaih,2 ere RL1 or R is hydrogen is
desired, this 30 reaction will have To“be foll owed by a catalytic

hydrogen- ol ysis. Wien R11 (and R12) represent trlchloroethg t hen t hen
they may bedesivetives wéth| Rgpkiumtiedr arrhPxylogpsupy,reaot 8nPREPATEA

al kanol or a | | u d n S J c 99,
1277 (1979)'%I khaagogggge f QEH gs%%1tgﬁggggzgﬁgnDﬁeuthg?gggﬁ°§ﬁ of
FPiaed phoged

such conpouﬁ&§m§4611 byog5ye é§FFé8“rt t8 BrEFE StﬁFy%FEm the
hydrogenoly&bmpaandese$lbedmamave1 ofl she ihveatpoafecar eHitester a.

starting co f for caeb ctloh_is
protectgd Egﬁg iﬁﬂeﬁguﬁﬁe FB?DM@ EP%EES gF F?¥QLEQ &%Iﬁsatlon
condi ti ons gha&hdeue aibadédrmathenreﬁctaﬁss &hdoiea§pnen &énaht#bﬁs

uti-li zed in i.,ogpp_lﬂq gq%h;gg Wﬁﬁﬁg[at gsaﬂehdamgsf bhal 1pROfYGEILALakhASE

conmpounds o ;F err] are kffown to those skilled
£}

in the art. ﬁrgsﬁnééééﬁlﬁfl HrHFl§uEﬁ)nﬁﬁﬁoH§ 8rcpPapieaeAoRY18  may be
found in Eucengdingaireageht. uaea8aluelvbﬁakt&eCpsp&awela9nthdaﬁed dpehl 2,

}agg3caﬁrmen%P1F§Pif‘ﬁ§§&%g%spgﬁéﬁégce?@ﬁﬁg gi QXIwg Econg ksatlon
wi t h conpoumsnopropyl)carbodd ivdde] ang reéatpdrwpagemhen xﬁaamglshef .
reactant, gych reagents are found in pp. 116-121 "Peptide Synthesis"
(2nd Ed.) by M. Bodanszky, Y. S. Kalusner, and M. A. Ondetti,
Wiley Interscisnce Publication, New York, 1976. The presence
\_/15 of- small amounts of 4-dime€hylaminopyridinp is used to
accelerate the reaction and increase ths yield. The preferred
reagsnt for the reaction is DCC in the presence of 4Fdimethyl-
aminopyridine used at room temperature for several hours '
.in a methylene chloride medium. The same thicester cycliz-
20 ations can be accbmplished by treatment of the rsactants with
disthyl phosphacyanidate (DEPC) or diphenyl phosphorazidate
(DPPA) in dimethylfurmamlda in the presence of tristhylamine
[Yamada et al. 3. Org. Chem., 39, 3302 (1974)], or by means
of carbonyldiimidazole or carbonyl-di-1,2,4-triazole
25 [Gais, Angeuw, Chem. Int. Edit. Engl., 16, 244 (1977)].
In formula XXIII R27 praferably represents a halogen
atom or a sulphonate ester such as tosylate or mesylate.
- The compounds having the formula XXIII and their salts can
~ be prepared in knouwn manner. Fof instance, a carboxy=- |
30 protected indole having the_formuia I1Ia is acylaﬁed to

."‘. .

-introduce the acyl group having the formula -CUR27 uherei?
R27 is as defined above, the carboxylic acid protecting
group is removed in known manner, the resultant carboxylic
acid is converted into its acid chloride by reaction with
35 phosphorus pentachloride or thionyl.chlnride and the acid

chloride is reacted with hydrogen sulphide to form the
desired thioacid. The thioacid of formula XXIII where R27



condi tions fostering nucleophic displacenent may be used (for exanple, a Nt T

pol & sol vent such as dinethyl formanmide in the presence of a base, with or
"ot : the.addition of catalytic quantities of potassiumiodide. .
vably hal 20 is bromine. Wen XVI is the reactant, conditions N
ering reductive al kylation may be enployed. For exanple XXI may be
condensed with XVI in a solvent in the presence of hydrogen and a

hydr ogenati on cat-al yst accordlng t® 4he gener al procedures described in

WE. Enerson, Organi¢c 25 act ns 1V,, 17 9 Alternatively XXI may
be conis denaBerp curkingethe ‘5(’?/? HHR é‘?'ﬁ&: Lﬁz&r%ﬁ ¥ vent with an-

aIkaI|5ag£a¢a@y@go®ﬁwbﬁgddlm¢ stih@ar@]ppmwm@ﬂms&sfdbrthnuﬁikwhmbhwat|ons

are des bed |n er s A em Soc.

93 2899F(ﬁ@53 l%ﬁ E@é %%£é§;£f §§%e nucle Fatkﬁ%;%lg%ﬁg%iﬁent type

condensaER?ﬁCHS reteﬁreﬂltﬁt®$%¢@ffe@a%E@%d%V by #prietsrRahctive
% gﬁagihﬂgﬁflt:lz.&nM@s@aﬁ@éﬁé‘%@n@erﬂ@ié‘éﬂtd wmmwl&ommmm e-2-
.

i p precursor thgreof

: I C acCl enzo
dlcycl%ﬁékygaﬁ?ﬁ@”%%IIE ﬁ?a¥%e§ﬂa}?eb YO s
-26- alnst&heearneghbdsn b&uo&tgdm:bsehmttﬂyémm offoulyén<liéyk ) de by

d 3-b I t d
the prigkiid ﬁ?z"i‘%é%{‘;?y%??%%%un?*f?é'?€?c?€°$ e e e e ature -
and evapothgang {neS5dlatile 5 components in vacua, b) ‘Condensing the
samj propi oyl chhPsiN8s Vb hr frhaa 3XRI hy(di=0H)1 ddrn dad @ﬁmdmw ic acid in

wat er
- acylation of a compound having the ganeral formula

HS-(EHRS) -CR RZ-CDZH _ XXX

(uherein R1, Ry RS’ and n are as deFLned above) ar a
derivative thersof with an acld having the. .gsesneral formula \_)

COCH

XXXI

.15 (uherein'x and Y are as defined abuue) or a derivative
- thereof e.g. the acid halide to form a thioester.

It uill_bé appreciéted by the skilled reader that
formulae XXX and XXXI present two sites liable to bs
acylated, ths mercaptan group in formula XXX and the nltrogen

20 atom in the formula XXX1, and also two carboxyl groups
capable of eFFectlng acylatx:n. Undesired acylation
reactlons.can be avoided by standard procedures of'beptide
chemistry. In-particula: groups that are not_intanded to
react may be protectad'(e.g. the nitrogen atom by t-butyloxy=-

25 ~carbonyl and the carboxyl in the éompqdnd_of formula XXX by
t-butyl) which groups are removed following the acylation.
Such routes qu preparing cyclic compounds of formula II and
intermediates therefor are descrihed_in“uur-co-pending_
Eu:opéan Patent Appln. No. 80300845.7, filed 19th March 1980.

thet¥ ofT OV\ﬁqﬁﬁeﬁt eps: .

(R}



i oisci bl e sol vent solution in the presence of two equivalents of .
trial kylamne at 0-10 for 2-15 mnutes and roomtenperature 10 for 1.
hour.s, c) | sol ating the crude condensation product by acidificatio
extraction, dehydration and evaporation, d)) Precipitating

| - (S)~2, 3-di hydro-1-[(S) - 3- benzoyl - _ _ _
tth-Z-nEthyI-1-oxopropylI-1FLindoIe-3-c§rboxyr|c acid dicyclo- 15
hexyl am ne salt froman acetonitrile SoAhtTon by the addition of

di cycl ohexyl ami ne to an acetonitrile solution of the said crude
condensati on Prioduictl be apﬂxndiutddythatrthéa*hrzmg? camdodndsc?ﬁhexyl-
am ne sal : r 1,:20 : e ratin he
1-(S)-2, ?ﬁ%‘%ﬂ ?ﬂlfﬁ/}?éﬁ”%&%@ﬁ i€ li (uha_)‘e L.alggq& ars gs. o |
zoylthio-2-nethy|-1-oxopropyl)-1FLindJ e-2-carboxylic acid by acidification
wi th potassi um hydrogen sulfate, extS=ctfon with a water inmmscible

sol vent , adehyiicAiabR )b A dtridik a ¥ WBerul SAVENG $PEpRERELKH-thi O

bond B B Faeibe, onauln oF Saznuin A vhexs R, o sH).
2-net hyl - 1- ox iirtpyddfdrdnosl e praidene/| (&) asbelav tHe atompd@wys | @ner ?: (i%'
‘o a dpapele X BHESK 2 LR vn 0P RASR dbbr EET SR tBRBEYES: he
désired 30 amingSpf thediffnrd-al-H NG 3-wishic athe- pmeswiate oxopr opyl | - 1H
' ndol e- 216aEhmedilat AT FotibiAh WAYLS (HidGtedtitd | BF By then be
recrystallization fromethyl acetate-hexane. e startlng _
1- 3- ﬁ@nzﬁ?ﬁ?ﬁ?&'— pith By IchhcaariinsPhatel ofythr trmude £ 170 COR ¢gb(@$i|gh of
the racefuheael &, Tand Ry, e rIHydibgb] ARrF) sl MbAoife 2 car boxyl i c
acid is qgii&b%eéubstitutad amino phosphats end product. To form
' spch end prqduct uhgre one or buth'of R11 and R12 is hydrdgan
N requi;as appropriate selesction aof R11 and R12-to resist or be
15 amenabls to later catalytic'hydroganolysis. For sxample
R11 and/or R12'can be trichloreethyl which is replaced by
hydrogen using Zn/Cu hydrogenolysis. = Other groups for R11 |
(and.R12)'ara described in the litsraturs e.g. McOmie, ibid. -
In order to make those compounds of the invention in which A
20 of Formula.Ia is 0, an intermediata of the Formulé XX(which
' can be formed from the appropriate'intermediate of Formula
UIII) is resactsd with the appropriats chlorophasphate aof
Formula XII (uith subsequent hydrngenalysis as described
herein where necessary to obtain R11'or R12 as hydrogen). . In
25 order to maks those compounds of the invention in which A is
0 and R,, is H, the intermediate of ths formula XX,(ZZ=0H)
may be rsacted with an appropriate chlorophosphate of Formula
XII in the presence of a base, such as pyridine or triethyl-
) amine. Again, uhsre-R.l1 or R12 is hydrogen is desifed, this
© 30 reaction will have to be followed by a catalytic hydrogsn-
olysis. UWhen Ryq (and Ry,) represent trichloroethyl then
then they may bs converted to alkyl and aralkyl groups by
reaction with an alkanol or aralkancl and fluoride ion (CsF)
‘see J. Am. Chem., Soc., 99, 1277 (1979). In process (f)
35 R11 gnd R12.can-be hydrogen but-uhe:e.such compounds are



in the literature. The conpounds of this invention formbasic salts with o "
vari ougghhor gani ¢ and organi c bases which are also within the 5 scope of

the if¥e#l)i on. Such salts include ammoniumsalts, alkali netal salts |ike
sodi umCapd potassiumsalts (which are preferred), alkaline earth netal .
salts like the cal ciumand nmagnesium salts, salts with organic bases, e.g.ﬁfey
di cycl o- hexyl am ne salt, benzathi ne, N-nethyl-D-glucam ne, hydraban1ne 10~
salts, salts with am no acids |ike &5i-ninhe, |lysine and the like. The
non-toxic, physiologically acceptable salts are preferred, although other
salts naersq;?cﬁqw&ef YrefFetred rtd %@eatdarm t:.li:url'ngd&'o nbhe,sarso@ect as

Il lustrat I n the exanples I n. the case 0 g I cycC yl.am ne salt. 15

The clRREFiRebRBEY S 4129, fld"r e BTG eTTaG £a\use \?arsl §1|“|90rgan| c and
or ganldbnﬁﬁuﬂﬁi d‘f’orf‘oemms e WnIdr dehlubriich atied umtﬂmaayeMnfcmrom acid

(mesyl.at fon| cigd (;t.0 s and salts
“are al®o F?ﬁlrc’tttﬁ e ?266%3) of %eaqll r|$d\5ens| Z’?Q %)y ldﬁ.%c%h g I't's are forned
i 8 COWMWOWWW@@NM tiee avodgleshi d Tiher megctiamdspr oduct with
one Oy i Il R IofA | 1o rd & tARRLYY 1M FRATHP LAY qlmrmeﬂ@t%lsr ed

cation in a solvent or-nediumjn which the salt s |nsolu l.e, .or in water
‘and réﬁlw tfHeata PEodur 48 of, FhAsR r?g‘j‘mplgspr\‘i’&ﬂfal fiormyda & 48 salt with
an i naiey @aacijsd Aln'd(eBRa| @e(tn'ml Jearhakpeure tion thosehakigdreegdm (e. 9.,
pol yst rener_, sul fF%nlt e%m‘_ﬂsce%l J.lu'nk%fD%‘ﬁ’%’ﬁ %)th%rds th.h p%%p%n S'Lé% aci d and

extrac mnth an rganic Rt . eth acetate onet hane or
fiBe | Mae' beh 6 cfunsk la?mEdirfOcneml'bzP@ﬁﬁ@tolﬂOal r?ed33ar1‘@ i"e Dk idr §ompanyt her salt

30 fammd 'dadslrggi\'f%ﬂsza Fiemcﬁt(@e%emaqlﬁ: N@rév)ach\e)angl ot ensin -

convertlng enz A I'nhi bitory prop the g i s, reasured in
vitro and i RH?BGFh 9%|?Qﬂﬁﬂ%9 45%4& %&s OBgtdact and a
(CH ) Ryg may be prepared From intermediate XXI by condensation

u1th compounds of the formulae hal-CH(CUR21)(CH2) 20(X\Ia) \;)
15 or R,,0C- CU-(CH ) -R, (X\II) When XVa is the reactant,
conditions Fosterlng nucleophlc dlsplacement may be used
(For example, a polar solvent such as dimethyl formamide in
the presence of a base, with or ulthout the addition of
catalytic qqantltles of potassium iodide. Dreferably hai
20 iS'bromine.. When XVI is the'reactant, conditions Fosterlng
reducﬁive alkylation may be employed. For esxampls XXI may
be condensed u1th XVI in a solvent in the presencs of
hydrogen and a hydrogenation catalyst according to ‘the
general procedures described in W.E. Emerson,. Organic
25 Reactions IV, 174 (1948);';Alternetively'XXI_may be con-
densed reductively with XVI in an;acidic buffered solvent
with an alkali metal cyanoborohydride. . General procedures
for such condensations are described in R.F. Borch,: |
M.D. Bernsteln and H.D.Durst, J.Am.Chem. Soc., 83 2897 (1971) al
30 When R3 is aroyl, the nucleophilic displacement type
condensation is preferred. o :
A preferred method of making optically active 1-(S) 2,3-
dihydruf1 [(S)_3-mercapto-2-mathyr_1,nxopropyl] -1H-indole-2-
carboXYlip-acid,'the_SeﬁenZOylthio precursor thereof, or the.

”

dicyclohexylamine salts of the latter comprises the fnllquing
steps:



sggcific tripeptide substrate, hippuryl-L-histidyf-L-1eucine 35 being._
preferred, and follows the nethod of Cushman et al., Biochem Pharnpge
20, 1637-1648 (1971). -28- The in vivo ACE inhibitory activity ot
congﬁgnds i s measured according to the procedure described in Rubin al .,
J. PMarmacol . Exp. Ther., 204, 271-280 (1978), which utilizes the conscious
nérnotensive rat as a subject. In thies26recedure, 5 the jugular vein and
carotid artery cannul ae are placed in an ether-anaesthetized, nornotensive,
mal e, Sprague- Dawlggy r@&e%%&ih%lQQBLQQnQByQ%ﬁ&udQSQQQh?i'SQBBQHH $ and
direct recording of system.c art |al;pr§§Eure- rei e _|veJX. .The bl .ood
pressure by admgxing deCr-58820y 1EhdroRaRSERYE PEEFLIPHicHEFRY. ),
angi ot ensiwith thi@oylg/chd.oriaed ibr &thek priesente] ofr b/ kgthlgtdécr amoudédo&nd
Co”paVEdﬂ@£¥%rg§T¥H£H§ $O38omP YEnBa T EELEE %BaV%L5§H§aEh§§ ERE?LE?L%iiEter'
oral dosing™o prospe@tlve angrotensin converting enzyng€ inhibritor: ™ An
angiot%nsFNMEQMRﬂﬁﬁ'@@ﬁﬂ@&ﬂ@a_inhibitor woul d not  be expected necessarily
to l'ower arterial pressure in the.nornotensive rat, but wuld he expected
to bl ock angiotendin | CoNEessinge $58n 84 dnPrRedonylosELpTAReC ERY

angi ot ensid) 12 ,FeHdityHie- 1AddindodBall-rarblak yldgodendeinoe wagpense to
bradyki nin_wqul d,he engct%g tg _e.auqne%ked since angi.otensin conﬁer%ing
epzyne isl@W&®ﬁ1F ®FIYES P Hr&@?kiﬁi_ ﬁoPﬁEPFVF _ gn'&&nﬁHFéyé ggve
orally anafi ¢mdaﬂ$wd@miwea@¢oﬁgkﬁ@-tJomh231§rmdedaﬁegaudnpouud$8mbeﬁetnmbae
la anfgl | fanq. & $ghfdgdes) showed an ability to inhibit angiotensin
converting enzyme at ébses of 0.1-10 ng/kg. 25 This invention al so
provi des processeg)f or IgoaR¥indd the crude condensation product by

acidificatinn, extractiun, dehydration and evaporation,

d)  Precipitating 1-(S)-2,3-dihydro-1-[(S)-3-benzoyl-
thio-2—mathyl-1-dxopropyl]-1ﬂgindole—2-carboxyiic acid dicyclo-
15  hexylamine salt from an acetonitrile solution by the addition

of dicyclohexylamine to an acetonitrile solution of the'said
crude condensation product.

e) - Optionally recrystallizing said dicyclohexyi-
amine salt from a lower alkanol,

20 f) Regenerating the 1-(S)-2,3-dihydro-1-[(5)-3-ben-
zoylthio-Z-methyl-1-oxopropyl]-1ﬂrindole-2-carboxylic acid by
acidification with potassium hydrogen sulfate, extraction with
a water immiscibls solvent, dshydration and_evapnratiun,.énd :

g) Cleaving the benzoyl-thic bond by contacting, in
25 an inert atmosphere, .1-(S)-2,3-dihydro-1-[(S)-3-benzaylthio-
2-methyl-1-oxopropyl]-1H-indole carboxylic acid with an
alkoxy lower alkyl amine, such as 2-msthoxyethylamine,
follouwed by acidification, sxtraction inte a water immiscible
' solvent, dehydration and evaporation to give the desired
30 ;?(S)-Z;S—dihydro-1-[(S)-3-msrcapto-2-meth91-1-oXopropyl]-1ﬂr
indnle;Z-carboxylic.acid, which can be further purified by
'recrystallization from ethyl acstate-hexans.

153

~ The starting 1-3-benzoylthio-2-methyl propionic acid
may be obtained by a resclution of the racemic acid. The



BN

I ntermedi ate conpounds of fornula |IVa [err] - 29 - 5 wherein: Jerr] e’

a grogpof fornmula [err] or n, [err] and [err] are as defined above

[err] yhydrogen or |ower al kyl; X is hydrogen, hydroxy, |ower alkyl,

I ower Na¥koxy, or 10 hal ogen; [err] is chlorine, bromne, iodinRe, .
hydr oxy, tosyloxy or benzyl oxy or -NHRIZ37waere i's hydrogen or aIEY{,;;uf

Y hyd I | k def d d T
o CEtarain A2, 3-dphydralplpherirea et it B A ne gReaRE e o
- or sqlnt &}{éﬂ@[’ﬂﬁramgh conprises: (a) acy_l ating. a'corrpou_nd of fornula
o e e nd Y SnpbindD 58 EELE] 1nven¥ill 440 KSLOXYa LA O OUNd
XLl (iHéklduyrﬂnor%?nlc and orgallicabases Whidlerage also within they||b
: erelinn an e t
acBi va PR x eg+1£§ !&ﬁﬁ agu@?xb s%%.ctsatiq'}’ u&éaérhméélu@e%&%%” S an

Ral rom ne, ine,if desired
foll owed]dzgl:demm.‘ecsabhst bikensediuar b@@/lpqﬁaﬁmm ngalksupwhicho agieve a

COWDOU$¢éﬁ§JéE&W,aai%?lﬂﬁsrghft hﬁkdr345¥f§ f&kéeéﬁé &Qfgﬁuheaddls

chl ori rom ne, - enzyl oxy or
hydrog@WﬁnﬁﬁxuquQﬂtas.ﬁgl#@/waﬁbfqsqaaﬁamhﬁﬁeﬁ' .g., dicyclo-

hexylamlne salt, benzathine, N-methyl-D-glucam;ne, hydrabamine
10 salts, salts_With amino acids like arginine, lgsine and the
like. The non-toXic, phyeiologically acceptable salts are
preferred, although other salts .are also useful e.qg., in
isolating or purifying the product, as illustrated in the
" examples in the case of the dicyclohexylamine salt.
15 The compounds of Formula XXI form acidic salts with .
various lnorganlc and . organlc aclds, for example hydrochloric "/
~ acid methanesulfonic acid (mesylate), and toluenesulfonic acid
(tosylate)”"Such'compounde and salts are also within the
. scope of the invention. ‘ -
. 20 _  The salts are formed in. conventlonal manner by reacting
the free acid form of the product with one or more equivalents
of the approprlate_baee prov1d1ng the.des;red_cetlon in a
solvent-or medium in which the salt is.iusoluble, or in water
and_remo?ing-theiwater by freeze drying. By neutralizing the
25 salt with an insoluble acid like a cation exchange resin in
. the hydrogen (e.g., poletYrene'sulfonicdacid.resin like Dowex
- 50) or with an aqueous acid and- extractioh with an organic
solvent, e.g. ethyl acetate, dichloromethane or the like, the
free acid form can be obtained, and if desired, another salt
30 formed. (DOWEX is a Registered Trade Mark).

