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ABSTRACT 4

“'
S

An homo]ogous 'series of methy] a-(and B) methy] -B- -(N4- sub-

' v'st1tuted Nl p1perazrny1) proplonates was syntheSIZed by react1ng

vj“the approprlate am1ne w1th either an .a, = unsaturated ester or h
;su1tab1y subst1tuted bromoester In a s1m11ar manner, a number -
of N“-subst1tuted p1pera21ny1 butyrates, acetates, formates and

'proplon1c ac1ds as wel] as severa] 4- phenylplper1d1no 4- benzy]-

' p1per1d1no and 4-pheny] 1 2 5, -6- tetrahydropyr1d1no esters

- were prepared Many of the above am1noesters were converted to

_the1r correspond1ng hydroxamic ae1ds by react1ng the ester w1th
: hydroxy]am1ne hydroch]or1de in methanol or: ethanol
In: add1t10n three 1- hydroxyqu1noxa]1n 2-one 4- ox1des were

prepared by reactlng appropr1§te,u-ketoaldehydes wlth o quﬂnone

| ‘ 3dlox1me in water T4ese ox1des were then catalyt1ca11y r duced -

\Vg over palladium-gﬂavcoal to 1- hydroxyqu1noxa11n 2- ones
_d1fferent strateg1es to syntheSIZe the above qu1noxa11ne cyc]1c

.1.hydroxam1c ac1ds by reduct1ve cyc11zat1on of su1tab1y subst1tuted

o o-n1troesters wEth sod1um borohydr1de cata]yzed by pal]ad1um-

charcoa] were unsuccessfu] The mass spectra of the 1- hydroxy—
qu1noxal1n 2-one 4- oxldes and 1- hydroxyqu1noxa11n 2 ones have
j,been recorded and 1nterpreted All ‘gave abundant mo]ecu]ar 1ons,
most of which fragmented to [M-16]t [M ]7]+ and [M-45]+ ions by
the loss of 0 OH ‘and COOH respect1ve]y These suggested |

fragmentat1on pathways were supported by the presence of



;rhetastab]e peaks of appropriate mass. Further decomposftions
. were ]arge]y 1nf1uenced by the ‘nature: of the subst1tuents on each’
| mo]ecule |
Al] of the compounds obta1ned were screened for. hypoten51ve
' act1v1ty at dose levels of 1 5 or 25 mg/kg by measur1ng the
carotid arterial b]ood pressure of two rats anesthet1zed with v
'_urethane and compar1ng the b]ood pressure responses to acety]chofd
p’11ne chlor1de noradrena11ne bltartrate 1 1 d1methy1 -4- phenyl-'
p1pera21ne or nicotine and vagal st1mu1atlon before and after
adm1n1strat1on of the test drug 1ntravenous]y v
: The presence of an aromat]c group in the 4- pos1t10n on a
-cyc]lc ‘3-amino- funct1on prov1ded optimal ‘hypoténsive™ act1v1ty in
the methyT prop1onate and prop1onohydroxam1c ac1d ser1es

| ‘twhether an a- or -methyl subst1tuent,was present or whether the

ester was methy] or ethyl had no»con j;tent adVantage for hypo-

' ttensfve’activity "DeCreasing the mgth of the propxonate func-

o_t1on by one or two methy]ene grouns resu]ted in d1m1n1shed hypo— '

tens1ve act1v1ty but 1ncreas1ng the d1stance by one methylene
g)i,

-'enhanced act1v1ty The hydroxam1c ac1ds‘genera1]y had a sxm1lar :

»magn1tude of hypotens1ve act1v1ty to the correspond1ng esters,

‘ - but some had a ]onger durat1on of actvbn Am1nocarboxy11c ac1ds

x,‘were substant1a11y weaker hypoten51ve agents than e1ther ‘the

' ;correspond1ng am1noesters or. amlnohydroxamlc acids, while the

f:] hydroxyqu1noxa]1n-2 one 4-ox1des and l hydroxyqdhnoxaIIn 2-ones,
2 : ‘

Covi-



ester and‘amlnohydroxannc ac1d serles most of the actlve 4 a]ﬁg f

éub tltued cyclic 3-amino compounds had a gang]1on1c b]ock1ng ti:?.:
Ahae 1on while the 4-ara- a]kyl substItuted d/ﬁ1vat1ves often had §:*

xed_gaqbllonlc blocking and u-adrenocept1ve»block1ng act1on, s

~ H"W{ocept1ve blocklng action.

The rates of hydrolys1s of methyl Z-methy] 3- [] (4-phenyl-'

’
Voo
ot = 2

i

razlny])] proplonate hydrochlor1de and 2-methy1 3 [l-pheny]-;:i

;fbrOhJonohydroxamlc acid hydrOChlor‘de in d15t1]]ed §§;

ihtgr were compared by measurlng at- reguIar lnterva]s of t1me the ??l
R

Q;Ity of remalnlng ester or hydroxamate in a. known concentra_ fg i
W : iP

n of 1n1t1a] so]utlon by react1ng a]lquots w1th hydroxylam1ne |
'ﬁin alka*%nexso]ut1on to g1ve the hydroxam1c ac1d (in the case o*l"Q

the ester) whlch then gave a quant1f1ab1e co]ored chelate comp]ex 2
_ ulth ferrlc lron. thch ‘was estlmated co]or1metr1ca1]y The

ester was hydrolyzed much more rap1dJy in- d1$t1]]ed water than the ’
hydroxamate ‘ '

O f\\\\\;;;\\\
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1. Hygotensiue‘Aminggstgrs, Aminocarboxylic Acids and Aminohydroxamic
| Acids . N : - | ‘ _

Coe (1050) found that quaternary pyr1d1n1um hydroxam1c acwds of -
?genera1 structure 1), in which 'R was a hydrogen atom, an alkyl group or
v'a substituted: a1ky1 aroup and R] was a hydrogen atom (n 1 or 2) or a

'methyl group (n = 1), were effect1ve in the prophy1ax1s and treatment

of orqanophosphate p01son1ng

-

- ,/<£;2>ﬁ%cnk7)n-connon c®
R | ch

Nu)

; Th1s pub11catlon led Coutts et a] (1969) to synthes1ze a fuf

serles of methyl 3 am1noﬁrop1onate hydroch]or1des of general structure (2)

RCH,CHRZCOOCH . HET

. GZ)

g

| where R] was a subst1tuted or unsubstItuted p1per1d1no, homop1perid1no,f

‘_.v morpho11no, p1peraz1no or benzy]am1no group and R2 was ‘a methy1 group or

/

| "a hydrogen atom These esters were then converted to ‘the correspond1ng



N

A |

f 3;amihopropiohdhydrox5ﬁic acid hydrochlorides of general structure (3).
S RloncHrPconHon-HCY

L A

These hydroxamates were ev1$aged as potent1a1 protect1ves aga1nst |

,organophosphate po1son1ng structura]ly resemb11ng those reported by

Coe (1959) Houever, Coutts and h1s co—uorkers not1ced that |
1ntraper1toneal adm1antratlon of ]arge doses of the 3—am1nohydroxam1c ‘
‘ ac1d hydroch]orldes to rats produced disorientation, neuro]og1ca1 |
h.effects (such as dyspnea) and CNS st1mulatlon fol]owed by depress1on

,‘These observatlons Ted the authors to eva]uate the effect of both the

3- amlnoprop1onohydroxam1c ac1ds and the 3—am1noprop1onates on the

' carot1d arter1a1 b]ood pressure of anesthetIZed cats. A]] the _
d:hydroxamlc aclds and most of the esters caused a fa]] 1n b]ood pressure,
-fw1th the hydroxamates exh1b1t1ng a 1onger durat10n of act1on The_
rtmost 1nterest1ng of the compounds tested was 2—methy1 -3- (4 pheny]- |

p1perldlno)proplonohydroxamlc ac1d hydroch]orlde (_) wh1ch produced a

N e
: nn_cnzcn(cu3)couuou S

@



fa]]'in'arterial‘b]ood}pressure. Subsequent-detatled
*-pharmaco]og1ca1 1nvest1gat10n of the. hypotens1ve action of th1s
_compound by M1dha et al (1976), suggested that ltS mechan1sm
of hypotenSIOn may be sympathet1c gang11on b]ockade. 'N1dha
*@t al. (1970) also fbund this der1vat1ve to be as effect1ve
;>; hypotens1ve agent as pento11n1um tartrate»on a mo]ar -rc; ﬂu
basis. 'f B ' : R ‘t
Recoan1z1no that the nature. of the amino mo1ety P.l in compounds :
of genera] structures (2) and (3) was important in determ1n1ng o
jﬁ%itts

magn1tude and - durat1on of" the fa]l in blood pressure observed

.et al. (1071\ extended thewr 1nvest1gat1ons to include: esters and

oS
‘v

hydroxamates where1n R] ‘was an a]ky] or d1alky]am1no group, in add1t1on

) to compounds where1n R] was a p1per1d1no «or morpho]wno group w1th RZ
rema1n1ng a methyl group or a hydrogen atom. Aga1n these compounds were

evaluated for their effect on the carot1d blood pressure of anesthetiz-

o ed cats However, none of the compounds were'as active aS‘Z-methyl -3-

’(d pheny1p1per1d1no)prop1onohydroxam1c ac1d (4) in 10wer1nu the b100d
f'pressure | _

Biel (1965) c1a1med that the ara]koxyam1des of (4 pheny1 -1 2..,
6- tetrahydropyr1d1no\a1kano1c ac1ds of genera1 strucfures () and (6)

g ‘cou]d be used for the treatment of hypertension and perlpheral vascular

‘ d1sease, where R], Pz, R3 and R were hydrogen, ch10r1ne, bromine,

1od1ne or f]uorlne atoms or tr1fluoromethy1, am1no n1tro. 1ower -
: 5a1ky1am1no, Tower a]kanoylam1no, 1ower alkylth1o, su]famy], 1OWer N .5

B



alkanoyl, lower elkyISUTfonyl, Or methylenedioxy groups-orucyc10a1koxy

subslltuents and n was zero or an 1nteger from 1 to 6. The claimed

'vthe bTockade 0 fseriphera]vor'autonomic ganglia.

SR - n B 3 o ‘

B / ) -t (cu | SR
\ -(}cn?,nf‘c-nv-_o;c.z)n_ &t e

R2 : T S A '

(6}

Concurrent]y, Biel and Fopps (]°6¢ .ported the ana1q951c
”'act1v1ty of the c1ose1y re]ated N-a]kyny] and N-a]kynyloxy der1vat1ves
(Z);' where w was a lower oxyalkyl ‘ or a lower oxyalky]eq'_aroun, Y .
was a- 1ower oxya]kylene aroup, 7] and 22 were hydrooen atoms , 10wer
-~ alkyl aroups or funct1ons of. the formu]ae (8\ or (0), and P] R? P3~

> L ]

”R and n were the same. as for genera] structures (4) and (6)



St1mulated by these f1nd1ngs Blggs and co-uorkers (1972c)

' conducted a deta11ed pharmaco]og1ca1 eva]uatlon of the hypotens1ve -
- ‘action of the related compound 2-methy1 -3- (d-phenyl 1 2 5 ,6- | _
.'tetrahydropyr1d1no)prop10nohydroxam1c ac1d hydrochlor1de (__) wh1ch ‘
they conc]uded produced a blood pressure fal] v1a an a—adrenerg1c

'receptor b]ock1ng act10n N o - Vo

® 13 @'
N -CHZ—CH-CONHOH C'I'
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b

- Two 1nvest1qat1ons by B1ggs et al. (1972 a; 1922 b) exam1ned j _
the hypotens1ve activity in anesthet1zed rats of compounds w1th

' structures (11) and (12) where R] was an a]kyl, a]]y] orfaralkyl'group,

o : _ - , o
| R_]RZ?HCHRBCHR%OOC'HE,)'.X’:)' S
(1)
| R’RZ?HCHR%HR“CONHQH; X
- W® |

or a substltuted or: unsuhst1tuted a11cyc11c r1ngfand R2 .3 and P -were
hydrogen atoms or methy] groups. They found many - of the compounds B
lboth esters (11) and hydroxamates (__)] possessed hypotens1ve proper—
t1es of very short durat1on -The authors conc1uded that none of the |
compounds synthes17ed exh1b1ted suff1c1ent act1v1ty to warrant continued
h 1nvest1gat1on “In. add1t1on, some of the hydroxamlc acids’ (__) were
screened for. the1r abil1ty to protect m1ce aga1nst a lethal dose of

P
d11sopropy1 f]uorophosphate (DFP) but none were act1ve

G1]bert et a1 (196]) prepared a ser1es of hydroxamlc ac1ds

T with genera] structure (13) [where n was 1, 2 or 3] in an 1nvest1gatlon

/
o

o '(CH3)3N(CH2)nCONHQH c1



}of the re]at10nsh1p between structure and reactivating ab111ty among

hydroxam1c ac1d react1vators of organophosphate 1nh1b1ted acety]-
. Q -
-cho]1nesterase.' None of these deravat1ves were found to be an effective

react1vator, thus 1nd1cat1ng that the react1vat1on reaction probab]y
‘u

does not requ1re a molecu]ar conf1gurat1on s1m11ar to that of

acetylcho]1ne (__) Y

[}

e U
(CH3)3N(§.H2‘.)'20C0CH3 Cl o
BN

~~
ol

' To summarIZe at th1s p01nt, on]y a limited amount of research

"+ has been pub11shed concern1ng the synthes1s and pharmaco1og1ca1
‘eva]uat1on of am1nohydroxam1c acids and am1noesters possess1ng T

{
,-am1noesters have a w1de range of ot b1o]og1ca1 act1v1t1es Some

,1nterest1ng hypotens1ve propert1es In add1t1on to th1s property,, P

‘vof these w111 now be d1scussed
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IT. ﬂther Pharnaco]qa1€ya Act1v1tJes of 3-Am1noestprs,

" In a ser1es of Ppapers, Ra]tz]y et al. (1040 a; 1040 h; 1949fc)‘v

'“::Investxqated thenoxytoc1c activity of 3- amYnﬁziz::Q Wifh.structura1“

formulas (15), (IF) and (__)‘ where p! waﬁ\ koxy or phenoxy

"_:subst1tuent R? was a hydrogen atom or a methyl qroup, R3 was a methyl .-

o
or ethy1 oroup, m and n were 1 or .2 and X was a. ch10r1ne o? brom1ne
&

atom The max1mum oxytoc1c act1v1ty found ‘was on]y 5 - 10% that of
. I .
fergbnov1ne B o - . L
2 ; 3,0
»?Z:‘}—CHZCHR NH(CH,,) CH,CH,COPR® X ©
(1)
| |} S o R S -
3 @-CH(OH)CHR NH(CH ,)Ch CHZC_OOR xe
C CH ) ~NHR? (CHZ) -coorz x®
_ : ‘ | o

) ¢
Ph1111%s (1°Gﬂ)cont1nued the search for oxytoc1c 3- amwnopro-

plonates by synthes1z1na COmpounds w1th genera] structure’ (18) where ."

(a) R and R2 were 51mple alTphatlc groups (or hydrogen), (b) R was‘a |

1,2
~RR NCHZCHéCOOCH3

HC1



v

methy], benzy1 4-methoxyphenethy] or 3, 4 d1methoxyphenethy1 group and ‘

R2 was 2 carbomethoxyethyl, or (c) R th was a saturated heterocyc11c
ring. The authors found none of these ana]ogs to be act1ve

N A compound be]onq1nq to the series with qenera] structure (2)
.name1y the reversed carhoxﬁq ana]oaue (19) of acetvlcho]1ne was
synthes1zed hy Rass et a] (1950) and found to be equ1potent with

,acety]cho]1ne in muscar1n1c act1v1ty when evaluated on auinea -pig

11eum
£ (CHy) NCH,CH,CO0CH, 1© |
a9 —

) Schue]er and*Keas]1n0 (1051) have reported that the reversed
‘ucarboxy] ana]ogs of acety]-a—methylchol1ne and acety1 B-methy1chol1ne,
ﬂ(?h) and (__) respect1ve1y, possessed less than one ten-thousandth of

;'n:the muscar1n1c act1v1ty of the1r respect1ve acetyﬂchol1ne ana]ooues

‘.(21) and (23)

'_(cn3)3ncngcn3)cnzcoocu3;u -
O

e ﬁaf
(CH3) JNCH(CH,)CH,00CCH, 1=



D L °
(CH NCH,CH(C 3)coocn I

3)3 3
@

| . o -
(CH) ;NCH,CH(CH3)00CCH, 1©
- PO .
| (23 ¥
A compar1son of the d1fferences ir the reported re1at1ve act1v-
1t1es of compounds (10), (2n) and (__) prompted Rigas et al. (1071)
‘to synthes1ze and re-examine the muscar1n1c and n1cot1n1c act1v1t1es ‘

'of all three esters. They found that der1vat1ves (__) and (22) exh1b1ted

significant muscar1n1c action, wh11e compounds (__) and (__) possessed

-.'n1cot1n1c act1on Compounds (__) and (22) were noted to be more potent

: parasympathom1met1cs than was prev1ously reported
Adamson (1954) reported that compounds w1th genera] structure

(24) have strong ana1qeswc propert1es when R] was a. methy] aroup, R?

1.2 03

R CH,C00CH,
(24) ;{/ S e
o - . , .

© .

o was a methy] or ethy] group and R3 was a methy] or propy] group “Inj '

contrast, when Ha]verstadt et al (1959) 1nvest1gated the synthes1s and

\.‘"a

.hypotensive act1v1ty of a ser1es of 2- ammon1oa4ky1 3-ammon1oa1kanoate

.-



N

1 2 3 &

salts derived from genera],structure (25), where R > R75 R B R", R” and

1235 O4-5 6

R'R“R Ncuzcnzcoocu LCHNRRIRY . 2x

R6 were various a]kyl subst1tuents or heterocycles, they found that a

number of these d1am1no esters exhibited a marked hypoten51ve act1v1ty |

- via gang11on1c blockade

' Pacheo et al., (1962) screened a: number of am1noesters w1th

" general formula (__) for ant1spasmod1c act1v1ty, where R] was a.

'p1per1d1no, Pyrr011d1no or morpho]1no group, R2 was a pheny] group and

\
tR3 was a methy] -or h1gher a]kyl group Many were actlve

W :R]CHRZCH2C00R3,; HCT

(28)

VHorrii‘et'al (1962) evaluated dwfferent 3- amlnoester

'der1vat1ves of genera] structure (__) fbr oxytoc1c act1v1ty In their -

2

‘compounds R] was a var1ety of a11phat1c or: aromatlc groups and R and

R3 were methy1 groups or hydrogen atoms. Several had_s1gn1ficant.
act1v1ty. N | B |
'R]RéﬁhCHZCHR3C00CH3 c®

AN

-11-
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Matkovics et.aT (1961 1062) and Porszasz et al. (1961)
synthes1zed and evaluated am1noesters w1th genera] formuTa (__)
"Qhere R] was a p1per1d1no, pyrr011d1no or morpho]1no group, Rz was a-
" methyl, ethyl butyl, pheny] or benzyl group and n was T or 2 he,
tert1ary esters with lower a11phat1c subs*1tuents exh1b1ted n1cot1n1c
' act1on wh11e those w1th higher molecular we1ght subst1tuents or
_‘aromat1c substltuents reportedly produced ganq11on1c blockade The

' »authors fbund that the quaternary sa]ts of all these esters were

‘potent gangl1on1c bTockers.' . R S <g

e
»R (CHZ)nCOOR_
(28)

A Barrass et a] (1068) also stud1ed am1noesters of structura]
type (28) but 1n th1s case R] was a d1ethy1am1no or pyrr011d1no aroup,
R2 was a methyl or ethy1 group and n was 1 to a; The authors found

that these derivat1ves had predom1nate]y a n1cot1n1c act1on and were,

~.:more act1ve when quaternvaed |
| in a subsequent repnrt Pr1mh]ecombe and cutton (1069‘
"dnvest1qated the effects ‘of var1ous quaternary am1noesters (such as
hmethyl 3- d1methy1am1noprop1onate meth1od1de and efhyl 3- dwmethylamtno-
propwonate meth1od1de) wh1ch ethblted both muscar1n1c and n1cot1n1c
) act1v1ty on the supervor cerv1ca1 ganqlion of,the cat They conc]uded
H“athat thesek§ompounds produced the1r effects by 1nteract1on w1th post-

TN

J—fsynapt1c receptors in the. gang]1on



""anesthet1zed cats to var1ous 3 am1noesters and 3- am1nohydroxam1c ac1ds,

-13-

Besides,3§amfnopropi0nates,‘Q-ahipobutyric acids ano'derivatives‘-
have been synthesized and screeneo tor a variety of biological activ- |
ities. | _ -

. In series of pub11cat1ons Takahash1 et al. (1061 a, 1961 b;
1962 a, 1962 b) and Vume1 (1061) studled the pharmat01001ca1 gct1076 of
4-am1nobutyrates wvth genera] structure (__), uhere P] was a hydrogen'

” “and r3 were hydrooen atoms or

atom, methy] acety1 or pheny] group, R
‘methy1 groups, P was ‘a hydroqen atom, methy1, ethvl. n-hutyl or benzyl
voroup and X was.e1ther a ch]or1de or hrom1de ion. Vany of these
'der1vat1ves prnduced vasod11atlon, Iowered b]ood pressure and possess-
‘ ed ant1stTmu1ant act1ons aga1nst acetylcho]1ne, t-hydroxytryptam1ne, . »
".n1cot1ne and histamine. | | |
‘|.  N
Réiifﬁ CHZCHZCH -COOR X\’

R

R

(29\

In add1t1on to study1ng the blood pressure responses of -

'Foutts et al. (1071) tested severa1 ‘3- am1noprop1on1c ac1ds of oenera1
’ structure (3n), where R was p1per1dino 4-methy1p1per1d1no, homop1peri- ~
d1no or ethy1am1no and 91 was a hydrooen atom or a methy1 group. These
 RCH,CHR'COOH



'fcarboxy11c acids were found to have no effect upon the b]ood pressure,
while ‘the correspond1ng esters and hydroxam1c ac1ds possessed
‘s1gn1f1cant hypotens1ve propert1es (Coutts et al. 1969 1971)

: Furthermore routts et al. (1969) noted that a]though correspond1ng

=throxamates and esters had s1m11ar\Magn1tudes of hypotens1ve act1v1ty, ’

"the durat1on of act1on of the hydroxamates was - 1onger than that of

R _esters The above observat1ons 1ed the orasent author to suggest that

the d1fferences in duration. of act1on between correspondIng hydroxamatesv

14~

- and esters could .be attr1buted to d1ffer1ng rates of hydro]ys1s to g1ve :

1nact1ve carboxyl1c ac1ds To examlne th1$ hypothes1s. a comparason
of the rates‘\qf hydrol ysis of methyl 2-methyl-3-[1- (4-pheny1- |
p1peraz1nyl)]prop1onate dlhydrochlor1de (31) and 2-methy1-3 [1 (4—
t-phenylmperazmy])'lprop1onohydroxam1c hydrochlor1de (__) in d1st1]]ed

water was undertaken "The resu]ts of th1s study are d1scussed 1ater
C . .

o

‘ N-CPZ-CP COOCH, - 24C1 .

(31)'

i

' y:‘.: . “’.— ’ . EE N
L - Q . N FHZ-CH CONHOH « HCT

(32)
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I ﬂxpotensive'Pipera}ine nerivatives S ,: N

In view of the foreao1nq observat1ons, 1t was dec1ded that

| further 1nvest1gat1on of the structura] requ1remen+s for hypotens1ve

- nact1v1ty of 3 am1noesters and 3-am1nohydroxamates with aeneral struc-

tures (2) and (3) wou]d be wnrthwh11e The 3~pos1t1on am1no groups '

"”chosen for study were var1ods subst1tuted p1peraz1nes The reason for "j' ﬁ?.
‘;th1s cho1ce was twofold F1rst was the prom1nence in the scwent1?1c

‘11terature of potent hypotens1ve compounds 1ncorporat1ng a p1peraz1ne

mo1ety in the1r structure %econd was the d1fference in pharmacologwca]

ﬁpropert1es between compound (_) a -potent gang]1on1c b]ock1ng agent

- (Midha et al. 1970) and compound (10\, a potent p-adrenero1c bTock1ng

agent (B1ggs et al 1°72c) It shou1d be noted that since the present

- study concerns 1tse1f only w1th hypotensive act1v1ty, an attempt to

documnn-the w1de ranoe of phannaco1og1cal propert1es d1sp1ayed hy
Ccnmpounds 1ncorporat1nu a p1peraz1ne nucleus was Judaed beyond the
.gscope of the current undertak1no rbnsequently, the fo]‘ow1na d1scus;'b
swon w111 rev1ew only the documentatIOn of p1pera71ne mo1et1esv .

occurr1ng in potent hypotens1ve agents. .. LT
a e S R
@—{ﬁ NHCH,,CH(CH3 )CONHOH €19

, o

.Q—Oncuzcu(cn3)comon 0o
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A, The adreno]ytic; sympatholytic and- antihistaminic propert1es _

’(1048) wh studxed ] phenylpiperaz1ne (33a) and 1—methy1-d-pheny]-‘ ’

. p1peraZIne 3h). ﬁeveral years later, Min (1°§3) reported that

yl)-d (l-methyl 2 Dhenylethyl)p1pera21ne (33c) and .
' thyl 2- pheny]ethyl)pwperaz1ne (33d) possessed |
‘ hypotens1ve act1v1 y whlle 1-isoamyV-4- (l-methyl =-2- phenylethyl)—

piperazine (33e) an, l-cyclohexyl -4- (l-methyl—prheny]gﬁhy])p1perazine‘"

| | (e) o '/ »-'.(cn )ancﬁ mz' o Hé(c_ﬁ3)‘cnf |
'.“'v’ff’ | . O’ o '@-CZ(CH )cn_‘f



(1)

' (n) |

(R Clc

2

3 R\Z

CHN—

CHNH—




18-

o Moff1t and Lim (1965) found that 1- -[2-(3, 4-d1methoxyphenyl) 1-
methylethy]1 4- furfury]p1peraz1ne (§§g) and 1- 1sobutyl-4 {2- (3 4. d1hydro-
-xyphenyl) ]-methy]ethyl]p1peraz1ne (33h) produced sustalned hypoten51on"
‘1n unanesthet1zed hyperten51ve (s1noaort1c occ]us1on) dogs when g1ven
be1the| intravenous]y or ora]]y. Further 1nvest1qat1on ]ed the authors -
to conclude that the’ hypotens1on produced by these compounds was part]y

' due to b]ockade of the vasomotor\_entre in the medulla and part]y to
'blockade of adrenergic term1nations at the perlphery, with no 1nvo]ve—
}; ment of gang]1on1c b]ockade and no interference with other cho]1nero1c'

‘ receptors , . o h |
| 0 Leary (]953) demonstrated that 1,4-b1s (1,4- benzod1oxan~2—y1- _
1 methy])piperaz1ne (gg;) was.a ned'adrenerglc block1ng agent whlch ]ower-.t;_("

ed the b]ood pressure, antagonIZed b]ood pressure responges to ep1n- o

ephrvne and 1nh1b1ted the effects of dlrecth (sp]anch1c st1mu1at1on) or .

ref%ex]y (carot1d occuIs1on) st1mulat1ng'the sympathet1c nervous system L

’ ;'ln ch]ora]ose or. pentobarb1ta1 anesthetvzed dogs Page et a] (1959)

| 'f§found T- (2-methoxyphenyl)p1perazlne (_gl) produced a lower1ng of blood _
o pressure and sedat1on in hypertens1ve pat1ents, wh11e 1,4- b1s (1,4 ben- -
'”zod1oxan 2-y1-methy1)p1pera21ne (__J) was ]ess effectxve ThTS finding ‘~}

"]ed Quesuel et a] (1960) to exam1ne ‘the actlon,of 1- (3 d-d1methoxy—

-_pheny])p1peraz1ne (33k) in dogs and cats. Th?\a;thors conc]uded th1s
.f

Acompound produced 1ts hypotens1ve effect b ,ac&/ng upon -g- adrenerg1c

‘ receptors

In an Amerlcan patent. Rudner (]961) syntheswzed N‘

"Ry,

methyI-N (Efchlorobenzhydryl)ptperazlne (33m) then clalmed that.'~

"ﬁs— “
AR WO %



pharmaco]og1ca1 stud1es showed the compounds to be ant1hyperten51ve and
ant1h1stam1c agents. | " | } | v |

Da Costa and Spector (1963) reported‘that ]:[4 5-dimeth0xy—2-
_methy1 -(3- 1ndo]y])ethy]1 4- pheny]p1peraz1ne (33n) had bdth adrenolyt1c |
and catecho]am1ne dep]et1ng act1ons 1n anesthet1zed dogs as we]] as

anti- arrhythm1c act1v1ty 1n ;)etro1eum-ether sens1t1zed and in. coronary

. artery 11gated dogs

Roth (1954) a]so stud1ed the pharnaco]og1ca1 properties of a

’~ser1es of compounds of genera] structure (33), in this case where Ry

was a hydrogen atom or a phenyl, 2-pyr1dyl benzy] benzhydry]
A

: pfbromobenzy] 9 phenanthrylmethy] p:chlorobenzhydry] or a p,p_—‘-

.d1ch10robenzhydry1 group and R2 was a hydrogen atom or a methyl, ethyl

or n- propy] group ) The author observed that ]-pheny]—4-methylp1peraz1ne‘

(33b) had the most potent adrener91c act10n a]though the propert1es of
the congenors d1d not revea] any cons1stent or def1n1t1ve structure-
. act1v1ty re]at/gnfh1ps _ |

Parke, Davis and Company (1958) obta1ned a Br1t1sh patent for -
compounds with genera] structure (__) where R was a methy1 ethyl, n-
,:propyl, n-buty] or a]]y] group, z was * :khydrogen atom or an acetyl group

)
_»and n was 3,4,5 or 6. These compounds were c1a1med to be useful in the

-19-

‘“treatment of hypertens1on and anxlety states as we]] as 1n the preven-'» '

'twon of nausea and vom1t1ng

o ~Ro- C6H4 N N-(cuzl)n.pz_»_ |



i Bach et—a1 (1958) synthes1zed several h1s p1peraz1ne

der1vat1ves of genera1 structure (35), in. which P] was a 2- pyr1dy1 or

R o .
2- pyr1m1dy1 group; R2 was.a carbethoxy, 2- pyr1dy1 Zepyrfmidyi or a
6- chloropyrldazy1 group and n was 2 3, 6 or 10. In.fhis.patent the:"
authors c1a1med ‘the above der1vat1ves were effect1ve hypotens1ve agents
ﬂhd vasodllators : The fo]low1ng year Bach et a] (]959) obta1ned a
: patent for chem1ca11y related hypotens1ve agents of _general structure_
'h(36), where R] was a benzy] pheny1 2 -pyridyl or carbethoxy group, r2

'vwas al- (1 2 3 4- tetrahydroqu1no]1ne\ or 1-indoline group and n-_, 4 or
]O . : - ‘

: ~
7 . . .

RIN N-(CH.)_-R
N A=(CHy) R

. "k‘

~ (36)
In the same year, Howell et a1 (1963) prepared severa]
plperaz1ne ana]ogs possess1ng the following genera1 structure (__),
where R] was a hydrogen atom or a 2—methoxy, 2- ethoxy, 4—ethoxy, 2- nw;'

N }propy]th1o or a 2 ethylth1o group and R2 was a stra1ght cha1ned ester?
v‘:ﬂ o L almw
s TN e 27573

| 1N(‘H—(‘HR
L N\ 2 |



\,

group (methy]lto heXy]vinc]usive) or a'methoxy, ethoxy; n-propoxy,
n-butoxy, i}butoxy o benzy1oxy:group ng author; found. severa1 of
these der1vat1ves exh1b1ted a moderate hypoten51ve act1v1ty at a
7’dosage of 2.- 8 mg/kg in anesthet1zed rats. Thelr pre11m1nary
'ipharmacdlog1ca1 test1ng 1nd1cated a s11ght to moderate adrenerg1c
'-f'blockade for the act1ve compounds ” o |

. Hayan et al. (1063) prepared severa] p1peraz1ne der1vat1ves of
genera1 structure (38) and (30), where in the fonner Ar was a pheny1
; -ch]orophenyl or d-methoxyphenv] qroup, R}; R2 and R3 were a methoxy
. group or a hydrogen .atom and n was 2, 3 q or 5 wh11e 1n the 1atter,
“Ar was a pheny1 or a d-methy1pheny1 qroup, R was. a 4-methoxypheny]
3, 4 d1methoxypheny1 or 3 4,5- tr1methoxypheny1 group and n was 2 3, 4
'or wpon Intravenous adm1nwstrat1on to pentobarb1ta11zed dogs,
der1vat1ve§§of both general structures were found to produce sditalned

hypotens1on at 1east part1a11y by u-adrenerg1c blockade However, the

' b
authors” noted that in norma] unanesthet1zed dogs, tro hypoten51ve effect.

N .
of ora]]y adm1n1stered drug was uncerta1n and var1ab1e <> S

Y

. 'f_\- . . ]
Ar-N_ “N-(CH,) -0-C
o\ 2%n

(38)

~ Ar-N_ N-(CH,) OCONHR - >
N no :

=21-
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801ss1er et a] (1961) reported that. 1- (3 4- d1methoxyphenethy1)-

B 4 (2—chloropheny1)p1pera21ne (__) possessed adrenolyt1c and centra]

CH30 A R '

| cn3ocnzcuz:n~ n | |
f» ._cr- ,

sedatlve actlons, and as a result of th1s observatlon, Bo1ss1er and -

coaworkers (1963a,-1963b, 063c, 1°63d 1963e 1963f, 19639) and Ratou1s

‘ et al. (1965a 1965b) synthes¢zed and pharmaco]og1cal] evg{uated.an

PEv

extremely large number of re]ated compounds of - genera] ,'_ulaflél),'.

ln wh1ch R1 and R2 were mos; often pheny] or subst1tuted pheny] groups

{ R! (cn)-n h

or heterocyc11c r1ng systems and n was ] 2 3.4, 6 or 10

L

Nany of the compounds studled contalned ha]ogen or,a]koxy
| substztuents. other groups, such as acety] methyl and |

amlno, were also 1ncorporated It proved d1ff1cu]t

. to ratlona]1ze pharmaco]og1cal act1v1ty with subst1tut1on pattern .
R

~Some - compounds, for example, were potent hypotens1xe agents thh CNS

depressant act1v1ty, whlle others of 51m11ar chem1ca1 structure were

more active as antaaonists of the a~- adrenerg1c propert1es of ep1nephr1ne



both in v1vo 1n anesthetIZed dogs and 1n vitro on 1so1ated aQuinea pig
: sem1na1 veS1c1e Others possessed weak h1stam1no]yt1c propert1es
A ser1es of compounds was prepared by Rodr1guez et al. (1965)

w1th the fo]]ow1ng genera] structure (__) where R1 and R2 were usuagly

‘ var1ous aromat1c groups and N- (subst1tuted-aromat1c)p1peraz1ne funct1ons

| The authors found these compounds to he potent a- adrenerg1c b]ock1ng
ragents w1th greater potency 1n v1vo in anesthet1zed nonnotens1ve rats

, and dogs than in v1tro on rabb1t aort1c strips.. One of the more potenf

members, namely 4 pheny] 1 r2 (5 tetrazo]y])ethy]]p1peraz1ne (43) 91ven\

’ v , . . o2 : .
L 1ntravenous]y Mas shown to lower the looaxpressure 1n the unanesthe—

tlzed rena] hypertensive dog and 1n the unanesthetIZed mecamylam1ne

hypertens1ve dog ' The compoundf & {found to have a. much 1onger durat1on

of action: than azapet1ne or phe ro am1ne A]so, unllke»phenoxybenz- o

s

am1ne, 1t had an 1mmed1ate o)" and’;a competitive mechanism of action.

23-
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In two Sw1ss patents to De Stevens and Mull (1967a, 1967b),

compounds of genera] structure (44), in wh1ch R] was a hydrogen atom -

or methyl group, R2 was a’ methy] or ethy] group: and R3 was 2-ch10ro-"'

pheny], 2-methyTpheny1 or a 2-methoxypheny1 group were c]aimed to

possess’ adreno]yt1c, d11atatory, anti- hypertens1ve and d1uret1c

. .l' o 2.‘, ) S\ - 3'
R CH(OR®)-(CH,),-N  N-R
AL RN

4 (4

propert1es

: Several compounds wh1ch possessed marked ant1 convu]sant and

-anti-reserpine propert1es as well as hypotens1ve act1v1ty were.
yntheswzed by Ja1n et al. (1967) These der1vat1ves had general

-structure (__), where pl was ' a n1tro or am1no group or: a hydrogen
‘ 1

~atom; R2 was a n1tro or amino group or-a bromlne or a hydrogen atom; ¢

nd R3 was a methy] benzyl pheny1 group or varlous monoa]koxy,

»polyalkoxy, ch]oro, a]kyl tr1f1uoromethy1 fluoro, n1tro or amlno- o

subst1tuted pheny] der1vatives
R‘ o
N \ N-R3
RZ\__/ ,
s

. : Ahmed (1967) found that 4- (m tr1f1uoromethy1pheny]) ] (3'

h am1no 4'pyr1dy1)p1peraz1ne (46) caused a trans1ent fall in the blood-

pressure of anesthetized cats, but d1d not alter b]ood pressure

o =24-
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responses-tovacetylcholfne adrenaline and histamine. It was also shown
that this compound had no effect upon the cat sympathet1c gangl1on L -
CNR, CF,

7\ /\ T
N N N :
=/ ) =
(46)

Lepet1t (1067) prepared hypotensive p1perazmne der1vat1ves w1th

r

the fo]1OW1ng genera] structure (__) where R was a methy] va- pyr1dy1—

ethy] or a 3,4- d1methoxypheny1ethy] group or a hydrogen atom

3
R-N u@ ,
3 (4 * »
Powerfu] coronary vasod11ators w1th qenera] structure (d8) - ~o

”‘were reported by Arnold et al. (1968) In the compounds descr1bed
R1,'R2;'R3 and R4 were methyT qroups or hydrogen atoms in var1ous

comb1nat1ons wh11e n was 3 or 2 and m was ﬂ or 1.

| 5—( o )4 ’ 'O.C-,H3
L 0(cn ) ,_ - 2'm N N-(CH, ) o-cocu3

I - .
3,
R

— 2 e
Rl R o oo

()

N
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Coscia et a] (1068) synthes1zed several compounds of genera] -
structure (40) where R] was a 2 6 d1methy]pheny] 2 6- d11sopropy]- :
ﬂ pheny1 2, 6 d1methoxypheny1 2- methyl-ﬁ chlorophenyl or a 2,8,f-tri-
| methy]pheny1 group, 92 was a methy] group or a. hydrogen atom and R3
was a A-methyl 1= p1ppraz1ny1 aroup or a’l1- p1per1d1ny1 gréup. Although .
the authors found severa1 der1vat1ves were: more act1ve than 11doca1ne
as 1oca1 anesthet1cs, a]] of the compounds caused a trans1tory hypo—

. tenSIOH in’ anesthet1zed cats N

R’ozccu(nz)k3

o (49)

Hypotens1ve card1ovascu1ar act1v1ty in cats and. rabb1ts was
_afound by De March1 and Torr1e]11 (1068) for 1- (gfchlorobenzhydryl)-4—'
_5 [2- rz (3 4 5 tr1methoxybenzoy1oxy)ethoxy]ethy]]p1penazvne (50)

£

“

ey /e ruzrnzocuz X




Prasad t al. ‘(1d68 1660) prepared a ser1es of unsymmetr1ca]1y ,

1 4 d1subst1tuted p1peraz1nes and other d1az1nes with genera] structure

vr

o .
(“1), in which R] was usua]ly a pheny], methyl or o-methoxypheny] aroup;

~.r‘,

2 ys

R was a hydroqen atom or- Var1ously suhst1tuted aromat1c am1nes, ketones}

‘.
\
‘ : /(criz)"~1 |
?1--’4 o N'_‘Rz'
ey
| 'th1oketones or a]kanes and n: was 2 or 3. The authors found that only
~ the 4-subst1tuted derivatives of 1- phenyl- or 1-o-methoxypheny1p1per- i
.az1ne exhibited an apprec1ab1e susta1ned fal] 1n b]ood pressure in
anesthettzed,catseb None of the 1-methy1-4-subst1tuted p1pera21nes
'showed.any signifieant hypotensive att%uity; In add1t10n, they po1nted
out. that no cons1stent d1fference in hypotens1ve act1v1ty ex1sted
between the am1des and the amines. | '_ |
' N1ko]ova et a] (1°6°) prepared compounds of qeneral structure

) (52) where R] was a subst1tuted oxy-aromatic aroup, Rz was a different

subst1tuted oxy-aromat1c group, was 1 2or3 and n was also-1, 2 orkt

3. Iested at.a dosage Tevel of 1 - lnn mg/kg,. the authors found al]
.compounds had hypotens1ve effects 1ast1ng 5-15 m1nutes in’ anesthet1zed
; cats | .

%
N\

'Rl_;-(_tnz)nfn‘ - N-‘(cn?_) R?



Severa] esters of oeneral structure (“3) were synthes1zed by
Lespaanol et al. (1060) where 91 was 1 (1 1 d1methy1)buty1 T=(1-
methy1 1-ethy1)penty] or a tert butyl Qroup and 02 was a d1ethy1am1no,
morpho11no, 1 pyrro11d1ny1 v-methy] 1- p1peraz1ny1 or p1per1d1no
’ group In add1t1on, the methy1 1od1de or buty1 brom1de quaternary
lder1vat1ves of these amino esters were prepared " The authors observed

-that these esters were espec1a11y res1stant to hydro]ys1s, exh1b1ted

_ant1spasmod1c act1v1ty on gu1nea p1g 11eum and possessed hypotens1ve ‘

_effects in: rabb1ts

gl 2
. RIC0,(CHy )R,
(53)

Nacata t _l__(1°6°) demonstrated the ant1 n1cot1n1c act1on

cof 1- (2 3,4~ tr1methoxyhenzy1)p1peraz1ne (54a) on gu1nea p1q atr1a
VI‘A French patent to Ciba L1m1ted (107”) c1a1med that 2- re- (2 ch1oro—
‘phenyl)p1peraz1ny1)methy11 q—methoxy 2 ?—d1hydrobenzofuran (SAb) was
‘an androgen1c b1ock1nq agent as we]] .as a hypotens1ve agent.-

Cambar and Av1ado (1970) demonstrated that the hypotens1on i

: caused by 1-methy1 -4-T4- (7 ch]oroqu1no? 4-y1)benzoy1]p1peraz1ne (54c) -

.afnn mice, rats and doqs was due to b]ockade of both a- and 8- adrener01c
areceptors ‘ _ - _ _ » »

Lanyi et-a] (1970) reported 1- carbethoxy -4- th1ocarbamoy1- !

p1peraz1ne (54d) exh1b1ted hypotens1ve and hypotherm1c effects w1th
h11tt1e CNS act1v1ty |

. -28-
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S\ .
rRI.N  N-RZ

(54)

Rl | R
(a) . H-
()
(e} | ‘,"cn3j
o R o
(@) cn3cnéoc— R : -hsz' -

In their'eXtensive review of the structure ectivity‘relétion-

- sh1ps of adrenerg1c blocking compounds, Ghouri et a] (1969) cone1uded

-29-

‘that the r1ng structure of piperaz1ne was not essent1a1 for a- adrenerg1c o

'_’b1ock1ng act1v1ty, but 1ncreased ;he activ1ty over that found 1n open -

"Hcha1n compounds They also feﬁt’that the adreno]yt1c, but not the

-ihypotens1ve property of p1peraz1ne derivatives was great]y suscept1b1e

o



i 1) structura] changes._ ‘ .
In a German oatent Fauran et al (107"\:prepared many 1,4-

d1suhst1tuted p1pera71nes of oenera1 st#ucture (45\ where P was

-CH COZCHZCH ,y = CHZCN, ~ COZCHZCH35 f‘CHZCCH3(OH)g;CH3OC6H4'or

-rvzrru (OH)(‘6 A The authors claimed’that the two hydroxy derivatives

' "(#cn .).,‘-nmN-R
; 22Ny
(s5)

had hypotens1ve and vasod11atory effecfs in dogs cats and rabblts as
_Nell as adreno1yt1c, spasmo]yt1c and diuretic effects on rats
Subsequent]y, Faoran gt_a] (197]) obtalned a patent on compounds w1th
: ‘structnre (56), where R’was 2 methyl ethyl, propyl, 1sopropy1, or
buty] group. The authors descr1bed these compounds as- useful hypo-
tens1ve and e—adrenerg1c receptor 1nh1b1t1ng agents as well as coronary

and vasodllators

%-CH= CP C N N- CF CH C02 '

- (s6)

Tur1n et al (1071) cla1med compounds w1th general structure,v
: (57) were usefu] as ant1h1stam1n1cs. d1uret1cs hypotens1ves and

0
~analgesics if R was -rnn_nm;(cn3)2, - _anc"a" - Cn.NHZ” SN

- cnw 3.4, 5 (n' m3 eHs-

-30-



. H-N N-CHZ—R K
. .

