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Abstra&-Remarkabiy stable mesoionic oxaurknes possessing au o~k[3~-a~~~li~~ strudure (%b, 8,16, 
17) were obtained by the doubk cyclisation of p~~y~yc~-o~xylic acids (3~) in refhmiag w%ic 
anhydride or in bmxoic anhydride at 14tP. Tbe O-AC group was eliied to give+ the correspo~ug lactones 
(Lcb) or replaced by O-Ts (7). IR stretihing viitions of the uwfo+z&myl were io the mage 1710_1748cm-‘, 
while ~,a cxhii unusually bigb values (315%3194cm~‘). 1-Acyl derivatives could be obtained ouly with 
TFGU (23-w. althougb easy de&ration of tbe same position took place in tbe presence of traces of trilluoroacetic 
acid. Hydrolysis of J led to tbe aquinolone-N-acetic acid Z7n. In the case of Sa, hydrolysis was accompauicd by 
self-acylation of the ouckopbilii site at C4 with formation of a dimeric acid 28s. The preseoce of an additional Me 
group in pbenylalauine-ocarboxylic acid (36) activates the comsponding mesoionic oxaxolone 37 so that 
I-acylation becomes possibk with formation of the fused oxaxok 38 by the &kin-West reaction, Tempemture 
depcndcnt q aguetic uou-equivaleoce of methvlene protons has been observed in acids S-d aud f and also in the 
7-membered anhydride 4% 

_ _ 

During the last decade a new impulse has been given to 
research in the field of me&o& compounds2 when it 
was found that their 1,3dipoIcr cycl~d~ons to various 
reagents3, provide a new synthetic tool for a variety of 
heterocyclic compounds. Huisgen ef at? descrii in an 
exhaustive manner the “miinchnones”, unstable 
mesoionic oxazobnes of type 1 with azomethine ylide 
structure and their reactions which closely parallel those 
of the related sydnones. MO calculations have been 
applied’ and the crystal structure of 4acylated miinch- 
none determined.” The attempts to obtain fused 
mesoionic oxazolones with an oxazolo[3,2-alpyridiium 
skeleton led invariably to dacylated products like 2a’ 
and 2b.’ The corresponding non-acylated compound 2c 
could be obta&ed only in solution by deprotonation of 
the perchlorate salt with Et3N and could be kept only for 
a short period.* Other attempts to prepare analogous 
quills derivatives fail& the 2quinolone did not react 
with chloroace~ic acid and ref!ux@ of p~ny~y~e-o- 
carboxylic acid @a) in acetic anhydride in the presence 
of 3-picolii was reported to give only small amounts of 
N,Odiacetyliioxyl (&I)?~ 

changed after several weeks in acetone and acetonitrile, 
while a moderate stability in chloroform, ethanol and 
pyridine permitted rn~~rnents of spectra. The same 
compound 5n could be obtained diitly from the non- 
acetyIa&d acid 3a, but with fewer yields (44%) of a less 
pure product. 

Mesoionic quinolinooxazolones. The present work 
descriis a new type of mesoionic oxazolones of 
remarkable stability with an oxazolo[3&a)suinolinium 
skeleton. The parent compound 1 was obtained in ap- 
preciable yields (62%) by the double cyclisation in 
refluxing acetic anhydride of N-acetylphenylglycinene-o- 
carboxylic acid (LB). Although the condensed hete.rocy- 
clic system of ox~lo[3~-aJqu~~ was described 
in 1%7,” the cyclisation of 3a and its N-acetylated 
derivative 3h has been known since the end of the last 
century to yield N,~~oxyl @a).” 

The NMR spectrum of So exhibits a long-mnge coup 
ling between protons 1 and 4 (J = Zcls), certitied by 
double resonance experiments of spin decoupling. The 
same phenomenon could be observed with other mem- 
bers of this series. The synthesis of the 4-methylated 
derivative 5h revealed the distinction between the chem- 
ical shifts of protons 1 and 4. This was done by the 
cyclisation under similar conditions of the N-propionyt- 
phenylglycine-o-carboxyl acid (3~). The product RI, 
lie Sa, displayed a similar behaviour towards various 
solvents. The 4-position being blocked by the Me sub- 
stituent, the urns l-proton absorbs in the aromatic 
re.gion as a singlet at 6 =7.07. Therefore the chemical 
shift of proton 4 in compound 5a appears at the higher 
field (8 = 5.72) and indicates a strong nwleophilic reac- 
tivity, which is actually the case. 

