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qui’nohne derivatweé

A study of the chermcal reactwity of the isolated spiro‘ =

e

reduction to the corresponding indolines K omdation to 2 H—mdolonine

i

(N h)rdroxyindoline)pyrazolones was. underta.ken. This mcluded the{r

..oxi\'le and?reactlons wzt‘h nucleoplnlic reagents m acid media, to i_?" L

]
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”'Catslytic hydi‘ogenation ijthe"l (2 mtrobenzyl)py azolo&es

in several solvents gave d1££erent and u.nexpected products whxch \nere

found to be’ spxro(tetrahydroqukxolme)pyrazolane deriva.tives. T e
. ', 5 & !
solvent was mvolved in. their forma jon, for whlch a mecha.msm is|

suggested E1ghteen of these co pounds were also prepa.red by con-
\

\ densatmn of 4- (2 am1nobenzy1) I\-phenyl 2= pyrazohn -5-ones w1th\¥‘; .

appropnate a.ldehydes S \ R R e

A remvestigahon of the n ture o£ the products obtame

by sodmm borohydnde and palla.dmm charcoal reductxon of two 4 (2-. : B

'\“ mtrophenylthm) l-phenyl 2-pyrazohn -5 ones has revealed that,_ -‘ \ ’. \

. contrary to hterature reports none of the p o uc;ts is a cychc hydroxyl- o

I

- , a_mme Instead, the products were foux; -to be th1ols whmh readﬂy

ox1dized in air to spiro(/}nzothiazohne) ragolones.v Attempts to ,

1solate N-hydroxy compounds by. the red ‘ tlon of the 4 (2 -mtrophe_nyl-—
th1o)pyrazolones usmg dﬁferent reducing syatems fgﬂed . “ R
L . o Catalyhc hl{drogenatxon of the 4- (2 mtr0pheny1th10)- .- o
;Lyr azolones did not produce sp1ro(d1hydrobsnzoth1azme)\pyr azolone |

- derwatwes. However th.e latt/'i' compounds were reachly obtamed

by the a\etlon of aldehydes on 4 (2 aminophenylthm)d-methyl-1-phenyl-

‘“’_2-pyrazolm-5 one a '(' . ; 2L

: > :", ThF mass spectra Qf l-hydroxy-uz-phenyl 1 Z‘dlhydro"' -

2
3 pyridme and its O-benzoyl de?ivatwe as‘ we’h as the mass spectra of
M 9 i “

'_three spiro(N-hydroxyindoline)pyrazolonea two’ 0- acetyl denva.twes -

: d One O-methyl compound were . recorded a.nd mgegpreted. : The"_" , |

y\droxy' compounds demonstrated expulszons of OH radicais from o

The 1033 of oxygen a,tom's and w?’ater molecules B
0 ""a,The, _o-m_ethyl compound\ showed an agpprecxable ar

”
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expulsmn of an OCHiradical from its molecular 1on, (M— 59) ‘ and

'(M 60) in the O-ac tyl dehvatwes are due presumably to direct !los ses

of a CH;COO radical and a CH3CO ‘

Jlec le from the mplecular ions.

rAlso the. mass sp
‘whovo.

ra of six spiro(mdohne)pyrazolones

-’

. and two spiro(benzothxazohne)pyrazolones are discussed in detail.
Theuv prOposed fr. ag\n{n}:ations ,are. substantiated by means .of deuterium

< labelhng and accurate mass measurements. Al these epmpounds gave o

. abundant molecular ions whl,ch fragmented mainly by the expulsi_ons of
Cp and PhNCO s slecules. Dec mposition of the (M CO) ‘jons ‘ggve'
rise to manv of the promment fragments in the spectra. ) . .

1

In additiou to'the above compounds, the mass spectra of
| ifour simple pyrazolones R mcluding the medicmal compounds antipyrme |
| and ammopyrme , were recorded a.nd mterpreted A11 these spectra |
‘contamed several jons resulting from initial N-N bond cleava&es, such

‘a fragmentation has not been reported to occur in the pyra?ﬂe nucleus

T e
\’/ -Strong ions at m/ e 56. were found in the spectra of antipyr and

o "aminopyrineuand also in some other 2( 3 dimethyl pyrazolone derivatives .

.prepared in>\his study, : this ion could be of diagnostic value. o

e Some selected examples oi the compounds prepared in | .'_. .
‘:_thls ,study .. mcludmg two of the spiro(N-hydroxyindohne)pyrazolones ,‘\"..:‘ ,
"were evaluated for neuroleptic and analgesic activxty The N-hydroxy-
1}idohnes had only very weak sedative pr0pert1es (p o. or i p ) and
no analgesic activ1ty (p o ) at dose levels examined The correspondmg
":fspiro(mdoline) pyrazolones showed some neuroleptic and analges:.c |
,'propertxes while 4- (2 aminobenzy].) 3-methy1 l—phenyl-Z-pyrazolin 5- -"' '

o one showed mild hypnotc effects e
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PREAMBLE

A o : - a

and a r%iimmarv mvestlgatif’n of. theu‘ Phar ma°°1°glca1 P r°p erues i

'f‘,--fInf°rm‘t\‘°n on. CYCHC hydroxylammes is scattered throughout the B !

Y."‘~'.‘..}scient1.fic literature but the topic*has not been rev:ewed. o Consequent-

AN

-"'ily. 1t was considered neces\‘sary to compﬂe a deta;led rewew of the

: pertinent hterature on these compounds and the mtroduction whxch e

‘ ‘.fb.followa 18 devoted entirely to this purpose. "

, During the course of the research descnbed 1n thm thes1s ,g’ '
B :

- compounds other than cychc hydroxylammes were also /prepared and

- characterized Relevant hterature mformatxon on these compounds

o '..is mcluded in the discuss1on section of the thesm. , V;fi T




'CYCLIC  HYPROXYLAMINES -

R I;'.‘INTRODUC'I‘IONN'

. e
[N

" \ : V. The structure of cychc hydrmwlammes (whxch w111 'b ‘ also B

"m (1) These c._ompounds are chsubst:.tuted. hydr ;

-y

.;' Although cyclic hydroxamzc acxds (3) are also cychc N-hydroxy

L compounds no attempt w111 be made to mclude them m the followmg |

: l'drscussion since they have recently been revrewed by several workers
| "(Coutts, 1967 Bapat et al 1969) .i'-.: e i = |
. | ,. ', Sxmple examples of cychc hyd'roxyle.mmes are N h&tiroxy-.
pyrrohdme (4) N hydroxiypyrazoles -(5) and N-hydroxyasoxazohdme ‘

. (6) to whxch reference w111 be ma.de la,ter m thrs mtroductmn. | I_n o

A 0 | (5) ,(65 ’_

oY .



: ammes, ;

., 1971) Al 0, Weieburger and Weisburger (1973) briefly summanzed

. 'w\ :

':r‘will be discussed in deta11 later. o )

e
w§ :

ij Unt11 the begmnmg of thﬁ- la.st decade, .very 11ttle attention o

' ,:_was pa1d to the cherm.stry a.nd bxochemlztry of hydroxylammes. _' |

| Recent studies have been generally confmed t&r.aromatic hydroxyl- :

A\

ammes especially those found to, be metabohtes of carcinogernc

: ammes. A com rehensive rev1ew of the chemzstr of a i hatlc and
B P Y P

o .'aromatic hydroxylarnmes whxch also ;.ncluded some cychc hydroxyl-, J

a's recently pubhshed by German authors (Zeeh and Metzger ’ B

'. _ the chemistry of t ese compounds 1n their discussion wlnch dealt

. toxicologlcal properties of hydroxylamine

"_mamly w1th the b;.dchemical formatmn as §/ell as pharmacological a.nd

and hydroxamm acids. E

’

Some reasons for studying the chem1cal and b1olog1ca1

. ,v-properties\ of cychc hydroxylammes are now suggested. o

e

| ‘(a) More knowledge of the chemxstry of these compounds is required

- _m order to help understand the re\_\nt flood of b;ochemical studies m

v.:th1s area. : N hydroxylatmn especially of free and N_-acyl aromatxc l}

o . : ) ‘

"_’,‘-,‘ammes ’ .1s now: a well recogmzed metabohc pathway (Irving, 1970- o

| "'”Weisburger and Weisburger 1%73) L1ke other hydroxylated

,-,'3' metabohtes N-hydroxy derivatives are subJect to further metabolic

_ _\ phosphoric ac1d and reduction. The N hydroxy metabohtes are N

°

' conversxons such as con_]ugatmn w1th glucuronic su].furic and perhaps

'\



'n reacﬁve a.ud generxally mox‘e toxic than then- parent amines. In

: 'vi‘tr_ theﬁgaq combme ‘as such or after further reactions wzth

‘(-..

| ss nhal life supportmg molvcular species. Current studies suggest

fhat metabolic N hydroxylation of certain aromatic ammes produces e

v . . L4

pgotentially carc’nogemc (Miller 1970 Gutmann et a1 1969) , muta-. _',m

!

genlC (Miller ami Miller 1971) and- nephrotoxic (Calder et al.\1973)

1
Y

products. ' U o ,' PO
_ SR ORI ' : L
Unt11 recently, bmchen‘ncal N hydroxylation stuches were
' mostly confmed to aromatic ammes especiaily those whxch demon:
strated carcinogenic activity Some ahphatic a.mmes were also 2
: studied but relatively 11ttle success ‘was. ach.ieved in demonstrab.ng -
N hydroxylatmn. _ Beck;tt" and Al- SarraJ (1972) ‘however, showed : /V
that certam ahphatic amines do yield hydrox;rlammes » me:abolically. | B
So d}l‘secondary armnes in which the nitrogen atom is'a pa.rt of the |

rmg system. Compounds based on the pipendme (8) ’ morphohne (9)

o el

(9) o uo

: and piperazme (10) structures were found to be metabohzed in vitro to

the correspondmg hydroxylammes. ' One of these phen’rnetrazine (11)

has been shown to oxidize to N-hydroxyphenmetrazme (12) m v:.vo m

various animals. It was also shown (Beckett and AI-Sarr 972)



. ) ‘(' . o . ‘
o that compounds structurally more complex than (8) also form hydroxyl—
s [ TS

- ammes mﬁtabohcally. For example pxpradol normorphme nor-.
codeme and nortnptylme are metabohzed to thexr correSpo:dmg |
| _:hydroxylammes.‘ It is not yet knowu,, however whether metabohc
N- hydroxylatmn of all these compounds mcreases tox).city or whether
o 1t 1s sometlmes a detoxi.ﬁcatmn react1on. , , . o “ v | < "
™~ K

L (b) In add1tlon to th1s flow of b1ochern1ca1 work numerous reports on

; _. ' '_the pharmacologmal activ:.ty of cyclic N-hydroxy compounds have .

- _recently started to appear in the lit'érature. Although stud1es in thzs ;

"

' 'varea were l1m1ted a.nd the early results were not outstandmg { J’ohns _

- ‘and Magor 1927' Mamahs 1971), re%nt studles describe d1verse
-

act1v1t1es sudh as: an@lgesic adrenolytic tranqulhzmg muscle

: SR

reTaxant antxconvulsant antimxcrob:.al and antiprotozoal propertles

- for thm type of compound

L Some ot and {3 1 a.lkoxy 3-methy1 4—phenyl-4-prop1on-, T
o oxyp1per1dmes (13) were synthesized by MaJor a,nd Dursch (1961) ahd \_ |

-~

o exammed for analgesxc act1v1ty in rats. . Two of these compounds
_— (13 R CH3 or CZHS) showed strong oral activity but also many toxic
. Ph. f'oooczH IS R o '

Sy T
__QR T Cle
(13) \ B TR T (14) e :
T ' N 5

S ma.nifestatmns N hydroxybenzod;azepine derivatxves such as (14)

‘f have been screened for potential central nervous system (C N S )

| depressant activxty (Grindstedvaerket 1967) Some rela.ted N-hydnoxy- o

RET

benzod1azep1nes were also evaluated as anticonv-ulsants (Hoffman- o

LaRoche 1966)



| W : : .
. The N-hydroxymdole derivatives (15) were found to possess .

C. N S. depressant as well a.s adrenolytic activity (Petracek 1967)

'°N alkyloxybenzn’nidazole derivatives (16) also showed C.N.S. depress-

t muscle relaxant and tranquihzmg properties (Ciba 1966

HDeStevens et a1 1967) A variety of related compounds such as

(15)

g O ethers of l-hydroxymdoles and l—hydroxybenzimidazole 3 oxides

were: found to he generally less active than. (16) (DeStevens et al 67)

o 0‘
The antim1crob1a1 pr0perties of some O ethers of 4 6-

-diammo 1 2 q.ihydro 1 hydroxy 1, 3 5-tr1azmes (17) were described

y'by Mama.hs et al (1965) These compounds were fou.nd to be active

' in v1tro agamst a w1de range of bactena Later mvestigations

B (i-n“

o even against res:.stant strai.t\s of Plasmodiurn berghei. . A related

bis-triazme ether also showe trypanomdal actiwty of a lugh order 2

' m rmce (Mamalis 1971)

"'(c) The recent 1solation of some derivatives of cychc hydroxylamines

LR o @

L .' from s ome plant and a;umal species demonstr,ated that these compounds

exist m nature and stimulated furth\er chemical a.nd b:ological mterest



in cyclic hydrbxylamines. A11 compounds 1solated are derwatwes of

c

-

. S g
_indole. A gluc051de (18) wh1ch was]amed neoglucobrassrém was

1solated from Brassrca napus L va napobrassm.a (Gmelin and

K

Lo us)

Virtanen "1962) Th1s glucoside\was 1dent:.fied on the basis of

. products formed from enzyme cleavage, ac1d hydrolysie and hydro- _

" was isolated fram the leaves of Lespedeza b1color var. Japomca

(Monmoto and Osh1o 1965) ’ A related\N-methoxymdole deriv’ ive

n

.OCH3 C ‘
(19) c ':‘ (20)

"1dent1f1ed as: 1 5 d:u’nethoxy 3-dimethy1ammomethyl)indole (ZO) was '

' _.,-““found to be the rnaJor alkalmd in GYmna.cranthera 2 iculata var.
. mppeliana, (Johns et al 1967) Both (19) and (20) were identified

: by their spectra and hy their ease of reduction to the corresponding
'ammes (NHforN OCH ) ' | .. | _ .> R
In add1tion to these plantr;roducts chem jal studies on\) .

' ~1uc§erin a crystalline substance mblated from the reﬂy, Cmridma oo '
'hilgendorfii indlcated that 1t was an N-hydroxyindole derivative (2_1) I




A‘ .‘ ) J
(Hirata'et al, 1959; Slnmomura 1960), 1 N
° . o . . - ‘ : . . ‘
CH CH I;I—-' —(CH2)3 NH C NHZ A S
o’c N s NH'
2. frpkﬁﬁARATION 'o’F CYCLIE:*HYDROXYL‘AMH\IES_ , Lo

Cyclm hy'droxylammes have been pr@pared by varmus v
':71

]

;methods from a vanety of precursors. These rnethods a.re conven1- :

ently grouped together for d1scuss1on in the following sectmnS'

.,jA) Preparat‘mn of cy

AT

hydroxylammes by d1rect N orx1dat10n of the

. \ i, v‘>\': 3 . Lo : "
‘ correspondmg amines. ', 1 T P ¢

= v 'I'bB) Reduction of cyclic n1trones

' C) Additmn to cychc n1trones K

T

- ,_;‘._.D) Formatmn of cychc hydroxylammean by reductlve or non- reductwe o a
j cychzatmn reactions. -,l S B
E) M1sce11aneous preparat1ons. T o SR, R o

<

' (.A) Dn:ect N-Oxidat:.on of Seg&xda.ry Cychc Ammes. - ‘
S Reactmns of tlns type are rarely used for the prepa.ratron
, '._ of cychc hydroxylamines poss:.bly due ‘to the expected sude reactmns

B wh1ch m1ght accompany the N- ox1da.tmn process.: However th1s B ,' SRR

'v.method can be useful for the preparatmn of certam N hydroxy

‘compounds whxch mxght be dszzcult to obtam by other ' ,'_'thetic routes. .' ‘
= = In most of these reactmns hydrogen peroxide 1s employed

‘w1th or w:.thout a catqust as the oxuhzmg a.gent J—Hydroxymorpho, . o o

N



L othe‘rs (e g Habib and Rees , 1962) failed to oxidize some cychc -

hne (22) was obtamed by the oxidn.tion of. morphohne thh different : R

: ‘concentrations of hydrogen peroxide but the yield: were: generally © |
poor (Henry and Dehn 1950 BTbut et al 1958 Zmner and’ Khegel |
1966) 1- Hydroxypxperldme (23) and 1- hydroxypyrrohdme (4) were

o sunilarly prepared (Blout et al 4958) : Anattem_pt (Thesing and oy

.Sirrenberg, 1959) to 1mprove the yield °, these compounds by o M

catalysmg the reaction w1th methyl rormate was unsuccessful but

-' ,l formic ac1d (Ruppert 1960) and sn.hcotungestic acxd (Kawagucha. et al
i 1967) were successfully used For this purpose e \ : ' ot |
b An early report (Ingraffia ,'v 1933) thai: mdole-magnesium

‘ brormde reacted W1th hydrogen peroxide to give 1 hydroxymdole was

‘ 'recently discounted by Kawana et al (1965) These mvéstigators a.nd <

: ammes to the correspondmg hydroxylammes by means of hydrogen s .

peroxide. Sm’ularly, no cychc N- hydrOxy compoands were formed

) when ferric chlor:.de was. used (Dobeneck and Lehmerer R

:-oxidatxon of mdole 3 acetic acid to the corresponding N- hydr :

-usmg this reagent o ‘ ﬁ K

| The use of percarboxyhc acids for the N oxidati : /o _
o tertiary amines is very common and a considerable number oi\i -oxides . \ ’

| - have been prepared by this method Recently, B;ékett and Salarm. S SO
s 1 : e s
. ,‘,(1972) claimed that one of these ac1ds (m-chloroPerbenzmc ac1d) e



[N l.o \'

' successfully ox1d1zed phenmetrazme (l 1y to ld.ah‘ydroxyphenrnetrazrn.e. ' ( v_-‘
- .;(12) An earher a.tternpt (Stacyr et al 1964) to use percarboxylic '
. ac1ds for the preparatmn of l-hydrow 2-pheny1benz1m1dazole from o
| _the correspondmg amme fa11ed The r-ela.ted compound 2 6 d1methy1-

‘.'benz1m1dazole (24) was. s*a.td to bé\ox1d1zed by bromme to the corres-'-

E ;pondmg hydroxylamme (25) (N1ementowsk1, 1892)

o ““-; AR f-w-.>?0H31v-
(24) T s

,~f N Acetoxy andN benzoyloxypxpendmes (27) can be L
. prepared from p1peridme (26) by the actmn of acetyl a.nd benzoyl
perox1des respectwel‘y (Gambarian, 1925 Gambana.n a.nd Kazarya_n, i ;

1933) - -Benzoyloxy-z 2 6 6-tetramethy1p1pendme (28) and \: J .

4;(;(cxjc»é” o
St

A Y

,*."glfgf_a'” B A R R OCOR RIS
5 e TR R:,.. CH3 or ph, - : - . R
(26) T e (27) r_,;_ i

-benzoyloxy-z 2 5 5 tetramethylpyrrohdme (29) were s1m11ar1y

' pr_e,p‘a,red Hydrolysm of (28) a.nd (29) g-a.ve r1se to the correspondmg
-'?H"zc‘

(28)

. . . U . ~ ) S S S
o N hydroazy compounds (Feldman and Hoffmann, 964})‘." el
(B) Reductmn of Cyphc Nitrones

. ” s Reductmn\ of tutsrones (30) to the corresponding secondary R

L PR
o e .



9

i

ammes (33) can proceed b‘, two d1fferent pathways The mtermed1ate - -

1mmes (31) or. hydroxylammes (32) have been 1solatdd Deoxygenatron '

-

. .

. /' .
‘ LY

:._',(31)‘

3 o (32) | ;
: : to (31) is generally effected byvusing triphenylphosph:i ne phosphorous
trichlonde phosphorous oxychlorides > sulfur dzo:ude zinc and acetic

| acid ‘as well a.s ca.taly‘c hydrogenatmn._ Zinc and m1nere1 ‘acxds‘ |

reduce the nitrone group to the secondary arnme sta.ge (33) Reduc—

tions with complex

t1on of hyd"“'°"Y__a!ﬂmeg, ; IR

1 5 D1hydroxy 3 3 d:.methylpipendine (35) wa.s prepared by

. the reduction ,yf (34) usmg potassium borohydrrde (Brown et al 1959)

(CH3)2 A

(35)

'I'he same reagent wa.s used for th)e reduction(of A' -pyrrohne 1-55'aaes}

to the correspondmg l-hydroxypyrroiidmes (Bonnett et a.1, 1959)

The N hydroxybenzodiazepme (14 R"H) wa.s prepared by

metal hydrxdes lead 1n most cases to the forma- o

reducmg nitrtmes (36) or (37) with sodzum borohydnde in ethanol or’ o

dzglyme Reductxon of the latter was a.ccompa.nied hy clea.vage of

_' the az1r1dme ring (Field et al 1966) These rea.ct:.ons were also .



R

‘ effe cted by usmg tetramethylammonmm borohydnde (Hoffmann-

/CH | s I
Mmoo o
" ' ) "'. (37) '} .o
oy
o (36) . S~ e | B o

: The use of lithmm alurnmum hydnde for the reductmn of
. cychc mtrones to the correspondlng hydroxylammes was first repbrted
by Exner (1955) TPere have been c1a1ms that reduction stops at the

| hydroxylamino- stage even when éxcess reagents and fairly mgorous

| ‘cond1t1ons are used (Thesmg and Sn'renberg, 1959) Among N- hy/tfroxy

»

; _-compounds prepared in this way are l-hydroucypyrrohdine from A‘

’-'__.v'pyrrohne 1 oxxde (Thesmg and Slrrenberg, 1959) and 7~ chloro-4-
hydroxy 5-pheny1 -2, 3 4 S-te rahyq:\ro lH 1 4-benzod1azepine 339)

..from the mtrone (38) (Sulkowslu and @hildress 1963) 7 Chloroa-z-‘ -

‘__methyl@o-‘} hydroxy -5~ phenyl 4 5-d1hydro 3H } 4—benzod1azepine

E L1A1H5;
. EtZO _— Cl N\
g H Ph 0§
(38) o (39)

’ .".;Was prepared 51m11ar1y (Sternbach and keeder 1961)

a2

P
o3

The d1meric 1 2 3 4 tetrahydropyridme 1 oxide (40) d1d

-



S hydrogenated m the presence

. Rogers , 1956)

v azolme (45) was formed when the isoxazohne 1-ox1de (44) was reduced
' b. thh zmc a.nd acetzc ac1d or thh sodium iod1de a.nd acetxc ac1d (Kohler

R and Barrett 1926) The N—hydroxytetrahydroqumoline (47) was. also

~

i . not react thh 11th1um h.lummum hydr1de However , 1t could be ‘. E '

. reduced cata.lytlca.lly over platmum in ac1d1c methanol to nge 1- |

N ‘hydroxypzpendme (23) (Thesmg and Mayer 1956) Catalytm hydro-v',. o o

genatxon of the trim _41) afforded the game N hydroxy compound - ;

(23)

: (Thesing and Mayer 1957) The d1mer1c mtrone (42) was also o
¥
}";_‘_l 8 d1azacyclotetradecane (43) = Further hydrogenatxon of (43) over

s Raney mckel y1e1ded the correspondmg ammes (Alford et 31 1966
. : SR '.. “Qﬁ?

e // [CHZ 5\ _ HzlPtov {Cnllé\
o N+ L +N-O — ,.,-‘Ho__—N

[Cﬂz] . ci” \[Cféz]

More powerful chemxcal reagents are employed occas1ona11y' |

| "'for the reduction of nitrones to hydroxylamines., The N hydroxyisox-

- :; prepared by the zine and acetic ac1d reductmn of (46) (Taylor and '

'_ dam's catalyst to give l 8 dihydroxy-



Y

/ (44) ’ FRAE .l : ':.,;_ i o = o (45) s
| and Ka.lenda 1953) I{contrast the dxoxzde denvanves (48) were.

.

| | (46) P j' R o R (47)
reduced with sodmm hydrosul.ﬁte to 1 4 dihydroxypyrazofes (49) bﬁt _

“ =
when reductxon was performed W1th zmc a.nd acetic a.c:.d 4- hydroxy- O

pyrazoles (49 N..H for N-OH) were formed (Freeman et al 1969) o

B3

': . . ‘:' | \\ OH

(48) f ey e

A Reductxonﬁof the c.ychc mtrone (50) xras accompamed byr an :

“ : eliminatxon of methyl alcohol a.nd yxelded the 1-hydroa:ypyrrole (51)
Th1s reduction was ach1eved usmg sodmm-pota.ssmm a],loy, a.lkyl or

v aryl magnesmm brom1des (Blatt 1934) Sodium potas smm alloy W3.8f'

OH

e also reportedbto reductxvely dJmenze 5 5 ﬂn’nethyl A_,_pyrrolme SO

w T e



P l oxide (52) to the 1 l'—dihydroxy 2 Z‘ -bipyrrohdinyl derivative (53)

(Clark et al 1959) k ._ o |
o (qg{?:)/z/';K-r R ;((_;HB)
I S
SR <5z.)-;:, :

. (C) Addition to Cyclic Nitrones

15

- Grigna.rd reagents add a.cross the double bond of cychc oy . .'_

mtronea leading, in certain msta.nces to the formation of atable cyclic '

,hydroxylammes . Some

":-alkyl a.nd d-aryl N-—hydroxy compounds

- were prepared in thlB way rom pyrrolidme 1-ox1des piperidine .:

xide s pyr 1dme

1- oxides a.nd qui'nolme 1 oxides

_-Hydroxy- -phenylpyrrolidme (55) was the product of the B

_rea.ction of A'-—pyrrolme 1- oxide (54) and phenylmagnesmm bromide

_(Thesing and errenberg, 1959) Other N-hydrou:ypyrrolidines are

| (54) |
- -’r‘prepared similarly

(55)

(Bonnett ét a1, 1959, : Delpierre and Lamohen, 1963)

'"The tetrahydropyridine 1 oxide dimer 040), whigh is. resista.nt to a number

-l'.",;_of nitrone reactions such as reduction w1th hthium aluminum hydride o

\ch sulfur dioxide reacted readily w1th phenylmagnes}\ ium bromide P

‘_’""-to g:.ve l—hydroxy 2-pheny1p1per1dme (Thesing a.nd Mayer 1956 1957)

2 2-D1pheny1 3 oxo l-hydrox doline (57) was formed

. '.'.'.from the reaction of z-phenghsatogen (56) phenylmagnesium

Ce



o N ox1des in the react:.on \

o brorm e (Rugguh and Caaper , 1939) A The\ latter reagent also reacted

(1) PhMgBr

vf'

(57)

16

R w1th the cychc N- ox1de (58) to yield 7 chloro-4-hydroxy-5-pheny1 1 3 .

4 5-tetrahydro-2H 1 4-benzodxazepm-2 one (59) (Grmdstedvaerket_)

v o

(58) R (59) |
.Additmn of Grignard reagents to pyridme 1- ox1des and .

qumolme 1 ox1de generally g1ves of = alkyl and O(-arylpyridines T -

: onna, 1936 Ochxal and Arima 1950) In some ‘
: _termediates (60) are also oxidized by the unreacted
" 1xture to form a( substitu.ted N ox1des

I

(Colorma and R1sa11t1 ’ 19'_

(60)

o ._fv"afforded cychc ngydroxy compounds.-': Thus, 1 -hydrqu 2-pheny1- o

L b.:"magnesmm bromxde with pyridine 1 ox1de 2. pxcolmo l -oxide and

¥

S ;l 2 d1hydropyr1dme (6Za), 1ts 6 methyl der:.vatwe (62b) and l-hydroxy-i : (

Kato and Yamanaka, 1965) When these ‘

B

L _-vZ-phenyl 1 2 d1hydroquinolme were0 obtained by the reaction of phenyl- )

- -':-;_v._quinohne 1- oxide respectively Attempts to repeat E@hia react;on wzth



0
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) X r,

- a,R:H L
(61) S Leimsemy (62

o 4 substituted quino],me 1-ox1des failed to y1e1d a.ny N- hydrox&
compounds (Kato and Yamana.ka, 1965) B P
) Hydrogen cyanzdc is reported to add across the double . !
| .bond of mtrones giving adducts which generally lose water m the e :
| “presence of bases _ This reagent however reacted with the pyrrohne
'.l OXIdBS (63) to give 2-cyano- 1 hydroxypyrrohd (64) wh1ch were B
stable to alkah but ?a-dily oxidized to the cyanomtrones (65) (Bonnett

et a1 1959) Cychc mtrones also react w1th active hydrogen

el om
(64)

. compounds formmg snmple adducts For example treating pyrrohne .
1 oxides such as (52) with mtromethane in the presence of base, »I

4/1e1ded the Z-nitromethyl l-hydroxypyrrohdme (66) (Bonnett et al, :

-

1959, Bowering et al 1963)
Some nitrones, undergo aldo‘.l type reactions. Z 4 y4- 'I‘ri- .

meth{l A' —pyrroline l oxide (67) for example dimerizes slowly on

standing to g:.ve the nitrone-hydroxylamine (68) (Brown et al 1959 a)



4

4

-('CH3)'Z—U G " (CHy),

*

. l

3
——CH : ] :
27
i 3 | e

o . R
(67) SR S e " OH

O ==

‘D1mer1zat1on Qas also 1nduced and controlled by bdsic catalysts

Thus the mtrone,(52) is stable at room temperature but rea.d:ly

d1mer1zes under ba.sxc cond1t10ns . In the presence of trxphenylmethyl
sodaum ‘an a.ldol type rt:achon occurred lea.ding to the b1pyrroly1

) der:.vatxve (70) wh11e a benzo1n-type d:'?menzatmn to (69) occurred w1th -
‘sodarrude m hquid ammonia Sodarmde in tr:.ethylamme gave a o

A
'mz.xture of both dlmers (Brown et a.l 195% 19S9c) The benzoxn -type

32 3N7

R

o s : T L
sz) | -~ ,(c;1-13)":;2

o

(71)

. T e ALY
o M e A
Y P

d1mer1zat1on nght be 1n1t1ated by deprotonahon of (52)‘

’5‘“” ”‘”Bmwn et al, 1965) EET AR .

f:':'(D) Cychza.tmn Reactaons" ;_‘f," _' PR [
o The maJority'of cychc hygroxylamnxes vreportad m the

hterature were prepared by cychzatmn reactxons wh:ch invogﬁve éi’ther ‘,

.,.

' _condensatxon of two molecules or the mtramolbcular cyclizat{on "of '_a_ P

s:.ngle compound These reactmns generally ut111ze mtroar
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derivat:.ves. Nitroso and hvdroxYlamino ic'ompounds are possible" SR
N I Ty
'1ntermed1ates in many cases and are sometimes used as m1t1a1 reagents.

'. I:fThe mecharusms of these cychzation reactions are seldom clear and
- .accordmgly the dlscussmn of these mechanisms is mostly ‘speculative

Most often espec1ally when mtro compounds or oximes

kY'Y

"’.are used an 1n1t1a1 reductxve step 1s required prior to’ cychzation and ﬁ ’
numerous reducmg systems have been employed for this purpose 'aﬂ‘ g
& hb\

‘- However the nitro group ma.y also cyclize w1thout mitial red(;t

_ lthe mtroso or hydroxylammo stages. This a.lternative noute in l

- ~_jattack1ng nuc1e0ph11e can be an ahphahc ca.rbam.on a reactive aromatic

\

‘,nucleophihc attack on the nitrogen atom of the n1tro group, the

rmg or an ammo group 'Rhese types of reactions were extensively |

"»'rev1ewed by London and Tennant (1964) |

= | Cychzation reactions discussed now are classified under

’_‘..'4two subheadmgs reductive and non reductive cyclizations. In the |
“first a reducmg agent is used mamly to effect reduction of the ox1me

. or nitro group to. a hydroxylammo or mtroso function. ' The second

- group includes those reactions in which the nitro-group s demand for

: e.lectrons is supphed from w:thin the molecule.v Miscellaneous
'reactions m which cyclization mvolves quzte dxfferent mechanisms o

fw111 also be reviewed R SR | ,: N B L "" |

i = Reductive cychzations. B
Various reducing agents have been employed for S
= "the reductive cychzatmn of oximes and nitro compounds. : These L

reducm‘g agents are generally m11d although in some cases strong-

‘ _ 'reduction systems give rise to the reqmred N-hydroxy compounds o

‘ Zinc and a'mmonium chloride have been used ‘by several o

o
e
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L mvesngators for ‘the preparatmn of aromat1c hydroxylammes from the
correspondmg mtro compounds Reductlon of o- n1trobenzy1 ketones I
(72) thh th1s system was. also successful and resulted in the formatlon -

of the taugomenc 1- hydroxymdoles (7a = 7b) _ 'I‘he hydroxylamme (73)

was postulated as an 1ntermed1ate The satne synthenc route was S

H_

(7a)

employed in an attempt to prepare the parent N- hydroxy:mdole but 1t SN

led mstead to a dimer Iormulated as’ (75) (Mousseron Canet a.nd Box:a,j -

B '.'.,.'(7'4) e - e (75)
e Reduction of Z—mtrophenylpyrmnc ac1d (76) W1th sodxum-
a.malga.m offered a means of preparmg 1- hydroxyindole =2~ carboxyhc
: acxd (77) (Reissart 1897) S1m11ar results were obtamed when "‘
4-methy1 Z—nitrophenylpyruwc .acid wa:s reduced Reduction of (76)
. w:.th zmc and acetm ac1d yzelded mdole 2 carboxyhc ac1d
| B The sa‘me N hydroxymdole (77) was the sole ac1d1c |
| product obtamed by the sodmm borohydnde/ palladmm char\coal |



reductmn of 2 mtr0pheny1 pyruv1 ac1d (76) or 1ts methyl ester, from '
| the latter a better y1e1d was obtame (Coutts and Wlbberley, 196.3) |
= Catalytm hydrogenatxon of the ox1r£e éem:.ca.rbazone and -
phenylhydra:zone of 2- mtrophenylpyruvm a.c1d (76) over platmum or
palladzum prov1ded another route to 1 hydroxymdole 2 ca.rboxyhc »
: ac1d (77) (Baxter and Swan 1967) Va.rymg amounts of. 1ndole 25 T
carboxyhc ac1d were also formed along w:.th the hydroxymdole. , R > "
Another example of the use of eatalyt1c hydrogenatmn for . B

preparmg cychc hydroxylammes was. reported earher by KnaJcmorJ.c |

'._a.nd Vran_]lcan.(193‘3).-- Hydrogenatmn of acetyonylacetone d1ox1me (78)

S CHy_ o
>CHNHOH
_c:H.2
. .CHZ : e
n \CHNHOH ,
cH.”.
,3.,(79) o

9) © CH,— COCH;

- CHj
3

COH - T e
(81) e e (80) _ . :
in ac1d1c n’ied:.um produced 1 6 d1hydroxy-2 5,7, 10 tetramethyl 1 6- :

d1a.zacyclodecane (81) This compound Was fcrmed by the reductmn of

S ‘the mtermed1ate d1oxy derwat;ve (80) whxch resulted frorn the ccmden- S

_sat1on of the hydroxyla.mme (79) w1th acetonyla.cetone, : the J.a.tter is

I present on account of the part1a1 hydrolyms of the dmxxme u;. acidxc

e

e



medium.. . ‘_ .

o S e

Reductwe cyclizaticn of trans o -mtrostﬂbene (82) with

A

:tr1ethylphosph1te y1e1ded 2~phenylmdole (84) and traces of two- other .