+ In their German patent Namilwicz and Kemp' (1071') prepared
compounds of qpnera] structure (58\ wh1ch they stated were ant1-hyper—
tenswes when Pz wg}s,,ﬁaqahyquen atom or 2 nitro,. carboxyammo or -

3 acetoxyammo aroup; P] was a hydrogen atom or an acetoxyamno oroup and

z.(

o R 'ncn cn(on)cn -N CN-R®
o Coverdale (1971) reported that g—(7 tnﬂuoromethy]-lt qumoly'l-

s R3 was a pheny] -methoxyphenyl or 2 5-methoxymethy1 pheny'l

ammo) -N N (3—methy1 3-azapentamethy1ene)benzamde (___) had rP\y{otenswe
act1v1ty ' ' ' |
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' Beregi et al. (1971% found compounds w1th the fo]]ow1ng genera]
.structure (60). where n was 2 and m was Jorn and m were both 1

had neurolept1c, vasodw]at1ve adrenolyt1c and antl-emetic propertiés.

R
Qr (cncn ) (cn?) N N-ch Q 3 -

e
S
A

The hypnfens1ve properties of a ser1es of unsynmetrvcalTy sub-
: st1tuted p1peraz1nes with ceneral structure (61) was examined hy;Das

' .gt_ (1071) where N\‘ was a 1- p1per1d1no, 1—morpho]ino,
2, )
R

L

=ff1-pyrro1idino} N-1 2 3,4- tetrahydro1soqu1nol1no, 4~phenylpiperazfng :
4- benzy] 1- p1peraz1no d11sopropy1am1no, -chhloropheny] 1- p1peraz1no o ,7'
or- ‘a 4-m-chloropheny1 1- p1peraz1no group. | The authors found the ‘
N 1,2,3 4-tetrahydro1soqu1nol1no der1vat1ve exh1b1ted max]ma]

hypotens1ve act1v1ty in pentobarbwta] anesthetized cats

N
‘ (‘{ £\ L7\
CH,CHNCN  NoGH_ CH. —N
| ’ : | v'\l‘-... | R : . L

Rushia et al (1071) synthes1zed compounds of ‘general. structure
(62), where R] was a phenyl, 2- -pyridyl, o, m or Qfmethylphenyl group
N and R2 was 2 4 6 d1methy1 -2- pyr1m1d1ny1 Z—methyI -3- pyrazxnyl 2-qu1no?y] B

J
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. Zebenzothiaiolyl or ?-methy1—3-quinoxafinyﬂ aroup. - Rushig et al. T°71)f, f
found these der1vat1ves had a- sympatho]yt1c, hypotens1ve and sedat1ve
effects 3

9 S\ ,2" ,
- R'-N N—CHZCHZOR - 'HCY
TN 2

N DG

| The occurrence of a quinoxaline moiety within an active
hypotensive piperazine derivative in the-ab0ve paper'by'Rushig gtfgl%_
(1§71)'proMpted an interest in the,possib1e hypotensive_prbperties'of
uarious quinoxe1ine derivatives alone;fsince quinoxaline could be
'v1ewed as a fused benzene p]us p1peraz1ne r1n0~system.
Nn 1|‘Iest1gat10ns of the blood. prehssure effects of quinoxahne
der1vat1ves were found upon search1ng the 11terature. Houever, the
:ant1bacter1a1 propert1es of var1ous qu1noxa11ne derivat1ves were wel]
‘documented (Pade1skaya et al. (1967) Nast et a] (1070) Galt and
'Pearce, (1071) Duerckhe1mer et a]. (]971) SchueIZer and Eg]1, (1971),
and Seng et al. (1971)) | ' '

‘f

v. Purp,se of the Present Study ' _ o - . - \ l"?ﬁ B

Many N-substItuted p1peraz1nes have been shown to possess

hypotens1ve act1v1ty. The presence of a hydroxamate group, and to,a
: 11esser extent, an ester group1ng 1n certain p1per1d1ne der1vat1ve§“also
' confers hypoten51ve properties on these conpounds. The purpose of . vh 71§
' fthe Dresent study was to synth951ze and screen for the1r hypotens1ve

.act1v1ty a ser1es of N-substltuted;ﬁperaZInylproplonates (__)r
' : ‘ )



hydroxamates (__) and carboxy11c ac1ds (__) compounds wh1ch wou]d

. combine both the structura] features JUSt descr1bed In the env1saged

compounds, R] was to be a hydrogen atom, rethyl, ethy], n- propy]

‘n butyl, phgnyl benzy1 or phenethy1 group and RZ and R3 gg‘be hydrogen'

jptoms or methy] groups . In add1t1on, a number of qu1noxa11ne cyc11c

hydroxam1c ac1ds (Fﬁ) 1n wh1ch R was a hydrogen atom, methy] or p\;ny]

“-group were_cons1dered yorth synthes1z1ng for phannaco]og1ca1 evaluation.

B
R -~ N-CHRZCHR3COOCH,

(63)

N
RI-N N-CHRZCHRICONHON

(64)

R WeoHr2eHmcoon



\ | : B ‘ _ %é
Also dur1ng the course of this 1nvest1gat1on, the preparat10n
and 1n1t1a1 screen1ng of a number of N-subst1tuted p1perazlny1 butyrates,
acetates and fbrmates, -as we]] as a number of 4- pheny1p1per1d1no,
4-benzylpiperidino and 4- phenyl -1,2, 5 6 tetrahydropyr1d1no der1vat1ves
" were successfully undertaken These compounds were. prepared to - .amine
.'the effects .of certain structura] mod1f1cat1ons upon the hypoten51ve

-

act1v1ty of the parent structures (63) and (__) }

AT of the compounds synthes1zed in this study were eva]uated )
at dosages of 19 5 or 25 mq/kg for the1r effect on the carot1d arter1a1
rvb1ood pressure of urethane anesthef1zed rats. At each do\age tested
,'every compound was. eva1uated at least tw1ce - once in each of two'

: d1fferent rats. The hydroxamates, esters and carboxy11c ac1ds were

adm1n1stered in N 1 m1 1soton1c sa11ne so]utlons v1a a cannu]a in the

femora1 ve1n whereas the qu1noxa11nes were g1ven in 0.1:ml N/1n NaOH

so]ut1ons by ‘the same route

_‘35_
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I DISCUSSION . - . - - .

The basic synthet1c p1an of the presenf 1nvest1oat1on was to
prepare the des1red d-subst1tuted p1peraz1n T-y1 esters by'reactlon

of the appropr1ate 1-monosubst1tuted plperaz1ne w1th either methy]

. -acrylate, methy1 crotonate, methy] methacrylate ethy] chloroformate,

'3‘ethy1 bromoacetate or ethyl 4- bromobutyrate. Subsequent]y, hydroxam1c

acids would be prepared by react1on of each ester with hydroxylam?he

The approach to the ou1noxa11ne der1vat1ves was to synthes1ze

Y f1rst the correspond1ng N- ox1de by react1ng o- qu1none d1ox1me w1th an

appropr1ate a- ketoa]dehyde The N-oxide wou]d then be cata]yt1ca11y : f: ‘_'

reduced to the des1red qu1noxa11ne ana]og

,'Preparation of 1-Monosub3tituted preraiihes )

‘ F1ve methods are conmnnly employed to obta1n 1-monosubst1tuted

L

'DT perazmes

i

3

1) Condensat1on of pr1mary amines w1th d1ethano1am1ne (Prelo 1

'I°35 Po'l'lard _ti_1°3d)

N HO-C1 CH
. R-NR, +

2

HO-r -cu/’

NH—)RN ~NH‘+2HO
AR

S
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. 2) Condensat1on of pr1mary am1nes with bis- (B-ch]oro or bromoethy])
am1ne (Pre]og et al. 1933; 1934). | -
9 |
'R_V-NHZ M CP7\~H > R- N/—V\NH/’P 2hx
. X- CF?CP \__/ :

3)a) Reaction of p1peraz1ne with ethv] ch]oroformate to aive a pure
monosubst1tuted der1vat1ve followed by 1ntroduct1on of the
desired subst1tuent then hvdro]ys1s to remove the formate
b]ock1ng group (Moore _;ﬁTl__1°?° Fourneau and &@rre]et 1929; 
Haml in et al. 1949, Stewéht et al. 1048)

o/ N\ . I L W4 \%llv ",e L . Lo
HN NH + C1-C-0CH_CH, —> HM = N-COCH.CH. + HCI R : :
A 273 T N, 23 o

5 e ' | . | ‘, . ] ‘Rx'e .
. : . 0 . )
N/‘"\ /7N 1 ‘ - o
R- NH + cH 3CH,COOH <=——— R N  N-COCHCH, + HYX
: - Conc. PC] ' : ) ’

3)b) React1on of p1peraz1ne w1th acety] ch]or1de to q1ve the purg&ﬁ
monosubst1tuted dervvat1ve followed by 1ntroduet1on of the

. des1red suhstituent then hydrolys1s to remove the a»

b]ockfng ‘group (Jacobl, 1933) . _l ' : la” o T



hd ‘ O
AR R ' 7N\ '
HN NP+C1CCH~—>HN N-C-CH, + HC1
\__/ I RN A Rt

J" RX
S . : . o
PR oL / \ . R . : . 7\ '
S RNOHH RSO0 € RN N-C-CH, + HX

3)cQ\?eact10n of p1peraz1ne with benzvl chloride to give the pure

o monosuhst1tuted der1vat1ve fo]]owed by introduct1on of thp

des1red substituent, and cata]yt1c hydrogenat1on to remove

' 1047 -Morren et al. ‘9-5]')-*

s/__\ -
'_HM;;Jijf

RX

e /*7\7' fpd-c N
;o HNGONGR <—2——-——- -\ Hy=N - N-R + Ha

J.
Lo
W .'

.:4) Reduct1nn 5% his (cyanomethy])am1ne or its N- subst1tuted

. detﬁvat1Ve over W 2 Paney n1cPe1 ("osher et al 1°q3\

,::‘j ¥

SO CH,-CN o e e
N DN 2 - Caye . VAN
R N‘C“H i S ,HZ/Ra-N1 } R‘N\ “NH + NH

" the benzy1 b1ock1ng qroup (Baltzly et al. 1944; u.s. patent,

LH-C1 > H,-N ONH o+ HC1
# 0l 7\ M

- -38-
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"_5), React1on of p1peraz1ne w1th a]ky] ha]1des (Baltzly et a]. ]944

Yung _1 10«8)

al.

I

wl g

3o B

# ) 4
- o

Ja—-

. . . .‘ \2_‘:“ . ~ . 1 ‘ m . . .. . v_ | g
A e RK—>THN - NH+2RN NH+TRN - NR + 4 HX
o : » N SN Ny

4 S i . ' \. -
The last method that,of Yung al. (1068\ was chosen to

‘prepare a]1 the 1-monosubst1tuted piperaz1nes requ1red ‘This chp1ce
' was: based upon the ease bf product pur1f1cat1on by vesh1ng w1th :

_3N NaOH to remove most of the excess p1peraz1ne fo]]owed by

4.
ey
'

'fract1ona1 d1st111at1on under reduced pressure to’ g1ve the pure ;uf:i

]—monosubst1tuted p1peraz1ne Furthermore, ‘this’ procedure had the :
4'great advantage of enta111ng only one synthet1c react1on and

'fpur1f1cation step, thus requ1r1ng Iess t1me and effort than some of

‘the other routes In add1t1on, the 1nexpen51veness and ava11ab111ty

. of suff1c1ent ouant1t1es of p1peraz1ne and the var1ous alky] ha11des -

v"allowed preparat1ve quant1t1es of product to be synthes1zed ‘
f‘Ut111z1ng the method of Yuno et a] (1068) the fol]owvnq ]—monosub-
st1tuted piperaz1nes were prepared (Table ') vf'f ‘ : A_‘?.égr :
| A]I the 1-monosuhstituted p1peraz1n°s had anvarmonxacaY

odor and were color1ess or pa]e ye]low moblle oi]s except for the

1- benzy]- and 1- phenethyl p1peraz1ne der1vat1ves wh1ch crysta111zed o

" to waxy wh1te sol1ds 1mmed1ate]y after d1st111at1on The1r IR
a

ospectra all showed a s1ng]e absorpt1on band due to the stretch1n0 of

"‘the N- F bond at 3270 cm ] Byjcomparlson, the IR s.pe_ctrun of : '
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TARLE'T

1-Monosubstituted Piperazines

R-N -~ NH
’rCohpouod_ B R | | -Eeiiglg;
67 o C“sc”z S S
60 o . ru3cvzcuzcnz RE R SRR

, 71 _ i .f<i:j>»£HZCH2. : : S 7*,
' piperaiinebshowed N-H strefching.as two muth broader peaks at‘3?20 cmi]
and .33Fn om'1f' Other than compar1n0 the b0111ng po1nts of thesp

per1va+1ves w1th those reported in the 11terature, no further .

'charactervzat1on of the 1-monosubst1tuted piperazines was undertaken

Preparatlon of Am1no esters

" Most of the esters requ1red for ‘the present study were prepared |

by one of two generaT methods\'

’1) M1chae] add1tlon of the appropriate amwne to -methyl acrylate,

a methyl crotonate, methy] methacry1ate or ethyl acry]ate.‘_



-

&

. MeOH
RI-H 7 hm s (ﬁ%z-cp coocw3 — R]- N- CPP.ZCHR3COOCH3

Howton (1945) conc]uded that the esters of acry11c ac1d
exh1b1ted a greater tendency to comb1ne w1th pr1mary and secondary
bases than do the correspond1ng esters of. methacry11c ac1d - This

' was also shown in the present study, where condensat1on of the am1nes.
general]y occurred much more read11y w1th methy1 or ethy1 acry1ate_
;Dthan with methyl crotonate or methyl methacry]ate Howton was ab]e
. to condense an111ne w1th methyl acrylate but not w1th methacry]ate
S1m11ar1y, d1-n butylam1ne added to ethy] acry]ate but not to ethy]

methacrylate Friedman and Nall (1966) made a more extens1ve study

of the effect of 1ntroduct1on of methy] subst1tuents§near the react1ve

,/

'j s1te of v1ny] compounds and’ the subsequent reduct1on in their rate

of reactiv1t§hﬁith amino compounds They conc]uded that this reduct1on
m1ght be due ma1n1y to. ster1c factors assoc1ated w1th the methyl '
groups The lower react1on rate of . methyl crotonate as compared

to methyl acry]ate must be due to the add1t1ona1 ster1c requ1rements v
¥

. \’_4:|-

| of the methy] oroup as we11 as to its 1nduct1ve effect wh1ch resu]ts 1n”-

an a1tered electron density at the react1on s1te Tt was suggested
by these workers that the d1fference in rates of react1v1ty may also
be due to a d1fference in the stab111ty of the carban1on 1nvo]ved

‘%’4;

1n “the transitlon state of the reaction (Table II)
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Trans1t1or State Involved 1n the React1on of Acrylates

. with Secondary Am1nes - o Jis
Acrylate | . Transition State - Type of Carbanion
R . ' 169 . O h“u s f' B B
Methyl acrylate R RR NH CHZ-CH-COOCH , Secondary
Methyl methacrvlate : RR NH—CH?-$—COOCH3 .. Tertiary
T g e B o
Methyl crotonate RR NP-FH7CH-C00CH3 o Q_Secondaryv

‘The trans1t1on state with methy] acry]ate and methy] crotonate
is'a secondary carban1on whereas methyl methacry]ate gives an 1nter— ,"
med1ate tert1ary carban1on wh1ch is less stablo The slower rate of
~ reaction of methy1 methacry]ate w1th the am1ne is due pr1mar11y to

l'electron1c effects The steric factors of methyl methacrylate aopear '

1ess 1mportant than those of methy] crotonate The authors also showed;y '
that the polar and ster1c factors. assoc1ated with the vinyl and amino*
.compounds make 1ndependent contr1but10ns to observed reactﬂv1t1es of

' the acry1ates

1

Given be]ow is. a mechan; m for this nucﬂeoph1]1c addition sug- |
gested by Pfau (1967) The aut; r 1ndicated that the ‘steric require-
ments of the amlne are 1mportant in this react1on 51nce he was able to

condense n-propy]amlne with ethyl acrylate, but the: reaction w1th



isoprobylamine failed to‘proceed..

R, R

2!y o R / |
b 4 ant+ ’ . . bt | host H ‘. p
| pe2-cp3 gjocp STow [Py 3_96’” : )
SURTERGC- o, — e “CRP=CI0CH, <>
'ﬁu—' o.' " R o"
5 31 fast . [ 38
CHR “CR -c-ocn3 —>  cHR%-cr3-cocH

This drfference betueen condensatlon w1th methyl methacry]ate

- and methyl crotonate was not Tlarge in our exper1ments and seemed to

sllghtly favor methy] crotonate rather than the methacrylate Th1s

“could be due to the fact that the am1no nuc]eoph11e may have been 1arge_

., 1no and react1ng w1th methvl methacrylate as w1th methy] crotona+

The observatlon of very 11tt]e var1at1on in y1e1d throughout

- the amino serles reactrnq with methy] methacrylate or- methv] crotonate

was ]1ke1y due to: the fact that the changes 1n am1noc§tructure were

B occurrvng at a p01nt quite remote from the nucleoph111c port1on of the

’am1ne | Thus the lnductive, steric and mesomer1c 1nteract1ons of the ,

- nucleophlle were largely unchanged throughout the: series of am1nes

~ The. followrng esters uith general formu]as (72) and (73) were,

' prepared ln good y1e1d hy condensatlon of the appropr1ate am1ne w1th V
‘-.methyl acrylate. methyl crotonate methyl methacry]ate or ethy1
"'acrylate (Table III IV and V)“

- -a3-

,enough to experﬂence approx1mate1y equal steric 1nteract1on in approach-
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CH

- 1_2.
RfN_ N-CHR gﬂg GOOCHZ_
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Mothanol was used as the so]vent for react1ons involving
methv1 _ester preparation, whn]e ethanol was used as the solvent for
‘reactwons involvino ethyl ester synthes1s to prevent the possibility
of transester1f1cat1on of the respect1ve esters from occurr1no
In order to minimize: am1de format1on, the reactlon m1xtures were
1n1t1a11y stwrred at room temperature then heated under reflux for a
“m1n1mum 1enath of t1me Rieber (1954) and Pfan. (1967) showed that
~.an 1ncrease in temperature 1ncreased the amount of am1de format1on
.and Coutts (1”71) showed that pro]onglng the react1on t1me also

1ncreased amide format1on

-44-

~ g TARLE IIT R
| .Methy1-3-F1-(4}Suﬁé§ituted piperazinyl)]prbp%onates
4 \ ‘ 1 ; .
R-N . N-CHR CHRPCOOCH,
(AR - |
Compound R R R #view
B2 B L



By

79
80
81 ‘.’ E

Methyl 3- f] (4 Subst1tuted plperaZIHy])]prop]onates :

}ooes

84
: 85 :
‘86_
87
a8

"89 .ﬂ

, ca3cu,cnz = W CH

_CH3CHZCH

»CH3CHZCH

PhCH,

] TABLE IT1 cont d

R N-CHR]fCHRZCOOCHj
i

R . L

| C”3§ L S
O, H, o

CHayCH, cnzcnz e o
PR W
PhCsz i ; o H_v . CH3~

PRCH,CH, O H . CH
CH

.'»

CHyCH, <

2 g H
22 Wy,

PR cH

PhCHCH, o

9 Yield

46

51 -

a7 .

57
o

a0
5

- 46
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o TPRLF III cont'd
. Methyl 3—f1—(4-Subst1’tuted-piperazin'y])]prdpionates |
Y N-CHR'CHRZC00CH,
CORTN . A -0 . 3
‘ Compound . R - | : R RS
n ~ PhCH,

92 ! Phcuch2 o M
gf##v
o oTms v
~ Ethyl 3-[1-(2-Substituted-piperazinyl)propionates

3

R-N NétHR]cﬁkzcoocH CH
s T2

Compound R R R gvield

93 . pp° R
o4 . phce,

% . Phow,

Mo o oo 7

Y Yield

92

78

46—
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- " TABLE V | o

Methyl: 3-Aminopropionates

RCHR ' cHR?

‘COOCH3 :

8

Compound RS - *p P

% Yield

QR

.97 .

3,{" . "
00

- CH

CH

cH .1H_‘.:" -

f8

91
83

’511-\‘

a7

2) Condensation of the appropriate amine with ethyl chloreformate,

etﬁy]-bpomoécétaté or ethyl 4-bromobutyrate ﬁn'the'presence~of"

~ triethylamine.

R ﬁ/—;\NH | T . o
i * . + . y ,.; _
BN BT(C“z)nC°°C2“5V+ §t3N-—f ng\;_/p (C“z)nC00C2H5x+ Et

Y

\!

3

NH

Br



~In 1934, Drake and McE]va1n proposed that the react1on of

organlc amines w1th%bromoesters occurred 1n two steps These workers

studied the react1on of p1per1d1ne w1th -bromoesters They env1saged E

the first step as Xemova] of a proton from the u—carbon of the ester by
- BrCH,;CH-C00C H, TR Vs oy ch-cooc M, + Br N )
~».tﬁ 2’5 - 2 U2 _/

' Step 2 ' ] ‘ o
CH =CH- cooc H + HN > N-CHZCHZCOOC H5

#5

» W

”;the unshared e]ectrons of the p1per1d1ne n1trogen fo]lowed by re]ease :

of'th‘ '}E’1on Th1s mechan1sm exp1a1ns the formatlon of one mo]e
- of am1ne? ydrobrom1de per mole of ester The.y1e1d was-found

dependent upon the basic. strength of- the amine used and upon ster1c

4

g ?Hbctors A]though d1ethy1am1ne, pyrr011d1ne and p1per1d1ne have

1

Jﬁ.eigent1a1]y the same bas1c1ty, the pyrrol1d1ne der1vat1ve was obta1ned

P‘ § h gveater y1e1d due to 1ts lesser ster1c requ1rements The 1-

f*ﬁ }monosubst1tuted preraz1nes whose preparat1on was prev1ous]y d1scussed
0y ’

were obta1ned 1n re]at1ve1y 11m1ted quant1t1es.s Consequent]y, 1t was '
: Judged wastefu] to dnscard -one mo]e of. 1-monosubst1tuted p1pera21ne :
hydrobrom1de for every mo]e of ester produced To overcome th1s
‘d1sadvantage, an equ1molar quaht1ty -of tr1ethylam1ne was addéh to the
reactlon mixture to remove by- produEt hydrogen brom1de in the form of
Tﬁ‘ tr1ethy1am1ne hydrobrom1de— A eompar1son of the pKa va]ues of tr1-1
/ethylam1ne and 1-methy1p1peeazhne. a typlcal l-monosubstltuted p1pera-

-, zine, revea]s that tr1ethylam1ne s about 100 t1mes as strong a -

%

-4
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base. This means that the hydrogen brom1de 11berated in. step 1 of the

COmEQU"d | ~ pka -'ﬁ : -~ -Source
Triethylamine = i o 11.01 (Handbook of Chem1stry and Phys1cs,

, v : o . (1970)
‘T-Methylpiperazine First 8.9 '(Erbeebruyne, 1964)

Second - 4,5 (Erb-Debruyne, i964)-'

Drake and HcElva1n mechan1sm would predomlnately react w1th tr1ethy1-
amlne glv1ng tr1ethylam1ne hydrobrom1de Th1s react1on wou]d occur

1ndependently of‘uh1ch am1ne removed the u-carbon proton to 1n1t1ate'.

step 1 due to the occurrence of the fo]low1ng equ1]1br1a

| & oz K=12x107 12,

(cH 2)3NH Br < -; ch 2)2N + HBr |
~ K=1.26 x 1079 ST

CH -N NHzBr _ = Oy W+ e

s

' - Any compet1t1on 1n step 2 between tr1ethy1am1ne (a 3° am1ne)
- -and ]-monosubstltuted p1peraz1nes (secondary am1nes) wou]d great]y '
favor the much less ster1cally h1ndered l-monosubst1tuted p1peraz1nes.-
USIng the Drake and McE]va1n procedure w1thout the add1t1on
.of trlethylamIne would allow a max1ma1 y1e]d of only 50% product
based upon the amount of l-monosubstltuted p1peraz1ne used - With the;
'addltlon of tr1ethy]am1ne, amlnoesters were obta1ned in y1e1ds rang1ng

o fr0m 46% to. 98% based upon the amount l-monosubst1tuted p1peraz1ne '

consumed (Table VI).: Of the twe]ve esters prepared ut111z1ng the

Ry
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addit1on of trlethylamlne, only one was obtained 1n sl1ght1y less thamvv



50 yie]d and ‘all otherS'were,prepared in greater than 50% yield

™

(Table VI). ,' e - L

Ana]ogous]y, Sonntag (1954) in an extens1ve rev1ew of the

(

‘ react1ons of a]1phat1c acid ch]or1des,.tabu]ated numercus examples

” where the bases pyr1d1ne, sod1um ‘hydroxide (Schotten - Baumann proce-

.'dhre) or sod1um carbonate were used to remove or neutralize: hydrogen

&

ch10r1de as it was formed in the react1on between the se]ected am1ne :
P .

-and acid ch]or1de

Gu111ano and Ste1n (1956) used tr1ethy1am1ne to remove by—

,product hydrogen ch]or1de as 1nso]ub1e tr1ethy1am1ne hydrochlor1de in .

the1r preparation of 2-d1ethy1am1noethy1 carboxy11c‘esters from

-1-chloro-2- d1ethy1am1noethane and the approprlate carboxy11c ac1d

In their exam1nat1on of the part1a] reduct1od:30f tertlary

.)(

. am1des by ]1th1um a]uminum hydr1de as a pOSSIble synthetlc route to

aldehydes, Brown and Tsukamoto (1961) found 1-acy1azir1d1nes exh1b1ted '

unusua]]y favorab]e character1st1cs for th1s synthesws produc1ng the

: ¢correspond1ng aldehydes 1n exce]]ent yle]ds The authors synthes1zed | _f

'by an ice bath - The prec1pitated tr1ethylam1ne hydroch10r1de was

the precursor 1-acy1az1r1d1nes by add1ng the appropr1ate ac1d ch10r1de

‘to-a stirred benzene so]ut1on of ethyl ox1m1ne and tr1ethy1am1ne coo]ed

A

f11tere off then the l-acyTaz1r1d1ne ISolated from the f11trate
Tabulated in Table VI ar those esters prepared by react1ng f

the appropr1ate amlne w1th ethyl chlorofbrmate, ethyl bromoactate or

;ethy] 4- bromobutyrate in t e presence of trlethylam1ne
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102

"}'103‘
A
108
105 :
,v]qé_l
o ]07
108
| 109

10

“TABLE VI

],4fDisub§tﬁfuted‘Piperazines_

| R-N,_/ Rl
: \ ./

 ~CH,CHACH,C00C,

@-CHZ— L CHCH,CH,C00C Hy |
'f‘_zc"z*' - ~CH,HCH,CH,C00C Hg :

2’5

4 Yield

57

69

64

T

98

91

.80

68

84 .



TABLE vf{f
. il 4- D1subst1tut &
i ——\ _l
R-N  N-R
Comgdu‘nd\_ o R R R B % Yield
o » M~ -cuzcnzcnz,cooc2 s 67
e Q N sOHCHORCOOCH, 46

-The hydroch]or1des of a]] am1no esters were prepared by react- j

o1

_1ng the free amino bases w1th a methano]1c so]ut1on of dry hydrogen

" ch10r1de for methy] esters or an ethanol1c solut1on of dry hydrogen :

vch]or1de for ethy] esters A]] _the salts were obtained in quantitat1ve
_y1e1d as c01or1ess powders and were. stab]e over an extended per1od of

o

-52-
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The structures of a]l the am1noester der1vat1ves were ver1f1ed vl

) . by mjcroana1¥s1s, IR and NMR spectra . Each compound had a band 1n
:the,1710-]750 cm-l reg1on of its IR spectrum due to. the ester (C—O)
AN hMR = spectra were cons1stent with the proposed structure of that
part1cu1ar compound The NMR spectrum in DZO of methyl ZLne*hyl 3-
[1- (4-methy1p1peraz1ny])]prop1onate d1hydroch10r1de (__)§(F1gure Ia)
prepresents a typ1ca1 record1ng obta1ned for these der1vat1ves .
]

i _The s1gna1 occur1ng at & 4 73 ' was assumed to represent HZO and was

1gnored The three proton doublet at 5§ 1.28 was ass1gned to the



SRRt

~ CH~N . N—CH,CH (CH.)COOCH, ZHUI

ey o . HC /'/.

R AR o
{ _1-||-.\”,

a0 > JIO 300 . e o *_! 28

13 . i o . . 3 LT R
. . L . L. o

ve - )

Fugurel NMR spectro of (a) methyl 2 methyl-=3- [1 (4-

' meihylplperazmyl) ]proplonate dlhydrochlonde (75) in- DZO

cmd (b) the correspondmg free base in CCI4
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'lz-methyl substituent since COupljng with the 62 proton would be

: expected; while the three proton'sinblet‘at 63.N6 was ass%gned to the

V—methy;ﬁ?roupj?n the piperazine. mo1ety N-Methy1 protons are known
- (

to cgge‘tbf gidhance over the range 82. 1 - 3.n (Dyer 1965) The
LU b

'”»compInx-mUItiplet occurr1ng over the reg1on 63 1 - 4.1 was ass1aned

to the rema1n1ng protons, name]y e1ght plperazAne protons, three methoxy
-“protons and three protons of the proplonate chain. The complex : '
nature of this mu1t1p1et was Tikely due to fhe fortu1tous overlapplnq
of chem1ca1 shifts for the various protons represented Pecord1nc

the NHR spectrun of the free hase of the same compound 1n Crl

=(F1gure ]b) gave a 3 proton doub]et at 61 08 a 3-proton s1nglet at
L4

62 18 an 11 proton mu1t1p1et over §2. n - 2 R ‘and a 3-proteon s1n01et

‘_at 63,63 wh1cﬁ

3’ "_3’ 3"
compar1son of these two ' spectra of methyl Z-methvl-

vwere~ass1qned to CHCH NC CAEBCH?CH and nCH
Hgspect1ve1y:ﬁ}
3-M- (ﬂ-methy1p1peraz1ny1)]prop1onate revealed that the .chemical

- shift of the 2- methy1 subst1tuent moved from §1.28 for the d1hydro-

o ch10r1de sa]t in. 020 to s1. 08 for the free base in CC] , S1m11ar1y

vaffected were the shifts of the N—methy] protons (63 NF to 82, 18) and
.5_the p1peraz1ne r1no plus prop1onate protons (53 ]A-~4 1 to 6?.-'- 2 8):
This. upf1e1d sh1ft occurrlng in the free base re]at1ve to the sa]t for
:all the;e protons 1s read11v exp]ained by the 1ncreased sh1°1d1ng
'“occurr1ng from the electron pa1rs on the two p1oeraz1ne n1troqens

. which were present in the free base hut absent in +he d1hydroch1or1de

x{_sa]t, The 1so]ated 3 proton s1nq1et at 63 F3 1n the NMR spectrum h

Vo
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_ atoms they should exh1b1t the: least upfield sh1ft For this reason,

. over the range 63.1 - 4.1 in the NMR spectrum of the d1hydroch1or1de

-55-

of the free base was assigned to\igﬁ methoxy prnfons Since these

protons are furthest removed from any sh1e1d1ng effects of the nitrogen
e

e

a s1ng]e sharp peak present at &83. 65 within the mu1t1p1et occurrIng

‘

‘. in 020 cou]d be ass1gned to the methoxy protons Bes1des the know]edge

'.that methoxy protons genera]]y come to resonance over. the range 63.3 -

'v_d 0 (nyer, 1965), such an a551gnment wou]d be supported by the fact

that w1th1n this mu1t1p1et at §3.1 - 4.1 is another ta]]er, broader \

s1gna1 whlch may represent the p1pera71ne protons and severa] much

isma]ler slgna]s wh1ch may represent the coupled prop1onate protons

Recause record1na the NMR spectrum of the free base 1n Cf]

.r:as we11 as the d1hydrochlor1de salt in D,0 did not separate or

'1]1uminate the nature of the. p1pera21ne or prop1onate protons, usua]]y o

i

—only the NMR* - spectrum of the d1hydroch1oride sa]t in 020 was

recordpd for the purpose of conf1rmin9 amvnoester structures e ? -

An interestlng lsolated 2- proton multlplet was observed at

52 7 - 3.2 in the NMRzB spectra of a11 methyl 3-methy1 -3-"1- (4-

’ ,substltuted p1pera21ny])]propionate d1hydroch10r1des Th1s‘part1cu1ar

mu]tip]et was not clear]y present in the NMR spectra of methy]

. .

7-methy1 3-- (4 subst1tuted p1peraz1ny1)1prop1onate d1hydroch]or1des[

methy1 3- rl (4 substituted~p1perazwny])1prop1onate d1hydrochlor1des,

ethyl 3-T1-(a- subst1tuted-p1peraziny1)’propionate dwhydrochlorvdes or ) o

,ethyl 4 r1 (d-subst1tuted piperaziny])’butyrate d1hydroch10¥ides



- The NMR spectrum of methyl 3—methy1-3 [1 (4 phenyl-nj ;

p1perazlny])]prop1onate d1hydroch]or1de (113a) 1n D 0 (F]gureIIa) was

S
oL e .

. N = i, 0 -
. tap g ’,{t
a il

LT SEE
et 1,
e

-~ N-CH- 2en, cooch, 2Hc1 B SRR NI
_J/ A\ 27y ; R

/ . ‘ S
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typ1ca1 of those der1vat1ves w1th a 2- proton mu]t1p1et at 62 7 = 3 2

This mu1t1p1et was a551gned to the ~CH2—-protons adJacent to ;he ester

égsoublet. However, exam1nat1on of . Newman proaect1ons a]ong the
‘2 C3 bond of the molecu1e (1 14). ( 15) and ( 15) revealed that sterlc

h1ndrance<to rotatlon about th1s bond must ex1st and consequent]y. :

2 . (113) | "-‘»?.'
lr

E
)
2
,

'.unequa] conforner.populations nustha1so‘eXist."rJackman and Sternhell

,O : . Py .. Come o

carbony] group Upon f1rst 1nspect10n one m1ght eibect th1s s]gnal to ,5f‘;. -



_m

;.’E’ﬂp,su,, || NMR spedro in DZO of (o) methyl 3- methyl-3—

: R (4-pllcnylplpemzmyl)]propronoie dnhydrochlonde (87)
| L---:.,,.d (b) m.ﬂ.yl 3 me'hyl-z deutero 3 Ct- (4 phenyl-
puporozmyl)]propuonoh dnl\ydrochlonde (116)

.’g
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(1969) summar1zed the form of the NMR spectrum to be expected for ‘each
2]

Gfbthe various poss1b111t1es of,subst1tuted ethanes. The system under

o exam1nat1on in the CZ-C3 bond of methyl 3-methy1-3 [1 (4 pheny1p1pera-

2"
e cordlng to Jackman, th1s type of system cou]d be expected to yield

z1ny])]prop1onate d1hydroch10r1de cou]d be descrIbed as CH, X~ CHYZ Ac-

.e1ther a spectrum hav1ng the form of three ABC spectra 1n the slow rota-
tion case (as wou]d ]1ke]y ex1st in th1s compound) or a single ABC spec-
~trum in the fast rotatlon case Jackman p01nted eut that the ABC sys-

’ tem cons1sts of up to 15 11nes and’ has no characterlst1c appearance
' Furthermore, no usefu] 1nformat1on can be obta1ned from ABC spectra by

attempts at f1rst=order analys1s In fact, comput1ng and peak match1ng'

techn1ques must be app11ed to obtaln prec1se 1nformat1on about chem1ca1

- .;sh1fts and coup]Ing constants Such procedures are beyond the scope of

hY

/ ,'the present 1nvest1gat1on, consequently, no usefu] 1nformat1on cobuld be
h obta1ned from the 2 proton mu1t1p1et in the NMR spectrum of methyl 3-

- methy] -3-[1-(4= pheny1p1peraz1ny1)]prop1onate dihydroch]or1de (__) (F1g-

-8

: 'ure Ha) A s1m1]ar ana1ys1s shou]d app]y to the NMR spectra of methy1:’5‘

"Z-methy1 3- [1 (4-subst1tuted p1perazlny1)]prgp1onate dihydroch10r1des,,

: methyl 3-[1- (4 subst1tuted p1peraz1ny1)]prop1onate d1hydrochlorides,,,'~‘;

ethyl 3 [1 -(4- subst1tuted p1peraz1ny1)]propunate d1hydrochlor1des and
‘:ethyl a- [1- (4-subst1tuted p1peraz1ny1)]butyrate d1hydroch10r1des " How-

| ever, in a11 these cases the comp]ex mu]tiplet that wou]d ar1se from i

v'unequaT d1st:r1but1ons of conformers fb!“tUItOUS]y over]aps other proton

‘s1gnals - effect1vely obscur1ng the nature of the mu1t1p1et
To conf1rm the ass1gnment of th]S 2- proton mult]p]et to the two

, protons adJacent to: the ester carbonyl+ advantage was taken of the
M1chae] add1t1on mechan1sm F1rst, 1-deutero-4-pheny]piperazine was

preparegkby st1rr1ng a solut1on of l—phenylp1peraz1ne in anhydrous



{ f'15 ml of D,0. Extreme cautlon was used to prevent hny

contact Bf“

react1on m1xture with traces of water from the a

phere. The fo]]ow1ng reaction sequence summar1zes this systhes1s

o

- N ,,,70 ,D
OO0 O Goome

Since DZO was added in a 6 fo]d mo]ar excess these equ111br1um 4

react1ons resulted 1n predom1nant1y 1—deutero—4-pheny1p1pera1ne as ,'

" product. - In the IR spectrum (fl]m) of 1-deutero-4-pheny1piperazine,-

~ N-D stretch was present at 2440 cm ], wh1]e N-H Stretch of‘]—phenyl4‘

'piperaz1ne at 3280 cm -1 -was absent The NMR spectrum of l—deutero-

4- pheny]p1peraz1ne in CC]4 had a broad s1nglet at sl. 24 integrating

- for. on]y about one- quarter proton. 1nstead ‘of the fu]] proton in

l-phénylp1peraz1ne Th1s ev1dence would 1nd1cate that the deuterated

‘ product was contamlnated with an amount of non—deuterated product'
‘ This was expected because pure 020 uncontamxnated with water: is.
}practical]y imposs1b1e to attaln

" The 1 deutero 4-pheny1p1peraz1ne was reacted WIth methyl
'crotonate in anhydrous dioxane to g1ve methy] 3—methy1—2-deutero-3-.
[l (4- phenylpiperazinyl)]prop1onoate (113b) This ‘synthesis can be}
sunmarized by the follow1ng mechanlsm (Pfau, ]967) .

5 VoV ¢ 1 S T
T N /7 \69 l
<{::>>N" cn’?ﬁc-ocn ._e> / \ | nq;-cn-cn C-OCH,
\___ | =/ \ 3
o cu3 'o 't | b o
| .,\. NCWﬁHC@Gi <__ N —~o+u+ooug

. ! |
- (113b)

259 .



Once again, great care was taken to ensure the reacyiun had no contact
"w1th moisture froh*the atmosphere. The IR spectrum (f1]m) of the
deuterated ester product possessed peaks at 2470 am~ (C—D stetch)

as weilnas‘at ]735 en! (C=0Stretch). The NMR Spectrum.ot the '
déuQErated ester dihydroch]oride in 020 (Figurelib)‘possessed.a broade
'.’collapsedimu1tip1et at 62.7 - 3.2 integrating for:on]y.one proton'
rather thanathe two'protons.of the undeuterated product‘ From a‘

know]edge of -the M1chae1 add1t1on mechanlsm, 1t can be safe]y assumed
, @)

' that a deuter1um atom was 1ntroduced 1nto a s1gn1f1cant proportlon of ,

mo1ecu1es of‘methy1 3-methy1—3-[]-(4-pheny]pjperaz1ny1)]propjonate at

the 2-position,g_Consequently, one can conc]ude'that assignment of

'the'multiplet at{62 7-3.2 in the NMR spectrum of methyl 3-methyl-

3-MN- (4 pheny]p1peraz1ny1)]propwnate (87) in D 0 (FlgureIIa) to the

- protons adjacent to the ester carbony] was eorrect.

_Preparation of 3—Amino-carboxylic Acids

Two methods-were_used'to‘prepare‘the carboxych acids studied.

1) Michael,addition of ‘the appropriate amine to crotonic acid or
acrylic acid in dioxane.
Y an ] _b_vDioxane I~ N
R-N NH + CHR =CHCOOH -————> ' R-N . N-CHR CHZCOOH
U ) : T : \__/ / Bl .
The mechan1sm and propert1es of this react10n have been
previously discussed under the preparation of 3—aminoesters. Dioxane

b~ ¥ .
rather than methano] ‘or ethano] was used as the so]g%%: in this case

-60-



’to prevent the poss1b111ty of ester format]on " The carboxy11c acids -
were not 1so]ated by fract]ona] d1st111at1on since the react1on
residues were so11ds v Consequent]y, the res1dues were ac1d1f1ed with
;hydrogen ch10r1de qas d1sso]vpd in acetone and the carboxy11c acids |
1so1ated as hvdroch10r1de sa]ts . Hs1ng this orocedure the fo]]owwno |
) carboxy]wc acids were synthes1zed (Table VII). .

‘TABLE VII

3—[1?(4—Pheny1piperaziny])]propionic Acids

<i::j>+l "N-CHRCHR'CQOH. HC1
Ny R |

- Compound ‘ - 5}3 | ' R R % Yield

nr o B .
e ooy M e

_ 2) Aqueous alka11ne hydro]ys1s of the appropr1atn 3- am1noester (Vog91

1056)

TN ng N |
RN M-CHLCHENOCH, ———  p-N  N-CH_CHCOOH
\_ /. .7 3 . N -y 24

CH CH

3 3

Ut111z1ng this base-cata]yzed hydro]ys1s procedure of Vogel
(1956) 2-methy1 3-M-(a- pheny]piperaz1ny1)]prop1on1c -acid hydroch]or1de



E - (119) was prepared in 84% yier.b' _ . j’
e U

@—FN-CH -CH-COQH-HC1,

; 2 . :

(n9)

The three carboxy11c acids prepared in the present 1nvest1qat1on
were’ aTT coTorTess compounds stable over a per%od of several months
They were character1zed by m1croana1ys1s and their IR spectrum ATT'
three 1nfrared spectra showed\g carbony] stretch1ng absorpt1on band %t
-1

either 1725 cm 1 or 1715 em None of these der1vat1es were

suff1c1ent1y soTubTe in any of the c0mmon1y used 'solvents to pennIt

~useful NMR spectra to be recorded

Preparation of Amino-hydr0xamic Acids d 'f A L )

’ Three methods were used for the synthes1s of the am1nohydrox-

amic ac1ds exam1ned in the present 1nvé§t1gat1on

T) Reactlgn gf the approprlate qmlno .ester free base with hydroxy]am1ne

hydroch]or1de in methano] (Coutts‘_t__j;;1969, 1971).

el

R-N*  N-(CH.) -GOOCH N oﬁ C1—> P I\ » .
-f,. ‘ -(CH,), -C 0cHy + My .nc _s N n-(cnz)n»coocn HC1

“

+ NH,0H

E -—————f——491 R-N N—(CHZ)anONHOH'HCl o+ CHéOH,
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. . s
This procedure was employed to prepare the fol]ow1ng am1no-

-hydroxamlc ac1ds (Tab]e VIID and Table IX).

TABLE VIII

3 F] (4—Subst1tuted-p1peraZInyl)]prop1onohydroxam1c

ZJ

B N-CHRCHRZ -CONHOH- HEY

Compound R 1 RS % Yield

'.TZQv:} . CH3CHZCHgn 1 Ha _CH% L 5]

23 ";ﬂﬁfﬂ cnscnzcn CH, 2 M CH3 o a32

RN P Kty 30
:]26 : '<<::;>59”2'“"2 o s H CHy 7

7 A CHy . ew, W g



&

 Compound

13t

Cse

133

‘k-"’!“

e .