The anglotenSLn convertlng enzyme (ACE) lnhlbltory
property of the compounds is measured in vitro and in vivo.
.Theiig v;tro_assay-utll;zes rabbit lung extract and a
Specific tripeptide substrate, hippuryl-L-histidyl-<L-leucine

35 being preferred, and follows the method of Cushman et al., |
Biochem. Pharmacol., 20, 1637-1648 (1971).



fogpula | Va wherein [err] is benzyloxy to give a conpound of fornula |Va
wherein [err] is hydroxy, or (c) reacting a conpound of formnul a £
wherein Z is chlorine, bronmine or iodine with an amne of fornula [qgﬁf to
gi ve a conpound of fornula 1Va wherein Z is [err] wherein [err] is as
defi ned above. -30- The anti-hypertensive effect of the conpounds of the
invention is neasured in the spontanemisly hypertensive rat. In this
procedure systolicpressure of male spontan- eously hypertensive rats is

measur ed by agb ndj r e‘;tvé eﬁp %H_g B‘Slt@;Jg%ém&cﬁ'r Or%%\j:doqurpﬂneéshyiss{mgr aph

or ot her appr y Cco
Drugs ar emagwxw mnﬂmmr'@u melngncedunassiﬁrwaen&d dgudiybin etd adreisor to

drug admi§i Sphthato ANk &, Fiier 4, 38k 2L Ue t@ﬁ;mftee.rhmhwﬁﬁcﬂwule
may be altered dependi ng ‘upon the 10— behaV|our of r.ug.

pr ocedur et LR TLL YR W%W Reeds & YR e " cfg'ﬁ‘tﬁ)lﬂﬁfschr\"r:f’
Eypertaanstwe SubuESE weimoarsd r?mwm@ﬁuhyrgmﬂum tdree HETEB AT a 24
our perig isgered or ccordi t edure,
conpounds® %?efﬁ%n?ﬁ?ﬁ'r\? %’ro’b‘h%"é ﬁ’sé\: %’t éc)f'ecr% @ra"&srdﬁ

pressur esfen uwswstmn 105001@1 k@SMmmmmnwnd%anmmmt mmmg

var m bl oggeck i diRl ¢ 40668101 bRaSUAN dSedB b d1 oy Wrlsidey uti | zed.

and preferably doses of ss, than 5 ng/k ['day.  _Such effectlveééreatnent
doses WoUPERHBHER of PFPIMSES bkP ahin¥ ni %ﬁ&"e@?’ﬁ-" I%fngi"t%‘r?ﬁ%ﬂﬁ%m Qhsi ve

theraqty. dgk®l psamgLovemsin nUI e(ryOreng Mg L) tand wmuﬂnﬂn Zevbpagy'kg. )
antl-hypeéégnééggi ggnéﬁdQé§h£§¥%deﬁiéﬁn]asnéghéi 5pses admlnlstered
' at various time lntervals after oral dosing of a prospsotlve
angiotensin convertlng enzyme inhibitor. An angiotensin
converting enzyme 1nh1b1tor uould not be sxpected necessarlly
s to lower arterial pressurs in the normotsnslve ‘rat, but would
be expected_to block angloten31n I pressor responses ulthout
grossly altering angiotensin I responses. Additionaliy;'the
vasodepressor response to bradykinin would be expected to be
augmented since snglotensln conuertlng enzyme lS known to
20 inactive bradyklnln normally. '

. Uhen admlnlstered orally and'lntravenously accordlng to
this procedure, compounds of Formulas Ia and II (and disulfides)
showed an ablllty to lnhlblt sngloten31n convertlng enzyme at
doses of U 1-10 mg/kg. '

25 ' ThlS invention also prov1des processes for preparlng

' intermediate compounds oF Formula Iva

>

Y

Iva




extended adm nistration and exhibit no significant side- effects when o/
adm ni stfered at noderate or | ow doses. As noted 25 earlier, the

conmpsd of the invention exhibit a hypotensive (depressor) response only
when nistered to hypertensive subjects and would not be expected tQ j = ,
| ower ood pressures significantly in nornotensive subjects. The conpounds e
of Fornulae la and Il (and the disylfides 30 of Fornula | conpounds) may

be administered orally, intra- venbusTy, intraperi toneally, -
i ntranuscul arly, or subcutaneously. Oral administration is preferred. Wien
enﬁloybdrbbnkom& bisoa- greopumésfmnmhy@e*m% hig, %u@;ects the effective
dosagepgfp geHﬁ ypgghd being utilized 35 for such treatnment will vary
accordln@ 2 @ ﬂartlcular conmpound belng enpl oyed, the severity and

nature of conditjon at ed ticul ar subject being
t reat ed. ﬁ gl hZh %£S %E dEFBH %§9ét | ower : doses(in ng/ kg./day)

a
in the eff%¢5|%§ by 538 Bi 9&n %ﬁ%%eaf¥ t * dosage thereafter being increased,
if necessaXy;stbyprodune hidroeg) r bowent alkyny pel owesi akkexy ccor 5
Fihther mheg fﬁg&gyed as anti-hypertensive agents or.as angi otensin
verting_gnzy i hhi bitors., the. conmpounds.of the inventi-on may be
adn1n|ster§d a$oﬂb16¥lﬂﬁ,cbh@mh%§tohDQ#mﬁ,phﬁ@h%éﬁutt%%Ylgxﬁc%%ptabIe

carriers. ThegRE ps&pleﬂ 2006R natUIHSerRiUCI‘sCﬁifcﬂt@éénV‘@b”Qllbﬁldeterm ned by -
t he SO|UbI|It% %yean r che gr%%es of the conpound sel ected, -
t

the chosen'rd ?°3ﬂﬂ1n 9??5t$%hy anﬂrs ard@Phar maceuti cal practice. "
Accordlngla1&his Rgveatdeﬂzabéozprbyaﬂms1aophaanneneinal

15 Z is a carboxylic acld protactlng group, -
or salts thereof° '
thoh comprises: , _ _
(a) acylatlng a compound of Formula III as defined. here- {;)
: in uhera R14 is other than hydroxy with a compound of formula
20 (1) R,gCOCR, -CHR 15 (v1)
;(ii) '16800R1R2 (CHR3) -hal " VII
(iii) R1scGCR -(CHR ) -Dtosyl Vila
or (iv) R4gCOCR4R -(CHRS) -Obenzyl VIIb

uhetain n,. R1, Rz; Rsland R,5 are as defined above, R,6C0.
25 repressnts an actlvated carboxyl .group -and hal is bromlne,
' chlorine or. 1odine, if- desired Folloued by deprotection to
remove carboxyl protactlng group Z'-to give a compound of
~ formula IVa uhereln R25 is CR1-CHR15 or .
. -CR (CHR ) Z where 2] is chlorine, o:omine, iodine,
30 tosyloxy or benzyloxy |
| or (b). hydrogenolysis (e. g. u51ng HZ/Pd)of a oompound of
formula IVa wherein Z1 is benzyloxy to give a oompound of
formula IVa wherein Z is hydroxy,

ary

or (e) - reacting a compound-of'formula IVa uwhersin Z1 is - -
chlorine, brOmine'or iooine_uith ao.émine'of'formula HZN'R13

to give a compound of formula IVa uherein_21 is -NHR,,

wherein R13 is as defined abovs. '



codppsition conprising a conmpound of formula |I or a pharmaceut- 15 |callﬂ5
acceptabl e salt thereof and a pharnmaceutically acceptable 'carrier.

- The nethods of making and using the conpounds of the invention are

furth illustrated in the foll ow ng Exanples: Exanple 1 5

2,3-Di ydro | - (2- met hyl - - oxo- 2- propenyl ) - 1H i ndol e- 2- carboxylic acid et hyl
est& To a chilled and stirred m xturg @f 2, 3-di-hydroindol e- 2-carboxylic
acid ethyl ester (4.78 g., 25.0 nmole)., triethylamne (2.7 g., 26.7

nmmol e), and anhydeodntet-h¢peltBensdie a?fauaSoaddnd dﬁﬁpmuﬁﬂsnﬁfhaﬁéybyl
chloride (2.9 After

t he conplefpgﬁg3F°Phésa88FF§%ﬁg ?ﬁokpgdngPﬁaﬁggu?%ﬁn gérgﬁggiﬁgrreactlon

m xture wagadtir ipdthée prhoedereThyspeditcppraseuvhi efi maparspeatans

renoved bYeEhEEPa ZPBrt&ﬁs;@BdrEES ié'h@ésﬁ?éHdH? &ﬁslﬁéﬁPéétmtééhﬁiE@é
The cogglne t e and washi n wat er

porti ors), YBHEA ﬁPPhD§SFPﬁe a4Aa: dPFEghﬁﬁﬁPgﬁﬂH dPBugtﬁﬁﬁnégFﬁﬂPgh?Bﬁate
Evaporatloeeﬁsn&he g2bupst usndelyr edneedtpoesause more tatsly Bragserater

PPLC ( PrepUBEALYY; Binghs0%aRey; o=RLTyt: aPaspoUREenaFy et s xOFERR] “Col b
el uted wit praom tbudeugf adeindetresipnaaddeaty/l . éeeéaaed(zqahOGhe crude oi
Egéngﬁ U;e%héb%%%%b¥ 'nTHQQ Eehgﬁﬂﬁggm59aﬁg'gﬂter3§ dspendlng upon the
1B behav1our of the drug.
' This procadure measures ths hypoten31vs sffect of the.
subject compounds in a hypertsns;ve subject usrng srngls
- dose and measuring the response over a 24 hour period. When
admlnlstsrsd orally accordlng to this procadurs, compounds of
: \,ﬁ the lnventlon produced a 31gn1F1cant decrease in blood
' pressures in doses of 1-50 mg/kg. When ussd tu treat hypsr-
tsnslnn in uarm-hloodsd animals doses of less than 15 mg/kg. /'
day uould be utilized, and preferably doses of lsss than |
§ mg/kg./day. Such effective. treatment doses would gsnsraliy
20 be administered in long-term antzhypsrtens;va therapy.
Angiotsnsin convsrtlng anzyma inhibitors when utrllzed as
antr-hypsrtsnsrvs agsnts are most effectlvs upon such '
extended administration and sxhlblt no. 31gn1f1csnt side-
effects when administered at moderate or low dosss. As noted
25 earlier, the compounds of the invention exhibit a hypotsnslus
(depressor) response only uhsn administered to hypertsn31vs
subjects and would not be expected to lower blood pressures
s19n1f1cantly in normotensive sub jects. '
The compounds of Formulae Ia and II (and the disulfides
30 of Formula I compbunds) may be administered orally, intra-
venously, intraperitoneally, intramuscularly, or subcutaneously.
Oral admlnlstratlon is prsferrsd..
When emplnyed to louwer blood pressures in hypsrtens1vs
subjects the effective dosage of the compound being utilized
35 for such treatment will vsry according to.ths particular
compound being'employed, the'ssverity and nature of condition
bsing,trsatsd,-snd the particular subject being treated.



2 3-Di hydr o- 1- ( 2- et hyl - 1- oxo- 2- propenyl ) -1 H-i ndol e-2- carboxylic acid A o ™"
(A \re of 2, 3-di hydro-1-(2-nethyl - 1- oxo- 2-

pro~ yl ) - 1H i ndol e- 2- carboxylic acid ethyl ester (3.9 g.., 30 15.0 nmol e),
80% aqueous di net hyl sul foxide (90 nl) and potaSS|un1hydrOX|de (86@6pe|{f}“
1.3 g., 19.9 mmole), was stirred under nitrogen atnosphere for 2 days ar .
roomtenperature, then evaporated under reduced pressure on a rotary
evaporator to give an oily resi dae31The resi due 33. was dissolved in’
wat e an b mat er i, al ¢no ved tratipon),, .and the aqueous
ol uiTheE ahas SrauldBearb iy tafopt TAHAR, FBRea(-0: PaCBORYERRINI or i ¢ acid
wher dboy the eifif es¢jaearedgeshgivehy appvdycthaasgoSaget theredfierh et her, and
the gBifly HErdGkets 1¥aRlRE-MATY, MEbChhaubE AL dgpﬁgewﬂgh tgaline. The

et he tron was I ed over an ydrou magnesi um su ate, and evaporated
undehYP@@G@éGlﬁﬁe§§ﬁP§tbo give an oily product. The 0|I was dissolved in

dry acetovu&&hb@ &ﬂenaaﬁpmb9§el BehhhiﬁhQerQEnaﬂdgdagéﬁﬂéﬁEQ getil the pH
- of the:solutign stalline reC| ghgte was
t

O I a33kbagh LeAthed RaPLaXl It ehl B2 est, CLHR! BhbbaRnBRCRrPERate Yo

and theeptdonpmayt bewasimiolibéered edonef bt én, camdlhbéibnlméthre5|due was

dlhygﬁﬁgﬁgfghkacﬁﬁﬁ§raﬁ%&ﬁ%ﬁblk’E§§F§QF%_VeTﬁFgﬁ£gp8}t

0XO0- pr ogené car PC aci d ) “
dlcyBF6H€ﬁyP§nﬁH§ sERFTLATE. wegsd e)daRéemy§ﬁ5|PVs§hPoﬁ° BBt 2tpr opanol

gRyeaddloghe20ch¥hieklt beoberkeeBr 8fUeheatohpouddcyelebeyy, aghae salt (mp.
chosen routs of”adminiétratiun;'and standard pharmaceutical
practice. . _ _ '
Accordingly this invention also provides a pharmaceutical
‘composition Cthrising a compound of formula I or a pharmacsut- ~
15--ically”adcepfabla-éalt thereof and a pharmacesutically - \_J
 acceptable carrier.. B ' '



20n7193-[err]) [mp. neans nelting point in degrees centigrade,
uncorrected.] Analysis for: : [err] Cal cul ated: C 72.16; H, 8. 6 N
6. 73" Found: C 72. 05 H 8.83; N 6.64 25 B. The salt ¥
parti\oned between 5@6aqueous pot assi um bi sul phate solution (50 m) and
ethyl acetate (3 tinmes), and the ethyl ,gcetate extract. was washed with
wat er, then dried over anhydrous nagneg untsulphate Evaporati on of the
ethyl acetate sd® Mgthedgecl akipg pnesygisgokhs sompsuaMs éﬁaﬁbﬁator

af forded 1.i%hvendfio @ e? frdinaydidllstrated in the following

(2- et hyl - #x%-% gpropenyl) 1H- i ndol e- 2- carboxyl.ic acid-i-n resinous form
whi ch soli & M standing. The solid was dissolved in ether, and the
et her solution was evaporated in open-air, whereby a precipitate separ at ed.

35 The m xture was chilled in ice, Qngmgﬁg Hrecrpltate was collected on a

filter and mashe%d W th ether The p Iteg at 138-140. Analysis
for. [efr] % ~1-(2cmeginyd>1-omo-2-gropeny1g-0H- kpodrde-2-  ~ C
67.15; H, c&rﬁ&xylwc Bcl@ @thyl ester ' 'EXAMPLE 3

1-(3- Benzoy++h+e—Q—ﬁe+hy+—4—e*ep&epyL+—2—3—dLhydLe-4#+ aVa a1 =30 ] r*arboxyllc
Acid A Thi.ob@nz @i chddilad( 8nt, s&i?Ted, mEXEUwEDbC)2dGSthyﬁﬁohﬁd61¥-

hyl hi | ut 1
i 0, Seien 0 b9, R 0,00, Lo bl o (1
g, 5.2 moltaie HYéﬁwlﬁétK?IEn@ eh26n7d@m925)n1pndhahhedrpnsaathee bat h.

The ICQUbaKBUUa%lOEWE%eQdded dropwise ‘methacryoyl chloride (2.9 9»
27.7 mmole) dissolved in a 'small amount of ether. After.
the completion of the addition, the ice bath was removed,
and the reaction mixture was stirred for 4 hours. The
precipitate which separated was removed by filtration, ,
\~/15 and the filter residue was washed with ether. The combined

filtrate and washing were washed with water (tuo 700-ml
portions), then with saline, and dried over anhydrous
~ magnesium sulphate. Evaporation of the solvent undef
reduced pressure on a rotary evaporator ‘gave the product
20 as an 0il.: The product was purified by preparative HPLC
- (Prep LC/System 500, Waters Associates),'using a micro
porasil column eluted with a mixturs of hexane (95%) and
ethyl acetate (5%). The crude 0il may be used directly
in the following reaction.

- 25" : ' Examgle 2 -
2,3=Dihydro-1- (2 methyl 1= oxo-z-propenyl) 1H-indole-2-
carboxylic acld

A. A mixture of 2 3-dihydro-1- (2-methyl 1-0x0=-2-
propenyl)-1H-indole-2-carboxylic acid ethyl ester (3.9 g.,
- 30 15.0 mmole), 80% agueous dimethylsulfoxide (90 ml) and -
potassium hydroxide (86% pellets, 1.3 g., 19.9 mmole),
was stirred Qnder}nitrogen atmosphere for 2 days at room
" temperature, thenaevaporated under reduced pressure on a-
~rotary evaporator to give an oily residue. The residus



and the reaction was stirred at'roon1tenperature for 0.5 hr. The reaction>w
nixt‘{- was then imersed in an oil bath 15 maintaining the tenperature of
85 [ -for 3 hrs., and evaporated under reduced pressure using a rotary

&y
evapordtor to give a resinous residue. Addition of a small anmount of /) «
et hanol to the residue caused a paré al solidification of the residue. s
The. solid material was separated by iltration, 20 and recrystallized from
et hanol Y88 giveodvadgipovefess (anyr anselubhpcRakeFial HRs137- 188.

Analytleahosaapb9 wﬁnebau@snobtahaedhbyaaeebustabhutabhonaéronlethanol
nel-t ed @t 0 188- ut.on a Merck

TPt ea Bepl aBRaigopy tRRrl ) ahas RE AR hEPHRR Y Bk R ERERREEAE" S hane (2.
triethyaamﬂmeuherebandntoh&eaepetﬁtsuomeahenelipoprmﬂuht[eas] 0.7. (MERCK

s a5REQk%ESE€QdTD§@ﬁ MRREL, §H8|¥ﬁbsatﬂér BQEELcGHLSH|@LSHed C,_ 6502
Ho 5718 N 8, 7973 63; N, 3.69 B.

The nDtHéFhIPEEBFs 5r5ﬁWFﬁS’aEBQB PéEPy§P£FPPzatFBHSBEEP§ evaborated to

‘give a seiubaun Uaeearabd oVbBe aﬂaydueuaaaadhesmhmedulﬁhetber and the
et her solution aggrate gucel‘ a_sl ow ni en strean}to cause a

crystaIFF eHﬁPgFFEPd dsr 8 FopﬁgsEEBSSl?e 1VeTRB Bty¥talline dep05|t~
was fil pepddchnd Ther pélaeszdilsepduedt har dry geebto0isrgle25%) of the

th gzgﬁﬁghgbgg?gpggﬂiémﬁﬂbeuQB ghBsl aebyaise OhRi1l 8RE] puThi s product isf
he solution reached apprcx1mately 8. 5. R crystalline

prec1p1tate was Flltered. The mlxture was allcued to
. stand overnight at rcom temperature,_and the precipitate
was collected on a filter, and- the filter residue uas
15 washed with ether several times to give 3. 46 g of 243~
dihydro-1- (2-methyl-1 ox0-2- prcpenyl) 1H-1ndcle-2- - g_)-
carboxylic .acid dlcyclchexylamlne salt (m p. 185-190°). '
Recrystalllsatlcn from 2-propanol gave 3.1 g (50. 0%) of
the title product as the dlcyclchexylamlne salt (m p.
20 193-1950) [m. Pe means meltlng point 1n degrees centlgrade,
uncorrected. ]
Analysis for: C25H35N303.1/A H,0
Calculated:. c, 72.16; H, 8.60; N, 6.73
Found: | t,'72.ns; H, 8.83; N, 6.64

o5 - B. The salt was partltlcned betueen 5% aquecus potassium
‘bisulphate sclutlcn (50 ml) and ethyl acetate (3 tlmes),
and the ethyl acetate extract was washed ulth water, then
dried cver anhydrcus magn931um sulphate. Evapcratlcn of
the ethyl acetate sclutlcn under reduced pressure on a

30 rotary evaporatcr afforded 1.8 g of free 2,3~ dlhydrc-1-
(2-methyl 1-0x0-2- propenyl) 1H- 1ndcle-2 carbcxyllc acid >
in reSLnous form which. solidified on standing. The solid
was dlssclved in ether, and the ether ‘'solution was -

_ evapcrated in open air, uhereby a precipitate separated.

35 The mixture was chilled in ice, and the precipitate uwas

collected on a filter and washed with ether. The product



5 yvof the material that nelted at .188-[err] (Exanple 3A). Thin-Iayer
chromat ography carried out on a Merck silica gel plate using a m xture
met hyl ene chloride (8), ethanol (2)., triethylamne (1), and toluene (¥}
a devil opi ng sol ution showed one spot with R 0.6.. f 10 Analysis for:
[err] Calculated C '65 01; H, 5.59;- M S8.61 Found: C, 64.71
H 5. 51 g

2, 3- Di hydr o- f’(S nercapto met hyl - 1- oxopropyl ) - 1H 15 indole-2-carboxylic
acid A Anabysie B9r1-[Q,¢He é@ylthlo) 2- met hyl - 1- .

oxopr opy! ] c?al%tptatw&tto 'HendatEsa caghoxylgi7c agid dFo@rrpl e 3A, mp.
188-[err]) (0.6.9g, 1.6. nnDIe) and_net hanai’ic annDnl ﬁ; N solution, 9 m.)
was stirredoamdnt roontteﬁpeﬁatuﬁe f8r 2.-33%ouly, % Hekh evapor at-ed under

reduced pressure on a rotary evaporator to give a resinous naterial. The
resi dug was dissolved in water, and theux@hmmﬁqueous sol ution mas washed
W th ether times, . The agu ayer Wwas Sdgpw se 25
addi ti on of! g' %P?B%ﬂ%&h?o? @eggyg =4n %FP%&Q ? ched

apprOX|natdqddld&ﬁheaxbbeDEC)AcIue 0|I thus separated mas extracted with
et hyl acet a : h wat er,
then with dali nd:hmhiemwed avkd éﬁﬁﬁdr@us?SS@ rrfﬁg.rﬁasmmﬁe;hl@haselved
Evaporation 0 e tary e ra reduge re,
Franorat Qloflas) MACRGEALScToRu Tk 2R Pl lega E0UEELoRLERSH o

and di ¢pcl @Ifex%lrl Imdihy G- hdfi2dmetbyii-d coxei2-puorgny h- ‘s@-rmdeheraac hed
ca. 8.5. E@%ﬂdﬁ?ﬁférﬁbld (1.2 g, 5.2 mmole) in dry methylene chloride

(25 ml) chllled ln an ice bath. The ice bath was removed,

and the reaction was stirred at room temperature for 0.5 hr.
The reaction mixture was then immersed in an oil bath
\_i5 maintaining the temperature of 85 ¥ 5° for 3 hrs., and

evaporated7under'reduéed pressure using a rotary evaporator
to give a resinous residue. Addition of a small amount of
ethanol to the residue. caused a partial solidification of
the residue. The solid material was separated by filtration,

20 and recrystallized from ethanol to give 0.4 g (21%) of a .
product which melted at 187- 188°. Analytical sample which
was obtained by recrystalllzatlon from ethanol melted at
188~ 190 Thln-layer_chromatography_carrled out on a.
Merck151l1ca gel plate using a mixture of methylene

25 chloride (8), ethanol (2), triethylamine (1), and toluene
(1) showed one spot with Rf 0.7. | (MERCK is a Registered
Trade Mark).

Analysis fo;:‘ C,nH,,NO,S

: 2071974 - . g
Calculated: c, 65.02; H, 5.18; N, 3.79
30 Found: ¢, 64.63; H, 5.27; N, 3.69

B. The mother.liquorslfrom-the above recryetallizaticﬁs
~ were evaporated-to give a resinous material. The residue

was dissolved in ether; and the ether solution was evaporated
" under a slow nitrogen stream to cause a e:ystalline material

35



- 36 - mixture was kept at roomtenperature for 2 hours, then in a cold =
roomfor ca. 0.5 hour. The precipitate that separated was collected on a
filt and washed with acetonitrile to give

2, 3-\§Mlydr o- 1- (3- mer capt o- 2-met hyl - 5 1-oxopropyl)-1H-i ndol e- 2- CarbOXXV'Q .

aC|d di cycl ohexyl - amine salt (yield, 0.63 g, mp. 203-205 ). The
neltlng point of a mxture of thiggsalt and the DCHA salt of Exanple 5 was
depressed. Analysis for: _ C25H38N203S 10 = Cal cul at ed: C, 67.22; H,

8.58; he e Hemasifed. The crygtajdigw degosjizyas N1L§3£?qBa"d The sal t
(0.6 g)rsmsewiqctiea Ef%oaqm s ag&sawm 5 sul(25®8)e oFoltie on (10 m ), and
was shaken Vi OI’OL{‘T? The f4 glc fIhlﬁ_' forr%élsa\#vas extract ed with ethyl.
acet at &5 ( di"f: co Ji""tr‘ e Cet’r & 5 Peuccessi vel y with
wat er HbB<sHlTne, Tdric. qudmdwers diftey rameni cnaljeedianacssiqiest e.

Evapor afd %eofmaq;malawaaé et 1< Hab ORI Amgdade ) educed pressure

afforded a gl assy resrdue. The residue was dissolved in smal | anount of

ether andNHeY&Hh&hzanakaanaAhys CAFT L&4 &Yty 95 B g@r%ﬁéll\ﬁagor ous
stirringl tpilaa:.d arsg.eag/d wix tafrheranet ilidneedhlprice (B)g fluffy white

preci pl%’a@ g_%rlaﬁ;ﬁ&&}rfxa col(l c’t eaqmoq,_oeiuelnlet etr y 4 and dr| ed in vacuo,

gi ving
(3- ner@laptairm f%dlrujbmmramgﬂc!)m iapddl asith Po €alboxylic acid. Analysis

for1§ [q\rﬁglﬁqlscwlcal.ed Czﬂéﬁg@ 5841/4 Igt @ 70; N, '5.28 Found - C,
Calculated' ™ C, 65.01; .H, 5_:9 N, 3.61
Found: L, 64.71; . H, 5.51; N, 3.32
Example 4 ST e
txample & o W

2,3- Dihydro-1 (3-mercapto-2-methyl-1-oxopropyl)=-1H-
15 '1ndole-2-carboxy11c acld '

A. A mixture of 1- [3-(benznylth10) 2~ methyl-1-
oxopropyl]—z,3-d1hydro-1ﬂ indole-2-carboxylic acid
(Example 3A, m.p. 188-1900) (0.6 g, 1.6 mmole) and
methanolic ammonia 5.5 N solution, 9 ml.,) was stirred
20 at room temperature for 2.5 hours, then evaporated under
reduced pressure dn'a'rotary'evaporatorlto-give a
resinaus material. The residue was dissolued in water,
and then the aqueous solution was washed with. ether three
tlmes. -The aqueous layer -uas made acidic by dropuise
25 addition of dilute hydrnchloxlc-ac1d until pH of ‘the
solution reached -approximately 2 (by a pH paper). The
0il thus separated'uas'extractEd with ethyl aeetéﬁe
(twice) and the sthyl acstate extract uwas washed with
water, then with saline, and dried over anhydrous
30 magnesium sulphate. Evaporation of ethyl acstate on a
' rotary evaporator under reduced pressure, then in.vacug -
gave an 0il. The residue was dissolved in dry aceto-
nitrile,_andmdicyclohéxylamine-uas-added-dropuise-Unfil
pH'oF the solution réachéd'ca. 8.5.. The resulting



E>6a-r-rp| e 5 30 2, 3-Di hydro-1-(3-nercapto-2-net hyl - 1- oxopropyl ) - 1H

I'ndol e- 2- carboxylic acid A A m xture of

1-[ 3-(benzoyl t hi 0) - 2- et hyl - 1- oxopr opyl ] - - 37 - A

2, 3-d bydro-| Hi ndol e- 2- car boxyl i c (Exanple 3B, mp. 116J117) isolated Wit h
a 1/4 nole of ether fromthe nother I’|..:iuor of Exanple 3A (1.0 g, 2.6 mol e)
and nethanolic ammnia (5.5 N solutiof 100 m) was stirred 5 at room

t enper at ur @¥XHUTE Bafokeph [dn towap dieaped atuder fioad 2c bdupisgsshiee on a

rotary evapyl d Qoll Hoff for €¥.NQUS WYY, al ¢di ssol ved
in water (20 %Zﬂf{]d 't he ueous sol ution mgggnég%cfﬁgggriﬁe‘éﬁi addi tion of

five drops %P a&hesy @od dd LEeT,s@ng: U@ﬁthTHét&I kal i ne .