V"products When th1s reactlon was mterrupted after one hour the

mtermechate 1- hydroxy Z-phenyhndole (8 3) was 1solated but only in

poor’ yzeld (Sundberg, 1965)

: 'p'ared by ‘t’he" stk "Meus chlonde/hydrogen 1od1de reductmn of ethyl

N}

'o-mtrobenzoylacetone (85 R=H) (Gabr1e1 and Gerhard 1921) T‘he,

: related compound (86 R COOEt) was obtamed by the reductmn of

ethyl o-rutrobenzoylacetoacetate /(85 R= COOEt) W1th Eitannous chlonde -

and hydroohlorm ac1d in acet'c’ ac1d (Mté]luskey, 1922)

o resulted in the formatmn of l-hydroxybenzlmn'lazoles (89) _Thei ,

(86a) SR (86b) o

Reduét;on of o n1troan111des (87) uﬁder mﬂd cond1t1ons

hydroxylamme (88) was postulated as an 1ntermed1,ate. Among the '

22

reducmg systems used in th1s type of reactlon are zmc and arnmomum o

AN

chlonde (ﬁr;mentowsln, 1910 Kuhn and Blau 1958), zmc and hydro- b» S

N ) chlonc ac1d (N1ementowsk1, 1892 1899) tm and hydrochloric acid

"1889 Nlementowsk}, 1910 Takahash1 and Ka.np, l964),_sod1um Lo

B d1th1omte (Fr1es and Re1ty, 1937 De Stevens et al 1967) and

:ﬁﬁ L

' (BaCzYnSkl and N1ementowsk1, 1902). ammomum sul.ﬁde (Bankxewwz y

e T T e



- j“catalyktic»hYdll‘ogenati'O_n dver‘palladi‘_"ﬁ (K,arriels_t 3—1’ 1957). = °

'(87)’ o . (88) - @y o

Ammoma (Neadle and Polhtt 1967) as Well as sodm.m hydromde o
e
CDe Stevens et al 1967) were also used to catalyze this. cychzatzon

The 1- hydroxybenzotnazole denvatwe (92) has been

—

' prepared e1ther by the stannous chlor1de/hydrochlor1c ac1d reductxon o

~ "' T

of the potassmm salt of the\Z n1troso1m1no om‘ﬁfe (90) (Harden and

e

4 Okell 1901) or/hy the mteractmn of l 2-naphthoquuione l oxime (91)

" and toluene B-sulfonhydramde (Scott and Lelor 1966)
O _ : : o

s(9z) el

An early report (Heller and Wunderhch 1914) that

-

L -'-'_'reductmn o‘f.. K -cyano o-mtrocmnamide (93) by zinc a.nd favcetic acxd

._y1e1ded 2- carbonyl 2 cyanod1hydromdole (947 a.nd its. N hydroxy

o .“denvatwe (95) was later d1scounted ; The products have been

: reformulated as Z ammoqumolme 3 carboxamxde (96) and 1ts N ox1de

.(W)(Pachter and JKloetzel 1951' Taylor and Kalenda. 1953- L

S .23



SRR (96)
: Tyler, 1955) ‘, F“ |

Another report by Narang et al (1934) and the rela.ted work

by Coutts and Edwards (1966) regardmg the formatmn of the N hydroxy-;-'ff» '

- -pyr azolbqumohnes (99) by the reductmn of the o n1trobenzyhdene ‘.‘
S = '
" der1vat1ves (98) constltutes a part of the present mvest1gat1on and
. : 1 4 B B -

24

w1ll be d1scu*ssed in deta11°later _' i - B o .f' o _l_ -

i - Non reductlve cychzatton' T

“In most cases s these cych%atmns are catalyzed by ac1ds “," s

or bases and the products occasmnally are affected by the pH of the 3 |

‘-4

reactlon medxa Some mteract:.ons, however occur under s’eemmgly -

-

o .neutral cond1t1ons

One of the earhest examples of ac1d catalyzed cychzatmns E

L '_,.’was that reported by Flscher and Hutz (1895) Treatment of the

: benz°m oxxme (100) with concentrated su.lfu.rrc ac1d resulted in the

L ’T ,formatmn of l hydroxy 2 phenylmdole (83) ’ A 51m1lar procedure o



e

. was recently ‘er.nploye'dlfor. .théjpreparatioxi of some related N'h?dib_*;;gY;‘ g

- indo_les. (Kawar.x‘a _e_‘E al, 1965). “~

v (100) (33) OH

| The related 3. cya.no l-hydroxy 2-pheny1mdole (103) was
obtained by the action of potassium cyanide on either o nitro-\_ . -phenyl-; -
cmna.momtrile (101) or o< -o-mtrophenylcmnamonitnle (102) Alka.-

line hydrolys:.s and decarboxylation of (103) yielded l-hydroxyaz-phenyl-

indole (83) (Loudon a.nd Tennant 1960) R f’ ST LR I

(102)

' 'I‘he ac1d catalyzed condensat,on of o-nitrobenzaldehy,de SN

"'.:"(104) with ethylacetoacetate |
'_(106) (Loudon and Wellings . 19': _) .' Analogoue reeults were obtamed

: '_'.by replacmg the ketoest‘er ( 105) with acetylacetone benzoylacetone

' 05) gave a l-hydroxyquinolone derivative“ .

or. diethylacetone dicarboxylate When hydrogen chloride was used to"." o

R catalyze the reaction a chlorine atom was introduced into the product

W

P (106 X-Cl) owever ' no brominated derivatives were formed when g

i .hydrogen bromide was uaed In the presence of quinol the 1solab1e



o Y\ [ N _ :

. mtermedmte (107) may be cychzed even by hydrogen cM;de without |

. / L '_ ' , bt 3
any uptake of chlorme (Loudon and Tennant 1962) \‘/ SR S

-

5»\..

CHor ' “CH'-'; COOG,H
CHO  QHz— €00%h |
-NO, CocH, e

N ‘

B -Nitrobenzaldehyde (104) reacted with benzene in the o
-'M:presence of sulfuric acid to gwe 10 hydroxyacridone (108) (Lehmstadt
. -;1932 Khegl and Brosamte 1936) The anthraml oxide (109) a.nd n
:‘,:Athe nitroso compound (1 10) were Buggested a.s mtermediates (Katritzky

: a.ud Logoweki 1971)

(108b)

_ B Nitroeation of 3-methy1 4 phenyl-j-buten-;-one qxxme
‘(111) yiel.ded a hzgh melting product which was.imtially as eigned a -
'..'f"_s',nitrimine structure (Harrie and Tietz 1904) hut wae eubsequently
-'_'zj:shown by Freeman and Gannon (1965) t%be the l-hydroxypyrazole B
2 oxide (1 IZa) or its Z—hydroa:y 1- oxide tautomer (112b) Further Ry



“studies (Freemanand Gannon, 1969, Freeman .ﬁ.?l’ 1969) showed ’_ S

| 'CH3 Ic'—-ﬁ CH3{
' Ph= C_H( NoH =

(111)

12w o (1 12b)

Lo ' - : , s
that the producta obtamed fro \is reactmn are dependent on. the
) subst:.tuents on the oxzme molecule ' An attempt to prepare the
‘._N hydroxy N oxide (l 14) by mtrosatmn of bénzalacetophenone oxune _

. ’(113) resulted mstead‘?n the forma.tion of a d1mer1c product (115)’ .{ o

(Freeman and Hansen 1972)

. T S C‘Hr--‘-ONof"
*..PhCH CH-C ph Y.ie 2 Setis

"
“5 .

| (-11-5) B ‘ T

The ability to form cyclic N- hydroxy compounds by base-—"’_; f

' catalyzed cyclizat:.ons has 'been known for some t:.me.e Reisaa.rt (1896)
4} y\{‘ N

N found that treatment of o—nitrobenzylmalonic acid (116) with aqueoua *

":_j sodium ﬁydrou:ide eolution yxelded l_-hydroxyiadole 2 carboxylio acid

(LI'I) Thxa compound was a.lso obtained by the a.ct:.on of the same

il baee on o-nitrobenzylacetoacetate (l 17) (Gabriel et al 1923) The

e latter reaction occurred so readily that the ester (77 COOCzHS for ';"-\.‘f-_'

T COOH) was also isolated ;§ < f_ A




B Base ca,talyzed cyclizatxons of diethyl- o= cyano-’ ‘-Z;nztro-.--v}
| benzylmalonate (118) a.nd its , o( carba.moyl a.na.log (121) produced :
different produ¢ts depending on the type of baae used Thus treat- . !
ment of (118) with etha.nohc potassium hydrox:.de y:.elded the 1= o
hydroxyqumolbne (119) wlnle the use of aqueous sodiurt’carbona.te led

| to the formatxon of ethyl 3 cyano 1 hydroxyindole Z carbou:ylate (120)

e On the other hand treatment of the o( -carbonylmalona,te (12'1) with




' m terms of mtrb.molecular t:ondensation rea.cﬁons o£ carbanxona with
)

. the mtro groups followed by decomposition of the interna.l condensate

,""

*(}24) (Loudon and Wellmgs 1960)
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Z-methoxycarbonyl 6-nitrobenz1m1dazole (128) was obta:.ned by the '.

base catalyzed cychzatmn of methyl «-(2 4- dmztrophenylammo)-"- :

| acrylate (127) '(I:uetzov et a.l 1966 Luetzov and Vercellotn, 1967).

‘(127) e PR S (128 On DT
l ?:lro::y Z-phenylbenzimidazole (130) was prepared by o
B the base-catalyzed cyclization of N benzyl o-mtroamhne (129) (Stacy |
R et al 1966) The same compound was also obta.ined by the rea.ctxon of”' C

_H- CHZth .‘ OH"

_ .'-NOZ' | : ,
(129) G T (130) °H

' benzaldehyde and o-nitroamhne (131) and bx the prolonged heatmg of

the 1solab1e intermedlate benzal -o- nitroam.hne (132) (Sta.cy et al 19_\64). S

(130) OH

The ana.logous 1 hydroxybenzunida.zole derivative (134)

-were prepa.red by the photoly‘txc conversion of 2 .} din1tropheny1 '
»f‘deriva.tive of «-amino aczds (133) , Thm reaction a.lso produced -
';‘:,4-nitro Z-nitrananiline (1 35) The proportion of these two products o

‘depends on the PH of the . somtmn (Pollitt 1965 Neadle and Pol.htt

_1967) Reaction of (135) with different aldehydes y1e1ds 1= hydroxy 6- o



N

-3

<
Z

mtrobenzimulazoles (134) (Ru.ssel 1965)

NHCHR CDOH "

(135)

i Treatment of 1 3 dimethyl 4-amino 5-nitrosourac11 (136)>

o ‘with benzaldehyde a.nd dimethylformamzde yielded the tautomenc “ -

. 'pound ie probably formed by the spontanOOus CYcliza,ti on of the inter- .

mediate anil (1 37) (Ta.ylor a.nd Garc1a., 1964)

CH3 (l38b) '- c _3 (138a)

. obtained by the intera.c‘

' :_oxide (IQO) The intermediate ‘

. '_i ‘ture (Minisn et a.l 1963) Related compounds ha.ve also been prepared

- "')

I ‘droxy 2-pheny1benzimidazole 3 oxide (142) vyas - R

on of'v_niti-'foeob'_epzehe"_(139)" with b’enz‘qnitrué‘i o

i

) has been isolated at IOYI tempera- :

'N-hydroxypurine (138) as one of the reaction producta., Thia com-
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(142) oH .
. ,by the reaction of o= qumone dioxime w1th aldehydes (Boulton _g_ il. .
o 1966 1967) /~ | B PR

" The l-hydroxymdaZOIOne derwa.twes (‘144a) wh1ch are ..

4 tautomerm with 3 hydroxy inda.zole 1 ox1de (144b) were reported to SRR
.fﬁbe formed by the isomerizatxon of (2-mtrobenzyhdene)a.nihnes (143)

in the presence of sodmm bxca.rbonate (Seca.reanu and Lupaa 1933)

OH @ <

(144a.) (144b)

. L l-Hydrou:ybenzotnazole (146) was. the product of a ba.se- o
: | catalyzed cychza.tion of o-nitrophenylhydrazme (145) (Nxetzlu and

o :Braunschweig, 1894 chke a.nd Schwa.rz 1900} 'I.'hxs rea.ction was “ _ »' s )

o }%}45) (146a) S (l46b)
extended to the preparation of 1-hydroxy-6—nitrobenzotriazole by the RER

"actmn of hydrazme hydra.te on 2 4 dinitrophenylhydrazme (Curtnts e

i U,



R

S T (150)

BrCHz L COR
. \c-N ;k~
/ (151)

,'._c_; "
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.ib.,

ﬂitrobenzenes (Muller and Zimmermann 1925) or with o dimtro-

benzenes (Vis . 1939) also gave rise to 1- hydroxybenzotriazoles

a.:id Maver ,1907) The reaction of hydrazme hydrate with o- halogeno-

Yields varied greatly accordmg to the pH of the reaction media C

(Macbeth and Pnce 1934)
| Some monocy‘chc N hydroxy compou.nds can aJ.so be :
prepared by cyclization reactzons The l—hydroxypyrrolea (149) were '4>° o

> - f yfmed by the condensation of benzil oximes (147) and vmyltriphenyl- f'-.«.

hosphonmm bromzde (148) in a reaction designed for the preparation '

' oi 6H oxazines (l 50) (Schweizer and Kopay, 1972) Other aubstituted

'cnr.cnpph

. vB.r
S (148)

N hydroxypyrrole derivatives (1 53) are

the oxime (151) w1th various diketones (1 :

(153)

. = - L
The cvclization of Z 6 dn’nethylheptadiene-4-one (154) with

. -'hydr,oxylamine offered a means of preparmg the l hydroxy-4-p1peridone -



 derivative (155) (Lehmann, 1897).

N Hydrommidazoles (1 57) are formed by the reactzon of

| | o(-ketoxime (156) w1th aldehydes m the presence of ammonia. (Alla.n -

. ‘and Alla.n 1964 Akaga.ne et al, 1969’) Tlns reaction was origina.lly

i . -discovered by Diels ( 1918) but the products were allocated mac&rate

c structures (Diels and Solomon 1919) ,An alternative preparation of

- RN-OH o NH3 . :R' N-—OH
L R ‘0.' Lo IREERRN T R N

(155) RANNT : B " e (157)

/ R'

| this type of compound was achieved by reacting aldehydes with amino- i

R oxxmes (158) (Bu.sch 1931 BuscK and Kammerer 1930).

- CH,~ NHR 3‘ e
| SR ,_:‘.","\R.'CHO g

Sn-on "NJ*}(-V .

(158) S om. s

‘ Condensation of 2 3-butanedione mono-thime (160) w:.th :

: aldozdmes (161) resulted in the formation of substituted l-hydroxy-

.v:'»_'imidazole-3 oundes (162) (wnght 1964 Bodendoff and Towliati 1965)

Similar products have been obtained by the rea.ctxon of dimethyl-»

H3C N
|
]

. Hi¢” To.

bl -

34
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H g ~C =NOi—I :

H3C é NOH

: | | (163)

yoe : .

glyox1me (163) w1th aldehydes (Laparola 1945)..‘

: ‘\ -Hydroxyla.mmo oxu'nes (164) when reacted wzth aldehydes

L iy1e1d d:.hydro -1 -hydroxy:mxdazole 3 ox1des ( 165) These comppunds o

Awere readzly converted to hydroxylammes (166) or (1 67) by a.cyla.tmn' .

f.followed by hea.t or: 'by the actxon of hydrogen chlonde m etha.nol |

(Volodarsky et al, 1965)

HON - NHOH

L T S
_C- CH - CH ._B_'_C_PE)_,

R

(164)

o o SR (166)
4-Hydroxy 1 22 ,4- tria.zoles (169) are produced by the g
reaction of hydroxylamine thh dxchloro compounds of general B

: structure (l 68) (Stolle a.nd Thbma 1906) Also a.ddition ol tr'il'- -

e " " + NH OH o N
: zf‘--‘R',_.‘u-'. g i J\NJ‘R R’kN4LR
Cl c1 (168) (1693) on e 75““’9")

~ imines (170) to the c N double bond of aldoximes (171) produced
-hydroxy-4-pheny1tria.zole (172) but these compounds dehydrated

i spontaneously to give l Z 4-triazoles (173) (Huisgen et al 1965)
EATRY : e v ' ‘,@."



+ - o rF N——n-py. —~N-Ph
N—N—Ph .|. N (.;H R ' JL 1 HZO LN d
R R\~ /L

R-'C ‘ H_ C I;I R -

ST L ST ; OH - -

(‘179)_ SR (171) S o (172) (173)

. | :

‘ _‘ . The reactmn between hyd&xamoyl chlonde (174) a.nd

: 'sod1um az:de gave 1- hydroxy 2 phenyltetra.zole(l?S) (~Eloy, 1961)
_ The la.tter compound was also obtamed by the actlon of mtrous ac1d

]

" on hydroxamoyLderamne (176) (W1eland 1909) Some rela.ted -

‘NOH NaN3 : ., NOH'

‘.(174) kT B S ‘
;o’e *Ph~C NOHj' ;'T f“r'g;cé”°3:.lgVeu75»]
| NHNH R T SNoe .
(176) S (‘1?1413
_',denvatives were prefared by‘the condensat1on of n1trohc ac1d (177)
- with hydrazom acxd (Maffei and Bettinett1, 1956). T |
E O Alkyl and O acyl derivatives of cychc hydroxyla.mmea
| va.re formed by cychzatmn reactmns. Thus , condensation of 1 4-
o dibromobutane (178) with O-methylhydroxylamme (J'Zx9) yielded 1- .
. methoxypyrrolidme (180) 1= Methoxyp1per1dme was simxla.rly
'prepared from 1 5- dxbromopenta.ne (Zmner and Moll 1966)

CHzBr L l ST e T o

b

CHzBr A

_.‘(173) R (179) ; (180) ‘

- N Methoxyamndmes of rthe type (184) were obtamed by

the reaction of methJ 1nitronates (181) and acetylenes (182) N methoxy_-

36
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4fis‘oxvazovl;mes (183) ,were po'stulated‘ es intermediates (Tartakovskii
Cetal, 1968). . S
) Rl I . r f—f‘n . RcovR" R
: N —7N S
C-N OCH RC._CH —_— .ﬁ; ,
Rll’ + 3 + R O/N OCH E
e S o OCH3 R
(181) B (182) o (183) B (184) -

| ' The N- alkoxy and N a.ryloxytnazmes (186) can be prepared
. by the reaction of the dxgua.nid ethers (185) with ca.rbonyl compounds | ‘) |
in the presence of hydrochlonc acid. Catalytzc hydrogenation of o

/‘»

, '(186) ga.ve “the parent N- hydroxydxhydrotnazine (186 OH for OCHZR) i /n

(Mamahs et al 1962 1965) .
.»'t C HN*"'(':' C:NH E R'—CO-'..R") ' HZN-'/N l Z S
ST R B P — RCHZO— _' .
R-CH;O-NH  NHp HEL L
(185) | . | R I' '_ o (186) l‘ I

N Benzoyloxy and N- sulfonyloxy derwa.t:.ves of, 2 a.za.-
' ‘norbornenes (188) were formed by the addxtxon of cyclopentadxene to

. _ various oxime benzoates ‘or. sulfonates (187) (Bzehler and Fleury, 1968)

i
RI_ __OR RO

SRR D e
R" . .

S asn -

o ‘-n.(‘E)’ ) M:i:s‘celllaneous' Prepéra._tiﬁonét S
' v,'é S Included under this heading are those prepara.tmns which ‘

)

““,ido not ﬁt mto any of the precedmg claasifica,txons.
Certa:.n types of amine oxides such a.s (189) decompose

when heated to y1e1d a hydroxylamme plus a.n oleﬁn Exa.mples of

. - o



- th1s reactmn are reported in the early 11terature (Werm.ck and o .

o onlffenstem 1898, Mamlock and Wolffenstem, 1900) An mtra- :

molecular mechanism mvolvmg a planar five—membered cychc

| 'transa.tion state ‘was suggested for this react:on (Cope and Trumbull

.1960) ',~»; S T AR AL A '"»#1“

(189)

“ The eax;ly report (Wermck and Wolffenstein 18 f that -

N- hydroxypxpendme (23) was obta:.ned by pyrolyais of N

‘dme oxnde (190) was confirmed by Rogers (1955) who ‘ew

. B v
W NI . | 27
H5C2 0 . ER L _
(190) N (23)

work to the preparat...on of other N hydroxy’ compounds. _. For example, L

', -hydroxymorphohne 2) was obtamed by heatmg the phthalate sa]t

Ll of ethyl p mor(pholinopropionate N-oxide (192) w1th aqueous a.mmoma._,_ ‘

‘_‘Thm N—-oxide was prepared by the actidn of: monoperphthahc acid on:

u the ester (191) Smularly, i-hydroxypiperxdine 623) was formed

——-—->E]

‘ RE / SN
o éH CH COQCZHS - ‘o \CHZCH_ZCOOCZHS o 22
(1913’ a9y [ ’

i “'jwhen ethyl P p,peridmepropionate was treated w1th perbenzoic ac1d

.‘,b

in th1s case, the N- oxi@_.h.:_nzoate Was not separat’ed Both these o

reactiona ’. vghich were carried out under mild con' 1tions have been




'.‘ ‘ I _' '4'

described ‘as a reversal of the M1chae1 adchtion fac111tated by the f .

r

formal posxtxve charge on mtrogen (Rogers ’ 1955)

. l-Hydroxypyrrohdine (4) and 2 hydroxy l 2 3 4-tetra- _

' 4
E hydromoqumohne (193) were. mm%‘ﬁy prepared by the pyrolysm of

N-et;hylpyrrolidine N oxide (Thesmg and S1rrenberg, 1959) and N- ‘

: (car%ethoxyethyl 1 2 3 4 tetrahydroisoqumohne) N oxide (Thesmg
'and Mayer 193\7) respectivehr Compound (4) was also obtained by

- '-the pyrolytic decomposrtlon of the N oxide (194) undér reduced
. . e ;\ :
‘ .:pressure,(Paquette 1962) T

. OH o
(4)

';_o’ CH—CHZ

(194)

Some cyclic hydroxylamines are prepared by chemical

| f!'modzﬁcatzon of compounds which already have the N hydroa:y function... ; L

AFor exarnple lithium alummum hydride reduction of N hydrorxy- i

. ~succin1mide (195a) a.nd its O methyl analog ( l95b) y:.elded the corres-,_'; ,

f‘;ponding derivatives of pyrrolitihne (196) (Zmner and Moll 1966)

.

' .»:.:Similar reduction of 3-hydroxyphthahm1de gave N—hydr OXYl.soin doline . E i)

: ._(197) (Zinner and Dueerkop. 1969)




Also mild reduction of l-hydroxypyra.zole 2 oxides (198)

- with sodmm chthiomte yielded 1- hydroxypyrazoles (199), zinc a.nd o

,acetic aczd reduced both the N- oxy and N hydroxy functions (Freema_n o

na0s

(198) = - | : (199)
g _ and Gannon 1969) Sn'mlarly, cautious reduction of the dioxy
denvative (142) with stannous chloride and hydrot:hloric aczd resulted

_"m the formation of 1 -hydroxy 2-pheny1benzim1dazole (130) (MmSci

' '-et al 1963) The latter N-hydroxy compound was said to be formed

'by the action of alkaline hydrogen pero:nde on 2-pheny1qumoxa1me
' ,.4 oxide (200) (Hayashi a.nd Iijima, 1962)

(130) OH

) ); & I Reduction of the stable free rad1ca.1 (201) w1th phenyl-. ¥
.,-.a ™o ’

,_Ehy,drp.zme o}- with hydrogen over platinum yielded 2 2 4 4-tetra.-

| f"-methyl 1 ? 3f4-tetrahydro 3-hydroxy-r~caxboune (202) ' e_j‘_ fj T

40

"”rad“"'l (20” """’9 °bt"*§[°°d bY the catalvzed (Nazwoz) hYdrogen per- f |

"o:dde orx:.da,tion of the 3’ carbolme (202 H for OH) (Rozantsev and

-i'v":"Shapiro 1964)



. e

- _ The reactmn of etha.nol w1th the pentafluoro compound (203).'. S
: :ca.uses "éhmmatxon of one molecule of hydrogen fluoride and the forma—‘ S

Jtmn of 1 ethoxyaza-z cycloperfluorobutene (204) (Knunyants and - 5

j“Bykhovskaya 1960) o e “., B 'r’;,
FZC-—NF IR EtOH cm —N’ T i

(203) B (204)

. 10 Hydroxyacridone, ¢ 08) was prepa.red by a.czd hydrolysis{:' y
'of 9-bromoacridine 10~oxide (206) wh;ch in tum was obta.ined by the

'va':bromina'tzon oi a.cndme 10 oxidp (205) m acetic acid (Acheaon et al.

; 1960)

(108) e

Heating the \pyrazine N ocxide (207) w:.th ethanolic hydrogen

lv-"llvchloride offered the hydroxvlamino BPirOtham (298) Thi’ °°m‘ '

)

",‘pound is believed to be formed by the protona.tion of the N oxide -'__j‘ | RN

'followed by ihtr amoleculo.r olectrophilic subsﬁtu,tion at the o—position :

S e

HCI/EtOH G



- sait. A mechan.ism for thxs rearrangement was suggested by Boulton o

o et al (1966 1967)

-2, 6 diphenyl 4-pyridone (212) and 4-hydroxylamino-2 6- d1pheny1pyridine

Alkylat:.on of benzofuroxan (209) with the powerful alkyla.t- K

‘-.mg agent methyl trifluoromethane sulfonate ;:esulted in the 1solatzon

of the methylbenz1m1dazole (210) rather than the expected quaternary e

N,
N\>—CH

(209) S (210) OH L

+

CH3CHZX _
—>
x= osozcr'3)

= Condensatmn of 2 6 d1gheny1 -4- pyrone (21 1) with hydroxyl- L

-amine resulted in;, ring openmg a.nd then reclosure to g1ve I-hydroxy- C
' g

iy

L. oxide (213) &) 'rhe'x r. spectrurn of (212) in chloroform showed that

e 1t existe exclusigely as the N- hydroxy form (212) On the other

: 'hand the sphd spectntrn suggested a polymeric associatien (214)

| (El kholy etal, 1962)

L .‘...1‘:""'.;:: B

e g (214 e @)
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3. PHYSICAL AND CHEMICAL I PROPERTIES oF CYCLIC
V HYﬂROXYLAMINES R

e

The physu:al and chemical properties of cychc hydro:@y.l'-

' "lam.xnes are related to those of their parent ammee but the presence

i “of" the N- hydroxy funct;on also permits a number of reactions analogous ,',.:‘

“to. those found W1th arylhydroxylamines.v" 'l‘her‘e are also some 2

"-51m11ar1tiee between the chemical reactivity of cyclic hydroxylammes 8

, a,nd cychc hydroxamic acids although the presence of a ca.rbonyl o

o : function in the d-position of the latter rnay have profound effects on-
| ‘their solubility as well as -on their chermcal behavior. : Also in
:cases where the cyclic N hydroxy compound exists m tautomeric

B ‘ _vequilibrium with the corresponding N oxide the properties demon--. :

= strated might be reelated to those of the N- oxides. o

S "'T(A) Solubility and Salt Formation

Solubility in. water or organic solVents is influenced by the

- »_"nature of the heterocyclic system incorporatmg the~N.-hydroxy function._f_'.fv_.- <

However ' solub:.lity in, alkalis or acids could be modif:.ed gconsiderably e g

o ,_;_by the mtroduqtion of thlB function ,‘ In man}r cases N-hydroxy

| 'vcompounds are ac1d1c and therefore, soluble in alkali solutione. . ,' L

- Stable sodium salte (Loudon and 'I‘ennanti 1960 Freeman and Ga.nnon, -

}_..1969) aswell as pota.ssium aniliniurn a.nd hydrazmmm sa.lts (Qurtius

ey -‘ and Mayer 1907) of some cycli& hydroxylamines have been prepared L

"

'and identified Insoluble copﬁerg,,é'alts Of 1~hYd1'dei3°xaz°hdin°3 o :
"-”'-’»'.’-"'.(Kohler and Barrett 1924 1926) and inﬁ}uble silver salts of l-hYdrO"Y"
.',."benzotriazole (Brad)' a.nd Day. 1923) are also known. The latter S R
&pounds have been used analytically for the determination of silver .

e ‘* _ G
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, (Smgh and Kapil 1960 Deorha and Soreen, 1964 Sharma a.nd
- MukerJi 1965) ' 1 Hydroxypyrazole l oxides form chelates with
: - Cu 2, c¥?, -Cd 2 dNi (Freeman and Gannon '1969). |
| V Some cyclic N hydroxy compounds are basic enouéh to ‘_.j' o
-form acidic salts For example l hydroxypiperidine and l-hydroxy- : |
h.pmorphohne were 1solated as hydrochlorides ’ picrates a.nd acid ', _
.‘Oxalates (Rogers 1956 Zmner and Kliegel 1966) The third group
| of cyclic hydroxylammes co:ntains compounds which are vxrtually" ' |
-“'-neutral and form no salts | Examples are l-hydroxy-z phenylpiperi- :
dine (Kato and Yamanaka 1965) and 1- hydroxy- -methylindole
'(Acheson et al 1970) Mmor changes in structure sometimes alter

“the ac1dity and the solubihty characteristics of N hydr '| compounds

i For example l -hydroxyimldaZOIQ (215 R-m) is 3mph6teric (pK 9 41

: :PKb 2. 36) while other 1 hydroxyimidazoles such as (215 R:CH3) are

l ",.,.;nOt (Akagane et al 1969) . | LR TR o
HyC-

H;C

A 4 o4 Sf LY ,{ ? 43&0 A ‘{J RSN ‘_<.§-,-«.,a,,'-}i.
: B I . 9 N T 1
RRCTREN AL - 7 E =

B l_d‘.’%@u@

ST
g ’

(B) Qualitative a.nd Quantitative Determination.
» .\

,.,

Cyclic hydroxylarnines readily reduce Tollen's and Fehlmg s : "-:;-

solutions (J’ones and MaJor 1927- Habib and Rees 1962 Feigl 1956)

| .:.-‘-'The fortner reagent is used as a spray for the dete&txon 0& N-hydroxy

1972) Some cyclic hydroxylamines atlso give a positwe test with

- ', red color when treated with ferric chloride hut not as spontaneous as s

| 5% -
compounds on thm-layer chromatogra;thc vplgates (Beckett and Salami _'
. .Schiff reagent (Zinner 1957) ' Some of these compounds form a

oy
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| ”that\obtained by hydroxamic acids with: the same reagent In fact
this color results from the oxidation of cychc hydroxylamines to the
corresponding hydx:oxamic acids (Elsworth and Lamchen 1966)
_'N hydroxymdoles are said to give a green color with ferric chloride :
. solution and also a stronger color thh sodium Z-naphthol 4-su].fonate
| than do the correspondmg indoles (Kawana et al 1965) |
| ‘ | A more specific spot test for hydroxylamines uincluding
i-":.the cyclic anes, 1s prov1ded by reaction with triphenyltetr zolium ,
o fchloride (T T C ) which, m the presence of alkali gwe a characteris— o
tic purple-red color Tlus seems to be a specific reaction (Snow . |
| 1954) and by its means the pr ence or absence of hydroxylamine can -
| usually be sa.fely deduced (Roger%lQSS) These investigators and ‘
o .fothers (Zinner a.nd Kliegel 1966 The gand Sirren 1959. Brown - |

owever conside.rs hydroxyl- o

et et al 1959) used this test to follow the p gress of reactions which '
' -mvolve hydroxylamines Feig1(1966),

- "K:amine to be completeIY inactive towar ds this T eagent It should also . |

: be remembered that other substances such as Bugars and aﬂcorbic ‘ "-
| - Y_acid give a positive test with T T C (Feigl 1966)

o The separation of aomeq;ychc hydroxylamines frorn their

./-—‘ L
corresponding amines as well as. from some related nitrou:ides can be

achieved by means of thin layer chromatography Weil (1968) develop- |
: \ . o .tl,, .
S ed some useful solvent systems for this purpose. Iodine vapor or
o Potassium permanganate solution were used for detection and were R
‘-_foundto be more useful tha.n T T C which gave only very fa.int pink
Although a number of methods have been devel\oped for

‘_quantita.tive estimation of aryl hydroxylaminee (Boyland and I\,[ery, 1964
R : - e 'N:.,’- B ”i . .

.l‘



" (Mansel and Spiers 1959) o :_ - u

1964 a) and hydroxamme acids (Nery. &966 Roncuccx et al 1971) there

is. as yet no general gethod for analysis of cyclic hydroxylammes s

A\

‘ However , 1t is possible that}these compounds conld be determined

quantitatively by gas -hquid chromatography, after cunversmn mto
(R .

smtably volatile e}the_rs. L

. ) ]/ 2 v 4@
o , :
(C) Molecular Spep%roscppy and Mass Spectrometry
4

Ultraviolet spectroscopy. ; This techmque was used by several

R .' mvestigators (e g Mcbeth and Price 1936 Takahasln and Kano, 5 / '

1963 Stacy et al, 1966) to study the tautomerism of cyclic N-hydroxy T ”

: compounds , In such’ caseti the positionoof maxima as well as their

" mtensities v:ere .compared with "fixed" models in whieh teutomerism
' was not possible. Kawana et al (1965) also used the bathochromzc ‘
_ »‘ shift (5 10 m/t) show ed by N hydroxyindole derivatiﬁres on addition
of alkali ‘as a method for confirming the presence of the N—gydroxy
.,function. - A PR
.‘Infrared spectroscopy This has proven to be more useful for both

oy ? v
‘identification purposes and tautomeric atud:.es.- Mousseron Canet

"and Boca (1967) as we\ll as Kawana et al (1965) studied the i. r spectr ‘

;;'.":’lOf some l-hydroxyindoles and found evxdence for t the existence of mter-_ S '"',
. molecular hydrogen bond:.ng The simple compounds N methyl and , 3
_ N N dm;ethylhydroxy&lamme were also strongIY hﬂdrogen bonded |

~

The presence of either or bot N-hydroxy and N oxy (
“"1 ; °-

'tautomers m any*eqmpol}md could be readily dz@uced @bm its _infr

utom ic eqéu!;.libf“ L F
| e A gy W F
'systems (’Katrit’zky a.nd fl’ones 1960 Kloetzelﬁ al 1957 Nlousseron'.

'spectrum and this was used to aesign,

‘a k

'Canet and Boca, 1967) Distinction between the N OH a.nd‘C OH f. ‘

. ‘



functions is probablyﬂmore d:.ffzcult since both absorptions seem to be .

affected similarly by the same paramdte\rs (table l) Their acetates
or benzoa.tes however : are of particular advantage for. 1dentiﬁcatzon
purposes smce electronegative groups a.ttached to the oxygen atom of
| "carboxyhc acids a.re known to raise the stretchmg frequency of the

- carbonyl group by 15 70 cm , dependmg on the group (Freeman 1958)
"I’he most pronounced shifts were observed with hydroxamic acids but |

. also a11 compounds where the oxygen substituent was atta.ched to

'mtrogen showed abnormally high frequency carbonyl absorptions. ) As |

expected the N benzoate esters absorb at’ a lower fx‘equency (~1770
cm ) tham‘n the N-acetate (~1800 cm” ) but stlll much higher than the
: ordmary benzoates (~l720 cm ) (see table 1). o

: : Nuclear mjnetic resonance spectroscopy, : This techmque has been

.. employed more frequently for detecting the N-hydroxy function as we11

- as for. studying the tautomerism of N -hydroxy compounds (Bonnet and

‘McGreer 1962 Acheson et al 1968 1970 Schweizer and Kopay, | .‘
_-1972) Also Mousseron Canet and Boca (1967) used this method %r

8 'I-quantitative determination of both ta,utomers of some N-hydroxyindole ~

‘:"b_-derivatives S SRR o - | PR :."'5

With few exceptions ‘ studies showed that the N-hydroxy—
o proton resonance is detected at low field eveﬂ in the absence of mtra-
_molecular hydrogen bonding (table l) | Acheson et al (1970) detected
: :_the N- hygroxy proton in l-hydroxy Z-methylindole at 6~9 00 and |

: :-.reassigned the resonance at 6~6 00 attributed earlier (Mousseron-( o

Canet and Boca 1967) to this proton to the 3-hydrogen atom of the

indole The N-methoxy function might @.lso be detected with n m, r, o

¥ spectroscopy since the methoxy group is: attat.chet’to aneelectro-_ RS
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négative atom. In: the few reported examples (Table 1), the N-

methoxy - protons resonate at a lower field (8§ 4- 4 2) than usua.lly

demonstrated by aromatic ethers (6 ~3.8).

’

(D) Stabilit_:z

Cychc hydroxylamines and then' alkyl and acyl derivatives

Mass spectrometry Some cychc N- hydroxy compounds were’

- 1dent1f1ed by their abihty to lose OH radicals from their molecular

] 1ons (Acheson et al 1970 Beckett and Salami 1972 Schweizer and ,‘

Kopay, 1972) A similar loss resulting £rom N O bond cleavage .
might also be expected from O substituted derivativee of N-hydroxy
compounds but the mdole (20) showed only a small fragment ion (3%)

Y

corresponding to the direct loss of OCH3 radzcal from the molecular .'

~ion. However, the same spectrum demonstrated a strong peak due

(20)

[

to the loss of OCH3 from the (M-NMe ) ion. It is prohable that this -

methoxy radical originated from the N methoxy function aﬁd not from

A' the aromatic ring (Johns et al, 1967)

vary greatly in their stabihty Some show surprismg stabihty and are'

A\
, 1solated readily while others are very difficult to 1solate and undergo

also dimerize dehydrate or rearrange When heated W1th or without

:,. solvent Thus in refluxing cymene l-hydroxy-z-phenylmdole (83)

. was- converted to the dimeric mdole (216) (&ndberg, 1965) Also, o .v

50

o oxidation dehvdration or rearrangement Many of these compounds . o



boxling 1t with acetic anhydrrde resulted in de}wdration to 2-pheny1-
pyndme (Kato and. Yamana.ka 1965) The N-hydroxyxmidazole (217)
rearrangedto the irxudazolone (218) upon heating to 235° (Volkamer

and memerman.n 1969)

(17 OCH R~ for OH) were 1solated they converted smoothly into (219)
by heatmg with or without solvent. The N-hydroxy compounds (l 7) d1d

not- rearrange on heating (Mamalis et al 1965)

‘I

Sy
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- The tautomeric behav:or of some N-hydréxymdoles (7) was ,-' '
B studxed by Mousseron Canet a.nd Boca (1967) N Hydroxymdole (7
'H) 1tsel£ fwas found to exist sq;ely as 3H-mdole N oxide (7b) whereas

the 2 substituted denva.txves(7 R= CH3 or Ph) were ta.utomeric mixtures. :

;? .