'«:; 3 _CH. CH cu 2y

“

TABLE VIII' cont'd

~ Acid Hydrochlorides

deo

-

s

:

2'.

’ \ . . ‘ .
i R=N- N-CHR'CHR"-CONHOH-HC1
i , : ) .

R
(Ch,CH,

| CH3CH2CH

3%

? . v W

3-[1-(4—Substitutedepfperazinyl)]propionohydroxémic

;a) -

a5

e

.
Su &
L

% Yield

v

22

a5

33

8

_6‘4;

ﬁ'

P



Compound S IR
o e

TN -

2)

N

i

e

- —’

TARLE IX

: Aminopfopionohydroxamic Acid Hydrochlorideg

1

- R- (CH,Z),,CHR (FONHOH H&g

R

135 . ..

136
.

o t.

=)

E]

e

a

75

62

36 :

and hydroxy1am1ne hydroch10r1d9 1n methanol &Coutts pthLF]OGQ

<

1071)

e

S,

RZ
L4

L ) S R 4 )_\-V." ! ‘ 2“-: ) ’“ . '-' )
"¢ -ONH,OH-HCT +. EKOH —> AMHLOM .+ 6KCT + . 3NH

e »

g ./’“/—v\ cub R .1153;;:1 -
R HnlBHg) 00K, + 08 %

o N o
R=N - N-(CHZ) CONHOH-HCT1 + 2NH,0H-HC1 + 6NH
N A g 4 O

Thé fo]1béiﬁ ‘

N
A Y

A

~

B ,'4 .

OH.HC1

S

(%

HORHCL

£

20H ‘+.CH OH - - "

;f.ohydroxamlc ac1ds (jfhle X and Table XI),

Y Yield

Reaction of ‘the apgropr1ate am1no ester free basp wwth hydroxylam1ne o

LI

1



Compound

e
Co1es
139

. 140

"Comgound :

am o

TABLE X

1-(44Substituted—piperaziny])hydﬁoxamit Acid

Hydrochlorides

-

- | S
RN, N-(CH,) ~CONHOH-HC1
\ / n .

Aminohydroxamic Acid Aydrachlorides -, ..~

I

.R;(EHZ)nC”R

H

. JABLE'XT |

2

1

T

CONHOH-HC1

3
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a2

830

67

a3
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S . TALE XI cont'd

Ammohydroxamc Ac1d Hydmchlorldes

R- (CHZ) CHR CHZCONHOH HC1

.,, ) - '

. Comgodnd" R .. R?-

3)

i N OH-HCT 4‘2'Na9“«>>NHédﬂj+_N§C1‘f NaOH >

. » .
v o
,

3

. . . . PRI
. S o [ . L - o, .
7 . .

| SN
-,-”‘(CHZ)nC?”CH3}+_N52?””f 3§N f:q-(cna)anNHOH +CHy0M

G TIN e e e Y et i ufw; o ff.\)
.~ R-N /_'N=(CH~).CONHOH + HC1 > R-§" * N-(CH )iCONHOHﬁHC1f
N a2 gt b Ny erip ) LONHO

Y] o P .. Lo L
e > - < . . A . .

- ' / 'l K

o : Usmg th1s tpchmoue the Jo]]omng ammohydroxamc acld

4’ .

. o ( _
hydroch]ondes (Tab]e XII) were obtamed S o

S L e

. ? W

% Yield

56
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1
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s F
. . \
S C TABLE II |
14(4«$ubsj?tuted p1peraz1n)1)hydroxam1c Ac1d\\\\
R | f Hydrochlor1des | '
e SRR
CR-N N—(CHz)hCONHOH;HC] ,
N /. - .
Compound .oon % Yield

143 - . . <z::>*cﬂg, N o i 2 - 39.

144 "‘ @—cp —CH , 2 : 29
o o /7 e

-

f The am1nohydroxah1c acid hydrochlor1des synthes1zed by aTT three ?

methods were coTor]ess soT1ds uhich did not decompose when stored in :‘ -

-

La dess1cator over a perlod oj(severa] months The structure of a]] 3

 the hydro;/mates wereac0nf1rmed by m1croana1ysis, IR and NMR B
R ~
: spectra. In«add1t1on, each of the hydroxam;c ac1ds qave a v1o]et

')

_ color with a1cohoh1c ferr1c ch]or1de, consistent w1th the hydr xamate

‘_functlon ‘poutts et aT 1971) '»’ ',J_ i~;F>

W The 1nfrared spectra of these compounds showed a carbony >‘...
'fstretching absorpt1on band between 1635 an”) and 1695 anl These T,

wftndrngs are in agreement w1th those reported by Coutts g__g___(1971)
‘aand BngS et a] (1972a and 1972b)



X
‘&

: ‘observations para11e1 those rep

~'DZO to the' samp]e This Signai

2%

v
. P R . ( .
The' NMR spectra of the amirohydroxamic ac1d hydrochiorides IS

were run 1n DMSO d AT spectra dispiayed a 3 or 4 proton broad :« _'
'signal 1n the 68 0 - 12 n range which coiiapsed after addition of

was ' attributed to the two protons of

the NFOH grouggand the proton J: 3i? two NH groups These _

'd by Coutts et a1 (197]) who
examined acyciic hydroxamic acids of genera] structure,(g). ;Thesed
workers observed three 1 proton 51gnals w1thin the 68 33 - 11.66.
range wh1Ch disappearedggfter addition of 020 to the samp]e The two

'protons of the "NHOH group reportediy came to resonance in the ranges

: 68 68 - 9 00 -and. 610 75 - 11 05 A Siunal appearlng at 610 75 - 11 05

was a551gned to the NH proton and was absent from the spectra of the

Y g‘w.p‘o’

' (1971) and Towi]i (1971)

8 extreme hygroscop1c1ty These aminohydroxamic ac1d hydrochiorides

.; which were’ not characterized are 1isted in Tabie XTII —‘\'

%ﬁrrespondang bases Comparab1e observations were reported by Sei]ey

a A

Fqur hydroxamates faiied to recrystaiiize because of their :



A ' |
! ,,I 14
v
¥, TABLE XIIT
Uncharacter1zed Am1nohydroxam1c Acid Hydroch]or1des
.7 R- CONHOH He1
: ~ Method of Attempted
Compound _ : 'R . , S
L o . - ‘ Synthesis . -
e : v - o h
S, S N ~ CH.
, L M™ 3 , _ ;
145 o H-N “N-CHZ-CH— ' 1,2
o Yamy X”s | | | .
146 -~ " : H-N N- H#CHZ— 1, 2 .
- 148 . . o ,'H2-N, . N-CHZ— TR 2
. ] - - R IS . ‘)
Preparation off]-HydfdxyggjndxaTin-2-0he5"
ﬂ: ‘ ,3 AN . . o o
| Coutts (1067) and Bapat et a1 (1969) hazg”rev1ewed the DR
'»'synthet1c procedures for obta1n1ng a wide ranj%; f structures . .
conta1n1ng the cyc]:c hydroxamic ac1d funct1on wh1ch can be R
'genera11zed as the two tautomer1c forms (149 (150) Because of
: the great range of strUCtures containing cvclic hydroxamic acid e
funcégons, it is d1ff1cu1t to qive a concise swnnary of the ava11able |

synthetic method% fonsequent1y, of the many genera1 synthet1c

'fapproaches avai1ab1e, only the-two}methohs attempted 1n‘the present'

X
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R

o study will be discussed."

o)

|

O

P
OH

(149) S Qas0)
E ».1 ),.-,‘fsyﬁthesis by reductive "cyclizafion .

‘Tennant (1054) Drepared qu1no>tahne h_ydroxamc ac1ds ( !)
by mtro oroup S1de-cha1n xﬂ:tev%ctmn as shown bp]ow, where P was -

.a hydrogen atom or a mthyl qroup

R N-COCH,CN. . "ac" @: Io
o <I “ cm\ :

0 .

" acid of alkali .

. ‘w.--ﬂ-'-
. QNIO .
N M on
0
(151)



o

In addition”to preparing'certain'quino1ines, quinazoljnes,'
i*‘_'_‘ben20xa'z1'nes and'benzothiazine%vcontainjng the cyclic hydroxamfc‘acfd
?groupfng, Coutts et al.. (1964) ggmthesized three QUinoka1ine derivatives

(152) by reduct1ve cyc11zat1on ‘f %}he appropriate nitroester wzth

,sod1um borohydr1de catalyzed w1th pa11ad1un charcoal.

Thag
& _.,‘

X= Y = -NH CH2 4~N = CH?— or -NH CH-- -
Coutts (1967) found that the sod1um borohydr1de and pal]adiun- t -

;charcoa1 reduc1ng system was exce]lent for the preparat1on of a B

;~1var1ety of cyc11c N-oxy and N hydroxy compounds from su1tab1y ;

' ;subst1tuted o n1troesters Consequent]y, fhis method was inft1a11y

. chosen in ‘an attempt to prepare the qunnoxa11ne hydroxam1c ac1d§ of

'1nterest in the present 1nvest1gation (Tabﬂe XIV) Th1s decision

: Anecessrtated the synthesis of appropr1ate1y subst1tuted o n1troesters

1_ for subseouent reductlve cyc11zat1on to the desired compounds .fg. ~f‘

| | K1ng and Clark- LéWis (1951) prepared ethy] N-o nitrophenyl- .

‘glyc1nate by the 1nteract1on of o n1troan111ne with 1 mo1e of ethyl

' :bromoacetate f011owed by extracting with anhydrous ether This o
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N

'synthesis was dup11cated in the present study and ethyl N-o -nitro-
pheny1q1yc1nate (153) was obta1ned in 20% yield. ,Rubsequent
'reduct1ve cyc]ization of this 0- n1troester by the method of Coutts
_gt (1064) as shown be]ow, oave an. impure product wh1ch produced a

‘dark blue co1or with a]coho]1c ferric ch]or1de Extens1ve -
recrystaf11zatlon from.abso]ute methanol fa11ed to 1mprove the samp]e“
purity. Thin- layer chromatography of the product revea]ed two

"d1stinct spots (Rf 0. 43 and Rf = 0. 36), ind1cat1ng~the presence of

'.two different compounds The spot w1th Rf = n. 36 corresponded to the

spot obta1ned under ‘the same cond1t1ons for pure 1- hydroxyqu1noxa]1n— - if,
2- -one: prepared by another method In contrast Coutts et al.. (1964)

. were ab1e to obta1n pure 3, 4 dthydro 1- hydroxyqu1noxa]1n 2-one (_55)

by the reductive cyc11zat1on of N- o-nitpophenylglyc1nate

S . : @ 8 :
N Ny NHCHZCOOCHZCH3 _,HH3. L
Az‘_ 4 BreH A500CH CH3-—> , ‘ T O RN Y
R | S NO? |

. . b. “ ‘«‘ .-‘.v' ,T": .‘ N | ) N ‘ ’ . ) | H ) - ) |
o HCH_Zcooc_H2CH3. | NaBH4/Pd c =
‘ (154)7-



o N
B[ ™

Attempts to broaden the scope of the King and Clark-Lewis
.(1951) reaction between o—n1troan111ne and ethyl bromoacetate by
react1ng 0- n1troan111ne with a var1ety of 2- a]kylsubstItuted 2~
‘bromoesters to give various 2-subst1tuted-o-n1trophenylesters were
unsuccessfu]. In each case, unreacted start1ng-mater1als were
recovered from the react1ons of o- n1troan1]1ne with ethyl 2 bromo-
propionate, ethy1 2~ bromobutyrate and ethy] 2-bromohexanoate under
the cond1t1ons used: by K1ng and Clark-Lewis (1951) ‘

It was felt that these reactions may have fai]ed because
" the e]ectron-w1thdraw1ng nature of the o-nitro group might make
o- nitroaniline too weak a base to attack the 2 bromoesters once
‘the esters were subst1tuted w1th e]ectron donat1ng a]ky] subst1tuents
- at the 2- pos1t10n react1on s1te In an effort to overcome th1s
'b;poss1b1e problem, o~ n1troan111ne was converted to its more nucleoph1]1c
;conJugate base w1th sodium hydr1de by using the procedure wh1ch Zauog
-'gt_g___ (1960) out11ned The conJugate base of . o-nitroan111ne ‘was
' reacted 1n situ with ethy] 2 bromoprop1onate and ethyl 2- bromo1so-'
:«butyrate A1though three d1fferent anhydrou§bsolvents (xy]ene d1oxane
"‘and dwmethy] su]fox1de) were trled the crude react1on res1due a]ways .
-d1sp1ayed absorbances typ1ca1 of a pr1mary amine in the 3300-3500 cm L
’ reg1on of the IR spectrum Indeed the two peaks attr1buted to a
prImary am1ne funct1on had 51m11ar re]ative 1ntensit1es and p051t10ns ‘
1:to the —NH2 stretch1ng absorbances 1n the IR - spectrum of o~ n1tro-‘,
;5dan111ne . It was conc]uded that these reactions had not succeeded

& ¢

S1nce the des1red product was ‘a secondary amine whlch wou]d dvsplay

< . » o : : *
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. only a sﬁngle absorption peak in the 3300-3500?cm-1'range.
| It was thought that these. findings could be rationalized

by qgnclud1ng that the e1ectron donat1ng propert1es of the 2- -atkyl-,
subsfjtuents on &he 2- bromoesters were such that neither o- n1troan111ne’

nor 1ts¢con3uaate base were strong enough nuc1eoph1]es to comp]ete a . 3
'succeézful reaction To test this 1nterpretat1on dwethyl hromoma1onate j

(a 2- bromoester subst1tuted in the ?’pos1t1on wwth an e1ectron with-

draw1ng ethyoxycarbony1 group) was synthes1zed then reacted with - e
0- n1troanﬁ11ne and its’ c0nJuoate‘base Once a0a1n, only un eacted

starting matertals were recovered when o-n1troan111ne and d1ethy1
‘bromomalonate were reacted under the cond1t1ons descr1bed by K1ng
~and Clark- Lew1s (1951). However, upon react1ng the conjugate. base
of o- n1troan111ne w1th d1ethy1bromoma1onate pa]e ye1low pr1sms
ﬁ phyS1ca11y un11ke e1ther starting mater1a1 were obta1ned After'

several recrystalllzat1ons, the yellow: co]orat1on (presumab]y
contam1nat10n w1th o- n1troan111ne) d1sappeared and sh1ny wh1te pr1sms
| resulted. The IR spectrum of. th1s compound had a: peak’ at 1725
Vc -1 (C 0) but no peaks attrwbutab]e to aromatic group or NH ‘
‘1nfrared absorbances "~ The NMR spectrum of the product possessed |
a tr1p1et at 61.31 and a quartet- at 54.26 wh1ch 1ntegrated in the

ratio 3:2, respect1ve1y The coup11ng constant for both s1gna]s was

.‘J 7.0 Hz, 1nd1cat1ve of v1c1na1 coup11ng “The above data as well" as/’sf

_ microanalys1s was cons1stent w1th the structure of 1,1,2,2- tetraethoxy-
'”carbonerthy1ene (155) as the product Confirmat1on of thws structura]

assignment was obta1ned by repeat1ng the above synthes1s w1thout

f)Z

"



| adding gfnitroani1ine}‘_In’virtually all respects, an identical product

" was obtained. .

H o 00 o coocnzcn3 )
’ “ . . I
v CHCH,00C coocuzgﬁ
P . ' TN
- U i(l§§) | - o
- .
/ .
) * ' \ - : ) A ‘ )
1,1,2,2, -Tetraethoxycarhony]9thy1ene (155) could be v1sua]1zed
?as ar1s1ng from the fo110w1nq reaction. mechan1sm
Y (CH3C~'H200C)2..(‘I‘IW %@-A(C%CH‘ZOOC)Z f@ Na® +Hy
: ' : Br.“@ ] o ~ Br »

2)" (CH CH onc):2 cqqa T c (cnocnzcn ),

l’ (ﬁr . o o \\ |
((;H3CHZQOC)2—?-C—(COOCH2CH3),2 + NaBr }
B .

. TN

—
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H &
3)  (CHACH,00C),, Cof-(COOCH.CH.). + N NiTeh
) (CHyCH, )z Cab-(COOCH,CHS), + Na
B e -
| & ,
’ » .“ i S D
L. ¢ CH,CH,00C _ oocu |
—_— 3.2 c . /t "3 + NaBr + HZ
| - CHCH, ooc y COOCH CH: : 2
- 2 | oty o
. . (155) ‘ _ S _."

. : ™
Hhen o- n1troan111ne was present, 1ts conJugate base could take

;the p]ace of the hydr1de 1on 1n the above mechan1sm to give the same

.:1 A, 2 2 tetraethoxycarbonylethylene product

%3*<1‘¢' ~The above observat1ons led to\the\conclus1on that’ ster1c factors

}; ;ust be 1nv01ved 1n h1nder1ng the approach and hence the react1on of |

- —n1troan111ne to var1ous 2 substwtuted 2- -bromoesters. These synﬁhet1c
‘dIffICUItIPS resu]ted 1n the cessat1on of any further attempts td

' prepare o- nitroesters via the react1on of 0*n1troan111ne w1th
appropr1ate 2-bromoesters | e il |

Another approach to the synthes1s of suqtab]e o- n1troesters

was suggesteq‘bz~the 1nvest1gat1on of Ashton and Susch1tzky (1957) in..

-77-

-which o—n1troch]orobenzene and. cyc]ohexy]am1ne benzy]am1ne bhenethy]- o

' 'amine, n- buty1am1ne, a11y1am1ne 2 am1nopyr1d1ne 4- ch]oro 2 am1no-
;pyridine or 4-methy1 2 am1nopyr1d1ne were heated together to g1ve the
correspondIng N- subst1tuted-o nitroan111nes _ o "

Foye. and Feldmann (1957) were ab]e to. prepare several

s

. N- (n1tr05ubst1tuted)pheny1 der1vatives of D g]ucam1ne in good y1e1ds '



A'-VA\

' L R
by usmg an analogous approacli ‘i-eacting n—‘glucamine with p_—nitro-
’ ch'lorobenzene, ,Z,A—dmltroch]orol

: gbenzene usmg e1ther pyndme or ethanol-sodiun acetate as solvent

These syntheses prompted at (
“'51 , : ,
subs‘tltuted o—mtroesters by reactmg Bni rochlorobenzu.-: i

b

warf%us anino acld ethy] esters. However. ethy] g]ycmate faﬂed

"'to react with o-nitrochlorobenzene when ref‘luxed for several days in -

' abso'lute ethano1 Addrtlon of bases such as tnethyl amng or sodwm

L 'b1carbonate p]us dlstﬂ]ed water fai]ed to Sh'lft any\enstmg

.reaction equﬂibna to desired product fomatlon ~ For each reactmn,?

the IR -'spectnm of the crude resrdue possessed two absorptIBn peaksf"'

. _in the 3300-3400 cm ] remon characterlstlc of a prlmary amlne and '

. 'jwhich had simlar relatwe 1nten51ties and DOS'It‘tOnS to- the prlmary

3 amine stretchlno absorpttons of ethyl olycmate If ethy] g] yCTnat e e

..had reacted mth o-nitrochlorobenzene, a secondary amne vnth only

--theproduct SN R ,
" Other prob]ems wer; encountered by Fe]dmann and Foye ( 1950)
: .who tried to prepare N 2-mtrophenylglyc1nes bymactmg substItuted

' —mtrochlorobenzenes with glycine in the presence of pyr‘idme Theyf._ |

}gfound considerab'le deconposn:ion of the reactton mxture after L
'_»reﬂuxing\éth no pure products iso’latable. o , N

, . Inm view of the synthetic (ﬁfflculties lnvolved m : ;,,
‘ obtaining appropriately substituted o;mtroesters, the reductwe o

kization vlpp_" ch to l—hydro'inoxahn-z-ones uas abandoned

nzene or: ],2-d1chloro-4 5- dinitro- ’

. -78-
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2) Preporotions invo]ving acyclic h&drOXamic-Acids k T ,_'f”
‘ Safir and Hilllans (1952) synthesized cyclic hydvoxamic ac1d
derivatives of pyraZine (1 56) by reacting an u-aminohydroxamic ac1d x

H]th an a-diketone. uhere R uas -H. —CONHOH. -CH -CH(CH )2,\

- ~cu(en )C"zCH SRR U P SR
R _NH, . 0. _CH o ' CCH.
"\CH,_ 2 - ) E .\f/ 3 . » RI/NICH3 ‘
Lo L 5 02 N~ oh,
0O N - . o ¢, 077 3
“ ('}l Y ) . \ w
C (156)
N

: An effort uas made to utilize this qpproach to prepare

: -hydroxyquinoxalin-z-ones Q 57) by reacting u-aminohydroxamic ac1ds

'uwth the a—diketone, o-benzoquinone Fol]owing the procedure outlined

' by ﬁafir and Hﬁl]ians (1952) glycine hydroxamic acid was synthesized

' from g]ycine ethyl ester hydrochloride and hydroxylamine hydrochloride.r,

“At the same time, the relatively unstable o-benzoquinone was obtained

fﬁ in very lou yield by oxidation of o—catechol with silver oxide

™~

o according to the nethod described by Hi]lstatter and Pfannenstiel

’{ (1904) A black solution, froa uhich no pure products uere isolated

792




SR

‘ was obtaIned when g]yc1ne hydroxamlc acid and o-beﬁzoqu1none were
B 4

5dwssolved together 1n distiiled uater It appeared_that ‘the reactants‘

B o . .
. and/or products had - decomposed AR S

Rk W ¢ R
BN oI ID
0%

| o-hspzoquInone S (ISZJ'- -

r

Abushanab (1970) prepared 1-hydroxy-qu1noxal1n—2~ene 4-oxide 1

'(158a) and 3-methy1 1 hydroxyqu1noxalin—?-one d—ox1de (158b) by
' react1ng o-quinone dloxime w1th g]yoxal and methyl g]yoxa]

‘respectively; Anticipat1ng that these 4-ox1des could be se1ect1ve1y

deoxygenated to the correspondlng l—hydroxyqu1noxalin 2-ones,,the s

~'above syntheses of Abushanab uere repeated 'o B B

st ) (18 Ry

_30;
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} The o- qu1none dioxime needed for these reactwbﬁgﬁggs obta1ned
by react1ng benzofuroxan w1th hydroxyTam1ne hydroch10r1de in a]ka11ne ;;
so]ut1on foTTowed by acid1f1cat1on accord1ng to. the method given by »'
Ghosh and Nh1tehouse (1968). The procedure out11ned by MalTory (1957)
for thé’sod1um hypoch10r1te ox1dat1on of o-n1troan111ne was employed
to prepareqtheﬂrequ1red benzofuroxan precursor. These syntheses are |

. 4

* summarized in the following reaction sequence,

o

v A M2 naoet € ”‘\\0 HZOH S HO AN
S Oe, : T S

. S~
o

Of the u—ketoaldehydes reacted w1th o-qu1none d1ox1me, glyoxa]
_and methy] g?yoxa] were commerlcaTTy ava11ab]e as 40% aqueous solut1ons. -ff'
wh11e phenyT g]yoxa] was prepared ut11121ng the procedure descr1bed
L by Voge] (1956) in wh1ch acetophenone was OXIdTZed to pheny] glyoxa]

. ]
§5w1th seTen1um d1ox1de

. Using. the procedure descr1bed by Abushanab (1970) the '

fOTTOW1ng 1- hydroxyquinoxa11n-2 one 4-ox1des were prepared from "ws"'

' 0- qu1none d1ox1me and the approprlate glyoxa] der1vat1ve (Tab]e XIV)

The structures of these ]-hydroxyqu1noxa11n-2 one 4-ox1des were |
I

& 'conf1rmed by m1croana1ys1s, IR NMR and mass spectra ' The IR

lspectra of these compounds possessed peaks in the 1225-1260 cm (N;O).ff
o '11610 1640 cm“ (c-o and C—N). and zzoo-szoo e (on) N

B



._The NMR< spectrum of each had a~broad one-proton mu1t1plet between o

69.5 - 11. 8 (0_) that exchanged with D

20 The mass spectrum of each

' compound was consistent with the proposed structure and are d1scussed ’

in the mass - spectrometry sect1on of this thes1s In add1tlon, each

L)

of these cyc?ﬁc hydroxam1c acwds gave a violet color w1th a]coho]1c

: I
ferric ch]oride ‘

TABLE XIV |
' '.]-Hydroquuinoxaltg-Z-one'4—Oxides‘ :
',.\ o IR .
- Compound Cj
160 LT CHg-
r : :

? Yield

42

77

-82-
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A]though al] three qu1noxa11ne der1vat1ves uere recrystalllzed ,-.3' 1?
from abselute methanol, an unusua] occurrence was noted wlth 3-phenyl l-
'hydroxyqu1noxa]1n-2—one 4-ox1de (_gﬂ) but not with l-hydroxyqulnoxalln— |
:2 one 4-ox1de (_§g) or 3—methyl ]-hydroxyqu]noxal1n-2;one 4—ox1de (_gg) AR
Upon vacuum dry1ng 3 phenyl-] hydroxyqulnoxalln-z-one 4-ox1de Q 6] in "‘§%5<<
han acetone-heated p1$tol deSS1cator, ‘the br1ght yellou alr—dried com- ~ ;;m
pound turned to a pale ye]]ow color. Hhﬂe the vacuun—drled compound .‘
v;:vme]ted at 196 198°, the a1r-dr1ed compound changed from brlght yel]ow to o
 pale yellow at 85-90° without melting, then melted at 196-198°. The IR
'spectrum of the a1r—dr1ed compound (F19ure 3a) possessed 519n1f1cant
absorbances at ]6]0 cm ] and 1655 cm -1 > while the IR spectrum of the :
vacuum-dr1ed compOund (F1gure 3b) possessed on]y a s1ng]e absorbance at
16]0 cm ] Furthermore the IR spectrum of the air-dr1ed compound after

fbe1ng stored er about two months (FIgure 3c) was v1rtua]]y ldentlca]
: w1th the of the vacuum-dr1ed compound Add1t1ona] differences occurred o

‘between the NHR Spectrum of the a1r-dr1ed compound (F1gure 4a) which _ ip
.'possessed a 3-proton s1ngle' 353 22 ‘and a 9-proton multlpset at 67 3 =
8.6 and the NMR spectrum o_ythe'vacuum-drled compound (F1gure 4b) uh1ch S

. possessed a9- proton mu]trpTet’at 67. 3 - 8.7 and a broad col]apsed l-:_; : RE
‘;proton mu]tlplet at 611 8 that exchanged with D 0 Ihe mass. spectra of ‘
the a1r—dr1ed and vacuum-drled 3-pheny1—]-hydroxyqutnoxalln-z-one 4-
ox1de were v1rtua1]y 1dent1cal ‘However, in vlew of the ease w1th whlch -
heat1ng converted one compound 1nto the other, th1s SImllarlty of mass

'-Spectra was expected 51nce a temperature of 250° and a vacuum of 10“
"bhHg ex1sts with1n the 1on1zwng chamber of a mass spectrometer under o

lvnorma] operatlng cond1t1ons. o f'- h , 'v{f:l | o

The preceedfﬁb observations seemed to 1nd1cate that
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recrystalllzatIOn of 3(pheny1-1-hydroxyqu1noxa11n-2-one 4-oxide from N
absolute methanol resu]ted in the lso1ation of a fa1r1y stab]e 1: 1
-‘comp1ex of 3- pheny] ]-hydroxyqu1noxa11n-2,one d-oxide w1th methan01
.‘Microana1ysis of the air-dr1ed complex agreed’ with the required
ana1ys1s for a1:1 complexr(C]4 ]0N203 -CH OH), wh11e m1croana1ys1s
~of the vacuum-dr1ed compound was consistent with the expected CHN
“ana1y51s for 3- pheny] 1 hydroxyqu1noxalin-2-one 4- oxlde (C 4“10"20 ).
‘ Unfortunate]y. the data obta1ned does not allow an unequ1voca1 ass1gn-‘f
;ment of a structure to the‘a1r-dr1ed methan01 comp]ex
| Ochia1 (7967) discussed the deoxygenat1on of aromat1c
”_N-oxldes.L Th1s summary revealed that aromatic N-oxides had been
reduced with hydrogen gas over: palladium charcoa] ‘and Raney n1cke1
}catalysts as well as with a wide var1ety of reagents 1nc1udyng
phosphorus tr1ch10r1de, 1ron powder and acet1c acid sod1um |
borohydrlde ‘and a1uminum trichlorIde, and sulfur in 11qu1d anmon1a

‘He indicated that deoxygenat1on with phosphorus trich1oride was a

5;comparative1y faci]e reaction g1v1ng good y1e1ds of pure reduced

S

_'product under mi]d react10n cond1t1ons Hamana (1955) assumed that i ‘f*%§%~
}following sequence represented the react10n mechan1sm for phosphorus .
.:tr1chlor1de deoxygenation ‘ o | |
l'(p?\/ —P—a—) 4 l%: — ,t +0pCly
:9:&9 ;Q—PC]
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A

~ The procedure for phosphorus trichloride deoxygenation |

which Ochiai (1967) described was 1n1tially chosen 1n an attempt E
to selectively reduce the N-oxide function of l-hydroxyquinoxalin- CL
_ 2-one 4-ox1des. In each case, the products isolated did not give |
any color with alcoholic ferric chloride,*indicating that the
| hydroxamic acid functional group had been destroyed The IR

-spectra of all three products had strong absorption peaks in the ‘
\:reglon l655 l670 cm ], indicative of C=0 and/or C'N stretching
5 Vibrations Silica gel G thi -layer chromatography Rf values
of each phosphorus trichloride reduced N-oxide did not match the ‘__““
Rf’value obtained under the same conditions for the corresponding
pure 1- hydroxyquinoxalin-z-one prepared as described later, by 3
:reduction with another method (H2/Pd-c) ﬁn the mass spectra of o

all three products the ions of greatest mass uere consistent with .
"structures in which both the 4-oxide and the l-hydroxy substituents | e
were reduced and in which two chlorine atoms were substituted (Table j‘f_» .‘
.»XV){ In addition, each mass spectrum also possessed peaks of signifi- 'ffftES'

cant relative abundance w1th mass to charge ratios consistent with

A4

o either a molecular ion containing a single chlorine atom or, ‘a fragnent

<ion resulting from the loss of a chlorine atom from the dlSUbStltuted

. ‘molecular ion. The reason for making this statement is that although
some of the phosphoLus trichloride deoxygenation products could be -
; purified to constant melting point by repeated recrystallizations the
'microanalysiszof the product was always much closer to that required

-'for the monochloro substituted product than for the disubstituted one
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It was thus conc]uded that deoxygenatpon by phosphorus tr1ch1or1de W1th
Dchiai's conditions resu]ted 1n a m1xtuve of monoch]oro and d:ch10ro
Subst1tuted products jn wh1ch both the H hydroxy and - the N-ox1de
c»substftuents were reduced ronsequently, the redutt1on of l-hydroxy-

qu1noxalin-2-one 4—oxides to - l-hydroxyqugpoxal1ne 2-ones u1th phosphorus

‘trichloride were Judged unsuccesSf

TABLE W |
Poss1b1e Molecular Ions in the Mass Spectra of .,

thevPC13-Reductlon Products of I-Hydroxyquinoxal1n-2-one 4-0x1des

- . o , . :
Cmmmmd' P ‘m:w) : o G o RdPitive
Reduced "€ Ratio of_Prod & Possib?e Formula of Ion Abundance

o R - ’ 3 T -
159 as (L -~ [eghC N'O].'l AR
om0 ,rc M c1N 0 M X
e . 228 S _rc936c1znzo1 7.2
194 o f<[c9§791nzo]; o ,1 '»f72'°
161 o 29 R (o gCTM,01 oSl
25 . o v[c]4u§tluzo]._ = »_5i«26'§.

Ochiaw (1967) noted that catalytic reduction of aromat1c

N-oxides over palladium—charcoal proceeded'very gradua]ly whereas

[

.'8b‘b
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cata1yt1c reduct1on over Raney n1cke1 in a neutral 5olvent pas a
facile react1on wh1ch gave,exce]]ent yie]ds In their rev1ew of the
syntheses and reactivity of cyclic hydroxam1c acnds, Bapat et a1 C ¢

(1969) po1nted out that chemical methods have been preferred ‘to catalyt1c?

| hydrogenat‘u’ for the reduct}on of cyc'hc hydro)iamc ac1ds, probably | (
because.the choice of catalyst for the latter is cr1tica1 vFor o J//
| examp‘]e Hayashi et al. (1959) and Lott et-al.. (1949) found that e
1- hydroxy 2~ pyr1done was 1nert to pa11ad1um cata]ysts, while Hayash1 o
A% d

et a] (1059) showed that hydrogenolys1s to 2- yr1done occurred ;la&

read11y over aney n1cke1 in methano] | / ‘ﬁeg
BN

In view of these 0 rvat1ons, 1t*9as dec1ded to att“ pt

.‘

-.’v,‘ »-"

ion .

over pa11ad1um-charcoa1 It was env1saged that the hydroxamlc ac1d

se1ect1ve reduct1on of the N-oxide funct1on by cata]yt1c redue

group shou1d be dnert while the N-ox1de should s]owly undergo

reduct'i &g

.4"

- Cata]yt1c reduct1on of 3 4 d1hydro-, 3-methy1 and 3-pheny1-

1 hydroxyqu1noxa11n 2-one 4-ox1des (Table XIV) over pal]ad1um-char al : p
>~ in d1oxane y1e1ded 3, 4 d1hydro 1-hydroxyqu1noxa11n-2-one, 3-methy1- : ‘ﬁéﬁi’
(1 hydroxyqu1ﬁ%xa11n 2 one, %_phenyl 1-hydroxyqu1noxa11p Z-one,

respect1ve1y (Tab]e XVI) The structures of these compounds were

conf1rmed by m1croana1ys1s, IR, NMR and mass spectra. The IR
' spectra of these compounds possessed absorbances in the 1620-1660 cm -1 _

- (c= 0 an C-N) and 2300 3200 cm (OH and/Or NH) regions, while NHR _ “'; /;;
o spectra possessed a one-proton broad singlet betueen 610 4-11.2 (OH) o
_ wh1ch exchanged w1th 020 The‘mass spectra of these derivatives uere- |

o
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cons1stent with: their re?pective ass1gne,d structure and are d1 scussed ih
the m ss spectrometry sectmn of this thesis. In add1t1on, e@gh of :
the 1 hydroxyqumoxa'lm«? ones/éave a dark blue co]or with a'lcohohc
. »“ é .
fe?‘ﬂc chloride conSIstent with the presence of an mtact hydrovgamc ’
acid functio(‘r e T S -
© Y TABLE XVI L e \
; S T - ’
’ £ 4 'l-Hydroxyquino)&'a"lin-Z-one‘s ‘ L
- T . o e S
S ) -
4 S . '.§"L"' ¢ A
v. .. 0‘ . o “‘l. : v : 3
: ‘ ; o | ) s s .
.I .) ) . ‘.I .
" Compound ‘ %2 Yield
T62 | 8o
_ : . : 4 v
. ’ ]63» ' \ ' - .‘ 78 -
. . . //- .
164 ‘95

R



II MASS SPECTROMETRY R
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Cbutts and H1ndmarsh (1969) found that on electron 1mpaet
\ﬂslmp]e,qu1n011ne hydroxam1c ac1ds ( 65) lose an oxygen atom and an OH

~

' ': In contrast, these same authors observed that 4- hydroxy-Z-methy]-

~ molecu]ar 1on to gvve an abundant [M 30] 1on.. -Hydroxyphtha]1m?de
- {167) was found by Bowie et al. (1943) to <lso expel a nitric oxide. =~

qu1nazol1ne—3—ox1de‘( 66) expelled a 1tr1c ox1de rad1ca1 from the :

4

rad1ca1 from the mo]ecu?ar ion with the resultant [M-]61 and [M 17]
ions decomposwng further by the expu]s1on of CO or HCN mo]ecu]es
. s . - + ‘« o ‘\ o . J; : " L o . ! . ‘- J.,' -
- 5

91-
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radical’ In these two lnstances, _“-lﬁ] and [H-l7] 10ns were also
observed although theﬁ!bundances of the latter ion were very low
) - These f1nd1ngs led Coutts and Hindmarsh (1070) tg\extend

the1r studles to cycl1c hydroxamnc ac1ds of general strugture (1 68)

i

Rp TR0 o T
o [ - o
oH . ~
T (168)

; 1n wh1ch ) ¢ ‘was 0 or S or SO2 _ Although all three classes of compounds
‘showed abundant molecular lons, each fragmgn;;d lnltially in /_;sl“_ .
dlStlnCtlve ways. The 3,4—d1hydro-4 hydroxy-3-oxo-2H l,4 benzoxaz1nes |
(l68 X= 0) exh1b1ted abundant [H-45l 10ns and M- l61 ions qenerally

f of low abundance, [M-l7] ions were not formed The 3 4-d1hydro-d- }]_“x

' hydroxy-’-oxo-ZH l,4-benzoth1a21nes (168,X = S) shoued tronq TM -1617%,
rH-l7l ’and rn-as1 Ions. uhereas the molecular lOﬂS of the chem1cally
related 3 4-d1hydro-4 hydroxy—3-oxo-2H l,4—benzoth1az1ne 1 l-d1ox1des -
(l68 X = SOz) decomposed to- g1ve abundant TH-lGl- and [M-RR® C = C = _ O]fv; y

- rons but ne1ther [H—l7] nor [H-45] 1ons were “formed. Further ﬁ'vv

——decompositions were lnfluenced by the natur@ of the substItuents on

. each molecule. None of the compounds exam1ned expelled nitr1c ox1de ;

fron the/molecular ion.
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As'a'logicalvextension of these investioations thefmaSS‘spectra

of the ?-hydroxyqulnoxa]1n-2-one 4—ox1des (Table xIV) and ]-hydroxy-'

- fqu1noxa]1n-2—ones (Table XvI) prepared in the. present study were

recorded and examlned The mass spectra of these compounds are ,
| 'vlncluded in thures v and VI Sumnarlzed in Tab]e XVIIA are the re]at1ve
e Aabundances of the [H] [H—]G] > [H—]Tl > [H-ll'%’l and [M 281 Ions for |

1]

ds. As can be seen, al] shoued abundant molecu]ar ions.

each compound gave abundant [H-IG] , [H-l?] and . [M-45]
'eaons except 1- _ xyquinoxalln—z-one 4-ox1de (159) wh1ch had only an
. abundant [H—IG]- ion. Only compounds (]59) (163) and (164) gave ,}f v‘
‘abundant [H—ZB]- ions presunab]y by the loss of carbon monoxIde. Thus |
.the maaor1ty of these cyc]lc hydroxam1c ac1ds fragment initia]ly ina :
~ manner analogous to. the 3.4-d1hydro—4-hydroxy—3-oxo-ZH-l,4-benzoth1a— o
.zInes (168, ‘X-S) studled'by‘Coutts and thdmarsh (1970) | |
5 TABLE XVIIA
Re]atlve Abundance of TH] s TH~16] ’ [H ]7] 5 [M-45] ~and M- 28]

'*7_ Ions and Locat1on of Base Peaks in, the Mass Spectra of -

—HydroxyquinoxaIIn-Z-one 4—ox1des and ]-Hydroxyqu1noxa]1n ?-ones'

-Compound ‘*' ;f | Percentage Relative Abundince af'vmc e o
o IMIE [M-161 [M-17) [M-25]" [¥f28]7 Base Peak
Cwe e M3 ez e 3.2 M
iuilbog ';loo',f 0.2 0 323 B3 00 .,Jdnt_»* >
W as o ome 25 oW

62 683 68 M2 100, - 0.2 (w4s)t ¢
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A

| Re]at1ve Abundance of [M] 5 [ﬁ-le] s [M-]?] [M-45] and [M-28]
Ions and Locatlon of Base Peaks in the Mass Spectra of -
-l-Hydroxyqu1noxa]1n-2-one 4-ox1des and ]-Hydroxyquinoxa]in-z-qnes,

) rCompound ' . Percentage Re]at1ve Abundance

I_J_. [4,16] M- 17] [n-45] [s,zal 'Base Peak

63 100 7.5 147 1 33 _"’ i
- 164 84,

291 20000 236 339 1_[n;133]f'-'

o Scheme I presents a p0551b1e fragmentation . pathway for 3 4--“"
dihydrb 1-hydroxyquinoxa11n-2-one (_gg) An’ abundant mo]ecu]ar ion of
'm/e 164 was formed wh1ch fragnented to ions of m/e 119, ]46 147 and
f148 by the Toss of COOH HZO OH and 0, respectlve]y. Both lons m/e B
"147 and 148 then fragmented to give 10n m/e 119 by the loss of co and
.a.CHO respect1vely. Subsequent]y, ion m/e 119 decomposed through the
success1ve Toss of two HC,vmolecules to 91ve lons m/e 92 and 65.
‘;'Although al] the above de:crlbed fragmentat1ons are apparent]y
:supported by the presenc of metastab]e peaks of approprIate mass, the
é assignments made for the structure of the var1ous 1ons must remawn
'very tentative unt11 ac urate mass measurements -are determ1ned
R k1abe111ng experiments 'arr1ed out and further dlrectly re]ated standard

fiicompounds investigate‘.