Sgld ution ma/mimma toetgiate tz;raeeuhyr%sa,-ﬁ-{(snmgamdezaﬁﬂa@h g1hy g

a |t|o r a e 0| roauct t separ at ed was
extract S%Jghﬁﬁgﬁs gpﬁﬁddiﬁ ?'cﬂﬁ? éFHe l@XFHEEFx%gs washed
with wat er antman agilith (ymahtb Carf® 15 rrurn.eauw@usédhydﬂoes meddhesi um

sul phat e. . Ja4aROTGAt IO it Bl & Lt’h‘i"sf Jaﬁ%u%%% g;rh%sﬁk':’i-ﬂ Q13 Letary

evapor at or. gave a reS| nous mat eri al “whi Ssolved i acéto- nitrile

(15 ML), pd'reo I’ﬁS@t‘Fdof di cycl ohexyl -- amine (ca. 0.65 g) to the
acetonltrlIkmamysﬂS(ﬁmrundféﬁﬁsp |ng until pH of the solution reached
*5 (by, a ) and co q | a 6C d room over ni ght
caused.! Use?agr %t%ﬁgan 0 di i %‘;F@a r‘rgtl?hyl

1- oxopropyIF)CLLmd--l ndol e- 2- €ar lﬁ@x;&&,c ak;l [} Sm,cych,olﬁeWI - anine salt as a
preC| pitate. The precipitate was

B. The salt (0 6 g) was added to 5% aqueous pota331um
blsulphats solution (10 ml), and was shaken v1gorously.
.The. fres acid thus formed was extracted with ethyl.
\_ acetate (17 ml. in 2 times). The extract was washed
15 successively with water and saline, and dried over
anhydrous. magnesium sulphate. Evaporation of ethyl
acetate on a rotary evapdratorfunder reduced pressure
afforded a glassy residue. The residue was dissolved
in a small amount of ether and the ether solution uas
o0 added dropwise, under vigorous stirring, to a largs
-volume of ‘hexaness chilled in ice. The fluffy white
precipitate that separated was collected on a_Filﬁer,
-and dried in vacuo, giving 0.12 g. of 2,3-dihydro-1- -
(S-mercaptogz-methyl-1-nxopropyl)-1ﬂyindqle-2-
25 carboxylic acid. |
Analysis far: C13H15N035 :
Calculated: c, 58.84; H, 5.70; N, 5.28
. Found: . C, 59.24; H, 5.95; N, 5.16

, Example 5
30 2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-1H-
indole-2-carboxylic acid

A. A mixture of 1-[3-(benzaylthio)-Z—methyl-150xopropyl]4



25 col
mat e

ected on-a filter and washed with acetonitrile to give 1.0 g.- of

‘which nelted at. 190-[err]

Recrystal lization from 2-propanol

i npr 't he.

nmelting point to 193-195.

The melting point of a m xture of

this sal't and the DCHA salt of Exanple 4 conpound was 30 depressed.

Anal ysis for:
C, 67.09; H,

Vi Gor oudt 3-SR

m .
sal i ne,
acetate on

reS|dueWEtWhEDlé§|ﬂﬂ@°ﬁh%

[err] Cal cul at ed: C, 67.
8. 58; N 6.33 --88-.B.
h t
fretiatnge e eerhiny Rl

unde

evapor at or
05 o5 N vealytios

22; H, 8.58; H 6.27 Found:
The salt (0.744 g) was added to

(é§¥?%%%%3§€”mas shaken

tP*Rthyl acetate (25

in 216+mm%?) 1§hkabadraxthmas1ﬁASMEﬂesmﬁcethevefynﬂ theith water and
ngegrifgu9¥eﬁfa@Q¥HﬁPHsﬁﬁag?e hﬁ

m uépﬁﬂ&f poration of ethyl
ce% su?e %??orded a gl assy

o %4 c¥perstirEe he et her

solugl09tM@5nﬂddeﬂpdfaﬁutsefuﬁdzr5Vh@@f9ueha@ e¢ipdratgdtondet ar ge vol une

of hexane

Sopar a B8Iueed afbadvEl oh°8 tPrefY eusnStAthRES ok R R orn

ng.

115 (KRG ¢

10

solution.

of rhslnoubemabapnahd Tﬁheraasduspeasrdnss@lmsmednumahgran AEI

1 S
& Ene PREGESQITL AL BN “ab
C, 58. GﬁdleFOB 70; flKP grops FpfingN aqueous ipdsemenydrmxlgeez
The alkaline solution was washed with sther

solid precipitate which
gi ving 280
(%)
éea£ @éfl@ 5b NM) 163 and
ySI's Cal cul at ed:
N, 1.88

three times, then was made acidic by addition of dilute

hydrochloric acid.

15

of ether undsr.rEQUCed pressure on ‘a rotary evaporator

dried cver.anhydroué,magnaSium'Sﬁlphate.

The oily product thus separated uas
extracted with ether (110 ml. in 3 times).
extract was washed with water,

. The ether

thenluith_saline,.and

 Evaporation . N

gave a reéinous.material which ‘was dissolved in acetd-

nitrile .(15 ml.).

The dropuise addltlon of dlcyclohaxyl-

amine (ca. 0.65 g) to the acetunltrlle solutlon under

20

stirring until pH of the solutlon reached 8.5 (by a pH

paper), .and subsequent coollng in a cold room overnlght

caused. separatlon of 2, 3-d1hydro-1 (3-mercapto-2-mathyl-
1-oxopropyl)- 1H-1ndole-2-carboxy11c acid, dicyclohexyl-

‘-amine salt as a precipitate. _
‘collected on a filter and washed with acetonitrile to

25

The precipitate was

give 1.0 g. of material which melted at 190-193°. _
‘Recrystallization From'Z—prupanol_improved the_melting

point to 193-195°.

The melting point-of a mixture of

this salt and the DCHA salt of Example & compound was

30

Analysis fors
Calculated;

Found:

depressed.

Czs“za“z”zs

C, 67.22;.
€, 67.09;

H, 8.58;
H, 8.58;

H, 6.27
N, 6.33

N

~Z

.



2Q_- EXANPLE 6

2, 3-Di hydro-1I-(1-oxo0-2-propenyl)-1Hi ndol e-2-carboxylic acid ethyl egify. To
a chllled and stirred m xture of 2,3-di hydroi ndol e- 2-carboxylic aci hyl
estef (14.34 g.), triethylamne 25 (7.65 ) and anhydrous ether (600 ni.)
mas afded dropwi se acryloyl chloride (7.f 33)‘d|ssolved in a small anount

- of "ether. The ice:bath was renoved, and_the reaction m xture was .stirred

at room t eBper afheespdit 4 hddds 9) MRS radeed oo nP %t AANCRNS PRYASEFY™ i ce,
then a 30 lﬁi’éﬁﬁgﬁhﬁ:@ QoMRst IIovar ) f | dhd ala@nshakba - tigbebusdsi due was

washed wit he conbined filtrate and shed wi.t h
wat er, theBhei EFeeapcid Qﬂﬂf(ﬁqqﬂF4w¥ﬁsaﬁﬁ?ﬁ?%%?gnﬂgﬁgg %Hﬁlﬂﬁﬁﬁﬁ%?e
EvaporatloozgfmupﬁlﬁobVﬁ@?égvkﬂ T%?hE!mkiﬁe5QHSewashedrshacp5§ively 39 -
evapor at or gave e titled conpoun as an,oi :
> 3 D sy BEh vabes. Ant GALG- 14pd et edodvEE, BBpYireud Hikesiun
nlﬁtrre ?fsal hataydrmdagﬁbanqbﬂl¢toaehyl)a&ékatadoheaZxcaﬁunkyl i C aC|d
et hyl ester @6a ous di.ne u (3 and
potaSS|un1ﬁyé?8f?&gr)§§%%ﬁﬂq uced %%e%$¥%§ LE???Q&& %ﬂgsg%rogeh
atgnspgereréeﬁdﬂeS dEMEeﬁesxﬂuatwmsedasaobveQOLntBénm@vamﬁwﬂﬁhﬁnmder
reduced pressure o r ot Y, o] g | | e
resi due was? g ggl %é: S Sac; rlc\%&)ﬁﬂg% hédglgg lﬁé?p@@.s@ l\ﬂk%ﬁlﬁ%rmﬂ‘
; 10 stlrrlng to a large volume of hexanes (300 ml.) chilled
in 1ce.' The white solld prec1p1tate which separated '
was collected on a filter, and ‘washed w1th hexanes,
giving 280 mg. of the title compound. ‘The mass
spectrum ‘obtained u51ng an AEI MS 902-Kratos DS 50 s
15 spectrometer showed peaks at m/c 265 (M ), 163 and 118. _

— (KRATOS is a Reglstered Trade Mark)

Analysis for: C,;H, NO;S o

Calculated: .C, 58.64; H, 5.70; N, 5.28

Found: . C, 58.61; H, .5.62; N, 1.88
20 S L . .EXAMPLE 6

2,3—Dihydro-1—(1?oxo—z-propenyl)-1H-indole-2-carboxylic
acid ethyl ester

'To a chilled and stirred mixture of'2;3-dihydroindole-'
2-carboxylic acid ethyl ester (14.34 g.), triethylamine
25 (7.65 g.) and anhydrous ether (600 ml.) was added

dropwise acryloyl chloride (7. 1'g ) dissolved in a small
amount- of ether. The ice :bath was removed, and the

- ' reaction mixture was stirred at room temperature for 4
hours. The reaction mixture was chilled in ice, then a

R 30 precipitate Was'removed:by filtration. The filter
residue was washed with ether. The combined filtrate
and washing were washed with water, then with saline,
and dried over anhydrous magnesium sulphate. Evaporation'
of the solvent under reduced pressure on a rotary'

35



S

dilute sodi um hydr oxi de sol ution. The aqueous sol ution was washed with ~~

to pNf@@ 2. The oil thus separated was extracted with ether three tines.
The conbi ned ether extract was washed with water, then with saline, and J .
dri ed over anhydrous magnesi um sul phate. Evaporation of the ether on a
rotary evaporator under 20 reducegl pressure gave a solid residue which .
nelted at 158-160, and mei%hed 9.2 g. Recrystallization fromethyl acetate
i npr ov @Y 2PREHBF: Ry Sp&Nst 961997996989”An5ﬂ93ﬁsQférﬁs[éPrPléalcuIated:
C, 66.35; H 5.11;. N, 6.45 25 Found: "C,..66.16; H, 5.10; N
6.33. Exanple.8 1-[3-(Benzoyl thio)-1-oxo-propyl]-2,3-dihydro-IHindol e-
2-carboxylic acid To a stirring mxture of 2,3-di hydro-1-(1-oxo-2- 30 pro
penyl ) -1 H 2-carboxylic acid (6Ex2mgle Ind nmethyl ene chloride (160 m.) was
added ¢r epws; RLARERZALG _BCI v1401u.695% a4-386 . dhssolved in a
91, 8RY G ok q_h$p 8x6-2Cpdagany 101 éﬁ?ﬁ%"aﬁ i

et he ce, then made acidic by 15 addition of dilute hydrochloric acid

smal | amunt Of net ene chl ori de.. It1on, e reaction
- mi xtur 8%8s chilled:in ice. The ice bath was renoved 10 m nutes after
t he _conpl et ng

nouB. - The. PolEREHRSnPE: dr d-AALYRRER ' 413PXBa 2 RBHEBYL 54BN ot nt ai ned at
[err] fiodo2e52khcarboxyRécr eaddi ethyilxesterwdd4céngeit,r 80%d on a rotary
?g?pgrgg&ﬁoﬁ%g?gmﬁgﬂygggl?ﬁﬁiﬁﬂr?zbﬁ &ﬁ;)39nﬁ1putﬁggiﬁﬁpt inarefrigerator
7 hydroxide %BG%-pelleﬁs, 3.83 g.) was stirrqd-uhder"
nitrogen atmosphereifor 2.5 days at fﬁom téhperature3
10 then evaporatsd under reduced ﬁrQSSure on a rotary
' evaporator to give an oily residue. Ths reéidua'uas
dissolved in water with the aid of a small amount of
dilute sodium hydroxide sblUtion.~'The aqueous solution g;)
- was washed with ether twice, then made acidic by
15 addition of diluts hydrochloric acid to pH ca. 2. The
0il thus separated was extracted with ether three times.
The cbmbined ether extract was washed with water, then
with saline, and dried over.anhydrous magnésium sulphate.
Evaporation of the ether on a rotary evaporator under
20 redpcad pressure gave a solid residue which melted at
158-160°, and weighed 9.2 g. Recrystallization from
ethyl acetats improved the melting point to 167-169°.
Analysié ?of:_ C12H11N03 | ..A . .
Calculated: @ C, 66.35; H, 5.11; N, 6.4S5

25 Found: . C, 66.16;3 H, 5.105 N, 6.33.
_ . . ‘Example 8 o -
1-[3-(Benzoylthio)-1-ox0<propyl]-2,3-dihydro-1H-indole- -

--2-carb0xyli§ acid |

To & stirring mixture of 2,3-dihydro-1-(1=0X0-2-
30 propenyl)-1H-2-carboxylic acid (6.52 g.) and methylene
chloride (160 ml.) was added dropuise thiobenzoic acid

L0



10n.swas col lected on a filter and washed with nethylene chloride to give

. the title conpound which nelted at 173-175, and wei ghed 11.0 g. Analy‘,\

for: [err] Calculated: C, 64.21; H 4.82; N 3.94 15 Found: .
C, 64,38, H 4.93; N 3.96 Exanple 9 _

2, 3- Di hydro- 1- (3-nercapt o- 1- oxopropyl ) -1 Hi ndol e-2- "carboxylic acid A A

nlxture of 1-[3-(benzoylthio)-1- oxoprepyﬂ]-z 3-.20

di hydro-| Hi e42=earbgx n apel a (5.5 N

di hydr o | é@fgyd 438250 Hikeodchd (A gm)aliurggapﬁle BeL hgtﬂmn{ahen

evapor at ed &H&@Flpéducgﬂrﬁﬂés§DPe36H1§1PBbaF?eeVEBQ#aPBrm%étgree a resinous

naterlaL dThefLeh?%uedwa& dfas?Lvad iBe\WBheh, uaedrEHSVBEh agygous SOEU;IOQ

was washed wi e acetate thr us p s acidifie

to pH ca. 2™ &F@péﬁ§8ra FtFBngFthPng gsﬂrﬁaﬁtngE’agFg gaﬁereby an

oi | sepaSatsdlrthg oigls wastéruedcfed mﬁhbuethyWheceeabeléhmm;ktars) The

combined exipacknehs 1iRBASHAL b sl b30n HEBnthihesaLLBa0apg-dr ] od over
he ace e

anhydr ous sodi_um sul pha e was evapora rotary
evapor at or dn@eNoE8qucedh 9r§§§8¢é°ﬂomg%#éranuéﬁl9°ﬂ§§P§Hétﬁﬁ|§n was pl aced

under hI?P “aeBEErlO egiaperatsel uAdEBt ebdabedTBeesEUEE BRHOHHGT 3Bam1 (] SSOl ved
in a sm

a ate on a’ steam
bat h (thereaagsﬂ§8ﬁean?oF&SFéQEBPFBrnggér|a aﬁhlcﬁﬂﬁégctgg%ﬁgﬂ
filtratiqygn) wasThelédebykedaoet at €idbdent aad uashbdpmluhdaethylene

chloride to give the title compound uhich melted at
173-175%, and weighed 11.0 g..

Analysis for: C19H17N04S _ :
Calculated: - C, 64.21; ~ H, 4.,82; N, 3.94
15 Found: - . 'C, 64.38; ~H, 4.93; N, 3.96
Example 9

2,3- Dlhydro-1 (3-mercapto-1- oxopropyl) 1H-indols-2-
carboxylic acid ' '

A. A mixture_of”1;[3-(benzoyithib)-ﬁ-nxopropyl]-z{3;-

20 dihydrb-1H indole-2-carboxylic acid-(z 0 g.) and'Mchandlic
ammonia (5.5 N solution, 45 ml. ) was stlrred at room
temperature for 2.5 hours, then evaporated under reduced
pressure on a rotary gvaporator to give a resinous
material. The residus was dissolved in water, and the

25 aqueous solution was washed with ethyl acetate thrse times.
The aqueous phase was acidified to pH ca. 2 by drnhuise
addition aof dilute hydrdchloric acid, whereby an gil
separated. The 0il was extracted with sthyl acstate
(two times). The combined extract was washed with water,

30 then with saline, and dried over anhydrous sodium sulphate.
The ethyl acetate was svaporated on a rotary evaporator
under reduced pressurs toc give an oily residue which was
placed under high vacuum to give a solid material. The
crude product was dissolved in a small amount of warm



~

_ _ : . i
mld nigrogen streamuntil a precipitate started to 5 separate. The -’
n1xtur§!hcs chilled in ice, then kept in a refrigerator. The precipitate
was cdﬂ@é@ ed on a filter and washed with acetonitrile to give 1,1'-

di t hi ob™s?[ 3- oxo- 1, 3- propanedlyl]bls[Z 3-di hydro-1H i ndol e- 2- carboxylk‘/
acid], mp. 213- 216. 10 Anal ysis for:. C24H24N206S2 Cal cul at ed: C
57.58; H, 4.83; N, 5.60 Found: - 41 - - C, 57.56; H 4.96; N 5.13 B.

3 t : S on a rotary
e Mot hothyd1 Cak W'%%%*%%ness LAk |

t uced pressure -15 e was
gyggglr\ae%gw%unﬂ%%d]ﬁ i SR F (MR EREIAR e ua BAmaMEd bBYDi cycl ohexyl ani ne
was addetiittoratiorshl utThen attyl ad—éﬁa‘thé m:fmiwﬂ Uad saghe cbrroger 8.0 ]gblyta pH

e |t thus .far 0 ed on a filter,
gﬁge:)ecrystalﬁ OA% g%/r om et anol nﬁ?@'% mﬂ@ef&ﬂﬁ %&3 205. Anal ysis
for: 5 cm CAlhuimipdiire vag 6.ld%Rd i i%e39:thed n@p]bg(;found
C, 66.3 \ '%?%Hd b agueous
pot assi = rd‘fr:n?ge]z‘btoﬂ\.' eersl-%l6 pcz‘;e(;:r.;n. -E%eat%a “ﬁa d’sl free aC| d thus
separat&miﬁﬁf 4ﬂﬁ%€h§ %ﬁﬁﬁ%ﬁ%? ¢t gHve ih k'wo tinmes). The
conblnedn&hxuhﬂsa@ﬁeoumyme¢auﬂdpauﬁdwyl]Hry[zmjial drige1pand dried over
anhydrmﬁ.m%q_cg_gnc}gj ) 1&e I;vzi atn{ %na&félset{;%q acet ate off a rotary

evapor at or under uced pressure id residue which was .=

recrubtﬁﬂﬁ%ﬁﬂiﬁrﬁﬂﬁ{nPﬁd4ﬂygﬂfﬁéﬁz1he title conpound nelted at 146-148

dec. Calculated' C, 57.58; H, 4.83; N, 5.60 :
Founds- - .- --G, 57.563 - H, 4.963 N, 5.13

B. ~ The’ mother ligquor and uashlngs were comblned, and
evaporated on a rotary evaporator under reduced pressure

-'15 to dryness. The' reeldue was dlssolved in acetonltrlle -
with uarmlng on a steam ‘bath. chyclohexylamlne was
added to the solution untll pH oF the solution reached
ca. 8.0 (by a pH paper). The dlcyclohexylamlne salt
thus formed was collected on a filter, and recrystalllzed

20 from ethancl. The salt melted at 203-205

Analyels for: 812 13N035 ) _

Calculated; ~ C, 66.63; ‘H, 8.39; N, 6.18

Founds €, 66.35; H, B.14; N, 6.06

C. The salt  uas shaken u1th 5% aqueous pota331um

25 bisulphate solution (70 m1.), and the free acid thus
separated.was extracted with ethyl acetate (70 ml, . in
two times). The combined extract_uas washed with uater,
then with saline, and dried over anhydrous sodium sulphate. o
Evaporation of ethyl acetate on-a rotary evaporator under

30 reduced pressurs gave a solid residue_uhich_uas. _
recrystallized from ethyl acetate. ‘The title compound
melted at 146-148° dec. -



42 - Analysis for: [err] Calculated: C, 57.35; H 5.21; N, 5.57 -
Found C, 57.39; H, 5.27; N, 5.37 Exanple 10 5 Resol ution gf
d, |- 2 3-di hydro-1-(2-net hyl - 1- oxo-2- propenyl) -1 Hindol e- 2- car boxylic i d
into;d-2, 3-di hydro- 1-(2-nethyl-1-o0xo0-2-propenyl)-1Hindol e-2-carboxylic
aC|d\Hﬁd 1- 2, 3-di hydr o- 1- ( 2- net hyl - 1- oxo- 2- propenyl ) - 1H-i ndol e-
2-¢ar boxylic acid 10 A To a hot wigprously' stirred nethanolic solution
of dl-2,3-di .Mechyl, 1ygx@- 2- propenyl)-lk+|ndole- 2- carboxylic
acid of EanQ¥§ ﬁg 3%% E 3@0 Ng 3 of nethanol) was_added slowy a warm
nethanollcc§épuﬂ ﬁdéf deﬁydﬁ@a@ﬁétyﬁan§n81v(DNAA 8.9 g. in 60 M. of
met hanol ) . Fbandkhe stirripg \&s309nt Hyued2fhrer /gdstgenal 5 mnutes, then
allowed to set ‘at roomtenperature for 10 mnutes. The m xture was
reheated to boiling, ahd to the hot, vigorously stirred solution was added
hot water (240 m .). The resulting nixture was placed in a refrigerator
over- 20 night. The white preC|p|%§gﬁ Hgaqoseparated was col lected on a
filter, and washed with cold a Uus-#erhano sol ution [nethanol (300
) T viaor REBSOURLON O g KW@ ro- 1= (2-neshyL-1-oxbo2-
d12,3-dlhy?&&&dgﬁ&iynﬂﬂnﬂnduﬂauzqa' 1hnlaﬂlmdqh¢u a-qasbexh&Beoacid,

DHAA sal t 9 ._.207-209 C. The co |n filtrate and shi ngs
were set asit 1ﬁ§3h£%ﬂkﬁQ&ﬂw%nPr°Penfi -1H= Garboxytl X i

1-2, 3- d.hydmnu|L4z;3nuﬂnyddoqm«1z;maumymamqoxauaqnnmmaayz)eéﬁbamﬁhde-ac.d
Recryst al | 'f?&%{bxﬁif t%% "salt (filter residue) from nethanol inproved
- A

the mp. t (c=0.08080% EtQH) . 30 Analysis for: [err]

CalCU|ahFdA QO-QSHH% vﬂﬂafﬁd@iy é%lﬁ%éﬁzmethancllc snlutlnn of _
d,1-2,3-dihydro-1- (2-methy1 1-oxo-2-propenyl) 1H-1ndnle-.'
2- carboxyllc acid of Example 2(29 g. in 300'ml. of
.methanol) was added slouly a warm methanolic solutlon of
-dehydroabletylamlne (DHAA, 18.9 g. in 60 ml. of methanol)_

15 The stlrrlng was’ contlnued faor addltlonal 5 mlnutes, then

alloued to sat at room temperature for 10 mlnutes. The_
mixture was reheated to b0111ng, and to the hot,
vigorously stirred solution was added hot water (240 ml.).
Ths-reéhlting-mixturé'uas-placed in a refrigerator over-
20 nighf. The white pracipitate that separated was collected
‘on a filter, and washed with cold aqueocus msthanol
solution [methanol (300 ml.)/water (250 ml.)] 5 times,
giving d-2,3-dihydro-1- -(2-methyl-1-oxo-propenyl)- 1H-1ndole-
‘2-carboxylic acid, DHAA salt (27.9 g.), m.p. 207~ 209°C.

25 The combined filtrate and washings were set aside for
isolation of 1-2,3-dihydro-1-(2-methyl-1-oxo-2-propenyl)-
1H-indole-2-carboxylic acid. Recrystallization of the
DHAA salt (filter residue) from methanol improved the m.p.
to 218-219°C, [a]3®=84.24 (c=0.985%, EtOH).

30 Analysis For:_ C13H13N03 C20H31N |
Calculated: cC, 76.70; H; 8.58; N, 5.42
Found: - °'C, 76.15; H, B.53; N, 5.19



.