"The’-N-'oxide fo‘ v ‘ (7b) is fa.vored in solvents which are capable of

strong hydrogen bonding. For l-hydroxy-z-methylindole (7 R=CH3) e
the proportion of each tautomer has been qua.ntita,tively estimated |
from the g\.m .Ty methyl integra.l In deuterochloroform methyl v }_ |
-hydroa:yindole-z carboxylate (224) exists as such while 5-bromo 1-__ ,

hydroxyindole-z-carb”c:xylic acid is present entirely in the l-oxide : *'

N
&

form (225) in the same solvent These reaults were attributed to

intramolecular hydrogen bonding (Acheson et al 1968)
= _ Sirnilar studies ha.ve been reported on the ta,utomerism of 4'
-hydroxypyrroles (Kloetzel et al 1957' Bonnett and McGreer 1962 -

Schweizer and Kopay, 1972) ’ v‘-hydrou:yimidazoles (A_'___":"ane et a.l

1969) tetra.hydropyridine l-oxides and dihydro 1 4"°xa!zine 4 oxi des S [
(Elsworth and Lamchen 1968) The two tautomers ( 157a 1579) of -
‘ certa.in triaryl 1 hydroxyimidazoles were cla.imed to be isola.ted under" f C




controlled conditions (Volkamer and Zimmermgnn' 196 9)

The structure of l/-hydrou:ybenmms.dazole (226) evoked
A

' some cont}oversy. , Kew a.nd Nelson (196£) su.ggested the N-= oxide form

oow

(226a) ’{;e»;-i.{»e,;a.‘ (226b)
f226b) for thzs compoun:b but Takahashi a.nd Kano (1963) showed By

{;" ueing u. v. spectroscqp ,,kth:a.t‘a solvent-dependent tautomeric equili- " | ’

bmum (226a 22§h) existed between the_ two forms. Ha.yashi et a1

/ 1960) reported eay,lier what was considered to’be a chermcal evidence R

o‘\éz‘

- \
a.queous 8

".'_‘__ R

-4

for such t,a‘utom erism, reaction of l—hydroxybenzimidazole (226) with

Fi g

diazomethane yielded a mixtdre of the alkyl deriva.tivee (227) and (228)

o . . "’ i

'I',f;fj;’ffﬂaﬂ (zzs)

Q solvent dependent tautomerism wa.s a.lso observed with 1-

mtrobenzimidazoleadle and Pollitt 1967) while l-hydr_

benzimiszole was shown to exist entirely as the N-hydrosty form even in

olution (Stacy et al 1966) -Hydroxybenzotria.zole L

AN
N

derivatives (ZZQ)a) also behaved sin‘ularly. sorne are tautomeric

(j i‘};ja?'



mixtures (229a = 229b) whxle others exist only a.s the N-hydroxy

4

‘2293) R -,r:" o '41(229b) 5h*7 5

.

structure (229a.) (Ma.cbeth and Prxce 1936)

Studies using phys:.cal methods indicated that both tautomers

of l—hydroxy-4-pyridone (230) are of compara:ble importance (Katritzky

a:nd Logowski l97la) Sirmlarly, lO-hydroxyacrrdone exists.in equi-

o ‘&J o

hbrium with \equal amounts of 9 hydroxyacridine 10 o&:ide (Ioneecu B

‘e_t_ a}. 1966_) In contraat amino N o;:ide exist predominantly in the

ff’ (230)°

amino form (231) (Katritzky a.nd Logowski 1971b) In certain

. mstances however chemical reactions gave producta derived from

the N hydroxy tautorner of amino N oxides. ; Alkylation and benzoyla- L

tion of 2- aminopyrroline 1 oxide (232) occurred at the oxygen atom __
giving products of the type (233) while acetylation gava only‘ the N acetyl

derivative (Forrester and ‘i‘homson , 1963)

PR
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“(F). Oxidation |
| - Cychc hydroxylammes are readily oxxdized by a w1de
‘.variety of oxidxzmg agents When an x -hydrogen is available the

'products are mostly cyclic mtrones (235), otherwise d:fferent
- 0

[y - ‘

(234)' B A (235)'
products are isolated ‘ oo o R

- The passage of oxygen (or an-) mto a solu.tion of the

-

56

N hydroxy compound in the presence of a catalyat such as copper— BT

,ammonia complex is commonly employed but sometimeo faila to .'
. '_ oxidize these cornpou:nds. Thie method was used for the oxidation of

-hydroxypy?rolidines such as (236) to the corresponding nitronee =

| -'(237) (Bonnett et al, 1959) Similar results were obtained when o

(236) L SR (237)

.alkalme potassmm ferricyanide (Brown et a.l 1959E or. yellow mer-",. REEES

curic oxide (Thesing and Sirrenberg, 1959) were used as co:idizing : ;" )

: agents o The latter reagent was also employed for the oxidation of

-hydroxypiperidjne N hydroxymorpholine (Elsworth and Lamchen, ‘
1968) Z-hydroxy-l 2 3 4«-tetrahydroisoquinoline (Thesing and Mayer.

: 1957) and l-hydroxybenzodiazepineg (Sternbaxh and Reeder 1961' o
: Sulkowski and Childrees 1963 Hoﬁman’LaRochg 1966) to the B

, . Other ring subetituents can also be affected d‘n'ing the o
B '..".voxidation of the N-hydroxy‘ funcﬁion‘ o

UZ-ca.rboxylic acid (238) undergo

»_";..‘_\
(R V-

mve deéarbou:ylation during the o

'"Hydroxy-z-methylpyrrohdine- o v

S A
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" pitrone (239) formation (Brown et al, 1959).

(238) ég (239)

1 -Hydroxypxperidine (2.3) reacted w1th P_-benzoqumone to

' "”.-;'yield a tetra.hydr’&ﬁ@ridine l-o:nde-hydroqumone adduct (2’40) (Brown '_ "

' and Rogera 196“@ Aeria.l oxidation of the same N-vhydroxy clolmpound ,

; m the pi'esence of cupric a.cetate yielded 3 4 5 6-tetrahydropyridme Lo e
1- oxide (241) w‘hich dimerizes immod:.a,tely to the cyclic dimer (40)
(Thesing and Ma.yer 1956) A trimer formu.la.ted a.s (41) wa.s formed |

*by the oxidation of (23) using potassium ferricyanide (Thesing and

L V‘Mayer‘-, v 1_957-).‘ | Related polymere were obtained by the oxidation of

e E Pholin& (Elstrm and mehan’ 1968) e

(41).

-hydroxyhexa.ethyleneamine (Alford et al 1966) and ~hydr0xymor'- .

In some casea the cour’se of oxida.tion was £ound to depend

: . g . = R g



ey '7;fd1?<f R .

: on subtle sterzc effects Oxidation of l-hydroxy 2-phenylpyrrolid1ne |
| '~(55) with mercuric oxide gave the mtrone (241) in which the mtrone
»Iv'group is con;ugated with the phenyl group (Thesmg and Mayer 1957

iThesing and Szrrenberg, 1958) In contrast the same reagent .

o oxichzed l-hydroxy-z-phenylpiperidine (242) to a dirner of the nitrone

| ';'.(243) in which the nitrone group and the phenyl group aré not conjugated s

: v(Thesmg and Mayer 1957) This difference in the ‘behavior of. the

~ OH - - L - . g
R ey [ (242) RE R (243)
analogous N—hydroxy compounds (55) and (242) was explained in terms
. :of their stereochemistry (Thesing and Sirrenberg, 1959) | o
| ‘ ‘ | Ferric chloride is reported to oxidize the hydroxylamine
| (244) to t}.xe correaponding hydroxamic acid (245) via the intermediate »

'(52) (Elsworth and La.mchen 1966) | The same reagent oxidized - S

Hzo BEE B .
—-—————* B PR 1.
-2H S S
ze ‘Cﬁa’z §o |
. OH" .
(244) (245) :

"' ‘ethyl l-hydroxyindole-z-carboxylate (7 R COOEt) to the bie N-hydrexy
\ -.“compound%, R COOEt) (Gabriel et al 1923) A related product

- (7 R-m with nitrobenzene (l mole) 6&: diethylazodicarboxylat“e (2 5
‘mole) (Colonna a.nd Monti 1962) The diradical (247) wa&‘iormed




; 'when (7 R‘Ph) was treated ) th t-butyl hydroperoxxde or d1ethylazo- _
. dica.rboxylate ' Oxida.tmn W1th excess mtrobenz%ne gave in addztxon »

o ;_'to (247), another dirad:cal (248) and a mtrone (249) (Colonna a.nd

Lo (247) »""L (248) S ; (,249)7. = )

i | | ‘. Other cyclic hydroxylamines are a.lso reported to yield
iree radicals on oxidation. -Hydroxyim1da.zole (157).gave the ra.dical

(350) on trea.tment with halogens in polar solvents or with lead dioxxde

(157) | j‘ | (250)

(Volka.mer et al 1967 Volkamer a.nd Zimmermann. 1969) v e
| stable free radica.ls (251) and (201) were also obta.ined by the silver |
oxide (Rozanttev and Neiman, 1964) a.nd ca.talyzed (NazWOZ) hy&rogen .

peroa:ide (Rczants ev’ a.nd Shaprro 1964) oxidation of the corresponding L

hydrorxylamines. . Oxidation of the N-hydrm:ypyra.zole dimer (1 15*

: With iodine §i°1d°d a “'0“"11’0‘11“5l (252) for which preliminary electron ,:'f' S

i .
M O

By
&



‘? . _ S
spin resonance studies suggest b1rad1ca.1 character (Freeman 1973).

‘(G) Reduction.

The N- hydroxy functmn as we11 as its O-substituted
- derivatives can be reduced by chemxcal reagents or by cata.lytic

T rhydrogenation ch and acetic acid is used very frequently for this ,'

- _;ﬁurpoae ; N Hydroxypyrazoles @‘reeman and Gannon 1969), :

N- hydroxyirnidazoles (Buschg 1931) N hydroxyindole (Loudon and
. Wellings, 1960) andN hydroxypyrrolee (Blaise 1914; Blatt 1934)
= were reduced to the corresponding aminee by the use of thie reagent ‘
B 'Phosphorous and hydroiod}ucid were also ueed for the reduction of |

: . l-hydro:xybenzotriazole (Brady and Reynold 1928) and 1 s-dihydroxy-.
3,3 dimethyl-piperidine (35) (Brown et a.1 1959)

- (cHy), O

(35) (253) | T

_ -H ydroxyphenmetrazme ( 12) is said to reduce auantitative-

v ly to phenmetrazine (ll) by means of titanous chloride or lithiu,m '_ P .

o

’ ‘.‘aluminum hydride (Beckettliand. Salami, 1972) The latter rﬁducing

| ."T»a.gent was also used for t@ “dnction of some eubstitut@d l-hydroxy-.;w
| imidazole derivatives (Volkan;er and Zimmermann 1969). Other
; ,chemical reagente which have been used for Ehe’reduction of cyclic

‘ hydroxyla,minee incl.ude eodium hydrosulﬁte (Wright 1964) 1 tin and

'.-_"J : e Sy e

60
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hydrochloric acid (Curtius and Mayer 1907) tm chloride and hydro-
B chloric acid (Mimsci et al 1963) and dimethylforma.mide ('I'aylor and |
,‘ Garcia 1964) '
_ Q.
catalytic hydrogenation . N-Hydroxybenzimidazolee (Takahaohi and
,/Kano, 1963- Mimsci etal, 1963) and N-hydroxyimidazole (Volkamer
| et au],, 1?67) were readily hydrogenated over suita.ble catalyete In
‘. contraet hydrogenation of the N-hydroxy compound (254) over Pd C |

(254) o . S '_ § (zss)
replaced only the chlorine atom with hydregen without affecting the ¥
N- hydrou:y function (Loudon and Wellinge 1960) Also. controlled o
catalytic hydrogenation of l-hydroa:y-z-phenyl- ,Z dihydropyridine i :
(255) over Pd C resulted only in the reduction of the pyridine ring
giving l-hydroxy- -phenylpigeridine (Kato,and Yamanaka. 1965)\

in elimination of the N alk Ky function. _ The N-methoxy compound (19)
‘?J \%
: waa succeufully hydrogéhat over Pd-C or reduced with lithium

e

a,luminum hydride to the co“' v ‘
196 5) \

The N hydroxy function ie in’ most cases, Bueceptible to

61

Reduction of Ey lic N- alkoaxy compoun.de genera.lly reeults _' o



o alkoxy functmn For- example l-methoxy~2 indole ca.rboxyhc ac1d

| _ 62
» o e
: deoxygenatxon of the parent N- hydroxy compound (Takahash1 and Kano ,
964) . In certam cases however reductxon does not affect the N- s 1
s
wvas 7 Au ced with lithmm alummum hydnde to’ ymld 1 -methoxy-z- L e _
hydroxymeth,r’indole and l-methoxy -2- formyhndole, the N-methoxy ‘
function was not Plimmated (Kawana et al, 1965) | |

Hydrogenatxon of acetates of structure (257) over Pd C ‘

caused replacement of both the acetate group and the chlorme atom by .

o (258)
’ hydrogen (Loudon and Wellings » 1960) Sodmrq amalgam also red\rced v
._the benzoate and sul.f onate der:vatwes of 2 azanorh'ornenes (259) to —

o (260) but when catalytm hydrogenation was carried out only the

double bond was reduced (Biehler and Fleury . 1971)

,‘ .._R Jﬂﬁl_g_____,,

ey

I ¢ ) Alleatxon Reactions R .‘ /
. | Many N-hYdroxy compounds are su.ffic:.ently acid:.c to be
vO methylated with diazomethane (Hayashi et al 1960' Baxter and
. .'_QSWan, 1967 Acheaon et al 1968) Dimethy]. sulfate (Kliegel and . - .
iy

y



y
o .

Fehrle 1914 Brady and Reynolds,_l928 Taylor and Garcxa., 1964)

and a.lkyl hahdes (Curtms and Mayer 1907 Brady ?nd Da.y, 1923

‘ .Takahashx a.nd Kano, 1964) are used more frequently for tlns purposew.

—Hydroxybenzotr‘azole (146) reacted .with dimethyl sulfate to give a.
A

" mu:ture of O-methyl (262) a.nd N-{ﬂe%yl (263) denvatrves the rat1o of
"whzch ‘was found to be alliali dependent (Brady and &eiy@nolds,, 1931, |

Brady and J akobovits :’1950) In the absence yf alka.h and solvent

q!u.

- & PRy
: better yield of the O- methyl derivative (263) was obta.ined when the

“ 0l

B sﬁver salt of (146) was methylated with methyl iodide (Brady and
, Reynolds . 1928) .

~

S 2 3-Dihydropyran reacted w:.th methyL l-hydroxy-z-mdole-

| carboxylate to yield (265) (Kawana et al, 1965) Simﬂarly, dimethyl-

; amn;;pethyl chloride ga.ve the. 1 alkoxy denva.twe (266) when it reacted

: with l-hydroxybenzimidazole in the presence of sodinm hydride and

dnnethylformamide (CIBA 1966) : In contrast the reaction of 61-nitro- -

J’ . ¥ " e (2}65) | c|>cr-1 cHzN(cns)z |

- (265) . - . - fnzcnzcodnzcn3

. 63



1 hydroxyhenzotriazole w1th hlpr bugtan 3 one yielded dhly the N..

substituted product (267) (Shme et" ‘i", .

Metabohc Q methylatlon of some carcmoéemc hydroxyl-
arnmes such as N acety]mlﬂ’?- fluorenylhydroxylamme (268) (Lot]{ikar,
1968) and hydroxam:.c a&dsguch as 3f-hydroxyxanth1 ne (269) (StBhrer ,
.1972) was performed fﬁ{vxt o«wupg enzyme systems from rat liver. or .‘

_ Mg
kxdney.. The methyl donor is S- adenosylmethipnme (SAM), : cysteme

o on ENONF
N’ ] |
,5cocH3<J\§ NT

”,,,,.m.

is sometimes required but divalent cations do not sti'tmﬂlate tlus reaction

G
which appeared to be specxfic for N hydroxy« compounds (Weisburger _~
., and Weisburger 1973) Both the 0 methyl derivatives (268’ OCH3 |
";_'v‘.‘""for OH) and (269 OCH3 for OH) were also synthesized but 1t 1s not
'known yet/v?rhether these can’ react with nucleophihc compou.nds as the

R dcorresponding esters (acetates glucuronides and su.lfonates) do. _. eat

{\
:_.Accordingly R the bxological significance of this reaction is not yet

| estabhshed o ° _ . ,

‘_ o Several aldehydes react with cyclic N-hydroxy compounds to

’“.":‘;give O—semiacetals (270) which are converted to the so cal],ed "mixed '
N,O- a.cetala" (271) and (Z?Z) when rea.cted with a.mmes.or hydrazines L
| (Zinner apd Kliegel 1966) Treatment of the semiacetal(Z’lO) with

‘ua.ryhsocyanat-s yielded (274) or a. mixture of (274) and (273) (Zmner

A.et a.l 1965) while reaction of (270) with diphenyl boric acid -gave, S-boro-'
1,2 4 dioxazole derivatwes (275) (Zinner and Moll 1966 Zinner and

7,:ru;ege1 1966) V’_' -,'_"',, f&[‘a';-~ e



X N—OH
OCONHR'_‘ et
k—o-ca
N

‘(27_3)

. - o - R'NCO- ]
+/°" — ¥ N-O-CH-OH

" N-0-C—NHR' S \% N\ . .x.
)g }‘I—O-CH—N :
. . TR L NR" TR

2

X NmO=eeNER (Ph)zB -OH.

(274)

_Ph "Ph‘-
' (275)

. -.Hydroxypiperidine has been successfully condensed in a

)/—_\It H—R

D

- (272) .'

5

H

f' Micha.el type reaction with various electron deficient alkenee (RCH=CH2,

o R: COCH3 » COOR, CN) to produce a.dducts (276) (Zmner et a.l 1965)

- The N- hydroxy group also a.dded aczoas the triple bond of a.cetylene

- dicarboxylic acid estera giving the adduct (277) (Wmterfeldt and Krohn. ,

| 1969) On the other hand - the reaction of l-hydroxy'pyrrolidine (4)

'—o—c— COOCH

HC“ COOCH3
(277) '
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catalysts (Paquette 19%

'(1)‘ Acylgﬂbn a.nd Sulfonation Reactiona" SR

' .W1tﬁ 2- or 4- wnylpyridmes (278) resulted {n the. loss of the oxygen
o atom and gave pyr;dylethylpyrrolidine (279) (fhesmg and Su”renberg ,

".1959) T}us "abnormal" Mfcha%l reaction wa.s\ found to proceed in the

omect, . amdenpn |
: — e
W e ey

"_absence as well as in the presence of acidxc (HOAc) or basic (Triton B)

9 Treatquent of

'roxxde was. said to proceed 3 O a;lkyla.tion to give l-p:.peridinoxy -2 PR

1962) T}ns report was discounted

.‘ / | ‘ OCHZ—' CH CH3 o v

@3 o |
S (281) H o

Acetyl be‘nzoyl a.nd”hulfonyl chloridee rea.ct rea.dily withri -

' cyclic N hydroxy cdmppunde to form acetate » Abenzoate and sulionate S

‘.,',der;va,.tiveg Acetic anhydnde benzoic a.nhydride as well as. “ketene i :

v
s
£

. R . . L : ' P



“are also used for this purpose. | Alternatisrely , c'yclic acetoxf' -and i

benzoyloxy derivatives are o}::tained‘ by the action of acetyl or benzoyl
| peroxide on the corresponding cyclic amines or by condensation

reactions in which the acyloxy function is already pres,ent in one of

the reacting components

" 1- Acetyloxypiperidine was prepared by the action of acetyl
, chloride, acetic anhydride or ketene on l-hydroxypiperidine (Zinner ,

1957a) Similarly ’ treatment with. benzoyl chloride yielded l-benzoyl- -
oxypiperidine. B Both these ac\yloxy derivatives were also prepared by S o
{" reacting piperidme with the corresponding a.cyl peroxide (Ga;nbarian - -
~and Kazaryan, 1933 Samrnes 1965 Zmner 1958) Similar B

- co

: preparations o Naacetoxy and N-benzoyléxy derivatives of mo\f‘p‘@.ine v
"-'mdoles imidazoles, mrrazoles benzimxdazoles and benzotriazoles :

St .J ' ) S il L
o are known, examples of these compounds are presented in ta.ble 1.

: ‘.."'There are cases however wh&re dehydra.ted or rearranged products o
B were obtained For example acetylation of l-hydroxy-z-phenyl 1 2-‘ J o
B dihydropyridine by heating with acetic anhydride gave only the de - -

' 'hydrai;ed prqduct 2-phenylpyridme (Kato and Yamanaka, 1965) : "“’.' T

- 'Benzoylation of the same compound at low tempera;‘.,ure was successful ~

and yielded the O-benzoyl derivative With 1-hydx\oxypyrazole z-_, -

e

S oxides (198) the acetyl and benzoyl derivatives (282) i'orrned initially |
v"then rearranged to (283) In the bsence of the N-oxide functzon, f‘:‘"
' _however " _O-benzoyl derivatives could be isolated (Freeman and ‘ : e

" ,fGannon, 1969) c




The N hydroxycarboxyhc acid esters (285) were prepared
(B

by the action of alkyl chloroformates on. the N-hydroxy compounds
(284) (Zinner , 1957 Zinner and Kliegel 1966) Ieocyanate deriva.-

: ) tives also react with cyc‘lic hydroxylamines to give N ca.rhamoyloxy

o/ ll -
m-on + ClCOOR —-——> X N-—OC—OR

(284) X CHZ orO R (285)
| derivativea (287) (Zinner and Khegel 1966 Aka.gane et a.l 1969) ; "‘:‘

28 . ‘_‘,.'.‘.4 =\ . . .' C O T, o
g K{T‘&_OH U o ¥
~ f 288, (287)

Sulfonate derivativee of N-hydroxy compounde are less |

'.stable than the corresponding acetatee or benzoates, and only a few
' O- aulfoi\atee have been isolated Zinner (1957 1958 1958a) des- |
o cribed the formation of piperidme N sulfonic acid (288) and piperidine
N- oxyeulfmic acid ethyl ester (289) by the interaction cf l-hydroxy-
. piperidine with sulfur dioxide and chloroeulfinic eater respectively.
. - The etable toaylate (290) was also isolated (Freeman et al 1959) |

.\ ,
‘ so -on e H e
B lm) FR (289) {290)

e On the other hand attempte to prepare the O-eulfonate derivative (291) o
Qo by reacting (83) with p-tolueneeulfonyl chloride gave a rearrangement
L ._.pmduct which(wa.e formulated a8 (292) (Sundberg. 1965) Similar

. ""’o'obsex"‘d (Tanida, 1959. Gassman and

Teou o S A




©3)

B & . v

'compounds. L s i
' | The possibility of employing N acqu,xy derivatives of
._‘cvclic hydroxylarnine as acylating agents was etudied by,Sammes
".(1965) N Benzoyloxypiperidine was found’ to react with benzylamine
) '.and with ethyl arninoacetate to. give N-benzylbenzamide and hiprpuric
_.acid respectivelv.v N acetou:ypiperidine was also shown to be a -
B reactive acylating agent ! Beaumont et al (1965) as well as Young and -
: Handford (1967) have demonstrated the usefulness of these esters and

.‘,other esters of N hydroxypiperidine in peptide svntheeie and as

o

selective acylating agente.

~ . L
3 3. . el
Lo col

-2,

_(J) Reagttigns with Nucleophihc Rew

o The reactions of arylhydroxylamines and hydroxamic acids - ‘

| o with different nucleophilic reagelitshincéluding tissue nucleophiles o o f _
| (amino acids ’ proteins and nucleic acids) have been etudied in great

e .detail However only few of th!te reactions have been attempted

with cyclic hydroxylamines or their alkyl acyl or sult'onyl derivatives. o

:r'l'he importance of the’ee studies is to provide information on. any ‘

: «interactions which might occur between cellular macromoleculee and |

-hydroxy compounds once they are metabolically formed in the body. D | |

| Clarks-Lewis and Katekar (1959) found that ethanolic

-'hydrogen chloride converted the N oa:ide (293) to the sp o-quinoxaline

derivative (2\9\6 R“H) When hydrogen chloride was replaced with

B acetyl chlor’ide the l-acetyl derivative (296 R-COCH3) was formed |

Lot NI
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o

&wew of the work on the interaction of phenylhydroxylarnine with -

chloride ions (He;ler et ,al 1951' In

§ ‘ '."953) it waa proponed that

-

e @n
- ‘the convereion of (293) to (296) proceede) via an N hydroxy intermedi-
. ate (295) Attempta iiy Habib and Reee ( 1962) to prepare the latter R
compound failed although. as deecribed earlier in this introdnction, @gg\
they were able to prepare the structurally related N-hydroxypyrazine BERR
(208) by the action of ethanolic hydrogen chloride on '3, 4- ydro-4- o
methyl 2 -(N -metliyl-Naphenylcarbamyl) 3-oxopyrazine l-oadde(207) .
. No chl inated derivativee were ieolated from thia reaction. : Si:nilar- ._b_ | e
ﬂ @ing a crnde product containing 1- hyctroxylndole-z-carboxylic |

: a.cid with methanolic hydr°8en chloride remlte in the formntion of: ita " v

ly » Teoi:

methyl eeter vh@ont elimination of the N-hydrcxy function (Baxter and

Swen, 1967) Also treatment of the lohydragypyrazo :,,(296) with, L R

lead tetrncetate yielded the acetate derivat:l” (2

- bond remained intact (Freeman and Gennen 1966). R

. I



. obtamed when (298) Was heated w1th sodium a'lkoxide. The same

"
*

RV ey R e -
|| I! + puococn3h —
H 4' . - v | . . ° ' . »' v. - v . :

(296) LT (@
: Heating l-ethoxybenzimidazole (298) with hydrochloric or
‘ hydrobromic acids in a sealed tube caused cleavage of the C 0 bond

- of the ethoxy group giving N- hydrcu:yimidazole (276) (Takahashx and
, Kano 1964) On the other hand the Z a%wxy derivativee (299) 'were

TN

B T
| (zzb) ?ﬁif,f;; ,5; - 3.5 G (299) o
N ethoxy compound (298) reacted with nucleophilic reagente such as
' hydrazine hydrate a.nd sodium hydrogen sulfite to give 2-hydrazino-
':Ibbenzimidazole and sodium 2~benzimidazolesulfonate respectively. but
.' it did not react with potasaium cyanide ea:cept at elevated tempera—
" .l'ture to give a poor yield of& —benzimidazole carbamic acid I . ’
f,i .'uthese reactions it was aasurned that a nucleophilic reagent attacked/
“the electron deficient Z-position of 1 alkoxybenzimidazolee » then
v‘.,j'_'v‘elimination of alcohol occurted to give 2 substituted benzimidazoles

fv(Takahaai

Kano, 2964 il

e

ROt

Tl



Biochemically glucuronide sulfonate and acetate esters

' ;were found to be more re(actwe with tis sue nucleophiles than their
‘V".'parent N- hydr xy compounde Although enZVmic 0 acetylation/ oi

: “ foreign compounds confaining hydroxyl groups could not be demon-

: _stra.ted O aceta.te derivatzves such ae (300) and (302) have been used

'. 'as model derivi ! 'ves of their respective potential glucuromde or ,
; sul.fonate conJugates. Compound (300) reacted in vitro with chloride

: JY‘J.On or methionme to gwe 8- chlororxanthine (201 R Cl) and Gamethyl-

E 'mercaptoxanthine '(301 R“SCHs) which a.re identica.l to two urina.ry
O . f

11} -—--.

6cocn3 {g- ,,_¢%:f’j‘,,._.- .
(300)., (301)

| "'._meta.bolites of 3—hydroxyxa.nthine (Sttihrer aﬁd Brown. 1970) '[tijii\g i
f;.';’_reaction with methiomne is reminiscent of the well studied (Lotlibknr - .
etal, 196(,%\Miuer et al, 1966? Irving. 1976) int:raction of the A, | |
-_‘-carcinogenic model compound N acetoa:y-Nhacetyl Z aminofluorene (302)

v‘-vwith tiseue nucleophiles. . A proposed mecha.nism of the interaction of

s (302) with me onine is shown in scheme l (Miller and Miller 1969)

COCH3 _cn3coo- ’

{CHZ)ZCHCOO
+NH3

Sch°m° 1

LA



[

B RN R Co e J
‘ ’ . F . . . .

f (K) Rea.ctions w:.th Electrophilic Reagents.

The reactions of l-hydroxy Z-phenylindole (83) with a

: ;,' number of electrophilic rea.gents were studied by Colonna and h.w

o co-workera. Ti-eatment of (83) v’i!th aromatic nitroso compou.nds '

: ga.ve Z—phenyl 3 aryliminoindole l oud.de (303) (Colonna. and Bru.m., -
1967 1967a.).. An adduct of l-hydroxy-z-phenyl -3- (phenylazo)indole

'(304) thh (83) was: formed when the latter ‘was. treated with phenyl-

I compound (83\) reacted with ao“' e dienophzlea such aa N-pheny].male- ;.' o
imide to y-leld l-hydroxy-z phenyl 3 (N-phenylpuccinimidyl)indole (305)"' o

SN I

(Colonna and Monti 1962).

. L M - v A 7 . ,;;'
z ':“%?' Lt -Hydroxypyrazole 2 oazides (198) reacted pith nitrouo
acid in an electrophnic snbstitution rea.ction follbwed. by oxidaﬁon with
S
' the exce:e a.cid to yield nitropyra.ernine 1 Z»-dioxid’a (306) (Freeman

o and Gannon. 1969) I.n a simila.r rea.etion. “-ethoxybenzimidazole S




' S B - z,/v o v
ga.ve a monomtro derivatxve (307) when treated with a mz.xture aof '

. =

. fuming nltfic ac1d and sulfuric acid at room temperature and a duutro

derivative (308) on heatmg (Ta.ka.hashi and, Kano 1964)

‘307’ S 1)1 T
GOPEOF THE PRESE O . S

J

The preparation og) some novel cyclic N- hydroxy compounds ”
Was’ the primary obJective of the research described in this thesis. f
"‘Assumming that these compounds could be obtame% a study o£ som}e of
' their chemical and pharmacological properties was also {desirable in
- order to help understand the recent flow of biochemical studies in this
) area. This problem was approached by attempting the reductive cych- .
- zation of some aromatic nitro compounds which have a side chain withra P

Ty Q

. carbonyl group suitably orientated with respect to the nitro group. _ f 3 .

9’ . .
. !@.
. '4;3;)_: '
RN
e

Coutts and his co-workers (Coutts and“Wibberley, 1963' Coutts Noble
| | and Wibberley. 1964 Coutts Peel and Smith 1965 Coutts Bart& and -.. a
» , Smith 1966 Coutts a.nd Hmdmarsh 1\966 Coutts and Smith 1967)

| 'have shown that this type of compound can be reductively cyclized by

’ sodium borohydride and palladium charcoal and although under normal

L

-nitro esters e. g (309) gave good yields of cyclic hydroxamic acids
_ (310). ;f Th?is' might be the/most rehable method for the reductive cycli-
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zation of a nitro ester to a hydroxamic a.t:id (Ba.pat et al, ‘1969i‘. \ The
formation of cyclic N-oxy a.nd N-hydroxji compOunds by using the same
o reduction system ha.s a.lso been described (Coutts and Wibberley , 1963)

- The reduction of 4- (Z-mtrobenzyhdene) Z-pyrazolin 5-ones
-(98), compounds which possess a la.ctam ca.rbonyl group, was investi- ,
‘ga.ted by Coutts and Edwards (1966) These a.uthors cla.imed that theee :

compounds cyclized to N-hydrou:ypyrazoloquinolme derivatives (99) when . :
reduced with cyclohexene a.nd pa.lladium charcoal the catalyzed sodium |
' borohydride reductions were less successful.s This work was ‘remvesti--
_’ gated in this present study and this has shown that the products were not
-hydroxy compounds. The method was. modified and other reductxon - N
' 'systems were also used uxgtil some cyclic N-hydroxyindolmes were success-
' 1' i'ully prepared These were chara.cterized and a study of their chermcal
reect-ivity was undertaken The mass 8pectra. of these compounds as well

o
as the mass spectra of some pyrazolone derivatives were also recorded

‘_‘and examined. During these reductions other compounds incIuding spiro-
| ‘f.(tetra.hydroquinoline)pyrazolones were a.lso obtained and cha.racteru:ed
| These results suggested a remVestigation of the reductions of
4- (Z-nitrophenylthio) 2-pyra.zohn -5- -ones (400) wh:.ch was claimed (Pound
1970) to have yielded N hydroxybenzothiazines (402) The eame products '
’ described by Pound (1970) were isolated but were a.lso found not to be -

“N-hydroxy compounds.. -



O

DISC USSION

. oo
. : {

PART 1: REDUCTION OF SOME 4-(2-NITROBENZYLIDENE)-2- \
EXRAZQLIN.D QN ES

‘Intr oduction:

S The value of using sodmm borohydride / palladium charcoal
‘for the reductive cyclization of some aromatic nitrg compounds which
possessed an ac1dic or an ester group in a position capable of under—'
going cyclization has already been discussed Coutts and Edwards :
| (1966) tried this method, among others to reduce aromatic systems o

which pos sessed suitably orientated m.tro and lactam carbonyl groups

76

- in order to obtain some novel cyclic N-oxides or N-hydroxy compounds. -

They prepared a series of 4- (Z-nitrobenzylidene) 2-pyrazolin 5 -ones
: ( 98) and reduced them using several methods which were known to
_yield N- oxides or N- hydroxy compounds in certain mstances. : The '
cyclic N- hydroxy compyxﬁds 9 hydroxypyrazolol:fi 4—b] quinohnes :

(99 ) were reported to be among the reduction products obtained

. (Coutts and Edwards, 1966) IR ) ST e

& CgHy CH; € H . g GCOCHs.CHz H-_ H
d; CgHy CH3 ~ OCH3 OCH3 = | '

e CgHg " CHy o- CHz~o""¥*

' H  CHy H ~H



~

‘One of these reduction products ( 99a) was prevzously
claimed (Narang et al, 1934) to be a product. of the reduction of (98a)
by evzther aluminum amalgnm zinc d‘us:t' and acetic acid or alcoh’ol-ic‘ :
hydrocnlor'ic 4a"ci"d. Narang et al (1934) suggested that thxs reduction
proceeded through the hydroxylamme compound (315) wh:.ch they also

claimed to have is olated

HOH o

S (s15) Ly

As this ’,preeent,’inv‘es.tigation was' _aimed_ mainiy at tl're '

\

'preparation of soi‘ne cycIic--N-hydroxy 'eornpounde to study'their;
chem1ca1 behavior and evaluate the1r pharmacological act:.vity R tlns -

' reported work was reinvestxgated first

Preparation of some 4. (Z-nitrobenzﬂ,idene) 2-pyrazolin 5- -ones (318a-c)

The three Z-mtrobenzylidene derivatives choaen for this
'investigatmn were'- , 3-methy1 -4- (Z-mtrobenzyhdene) l-phenyl 2- |
pyrazohn -5- one(318a) 4 (2-n1trobenzy§dene) 1 3 d1pheny1 2-pyra-
zolm-5 one(318b) and 4-(5- chlorg 2-mtrobenzy1idene)—3-methyl-l-_

pyrazolin -5- one( 318c) Theee were prepared by a known |

(316) a. R= H . (317) a; R= CH3 (313) a,R- CH , R'sH -

b; R= C H , R'=H -

b; R: e b ‘R= c61-15 . GiR-CF 3,R'-c1—-

7.
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One of the pyrazolones reqmred for thxs synthesxs , 3-
methyl -1- phenyl -2- pyrazolm 5-one (317a) was ava:.lable commerc1allyv
w
and the other , 1,3~ d1phenyl Z-pyrazohn -5- one (31 7b) was prepared by

the mteractxon of ethylbenzoyl acetate w1th phenylhydrazme. RS

Reduction of the O-nitro'benzy.lidene _derivatives (3183‘.'(}) with' sodium

borohydride and pa‘lladlum chaxcoal

Ty

‘ 'Method]A[' Reductxons in methanol. o

e

Imt:.allf the reduction me\thed-—{s)ed by Coutts and Edward, ,
1966 was followed except that methanol was used as solvent mstea.d of "
an etha.nol—methanol m:.xture The same products were 1solated, i. e.
,the maJor amphoter:.c compounds which were clamed to be the 9-
'.‘hydroxypyrazoloc3 4-b]quinol1nes (99 a-c) ’ and tvhe rr\unor ones which
' _Coutts and Edwards (1966) left un1denti£1ed Howevexi due to some
_ 'difﬁculties in obtaming pure analytical samples of some of these

”

'der:.’vatives a mod;.fication in the reduction procedure was sought.

~Method (B) Reductlons in 10% sod:.um hydro:ude solutl.on. < O S
| _ The o- mtrobenzﬂ;dene derivatives (3 18 a-c) were fxrst
reduced by means of sodmm borohydnde in dxoxane solution. "I’-his'

: resulted only in the reductz.on of the benzyhdene double bond and 4-—

_(2-7-nitrobenzy1) +2-pyrazolin 5 ones (319) were 1solated in excellent

| s o Ph
(3 19) [CH form] o A j.(’@l%"EOH 'form], B
© . a; R= CH3, - R':H A

b; R=Ph, ‘R'-H

T AT °R=°H3 c1 et



Once the be‘nzylidene double bond is reduced these

pyggzolones (319) become soluble in dilute alkah due to. their ability

- to enohze In view of th.is , catalyt:.c (10% Pd- C) sodium borohydride

: reductions of the pyrazolones (319) were’ carned out in dilute sodxum

hydroxide solution Amdiﬁcatmn of the filtrate frorn the reaction w1th

_dilute acetic acid caused preczpitation of the reduced products.

By usmg this modxfied procedure only one type of product

' was iso ated Although melting pomts were conmderably higher than

those of the arnphoteric products obtamed by reduction in methanol o "

they had the same solubility characteristics ‘and tlge same i.r. spectra

as. those reported for the compounds prepared by Coutts and Edwards
(1966). T ' B '

o

.N g et al (1934) concluded that the 9-hydroxypyrazolo-
\

' .quinolme (99 a) was the\reduction product of the pyrazolone ( 98 a) from

‘Also aC= 0 absorption band was apparently absent from these spectra

_7additiona1 medium size absorption m

L "'3350 cm . Tlus was imtially con' idered to be due to the abihty‘ of /

a correct elemental analysis , and because the product was found to be

vsoluble in both acids and alkahes When Coutts and Edwards (1966)
'reduced the same compound ( 98 a) and der;watxves ( 98b g) they

: _concluded that in addition to the correct elemental analyses and\

S

| ;
solubihty cha.racteristics the i.r. spectra of the reduction products

*

were also in' agreement with structure (99 ) The i.r. spectra(solid)

| showed broad absorption in’ the 2100 3500 cm -1 range with maxima

_: :between 2850 and 3090 crn .1 Whlch was attributed to thé N OH function. .

.