- -97-

Pl

.,,@Imls m:oww.cvZxof:gxoéérTo;g.f.u_._q.m ...8xwzﬁopco:ﬂcm.__m_f.._,_;_msmgum

mle

69 a/u’

| ._.m_-;m\s_..

o 2leu
R S
c00- T

—» .. 298
. o [0°NH
o ,wh_‘_.guu_

v

o = 4=



Scheme 11 dep1cts a poss1b1e pathway for the fragmentat1on of
3—methy1 1-hydroxyqu1noxa11n-?-one (163) and 3- pheny] 1 hydroxy- ' _
| 0u1noxa11n-2—one (_gg) As can be seen, the mo]ecu]ar 1on Sin both caSes T
may fragment by the loss of 0, OH and COOP to g1ve abundant TN 161'
TP-]71 and TM-45] ions. The FM-161~ and TH-171‘ ions may then

’ fragment by the loss of CHO and CO respect1ve1y, to g1ve an: FN-45]

Next the [H-451 1on may decompose by the 1oss of RCN then o

- HCN to g1ve 1ons m/e 90 and 63, respect1ve1y 0nce aga1n, 1t must be -
lp01nted out that although each fragmentat1on descr1bed has an
_appropriate metastab]e peak supportInq 1t the structural des1gnat1ons
nmade in Scheme I must remain merely speculative untll further stud1es

h are done " One notab]e d1fference between the mass spectra of the two

- 3-subst1tuted der1vat1ves descr1bed in Scheme II was that ‘the 3-methy1_

'd;(_§§) compound had an abundant ‘ion w1th m/e 106, whereas, the 3- pheny]' :
h(___) compound d1d not (F1gures v and VI) A tedtat1ve suggest1on to o

'account for th]S d1fference is 111ustrated in Scheme II Thus,

o although both compounds may rearrange upon losing carbon monox1de

: from the molecu]ar ion to g1ve an [M ?8] 1on wh1ch is capable of
: yie]dlng the 1on m/e ]05 by the loss of RCO on]y the 3—methy1 ( 63)
A_der1vat1ve may tautomerlze as i]]ustrated then decompose through the

loss of CH2 C 0 to glve an m/e 106 1on
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Tab]e XVII A shows that unl1ke the three 1- hydroxyqu1noxa]1n-2 oncs_

Just descrIbed 1- hydroxyqu1noxa11n-2—one 4 ox1de (_§§) did not agive
rise to abundant [M-17] or [M-45] ions. Apparent]y, the presence of
the N-ox1de funct1on decreased the 1mportance of fragmentat1on by the-
‘1n1t1a1 loss of an OH rad1ca1 or CODH rad1ca1 Powever;‘abundant

' [M] » [M- 16] and [M 28]° jons were formed Outllned in’ “Scheme III '

nthe tentat1ve fragmentat1on pathway postulated for 1-hydroxyqu1noxa11n-

. 2-one 4- ox1de 1 59) A1though support1ve metastab]e peaks were absent,--

‘the. [M- 16] and [M-28]- 1ons were presumably formed in the ‘same manner _’

; 'qs for the 1- hydroxyqu1noxa11n—2-ones by the d1rect 1oss of oxyaen and
e;rcarbon monox1de from the molecu]ar ion. Appropr1afe metastable peaks
" were present wh1ch apparently supported d1rect ﬁg@gmentat1on of the '
mo]ecu]ar 1on to 1ons of m/e 106 105 and 90 thnough the loss of
2 ZNOZ' C2H03 and rz 2NO3 rad1cals, respe t;ﬁ%]y. Due to their |
complex1ty, the structures of both these gg§¥cals and the resu]tant

_.1ons can not be read1]y ascertaIned;unt "
‘stud1es are carr1ed out. Howev’ ;
der1vat1ves, fraament ions of m)e 5105;and 90.a1ways arose as‘the F
'result of further fragmentat1on of‘, T, 57t
'h_[M -28]% ions (Schemes Lo, RUE
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_ - In contrast to 1—hydroxyqu1no]1n-2-one Qfox1de (_52) both
K —methyl ]-hydroxyqu1noxa11n—2-one 4-oxide (_fg) and 3- pheny] 1-
ahhydroxyqu1noxa11n 2-one 4-ox1de\(_§1) did nge abundant [H] s [M- 167+
v[M 17] and [F-45] 1ons (Table XVIIA) Occurrence of these fragments
was para]lel to the observatlons for the mass spectra of the 1 hydro— 8
-xyquinoxalln-z-ones ‘Scheme IV is an attempt to expla1n some. of the
F‘fragmentat1on pathway followed by 3—methy1 ]-hydroxyqu1noxal1n-2-'
: one 4-ox1de (_gg) and 3- phenyl 1- hydroxxsu1noxal1n-2-one 4—ox1de (_gl)
though accurate mass measurements and 1abe]l1ng stud1es are obv1ous]y
_yrequ!red to substant1ate some: of the clalms. It is not1ceab1e that the
| 3-subst1tuted 1-hydroxyqu1noxa]1n-2-one 4-ox1des (F1gure*0 ) d1d not
’ g1ve rise to abundant TM-ZB]- ions whereas the unsubstwtuted 4—ox1de
did. (Figure v ) ' Th1s behav10r should be contrasted with that of the
V}related compounds (163) and (_§£) whlch expe] 28 mass un1ts from the N
'_ molecular ion.. Unfortunately. the sma]] number of compounds |
"”,examined permit no usefu] conCIUS1ons to be drawn as to why these
d1fferences should ex1st » ‘ ‘J | | |
'_ ' In summary, the 1 hydroxyqu1noxa11n-2-one 4-ox1des and |
‘ l-hydroxyquinoxal1n-2-ones prepared 1n the present 1nvest1gat1on ’
’ fragmented 1n1t1a11y in a manner ana]agous to the 3,4~ d1hydro—4~ v
_hydroxy-3-oxo-2H- ,4-benzothia21nes (168. X = S) 1nvestigated "':
by Coutts ar@ Hincinarsh ( 1970) That is, each compound except
1= hydroxyquinoxalin—z-one 4-ox1de (_§2) gave abundant [M] . [M 16] 5
. [M ]7] and [N—45] 1ons (Vable XVII A) In certaln cases. an add1t10n- '
‘ al initial [H-28] fragment ion ‘was also formed | |

5
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II1. EXPERIMENTAL , T E o
| ‘. ) . . . ) . . . v . . . ‘,
Melting p01nts were determined on a Thomas Hoover capillary '

melting pOlnt apparatus. All melting p01nts and boiling p01nts are -
~ uncorrected. Most of the compounds synthe51zed were dried over f'o'
,Drierite under . reduced pressure in an acetone‘reflux heated pistol
'desswcator Infrared spectra were.t%corde& on a Beckman Model 10
Infrared Spectrophotometer NMR spectra- were run_on a Varlan Model
A- soo Spectrometer Mass spectra were recorded on an A. E. 1 MS 9

or MS l2 1nstrument equlpped with a direct probe system,_ the electron
. beam energy was 70 'ev Elemental analyses were performed by the .
<analytical laboratory of the Faculty of Pharmacy and Pharmaceutical
-Sc1ences All chemicals obtained from commerc1al sources were used -

e

'w1thout further purification

'-Synthesis_of 1-Monosubstituted Piperazines -
P ) e

General}Preparative Methods

-Each of the N-monosubstituted piperazmes prepared in thlS |
.series was characterised by means of IR and ‘NMR . spectra. as’ well as v

. by comparison .of bmling points mth l1terature values. Commercmlly
“available l—monosubstituted piperaz'mes mcluded l-methylpiperazine
2 and l-phenylpi perazine which were (purchased frgm Eastman Orgamc
»/ Chemicals. S o ‘} e v | D
’ Method Used < (Yung et al l968) : .v ‘ / '}
““The appropriate alkyl halide (0 2 mole) ‘Was slowly added
Eiiﬁistirring over 30 minutes to a solution of anhydﬁs piperazine
| (wm i!’t ahsolute ethanol (250 mlb) The reaction mixture .

J’_,/



as elther let stand. at room temperature overn1ght or ref]uxed
overnlght. The solutlon was then coo]ed and any prec1p1tated
‘l; p1perazine hydroch]orlde fl]tered off - The bu]k of the ethanoT
was,removed ln vacuo The reSIdue obtalned was part1t1oned

betueen excess 3N NaOH and dlethy] ether (3 x 50 ml). The ether

fractlons were comblned drled over anhydrous sod1um sulfate,

- -106-

| fl]tered and the ether evaporated The4011_obta1ned was fract1ona1]y

-d1st1]]ed under reduced préssure

A

1- Ethy]pmperazrne

' The tltle compound was synthesrzed 1n 56% y1e]d by general
method 1 for’ the SynthESTS of ]-monosubst1tuted p1pera21nes uSIng
v,anhydrous p1peraz1ne and ethyl bromIde. The reactlon m1xture was
refTuxed overn19ht.- The product had b p. 150-156° (760 mm)

L Reported (Yung et al. 1968), b. . 57-60° (40 mn).
I spectrun (mm) ‘3270 on’! (NH)

-,}T-n-Propy]piperaZIne

The above compound was syntheSIZed 1n 43% yle]d by genera] .

lmethod l ?3r the synthe51$ of T-monosubstwtuted plperaZInes

‘uSIng anhydrous plperazlne and ]-b%ﬁmopropane. The reactlon m1xture A

',,was refTuxed overnight The product had b.p. 65-88° (24 mm)

v Reported (Yung et aT 1968) b p. 75 7Z° (37 mm)
IR spectrun (fﬂm) 3270 cm” (NH)



+

1 —g—But&l piperazine

~ Seneral method 1.for synthesis of 1-monosubstituted |
"_piperazines 'gave the title eompound in 61% _yi'eld from anhydrous -

: piperaZine and-]-bromobutane The reactlon mlxture was refluxed .

N overmght. The product had b. p. 95- 100° (27 nm) Reported

(Yung et a’l ]968), 97-100° (40 m)
‘IR spectrun (fﬂm) 3270 cm (NH)

1-Benzyl p‘l perazi ne

' Utilizing general method‘]'?gr'the‘synthesis'of |
.l-mnosubsntuted p1perazmes. the above compound was obtamed in
'572 er]d from anhydrous plperazlne and benzyl ch'londe "Th'.e . A

reactwn mxture was ’Iet stand overmbht at mom temperature

'»-]'The product had b. p. 160-170° (19 ). Reported (Lutz and Shearer,,

1947), b.p. 128-135° (6 mm) | f S
IR spectrun (fﬂm) 3270 o™ (NH) _ )
NMR, spectrum (CC]4) s 1.42 (s, 1, NH absent after 020 |
";iexchange), 2.0- 3 o(m, 8, ca—a“z)' 3.38 (s» zm CH, N) 7 20 |

-f(s 5: 6—5)

' '1 Phenethx'l 21 Erazine

Hhen genera] method T for the synthes1s of ]—monosubstnuted

5107; ‘

piperazmes was used. the tlt]e compound was obtalned wn 75% yle]d from

anhydrous p‘l peraztne and (2-chloroethy] )benzene The . reactmn
: I, ' :
m1xture was let stand overmght at room temperature The.product_

had b.p. 165-172° (l_6__m_) Reported (Baltz]y et al. 1944).'
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'b.p. 150-152°(8 mm). | :
IR "spectm’ (Film): |3270 cn” (NH). 4
NHR spectrum (CCI4) 5 1. 50 (s, 1 NH, absent after DZO

exchange), 2.2- 2 9 (m. ]2 CﬂZCHZC 2) 7.12 (s, 5, CG—S)



. Synthesis dof Amino-esters

A

General Preparative Methods h ’ ‘lb - i o

-

Each of the esters prepared in this series was characterlzed

N 3. \

;by means of CHN e]emental ana]ys1s, NMR and IR- spectra.' IR spectraf

'were recorded as NuJo] mul]s or as th1n f11ms NMR spectra were

:recorded at operatlng temperature employIng a sample concentratlonb'
of 100 mg/0.5 ml, w1th DSS -used as the standard when 020 ‘was the

'solvent In a]] other so]vents the reference was TMS Chem1cal

sh1fts are quoted in & un1ts No attempt has been made to calculate

v'the theoret1ca1 resonance pos1t1ons of protons in complex second

‘ order sp1n systems The quoted mult1p1et sh1ft values 1nd1cate the

_.Icenter pos1t1on of the mu1t1p1et A chem1cal sh1ft range is quoted

for complex, unsymmetr1ca1 mu1t1plets Slnce most syntheses 1nc]uded

a secondary am1ne as a startlng materIa], absence of a band within

. the range of 33]0 to 3500 cm” (due to secondary amine NH strech)

in the IR spectrum was cons1dered a pOS]t’Ve 1nd1cat10n that the

react1on had gone to comp]et1on No attempts were. made to. separate

“optical or stereotsomers._

Methyl acrylategbmethyl crotonate or-methy]'methacry]ate

~
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(D’] mole) was added to a so]ut1on of an- equImolar quant1ty of the
,appropr1ate am1ne in anhydrous methano] (25 75 m]) The react10n
mthure was heated under reflux w1th stlrrlng for 8 to ‘72 hours.
The methanoT was removed in vacuo. and the res1dual 0il fractionaTTy

\;_4 d1st111ed under reduced pressure ' et , | ." - R

yMethod 2

Ethy] acry]ate (0 1 mole) was added to a so]utlon of an
"equ1m01ar quantity of the appropr1ate am1ne in anhydrous ethano]
5(25 -75 m1). The react1on mlxture was heated under refTux with
st1rr1ng for one to four days The ethano] was removed in vacuo, : Lo
:”and .the reSIduaT oil fract1ona11y d1st1l]ed under vacuum., B
ethd§)3 |
| Ethy] bromoacetate ethyl ch]oroformate or ethy] ,
'4 bromobutyrate (0.1 mo]e) was added to a solution of. tr1ethy1am1ne
"(0 1 mole) and the approprlateaam1ne (0 1 moTe) in anhydrous _
faethano] (100 mT) ~ The react1on mlxture was heated under refTux
,w1th stirr1ng for one to six days The reactvon solut1on was Q:
coo]ed then poured 1nto excess anhydrous ether (300 mT) he 2 ._
Tprec1p1tated tr1ethylam1ne ha11de salt was fwltered off The f11trate f'
'was evaporated 1n vacuo and the reswdua] oil fract10na11y~d1st1]]ed
' rln those. cases uhere the reSIdue was a solld the m1n1mum amount
hliof hot ethanol to effect d1ssolut10n was added and HCT gas bubb]ed
fvthrough this solut1on The co]or]ess HC1 sa]ts obta1ned upon cooT1ng

l} were recrysta]]1zed from anhydrous ethanol

.\\



L=

Hethod'4~v'

Hethyl methacrylate or methy] crotonate (0 115 mole) was

', added to a so]ut10n of anhydrous piperazine (0. 23 mole) 1n anhydrous

methanol The react1on mnxture was refluxed for 12 to 24 hours
The methanol was removed in vacuo The res1due obta1ned was cooled
and the excess p1peraz1ne fﬁ]tered off Th1s.f11trate_was d1$t111ed

'under reduced pressure . : ' T g Y |
. ’l -

_Preparat1on of Hydrochloride Salts of the Am1no-Esters

The hydroch]ornde saTts of the methyl esters were obta1ned
: ‘by adding a solutlon of dry hydrogen chlorlde gas ln anhydrous

| methano] to an. anhydrous methanol solutIon of the approprIate fr'.
ester If upon coo]1ng the sa1t dld not crystall1ze, suff1c1ent
'ianhydrous ether was added to 1n1t1ate crystalllzatIOn The;_' LA
hydroch]orides uere recrystaTllzed from methanol-ether

' i; The hydrochlor1de sa]ts of the ethy] esters were. obtawned
:i1n the same manner, subst1tut1ng~anhydrous ethanol in pTace of

i anhydrous methanol , N | v |

AT] salts were obtained as colorless sol1ds~wh1ch were
r‘characterIzed by their 1nfrared spectra and meTt1ng p01nts. All
'showed strong C:ID-H stretchmg bands 1n the 2360-2790 cm -1 regwn
';(Heacock and- Mar1on, 1956).-

= Methyl 2-methyl-3 (T-plperazlny])proplonate

0 »
Ut1]121ng genera] method 4 for the Synthe51$ of amlnoesters, -
" the t1tTe compound was obta1ned in 45% yleld from methyl

methacrylate and p1perazlne The reaction mlxture was ref]uxed for =
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n12 hours. The product had b.p. 65- 74° (0 08 mm)

IR spectrum (Film): 1740 cm™! (c=0), 3330 cn™" (NH). -
NMR spectrum (CC1,): s 1.06 (d, 3, J = 6.5 Hz, CHCH,),
128 (s, 1 NH absent after add1t1on of D 0) 2.0-2.9 (m, 11,

. C4_8N2 c_), 3.56 (s, 3, OCH,). | |

| ' The h _1ﬂroch]or1de of the above compound had m. p 179 180°.

Analys1s - Found C, :41.42; H 7. 48 N “10. 73.
' _C9H20C12N202 requ1res C, 41 71, H, 7. 77 N, 10 81

' d«‘b

) Methyl 2-methy1-3»[1 (4-methy1p1per321ny1)]prop1onate

General method 1 for am1no-ester synthes1s gave the t1t1e
compound in 30% yleld from: methy] methacry]ate and ]-methy]p1peraz1ne v
.when the reactlon mlxture was heated at reflux for e1ght hours
'_The product had b. p. 157-158° (70 mm) Reported (Barron et al.
:1965) b. P. 60-62° (0 5 mm) (French Patent 1958) b. p 105 106°
(11 mm); (Hldha, 1969), b.p. 85-86° (3 nno ' |

IR spectrum (f11m). 1740 cm (C—O) _ L

o spectrum (D, o) 51.28 (d 3, 0= 7. 0 iz, CHCH. ), -
_;3 .06 (s. 3, NCH )s 3. 10-4 10 (m, 14, C458VZCH CH(CH )COOCH )
| MR spectrum (cc14) 51.08 (d, 3, J = 6.5 Ha, CHEH, ), |
‘{~2 18 (s 3, NCH ) 2 00-2. 80 (m, m, C4_8N2 C_) 3. 63 (s, 3, OCH )
The hvdrochloride of the t1t]e compound recrysta111zed from

. :anhydrous methano] melted at 206 207°. _" o
| | AnalySIS - Found C, 44 16, H, 8.17; N, 10. 46.
c,0 ZZCIZNZO requ1res, ¢ 43 93: H 8. 11; N, 10 26



 Methyl 2-meth1] 3-U-{4-e§hylp1perazi‘h_y'1~; ‘ o , %

o

1 36 (t. 3, J=7. 5 Hz, CHZCH3). 3.2~ 3 9 (m, 16,
.ICH3C52C4_8N CH CHCOZCH

Ve i) n‘\.\ !

The t1t]e compound %s synthes1 zed 1n ﬁ% y1e1d b g‘enera‘l

method 1 for the synthes1s o?qamno-esters us1ng methyl'

and l-ethylmperazme. The ; cti&n -’m1xture -was reﬂ

\'.\‘”

The hydrochlorlde of the above compdund had m. p 207 209°

S
i

2CHo 3)-
Ana]ys1s - Found c, 45 92, H, 8.27; N, 10. 05

CHHMCIZNZO2 requ1res C, 46 00; - H 8 42 N, 9.75.

_v'Methyl Z-methyl -3- [1 (4-n-propy'lp1perazmy1)]propwnate b
B A '

s

Hhen genera] method 1 for the synthes1s of ammo-esters .

| 'f.was emp]oyed the twtle compound was prepared 1n 51% y1e1d from

methy] methacry'late and 1-n-prop_y]p1peraz1ne The react1on mi xture

_was reﬂuxed for 12 hours The product had b p 146 156° (23 mm)

o IR spectrum (f11m) 1740 em” (c 0).

The h!drochlonde of . the t1t1e compound had m. p 212, 5 213 5°._ :

NHR spectrum (D 0) é 0 96 - (t, 3, J 6. 5 HZ. CH CH3),' :

B 28 (d 3,._ = 7. 0 Hz, CHCH3) T1.5-2:1° (m. 2 CHZCH CH ) 3. 1-4 0
: (m, '|6 CH, C4_'8N2 CHCOZCH ‘ ' '

3)
Analys1s - Found C, 47 70; H, 8 82, N, 9 32

, (I]2 ZGC]ZNZOZ reqmres C 47 84. H 8 70; N 9. 30

-

R



I . £ P

';Methyl_2—methy1-3~[1-(4-njbuty1piperezinyl)]propionate N

» The above compound was syntheSIZed in 46% yield from methyT
methacry]ate and l—n buty1p1peraz1ne by general method 1 for the |
| i synthe51$ of amlno-esters W1th ‘refluxing for 12 hours. The-product
had b.p. 158-164° (24 m). ’ | L

IR spectrum (fllm) 1740 cm (C 0)

- The hydroch]orlde of the t1t]e compound had m. p. 215~ 215 5°'
) NMR spectrum (D O). 6 0.7-2.% (m ]0, Cﬂ3CEQCﬂ2CH2 and
o cucu ) 2. 8 4 1 (m, 16, cg2c4gecu cuco cn'\i’

Ana]ySIS - Found C 49 81; H 8 69 N, 8 68
': C]3H28C]2 202 requ1res._C 49, 53, H 8. 95, N 8 88

)

Methyl 2-methy1 3 [1-(4- phenylpiperazlnyl)]prop1onate .

RO Fo]low1ng the procedure of general method 1 for am1no-ester
synthesis, the title compound was obta1ned in 51% y1e1d from- methyl
methacrylate and T-phenylp1peraz1ne The react1on m1xture was '

vq-refluxed for 12 hours. The product had. b p. 140 145° (0 05 mm)

o IR spectrum (f)Jm)' 1738 cm” (C-O)

The hydroch]orlde of the above compound ‘had m.p. 210 -211°.,

NMR speCtrum (D 0)' s 1. 40 (d, 3 J = 7 O Hz, CHCH ),.

I3143(m,14c CHCHCOCH)766(S,5C ).
R | 4—-8"2 3:%%, 6—5

71 s N, ‘848
‘7.'22 H, 835,

AnaTySIS - Found C 53 91,v
]5 24C12 202 requlres C 53 74.

| Methy] 2-methy]-3-[] (4-benzy1p1perazlnyl)]proplonate _a:
'-
Emp]oying<genera] method 1 for the synthes1s of

.‘4\,‘
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amino__—_esters,' the above compound was prepared in 47% yield from
.thyll meth_acry'late and 1-benzylpiperazine The reactiOn'mixture
was’;reﬂu)’(ed for 'eight hours. The product had b. p- 140- 144° (0 4 mm).
' IR spectrum (fﬂm)' 1740 cm (C-O)

‘ . The h_ﬂirochlonde of the ti tle compound had m.p. :

t23‘ 5-232.5°. | | ' B

NHR spectrun (D 0) Q@ 31 (d, 3, J = 7.0 Hz, CHCH ),‘

2.9-4. o (m, 14, C4_8N2CH CHCO,,CH, ) 8.54 (s 2 ceuscgg),

7. 59 (s, 5, 6—5) _ ' ‘ | Co
Analys1s - Found C, 55 05, H, 7 47. C]GHZGC]ZNZ 2 ST v

requ1res. C 55. 02, H, 7. 50

' Methy'l : Z—me'thyi =31 -‘(.4'-pheneth‘y1 pi“perazi n;vl )]Dropi Onate
The . ti tle compound was prepared in 57% y1eld by genera]

method 1 for amno-ester synthesm from methyl methacr)date

| and l-phenethylplperazlne.’ The reactlon mlxture was reﬂuxed

. for 24 hours. The product had b.p. . 152 157° (0 4 nln)

IR spectrum (ﬁ]m) 1735 cm™ ! (C-O)

The h_ydrochlorlde of the above compound had m. p.‘ 225 225 5° '

MR spectrum (D, 0): 5 1. 34 (d 3, J=7.0Hz, cncu3), |
3.0-4. 1 (m, 18, cn CH c4_8n2cn tnco CH Ha). 7.42 (s, 5, Cs—s)

| - Analysis - Found: C, 56. 23, H, 7.655 N, 7. 95

' C]7H28012N requlres. c, 56,20.-H,-7.76. N, 7.70;'

_‘Methyl 2-methy1-3 [1 (4-p_-hydroxyphenylplperidino)]propwonate

~ .
“~

‘ General method 1 for amno-ester <ynthe515 gave the tltle

T
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vcompound in 68% yleld from methyl methacrylate and (pfhydroxypheny])— R
_'p1per1dlgg_rhen the react1on mixture was heated at :2f1ux for .72 hours. | |
P(The product ‘had b.p. 158- 162°(o 5 nnn CoEe "“ R

IR spectrum (Film): 1735 cn” (c=0) 3260 cn”! (ou) |

The hydrochloride of the above compound had m.p. ]76 l78° P ' y;m
NMR spectrum (DM50-d 6): 6 1.30. (d, 3. d 6.5 Hz, cncn3), o y
‘hil 5-4.6 (m, 15, C 5_gucgzcncn3co CH ) 5.58 (sa 1, <Eh absent after - AU i
' D,0 exchange), 7.1- 7.9 (m, 4, C5—4)' 11 22 (s, 1, ou absent after |
| 'DZO exchange) T _
o Ana]ys1s - Found: c 61. 01 H, 7. 73, N, 4. 52.

RS

Y;C]6 24C'INO3 requ1res C 6] 24 H 7. 71‘ N, 4. 46/

'»Hethx] 2—methyl-3f[] (4- benzylp1per1d1no)]prop1onate

- The tlt]e compound was. syntheSIZed in 91% y1e1d by general
”method 1 for . the synthes1$ of amlno-esters using methyl methacry]ate o
;and 4- benzy1p1per1d1ne _ The react1on m1xture was’ ref]uxed for 48 hours
The product had b.p. 152-155°. - - s
IR spectrum (film): 1740 = (c-o) | .

- NHR spectrum (CC14)' 6 1 04 (d 3,d=17.0 Hz, CHCH

3)
j/] 2- a 1 (m, 14, cgecs_QNCEZC_),3 56 (s, 3, OCH,), 7.12 (s, 5, Cghtg). fh
S The hxdrochlorIde of the above compound had' in. P. 127 ]28°
o Analysis - Found: C, 65.43; H, 8.37; N, 419
]7H26C1N02 requlres C 65 47 H 8. 40, N, 4. 49
'.“Methyl 3—methy]-3 (1-piperaz1ny1)prop10nate . ; . o =; .f‘ S h .

Fo]low1ng the procedure of general method 4 for the o

' synthesis of am1no-esters the t1t1e compound was - prepared :



. N . ‘ L
in 41% y1e1d from methy] crotonate and anhydrous p1peraz1ne The

S
asd

,react1on m1xture was nef]uxed for 28 hours. The product had b.pt
80- 84° (0. 09 mm) o | |

“IR- speckrum (f11m) 1735 cm 1*’i’(c -0, 3270 cn”! (NH)

NMR spectrum (CC14). 6 1 01 (d 3, J = g. 5 Hz. CHCH ), 1.81
(s, . NH absent after 020 exchange) 2 0-3. 2 (m, i, C4_8N2CHCH CH ),

PR 58 (sy 3, OCHy).

e _
“The hxdrochlor1de of the t1t1e compound had m. p ]90 191°

~ Analysis - Found: C, 41.82; H, 778 N, 1051 -
’9 20C12N202 reqUJres, C, 41.71 H, 7 77;_.. 10 8] \

-'Methy1 3 methy] 3;[1 (4-methy1p1peraz1ny])]prop10nate

F-
\.

Genera] method 1 for am1no-ester synthes1s gave the t1t]e L 
' fcompound in 40% y1e]d from methy] crotonate and 1-methy1p1peraz1ne
- whgn the react1on m1xture was heated at refTux for 10 hours -
The F product had b.p. 123-127° (13 mm) IR
IR spectrum (f]]m) ]738 cm_ (C-O)

The h _ydrochﬂor1de of the above compound had m. P 217-2]8° '

NMR spectrum (D O) 6 '1.46 (d 3 J = 7 0 H§)CHCH )s o
2. 92 (d 2 J = 4,0 HZ CHCHZ) 3 08 (S’é_\\fH3N) 3. 5-443 ‘
(m, 12, 4_8N2cncnzcozcu3) D
o Ana]ys1s - Found: C, 43 613 H, 7. 91 N, 10.22.

,:c]O 22C12N202 requ1res c 43.93; H, 8 11, N5 10.26.

Methy1 3- methyl 3= [1 (4-ethy1p1perazinyl)]Drop1onate
»

The t1t1e compound was synthe31zed in 57% y1eld by general
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s 'method 1 for the SynthESIS of ammo-esters usmg methyl\ 1)\ e - \
crotonate and l—ethyl pi perazme The reactwn m1xture was reﬂuxed
for eight hours. The product had b. p. 147- 153° (23 mm) . |
© IR spectrum (Film): 1735 an™! (c=0).- = . . SR
-The h_[drochlonde of the t1tle compound had m.p. 214~21 5°. | |

NHRspectrum(DO) 6138(t 3, J~75Hz,CH H)
'_'|48(d 3~,J 70Hz,CHCH3) 2931(m,2 CHCH) 341

(()h .

: (’q,-z, J =175 Hz CH CH3) 3.6- 4 3 (m, 12, C4 BNZCHCHZCOZCH , |
| Analys1s - Found C 46 24‘1 8.54. Cn 24(2'|2N202F - . ,
\req!ﬁres. .,,4600,}1' 8.42. - | .

L !

3)

I v

'Hethyl 3-—methyl -3-[1- (4-n -propy1pi perazmyl)]propmnate 7 R

| Hhen genera{method ] for the SynthESIS of armo-esters ,
. wWas employed then t1t1e compound was prepared i \neld from

methyl crotonate ‘and lg-pmpy1p1peraz1ne ,»The action m1xture .

(

IR spectrun (fﬂm) 1740 cm (C 0)

uas refluxed for mnef hours The pmduct had b p. 99 ]01° (0. 5 nm)

The hydrothlonde of the above compoun had m. p 230-231° :
NMRsAectrun(DO)’GOQB(t,3 J—6 Hz,CHCH), |

- 1.46 (d 3, J = 7 0 Hz, CHCH3), 1. 6- 2 1 (m, 2, CHZCEQCH3),

2. 8- 3 5 (m, 5 CH C HBNZCHCH ), 3. 6-4 2 (m, *l] C H NZCHCHZCOZCH3)

Ana]ySIS - Found c, 48 05, H, 8 8] N 9 46.

C]2 26“2"202 reqmres C, 47. 84 H 8 70, N 9 30 | I e L



' FMechyl 3-methy1-3-[14(4-gfbutyTpipefazinylX]propionate

Ut1]121ng general method 1 for the synthe51s of am1no-esters;
the above compound was obta1ned 1n 63% y1e1d from methyT cnotonate ;
.‘~and 1-n-butylp1perazine The reaction mixture was ref]uxed for 12.
hours. The product had b p. 150- 162° (23 mm). | |
o IR spectrum (f1]m) 1740 cm” (c-o) }‘ § s

The hydrochlor1de of the tItTe compound had m.p. 227 228°“

| NMR spectrum (DZO) 8 0 7-2. 1 (m, 10 CH2 _QC_HZCH3 and .

'CHCH3), 2. 8-3. 1 (m, 2, CHCH ), 3 1 3 5 (m, 2, CH N) 3.6-4. 2
.(m, 12, C4_8N2CHCH2C0 CH3)
Analysis - Found C 49 25; H 8. 50, N 8 92

]3H28C12 202 requ1res C 49 53 H, 8 95, N 8. 88.

'Methyl 3-methy1 -3- [T (4 pheny]p1peraz1ny1)]pr0p1onate - ". S

| The above compound was syntheSIS in 59% y1e]d from methy]
.'crotonate and 1-pheny1p1peraz1ne by genera] method 1 for the

,.'synthes1s of am1no—esters w1th reflux1ng for 16 hours The jﬁ'

'17product had b P 158- 155° (0 05 mm)

IR spectrum (film): 1740 cm (C-O) ‘ _
,The hxdroch]orlde of the t1t1e compound had m. P - 217. 5 2]8°.

iy . NMR. spectmn (020) 6 T Zw{gd; 3 J = 7.0 Hz, CHCH. ), :
;2 8- 3 2. (m, 2’ CHeH, ) 3.5-4.3 4 g; c4_éN2cncnzco cn3) |
Analys1s - Found: (/g$3 73, H, 7. 35 N, 8 88
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H!*thﬂ 3-methyl 3-[1 (4-benzy1p1perazlnyl)]proplonate

| thThuing‘the procedure of genera] method 1 fbr amlno-ester
SyntheSTS. the~titie.cnmpnnnd was- obtavned in 72% yield from methyl
crotonate and l-benzyiprﬁeriz:nee 'Ih& reaction m1xture was ref]uxed’
| for e1 ght hours. - The product hatf B;;L H?*IQ" RLJ m)
B IR spectrum. (fl]m)' 1735 ! (C=O},: -

- The h _ydroch]orlde of the above compound.hadfm,pc4225522?%, - ‘f» s
NMR spectrum (020) 5 1.48 (4, 3, J = 7.0 Hz, CHety), | |
$2.8-3.1 (m, 2, CHCH. H,), 3.6-4.3 (m. 12, C4ﬂaﬂzcﬂ£H2C02Cﬂ3)5"t
4.58 (s, 2, CHN), 7 58 (s, 5, c6_5) a o
' AnaIySIS - Found C, 55.05; H, 7.46; N 8.19. .
.,-_cwnzﬁmznzo2 requires: c 155.02; H, 7 50: N, 8.02. - - _éa:%

».Hethyl 3-methyl 3 [l (4—phenethy1p1pera21nyl)]proplonate

_ Emp]oylng geneng] me thod 1 for - the synthes1s of am1no—esters,:h;
the above compound was prepared in 63% y1eld from methy] crotonate
"‘and l-phenethylplperaztne The react10n m1xture was ref]uxed for
"rzg.hoqrs The product had b.p. ]62 154° (0.5 mm)

IR spectrum (fl]m). ]740 cm (C-O) ‘ B
NHR spectrum (CC]4) 6 1. 0] (d 3,0 =6, 5 Hz, CHCH
2.1-3.7 (m, ]5 CH CH C4_8N2CH ) 3 60 (s 3, OCH ) 7 14
'-(s, 5, C.H ' ‘ o

3)

6—5) ‘ :
~ The h deroch]orlde of the tltle compound had m.p.- 229 230°

AnalySIS -~Found C 56. 50, H, 7 75 N 7 88
_C]7H28C]2N202 requlres C 56. 20, H 7 76; N, 7. 70



"~ absent after 020 exohange),.7 1—7 8 (m, 4, C6_4), 10 54 .

Methyl, 3-methy1 -3-[1- (4-g-hydroxyphenylp1pend1no)]prop1onate ‘

| The above compound was synthesued in 83% y1e]d from
methy'l crotonate and 4-(p_-hydroxyphenyl)p1per1d1ne by general
method 1 for the synthems of amlno—esters with ref]uxmg for -
-~ Six days. The product was not d1$t1l]ed but 1so]ated as the - v
hydroch]onde sa]t by ac1d1fymg the reactwn m1xture with HC gas

d1sso]ved 1n abso’lute methanol . "The h Jdroch]omde. _of the-tltl_e

. compound had m.p. 195.5- 195 5° |
IR spectrun (Nujol mun). 1750 en (c~0) 3800 cm" [CO
* NMR. spectrun (DMS0-dc): & 1.40 (d, 3, J=6. shz,__

' CHCH3), ] 6-4.2 (m, 15, ‘(I_S_QNCHCH:*CQ_ZCO CH3) 5.62 (s, 1, NH

A
(§3 Ii OH; absent afté’ D 0 exchange)

. Beslysis - Found: C, 61.48; W, 7.74; N, 4.22.
B 16 24‘51?{03 mﬁres; [ 5L24. u, .73 N 4.46. . -

;hMethyl 3-methy1-3 [1- (Robenziiniﬁeriﬂ?nﬁ)lnrop1onate

General method 1 for amfno‘ester\syntkesfs gage the. title

compound 1n 5]% yleld from methyl crotonate and Q-bentyffﬁgeﬁdine S

when the reactmn mlxture was heated at reﬂux for e1ght dayse A

v The product had b. P- 130-138° (0. 3 mm).

IR spectrum (fl]m) ]735 cm -1 (C‘O)

NMR spectrum (CC]4) 6 0. 92 (d 3. J = 6.5 Hz. CHCH
»"l ] 3 3 (m. ]4 CQZCSH_QNCHCH Cﬁz), 3 52 (S, 3, OCH3) 7 08

Ha)s
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' The _ydroch]orlde of the above conpound had m.p. 145- ]47°

_ Ana]ySIS - Found: C, ,65. 48 H, 8.27; N 4. 58
c]7HZGC]N02 requlres C, 65. 47 H 8 40 N 4. 49

'vMethy1 3—methyl -3- [l (4—pheny] ],2 5 6-tetrahydropyr1d1no)]propIOnate ,

3

Fo]]owlng the procedure of general method 1 for amlno-ester

| h synthes1s, the tlt]e compound uas prepared in 47% y1e]d from methy]
'crotonate and 4- phenyl 1,2 5, 6 tetrahydropyr1d1ne The react1on
m1xture was ref]uxed for e1ght days The-product had b. p. 160- 162°
}(0 8 mm) ‘ "
R IR spectrum (f1]m). 1735 cm” (c—0) ,‘ |

| NMR spectrum (CC]4) 6 1. 02 (d 3 J = 6 5 Hz, 'CHCH. ),
;}il 9- 3 4 (m, 9,_C3_6NCHCH CH ) 3 54 (s, 3 OCH3) 5.96

Celts).

Cmy 1, C cncnz), 7.0-7.5 (m, 5, C.H |
|  The hydrbch]or1de of the ‘above compound had m. p. 149-150°"

Ana]y51s - Found C 64 53 H 8 27, N 4a47
_‘3'C16H22C1N02 requ1res C 64 97, H 8 50,.N; 4. 74.

B Methyl 3- [1 (4;pheny1p1perazlnyl)]prop10nate

v

'.‘7 General method 1 for am1no~ester synthes1s gave the tltle '
R compound 1n 92% y1e]d from methyl acry]ate and l-phenylp1peraz1ne
’.The reactlon mlxture mas refluxed for 24 hours The product had
-b p. 158- 162° (o 7 mm) ;‘-" s R

V)

IR spectrum (fllm) 1740 cm (C=0) Sl ". i H; A

NHR spectrum (CC] ): 6 2 3-2 8 (m, 8,‘C NCH CH )

-4
3 0-3.3 (nz, . SNH). 3.60 (s, 3, ocu3), 5 6-7.3 (m, s; Ceh).

ﬁxﬁ of'the above conpound had m. p 2]1—2]2°

i
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Ana]ys1s - Found C, 52. 38 H, 6.87; N 9.24.

]4H22012N202 requ1res C 52. 34 H‘ 6.90; N 8 72.

'Methx] 3- [T (4-benzy1p1peraz1ny1)]prop1on §$

The tatfe compound was synthes1zed 1n 78% y1e1d by
"lgeneral method a8 for-the synthes1s of am1no-esters using methyl
acry]ate and 1 benzy1p1peraz1ne The react1on m1xture was -
refTuxed_for,24 hours The product had b p. 146 151° (0 6 mm)
N :n spectrum (film): 1740 em? (c= 0)
,; * NMR  spectrum (cc14) 5 2.2-2. 7 (m, 12, C4_8N CH,CH, )

3 42 (s, 2, CH N), 3 60 (s,-3, OCH3) 7 20 (s, S5 Cﬁﬂs) ’ PR

The _ydroch]or1de of the above compound had m. p. 226- 226 5°

AnaTys1s - Found C 53: 99 H, 7. 46, N 8 31
]5 24C12N202 requires: C 53.74; H 7 22; N, 8. 35

§

MethyT 3-[1-(4- phenet4y1p1peraz1ny1)]proplonate

When generaT method 1 for the synthes1s of amlno-esters
&

: was employed the t1t1e compound was prepared in 97% y1eld from

: ;methy] acryTate and T phenethy1p1peraz1ne The reactlon m1xture

was ref]uxed for 24 hours The product had b p. 157 TGT° (0 5 mm)
IR spectrum (f1Tm) 1740 cm- (C‘O)

NMR spectrum (ccl ) 5. 2 2-2.9 (m, 16, cgzcg2c4genzcg2cgéTf
- 3. 58 (s, 3. ocn3) 7.12 (s, 5, CeH | -

- The hxdroch]or1de of the above compound had m. p 222. 5 223. 5°,

AnaTysws - Found C 55 04, H, 7.53; N 8 01
'1 C]s 26612N202 requ1res C,. 55. 01/ H, 7. 50. N 8.01.



T o Qo

‘Ethyl 3 [T (4 pheny]piperaz1nyl)]prop1onate

Genera] method 2 for am1no-ester synthes1s gave ‘the title )
compound in 73% y1e1d from ethyT acrylate and 1- phenyTp1pera;4ne
when the reactlon m1xture was heated at reflux for two days. The
f'product had b, p 166 169° (0 8 mm) ‘ ._ ‘ |
IR spectrum (f11m) 1740 cm (C‘O)

7.5 Hz; CHZC_H_3): v
7.5 Hz; C

‘, AR spectrum (cc14) 61,18 (t, 3, 4
2.2- 3 5 (m. 12 CH Nzcgacn ), 4. 06 (q. 2, J
6 5-7 5 (m, 5 C6—5) . . ,
"ﬁ'The hydrochlorIde of the tltle compound had m.p. 207 209°

ﬁzc“s?*

_ AnaTys1s - Found C, 53 44, H 7 51, d, 8 52.
'C]s 24C12N202 requ1ree C, 53 74 H 7. 22. N 8.35.

Ethyl 3- [T (4 benzy1p1peraz1ny1)]prop1onate

| The t1t1e compound was synthes1zed in 59% y1e1d by
genera] method 2 for the synthes1s of am1no-esters us1ng ethyl
‘acryTate and T benzy1p1peraz1ne The react1on mthure was f.
:refluxed for three days The product had b p 157 159° (0. 7 mm)
’ IR spectrum (fl]m) 1740 cm (C-O)
B NMR spectrum. (CC14) 6 T 22 (t, 3, J = 7 5 Hz, CHZCH3) )
2.2-2, 9 (ms 12, C4HgN,CH,CH, ), 2. 46 (s 2, CGHSCH N), 412 (q, 2,9=
7.5 Hz. CH ) 7.28 (s. 5, CG—S) . |
) o AnaTys1s - Found C 69. 71; H 8 81; N, 10 02
c CgH 24N20 requires: C, 69.53; H, 8. 75. N, 10.13.

The _1drochlor1de of the above compound had m.p. 231-233°



. Ethyl 3-[T—(4:phenethy1pipera2inyl)]propionate

[

Ut111z1ng aeneral method 2 for the SyﬂthESTS of am1no—esters,'f

- the above compound was obta1ned in '80% y1eld from ethyl acrylate '

and ]-phenethylp1peraz1ne The react1on m1xture was refluxed fbr
four days. The product had b.p. 169- 17z°(o 7 mm). |
‘{ IR spectrum (film): 1730 o' (c=0).
NMR spectrum (CC] ) 6 T ]6 (t, 3, J =17. 5 Hz, CH CH3),
dé 2-3.2 (m, 16, CH, CH HaCqHgh,CHy CH ), 4. 06 (3,2, 9=7.5 Hz,
CH, cn3), 7.18 (s, 5. c6_5) |
. The ‘ydrochlor1de of the title compound had ‘m. P. 234 236°

Ana1y51$ - Found C, 56 20, H, 7 80 N, 7.58.
]7H28C]2 202 requ1res C, 56. 20, H 7 77, N 7 71

Ethyl 4-[]11§-phen1]p1perazlny1)]butyrate |

8.,

| HWhen general method 3 fOr the SynthESTS of am1no-esters was
' employed, the t1t]e compound was prepared in 68% y1eld from ethyl
| 4- bromobutyrate and 1-pheny1p1peraz1ne.. The reactIon m1xture was
5 ref]uxed for 16 hours :The product had b.p. 178 182° (1 (] mm)
IR spectrum (fllm) 1735vcm (C-O)
NMR spectrun (CC14). s 1. 20 (t, 3. J=7.0 Hz, CH CH ),
1.5-3.2 (m, 14, C ot chzcgzcge), 4.26 (q, 2,3 e»7,o,uz,,c52cu3)? |
6.5-7. 3.(m, 5 | | o

/

Cehts)- S | | |
: The hydroch]orIde of the t1t1e compound had m.p. 196 198° .

AnaTySIS - Found: -C, 55 46, H, 7. 68 N 7. 95._

'C16H26C12N2922requ1re%;=,?§55 02. H, 7 50; . H 8 02.:
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'Ethyl 4-f1-~ (4 benzy1p1peraziny])]butyrate }

(

The above compound was/synthes1zed in 90% y1e]d from ;
ethyl 4-br0mobutyrate and ]-benzylp1peraz1ne by genera] method
'3 for the SynthESlS of am1no-esters with r;flux1ng for 48 hours
The product had b. p. 163- 166° (0.6 mm) | |
o IR spectrum (f11m) 1740 cm (C 0). R
| . NMR spectrum (CC]4) §1.20 (t, 3, J = 7 0 Hz, CHZCH3)
‘,,lszs(m,mc Hgh,CH. CH, )344(s,2 CHN)406
(q,z J-70H2,CHCH3)726(S,5 CeHs ). -

The hydroch]or1de of the t1t]e compound had m. p 229 230°

_ | Analy515 - Found C 56 53; H, 7. 59 N, 7 83
]7 28CIZNZO requires C., 56. 20, H, 7. 77 N, 7 71

Ethyl 4- [l (4-phenethylp1pera21ny1)]butyrate :

Employlng general method 3 for the SynthESIS of am1no-esters,

| the title ‘compound was obtaIned 1n 84% y1e1d from ethyl 4- bromobutyrate

'-‘and l~phenethylp1pera21ne The react10n m1xture was ref]uxed for

36 hours The product had b. p. ]80 182° (0 6 mm) A__‘\;: |
IR spectrun (film): 1740 cm™ (c =0). 7 .

| B 'NMR spectrum (CC]4) s 1.20 (t 3, J= 7 .0 Hz, CH CH3),a

1 5- 3 2 (m. 18 C52C52C4_8 2CEQCH CH ) 4 08 (q, 2, J =7.0 Hz,

(CHyCH3), 7.18 (s, 5, Ctg)- N .

' -The h drochlorlde of the above compound had m. p 262 264°

. Analysrs - Found C 57. 07, H, 8 04 N, 7. 75
‘ ]8H30C12N202 reqUIres C 57 33; H 8 01 H 7. 42
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_Ethy] 4-(4-phenylp1per1d1no)butyrate

General method 3 for am1no-ester synthesis gave the title

‘compound in 67% yield from ethyl 4-bromobutyrate and 4- pheny1p1per1d1ne

o when the react1on m1xture was heated at reflux for 24 hours ‘The

. product had b.p. 144-146°0.8 mm).
IR spectrum (fﬁ]m)*'1735-cm (C-O). ,
MR spectrum (cc14) 51.18 (t, 3, 3 = 7‘0-Hz, CH cu3),
. 1.5- 3.2 (m, 15, cs_gncgzcu CH,), 4.06 (q, 2,3 = 7.0 Hz,

CH Hy0Hy), 7.12 (ss 5. Cghs). o
The hydroch]orIde of the above compound had ‘m. p. 61 63°;'
Analysig=t="Found: C, 65. 30; H, 8. 60, N, 4. 70

c]7 ZGCINOZ requ1res. c,;65.47, H, 8.40; N, 4.49- N

cA Ethy] 4 M- (4-phenyl 1,2,5 6-tetrahydropyr1dino)]butyrate

2

7 " When genera] ‘method 3 for the SynthESIS of am1no esters
| was. emp]oyed the title compound was prepared in- 46% yleld fromil'
Y?:ethyl 4-bromobutyrate and 4-phenyl -1,2, 5 6 tetrahydropyr1d1ne

’,The react1on m1xture was ref]uxed for 72 hours : The product
v o

~ had b.p. 160-166° (0.5 m). ".f' N
IR spectrum (film): 1735 ém (c=0). -~~~ r\\
NMR spectrum (cc1y): 5 1. 16 (t, 3, 3 = 7.0 Hz, CH,CHa) 5

1.5-3. z (m, 12, C3_6NC52C52CH ), 4.04 (q. 2 J = 7 0 Hz.