Found: C, 76.15; H, 8.53; N, 5.19 - 43 - The salt was -
pul veinzed With a nortar and pestle and partitioned. between 1N aqueous
sodfzgﬂﬁydroxide solution and ether. The aqueous | ayer was coll ected, and
washed™wi th ether tw ce, .and acidified with dilute hydrochloric 5 aci

The free acid that separated was extracted with ether 3 tinmes. The conbi bed -

extracts were washed with water, th with saline twice, and dried over
anhydrous sodi um sul phate. Evaporation of ether under reduced pressure gave
a solid resi dihe il wes pwloramsiizad iwidih &) mantan antmpestile mpd

d- 2, 3-di eV lic acid,
mp. 148- 15oﬂé?°'f%dr ;Féﬂ433344?( qm'7"1 S RTA o?gdn%sﬁ SO ]

(231. 24)5"&|9c‘ih9d%~ed he 9@”%’#% .aygy "5356 ebs ] C
?7 36; uith. a?ﬂher I‘tu.lxﬁ:ee,G dhd ac'EhﬁﬂIrEIchU'iﬁﬁh mﬁawdﬁaﬂdaﬁawd washi ng
aqueous utio evaporat ed care Q) a ratary

evap(?r at% oq'“[fnder oﬁ?cecfi#de\@'[ﬁet stacPoratefgd"arﬁ ax quav@et in a

Tefrlgemﬁhﬁrdhdquﬁu TﬁHunqmﬂnhﬁdnﬁxﬁn&ntauhaﬂa(ﬂwSEﬂhmmthiwas

col | ect g4} a dHd QJ:: W‘Bssél%é""éd‘icfé)' %ﬁwtﬂée@%ﬂ | fithy dkotfuo.  The

dried fi ter T esi ( : ., mp. 730- 1 was pul ve ze wWith a nortar.
and pestaqyl%cﬁ%mqfed ﬁ\f?%ﬁﬁﬁmﬁcﬁﬁﬂ Hdem@edHced  The

ilﬁpernatﬁ%siéuwlgﬂadw& fdd 1iad ergzruuwhqkhﬁﬁn mwamﬁsﬂ(aiq(izfdodot reﬂr ;Japer-d <
e insaolubl e residue th an t her, (ca an
su’peTr-ha Ieltdlﬁ o VS %ﬁr@?vﬁquﬁ’eh‘%%é tﬁ" ?II 1799 e Jltering
propsnyl) ~1H-indole~-2~carboxylic acid, m.p. 148-150° c,
[a]23+°=4133.45 (c=1.11%, EtOH).
Analysis for:  C,.H,.NO, (231.24)

13793 g 149
Calculated: C, 67.52; H, 5.67; N, 6.06
45 Found: C, 67.36; H, 5.71; N, 5.96 L_)

B. The original combined filtrate and washing (aqusoos
methanol solution) were evaporated oarefully on a rotary
evaporator under reduced pressure’ ta ca. 120 ml., then
placed in a refrlgerator overnight. The solid material
20 which separated was collected on a filter, washed with .
cold uatar, and dried in vacuo. The drisd filter residue
. (18.7 g., m.p. 130- 134 %) was. pulverized with a mortar
and pestle, and dlssolved in uarm anhydrous ether
(600 ml.). The suparnatant liquid was filtered through
.25 _a'ooarse-Folded filter paper. The insoluble residue uas
warmed with anhydrous ether (ca. 300 ml.), and supernatant
liquid was combined with the original filtrate filtering
through the same filter paper. This ether extraction was

M,

_ répeated two additional times (ca. 200 ml., and ca. 100 ml.
30 in sach time). The combined ethar extracts were allowed
to set at room témperature ovarnight.- A small amount of
fluffy material that dep031ted was ‘removed by filtration,
and the filtrate was concentrated on a rotary euaporator
to a slurry. The r981doe was chilled, and filtered on a



tH@gugh the sane filter pape.r. This ether extraction was repeated two
additional times (ca. 200 m ., and ca. 100 mi. 30 in each tine). The “~-

conbi ned ether extracts were allowed to set at room tenperature overni g
A smal ;) amount of fluffy material that deposited was renoved by filtrat

and the filtrate was concentrated on a rotary evaporator to a slurry. The
resi due was chilled, and filtered on a - suction filter. The

filt d: th i
AT TN R tQ%C%Pbeﬁpﬁéﬁ 93&% AR WA SR ¢ aci g
(12.3 g., nepheﬁ4ﬂe1ngé3cru&heleZuﬂed;hyﬂhm&1ﬁ@ﬂrmbthxiﬁmxbxurZ% anhydr ous

et her (ca. g pgﬁylbn ﬁ&& Sp.cdibi Ly £ bfepfalirate was
o HELoRebf o Ay (7212 g

concentrate e concent I 'on s’ refiltered, and
the filtrat®Be Mas1€ﬂ+&9§dc thTh%x%h@d%nP¥¢dw?tb@%%n%1%$ lﬁhe m xture

waflst?rgd aﬁhﬁdféeezefh@ye(@aghsnu dbe 19 3PpeEt DoAs) £ ¢fm£aﬁ%mnarated was
collected on

|t washed with co]d her, g I-|soner (10
g.) ‘wth n1%n81£b 14%1E?3 B T%?r?°?%a%t§§ edE%?}ﬁé'Fﬁaékéh R§ication by
recrystalI|aabcentratbﬂesaboﬁbomamhsomegbyeered, and the flltrate
3-di hyd | e-2r rboxylic
aC|d wth n?gs Q£§ Fg ?iand %g?ﬁT—ﬂggfgy% —%éga%éké}ﬁﬁﬁy Angﬁ§S|s ?or
[efr] calcumaréure ua{:Squee intp Bregzer Novernbarbundth C, 67.33;
H- 5. 681?(8 réed 129te that separated uas colle@%@ﬂpﬁﬁ dlrilter,

-(9)-1 3 &be g pﬁogofdn§£ﬂ¥r, 9169350€M 1 isomer (10 g.)"
with m.p. 147-148° C and [@]3°*°=-122.5 (c=0.835, EtOH).
Further purlflcatlnn by recrystalllzatlon in the above';
fashion gave 1-2,3-dihydro-1- (2- methyl 1-0x0=-2-propenyl)-

. 15 1ﬂ71ndole-2 carboxylic acid with m.p. 152- 154 C and

~ [«]2°=135.9 (c=0.935, EtOH).
Analysis for: CyzHq aNO, - : N
Calculated: - C, 67.52; H, 5.67; N, 6.06
Found: C, 67.33; H, 5.68; N, 6.04
20 | o - Examgle 11

1-(8)-1- [(S) 3- (benzoylthlo) 2-methyl 1-oxaopropyl]-2, 3--
dlhydro-1ﬂ indole- 2-carboxy11c_ac1d, dlcyclohexylamlne salt

To a stirred solution of thiobenzoic acid (95% purity;
8.0 g.) in acetone (450 ml.) under nitrogen atmosphere was
25 added 4-dimethylaminopyridine (0.61 g.). The resulting
mixture was stirred for 5 minutes and then l1-2,3-dihydro-
1-(2-methyl-1-ox0-2-propenyl)-1H-indole-2-carboxylic acid
(11.56 g., Example 10B) was added. The resulting mixturse
= "was heated under reflux far 6 hours. Evaporation of the
30 acetones in vacuo gave a resinous residue which was
dissolved -in methylene chloride. The methylene chloride
solution was washed twice with cold 1IN hydrochloric acid,
twice with salime, and dried over anhydrous magnesium

sulphate. Evaporation of methylene chloride solufion on



di hy

sol u of thi-obenzoic acid (95% purity;
unde trogen at nosphere was 25 added

8.0 g-.,) in acetone (450 nl.)

4-di met hyl am nopyridine (0.61 g.)-

0- 1H i ndol e- 2- car boxyl i ¢ aci d, dicyclohéxylén{ne salt To a stirred s/

The resulting mxture was stirred for 5 mnutes and then 1-2,3-di hydro~_/s -

1- (2- et hyl

Exanpl e 10B) was added. The resul =i 4§ m xture was heated under

R TGP odyd o O

okgsbiie was dHissekeediim @ah ne,

hour s V. | t
was dlsggfgg%§$ngua€%.%gﬁgqgﬁ 6§|

washed ?%ﬁk%“%ﬁt%aﬁﬁﬁﬂakﬁlhDQﬁ

- 1- oxo- 2- propenyl ) - 1H-i ndol e- 2- car boxylic acid (11.56 g.,

reflux for

ous resi due which
2001 uti on was

and dried

over andyelt onist FEDS 6250 Bl phade. th&vmﬂdromég dFRiidgng, chloride

sol utio

foany rg%é)gou%l%?

Ry LR 8 o e

[ uced pressure gave a
%osd]rwjdf A tDnitrile (250

m . )5armbl@amtm1trn]:mssmtim with cegitdiigre) c&red(ylilﬁn ne (9.2 g.) was

.added st ouh vt {8 thlex Bur

resulting m xture was

& Uk JAPLLIUG 14, r#ale f%il#son

agitation, and the
I’\gf(.ﬁ%l tate was coll ected

on a fif %’i‘lp’a?ﬂit%véﬁ%oF%HF%t%ﬁ rf-"fJetSJ’t |m washed with et hanol

o Oyl 12t T T e ot e A elegtyrthyl L ovo. 10
(1776 G0 shg L2008 209 5 (o) (R e e e iy it med. . andl

set1m3|mt-9mdr -t%d-ailfufﬂmf-‘t:ﬂ-(ﬂ)dcﬂle[-(ﬂea&t(d)wiawletdmd),) 2- et hyl -

1- OXODVdMB’)JdIcﬂ'té%cﬁéWq{éj

salt. ecrystallization
) (R

Oﬂpﬁﬂ'@re?

)9” |1r9§c1|9cbo 3;5) di cycl ohexyl am ne

lltrate and washings were comblned, and set aside

for lsolétion_of d-(s)-1-[(R)-3-(benzoylthic}2-methyl-
1-oxopropyl]-2,3-dihydro-1ﬂ¢indole-2-carboxylic acid,

15 dicyclohexylamine salt.)

Recrystallization of the cruds
product from ethanol improved the m.p. to. 219-221 °c
(yield, 12.13 g.), [a]23_ -69.16 (c=1.035%, EtOH).

The

sample which melted at 222- 224 shnued [a]22 5-76 6

(c=1.135%, EtOH).

20 Analysis for: C20H19N04S C12H23N
Calculated: C, 69.78; H, 7.69;
Found: C, 69.53; H, 7.73;

ExamEle ‘12

N, 5.09
N’ 5014

d-(5)=1- [(R) 3-(benzuylth10) 2- mathyl 1-oxopropyl]-2,3-

25
-.'salt

d1hydro-1H-lndole-z-carboxyllc acld, dicyclohexylamine

A mixture of l 2 3-d1hydro-1 (2-methyl 1-0x0- 2-
_propenyl) 1H 1ndole-2-carboxy11c acld (5.78 g. of Example

108), thicbenzoic acid (95% purity, 5 g.) and msthylene
chloride (70 ml.) uas :efluxed under nitrogen atmosphere

30

for 8.5 hours, then evaporated on a rotary svaporator

under reduced pressure to give a resinous residue.

The

residue was dissolved in acetonitriie-(SU ml.) and

ca. 5.0 g. of dicyclohexylamins was added dropuwise to

6

=



pnoduct from et hanol "t nproved t he mp. to 219-221 C (yield, 12.13
g.),[err]=-69.16 (c 1.035% EtOH). The sanple which nelted at 222-224 .
-showed . -~ .© 766 (c=1. 135% EtOH). 20 Analysis for: [err] Calculat _
C 6 8; H 7. 69 "N, 5.-09 Found: C, 69.53; H 7.73 N, 5.
Exanp e 12 d-(S)-1-[ (R -3-(benzoyl thio)--2-net hyl - 1-oxopropyl ]-2,3- 25
di"hydro- 1H i ndol e- 2- car boxyl i ¢ aci d, -d4eycl ohexyt am ne salt A nlxture of
-1-2, 3-di hydro- 1| - (2- nethyl-l-oxo 2--propenyl’) - 1H i ndol e- 2- car boxyl i ¢ aci d

- (5.78 g: oth&xacpteni®silet hobbtiani (phcoll £96%mpxkuty, wds g=§ &8 net hyl ene

30 chlor |- dgy60¢ Blebavgy EGLLEXgﬁ' HEgeE) 1! LRGSR SLIPERISh Bl 0fe 8. 5 hours,

thén evaporate evapor a reduced prgssure to glve a
Tesi-nous r§58d96111$ﬁe1ﬂe§|HaélQEBaHPESGPVeE Pnheeesoni tThee (50 M .) and .

ca’ 5.0 g. eécﬂ Qfstehﬁéxlaalmecﬂaa addgdr 1 p@wj Sendéiothe #Hlted he
acetonltrl g utlon en tested by

a wet p¥i pﬁBéF ue YR8 P gh??lHbgﬂ1§Fﬁggnl€g§l§hl?+%hn9n°59?%f|gerator f or
1.5 hours. 1- (ﬁhe1p(e&»pb(ahazmﬁxtbmbbeztmdtbmla1#okugrapwhb—!h&-f|Iter 5.

TS (21hIaREd L BB 2”&5%#?%9%9?8?Ff%%"““ylam"e

-di hydr o- | Heeh#oke- QBCEKQUR&B|&156|dThH|G9@ éhedy it Retes®fdas in Exanpl e

iﬁé chTPF a8hiRgd Lbkb" pL8caRdinaahhBEd ¥EbenRbRAE§dahd ShipREdOVer Ni ght,

' 10, 1n lCE. ‘The prec1p1tate that separated uas removed by
_Flltratlon, -and: the mother llquor was treated ‘with an
'addltlunal amount of dlcyclohexylamlne until the pH of
the solutlon;reached 8. .The resulting solution was _
concentrated by alinuing tq svaporate in a hood overnight,

'?X;/15_ Phen'chillaﬂ-in-ice. ‘The precipitate that separated uas
.~ _collected on a filter ‘and washed with acetonitrile,
. :giVan crudeed (s)- [(R) .3- (benzoylthio)-2- methyl-1-oxo-
-."ipropyl] 2,3~ dlhydru-1H ~-indole-2-carboxylic ac1d,
 d1cyclohexylam1ne 'salt (7.39 g., m.p. 127-130 9.
2g . Purification by recrystalllzatlon from acetonitrile
improved the m.p. 132-134°, [«]22+52426.00 ' (e=1.04%, E£OH).
“Analys1s For._ C20H19ND s. C12H23N _
" Calculated: . C, 69.78; H, 7.69; N,.S.DQ

Found: - . €, 69,83; H, 7.64; N, 5.01

| 25 P ' ExamEla 13
- *d (R) 1 [(R) 3- (benzoylthlo) 2-methyl-1- oxopropyl] 2,3-
. d1hydro-1H 1ndole 2- carboxyllc ac1d, dlcyclohexylamlne
salt '

<~ " A mixture.of d-2,3-dihydro-1-(2-methyl-1- oxo-2-
"' & propenyl)- 1H-1ndole-2-carboxyllc acid (2.31g .,
?i*jExample 10A) thiobenzoic acid (95% purity, 1.60 g. )y
= ':and methylene chloride (50 ml.) was heated under reflux
' lFor 6 hours; ther. evapcrated on a rotary evaporatur unde

reduced pressure to give a resinous materlal. Ths



10 inice. The precipitate that separated was renﬁved”by filtration, anw’
the nother |iquor was treated with an additional anpunt of

digycl ohexyl ami ne until the pH of the solution reached8. ..The resulting
%ééution was concentrated by allowing to evaporate in a hood overni ghty_A5-
t\eén chilled in ice. The precipitate that separated was collected on a
filter and washed wth acetonitr4|47 4giving crude

d-(S)-[(R'-3-(benzoyl thio)-2-nethyl-1-oxo-
propyI;eS;Eudlhydrdasbhlnddlen2acatboxyb1teaand cuztyeuoheiybanlne salt

(7.39 Ecld"bglu%Eanégc treggedpgétﬁ ggt err?y ég é%é%éléhég% on from

acetonitrile 1 nprove Et OH) .
Anal ysp@ipgruntid, pH €§IEUPaPéﬁ UreCPEGQW?SaPPFPX¥m3§9 YN8:8.09 Found:

C, 69.8%Be rbbuitﬁﬂg mbktﬁrgluas cB®lled in ice for 1.5 hours, &£xanple 13
thio

d|h§dr8nE HﬁSﬁépé 5 bBﬁ?lFelgEFggddPegéfgﬁggéfaﬂ?ﬂe”@ﬁb?dA m xture of
-d- 2, 3- dnhydacetQOJBrmﬁehy91U1ogoezud80d§(Bbemy[IRl#B-(hdntplﬁhtabboxyl|c

d (2 h %% 0 d .
ot hyfeﬁﬁﬂ’!ﬁi’zﬂméﬁrﬁf’%\” o2 509?223*8 3 Enadlololbbtbibaydef) 60 and -
evaporﬂ?éﬂ’oﬁlﬁyPéP P§Y69ﬂb6PaF6; defd rﬁduc@dppr§§§n?@ tdsgive a resinous

nateri §fhe FhEtrate 4rd- uaeakdgg weseditombined, lﬂnaCééﬂnééidbe and chilled.»
e Hhe b AP R R S TRIZAN KE) EB, bty EhnEh2ELRBERYL: omne untiT
'1—cxcprcpy1]-2 3= dlhydrc-1H-1ndole-2-carbcxy11c acld,
dlcyclohexylamlne salt.) Recrystalllzatlon of the crude
product from ethanol improved the m.p. to 219-221
(yleld 1.4 g.). Another recrystalllzatlcn from ethanol
45 gave an analytlcal sample, m.p. 222- 224°, [a]25 5.470.59 <

(c=0. 975%, EtUH)
Analysis for: conquoas C12H23N
Calculated:  C, 69.78; H, 7.69; N, 5.09

Found: C, 69.52; H, 7.64; N, 5.09

20 ' | Examgla 14 | -
1-(R)-1- [(S) 3-(benzcylth10) 2-methyl-1 -oxopropyl] 2,3~ ..
dlhydro-1H-1ndcle-2-carbcxyllc acid, dicyclohexylamine salt

After the ccmblned acetcnltrile Flltrate and uashlngs

frcm Example 13 were alloued tc set at room temperature
25 for several days, the prsclpltate that separated uas

collected on a filter and was uashed with acetonltrlle,

giving -¢rude 1-(R)-1-[(5)~- 3-(benzcylthlc) 2-methyl-1- :

oxcpropyl] 2,3= dihydro=-1H- 1ndcle-2-carboxy11c acld,'

dlcyclohexylamlne salt {0.94 g., m.p. 131~ 133°). -
30 _ Recrystalllzatlon from acetcnltrlle, then from ethyl

acetate improved the m.p. to 133—135 [a]24 -5, -20 18

(c=1. 02%, EtUH) | |



* 3 3 %
Therresulting mixture'was chilled inice for 1.5 hours, 5 and a precipitate
was col lected on a filter and washed with acetonitrile; giving crude
d(R) 1-[ (R - 3(benzy|th|o) @
- 2-mgt hyl - 1- oxopr opyl ] - 2, 3-di hydr o- 1Hi ndol e- 2- carboxylrc acid, .
di cycl ohexyl am ne sal't (2 65 g., mp. 201-[err]). (The f||trate and
washi ngs were conbi ned, and set aside %8 -for isolation of
1-(R-1-[(S)-3- (benzoylthlo) 2- et hyl - _ _ .
1- oxopr Opylﬂnelyas:is h§atr 0- 165 ? hh oG, D- cd-'r%'\' c. acid, dicyclohexyl anine
salt.) Recry jf dgggion o,f g@ udmﬁr-pogg.t fh[ong qjg1anol [ mproved the
err

m p. to 219 yield 1. Anot cry ?é\izatron fromethanol is
gave an anaf?@“@hl sanple n1 %@2- o, 7 7 (c=0.975% EtOH)

Anal ysis for: [err] Calculated - C 69 78 H 7.69; N, 5.09 Found:

C, 69.52; H 7.64; N,. 5.09 20 ' Exampl e 14

1- (R -1- [(S) 3-(benzoyl t hi 0) - 2- nethyl-l-oxopropyl] 2, 3-

di hydro- 1H i ndol e- 2- car boxyli ¢ aci dE xadgkgg]@hexylanrne salt After the

conbi ned aCft n%tﬁlt?sg gt(g% 9tM?§? %ayeéﬁ L RGP Lodyl Y 3.2l [ owed to

set at roonFtenpera evera s, the precipitate that
separ at ed mﬂshtérpe&ﬂeénéﬁla??TF?EFOéhHlﬁaéchﬁshed with acetonitrile,

Seopr ooy -5, 5. P RYRRBRT LT ka0r b= DY B0 BLRPT ECRLEALO by 2YRPEMES 2 ne sal ¢
(0.94 g., nbRro-p3dp}B3)2,30dihydroRel+ystialbi2atanbokybicageidnitrile, then

[romethy! 858} 8} SnbRyiaHTHa  BELERP2. 600 F3uddSankRbR] vigrodblyd (o=1. 02%

10 with a mixture of 5% aqueous potassium hydrogensulphate
(50 ml.) and ethyl acetate (45 ml.) in a separatory
funnel, and the ethyl acetate layer was separated. The

\_  aqueous layer was extracted two additional times with
ethyl acetate (20 ml. and 10 ml.) The combined ethyl

15 acetate extracts were washed with water, then with
saline, and dried over anhydrous sndlum sulphate.
Evaporatlon of the solvent on a rotary evaparator under
reduced pressurs gave an oily residue which solldlfled
-on standlng. Recrystalllzatlon from ether and hexanes

o0 gave 1-(S)-1- [(S)-3-(benzoylthic)-2-methyl- -1-oxopropyl]- "
2,3-dihydro-1H-indole-2-carboxylic acid, (1.25 g. )

m.p. 144-146°, [a]zs- -183.6 (c 1.07%, EtUH) [* of Example

11]. |
Analysis_for: CZDH19NU4S
25 Calculated: = C, 65.02; H, 5.18; _N, 3.79
Found: c, 65.03; H, 5.39; N, 3.78
= ' | Examgle 16

d-(s)=1-[(R)-3- (benzoylthio)=-2-methyl-1- oxopropyl] 2,3- .
dlhydro—1H-1ndole-2 carboxyllc acid :

-

20 The title compound was obtained in resinous form from
the corrssponding dicyclohexylamine saltlof Example 12



- 48 -
7.69;

Analysis for: C20HIONO4 . Cl2 23 Calculated: ° C, 69.78;

N, 5.09 Found: C 69 96; H 7.63; N, 5.02 Exanpl

| -(S)-1-[(S)-3-(benzoyl t hio)-2-net hyl -1-oxopropyl]-2, 3-

S)-1-[(S)-3-(benzoyl thio)-2-nethyl -

éiiydro 1H i ndol e- 2-car boxylic acid Pomdered

e 15 5

e

H o~

propyl]-2, 3-di hydro- 1H i ndol-e- Qgcar boxyl I c aci d di cycl ohexyl am ne
salt*(Z(Jéi) was shaken V|gorously 10 _with a mxture of 5% aqueous

pot assi{#m

m.) T

mbih e

\&iro fon dih g Herae tmsm trju it by fF @qupouscaof@esid ni ) in a
separ atr@rdbd‘g@ﬂ@;%fﬂﬁd fsaale_tﬁndn eg:aetcﬁgs%ﬂlw WAE EpAleatiel. The aqueous
| ayer \k/@ 28 act

and 10

d|t| S with ethyl acetate (20 m.
2&%\KINO(':’I'S ’atEé" Jﬁeracts were washed with water, then
W th sdnaﬁysxaufmhned: drous sodi um sul phate. Evaporation of t he

sol gemcﬁ%dﬂ’faft%tcfa‘ry e;t?r ﬁsﬁ]‘tﬂ uq.pler a,‘eqil Zg\gl (F)%:] ure gave an oily residue

whi ch so

-gave 1

on s

’Recr’yst
Foonde [ () - 3- (tFeand‘y'%tchl os2 Sreiliy | No- Bedr opyl | -

, 3-di hydr o- 1Hi ndol e- 2-carboxylic acid, (1.25 g.), mp. 144-146,

-183 6

Exanmple 16 d-(S)-1-[(R)-3-(benZxampiieg)t?- et hyl -1 - oxopropyl] -2, 3-

rom et her and hexanes 20

[err] =

(c=1.07% EtOH). [* of Exanple Analy5|s for: [err] 25 Calcul ated:
C, 65.02; H 5.18; N, 3.79 Found: C, 65'.03; H, 5.39;

N, 3.78

gi)[]g?;\gd]qﬁr? Eg@%?%ﬁ%ﬂy&%rﬁﬁdgdggﬁeg} Y T%Q&E c;‘/’?l hex’%ggn \rllvgssal t of

Exanp|@;hydro-1H-1ndole 2-carbuxy11c aci

10

15

20-

. The tltle compound (G 38 g. ) uas obtained from the
corresponding dicyclohexylamine salt of Example 13
(0.7 g.) by the treatment with 5% aqueous potassium
hydrogen sulphate'snlutlon'as described in Example 15,
m.p. 143-145%,[a]2%°5= +179.33 (c=1.04%, EtoH).
Anzlysis for: CZD 19N0,45
Calculated: ~ C, 65.02; H, 5.18; N, 3.79
Found: ~ C, 64.92; H, 5.32; N, 3.79

_ EXaﬁEle 18 :
1-(R)-1-[(8)~3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dlhydro-1H-lndnle-z-carboxyllc acld

The . tltle ‘compound uas obtalned from the corresponding

dicyclnhexylamlne salt of Example 14 by the treatment

25

with 5% aqueous” pota331um ‘hydrogen sulphata solutlon as:
descrlbed in Example 15. '

Example 19

g,;r14[3-(Acétylthid)-2-methy161~bxoprop91]42,S-dihydro-

1ﬁginduLe-2-qarboxylic_acid, dicyclohexylamine.salt

A. A mixture of 2,3-dihydro-1-(2-methyl-1-oxopropenyl)-
1H-indole-2-carboxylic acid (6.94 g.), thioacetic acid

&



sul phate solution as described in Exanple 15 [err]= +65.29 (c=1. 145%
EtOH). Analysis for: [err] 5 Calcul ated: C, 65.02; H 5.18; N, 3.
Found_, C, 64.90; H, 5.30; N, 3.51 Exanple 17

d-(R-1-[ (R -3-(benzoyl t hi o) - 2- et hyl - 1- oxopr opyl ] - 2, 3-

di hydr o- 1H i ndol e- 2-carboxylic acid 10- 50 - The title conpound (0.38 g.)
was obt ai ned from the correspondi ng di cycl Qghexyl ne sal anple 13
(0.7 g.) byd(tgr%i)twah%nt S (G a%agméfﬁﬁ' 3&P§s§%g1ﬁfﬁ98r cSSEn"‘%m phat e

sol uti on as uies Hedtal iunderanmefuld fon (5. S14durer,r thepeevhporsted33

c= 1 04% f ,
g‘) q %Dﬁ:ou (f#aé\ya%&at%r é‘ﬁf ]reﬁﬁl %lﬁl g:tr%‘gﬁure @9 8Exarrpl e 18
I-(R) 1- [(S)n@:(mmanﬂuw 2 Tha rBEsidus sasosiiisiecived ig. aceto-
?'hhydro']d""rfm e2d F@riw 'éi-noﬁ(‘dlﬁl'ﬁfali:lt tiirf |1Q:é3.0”mml\mx(9ma?uh©? fr?m

e corres c ohe e sa reat nen
Wit h: 5% aqgeCﬁPs 8% rﬁ%‘lﬁ&g‘ 1&@ E’g\%ﬁ"ﬁﬁ’l%%@g& |r5'3'8 in
Exanpl e 15. é&iutlon untll pH of the solutﬂbnmqﬂaahhﬁ about 8. The .