' Sxmilar spectra were obtained when the pure samples obtained in the ,‘f

/s.

|

N / . I
present investigation we-re exam‘ d as solids (K‘Br or nujol) but two ;
' b
xima were. located at ~3200 ahd !

w.
;e

79
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N ) _
such compounds ( 99) t'o tautomerise (320) and thus dxsplay an NH
K R

- 80

absorption band in a.ddition to that of the N OH function. However the

.._."q

..l '. ‘ . -
OH", A o OHRYT o
A L (320)

-

f .
LN

The n. m . spec’t‘rum i&n DMSO d6) of the amphoferic
e

product obtamed by reductio *

.the :f"y,razolone (3l9a) displayed two -

(signals at 62 l (CH3) and at 8 3 '435((‘3HZT‘*and an aromanc multiplet S

- ',(12 protons) When the sample was shaken vm:h deuterium oxide ’

vy é,

three protons &withih‘ the aromatic,ﬁ/ea wedfe found to! be D-exch‘n.nge- |

.u "‘"\

-able. Thr e 'D‘ exchangeahle protons, with almo:t the same chemxcal
u" shifts were also foundp m ’the n. m ‘r spectrum of the reduction "
product of theaphenyl analog (319h) These three protons s‘hifted
“ ' N

' '-upfie].‘d when ¢DCl3 was the solVent uhed in th:.s fSolvent thefy a.ppeared

Ez‘ The preaqnce of three D- exchangeabl

DR b

o -'protons in each of these pectra does hot agree with the preposed
’ Ty ", '

structures (99 ——326) 12 which enly one or two such protons would be
R Byt

L W e e
The rnase spectra of the'f reductron products (Fig. 1) dis- ‘

s

i expected;:

'_%ayed moéecular iong consiéteht*with the molecular formula.e 6£ the

7’

' proposed struetures (§9 a,b) Htmvever i the mode of fragmentation _

of these compounds under electron unpact (Sclxgme 2) revealed that v

~

-‘\7‘\

;'_;L\v_.m_tact pyr-az_olone ring (ﬁm b) was stall preaent in the moleculee.

N

s . . S s, . A N
L T N 4\ =
RN o AR EAPTEN T . - ’ B
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I, ‘ . . 3 ’ . ;
L > T |
The: expulsxon of\a.n oxygen atom or an OH radicul whxch might be\

b >

- expected from a«cychc N-hydroxy structure ( 99) was ‘not demonstrat d
<

. .Both of these losses were displayed by some authentic N hydro‘g:fA |

i;compounds repared and/described later in this thesis 'Instead the '

expulsxon of a mplecule of water (to..form ion d or e ) followed by

|  the'loss ofca hydrogen atom (presumably to form the stable pyrazolo- -
{ .

: qumolme f ) as observed\gqee Scheme 2) The absence of an

- 81

(M 18) ion in the mass spec’trum of the related amme*(4l6) , in which R

- s
the- methylene gtroup is replaced w1th a sulfur atom suggested that one_

A

2 of th%e\ methylene hydrogen atoms is involved in the loss of a water
\ : '

-. molecule grom the molecular 1on of (321) Tlus suggestion was also \ )

\g\

supported by the presence of an ( M 18) ion i m the mass spectrum of

“ the triacetylated derivative (326) (see Scheme 4 . p 94 )

't Y ' At this point s,t was concluded that the proposed structures .
o (99 320 ) for the reduction products in question were not correct

i The isomeri(c amme structure (321) wasxseen to ﬁt a11 the prevmusly

describeh data. Such a structure is best written 1n its three pOleble

‘321?}9‘“ forml '"Ph ’_ (321)[NH forrn] 1511

(b, R Ph,_ | R"'l{
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: Fig. 1: Portions ofthe mass spectpar of’ (2- aminobenzyl)d-methyl -1-_

. phenyl- 2-pyrazolin -5-one (321a) and 4 (Z—a.minobenzyl) 1,3-
diphenyl pyra.zolin 5 -one (321b) , _
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K ( ' L ' ’ : ‘

2

tautomeric forths which qan be degugna.ted using the nomencla.ture of
r

' Katrxtzky and M%.ine ( 1964) as the CH NH or OH forrns according to 5

“the position of the la.bile ‘proton.

. ot Ph :
(321 a.b), M S ,-Q\; :

o Sl s o Scheme 2 e
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. : _ ,
Two main. reasons contributed to the earlier mcorrect

‘assignment of structure (99) to the amphoteric reductiOn products. }
) "l‘he first was their eolubxl:.ty in dilute alkali s‘utions which was )
believed to be due to the a.cidity of the N-hydrowy function. It is true

that some cyclic hydroxylamines such as (255) (Kato and Yamanaka.

1965) and (7 R: Ph) (Sundberg, 1965) are soluble in alkalieq. ‘How- -

~

Cass) e

i (322)
ever, -some. other related compounds such as (7, R CH3) (Acheson

: et al 1970) and (322) (Kato and Yamanaka, 1965) are known to be only

very weakly acidic and do not dissolve in a.lkali soluﬁons. -l-

The second reason whxch is probably more important ‘was
Y ,
the fact that C 0 absorption was apparently ahsent from the i r.

‘ spectra of the reduction products when solids were examined 'I‘h‘is‘- o

I

v‘ was. taken as an indication that cyclization involving \the lactam C-—O

; groups had occurred It is now revealed that C—O absorption can be

3 .

/

i-,demonetrated in both—eelution and soMspectmd the redueed eom- o T

f ".pounde Dilute eolutions (z%) of the arnines (321a. b) in chloreforrn, oL

) gave spectra which displayed a C—O abeorption band at 1712 cm -1 £or . |

- _:(321a) and at 1711 cxn'l for (321b) This indicated that the amines

3

o existed rnainly in the CH form in chloroform (NeW'. an. and Pauwels . |

" _ ';1969) These bande cornpletely disappee.red when _more polar

‘dimethélsulfoxide was used as a solvent. : Instead,‘ another C—O- -

e
3

i X ) -,.’:.,."

\

- absorption doublet was preeent at 1660 cm"l (average}‘ f°1‘ (3213) and
| "*a:t 1654 cm‘l (average) fbr (321b) 'rhis shift in the cpbonyl R

fabsorption is expected when the NH form is present sinee the - i-_,l'




a

pyrazelone ring is comparable t’o an- of /7 unsaturated ketone in this |
tautomer (Nakanishx 1962) The multiphcity of these bands and their
occurrence at lower frequencies than expected are cc,n'sidered to be due .

to hydrogen hond.ing with solvent The presence of the OH form in

addition to the NH fOrm 1n dimethylsulfoxide was indicated ma.inly by -

_the 0"‘N absorption band}; around 1603 ‘em” 1&. Ve

| A closer look at the i.r. spectra. of these amines (32,1) in
: the solid form revealed the presence of a strong absorption band at
1628 cn-i'l in (321 a) and at 1625 cm in (3211:) The poeeg::ility of . l
these bands being due to a C:O absorption was not considered initia.lly -

' and they were assigned to’ C--N absdrption However, the absence of '

e lPelz et alFIQbO Re% 1961) 3amethyl Z-phenyl l-pyrazolin 5 one 3ﬂ

similar bands in the spectra. of intermediate pyrazolones (319) and

their presence in those of some amine derivaﬁves e. g (324) which

shou.ld be devbid of a C—N double bond suggested that these bands e

rmght be due to a bonded C O absorption. To examine thxs possibility, -
2.

the i r. spectra of the pyrazolones (317) and (319) were recorded in

the solid form.- In agreement with some of the earher reports* _

(317a) and l »3- diphenyl Zopyrazolinej-one (3171:) mmfou.nd to eor.ist

".' only in the OH forms in.the solid sta:te The lack of a.ny C"‘O

(317)rCH form] N (317)CNH form] (317)EOH forn'ﬂ e
e Y »,&‘ ','.‘ S
* Katritzky and Maine (1964) considered that, except in sp yecial cases. .
‘all pyrazolones. including {317 a) and (317b) exist in the solid state - .
~as strongly bonded. NH-form which are capab}e of proton transfer e o
to give the OH-form e _ A

B




NH forms._ The C_.N absorption bands in the spectx"
1606 cm -1 m (3%73.) and at 1601 cm ‘. in (317b) 7
| benzyl) Z-pyrazolin 5 ones él‘)a.b) Were also found_t
forms in the solid state. ‘ Therr spectral displayed broadO
tion bands betwei: 2400 and 3200 crn"1 and C"‘N absorptio

assignéd tothe b ds at 1605 a.nd 1604 for (3l9a) and (319b}

"\/

', no: other absorption was demonstrated in the 1600 1800 cm
' ' In the spectra of the amines (321) the absorpﬁ.

1604 for (321a) anid 1600\£or (321b) could be assigned to the ¢

in (321a) and (321b) respectively must be due to a bonded C-ﬂp
B

absorption. N Thi& could be due to the 'contribution of the NH ta\ﬁ;,omer “

in addition to the OH tautomer in the solid state. 5 In the NH Jautomer - ;
the C"'O absorption is expected to be around 1670 cm , but this could-lf_ o
be shifted to a lower frequency due tu@he presence of a str"ong intera- “ an
| mo:,ﬁﬂi‘tular or’ intramol cular hydrogen bonding. 'I‘he possibility of the
latter was indicated by the presence of- the amine absorption maxima at ¢ V!
* unusuall/y low wave numbers [3200 and 3345 ctn"l for (32.1 a) and 3170
and 3350 for (32 lb)] ‘f case in which a lactam C—-O group was found

to absorb at. such a low frequency was reported by’Nj‘ 1an and Panwels

(1969) In the pyrazolone (323) ab Bid found At 'ZOIcm -1 was assigned



. ';“.?‘ U : . ,
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The assiﬂmenﬁ of the absorption band aroﬁnd 1625 crn"l in
(321) to a C""O absorption was- subsfantzated by exarm.ning the. ir

| vspectra of some of the derxvat;vea of thé amine (321) When the rnono-
o '-methylated derivatives (324) were prepa.rzd (see later) ‘two str.%ng

; ._absorption 'bands were located at 1624 and 16%0 cm” | in the solid |
—"'spectra of compounds (324a) and (324b) respectively.__ In these atruc- f

' tures no tautomerism is poasxble and accordingly a C—N absorptxon

. 'shguld not ‘b»el,,’.lprosent only C""O absorptzon is expected which must .

-




K (4 (]
.

' in the i.r. spectra of the so?d amines (321) are acthally due to a

; atrongly bonded lactarm c=o0 absorption jccordin ly, these aminea _

.are best repreaented by both the NH and OH/forms, r ther than by the

| CH f°"“' S ""'; e |
| -,;,{'I'Some dﬁrivativeg °f 4- (2 a.minobenzvl) -2- Pzrazohn 5 -ones (321a, b)

- re M’ethyl derivativ\c}(z24) of the amines (321a 321/) were

RN

prépared by reacting them with dimethyleulfate. N Methyl der:wa— - .

, tives (324) were the only products obtained although theoretically.

'. two/otherfﬁaomers (327 and 328) were posszble. Evidence in aupport

of the N methyl structure was the preaence of a three-prg\ton signal at- o

e (T e
'>\\ b R Ph : S e

, "‘6'2 98 in the n. m T, spectrum of the methylation product frorn (321a) o

fand a similar signal at JZ 91 in the product from (321b) 'I'his ’

Chemical Shift is similar to that of the N-methyl signa.l of antipyrhxp ',

‘(329) and a’minopyrine (330) which\come to resonance at €2 95 and

g SN
Coem g (330) oL

- 2. 90 reepectively Methylation at C-4 v was ruled ont by the absence Y

!

. 88

: of a C"'O abaorption band near 1720 ct‘x":',1 (Katritzky and Maine 1964) |



in.the speéa oi both methylated derivﬂatives These relsults are .in.
agreement with the fact that. it is easier to methylate at the N 2 rather
than at the C-4 position ‘of- the pyrazolone ring (Wiley and Wiley . 1 1964).
) Methylation of 3-methyl l-phenyl 2-pyrazolin 5-—one(317a) is known
'1:.(Bodendor£ and Raaf 1955) to occur at N-2 when dimethyl sulfate is .
‘used as an alkylatmg agent. When the pyrazolggy(;}l?a) was treated
with dirnethyl sulfate under the same. conditions used to prepare (3?.4) ’

b )

onlv N- rnethylation occurred and antipyrene (329) was the single product

&
isola:ted\, N _ v .
: ' Additional evidence to confirrn the presence of the Nﬂnethyi‘
: Ty
‘V\,function in the methylation products was obtamed from a.n examination

" :'of the mass spectra of both compounds. Molecular i({ns of mle 293 o

and m/e 355 were present in the. spectra of (324a) and (324b) respec~

\
-

5 tively The methyl derivative (324 a) displa.yed a strong fragrnent
ion (97% of the base peak) at m/e 56 which corresponﬁs to e .'
,,"-CH3—c-§—CH3 — éH -—-C—N—-CH3 . This fraéeent was also v
':‘ _“,:the base peak in ammopyrrne (330) and in the pyrazolone (408) which |
- is. described later in this study. . Similarly, the strongest ion in the

__ i.'mass spectrum of th'ﬂ phenyl analog (324b) was at rn/e 118 which

| ‘--,corresponds to C6H5—C_N cr?_.,, CGHS—C—-N CH3.,‘

‘i' CH3 X

'wl-

P ' & !Ph o
o A rela.tively strong (M 30) f ment 1on was observed ir[

‘:l he spectra of both (324a) and (324b) An accurate mass measure- T
'.‘-'_'.,ment of this ion (m/e 325) in compound (3241:) identified ttas

i 022%7}‘20 and showed that 1t a £ rmed by the expulsion of CH.4N

89

L]
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8 . , ,
~g-orﬂ\the molecular ion. A metastibte of m/e 297. 55 suggested a

' “dﬁé:ragmgntation C23H17N30 4N —l— C22H17N20 ‘and
. ‘supported the prev:.ou(conblusmn that an N methyl group was present
LN : _ hi :

in (324b).. . ' ) /',/ Y

- -

. oL -/ A . .
. AN T - .

_\ .'. . . . \ - N - !
e , . g SN N

The action of benzoyl chlonde on: the amine (}21 a) pro- B

o 1 . - R . . ,:':,5".' ‘ . » \ ' .. v \_-.‘

>

.duced a dibenzoyl deriva.tive identiﬁed as (325) from its e&emental

.‘analysile3IHz5N3O3) i.r., n. m. r. , and ‘mass spectra. The,i.r.

(325)' )

COPh GOPh

:spectrum (sohd) (325) dzsplayed two C—-aO absorp ion bands at 1645
’l (NHCOPh) and at 1760 &n 1 (OCOPh) a.nd anNH absorptmn band

- " at 3315 cm -1 " The n. m r. spectrum (CDC13) showed a methy], szgnal
t $2. 12 a methylene s1gna1 at & 3 8 ‘an aromatic multxplet between
f 56 8 and 7. 9 (19 protons) and a D exchangeable proton at’ 6‘8 0 (NH)

} Thxs compound was msoluble in sodium hydroonde which

b

R mdxcated thag the 1ab11e proton in the pyrazolone rmg was replaced

- b

“'”_during benz ylat:.on - A carbonyl stretching frequency of 1760 cm 1

N w

supports the pro;\josed ester\gtructure (32 5) Also, in the mass |

: spectru/ of (32 5), the rnolecular ion was at mle 487, and fragmented

- .mxtially by the expulsmn of benzoy (PhCO) and benzoquxy (PhCOO) |
grad1c§.18 and a benzoic acid molegb The presence of two strong

: metastables at m/eo275 06 and \273 65 respect:.gely suggested that\the \

last two exﬁulsmns were direcc fragmentat:.ods of the molecular ion
& cLe T



e /"_, o Acetylation of the Me deriva\b&ves (321a. an 321b) by, C

* heating with acetic anhydride for one hour gavMonoacetyl deriva-

tivesr However when heatm s prolonged tnacetyl p'roducts were

isglated. These were 1denti£1ed as 4- (2 a.cetylammobenzyl) l-phenyl- -

*Z-pyrazohn 5- ones (332) ‘and 5- acetyloxy-4- (2- diacetylaminobenzyl)-

b

l-phenylpyrazoles (326) res]pectively C . S S

i « v:‘ Due ‘to t.heir a'bihty to enoh;i rthe rriogoacetylated ‘
derivatives (332) wer soluble in dilut‘p alkali solutions. - They :
‘. analy %d correctly fo\C 19H19N~302 (332a.) ang cz4H21N30‘2 (;,321>)~
, ’and t:\\%r. spectr).;m of each displayed two C—‘O abaorption banda e .'_ -

o attrihutable to the amide agd lacta.m funetiqns.“ The mass apeetrum

, (Fig 2) of ('332a) had a molecué\ar ionpat m/e 321 which fragmented
".-mitia.lly by the expul.sion of a water molecule a ketene Jme ecule B \ ;

'and a CH3CONH radic to éﬁe ions a, b and < respectwely. : 'i_?he -

g fragmentation pathwaye and some of the fragment jons. formed in

. fthe spectrum of ;this compound are tentatively identified in © - S l R ‘,&
Acheme 3. } %, e \\ : . S SIS &
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: _frequency than the carbonyl absorption bands f the monoacetyl
, compounds (332) has already been commented upz (Abramovitch

' 1957) However the \ester carbonyl absorption

i

"0

Both tnacetyl der watives (326) dissol\cre slowly in dilute

a v

2 alkali's Wheh the alkaline solutions were acidified, they yielded the .

monoacetyl He;av'atlves (332) The elemental a.nalyses as well as .the

- & e g, Y
i.r., n.m.r., and ss spectra supported the proposed structures

-(3Z6a and 326b) Both n. m;r. spectra displayed a su:-proton signal
v ".-._.-_vfor the N~d1acety1 function a three-protorl”signal for the O- acetyl
group, a methylene signal and an aromatic multi let. 'I‘he i r. spectra’ .

| _;‘waa devord of .any NH or OH absorption bands.- T e'methyl denvative

! (336a) displayed three strong C"‘O bands at 1790 cm’ -1 (OCOCH ), and
‘ _.‘at 1685 and 1730 cm due to ‘the N N diacetyl doublet (Grove et a1

a2 '11956) In the i.r. spectrum of the phenyl analog (326 b) the corres-

1

| ponding bands appeared{ 1793 1705 and 1718 cm . The presence o

’\. of the carbonyl absorptions of the N,N- drace , l functi\n at a higher

1790 tcm 1 18

-

phenyl acetate (Wrtkop and Patrick 1952 Grove et a1 1956) he

'reason may be the presence of bulky subst:.tuents in the o—-position ;’ )

(c f Schubert and Saveeney, 1955)

'I‘he triacetylated derivative (326 a) fi‘agmented mamly by

/successwe G ulslons of two ketene molecules to y1eld the molecular

“jon. of the. mono acetyla:ted compound (332a) The(M-42)+ ion (a)
also expelled a water molecule to give a rela.tively strong,ion of -

m/e 345 (Fig. 3 Scheme 4)

unexpected and should be*contrasted with the values of 1770 cm: £l for .: T
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Sche:;ne 4 s b, m/e 321 o

| Aftempts were made to prepare the 0 acetyl deriva.tivea

(33 5) through the reduction of the 5 acetyloxy-4 (2 nitrobenzyl) 1-
» -

- phenylpyrazoles (334) he latter compounds were prepa{,!ed by treat.. v

o <ing the nitropyrazolones (333) with acetic anhydride. : The presence of



- VO‘-aCetyl functions in 'th’e ‘p;oducts 'was: confirmed b’};i r'. spec‘t’rosc'opy ,
"(1781 em™! in 334a and 1790 cm".l in 334b) by ni.m.r. (o-cocn

:protons came: t’6 resonance at 6 2. 03 in 334a and" J 2. 02 in 334b) a.nd

.»be mass spectral fragmentation (direct loss of CH3COO radical from

\
the molecular ion). When the O acety‘l compounds (334) were reduced

‘either by catalytic hydi-ogenation over platinum or by sodium boro- _'

‘hydride//\ alladium charcoal in dioxane 011y products were o'btained

e "(tf':H3CO)20 -
i) SN

_The only Crystalhzable compounds isolated were the N acetyl deriva—

e i_tives (332) rather than the desired"o acetyl derivativ A8 (335) Identi—

ication of these compounds was done by comparison with authentic
'samples prepared and described earlier The isolation of 3uch

products indicated that the acetyl group , ori i "'ally attached to the

. ,oxygen atom of the pyrazole rmg » migrated o the amme funct‘ion :
once the latter was formed Such rnigration of '

‘- f'oxygen to mtrogen (0-—-—N) or yig_ xersa (N—» O) is a common

. 95
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.1 residues from S

. phenomenon which occurs for example with al.l q' amino-p-hydroxy« ‘



; cannotbe ruled out.

C later section. S

compounds m the aromatzc hyd{roaroma.tm and ahphatxc series

-

'v(Wﬁkop and Patnck 1952) | Examples of 1,3- acyl m1grations have .

also been demonstrated (Mlller 1965) and exa.mples of acyl migratmns ‘

’ ‘involvmg d::fferent pairs of heteroatoms are knowu and have recently

vbeen rev1ewed by Akabon (1965) and by Pavlova and Rachmrskh (1968)

Also, Tam et al (1964) > reported some acyl exchange reactxonsabetween :

N acyl lactams and armnes but no examples comparable to the one

i

h ShOWn in th18 present study betw n the O-acetyl lactarn.ﬂ and the armne _

' function seem to have) been reported : In this mstaﬁce the arnme and
.5

96

acetyl group seem su1tab1y orxenta.ted to allow th;s migra.tion to occur L

\

-mtramolecularly (Scheme 5) although an in‘}ermolecular migratmn g '

Oszf'gh

Scheme 5
B | (332)
The fmal pxece of ekwdeuce sought i.n order to confirm the
E ', a.mme structure (321) was to attempt a preparatlon of Schiff bases ..

-'.(336) through the condensatron of these arnmes with some aldehydes

. and ketones. However Schiff bases were not isolated Instead,

) the products cyclized to splro-tetrahydroquinoline derivatxvlgs (337) y

. \CRIRH .‘i :

o i~:f.gl (336) -;?;*-\;igsx_ﬁp (337) |
o .'.':the formation and identity of wlnch w111 be discussed in detail in a

°
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MethodJCL Reductions in dioxane o B . R &

-Itis well known that rhetal hydride reductions are often 1n-; o S
‘ ﬂuenced by the nature of the solvent used (Brown 1962 Coutts , 1969)

‘This fact led to a repeatvof the 8 d1um borohvdride/ palladmm cham:oal
&8

reductions Just described in an ther solvent to determme whether thls :

might facrhtate cychzation to the desired N-hy'droxy compounds .

. ."Coutts and his co-workers (Coutts and Wibberley, 1963 Coutt@and

| ‘ Hmdrnarch 1966) found dio;cane to be a suitable solvent for their cataly-‘<

‘ -5 One (318a)

. ._tic sodmm borohydrlde reductions. _ Thl.s solvent was also used for the
: reduction of some 4 (Z-nitrobenzyhdme') pryrazohn 5 ones (98) but _

"the reduction products were left umdenti.fied (C'outts and Edwards . 1966)';.

’ i) Reduction of 3 methyl -4- (2-n1trobenzyhdene) l-phenyl 2~pyrazohn-f_v

: \\‘.‘

-

Thls reduction was repeated w1th some modifica.tion to the -

Uv-

e 'hterature method (Coutts and Edwards R 1966) When hydrochloric L

el

'chi:ic ac1d wrth acehc ac1d produced a white solid which was easily

-arnphot/eric amme (321 a)

| cxd was used to decompose the surplus hydride a.nd prec1pitate the f .

'ac1d1c products »a yellow irnpure sohd was obtamed Replacing hydro- -

2.

| ‘purified by fracé.onal crystalhzation to yield three compounds. '.bThe

| i,‘-maJor product was 1dent1f1ed as the cyclic N-hydroxy compound spiro- :

’ v‘f[(l hydroxyindohne) -2, 4‘ (3'-methyl l'-phenvl lH-pyrazolin 5 one)] ’ |
_}(338) The other two products were spiro[ (indohne -2 4' -(3'-methy1—' :

Lo -phenvl lH-pyrazohn 5'-one) ] (339) a.nd the previouslv described

U
'."‘

= L The 1dent1ty of the N hydroxy compound (338) was based

L . .'mitially on the observations that 1t reduced Tollen's reagent ‘and that =

it analyzed correctly for C 7H1 5N3Oz ,a formula veriﬁed bv the ’;



98

' Dioxane .

N

(321 )

presence of a molecular 1on at m/e 295 in its mass spectrum. | 'In'the
presence of- alkalx » this c?pound gave a purple—red color Wl.th tri- )
- phenyltbtrazohum chloride a reaction which is: claimed to be s‘pecific

' for hydroxylamme derivatives (Snow 1954 Rogers 1955) That the

| pyraZolone ring st111 rema.ined mtact was clear from the i. r_. spectrum o
§ wh:.ch»,ehowed a C"‘O absorption band at 1690 cm -1 ThJ.S C-—O"is

present at a lower frequency than that usually demonstrated in 5 5- h
disubstituted pyrazolone d!er:watives ‘However -an intramolecular ‘-
hydrogen bonding with the N—-OH groups 18 possible in such a structure
(338) in which the donor and the acceptor groups a.re iJ posxtion
Katritzky and Logowski (1971c) 'described a ss.milar effect in 8-hydroxy-

qumohne l oxide and 1ts azo. d r1vative (340) Support for hydrogen- -.




Another argument in favor of thew‘cychc structure (338) was
‘_ the lack of solub111ty of this compound in dilute alkahs a property A
) shown by all pyrazoloneé hav:mg a hydrogen atomn at C-4 This
cychzation was, not unexpected since the hydrogert atom at C- 4 is lcnown
Af'-to be very reactive, it undergoes the characteristxc condensation and
‘;substitution rTeactions of an. active methylene group (Wzley and Wiley ’ |

3

- ,1964 ) Once the C-4 pos:.tion is- disubstituted the acidxty of the

o ,'pyrazolone ring becomes 80 weak tha.t :.t 1s now essentially neutral N

. _.(Wiley and Wlley. 964“)

o .consistent w1th some earlier reports (Kato and Yamanaka, 1965

/ o "1 The n.m.r. spect,rum of thlS compound (in DMSO d6) dis-
: played a m1ethy1 s1gna1 at 6' 3. 28 a slightly broa.d methylene signal at e
83, 28 and,a one proton signal at 59 67 which exchanged w1th deuterium

Assignment of thls D exchangeable signal to the N—OH function 1s

Acheson et al 1970 Schweizer and Kopay, 1972) The aQ)earance _

. of the two methylene protons as a broad smglet was not expected since o

- fthese two protons are. non equivalent However this- appears to be.

only a solvent effect since the n.m.r; spectrum repeated in pyridme
~disp1ayed £or these methylene protons ’ a doublet of doublets w1tha

gemmal couphng constant of 16 Hz. Also m pyr:.d:.nj the N-—OH

L 'signal appeared further downfield as a broad peak centered ai: 6 12 1. B ‘

_ R Imt:.ally, two other 1someric structures{3l,§ and 341) were 2
:-I._:conmdered along thh the N-hydroxy structure (338) for the maJor |

| reductxon product of (318a) The hydroxylamme structure (31 5)

- suggested by Pound (1970) was only a remote possibxhty smce the

o 'ibenzylidine double bond would be reduced under the reduction conda.- ,' o

tions us.ed 'I‘he sod:.um borohydride reduct:.on of this double bond

L ,' E



VI”Cl-,Hl 5N3O-‘-£,r was very helpful in confirming

100 |

Tl i

L .,\ft, p M E
} & ‘M . .
3’/‘ “‘"f’ ; w‘-j -
er. 'I'he presence of “

'only one D exchangeabl%proton a,pd
5o

. PR
' -spectrum of this }ro&é& yc‘%&np et
\ 2 v
"vformula (31 5)\

[

-13.:
¢ S
£ )

| @Gs) o (34&3
_vpossibilj,ty due to the fact that it is compatible with some»of the 1 T,

. and n. m r. spectral data However the fact that the product 1solated: .
) was neutral suggested that such a structure is not appropriate Com- 3
_pound (341) i expected to be bas:.c because it 1s known that the related ‘

‘isoxazolidines (cyclic S-membered-NH O compounds) are strong

""'-Afbases (Quilico, 1962). | _ o L
The mas’s spectral fragmeni:atati(h pattern oi the product

e appropriateness of the o

- ..“ '.'f'.cychc N- hydroxy structure (338) As will be d:.scussed in detail e

vv'later the expulsion of an oxygen atom and a water molecule a.s wel.l , '.
..as the direct loss of an OH radical from the molecular ion were of
:‘spec1a1 diagnostic value ' Also the chemical reactivity of tlns

’.v":compound (mcludmg reduction oxidation \ylatxons ’ sulfonation and

o reactions with nucleophiles) proved beyond a.ny doubt that the N-hydroa:y

'_'structure (338) was correctly assigned

_ T.he mmor products of the reduction of the pyrazolone
_(318a) were identified as the amine. (321 a) and the indohne (339) hé



\‘ ana\lyms (C17Hl 5N3Q) ita"ﬁrn.’:_ 's’, sgectrum (M+ at m/e 277) and its i.r. \'

Y

" Cl‘
« 4'\

‘.‘» 5-one (318b). .

orted‘earlier\. LR 'I;he5 indolme (339) was identified by its elemental

Jl

': and n, m Ar apectra ' The NH abeorption band at 3305 cm” and the -

£

a " .i [ lactam G O band at 1725 cm 1 ‘were both at a higher frequency than

Pt

the correapondﬂing bandp of the hydrogen bonded N- hydroxy indoline )

(338)‘4 The n.m. r. spectrum (CDCl3) displayed an NH signal at §5. 57

(exchangeable with Dzo) » @ methyl signal at d’ 2 09 a.n aromatic ‘
multiplet (9 protons) and a methylene aignal in the form of a doubLet i

R of doublete centered at & 3 33 'I‘he mass spectral fragmentation o£ :

this spiro-pyrazolone (339) and some. other related compounds wxll

be discue sed in detail in a later section o

ii) Reduction of 1, 3 diphenyl 4 (2 nitrobenzyhdme) Z-pyrazolin-

Reduction of compound (318b) with sodium boro%y]dride/
palladium charcoal in dioxane was carried out in amimil anner -
to that deearibed for the methyl a.nalog (318a) In thie case only
two products were obtained _' The major one was identified as spiro -
[(l -hydroxyindoline)-Z‘ 4' (1' 3' di’phenyl lH-pyrazolin 5' -one)]

(342) while the rninor one was found to be the previously described

' amphoteric amine (32 lb) Ideptification of (342) was based on 1tsl -
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s ‘elemental ana.ly31s (CZZH17N302) as well as its physical a.nd cherrncal :

4 '-‘prop‘erties. It red"éed Tollen s reagent and gave a positive reaction

~

'with tnphenyltetrazdlium chlorxde. Its i.r. (N-OH band at 3347 and

=0 'band at 1696), n. m r. (exchangeable N--OH signal at 8‘9 8,

-~

"'methylene signal at 63 47 and a 14 proton aromat:.c multiplet between

TN — 56. 7 and 8. 3) and mass spectra (expulsmn of o, OH and HZO from the :

: molecular iod were very similar to those of the methyl analog (338)

-~

Reactions of Cyclic N Hydroxyindohne Derivatwes (338 and 34_1

The chemical properties of a.roma:tic hydroxylamines and

£;gl -

l

hydroxamic acids have been studied in qégme detail Fewer studies on :

cychc hydroxylammes have been reported Since some stable N-.

102

: hydroxy compounds were prepared in the present study. a brief investi--

e .a)",

)

a
‘ '<Methylation

IR

a) Reduction" - k

VACYIa.tion and sulfonation reactions ‘ o

gation of their chemical reactivity was made. The reactions studied

- 1\:' & which could be of biochemieal sigmficance 5 were. a.s follows.

I

.Reduction SRR LIS A S . ”

Oxidation

: Attempted dehydr ation

. Reactions with nucleophiles

The N hydroxy function of cyclic hydroxylatnines can be het

reduced to an NH function by various reducing agents including zine A-

| and acids phosphorous and hydroiodic acid ﬁn and hydrochloric acid R

sodium hydr osulﬁte and lithium aluminum hydride. Catalytic hydro- '

genation over metala is also used for this purpose. However in

certain instances (Loudon a.nd Wellings 1960' Kato and Yamanaka. : T
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' 1965) such reductions do not .occur.~ - '
i | I the present study, the N hydroxy compound (338) was
found to be smoothly reduced by catalytic hydrogenation over platinum ’ |
to giVe an almost quantitative yield of the cyclic atnine (339). - The

same compound was also 1solated when the reduction wag carried out |

using iron and ferrous ammonium sulfat or zinc and ammonium

: ‘-,-"*chloride ' Both reductions were perform d in aqueous ethanol.\ In

.-ua,

none oﬁ#ese reductions was the double bon in the pyrazolone ring

s

: affected 'CHf3 |

- "-.._Reduction‘

(339)

Similarly, reduction of the phenyl a.nalog (342) using the _
| same reducing agents yielded the amine spxro[ (indoline) 2,4'-(1', 3'
diphenyl lH pyrazoline 5'-one) ] (343) This compound analyzed

r' correctly for. CZZH17N O (M+ = 339) Its i . spectrum displayed

2 an NH absorption band at 3485 cm -1 whxle 1ts n.ma.r. spectrum o i’

B (DMSO-d6) showed a D-exchangeable one-proton signal at \6'4 6, a
- itwo-proton methylene singlet at 6' 3.5 and an aromatic multiplet which

'integrated for 14 protons . ph

C b) Oxidation : ﬁ" = ‘\ o T

| g Relatively mild oxidation will Jonvert some cyclic N hydroxy
compounds to the corresponding nitrones "A' Frequently, tlns is done in o

5 ."'.the abse‘e of any catalyst by simply bubbling air. through solutions of .



’

the N-hydroxy compounds or by allowmglolutions to stand in the

; atmosphere for several days at room temperature (Ka}:o and Yamanaka. i

1965). However in most instances, a cataly it is required before
oxidation takes place. Cupric. acetate ammonia, potasmurn ferri-
cyamde and mercuricfoxide have all been used successfully for this

'purpose .

Due to the susceptibility -of the pyrazolone ring to oxidiz- :

ing agents (Wiley and Wiley, 1964 .) . an attempt fo oxidize the N- .

- hydroxyindoline (338) by bubbhng air through its solution in tetra- |

hydrofuran or aqueous ethanol was, performed but it failed to have

- any effect Therefore cop"‘_' va:te ammonia, which was used

PN

. extensively for this purpose;bﬁ y A et al (1959) was tried as a -
| Cata.lyst Air was bubbled for several hours through a solution of
: (338) in aqueous ethanol to which Was added smal a.mounts of copper
o sulfate a.nd ammonia.‘ Crystallization of the crude product ga.ve a

dark brown compeund which despite difficulty g getting a pure\\/

o sample for elemental analysxs is believed to be the. cyclic N-oxide -

-(344) The mass spectrum of this compound displayed a molecular o

- ion at m/e 291 which corresponds to the formulation CI7H13 3 2‘

It hberated iodine from potassiug iodide solution, a property common

v('344)“ -

to N oxides (Katritzky, 1956) Its i r. spectrum was devoid /of any '.:
amme or hy&'oxy absorption and 1t displayea a carbonyl ba:r,\ﬁ at
l<?28 cm'l which was located at a higher frequency than that . of the ;

‘\»7 . e ‘,‘

104

—
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»

N hydroxy compound (338) due to the lack of any hydrogen bonding.
The n.m.r, apectrum (CDC13) had no D exchangeable protona, it _“;

- displayed only two d‘ignals ) @ methyl singlet at 6 Z 07 and an aromatic
- . h

multiplet between 5 6 7 and 8.2 (10 protona)

c) Attempted Dehydration L S o ®

e o Due to the presence of a labile benzylic pPoton in the LW
indoline ring . the dehydration of thxs N-hydroxy compound (338) was
expected to proceed readiiy Heating this compound with 10% eul.furic
acid in methanol reaulted in decomposition of the pyrazolone nucleus

,"‘ and the product ig,olated wae not identified When the san?e reaction‘
‘was. repeated at 0 the pyrazolone ring was not affected However,-_ N

~ the desired product (345) was not formed instead ‘a methoxylated A

O LT (345)
. benzene ring, was obtained . The sa.me type of reaction happened when
methanol \wae replaced with a mixture of dioxane andwater, thie led .’ )
. to a hydroxylated derivative The formafﬁion and identification o£ .
both these producte will be discueeed in the next eection. |

', g d) Reactione with nucleophiles : ’ R
i o Phenylhydroxylamine rearrangee in acid media to yield
' O* and B-aminophenol with varying amounta of azobenzene. azoxy- :
benzene. aniline and nitrobenzene (B‘amberger 1921 1925 Yukawa,
1950) When this reaction was carried out in the preeence of nucleo- K

philic species other than water such as methanol, aniline or chloride

R}
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1% ‘)..,u

v ' T '11'06,

" 1ond the corresponding ortho and para subst1tuted am.sidme semx- N -

o R4

,dines and chloroanxhnes respectively were formed Simila.r reactxons

?/’

were also obeerved by Kow (1887) End Robertson) and - Evans (1940)

Heller et al (1951) formulated the mechamsm of these nucleoplnhc

Y

reactzons in. an SNI' manner but they dxd not rule put the poss1b1hty
‘of an SNZ' type reactxon. The1r prOpoaed meehanmm for a par

rearrangement , is 111ustrated in Scherﬁ‘e\6 in which: Y could be any

-H O ' R »"'Y.- + Y, o
2 + -, : _
D \P’% w2 ““

A

Scheme'6 . ¢

accessible and reactive nucleoph:.hc molecu.le or anion.