CﬂQCH3), 5. 96 (m, 1 1,.C= CHCHZ), 7.0- 7 5 (m, 5, Cﬁﬂs)

The wxdroch]orlde of the'thle compound had m. p 161 -164°.

‘ Analys1s - Found C, 66.00; H, 8 02; N, g, 67

fg1zuz4clnoz.rgqujre;. c,:ss.go:%u, 7.81,VN.”4,52.,



-128-

“Ethyl'2-[14(4¥pheny]piperaziny])]atetate

Ut1]121ng genera] method 3 for the synthes1s of am1no-esters,

A

dthe above compound was obtalned in 64% yield. from ethyl bromoacetate o

‘_ and l-phenylpwperaZIne The react1on m1xture was ref]uxed for 48

hours The product had" b p 148- 153° (0.2 nm)
( ' IR spectrum (f11m) 1745 cm” (C—O) 3
| NMR spectrum (CC]4)' 5 1. 20 (t, 3,9 = 7 0 Hz, CHZCH3),
“2 4 3 5 (m, ]0, C4—8 2CH, H,), 4 ]0 (9, 2, J =7.0 Hz, CH CH3),
6. 6 7.5 (m, .5, CG—S) . o
The gxdrochlorIde of the t1t]e compound had m.p. 182-184°

Analys1s - Found: C 52. 08 H 6 90;. N, 8 72
',‘~C]4H22C12N202 requ1res C 52 34 H 6 90, N, 8 72.

.Ethyl 2- [1 (4 benzylp1peraz1ny])]acetate

Fo]]ow1ng the procedure of general method 3 for am1no-ester | .

‘synthesis. the above compound was obta1ned in 98% y1eld from ethyl
vbromoacetate and l benzy]p1peraz1he The reaction m1xture was ;
' refluxed for 48 hours The product had b.p. 152-156° (0.6 mm).
o IR spectrum (film): 1750 cm™ (c-0) .

A | NMR spectrum (CC14). s 1. 22 (t, 3, d=17.5 Hz, CHZCH )s -
| 2328(m,8 CHNZ).:HZ (s, 2, Ny co?_) 345 (55 2, CogCHN),
4. 14 (q. 2, J = 1.5 Hz, CﬂQCH3). 7 1-7.5 (m, 5 CG—S) _ i
The nydmchlonde of the above compound had m.p. 222 223°.

Analysis - Found C 53. 68 H 7.28; N, 8. 42
]5H24C12N20 requlres C, 53. 74. H, 7 22 N 8.35.

R
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'ffEthyl 2—[];(4—phenethylpiperazinyl)]acetate

The t1tle compound was syntheSIZed in 9]% y1e1d by general;h'v
‘method 3 for the synthe51$ of amlno-esters using ethyl '
bromoacetate and T-phenethylp1per321ue The react1on m1xture '
was refTuxed‘for 60 hours. The product had b P. . 160 164° (O 6 mm).
IR spectrun (fﬂm). 1750 cm" (c-o) | |
, NHR spectru? (CC14) $ ] 22 (t, 3, J = 7 .0 Hz, CH CH ),
2.3-2.9 (m, 12, CH CH. C4—8N2)' 3.10 (s, 2, NCH co ), 4. 10 o ,'V[‘v_
(a2, J 7.0 Hz, CHCH3).7074(m,5 c5_5) |
The hxdroch]or1de of the t1tTe compound had m. p. 207—208 5°

Ana]ys1s - Found: C 55.09; H; 7.55; N, 8. 47.
16 26CTZN requ1res C 55 02; H 7. 50, N 8 02.»v

‘.fEthyT 2- [] (4-pheny]plper1d1no)]aggta
4 : Ny
GeneraT method 3: for am1no-ester synthes1s gave the t1t1e -

";,' compound 1n 80% y1e1d from ethyl bromoacetate and 4-phenylp1per1d1ne

‘ : when the reactIon m1xture was’ heated at reflux for 24 hours

" The product had b.p. 123-132° (0.3 mm). |
R (! spectrum (Film): 1740 cn”) (C“O) | _. | .
NR spectrun (€C1y): 6 1.2 (£, 3, 3 = 6. 5 Hz, CHCHJ), e
| 1, .5-4.6 (m, 13, cs_gucu C0,,CH cus), 7.24 (s. 5, C

AnaIySIS - Found C 63 11; H 8. 00, N 4 82

‘»CTSHZZC]NO reQuIres C, 63. 48, H, 7. 82 N 4. 94

o
8
I
1
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' Ethy]‘1-(4fpheny]piperazfn1])formate .

Genera] method 3 for am1n@-ester synthes1s gave the t1t]e
compound in 57% y1e1d from ethy] ch]oroformate and . 1- pheny1p1peraz1ne

. ~when the react1on m1xture was heated at ref]ux fbr;§4 hours

' iThe product was not dnst1]1ed - but 1so]ated as the hydrochlor1de

‘ sa]t by ac1d1fy1ng the res1due w1th HCT - gas d1sso]ved in. anhydrous

'ethanol “The hxdroch]or1de of the t1t]e compound had m. p 196 197°
' IR spectrum (NUJol mu]l) 1700 cm” (C 0).

NMR spectrum (020) 6§-1.39 (x, 3. J = 7 0 Hz,-CHZCH3)
_3 5 4 6 (m.aJD C4_8N co2 cn3) 7 96 (s 5, c6_5) ‘

 Analysis - Found: C, 58.07; H, 7. oz,v 10.62.
_C]3H]9C1N202 requ1res C 57 67; H 7 07 N, 10.35.

zlprthyI l-(4-ben211p1pera21ny1)formate

The tlt]e compound was syntheSIZed in 69“ yield from
ethy] ch]orofbrmate and 1 benzy1p1peraz1ne by general method 3
for synthe51$ for am1no—esters N]th ref]ux1ng for 24 hours.
The product was not d1st11]ed but ‘isolated as the hydrochlor1de

salt by ac1d1fy1ng the . react10n reSIdue w1tb HC] gas d1sso]ved

" in anhydrous ethanol The hydrochloride 07 the -above compound

.had m. -p- 219- 2zo°'

IR spectrum (NUJol mu]]) 1710 cm (C-O)

NMR spectrum (D 0). -8 1. 36 (t 3 @ 7 5 Hz, CH CH3),

‘ ';3 1-4 4 (m, ]0: C4—8 2C0 CH CH3) 4 50 (s 2, CGHSCH N) 7.68 -
(s, 5 C6~5)

Analys1s - Found C, 59 33 H 7 83 N 9 54.



»

. CT4H21C]N202 requires: C,.59.95; H, 7.43; N, . 9.84. ' o
"EthyT 1;(4;ph¢néthy1piperazinyl)formatev - ) v .h .

-~
s

FoTTowing the procedure of general method 3 for amino—ester
synthes1s, the t1t1e compound was prepared in 64% y1eld from ethyl -
ch]oroformate and 1- phenethy1p1peraz1ne The react1on mi, re was |
refTuxed for 24 hours. The product was not distilled, but 1solated

as the hydrochlor1de salt by ac1d1fy1ng the reactlon re51due w1th HCT

gas dissolved 1in anhydrous ethano] The hydroch]orlde of the compound
had . p. 203-205°. - o o |
IR spectrun (Nugo? m11): 1715 cn”] (c=0). .
" NMR spectium (o, 0): s 1.36 (ts 3, J = 7.5 Hz, CH,CH,) 5
3 0- 4 6. (m, 14 CﬂZCﬂchﬁenzcoZ _2CH3) 7 sz (s, 5, £H)
o AnaTys1s - Found:"C,-60. 305 H, 1.765 N, 9.40.
C]5 23C'IN202 requ1res. cC, 60 30, Hs 7.76;5 N, 9 37

Preparation of Purifiéd AnhydrousTDioxane
Commerc1a1 d1oxane (350 m1) was refTuxed with- excess '
sod1um meta] (TO gm) for .four hours.. The react1on soTutlon was
d1st111ed through a 60 cm V1greux column at atmospher1c pressure
(720-mm{ The constant bo111ng fractlon at 98 99° was coTTected

. A drying tube - conta1n1ng Dr1er1te was aTways kept betueen the

atmosphere and the reactlon or: d1st1]1at10n system



'1§1nthesis~of l-Deutero-4-pheny]piperazine' |

1- Phenylp1peraz1ne (0 1 mole) was dissolved in pur1f1ed

anhydrous dioxane. (30 ml) and DZO (0 6 mole) was added A Dr1er1te

wtjlled dry1ng tube was 1ntroduced between the atmosphere and <

the react10n m1xture. The solution was st1rred for one hour, the

: so]vents’,AJ,xed in vacuo and the reSIdual 01] fract1onal]y

,fdlst1lled under reduced pressure ‘The fraction b01]1ng at 102 1081 ;7

(0 1 mm) gave a 912 y1e1d of the t1t]e compound

s ,‘ IR spectrum (f1lm) 2440 cm” (CAD); NH stretching.near

h3280 cm -1 ‘wWas absent ! o
NHR spectrum (CC14) 5 1.18 (m, 1/4 N H contam1nat10n),

2 6- 3 2 (m, 8, 4—8 2) 6 5- 7 4 (m, 5, CG—S)

’_1nthes1s of Hethyl 3-methy1-2-deutero-3-[]4(4:pheny]piperazinyl)]-‘ -

. , . @"‘
']-Deutero-4 pheny1p1peraz1ne (0 6 mo]e) was qued to a

41 tio n of methyl crotonate (0 06 mo]e) ln pur1f1ed d1oxane

. y-»,..

'(40 m]) The reagtIOn mlxture was ref]uxed f0r 24 hours w1th a

'Dr1er1te f111ed drying - tube 1nserted between ‘the atmosphere and the
-react10n System— The d10xane was removed 1n vacuo and the reSIdua]\

oil fract1ona]l) 4 *illed under reduced pressure The-product had o

;“b p. 120-145° (0.07-1.0 mm) and was obtalned in 64d yield”
v R spectrum’ (fllm). 1735 en”! (c-0), 2470 cm”! (n-0).
| The hxdrochlorlde ‘of the tltle compound had m.p. 210-212°. .

f@ﬁ ~ NMR spectrum (D,0): 5.1.54 (4,3, 9=7.0H, CHCH)

)

2 7-3 2 (broad collapsed multIplet, 1, CH(CH3)Gﬂp), 3.6-4.3
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(m, 12, CHgN,CH(CH3)CHDCOOCH, ), 7.3-7.8 (m, 5, CeHs).
(. Analysis - Found: C, 53.39; H, 6.81; N, 8.34.
. C15H23DC12N202'requifes: C, 53758;»H, 7749;‘N, 8.33.“
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-§1nthe515 of Am1no-carboxyllc Acid Hydrochlorldes
Genera] Preparatwe Methods

_ Each of the carboxyl1c acids prepared 1n th1s series was
' character1sed by its Ip spectrum and by- elemental anaTySIS 1R
hspectra were recoqded as NuJol muTTs. A1l hydroch]or1des showed .
“strong ;H stretch1ng bands in the 2340- 2760 cm™! _region (Thqmpson ‘
‘et a]. 1965). . o ” : ;T S
Method 1
- ) ‘ ) ' ;f
Croton1c acid or- acryl]c ac1d (0 BS molé) was added to a
_solut1on of an equ1mo]a$ quant1ty of the appropr1ate amine in d1oxane '
_(50 ml). The reactlon m1xture was heated at refTux for 24-48 hours
The d1oxane was remOVed 1n vacuo._ The reSIdue obtained was ac1d1f1ed
.',J"‘th d1]ute HC] then acetone ‘added untIT the soTutIon was turbld
. The so]1d that fbrmed upon refr1gerat1on uas recrystaJT1zed from |

' acetone-water

.5

_Vvethod'Z-fN(ybgeT, 1956;'p._1ns3$ ~

~ The approprIate amxno—ester (0 02 mo]e) was cooTed\;n an

ice bath and ac1d1f1ed with 3N HFT The vo]ume of. the so]ut1on was o

'b reduced ln vacuo. On refrlgerathn a solld formed‘wh1ch was -

_:recrysta111zed from acetone-water

’ 53-[1-(4-Phehy]piperaziny1)]propionic:acid monohydrochloride R

~General method 1 for the synthesis of amino~carboxylic acidg’<.
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gave the t1t1e compound in 74“ yield from acryl1c ac1d and

1- phenyIDIperaz1ne The reactlon solutlon was st1rred at reflux

'hfor 48 hours The product had m. p.,213-216°

IR spectrﬁm (NUJoI mu]]) 1725 cm (C-O)
Ana]ySIS - Found C, 57 65 H, 7. 19 N, 10 29.

*Igpc]3 10c1nzoz requ1res . 57 67 'H, 7.07; n 10;35,

' 3-Methy143-[1s(d{phenylpiperaztnyi)1propionic acid monohydrochIoride

The t1t1e compound was svnthes1zed in 60” yield by genera]

| method 1 for the svnthes1s of am1no carboxyl1c ac1ds using cratonic
' ac1d and I-pheny1p1peraz1ne.v The react1on m1xture was" refluxed for

24, hours. The product had m.p. 155-157°,

N IR spectrum (NUJol mu]l) 1725 cm-] (C—O)
Ana]ys1s - Fouhd,~c 58. 62; H 7 37 N, 9.31.

-l

L L ]4H21C]N202 requ1res /€, 59. 05 H 7. 43 N 9. 84

J(/
=

w2 MethyT 3 [1 (4rphenylp1peraz1nyl)]proplonlc ac1d monohydrochlor1de ‘:

’.

Nheg'general method 2 fbr the synthe515 of am1no-carboxy11c

ac1d was emp]oyed, the above compound was obtatned in 84% y1e1d from .

‘.Zimethyﬂ -3- [1 {4-pheny1p1pera21ny1)1prop10nate The react1on m1xture
‘fwék refTuxed w1th st1rr1ng for four hours. The oroduct had m. p '

'flea 222°. B SR L s

IR spectrum (NuJoI mu]]) 1715 cm (C-O) C ﬁo..;}
Ana]ysis - Found: C, 52 17 M. 6.81; ¥, e 78, |

C14H22 N 202 requ1res c 52/?4 H 6 90, h~“8 72



§xnthes1s of Amino-hydroxamlc Ac1d Hydroch]orIdes

e
3

Genera1 Preparat1ve Methods

Each of the hydroxanlc ac1ds prepared 1n th1s ser1es gave
'ta v101et coTor w1th a]cohol1c ferr1c chloride and was character1sed ' .,f;é

'hby its NMR and IR spectra and by e]ementa1 anaTySIS NMR spectra ,'

-'_were recorded at . operat1ng temperatu us1no a\sampie concentrat1on _
N " of 100 mg/O 5 m], in DMSO d Chem' al shlfts are . quoted in & un1ts. :
leR spectra were recorded as NuJo] 5. ATT hydroch]orides showed -
“df strong NH stretchxng bands ;n the 2340—2760 cm -1 reg1on (Thompson
et a] 1965) ‘ .
Method 1 - (Coutts, et al. 1969; 1971) - |
" The approprlate annno~ester (0 05 mole) was d1$soTved 1n
'janhydrous methano] (50 m]) and ‘the solut1on coo]ed in an ice bath
A solut1on of hydroxyTam1ne hydrochlorwde (0 05 mole) in anhydrous
methano] (25 m]) was then added dropw1se uith st1rr1ng The C
‘reactants uere a]]oued to stand at room temperature for from one to‘f‘
. ten days and then at. 50° for another one to seven days Methano]
was removed in vacuo and the resulting o1T drved in- vacuo over
Drierite The. dr1ed sem1-solid was dissoTved in wanm absghute
'f'methanol and anhydrous ether added untll the solution became turb1d
. The so]utlon,was refr1gerated the resulting prec1p1tate col]ected
v"and recrysta]lized from absolute -ethanol-anhydrous ether
| Method 2 - (Coutts, et al. 1969;. 1971) 3

A co]d methanol1c solut10n of potass1um hydrox1de (0 12 mole
, . _ _



4',:'55' |

_]37_

_1n 30 mT ahso?ute methano]) was added to a constantly st1rred so]ut10n

of hydroxyTamfne hydrochTorxde (0.18 mole in 75 m] abso]ute methano])

coo]ed in an ice bath After'three minutes the precip1tated

potass1um ch1or1de was removed by filtration. This filtrate was

‘added to an ice cooIed so]ut1on of the appropriate ester-(" 02 moIe =

in 30 ml dry methano]) The temperature of the stirred soTuffnu was

ma1nta1ned at 0° to 5° for one hour, then a]]owed to reach room

temperature St1rr1ng was: cont1nued for one to ten days Methano1

'was removed in. vacuo and the resu1t1ng 0il dr1ed in a vacuum

dess1cator over Dr1er1te ‘The resu1t1no sem1-sol1d was d1sso1ved

‘_1n warm abso]ute methano1 and acetone added to give a turb1d solut1on

0On refr1gerat1on a so]1d formed wh1ch was recrysta111zed from

p

'abso]ute methanol- anhydrous ether severa] t1mes to remove any ‘

_potass1um ch1or1de

Method 3 - (F1shbe1n et a] 1969)

. added w1th-st1rr1ng Further 'small addit1ons of hydroch1or1c ac1d )

: w1th st1rr1ng to a so]ut1on of hydroxy]am1ne hydrochlor1de (0 1 mo]e)

Cold aqueous 10N NaOH (20 m] n.2 mole) was. slow]y added

in a m1xture of water (15 ml) and ethan01 (12 m]) coo]ed on. an 4ce

' bath. The appropr1ate am1no-ester (0 1 mo]e) was added dropw1se :

w1th cont1nued st1rr1ng “The react1on mixture was stirred at room

'temperature for two. hours The so]ut1on was next coo]ed on an ice ':V | '

‘bath and concentrated hydrochloric acid (7 5 ml, 0 N9 mo]e) slowly _

4

~ were made to reach an end po1nt at pH 6 (Universa] pH. paper) jThe '

so1vents were removed 1n vacuo and the crysta11ine cake obta1ned o

CE,



-138-
o 5?‘ R LT - _ R e
e g
recrystalﬂ&;ed severa] t1mes from abso]ute ethano] to obta1n an

ana]yt1ca11y pure product

'Attempted preparat1on of 2-methy] 3- (1Apjperaz1no)prop1onohydroxam1c

acid hydroch10r1de

Genera1 method 1 and 2 for amtnohydroxamate synthes1s gave

an 011 which cou]d not be recrysta111zed or characterlzed

- Methyl -3-[1- (d-methylpfperaz1no)]prop1onohydroxam1c acid

, monohydroch]or1de

The title compound was prepared 1n 387 y1e1d using genera]

*"method 1 for the. synthesis of' am1no hydroxamic acids. The react1on |
mixture was sttrred for twn days at room temperature before keep1ng '

": it &§$§Q° for ‘seven days. The product had m.p. 157-158. 5°' Reported

).

(Midha 1959) m.p. 177- e o '_ A

- IR spectrum (NuJo1 mu]l) 1640 cm’l (Cso) d - o

NMR spectrum (DMSO d ) Very broad sing1et centered at 3 t
ﬂ 8 3 11 05 the combined s1gna1 1ntegrating for three protons .., o .
(NHCHZCHCH3C0NH0_) These protons exchanqed upon add1t1on of 020 | - ':'g-‘ -
Analysis - Found: C, 45.54; H, 8, 16 N, 175, S

920(‘\302 requir‘es C 45 47; H, 848 N, 17. 68 .

2- Methy1 3e[1 (4- ethylpiperaz1no)proptonohydroxam1c dcid .

"monohydroch10r1de

- Fo]]owingﬁtheiprOCedure of¢genera1 method 1 tOr[the synthesis



- ";,protons exchanged upon add1tvon of D,0.

. _,] 39_

. AN ’.‘g‘h
s
o cw RATI ;ﬁ %b
. 9.} ul-.f ) :
'juof am1no hydroxam1c acids, the above compound was obtalned in 50%
yield. The react1on so]ut10n was st1rred at’ room temperature for :
~one’ day then at 50° for Six days. The product had m. p. 169. 5 170°.
' IR spectrum (NUJOI oull): 1635 cm” ! (c=0). -
' NMR spectrum (DMSO d ) Very broad s1nglet centered at s ,i'
10. 66 over]applng a broad mult1p]et ranglng from 6 9 3- 1. 0 the o

"comb1ned signal 1ntegrat1ng for three protons (NHCHZCHCH3C0NH0_)

u These protons exchanged 1n DZO' , ‘ ‘
| o Ana]ys1s 2 Found C.. 47 52; H, 8 ds N, 16. 69.
.c]0H22c1N 30, requ1res c, 47 52: n 8 81; n‘ 16.69.

; Z—Methyl 3-[1-{4—n—propy]p1peraz1no)]prop;onohydroxam1c ac1d

: monohydroch]or1de vi

Genera] method 1 for ‘the synthes1s of amino-hydroxam1c
ac1ds ‘gave the t1t1e compound 1n 51% y1e]d The reactlon mixture E
' was Tet stand at room temperature for seven days.v The product

ehad m.p.. 188 189°'

. -

IR spectrum (NUJOT mu]]). 1635 cm” (C 0)
= NMR spectrum (DMSO d ) Very broad s1ng]et centered at 6

. 78, w1th a broad collapsed mu]tIpTet at & 8. 3 10.4; the comblned-f
swgna]s 1ntegrat1ng for three protons (NHFHZCHCH3C0NH0ﬂ) These
2
‘ Eﬁalysis - Found c 49 53 H 9, 44 N 15. 54 |
n 24CTN3GZ‘requfres . 49. 7 n, 9 48 n 15.91. liff-:
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Z-Methyl 3-M- (4 n—butylp1peraz1no)1prop1onohydroxam1c ac1d .i 2

» ,d1hydroch]or1de '

Hhen uenera] method 1 for %he synthes1s of am1n04n;droxam1c'

4 ]

B ac1ds was employed an oﬂy res1dué was obta1ned The t1t'le compound

i

was obtalned 1n 327 y1e1d by ac1d1fy1n0 a methano11c solut1on of the
oi] w1th HC1 gas d1ssolved in methano] The react1on m1xture was
let stand at room temperafure for seven days Tne product had m.p.b
175-175.8°. TS
IR spectrum (NUJol mull) 1640 cm (c= 0)
‘~NHR spectrum (DMSO d ) Broad 51nglet centered at §9. 62

overlapplng a broad co]]apsed mu]tiplet rang1ng from 5. 8. 82 ]O 125

,Athe comblned s1gna1 1ntegrat1ng for four protons (NHCHZCH ) and

2
Ana]ys1s - Found C 45 5d H 8. 46 » 13.31,

| (NHCH ch3cnnnog) These protons exchanged w1th D,0.

— __,//

"C]2H27C12N302 requ1res C dS 57 H 8. 61 N. 13,29....'

_:Z-Hethyl 3-'1 (4-pheny1p1peraz1no)1prop1onohydroxam1c acid o

i monohydrochlor1de R
R . « )

Emp]oying generaT method 1 for the synthes1s of amino-

B hydroxamic ac1ds the t1t1e compound was prepared 1n 30 v1e1da‘

The . react10n mixture was. kept at room temperature for seven days

" The product had m.p. 182- 1830, |

. IR spectrum (NuJol mu]l) 1645 cm (C Of

NMR spectrum (DHSO-d ) Very broad s1ng]et centered at 8

B - _v""



11

e ,"cgp | .

b WA :
10 7ﬂ UVerlap ng a broad- ﬁy TRt ¢ 8:3-T1.0; th 4 ined |
signal i-r_itegrata'ng ’for three ..p;d"’l:on; '(qNﬂClg 3C’0NﬂOﬂ) . 'These ' v

it protons exchanged in D,O ) o
Ana]ys1s - Found: C 56 0 H, 7 59; N, 14 55.

G H 22c1n302 requ1res o%»ée 00; H, 7.40;5 N; 14, 02. ;'w.

2= Methy] -3-[1-(a- ben2y1p1perazgggajprop1onohydroxam1c ac1d

’bmonohydroch10r1de

® ]
'

| The above‘compound was prepared in 51% yield by genera]-method
1 for the synthes1s of am1no-hydroxam1c ac1ds The:reaction mixturer

"was kept at room temperature for seven days The"product had m}pi

- .'199 200°.

IR spectrun (Nugol mu]]) 1635 cm” (C 0) , ‘
NMR spectrum (DMSO d ) Very broad s1ng1et centered at 5 _ j

' :1.11 08 ovez}app1ng a broad mu1t1p1et rang1ng from 8 10. 0 ]1 6; the

ignal 1ntegrat1ng for ‘three protons (NHCH CHCH CONHOH) . t RS

_comb1ned 3

‘These protons exchanged upon addvtIOn of 020

Ana1y31s - Found c, 57 71 H 8. TG N, 13 28

N

'C]5H24C]N302 reQU1res C, 57. 41 H, 7ji . 13 39 ;;‘ e
) s |

i 2-Methy] 3- [1 (4—phenethy1p1peraz1no)]g;op1onohydroxam1c acid

. 'monohydrochlor1de o R 8 . BN - ‘[""“T

The t1tle compound was obta1ned in 377 y1e1d us1ng genera]
: ,dmethod 1 for the synthes1s of am1no hydroxamlc ac1ds The react1on

- mixture was st1rred for two days at room temperature before keepinq
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”<

it at 50° for ten dgys. The product m.p. 185- ]86°
| IR spectrum (NUJol mu]l) 1655 cm- (C-O) _
' NMR spectrum (DMSO-d ) Very broad singlet centered at &
~11.12 overlapplng a broad mu]t1p1et ranging from s 8 3- 11 4; the
comb1ned signal 1ntegrat1ng for three protons (NHCHZCHCHZCONHO_)
'These protons exchanged upon addition of D,0.
: Ana]ys1s - Found c, 58 725 H, 7. 875 N, 12. 81

c 16 26cm 0 reqﬂ%res C, 58. 62; H, 7 00; N, 12 31

. 2-Methy1 3-[1-(4- benzy]p1per1d1no)]prop1onohxdroxam1c acid

i monohydroch]or1de

. 7z . .
)~ The title compound was obtalned in 75 y1e]d us1ng genera]

: method 1 for the synthes1s of amino- hydroxam1c ac1ds The react1on ‘

v.

‘m1xture was stirred for one dav at room temperature before keep1no’ .

ot at 50° for two days. The préduct had m. p 195 196°.

IR spectrum (Nuao] mull): 1660 cm (C 0). _
NMR spectrum (DMSO d ) Very broad s1ng]et centered at 5
v.11 02 over]app1ng a broad mu1t1p1et rang1ng from § 8.7- 11 23 the |
icombmed s1gna1 1ntegrat1ng for three protons (NHCHZCHCH3C0NHO_)
“These protons exchanged upon add1t1on of D 0.

_ Analysis - Found: C, 61.69; H, 7.97; N, 8. 9§.
.j_C]G 25c1N202 requ1res C 61 43; H, 8 06 h 8 95



Attempted preparat1on of 3—methy1 -3- (1-piperazino)propionohydroxamic

.

'ac1d hydroch]or1de | ,

\ ]
Genera1 method 1 and 2 for am1nohydroxamate synthes1s gave an

oil wh1ch could not be recrysta111zed—or pur1f1ed

3- Methy] -3- [1 (4-methylp1peraz1no)]prop1onohydroxam1c ac1d

monohydroch]or1de

' _ Hhen genera] method 1 for the synthe51s of. am1nohydroxam1c

. :ac1ds,yas emp]oyed the t1tle compound was obtained 1n 387 yield.

_The reaction mvxture was. kept at ‘room temperature for two. days then
at 50° for seven days The product had m.p.. ]54 156°
IR spectrum (Nujol mu11): 1635 cm" (cf0).
Pnalysis - Found C 45.11; H, 8 34; N, 17 65.
«n C9H20C1N302 requ1res C, 45 47; H, 8. 48 N 17 68

_{3-Methy1 3 r1 (4—ethylp1pera21no)1prop1onohydroxam1c ac1d

monohydrochlorIde

B }

- General method 1° for the* synthes1s of am1no-hydrOXamiC’ ’

_aiac1ds gave the t1t1e compound in 45% y1eld The react1on mixture
- wWas. ]et stand at room temperature for n1ne days The product had

m.p. 151- ]52°'

A
T

IR spectrum (NuJol mu]l). 1635 cm (C 0) “

NMR spectrum (DMSO-dG) Very broad s1nglet centered at P
4'10 60 overlappIng a broad co]]apsed mult1plet at & 8 3 11 l the
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j(NHCHCH3CH2C0NHOH3 . These protons exchanqed in n 0.

SRy
oy
3

| comb1ned s1gna1 1nte0rat1nq for three protons (NPFHCH CH,CONHOH) .

The protons exchanoed ‘upon addition of 020

Ana]vs1s - Found C d7 80 H 9. 02 N, ]F J?

32

It

' C]OHZZCIN 0. requ1res C 47 71 H, 9 21 N, 16. 69

’ 3-Methy1¥3-[1—(d-n propy]p1peraz1nO)Jproplonohydroxam1c ac1d

'monohydroch]orIde

K‘l),
Fo]]ow1ng the procedure of aenera] method 1 for the synthes1s

of am1no hydroxam1c ac1ds, the t1t1e compound was prepared in 42%

,y1e1d The react1on m1xture was let stand at room temperature for B

"seven days The product had m.p. 158, 5- 159 5°'

IR spectrum (NuJo] mull): ]634 cm (C*O)
NMR spectrum (DMSﬂ d ) Very broad s1nglet céntered at 5

ﬁf&@x@r]app1ng a broad co]]aosed mu1t1olef rano1nq from 5

‘ hf-R 3 1] 15 the comb1ned éJgnal Integrat1ng for three protons ‘
Z‘,‘»".h‘ - - /.

2
Analysﬁs - Found: .C, 49 74 H, 9, 35 N 15. 60

’ ]] 24C’IN 0 requ1res C, 49, 71 H Q 48 N, 15 81 - )

3aMethy1 3 [1 (4 -n- buty1p1peraz1no)]proplonohydroxam1c ac1d

- monohydroch]or1de

The above compound was obta1ned in 48% y1e1d by genera]

method 1 for the synthes1s of amlno hydroxamlc ac1ds “The react1onl
'im1xture was kept at room temperature for four days The product .ff}*

*;fhad m.p. 175 5 176° e
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"IR g%ectrumv(Nujol muT])' 1635 cm"i(c—O)‘
NMR spectrum (DMSO-d ) Very broad s1ng]et centered at 5
10 72 overWapp1ng a broad co]]apsed mu1t1p1et rang1ng from 6
"8 3-11.0: the combined s1gna1 1ntegrat1ng for three protons
(;HCHCHBCHZCONHOH) These protons exchanged w1th the add1t1on
-ofop |
Ana]ys1s - .Found: C 51 67 H 9 28 N 15 22' C]m 12 01

' AVC19H76C1N302 requires: ¢, 51 513 H, 9.37; H, 15.08; (1, 12 67.

oo 3-Methyl-3-[1- (4-phenylpjperaz1no)1prop1onohydroxam1c acid .

d1hydnpch1or1de - T

R

B ' When genera] method ] for the synthesis of am1no-hydroxamfc»
ac1ds was used on]y an o11y res1due was obta1ned The t1t1e T, S .
sﬁi' 'fcompound was obta1ned 1n 45% y1e1d by ac1d1fy1ng a methanol1c |
éﬁ7 "dsolutwon of this res1due w1th PC1 gas d1sso]ved 1n methanol ‘ The .
?v L *react1on mlwxure was 1et stand at room temperature for two days then
kept at 50 for seven days " The product had m. p 171 173°
E IR spectrum (&u301 mul]) 1640 cm™ (C 0) '
- NMR-. spectrun (DMSO d ) Very broad s1nglet centered at 6 | ~—
11 32 over]app1ng 2 broad co]]apsed mu1t1plet at’ 6 8‘0 11. 0, the B

: ‘;'*', + -
.,_'comb1ned s1gna1 1ntegrat1ng for four protons (NH(CHZCHZ)ZNH—'A

' .ﬁCHCH CHZCONHO_) ~ These pro;ons exchanged upon - add1t1on of - Dzo '
| Ana]yS1s -.Found 5 49.79; W, £[6:973 N, 12.17. .
' ]4H23C1 0 requ1res. C 50 01' H 6 80 N 12 50



«

' 3-Hethy1 3-TT-(4 benzy1p1peraz1no)]prop1onohydroxam1c ac1d

monohydroehlor1de

General method T for the synthes1s of am1no-hydroxam1c ac1ds

;vgave the tlt]e compound ln 33% y1e]d The reactlon m1xture was Tet E

stand at room temperature for ten days The product had m. p 178 T79°

o IR spectrum (Nujor m11): 1625 an” (c-0). - *
NMR spectrum (DMSO d ): Very broad s1ng]et centered at §

'TO 86 overnapp1ng a broad coTTapsed muTt1pTet rangIng from é

8 3-11.3;5 %he comb1ned s1gnaT 1ntegrat1nu for three protons )

2
Analys1s - Found C 57 43 H 7. 62 ]3 20

<o

(NHCHCH3CH2C0NHO_) These protons exchanged in D,0.

C]5H24C1N30 rEQUlres C 57 41, H, 7.715 N, 13 39

3-Methyl -3-[1- (4~phenethylp1peraz1no)]prop1onohydroxam1c

. ac1d monohydrochlor1de

-+ .

Followina the procedure of generaT method 1 for the synthes1s
" of am1no hydroxammc ac1ds ‘the tItTe compound vas obta1ned in 447
y1er The reactlon solutlon ‘was st1rred at 50° for four days. °

| ~ The product had n m. p 174 T75° .

"v' IR spectrum (NuJol muTT)' 1640 cm (C=OT'

, NMR spectrum (DMSO de \ Very broad s1ngTet centered at 5 10 72
.loverlapplng a broad mu]t1p1et from § 8.3-1.1; the comblned s1gna1

~146- .

0O

r“'lntegrat1ng for three protOns (NHCHCH3CH2C0NH0_) These protons : o

. exchanged upon add1tlon of ozo



e | - . Y

AnaJys1s - Found: C, 58:60; H, 8. 005 N, 12.63.

_',*_CTBH26c1N302 requ1res C, 58, 62 H 7.99; N, ]2.81. o

g:[]-(4-Pheny1piperazino)]butyrohydroxamicTacid.monohydrochToride

Employ1ng genera] method ] for the syntheSIS of am1no-~
| hydrdxam1c ac1ds the t1t}e compound was obtained in 62% y1e1d

The react1on m1xture was kept at room temperature fof‘seven days

t

The product had m.p. 198- 199°. S . : -
IR spectrun (Nujol mul1): 1670 em™! (c=0). - |
. NMR spectrum (DMSO d ) Very broad sing]et Centered at 6
-10.78 over]appxng a broad co]lapsed mu1t1p1et rgng1ng from &
8 3- 11 0; the comb1ned s1gna1 1nteorating for three protons

‘ (NHFH2CH2CHZCONHO_) These protons exchanged with D 0.

2
' Ana]ySIS - Found F 85, 80 H, 7 713 N, 1412,

: 654922c1n30 requ1res ¢, 56.00; H, 7.40; N, 14. 02.

_ 4—[]:(4-Bengy1piperazino)]butyrohydroxamic acid dihydrochloride

The above compound was - prepared in 40% y1e1d by genera] ‘T gd'-
.Hmethod 2. for the synthesis of am1no hydroxam1c ac1ds The react1on

m1xture was a]lowed to stand at’ room temperature f

ten days

o

:'Jhe product had m.p. 193-197°, L
' IR spectrum (NUJol mu]]) 1640 ¢ ':(C Q).:‘

| Ana]ySIS = Found C, 48.94; H 7 84; N, 11. 23
LC15H27C12N303 requ1res C 48 92 H 7 39; N. 1] 4]
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0

" of am1no-hydroxam1c ac1ds the above compound was prepared in 88‘y

4 [] (4- Phenethy1p1perazlno)]butyrggygroxam1c ac1d dihydrocﬁlgr1de

Genera] method . 2 for the synthes1s of am1no hydroxam1c

ac1ds gave the title compound 1n 42% y1e1d The reaction mixture

- was kept at room temperature fon tenfdays ‘Thevproduct had m.p.

202- 2o3°" o |
IR spectrun (NuJoI mu]l) 1640 cm“ (c 0)

" Analysis - Fouﬁd C, 52. 93; W, 7. 73 N, 11 53,

-@ o

C]6H27C]2N3 2 requires: c 52.75; H, 7.47; N

Attempted preparation of 4-[1- (4-pheny]p1per1d1no)]—

butyrohydroxamlc ac1d monohydroch]or1de _
J,‘ R 4

General method 2 for am1nohydroxamate svnthes1s gave an 0ﬂ

wh1ch could not be recrysta111zed or pur1f1ed

- Tl (4 Pheny] 1,2, 5 6- tetrahydropyr1d1no)1butyrohydroxam1c acid = -

‘ monohydrochlprPde SR

W Fo]]ou1ng the procedure of genera] method Z for the synthesis'

-y1e1d ‘The reaction m1xture was let stand at room temperature for

ten days.’ The product had m. p \186 187°. _
’{IR spectrun (HuJol mul]). 1695 cm” (C‘O)
NHP spectrum (DMSO d ): Very broad sznglet centered at 3
Iﬂ-88 over]apptng a broad co]lapsed multiplet at 6 8.3-11. 3 ‘the ..

' combined SlOﬂa1 1ntegrat1ng for three protons (NHCP CH CHZCONHOH)

2

o



.. , ( . ;
Th protons exchanged upon add1t1on of DZO

_ Analys1s - Found: C, 60. 90 H, 7.46; N, 9.68. ‘
C]SHZZC]NZOZ requ1res C,'GO.GQ, H, Z.45,{N, 92417 _ o tj,

_ 3-[1-(4-Pheny1pfperazan)lpropionohydroxamic acidvmonohydrochlordde

The t1t1e compound was prepared in 36” y1e]d us1ng %eneraT
method 1 for the syntheSIS of am1no-hydroxam1c acids. The react1on

m1xture was. stirred for three days at” room: temperature %efore keep1ng

Tt at 50° for seven days The product had m.p. 152- 153°

IR spectrum (NuJol mull) ]665 em! (c=0).
NMR spectrum (DMSO-dG) Very broad s1ng]et centered at § 11 06

overiapp1ng a broad co]]apsed mu]tlplet rang1ng from § 8. 8 11.5; the
+

_comblned s1gna1 1ntegrat1ng for three protons (NHCHZCH2CONHO_) These

protons exchanged w1th,the add1t10n of DZO 3 '_ S

C1N302 requ1res C 54, 64 H 7. 05 N. 14 70.

13 20

f; 3-[1 (d Benzylpjperaz1n;)]prop1onohydroxam1c ac1d monohydrochlor1de

Fo]]ow1ng the procedure of general method 3 for the synthesxs

— of amlno hydroxam1c ac1ds the above compound was p pared in 397

: 4
_ ywe]d “The react1on was stwrred at room temperature for two hours

The product had m. p, 154 155 5°
IR Spectrum (Nujol muTT\ 1640 cm (C 0)
NMR spectrum (DMSO-d ): Very broad coTlapsed mu]tiDTet

/-
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centered at ¢ 10 86 overlapp1ng a broad co]lapsed mu1t1p1et rang1no '

B from 5 8 0- 11. 2 the comblned s1gna1 1ntegrat1ng for three protons

'(NHCHZCHZCONHO_) ~ These protons exchanqed upon the add1t1on of

- D,0.

' Ana1y51$ - Found r 56. 36; H, 7 565 H, 14.00.

]4 22(21N3 2 requlres c, 56 00 H 7 40 t, ]4,02fv."

3—[1=(4—Phenethy1piperazino\]propionohydroxaMHCaacidﬂmonohydroch]oride

-

: GeneraT method 3 for the synthes1s of am1no—hydroxam1c ac1ds
!‘

qave the above compound 1n 20“ y1e1d The reacf1on mlxture was

p‘

stirred. for two hours. The product had m pt TGD 5—1@39 ?'“5

- I® spectrum (Nuﬁol muTT) xﬂsdﬁ cm (C 0\. ;c- _ - o

/

HMR spectrun (DMSO d6) Very broad collapsed mu1t1p1et

.centered 5 10, 85 overTappIng a broad coT]apsed multwplet rang1n0

f‘from 8 8 0- 11 2, the comblned sygna] 1ntegrat1ng for three protons -

.(Nchzcnzconno_) Thé protons exchanged upon add1t*on of D

9 €y M 22C1N3 » requ1res c 57 a1; H 7. 71 N, 13. 3. |

20

Ana]y51s - Found E,@57 24, H, 2 71 N 13. 50

-Methy] 3- [1 (4-phenyT T 2 5 6—tetrahydropyr1d1no)]prop1onnhydroxam1c

‘ ac1d monohydroch]or1de

The title compound was obtaxned ln 56% y1e1d by generaT rnethod

: was kept at.room temperature for 13 days The product had m. n.'c

-
- .

185- 186°",f:;: L

v32 for the synthes1s of am1no-hydroxam1c ac1ds The react1on m1xture -

-150- -
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IR spectrum (Nujo]hmu11)‘ 1660 cm” (C-O) ,
NMR speotrum (DMSO'd ): Very broad s1ng]et c::tered at §
~11.06 over]app1ng a broad co]lapsed mu1t1p1et ranq1ng from 5 8.3-11. 3
the tomb1ned s1qna1 1ntegrat1ng for three protons (NHCHCH3CH?CONHO_)
‘.ﬂﬁﬁgki?rgxons exchanged ‘with the add1t1on of ozo
f i)fgn- #Ana]ys1s - Found C, 60.83; H,-7.47;~H,'9:44.
C

5 21c1u?02 requires;'c, 60.70; H, 7;13;*N; 9.44.

r] (4 Pheny1p1peraz1no)]acetohydroxam1c ac;_ﬂgpnohydrochlor1de

‘The t1t1e compound was obtained -in 83% y1e]d by general -
V method 2 for the synthes1s of am1no hydroxamic ac1ds . The reaction
m1xture was kept at room temperature for ten days. The"product

- had m. p 201 5 2”2° ‘

1. 75 pver]appwng a broad col]apsed mu1t1p1et rang1no from &

A :,';"“

R.3-12. 0 the comb1ned s1gna1 1nteqrat1ng for three protons
+.

(NHCH CONHOH) These protons exchanoed w1th DZO

Ana]ys1s - Found C 52 61 H 6 92 N, 15. 01

»

C]2 ]8C1N 02 requ1res C, 53,04, H, 6.68, N, 15.46.

Attempted preparat1on of 2 r- (4 benzy]p1peraz1no)1ac droxamic
\” .

g& d monohydroch'l or1de

£

Genera] method 2 for am1nohydroxamate syntbes1s qéve an. 011

' wh1ch cou]d not be recrysta111zed or. pur1f1ed

el : . . Ce . i 7/

v
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?2-FT—(4;Phenethy1piperazinzzgécetohydroxamdc'actd.dihydrochloride

General method 2 for ‘the syntheS1s of. am1no hydroxam1c ac1ds
'gave the t1t1e compound in 677 yie]d The react1on m1xture was ]et

tdstand at room temperature for ten<days The product hﬁd m. p

“»200 202°.

IR spectrum (&uJo] mu]]) 1690 cm t (C= 0)
“NMR spectrum (DMSO d ) Very broad co]]apsed mu1t1p1et
'fcentered at 6 11 06 overlapping a broad co]lapsed mu1t1p]et at

878, 3- 11 6 the combnned s1gna1 1ntegrat1ng for. four protons ;
+

' d(NHC NﬁCH tONHOH) These protons exchanged upon add1tion of
E D,0. o
Ana]ys1s - Found C a0 795 H, 6 06 i3.27.,i' .

C]4H23C12 30 r9qu1res F 50 01 H f. 80 ‘12t50t



4 Lt
L S
o

Synthesis of o-Nitroesters . = . 3%5"jf“£31"7'“*

g N ‘: - .-1‘,.&'1,.