.d, F-1-[3-(Ac I

1H-| ndE)I e( 2- Igéagr/ oXY! #C acl agyd"a(]:syg&qﬁ{ exy zﬁm ﬁse&sgwﬁoq‘ tRmr%eral}ruereof

2,s3- di hydr o- ﬂcu(zzmwmrltmpwrbrﬁemamgemtqmoﬂ@ztmwm c acid (6.94
9:), thigpceligcasithte was collected on a filter and washed with '

acetonitrile 4 times. (The filtrate .and uashlngs wers

-iég_- (2.5 g.) by thé tréafnent'mdth 5% aqueous pot assi um hydr ogen _an
7

comblned, and stored for lsnlatlon of the diastereoisomer
of the product which prec1p1tated first. ) -Several
recrystalllzatlcns of the residue from ethanol_gave

15 d,1-1-[3-(acetylthio)-2-methyl-1-oxopropyl]-2,3-dihydro-
1H-indole- 2-carboxyllc acld, dlcyclohexylamlne salt
(2.65 g.) with m.p. 218-220°.
"Analysis for: C,-H,,NC,S . C H, N

- 15M177"4 1223
Calculated:  C, 66.365 H 8.25; N, 5.73
2g Found: c, 66.60; H, 8.08; N, 5.62

B. The combined acetonitrile filtrate and washings werse
concentrated to ca. 30 ml., then allowed to set at Toom
- temperature for several days. The precipitate that

separated was collected on a filter, and recrystalllzed

25 from sthanol several times, giving d,1-1- [3-(acstylthio)-
2- methyl 1= oxopropyl] 2,3=dihydro-1H-indole-2-carboxylic
acid, dicyclohexylamine salt (1.66 g.) with m.p. 201- 203°.
The latter product is the diastereoisomer of the product
which isalated first and melted at 218-220°

. 30 Analysis for: C15H17N04S . C12H23N

i Calculated: c, 66.36; H, B.25; N, 5.73

Founds C, 66.41; H, B.41; N, 5.66



- 50 - (95% purity, 3.9 g.), and nethyl ene chloridek(905n1.) was heated ™
‘under reflux for 5.5 hours, then evaporated on a rotary evaporator under
reduced pressure to give a resinous residue. The residue was dissol ved -n

to- 5 nitrile (70 mM.) and chilled in ice. Dicyclohexylanine (ca.\&
g. ﬁi?as added dropwi se to the cold acetonitrile solution until pH of the
soNuti on reached about 8. The resuftﬁhg m xture was allowed to set at room
tenperature for 2 hours, then in_a reilgerator for 1 hour. A 10
precipitate was collected on a f Bwashed with acetonitrile 4 times.
gThe fiIH;at&-[angéwﬁshlﬂQSowezagéﬁﬁvln$duxﬁﬂﬂo§gbgeﬁ,BogihﬁofﬁtiFn of the

| ast ereQ|,s t he_product k precipitate I rst. Sever a
ke 3HBpy g2 PEPRRRYLEE MRG0 -

recrystal romethanol gave 15

d, I-1-[3 (acew%yei,,ﬁ),f oFEalALaL X eeeyiiﬁgz,?-ﬁ' mx?ﬁ%g- it mp.

IH-|ndoIe 2-car I.C aci am ne’ sal
218- 220. °¢ﬂargevé farz-ﬁéhyfrqan u+a#eh--2-c€?b36¥ésc appds 25 N, 5.73 20

Found: dig cloﬁéxﬁﬁaﬁﬂne k18 PBom Bkampb3 B9 U1Hhea0ﬁ ined acetonitrile
en allowed to set

f||trate ng wer epL,rated to.ca, . .
roon1?gﬁp@ §8r g v@fﬁﬁ gg aquesyg B?B%?ﬁf?ﬂt@y?ﬁﬁgegeparated was .
coIIectedubphatélbbkutlandasedegsrabbdzed Qﬁamﬁlenﬂétaaﬂordséveral tines,

giving dg 1t£§1é38§?¥é£§802% 6,:) phich melted at 125-126° -

2- nethyl --0X0pr o e-o-carb oxy Ic acid,
d.cymnohék9|aﬁ¢ﬁéc awaS(aussfg99 RYtﬁ9ﬁ¥b3tﬂblléﬁgl°qﬁef¥emter product is

the dlaSEEE?QIEQQEéthahBehékQHQQt
Analysis for: 015H NG, 5 _
Calculated: c, 58.61; H, 5.58; N, 4.56
Found: C, 58.39; H, 5.59; N, 4.51

15 | Example 21
d l 1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2, 3-dihydro-

1H~-indole-2-~ carbcxyllc acld, the racemic diastersoisomer
oF Example 20 - '

The title compuund was obtalned from d, l 1-[3-
2g (acetylthio)-2-methyl- 1-oxupropyl] 2,3-dihydro-1H-indole-
2-carboxylic a01d, dicyclohexylamine salt from Example 19
u1th m.p. 201~ 203 by the treatment with 5% agueous
,pota531gm hyd:ogen sulphate solution as described.in
Example 15. The product, purified by reqrystallization
o5 from ether and hexans, melted at 94.5-96°.
Analysis for: C15H17N048 _ _ _
 Calculateds: . C, 58.61; . H, 5.58; N, 4,56 _ _ _ .
Found: ~ C, 58.93; H, 5.66; N, 4.37



mhggh I solated first and nelted *at '218-220. 30 Anal ysis for: [err]

Cal cul at ed: C, 66.36; H, 8.25; N, 5.73 Found: C, 66.41; H, p
8.41; N, 5.66 -51 - Exanple 20

d,|-{-[3-(acetylthio)-2-nethyl-1- oxopropyl] 2, 3-di hydr o-

1H-i ndol e- 2-carboxylic acid Treatnent of d, |-1- [ 3- (acetyl t hio)-2- nethyl-l-
.5 oxopropyl]-2, 3-di hydro- 1FL|ndoIe 2- cgiboxyllc aci d, dicycl ohexyl am ne
salt fron1Exaane 19 with a mp. 218-T (1.93 g.) Wi th 5% aqueous

pot assi um hydr ogen sul phate squthmExzngchZbed in Exanpl e 15 afforded

it ed® CO@P@LW& &f@-g-r)lem om e#rﬁéj? aceta I‘YC}]Jh a-gleﬂ /&%g}ic;t ot

purified by recrysta |zat|ons exane. yS|s for:
[err] Cal cul 88®eF C, 58.61; H, 5.58; N, 4. 56 Found: C, 58.39;
H 5.59;, N™Z 5T 15
| -1-[ 3- (Acet yI t hi ) EBTGR PRk 1313&305?%;35&'1"% %ﬂ%ﬁmoﬁloask ‘Squipped '
1H i ndol & 2- nﬂttboa(ymwhmmlaltmfmmmwawﬁﬁﬁmmranﬁ &gawpl e 20 The
titl-e conpou d
(acetyl thio)- "9+)é %J%§o%$%%f "E‘é-' d&hu o~ 1'1—t| I:’dgoql"“"az etﬂaﬁ'o")gyl iC
acid, di cyclmm e bala d:nom@wmﬂ’@orl@ batth. mOry Zod2a@erby t he
treat ment widm SR6d6IUSHISuPP ASSd NR NV O8I Sttt TPl BitHdUrAs descri bed
i Exanple H§ The £rodu t ﬁurlfled q¥ recr stal l'ization
ifty grams of S- ethoxyindole~-2-carboxylic acid ethyl
10 ester (B. Heath-Brown and P.G. Philpott; J. Chem. Soc.
1965, 7185) followed by 100 g. of tin metal (30 mesh)
were added to the sclution with stirring. With the dry
ice bath in place, but with no additional cooling the
reaction mixture was stirred gently for 6 hours. The
o 15 crystalllne SOlld that separated was removed by
filtration. The mother liquor was evaporated under
reduced pressuraitq give an oil. The oil dissnlved_ih
500 ml. of absolute ethanol, was placed in a 3-litre
round bottom flask equipped with a stirrer and
20 ‘thermometer, and chilled to 10°. Gaseous ammonia was
bubbled into the mixturs until the pH was 9 (by wet pH
paper) and the mixture was allowed to stand at 10° for
one hour. The white precipitate was filtered and the
filtrate was svaporated on a rotary eyaporatqr to drynsss.
25 The initial white pﬁbc}pitate and the reéidue.?rom the
evaporation were combined and triturated repeatedly with
warm ether. The combined ether triturates were washsd

with a sodium chloride sﬁlution (a water: saturated salt
3 solution, 1:1) with vigorous shaking; wherseupon most
30 of the basic tin salts were suspended and separated in

i

the aqueoﬁa phase. quh phases were filtered through
Celite and separated, The ether solution was dried over
magnesium sulphate and evaporéted under reduced pressurse
on the rotary evaporator. The oily residue was dried

35 inp vacuo to give 22 g. of d,1-2,3-dihydro-5-methoxy-1H-
indole-2-carboxylic acid éthyl ester.



-

@%ﬁ fromether and hexane, nelted at 94.5-96."Ana|y§is for: [err] N/
| cul at ed: C, 58.61;, H . 5.58;, N, 4.56 Found: C, 58.93;, H
5.66; N, 4.37 - 52 - Exanple 22 I
2, 3- Di hydr o- 5- met hoxy- | Hi ndol e- 2-carboxylic acid ethyl ester A three rnetk
3-litre round bottomflask equipped 5 wth a nechanical stirrer, water
condenser, and a gas inlet tube _wag charged with 500 ml. of absolute
et hanol and chilled in a dry ice-acetone bath. 'Dry hydrogen chloride gas

was addefhifisis iy d rga)sgy 0 5 hours. Fifty grans.of

5-nmeth i ndol.e- 2-car et hy, (B. Heath-Brown and P.G
Phllpo'?:>t(a}/l dlad"r?ecfn go fjb% ’71 )4]cdz|’ovxé“d ﬁle‘;ﬁ) of tin nmetal (30
mesh) erundzdded to tH?a s‘(ﬂlitu_,onH/yltﬁh-ﬁ,l ri,n@3F t h the dry ice bath in
pl ace, but with no additional cooling the reaction mxture was stirred
gently for 6 hours. The 15 cystalline solid that separated was renoved by
filtration. .The nother li-quor was evaporated under reduced pressure to

‘give an oil. The oiI dlssolvedlgkéﬁgggﬂzgof absol ute et hanol, was pl aced
|na3r#m:;éroero ottg_'mfl UI W|th Stirrer and020 .
t herto : T T arﬂﬁn"n was bubbled into the
n1xtunmnnnaﬂyh}ﬁﬂﬂﬁinMnia}Z+gannnxxﬂiqxgn¥@ ety lt lestrExt ure was al | owed to

stand at—ferri—for ered and the =
By substltutlng 2 3 ~dihydro-5-methoxy-1H-indole-2- )

carboxylic acid sthyl ester for 2, S-q;hydro -indole-2-

carboxylic acid sthyl ester in the procedure of Example 1.
10 2,S-dihydro-SAmethoxy¥1-(2-methyl-1foxo-2-propenyl)-1ﬂr

indole-2-carboxylic acid ethyl ester was obtained as a

thick oil. -
Analysis for: C,H,gNO, ~ -~ =~ | \
Calculated: . C, 66.42; H, 6.62; N, 4.84 '

15 Found: C, 66.25;  H, 6.65; N, 4.70.

' Examgle 24
2, 3~ Dlhydro-s-methoxy-1 (2-methyl=- 1-oxo-2-propenyl) 1H~-
'1ndole-2-carboxy11c acld '

To a solution®of 2,3~ dlhydro S-methoxy 1- (2-methyl-
20 1-0x0-2- propenyl) 1H=- 1ndole-2-carboxy11c acid ethyl aster
| from Example 23 (B 5 g.) in 45 ml. of reagent-grade
methanol uas added a solutlon of 1.32 g. of sodlum .
hydroxide (98% purlty) in 16 ml. dlstllled uater u1th
hand swirling. This’ reactlon mlxture was stlrred at
25 room temperature for 2 hours. With vigorous mechanlcal
stirring, ths reaction so¢ut10n was poursd into brlne
and the slightly turbldimass_uas acidified with
concentrated hydrochloric acid. The resulting mixture
was stirred, chilled in an i¢é4mater"salt béth For'dne
30 hour and the sollds ‘were collected on a 31ntered glass
funnel and washed twice u1th cold uater, to glve 2,3-
d1hydro~5-methoxy-1 (2-methyl 1-ox0-2-propenyl)-1H-



fi Mrate was evaporateéd on a rotéry evaporator to dryness. 25 The initial L
white precipitate and the residue fromthe evaporati on were conbi ned, and ~
triturated repeatedly with warm ether. The conbined ether triturates were éég&
washed_wi th a sodi umchloride solution (a water: saturated salt sol ution,

1:1) with vigorous shaki ng; whereupon nost 30 of the basic tin salts were
suspended and separated in the aqueougs4phase. Both phases were filtered -

t hrough Celite and separated. The eth solution was dried gver magnesi um

r
sul phat e and:d@bRr 4t e2rRewekie @Rk%dfbf%%we P ¢ KO8k ) -evapor at or .
The oi |y respéliey$OSLIL3£€L S5, f oy sty Qdb bt Ambrdfed the = .
d,I-2,3-d|hydro-5-ne{?§xih%¢£ I ndol e- 2-carboxylic acid ethyl ester. - 53
- Analysis f%TP[é??] ) at ed: C, 65.14; H 6.83; N, 6.33 Found:

C, 64.70; Hnélysis fNorso. %{Rﬁﬂﬂf 23 5 ' ) :

2, 3-Di hyds o-6; 1-(2- - OX0- op lg - I ndol e-.2- car boxylic
acid eth e‘g?%?&%?%%bst i tut |é1né;§é"3 nghisd'r'f)g-"s- x‘{h%'xgyd-'l_ H-i ndol e- 2-

car boxyl i c at¥n@st hyl esterCf B#38%s dithyd® ol8ndd¥e-2-22 car boxyl i c acid

ethyl ester in the procedure of Exanple 1. 10 :

-2, 3-di hydr o- 5- net hoxy- 1- ( 2- et hyl - 1- oxo- 2- propenyl ) -1 H i ndol e- 2- car boxylic
acid ethyl ester was obtained as a thick oil. Analysis for: CL6HL9NO4
CaFcul at ed: C, 66.42; H 6.62; NxampBdl 25 Found: ' C, 66.25;
H 6.65; N’1ﬁfgp(Bsnzoylthio)-2-methyl-1-oxopropyl]-5-methoxy-2,3—

dihydro-1H-indole-z-carboxylic.acid;'dicyclnhexylamine salt

10 | 2,S;Dihydro-s-methuxya1-(2-methyl-1-oXo-Zepropenyl)-
1H-indole-2-carboxylic acid from Example 24 (2.61 g.) was
added to a stirring mixture of 4-dimethylaminopyridine

U (0.122 g.), thiobenzoic scid (95% purity, 1.6 g.), and
acetone (70 ml.) under a nitrogen atmosphers. The

15 reaction mixture was heated at reflux for B hours and
then chilled in a freezer. The precipitate was removed
by filtration. The filtrate was evaporated on a roﬁary
evaporator under reduced pressure to give a resinous '
material. The residue was dissolved in methylens chloride,

20 and the methylene chloride solution was washed twice with
1N cold hydrochloric acid, then twice with saline, and
dried over anhYdrous sodium sulphate. Evaporation af the
methylene chloride solution on a rotary svaporator under
reduced pressure gave a resinous material which was .

25 dissolved in acetonitrils. Dicyclohsxylamine was added
dropwise to the chilled acetonitrile solution until the

S pH of the solution reached to approximately 8. The
resulting mixture was chilled in ice, and a precipitate.
~ was collected on a Filter, and washed with acetonitils.

30 Recrystallization of the filter residue from ethanol
gave 1-[3-(benzoylthic)-z-methyl-1-oxopropyi]-S-methoxy-
2,3=-dihydro-1H-indole-2-carboxylic acid, dicyclohexyl-
amine salt (0.9 g.) which melted at 204-206°.



Exanpl

2, 3-di
1- oxo-

(8.5 g.

g. of
swrli
hour s.
into b
hydr oc

i ce-waferngal t-bath- f65 68e280

sinter
di hydr

i ndol e-

-ethyl

EU|?tfg (E§”E;£§4P§§% 2Fhe§h;?A1 Qkoérggyf?ygdmethoxy-z SC 63. 89;

1 [3-(

e 24 2, 3-Di hydr o- 5- met hoxy- 1- ( 2- met hyl -'1- oxo- 2- propenyl ) - 1H
I ndol e-

2-carboxylic acid To a sol ution of
hydr o- 5- met'hoxy- 1- (2- et hyl - 20

2- propenyl ) -1H i ndol e- 2-carboxylic acid ethyl ester from Exanpl ea23
) in 45 m . of reagent-grade nethanol was added a solution of 1.32
sodi um hydr oxi de (98@bpurit&%%in 16 m. distilled water with hand
errajatZS roomtenperature for 2
AnwlyblslgoroungE E?N0g3| sC;é % the reaction solution was poured -
; b

ng. This reaction m xture

ELIg.3Rgehne S| FONLEY ok by

orrc acrd é rest flnﬁ
ou

maﬁ agl bfled with concentrated
te WaAs & |rred chilled in an
¥-838 tMe 40PPds were collected on a

ed-glass funnel and washed twi ce with cold water, to give 2, 3-

0- 5- met hoxy- 1- ( 2- net hyl - 1- oxo- 2- propenyl ) - 1H - 54 -
2-carboxylic acid (7.32 g., mp. 108-111). Recrystallization from-
acetate inproved the m pExampl1452618.. Analysis for: . [err] 5

Behzdyptmﬂo;ngohEtaycaxngmb;gpyc}d5 met hoxy- 2, 3-°

dlhydrU'TH-lnuole =TarpboxytT T act o, —uiTycrorexytram e sart 10

2,3-Di hydro BeniﬁﬁéﬁycngQUHEtH9F ATERATOD pf BRBNHNG - CPFFPFol e- 2- car boxyl i ¢

aC|d f

10

b@ﬁHEﬁQnBLEyaﬂobaxﬁlaﬂlheWﬁﬁlt obtained in Example 25
(m.p. 204-206°) by treatment with. 5% aqueous potassmum
hydrogen sulphate solution as described in Example 15.

Example 27
2,3=- Dlhydrn-1 (S-mercapto 2-msthyl 1-oxopropyl)-5-methoxy-~

1H-1ndole 2- carboxyllc ac1d

19

20

25

_ Tha tltle compound was prepared from 1-[3- benzoylthlo)-
2-methyl- 1-oxopropyl] 5-methoxy -2, 3-dihydro-1H-indole-2~
carboxylic écid of Example 26 by tresatment with methanolic
ammonia as described in Example 5.

Exam le 28
2, 3-01hydro-5-methoxy-1 (1-nxo-2 propenyl) 1H-1ndnle-2-

carboxylic acid ethyl estsr

By substltutlng 2, S-dlhydro 5-methcxy-1H lndole-z-
carboxylic acid ethyl ester for 2,3- dlhydro-1ﬂrlndole-2-
carboxylic acid ethyl. ester in the procedure for'Example
6, 2,3-dihydro-5-methoxy-1-(1-oxo-2-propenyl)-1H-indole-
2-carboxylic acid ethyl ester was preparsed.

H,

%



added to a stirring m xture’ of Z-dinethylaninopyridine (0.122 g.),
t hi obenzoic acid (95% purity, 1.6 g.), and acetone (70 m .) under a
ni trogen atnosphere. The 15 reaction mixture was heated at reflux for 8
hourg_and then chilled in a freezer. The precipitate was renoved by é%gp
filtration. The filtrate was evaporated on a rotary evapor at or under
reduced pressure to give a resinous mategi al . The residue was dissolved in
nmet hyl ene-chl oride, 20 and the nethylene chloride sol ution was washed
twice with Iﬂﬂadon&t}%fd?rochl‘}qrgfkq%ud then twice with saline, and dried
over anhydrqggdﬁyyagaénnpmgtgs pom@tﬁqqzqf e sp@shyl ene chl oride

e

sol ution on ary evapor uged ppessuig gave a resi nous
mat eri al Ft%d-"\ﬁ([;rs 25 di ss gdr’ 5{ % i eNED%c:?gI ohexyl am ne was

added dropmase to the chiIIed acetonitrile solutlon until the pH of the

solution reached to approximately 8. The resulting m xture was chilled in
ice, and a precipitate was collected on a filter, and washed with .
acetonitile. 30 Recrystallization of Example 128 re5|due from et hanol gave

1-] 3- (bedrvroyé thimn fﬁ?iﬁ%eﬂh&%m-oa%udxcﬁ-mﬂ@%yl) 1H-indole-2-
2,3-di hydr o- 1H.i nda e?rboxyllc aci d, dicyclohexyl- "anine salt (0.9 g. )
whi ch nel teoc%ﬁbc’z’@’ l2?2) 55- Analysis for: [lerr] Calculated C,

' ga?rél e 56 g 6? [%y (%énzo %mﬁ% ?2'3 c{]hh &1°-go@ohpyﬂ 15‘%0#5;32-3 35
di hydr o- 1F+|nmnneﬂ!nlxﬁﬂx»@dokﬁfgnqprboxyllc acld'ethyl ester From
_ Example 28 for 2,3-dihydro-S-methoxy-1-(2-methyl-1-oxo-
10 2-propenyl)-1H-indole-2-carboxylic acid ethyl ester in
the procedure for Example 24, the title compound was
obtained. - '

: Exemgle 30
1-[3-(Benzoylthio)-1- oxo-propyl] 2,3- dlhydro-s-methoxy-
15 1H-indole- 2-carboxy11c ac1d

By substituting 2, 3-d1hydro-5-methoxy-1-(1-oxo-2-
propenyl) 1H-indole-2-carboxylic acid from Example 29
for 2,3- dlhydro-1 (1-ox0-2- propenyl)=- 1H-indole-2-
carboxylic acid in the prncedure of Example 8, the title

20 compound was prepared.

Example 31 -
2,3-Dihydro-1-(3-mercapto-1-oxopropyl)-S-methcxyf1ﬂr

B indole-2~-carboxylic acid

The title compound was prepared from 1- [3-(benzoyl-
25 thio)-1- oxopropyl] 2,3-dihydro-5-methoxy-1H-indole-2-
carboxylic acid from Example 30 by treatment with
methanolic ammonia as described in Example 4.