—

Various exarnples ‘are now knL;wn of diﬁerent’nucleophihc , 1 g ,.

| -reagents rea.ctmg with' aromatxc hydroxylamme and hydroxamxc acid

' denvatwes Reactxops in whmh the nucleophile is a halogen (Coutts )

' ‘and Pound 1970 Stﬂhrer a.nd Brown 1970). oxygen (Gassman a.nd Lo

Q‘Campbell 1971),,_ sulfur (Boyla.nd etal 1962; Edward and Whiting, R

1971) nitrogen (wmcke et a.l 1969) or ca.rbon (Takahaski and Kano,

Q

o

. 1964) speciee have been reported However few of these reactions. :

with the N-hydroxy compound (338) ‘In each éa.se it wae dedaced
| ,that a5- substituted indoline derivatlve (346) wa.s obtained The o
.Aprepa.ration a.nd structural elucidation of these compounds are now.

| "’.- described

| _,have been attempted with cyclic hydroxylamineg, ., I : ,

‘ ion, water metha.nol and acetic acxd were reé.cted in acidic media. Voo

1

In this study. d:.fferent nucleophilic speciee i e, chloride

e4

v_)

.7 '.:,,'
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" b; R= OCH3
~ c,;.fR OH s
R d R OCOCH3;

e N |

;" R=CI

/
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.“When hydrogen chloride was bubbled through a cold solution

. Of the: N—hydroxy compound (338) in tetrahydrofuran a black semi- |

' 'sohd product was obtamed

Chromatography of this product ona

“silica gel’ column yielded spiro [(5 chloroindoline) Z 4' -(3'-methyl--

1'-pheny1 lH pyrazolin 5'-one)J (346a) as a crysta.lline solid
| compound was identified by its elernental analysis (Cl 7Hl 4ClN3O) as

o well ‘as its’ spectral properties.

‘The i.r. spectrum displayed c=o0 e

E , and NH absorptiona. A methyl 31gnal a methylene doublet of doublets ’

an 8 proton aromatic rnultiplet and an N—H signa.l were present in the - -

' »'_n m. r. spectrum. 'I'he location of the chlorine atom in the product

‘. "(346a) was suggested from the ample literature evidence tha.t when

‘ hydrochloric acid and gther mxcleophilic reagents react with a.romatic

"-(Bamberger 1925 Robertson a.nd Evans B 1940 Coutts and Pound

hydroxylamines ¥ B-substituted amines are the maJor producte isolated

-

: _{1970) However, confirmatorv evidence could not be obtained from

o __.'examimng the n. m T. spectrum of the product suice the aromatic L

) _..‘slgnal was’ complex and could not be easily interpreted
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This location of the chlorine atom became more ugn}ﬁcant |
' ,when another isomeric chlormated compound was obta.ined as a by-
"product by the action o£ acetyl chlorxde on the hydroxylamine (338) in
'benzene. | Both these compounds analyzed correcﬁy for C17H14C1N30 -
- and displayed very similar mass spectra but their melting pomt ir. |
: ’and n. m r spectra were different Th:refore 1t was found necessary :
to prepare an authentic sample of (34.6a) for comparison purposes. :
| | f 3. Czloro 6-mtrobenzaldehyde (316b) was condensed with
“ ""3 methyl l-phehyl Z-pyrazohn 5-one. (3l7a) and the product (318c)
was reduced with sodium borohydride and palladium charcoal in -
- idioxa.ne.' Spiro [_'(5 chloro 1- hydroxyindohne) 2 4'-(3'-methyl 1'-
o phenyl lH-pyrazoh.n 5 one) ] (347) ﬂc” 14CIN3OZ. was isolated |
' and identified from its physical and chemical properties which were - o
:'-similar to those of the other N-hydroxyindolines (338) and (342) |
"‘A,:Catalytic hydrogenation of (347) over platxnum yielded the 5 chloro-
. 4"-'indoline (346a) Comparison of the spectral dataand melting points. e
| 'of this compound thh those of the product obta.ined by treating (338) e

5 with hydrogen chloride proved that both were identical
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Heating the N- hydroxy compound (338) w:.th methanol m the -

1)

-

: presence of a catalytic amount of" sulfuric acid resulted in decomposi-

tion. When this reaction was repeated a.nd the reaction mixture left

: _ for lZ hours at 0 C a dark green solution Was obtamed £rom which

o was 1solated a colorless compound 1dentified as spiro C (5-meth0xy-'

o

,‘This structure was ass:.gned for the fqﬁowmg reasons‘ the product '

o analyzed correctly for CIBHI 7N O2 and its mass spectrum displayed
g a molecular ion at m/ e 307 and showed with minor differences , _- \}'\\‘\

: : fragment_ation patterns similar to those of the indoline (339) and the

"‘mdohne) Z 4' (3'-methyl l'-phenyl iH-pyrazolin 5' -one) ] (346b)

. . . . B L
B N Al
X : N S .

T (346b)

of the aromatic slgnal did not allow deducti

'the OCH3 group but the pattern displayed for this s‘ignal was very o o

,methanolic sulfuric acid was replaced with a s?ution of boron tri- )

: “, to methylate the N hydroxy function by the use of diazomethane in

e subsequent section. The i r spectrum had C:-"O and NH absorption Lo
bands at 1710 and 3310 cm-1 respectively  Then.m.r, (cnc1 ) |
.dxsplayed two methyl signals a methylene doublet of doublets signal

: :a broad NH signal and an aromatic 8-proton multiplet The cornplexity

\
of the exact location of

"similar to that inthe spectrum of the 5 chloroindoline (346a) |
’ “v_‘”Acco,rdingly. the methoxy substituent was assigned to the S-position.- FOR

‘_1 vf A better yield of this compound wa.s obt d when SN

. fluoride in methanol ' Thié observation was th result of an attempt L

L P
¥

R
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: methanol ‘with boron trxfluorido .uh i catnlyat Acxd catalyzed
nucleophihc attack by methanol occurred rather tha.n methylation :

i ,
oi the N hydroxy function and the~on1y product isolated was the 5-

. methoxy compound (346b) - U/ B

. o When the N-hydroxy compound (338) was reacted with _
amixture of dioxane and water in the presence of cata.lytic amounts :

of aulfuric acid an alkali soluble product was isoliul; Although
' no satisfactory analysis was obta.ined from this product its 1 T,
o n m r a.nd mass spectra (M+ at m[e 293) suggested that it was the o

5 hydroxyindoline (346c).__ .

: ‘U J

. ‘;Q‘”g 2
e '/",:

The related 5 acetoxy deriwative (346d) was obtained by

heating (33&) with glacial acetic acid for one hour. Thie compound

'_ h was. identified by ite elemental a.na.lyeie (C19H17N303) » mass spectrum
(M"'. at m/e 335) i r.,spectrum (ester and lactam C:O and N-—H
abeorption) and n m r. spectrum (two methyl eignale one D—ex- .

- changeable N—H proton, a methylene signal and an 8-proton aromatic

' ‘,’f., o
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_multipl'et._ ' ; s R ‘,.

(3468

The forma.tion of these 5- substituted mdolm.e derivatives
- S ;
: '(3463. d) apparently mvolves a nuc1e0phihc a.ttack at the 5- (:a.rbon Lt

atom of the protonated N hydroxy compound (348) However it is '
" not known whether this reaction is of the SNZ' (Scheme 7) or SNI' .
' .'(Scfbme 8) type.v An SNZ' mech{sm was proposed recently by

Coutts and Pound (1970) for the at,ta.ck of the chloride ion on some .
jrelated hydroxyla.mines and hydroxamic acids. - The a.lterr&ative

| :SNl' type mechanism was propOsed earlier by Heller et al (1951)

- -’and is supported by some. recent studies by Ga.asman et a.l (1968



N "" rea angements In order to determine the behavior of

e e

1971, 1972).

“(346a-0) “-fQ"*”~f°‘*ff) e
Scheme 8‘3 o |

PRI
‘v«

; e) Acylatian and sulfonatxon reactions-' .. T A SO

Cyclic hydroxylamines react with acetyl benzoylland ! : | E

mulfonyl chlorides to form acetates benzoatee and eulfonatee rea- 1 s
pectively. Acid anhydr:des have also been nsed frequently a.s acyla_ R

ting agents. : H ever in many caaes the acyloa:y and sulfonyloxy

derivatives cannot be isolated becauee they undergo molecular S
S

N h’_'droxy compounda prepared in this inmestigaﬁon towards some L

,‘.‘ :
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. acylatmg and sulfonating agents their reactions with acetic anhydride R

acetyl chloride p-chlorobenzoyl chlorxde and p-toluene su.lfonyl
'chloride were studied Beszdes the few N acetoxy derivatives obtam- 3
"ed some rearrangement and halogenated produ:ts were a.lso isolated

.. and identi.fied

' -i.. Reactionsv\mth acetic an.hydnde A .': - S

Prevmus studies have shown that the cyclic N-acetoxy - E

. 'carh‘onyl function gives rise to an i' r. absorption band in the region _ ’

f'of 1800 c¢m” and the presence of this absorption band is very diag-- -
.j}nostic (Freeman 1958, Loudon and Wellinga 1960) It was desir- _ :
B 'able therefore to acetylate the cyclic N hydroxy compounds (338
| and 342) as a means of confirmmg their structures and to study the : C
B chemical behavior of these N acetyloxy products. ] A number of |
.conventional acetylation procedures were attempted 'but most of thern

'led to the formatxon of different rearrangement and decomposition , o

" 'products.. 'I'he only successful methc»d was to react the N hydroxy

::.";compound m pyridine at 10 C with cold excess acetic anhydride for

"y ia 24 hour period In a few instances the N acetvloxy derivatives

crystallized from the reaetion mixture, but in most cases ice-cold T
R : R

L Awater had to be added to hberate the product. 3 The acetyloxy

- ,"f_'acetylation process was perfo.

'-'.-products isolated were stable for several weeks at 0°C but decomposed"

: "v‘;.rapidly on standing at room te_: :perature. ; Earlier , when this

ed at room temperature no acetyloxy ‘ I

C "derivatives were obtained The same happened when the reaction

mixture after being a.dded to ice-cold water was extracted with cold

L ether. Both procedures resulted in rearra.ngement and decomposition, :

of the N- acetylon:y derivatives. A



! ! l;any O-H or N-—H bands. : The n.m.r, spectrum (m CDCl
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R The acetylated product' obtained from the N- hydroxy
- compound (338) ‘was 1dent1f1ed as spiro [(l acetyloxyindolme) 2 4‘
:(3'-methyl l1 -phenyl IH-pyrazohn 5- one)] (349) v Thzs compound -
R :’analyzed oorrectly for 019 17N303 5 a fortgu}a su ported by the

presence of a molecular ion at m/e 335 in 1ts mass spectrum. That

"O acetylation had/\eurred was. confu-med by the presence of an N— _ '_
"acetyloxy C—O absorption band at 1790 cm l . In addition, a lactam
':'”C‘O band was. located at 1723 cm ;1 and the spectrum was dev01d of

| ‘ or DMSO d6)

- 3
”'_showed two methyl slgnals at 6'2 14 (C—-CH3) and 2 05 (OCOCH3) »

aromatic mult1plet (9 protons) and the methylene group sxgnal as a o

"__‘:doublet of double s (J 16 5 Hz) This spectrum had to be measured

7 in cold solvent Secause in both solvents

E - ,directl after di"'s"_

“'"‘:;used the compo \nd de omposed and/or rearranged very rapidly, he } .

N- acetyloxy signal disappeared vnth the appearance of some npw
'l’signals and the spectrum became very comphcated‘ 3 '_ S :‘ ,(7
. Heatmg the N acetyloxy compound (349) w1th methanol or |

.' ethanol yielded two dlfferent crystallme products. » The first was :, ’ o

identical to the 5 acetyloxy der1vat1ve (346a) obtamed earher by the

' nucleophihc attack of acetic ac1d at C 5 (see Scheme 7) The second

S

i 'product (designated compound A) remams umdentified although 1t is

| 1 .fknown from 1ts ei%mental analysis (CI’IHI 3N3O) and its mass spectrum



: : " | destroyed the pyrazolone ring.- Compound (350) ‘the forination of
L which might be possible by the process outlined in Scheme 9 Wasz

| s
’ (M"' ) m/e 275) that 1t is a result of the loss of a.cetic a.c1d molecule
from the parent N- acetoxy compound (349) The same compound
“was also isolated durmg a.ttempts to methylate or sulfonate the N-
.hydroxy compound (338) o .‘ : : - ‘, RS _
.,"' C The possibility af product (A) being the dehydrated (345) waa ;
,fll'Bt considered but a study of the chemical and physical properties of
B .(A) ruled out this possibihty The i.r. spectrum of A when crystal-

| -lized from ethanol showed absorptzon bands at 3410 (NH?) and at 1625

- and 1640 cm (C—-09) A different spectrum was obta:.ned when the

‘same compound was crystallized from acetic acid giving (A') or when

| .'_(A) was heated to about 200 C for a few mmutes. The absorption ‘
1

?

and the doublet at 1625 and 1640 cm’ -1 were

‘i\:'."rf‘ B

- bands at 3410 cm - ‘
"replaced with a broad band between 2500 and 3300 cm’ 1_ and a strong

“,?_'v:absorption at 1640 cm l This suggested that compound (A) may
'.either have dimerized or be present 1n two different forms (A — A')

Both these forms were found to be mterchangeable, ’ either one can S

f"be obtained by crysta.lhzation from the appropriate solvent - j 1»' X {‘.""-» R

The n. m x. of both forms had a three -proton signal at

{Z 63 an. aroma}:ic multiplet between 6'7 0 and 8 5 (~9 protons) and

La one-proton broad signal between J 4 0 a.nd 5 l (exchangeable wi‘th

l

- : DZO) The presence of the methyl signal atqa lower field (6‘ Z 63) t'han ‘
" 'usually demonstrated by the pyrazolone methylgroup (,around Q,I 2 0) |

:‘ suggestedd’%aat a rearrangement process m,ight have occurred which

.considered a.nd found to fit most of the chemical and physical propsr- a
. _Y."ties demonstrated by the product ( A — A') " This compound (350)

S e
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R

.-GH3COOH
-——__>

(350) . Scheme9

- might exist in two forms (350a__.350b) which could explain to some“ L

extent the difference in the i.r. spectra. of (A) and (A') 'I.‘he-'f L o ‘1
o Ph--N ‘ S

~N . e : R RS

DA

T (350a) N (350b) |
_ possibility of dimerization of (A)‘must also be considered in’ view of- e

the fact that the structurally related pyridin 2 -ones. e, g. (351) are o

} known to exist as hydrogen-bonded dimers (352) The i.r. spectra‘ n ‘,\‘:- L

‘ (351) TR - | , o
ot' these dimers disP}ayed very broad N-—H absorption b ds in the '

region 2300 3200 cm 1;~ free N—H bande were demonstrated in dilute

DT

’ @, chloroform aolutions at around 3400 cm : (Katntzky and Amber 1963) ;‘
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The presence of carbonyl absorption at 1640 and 1625 cm'1 (doublet?)
\in (A) and a.t 1640 cm'l in (A") is also in agreement with structure '
(350) smce quinohn -2- ones show carbonyl absorption between 1626 and
1660 cm’ (Bellamy. 1963; Katntzky and Ambler 1963) | “ o
B A structure such as (350) could also explain the behavior _ |

of 'product, (A) u‘_nder‘ele_ctron impact (Fig. 4). In add.ition to the

. ' L . : .'v/-

- . . . P ". - ‘ i . ,. “v,_‘.,. . »l A .. (

AN |

- L..u l TV L ,g o ll" 'us‘.:"'@‘ .
N B e

-Ie

‘A

Fig 4 A portion of the mass spectrum of compound (A) M““Z?S

J

' molecular ion the ma.in fragment observed was the (M 1) ion at m/ e
274".‘ A stable aromatic system (b) could be forrned by the expulsion :
of a hydrogen ato,m from the molecular ion (Scherne 10) ‘ i

" N o
b m/e 274 L T
' Scheme 10 ; L ' \ T



In addition to these physical and chemical properties

already discueeed the high meltmg pomt (306 7 ) of both (A) and (A' -

< is consmtent with the proposed structure (350)
i f\ -

..'4 5 dihydro 3 methyl -4-ox0-1H- pyrazolo['4 34C1] quinoline (353) was.

A rela.t d compound

'prepared by Coutts and W1bber1ey (1963) and wa found to have a

melting point h1gher than 350°C

s A chern1ca1 p= operty that cast doubt on the assignment of
| (350) to product (A) was the ease w:.th whichtlns compoun¢ a.cetylated |
with acetic anhydride Thls was not expected since 2(1 ) pyridones .‘_‘-. o
- and related compou.nds acetyla.te only through theu- sa.lts ’ such a.s the EEe
l sodmm (Curtin and Engelmann 1968) or thal:.um (I) sa.lts (MCKlqu
and Zelsko 1968) In addition acetylat;.on of (350) if it occurred,

"rmght be expected to yxeld the 0~acety1 denvative (354) rather than

: _the N acet—yl compound (355) Thxs was the case with- Z(IH)pyridone
(351) whzch yielded only the O-acetyl derivative (357) when 1ta tha.llmm :', '
_'(I) salt w a.cetylated . The N acetyl derivative (356) wa.s formed at
-40° C but most of it rearra.nged at room temperature to (357) , '
_.(McKlllop and Zelesko 1968) However the possibl(iity—bf O acety‘l- 'v:*v::__?f». ‘

- ation of (350) was ruled out by the presence of two C—O a.beorption



\
bands at 1664 and 1730 cm’ -1 in the i. :;.,.spectrum of the mono-

acetylated product 018H15N302 (M = m/e 317).

‘&001{3 R
(356) o o » (357)
Reference bx Curtain and Engelrnann (1968) to the N— -

benzoyl derivative (358)'-‘3%3.5 encouragmg since it show?ed that this :

type of acyl derivativejis j c‘.;e’ssi'ble. . Gortinskaya et al (1973)
also prepared someyrelntedsisg g,cetyl derivatives (359) the structures

‘Jﬁ" ks

| ‘. of which were vconfirmed witla&éi T and u. v.v spectral data.. The two L ’

carbonyl banda in (358) were’ located at' 1656 and at 1733 ¢ cm 1 the
COPh : : Lo

I latter is due to the N—benzoyl fun;:tion. ' These values are compa.rable -

‘to those obtained from the acetyl derivative of (350) but this il not a |
very accurate comparison since a benzoyl compound is be‘ing compared
with an acetvl derivative. \ However the N acetylated compound (359)
had C-—O absorption bands at 1680 a.nd at 1730 cm "1- the latter wae :

ehown to be due to the N acetyl function. Both thete valuee are -;' '

3 similar to those shown :by the acetyl derivaﬁve of (350) ’ which euggeat- ‘

- » ed that its structure might indeed be (355) ‘
| C A hterature search for the pryrazolocarbostyryl derivative :

(350) revealed that it was a known compound prepared earlier by three

independent investig\/pre threugh different pathwaye (Knorr and Jodicke ,

I TR

N -
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e
1885; Musierowzcz et al 1929. Vul"fson and Zhurm 1962) In all

: i"casea the reported meltmg pomts » although high (261 . 273 and

-

'277 ), were not the same ap that of the dehydrated product (A) although
in this range, the rate of heating might account. for this difference. |

It is ‘also possible that 1rnpure (350) was isolated in earlier studiee. ,
o _—
»_{Accordmgly, it was dec1ded to prepare (350) to compare it directly e

< 'with the dehydrated product (A) 'I'he method reported by Vul'feon

~.and Zhurin (1962) was followed (Scheme ll) and yielded the required
OH -

W
‘ HOAG
polyphosphoric aci71>

 p-toluene- -
.. . ssulfonic

xylene
- 20)

, Scheme 11 ‘
- 3 ~mothyl- 5-pheny1 pyra.zolo (4 5- C)carbostyril (350)..-
| A direct comparison between synthetic (350) and the e s

R
deacetylated product (A) indicated non-identity The i r. spectrum

]

| . :of (350) ()/ N—H between 2000 and 3.220 1’ C:O at 1666) and ite o |
n m.r. spectrum (CH3 ‘at 52. 61 NH or OH at d’l3 2 and nine |
. ,arotnatic protone betwee}r 6'6 9 and 7 8) were very similar to thOee ; .
"of (A) but not identical The pyrazolocarbostyrryl (350) was also |
b 'found to be neutral but an attempt to acetylate it directly by heating
: with acetic anhydride for 12 hours fa:.led to yield am/ acetylated .: ‘

product , n,
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: This non-identity of (350) with' (A) demanded a:reappraisal
of the data acc:\mulated for compound (A) VIt Bad a molecular

l.-.formula C17H1 3N3O nine. aromatxc protons three tnethyl protons , a

: ,1ab11e proton (deuterium exchangeable) and a C—O group which

- _absorbed i.r. 1r1 ad:.at:.on at a freqnency lower than the pyrazolme

o= O group. -‘In the n m T. spectrum the chemxcal shxft of the methyl-
| protons s1gna1 was further dowﬁeld than normallty\obaerved for the
3- methyl 5- pyrazolone methyl s:.gna.l whzch suggested that compound

(A) d1d not cOnta.m an’ mtact pyrazoline ring such as that present in

.

the spu'opyrazolone (349)

It is now reahzed that the acetylated product (349) mxght _.
'rearrange in the manner shown in Scheme 12 thus providmg another
. poss1b1e compound the pyrida.zmomdole (360) to expla.in all the data L
’ accumulated for compound (P@—.A') - Lack of time however pre-
vented stud:.es to confu'm this hypothesis. Q ; o i

vy loac
- (349) B et

' Scheme 12



' Acetylatxon of the cyclic N hydroxyindoline (342) with
acetic a.nhydride and: pyridine at 10 C yielded an N-acetoxy derivative

. 1dentified as spiro[ (l-acetyloxymdolrne) 2 4'-(1 3'-diphenyl-lH-,‘

pyrazolin 5 one)] (361) by its elemental a.nalysis (CZ4H19N3O3) and

by six;nilarities of its spectral data w1th those of the methyl ana.log

T

. (V349‘) It was noted that the acetyloxy d‘rivative (361) was relatively » "

| "stable at room temperature and in cold solvents. ) Rearrangement

still occurred in solution but at a much lower rate than that demon-

' strated by the methyl analog (349) Heating (361) in ethanol produced

) only one rearrangement product of formula. (3z 4H19N303.. Infrared
o .-._'evidence supported the presence of an NH and two C= 0 groups |

- (lactam and ester) in the rnolecule | The n. m r. spectrum had

. aignals which could be ascribed to COCH3. CHZ’ NH and thirteen
:‘aromatic protons Based on these data this compound7was identified

| ;p' as spiro[ (x acetyloxyindoline) 2 4' (l' 3'-diphenyl lH-pyrazolin 5'

' oue) hE (362) : Although 1t is most likely that (362) is substitnted at the

5-position as was the case with the methyl analog (346d) the exact

| ‘_ position of the subst}tuent was9not determined due to the complex _’ R

<

nature of the aromatic signal in the n. m.r. spectrum and due to the

' lack of an’ authentic sample.. v' -

e B
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". /- When the N- hydroxy compounds (338 and 3@2) were heated
o 1

' ‘ ‘,with acetic anhydride or with a mxxtere of acetic anhydride and aceﬁ

- acid, no N- acetlexy derivatives were isolated In the case o£ (338).
| ltwo products were obtained the maJor product being the dehydrated S

A compound (A) discussed earlier while the mmor product was shown to B

o be a: diacety%ted compound @ZIHI 9N:‘!'O4 which was assigned structure

' v'(3‘63) The i. r,' spectrum showed three C.._O ba:nda at’ 1667 (c)\ohc - |

(363) COCH3

’g) 1715 (lactam) and 1760 cm -1 (ester) and was devoid of any NH .‘ ‘

absorption. The n. m.r. spectrum displayed three methyl

isignals at 82 02 Z 3 and 2. 50 and a complex aromatic multiplet
T .which did not assist in the assignment of the position of the acetate .
:group on the ring. y This however was deduced to be at C .5 in agree-i_.- s

_,ment with the mode of formation, and by comparison with similar i

- 3»;products described earlier such as (346d)

' _ylin the same way as the diacetate (363) and its i r._ and n. m r. pectra

Heating the N -hydroxy compound (342) with acetic anhydride

- yielded a diace tate derivative w'h.ich could not be obtained pure. s

- mass spectrum displayed a molecular ion at ml e 439 which fragmented

-

e : resembled those of compound (363) 'l'his led to its identification as

‘;-::_’-(3164) The position of the acetate gronp on the ring was not determined. ;

(364) COCH3 |
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The dxacetates (363) and (364) could be formed in two ways

as ehown in Scheme 13 The fert is the formation of the N acetyloxy

COCH3
Scheme »13; .

derivative (36;’:) foliowed by migration of thie acetyloxg group to the

ing carbon The second is the direct nucleophihc atta;:k by the \

5 acetate anion 'I‘he resulting monoacetylated mdolme (366) would then

-acetylate further giving compound (367)

Reaction thh acetyl chloride . o ST '} ’ :

~

\ _ When spiro C(l-hydroxyindohne) 2 4'-(3'—methy1 l'

‘ phenyl 1H~pyrazohn 5'-one_] (338) Was treated w1th acetyl chloride at
o _f,'room temperature it failed to react When this mixture was heated

. : in dry benaene fdr several hours, a reddish solution was £ormed which '

*

on evaporation and crystallization yielded two compounds. Neither of L
these was found to be the N acetyloxy deriVative(349) A study of the {'i.

Y

Properties and spectra oi’ each compound indicated that one of them ,-':f

.....



OH and NH absorption (?) The dark red color of this product was

(the'minor product) wasg an acetyla;ted<compound While the oth.er (the
rnagor product) was a chlorma.ted derivative S o

‘ The mass spectrum (F1g 5 ?) of the acetylated product
‘C19H15N303 , displayed a molecular ion ‘(m/e 333) wluch expelled a

l.'-1 ”

Relative Inteneity
s 3
] ]

- &
L

0 :
1‘.

&'o L zto - % ‘A‘deo ~ o 2% % o PRI
_ Fi_g. 5 A pou:tlon of the mass spectrum of an umdentified acetylation
o product M"-333 ’ : ~ Lo
o ketene molecule as expected from.an a.ceta.te.r Its i ST spectrum
o _ _

. showed two carbonyl ba.nds at 1688 and 1712 cm " and was devoid of

R - v<md1cative of conJugation, this was also shown by the absence of the

s methylene’_ signal in its n. m.r. spectrum which showed two methyl

" signa.ls | 2 44 and 2 48 an eight-proton aromatic multiplet between ‘
57 0 and 8 Z a.nd a one-proton doublet centered at 69 8 (J’ 8 Hz)
| _ .‘ : This aCetylated compound hydrolyzed readily in’ the
’presence of a.lkali nging a yellowish product which analyzed for

C 17H1 3N302 (M = 291) The presence of a phenolic function in this L

n - deacetylated product was Buggested by its solub1lity in dilute a.lkali

.i r. spectrum The n. m T, spectrum (DMSO>d6) di5played a.wory broad,
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aromatic i’nultiple_t (8 protons) and a one proton doublet c_entered at
§8.5. o . R
It is obvi %us that the product \019H15N303, is an

- acetylated phenol However no. structure can be suggested which

: satisfies all the data which accurnulated for this compound In parti—

B -cular the one- proton doublet m the n m.r. spectra of both the

acetylated and hydrolyzed products seems strange and hard to rational-

L 1ze. That an N acetyloxy derivative rnight be formed first then

| ,;«rearranged is a pos sibihty but When a sample of the N acetyloxy‘l
indoline (349) prepared earlier was refluxed in benzene it gave none of

. ; ‘the above product | Instead the dehydrated compound (A) and the

”‘p.

-

. 5- acetylox?indolme (346d) were isolated

- @?

A ’ ' @

The elemental analysis (C1 7H1 4C1N30) as well as the

'-’.’mass spectrum (M"_', m/e 31 l) of the major product conﬁrmed the

-

in its molecular formula.%"@he possibihty

N '._of this compound being the \

'was ruled out by comparing i r and n. m T. spectra and by the

v_depression of a mixed melting point However. the similarities of

'.the spectral data of the product and that of (346a) suggested that both

: T
were '1someric. The n m r., spectrum was essentially similar to

- _ L
that of the 5- chloroindoline derivative (346a) except inthe aromatic

o ".area where the substitution pattern differed /Again this pattern C

was complex and could not be resolved/ However since one of these i
R -

:l:ived to be substituted at the 5-position , ,1t

| 'two isomers (346a) was £

_ -was considered likely that th' '

somer was a 7-chloro derivative (370)

L

ame 5 chloroindoline (3463) obtained earlier"'f' .

126 " y

. 2



.These tWO positwn are more susceptzble than a.ny other posit:.on to
. :

. attack by nucleoplnhc reagents , Accordmgly, tlns product was

o tentatxvely 1dent1f1ed as spn'b [(7 chloroindoline) 2,4' -(3'-mdhy1 1'

-'lH-pyrazolm 5- one) ] (370) Support for th:.s conclusion was found

.in the i.r. sPectrum of this compound wluch had anNH absorption band R

: '.'CH3 .

(346a) . “ ., .:vl.j (370)

‘ at 32"95"cm -1 and a C=-"O band at 1728 cm lb’. Compa.red to the corres-‘ .

:--pondmg absor;tion bands (3365 and 1710 cm ) in the related chloro-

'_indoline (346a) the N—H absorption showed a bathochromic shift of

- 70 cm at:d the C—O a hypsochromu: shift of 18 cm 1. Intramole-.

;vcular hydrogen bondmg between the chlorine a.tom at C 7 and the amme

' 'hydrogen may be responsible for these shifts. : In add:.tion to the - g

.,which is now located near the normal value (—v 1725 cm ) for com- e

pounds which do not display mtramolecular hydrogen bonding_ HYdro-_ :
:.'.gen bonding between chlorine and hydrogen 18 now becoming universally ¥

L '.v._'acce pted (Vmogradov and Linnell 1971) and the large frequency shift

- demonstrated here for the NH absorption may mdicate that chlorine
j'is astronger electron donor than oxygen in this molecule. |

The formation of a. chlorinated product as a regult of

.- treatmg the N-hydroxy compound ( 338) with acetyl chlonde was not S
unexpected due to the: availabxlity, in the reaction mixture o£ chloride e

L _ions for nucleophilic attack Similar examplee a.re reported With

A .
Co ’.‘-. . . ,JHO"'_-"‘ ST

Yo

“ effect on the NH absorptmn th1s also could affect the C.-. O absorption -



hydroxamic acids and heterocychc N- oxides (Katritzky and Logowski _
1971d).- ‘The reaction for exampl; between 3—hydroxyxanthme (371](
:_ and various acid chlondes yielded only 8 chloroxarithine (372), no |

' acyl products were obtamed (Wtilcke et al 1969)

RCOCI_
pmMr  ©

o At the moment an explanation as to why a C 7 (370) »
and not a C 5 (346a) chlorinated product was obtamed in the reactmn ‘
o with acetyl chloride is not pos sible although it may be in part due to
: the different solvents used (tetrahydrofuran for C 5 subst:.tution and

'_ .benzene for C 7 attack)

' iii Reaction with gﬁchlorobezizoyl chloride. . |
o - The reaction between the.N hydroxy compound (338) and
: p-chloro’benzoyl chloride was carried out under very mild conditions m' '
an attempt to isolate the N-p_-chloroben;oyloxy derivative but this |
- proved unsuccessful Although the i. r. ' spectrurn of the crude ‘ _
' 'product showed C—- O absorption band at 1765 cm 1 which is indicative
- of N benzoyloxy function (Kato et al 1967 Zinner 1958). crystal].iza-
o -tion ‘of this product from cold etha.nol resulted in skeletal rearrange-, D o
_.”,'ment The pure crystalline compound isolated analyzed for | _ | |
i v'-l,‘_'sz4HlsCl N3O3 »:2as was expected for the N-benzoyloxy derivative — )
‘ 'f, : but its ifr. spectrum displayed an NH absorption band at 3380 cm -1
‘ (' and two C—-O bands at 1712 (lactam) and at 1732 cm : (benzoyl ester) / .
- The n.m.r. spectrumGicncr.,) showed a methyl signal at sz 15. a /
s

/ methylene doublet of doublets centered at 63 45 (J‘=17 Hz) , an aroma.ticf-f
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multiplet (12 protons) a.nd a D- exchangeable one- proton aignal at 5’4 47 |
j .(NH) v These data indicated that the benzoyloxy functmn rearranged |
“to one of th’e ring carbons but the positxon of st&bstitution én the benzene
ring was not determmed due to the complex nature of the a.romatic |
signal in the n m.r. spectrum ThlB compound is partly identified as |

: spiro [(x-p-chlorobenzoyloxymdolme) 2. 4'-(3'-methy1 l'-phenyl IH-.

o pyrazohn 5' one)] (373) Its mass spectrum supported thie conclusmn.

(373)

’ it displayed a m,olecular 1on at m/ e 431 which fragmented in a similar -
way to the other substituted indoline derivatives (see later) In addi-_ SR

' ftion acyl oxygen fission occurred with charge retention on the acyl .
o portion (m/e 139), the latter fragmented further by the exp:ilsion of a = ’
QO molecule S ~ | ’ | o
‘ An attempt to hydrolyee this benzoyl derivative to the
‘, ' corresponding phenol in order to help determine the position of sub-

stitution on the benzene ring failed to yield the required phenohc

- compound

. iv. Reaction with g-toluenesulfonyl chloride' o _
ST Treatment of the N-hydroxyindoline (338) with p_-toluene-. o

- .sulfonyl chloride in pyridine gave a yellow sohd : When thie eohd was \

.diaeolved in b .ene , it depoeited a crystalline compound which was -
o found to be the dehydrated product (A) obtamed—when (338) was reacted

with aceﬁc anhydride (see p 114) Evaporation of the’ remaining

N
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filtrate produced a BOlld residue which was chromatographed ona. |
silica gel column yieldmg two compounds - The. ma,)or of these
compounds was identified as the spiro (5-chloroindoline)pyrazolone .
, >(346a) prepared earlier m this study Direct comparieon of the -
.‘ :physical properties of both (3463,) and the magor 1solated product est-
.'vabhshed this identity . The minor prodtict analyzed for C24H22N3O4S
: ; and its mass spectrum displayed a molecular ion at m/e 447 which S
‘supports this formula. 'I‘his however was not an N-tosyloxy deriva-

-

.tive since the i r spectrum demonstrated a ’broad absorption band

- centered at 3340 cm (NH):' The n.m. r. spectrum also showed in |

E

: addition tp the methyl methylene and aromatic signal a D-exchange- o
: .able one-proton signal at & 5 0 These data suggested tha.t the o g

' initially formed N-tosyloxy derivative rearranged to an isomeric R
- [

toaylateewhich was assigned structure (374) 'l‘he position of the

-;tosylate group was not determmed‘" due to the complexity oﬁ the aromatic

signal in the n.m.r, spectrum. S R

;-1 In another attempt to isolate an N-tosyloxy derivative , ";-
' ,_the reaction of (338) and tosyl chloride was performed in ether at 0

in the presence of triethylamine. - A black semisohd resulted which

[P was shown by thin layer chromatographv to contain at least five

'componen‘ts ' This was. not investigated further.; .

‘ fkf) Methylation

An attel{ipt to react the spiro (l—hydroxyindolme)pyrazolone o
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:(338) W1th diazomethane , in the absence of any catalyst fa:.led to yield

.
a methoxy derxvatwe When this react:.on was carned out in methanol

= _,usmg borOn tnﬂuonde as catalyst , 1t produced a crystalhne %oduct '

;

o '_which was found to be the 5 methoxymdole (346b) 'I'his compound

. ‘.resulted from an ac1d catalyzed nucleoph:.hc attack by methanol on ’

‘ .the rmg ca.rbon : Accordmgly, it was reahzed that this reaction
| '.should be pemrmed in a medium free from alcohol. ; The reaction was L
| repeated m dmxane and a.lcohol free diazomethane and boron triﬂuoride-— o
ether comple:: were used-. This produced a da.rk green product the |

,-1 T, spectrum of which displayed a Cc=0 absorpti,on ba.nd a.t 1720 Cm -1 ;: :
K . but no. OH or NH absorption When this product was di&olved in cold

‘ethanol a high meltmg sohd (309 ) slowly separated * 'I‘lus cotnpound

ﬂ.yzed for C 7H N30 (M"' 275) and gave i.r. and mass spectra '

- which were virtually 1dentica1 to the dehydrated product (A) obtained

, when the N- acetyloxy compound (349) was treated with ethanol (see -

o p-114). A mixed meltmg pomt of both compcknda showed no depress-

_.ion. - The formation of this dehydrated product during crystallization
‘ of the crude product suggested th‘et O methylation dld occur, then the Y .
methyloxy derivative decomposed and / or. rearranged Such a rear-

: rangement could be catalyzed by traces of acid present with the crude

o product Some support for th:.s suggestion is the fact that it ‘was”

g ‘possible to obtain the desired N methoxyindolme (375) bY methylating

"'5(338) with methyl iodide in the presence of- sodium methoxide S




””~[1973)

v contrast r%.u,_'_'

- “:'? :ketones to substituted l-hydroxyindoles. When this reaction was per- ,>

' - ‘:‘formed with the 4 (Z-nitrobenzyl)pyrazolone (319a) » RO. N-hydroxy

132

Identification of this compound was bised on its elemental analysxs f_ -
(CIBH17N302) as well as its i.r. ()}C O at 1719 cm . ) and n.m.r. - S
(N— OCH3 at §3. 8) spectra, The mass 3pectrum of this compound ‘ o
(part HIb) was also very informative, it displayed a molecular ion

at m/e 307 (and a strong ( M-31) + -ion resultmg from the expulsion of a

'.<CH3O radical from the molecular ion. The expulsion of this frag- ;
rment is not normally observed in the mass spectra. of methyl ethers

' unless an ortho-effect operates (Cable et al, 1972 Coutts a.nd Malicky,

_O&er Reductions of 4- (2- Nitrobenzyl) 2 pyrazolin 5-ones (319a b c)

Y

<7 e
a. Reduction ‘with 1ron and ferrous ammonium .sulfate~ '

'. Aromatic nitro compounds are known to be readily reduced

to amines by this reducmg system (Hodgson \and Hathaway, 1944

Hickinbottom 1959) Reduction of the nitrobenzyl derivative (3l9b)

using this method yielded the 4 (2- aminobenzyl)pyraiolone (321b) _Inl';

Aon of . the methyl analog (319a) was unpredictable. . | It -

sometimes gave the spiro (N hydroxyindoline)pyrazolone (338), - on

other occasions 1t yielded the 4 (2 aminobenzyl)pyrazolone (321 af

N mixture of both products Varying the reduction time did not improve
N _;the situatmn. : It is. suggested that differences m the batches of iron

' used could account for these variable results. g

This is generally a standard procedure for the reduction

: _Canet and Boca (1965) used this system to reduce some o-mtrobenzyl

L g

b Reduction w1th zinc and ammonium chloride°- e : 5 S
.. of aromatic ammes to the corresponding hydroxflamines. Mousseron_
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.,l-

' derivatives were ohtained 'I‘he reaction yielded the opiro(mdohne)

v

pyrazolone (339) in poor yield Reduction of the phenyl analog (319b)

’ wzth the same reagent gave the corresponding spiro(mdolme)pyrazo-

YN

- lone (343) in’ good yield In contrast the 4(5E-4'chloro 2- mtrobenzyl) ’

o g pyrazolone (319c) gave a rm.xture of the spzro(%chlordﬁldohne) pyra-'

\_zofone (345a) and the correspondmg N-hydroxyin_

c. Reduction w:.th zinc a.nd acetic ac1d

Heatmg the nitrobenzyl derivative (3l9a) w:.th zinc and

| acetic acid gave a dark yellow product which ‘melted at 166 8 and

R proved difficult to purify B The i.r. spectrum lacked NH OH and

| . C= -0 absorption bands Whlch suggested a pyrazoloquinolme derivative
(376a) This suggestion was supported by the absence  in the n.m. r.
-spectrum of th1s compound of any s:.gnals other than tho@e of the

: (8 -
methyl group and aromatic protons. Its mass .spectrum displayed a

- molecular 1on at m/e 259 whxch fragmented mainly by the expulsxon of S

:.a hydrogen atom ‘a methyl radical and a methyl cyamde molecule

k.(Sche_rne __14)- A literature search revealed that this compound (376a)

!