N . 'f%‘ A R 5* 4)-(

Each of the o-n1troesters prepared 1n tﬂe presept serwes was f:iﬂ-u

'V.

character1zed by 1ts NMR and IR spectrum as wel?'as by 1t§ ma;s,

.r§4 '
spectrum and. eTemental anaTys1s. S1nce most synthese& fncluded

Soan prlmary am1ne as one reactant, the presence of two peaks HTtth

" the range of. 3300-3500 cm ) (due to NH2 stretch1ng) 1n the IR

spectrum of the crude react1on res1due was cons1dered pos1t1ve .

*':i”1nd1cat1on that the react1on had fa1Ted Ac*a;:ﬁl'f}}ia{“ s

The commer1cal]y unavaITable reactants ethyT gTyc1nate and

d1ethy1 bromomaTonate were prepared by the methods descrIbed below

<

(1) §ynthes1s of ethyl_glxc1nate - (VogeT, 1956, p. 384)

GTyc1ne (O 5 moTe) was dissolved in abso]ute ethanol

(700 mT) \Concentrated su]furlc aCTd (27 ml) was caut1ous]y

or e1ght hours, cooled and the ethano] removed 1n vacuo. The
”:reSIdue obta1ned ‘was d1ssoTved in d1st111ed water (TOO nﬁ), ba51f1ed
‘nnth sod1um carbonate then extracted w1th chlorofonm (3 x 50 mT)
 The ch]oroform extracts were combined dr1ed over anhydrous sodium :
squate, f1ltered and the chloroform removed from the flltrate
in’ vacuo. The fract1on w1th b. p. 51 53° (12 mm) gave the titTe B
compound 1n 57% y1e]d Reported (Handbook of Chemvstry and Phys1cs,
:.197QL 57.6° (18 mm) ;f : ,’ PR

IR spectrum (f1lm)' 1740 cm (C 0) and 3380 cm , (NH )

&

S 9 . R R
. M R G

. k added to the st1rred so]utlon The react1on m1xture was refluxed :

AN

C-1583-
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The h _ydroch1oride of‘the tTtle compound had m. P. 14]—143°.

Reported (Handbook of Chemistry and Physics, 1970), 144° .
Ana1y51s - Found C, 46. 23 H, 8.50; N, 13 55 ﬁ

R CH No2 requIres. c, 46 59; H, 8.80; N, 13 59,

49

(11) §1nfhe515 of d1ethy1 bromoma]onate - (Pa1mer and
McHherter, 1941) |

D1ethy1 malonate (1 mole) was. d1sso]ved in carbon '

: utetrachloride (150 m]) in a 3-neck flask f1tted W1th a mechan1ca1‘

‘}stlrrer, a dropp1ng funnel and a reflux condenser with plast1c tub1ng

E leadlng 1nto a f]ask of. water (500 m]) Commerc1a1 11qu1d brom1ne -
";“(l 03 mo]e) was dr1ed by shak1ng with an equa] vo1ume of concentrated
”e%fsulfUr1c ac1d in a separatory funne1 The brom1ne was then gradua11y
' fif_added to the reactJon m1xture at a rate suff1c1ent to maintain a -
-f?;;gentle reflux Once a]] the brom!ne was added the so]ut10n waéJ-b
S,iﬁywashed with 5% sodlum carbonate (5 X~ 50 m]) then d1st111ed under d,
ijd;égreduced pressure The fract1on bo111ng at 126 128° (15 mm) gaver

[ﬂ:ﬁa 75% y1eld of the t1t1e compound Reported CPa]mer anduMCWherter,f

',;o1941).132 136° (33 mm) S

. % . . ‘. ’ .
IR‘spectrum (f1ﬁh)" 1740 cm (C 0) '-_', e
_ NMR spectrum (CC]4) 8 1 31 (t 6 J —‘7 O Hz, ( CH2CH
s, 2 (q.4 J = 7 0 Hz, ( H,CHy) ) 4 70 (s,1 Br-pg;),
yi;ﬂlnethod l - (Klng and Clark Lewls, 195])

A m1iture of the appropr1ate 2 bromoester (0 25 mo]e) ‘and

;Eido-nitroaniiine (0 5 mole) was heated at 120 135° for five hours,
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| iUSEDQQ_Z_- (Zaugg et al. 1961) lblrfif*“ "y’

‘;product was 1so1ated by su1tab1e means

;:I;: L‘)

"then'cooled Anhydrous ether {200 m]) was added the react1on

s

suspensvon f11tered and the ether’ removed from the f11trate in vacuo

The res1due obtaIned was recrysta111zed from abso]ute ethano1

o

Sod1um hydr1de (0 ] mo1e of a 60% d]sbersfon in m1nera1 011)

: was suspended 1n4anhydrous 901Vent (200 m1) in a 3-neck f1ask f1tted
'rw1th a thermometer, St1rrer, ref1ux condenser (dry1ng tube), n1trogen

,f 1n1et and dropping funne] o Nltroan111ne (0. 1 mo1e) d1sso]ved in

an anhydrous so]vent (100 m]) was added dropw1se with st1rr1ng

:‘underoa stream: of dry n1trogen gas The: 1nterna1 temperature was

:‘ ma1ntained below 40'50° by'regu1at1on of the rate of- o-n1troan111ne

. . ,/l
@ Do S
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.add1twon After'cessation‘of hydrogen gas evolut1on  the appropr1ate ;57

: 2 bromoester (0 ¥ mo1e) uas added portionwise "~ The reaction m1xture

| was. st1rred at ref]ux fbr 7 to 24-hours, After coo]ing, the

solvent was removed 1n vacuo and anhydrous ether (2 X 150 m1) was

-added After f11trat10n the ether was removed i vacuo and the e

2 -

o Method Method 3

] on

: -N1troch10robenzene (0 1 mo]e) and the appropr1ate amino-

'-,ac1d ethyl ester were refluxed together 1n abso]ute ethano] (150 m1):

f_*for one day to two weeks After cool1ng, the ethano] was removed

n. vacuo. and the res1due recrysta111zed from abso]ute ethanol



Following the procedure of genera] method 1 for ‘the synthes1s
. of o-n1troester, the title compound was obtalned in 20% yield from'
ethy] bromoacetate and o-n1troan1l1ne The product had m.p.
‘78.5 79.5°,‘ Reported (K1ng and C]ark-Lewws, 195]), 77~ 78° ‘
IR spectrum (Nujo1 mu]]) 1725 cm~ (C 0), 3370 cm” ,(NH).
NMR spectrum (cpc13) 6 1.30 (£,3, 9 = 7.5 Hz, CH,CH,),
- 4. 05 (s,2 'NHCH ) 4.28 (q, 2 J=17.5 Hz CH CH ) 8 22 (s,1, NH,

.absent after add1t1on of DZO). 6 5- 8 4 (m 4, Cs_d) ' - - 4
© Analysis - Found C. 53.405 H, 5.39; N, 12.75.  f

-C4Hy N0, - requires: C, 53.57; H, 5.40; N, 12.49. vl
10M12"20 requir -375 H, 5.40; N , s

-'Attempted preparation'of ethyl N-g;nitropheny]-Z—methylglyCinate

(i) The IR’ spectrum (fllm) of the ether extract1on
vres1due obtained from ethyl 2- bromoprop1onate and o-n1troan111ne
by using genera1 method 1 for the synthes1s of o-n1troesters had ‘_r
- s1gn1f1cant ahsorbances at. 1735 cm (r 0) 3370 cm -1 and 3495 cm 1_
hd‘(NHz) The reactlon m1xture was heated for fvve hours
| (i1) Ht11lzing genera1 method 2 for the synthes1s of
4W0~nftroesters, o-n1troan1line and ethyl 2- bromoprop1onate were
reacted Tn anhydrdagndTﬁethyl sulfox1de After'st1rr1ng at room’

ﬁtemPerature fbr 24~honr$, the,ether,eit;azt:Zi:had IR spectrum
(Fm): 1740 e (c=0), 3380.cn™" and 3495 cn” (NH ).

_
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(iii) React1on of o-nwtroanIlIne and ~ehyl 2 bromoprop1onate '

by generalngthod 2 for the synthesis of o-ni sters using anhydrous
dioxane as solvent in place of anhydrous d1methyl sulfox1de gave

| an ether extraction residue wh1ch had: IR spectrum (fIlm)' 1740 cmy]_‘}

(C—O) 3370 cm i and 3485 cm (NHZ)' The reaction mixture was

i refluxed for 24 hours.

(Iv) General method 3 for the synthes1s of o-n1troesters

‘with o-nitrochlorobenzene and ethyl glyc1nate refluxed M chloroform el ;

\d_

for 24 hours gave a react1on re51due éh1ch had IR spectrum (f1lm)
-1

: l735 cm (C-O) 3320 cm and 3390 cm (NHZ) The react10n

residue was redissolved in 70% water in ethanol (50 ml), sod1um

‘carbonate (0.n3 mole) was added and the react1on m1xture refluxed l o

for f1ve days The IR spectrum of the reactioh residue was: unchanged
(v). -N1trochlorobenzene, ethyl glyc1nate and tr1ethylam1ne

were refluxed in absolute ethanol for 24 hours accord1ng to general

method 3 for the synthe51s of o-n1troesters to give a reaction ' |

e res1due w1th IR spectrum (f1lm) l735 an’ (C=0),.3320vcm,1 and 33903,

).

_vAAttempted‘Synthesis ofrethyl‘N—g:nitrophenyl-éfethylglyCinate

et

H1th ethyl 2 bromobutyrate and 0-ni troanil1ne, general
method 1 for the synthe51s of o-n1troesters gave a yellow sol1d :
hav1ng an IR spectrun and melting p01nt (69 7l°) 1dent1cal to

g that of o-n1troan1l1ne. The reaction m1xture gas heated for



: e se

Attempted synthesis of ethyl N—g:nitropheny]—Z-ijuty1g]ycinate

Heating ethy] 2- bromohexanoate and o-n1troan111ne for f1ve/

| hours under the cond1t1ons of . genera] method 1 for the synthes1s

of o-nwtroesters gave a yellow so]1d hav1ng an LR spectrun (NUJol
mu]]) and me1t1ng p01nt (69 71° ) 1dent1ca1 to that for o- n1troan111nev
‘Increas1ng the react1on tlme to four days d1d not alter the IR

spectrum of the ether extract1on residue.

Attempted SynthESIS of ethy] N- o—nltrophenyl -2, 2 d1methqulyc1nate

(i) General method 2 for the synthes1s of o-n1troesters
with o-n1troan111ne and ethyl 2- bromo1sobutyrate refluxed in
anhydrous xy]ene for seven hours gave an ether extract1on res1due

.wh1ch had an IR spectrum (f1]m) w1th the fo]]ow1ng s1gn1f1cant
' absorbances: 1725 cn”! (c- ), 3350 e and’ 3490 cn” T ().

‘ (11) Repetit1on of the reactlon under the cond1t1ons of
tgenera] method 2 for .the synthe51$ of o-n1troesters using. anhydrous

_'dmmethy] su]fox1de as solvent in- p]ace of anhydrous xy]ene gave an

" ether extract)on re51due with IR spectrun (f1]m) 1725 cm” (C 0),

:3370 cm -1 and 3485 cm (NHZ)  The reaction m1xture was ref]uxed

,for five hours

' Attempted}Synthesis of ethyl'N—é}nitropheny]—Z-ethoxycarbonylglycinate

(i) With diethyl hromOmalonate.and.g}nitroanj]ine. general



N\

\\.

S

method 1 for the synthes1s of o-n1troesters gave an ether extract1on

residue w1th IR spectrum (film): 1740 cm (C=0) »3380 cm -1 and’

'3500 cm (NHZ) The react1on m1xture was refluxed for three days.”'

(11) React1on of d1ethy1 bromomaTonate and o-n1troan1l1ne :

for 18 hours at ‘room temperature by generaT method 2 for the syntheSIS

’ .of 0- n1troesters, gave an ether. extract1on residue wh1ch ‘had IR

spectrum (film): 1735 e L 0), 3320 fem” -1 and 3470 cn” (NH ).

\

N

Refr1gerat10n of this residue gave pa]e yeTTow pr1sms m.p. 48- 52°
Severa] recrysta111zat1ons from abso]ute ethanoT gave SthV white

‘pr1sms m.p. 53- 54°, The y1er of Pure 1,1,2,2- tetraethoxycarbonyl-

j_f ethy]ene was 47%. o -__‘ - o : \;

h4 26 (q 8 J =7.0 HZ, (- CH

IR spectrum (NuJol muTT) 1725 cm -1 (C=O):}-
NMR spectrum (CCT4) 5 1. 31 (t 12, J = 7 Hz (-CP CH3,A),-

3)4)
Ana1ys1s - Found C, 53.17; H 6 44{

'C]4H2008 requ1re5’ C 53.16; H 6 37

1,1;2,2-TetraethoxycarbonyTethylene “

‘

The t1t1e compound was obta1ned in 527 y1er by general

'method 2 for the synthesis of o—n1troesters from dlethyl bromoma]onate

'w1thout the presence of o-n1troan111ne The react1on nnxture was

st1rred at room temperature for 16 hours The product had m. p. 52—54°

‘ Reported (Eberson, 1956) 52~ 53° | (Krapcho and Huyffer, 1963) 52-53°"’

IR spectrun (Nu301 muTT) 1725 cm (C n).
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SIS . e .
MR spectrum (ccl,): 6 T 31 (t, 12 J 7.0 Hz, (-CHCH,),), T
4.26 (q,a J = 7.0 Hz, (-CH, cn3)4). B . ' oy .
| Analysis - Found C, 52.955 H, 6. 32. | G

514”2008 requares . 53. 163 M, 6.37. o B



E§ynthesis of 1-Hydroxyquinoxalin-2-one 4-Oxides ”1

General PreparativefMethod'

-

- ?.;. Each of the T hydroxyqu1noxa11n-2 one 4- ox1des preparédftn -
‘ the present ser1es was character1zed by 1ts NMR and IR . spectrum '
- as we]] as by 1ts mass spectrum and elemental anaTys1s Af? gave nﬂ :ﬁf
‘a vfplet co]or with aTcoho]1c ;err1c‘chlor1de GTyoxa] and methy] |
2} gTyoxaT were purchased as 40% aqueous soTut1ons from‘ATdr1ch Chem1ca1
Company -PhenyT g]yoxa] benzofuroxan and [ qu1none d1ox1me were

sxnthes1zed as descr1bed beTow

<

(1) Synthes1s of phenyl g]yoxa] - (Vogel, 1956, Pp. 866) | n &

Se]gn1um d1ox1de (0.5 moTe) was dissoTved in a solutlgn\gj;

d1oxane (3 nﬂ) and water (TO mT) To th1s st1rred so]ut1on IR a

"_ acetophenone (0. 5 mf;ez—wji]added in One Tot The react1on m1xture ’
'was’ refTuxed w1th stirring for four hours Ihe hot solutipn was o ’
decanted from the prec1p1tated se]en1um th;ou h a f]uted f11ter T C e

paper and the so]vents were rem ed 1n vacu . The res1due was vf,s,

fract1ona11y d1st111ed under re ced pressure One fract1on was

. A :
col]ected at b po ETE 102° (23 : to g1ve\a y1e1d of 71% Reporf@d

(Vogel, ]956) b p. 95*97°‘}25 mm) . The t1t]e compound was stored
. in the form of the more stab]e hydrate which’ was prepared by
g d1$501ving “the 011 in 200 ml of hot water

al]owinggthe compound

[

to crystaTTize The hydrate had m. p z83~85°
LIR spectrum (NuJo'l mun) 46 Jo ] (c- 0) 3280. & “ (ou)

" The phenyT g1y0xa1 thus prep%red;Was used in subsequent reactions

a
-~

o



A . A . - ) . !
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ey

withoutffurther charaCterization or purification

(11) anthes1s of benzofuroxan - (Ma]]ory, 1057)

A m1xture of sodium hydroxIde (1 5 moIes) and water (?On ml)
~ was swirled unt11 a]l the solid dissolvéd. The so1ut1on was coo]ed
to 0° then ]00 gm of crushed 1ce added The solut1on was p]aced |
- on an lce bath and ch]orlne gas. bubb]ed through unt11 n 58 mole was
‘n_ absorbed An excess of ch]or1ne gas was avoided. The.sod:um
hypoch]or1te so1ut1on thus preparedjuas stored 1n.the‘dark.at'0° untf] o

" needed. . - i;f.~‘“ ; L.

qoE

,ﬁf--r{ Potassvum hydroxide (0. 32'mole) was: d1ssolved in. QS% : p , »r.;“'
; ethano] (250 ml)owlth heating on. a steam bath. .0 -N1troan111ne .
(0 29 mo]e) ‘was d1sso]ved in th1s warm a1ka11 solut1on The deep
red solutlon so obtalned was coo]ed to O°, then the sod1un
hypochlorlte so]ut1on prev1ous1y prepared was slow]y added over: theah
;e' course of ten: m1nutes w1th v1go:ous st:rrind such that‘ihe
temperature d1d not r1se ahove 169 The prec1p1tate formed was '
'_ col]ectqp by suct1on f11trat1on Washed with whter (200 m1) and S
: aar dr1ed . The: product was récrysta]11zed from ethanoﬂ-watgr ﬁ”'i:;;mf‘fi. .
| The tltle compound obtained jin 70% 'yield had m’p “71-73°. Reportedf‘f"'d' .
| (Mallory, ]957) m p¢»72 73°‘ IR Spectrum.£ﬂ%301 mul]) 1615 cm T_ g
(C~N) The benzofuroxan SO, prepared was used wlthout any further

R charaéter1zat1on or pur1f1cat10n



i

(i) Synthesis of 0-quinone diokime - {Ghosh and Whitehouse.,

1968)

To a solution of benzofuroxan (0.1 mo]e) in ethanol (400 ml).

was added a so]ution of hydroxy]amine hydroch]oride (0 12 moTe)

~in water (25 m]) "'The mixture was cooled to 0° on an 1ce bath

‘and pota551um hydroxide (O 35 mole) in water (50 ml) was added

lev.with stirring a The so]ution was stirred at room temperature for .

- and Schwarz, 1899) m.p. 1429, IR spectrum (Nuaoi mu]]) 1623 cm

, Method 1 - (Abushanab 1070)

one hour, then the bu]k of the ethanoT was removed 1n vacuo . The

re51due was acidified with 2N HCT The product collected by

Tdioxime obtained in 60% yield had m. p. ]48«]44° Reported (Zincke
-1

f_(céN)- 3110 cm ‘(OH) The o-quinone dioxime thus prepared was .

used without any further purification or characterization

Glyoxal, methyi gTyoxa] or’ pheny] g]yoxaT (O T moTe .

-dioxime (0 05 mole) in water (SO mT) The suspen51on was heated

- ’x”was coTlected by fiTtration The product was decoTorized with ‘

u

' 1-HydroJiquinoxaTin-Z*one 4-0xide

g’
v

General method 1 for the synthesis of 1- hydroxyquinoxaiin-- :

v

2 one 4~ox1des gave the titTe compound in 65% yield from g]yoxaT

S S : L ," e

" suction fi]tration)was recrystaTlized from ethanoT-water o- Quinone

: *;_Ton a steam-bath for f1Ve minutes : After cooling, the precipitate -

activated charcoa] during recrysta]Tization from absoiute methano]

. oy ) "'_
“dTSSO]V&d 1n 15 ml of water) was added to a suspen51on of o quinone

-163-
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",and g}quinone‘dioxime, dThe product‘nadam.p.t239-2415, ﬁeported ‘
N (Aoushanab; 1970) .m p. 255;257° Thinvlayer‘chromatography using':
, s111ca gel G w1th CHC13(9) (MeOH(]) -as developlng solvent gave |
.fone spot after 1od1ne vapor treatment w1th Rf = 0. 44
| IR spectrum (Nujol m11): 1260 cn” 1 (noy, 1535 en”! (=0 and C-N)
and 2200-3180 ™' (OH). . S o
- NMR spectrmn fDMSO-ds) broad co]lapied mu]t1p]et centered at '
-5 1. .88 (m, 1 OH, absent after DZO exchange), 7.3 8:6 m, 5, reMa1njng_‘
protons) | o | q ' d | L
& »'Mass spectrun m/e (42 relatwe abundance), 180 (1 05) ‘
,,e_,7), 178 [C8H6N203] (100.0), 162 (i1 3), 161 (0.2), 151 (a. 7), 7

150 (63 2), 133 (1 6), 106 (11 1) 105 (10 5)» 94 (]0 5), 92 (16 8),

29’(5 3) 28 (17 9) 27 (7 9). 18 (12 1) "’; f “"‘ SR

\__/palys1s - Found C, 54. 06 H,. 3 31 i
‘. causuzo3 requires: C, 53. 94,//, 3.403 N, 15, 72:

A«v

1

3 Methyl 1 hydroxng1noxa11n-2-one 4-ox1de

2

Yy

;;;, 31,‘d ”The t1t1e c0mp6und was syntheSIZed in 42% y1e1d by general i
method 1 for the synthes1s of -1- hydro&yqu1noxa11n-2—one 4-oindes -
from ethy] glyoxa] and o-qu1nohe d1ox1me.' The product had m. p |
218-220°. Reported f?&ushanab 1970), m.p. 231-232°. Thlnﬂlayer
chromatography on. s111ca ge] G w1th CHC13(9) MeOH(l) as develop1ng
solvenb gave a s1ngle spot after 1od1ne vapor treatment Nlth Rf = 0.46.
IR spectrum (NuJol mul]) 1250 Cm ,‘NO), ]640 cm (C-O C N) ;*t?,bv:;

R
1



'mwsuom n(4m

SER 1 hydroxqu1noxa11n 2 -oné. 4- ox1des, the above compound 'vacuum

»“_a“'dn;ed) was prepared Jn 777 y1e1d from pheny] g1yoxa1 ng

" .165-

: ‘ LY
s -
and 2300- 27sn en™ ! (OH). SR | M
NMR spectr m (DMSO- d6): 5'2.46 (s, 3; ccH-) 7.3-8.4' R 1
(m, 4, C6—4)’ a 9§oad collapsed mu1t1p1et centered at é 9.5 . _:;ff: -

'_(m, 1, OH, absent after D,0 exchange)

Mass spectrum m/e (% relat1ve abundance), 194 (3 40), | _
" 193 (1] 5) 102 [C 8 2 3] 100 0), 176- (10, 2). ]75 (32 3) 164 (0 1), o
15° (4 3), 148 (4 7), 147 (38. 3) 131 (5.7), 130 (5.5) 119 (3 8), '

117 (8.3), 106 (6.8), 105 (13.6), 103 (é 1), 92 (13.4), a1 (4. 7.
90 (27.0), 89 (4. 7, 82 (4.7), 78 (8.1), 78 (11. 1) 77 (17.9),
h.76_(15.9), 75 (5.1); 65 €8.5), 64 (12.3), 63 (14.0), 62 (5.1),

v

5 (4.7)s 53 (417\ 2 (11 9\ 5}-(14 0), 50 (13'2\ 43 (55 3),
42 (6. 3) 39 (14 q) 38 (6. 2) 28 (12 3) 27'(8 7) 26 (4 3),

Ana]ys1s - Found . Cy 55 05 H 4 47 N 4. ﬁp

o ch8N203 requires: C, G6. 25_ e 419N, 1458, | tkfﬁ S
R —. ve R
s Ut‘]’z’"g ge"e”a‘ method 1 for the Synthes1s of T i

7iio qu1none dwox1me The product recrysta111zéd from methano] and
:'_;;drled under vacuum in an acetone ref]ux heated p1sto1 dessicator .

4 had m. p 196 198° The compound a1r dried changed from hr1ght |
: ,ye]1ow to the pale. ye11ow color of the vacuum dried compound at

".85 90° witheut me1t1ng, then-me €Ed at 196 198°' Thing]axer




~,t_’(d 3, CH. 30), 7. 3 8. € (m, 9, C

m o : . -166-

y

. ) . \
“chromatography on si]1ca ge] G of both the air-dr1ed and vacuum—dr1ed

' der1vatives with CHC13(9) MeOH(lL as developing so]vent gave one

* .

spot. after 1od1ne vapor treatment with Rf 0 64, Y R : »(-
R IR spectrum of the vacuum dried compound (Nu301 mu11) 1240 em™l
(N0) 1610 cn” " (ce0 C—N),_2300 3200 em™! (oH). .
IR speﬁirum of ;4 * d compound (Nujol, mu11) ]225 e

(No), 1610. cm”! (c-0);
two d1st1nct broad peaks centered at 3110 cm ] and 3250 cm )

IR spectrum of air- dr1ed COmpound after standing for two-
months (Nujol wil1): 1280 en”! oy, 1610 e} (c-o and C'N),
- 2300-3200 cm‘] fgu) | ¢ L ‘_ _ |
J o NMR spectrum of’vacuun-dried compound (DMSO dﬁ) 3 7 3 8.7 o ‘_
Z:i (m, 9 C]4ﬂ9N203H),» a broad co11apsed mu1tip1et centered at 5. -
‘,1 11 8 (m, - 1 NOH absent after 020 exchange)
.o spectrun of air- ~dried compound (MS0=d ) 8 3.22
Crallgz0q). S
. * Mass spectrum of vacuum-dried compound m/e (% re1at1ve T
f'."’.."abundance) 256 (1.90); 255 (15.9), 254 [y N, 0N,L,oq] “(ro0i0), TR
| i,zsé (. 1), 238 (1. 5);.237 (52 0) 236 (12.4); 226 12.5), 220 (24.0),
"'213 (9 4) 21n (8 9) 209 (3% 6) 208 (16 6). 193 (29. 1), 192 (10.8),
3 181 (34 2), 180 (9 4), 121 (15ﬁ#i4~105 (49 4), 91. (3 5),. 90 (40 5).-
78 (11 5). 77 (70 9), 76 (21 5), 75 (7 3) 65 (]2 8) 64 (14. 2),_'
63 (24. 7;/ 62 (7.6), 52 (9.7), 51 (30, o, 50 1s. 9) 39253, '
/‘32 (2‘5) ze (14 4). 18 (20 3)

. [ N . LT o ) .
- —_— " . . - T~



Mass spectrum of o1r-dr1ed compound m/e (% relative abundance)
256 (7.83), 255 (15 3) 254 [C14H]0N203] (100 0), 253 (7 o), 238 (18. 7), ‘
' 237 (68 3) 234 (13 2), 220 (24.7), 213 (10 0), 210 (9.0), 200 (35.0),
208 (1s. 5) 103 (34. 3) 192 (13 0), 180 (]1 7), 121 (24 2) 105 (90 0),
‘91 (10.2), an (68 3), 89 (12.2), 78 (1s. 8) 77 (96. 7) 76 (29.2),
75 (10 n), 65 (18.8), 64 (10 8), 63 (35. 0) 62 (1" 3), 52 (14.2),
-51 (41 7), 50 (25 n, 30 (33 3) 32 (6°0), 28 (18. 2) 18 (28. 3).

! Ana]ys1s of vacuum-drled compound - Found C, 66 19;. P 4, n8

N, 10. 91 ]4H]0N2 3 requ1res C, F6. 145 H, 3.96; 11 02.

L

“\Tg Ana1y51s of air- dr1nd compound - Found C, FZ 96 'H, 4 07

_N 9.46. 4H.|0N203 FH30H requ1res C,. 62 93 H, 4 °3 ‘ » 9.78:



.

ERE

;7§ynthesis-of ]-Hydroxyquinoxalin—2-ones”

Each of the 1- hydroxyqu1noxa11n 2-ones prepared 1n the

"5;present ser1es was character1zed by 1ts NMR and IR spectrum as weql

as by its mass spectrum and e]ementa] anasys1s The preparat10n of

B fracommer1ca11y unavallable g]yc1ne hydroxam1c acid and o- benzoqu1none’

7}5ﬁiare described below.

(1) ;ynthESIS of 911c1ne hydroxam1c ac1d - (Safir and

7--w1111ams 1952)

To an 1ce-cog}ed?§t1rred solution of ethy] g]vc1nate

;hydrochlor1de (0. ﬂ3ﬁno]e) and hydroxylam1ne hydroch]or1de (0 03 mo]e)

in 507 water ethanol (10 ml) was added . 12N sod1um hydrox1de

(8.8 m] 0.33 mole) The solut1on was st1rred atyroom temperature

for one-half hour, then neutra11zed w1th concentrated hydroch10r1c

as a wh1te solld The t1t1e compound was obta1ned 1n 567,y1e1d

Ny ac1d (about 5 m]) Upon refrtgerat1on, the product crysta111zed

':aﬂg had m. p. ]32 ]330 (dec) Reported (Saf1r and W1111ams, ]952) ;df |
1a2:183° (deC) L .f“»’ . ",'\u. R

1

b " - 8"
IR spectrum (NUJol mu]]) 1610 cm (C 0)

.~ NMR Spectrum (CF3COOH) s 3. 8 4.8 (broad two proton mu1t1n1et

"-CH ), 6 9 8 3 (broad four- proton mu]t1p1et wh1ch Iarqely exchanged
Ifupon add1t10n of 0,0, NH CHZCONHOH)

mmbms—lbmd(22661+!652 R R

2 6NZO2 requ1res c, 26 66 H 6 72
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. prec1p1tated silver ox15@5was washed by decantat1on with d1st111ed 7

S
L

(11) Synthes1s of 0- benzoqu1none - (W111statter and

-

_ Pfannenst'le'l » 1904)

S1lver n1traté§(0 1 mole) was d1sso]ved 1n d1st111ed water-

(25 m1) and a]ka]1n1zeé§hnth 3N sod1um hydrox1de (about 35 m]) The ‘?

" water (12 X 100 m]) then w1th acetone (6 X 100 m]) and f1na11y with’
) anhydrous ether (6 X 100 ml). . Anhhdr@hs sodium’ su]fate (0 1 mole)- -

-2

The: react10n mlxture was shaken for‘ fminutes,'fﬁltered and the.

' ether removed from the filtrate 1n vacuo The crude res1due was

used 1n subsequent react1ons w1thout further purif1cat1on
mIR spectrum (NUJo] mu11) 1660 cm (r-o)

“NMR spectrum (CDC] ): 6 6 2-8 4 (m, 4 c5ﬂ402), e

Method 1 (0ch1a1, 1967, p. 195) LR e

To a so]ut1on of the appropr1ate 1 hydroxyqu1noxa11n-?-one |

- 4-ox1de (0. 096 mo]e) d1ssolved in ch]oroform (20 m]) (wh11e ch111ed

7,_1" 1C€) DhOSPhorus tr1chtgr1de.(0-02 mo]e) was added dropwrse .The_f .

‘\m1xture was " ref]uxed for one~hour then neutra11zed w1th qu sOdiun

'1.hydrox1de After separat1ng the chloroform layer .and extract1ng T

the aqueous so]ut1on with chloroform (2 x 25 ml) the combined

ch]oroform extracts were. dr1ed over anhydrous sodium su1fatecbnd the :

'ch]oroform removed in vacuo, The residue was recrysta[l%zéﬁf;romv4:,...'

: ;absolute methano] o R -

-169- .
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Method 2
Anhydroﬁs dioxane (200 m]) was cautI

pa]]ad1um charcoa] (100 mg) in a Parr q]ass

AAfter the approprvate 1 hydroxyqu1noxal1n 2-

was added, the reactvon suspens1on was shake

- hydrogen gas pressure The pressure was re]

_ ethanol.

“suspension f1]tered and the dloxane removed

in vacuo. The product obtaxned was recrysta

-

Attempted synthes1s of 1 hydroxyqu1noxal1n—2

ous]y added to
hydroqenatIOn bottle.
one 4-ox1de (0 005 mole)

n on a Parr

hydrogenat1on apparatus for two to four hours at 40 p.s.i. '6ﬁp

eased the react1on h
from the f11trate

1’1zed from anhydrous

A
5

thdroxam1c acid and o-henzoquinone

Glyc1ne hydroxam1c ac1d (n. 01 mo]e)

(ﬂ 01 mo1e) were d1ssolved in d1st11]ed wate

-

- the: water removed 1n vacuo No pure product

f*#§§fthe black res1due

*v.’znno 3400 em™ (OH NH). "

: IR spectrum (NUJol mull). 1605 cm

'lAttempted synthes1s of- 1 hydroxyquwnoxa11n 2

7 and 1630 cm™' (c=0); -

-one'frOm glycine

1

.

and g\henzoqu1none'
r (1001m1)

-reaction m1xture was kept at room temperature for~hhree days, ‘then

ifl L :

was 1so1ated from

1T

-one by reduct1ve i

_ngization of ethyl N-o-nltrophenylglyc1nat

A so]ution of ethyl N-o n1tropheny]g

e - (Coutt et 1 1964)

-170- .
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N

N
Al

: dioxane (25 mi)'was added over fﬁve minutes to a suspension of

\ pallad1sed charcoal (1.2 g) in $% sodium hydroxide solution (90 ml)
conta1n1ng sodium borohydride (0 025 moIe) A stream“uf dry n1tronen
was passed through the stirred mixture for 30 minutes, thelcatalyst
removed by f11trat1on, and the f11trate ac1d1f1ed with diIute

' hydroch]or1c ac1d . The ac1d1f1ed filtrate was extracted with
ch]oroform (3 X 50 m]) The combined chloroform extracts were
dried over anhydrous sodium squate and the ch]oroform removed
in vacuo. Recrysta1]1zat1on of the res1due from abso]ute methano]
~ gave 1 6 g of product me]t1ng at 148- 155°. Repeated recrysta]11zat1on .‘
from abso]ute methanol did not narrow the me1t1ng po1nt range.
Reported (Coutts gt_a] ]964) 156°. _ Th1n layer chromatography »
on s111ca gel-G with CHC13(°) MeOH(]) gave two spots after 1od1ne v a f
vapor treatment w1th Rf = 0,36 and Rf = 0.43. The product gave a .
dark blue color w1th alcoho]1c ferr1c ch]or1de - v

T spectrum (Mol mul1) 1660_cm (c=0), 3200 e and

3270 em” (ou NH) | o e

yo- - ' s Ty jv. ) - ' ‘ ‘ " A,
Attempted synthes1s of Y- hydrOxyqu1né§§11n-2 one
2

Genera] method 1 for the synthe51s of 1 hydroxyqu1noxa11n<2-

ones, gave - 0.8 g-of product which did not melt up to 300° from
: ] hydroxyqu1noxa11n 2 -one 4- ox1de The product d1d not give any
, co]or change w1th a]cohollc ferrlc ch]ortde Thlniﬁayer | _

_ chromatography on s1llca ge1 G WIth CHC1 (9) MeOH(l) as develop1ng

LI so1vent gave.a s1ng]e spot after od1ne vapor treatment WIth Rf 0.28.



e

% 222 (0. 2. 180 (6.n2), 163 (9.9), 162 (100 0), 135 (5. °), 134 (70. 6)
i

: p 4 15 S “ dwf

-172-

IR spectrum (ouol mi11): 1670 cm” ¥ (c=0), 3080 on!
and 3160 cm” (NH JOH). |

Mass spectrum m/e (% re]at1ve abundance\ 21*'(0 1R),

133*(5 5), 107 (6.7), 106 (oz 4), 105 (35.3), on (8 .2), 80 (8.1),

f’ 79 (67.2), 78 (26.6), 77 (2.4, 76 (8.9), 75 (5.5, %7 (12. 0) e (1. 5)

65 (R °), f4 (17.8), 63 (21 5) 2 (8.7), 61 (4.5), &a (5 2) §3' (9. 5),

. 52 (60 5)’ 51 (a7, q) .50 (21 q), ay (3. q) an (5. 7) 30 {10 AR ‘,_g - {w :

3 (18.3), 37 o, 6) ?0 (3 5\ ZR (13 8) 27 (1. 2F (7.9).

Amalysts - - Found var1ah1e €, €3.12; H, 4.98 and , :9.05;M~‘ e
. -

Attempted synthes1s of: 8-methyT«T«#yﬂcﬁxyq01noxa11n-2 -gne

1- hydroxyquvnoxa]vn 2 ones gave 0.7 g of a compound which mefzeﬁ ,‘
“at 252 258° from 3-methy] 1- hydroxyqu1noxa11n 2-one 4 ox1de |
The product did. not q1ve any color change with a]coho]1c ferric
chlor1de Th1n layer chromatooraphy on s111ca ce7 G w1th CHCY (Q)
MeOH(]) as deve]oplnq so1vent qave one spot after iodine vapor
treatment Wwith Rf n.€6. ; B

IR spectrum (Nu301 mult): 1#60 cm—] tF-O\ -

Mass spectrum: m/e (% re1at1ve abundance), 93n (4A4)-’é;'
229 (0 8), ?28 (7. 2), 202 (6. 6\ 201 (3 2), 200 (10 4), 106 (22 d),
195 (8. 2), 194 (72 0), 168 (32. n) 167 (25 0), 166 (100 O)
165 (52 0). 160 (6. 8), 138 (6 0), 132 (12 2), 131 (38 0), 126 (7. 2)




‘ . . | . ) : o I . .

124 (15.4), 104 (7. 0), 103 (4.8), 102 (5. 2), 101 (3.4), 1nn (5.2),
99 (8.2), 98 (6.6), 97 (9.0), 90 (15.2), 89 (6.8), 88 (10.0),
83‘(3.§) 77%1.2), 76 (12.8), 75 (14.2), 74 (8.6), 73 (9.0),
| 65??#6'2) 64 (12.4), 63 (42.0), 62 (20.0), 61 (. 2y, 52 (16. 4)
51 (10.8), 50 (12.0), 42 (4.2), 42 (11.6), 39 (9. 0), 38 (12.2),
37 (7.2), 28 (13.6), 27 (1. 8), 26 (6. 4y, 18 (3.4), 15 (7.2).
' Analysis - Found: C, 54.705 H,'3.93; N, 14.59. o

-

Cf C1N20 requ1res : C, 55.545 H, 3.63; N, 14.30. _J; o

) . ) ' T
'Attempted synthesis of 3-pheny]-1;hydrbxyquinoxalih-z-one
"1\.- ’
Genera] method 1 for. the synthes1s of” 1-hydroxyqu1noxa11n-

C2- -ones gave n. .8 g of a product from 3 phenyl 1- hvdroxyqu1noxa11n—2—

o one 4-ox1de wh1ch me]ted at 225 228° The compound dave no co]or ;:»é;'

change w1th a1coho11c ferr1c ch]or1de Thin- 1ayer chromatography

on s111ca ge1 G with CHC] (9) MeOH(ﬂ) as deve1op1ng so]vent cave

a s1ng]e spot after 1od1ne vapor treatment wwth Pf =10, 70 ‘:5

IR spectrum (NUJol mu11) 1655 cm_ (C O)
_ - Mass spectrun m/e (% re]atlve abundancé% 292 (0 34), )

.v 291 (0. 09) 390 (0. 51), 258 (8 7) 257 (4.6), 256 (26. 5) 230 (14 7)
f229 (7. 8) 228 (45 6), 223 ( 9 6)‘/233 (60 3), 105 (14 6), 194 (1n0.0),

Tsﬂ"?ﬁ 0, 102 (7. 6)\\167 6.0), 166 (8 2), 124 (5 7), 114 (a. 0)
“3?7_(tc53: Tadclid 1), 103 (7.6), 97 6. 2) 91 (11.6), oo (27. 2),

89 (In,4), 22 (‘ &, 73 {4»1\ 77 (25, 6) 76 (13 5) 75 (8. 1),

74 (4 3} 65 (8 d); Fi _3 ,2 3)

51 (zo 7) 50 (14.1). -"’*,?' 3; TT #},.33 {x 7) 28 (2~z) 27 (3. 7)

1




Ana]ys1s - Found C 69 383 H 4.42, N, 11.42.
| C14H9C1N20 requ1res C 65, 51 ‘3.53, N, ]O'Q]f

314-01hydro-]-hydggggguinoxaTin-ééone ‘, L » djl -

rd
o "

i' General method 2 for the synthes1s of 1= hydroxyqu1noxa11n-

2-ones gave the title compound in 89%~y1eld from 1-hydroxyqu1noxa11n-

- 2- one 4-ox1de The react1on suspension was. shaken for four hours

.The product had m p. 161 162° and gave a dﬁ“k blue co]or w1th
13a1coho]1c ferr1c ch]orlde Reported (Coutts et a]..]964), m.p. 156°
:Thln layer chromatography on’ 51]1ca gel G w1th CHC] (9) MeOH(])

as deve]opIng soIvent gave a_sgngle spot after 1od1ne vapor
’Jtreatment Hlth Rf O 39, ,‘ ; L L vlkf B R

| IR spectrum (NUJO1 mu]]) 1660 em™! (c=0), 2300-2700 cm”!

g(on) 200 o ). I

a -

MR spectrin (onso d ) 5 3.94 (m, 2, NHCH,C0), 6:04 (5,7, N,

absent after DZO exchange) 6. 5 7. 8 (m, 4, Cs_a)’ 10.42 (s, 1, OH
| absent after DZO exchange) R “ : A,‘
Mass spectrun m/e (7 re]at1ve abundance), 116 (O 73),, o

165 (6 34), ]64 [c 68_20 ] (68 3), ]48 (6. 8), )47 (14 2), ]46 (9 5),
_]36 (0. 2), 120 (8 3), 1]9 (]00 0), 118 (13 2) 92 (19 0), 91 (6. 8)

f( 90 (4 9) 78 (5 4), 77 (5.4), 68. (4 9) 65 (]2 2) 64 (6 3) 63 (5.9),

53 (4 9), 52 (6.1), 39 (5. 9), 28 (8.3), 18 (6.3). ‘N

” Analysls - Found: C, '58.56; H, 4. 995 N, 17.06.

CBHSNZOZ requ1res C, 58 53 H 4 91 N ]7 06
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3- Phe"yl 1- hydroxyqu1noxa11n 2-one t R -

., o
4‘1\

| N L = AR
Follow1ng general method 2 for the synthe51s of Lo

',ﬁa ﬁghydroxyqu1noxa11n*2-ones, the t1t1e compound was obta1ned in

3 - 95% y eld from 3 pheny1 1-hydro .qu1noxa11n-2-one,'

The react1qn suspens1on was shake two hours ﬁu.efproduct

.-'fCe, %

had m‘p 157 5- 158° and gave a dark b]ue co]or w1th a1coho11c
ferric chior1de Th1n laver chromatography on s111ca ‘ael G

w1th CHC13(°) MeOH(1) gave one ‘spot after treatment‘%1th 1od1ne

. AN

vapor hauwng Rf. = 0.62. ”'_ o N ) R R
IR spectrum (NUJOI mu11) 1620 cm'I;(c=o),.2200-3200,¢m*] S

!ﬁrgnmv '.;" NMR spectrum (CDC13) § 10, 87 (s, 1, NOH absent after 020
‘ ‘exchange) 7.1 8 6 (m, 9, rema1n1ng protons) ¢ ‘d ‘
SR Mass spectrum m/e (% re]at1ve abundance) 240 (1 82),

239 (15 8), 238’ [C]4H,0N202] (84 8), 222 (29.1) 221 (20 0), =

210 (33.9),. ]94 (32. 1), 193 623 6), 106 (9 ]). 105 (TOO 0) 90 (29 1), B
7 (24 .2), 64 (8. 5). 63 (12 1), 51 (85) 39 (8 5) 28 (13 9),. ..'{\;_ -
- 18 (36 9), 7 (7 3) a .@- Yo - '

Analysis - Found C 70. 32 ‘H, 4 44¥&N, 1] 73

CiRnE
ot

c,4H,0N202 requ1res ¢, 70. 58 H, a. 23 N 11. 75 a :f E, B I

B I‘



’ Ny 177 (12 5), 176 [C9H8N2 ] (100 0), ]60 (7 5), 159 (14 7), 148 (3] 3).

b T T e

-‘ ] . - B . v‘..'. . . ] ..\ .

| 3¥Methyl~1-hydroxyquinoxalin-2-one B o ' PR

R

Ch _
Ihe t1t1e compound was synthes1zed in 781 y1e1d by genera]
'f  method 2 for the synthe51s of 1- hydroxyqu1noxa11n-2-ones from “i y
3-methy1 -1~ hydroxyqu1noxa1wdl 2-one 4-ox1de The - react1on suspensfon,'Lif"
was ’shaken for three hours The product had m-p. 185\ 186° and gavevr

: a dark blue co]or w1th alcoholic ferr1c chlor1de. Th1n 1ayer B fg"? .
”chromatography on s111ca gel -G w1th €H (9) MeOH(l) as.

developlng so1Vent gave one spot after 1od1ne vapor treatment w1th
-nf-ow I Loa e o ,' ,
TR spectrun (Nu301 mal1): 1630 cm™! (c=0), zsoqészbolgm;?