The title conpound was prepared fromthe corres- poﬁding di cycl ohexyl am new/
salt obtained in Exanple 25 (m p. 204-206) by treatnent w th 5% aqueous
paot.assi um 10 hydrogen sul phate sol ution as descrlbed in Exanple 15.

kaypl e 27 2, 3-Di hydr o- 1- ( 3- mer capt o- 2- nmet hyl - 1 - oxopr opyl ) - 5- net hoxy- \,)
(0¥ ndol e- 2- carboxyllc acid T.he title conmpound was prepared from
1-13-benzoylthio)- 15

2- net hyl - 1- oxopr opyl ] - 5- met hoxy- 2,8-%7 hydr o- 1H-i ndol e- 2- carboxylic acid of
Exanple 26 by treatnent with- nethanollc ammoni a as described in Exanple 5.
Exanpl e 28 2, 3- Di hydr o- 5- met hox EXBMBLEGAEL 2 propenyl ) - 1H i ndol e- 2- 20

car boxxa-lmilaumd-ze,tﬂzxd;mw 1By~ isdedlg-2Hdar®okylic acid ethyl

3- dlhy% % - met hoxy- 1H-i ndol e-2- carboxylic acid ethyl ester for

2, 3-di hydr 1H—|ndolg 2-_carboxvlic acid ethy|l ester in the procedure for

Exanpl e 6, %&éﬁ@woﬂm(l%d%&%.%r.waqrsggx'ﬁm' ool e- 25

2- carboxyllc aC| er_ was ar ed nal SIS for: Jerr]-
Cal dul &tdyl sster d@-weath -Bgopp ang: P5Geo Phddmett, J. Themg 65 45 H,

6.14; 9¥c.4. QQHEKGWHB$)29di S-methoxylndole-z-carboxyllc acid
gugs'?: % ﬁgg@; hax 11%/&_"]_' %é%ﬁz&% e%&g) 2r&dolse c%lo%%r l%méyl ic acid By _
propenplﬁyﬁiﬂ-ﬂd}blmdbl@a-m@ewmccydmcd atatlldylet@srtletesftrea'm Exanpl e 28 for
, 3- d|q¥pkp Qﬁnghhgxma% %%éggyag-l-oxo-'
10 Analy31s for: 011 1ZCINDZ L -
Calculated: . C, 58.54; H, 5.36; N, 6.21
Found: C, 58.57; H, 5.23; N, 6.31

Eid

: Examgle 33
5 Chloro-2 3= dlhydro-(Z-methyl 1=- uxo-2-propenyl) 1H-
15 - 1ndole-2-carboxy11c ac;d ethyl ester

By substltutlng S5-chloro-2,3- dlhydro-1H-1ndole-2-
carboxyllc acid ethyl ester Frcm Example 32 for 2,3-
dlhydr01ndole 2-carboxyllc ac;d ethyl ester in the _
procedure of Example 1, S-chloro-2, S-dlhydro-(z-methyl-

20 1-uxo-2-propenyl) 1H-1ndole—2-carboxyllc acid ethyl
ester was nbtalned as an oil.
Analyszs for: 15 15ClND3 | | |
Calculated: C, 61.33; H, 5.49; N, 4.77
Found: C, 60.94; H, 5.60; N, 4.64

25 - R B - Examg le 34 L .
§-Chloro-2,3-dihydro-1- (2 methyl-1 oxo-2-propenyl) H- -
‘indole-2- carboxyllc acid :

By substltutlng 5-chlorn-2 3- dlhydro -1= (2-methyl 1-
oxgo- 2 propenyl) 1H-1ndule-2-carboxyllc a01d ethyl ester from
30 _Example 33 for 2,3~ dlhydro S-methoxy 1-(2- methyl -1=0XD=2~



1&w:2-propenyl)-1kkindoleizfcarboxyhic acid ethyl ester in the procedure
for Exanple 24, the title conmpound was obtai ned. Exanple 30

1-[ 3-(Benzoyl t hi 0) - 1- oxo- pr opyl - 2, 3-di hydr o- 5- nethoxy 15 - CZE@
1H-i'Qdel e- 2- car boxylic acid By substltutlng

2, 3-di hydr o- 5- net hoxy- 1- ( 1- oxo- 2- -propenyl ) - 1Hi ndol e- 2- car boxylic acid
from Exanple 29 for 2, 3-dihydro-|-(l-o0xo0-2-propenyl)-Hindole-2- carboxylic
acid in the procedure of Exanple 8, the Btte 20 conpound was prepared.
Exanpl e 31 @r@p&fﬂ]{ﬂl@ﬂlnﬁ&m%ﬂnh@l@@rm&)e’ﬁvﬂetw|i|'r|r the

dol e- 2- b | T.d_Th '
Hn[g ?benggé oe gbfﬁﬁc ?x%ﬁB i % ;%;%fifﬁké xt figlndole 2-

car boxylic metﬂy1¥®nm£hazphﬂoﬁﬂnbw 41“5&mﬂnﬂa#ﬁ4¢arhﬂ*u&mﬁ|anxﬂnuaaaa as

descri bed |§ gﬁggg - 57 - Exanple 32 -
5-Chl oro-2 ro- 1H—|ndole 2-carboxylic acid ethyl ester By

substituting 5- chlor0|ndole 2-carboxylic acid 5 ethyl ester (B
Heat h-Brown and P. G .Phil pott, J. Chem Soc., 1965, 7185) for

51nethoxgindole 2-carboxylic acid eéhzl in the procedure of Exanple
272, 5-ch®oro-2,3- dihydro- 1H—|ndole~é-¥%£56§$I|c acid ethyl ester. (mp.
51-53) was m&Epa(Bdnz&ﬁltﬁﬂaby2+mefbyl 1{exm¢ropyl] 5-chloro 2,3=

-

dlhydro-1H-lndole-z-carboxyllc acid

By substltutlng 5-chloro 2,3= d1hydro-1-(2-methyl 1=
0X0=2- propenyl) 1H-1ndole-2-carboxy11c acid from Exampla _
10 34 for 2,3-dihydro-5-methoxy-1- (2-methyl- 1-oxo-2-propenyl)-
1H 1ndole-2-carboxyllc acid in the procedurs of Example 25,
- 1- (3-(benzoylth10) 2-methyl-1-oxopropyl]- 5-chlcro-2 3-
% d1hydro-1H-lndole-z-carboxyllc acid, dlcyclohexylamlne
was obtalned._ The latter salt was then treated with 5%
15 aqueous potass;um hydrogen sulphate as in Example 15 to
give the title compound. '

Example 36 . :
, B= Chloro-2 3 dlhydro-1 (3-mercapto-2-methyl -1- oxopropyD—

1H=-indole- 2-carboxyllc ac1d . _ : =

20 Treatment of 1= [3-(benzoylthlo) 2—methyl -1= oxupropyl]-
5-chloro-2,3-dihydro-1H-indole-2~carboxylic acid from .
Example 35 uifh methanclic ammonia as described in Example
4, gave the title compound.-

: Example 37
25 2,3-Dihydro-1H-indole-2-carboxylic acid

METHOD A _

2,S-Dihydro-1ﬂ-indole-2-carboxylic-acid ethyl ester
(19.1 g.) was partly dissolved in methanol (200 ml.) at
room temperature. An aqueous potassium hydroxide solution



Cal cul at ed: C, 58.54; H, 5.36; N, 6.21 Found: ° C 58.57; H
N, 6.31 Exanple 33

or o- 2, 3-di hydr o- ( 2- net hyl - 1- oxo- 2- propenyl ) - 1H 15 |ndole 2-carboxylic

1Jet hyl ester By substituting 5- chl oro- 2, 3- di hydro- Hindol e-2- N

oxylic acid ethyl ester from Exanple 32 for 2,3- *

di hydr oi ndol e- 2-carboxylic acid etlggl .ester, in the procedure of Exanple 1,

5-chl oro-2, 3- d|q¥dro (2-et

1- oxo- 2% 1%?%’@% Et-a'fﬁo&wquc K Peihpfhis d86% was obtained as
“an ol pmw)sumfm 1 CISHIAAD L et ek the GetHardic H 5.49; N,

éx;rzp::g %?%1 or o- ez ?683)]%%&%%% et hd\% ¢ OXOIZBf purnodpeernyl )-1H

'”do' e-n 2t TRgerD G ines RIS ﬁymmamnanaj:ure for 1.5 hours.
| aC, E or'lq‘ie2 rdt 4l Qﬂﬂxﬁ@fé’fﬁ}i&”c&fg%&aﬁy WEW | Datlddy nRde: 2- car boxyl ic

ester from 30 Exa
-2, 3-di rﬂ%ﬁ %x&ﬁdm rérﬂperaﬁurfaaa)afnroxmaéc@lv 100 ml.,

pr opery’il)erll-’crambﬁerﬁed:airbmwén CEﬁrerdnﬁlhyﬁlwt £r The tdteiXkextedure of «
Exanmpl e_24.. 5-chl oro .
met hyl ﬁO%L?(tl'f? 'fao %c? *d’Lé] dloll‘ét 2%%’? b%'?("" ]l'ecd a9 %%raptreedp’ar ed. 5

Exanpl etz 1u-'{131 (@elutﬁlﬂwmcmlmmyaclld dm)mﬂ)p;a-] -5 chl oro-2, 3- v

di hydr o5k i SKid & - caﬁé)wga&ﬁcgldnﬁvtﬂ@sﬁniw id¥i1ling
5-¢ oro 2, 3-di hydro-]-(2-
caused se aratlon of a precipitate uhich wuas collected

on a filter and. uashed with cold uater - repeatadly to-
give 12.7 g. (76% yield) the product, m.p. 165-170° dec.
Analysis for: CgqHgoNO, . 1/4H20 (167.67)

g"g'a | :
15 Calculated:  C, 64.47;- H, 5.71; N, 8.35 . . | '
Found: C, 64.64; H; 5.78; N, 8.25
METHOD B

A mixture of 2,3-dihydro-1H-indole-2-carboxylic acid

ethyl ester (9.56 g.), 80% aquecus DMSC (256 ml.) and

20 potassium'hydruxide (86% psllets, 3.26 g.) was alloued
to stir-under'nitrogen'atmosphere at room temperature |

' cvernight,-then avapbratad on a rotary evaporator under

vacuum to give a thick eily residue. The residue was
dissclved in water (100 ml.). “Several drops of 2N aq:

o5 NaOH solution was added to the solution to make it
slightly_aikaline. The aqueoﬁs salution uae_uashed with
ether several times to renmove any unreacted starting
material, then acidified thle chilling in ice first
with cbncentrated, then with dilute'hydrOChloric acid to

29 PH ca. 5, whereby a precipitete separated. The mixture
was chilled in ice, the precipitate was collected on a
filter and washed with cold water. The product thus
obtained melted at 176-178° dec. and weighed 8.73 g.

(100%) .



ox%ﬁ?-propenyl)-lk#indole-2-carboxy|ic acid from Exanple 10 34 for

2; 3- di hydr o- 5- met hoxy- 1- (2- met hyl - | - oxo- 2- propenyl') - 1H-i ndol e- 2- car boxy
acid.in the procedure of Example 25, 14€£§>
1- (3-\(benzoyl t hi 0) - 2- et hyl = - oxopr opyl ] - 5- chl or 0- 2, 3-

di hydr o- 1H-i ndol e- 2- car boxyl i ¢ aci d, dlc%clohexylan1ne was obt ai ned. The

| atter salt was then treated wth 5@6I5 afueous pot assi um hydrogen

3 Chior o- SS%*%%%"D*% ol o P/t EERERLY o T ©
1H-i ndol e- 2Ceb¢ Yede acua,2©5 05;.  Hy ehub@ent w:

1-[3- (benzoghlihyo) - 2- met hyg - 159X89F opy 8.
5-chl oro- 2, 3- dlﬂydro 1H i ndol e: Qﬁgarboky?lc aC|d frd%?Ekanple 35 with

met hanol i ¢ ammoni a as described in Exanple 4, gave the title conpound.
Exanpl e 37 25 2, 3-Di hydro- 1Hi ndol e- 2- carboxyllc aci d METHOD A 2, 3-Di hyd

ro- H i ndol e- 2- carboxyllc acid ethyl_ester.( 1 g.) was partly dlssolved I n
met hanol (200 ml.) at. roon1tenperaIE#%mE;%—%éueous pot assi um hydr oxi de

solutions R- 35@enzoblbmnedeWBUM$kwtapm@oﬁlSBhborndeK(Plpellets (86%
purity) in 7o m_Tof—water s—aoded—to—te—mettarot+c sol ution. The

resul ting sol utib® ﬁa§t5¥¥$¢e@l&h@%$ of t tobeny ht adbpnide 630 rwom
t enper at ur eA1 8¢ i dh SChenisal Tbe. )eaﬁalpnsnzxwﬁ@owshp@r@aﬁsfww on a

rotary evap-_orator under uced py{essure prOXI teI 100 m., then
transferredpfﬂ?%nﬁth??éﬂngig %?a%ks Fhed cﬁéﬁl@ roung bottem _
flask c;pped with a calclum chlorlde_d:ylng tube was . _
10 added two drops of trigthylamine. The stirring was
continuéd at room temperature for 7 hours, and'the.

reaction mixture was evaporated on a rotary evaporator
\;/ under reduced pressure.The liquid #asidue thus obtained
was kept under high vacuum for several hours.

15 o : . Examgle 39
1. (s) 1-[(s)~ 3-(Benzoylthlo) 2-methyl-1- oxopropyl] 2,3-
dlhydro-1ﬂ¢1ndole-2-carboxyl;c acid (Method B)

To a stirred susbensiun of 2,3-dihydro-1H-indole-2-
_ carboxylic acid (9.79 g.) in methylene chloride (250 ml.)
20 was added triethylamine (12.3 g.). The clear solution.
" thus obtained was chilled in ice. R-3-Benzoylthio-2-
methylpropanoyl chloride (the entire amount obtained .
from 13.44 g. of ths Eprresponding acid in Example 38)
dissolved in 50 ml. of methylene chlorids was added
. 25 slouly under vigorous ‘stirring. - The ice-bath was removed
- in 15 mlnutes, and the stirring was continued for 2.5 hours.
~ . The reaction. mixture was washed with 5% aqusous potassium
hydrogen sulphate solution 3 times (250 ml., 200 ml. and
150 ml.), then with saline (twice), and dried over
30 anhydrous sodium sulphate. Evaporation of the methylene
chloride on a rotary evaporator under reduced pressure



solution was acidified first with chilled concentrated, then with dilute =

dr.ochloric acid to pH ca. 5. 10 Scratching of the resultlng m xture while
Ai ng caused separation of a precipitate which was collected on a filter
washed with cold water repeatedly to give 12.7 g. (76%yield) the

prioduct, mp. 165-170 dec. Analysis f [err] . 1/4H20 (167.67) 15

Cal cul at ed: C, 64.47, H, 5.71; ﬁ § 35 Found: . C, 64.64; H

5.78; Nirg.®@5avEEHODWBOA habtomr & Leisk), Ravieh \ad resiAousd slesi2iuear boxyl i c

aci d et y; @ tfls (&pd l_g.,c)er %P1 PYEOL25G Moy .aNg R0 pot assi um

hydr oxi de (8696 ellers, ) was allowed to stir ynder nitrogen
at nosph&asigus d‘{iﬁ { g- REEToMET e { 168, g gt’edl“@’n therotary
evapor atswrlutrider weac whbledi v@mytdnoeiexwammesl(mpx Thag.gsi due was

d tLer 0 of 2N ol uti on was
ald?izg tgt%t ﬁm :fca)lsﬁtal (c?:? tq‘c?@rra ddeae %‘I cj‘l)(t I“@/'Q%I q’fﬁé‘"@qN%(?o& ®sol ution
was was Ired dyistad udiitesy, - sdge tdle tnem:é-tmgr mmwa@nm da st arting
”ater'mreﬁﬂ%ﬂéf¥¥d¥fﬁd¥jﬁMy|H%d¥y||'ﬁH$'d}édgﬁﬂydﬁa:dg Qoqg@%%@Hrated

then with dllut hydrochl,oric acid to 30 a precipitate

separ at &' arffé uEg %:muhhafln?%%gye Pﬁé %ﬁ P&ﬁ& R&®tesl | ected on’
a fil temland.l\ms:lwba\hetdlycol dThesaDOHA sBle mreqctwt atthtzaqus-zmrsé’q nel ted at

%/7?@ . ?wef‘!géne (ilnevgah%held 7(%8% o(flq.(?\@ory) Recr_yst ?l.ll)iza lfD%r COHINO2 E
from ethanol 1mproved the m.p. to 219- 221° y giving 12.9 g.
of the product, .[a]24 *S. .68.93 (c=1.5%, EtOH).
Analysis for: CZDH19N045 C12H23N
Calculated: c, 69.78; H, 7.69; N, 5.09
15 Found: C, 69.38; H, 7.58; N, 5.26
The salt (38'0 g.) was pouwdered in a mortar and \;/
pestle to fine partlcles, ‘and ‘shaken vigorously with
aqueous 5% KHS0, solution (450 ml.) and ethyl acetate
(200 m1.) in g separatory funnel. The ethyl acetate layer
20 was collected and the. agueous layer uwas extracted with
. ethyl acetate two more times using 150 ml. and 1D0.ml;
each time. The:edmbined“ethyl'acetate extracfs wuere
washed with uater, then with saline, and dried over
anhydrous sodium sulphate (or magnesium sulphate). The
25 ethyl acetate was evaporated on a rotary svaporator under
reduced pressure.- In the later states of the evapdration
the concentrated solution was seeded with the product of
Example 15, and the evaporatlnn was continued to dryness
whereby a crystalline pruduct was obtalned as a. large

20 mass. The mass was broken into small pieces and dissolved
in ca. 100 ml. of hot ethyl acetate. The filtsred solution
was diluted with hexane until it became cloudy, and uas
first chilled in ice then in a Freezer. The precipitate
was collected on a filter and washed with anhydrous ether

35 giving 21.6 g. of 1-(5)-1-[(S)-3-(benzoylthio)-2-methyl-1-
oxupropyl]—z,S-dihydro—1ﬂfindole-2-carbcxylib acid,

m.p. 140.5-142°, [«]2°= -184.9 (e=1.156%, EtOH).



Cakculated: ©*  C, 65.05,. H 5.66; N, 8.43 Found: C, 65.23; H
5.67; N 8.28 Exanple 38 5 R-3-Benzoylthio-2-nethyl propanoyl ChlorideAQ
a stirred mxture of thionyl chloride (30 m., Aldrich Chenical Co.) ar‘;

| - S-8<benzoyl t hi o-2-nmet hyl -~"propanoic acid (13.44°g.) in a 100 m. rouny
bottom fl ask capped with a cal ciumchloride drying tube was 10. added two
drops of triethylamne.  The stirring Wa%ixyninued at roomtenperature for
7 hours, and the reaction mxture was evaporated on a rotary evaporator
under reducdédCpoddainedrios & @rietcrssidd$d lilas get 80Red@Swasakeplabibder hi gh

vacuum for e dr iiRdiahn)1By developing with a splutionE¥@NPle 39

| -(S)-1-[ (S 3-(Benza h -2-methyl,- 1-0x I'T-2, 3-
diﬁyéro-{ﬁ#%%aﬁﬁeigﬁgéknggbfﬁ°g§F&%6ﬂé/ﬁgggkﬁ8¥Gt8”§ﬁiFréﬂ°§u§§ension of
2, 3- di hydr oRIfHGI.638 ehdn carteetyd underdu(91igh8.) TRenBiBXk8RBomBLOri de
(250 nm.g 2@, tﬂgd%%a%k&§5h§'%ﬁb@ﬁ}%&f?ﬁpﬁl%ﬁ. -fﬂgkgar sol ution thus

obt ai ned was chillTed in1cCe. R ropanoyl chloride.
(the entir e Ansdist sofeaicne@ ,iHqgN03 54439 .62)t he corresponding acid in
Exanpl e 38) cdiissalat@d:i n SQ,ngs.gE.nehhygqqg.Chhor5@9 was added 25 slowy
under vigorgus stirring. Thé ice-bdth Was ' 'refoved in ES m nutes, and the
stirring wadO888¢i nued for C2. §5n8&5s. HTh&.Péact Nen3nBlt ure was washed with
5% aqueous pot assi.um hydrogen sul phate solution 3 tines (250 m ., 200 m .
and . 150. m.), then with saline (twice), and.dried over 30 anhydrous sodi um
sul phate. Evaporation. of the nethylene. chlortde on a rotary evaporator
under reduced pressure ' C IR :

_ = : Eﬁamgle 40. ' _ :
10 1-(5)-2,3-Dihydro-1-[(S)-3-mercapto-2-methyl-1-oxopropyl]-
1H-indole=-2-carboxylic acid o o :

A mixture of l-1-[3-benzoylthio)-2-methyl-1-oxo-
propyl]-2,3-dihydro-1H-indole-2-carboxylic acid (5.0 g.)
and 2-methoxyethylamine (40 ml.) in a 5007ml;,rOUnd

15 bottom flask was stirred under nitrogen'atmbsphére for
15 minutes at'uo, then for 10 minutes at room temperaturs.-
The excess amine was evaporated on a rotary evaporator
under reduced pressure to give an oil uhibh was kept under
high vacuum for 15 minutes. The residue was dissolved in
20 ca. 200 ml. of cold okygen;free water, and the aquecus
solution was washed with freshly opened énhydrous ether
- 3 times. - | '



,

- 61 - (in a large round bottomflask) gave a resinous résidue which was =/
kegxNnder high vacuum for ca. 1 hour. The residue was dissolved in

o trile (150 mM.), and the solution was chilled. D cycl ohexylam ne-.
(DAHA/ 11g., 5 to pH 7.5-8.0) was added slowy with good stirring to the/
cold”solution, and the resulting mxture was kept in a refrigerator for 1.5
hours. The precipitate was coIIecte on a filter, and the filter residue
was washed with aceto- nitrile repea?edly The DCHA salt nelted at

212. 5- 215ymeidi abrll me( theal abd 1disul Bibde ofoxrmtigr) . iReckkastixid i zation from
et hanol e 123:;'9 uct, [err]=
-68. 93 (%6%153%’/?%'5%" the, a#@%ﬁg for’ rg“ rl%cr\’glo%ls{glé%zﬁ&m hﬁl at ed: C,
69.78; Mmyd 170@391°1‘N= %C{ﬂl) %% PESRmAd: ! he UF58 N, 5.26

Thg sal Lséﬁ@r@t@d)ua]w%)pwmh &l wrttg(yé?é:ﬁzs atfl?an(t‘iE(ﬂlltﬂJ;ﬁl n?magxi,clhels

an aken or pus with a sol ytiJ and et hy
acetzsﬁ] é‘?d f e%%'ba?’g'f%??%f el . L{?\Jgﬂ ceettﬁ:‘ﬁe | ayer 20  was
col | ect akm'nbténedmumécayextmmer a'l:tfetmevs tancetdpdedhomtert e t Wwo nore

Ui es usiigy 404" soffich 1001 Mat 3 1 MRpur Thorbodiiiad sidy! ~acetate

extracts were washed wth water, then wt sal i ne
‘sodi um 2N FARTREIH Oy rRAEAFY N IARRIBOT WIHEDFEdYGRA RRSIIHRE mas
evapor at£fd otha ¥&d e ay@é)qwﬁ'@ruwaerhi@dum“ eFEUIED mihddws ) ater L F

¢

he h d solu d ith th -
or adliLt T e oG Sh e e 5 e SR T YA vner eby

a cryst abf itmet mﬁwlbtawmtmt ai Theal athyel |apakatdd solassion Wes nass was
broken gy o, s¢Bl fedl 55T AL N SHP ¥€dri1ter paper using a
pipette and was carefully filtered using Reeve Angel
filter paper.- The filtrate was diluted with hexane until
15 it -became cloudy (total volume of hexane used for the Q;i
dilution was approximately 110 ml.), and kept at room
temperature for 1 hcur; then chilled in ice for several
hours. The preclpltate was collected on a filter and
washed with a mixture of ethyl acetate and hexane (3: 10
20 by volume), giving 2.95 g. (82%) of 1l-(S)-2,3-dihydro-1-
[(s)-3-mercapto-2-methyl-1- oxopropyl]-1H-indole-2-
carboxylic acid, which melted at 140. 5-142° [a 724- -17B 1
" (e=1.135% EtDH)._ TLC cbtalned as prev;cusly described
shousd a spot at Rf 0.45. There was also a very faint
'25 spot at Rf 0. 25, which 15 belleved tc come, Frcm a trace
amount of the dlsulflde impurity. '
Analysis for: C,.H sNUss (265.3)

1371
. Calculated: C, 58.84; H, 5.70; N, 5.28
. Found: . C, 58.65; H, 5.73; N, 5.46 .
30 o Examgle 41

9394, 11 11a-Tetrahydrc 4-methyl 1H 5H- [1 4]thiazepino-
[4 3-a]-1ndcle-1 S-dione

Q,A-Z,3-Dihydrc-1-(3-mercaptc-2?methyl-1-cxcprcpyl)-
1H-indole-2-carboxylic acid (1.247 g.) from Example 4 uas

ried over anhydrous -




i ~ca. 100 m .~ of hot'ethy{‘acefate. The filtered solution was diluted with

hexane until it becane cloudy, and was first chilled in ice then in a o
freezer. The precipitate was collected on a filter and washed with Nai
anhy®o6us ether 35 giving 21.6 g. of . : '

| -(S)-1-[(S)-3-(benzoylthio)-2-nethyl-1 _ _
oxopropyl]-2,3-dLhydro-IFLindoIe-Z-carngyIic acid., mp. 140.5-[érr],
[err]=-184.9 (c=1.156% EtOH). - -62- 4Lc obtained on a precoated Silica
gel 60F- 25di@aniWaﬂﬂua1annﬂ&ﬂhﬁbammnbhﬂprdﬁwedebnglwnghaadsehution of

[err](8)/H¥QdG¥d£HHlgﬂrﬁq¥#{gfgléﬁkﬁﬂﬁﬂﬁg Qfﬁp%%da%t53r996ﬁﬁd -

det ect ed under ast ereoner féaction"s omed its
spot at Rf 3% &9%ﬂu§%ﬂﬂﬁphﬁﬂe [ dior thizesodptionl weisamdded 4-C, 65.02; H

i.lg; 2N3 gﬁ?ﬁfﬁyﬂamlnopyrldlnecé6@2 )h ldndd tPd: re@ul@1ﬁ§ Riagoke 40 10
1H§|%dol - Y8 aﬁggﬁﬁ% ﬂ%ﬁ thﬁﬁ$ & n@? %cloh%§3 a¥dellmlde '

1-1- [?(bgnidym&hmoﬂ stadﬁMedli@x@a. 10 ml. of methylene chloride

Lo 1 I '

2 Trg%/h]oxyet%ﬁ%i %@(?@&Q%e S%ﬁq‘ggo cq”%&ng‘ %gugsgf‘%‘gm ?'Il&%ﬁdwas
stirred undér ife foFerd Samivsesne then adleued: 40 warpeet] ropmen for 10

nfnutes at trs@@@rtaetrm%r %Tnldf @tiTRREFORSY ABLRS, \A@%ee\eaaert%ﬁd on a rotary
evapor at or under reduced pre sure to give gn oi | ch was kept under high

vacuumBor MEHTR,MES CRREeniTaged ﬁ&sang 6FVe8"PR°?Gt°Ea““EGG m. of cold
oxygen- f r ecaduiced, pardsiure Iguappsoxdmatiedy Wag washaddwchllfiedshl y opened

anhydrous §phQry ice-acetone. The precipitate that separated
was collected on a ﬁilter, and washed uith-methylane
_ chloride. The combined filtrate and washings ueré evapo-
\s/ 15 rated under reduced pressurs to give an oily residue uhich
solidified on standing. The solid material was recrystal-
lized from éther to give 3,4,11,11a-tetrahydro-4-methyl-
“ 1H,5H-[1,4]- thazep1no[4 3-a]1ndnle-1 5- dlone (0.7 g.),
m.p. 108-110°.