S "b"'R:Ph s
| | (376)

| was knoWn (m p., 178 ) havmg heen prepared by heatmg the Schiff base- o )
,‘°f 4- formyl -3- methyl 1= phenylpyrazola and aniline (Brack 1962)

, - .’ S When the phenyl analog (3l9b) was reduced with zmc and

v

'acetic acid it yielded a pure yellow crystalline compound CZZHI 5N3 ;o
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‘ which hadi r. and n.m.r,. spectra very similar to those of (376a) ]
‘ The mass. spectrum of th,is compound had a strong molecular ion of o
| m/ e 321/ which was in agx:eerhent w1th the hitherto unknown structurei
| (376b) Other than the molecular ion, this mass: spectrum ha{ only_
R three ions of appreczable mtensity resulting from the expulsion of a ‘.

hydrogen atom a phenyl radical and a phenyl cyanide molecule fromv |

the molecular ion (Scheme 14)

Ca . )

. i |
o ;Rcij/ A
] : -. SR +-
EC 5H10N2] , S [Rcl6 9N3]
. Co ) c Nﬂ"’-
. m/e 218 [ 165 10
S : o m/e 244 , ‘
Scheme 14 , R

Both these compounds (376a and b) were also obtained by

heatmg the ‘amines (31.la b) with acetidkac:.d for several hours.

o f.d.' Catalytic hydrogenation Preparation of some spiro-(tetrahydro-

. SRR o R
qumoline)pyrazolones (337) s : SRR

Catalytic hydrogenation of o-nitrobenzylpyrazolone E 2
derivatives (3l9a and b) was attempted to determme whethe.r N= hydroxy,_.",-." h
compoundswcould be obtained by tlus route. Du.rmg one of these trials > ., -
. an interesting reaction was revealed Catalytic reduction of two ‘ |

-nitrobenzylpyrazolones (31 9a and b) was carried out using platinum . |
oxide or palladium charcoal as a catalyst and. absolute ethanol as - L

N \ - o
solvent 1 Methyl 4 (2 ammobenzyl) 3—pheny1- -pyrazolin 5 one

f . . c IR LT >': o
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LIS

: (321a.) was the ma.m product isolated from the reduction of the 3 methyl—
‘pyrazolone (319a), but when the related 3- phenylpyrazolone (319b) was .
'reduced under the same conditions , a different type of product was
obta1ned This product (deszgnatéd compound B) was weakly basrc

~ and unlike (321b) , was msoluble in dilute soda.um hydroxide solut:.on.

NH,

) . k“ .1‘ H . . l .

(3211))

(319b)

| Its. i r. spectrum had an NH absorption band at 3405 cm -1 a.nd a’@ " O

o g‘

o ;band a.t 1712 cm'- l The presence of a carbonyl absorptxon at t&us

. L
frequency in addition to ‘the lack of solubihty of product (B) m dilute N

'alkah solution mdica.ted tha.t the pyrazolone ring wa.s no longer
capable of enohzation i. e the hydrogen atom a( to the. C o group was e
" no longer preeent The n. m r. of compound (B) included s. 3-proton
'doublet centered at S 1. 15 (J 6 5 Hz) and a one-proton qua.rtet s:.gna.l,

: '?'centered at 63 6 (J’ 6 5 Hz) | This n. m. r. evw.dence therefore, '_ 8
_ revealed the presence of a —('ZH CH3 group in the prohuct which i
.'apparently or1g1nated from the ethanol employed as the solvent in the _’ -

cata.lytxc reductmn of (319b) To see i.f that was the case the same
' rea.ction wae repeated in dioxane in methanol in propanol and in
B beﬂzyl alcohol. With‘dio?:a.ne 4-(2- ammobenzyl) -1 3—diphenyl -2-

: »pyrazolin 5 one (321'b) was obtained in good yield but whln the other |



'?solvents were employed the products obtained in ea.ch case diifered

: a.nd elemental analyses suggested that the alkyl or aryl group of the N

“ alcohol used had been incorporated into the molecule. , The i. r |

spectra of all these products were very similar but their nuclear
magnetic resonance spectra conﬁrmed differences in the structures

P‘lof the products The mass spectra of these derivatives were recorded
“'vand proved without doubt that the alcohols used as solvents were »
A'invzolved in this reaction. = - s

' From all these data, the general structure of compound
(B) and the three related products was suspected tobe the spiro-tetra—

A"hydroqu.inoline derivatives spiro [(l 3- diphenyl lH-pyrazolin 5 one)- :

4, 3' (2'-substituted 1' Z’ 3! 4'-tetrahydroqumolines) ](377)

' mechanism for the formation of these spiro-tetrahydroquinolines (377)
| can be envisaged and is 1llustrated in Scheme 15 The nitro compound
(3 19b) is reduced to the hydroxylamine (378) which then mteracts thh
_the alcohol present the former is reduced to the amine (321b) while | L

' 'v"'the latter is oxidized to the aldehyde. Both the amine and the alde- »I

hyde react to form a carbmolamme (or aldol) (379) which cyclizes to
.V ‘;l the tetrahydroqumolme derivatives (377) This suggested oxidation- B : '
: reduction process and subsequent mteraction of: the products ixs

another example of solvent/ product interactions known tc\) occur %uring
_,:catalytic hydrogenation (Pylander ; 1967) R |
| Some other structures £or the unexpected reduction v»»
| fproducts .were 'considered Among these the isomeric n:nines - " o
(Schiff bases) (380) had first consideration. It is known that aldehydes -

and ketones add to the primary amines and this addition involves y", R

nucleophilic attack by the basxc nitrogen at the carbonyl carbon atom L



N-o.z,"‘-_"O.
(_31'9b) ~Ph
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q\uation 1). In most cases, the first step is the formation of a.n aldol

(380) ; _‘_:‘3.“ ‘. : v' o

d not isolated It reacts further in one of several way‘s »

138 '

a

v

»','the most co mon of which is the elimination of water to give the 1mine. h

e

O The possibv 1ty of compound (B) possessing an imine structure (380)
was ruled ut by an ana.lysis of the i r.,n. m r a.nd mass spectra as

L'f"-.'--«well as’ by

N-H stretc
- ‘R-H CH3 , _Cz _‘5 and Ph) is ,mcompatible with the imme structtfre
A broad deuteri -exchangeable signal in the n.m. r. spectrum was -

. -:f.-also observed . imines an NH absorption can be present if’they

e chemical properties of the product. The present:e of ‘-v, '. '

g ba.nds in the i r. spectra’ of all four compounds (377, S |

. '_'exist in the enam:.n] form (equation Z) Immes with or-hydrogens a.re o

R"N"C“CHR" S -(z)_

. T.Ri'_‘ ‘~ . L .. ,J. Rl
R—N=C- CHZR" =

C,
&

Capa.ble of 1m1ne-enamine isor ”erism similar to the keto-enol tautomer-

. : ism of carbonyl compounds ( ' yer 1963) Thisﬁype of isomerism

u/a number of caaes but Witkop (1956)

K 41

; ‘"’_'fou'nd* 'no evidencefort i ﬁence of the enamine structure in his

T was clearly demonstrated

p
‘, » .

tr. studies. i

A . L - PR ?'5’_,«‘ B
LT : . o ATV
S A .o t ?‘ ;:“{’T 7

b a"’inl‘?"?tbﬁ‘i- the @f’,‘.‘iiaunéé "oﬁtained , when
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(3l9b) was reduced in various solvents did not have the imine struc- . ‘
ture came from a consideration of the product obtained by hydrogen- |
ation of (319b) in benzyl alcohol ThiWuct gave rise to an NH'
stretchmg band in the i.r. spectrum despite the fact that it had no
- -hydrogen capable of imine- enamme isomerization. o

| Further evidence for the su’ita.bilzty of structure (377) was -
obtamed from an analysis of the mass spectra of the four compounds
(377, R=H, cng C,Hg and Ph). None of these fragmented under
electron impact in the manner that Schxff bases do. Mass spectral
| studies of some Schiff bases have recently been reported by Elias and
‘Gillis (1966) They showed that the molecular ion undergoes simple

-.’fission at the ring-nitrogen and rmg-carbon bonds, ~ the former fr,a.g- o

- .

._mentation is more fac11e tha.n the latter No fragment 1.ons due to rmg- '
= .mtrogen fission were present m the mass spectra (Fig. 6 and 7) of

X any of the products isolated On the other hand the fragment pattern

. »I ;3’1 observed followed the behavior of tetrahydroquinoline derivatives under o
': electron impact (Drapier ‘and MacLean 1968) (Scheme 16 p. 148 ) ‘

‘ ' A fmal argurnent against the 1mme structnre (380) was |

g 'based on the fact that such a structure should not be isolated under .

- _"‘suf:lf ‘reductlion conditions Schiff bases are known to be reduced in

. fvirtually quantitative 4yields either by catalytic hydrogenation or by ,

‘ K chemical reagents (Adkins, 1937) , and accordingly,,the rmine 1f it :';_ -

P were formed would be neduc’ed to the secondary amme (equation 3)

R—-N CR'R" : R N=C— R'R°‘ AR S : (3) S

HH\

- .‘vb‘However the imme is thought to have a transitory existence m the

. N
K : TS
Lo#



‘ _formation of these tetrahydroqumolme derivatives (377) Two
' possible rnechanisms'can be suggested {\or the cyclization stage It
v_ is possible that the a.ldol (379) dehydrates directly to give the tetra- '

_‘hydr oqumohne ( 3 77)

ey e (377)

Alternatively, the aldol could dehydrate to form the Schiff base (380)

' which then cychzes"- ’

.m0
6T ———"‘—>—

(380)

_ The Schiff base mtermediate mechanism 1s supported by the fact tha.t

RN

B numerous cornpounds containmg active hydrogens are known to add
readily to the imines in the followmg manner- o e
" ‘«':RN-’:CR'R" + R"‘H ———--> R—-Iii Cli'R"R"'% (;4__)

"-Catalysts such as aluminium chloride or cuprous chloride are often P

.._required in this reaction (Layer 1963) The pyrazolone derivatives . -
1 -phenyl 2 3 dimethylpyrazolin 5 one (a.ntipyrine) and l—pheny1-3- L
' methylpyrazolin 5- one are among the active hydrogen cornpounds _
_' ".‘reported to add to Schiff bases (Passer}.m $d Ragni 1936) This is
: _',due to the activity of the hydrogen atorn a&C‘a@ of. the pyrazolone ring
. Antipyrene (329) was found to add to N-benzylidenea%line (381 y when .
" both were dissolved in ethanol and left at room temperature for five "j SRR
weeks. The@roduct isolated was ident:.fied as 4-benzala.nilantipyrene ;.

- "_0. P ' ':;. e



(382).

(381) - (329) ) o (3sz)Ph N

R the postulated mechamsm depicted in Scheme 15 was_] =

' factua.l it should be possxble to prepare numerous compounds of the‘

@

derivatives (Table 2) were obtained frorn the amine;

. __ability to dissolve 1n dilute alkﬁ‘lihe solutio% a pr?opertwygich,.
- required to facilitate a planned i!hg.ﬁﬁxacological&‘bvhﬂiationx,&

genera.l structure (337)-in the manner shown ‘

-

-‘ ; .derivatives (337k and p) were prepared in particula.r because of their

B ii*

. B

LR E-% 2 _,a RN ey T Al ”)';‘7::”!}’

oS

) %

Aliphatic ketones are known to react wit?h a.mines mo&

".:'.
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This proved possible. Eighteen spiro tetrahydroqulhdime " ’

' phenohc compounds (337d e, £ g and o) a.nd the carboxylic acid S

T .slowly than aldehydes to form imines. Thia was the case here" it ‘

times to obtain the tetra.hydroquinoline derivatives (337q) and (3.%?1-) in,

3 9
la) and acetone required shorter reflux time when the solvent was

| __vbutanol rather than ethanol Attempts to %rystduze the isolated

"product were unsuccessful but the i r, and n m, r. epectra. of this e

‘neceesitated the use of higher reaction temperatnre an.d longer reaction

. é absence of catalyst or dehydrating agent. 5_ The reaction betg,een«g %
{32



Table 2:

cu

CHs

GHy

- Spiré(tetrahydr oquindiiné)?yraioloné _deﬁvaﬁvé 8.

andd

“V»u“

Y

“ra

Lt

- ?" These compounds are included in the table for completeness but B
'~ are previously discussed under j:he identiﬁcation num‘bers 377b c e

SN
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. product agreed thh the propos%i stnucture The reaction be‘tween

143

.the phenyl analog (321b) and acetonenyas more fac1le and the product

- was. easrly charactenzed ' .§_‘ ',‘_ :
| . When the amines (321a b))v)vere rea.cted with forma.ldehyde ,
= hey faxled to £orm the spxrootetrahydroquinolme deriva.tives (383).
" The crystalline product obtaméd ;‘om heatmg (321b) thhforma.lde-
hyde solu.tion in ethanol analyze A‘:vincorrectly for the req\nred com-
‘pound The ir. Spectrun!' oi the product had a ca.rbonyl band at 1711 :
. t:m"l and no NH or OH absorptzon It remains unidentifxed Thev
‘ sa.me rea.ctmn repea.ted with the methyl analog (321a.) failed to yxeld

: a.ny crystalhza.ble prodncte. : The required spiro-tetrahydroqmnolmes

. : (383) were readily obtaukd however when the mtro compou.nds :

| (3l9a b) were. catalytically hy‘drogenated over platinum using methanol

- as a solvent

(383) I

S b, R Ph . |

_ Aa a reeu.lt of the eucceepful formation of the tetrahydro-'

_»qui.noline (383a.) by catalytie hydr:genation of (319a) ln metha/nol the o
same reduction in ethanol we,s reinvestlgated It was f.ound earlier

_’ that this 11eaction yielded only the amine (3213) How_ »,er leaving .

" the reaction mixture for a fu:fher 24 hourat room By _' »er.
resuﬁed ln the formation of the tetr ydroquinoline (33

| the.amine,(321”‘) Sepa.ration of both compoumﬁfdepended onthe :

o)



o similarities between their

0
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solubihty of the latter in dilute sodium hydroxide solution A mixture :

- of the related tetrahydroquinoline (337b) and the amine (321a) was also

[45

E obtained when the same. reduction was repeated in propanol

All the tetrahydroq\unoline derivatives prepared in this
study were‘dentified by theu‘ correct elemental analysis -and by the
earlier for compounds (377a d) The mass spectra of some of these
derivatives were also recorded (Figs. 6 and 7) and some of the ‘
-possible fragmentation pathways are suggested in. Scheme 16 o

Deuteration of compound (337c) as well as recording of the spectrum .'

r a.ndn m. T. spectra and those described |

'.of the Z 2- dimethyltegrahydroquinoline (337r) were helpful in account— o

* " ing for the origin of some of the fragment ions. Each compound

‘ 'demonstrated a strong molecular ion which was, 1n most cases the

.‘ vstrongest in the spectrum. The expulsion of a hydrogen atom .as well_.- ok

. ‘as the substituent (R') in the form of a radical from G-Z of the tetra- o

%

o “ hydroquinohne ring gave rise to weak fragment ions. Exceptions to .

that are those compounds having no substituents at C 2 (383 R"'H)

»‘_and those having ahphatic substituents (383 R'-»CH3 or C HS) where

- the (M-H) and (M-R') ions were found to be relatively strong. Deuter-
- ium la‘belling of (337c) showed that the hydrogen atom expeued in the '

‘ formation of ion adid not originate from the N I position of the tetra-

hydroquinoline ring. \ The absence of this ion a in the spectrum of thei‘ |

L 2, z dimethyltetrahydroquinoline (337r) suggested that the hydrogen :

N atorn at C- 2 in theﬂther compounds is’ the one involved

An interesting fragment ion found in all the spectra ) '-. ‘

L (e;:cept the dimethyl derivative 3371-) was due to the expulsion of an

s OH radig;al from tbhe molecular ion.;_ That thi! °3P“191°n is cnrect was ‘

B <
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supported by metastable ions present at appropnate m/e values in

‘most spectra Deuterium labelling ruled out any contributuon from |

e
the amine proton smce the jon at m/q 450 in (337c) was located at

<

"m/e 451 in the deuterated compound The absence of. this ion in

. compound (337r)—-may suggest the mvolvement of the hydrogen atom |

at C-2 in the formation of the (M OH) + fragment ' However with—
out a detailed study it is not- pos sible to make gny deductions regarding
: the mechanism of OH loss. A similar fragment ion was detected in
‘_vthe spectra of the Bpll‘o (indohne)pyrazolone derivatives (general »"
’structure 430) and a tentative mechanism £or 1ts formation was suggest-
o ; ed in that instance (see Part III A) R | | 5
R ' Strong fragmentation jons. (d andlor d') were present in
the spectra of . all comp\ounds. ,v These resulted at least m part from
the expulsion of a pyrazolone radical from the molecular ions as . |
-‘suggested by the presence of appropriate metastables. Depending'on
' .wh1ch hydrogen in mvolved in the expulsion of the pyrazolone rachcal
" the two structures (d and d') are suggested for the ion formed. o
seems, however that the amme hydrogen is more involved in the
f‘pro;osed migration than the Cz-hydrogen. . That was mdicated by

| examinmg the spectra of both the deuterated compound (337c N—D :

o _replaces N—H) and the 2,2~ dimethyl*ae\rivative (337r) The former

S Jshowed a ma.Jor loss of 174 mass units from the\molecgglar ion instead

- '_of 173 mass units lost in the non- deuterated compound (337c) "The' SRS
2, 2 dimethyl derivative (337r) molecular ion also e> elled a pyrazolone :
_-'radical (to give a fragment ion at m/ e 146) thus implicating migration

,:&‘che NH hydrogen atom or alternatively. a hydrogen atom from the
L Q

_ring methylene group Non-involvement of the protons at C 4 was
B . i e ‘. . ;
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Vsuggested however by the presence of‘simrlar strong 1oue (m d') ,A'
- in- the spectra of the spiro- d:.hydrobenzothia.zmea (see later) in which
| . the methylene group is replaced by a sulfur atom. “ Avmechanism .for :
f‘natzon of both ions d and d' is s»uggested in Schemea 17 and 18

respect:.vely. but the la.tter is preferred for the reasons just expounded
S Ph

 (337ap), Mt o

R

. Scheme'18 .,

149
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Another ma_)or pathway, espec1a11y in those tetra.hydro-

(3
. qumohnes which are not substituted at C Z s 13 the decomposition of

the molecula.r mn in two ways to give ions tentatively 1dentif1ed as h
g

and 1. 'I'he latter expells a hydrogen atom to give ion k for which no
structure is’ p‘roposed S . o j
4 Another ion, which 13 represented in Scheme 16 as’ e or. ;

‘ _' , i present in relatively high ahunda.nce in the tetrahydroquinolines

possesemg aromatic subetituents at the Cc-2 position. The deuteration

i '.exper ment conﬁrmed that the amine hydrogen atom was the one o

'expelled in the formation of this ion (Scheme 19)

 or

Scheme 19 "" /

A difference between the o-aminobenzylpyrazolone (321a.)

. v and its phenyl analog (321b) was demonetra.ted in their reactions with

o , B -
. ,salicylaldehyde. . Whereas (321 a) was succeesfully converted to a
f.;.,_"_'fspiro-tetrahydroquinonnq (337e) the phenyl ana.log (321b) failed to R

.' -pljoduc,e. s~_uch a .structure. Instead a yellow crystalline product

P ey e
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-deszgnated as (C) was obtadned It analyzed for 029H23N302 and had R
N i :
" an i r. spectrum wh1ch was devofd of. both the lactam c=0 and N“'
absorptions present in a11 the spiro-tetrahydroqumolines (337) “ The .

o spectrum contained a very broad absorption between 2100 and 5120

A lcm in \addition to yur medmm intens;.ty bands at 1610 i

: (
l', 'I’hese ab orptions are. comparable to'}?hose in the

593 1581
and 1568 cm’

‘i.r. spectrum of the Schiffb e sancyndeneamum (384) wluch was

prepared for comparism purpose f Accordingly from these data, _

o 4 the Schxff base structure (385) is sugg' ed fo% compound (C)

A / ‘ In addition to t.'q.e elemental analysis and i. r. spectrnm .

B the mas‘s spectrum of (C)was also in agreement thh the proposed |
' /‘ strecture Although this spectrum (F1g 8 ) dzsplayed some similar- ‘,
. ities with the spectra of the spiro-tett'ahydroquinoline (337e) it also R

¢46 T

ﬁ slt‘e;wed sﬁrong fragment ions (Scheme 20) resulting from cleavage a.t

@oi fhe irmne group. Both these ﬁssion
e were shown Jarlier (Ehas and lehs 1966' Bowie et al 1968) to _
oecur in the mass spectra of Schxff bases. .‘ When product C was
thssolved in DMSO d6 for an n m . study, ring closure occurred

-
U .
(, R A



(Fig. 8: A portion of the mass spe frum. of l 3 diphenxl 4-|'_'2-

 Ralative Inmtensity °

(O-hydroxybenzylidane)' inobenzyl] -2 -pyrazolin -one (385)

e
:‘.-,
) ./
m/e 352 - Scheme zo m’° 328
A spectrum ver; similar to that of the spiro-tetrahydl‘Oquin"nn‘ R \

(3370) was obtained In particular the apectrum of {C) displayed S

Cal doublet of doublets for the methylene group. ' Such a signa.l waa
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I

C demonstrated throughout the present study, solely in spiro-compounds

! 1

' ﬁu\Oh as (337e) Compound (385) therefore is converted in the '

n m.r. solvent (DMSO d6) into the 1someric tetr&ydri)OﬁumOIMe L386)

(337o)

(386)

Reduction of (C) by mea.ns of sodium borohydride in
| .‘aqueous dioxane did not yield any crystalline product ' Also, methyla- B
tion with dimethyl sulfate gave ‘an alkali-insoluble product which was o
) ."difficult to purify. Thf mass spectrum of the crude methylated product
. 'displayed a weak molecular ion at’ m/ e 473 which indicated a dimethyl
‘ derivatwe in agreement with a Schiff base precursor {385) rather than &
; B ‘a tetrahydroqumohne (386) , since in (385) ’ methyla.tion oi' the pyrazo-“f- -
o lone nucleus could also occur. As shown in the i r. and mass e
‘ spectra of the is olated products methylation occurred at the N 2 3
B position of the pyrazolone ring. 2 The i r. spectrum displayed a C—O o S
:.at 1660 cm B wh'ich is expected only when the pyrazolone nucleus has -
an a,p -unsaturated carbonyl group (Nakanishi 1962) The mass
s spectrum displayed in addition to the M l and M 15 ions ,a very B
E ._v_strong ion (the strongest in the spectrum) at ml e 118 ;A similar}.? |
ion was identified earlier (p. 89) in the mass spectrum of the N- 2“ S
" _jmethyl derivative (3z4b) as the fragment (ph—ch—-CH:,, -4——— o
L Ph—E—N— CH3) Accordingly, a structure (387) was assigned to the o
; 'dimethyl derivative obta.ined from (C) | L ’ |




- carbonyl bande., The i . epectrum of (D) aieo disagreed with t
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| (387) |
S Acetylatxon of compound (C) with a.cetic anhydride pro- e o
' duced a diaceta.te product (D)saof molecular formula. CB3H27N 304. :
"Three dia.cetylated structuree (388) (389) and (390) are poeeible. e

| _The O- 5 position of. the pyra.iolone nucleus was found ea:rl.ier to be

= -most sunceptible to acetyla,tion by aceﬁt: anhydride. However .

| | (389) R |
| structure (388) wae ruled out readily by eu:amining the i.r. epecn-um
| of (D) which contained three ca.rbonyl bando a.t 1764 1720 and 1666

St -1
" lem Compound (388) if it was formed would ehow only tw° eeter _

- acetylated compound 'being (389) which is not expected to show C
absorption around 1720 cm Gompound (390) ie also a doubtful

K

G
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.' pOBBlblhty since the c= -0 stretchmg band at_ 1666 cm -1 'is;,re\lat_iveljr_‘

- low for a ketonic carbonyl .

The similaritxes in the i r. andn m.r. : spectra of the -
isolated product (D) a.nd a diacetate derivat:.ve (391) o‘btained by ‘
acetylation of an. a.uthentic tetrahydroquinolme (3370) suggested two o o

.related structures. o The i.r. spectrum of (391) had three C-—O e o
absorption ba.nds at 1765 (ester) 1715 (lactam) and 1668 cm (cyclic

: amide) which, are _closely r,elated to those in the i_.r.; spectrum of (D).

s ,»""I‘he n. m.r. spectrum of (391) displayed two methyl signals at. 62 l

e '_I(OCOCH3) and at 6 2 23 (NCOCH3) . a doublet of doublets centered at 8

3,37 (CHZ) and an aromatic multiplet which included the C 2 proton

i "sigxial he corresponding signa.ls in (D) were located attl 93 2 24 |

L -_Reactions of spiro-(tetrahydroquinoline)pvrazolones f"f ,

' and 3. 26 These spectral similarities led to. the assignment of cyclic S

o structure (392) for the diacetate product (D)

_ ‘y(a) Acetylations' ‘ Acetylation of some other tetrahydroquinoli‘nes were ‘

s attempted initially to. compare the spectral charatteristlcs of the : .:;t,i ," v
products with those of compound D The tetrahydroquinoline (337n) s

SV



'yielded a monoacetyl denvative identified as (393) This atrncture‘ o
" -‘vwaa confirmed by elemental analysis (C31H25N302) i r. ()/C 0 at '
A1666 and 1720 cm ) and n. m. T, spectra. When the tetrahydroquinoline

'.\ lated it yielded a diacetylated product identified as F

(337e) ,was_ a
AW 'd correctly for CZSHZ N304 and’ its i.r. spectrum

‘ ,Ishowe'd thre' _ "‘0 absorption ba.nda at 1766 (ester) 1700 (lactam) and o

e 1670 (cychc amide) The n.m.r. spectrum of this compound had

'i‘he firat of theae

e CH3CO

(396) |
the tnethyl groupa in compound (394) In order to aasist in deciding

‘ (395)

LN

Yo its origin, the acetyl derivati ‘ (3 ' 5) ‘an (396) were prepared The g
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The n.m.,r. chemical sh:.fts (relatxve to TMS) of the methyl
Y
a.nd C —H signals in some acetyl derivatxven of spiro-tetra.hydroquino- '

" Table 3:

lines and’ spiro- dihydrobenzothazmes. B L l‘.z_' E

" Compound

 NCQCH3'

 OCOCH,4

N=CTCHs

C,-H

G -' p

394

392

’ 333n1_1

T |

2.25

2.18.

2.20

2.24

2.23

1.86

" 0.78

0.88,

.. .1.00

| 6.25

188

6.5

*. is presented here for compariscn g

"i-.

* loca.ted within aroma.tic multiplet.




.
group on the pyr azolone rmg which produces the upfxeld methyl sxgnal
in compound (394) A tentative expla.nation based on the exammation

’ of Dreiding models, is that the N= (!'2 —CH, group is forced to align ‘

, & 1tself on top o?me phenyl ring at C- 2 of the tetrahydroquinoline ring
or C 3 of the dihydrobenzothxazme rmg and thus is grea.tly .ehielded
In addition the hydrogen a.tom a.ttached to the same carbon atom as .
‘the phenyl rmg 18 forced into the plane of this phenyl ring ’ a.doptmg

"aromatic like' cha.racter and therefore a downfield position., Thia

explanation is supported by a atudy of the spectrum of the acetyl

158

derivative (397) wluch lacke a.n aroma.tic eubetituent at C- 2 of the tetra-'-.

hydroquinoline rmg. ‘_ In the n. m.r. spectrurn of this compound the :
pyra.zolonefmethyl signal ca:me to. reaonance at $1. 74 Thie signal
‘'was found to be at 61 88 in, the non- acetylated tetra.hydroquinoline :

N (337b i.e., 397 l-l for cocns)

(b) Reductione Whereas sodiurﬁ boi‘g%wdride reduction of the imine

(385) in aqueoue dioxane gave no crwfg{tay

tione oi the - isomeric spiro-tetrah)'dr‘-'*l. i
'./ ¥

lone nucleue._ Structure (398) is euggeated f‘

thie suggestion is supported by the epectral characterisﬁca of theee )
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t
CH,R

(398 ‘NH) . (398 OH)
- a,_R:cH_," ; o
c, R=Ph - R

i'-d R= o-hydroxyphenyl
products., Theiri. . spectra dxsplayed anN—H absorption band S
k around 335" N lacked C""O absorption and showed broad ahsorp-
" tion between. zmo and 3300 cm’ -1 which could be. attributed to'a .'
.bonded OH stretching band. The n.m.r, spectra of these prgoducts
“ were very informative., In addition to the pyrazolone methyl signal

_‘ and the aromatic signal two deuterium exchangeahle protons and two

B methylene signals were also present One methylene signal was a

i_ singlet while the other was a singlet or multiplet depending on the - |
adJacent substituent (Ii) The mass spectra (Fig. 9 ) of the amphoteric
' Tiproducts also supported the suggested structures (398) Some of the
fragment ions in these spectra are. tentatively identified in Scheme Zl

The presence of ions a and b are of special interest since both |
B vcontained an intact NHCHZR unit Unlike compounds (398a) and (398b) s

_' which expelled the substituent (R) as.a radical and gave fragment € o/

| “fcompound (398c R=Ph) lacked this ion, but instead expelled a C7H7

: l_radical to give an ion of medium intensity at m/ e 278

Reductions of the spiro-tetrahydroquinolines (337a b \ -

‘ _(f"
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Scheme 21 n

: and c) were also performed using lithium aluminum hydride in ether.

' Two products were 1solated from each reduction mixture the minor
- .l.""'.product was. ba.sic while the major. product was amphoteric ... m‘l‘he
" proportion of these compounds was v1rtua.11y reversed when the -
s reduction of (337a) was carried out in- tetrahydrofuran. In contrast'

"_only the amphoteric product was obtained when (337c) was reduced

- with lithium aluminum hydride/ aluminum chloride in ether..

161

o r _-: Q S The amphoteric products were identical to the compounds‘-‘ S

-l_obgained by sodium borohydride reduction of 337a b and c, i. e. 398a,
b and c respectively. The hasic products analyzed for CIBHI 8N3R

: (R (;H3 , CZHS or Ph) and their mass spectra displayed molecular ions : _A

at appropriate m/ e values for these formulae. This indicated that

3 the lactam C-—O groups were reduced by the action of lithium aluminum o

¥ hydride , a reagent whxch ia known to reduce pyrazolones to pyrazoline e
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' and ”pyra.zo'lidine derivatives (B0wman and 'Fra'nklia 1957; Hinman

et al; 1960; Bouchet et al, 1966 Elguero et al, 1971). The basic -

LY

' properties the elemental analyses and the mass spectra of these

'products suggested that they were pyrazoline derivatives (399) : ‘.
' , Ph : : S

| (399)
Their i.r. spectra lacked carbonyl absorptions.. However each had
two absorption bands near 3400 cm"1 (sharp) and 3360 cm -1 (broad) SR

' ‘/ which was somewhat puzzhng since only one N—H stretching band

- was expected
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Part II: ' REDUCTIONS or 4 (2- NITROPHENYLTHIO) 2-
' PYRAZOLIN 5-ONES.

. Introduction‘-' < s -"~. =

A related investigation to the one dmcussed in pa.rt Iis
the study of the sodium borohydride/ palladium charcoal reduction of
o sorne 4 (Z-natrophenylthio)pyrazolin 5- ones to see whet’.ﬁer éyclic
N —hydroxy compounds could be obtained : The reduction of four of
these derivat:ves (400 and 401) was. initiaily performed ‘by Pound
,(1970) Two products were obtained from the sodium borohydride/

o palladzu;n -char coal T educt:.on ,of_ 3 -methyl--4 ~(2 -nitrophenylthio) -1- )

(401)

) _» a-,"R ‘CH3, R'-Ph 1
R b, R= ‘Riz PR
T o 2 e, s ,CH3, 3' 'H'-_ RRUNE L
. phenyl- 2-pxrazolin 5-/one (400a) These were identiﬁed as 9 9a- o
"dihyaro-9—hydroxy 3 - methyl l-phenyl lH-pyrazolo['4 3-b] 1 .34-
o benzothiazine (402) and spiro- gbenzothiazoline-z 4' (3' methyl l'
phenyl IH-pyrazolin 5'~one)] (403) The N-hydroxy compound (402)

waa reported to be rea.dily o:gidized in air tb the apiro benzothiazoline

L. OH ih: ST bl
(402) e T v(403)

‘ ,.;"‘derivative (403) and a mechanism for th:ls traneformation was’

N )
a



164

- guggested Although the structure of the spirobenzothiazolme (403)
“is not in question the structure of the proposed N- hydroxy compound
,(402) became doubtful for two reasons o | o
(a) The compound prepared by Pound (1970) was found to be amphoteric.
An mvestigation of the properties of some cyclic N:hgt}roxy compounds ‘
described earlier in this thesis suggested that the Nnhydroxy function }
in such a strucature (402) would be neutral and therefore such a :
compound should be msoluble in alkali.l | | S
(b)" The ease of conversion of the proposed N-hydroxy compound (402)
to the spiro-benzothiazoline (403) suggested structural simila.rities ,
otherwise, a rather exotic rearrangement mechanism is required to ., o
explain this facile coxwersionﬁ‘1 1 | | .2‘4 ,

‘ For these two reasons the reduction of two 4- (z-nitro-v”.
phenylthio) Z-pyrazolin 5 ones v:as reinvestigated. These two ﬁ \3
compounds were 3-methy1 4 (Z-nitrophenylthio)- -ph’enyl Z-pyrazolin- B
5 one (400a) and4 (Z-nitrophenylthio) i 3 diphenyl 2-pyrazolin-5 one

(400b) ”; S >1-;

Preparation of two 4- (Z-mtrophenylthio) l-phenyl Z-pryrazolin 5 ones

) ] R . Pt . o
. - ;

(400a .b)

‘ /'

_vo.' -

_ Both componnds (400a) and 400b) were prepa.red by oqe of

the methods reported by Coutts et al (1966) The condensation ofu o »_ ;

-nitrobenzenesulfenyl chloride (404) with 3-methyl- -phenyl-z- L

pyrazolin 5 one (405a) in acetonitrile resulted in a good yield of
| -methyl-4-(2 nitrophenylthio) l-phenyl- -pyrazolin 5-one (4003)
Similarly, (Z-nitrophenylthio) -1 3-diphenyl Z-pyrazolin ~-5-one l’
(400b) was obtained by the reaction of o-nitrobenzenesulfenyl chloride é‘v | |
(404) with 1 3- diphenyl Z-pyrazolin :5- one (405b) o -



L 1es

- R (4’66)',&:1:1 fc;;-.ngp_h |
~NO, HO” N/N .
(400) ©H formi]

S

. : : - * .:. . B ‘, ‘. ) : . . ‘v . ‘. . S ‘ L3 ‘ .,J. o '
: Reductions of 3% eth'yl-4(~2--nit'ropheny1thio). -1-phenyl-2-pyr azolin-
‘5-one (400a) P EE R

C 'Method (A) Uae of sodium borohydride and palladium cha.rcoal in

: sodium hydroxide solution. G S ﬁ . L L c. o
T, i ' ' '

o Because of its ability to enolize, thip pyrazol.one derivative :

'.,,18 soluble in dilute alkalis.. Accordingly, the sodium borohydridel

. palladium-charcoal reduction waa carried out initia.lly in 10% sodium
vhydroxide solution. On comp'lf\on of the reaction the filtra.te was L |

2 ,a.cidified with dilute acetic a.cid to yield a copious cream coloured A‘ »‘ |

product (E) which was readily soluble in 95% ethanol On standing, ! | .

i however , ‘a. product precipitated from the solution. This cotnpound

E J product (F) ’ was no J.onger soluble in ethanol or most other organic

| _v‘solve:its.i Concentration of the mother liquor remaining after :51'_‘:‘ e |

"'removal of product (F) ledrto the separation of variahle yielda of the .

| previously identified spiro [(benzoth&a.zoline-z 4' -(3'-methyl-l'-phenyl-b L
_:_:"’IH pvrazounas'-onen (403) SR



v7e . L

The elementa.l analyses of both products (E) and (F}
mdicated isomexs\t structures CI6H1 5N305 The mass spectra of
. . ,(, .
both were virtua.lly 1dentical and confirmed their molecular weights

(297) The i.r. and n.m.r. spectra of both products were also e

identical The ethanol insoluble product (F) could be reconyérted to H

product (E) by dissolving (F) in dilute sodium Bydraxide soiucion and

acxdifying with’ dilute acetic acid Because of this ease of intercon- o

r}

;version 1t was concluded that products (E) and (F) were diamorphic ,' - e

although such a difference in solubilitv characteristics is difficult

I I

to explain

re

In order to idehtify the structure of tlus amphoteric o -

| producﬁ the number of acidlc groups ‘in (F) was determined titrirnet-'

. rically. The equivalent weighg)of this compound was found to be 148 : ""

‘which indicated that (F) posses sed two acidic groups. , 'I‘he msolubility

of this compound in sodium carbonate solution gpgges& that both the B o

acidic groups were’ phenolic and/ or enolic. At s point it was |

possible to conclude that ths proposed N-hydroxybenzothiazine ) ‘
structure (402) for product (F) was no longer valid " ___.’
‘ ' Attempts were made to prepare cHemical derivatives oi’
| (F) in order to help in positive identification. _ Although a pure |

acetylated derivative could not be prepared it proved possible to

isolate pure methyl and benzoyl derivaﬁves. _ Methylation by means (s

, 'of dimethylsulfate in dilute sodium hydroxide solution produced a B
“ :dimethyl derivative of (F) oi molecular weight 325 (mass spectrum)
Its 1. r. spectrum showed a C=0 absorption band at 1670 crn"l in/ .
addition to an N-H stretching band at 3345 cm” 1 This indicated that

' ’:produét (F) also possessed a C"'O group. - The presence of an' »

e
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enolizable hy rogen at C- 4 of the pyrazolone rmg accounts for the
apparent absence of C o absorption in the i. :r.o spectrum of (F)
b ‘\

'[which however did have a medium ‘fntensity ahsorption band at
1626 cm -1 (bonded c=07y ] and also for- its solubilit)r i’ dilute |

: valkali ~The dimethyl derivative was no longer soluble in sodium

hydroxide solution due to the absence of this enolizable hydrogen

‘ Benzoylation of product’ (F) was achieved by treating a
: cold sodiurn hydroxide soluti.on of th product with benzoyl chloride. !