- NMR spectrum (CDC13). 8 2. ]2 (s 3, CH3), 11 2 (s,.l, NO_) f.
7. 3 8 1 }m 4 rema1n1ng protons) / o

-

Mass spectrum m/e (% relatlve abundance), 1#8 (0 94),
132 (6. 9), 131 (14.1), 107 (s. 5) ‘306 (71 9), 105 (66.3), 90 (. 3).
9 (16. 9). 78 (10 9), 77, (12 2), 76 (9. 7) 75 (3. 8) 74 (10.3), -
65 (3.8), 64 (13.4), 63 (16 9), 62 (5. 3), 52 (10. 3), 51 (10.0),
| ‘fso (9 1, 43 25.0), 39 . 6), 23 (4. 7), 18 (lo/s) «
1 Analys1s B Found r 61.32; H, 4 775 N,.16.02. R

N cgngnzo2 requ1res C, 61 36 H, 4(;8 N, 1s, 90
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‘LT.J7EXPERIMENTAL R R N '}

"

/7ﬁ Ma]e rats we1gh1ng approx1mately 200 gn'wégg%pnesthet1zed w1th

urethane (1. 99 g/ kg) 1n3ected 1ntraper1tonea11y The trachea was

cannu]ated and the arterlal b]ood pressure recorded through a |

,polyethylene cannu]a 1nserted 1n a carot1d artery u51ng an E and M~» '
"preSSure transducer (type P TOOOA) connected to an E and M phys1ograph
"(type DMP 4A) The vagus nerve on the. same side as the carot1d CJ‘

r -'»cannulat1on was cut. The vagus on the oppos1te 51de wis carefully y[;"
‘dISsected free from 1ts carotld sheath, tled and cut cephalad then

. " \"
L gent]y pTaced on a(pa1r .of p]atxnum electrodes connected to a.

B st:mu]ator SeveraT drops of heavy l1hu1d paraffln were p]aced on jf~\

; the nerve-electrode Junct10n Drugs were d1ssolved in 0 9% salxne
o ‘and 1nJected through a poTyethyTene cannu]a lnserted 1nto a femoral

;*su,_ve1n,c~After each 1nJect1on, the drug was uashed 1nto the an1ma1 thh

"0 2 ml 0.9% sa11ne.‘ The blood pressure response(to two doses eachlof . | o

0.92 sa11ne (0. 2 m]), noradrenallne b1tartrate (5 ug/kg),'.r

acetchhoT1ne ch]or1de (0. 5 ug/kg), vaga] st1mulat10n (15 volts at;};d”‘;
25 Herz and 0 5 m1llxsecond durat1on for fﬁve seconds) and : S oS
'1 1- d1methy]-4-pheny]p1perailne (125 ug/kg) or n1cot1ne (20—50 ug/kg)
were recorded w1th adequate t1me 1ntervals fbr b]ood pressure
'.recovery between doses The concentrat1on of each drug was (‘
- calcu]ated such that the correct dosage was admlnlstered 1n 0 l-ml
-v‘of a 0.9% saT1ne so]utlon of the drug. The qu1noxa11ne |

'1der1vat1ves were g1ven as solutlons 1n 0 1 m] of N/]O NaOH



¢

"The order of adm1n1strat1on of these "standard drug" dosages was

4random1zed among the exper1ments but a part1cu1ar sequence was '4

'ma1nta1ned w1th1n an experlment ' Follow1ng the recordlng of the

i"standard drug" respunses the "test’ drqg. was g1ven at the de51red
'dOSage level (0 1 mb of a 0.9% sa11ne squt1on) and thé "standard

'«{drug" responses repeated Ihe "standard drug" reg1men was "f

repeated unt11 e1ther the b]ood pressure recovered to its level-

. before the adm1nistrat1on of "test drug“, or “the blood pressure

§ﬁ'5ed na 1nd1cat1on of mak1ng a :ecovery even after a pro]dnged A

.~ period of t1me. or the rat died. | R

- . ~ . g - N ¢
} . . . ! - ) ¢ . ) . . . »
. . . . :
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’ ”II.“REEULTSv‘Qf

Examp]es ‘of Recordlggs of the- Changes -in Arter1a] Blood Pressure of

-the Anesthet1zed Rat Caused by Var1ous Drugs~\

F1gures VII to IX are: carot1d blood pressure recordxngs rh‘{w

' of anesthet1zed rats for three compounds obtained in the present -

o 4

1nvest1gat1on These record1ngs were chosen to lllustrate the v ' . %

—A‘

: responses of the arter1a] b]ood pressure to the screenlng

reg1men used thrqughout this study to evaIua!e hypoten51ve

activity. vIn each f1gure, the foIlow1ng code was used' SN Twi
e V.= vagal . ¥1mu] tion at 15 volts 25 Hz and 0. 5 mllIr- _ T
- second Qsecon ds. : S

S = 0 2 ml. of 0. 9% sal1ne _ :
- 'A.= 0 5 ug/kg of acetylcho]1ne ch]or1de L ;“__< B

- "ﬂ”"'bf% 125 ug/kg of 1 1-d1methyl-4-phenylp1peraz1ne B 1
S N = 5 ug/kg of noradrenallne as. the bltartrate' \‘ ié&

T T= testxdrug at dosage shown in 0. 97 saTxnc S

A,ID, Ny Vo= stand didrugs“'v g ‘

‘ An eva]uat1on of 2—methyl-3 [1- (4-ethy1p1perazino)]-: ngr/’
"'. prop1onohydroxam1%hac1d-monohyd:;chlor1de (L_) aJ‘S mg/kg 1sfi |
}'presented in F1gure VII Th1s compound produced a trans1ent
jr1se in blood pressure - not a fall. Furthermore, the blood17~,. 3 ;ff‘ff?
§ pressure responses to the "standard drugs“ before and after o
]'adm1n1strat1on of the test drug were unchanged Thus.,the
conc]uszon was: drawn that compound (ug) was inactive as a

“ff5hypotens1veqagent at the dosage of 5 mg/kg ‘nact1ve compounds )

7*such -as th1s were common and served as usefu] controI recordlngs S e



R A cr|3cu2 N N cnzcucu3connon ucu e
""HTHFHTIHH'HHHHHIHnlnnrnﬂ IFHU"‘"
R ‘Tll‘l‘l&fll‘l Mmutes '

L4

o
e
Syl

-

R JT'rlTTYl]TYT"IIYV‘IY'IY'j'I"'I7ITT7

anure Vil: Hypotonswo evaluation of 2-methyl 3-1- (4-

ot Ylplpemzmo)]prop.on‘ohydroxomlc aud monohydro_}'
i'hlonde (121) e . i

»



methyl 3—me€ﬁ}1-3-[

S ol181-

3. -
T
s
\

to verlfy the valldIty of the screen1ng reg1men

F1gure VIIE?#eplcts a blood pressure record1ng obtaIned for

(4-phenethy]p1peraz1nyl)]prophonate d1hydrochlor1de

l(gg) at § mg/kg ThlS compound produced a s1gn1f1cant fall in_ blood
”jpressure (53%) for a prolonged perlod of time (> l 1/2 hours) »

' additlon. the blood pressure responses to vagal stlmulatlon (V),. ‘ ' i

R future lnvestIgatlon of spec1f1c mechanwsms of act1on

1 l-d1methyl-4—phenylp1pera21ne (D). and acetylchol1ne (A) were all
‘-reduced after admlnlstratlon of the test drugorelat1ve to responses -
o ;before the test drug was g1ven. The response to noradrenal1ne (N)
'..after test drug adm1nlstratlon was s1m1lar before and after the : *:
“;» test drug;' Such a pattern of effects suggests that compound (__)

' may Pe produc1ng qits effect on blood pressure by a gangl1on1c block1ng

mechan1sm Although such agconclus1on based on th1s data must rema1n :

\tentatIve, the lnfonmatlon prov1ded would be useful 1n d1rect1ng .

L : AR

FIgure IX rllustrates the blood pressure responses recorded o

»for 3-[1 (4-phenylp1peraZIno)]prop1onohydroxam1c ac1d monohydrochlor1de :

’ (136) at 5 mg/kg.. In th15 record1ng, compound ( 36) Caused a profound

depress10n of the. blood pressure (68%) for longer than three" hours "

- Responses to vagal st1mulat1on (V) l l-d1methyl-4 phenylp1peraz1ne

'];(D)’ noradrenallne (N) and acetylcﬁbl1ne (A) were all reduced after - ;

~.f:otherﬁcompounds. th1s result is merely suggest1ve and malnly of value

‘bhadm1nlstratlon of the test drug. This was taken to 1nd1éate a

‘17m1xed gangl1on1c block1ngyand u-adrenerg1c blocking act1on As wwth

e

.l\

d1cat1ng future ltnes of study.. o . l-“ ‘ '3 i
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(136)
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Pharmacolog1ca1 Evaluat1pn of Amlnoester Hydroch]or1des, P
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¥
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, Am1nocarboxy]1c Ac1d Hydrochlorldes. Aminohydroxamlc Ac1d L ) o wf

'ﬂxdrochlorrdes, I-Hydroxyqulnoxa]ln-ahone 4-ox1des and

1- Hydroxyqulnoxal1n-2-ones. S _v ‘", T

AII the compounds synthes1zed in thlS‘study were eva]uated for

'j-the1r ef?ect on the arter)a?“blﬁod pressure of urethane—anesthetIzed -
“vrats At each dosage tested ;év@tp compound was evaluated at least -“*-~”(v7'
ftwlce in separate animals The data obta1ned 1s shown in Tables XVII B
xvm XIX, XX, XXI, XX, xxm and xxrv 3 L I

v

For Tab]es XVIII XX XXII and XXIV, where the effect of the

[ Vo o - “
test drug upon the "standard drug blood pressure respOnses of the s
: anesthet1zed rat are reCo"fed. the following symbo]s are ue‘, :

3 *4+ to 1nd1cate a b]ood presSure response to the standard drua" aftern 3
test drug adm1nlit\at10n equal- to'2/3 or greater of the response
| befbre the test drug was given. ’

h J
b L ‘
Q\) + to 1nd1cate a blood pressure response to the standard drug" afte{"

test drug aHm1nlstrat1on from 1/3 to 2/3 of the response before S

d

the test drug was glven\

| o ‘ T PR

+ to 1nd1cate a blood pressure res_ e to the standard drug" after v-'(‘,k. >

L 1 o S| W
‘test drug adm1n1strat10n ]ess tha 1/3 of the response before the /(T

' ,test rug was*g1ven

: . » - . P BN
BRI Loe S : s :

- indicates a complete absence of‘any b]ood pressure response to the o
_._°\

»_:”standard drug" after test drug adm1n1stratlon. g



TABLE XVII B .

' B]ood Pressure of the Anesthetized Rat
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TABLE XVII B cont'd

Effect of Am1noester Hydroch]orldes on the Arter1a1

Blood Pressure of the Anesthet1zed Rat
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Effect oﬁQAm1noester Hydroch]or1des on the Arter1al

“Blood Pressure of the Anesthet1zed Rat - “‘i o

H Dosage
(mg/kg)

Nuﬁber of
}Experiments

‘ :Mean B.P. :’«5'ﬁ§§n5" R
" Fall Perce\tage

Mean .
Duration

{mm/Hg) - - B.P.MFall (M1nutes)

e
.’?4f e
'fés;‘

101"

102

163

104 . -

105

106

Ty

2

2 25

= ‘ |

2 s0 . -7
29 gy
16 T3 Ses
24 5 |
e 4
23 3% 55

28 5

3.5 -
s
L e . 32_v» %79‘ . ‘ -
14 i{.v, B '2§;f 16;5 o

'k‘:g;:é]42‘;



“Compound _ S
N\, Experiments‘ j (nm/kg) : (mm/_Hg_) ‘B.P. Fall (Minutes) -

TABLE XVII B cont d

Effect of Am1noester Hydroch]orfdes on the Arter1a1 S o

B]ood Pressure of the Anesthet1zed Rat
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- | TABLE xv111
Effect,of Am1noester Hydrsch]orldes on the Standard Drug B]ood

Pressure Responses of the Anesthetized Rat

‘Dose Vagal N1cot1ne
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TABLE XVIII cont d
Effect of Am1noester Hydroch]orldes on tbe Standard Drug Blood
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fv Effect of Am1noester Hydrochlor1des on the, Standard Drug B]ood

a

A/Compound

Dose Vaqa]

.

N1cot1ne €

Pressure Responses of the Anesthet1zed Rat

; Noradrenal1ne Acetylcho]1ne
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SR . TABLE xvm cont'd T
Effect of Am1noester Hydrochlor1des on the- Standard Drug B]ood

Pressure Responses of the Anesthet1zed Rat

\

nd. Dose Vagal - Nicotine (N)
(mg/kg) St1mu1at1on ~or DMPP (D).
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| Effect of Am1nocarboxy11c Ac1d Hydroch]or1des on the‘ .

: L4
: Arter1a] B]ood Pressure of the Anesthet1zed Rat
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Mean B.P. ' Mean = q&iiﬁ

Compound - Number of A Dosage - Fall- : Perﬁfntage Duration
: = Fall (Minutes)

~Experiments - v(mg/kg) (mm/Hg).
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'°.” Effect of Am1nocarboxy11c Ac1d Hydroch]or1des on’ the Standard Drug' : ,;
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, TABLE XXI

- Effect of An1nohydroxam1c Acid Hydroth]or1des on the.

,Comﬁound'

Number of
- Experiments’

'f>Doségé-
(mg/kg)

. Mean ,
B.P. Fall
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Arter1a] Blood Pressure of the Anesthet1zed Rat
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TABLE XXI cont'd
Effect of Ammoh_ydroxamc Ac1d Hydrochlondes on the
Artena] Blood- Pressure of the Anesthetlzed Rat
| Wean ‘. Meen - Mean

* Compound _ Nunber_ df'_-.DOSagé ~ B.P. Fall = Percentage Duration U
' ' Experiments ~  (mg/ko)} (nm/Ha) B.P. Fall - (Minutes) '
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TARLE XXI cont'd """ o ,1 '
: Effect of Am1nohydroxam1c Acid Hydroch]or1des on the
: Arter1a1 B]ood Pressure of the Anesthet1zed Rat -

o 0 Mean Mean ° . Mean
- Compound Number-of . Dosdge B.P. Fall .Percentage  Duration

Experiments  (mg/kg) (mm/Hg)  B.P. Fall (Minutes)
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Effect‘of Aminohydrexamlc"Ac1d Hydroch]orIdes on the Standard Drug

Blood Pressure Responses of the Anesthet1zed Rat ‘ ,f_ f
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TABLE XXIT cont'd S
Effect of Am]nohydgexamic Ac1d Hydroch]orIdes on the Standard Drug

B]ood Pressure Responses of the Anesthetmzed Rat
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_ TABLE XXIII 3
L/

Effect of ]-Hydroxyqumoxahn-z -one 4—ox1des and ]-Hydroxyqumoxahn-z-

‘ ones on theﬂArterlal Bl-ood Pressure of the Anesthetlzed Rat

R = Mean B P, Mean Mean
Compound E2$$;e2:5 /,?;S;kg) ¥ Fall Percentage Duration -
B R U 7" Fall - (Minutes)
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Effect of 1- Hydroxyqu1noxa11n-2-one 4
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TABLE XXIV

-oxides and 1- Hydroxyqu1noxa11n 2-

ones on the Standard Drug B]ood Pressure Responses ,
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I11. DISCUSSION Yo

"Effeet of Amlnoester Hydroch]or1des on the Arter1a1 B1ood Pressure of |

‘Anesthet1zed Rats j

The 1n1t1a1 am1noesters 1nvest19ated were the methyl ‘and

,lethy] 3-am1noprop1onate hydroch]or1des Represented by genera] "

‘structure (_ggo the structures of the 3-am1noprop1onate

hydroch]or1des are summar1zed in Tab]e XXV, wh11e the pharmacolog-' ‘;t

ical results obta1ned w1th these der1vat1ves are presented in | L
Tables xv11 and XVIIL. R %%¢~-n L o '_*;'h
S e TABLE kxv

| e BjAmihugrdpiunate Hydrochlorides -

~ R-CHR'cHRZCOOR3.2HCT -

o)

'tmmguu:{'t' s ht_ RO B € B
}4h: .’” 4w; hfki,v,»'HfN - N-f'.{ h‘f‘ . ':-t‘ H cul CoH,
75 .;';- h ; ot 'eu'N N :-n- zé hi Hii tH3: _QH
CH

7% OCHGH,N M- T 4w

T CHy(CHy),N CH
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TABLE XXV cont d

3—Am1noprop10nate Hydroch]orldes _

~

2c00R32HCT

',R-CHR CHR
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B TABLE XXV_cont’ a o

)

3—Am1noprop1onate Hydroch]ondes :

‘cukzcoon3 a1 £

(152) T A |
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E \/, /R‘_ﬁ R3

=3 ) . :
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a : R } _ :
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86 N cn3(cnz)3 - o
87T @N N- . “CH, H  PH,
88 o CHZN N- . CHy H . CHy
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| .\ IABLE XXV_cont'd ;i -

3-Am1noprop1onate Hydroch]or1des

- R- CHR]CHR2C00R3 ZHC]

"».Comgound S R o S 'Bl,‘&'z_ RS

o o ? , ”'.‘_; - ' | L
91 - ' CHZ—N M- - CHOH o CHy
B : _"i _ \__/ R S

| ,92 .—(GHZ)Z-N —-.‘ L . O - U
o , /T _e S B - .
93 . @N N- . HH  CHCH
B ' - [N/ : C e 372 ’
94 - cHé-N‘ S S W ow CHyCH,
=L .' NS L o '

x
oy
po o
w
o>
x

Mldha (]969) has reported the evaluatIOn of the hypoten51ve |

',f act1on of one of the above compounds, namely, methy] 2-methy1 3-

“ [i¥( -methy1p1peraz1ny1)]prop1onate hydroch]orlde (75) The

,iauthor observed that th1s compound (at 25 mg/Kg) gave a 43“ fa]] -
’{(for f1ve m1nutes) in the arter1a1 blood pressure of -an anesthet1zed
“cat; In the present study, the same compound at the same dosage

:gJQavela 20% fa]l (for ten m1nutes) in the arterwa] blood pressure

of(anesthet1zed rats. Qg'? S

-~
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A Before comnentmg any further, it shou]d be noted that o
" most of the fo]]ow1ng d1scuss1on can on]y represent tentat1ve
qua11tat1ve specu]at1on since the pharmac01091ca1 data obta1ned o
for each’ compound is based upon a sma]] number of’experIments .
o Furthermore, all test drug dosages were admlnIStered on a mg/Kg
E bases, wh1ch shou]d 1ntroduce a s]1ght b1as by mak)ng those
| der1vat1ves with a lower molecu]ar we1ght seem more potept

I re]at1ve to those ana]ogues w1th a larger mo]ecular we1ght than
B 1f‘a11 drugs had been tested at the ‘same mo]ar dosage Flnally, |

’jthe 11m1tat1on of the screen1ng reglmen employed does not perm1t
‘ _any speculat1on on the pOSs1b111ty of pre-synapt1c Jnteract1ons f, ; m ?(

'or other doss1b1e s1tes of act10n dlfferent from those particular -
‘1'receptors acted upon by the “standard drugs“ ut111zed 1n the L ‘,:,tt
. screen1ng method. R ';“’ | L;l//,,‘- ”\;l;'“ .
- Cons1der1ng the homologous ser1es of a-methyl branched _
B 3 am1noprop1onates, 1t would appear that the hypoten51ve act1v1ty
'1 was greatest for those ana]ogues whlch had ‘a 3-am1no substltuent :

: 1ncorporat1ng a 4 pos1t1on aromat1c group Thus the hydro- ”

. methyl-, ethyl-; n- propy]- and n- butyl-p1peraz1ny] der1vat1ves
produced only. moderate fa]ls in blood pressure for re]atlvely
_short per1ods of t1me, even at dosages up to 25 mg/Kg, whereas .

the pheny]-, and phenethyl p1perazlnyl as wel] as the benzyl- H
and p;hydroxypheny] p1per1d1no der1vat1ves gave relatlvely

B large fa]]s 1n b]ood pressure for ‘prolonged Iengths of t1me

One eﬁtept1on was - the benzy1p1peraz1ny1 compound wh1ch had a



= conta1n1ng ana]ogues Th1s d1fference was notab]e because the

-208-
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‘Mblood pressure response s1m11ar tottﬁat/;or the non-aromatic

_structura]]y s1m1]ar benzy]p1per1d1no dervvative was among the

_more potent hypotens1ve agents in the ser1es Methy] 2-methyl-
: '3 [l*(pfhydroxypheny1p1per1d1no)]prop1onate hydroch]orwde (__) '
.and methy] Z-methyl -3- [1 -(4- benzy]p1per1dqno)]prop10nate hydro-'

< _
.'chlocIde (97) ~were found to cause s1m11ar percent falls in

-

'blood pressure to the various aromat1c subst1tuted p1peraz1ne

der1vat1ves, butamalnta1ned that fa]] for much ]onger perlods of .

C U time. o «;

L

Y

In agreement w1th the observed 1mportance of an aromatlc

'-_,'funct1on in the am1no subst1tuent for hypotens1ve act1v1ty 1n th1s

'type of structure, M1dha et a] (1969) fbund methyl quethyl 3-; -
"[1 (4-pheny]p1per1d1no)]prop10nate hydroch]or1de (4) among the

'f'most potent of the severa] hypotens1ve analogs wh1ch they exam1ned

(i) R

ThlS compound was found to g1ve a’ 44% b]ood pressure fall for

30 m1nutes at 25: mg/Kg The comparab]e p1peraz1ne der1vat1ve

‘ﬁ-‘h 1nvest1gated in the present study was methy] 2-methy1-3 []-

(4-phenylp1perazlnyl)]prop1onate hydroch]or1de (__) whvch gave
l”.'a 56% b]ood pressure fa]] for 41 m1nutes at. the same dosage o

level .~ = N
- B e e . >
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Gy i nzg‘?‘-aﬁvno funct1on

| is best, since two 1n§e§t1gations by Blggs %t.al (1Q§%a$and 1972b)‘1f_-

.

o

- RRNHCHR cHR*coocH.x ©

(1)

A]] members of the a-methyl branched ser1es of 3-am1no—
e prop10nates at dosages of 5 mg/Kg or 25 mg/Kg decreas@d w1th 4
% normal pressor response to sma]] doses of e1ther 1 1 d1methy]--
4—pheny1p1peraz1ne (DMPP) or n1cot1ne, except for methy1 3-
(l-p1pera21ny])proplonate hydroch]or1de (__) which had no affect
upon any "standard drug" response The ethyl- and phenyl- -
”'- 1perazlny1 benzy]- and p;hydroxypheny] p1per1d1no prop1onates
.z;dltIOHa]]y lnterfered with the norma] pressor responses to
noradrenallne, thus 1nd1cat1ng that these ana]ogues possess an :
‘. u-adrenocept1ve block1ng mechan1sm of act]on Of the above , e
.ifbur der1vat1ves. the ethylp1peraz1ny1 der1vat1ve a1so antagonized :
1.the card]ac arrest lnduced by vagal’ st1mu1at10n Th1s resu]t S
would seem to 1mp]y a m1xed gang]1on1c and, a-adrenoceptlve o :_V‘f“‘5 el

- b]ocklng act1v1ty fbr th1s drug The n-propy]-, n-buty]-

o “:'
(SR

L -
AN
o .



- p1peraz!ny] and both pheny1 plpe‘1d'

S R Coe22710-

-
e

n benzyl— and phenethy]~p1peraztnylproplonates attenuated the ﬂ" l fQ
~-blood pressure response to vaga] stlmu]atlon; but left the
, response to noradrenallne una]tered The foregoxng observat1on
‘:could be lnterpreted as ev1dence for~a ‘ganglionic block1ng /

t mechanlsm of actvon for theSe derILatives. A S1m11ar mechan1sm
.1s lIke]y for methyl 2-methy]-3 1~ (4—methylp1pera21ny])]-

.‘ proplonate hydroch]or1de (_§) thch 1nh1b1ted only the

b'responses to n1cot1ne and acety]chol1ne The fa1]ure of th*s ‘
ld.;methylplperaz1nyl analogue to IEhablt the\poradrena11ne response S

‘_'means that an u-adrenbceptlve block1ng act1v1ty for th]S drug e
s unllkely, wh1]e the fal]ure to inhibit vaga] st1mu1at1on
*Iaresponses would seem to 1mp]y'that the degree of b]ockade at f. .
the parasympathet1c gangl1a was less than that at the sympathet1c
' ;vgangl1a. Host of the a-methyl branched ana]ogs reduced the

"7depressor response to acety]chollne, houever, ]1ttle 1mportance

: pwas attached to th15 occurrence s"te comparab1]1ty before and F ._f,‘ 1

-after test drug adm1n1strat1on was Juﬂged lnvalmd due to the

’j-jlouered blood pressure caused by the test drugs

In sunnary. fhose 3—am1nopropionates 1n wh1ch the
},4-p051t1on of the plperaZIne substltuent was an a]kyl or ara-" v
'f'a]kyl group appeared to have gangl1on1c blocklng component 1n ‘

; Lthe1r mechanlsm of act1on -Hﬁereas he 4-phenylsubst1tuted-

derlvattves had an

Thgvposs1b111ty that these

a-adrenocept1ve b]ocklng actlon

a flatter three compounds also possess a select1ve sympathet1c

G
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!

ganglion block1ng act1on or a presynaptlc action l1ke guaneth1d1ne‘v.

¥
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,’ t-could not be ruled out by the screenIng re91men employed

S1m1larly with the B-methyl branched compounds \¢he

presence of a 4- pos1tlon aromat1c group in the 3- am1no subst1tuent'

: endowed the compound w1th significant act1v1ty and a prolonged

durat1on of act1on Once aga1n, the benzylp1pera21nyl analogue |

"was. observed to have lessagypotens1ve act1v1ty than e1ther the

phenyl- or phenethyl p1peraz1nyl B-methyl branched prop1onates

Upon exam1n1ng the responses to the."standard drugs"‘ "‘_ u[ lg;i

after adm1n1strat1on of the B-methyl branched test drugs, 1t was

fOund that the _hydro-, methyl- and ethyl-piperaz1nyl and p;’
hydroxyphenyl-p1per1d1no der1vat1ves, at a dosage of 5 mg/Kg

or 25 mg/Kg. had no effect upon any. "standard drug" response, d

whlle ‘the rema1ﬂhng analogues all 1nterfered w1th e1ther n1cot1ne ‘

t or DMPP The n-propyl-, benzyl- and phenethyl-p1peraz1nyl

—methyl branched compounds also antagonlzed both the responses
~to vagal st1mulat1on and noradrena11ne at 25 mg/Kg These f1nd1ngs

would allow the 1nterpretat1on of a m1xed gangl1on1c and o

‘: a adrenocept1ve block1ng act10n for the latter three compounds

In contrast. the correspondaqg three a-methyl branched proplonates

all seemed to possess a gangl1onﬂc blocklng mechanlsm only itg

o would appear that the mechanISm of act10n for these three of the" ': ' jf-““’

alkyl and ara-alkyl-substltuted p1peraz1nylproplonates had
changed from gangl1on1c blockade in the case of the a-methyl

branched esters tp a mlxture of gan9110n1c and a-adrenoceptlve ?_?'

@
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blockade for the B-methyl branched ana]ogues The phenyl-

;p1 eraz1nyl -as we]l as- the benzy]p1per1d1no an heny] 1 »2,5 6-'

,tetrahydropyr1d1no B-methyl branched prop1onates at 5 mg/Kg : hgggé:'

‘were found to 1nterfere with. the nonma] pressor responses to

B noradrena11ne w1thout havtng an effect upon the vaga] st1mulat1on -J # -

e -

' mechanism The a-methyl esters correspondIng to. these thnee f;a. i

response Such observat10ns suggested ‘an a-adrenocept1ve b]ockIng

hy] branched ana]ogues seemed to have the same mechan1sm,;r

'However, the p0551b111ty of a select1ve sympathet1c gangl1on1c S

_b]ock1ng component in add1t1on to a-adrenocept1ve blockade can

e

not be overlooked for these ]atter compounds The n—butyl—

p1peraz1nyl derIC\tJve abollshed on]y the DM?P response wlthout )

a]ter1ng any other "standard drug" responses or the response "

',to vagal st1mu]at10n “As mentloned for methyl 2-methyl 3-.

[1 (4-methy1p1perazrnyl)]prop1onate hydroch]orIde (75), this:
7

pattern of resu]ts permits the lnterpretation of Selectwve '4 . 3‘ <

l

- _ .
sympathet1c gang]1on1c b]ockade._ Agaln, most B-metha;zbranched « /
. ,

esters attenuated the acetylcho]1ne b]ood pressure <= but-
‘; .

~as w1th the- u-methyl branched com nds. the fact that the
blood pressure was already 1owered d1d not al]ow much s1gn1f1cance

to be attached to these observat1ons

Bes1des deftnlng the deSIrab]e structural characterast1cs

: for the 4 p051t10n of the 3—am1no substItuent the above ser1es

o of compounds were prepared Nlth the obJect1ve of exam1n1ng the o « e

b

" effect of a- and B-methy] subst1tut10n upon the hypotens1ve



o appeared to act predom1nate1y by an u-adrenoceptlve receptor ’

-213-

response.  In comparing the magnftude and“duration*of blood
| pressure fall of\the u—methyl branched ana]ogues w1th the .

fcorrespo ding B-methy] esters, any differences’ observed were.
¢
rnot cOns?ZEpnt]y in favor of either serles “for those derlvatives

' 'act1ng via a gang]10n1c b{ock1ng or a m1xed gang]1on1c and

.1 —adrenocept1ve receptor block1ng action. Houever,.fbr the ,

. pheny1p1peraztny] and benzy]plper1d1no substituents uh1ch | o
block1ng mechan1sm, the a—methyl der1vat1ves had a someuhat N
greater magn1tude of hypotens1ve response\than the B—methyl

: branched prop1onates Those methyl 3—am1noproplonates w1th no

a=or B-methy] group, namely, methy] 3-[- l(4-phenylp1pera21nyl)]—-

proplonate hydroch]orlde (__) methyl 3 [] (4-benzylp1pera21ny])]-

$ﬁp1peraz1nyl)]prop10nate hydroch]or1de (__) h d 51m1 ﬁr magnltudes.. 5:} .
dﬁ&atlons and mechan1sms of hypotens1ve acty to the correspondlng
methyl esters w1th an a- or B-methyT branch Taken together,i

these observatlons uou1d°seem to suggest that the pre o

_absence of e1ther an o= or B—metﬁY];grnup-was n§?~"'

‘ab1]1ty of thxs type of 3—am1nop:op10nate t--“

,pressure of anesthet1zed rats for a per1od of tlme N

| To compare w1th the methyl - 3—aunnoprop10nates ]a;king an

. a- or B-methyl group, three unbranched ethy] 3-am1noproplonates

“:,were synthegpzed Ethy] 3 -[1- (4-phenylplperazlnyl)]proplonate
_ﬁhydroch]orlde (__) and ethyl 3- [1 (4—benzy]p1perazlnyl)]proplqnate



: hydrochlor1de (__) had s1m11ar magn1tudes and durat1ons of actlon
as ‘the correspond1ng methyl esters However, ethyl 3- [1 (4-

".phenethy1p1peraz1ny1)]prop1onate hydroch]or1de (95) 1owered the

;_: b]ood pressure on]y 28% for f1ve m1nutes at a dosage of - 5 mg/Kg,

.,wh1]e methy] 3 [1 (4- phenethy1p1pera21ny1)]prop1onate hydro-
- ch]or1de (92) gave a b]ood pressure fa]] of 45% for longer than

40 mfnutes at 5 mg/Kg - f?; T v o |
A]though th‘e three: met. esters and the three @y]

,psters al] 1nterfered w1th the pressor response to DMPP

k)

‘we?ﬂ as ‘the depressor response to acetylchol1ne at 5 mg/Kg

- or 25 mg/Kg. the1r effects upon the other ‘two "standard drug"-i

'responses were 3§;1ab1e Of the s1x esters, methy] 3= [] (4-
‘phenethy]p1peraz1ny1)]prop1onate hydroch]or'de%gﬁﬁ did not

1nterfere w1th the pressor response to noradre a11ne or w1th the _

' tresponse to vagal’stlmulat1on, thus 1nd1cat1ng a possxb]e

."a‘iselectwve sympathet1c gangl1on1c b1ock1ng mechan1sm of act1on for _

thws compound‘- Suggest1ve of a m1xed gangMonic and a—adreno--
'.cept1ve bt ck1ng act1on methyl 3- [1 (4 ben:)lp1perazlny1)]-

' :, dprop1onate hydroch10r1de (91) was the on]y der1vat1ve to

add1t1ona]]y attenuate both vagal st1mulat1on an noradrena11ne
responses The rema1n1ng four unbranched estersf

; 1nterfer1ng w1th DMPP and acetylchollne responses also _

; antagonized the noradrena11ne response, but d1d not a]ter the

”vagal st1mu1at1on response Th1s was cons1stent w1th an a-

' VIV‘adrenoceptive receptor b]ocking act#on

Y
Byen

bes1des s
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Once. ev1dence of the 1mportance of the aromat1c am1no functiona]

group,and the re]at1ve un1mportance of the presence or absence of
s-methy] substituent was obtained the effect of 1ncrea51ng or

decreas1ng the number of methylene groups 1nserted between the |
am1no funct10n and the ester _group on the degree and durat10n of 3

' hypotens1ve act1v1ty were examIned Th1s was approached b@

‘ preparlng severa] ethy] formate, ethyl acetate and ethyl butyrate
der1vat1ves conta1n1ng the aromat1c-subst1tuted am1no groups _

| prev10us]y found to be assoc1ated with h1gh1y act1ve hypoten51ve

3-am1noprop1onates The structures of th1s new serles of compounds h

represented by genera] formu]a (_ZQ) are represented in Tab]e XXVI

wh1]e the pharmaco]og1cal data 15 smmnarlzed 1n Tables’ XVII and
,,xv111 ' |

' TABLE XXVI
" Ethyl Amlno-ester Hydrochlorides
R=(CH, ) coocu CH3 L R

' L
' Compotnd 3 nooox
.5‘ . ] ' ..
102 N- 0
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TABLE XXVI cont d 7

Ethy] Ammo-ester Hydmch]omdes
‘R’ (CHZ)nCOOCHZCH3 xHC1

,.3 . .‘ .y
|x

Com@_und : - B_ R L :
103 ', @(CH) N N- » L 0 1
104 ' T

-

o N, e R
18 N Che
LA (.C‘Hz)z.-N B

,.
t
~o

105 / \CHZ--N CNe

—
N

w-
~

w

(AN ]
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TABLE XXVI cont d

: Ethy] Am1no-ester Hydrochlor1des

( . R (CHZ) coocuzcu xHCT
. R (170) .
Compgund“ * _ -": R n s

‘ ’ ; . v S
Of the three formate der1vat1ves, ethy] 1- (4 benzy]-

p1perazrny1)formate hydroch1or1de (1 02) had a similar magn1tude '

~ and durat10n of action, wh1]e the pheny]- and phenethyl-p1peraz1ny1-i

o formates were much weaker hypotens1ves than the correspond1ng |

Y3

,'ethyl 3-am1noprop1onate hydroch]orldes (a]] der1vat1ves_were compared~"‘”
‘at the 5 mg/Kg dosage level) Exam1nat10n of the ethyl acetates

%revealed that ethyl. 2- -[1- (4-phenethy1p1peraz1ny1)]acetate _ -

hydroéhlor1de (_Q§) had a hypoten51ve response at 5 mg/Kg comparab]e ;'ﬂ§r

to the s1m1]ar]y subst1tuted ethy] 3-am1noprop1onate, whereas the_r

'l:_phenyl- and benzyl-p1perazlny1 acetates compared w1th their ;

.'respect1ve ethyl 3—am1noprop1onates exh1b1ted much 1ess hypoten51vev‘
act1v1ty.. Unfortunately, no ethyl 3 am1noprop1onate was prepared

'fwh1ch would be comparab]e w1th ethy] 2 [1- (4-pheny1p1per1d1no)]-

- o acetate hydroch]or1de ( 07) These f1nd1ngs wou]d seem to 1nd1cate_ -

that genera]ly speak1ng. shorten1ng the d1stance between ;he ester :

‘ ‘and amino. funct1on by elther orie or two, methy]ene groups resu]ts



“in d1m1n1shed hypotensrve actIVIty. -

Due. to the evanescent effects of a]l three ethyl fonmatgs,
‘ 1t is not surpr151ng that none ue;e fbund to haveé an affect upon’
any of the standard drug responses . S1m1]ar]y, for the phenyl-
and benzyl—acetates the dhrat]on of act10n was short anq no v
effects upon the standard drug responses were detected However,
'ethyl 2- [l (4-phenethy1p1pera21nyl)]acetate hydrochlor1de (_£ED
3wh1ch produced a substantla] hypoten51ve response of long durat1on,

f,rwas found to 1nh1b1t the pressor response to DMPP and to

7{fattenuate the depressor response to acetylcholIne, wh11e leav1ng

4the vagal st1mulatlon and‘noradrenaIIne respOnses unaffected

f_As prev10usly d1scussed th]S could suggest a se]ect1 ' sympathetic:

gangllonwc b]ock1ng actlon _ . _
N H1th regards to the butyrate derlvat1ves, ethy] - [1—'
' h:(4-phenylp1peraz1nyl)]butyrate hydroch]orlde g%%_) ethyl |
.4-[1- (4-benzy1p1peraz1nyl)]butyrate hydroch10r1de (*gg) and _
«ethyl 4-[] (4-phenethy1p1peraz1nyl)]butyrate hydroch]or1de |

(110) gave hypoten51ve responses at § mg/Kg wh1ch were: substant1a]1yf‘

- greater in' magn1tude and ]onger in duratlon of act10n than were

the correspondIng ethy] 3-am1noprop10nates compared at the same

fs dosage leve] Thus 1t wou]d seEm that lengthen1ng the ester- ?-'

| ?,amlno group dlstance by one methy]ene group is’ certa1n1y not

°d1sadvantageous and probab]y advantageous for potent hypotens1ve @

R

(,actlon BT '.f" R N S
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' A]though no butyrate was found to- affect the response to
vaga] st1mu1at10n in any way, all these der1vat1ves d1d 1nh1b1t
the preSSOn,responses to noradrena]1nempnd to ]ow doses of DMPP
"as we]] as reductng the depressor response to acetylcho]1ne
-Consequent1y, an a-adrenocept1ve b]ock1ng mechanism of - act1on
was agaln 1mp11cated w1th the poss1b111ty of a se}ect1ve

"gangl1on1c b]ock1ng component unreso]ved

Effect of 3-[1 (4 Pheny]p1peraz1ny])]prop1on1c Acid Hydroch]orldes

:on the Arter1a1 Blood Pressure of AnesthetIQed Rats

| ' Coutts et a] (1971) found that 3- am1noprop1on1c acids
with genera] structure (__) where R was p1per1d1no 3—methy]-

4h p1per1d1no, homop1per1d1no or ethy]am1no and R] was ‘a._hydrogen
_:atom or a methyl group, had‘no effect upon ‘the blood pressure of

_ anesthetIzed cats, whereas the corresponding esters and hydrox- B u
| amates had s1gmf1cant hypotenswe propert1es

'1

| RQCHZCHR lcoon

Consequently, in the present. lnvestlgatton,‘three 3- []-
'(4 pheny1p1peraz1ny1)]prop1on1c ac1d hydroch]or1des. one w1th an.‘

S a-methyl group, _2-methy1 3 ['I (4-pheny1p1peraz1nyl)]propwmc
~ac1d hydroch]or1de (_lZ) one with a B-methy] group, 3-methy1-

'vf3 [1 (4 pheny1p1peraz1ny1)]prop1on1c acid’ hydroch]orIde (_1§)
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and one w1thout a methy] branch 3 [1 (4 pheny1p1peraz1ny1)]-
pr10p1on1c ac1g hydrochlor1de ( 19) were prepared These

_aminocarboxy11c ac1ds whose structures may - be repr ented by

' ,’genera] formu]a (171) and are summar1zed 1n Table XXVII were

'.exam1ned for the1r hypotens1ve act1v1ty because their. subst1tuents #
. co1nc1ded w1th three of the more ‘potent am1noester hypoten51ves |
';prev1ously d1scussed name]y, methyl 2-methy1 -3-[1- (4 pheny]—
| rp1peraz1ny1)]prop1onate hydrochlor1de (__) methy] 3-methyl-
3-[1 (4 pheny]piperaz1ny1)]prop1onate hydroch]or1de (87) and
L methy] 3 [I (4 pheny1p1peraz1ny1)]prop1onate hydrochlor1de (90)
| respect1ve1y The pharmaco]og1ca1 f1nd1ngs for the three

am1nocarboxy]1c ac1ds are tabulated in Table XIX and XX. C "/ h

meLE VL R

3 [1 (4- Phenylp1peraz1nyl)]prop1on1c Ac1d

S Hydroch]or1des'_ S R
Y N2 1 IR
. >N N—CHRCHR COOH XHC] o
o=l S | -
R a0
:~Coﬁgouhdl R 51 X
,, .”7>,_, | H H. = I I



o : ma1n1y gang]1on1c b]ock]ng act1on w1th a poss1ble selectlve |
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The unbranched carboxy]1c ac1d was.fbund to g1ve a fall nnv

: b]ood pressure of 31% for over 30 m1nutes at a dosage of 5 mg/Kg

1n the anesthet1zed rat, wh11e the unbranched ester gave .a 60%
'7fa1] for ten minutes under the same cond1t10ns ‘The B—methyl
branched ac1d gave a 12% fa]] in anesthetvzed rat b1ood pressure
‘for four m1nutes at 5 mg/Kg and. the correspond1ng ester gave a

49% fal] for 16 m1nutes at the same dosage A 10% fa]] “in the),v.f o
‘ arter1a1 blood pressure for three m1nutes at s mg/Kg was recorded
f_1n the anesthetlzed rat, for the a-methyl branched carboxy]1c ac1d -
wherease the ana]ogous ester gave a 51% fal] for 20 m1nutes .
under the same c1rcumstances It is thus apparent that the
am1nocarboxy11c acﬁds are substantlally weaker hypotens1ves

.than the correspond1ng esters No effects upon the "standard

_ drug responses were observed w1th these two compounds -

v‘11ke1y attr1butab]e to the very short durat10n of act10n for '
“these a- and B-methy] branched’am1nocarboxy11c ac1ds On the

'}other hand 3- [1 (4 pheny1p1peraz1nyl)]prop1on1c ac1d hydrochlorde .

(1 19) was - fbund to antagon1se the pressor response to DMPP

as” weI] as the depressor response to acetylchol1ne No effects
~N

were observed on’ vaga1 stlmuiat1on or* noradrenallgg responses

””cfor the latter compound Th]S pattern seemed 509995t1V9 Of a e =

. sympathet1c gang]1on b]ocklng act1on as dlscussed prev1oysly.
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Effect of Am1nohydroxam1c Ac1d Hydroch]or1des on the Arter1a]

4fB1ood Pressure of- Anesthet1zed Rats.

, A]though correspond1ng esters and hydroxam1c ac1ds had -

.s1m11ar magn1tudes of hypotens1ve act1v1ty, Coutts t al.

(1969) noted that the durat1on of act1on of the hydroxamates
#

were more proIonged than that of the esters

‘ In the present study, most of the prev1ous]y prepared

j nd tested 3-am1noprop1onates were converted to the correspond1ng

i hydroxam1c acid hydrochIor1des ,The structures of the 3- am1no—'

: prop1onohydroxam1c ac1d hydroch10r1des given by general structure_

.( 72)are summar1zed in TabIe XXVIII, wh11e pharmacolog1ca]

'-’f1nd1ngs are presented 1n Tables XXI ‘and. XXII

V.