29 Analysis fori C..H,.NO.S

. 1371372 : ; |
Calculated:  C, 63.13; H, 5.30; N, 5.66
Found: . C, 63.29; H, 5.11; N, 5.73

Example 42

d,1-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-[1,4]thiazepino-
25 [.,S-EJ—indcle-1,5-diona

Treatment of d,1-2,3-dihydro-1-(3-mercapto-2-methyl-
> 1-oxopropyl)=-1H-indole-2-carboxylic acid from Example 5
which is diastersoisomeric with the starting material
~ used in Example 41 with diéyclohexylcarbodiimide according
30 to the procedure of Exampie 41 gives d,1-3,4,11,11a-
tetrahydro-4-methyl-1ﬁ,5ﬂ-[1,4]-thiazepiho[4,Srg]indole-



o

3 tines. - 63 - Imediately (to avoid disulfide formation in alkaline
conditions), the aqueous |ayer was acidified with dilute hydrochloric acid
t H ca. 1. The oily product thus separated was extracted with ether -3

(150 M., 100 M., 5 and 50 ni. in each extraction). The conbi ned\-/
ethér extracts were washed with saline 3 tines and dried over anhydrous
sodi um sul phate for 1 hour. The etherggvas evaporated on a rotary evaporator
under reduced pressure and the residue was kept under high vacuum for 20
mi nut es. 149-dHene orhieipr beiukhe thias baRes FremaR O i W GRRPIYNEa. 30 ni. of
hot ethydeséeimée®. in Tieafdly!s4pcetate solution was transferred
quantitatively to filter paper using a pipette and was carefully filtered
usi ng Reeve Angel filter paper. The filtrate was diluted with hexane until
15 it becanme cloudy (total vol une of hexane used for the dilution was

approxi mately 110 m.), and keptEfgqéfgngenperature for 1 hour, then

chilled in ice for several hour itate was oII cted on a

filter ab@swhtadl%iénlh MatlsETahydrond- %’fé%)als-e"!bn%ﬂ (3:10 20 by

| O di hydr o- 1-
\[/?sur%) , £ 191 42 Y6l 7o 9P4 93-4 P80 DE -1 ; Qi ana- di hydro- ci d, which

nel ted at 14(B)'5 éﬂ&’stﬂmi}rng lﬂ-s(ﬂ)-(z-l-dﬂﬁﬁﬁﬁ-aﬂ[(ﬂlﬁiab:twtm-as
previ ous] y. CIi X 4 Ihe, lpo;,a very falnt‘
DoV RGP L BESe UV, f s Bho Al Modbiddyy l%n%%ﬁ”mm of the
di sul fi déihygeetty Sm@xwgo-f%fme?@l-ﬂ-(mmpyl -1H-indole-2-

carboxylic acid in the procedure for Example 41, (48, -
10 llaS)-3,4,11,11a-tetrahydro—a-mgthyl-1ﬂ,5&-[1,3]-

thiazepino[4,3-a]indole-1,5-dione was obtained.

| Example 44 _
(4R, 11a5)-3,4,11,11a~-Tetrahydro-4-methyl-1H,5H-[1,4]-
thlazeplno-[4 3-a]1ndole-1 S5-dione

15 - By substltutlng d-(S) 2,3~ d1hydro-1 [(R) mercapto-2-
| methyl-1- oxopropyl]- -1H-indole~-2- carboxyllc acid for 2,3-
dihydro-1-(3-mercapto-2-me£hyl-1eoxopropyl)-1ﬂgindole-2-.
6arboxylic acid in the procedure of EXample 41, (4R, 11a8)-
3,4,11,11a-tetrahydro-4-methyl-1H, 5H-[1, 4]th1azep1no-
20 [4 3-a]1ndole-1 S5-dione was obtained.

- Example 45
" (45, 11aR)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-[1,4]-
_thlazeplno-Ld 3-a]1ndole-1 S-dlnne )

By substltutlng 1-(R)-2,3- dlhydro-1 [(S) -mercapto=-2-
25 methyl-1- oxoprppyl] -1H=- 1ndole-2-carboxy11c acid for 2,3-
dihydrb-1-(3-merbapto-2¥methyl-1-oxopropyl)-1ﬂrindole—2—
carboxylic.acid in the procedure of Example 41, (45,11aR)-
'3,4,11, 11a-tetrahydro~4-methyl-1H, 5H-[1,4]thiazepino-
[4,3-a]indole-1,5-dicne was obtained.



LN

sat cul at ed: C 58.84: H 5.70: N 5.28 Found: C 58.65 H

'5.73; N, 5.46 30 - Exanpl e 41 A N
d,i,3,4,11,11 a-Tetrahydro-4-net hyl - 1H 5H [ 1, 4] t hi azepi no- 2\
[ 4, 8-4] -i ndol e- 1, 5-di one

d, | -2, 3- D hydro- 1- (3- mer capt o- 2- net hyl - 1- oxopropyl )- 1Hi ndol e- 2-car boxylic

aC|d (1 247 g.) from Exanple 4 was 64 - dissolved in dry nethyl ene
chloride (700 m.), and the resultlng gglutlon was chilled in ice and
stirred under. nitrogen atnnsphere xampllal #sol ution was. added 4-

di met hyl am ng yrﬁa ne % m xt.ur i was stirred
for 5 m nut 51dﬁegaﬁ'géﬁﬁédypﬁpdé‘@ftﬁz g1, 3ds 8#930 in ca. 10

m . of WEtWﬁlﬁm@pmﬁUO{Mdadw@in@ﬁd@d1 Sadiche stlrred reaction mxture
vmschHIeé+#+ee4eP&5+mmﬁe&—Hﬁﬁqﬁ+&ﬁﬁﬁﬁ~ﬁﬁmﬁ&qﬁmm+emmrmure
and stirred foqu substitutiag dadRi)e?, Bedmhyumne1wé§Rdeneenapabed-on a
rotary eva r_aU ed 1 e ot and
chllled%?n ry |cg g@ﬁ{oﬁggﬁﬁ b rg??gltg QEQBB 94 ERbEs ¥Idqb%gsgl‘,sllected on

a-filter, @H@Mﬂﬁﬁhédmﬁﬂﬂ@Hﬁﬂﬂ%ﬂm@ﬁ@YéhﬁaP%@@rUPWéicdﬂb#ﬁéG 1erRrrate and
washi Ngs WeJgh: qc bz iPtied twad oir dcddiiaed orrr Es:&u,rert @19i (2R3N 18R ¥

resi due which sol'i di on stan rlal was recrystal -
I zed from:'b% 1q| t\?&’::? by drp '&’%tt&yg'aﬁ %"l Wﬁazeplno-
1H, 5H [ 1, 4][4, rmzee]pmum[lzaa-,a-namhmﬂeeﬁsswmm(do 7 g.), mp. 108-110. 20

Anal ysis for [err] Calcul ated: C, 63.13; H 5.30; N, 5.66
10 ' : Examgle 47 L
C3,4,11, 11a-Tetrahydro-1H 5H-[1 4]th1azep1no[4 S-a]-
v 1ndole-1 5~ dlune
o/ ;

By substltutlng 2 3 dlhydro-1 (3-mercapto-1-
oxopropyl) 1H=- 1ndnle-2 carbnxyllc acid for 2, 3- dlhydro-
" 15 (3—mercaptu-2-methyl 1= oxopropyl) 1H-1ndola-2-carboxyllc
acid in the procedure of Example 41, 3,4,11,11a=-tetrahydro-
1ﬂ,Sﬂ-[1,4]thiazapino[4,3-3]-indole-1,S-dinne was prepared.

_ Examgle.48 _
Similarly the following compounds are prepared.-
9~ Nethoxy 3,4,11, 11a-tatrahydro -4-methyl-1H, SH- [1 4]
thiazepino-[4,3-glindole-1,5-diaone
9-Chloro-3,4,11, 11a-tetrahydro-4-methyl-1H, 5H-[1 4]
thiazepino=-[4, 3-a]1ndole-1 S5-dione.



" Found: C, 63.29; H, 5.11; N 5.73 Exa#p#e—ﬁi——“”““_”——~ -/
d, ,4,11,IIa-Tetrahydro-4-nEthyI-IH 5H [ 1, 4] t hi azepi no-

[ \p] -i ndol e-1, 5-di one Treatnent of ‘ fl

dl - -di hydro- 1- ( 3- ner capt o- 2- net hyl - 1- oxopropyl rboxyLHc
acid fron1Exaane 5 which is diastereoisoneric with the startlng mat eri al
used in Exanple 41 with dicycl ohexylLcgrybadiim de according 30 to the

pr ocedur LR# gxanple 41 gives dl -3,4, 11, 11a-

tetrahydrurﬁ—ﬁeth | - 1H, 5H-[ 1, 4] - t hi azepi no[ 4, 3-a] i ndol e- -- 65 -
1,5-dione which is the diastereoi soner of the-conpound described in Exanple
41. Exanpl e 43céfsndhdash - Bofmdiadla- Tetrahydro-4-methyl -1 H 5H[1,4]- 5
thlazeplno [ 4, 3-a] i ndol-e-1, 5-di one By substltutlng

1 -(S)-2,3-di hydro-1-[(S)- nercapt
nethyl-l-oxopropyl P
di hydr o- 1- ( 3- ReLC3
the procedure for 4%, 10

Il aS)-3, 4,11, 11a-t exgahy -CMﬁgélH 5H[1, 3] -. -~
t hi azepi no[ 4, 3-a] i.ndol e- ¥/5- di oneswas obt ai ned. Exanple 44
(4R,IIaS)-3,4,11,11a'IE ahydro 4- nethyl 1H,5H[1, 4] -

garboxyllc acid for 2, 3- _
-1-oxopropyl)-1 Hindole-2- carboxylic acid in

t hi azepi no-[ 4, 3-a] i ndoke-1, 5-di one By substituting

d- (S)-2, 3-di hydro- 1-[ ( Bk; REL¢BRRQ)2=T (R, ) (1)
met hyl - 1- oxopr opyl | - 1H i Ad8l e- 2 E%Pboxy?ﬂc acid for 2,3-
di hydr o- 1- ( 3- ner capt o- 2- net hyl - 1- oxopr opyl ) - 1Hi ndol e- 2- carboxylic acid in

the procedurehefeiRanpie #19r (@R RA4aby-hydrogen, lousr alkyl,
aryl, or aralkyl; Rz'is hydrogen or lower alkyl;
R3 is hydrogen, lowser alkyl or aroyl; R5 is
hydroxy, amino, or lower alkoxy; X is hydrogen, \4/
hydroxy, lower alkyl, lousr alkoxy, or halogen;
Y is hydrogen, lower alkyl, or aryl; the dotted
line represents an optional single bond, with the
_proviso that when the bond is present thenm T
represants S and R5 and R24 are absent from formula I
and when the bond is absent then T represents 0,
NR13.qr S and 324 and R5 are present; 324 is

0
] _

-?-UR and when T is NR13, R24_also represents
D .

-E‘:H-(CHz)m-R2U , and when T is S, R,, also represents

. : Y
CDR21 :

L RCO
-H, ~C=M or -

-S-(CHRs)n-CR1R2 |
vherein X, Y, R1, R2, RS’ R5 and n ars as defined above;



3N\, 11, 11a-t etrahydr o- 4- met hyl - 1H, 5H-[ 1, 4] t hi azepino-

[+4, 3-a] i ndol e- 1, 5-di one was obt ai ned. Exanpl e 45

11aR)- 3, 4, 11, 11a- Tet r ahydr o- 4- met hyl - | H, 5H-[ 1, 4] - mi‘“l |||||| |“|| ||||| || |“|

t hi agepi no-[ 4, 3-a]indol e-1, 5-di one By. substituti

| -(R)-2,3-di hydro-1-[(S)-nercapto-2- 25
nethyl-l-oxopropyl]-lkkindole-2!carboxybgc-acid for 2,.3- dihydro-1-
( 3- ner capt o- 2- net hyl - 1- oxopr opyl ) - 1H i ndol e-2- carboxylic acid in the
© procedure of Exgnpéeg4INR(4er-1daRhere R, is hydrogen or louer

3,4,11, 1l a-tet 5H
[ 4, 3 a]lngolg &ag¥ﬁighe %aﬁérﬁg ]ﬁhm é& 6%£FN€;§pln Qﬁfe RB is
(4R 11R) - 3, 4, 11hydreden; ahyden- aullmelhyarnh 61'—!—?11334"})‘11 hizeRpR1H, 3-a

]indol e- 1, 5-di oge By iﬁ_&lbﬁa%yéha‘&wh,( R)hy?aﬁogmydmnelr [éﬂiyn&sﬁapto 2- 5
met hyl - 1- oxopropyml f carboxylc acid {
di hydr o- 1- ner cap®¥h i»neﬁmylaﬂ o&p@r%b?#)lﬁ P?Rﬂﬁ% %Y’C%MTﬁﬂﬁﬁlt acid in

t he "procedure Oélﬁyﬁnpéﬁaﬂﬂyl(éf?éfﬁ&ﬁ- R ls hydrogen or louer

3,4,11, 1l a-tet 4-neth 1,
3- a]lndolg 1e5rﬁ$%% Pval BBt fni % é azePénRyd£°gan oF arylimmle 47

3,4, 11, 1l a- Tet rahgdRy I&ﬁShVPEQ&Y]@hlheeptn%}&OBYQ] OFnQOPQaHWQleone By

substltutln 2, t [ )-1H i ndol e- 2 Carbox lic
od for o3 ﬁ gtEMQ%Qy la6depEEcRet Salt BXePEERY!)-1H y

(3- nercapto 2 nethyl 1- oxopropyl ) - 1Hi ndol e- 2- carboxyllc acid in the

procedure of, EXA”BEﬁpG&nd3oﬂ tdrhldatetrahydro-
1H,5H11, 4] t hi azepi no[ 4, 3 a]-|ndole 1, 5-di one was prepared

&

\
o/
\ (Ia)
CR1R2--(CHR3')h--R4 :
wherein n, R1, R2, RE’ X and Y are as defined in
Claim 1, R, is hydrogen or lower’alkyl; ‘'and R, i
L g.' _ i _ L o IR
-SH or -§-C-M wherein L is 0, NR, or § (uhere R, is
hydrogen or lower alkY;)?. and M is RB’ URB’ SRB,.or
NRQR10 (where R8 is hydrogen, lower alkyl, aryl, or
aralkyl° and R and R g 2Tes independently, hydrogen,
louer alkyl, or aryl), or a pharmaceutically accept-
able salt thereof.
. 3. A compound as claimed'in-Claim 2 whersin R, is thiol
or arylcarbonylthio. 
| 4. A eDmpound of formula Ia as shoun in Claim 2;'in
, - which R& is -NR13-E|:H—(CH2)m-R20
- _ _ COR

21
wherein m is 0O, 1, 2.or'3; R13 is hydrogen or lower



Exanple 48 Simlarly the foll ow ng conpounds:are brepared

~.

e

9- oxy-3,4, 11, 11a-tetrahydro-4- net hyl - 1H, 5H— _

(i o L4 3 ndore 140t one (iimmmm
9- ro-3,4,11, 1l a-tetrahydro-4-net hyl - 4; A\
thi. epi no- [4 3-a]indol e-1, 5-di one. 7- CLAINB 1. A conpound of
fornmula: Y [errhiwkarei n.‘LISS hlydarodEn [cer rdryls; heyreld e id onpdrakkybr aryl,
or aralkyl; [er I S hR% en or.lo alkyl;, R J4s dro e, Iomer al kyl
or aroyl;: R5 | %LW dr & i 700 (?rmﬁ{dweré(%’l Koy - 45(’ Wr ogdhS AVdr oxy,

| ower al kyl, Ioﬂeflabbonm,de1Maﬂogen Y i s -hydrogen, Iomer al kyl, or aryl;

the dotted |ine represents an optional

single bond, with the proviso t hat

when the b&nd i S ppe@emmdt W@ncﬂari@m@sieht%lasﬁmm J'[remf}ifamdﬂ[éw]h aResabsent
fromformula I e kond jis ahsant 4 represenys 0, [err] or S
and [err] and [err are preseﬁ@ [err] Tis [err]21and when Is [err] also

representsgler bl comp@Rthdten clditied ifidladl SO fERIESANLS [£78) wherein X

Y, [err] and

11,

13.
14.
15..
16.

17.

n are as

"wherein R1

- X is hydrogen

abave;
20 is phenyl and R21

claimed in any one of Claims

deflned

is hydrogen,- is hydroxy.

A compound as to 5

is hydrogen or lower alkyl, Y is hydrogen,

and n is 1.

to 6

R3 are

one of Claims 1
and R. and

A compound as claimed in any

wherein R_1 is lower alkyl, n is 1

.
is 0 and R, is

hydrogen or n hydrogen.

A compound as claimed in any one of Claims 1 to 7

wherein Rg is hydroxy.

A compound as claimed in any

methyl.

one of Claims 1

wherein Ri.is

A compound as claimed in Claim 10 wherein chiral

carbon atoms carrying the R1 methyl groqp_and the COR5

. group both have the S-configuration.

indole-2-carboxylic acid.

1-(3-Benzoylthlo—1-oxopropyl) -2,3- dlhydro 1H-indole-2-

carboxylic acid.
2,3-Dihydro—1-(3¥mercapto-2—methyl-1-oxopropyl)- H~
indo;e*2;cerboxylic acid.
2,3~-Dihydro-1-(3-mercapto-1-~oxopropyl)-1H~indole-2-
carboxylic acid.

1,1 -Dithiobis- [3—oxo 1 3—propaned1yl]bls[/ 3 ~dihydro-
1H-1ndole 2—carboxyllc ac1d]

_r-(S) 1-[(S) 3- (benzoylthlo) 2-methyl 1-oxopropy1] -2,

3~dihydro- 1§-1ndole 2-carboxy11c acid.

1-(3-Benzoylthio-2-methyl-1-oxopropyl)-2,3~dihydro-1H-



-%8-- Lis 0, [err] or-S (where [err] is hydrogen or | ower alkyl); Mis
[err] or [err] (where R8 is-hydrogen, |ower alkyl,

[err] and [err] are, independently, hydrogen, Iovverr mnm‘mmpmnq‘rer At
and perr] are, i.ndependently, hydrogen, alkyl, aralky =0rcanyl m [err
hydrogen or lower alkyl; mis 0, 1, 2, or7% [err] is hydrogen or aryl;
and R21. is hydroxy or |ower al koxy; or har ma- ceutical ly acceptable

salt thereof. 2. A compound of fornula: Y [err] wherein n; [err] X and Y
are as defi ned |n1§1a|M4KSX{ﬂ#ﬂ(ﬁkrSE&anFnylﬂhimwwﬂ-métwyl 1anxloRropgl ] SH

[err] wherein L is r‘:u,.t erris y FH-35: ovver fﬁ(o%clgwer al kyl');

and Mis [err] or [err] rogen, aryl, or

aral kyl; and [err] and [err] are, |ndependently, hydr ogen, | ower aIkyI or
aryl); or a pharnpgeut iald ) ALCEPL=3 A h 55y L £H 18] SRl ma fhy 1 £ CORBOEEEY 83-
clainmed in Claln?ggmheéggﬂéﬁ ﬁf thrcﬁﬂﬁ ar%% arb% |th|0y 4. A congound
of formula Ia as shown 4 ihyAze- ﬁﬂf%ﬂﬁ?ﬁ?l T$3LR Y%&?]a%h%reln mis O,
1, 2 or 3; R is hydrogen or | ower alkyl; R20 is hydrogen or aryl;

and R21 is hydrox%/ or ,ov&r) L fn&ef},zc[yeﬂﬂiof( AN%s th e1 28xapropyl]

-2,3-dihydro~1H-indole-2-carboxylic acid.

-

2%, 1-E3-(Acetylthio)-Z-methyl—1-oxupropyl]-2,3-
) dihydro-1H-indole-2-carboxylic acid.

vy 1-[3~(Benzoylthio)fomethYl-1‘oxopropyl]-5-methoxy
' &2,Sfdihyd;o-1ﬂ:indole-2-c§rboxylic acid.

N
23. 2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-5-
methoxy-1H-indole-2-carboxylic acid.. '
24, 1-[3-(Benzoyltﬁin);1-oxopropyl]-2,3-dihydre-5-
methoxy-1H-indole-2-carboxylic acid.
25 2,3- Dlhydro-1 (3=-mercapto-1- oxoprnpyl) -5-methoxy
-1H~-indole-2-carboxylic acid.
26. 1-[3-(Bsnzoylthio)-2-methyl-1-oxopraopyl]-5-chlaro
-2,3-=dihydro-1H-indole-2-carboxylic acid.
27. SeChlaro-Z,3-dihydro-1-(3-mercapto-2-methyl-1-
& oxopropyl-1ﬂ-indnle-2-ca:boxylic acid.
“ 28. ;—(S)AZ,S-Dihydro-1-[(S)-S-mercapto-z—methyl-1-

oxopropyl]-1ﬂrindele-2-carboxylic acid.

29, (45,1185)-3,4,11,11a-Tetrahydro-4-methyl-1H,SH
-{1,4]thiazepino[4,3-a]-indolef1,S-dione.



defined in daiml. 5. AcorrpoundasclalrredlanmZ\/
hydr ogen, R20 is phenyl and R is ethoxy nd as clalned
18 m4 in which mis 2,[err] is hydroen @ W -
&fy. 7. Acorrpound as clainmed in an Tone of erei N
Y is h ge k shdroe Xis droenandnlsl
8. A conpgﬂﬂg' ég%ﬂfkﬁ#} a¥y’bné16r ﬁﬁdFofé -ge éﬂe BPer] is
| ower al kyl, n is 1[Euﬁﬂtﬁhaﬂmbfﬁbawe3ha¢#@gealep1pspalgn@nd 2 i s hydrogen.
9. A conpound as clai med in any one of Clains 1 to 7 wherein R is
hydr ox 10. co c d f Clal 1t<;)8v\,here|n R.
|g net%yl fTA A conpbhh és£c+gfnbhp?n %f ﬁ¥%5°mﬁe?8 RY&RitHaPHsarbon - -
atons carrying thel[eﬂﬂthmnigplgpb%p3amh—ihéolefn}Sgdmuneboth have t he
S-configuration. 12.

1- (3- Benzoyl t33 0- 2-ngd h,yIaRl)-Qj(oprppy{ )?_ZT% ’gé%yﬁ{_(grgl-% g_ EHar boxyI ic

acid. 13. 1- (3 Benzoy t hi 0- 1- oxoprop

carboxylic acid. 14.' 9 thigagrinpl 14(%‘%13%:@@@1)324 n’étﬁybnesoxopropyl) 1H

i ndol e- 2-carboxylic acid. 15. . -

2, 3- Di hydr o- 33(.3- rrar,c;apt.o 11 WM&:MH n@l@lpT 24]Eﬁf_ggé¥| heacizd, ]16

11' Di t hi obi s-[ 3- Oxijl prop(ﬁ, edi yl ] bi s[2, 3-di hydr o- -

i H-i ndol e- 2- car boxyi &1 a2~ EPne 1. (5) - 1- [(S)-3-(benzoyl thio)-2-methyl-1 *

- oxopropyl ] - 2 3-di hydro-| Hi ndol e- 2- car boxylic acid.
10,10a—D hydro- 3-methyl 1H- [1 4]th1a21no[4 3 -a]

indole- 1,4- dlone

35. 10,10a-oihydro—1§-[1,4]thiazino{4;3-a]indole—e,4-
dione. T

36. d,i-1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2~-carboxylic acid:;the racemic
pair having a melting point 94.5 to 96°C.

37. 4,1-1-[3-(Acetylthio)~2-methyl-1-oxopropyl]-2,3-
dihydro-1g—indolejz—carboxylic acid;the racemic
pair having a melting point 125-126°C.

38. A compound as claimed in any one of Claims 1 to 35
when in the form of an ammonium, alkali metal or
alkaline earth metal salt or a salt with dicyclo-
hexylamine, benzathine, N-methyl-D-glucamine,
hydrabamine, arginine or lysine. -

39. A process for preparing a compound of formula I T
as claimed in any one of Claims 1 to 36 which -
comprises: .

a) reacting a compound of formula



18y£d-(S)-l-[(R)-S-(benzoyIihioj-?-nethyl-I-oxopropyl]-

-2, 3-di hydro- 1H i ndol e- 2- b | i id.
(o1 3 Coenaon o) et 1-oxcoropt MY NE AN
(R -

R)-1-[(S) - 3-(benzoyl t hi 0) - 2- et hyl - 1- OXOQrQEyL]

1.0

o

2, 3-di hydro-| Hi.ndol e- 2-carboxylic acid. 21. : _
1-[ 3- (Acet yl t hi 0) - 2- met hyl - 1- oxogropyl ) - 2, 3> Ydi hydr o- 1Hi ndol e- 2- car boxyl i ¢
acid. 22. 1-[ 3-(Benzoyl t hi 0) Ty oxopropyl ] - 5- net haxy
-2, 3-di hydro- 1H i ndol e- 2- garbesy )
2, 3- Di hydr o- 1- ( 3- ner capt o- 2- netNyy Qyl ) - 5-
met hoxy- 1H i ndol e= 2- carboxyli ¢ acT d. 4. COR 4
1-[ 3-(Benzoyl t hi 0) - 1- oxopr opyHE- &, 8- dl ydr @ 5- 1
met hoxy- 1H-i ndol e- 2- car boxyl i cjaci 25.
2, 3-Di hydro- 1- (3-nercapto- 1- oxgprﬁgyl) 5- nethoxy - 1H-i ndole- 2- car boxylic -
acid. 26. 1-[ 3-(Benzoyl t hi 0)

tthyl - 1- oxopr opyl ) -5~ chlor?
- 2, 3-di hydr o- 1H i ndol e- 2- carboxyl i ¢ acid.  27. Va)

5-Chl oro- 2, 3- di OydE@si A- & 3- ¥BLABPRO- 2rBELRYWekined in Claim 1, R 4
oxopr opyl - 1FL|ndoIe 2- carl box y cid 1

| ~(S) - 2, 3- Di hyd®®- iafeefdslﬁeF&abPo12°ﬁegﬁyﬂhfr91“ Z is & carboxy pro-
0X0pr0py|] 1H i pgdeteng- gﬂbbﬁxle aei Hyd29gen ar 'ower alkyl, with a
(4S,11aS)-3,4,11, 1l a-Tetra dro met hyl - 1H, 5H

-[1,4]thiazepin5?ﬂ quaf.- Phd PEMY 8 di one. - 71 - 30.