_The elemental analysis (C37HZ7N3O4S) and the mass spectrum (M+

i m/ e 609) of-the resulting product ievealed it was a tribehzoate  An

accurate mass determination of the molecular ion was in agreement R
with this molecular formula. S ‘ | L
Product (F) was also found to be very readily oxidized to

compound (G) which Pound (19’70) identlfied a.s the. spiro(benzothiazo-

'rzline)pyrfgzolone (403) Thus , when (F) was suspende:l“ in ethanol a.nd

<

) the suspension exposed to the atmo'ﬁphere the compound first entered

- DM

. spectrum gla.ken on’ same sample a.fter a few hours demonstrated

solution. " On standing , howeVer yellow cyrstals identica.l with product

(G) E;ecipitated The sa.me occurred when (F) was dissolved in |

»compounds (F) and (G) was indicated by the apectrum Another lb

—;

‘only the presence of compound (G) This ease of os:idation oi' (F) to ‘-

'.i(G) indicated a similarity both structures., e ;__i o

Based on all thes findinge the structure of product (F)

d6 in order to record its n.m, r spectrum. a tnixture of both L

Wncluded to be 4 (2 -mercaptophenylamino) 3-methyl l-phOnyl-Z-

pyr’azolin 5-one (406) _ The absence of lactam C"'O ab\s\lwpt}on in

the i T. 8P‘"tl'“m of (406) Bugsests that the compound eu:ists in the | v_’ S
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Ph_ .o
© (406) ~ ~ [OH form] .

N
E]

(406) l [NH form] B b ;"v,__
enolic form in the solid state However, a,closer look at the spectrum
| revealed the presence of a medium intensity absorption at 1626 cm 1.." d
: This band could be due to a strongly bonded C'—O absorption of the f -
1 "NH" tautomer which is normally expected to be around 1670 cm"‘1
(Newman and Pauwels , 1969) ’I‘he absence of a similar hand in the '
A.r. spectrum of the diacetyl dimethyl and tribenzoyl derivatives of
- (414) indicated that this as signment might be correct Lack of |
| solubility of componnd (406) in most orgagic solvents and its ease of
”;conversion to the spiro-benzothiazoline (403) hindered measuring the _. |
fi T. spectrum in solution. .‘_ The absence of any C—O absorption | . |
'close to 1700 crr‘:"_v1 indicated the absence of any contribution from o
the "CH" form. The presence of a broad absorption band between o
: ‘2400 and 3300 cm 1 masked the S—H str@etching absorption whichﬂi -
?normauy pccurs as a sharp ’ easily recongnized band in the range
_2550 2600 cm l, however the weak maximum -' 2600 cm ,1 could -

_.’be due to this absorption. , The apparent lack. of/a stretching band for ;




‘.

" in (407) was clearly demonstx:ated in the mass spectrum (Fig 10) of
' this compound and was mferred from the i, r. a.nd mass spectra of the '
. | diacetyl dimethyl a.nd tribenzoyl derivatives (see later)
| | The n, m r. spectrum of compound (406) wfas measured
- immediately after dissolving it in DMSO d6 ’ that is before oxidation
| ’could occur., It showed a three-proton signal at 82 05 which was
‘ attributed to the methyl group of the pyrazolone ring. The only

other feature in the spectrum was the presence of a twelve proton

’multiplet between §6.3 and 8 0 two (or three) of these protons were »

Sexchangea.hle with deuterium The signals of both the N-H and S"H
protons as well as that. of the pyrazolone ring proton are probably )
.. masked under thJ.B aromatic multiplet Due t% the adjacent nitrogen B
: and sulfur atoms the pyrazolone ring proton might be expected to
- appear downfield within the, aromatic region. ) 'I'his suggSstion is

supported‘ by the fact that no separate signals for the pyrazolone

' proton are detected in th m r. spectra of the 4: (Z-nitrophenylthio)-z-

' pyrazolin 5-one derivatives (400) e | LT RS . ,
' Elemental analysis, 1.r and m.m.r. ‘data therefore, are :
'vin agreement with the suggel 1\::2 structure (406) for the amphoteric LR

product (F) ‘ This stru‘ can also explain the ease of oxidation of

.product (F) to product (G) which was demonstrated on several |

occasione. -

‘ Product F (406) | . ProductG (403) L BN
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The mass apectrum of 3-rnethy1 4 (Z-mercaptophenyl—

f aminc}vl phenyl 2 pyrazohn 5 -one. (406) is showu in Fig. 10 and its

nggeeted fragmentation pathwayp are outlined in Scheme zz. ~ The

K

ol } 198 S ‘

‘ _ _!.\“' [ty
3 '

®2al] -

O T
R 1INR

o 0'0‘
S 0 ‘ el el - '
Fig. _10 A portion of the mass spectrum of4 (Z-mercaptophenyl-‘ o

amino) 3-methyl 1- phenyl 3-pyrazolin 5-,ones (398a .c)

e
" . el

“major fragment (a) resulted from expulsion of a hydrogen molecule to

. 'give the epiro-henzothiazoline (403) and then followed the eame N ‘- “

fragmentation pattern of this compound' ; these will be diecueeed S e

'f"later in thls thesis (part III A) Pound (1970) found that increasing A

- the temperature of the probe or the length 'f time of bombardment

_-freeulted in increasing the intensity of the

(oak at m/e 295 which is L

’,the molecular ion of the spiro-benzothiazoline (403). It was euggeeted

: :that rapid oxidation of compound (406) occurred in the probe of the

Y

3 spectrometer

very inform ative.'

.’t

Minor fragmentat;on Path“"?' Of cotnpound (496) were " T

Theee were the loee of an SH radica‘.l and nwater iy

e

: molecule from the molecular ion, the first fragtne:tation was support_ R TIE

t?\

.V'ed by the presence of a metutable ion. Nqne of theee fragments

w

’-.._ ~x.‘:-_" (,,

'i"j;were found tosbez present in the mésa spep:trnm ocf the spiro-benzo-

[, .'Jthiazoline (403) s
(406) were uneuc::éssful and: re‘sulted only in the formation of the

Attempta to deuterafe the amphoteric compound




P

’

Ph
(406), M"' »m /e 297

£ ,i% o
..N ' H3 S

com/ezbs
Scheme 22

A mechamsm for the formatxon of the 4 (Z-mercapto- "'

l

| phenylamino)pyrazolone denvat:ve (406) from the nitrophenylthio—

o pyra.zolone (400a) is suggested 1n Scheme 23 'I'his 13 reminiscent

" the nitro poup and .

4

of the work reviewed by Loudon and Tennént { 1964) whp eoneidered

that the nitro group ca.n provide an electrophilic centre: for a.dditive

rreactiona Of the type exempligie, by an aldol condensa.tion- .f L

;(407) Reduction of (407) would result t
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(407)
L S '
N ; —-Ph
HO IEJ)I “H '\/i P H ]
(406) - _Ph oxidation . ,(403)‘
Scheme 23 ' )

- spiro-benzothiazolme (403) whiclri thl,en further reduced to.the 4- (2- ,

. mercaptophenylammo)pyrazolone (406) It is beheved that thie intra-
molecular condensation could also occur undeér neutral conditione '
because the same producte were: isolated when the nitro compound

(400a) was reduced by zine and ammomum :hloride in a.queous ethanol

| B | In order to verify the as eurnption that the epiro-benzothi-
azoline(403) is obtained first then further reduced to compound (406) ’

a pure eample of (403) was reduced by sodium borohydride and o |
palla.dium charcoal in a mi:d:ure of dioxane and dilute eodium hydroxide

aolution. ‘ Ae expected compound (406) was the main product isolated '

‘ Methylation of 3-methyl-4 (Z-mercaptophenylamino) 1 phenyl-z-_

_pyrazolin 5—one‘(406) o T I
.' Initially, attempta\to methylate thie compound with diazo- .
'methane only resulted in ite oxidation to the spiro-benzothiazoline- o

_Vve__v"__v':t.(403) However. when (406) was diesolved in cold dilute eodinm 8 .
o ‘.,,ﬁhydroxide solution and dimethyl aulfate wae edded dropwise an. 3 ,
"“.-}'_:ine’o!uble product eeparated._ Cryetall.izatiou' -of'thie product yielded Lo




{
’

a compound vzhich

mass méasurement of the rulecular ion at m/e 325 voriﬁed-thio -

formula. Thls compound was identiﬁed as the dimethyl derwa.t!ve
2,3- dxmethy1-4 (Z methylthioph&&\ylami{:o) l-phenyl 3-pyrazolin 5-
~one (408). ' | o

CH,

(408)

aucorrectly for CI‘QH19N3QS. “An accurate

173

Methylation at N 2 of the pyrazolone nucleus was indica.ted o

\

by the i.r. spectrum which displayed a c—o absorption band at 1670
cm -1 Such‘ a bandj is only expected when the pyra.zolone ring wdsta in
the. "NH" form (408) (Naka.nishx 1962 Newman and Pauwels 1969)

The mass spectrum of this d1methy1 derivati.ve (Fig. 11 Scheme 24)

ey s o K .
v = - - ] -
7 e
u-';ﬂ. S =T
E%T A _
N . %“"' ’ - . 328
S S _
| B ” ’ < 24 | 150 o 1 s l ‘
- : 1 ‘ J I A l AN R, B |"W‘ L, 1 ]
S d s ‘uln v ado v’_‘dc. ) 1o . 1o ~‘ 7 I -nl» ="

F,iig._ ll A portion of the mass spectrum of 2,3~ dimethyl-4 (Z- '
0 methylthiophenylammo) l-phenyl Z-pyrazohn- -one (408)

.-,'

ha.d a strong ion (the ba.ae poa.k) a.t m/e 56 This gon Which COrrea- e

- -ponda to CH ~"—C-N~ CH3 ""--r-"' CH3~ E-—N CH3, was found in the -

spectra of antipyrime , amiuopyri.no (see part III A) and in the apectrum

‘j33,'of the N methylpyrazolono (324) prepared ea.rlier in thia atudy. - The o
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fact that S-lmethylatmn had occurred was aubstantiated by the chemzcal A
properties and the masa spectrum of this compound The product

) obtamed was no longer soluble in sodium hydroxide solution which -
~ indicated replacement of the hydrogen of the thiol function. Also an -
- S~H stretching band was not detected in the i.r. or in the n.m.r. .

. s}pectrafp The mass spectrum of thisvcompound (Scheme 24) was most
ixiformative. It gave a molécular ion at«m/e- 325 (C18H19N3OS) and

an abundant (M-47)"tragment ion (C17H1gN30). This accounted for |
‘the loss of an SCH3 radical from the molecula.r ion, a fragmentation
'aupported b;’\he presence of a metaetable ion. The tlose of OCH3 or

' SCH3 ra.dicale from ethers or thioethers is’ not a common fragmenta-' |

| -t:on pathway ’ but might be expected to occur’ if it leads to a stable - @

~ even electron cyclic ion such as .(409) A simila.r ortho effect was

N
Ph

(408). M ,'m/e:'szs

Scheme 24

m,enyy rep ted by Cable et al (1972) who examined the mul epectra ,
iy )
of \phenylhyoﬁazones a.nd 2 4 dinitrophenylhydrazonee of ortho subeti- .

. tuted benzaldehydes and acetophenonee . They found that a fragment s
- :\‘iou resulted from the losa of the ortho group (I Br Cl OH and OCH3)
G‘ae a radical Thia proceee leading to a.n (M-—-X)" ion wae vieualized

e



as the internal displacement of the ortho substxtuent by the charge

localized on the am:.no mtrogen of the diphenylhydrazone (410) leading

~ to the even electron cyclic ion (411)

(a10) O an |
The n.m.r. spectrum of the methylated product was also
consistent with the proposed structure (408) It displayed three
3-proton singlets at ‘2 14 2. 39 and 3.03, which are assigned to the
C -CH3, S- CH3 and N CH3 groups respectively since the eguivalent
" -C CH3 group: in the non- methylated compound (406),.was detected at

- 82. 04 and the equivalent N CH3 group in antipyrene (329) came. to

r‘resonance at 6 2. 94 ~ Then.m.r. spectrum also contained a deuter-

' _'ium-exchangeable proton at f 6 12 which was . as&igned to the N-H

proton. ‘

Benzo: lation of 3 methyl -4- (Z-merca to enylamino) l-phenyl Z- »
Y. P

g pyrazolin -5-one (406): L ‘ . |
| ’\ S Benzoylation of compound (406) was carried out in the .
manner described by Pound (1970) Treating a sodium hydroxide

| solution of (406) with benzojyl chloride resu]ted in a semisolid which
when chromatographed on'a silica gel colotnn{ produced several
dar,k _oils . One of these oils sohdiﬁed on’ repeated trituration with

; petroleum ether. 'I‘he elemental analysis (C37HZ7N304S) and the

'. gmass spectrum (M"' , mle 609) of this compound revealed that it was

a tribenzoate derivative. An accurate mass measurement of the -

o molecular ion was in agreement wlth this molecular formula. ‘/‘ Twoi»,

B . I el S R

175



N

structures (412) a‘:ﬁd‘.(‘ilS) w‘e_re"suggcsted‘earlier (lDound, .197(')) for
this*cor‘n‘fpound but these .suggestions were based on identiiic'ation of -
the non-benzoylated dsrivative as the N- hydroxyhenzothiazine (402)
\However after reassessment of this structure the tribenzoyl
derivatwe is now 1dent1_fied as: 4- [N benzoyl N (Z benzoylthio- B

R .
S "CH3',

g 1 .
|R | I . : . . ‘R‘l? -
SRR OR Ph~' _ R-COPh : - OR Ph ,
B (412) T I %) B '
, phenyl)a.mino] 5-benzoyloxy 3-methy1 l-phenylpyrazole (414) at o

0 benzoylation ha.d occurred was shown f;om the i r. spectrum which .
- o COPh '

‘. ’ »_‘ |.,‘. .
Ph 'Ph-
- (414)

. displayed a C O absorption band at 1758 cm',1 (cf P- 90) and by '
examining th(’é" rnass spectrum of the product which showed the |
expulsion of a benzoyloxy radical (PhCOO ) from the mo]Lecular iou.'

A strong metastahle at m/e 391} 04 indicated that this expulsion was »o .
‘ at least in part directly from the molecular ion. Benzoylation of | T
both the NH and SH functions was* apparent from the absence of any R
NH or SH gbsorption bands in the i r. spectrum In addition a

C=O absorption band at 1679 could be attributed to both S-be@;oyl

and N-benzoyl functions.. ’I'he latter is known to absorb in this region..,‘ -
Also diarylthiol esters are reported to absorh close to 1685 cm l

(Nyquist and Potts 1959, Baker and Harris 1960° Bellamy. 1968)



S | The m;{es spectrum of cqmpound (414) 13 shown in Fig. 12

AN [R

N

and the p:oposed 'fra.gme.ntatimn pat‘hway are presented in Scheme 25

3
¢
.
~
. ,\‘
-
o
"\
.
: -
- .
@ W

A portio Of the 'a Pe “tr " 7\4u£ (‘N-benzoyl_N_ S R
(benzoylthiop’henyi\):mino:l S»ﬁenzoyloxy 3-methy1-—l- e




M1ddition ‘to the maaor loss of PhCOO radica.l from the molbcular

b

N

\ >
ions dtwo weak fragment ions a.t mle 472 and mle 399 correspond to
T
tiie expulsicy of a PhCOS and two PhCO radicals from the molecula.r

iom | Although no me_t_gstablee to support these two losses are present,

. ‘the absen e of other ions in the spectrum suggested that thef(originate

- ‘directgy fro m, the molecula.r ion. As usual in a.11 the benzoyl derfva- \

.tives the spectrum sliowed a strong ion a.t m/e 105 (PhCO)‘*‘ which

: mle 77 (C6H5)

'\ - -

xpelled a c bon monoxicie( molecule to give another strong ion a.t

’ "r, - ’ "

._’,\4 gt

o Acetyla.tion o@-methyl 4 (Z-mercaptophen}lamino) l-phenyi-z-_j B

s a.nhydride/on acetyl chloride 1n benzene were unsuccessful a.nd resnlted ¢

'pyrazolin-.>~one (406) e \\ \' 3

\x

L

T A

Trials to acetylate compound (406) by heating with acetic'

-\

.vonly in the isolation of the spiro-benzothiazoline (403) However il

R kR

'_i'-this compound proved difficult but the i T the n. rh xd a.s wen a.s |

- as 5 acetyloxy-B-methyl 4 (2 a.cetylthiophen?lamino) I‘Phﬁnyl- ': .:l_'j_i

*pyrazole (41 5)

R H3C-'CO

o vth‘e ma.u spectra indicated tha.t it wa.s a. diacetate which is identified

1

(415)

: at 3368 cm” -1, a.nd two t:*-o a.beorption ba.nds at 1720 (scoc:13) and

e

’ twhen compound (406) was treated with acetic ahydride in cold pyridine , o

.> _‘,a yellow NaOH ineoluble product wa.s collected. E C“'Y”a]]ization of PR

'I‘he i r. vspectrum of this compound ha,d an N--I-i abeorption



..' C

» -

3 1955)

‘1788 (OCOCH3) cm Alkyl and aryl thioesters of the type , *

6H5 SCOR a.re known to absorb near 1710 cm"l (Bellamy, 1968)

v oa slightly higher frequency than reported may be due to the presence

bulky substituent nf‘EE"e o-position (cf Schubert and Sweeney, :

o X The n.m, r.tspectrum of (415) contained three methyl o

f ‘signals at SZ 15 Z ZZ and 2 44 and one D exchangeahle proton at

56 2 (N—H) A molecular ion at m/e 381 in the mass spectrum of

the product i{ in agreement with the diacetate structure.‘ This ion

- 'iragmented by, two su“ccessive losses of ketene molecules. Also, a

. loss of a molecule of acetic acid frogd both the molecular ion and

Ry

> _:‘ . Attempts to isolate the diacetyll derivative (41 5) in a pure :
' tcrystalline form gave only ’ after long standing in ethanol a crystal-f

line compound which was shown to be the spiro-henzothiazol:ine (403)

o :;:"; ‘the crude acetylation product. _'

'Method (B) Use of sodium borohydride and palladium-charcoal in

It was shovvn earlier in this study that chapging'the solvent

.\”,

o system in the sodium borohydndel palhdium—charcoal reductions of
B ._the o-nitrobenzylidene derivatives (318) from sodium hydro:nde |

'i solution to didxane resulted in the form;.tion of cyclic N-hydros:y

'l‘he presence of the tlnoester C— O absorptxon in compound (41 5) at '

179,

;the (M 42) ion was demonstrated by the fragment ions at m/e 321 andv - o

) This compound is believed to be ‘forrned from the diacetyl derivative ‘ ‘_'
L (41 5) hy hydrolysis then oxidation since none of the spiro~benzothi- | ; |

B azohne (403) was. demonstrated in the i. ‘. or the n.m. r. spectra o£ >



N

"comp'ounds as major products To find out whether it was possible to
obtain any relateq N hydroxy compounds from the o-nitrophenylthio
derivative (400a) the sodium borohydride/palladium charcoal W oL T

! \
_ reduction was carried out in dioxane However, even when several

modifications in the reduction time and/ or the quantities of reductég I

agents were made only two. products) the tluol (406) and the spiro- ‘

P benzothiazoline’(403) were obtained but this time the latter (403) was

| . the n?:a_]or product The amine (416) was, not isolated in any appreciable S .v
amount.from the reduction mixture, this amine was claimed earlier " _. |
(Pound 1970) to have been the major product obtained when the sod'ium : l
borohydridekpalladium charcoal reduction of (400a) was carried out in o

vv.ql‘

dioxane. [ 3 R T o

te >

Method (C) Use of iron and ferrous ammonium sulfate, TR § |

Reduction by means of iron and ferrous ammonium sulfate

is a common method £or the reduction of nitro compoundejoethe'corres—j_'g

\,

onding amines (Hickenbottom 1959) However when th.is reduction L S

was performed earher in this thesis with the o-nitrobenzyl derivative

(319a) tﬁe cyclic N hydroxy cornpound (338) was isolated along with"
A o :
,' - the amine (321) When thh o-nitrophenylthio compound (400) waa

reduced iii a sirnilar way. no cyclic N-—hydroxy (fnpounds wer g
o\gtained : only the amme (41 6) was isolated in a good yield \Iden__

......

fication of this amine was based on comparison of ﬁs physical and

.:_' : chemical properties witi/i those reported ea.rlier (Angelini and Martani\ 5 3
1955; Pound 1970) ’The i.r. spectrum of th.is amine (416) S R

indicated that itis pre7ent in the solid state in. theANH o _,01-1 forms.
As observed with the related amxnes (321) the C--O and thﬁ prima.ry - ”
EYS N R v FRER
amines absorption bands of compound (416) were located aﬁ lower L / e



" fregnencies than expected (_1625. ‘314‘5‘ and 3295 crn"l). " This‘:’shif_t

H, |
o HH

” : '(416) ;l[;C‘H form:l : (416) [Oi-l formj ,

may be accoynted for by the possibility of intermolecular or even

,- N

intr amolecular hydrogen bonding

‘"

The mass spectrum of cornpou.nd (416) was recorded (Fig._

13) and its ma\]or fragmentation pathways are suggested in Séheme 2.6

o

. ‘
1

3

&

it e ey EOEE EPARHE RN SRR AN e
se ot oazm o e ke o 180, 7 208 .”’ »u"-‘“

-

Figl3 A portion of the mass spectrum of 4-(2 aminophenylthio)-.-- L
R 3-methyl-l-phenyl 3-pyra.zolin-5-one (416)

<, ceo

-

Cleavage of the C—S bond occurred on both sides of the sulfur atom. :
Some differences exist in the behavior ) under el.ectr_on impact of
this amme (416) and the related amines (321) disc .8 v

‘/
These included the absence here of 'both the (M 18

ed earlier (p. 83 ) _’
 and (M 19)*/‘ |

o wi_ons. 'I‘his apectrum also had an ion at mle 105 (P%Nz) which was T
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(416) M"’ 297

mle 125 R R L L T
o S B m/e 124

S SR I

: —~ Schéfrié 26*‘”—“7' “*ﬁ e

- Method (D) Use of ch and ammonium chltoride._ PERETE

Thia method ia commonly ueed to prepare hydrou:ylamine

"derivatives from nitrot-compounds. : Reduction of (400a) wae ca::i'efl SO

v' "‘out tmder nitrogen ueing aqueoue ethanol as a solvent due to the

| ':'v.:insolubility of the nitro chpound (4003,) in wa.ter alone. 1 'I.‘lna \r/esulted - ..

;_"-.in an m:cellent yield o:f the spiro-benzothiazoline (403) When the o
- reduction period was prolonged the thiol (406) wae the main product...x
. ': f Replacing aqueoua ethanol by aqueous tetrahydroiuran as a eolvent

% I

N
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‘was it possxble to isolate a.ny hydroxylarnine or cyclic Nw-hydroky

fo compounds.

o pvt‘«n.

Method_(/E)_ Catalytic Hyrdrogena,tion. C

'-‘F

PR o R

over: pla.tinum. ' Formation of cyclic N-hydrox#comp und w

‘ likely using this strong reducing system, however. it wa
¥ e d

c to see ii a simi ar reaction to tha.t which occurred ea.rlier ‘du

catalytic hydrogeiiation o{ the nitrobenzyl derivatives(319
take place. , This did not occur. Insteg ‘a small amount
(406) was precipitated during the reduction and wa.s sepa.r
the platinum ca.t}hlyst by its solubihty in dilute alkali eoluéi.on.
filtra.te a,fter eva,poration, yieided the spiro-bepzothiazoli‘\_

the major produit When the same reduction wa.s repea.ted u.nder

. pressure a. third product 1dentified,as the amine (416) was glso fsolated

t . s - ot Yoo
from the reduction mixture.«' e s S :17“_’

Reductions of 1 3-dipheny1 -4: (z-nitrophenylthio) Z-pyrazolin 5-pne ‘

(400b) u R P A | o
S » Only three of the. methodg%ubed previously wi‘th the mnthyl

%4 the sodmm bor ohydride/ palladium -charcpal reduction in 10% sodium
hydroxide solution » the reduction by zinc and ammonium chloride and
the reduction by iron alxd ferrous ammonium sulfate. : The first two

fhe

f:'j;_,-' methods produced pure crystanin e ( § ]

cyclic N-hydroxy compound. | Tri )

products fromf 1 " _

VIR

not successful. &

.:analog (400a) were tged on this nitro derivative (400b) These were :

' system also resulted in isolation of the same products; .' In no caoe," e

. -

""'reaction mixtunp ‘btained ﬁ?f'the third method were



P 1se

. "’\

v Reduction by sodium borohydride/palladmm charcoa.l waa

R v,carried out in 10% sﬂxum hydroxide solufion in the same way described' |

earlier for reduction of (400a) Two compounds were isolated from

o 'the reduction mixture andAwere 1dent1fied as l 3 diphenyl-4 (Z-me"rn-

' captophenylamino) -3 -pyra.zolin-S one (4;5) and spiro{ benzoth&azoline-_‘- b
2 4-_(1- 3 djphenyl lH-pyra.zolin 5'-one) 1 fa18). The latter com-
'pound is believed to be formed by the oxidation of the thiol (417) during

. \ .
crystalliza.tion since the i.r. spectrum of the crude product wa.e devoid o
fof a.ny C o absorption near 1700 cm “1

(41 7)

Com/p/ound (417) was earlier identified by Pound (1970) a.s o

e the isomeric N-hydroxybenzothiazine (402, Ph inete of CH3) How-

uever the simila.rities in phyeical a.nd chemical prope tieae of thi: com- }I-' -

] ‘ pound and the thiol (406) led to the conclusion that the propoeed struc- ', |

3 ture (4‘17) is more likely This compound which wae ooluble in dilute o

N 'ul-.:_il ‘m ecul, yielding the epiro-benzoth?zoline (418) Two minor but

21" l7a

L \a.lkali‘ oluﬁmg analyzed correctly for C H N, OS Its i T. epect- |
T d masa spectrum (Fig 14) (M- . m/e 359) were eimilar to thoee

?

B of the«methyl analog (406) and consistent with the propoeed etructure

'I'he' molecular ion frag&bnted rnainly by the loss of a hydrogen ‘M e

dia.gnost;c ;‘fra.gment ions ‘were also preeent a.nd were due to the

Thue

e%'i 'ns at mle 341 and m/e 326 respectively.



L identification wae based on its currect elemental analysis and 1ts

185

‘F"i,g.;‘-:;l4 A portioﬁ of the mass spectrum of 1,3- diphenyl 4-(2- |
ST mercaptophenylamino) pyrazolin -one (417) :

methyl anal‘og (406) (Scheme 22, p. 171) ‘7 F\ o

a4 e

The spiro-benzothiazoﬁne (41 8) was obtained oqlg in minor .

o ‘.bquantities during cryetalliza.tion of the thiol (41 7) but 1t waa isolated L
.i'in a good yield—when (417) was treated with cold acetid acid.' Ite “
spectral characteristics (i.r., n.m.r. andcmaes spectrometry) a.ll i

_‘of which were similarqto those observed for the methyl analog (403), ‘

= :the ma.ee spectra of (403? and (41 8) aré discueeed later in the mass

| epectrometry eection ( a.rt III A) : ' e

S R S
<

When reduct on of (4001:) wae performed ueing zinc and x

._ammonium chloride in a.queous ethanol the 3piro-benzothiazoline - ‘a L

_?which was believed to be ‘the thiol (417) However -cryetallization |

o (41 8) was: obtained in a good yield Prolonging the reduction time MR
o gave a crude product devoid of the C_O absorption at 1712 cm 1 ’, |

'of this crude product yielded only the spiro compound (41 8)

R '-.37.’,‘{."[._‘[' s

-
K



| ‘ aldehydes and ketongs the expected spiro

o .

Preparation of some spir o(dihydrobenzothiazine)pyrazolones'

/frben 4- (2 aminophenylthio)-3-methyl l-phenyl 2- :

| pyra.zolin -5-one (416) was reacted in refluxing ethanol with different

_dihydrobenzothia.zines (4 1 9)

e e

were isolated in most cases Identification of these products as spiro— .

9.
hiazine)-‘z 4"-(3'-methyl-

‘ [(3 substituted 3 4 dihydro ZH l 4-benzot
: l'vphenyl lH-pyrazoli;x 5-vones) | (419) was ba.sed on their correct '

elementa.l analysis as well as’ their Pthical and chegxical properties SRR
N—H stretching a.nd lactam C-rO absow- -k o
-tetra.hydroquino- Y

The i,r. spectra displa.yed

/tion bands similar to those observed with the spiro
The presence of the C—O absorption bands :
» - -Ph

?

R

' Y
ring ca.n only exist in the "CH" form. 'I'his cycliza.tion was conficmed .

o by the lack of solubility of these produ
»a.cidic substituents) in dilute alkali soluﬁons. -’

cts (except those possessing

Infact ‘some of these L



‘n.m. r@ spectxja of these derivative’s also supported the assigned - s

-4
str\\ctures In addition to the\py azolone C 3 methyl signal, a.nd ;

- SR - » 187“
! : . . . . e

compounds form hydrochlorzde salts though with difficulty. /The.

3 of the dihydrogenzathiazine ring, e‘ach spectr.um contained a “ L

N

one‘proton sigdal near £4.8 (/ H.f)'/and another D- exchangeable B

"NH sidnal of variable chemical shift A common fea‘ﬂ.xre in most 3

spectra wau the appearance of two signals for both the pyrazolone 7

‘ Cs-methyl group and the CH group. The separation between these -

N

7 or 0§-! absorptions were present

,two signals was as low as 3 Hz (R=p_-hydroxyphenyl) and as’ high as

"-,.,14 Hz (R= CHZCHS) This separation was absent in compound (419n) y
'~rwhergGR R“’ CH3 and also in. compound (419c) were R"H and R'= COCI-i3.
B 'l‘his signal duplication is cdncluded to ‘be due to the possibility of ‘

‘ mixtures of positional isomers in which the methyl group of the

yrazolone ring is either in cis or trane position w:Lth respect to the

’:substituent at C 3 of the dihydrobenzothiazine nuc].eus . However » an -'
"a.ttempt to separate isomers of compound (4191 R-H a.nd R' -nitro- :"
' -phenyl) by means of fractional crystallization failed. } i

The mechanism of formation of these dihydrobenzothiazines

| "-.‘.‘:‘-(419) is}believed to be the same as that suggested earlier for the

?

formation oi. the related tetrahydroquinolines. As was noted earlier 9

the reaction of the amine (416) with acetone required a longer ﬂme

s and higher reac?lon ternper'ature. , 'I‘he reaction with formaldehyde ] :L‘.

’produced an oil which was difficult to purify " The i T spectrum of

.‘_this product showed a C-—-O abso;Siron band at 1710 cm -1, but no NH

his was not investigated further. :
Q s
'I‘he mass qpectra bf some of thesetcompounds (419) Y“’“ \ .
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\'. in

: N ring.'

hydroqu

’ .. . . . R .«@5 - ' » iy
recorded (Fzga 15"’and 16)) and aome tentat:we fragmentation pathwaya ‘
. f /

-are suggested in Scheme 30, Attem‘pts to deuterate one of the simple " i

v

‘derivativee failed but it proved possible to  partially deuterate com-

T~ m
pound (419i). This; in addition to : accurdte mass me‘asuremen‘ts

(Table 4) of som,e of the fragment ions 1n (4l9d) was helpful in account- |

or. the fragmentation 2 n observed
able ~4' | Accura.te Maes Measurement Data of some of the Important," '
lons in the Maea Spectruqi of the Spiro-(dihydrobenzothiazine)pyrazb~ R (
lone(4l9d) SRR 4'0‘_'.' : ’ | :
Meaaured m/é | Com;ioeition | Required xr;/ of Designatioe’!' o
sszaer | C23H18N30 35, 1449 | co - ;;%J~{-f<~~
212.0532 | C13H10NS 1 7-212 053¢ | aora |
oy | g aewnss LI SN

Unlike‘t}re spiro-’ben othiazoline der atives (431) ( art SR
«z P R

L III A) ’ moet of the fragmentation pathwaye demonstrated here took

*

o place ;n the dihydrﬁb*xzothiazine nucleue rather than in tlge pyrazolone ‘M '

o YTy
S Some simila.rities with the fr'agmentation of. the epiro-'tetra- p( S

oline derivativee (p. 148 ) were apparent although in thie caee

o 'Vmore fragment ions were observed which preeumably ia due to the : o

| e ;bility of the 8u1fur atom to localize the peaitive charge. @th only \ .
.':j' ‘one’ exception (419c a H a.@m cocng) these compounde displayed '

- atrong inolecular ione which in many eaeee .. were the baee peake in

".the’3 spectra The 1038 Of a hydrogexi atom (R in all compounda except A

' ,x'w



5

was shown by appropriate metastables in all the spectra recorded

1

" several mvestigators. . ?-'. o

'.“

5

. . ) . s
.

319:1) ‘ot the, other substituent in the form of a radic‘al frgm the Cc-3 ~

position of th& benzothiazine rmg gave ions of relatively low abundance

(ions a and b respectively) An ion analogous toa was absent frorn
"\/ . Y ‘

compound (4ﬁ9n) where Rris a methyl group and also from compound
V|/

(419g) whe‘re the ldss of the acetvl substituent as a radical resulted

- _) .‘

in the only strong ion m the spectrum. ‘ R o ﬂ . f-i‘\". t"

An ipteresting fragment 1on demonstrated \all th‘e spectra

RO

(although of very low abundance in compound 41 9c) was due to the o

direct loss of an SH radical from the rfnolecular *n; That;this loss Y\

jeal

of the SH r»adica,; was (at least in part) direct from the molecular ion'

L‘,"e

ESPIES ¢

This however was not surprising since the loss of 8 sulfhydryl

| radical from cyclic’sulfur cornpounds is a process observeﬁ ’by

~ "“‘ / SR " "‘ 1 * ./.

Gilbert and Miilard (1968) found that phenothiazine (420)‘

fra.gments initially by the loss c(f +its sulfur atom either“ as eleynental

| : sulfur or as SH or CSH radicals. The origin of thevhydrogen atom »
lost\ as a.n SH radib@l w.as not clea.r but they depic,ted i{ as o”i‘gmati’nrg

from the ring nitrogen atom producing (421). R R IR

LA

Wahl (1970) also demonstrated the. same loss from three -

I

bridged biphen-yl derivatives (42%) but he gave no explanatién of the .

o - .
for the resulting ion. 'I,‘he éa.me investigator found that twO bis-q o
~ . R

. origin of the hydrogen atom(s) involved and did not euggest a formula _

R

e
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5
i
o

4

g showed only very mmor lossee of SH ra.dzcals

ST TN T

- (424) Vedl

ponded to (M 33)+and (M 34)+ _The mechaniem illuetrated n o

Coa

(423)

o 'benzylic eulfidea (423) closely related to the bridged biphenyl (422)

190

Co. 4-2% ofthe molecular
‘ ion compared with 55 80% in case of compounds 422) ] On the other

'hand a.lkyl aryl sulfides auch as (424) gave strong M 33 ions resulting

' from the expulsion oerH radical from the molecular ion (Tatematsu

et al 1966) ‘A study of the: deutera.ted tlnoether (424 SCD replacee
. 'SCH ) indiacated that ojng\third of the hydrogen atoms of the SH radical
‘ "eliminated were derived from the benzene ing (Schﬁme 27)

S-—CH

: ‘f_:i69}.% H-g ¢

l 3%
H—S CH .