TABLE XXVIIL -

—Am1noprop10nohydroxam1c Ac1d

'“’§ HydrochIor1des "I'

- GHRlEHR CONHOH HCT -

) . R N L
Compound = - - ST R . R RT
120 - " .CH_=N o N T R | N o P K
121 .+ CH,CH,-N - N- H CH
ST : 372 N/ - 3



Cdmgohnd S

122
123

128

‘134
27

128

125

TABLE XXVIII cont'd

) 3—Am1noprop1 onoh_ydroxamc Ac1d
| H_ydroch]ondes %

R-CHR! zcouuouch1v

CHR

o

CH (cn ) .N’

CH (CHZ) N-

cH CH.- N- _"'
: 3 I v
R [_
2)

CHB(CH N-

%,.'

o=/ s . BN

o <{:::>—CH25N» N-

S - o
OrowDr

=

CH

CH

CH

x

- CHy-

CH,

CH.
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TABLE XXVIII cont d _

3-Am1noprop1onohydroxam1c Ac1d
- Hydroch]orldes S ‘ -

1 2

- R-CHR CHR CONHOH-HC1

(172)
.ZComgounds | S R. o R R ,  R”

130 cu3(cn2) N ON- CH

- S -‘/“\ o . L
131 o @!\‘/ﬂ-' | CH,  H
~ _ -/ \ L | 3 3 o

13 -DCHZ-N N CHy Y g

B N ey W

S SR . , - : 30 |
136 »;N‘_ N~ MW

143

T -

144
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. The hypotens1ve eva]uat1on of one of the above compounds,

:namely, 2-methyl- 3 [] (4—methy]p1peraz1ny1)]prop10nohydroxam1c"

acid. hydrochlor1de (_g_), has been reported by Midha (1969).
. The author found that thxs compound (at 25 mg/Kg) gave a 43%
| fal] in anesthet1zed cat blood pressure for ten m1nutes The;
same compOund in the current 1nvestlgat1on gave an 11% rise in
. b]ood pressure }or 2. 5 mrhutes at 25 mg/Kg in the anesthetkzed
" rat. L SR TN Qo

| Nrth1n the ser1es of’ a-methy] branched hydroxamlc ac1ds,

as’ w1th the paral]e] serles of substItuted esters those
‘der1vat1ves w1th an aromatic group in the 4- pos1t1on of the'
cyc11c 3-am1no funct1on are the most noteworthy hypotens1ves
» As mth the. fsters, the benzy'l,piperazmyl hydroxamate was
; much,weaker a hypotens1ve than the phenyl- or phenethy]- , ‘_n

opi peraz1 ny] hydroxamates

. Upon compar1ng the a-methyl branched hydroxamIc ac1ds

w1th the s1m1lar1y substi tued esters, the methyl ethyl, and

' n propy] hydroxamlc acids had not1ceab1y smaller fa]ls 1n b]ood -

_ pressure and br1efer durat1ons of actlon at all dosages than

© did the esters ‘ But the n-butylhydroxamate produced a much greater k

'fhypotens1ve response than ‘the n-butyl ester.v -In the rema%nﬁng a4
methyl branched hydroxamnc ac1ds of the serles, al] of uﬁich

.ﬂj conta1ned an. aromat1c group at the 4 pos1t1on of the 3-am1no =

i subst1tuent, the magn1tude of b]ood pressure fall was q01te ;

3 ns1m11ar at all dosages tested to that produced by the correspond1ng

| _225-



»

a-methyl branched-esters However. in each of these cases, the _

o durat1on of act1on of the aromatlc-conta1n1ng hydroxamates was

-y

longer than for the s1m11arly subst1tuted esters. s

Of the a—methyl branched hydroxammc aclgp, the methy]
ethyl and n-propyl derlvatlve§ at each dosage examined caused ,
no change in any of the "standard drug"'responses. The apparent

d1fference from the correspondwng u—methyl branched esters all

. of which reduced the response to nicotine or DMPP (as well as

"lrantagonlzed the vagaﬁ st1mulatloq,responses in the case of the

ethyl and n-propy] ana]ogues) could be" exp1a1ned on the baSIS of

‘ the weaker and shorter hypotens1ve actlon of the hydroxamates

}However. the n-butyl hydroxamate s11ght1y reduced only the

response to noradrena11ne wh11e the n-butyl ester antagon1zed

the DMPP and vagal st1mu1at10n responses w1th no effect upon the
pnoradrenal1ne response | Th1s dlfference m1ght be taken to |
-1nfer a p0551b1e change in mechanlsm of act1on from gang]1on1c

K b]ockade in the case of the n-buty1 ester to a degree of a-
tvadrenoceptwve blockade 1n the case of the n-butylhydroxamate

' As occurred w1th the analogous u—methyl branched esters the

bénzyl- and phenethyl—p1peraz1nyl hydroxam1c ac1ds 1nh1b1ted

both the DMPP and vagal st1mu]at1on responses w1thout a]terIng '

'_“the noradrenaITne response. Such an, oocurrence was. taken as
ev1dence for a gang]won1c b]ocklng mechanlsm of act1on 51m1]ar1y, p
" both the pheny]pmperaz1ny1 dnd the benzy1p1per1d1no a-methyl '

| branched esters and hydroxamates 1nterfered w1th both the DNPP

-226-



'-and noradrena11ne responses, but not with the vaga] stwmulatlon

- 1nd1cat1ve of an u-adrenocept1ve b10ck1ng action, once'agaln

-ow1th the poss1b111ty of an accompanyIng se]ect1ve sympathetic

"gangl1on1c b]ocklng actlon fbr the abové compaunds which 1nh1b1ted v

'-gangl1on1c bfﬁckade component. For the reasons ment1oned earller,_

alterations 1n acetylcho]1ne response were not eupha .'ﬂ

The poss1b111ty of a degree of se]ect1ve sympathetic

 the response to DMPP but not to vagal st1mulat1on is rEalistic

f's1nce Midha et al (197]), after extens1ve lnvestlgatlon,_

%

~suggested that;3 [4-pheny1p1per1d1no]prop1onohydroxamnc ac1d
hydrooh]orIde (_) effected 1ts hypotens1ve action- via a sympatheticr

gang]won1c b]ockade - 0f. course, the s1mple crude screen1ng
- o N

- S

reg1men fo]]owed in the present s tudy does not a]lou a srmllar

conc]us1on to be made concern1ng those compounds which antagonlze'

' DMPP but have no effect upon vagal st1mu]atlon ThIS is -

especwal]y true for those compounds whlch were a]so found to
def1n1te]y possess u-adrenoceptlve blocklng action Clear]y,,
a variety of pharmaco]ogrca] technlques and procedures uould :

have to be app]1ed to e]1m1nate other pOSSlb]e mechanisns as

L}

'we]l as- to conflrm the postulated mechan1sm before any conpounds

”1n the present study could be va]1d]y 1mpl1cated as se]ectlve

e
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. Sympathetic ganglionic b1ocking agents "§uch studies were judged

-beyond the scope of . the present work, but could form the bas1s of
1nterest1ng and potent1a11y rewarding -future- 1nvest1gat1ons /
’_ Ana]ySIS of the pharmaco}og1ca1 data for . Bﬂnethyl branched : T,
hydroxamates once more 11]ustrated the s1gn1f1cance of an ,
appropr1ate1y placed aromat1c subst1tuent for hypoten51ve act1v1t;.
As before, the benzy1p1peraz1ny1 hydroxam1c ac1d was much less 5f

'potent than the phenyl- or phenethy]-p1peraziny1 der1vat1ves
Comparisons between the a-methy] branched and B-methy]
'-branched hydroxamates as was found w1th the a- and B-methy]
branched esters, revea]ed no cons1stent advantage for e1ther
subst1tuent throughout the ser1es Thus-the methy]-, ethyl-,i
| and n-propy]- hydroxamates whether a- or B-methyl branched are .

;ﬂfcomparable both 1n magn1tude and durat1on of weak blood pressure

,idresponse ' The 3-methy1 3 [1 (4- n but{}pXﬁeraz@nyl)]prop1onohydro-_;.*

o hﬁixam1c acid- hydrochlor1de (130) gave a 16%. fall «h bldod pressure

’ '-ﬁ{;for f1ve m1nutes, at 5 mg/Kg 1n anesthet1zed rats, wh11e the

| corresponding avmethyl hydroxamate gave a 59% fa]] for e1ght

m1nutes at the same. dose. L1kewlse, the B-methyl branched

.."phenethy] p1pnqaf?ny1 hydroxamate was weaker than the a—methyl

}analogue, but he g- branched pheny]- and benzyl-p1peraz1ny1-‘

_ hydroxamates were stronger hypotensives than the comparab]e .
ca-branched hydroxamates - : L ‘
| V;; For the most part, the magnitudes of blood pressure fa]]

'throughout the ser1es of B-methy] branched hydroxamates were

4 ) ! [T
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"fa1rly s1m1lar to those for the: comparab]y subst1tuted esters

'--Contrary to the f1nd1ngs in the several prevxous ser1es of

":compounds the durat10n of act10n of these. hydroxamlc acids were -

1.‘-usua11y s1m11ar to those for. the correspondlng ester or were
slxghtly less ’ |
The effects of the B-methyl branched hydroxamates
d_upon the standard drug responses were v1rtua1]y Identlcal to
'those for the a-methy1 branched hydroxamates in. the case of the
-methy1—,‘ethy]-, n-propy]- pheny]- and phenethyl-p1péra21ny1
-.hnnnms }mmﬂﬁ{lﬂmmmﬂmmmuwnkmmmm
| hydroxam1c acid hydroch]or1de (_gg) attenuated only the vaga]
'stimuiatlon response, w1thout affect1ng any other standard
j responses at 25 mg/Kg and 3-methyl-3 [1 (4-benzy]p1peraz1nyl)]-
,prop1onohydroxam1c ac1d hydrochlor1de (_gg) antagonlzed the :

vagal st1mulatlon as we]l as the pressor responSe to noradrena11ne
0

S The occurrence of antagonlsm to vagal st1mu]at10n w1thout an,

“AalteratIOn of the b\ood pressure response to DHPP could be

'1nterpreted as suggestlve of a degree of se]ect1ve parasympathetlc.

4-

’b]ockade. However, for _.the latter compound this p0551b111ty

I

i seems compllcated by an overlapplng a-adrenoceptive b]ocknng

‘,:act1v1ty.

: B1ggs‘;t__l> 1972c)conducted ah exhaustlve 1nvest1gat1on V

‘ of the mechanISm of act1on of 2-methy1-3 [] (4-pheny1—1,2 5,6-'i:~

'_ tetrahydropyrldlno)]prop1onohydroxam1c ac1d hydrochlorlde (1 73)
ln anesthetIzed cats, rats dogs and rabb1ts The.authors»_i

R
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concluded that th1s a-methyl branched hydroxamate showed a- -
adrenocept1ve receptor block1ng propert1es in a]] the spec1es
studled Thls compound was found to glve a fall of 46 + 5% for a
' 38 + seven m1nutes at 5 mg/Kg 1n the b]ood pressure of anesthet1zed
cats 3-Methyl 3 [1-(4- phenyl 1,2,5, 6 tetrahydropyr1d1no)]—
proplonohydroxam1c acid- hydroch]or1de (_3g) prepared 1n the
| present studx caused a 64% fall 1n b]ood pressure for greater :
. than 140 mlnutes in the anesthetvzed rat at the dosage . level of
5 mg/Kg. This B-methyl branched hydroxamate attenuated the
responses to DMPP noradrenal1ne, and acety]cho11ne but d1d not
alter the vagal stimu]at1on -'a pattern of effects a]so cons1stent

w1th an a-adrenocegtlve block1ng mechan1sm of act1on

l

- QO CH CH(CH )CONHOH HCl SR

(m)

As occurred w1th1n the methy] 3-am1noprop1onate ser1es,
those hydroxamlc ac1ds w1th no a- or, B-methyl branch name]y,
[] (4-pheny1piperazinyl)]prop1onohydroxam1c acid hydroch]or1de ~
(___) 3-[1- (4-benzylpiperaz1nyl)]proplonohydroxam1c @ggd
| hydrochlor1de (_gg) and 3-[1- (4-phenethy]hydroxam1c acid
- .hydrochlor1de (144) had a]most 1dent1ca1 magnIHHT"”

and mechanlsms of hypotens1ve act1on as the correspond1ng

hydroxamates wrth either an a- or -methy] oranch (a]l derlvat$VeS';_n?f

uere compared at the same dosage 1eve]s) Th1s 1nformat1on seems to : f-i

Cere SO T
. ,ath“._
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strengthen the hypothesis that the presence or absence of an a- or

;B-methyl group in: th1s part1cu]ar type of structure was ent1re]y

1rre]evant to the durat1on or magn1tude of hypotens1on produced

A]though none of the ethyl fonnates were converted to the

;t43hydroxannc ac1d several of the ethy] acetates and ethy] butyrates

ey

f.{were reacted w1th hydroxy]am1ne to give: the correspondlng hydroxamate

"The structures of those der1vat1ves wh1ch were successfu]ly

I

7 prepared are presented in’ Tab]e XXIX The pharmaco]og1ca1 resu]ts
;-obta1ned for the compounds represented by genera] structure ( 74)

‘,are conta1ned 1n Tab]es XXI and XXII.

CTABLE XXIX o
' Aminohydroxamic Acid
' Hydroch]orides T . S 1'5 ,..} .

R~ (CH ) -CONHOH “HC1

FREN .

o

=

.N“."V..‘." I 1
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b LT o | TABLE ")'(xlx:'cont'd' T
| | o Am1nohydroxam1c Ac1d ‘:
Q‘. ;v,d‘ R ‘f .  5 Hydroch]or1de /_
- R-(CH,)_—CONHOH-HCT

€.
N '

.
o

3
.oev
N
o

The phenyl- and phenethy]-plperazlnylacetohydroxam1c ac1ds

137 e H2'-N N
SR , /oSNt wadl :

"w 3

‘gave much shorter durat1ons and smal]er magn1tudes of fal] 1n the S ‘

a

arterla] blood pressure of anesthetIZed rats at 5. mg/Kg than d1d
,the phenyl and phenethyl-plperazlny]proplonohydroxamates. Thls

' served to conf1rm the f1nd1ng u1th the appropr1ate ester |
o derlvatlves that reductlon ‘of the dlstance between tﬂg‘mmino -1
and ester funct10ns resulted 1n decreased hypotens1ve act1v1ty.:‘[

"ﬂThe phenylp1perazlnylacetohydroxamate was fbund to 1nh1b1t the

‘”‘responses ‘to DMPP and to acetylchollne, but not to vagal st1mu]at10n‘.‘ o

~tor noradrena]1ne. ”Once agaln. the poss1b111ty of se]ect1ve
-t.sympathetlc gangIIOnlc block1ng act1v1ty was 1mp]1cated The*ﬂ



phenethy1p1peraz1ny]acetohydroxam1c ac1d ]eft al]z"standard drug"
‘c. /-
H]th the butyrohydroxam1c ac1ds the pheny1p1peraz1ny1

'”_responses unaltered. o

der1vat1ves genera]ly speakwng caused a b]ood pressure fal] and
durat1on of response s1m11ar to that observed for the correspond- '

ing.3- [l (4-pheny1p1peraz1ny1)]prop1onohydroxamates. At the

'~ same t1me, in compar1son ‘to the benzy]- and phenethy]-p1peraz1ny]--t .

"prop1onohydroxamates, benzy]p1peraz1ny1-butyrohydroxamate had a

-‘1argerpercentage fal] 1n b]ood pressure but shorter durat1on wh11e

the phenethy1p1peraz1nyl-butyrohydroxamate had a Smaller percentage

fall in ‘blood pressure but an equal or 1onger durat1on of act1on
| Compar1sons between the hypotens1ve act1v1ty of the

":aceto- and- butyro-hydroxam1c ac1ds and the correspondIng ethyl

‘esters revealed no cons1stent dramat1c d1fferences between thelr L‘,

‘f.pmagn1tudes‘of blood pressure fa]l

The phenyl- .and phenethyl-p1perazlnylbutyrohydroxamates

. as we]] as the phenyl 1 325 5 6 tetrahydropyr1d1nobutyrohydroxamate

all antagon1zed the responses to DMPP noradrenal1ne, but not to

\,vaga] st1mu1at1on at doses of 5 mg/Kg. As was: the case w1th the .

s1m11ar]y subst1tuted ethy] butyrates these observat1ons were

ftaken to suggest an u-adrenocept1ve b]ock1ng actlon w1th the

poss1b111ty of a se]ect1ve sympathet1c b]ock1ng act1on over]app1ng.:'

o 3-[1 (4-Benzy1p1peraz1ny])]butyrohydroxanu:acid hydrochloride ( 37), N

1eft al] the "standard drug" responses vvrtually unchanged

i 'Un11ke the correspondlng ethyl ester..'

-233-
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Effect of I-Hydroxyqu1noxa]1n 2-one 4-Ox1des on the Arter1a1

B] ressure of Anesthet1zed Rats

\ Summar1zed in TabIe XXX are the structures of the
‘cfl hydroxyqu1noxa11n-2—one 4—ox1des w1th genera] fbrmu]a (_Z§)
'iprepared 1n the present study The pharmaco]og1ca1 results=“
'obsta1ned with these compounds are presented 1n Tables XXIII

'and xive L

TABLE XXX

-I-Hydroxyqu1noxal1n—2-one 4-0x1des

. Compguhdf

Si=

e e B - 1]

weo Ph -
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A]] threé T %yﬁroxyqu1noxa]1n—2-one 4—ox1des produced “d !
. - sy Hy % S
" no fal] Ih the b]ood pressure at a dosage of 5 mg/Kg and gave '
';i only a s]wght, trans1ent fal] in blood pressure at 25 mg/Kg.
In no case were any effects -upon the "standard drug" responses
observed at either dosage '}‘ o . 3 o -

| ;Effect of 1 Hydroxyqu1noxa11n-2-ones on the Arter1a1 Blood Pressure |

of Anesthetized Rats

:

‘ ~Table. XXXI tabu]ates the structures of the ]—hydroxy— ;‘
quinoxalin-Z-ones w1th general formula (]Z_) wh1ch were - '
: examined The@pharmaco]og1cal data fo% these compounds are R A _]*'

contained in. Tab]e XXIII and XXIV.

TABLE XXXI

1 Hydroxyqu1noxa11n-2-ones

| _ OH .
N N
v» : “Ne .0 . N
o
Y
\ T R S T
Compound . S ey
e NeeeeH,
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TABLE XXXI cont'd |
1-Hydroxyquinoxalin-z-ones -, 7
o oH '
,‘?‘ " N .
oY :
;V-xVY
| e
3 As w1th the correspondIng 4—ox1des, no 1- hydroxyqu1noxa11n- 7
o €
.2-one gave any fall 1n b]ood pressure at a dosage of & mg/Kg, but o

a]] d1d give a tran51ent fa]] 1n b]ood pressure of d1fferent
magnltudes at 25 mg/Kg A]so. none of the “standard drug" responses
awere altered at e1ther dosage for any of the 1- hydroxyqu1noxa11n~7

. 2-ones.



IV, c%wsmn, ( .
' Fr;gm th wegomg dwscu%n of results obtained in the

present :Bvestig@trg fﬁf of tentat1ve concé&@&ons may- be

Bf the aminoes ters’, the

q*- am1nuhydrnxam1c acads, the am1nocarb029'«c'acids and the cyc11c
qu1noxa11ne hydroxamlc ac1ds stud1ed

| They are as;ﬁplTOWS' .

'1;t]. The presence of an aromat1c group in the 4 pos1t1on on a cyc11c ‘
3—am1no funct1on provideépopt1ma] hypotens1ve act1v1ty in the

-am1noesters and the am1nohydroxam1c acid ser1es w1th general

structures (169) and (1 72), respect1ve]y

12

coon3 ZHCI
[ R

a RvCHR CHR

R-CHR | CHRZCONHOH- (1

. -2 4 The :

presence or absence o."

. o e
The am1nohydroxam1c ac%?s genera]]y show s1mi1a¥ act1v1ty as
o hypoten51ve agents, but possess a longer durat1on of action than

zthe correspond1ng am1noesters _ . 't S ':.“j

4;_'The correspondIng methyl and ethyl 4- pheny]- and 4- benzylp1peraz1ny1

_‘3-subst1tuted-prop1onates have s1m1Lgr magnitudes and durat1ons of

- -237-
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action as hypotensive agents. '@H '
| o . R 6‘

"5, 'Decrea51ng tq$ length of the proplonate functlon by one or two '
methylene groups resu]ts 1n d1m1n1shec hypoten51ve act1v1ty,
while 1engthen1ng the ester-am1no group distance by one

methylene group enhances hypotens1ve activity. -

6. The amlnocarboxyllc acids are substant1a11y less act1ve

ihypotens1ves than the correspondIng amlnoesters or am1nohydroxam1c
acids. ST - .': i v "%
7. The l hyd%bnyUInoxaltn-Z-ones and’ the correspond1ng 4-ox1des nere-‘
o v1rtually dev01d of - hypotens1ve actlv1ty. ‘ ‘ |
. 8. Within the amlnoester and am1nohydroxam1c ac1L series, most of
| . the" active 4-alky] subst1tuted cyclic 3-am1no compounds

ﬁexh1b1ted a ganglion blocklng mechanlsm’of'act1on, whereas,__'

fthe 4-aralky] substltuted der1vat1ves often had a meed ' |
"‘,gangliongc b]ocklng and a-adrenocept1ve block1ng mechan1sm o
: 't and the 4-aryl subst1tuted analogﬁes usua]ly possessed a |

pure]y u-adrenocept1ve blocking mechanlsm of act1on.

Houever, it must be emphastzed once more that al] these
COﬂC]uSlOﬂS are based on a lrmlted number of qual1tat1ve exper1men"

- which emp]oyed a restricted routlne screenlng reg!men
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. 1.. EXPERIMENTAL RESULTS

Apparatus
A Beckmann Model B spectrophotometer w1th 1 cm glass \

- ce]ls was used for megsurlng all absorbances o

‘Reagents - - RS
| l" (1) Hydroxy]amwne hydrochlorIde (12. 5%) in methano]
(i) $6dfum hydroxide (12. 5%) in methanol.
..“, (iii)f A]kal1ne hydroxylam1ne reagent. |
“v ‘Equal volumes of 12.5% methano]1c hydro*ylam1ne '
’ihydrochlorlde and 12 5% methano]1c sod1um hydrox1de were m1xed
_:together and the prec1p1tated sod1um chlorIde f11tered off
: :Th1s so]utlon was prepared 1mmed1ate1y pr1or to use

N

* (iv) Ferr1c Perchlorate - e

" (a) Stock So1ut1on :’

‘ lbrate (5 0 gm) was d1sso]ved 1n 70"

perchlor1c acgd (10 m]) and d1$t111ed water (10 m]) This

$
,4,’

| solut1on was dt]uted to 100 ml w1th anhydrous ethanol. and
"qpo1ed under a cold water tap as the alcohol was added
(b) Reagent Solut!on ]
Sfoek.solut1on (40 ml) was added to a lhliter'veiumetric'
flask, then. 70% perch]or1c ac1d (12 m]) was added and the solut1on
: d11uted to vo]ume with anhydrous ethano] The d11ut1on was carr1ed
ouf by addtng the ethano] in 100 ml 1ncrements and cool1ng between

-

| each addit1on under a cold water tap.



‘Nave]ength of HaxImum Absorbance of 2—Hethyl-3f[] (a- »-- 10

, phenylpIperaZIny])]propionohydroxam1c Ac1d Ferric Ion
Chelate ‘ |

A 0.01 M solution 100 ml of methyl. 2—methyl—3 [l—
(4—pheny1p1peraz1ny])]propvonate d1hydrochlor1de was prepared
in anhydrous ethanol. F1ve MI]]I]IterS of this sample

solution was p]petted 1nto a round-bottom flask (25 ml)

'wwth a ground glass JO]nt. Three m1]l111ters of the f1]tered

a]ka11ne reagent solution was added to the sample f]a%k N
and to a b]ank which conta1ned anhydrous ethanol on]y (s m])

After ref1ux condensers were attached both solutions were

fuxed for f1ve m1nutes : The flasks: uere cooled to room

ftemperature and the contents washed 1nto volumetrlc flasks_

=,'=(50 m]) with the ferr1c perch]orate reagent solution, then

| d1luted to volume w1th the reagent - The uave]ength of
»'v_fmax1mum absorbance was detenmined to the nearest 10 mu by

. ,f?*scann1ng the absorbance of the sample solutlon agalnst the

\V o

'b]ank soTut1on The above procedure was repeated three tlmes

(Tab]e XXXII)

q.
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‘ 4 TABLE XXXII
wavelength of Max1mum Absorbance of Z-Methyl 34[1 -(4- pheny1p1pera21ny1)]-
prop1onohydroxam1c Acid Ferric Ion Chelate o

',Absorbahce3 ~+ Absorbance Absorbance  Absorbancé

Wavelenght sample 1. ° Sample 2 Sample 3 . Average

420 0.3 . - 0.47 o om 0.82

430 U b 05 S04 cloas

440 © 0.50 - L 0.2 .f - ooss 10.56
450 ; 065 0.68 0

<y

| .64 “‘!o,ss
_463§'f~"vf 072+ 075 066 o
470 . 0.77 ‘ 0.79 . 070 . o.75
40 o0 083 | o 08
a0 o.ss g |
500 078 0.8
50 - 077 o © o3

78 0.2
76 0.80
78 079

520 o5 0.80 . '

T3 - 076
50 om0

0
0
0
0
0

07 o7

s40 - 0.66 . 075 - 067 o.69
560 0.57 . 0.60 0
500 08U 53 0
‘ 0
0

Bl

64 .65
0.56 ° ”'v'ogsa

0.52 jj“,<;' 052

48 047
50 T pas- o

| 4403
600 03 - g3 -

32 o035
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"gptImal T1me fbr Absorbance Stabll1ty of 2-Hethyl-3f[l (4-

.'phenylp;pgrazlnyl)]prop1onohydroxam1c Acid Ferr1c Ion Chelate '

A 0.01 M solut1on (lOO ml) , of 2-methyl-3 [l (4- ‘
’_phenylp1perazinyl)]prop10nohydroxam1c ac1d hydrochlor1de was
prepared 1n anhydrous ethanol -Five m1llll1ters of‘th1s )

: ‘sample solut10n was pipetted tnto a round-bottom flask (25 ml)
_w1th a- ground glass Jo1nt. Three m1ll1l1ters of the flltered ’
alkalIne reagent solution was added to the sample flask and

BN

. to a, blank wh1ch conta1ned anhydrous ethanol (5 ml) only

_‘After reflux condensers were attached both solut1ons were refluxed B

P[for f1ve mlnutes The flasks were cooled ‘to room- temperature and
_ the Contents washed lnto volumetr1c flasks (50 ml) with ferr1c
:perchlorate reagent solutlon, then diluted go volume w1th the -
reagent The absorbance of the sample solut1on was read
‘jaga1nst the’ blank solution at 1ntervals of l5. 30, 60 _90 and '
ﬂ_vl20 mnnutes at 500 mu. The above procedure\yas repeated three

‘l"e

| - times. The results are l1sted in Table XXXIII
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Optlma] Time for Absorbance Stab111ty of Z—Methyln -[1“(4 nhenx1p1pena- ”

zinyl)]prop1onohydrox@m1c Ac1d Ferr1c Ion CheTaté

Absorbance Absorbance o Absorbance Abs0rbance -

Time Sample 1 Sample 2. Sample3 ~ Average
15 - 0.8 . o085 o088 08
0 ‘9{(84" o o oes 088 ™
60 - os1 6.83 . " losz
9% - o8l 0.83 - 0.81 ‘
1200 o5 0.2 -  0.82

‘Calibrat1on Curve for Methy] 2-Methy1-3-[1 (4-pheny1p1peraz1ny1)]-
| ;L¥p1onate Dihydrochloride

' Solutions (100 ml) of“accurately known molar1ty of the ester
L varying from 0,0025 to 0. 0150'M were prepared 1n anhydrous ethano]
o

5 ml of each. samp]e solut1on was plpetted into round-

-

bottom f1asks (25 ml) wlth groundglass Jo1nts Three m11]111ters
e;v ! “‘fi

of the filtered alkallne reagent solut1on was added to. each of the

. sample f1asks and to a b1ank wh1ch conta1nedﬂanhydrous ethano] S -
| on]Y (5 ml) After reflux condensers were attached, all so]ut1ons :h;ﬂg;
F‘ﬁé, WEFG ref]uxed for f1ve m1nutes - The flasks were coo]ed to room h k S

' 5: temperature and the contents of each were washed 1nto vo]umetr1c.‘;"
‘ flasks (50 m]) w1th the ferr1c perch]orate reagent solut1on then.;

dlluted to volume with the reagent The absorbance of each samp]e e

e



t

so]ution was recorded at

: al]ow1ng 90 m1nutes for th~

voﬁor 1ntens1t1es to stab1]1ze

~5-244-,

The above procepﬁre was repeated three t1mes at each concentrat1on_

(the resu]ts are 1wsted in Table XXXIV)

1

. TABLE XXXIV

Ca11brat10n Curve of Methyl 2-Methy1 -3- [1 (4-pheny1p1peraz1ny1)]-"'

prop1onate D1hydroch10r1de at 500 mu after Ferr1c Che]ate

ks

. 0.00251

-0;088_

10.088

T

, Formatlon | o
. .

Molarity - Absorbahce ' Absorbance * Absorbance S Absorbance

: .”§amp1e ]_]' '; Sample 2. ) Sample:3 ' ' Average-

:0.0]5d‘ flvojséé ;_ 0.602 . .. 0.589 - 0.594 f

0.015  0.549 0.539 o545 . 0.544
0.0100 - 0.433 o4 0.485 0.486
000782 0.321 0320 0.3 L ooms -
‘.p.bosdz L0218 o216 &y ‘}0.191.1 -d.zd?-:
| 008 0.089

: Ca11brat1on Curve for Z-Methyl 3 [1 (4-pheny1p1perazinyl)]-

,pp,pionohydroxamICcAc1d Hydroch]oride

Solut1ons (100 ml) of accurately known mo]arity of the

fanhydrous ethano]

1lf»hydroxam1c ac1d varying from 0. 0010 to 0 0080 M were prepared 1n

Immed1ate1y, 5 m] of each samp]e so]ution p.

" was p1petted 1nto round- bottom flasks (25 ml): with ground-g]ass

Vi?pJo1nts

>

\

Three m11]111ters of the f1ltered alka]ine reagent so1ut§on ;'



e o 4,'," S s
. ,4@§m§ 4 . _. S - L _
"uas ad%ed to each of the sample flasks and to a b]ank wh1ch contaIned
‘anhydrous ethano] on]y (5 m]) After refTux condensers were attached
.an soTutlons uere refTuxed for five m1nutes The fTasks were cooTed
to room: temperature and the contents of each were washed 1nto
5.voTumetr1c fTasks (50 ml) w1th the ferric perch]orate reagent
solutlon. then dlluted to volume with the reagent. The absorbance
of each sampTe so]ution uas recorded at 500 my agaInst the b]ank o
-solution after aTTowlng 90 m1nutes for the co]or 1ntens1t1es to

‘;stabITIze : The above procedure was repeated three t1mes at each

concentratlon (Tab]e XXXV) ‘;“‘ .
, S . TﬁBLE xxxv : u}f['l-;. | |
Callbrat1on Curve of Z-Hethy1-3 [I (4-phenylp1peq621nyl)]prop1onohydrox— ‘.'v

am1c Ac1d D1hydrochlor1de atf500 mgi after Ferr1c Che]ate Format1on

. YT Lo (x..v;,;'n‘ﬂtl‘ B . , _
o e Mot e e
" 3 .-;-,,H._ , S L .

B o;00762”}:1__;‘o 800 jjli,fi'gd_sio‘ikﬂ'.f?' ‘0.8 o813
o.o06n ;,;O 678; " 0.8 -A'oLség‘ﬁe’ ooess
0.00503 jio S50, o 0.54 .57
0.00407 a5 oass 0430 e
0.0000 o6 o 032 T oay |
0.00200 o.218 - ozi0 e o;éizl._" 0213 fl
L0000 oam 0008 oo L 0.103
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Hy: 5911515 of Met4y1 2-Methyl-3- [1Aﬁf-phenyigiperaZInyg)li
. prop1onate D1hydroch]or1de 1n D1st1]1ed Natei. '

A 0 01 M so]ut1bn“(100 ml) of'the ester‘was prepared
in d1st1]1ed water At time intervals of 0, 30, ‘60. 90, 300

\ ‘”mnﬁgtes and 24 hours, five m111111ters of the sample solutlon

AjU‘Lﬁza; s1petted 1nto round- bottom f]asks (25 m]) wlth ground-

| )"glass JOlntS Three m1111]1teres of f11tered a]ka11ne reagent
so]ut1on was added to the samp]e f]ask and to a b]ank whlch
contained anhydrous ethano] on]y (5 ml) ﬁager ref]ux condensers ,

~ were attached both so1ut10ns were refluxed for five m1nutes
'.jrﬁThe flasks were coo]ed to room temperature and the contents - -
washed into a vo]umetr1c flask (50 ml) with the ferric perch]orate ‘

n‘reagent so]ut1on, then d11uted to volume with the reagent

'”The absorbance of the sample solution was recorded at 500 my |

aga1nh’ whe'blank after :allowing 90 minutes for the color -;

1nhensity to stab1112e (the results are 1isted 1n Table XXXVI)



: Hydrolysis of Methyl

TABLE XXXVI

D1hydrochloride in Dist1]1ed Nater

of Unhydrolyzed Ester

- ethyl -3- [1 (4 pheny1p1peraz1ny])]prop1onate

Quant1tat1ve Determ1nat1on :

.

: i_ydro1ysis of 2-Methy1 3 [1 (4-pheny1p1peraz1ny1)]propﬁonohydroxam1c

' Acid Hydroch1or1de in Disti]]ed Water.

A 0. 006 M so]ut1on (100 ml) of the hydroxam1c ac1d was prepared

in d?st1lled water

At t1me 1nterva]s of 5. 15 60 75 m1nutes and

'~24 hours. five m11111iters of the samp]e so]ut1on was pwpetted 1nto

R 8o
~round- bottom flasks (25 ml) w1th a ground g1ass Jo1nt
‘m111iliters of the filtered a]ka11ne reagent so]utlon was -added

_,to the sample flask and to a’ b]ank wh1ch conta1ned anhydrous

"Fethanol only (5 ml)

'solutions were ref]uxed for five minutes

Three

After ref]ux condensers were attached both o ’

The flasks were coo]ed ~

'i'to room temperature and the contents washed 1nto a,volumetr1c T

al

’o
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Time | {Absorbance .c?2§$2:{g€;g?."
'ﬁe~0iminutes' | ,vo.4éz 0.0098 M
" 30 minutes _0;364 0.0085 M
60 minutes - 0.334 0.0081 M
90 minutes .0.298 0.0 M
300 minutgs‘_ :  0.251 | 0.0061 M
24 hours 0.239 o 0058 M



; f]ask (50 m]) w1th the ferr1c perch]orate reagent So]utlon then
‘ d11uted to vo]ume with the reagent The absorbance of the ‘,;A_ L
, samp]e so]ut1on was recorded at’ 500 mu agaﬁhgt thg b]ghk

1,3., <

after a]]ow1ng 90 m1nutes for the color-mnteh51ty toastab1112e & li'

(Tabe xxxv11) R L Efi_fe*ﬁvzé‘*

> : € [t
6{(,; IR TABLE XXXVIL A S
: Hydr ys1s of 2—Methy1 3 [] (4 phenylp1peraz1nyl)]propionohydroxamlc
Ac1d Hydroch]orlde ln D1st111ed Nater QqantItatIVb Deternnnation ’

of Unhydro]yzed Hydroxem1c ACld .Zi,.'Q

‘Time | SRR :f.:ﬁ'Absorbahce;fj;»"ftf.~“f;‘f”§?g:?2:¥::;g? .

s minutes | . o o. 552 | -ff,; e ~i’,'fé"f""‘ov.oosq"n e
60 mihuteS-éei e ":vh‘ 0.662 ;Fff}}:.:rfijflj;i}}f>0}0060,H}_ty
TS minutes .oiéeb"-..f'14:.‘:.;,/ff;' 0.0057 M
>24“houhs*‘” J-‘f :t:h o ﬁ;'O;BGIhv - »p"] ﬂ; ;5;T0.0b59 M
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uiI.‘—DISCUSSION

‘Pharmacolog1ca1 studles (Coutts et al. (1969)) revea]ed that hvdrnxam c
- acids have a longer durat1on of action as hypotens1veﬁagents

. ~than do the correspondlng esters: One reason for this- could |

be that the latter. hydro]yze more rap1d1y to inactive carboxy11c

ac1ds than do the hydroxamates " To test.th1s theory, a_su1tab1e

P _method of assay was'sought;

L lelute ac1d1c so]ut1on form 1ntense1y co]ored so]ut1ons with

In a rev1ew of the analyt1ca1 appl1cat1ons of hydroxam1c

o ac1ds Brandt (1960) po1nted out that severa] meta] 1ons 1n

“'5J‘;hydroxam1c ac1ds Of the many potentlally ana]yt1ca11y useful

vij.che]ates, the author found that those formed between hydroxam1c‘?"

,'T“’(+6§ had been used -in co]or1metr1c quant1f1cat1ons of e1ther

.'*ac1ds and 1ron (+3), t1tan1um (+4), mo]ybdenum (+6) or uranium
G o

. -hydroxam1c ac1ds or meta1 ions o o
S Goddu et al (1955) estab11shed the opt1ma] cond1t1ons o
%°?f{for the colorimetr1c ana]ys1s of esters and anhydr1des by '. v .5,/"

Hul?freactIng them w1th hydroxylam1ne in a]ka11ne so]utwon to g1ve

”._3the hydroxam1c ac1d w§1ch gave quant1f1ab1e h1gh1y co1d¥ed

”.Qiﬁchelate cgmp1exes w1th ferr1c 1onh The authors out11ned th1<

;~fprocedure w1th the fo]lowlng react1on sequence

~ ,‘,‘-.‘ L
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Ut11121ng Goddu s method of ana]ys1s, a study of the

réte of hydro]ys1s of methyl 2-methy1 3 [1 (4 pheny1p1peraz1ny])]-

//

prop1onate hydroch]or1de (__l_and 2=methy1 -3- [1 (4 pheny1p1pera21nyl)]-

) F1rst, the wavelength of max1mum absorbance of the s
,2—methy1—3 Lg (4-phenylp1pera21ny1)]prop1onohydroxam1c,ac1d
‘;‘p ' ferrlc lon che]ate was determ1ned by scann1ng the abosrbance of .

e
a g1ven concentrat1on of chelate at 10 mu 1nterva1s from 420 my

j‘lh v prop1onohydroxam1c ac1d hydr0chlor1de ( 24) in water- was undertaken

. to 600 mu aga1nst a blank so]ut1on After three such scans, e

/':'n.

500 mu was chosen as the wavelengtﬁafor future co]or1metr1c

v

_____

¢~J  The opt1mal tlme for co]or stabi]1ty of the che]ate

Q’r

- was- fbund by read]ng the absorbance at 500 my. of the same

solutlon of chelate complex aga1nst a. blank solut1on at var1ous
'J:e.

"5Vf t1me 1ntervals after having added the ferr1c ion. Three
t”_f;' determInatlons of the opt1ma1 time 1nd1cated that after 90
'ﬂ,: m1nutes the absorbance was fairly stable (Table XXXIII)
| A ca11brat1on curve was prepared for methyl 2-methy1- -
: 3-[1 (4-pheny]p1pera21ny1)]prop1onate hydrochlor1de (__) by o

——

-250-



:‘fﬁfng various known concentratlons of the ester w1th the
0. .x‘;

\:iyifescrlbed by Goddu et al. (1955) and reading the
absorbance at 500 mu 90 ‘minutes after addition of the ferr1c
salt (Table XXXIV). Sllnlarly, a calibration curve was .
prepared for 2—methyl-3 [l (4-phenylp1perazlnyl)]prop1onohydroxam1c'
- dcid hydrochlorlde (Table XXXV) _

To study the hydrodysis of the ester and hydroxamlc ac1d in:

.uater. a solutlon of knoun concentration of each was prepared 1n dis-.

. -251-

L tilled uater. At time 1ntervals of 0, 30, 60, 300 mlnutes and 24 hours, -

altquots from each sample SOlutlon were analysed under the cond1t1ons

prev10usly established (Tables XXXVI and XXXVII) : ‘f

1 From the respect1ve callbratlon curves the concentrat1o§fof

ester and hydroxamlc ac1d remalnIng in the respect;xe:s;mple

7‘solut1ons at these t1me 1ntervals was determIned A 0.01 M

solutlon of nethyl 2-methyl—3—fl (4-phenylp1pera21nyl)]prop1onate

hydrochlor1de (_2) was prepared and a 0.006 M solution . of the |
j.correspondlng hydroxamnc acid was used In order for the analyzed _

ﬁlaquuots to possess absorbances w1th1n the rangep of the respect1ve g
cali ratlon curves th1s d1fference in 1n1t7al concentrat1ons

”hwas necessary. Houever, valid CO“C]USlOﬂS on d1fferences 1n

frates of - hydrolySIS can Stl]l be draun by comparlng the relat1ve _

»proportion of hydrolySJS which occurs wlth each compound. A

| 5:.compartson of the concentrat1on of 1ntact ester or hydroxam1c :

acid rena;n?ﬁg in aqueous solutlon at each tlme 1nterval revealed

' that the ester was hydrolyzed at such a rate that only about 60%



- for 20 minutes at’ 5 mg/kg in the dﬁesthet1zed rat. while

- -252-

‘of'the‘inﬁtial ester concentration remained after"24 hours;

x

whereas the concentration of hydroxamicfacid after 24 hours was N
yabout 9@5>of the 1n1t1a1 concentratlon (Fljiie X) Clear]y, o
't methyl 2-methy1-3 - (4—pheny1p1peraz1ny1)]prop1onate

hydrochloride (_g) was more rapidly hydro1yzed in d1st111ed
"water_than,Was Z-Methyl-q-[I-(4—pheny1piperazinyi)propiono-

hydroxamic acid:hydrochioride (ig_).~ This fﬁnding“may accounte
for the fact that methyl 2-methy143—[1-(44pheny1piperaziny1)]-

propionate hydrochlor1de (__) gave a 51% fa]] 1n blood pressure . | o
' ey

2-methy1 3 -[1- (4-pheny1p1perazlny1)]prop1onohydroxam1c acid -
| hydroch]or1de (_gg) gave a 46% fall for 66 minutes under the

same cond1t10ns S1m11ar differences between the magni tudes and |

durat1ons of hypotenSIOn were found for most of the more potent

structura]]y re]ated esterﬁ and hydroxam1c 9c1ds Coutts et al.

(]969) a]so observed that correspondlng hydroxam1c acids and

esters gave comparab]e degrees of. hypotenSIOn, but the hydroxam1c |
. ac1d acted for a much ]onger perlodqof t1me Thus it appears |
| that one important reason for the 1onger durat1on of act1on for

hydroxam1c acids relat1ve to the correspond1ng methyl esters may

be the much slower rate of hydro]ys1s of the hydroxam1c acids.

Conc1evab1y. this d1fference noted nn v1tro could be accentuated
lg_!l!g.by the presence.of enzymesv1n the blood to catalyse ester- f
fhydrolysis'hut not hydroxamate hydrolysis. Of 60urse;'other‘f
'j>: factors_such as difterences;in receptor affinity'may‘also play.*‘

. : ‘ égf

- F PN L s



(molarity)

Concentration

10.007-

0.010
-
- - @= ester (19)
0.008 - ‘ o T
1 V= hydroxamic - acid ' (124)
. - A
o008

0.0054 o

' Figure X : Hydrolysu of moihy| 2- ""“‘Y' -3- [1 (‘-

30 . 60 90 - L 24
Timé (ininu'es) - ("00")

o

'phonylpuporozmyl)]propuonoh drhydrochlonde (79)

‘and 2—mothyl-3 [1 (4-phenylptporozmyl)]propnono-

W—__hydroxomlc ocud monohydrochlondo (124)

3 dlshllod water.
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> . o e
-a role in account1ng for the longer hydroxamate act10n. v
That the hydro]ys1s product (the correspondlng carboxy11c

.acid) be much ]ess actlve as a hypoten51ve is a necessary corol]ary to |
the hjpothes1s that the d1fferences in durat1on of hypotenSIOH
betueen esters and hydroxamates is attr1butable to- the more rap1d
hydro]ys1s rate of the esters. Th]S was 1ndeed found to be the

- case for three carboxyllc ac1d der1vat1ves prev1ously d1scussed
‘*name]y, 3-[1- (4-pheny1p1peraz1ny1)]propionlc acid hydroch]or1de i
(_]Z) 3-methy1 -3-[1- (4-pheny]p1peraz1ny1)]pronOnlc acid |
t hydroch]orlde (_1§), and 2-methyl-3 -[1- (4 phen;]p1peraz1ny])]— o

prop10n1c ac1d hydroch]or1de (_lg) wh1ch uere structural]9 |
"s1m1]ar to potent hypoten51ve esters and hydroxamlc aCIJs, -
~yet were found to g]ve much sma]]er falls’ 1n“anesthet1zed_rat'. » o
hiood pressure for much shorterfiengths of tihe.than:either of a

| the correspondingly substituted§esters_or hydroxamicvaeids.
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