(4R I'1a§)-3, 4,11, 11a- Tet r ahydr o- 4- P%VI-lH SH

Ak P AR i e o

is R5

°\ , (uhere Ry is -5- E M uhereln L and M are as deflned in
d Claim'1)to give a compound of formula I wherein T is S
and R24 is -C- M n is 1, Rz is hydrogen and R3 is

hydrogen or lower alkyl;
or | _
*b) reacting a compound of farmula:

N SCOR,,

0=C-CR, R~ (CHR,) -U
12 3°n © (VIII)

€

 wherein ny X, Y, Ry, Rzland R are as defined in
Claim 1, W represents ci,8r,I or tosyloxy and R14 is
"RS as defined in Claim 1 or 0Z uhera Z is a carbaxy

protectlng group, with a cnmpound af formula

v \
R4-H | (XVII)



[1, 4] t hi azepi no[ 4, 3-a] - i ndol e- 1, 5- di one. 32. — W,
(4R 1IaR) 3,4,11, 11a- Tet r ahydr o- 4- net hyl - 1H 5H

1,A azepi no[ 4, 3-a] -i ndol e- 1, 5-di one.
3,11a Tetrahydro 1H, 5H-[ 1, 4] t hi azepnGoH 3- a] I"”"U”M'!"H’,E”% 34_)
-Di hydro-3-nmethyl -1H[ 1, 4] t hi azi no[ 4, 3-a] i ndol e-®1, 4-dwon
10,10a D hydro-1H-[ 1, 4] thi azi no[ 4, 3-a] i ndol e- 1, 4- di one. d,
1-1-[3-(Acetyl thio)-2-nethyl - L oxopropyl]-2, 3-
dihydro-lH—indoIe-2-carboxy|iH acid;the racem c pair having a nelting point
94.5 to [erryh&fein B, 1sl- 53C6mwgelrtdiim)lr 2mitMyhré- aso;ﬂecﬁnylle]d-z 3-
di hydro-1H-i rb i a_frel ting point
125-126 C.. {a}go&fi co‘il otRd Eﬁ%més&éq‘ﬁég:%éﬁ%&%%‘gf%‘? %%u 21 wPgnss then i n
t he form of Eﬁﬁ%mmtntgnngEkalpommqﬂndn0ﬁﬂﬂaﬂmu&aehrWhenetaITsalt or a
salt with dlfgcéoangeﬁélaggne benzat hi ne, N methyl - D- gl ucam ne,
hydr abami ne,” argi ni ne éf l'ysine. 39. A process for preparing a conpound
of formula | as clainmed.in any opge of Clains 1 to 36 which conprises: a)
reacting a conmpound of formula - 72 - [err] wherein X, Y and [err] are
as defined in Cdaiml, R4 is R_gstefined in daiml or OZ wherein Zis a |
carboxy pro- tecting group, [err] is hydrogen or Lower alkyl, with a .
: Or -8

~

c) subjecting a compound of forrula ' . ‘

(XIX)

Co R14

O—C-CR1R2 (CHR3)n-SR

26
wherein n, R,, R,, R3,.X and Y are as defined in
Claim 1, R,, is Rs as defined in Claim 1 or 0Z
where Z is a protecting group and R

L
I

-C-M

26 is

wherein L-and M are as defined in Claim 1, to

ammondlysis and/or hydrolysis or other conditions

‘known for the removal of st and Z when present to

give a compound of formula I wherein T is S and

R,, is hydrogen, o 2

or



Egﬂﬁound of formula R4-H fol | oned by deprotection when Z-s—present (where

Terr] is [err] wherein L and Mare as defined in ' to give a
conpound of fornmula | wherein T is S and [err] |§!ﬂ ,I”mﬂ[ err] |
hydwegen and [err] is hydrogen or |ower al ky ;- or [ rrpounf@
of formula: [err] wherein n, X, Y,[err] and [err] are as deffned in Q.
1, Wrepresents O ,Br,| or tosyloxy and R14 is R5 as defined in Claim1l or
QZ where Z i s a)Cakk@etiiPlLEddmEb i@ UPE Pbifiudaconpound of formula [err]
- 73 - wherein [err] is [err] wherein L and Mare as defined in Claim]l,
and renoving the protecting group Z when present to give a conpound of
formula | wherein T i's'S and [err] is-[errk or c) subjecting a conpound
of fornmula [err] wherein n, Jer and Y z as defined in Claiml, [err]
is [err] as defined in-Caim1l : ¢ Z is a protecting grouP and R26
isL-CM X (XX) .~

N _
| 14,
0=C-CR, R, (CHR3) 2

COR
2

[ 1%

wherein n,.R1, R2,3R3, X and Y are as defined in
Claim 1, R14 is amino, lower alkyl or OZ wherein Z
2 is OH or NHR where

_ 13
R13 is as defined in Claim- -1, with a compound of

is a protecting group and 2%
- formula

- | (XIT)
C1-PO(OR, ;) (O ,)

wherein R,, and R,, are as defined in Claim 1
excluding hydrogen; or R11 and/or R,, represent .
groups that can be converted to hydrogen by catalytic
hydrogenclysis; if necessary'followéd by catalytic
hydrogenolysis and/or deprotection to remove Z; to
give a corresponding_compound of formula i wherein

_T is O or NR13 and R24

is

i
-T~OR11.
_ OR,2
as defined in Claim 1;

- or
i e) reacting a compound of formula VIII wherein Ryg is
R5 as defined in Claim 1 or 0Z as defined above with

a compound of formula:



—~

wherein L and M are as defined in Cdaiml, to ahnnnolysis’and/or hydrolysi§\/
“or other conditions known for the renoval of R™and Z Whén present to give

ac und of formula | wherein T is S and R24 i ' - 74 -.d)
rea@ a conpound of forrmula [err] wherein n, ﬂ ﬂmiﬂmmie as
defixttd in CCaiml1l, R I's am no, |ower alkyl or " 5 a

protecting group and Z is OH or [errd These [err] Is as defined in Caim
1, with a conpound of fornmula [err] wherein [err] and [err] are as
defined in daim1 excludingi$y@t@den) (BR,R11 and/or RL2 rd¥addent groups

t hat can be converted to hydrogen by catalytic hydrogenolysis; if necessary
followed by catal ytic hydrogenol ysis and/or deprotection to renove Z; to

gi ve a correspdiRfi i Dypodmd RjofaFeueda fehheedi anTliaim dp ferr] and
[err] is [errdivs sleddrpslspingd @b tdmpoing) of r €achula 3 whERe@Und Tof

formula VIII ereinRl4 is,R ag defined in,Caim1l or_gz as defi ned above
with a conpounhPo§ Y Kpa: 1S K - » and removing the
. : 'Z‘ 1 '
Riz | - -

protecting groub Z when present; -and if required
converting R,, and/or Ris to hydrogen by catalytic . .
hydrogenolysis;- .

.

Qr

~ £) reacting a compound of formula
_ . .
§ = _ ,
N OR,
14

0=C-CR1R2(CHR3)nNHR13 (XX1)

wherein n,'X, Y, R1, R2 and R3 are.as defined in
Claim 1 and R14 is RS as defined in Claim 1 or 0Z
wherein Z is a carboxy protecting group, with

(i) a compound of formula:

halCH(COR21)(CH2)m-R20 (xva)

or
(ii) a compound of formula:

R..0C-C0-(CH,) -R
21 2‘m 20 (XVI)

under reductive alkylation canditions; in which
. formulae Rzﬂ"Réa and m are as defined in Claim 1
and hal represents bromine, chlorine or iodinej;

followed by removal of Z when present to give a



N [err] mherein'[err] 'andl[err] are as def+nedd im1l, to give a
correspondi ng conpound of formula | wherein T is S and [err] 'is [err

and -renmoving the [err] protecting group Z when preHﬂIu” ﬂ ' uired =
conviet i ng R11 and/or R12 t'o hydrogen by catal ytic uﬂm ”Miyfl or f)-
reacting a conpound of fornula Y [err] ein n, X ¥ [érr] ah err] &
as defined in daim1 and [err] is [err] defined in daiml or Z
wherein Z is a cadmpaupst ot ectormula ohpgha\téhn(T)rapﬁeﬁpﬂtla.mg_?% gagmul a:
[err] or (ii) a dei.f@inula [ery] under reductive al kyfation
conditions; in mw%@oﬁl g@f’éﬁﬂnd' mare as defined in Claim1 and
hal represents brom ne, ¢t i1ne or iodine; followed by renoval of Z when
present to give a - 76 - conpound of - forrmula I- wherein T represents
[err] and or

g) oxidising a compound-nf'Formulﬁ.I wherein Rys is
-H to giye_a disulphida_compound-of formula I wherein

: - Ryy is

[y

~
d
-S-(CHRs)n-CR1R

N or L :
h) ‘ecyclising (A) a compound of formula:

Y x

D[-S-(CHRS)H-CR qucu]a-oﬁ

Q\ 1
[-c0-CR,R,~(CHR,) -S=-] -H , =
. 12 _ 3‘n b (X'XII)
uherein n,X,Y,R1, R2 and R3 are as defined in Claim 1
and one of a and b represents 0 while ‘the other one

of a and b'represents 1, or a reactive derivative
thereof, or (B) a compound of formula

Y

N COSH
Lo
27 (XXIII)

or a salt thereof, uherein X and Y are as defined in

Claim 1 and R27 is a group having the formula



[efr] or Q) oxidising a conpound of formula | wh RP4 is -Hto give a \V“
di sul phi de conpound of fornmula | wherein [err] O?Lﬁtﬂ‘EVETT§rng—éA;‘a

-

coﬁb d of formula: Y [err] wherein n, X Y, [err] 1%? re as defined
in 1 and one of a and b represents 0 while tf I !’ ﬂﬂmﬁ and\-g -
CB)L

repr ts 1, or a reactive derivatbwerthereof, or *

of

formula [err] or a salt thereof, wherein X and Y are as defined i'n daim1

and R27 is a group having the fog mul & cHR

7R-_[err] where n, Rl, R2 and

R3 are as defined in Claim1, RI15 | ydr%&ﬂwl%ﬁ | ower al kyl, and R28 is a
| eaving group or atom to give a correspondi ng conpound of formula I

wherein Tis S and the dotted line igra single bond;

or

1) acylating a

conmpound of forrmula Il as defined herein above with a conpound of formula
[err] wherein nis 1, [err] aq%degaqﬂare as defined in Claim1 and

renmovi ng the protecting group Z vthenh 15

where n, R1,_R2 and R3 are as defined in Claim 1,

R15 is hydrogen or lower alkyl, and R28 is a

leaving group or atom; to give a corresponding
compound of formula I wherein T is S and the dotted

line is a single bond;
_or

i) acylating a compound of formula III as defined

herein above uith a compound of formula

(CHRs)H———‘CR1R2

§———C
. §§U

(XXIV)

uﬁarein n is 1, R1, R2 and:R3 are as defined in
Claim 1 and removing the ‘protecting group Z when
preéent toc give a correspcndihg compaund of formula

I wherein T is § and R24 is hydrogen;
or '

j) reacting a compound of formula I wherein at
- least gne of R11 and R is trichlorcethyl with

12

an élk?nnl-or'aralkanol in the presence of CsF to

- give a compound of formula I wherein at least one

. ) N : ]
of R,]_1 and R12 is alkyl or aralkyl;
ar :

k) converting an acidic compound of formula I to

a salt with an ingrganic or organic base,

1) neutralising a salt of a compound of formula I

with an insoluble acid to give the free acid form of

the compound of formula I.

n & & l‘ﬁ



pkeseﬁt fo give a corTespbnaing'conpound of formula | wherein Tis S and

R24 is hydrogen; or j) reacting a conpound of formula 1@ t
one of R and R is trichloroethyl with 11 12 aH!mmﬁmlmlmﬂm
aral kanol in the presence of CsF to give a com@und of ®oreulia In wier ei n

| east one of [err] and [err] is alkyl or aralkyl; or k) converting an

aci di ¢ conpound yof iOﬁBFHl:és'E Eera Wil Al dnigd@edi 6£ OFophdaai ¢ base,
1) neutralising a salt of a _conpaund of fornmula | wth_an insoluble acid
to give the free act® PBEANBR fhe“dGifound™MBregt s 1S and Bg, 150 A
process for preparing a conmpound of fornula | as defined in Claim1 wherein
Tis Sand R is [err] or hydrogen mhichltonprises acyl ating a conpound of
formula I'll [err] wherein X and Y are as fined in daiml and R14 is R as
~defined in Caim1l (excluding hydroxy) or-@3M wherein Z is a carboxy

Prereet. "sndrern 1ot [afefTRR Mhath BB LA [FETY] donBEi R0 T

of formula III

(III)

COR14'-

wherein X and Y are as defined in Claim 1 and Ri4
_ is RS as defined in Claim 1 (excluding hydroxy)
[ or 0Z wherein Z is a carboxy protecting group with

a compound of formula . -

RZGS-(CHR3)n-CR1R2COOH (XVIII)
or reactive der vative thereof, wherein n, Ri,
R, and R, are as defined in Claim 1 and Rzé is
_ ﬁ
-C-M

wherein L and M are as defined in Claim 1, or st
is a thiol protecting group, and removing

protecting groups when present.

41. A process for preparing a compound of formula I
wherein T is S and Roy is hydrogen which comprises
subjecting a compound of formula

. T hta



-~ .

] wherein L and Mare as defined in Caim1, or R26 is a thiol Y
{ofecting group, and renoving protecting groups WhEﬂ‘PLﬁiﬂﬂl;_é¥¥%ji
p‘éz-ss for preparing a conmpound of forrmula I wherein Tis S an is

hytf ogen which conprises subjecting a conppund of ﬂmwmw - [erxl]/ -
wherein n,[err], X and Y are as defined Claim1, | I”ﬂl&”’jﬁ”{defl ned - .
in Cdaiml or OZ where Z is a protecting group and R26° i ¢ aMthsol ¥ :
protecting group to ammonol ys4
~ for the renoval of R and 2

preparing |-(S)-2, 3-dixhye+e _ - _ _
3- nmer capt o- 2- net hyl - 1- oxop i - 2- carboxylic acid which
conprises reacting 1-(S)-2, -oihydpb-l-[ =13 benzoyl t hi o- 2- et hyl - 1-
oxopropyl ] -1Hindol e carboxylic a6L§ Wi ?F-ﬁk§§¥V)|9 r al kyl am ne under
an inert atnosphere foll owed by acidificatli@n 3/ prozess for preparing
a conpound of formula 1 as claimed in Caim1 substantially as hereinbefore
described with reference to any one of Exanpl es '

wherein n, R1, R2, R3, X and Y are as defined

Claim 1, Ry, is Rg as defined in Claim 1 or 02 : .

#rol ysis or other conditions known
- 80 - 42. A process for

(XIX)

and/or h
T

where Z is a protecting group and R26 is a thiol 5
protecting group te ammonolysis and/or hydrclysis
or other conditions known for the removal of R

26
and Z w.nen present. _ -

.-;i' a & %)



N . . . . W \§
3A~/3B, 4A, 4B, 5A, SB, 8, 9A- 9B, 9C, 11 to 18, 19A lai 20, 21, 25, 26,

27, [err], 31, 35, 36, 39 and 40 to 47. 44 A conpound '@M,’"’”mﬂ”ﬂ"lf
G

defined in Oaim1 whenever prepared by a process as cl
Cl ai %38 and 41 to 43. 45. A conpound of fer@@ a | as defined i# Caim 1

R oon 3590 RYpRoBaRe I AL A - £5109) 1 3hpId a- (G 40
phérnaceuticaf 47 3-pepaprec@rmatdly kohposepropy L bnpHréhdglg-@ompound as
claimed in any OnecQEb§&%PQ% %éﬁ%f%jfﬁﬁiébﬂﬁ@i%%&eyghﬁﬁkhﬁ ch%ﬂt%ple

carrier. 48. A conpoun T or mi group
of formula [err] UﬂlPQﬂFP"1W[(F@Fr‘Qﬁﬂ??zﬁt?lgré meth¥firded in daimil;

[err] is hydrogen ekobﬁ?%alé}uﬁﬁ-m)&d& Fwﬁmn@yge%ymw% al kyl ,

| ower "al koxy, or hal ogen err] -Ts brom ne, chlorine, iodine, hydroxy,
tosyl oxy, benzyl ox$18PX¥YN RE?ﬁMﬁ%&¥{eﬁmﬁn¢su%9%¥o§€nlﬁﬁr§lE§W05?3Q¥e

hydrogen, |ower al kyhioRedabyl acii R dfcfdbnas defined in daiml or OZ
wherein Zis a carboxyllc acid protecting group or salts thereof. 49.

2, ? Di hydro- 148% nEt géésgx o% %g);g]iﬁg a compound of formula I
v as claimed in Claim 1 substantially as hereinbefore
B . described with reference to any one of Examples
3A, 3B, 4A, 4B, 5A, 5B, 8, 9A, 9B, .9C, 11 to 18,
19a, 198, 20, 21, 25, 26, 27, .0, 31, 35, 36, 39

and 40 to 47.

44, ‘A compound of formula I as defined in Claim 1
\_ whenever prepared by a process as claimed in
any one of Claims 38 and 41 to 43.

45. A compound of formula I as defined in Claim 1
whenever'prepared by a process as claimed in
either Claim 39 or Claim 40

46, A compound as claimed in any one of Claims 1 to
37 for use as a pharmaceutical.

47. A pharmaceutical composition comprising a
compound as claimed in .any one of Claims 1 to 37

and a pharmaceutically acceptable carrier.

48. A compound of formula:

e 5 g’

(IVa)




P

i ndol e- 2- carboxylic acid ethyl ester. 50. v/

1- 2, 3- D hydro- 1- ( 2- net hyl - 1- oxo- 2- pr openyl - rboxyllc acid
@ ester. 51. d- 2,3-0 hydro-1- (2 et hyI 1” ﬁ Miﬁ mlgﬂlmfl-l- .
y o- : 7

2-carboxylic acid ethyl ester.

hydr o- 1- ( 1- oxo- 2- propenyl ) - 1H—|ndole 2- carboxyllc aC|d ‘ethyl ester.
53. 2, 3- Di hydr o- 1- ( 1- oxo- 2- pr operyB)t- +H i ndol e- 2- carboxyllc acid. 54.
2,3-Di hydro 5- met hoxy- 1- ( 2- et hyl - 1- oxo- 2- propenyl)-1Hi ndol e- 2-

carboxyllc acid ethy|p g§Leh RS5. £ la -CR
2, 3- Di hydr o- 5- net hoxy- 1 gz rre?ﬁ5ls aogoroé"p Sropgnr;/"luf 3 i ol e 15 (O boxylic

acid 56. 2, 3-Di hydrBRgRebEHBRY ntZ( 5- BoRA-+pRap R+l1are as

;ngobfhzacargoxylhc aerdnethyh gih&h 13 Fﬁ Sds 1y ;?ﬂcgen or lou?r N
, 3- ydr o- 5- met hox QxQ ropen i ndol_e- oxylic aci

58. 5- Chl oro- 2, 3- dih%ﬁLSi néFh?Ed g_ﬁ y|)1°Uer WY,

iH i ndol e- 2- carboxyllouac|d1&bhyloesha&ng&@, Z is bromine,

5- Chl or o- 2, 3-di hydr o- égogghgylladgﬁg 2y, d@B %%ngﬁiyﬁgéie% €$§?ﬁéhlfn

acid. 60. A process prepari ound
any one of clainms 48oro-85¥ |Mhenﬁnﬂ ess M$§roganybatadgja,conpound of .

formula 111 14 v is hydrcgen('hb e@ WIRHEI N o & 1Y &Ry @b, defined in;

cl ai m 48 and : 14 !
is R as defined in Claim 1 or 0Z wherein Z -
is a carboxyllc acid protecting group, or

salts thereof.
49. 2,3-Dihydro-1-(2-methyl-1-cx0-2-propenyl-1H-
o indole=2~-carboxylic acid ethyl ester. .
: | | <
50. 1-2,3-Dihydro-1-(2-methyl-1-oxo-2-propenyl-1H-
indole-2-carboxylic acid ethyl ester.

51. d- 2,3- Dlhydro-1 (2-methyl 1-ox0-2-propenyl- 1H-
indole-2-carboxylic acid sthyl ester.

52.  2,3-Dihydro-1-(1-oxo-2-propenyl)-1H-indole-2-
carboxylic acid, sthyl estsr.

53.  2,3-Dihydro-1~-(1-oxo-2-propenyl)-1H-indole-2-
carboxylic acid. .

s54. 2,3-Dihydro-S-methoxy=-1-(2-msthyl-1-0x0=2~
propsnyl)-1H-indale-2- arboxylic acid ethyl ester.

oy

RN

' g5.  2,3-Dihydro-S<methoxy-1-(2-methyl-1-0x0~2-
propenyl)-1H-indole-2-carbaxylic acid .

56. 2,3-Dihydro-5-methaxy-1-(1-oxo-2-propenyl)-1ﬁ-
indole-2-carboxylic ascid ethyl ester.



Re i’s as defined in"Cai'm48 excl udi ng hydroxy, 14 with a conpound of

formula: (i)  [err] (Vi) (i) f[err] (M) (iii) TJerr] (Vila) or
(iv) “[err] (VI1b) wherein n, [err]and [err] are as defined in Claim48, .
[erri.xepresents an activated carboxyl group-and h | orine
or_iodine; if desired followed by deprotection to l;ma“mm Ir“ﬂm
protecting group Z; to give a conmpound of for mil a whecrerm erh S

[err] or [err] where [err] is chlorineg, om ne, - 83 - iodine,

tosyl oxy or benzyloxy, or (b) hydr ogenol ysi s of a conpound of '

formula |Va wherg 'D%.W@)ﬁ?' 'El-ﬂ::xﬂ-’}’e('l ao,g@r@% ﬁ\% )I‘g.*?ﬂ“' a

I Va wherein [err] | s hy’c?r oxy reacting a conpou
formula |Va wherein Z|¥ﬂdﬂﬂﬁﬂﬁ1ﬂ?rquﬁﬁkﬁa%ﬁl¢@d|ne with an an1ne of
formula J[err] to give a conpound of formula IVa wherein Z

[err] wherein R is hydro en or-a |, The text of t peC|f cation h
been. repr oduced by 3% 5%%&% T%éy Er;kﬂ 19923 r?B?penyf?
my contain a few awendmmuﬁhdﬂnaﬂnéﬁsruhiilinnécid)éfnyn estdhe origina
typescript containing thése anmendnents may be inspected on the prenises of

the Patent O fice _ _
v 59. S-Chlo:o-z,S-dihydro-(Z-methyl-1-oxo-2-prspenyl)-

< -1H-indole~2-carboxylic acid. N

"60. A process for preparing a compound of formula
IVa as .claimed in any ‘ons of claims 48 to 59
which comprises: ' ' '

(a) acylating a compound of formula III

N
(11I)
)
wherein X and Y éra as defined in claim 48 and
R14'is as defined in Claim 48 excluding hydroxy,
with a compound of formula:
(i) R16CUCR1=CHR15_ (V1)
(ii) R16COCR1R2-(EHR3)n-hal (VviI)
T - ar (iv) R16CDCR1R2-(CHRs)n-Ubenzyl (VIiIb) |
" _ uhe:ein n, 31, Rz, R3 and R15“are as ¢efined in

Claim 48, R1ECU represents an activated carboxyl

group- and hal is bromine, chlorine or iodine;
if desired followed by deprotection to remcve

carboxyl protecting group Z; to give a compcund
is CR,=CHR

1 125 = 1 15
-CR1R2(CHR3)HZ where Z' is chlorine, bromine,

of formula IVa wherein R or



- o

IELLE LT

-83-
iodine, tosyloxy ar benzyloxy;

. or (b) hydrogsnolysis of a -
compound of formula IVa whersin 21 is benzyloxy.
to give a compound of formula IVa wherein Z1
is'hydroxf, _ _ )
or (c) resacting a compound of formula IVa ,
wherein Z! is chlorinéﬂ brbmihe_or iodine with
an amine of formula H NR13 to give a campound of
formula IVa wherein Z 1is -NHR,. wherein Ry
is hydrogen or alkyl.
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The text of the speeii‘ica..tion has been reproduced by photocopying the applicants original
typescript, It mey contain a féw amendments which are difficnlt to »ead. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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