-' Scheme 27

e , ' In the preeent etndy. an a.ttempt to a.ccount for the origin of -

. of the N 4 hywdrogen a.tom of the benzothiazme ring in compound (41 9i)
- showed that thie hydrogen is only pa.rtia.lly involved The molecular

~ the hydrogen e) involvéd in the 'SH lose was. undertaken. Deuteration S

ion of the deuterated compound fragmented to give ione which corree- o

P “\ s e S . N . r'



k4 .
l\‘
s
/A

E Scherne 28 may explain how such losses could occur. | The hydrogen :

hydrogens (e g of the aromatliai ring) in the formativf

L ethers. D _:,'_.3- 3

el

T

atom at’ C 3 of the benzotlnazine ring may also be involved in the man-

..) 5
: '\

) ner shown in Scheme 29 It may be of sigm.ficant:e that m the apectrum .

of compound (419n) where C- 3 is disubetituted with two methyl groups - SR

Cw
‘an (M 33) ion was present in the spectrum although its relative abun- & -
dance (4%) wae much less than in the related compomds (e g. 15% " "
R L

419a) No attempt was made to detect the involvement of ; ,y other B

SH radical

Scheme 29

: '.jfbut it is believed that these may aleo take part in a manner snnila.r to |
SN v‘that shown earlier by Tatematsu et al (1966) in thezr studiee on thio--, f L

v R . g
_A .

Another common fragment ion present in alkthe spectra s

BTN . S
ST \7 T



P

Fig. 15- Portions of the m
. thiazine)pyrazolom_e (419a b n d)
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Relative Intensity

.Fxg. 16

pyrazolones (419e h i) and

Portiona o£ the maea spectra( of the spiro(dihydrobenzothiazine)-

the deutera,ted derivative of (4‘191)

- a T
. 193
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al from the molecular ion. A nmilar ion was

e Scheme 31 ’ ,__
o pou.nd (4l9i D replaces H) instead of the 173 mass units expelled
f'.:.bfrom the molee ‘ ar ion of (4191) Some expulsmnsf)f 173 ma.ss units
.were aleo dem netrated in the same deuterated compound which might
P olven;.nt of the hydrogen atom at c- 3 (Scheme 32)

' :. _f i,PletO deutﬁration or D—i'-H exchange in the maee 1

: he mass spectrum of the ,Z -dix‘nethyl compound (419n)

T i‘i}
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1 proposed involvement of the amine hydrogerrin the formation of this . "
: ion'_." Another strong ion at m/e 150 in ‘the spectrum of the same _
- compound (4l9n) is formulated as. ion d (R CH3) although the mechan- '
| ﬁ iam of its forma.tion from the molecular ion is obscure. . An ion at. '_ :
: : m/ e 136 was found m variable intensitiea in(all the spectra of (4l9a-m)

R This ion which is designated as e (Scheme 30) is preeumably formed
2 either from the molecular ion or from the i‘ragment ion b Ite forma-- I' s

tion must involve comple rearrangernents ' and no. speculation on such
rea}rangements is warranted "‘ ' | | - | :
The (M»—l73) ion (d or d') fragmented further by the
expuleion of ah R C--N molecule to give the ion f rn/e 109. _thie
expulsion wa.s supported by the presence of appropriate metutable e
ione. _ Another ma‘)or ion in all the spectra which ie geeignated in e .
Scheme 30 as ion _g_ is believed to be formed directly from the mole- SR
B cular ion by expulsion of 204 maes unite. Ita identi.fication as |
e RR'C7H5N waa aupported by an accurate maee meaaurement of the ion |

Lo .
A



o '\W"

Scheme 33 ‘

- .' An ion correeponde to the formula R—C_. S+ ayohown by

accurate mase measurement of the ion at m/e 12’1 in compound (419d)

‘ .iwas oniy demonatrated in the spectra of the derivativea in which R was R

N an’ aro‘matic system. ‘, Apparently it ia derived from ion d though no |

.J

:meta.etableo were preeent in support of this suggestion.

In a.ddition to these common fragmentation pathwaye some -

"'f‘[._.other atrong ions were preoent which resulted from the fragmentation

-‘ j-‘of th., gubatituent at G-3 of the benzothiazine ring. ‘The (M COCH3)*

ion in caee of compound (4l9c) has already been mentioned Thie was ', -

'_ ,the only caee in wlnch the lou of the suhetituent at C -3 gave rise to a
- very strong fragment ion leaving the other\&\-agmente only minor. - : )
: -:.’._,‘"Compound (4199) in which R=H and R' 3 4-dimethoxypheny1 demon-

SR f 0
: ’strated strong frament one at m/e 415 mle 242 and m/e 151 which

| 'i: " reeulted from the expuJT{sion of CHZO meheculee from the molecular e

; ion a.nd from ions d aan h reepectxvely It ia intereeﬁng to note that



3) one (416) cbuld be condensed with both salicylaldehyde and P_-hydroxy-. o

11133, benza.ldehyde but whereae the product with the la.tter a.ldehyde wae the

: dihydrobenzothiazine (4l9e) , ,salicylaldehyde reacted with (41 6) to: give

2 yellow cryetalline Pl'Oduct which is tenta.tively identif}ed as the Schiff S

';,base (4253) A rela.ted product (42 Sb) wae obtained when 2 4 dihydr-

"oxybenza.ldehyde wae rea.cted with the amine (41 6) It a.ppeare o

| therefore that the amme (416) reacts w:th o-hydroxybenzaldehydee in
the aame ma.nner as described earlier for 4-(2 aminobenzyl) l 3-

Aiphenyl 5-pyrazolone (321b)

'I‘he Schiff ba.ee structure (425) was suggeeted by the l o

elemental ana.lyeee of both products (CZ3H19 3025 and CZ3H19N303S
for (4z°5a) and (425b) respectively) and by the similarity of their i. r. .
spectra. to those of compounda (385) (see p. 152 ) Medium intenaity

| a.bsorption bande were present at 1612 cm"l (425a) and at 1610 cm l ’
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‘,'{:{n?r:'v | .4

(425b) and are assigned to the imine Cc= i‘I group (c f. Clou,ghet.ry et a.1
-; "1957) 'I‘he n; m r. spectra of (425a b) also agreed with the Schiff
: _:.‘base structure In addition to the methyl and aromatic signals a
one proton ——CH \fignal was located near &5. 4 and D-vexcha.ngeable
signals ascribable to the OH groups were observed in the spectra.. - '
: The mass spectrum of (425a) (Fig 17) was similar to the spectra of
' the spiro-dihydrobenzothiazines (4»19) a.].though it differed in the _;

:relative intensities of the fragment ions formed The 1ons at m/ e 174

o 174
i )

X V. . i R | N | T _‘-" T r_‘ . '
‘ _usv ‘lu wo zoov- -z;s‘ zqo" “Z6o . 20w )}s uo'_ ‘ue «o 420 - »‘3

(wle. 7

- ; F'-ig; 1»7"‘ A portion o?"the mass spectrum of 4-[2 (b-hydroxybenzyli-
5 ' (diene))aminophehylthio] , -methyl 1 phenyr- -pyrazolin 5-one
SN 25a
S _/ (CIOHIONZO) and at m/e 136 (C7H6NS) for which structures (426) and |
(427) are. suggested are the strongest inthe spectrum of (4253) but ‘
. S
' .only present in wea.k or medium abundance in the dihydrobenzothiazines

"_b ‘4,1 9,) On the other ha.nd the M 33 a.nd M 173 ions are much wea.ker e

| (426). m/e 174 D (427). m/e 136 e e
.‘ v" in (4253) than in the CYChzed compounds (419) No fragment ions weres‘
found in the spectrum of (425a) d.ue to the iission at the ring-carbon, or o

. ring-mtrogen bonds of the imine group. v_This contrasts with behavior ; .



.l' cyclized structure (425a)

R '\?\g\" p" - f .'.‘_,'1 'i-V;H’d, ;1,_fi 'izool’

of other Schiffbases (Ehas and Glllis 1966 see p. 152 of this thesis)
s The ease of solubility of compounds (425) in dilute sodium

hydroxide was not. very helpinl in confirmmg the presence of an

1' enolizable hydrogen in the pyrazolone nucleus since phenolic functions ‘

were also present However deterrnmation of the number of acidic

hydrogens in compoun'd (42 Sa) indicated the presence of two phenohc

' and/or enolic groups in this molecule in accordance w:.th the non- .

. 1.

Attempts to prepare a meth 1 derivative of (425a)\ by the

‘,dimethylsulfate or dxazomethane fai ed ‘ Reduction é’ (4.

' using sodium borohydride in aqueous diou:ane did not produce identi-

fiable products .. Acetylation of (425a) with acetic anhydride produced

e a diacetate, CZ7HZ3N3O4S (M LI mle 485) Similarities between

| ‘the- i r. spectrum of,this compound and that of the diacetate (428)
, | suggest&ed that both compounds were structurally related The i r, |
spectrum of each displayed an ester C O a lactam C 0 and an o
amide C-.O in the form of a douhlet These spectra were similar to L

those of the diacetylated derivatives (391) (392) and (394) (see p 156 )

(423) | Liﬂpf} _;-ffpfhhffffli-i (429)

except that the amide C-—O absorption appeared as.a smgle band in th

latter compounds The n. m., T, spectra of (428) and diacetylated (425a)
_ were also very similar. In both the py,razolone methyl signals were

e



I. " Fig. 18: A port1on of the mass spectrum ef spiro{[4 acetyl 3-(9_-': B

rrrr

'acetylated dmydrobenzothxazmes and tetxahydroquinolines (p 137) _ s
_.Based on these data the diacetate produc& obtained from (425a) was : ':»f
| assxgned the cychc structure (429) The mass spectllum of the g x
. . ‘d1acety1ated product (F:.g. 18) supported this c chzed structure (429)
It ‘had a strong molecular 1on wh1ch 1h1t1a11y lost two ketene molec&les
to gwe an ion which fragmented further in a manner 81m11ar to that‘_
observed with the spiro-d1hydrobenzoth1azmes (319) -

o

481 h C o lads

F

@ .

O T e
.l:(..:, 140','\ 1o 10 - loo "220 Z‘IO . 2380 )W l“ S-A . 100 : 'l?.. - <|Nl

Relative Iatens
i

. 20

acetoxyphenyl) 3 ,4+dihydro-2H-1,4-bengothiazine] : 2,4'
E3'-methy1 1'-phenyl lH-pyrazolin 5§e’j } (429)

«y
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s 'P_art“III:- o . ,M:Ass SPECTRQMETRY ST A

“‘.A

i (A) The Mass Spectra of Some. Substituted Pyra.zolone Derivatives | ""

—_— S Four types of spiro-pyrazolones have been prepared and

' »‘.characterized in this present study These are derivatives of spiro-
R Lmdolme) 2 4'-(pyrazolin 5'-one)] (430), spiro[,( benzothiazohne)-
_. '2 4 (pyra.zoline 5'-one)_'_| (431) sp;ro[( pyrazolm 5-one)-4 3'

| (tetrahydroquinphne)j (337) and spiro[( 2,3- chhydro-4H 1Q4-benzo- )

thiazme) 2 4' (pyrazohn-S'-one)j- (419) Ma.ny oﬁtheee compound's““;r ,/

H .1—1" v _ EE

L (331) S ‘;T ey (419)

were che:a.eterized by their vmass spectra. It waa noted that 'ln
compounds (430) and (431) fissxon ocgurred mé.mlv m the pyrazolone ’ :

'}-nucleus and produced the ma.Jor fragment mns in the spectra.. A ‘* o

f:%literature search revealed two recent studies an the maie epectra. of \,.},..

| aome simple pyrazolone drivativee (De;marchelier an.d Johns s l969b)

: ‘and some substituted pyrazolone a.zomethine dyea (Ma.ier et il.. 1969?’

L fbut no. spiro pyra.zolones l;xave been mvestigated o .,;f.:‘__-' o ?

. wi—,.'.
jFe A

_ Although structurally rela.ted the spiro( tetra.hvdroquino-, = o
e ._ . line)pyra.zolea (337) and the apiro( dihydrobenzothiazine)pyrazolones
e ';(419) fragmented differently fror& the spirb(ihdoline)pyrazolonee (430)

N




SRR | QN ',Jg.

4
'

and the spxro( benzotluazolme)py‘razolones (431) "l‘he first tWo .

classes of compo&nds did not exhith any major fragments which were -

dérived from cleavage of the pyrazolone nucleus. : rather fragmenta- o

,‘ ,xtion in the other part of the molecule occurred a;xd the pyrazolone }
%ﬁd nucleus was expel'led frorﬁhe molecular ions as a radical IWg:r" :
~« ‘ contrast the spectra of the 45 (2 ammobenzyl)pyrazolone derwatwes

(321) and the1r sulfur analog (41 6) contained relatzvely strong/mns -

-ment further to any' apprecfable ektent Accordin \ly a the spectra of . ..
,_i.v.’fthese two am'ln.es (321) and (416) and the spiro-pyrazolonss (337) and" i’
° : .°(419) were dxscussed separately earlier in tlns thesis. Sirmlar:.txes g
and d1fferences bet%en the spectra of tgese cornpounds ~a.nd those now :
*_-"jsas"‘r.i_.discussed in deta11 w111 be pomted out whenever there is a necessity
\\ FaEn In addition to the sp:.ro-p(yrazolones (430 a.nd 431) spectra. ,
\J . ; 'the mase spectra of the parerst pyrazolone derivatives (317) (329) andu -
(330) were recor&ed and interpreted The spectrum of one of these - ’

compounds y’: 3= methyl -1 -phenylpyrazoline-S-one (317a) ’ vwas recorded

8 _
' BT (317) 2, R= CH3 E (329)
b R-—Ph FEA s L o
_ by Nxsh;waki (1967) but 1ts modes of fragrnentation were not completely\‘:.\- s

EE N R




L

D L °
CH3; ,:;/N\ S .

. oo . Ph

et 'J . '(330)

interpreted Spectra of the two N, N- disubstituted pyrazolone denva-‘ .“
) tives Z 3- damethyl 1-phenyl-3—pyrazolin—5—one(antipoyrine) (329) and
‘ ‘2 3 dimethyl-4 -dimethylamino-l -phenyl—3-pyrazolin- 5-one (aminopyrin;)
' '(330) have been pubhshed (Taterhatsu and Goto 1965) but their frag— o

' - mentation pathways were not discussed. These two compounds in -

- ,. addition to their usefulness as models for the N N disubstituted pyra-.

Vzolones , are also of medicinal interest and are Preﬂent in 3°m° L
.,pharmaceutical preparations-g . . : \'.\_ ‘

- ‘ o - ,. From the pyrazolone derivatives examlined .those which
‘a are 5 5. 'distsﬁmted or which are. N N-disubstituted have "fixed"

2 structures a.nd no tautomerism is possible. ‘ The others e. g (317)

—can exist theoretically in one.or more of the three possible tautomeric

.forms Wthh were discuseed ea.rlier. ' For these derivatives v""'

o

B ,with mobile hydrogen atoms ’ the tautomeric forrr\s in the solid state -

”:-'”were determmed m order to see whether or not such tautomerism o

‘ .A'Aiin the ground state would be reflected in their mass spectral behavior. S

”":The mass spectra of the four pyrazolones (317a and 3l7b) , =

s ‘(329) and (330) are shown in Figs. 19 and 20 and their suggested frag-,'._ =

B mentation patterns a:i'we illustrated in schemes 34 36 and 37 It was L

shown earher in this study that the two pyrazolones (317) exist m the

solid state either in the enol "OH" form or, according to Katritzky

- , and Mame (1964) in strongly bonded NH form in which proton transfer :

,'>' j ;

I

204

-



(to give the OH form) probably takes place. On the other hand,

= compounds (329) and (330) exist only. in the NH form. o

“Ph 2
(317-01-1) - (317-NH)

While the two pyrazolones (317a and 317b) displayed

: "‘.similar fragmentation pathways + each of the N N disubstituted
derivatives (32}) and (330) showed a unique behavior and both

o _:-'f-_demonstrated some unueual modes of decomposition under electron

,'ﬁ'vimpact The high degree of stability of these oompounds » as well as ._
: : most of the other pyra.zolone derivatives studied was indicated by the o
. f‘,‘:"f'strong molecular ions displayed which were in most cases the ‘
o -‘3'strongest ion in thejectra. L * i | _ﬂl 3 L
: . ; Several initial cleauages were demonstrated in the spectra |
: _of (317a) and (317b) but only two bf these gave rise /to prominent frag-ﬂ EEh

: ','(‘ment ions (Scheme 34) ‘The direct expulsion of a ketene. molecule

L (CH C—O) from the moleqular ions of both compounds gave rise

o -to relatively strong ions (a)! Also the fragment ion at ml e l 5 (b)

was prominent in both spectra, . this ion which was attribut & to the

'nium cation (Pth)'*' \is believed to originate directly

' from the (M CO)'*‘ ion (c) since strdng
o ,f‘supporting me’tastabies were present at appropriate m/ e vahee. } The S

o from the molecular mn

: 'poa sibility of comtribution by isobaric ions (PhNCHz)"' or{(PhCO)“"

" | 'th€ latter of which could be formed by a phenyl migration was con- e

R ;'vsidered but accurate mass measurement of. this mle 105 ion in the

I :_spectrum of (317a)"reﬂyealed that it was solely due to (PhN )

T ?




. '.'_in (3l7b)*

thher minor pathways in the spectra of (317a) and (317b)

are the expulsion from the molecular %ons of a phonyl diazonium

» ‘V(PhN ’) and a formyl (‘CHO) radical and a carbon monoxide (GO)
-molecule. . the last two los aes aie supported by metastable ions at

; m/e 120. 8 and m/e 122 5 in (317a) a.nd at m/e 181 65 a.nd m/e 183. 32

¢

~

-fragmentaﬁon (3% and l% reépectively) which was followed by the

ialeo arise by the loss of a PhN radical'fvom the

N 'jsuggeet'efd 3 non-cyclic structure (432) for the (M-CO)*- fon at mle

Vion wae showfto brthe—majordnztial pathway in the—epectr&of the#

o the ion ahifted to mle 147 R R LT

- pyrazolones etudied by Desmarchelier and Johns (l969b) However . |

L expuleion of‘a CO molecule to produce the ion (f) \& hie ion (f) cou.ld
( -cor'-u’n The’

&

/.(CHZ--C C6H5) speciee (mn £ where R= C6H5) ie eepeci y eti‘ong
: . -due presurxi‘ably to the stability offered ’oy the' aromatic ring in thie ion. ‘

The expulsion of HNZ or RN radicals frorn the molecular

‘___.__

o ;in compounde (3173) and (317b) th:{P wao shown to ‘be- only a tninor " SEaeS

- etrong peak*at m/ e 103 in compound (317b) which ia attrib ed to a » K

'I'he i°n at m/° 105 (b) decompoeee further by the loes of a E

nitrogen molecule to form the (C6H5)+ spec‘iee (i) The origin of the

ion at m/e 91 which correeponds to’ the species (06H5N)+ was not | .- : o

’In a recent communication pubhehed after thi§ work was completed,
- “Larsen-et al (1973) examined the mass. spectrum of (317a) and -

L1460 Structure {433) was suggeete
: '__':‘:(M-HCO)'*' This suggestion wal ba
- the. hydrogen ‘atoms - at C-4 were reta.ined in the 4 -dz analog and

for the ion at m/e’ 145~ -
ed on the finding that both

,\_._
Hz

e

Y

5 m/e 1 74 . ( 432) .‘: iy et) ‘g .. (433) . m Ie r45
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21

Portionaof the vr_na.é’"sf spectra of 3-me
Eoone (317a) and 1,3-diphenyl-2-pyrazolin-5-one (317b).

thyl-1-phenyl-2-pyrazolin-

. Fig. 19

-



PH
l-ncn
&y +
o 5- m/e 91

ﬂ'_i.vmle?? T 1 m/e 51 . ) —m/664
S e Scheme 34 S e
'accounted for by Niehiwaki (19 7) when he studied the maas epectrum E -.
- -of compound (3 17a) The presence of metaetahlee at ml e 62 73 and o
m/e 42 7 in the spectra of (317a) and (3l7b) reepecﬁvely. nuggeeted SR
| that thie ion (_g_) originate from the (M-42)+ ion (a) by the expu],gion o
_'_.'of either a CH3CN or 06H56N molecule. : Theee obeerVatione indicate
that an N-N bond cleavage occurs in theee pyra.zolonee. The cleavage 0
- ,__':of auch N—N bonde in compounda conta.ining two or three l.inked nitrogen
atome ) hae been the eubJect of etudiee in many laboratoriee. In i "
_.--‘éhydrazine (Dibeler _t 5;\ 1959) diazirine (Graham » 1962) 2. S-di- = -
:,;:..phenyl l B(ﬁoxadiazole (Cotter , 1964) and indazolones (Deema.rchelier
| and J’ohns :‘i96.‘-)a) thie cleavaée %ﬁe £ou.nd to be difficult.. On the other

' ‘:::.’3:_ hand euch N—N bond fieeion is an important fragmentation proceee in :4-



hydrazones (MacLeod et al, 1966), semicarbazones (Becher et a1
1966) and sulfonyl hydrazones (Bhati et al 1966) Thu?l et al (1970)
reported that the cleavage of the: N-N ond and expulsion of HCN 1s |
the predominant process in the mass

ectra of pyrazoles while

Desma}chelier and Johns (1969b) found no evzdence for initial N—N ': :

' cleavage in ' razolones Earlier Nishiwakx (1967) » in his study of
. T‘the mass spectra of pyrazoles (which included the pyrazolone (317a) i o
: reported an N—N cleay,age but c luded that the initial cleavage of
.this bond is likely to be supressed in cases where the nitrogen is ., |
substituted . How’ever this was not the case with the compounds o
- _'_studied in the present investigation which are all substituted at one "
| or both nitrogens : Apart from the example already mentioned wh:.ch
= 'demonstrated N—N bond cleavage d expulsion of CHscN or C6H5CN
5‘.‘1 .molecules from the (M- 4Z)+ ion mtl?a) and (317b) . evidence fo:; .
‘ :initial cleavages of this linkage was found in the spectra. of antipyri ne
“'(329) ’ ammopyrine (330) and the spiro-pyrazolones (430) and (431)
’ The antipyrine (329) spectrum had a strong ion (84%) at
:_' Afm/e 96 which was second in abundance only to J:he base peak (the o
molecular ion) An accurate mass measurement of this ion revealed
' _‘.'that it was a smglet which had the formulaﬁcl)n Yo 5H6NO. The presence}
A, :of a strong metastable at m/e 49 OZ suggested that 1t was formed E
directlv from the molecular ion. ‘ Although clea.r evidence for the _: S E
" identity of this ion 1is lacking » it is represented in Scheme 36 as the
';‘:“ ion c. , This ring expanded formulation is possibly the bﬁst representa—
'_:'Zf_j_"_;‘ftion for this strong ion since it can a.ccount for the subsequent expul- e .'. i

i sion of a CH3 N molecule to give the ion d (Scheme 36) » The forma— e

| "ltion of both th se maJor ions (c and d) as well a.s the strong ion at S
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. (329), M+, '»_'“/61‘183'" DR ot lc,mle96

#cheme 35

PR .,’

i "m/ e 56 (ion _g) mdxcated that N-N bond cleavage does occur as primarY
and seconda,ry processeg in the ma'” 8P°Ct1‘a of Pyrazolones expecia.lly L
: _whe‘h both nitrogens are subst:ttuted '. L 'T ’ S5 ,

' o - ’ :'.
Thxs same point is also illustrated in the mass spectrum

of aminopy;i ne (329) where the ‘base peak at m/e 56 is formed by
,;successive losses from the molecular ion of a C6H NCO molecule. f g

J

a. CH3 radical and a CH3NC molecule (Scheme 37) All these |
o

‘-_transitxons are supported by the presence of metastable 1ons at .

- ,—'r_a.\ppropriate mfe values. 4 The mltial expuls:.on orf a CGH NCO mole-»:
Ecule from the molecular 1on agam supports the possibxhty of initial

‘_ ;_‘wix.scisslon of the N—N bond in the pyra.zolone nucleus | | i

R A strong ion at m/e 56 (CH3N —-CCH3"—-'-CH3N —CCH3)

5 | was a.lso demonstrated m the mass spectra of the pyrazolones (324a)

.fa.nd (408) An equivalent ion a.t m/e 118 W“ P’-""°nt in the spectrnm °£ -

(3Z4b) 'I‘he presence of these fragments is probahly usgf“] in the w
f-'.j._identification on 4 disubstituted pyrazolones. B SRR Sl

(324) a, R -CH3
© biR=PR”
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o Other important pathways in the spectra of antxpyrme
’ (329) and ammopyn ne (330) are the ‘expulsmn of a hydrogen atom and‘.
a methyl rachcal from their molecular wns. " The (M l)"’ ions’ were K
stronger than the (M 15) + 1ons in both spectra No conclusive ev:.d- B
ence fOr the origtn of the expelled hydrogen atom is avallable w1thout o o
_flabelhng studles However there are some md1cations that tlns
" occurred £rom the N --methyl and not from the C3-methyl group as was Lo
suggested by Desmarcheher and Johns (1969b) Th:s obser\vatxon is /
) based on the findmg that- compound (3l7a) . wlnch has a C3-methyl SN
- ‘substituent ahowed only a very weak M l mn (1%) y The same was.
| also noted in the spectra of all the pyrazolones studz.ed in th:.s mvestx-
: .gat{h\whxch had methyl substrtuents at the 3-posrtron of th%razolone: |
rmg, whlle on the other hand those Nz-methyl substituted. pyrazolones : .
Ny such a8 (324) and (408) demonstrated relatwely strong (M 1)+ 1ons. S
"This 18 also m -accord with the spectra of the pyrazolones reported by
"‘:_;vMaier et al (1969) wh1ch showe , at most neghg1b1e amounts of (M l)"’ R
‘_.mns although most of them had Cé-methyl substltuents. : o :

The methyl rad:.cal losses m (329) a.nd (330) most likely

z from Nz-methyl rather than fro’\é;-methyl substituents

| such loss was demonstrated in'compound (3l7a) Also, the i
presence of a. stronger (M 15)"" ion in the spectrum of antipyrino than L
| :-;‘that in a.minopyrine suggests the absence oi any considerable contri-
j'bution from the dimethyla;mino substituent in aminopyrine. ‘ |
_ The expulsion of PhNLradicaf from the molecular ion was o
\&’d‘emonstr(a‘.‘ted in (317a) and (3l7b) as only a very minor process. ’v"','l'hisé--'_
loss was not observed in\either antipyrlne (329) or aminopyrine (330)

However ‘an analogous loss of a PhN—-N— CH3 molecule was observed_ S
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it | AR

“ _ E :./):"

2 Fig 20 Portionn of the. .mass spectra ofvantipyrine (329) and
AR aminopyrine (330)

(=3



'm, m/e77 L T, SEETIEE
' C B 3 o - N CHz :
CH—]

1. a m/e 187
- -EHy ="
| N_.N-CH3
--Ph

e, m/e 160.,

_]CloH N—] |
1, vm/e:4159‘. .

“:e mle68

| 'CH3"N"'C—CH3 | HC..":.'C—-CH3

g, mle 56 m, mle 40 :

_ B R Scheme 36 : TS ‘ o

' and led to appreciably abundant 1ons especially in the spectrum of | @
aminopyri.ne (m/e 111. 17%) Both these (M 120) mns kag:qmed\'-f : |
further by the expulsion of a ca.rbon monoxide molecule. . "_‘-? o

.: = Another important fragmentation in the spectrum of anti.- '
‘. _;_pyrino. (329) wae the formation of the phenyl dia.zonium ca.tion h . -
B '-%_(Scheme 36) mostly from the (M CH3)+ ion. Curiously. thie was not o
'.deinonetrated to any extent in the spectrum of aminopyrine in epite of o
:'“’j*_»,."structural eimilarities with a.ntipyr ine. Also. another minor ion (2%) ."

ﬁ;“i:-_,corresponding p the expuleion of a CO molecnle from the molecular
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'mn of antxpynne was not present m the spectrum of ammopyrine
5 S1rr1;11ar1}r , @ weak(M 2‘» ion Wthh may be due to the loss of CHO'
rad1ca1 from the molecular ion or to the loss of H® from the (M CO)+
‘v1on was found in the spectrum of ant1pyri ne but not in the spectrum
of ammopyrine. These fmdings mdicated a lack of correlation
_ between the fragmentatmn modes of these two compounds.
o Some d1fferences between a reported spectrum (Fig ‘20)
of ammopyri ne (330) and those recorded here deserve comment
Tatematau a.nd Goto(l965) described a spectrum whxch contamed a -
| strong ion (95% relatwe mtensity) at rn/e 119. Th1s ion was only B 4
s pre sent in l% relative abundance under the cond1t10ns used;in th1s ‘ “
‘, .study (70 eV and 110 ) Changing the temperature d:.d not seriously
."'v_"affect the mtens1ty of th1s ion (5% at 165°) A spectrum of am1no-’”~ |
:"_pyr;ne (330) recorded on'a combmedgas chromatograph/mass spectro‘-"
_meter* was also s1m11ar to the spectrum recorgd in thls study. |

. Such a.n jon at m/ e 119 may be attributed to the cleavage of fhe N—N

_bond w1th the formatxon of the phenyl 1so¢ya.nate cation The expulszon -

,ﬁof a CO molecule from this catmn could also explain the presence of.

: 'ia strong ion (46%) at m/e 91 in’ the spectrum reported by Tetarnatsu
” and Goto (1965) , and which was only 2 4% abundant in three spectra

. » . . J ‘. » . . ?“’,.. L
o recorded for the present study. L e

. _co

P

——

B ‘*recorded on a. Perkin Elmer del 270 combmed gas chromatograph/
¢ mass spectrometer at Chelsea ollege University of London, England



, CH3 ,
c m/e 112

_CH3 LHNC SR TR

CH N=C—CH
* * G 5. /N—C-—-C-CH_]
e, mle 56 o CI'13 gy m/e 83 |

d,m/e 9T L |
' > Scheme 37
It is d1ff1cu1t to exp in these gross di.fferences except to

suggest that aminopyrme fragm : nts by alternative pathwaye depend- ‘

ing on the conduioxis w1th1,n the mass spectrometer. S

R The spiro( mdoline)pyrazolones (430) and the spiro(benzo- :_'

o t%xazohne}pyrazolonee (431) displayed consxderable simi].aritiee in

“' theu- behavior under electron impact However some differences

were also demonstrated either in the fragmenta.tion pathwaye or in -

the intensity of the fragment 1ons produced These differencee ai-e o
.

. -
presumab}y due to the abihty of compou.nds (43 l) to localize the charge RS
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o v

on the sulfur atom a.nd also due to the contnhutmn of the methylene

fprotons of the mdohne ring in- (430) to some of the fra.gment ions wh:.ch

are absent m (43&‘1) Ll f ’ R

o

T}ze mass spectra of five spxro (mdoline')pyrazolone

- derivatwes (430),°one deuterated compound (339 D replaces H) and one

.".jacetylated compound (434) are shown in F1g 21 and. 22 The mass ,

spectra ‘of two spiro (benzothiazolme)pyrazolones (43 l) as. well as’

‘ their deuteraited derivatives (431) D replaces H) were. also recorded

‘ .(Fig 23) Suggested fragmentation pathways of these two classes of

- \compounde (430) and (431) are outlmed in Schemes }39 and 40 Table ,

""v'S-conta.ing the mas,a‘ : Aasurements carried out on some- of the impor- '
RER :

: rmg. The fa.ct th‘,’

' (430). general structure (431), general structure

(339), R;CH_,,.‘ R':H (403). R:CH,

3

. .(343). R:Ph.. R'-'f (4’18), R:Ph
R ‘H

' (346a) R CH3, R! =c1-

L _-'(346b),R CHy, R’ ocm3

LT '_(346d) R CH3.'R'-0COCH3 S éGCH3 o

'. All compounds (430) d:.splayed strong (M 1)"' 1ons (a) due B

'}to the loss of a hydrogen atom from the methylene group in the .indoline'-;

4 ;’.‘.

) here was httle or no contribution to th1s loss Y

o from the C methyl group in the pyrazolone rmg was illustrated by the

. ipresence of a strong (M l~)+ ion (21%) in the spectrum of (343) where
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"no ‘methyl substituent is present. - Al(é"o* this ion was ‘ahsent from the
sulfur analogs (431) Additional eva.dence for the origm of this proton g
: was found when the deuterated compound (339 D replaces H) was’

" examined. It lost only one mass “Snit’ to provxde the (M l)"‘ iOn

._ N One of these’ methylene protons in (430) also cbntributes

- to the (M 17)"‘ jon present in all the spectra of these compounds._ An»
_ accurate mass measurement of this 1on in compound-(339) revealed‘ )

L

‘- that 1t was due to the loss of an OH radical from the molecular zon. .

= Agam this ion was abaent from the sulfur analogs (431) Deuterium v’“

‘labelhng ruled out any contribunon from the amme proton since this o |

: ion at m/e 260 in (339) was located at m/e 261 in the deuterated

compOund ‘ There is no evidence for the structure of % (M OH)'*' ion, i

- however based only on the tentative mechamsm 111ustrated in Scheme

/

o 38 it is identified as the ion (b).. Tlns (M- 17)"’ mn waa also present

m the mass spectra of some sp1ro-(tetrhydroquinohne)pyrazolone ‘

v“»'derwatwes (337) but not in the spiro (dihydrobenzothiazine)pyrazolones S
” (419) L 41 e

. Scheme3s



. : produced here were’ present in appreciable 1nten31ty The cyclic _

structures (cy m Scheme 39 and az. -in Scheme 40) » a8 well:as’ open

218
Another important pr),mary prqcess demonstrated in

the spectra of bpth compounds (430)' and (431) was the expulsion of/% ' "

: arbon monoxide molecule from the molecular 1ons - In contrast to*"

\
what was reported earher by Maier et 311’1969) the (M CO)"' 1ons I

- cham structures , can be’ suggested for this fragment 'I‘he former |

'.I-are in agreement w:.th the commonly accepted cyclic structures for
; (M CO)"' ions in most organic compounds (lBeynon et al, 1959,
'.'_Bursey/ and Elwood 1968) _
| In the spiro mdoline derivatntes (430) the (M CO)"" ions
' ‘v'fr agmented further by four different pathways which géwe rise to many
' prominent 1ons in the spectra (see Scheme 39) Relatively weak 1ons |
-are produced by the expulsion -of CH3CN or PhCN molecules from the o
{ '(M c0)+ ions. | On thé other hand the loss of Pth radicals from
" ,:.,the (M CO)"‘ ions may bg)e accompa.me&by ring expansion to give the -
. stable ion Jl The mode @f formation bf a relatively strovng ion k is =

| ._’not clear but 1t might a.rise hy the loss of a hydrogen atom from _J_

In compounds where R CH3 ’ another loss of a hydrogen atom together
wzth rmg expansion could account for the presence of - a relatively strong .

7 . ion which is represented as’ m._ Annther maJor pathway is the " ':, \\

- 'decomposition of the (M CO)‘*‘ ion in two ways to give two strong ions f. coe
_g_ and f The former expels a.n HCN molecule and the latter an RCN S
:’_ _‘ molecule to give ions h and i respectively P | |

\'

The (M CO)"' ion in the spectra of spiro( benzothiazoline)

pyrazolones (431) fragmented with some exceptione in a sim1lar way. -

o Here the 1on e (which is ana.logous to _g_ in Scheme 39) ; ca.n fragment

m_.’



furthex: by the expulsmn of an- HCN or DCN molecule or a CS molecule .

to yxeld ionsg_ and £ respectively. The (M CO)"‘ ion does not expel e
A o o

an RCN molecule as was demonstrated in (430)

P : SeVeral examples of primary and secondary processes o
" V- : R

where cleavage of the N—N bond occurs are demonstrated in the specj:ra. -

3

of both the spiro (indolme)pyrazolones (430) and the sprro-(benzo- L

»*

thzazohne)pyrazolones (431) 'I‘he expulszon of a PhNCC molecule
from the molecular 1ons of these compounds may be accompanied or’
followed hy the loss of a methyl or phenyl radical the loss of the |
former gives rise to relatxvely abundant 1ons.‘ Ahundant ion (n) in the-’ T
spectra of the mdoline derivatives (430) also formed either hy the loss,;l;"
of a PhNCO molecule from the (M 1)+ ions (a) or by the expuleion of
PhNCO molecule followed by a hydrogen atom from the molecular ion.i o
Another imtial N—-N bond scnssion acé‘hmpanied by the expulsion of a * |
: methyl or phenyl cyamde molecule from the molecular 1on is demon-
stratedlin the ‘mass. spectra of both the methyl and ph,enyl analogs of .
the spirobenzothiaolines (431) In the spectra of the sp;roindohnes
(430) this loss did not occur dxrectly from the molecular ion but
ratherfromthe(M CO)+ion | \ " - o - _ ‘
e Maxer et a.l (1969) in a study of the mass epectra of somev
pyrazolone azomethme dyes , suggested that the very mmor (M CO)"'
| } ions found in these spectra are intermediates in tl’i?e formation of all 7
* Athe otheremajor fragments Thlﬂ suggestion was based en the finding |
B that the carbonyl moiety was absent from a.ll the magor fragment ions. ) ;

. "f;_ intens1t1es m the spectra of (430) and (431) were also deduced to be a:

o maaor source of most of the fragrnent ions present However some
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_’ other ions whxch mcorporate the carbonyl mo:,ety were also demon- |
: strated “In the indolme derwatwes (430) ’. an accurate maaa measure-

L 1
L ‘ment Of the ion’ at mle 144 (12%) showed that 50% of this ion c&es-—

. 'pands to the formulation C9H NO for wh1ch structu.re p is suggested

‘,(Scheme 39) Analogous mns rangmg in intens;ty from8 to 14% were e

. .a18° demonstrated in the spectra of (430b e) The correepondmg ’-On

L3

‘lvat mle %2 in the maas {}ctrum of the sulfur analog (403) was found
o ,': to be a smglet havmg the formulatlon C9H NS and that ruled,out the '
»-'preaence of a C O group in th:.s fragment 1on.‘ However the ion at
. -m/e 254 in the spectrum of (418 ) was shown by accurate maas |
e tme:«;.surement to be solely due to the formu.lation C LONZOS wh:lch :vl
o -..indicated the’ presence of C—-O mozety in this fragment (b) -
n Q o In addition to these common fragmentations, there are R

D several fragments peculiar to some particu