An unambiguous assignment of the IR CO stretching 
absorption of the mesoionic oxazolone ring in 50-b was 
not possible since il overlaps that of the acetoxy group. 
The synthesis of tosylate 7 and of benzoate 8 made this 
possible. The former was prepared by eGnination of the 
acetyl grip of 5a with boron Muoxide etherate and 
treatment with tosyl chloride of the resulting iactone 6a. 
The benzoate 8 could be obtained in two ways: from 51 
in refhtxing chloroform by adding bemy chioride or by 
the cyctisation of 3h in benz4Gc anhydride at 140”. 

The product of the title reaction @a), straw-white 
crystals, m.p. 131’. could be kept for several months 
without alteration. Unstable in benzene and dioxane 
solution, the new mesoionic compound remained un- 

The IR spectrum of tosylate 7 shows a CO ahsorption 
at 1765cm-’ which compared with saturated oxazo- 
liines-5 (PCO = 1820 cm-‘) or with azlactones of tbe type 
9 (VW = 1825 cm-‘) indites an appreciable reduction of 
the double bond character. The benzoate 8 exhiiits two 
distinct CO bands at 1755 and 1735 cm-‘, the latter bei 
assigned to the ester group. 

t-cd to the 70th anniversary of Prof. E. Nc&xescu’s A remarkable feature of the new mesoionic 
birthday. oxazolones is the free, non-acylated position at C-l. The 
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chart I. 

cmespondii C-H stretching vi&rations show the 
charackstic values of 3178 and 3194cm-’ for the 
compounds Sa and b respectively, which are very close 
to those of the sydnones?* It is known that the UCH 

vi&rations in the aromatic and oiehnic series seldom 
excetd the &nit of 3Wcm-‘. It shouki be mentioned 
that spectra measured in KBr pellets are much more 
adequate for the study of the C-H stretching vibrations 
in the case of the knembered he&ocycles.” In our 
case these bands could not be observed in solution. 

A ma&mic ~~~~q~i~~~~ The spectral 
data of the hydroxyoxaxolone 17 furnished new interes- 
ting data. Its synthesis starts from 2-chloro4nitro- 

toluene (10) which is oxidiidi4 to 2-&loro4nitroben- 
xoic acid (11) and further reduced to the corresponding 
amino acid 12. The latter by diazotisation and hydrolysis 
gives the 2chloro4hydroxybenxoic acid 03) whose 
benxyl ether 14 on ~nden~on with gIycine atIords the 
5-~~~ox~~nywyci~-2~xylic acid (I!% The 
last three stages followed the pm&me reported” for 
tbc synthesis of the 4benxyloxy isomer. Cyclisation in 
acetic anhydride furnished the mesoionic oxaxolone 16 
which by scission of the benxyl group on hy~~noiysis 
with Pd/C led to the final product 17. When the cyclisiug 
agent was AC&&N the corresponding indoxyl 18 
resulted. 
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The CO stretching lotion of mesoionic 
oxaxolones 17 and 16 display unexpectedly low values of 
the wave number: 1710 and 1727cm-’ respectively. It is 
known that sydnones absorb in the region 1730- 
10 cm-‘, while the unstable isolated rn~c~~s show 
CO absorptioas at 1699-1709 cm-‘.6 The explanation of 
this phenomenon is given by the a- of a new 
canonical structme l9, which has an appreciable con- 
triln to the resonance of the moiecule allowhtg a 
supplementary polarkation of the CO. The presence of 
the possiMe betainic tautomer 20 has not been detected 
in the IR or in the NMR spectra. Caned 17 provides 
the identS.ation of every aromatic proton, The most 
&shielded proton is located in the 6 position (6 = 8.12). 
Its peri-substituen~ the acetoxy group, makes the con- 
formation 21 poss~bk. proton 9 is also deshielded by the 
adjacent positive nitrogen, whose effect is partiahy 
counkMauced by the &OH group (8 = 7.47) which also 
exerts a ~1~ effect on the ~~ proton H-7 
(S = 6.95). 

The nitro acid 3e could not be cyclised to the cor- 
responding mesoionic compound. Instead the N-acetyl- 
ated derivative 3f was isolated. 

The low-field chemical shift of the oxaxole ring proton 
as well as the capability of the a system to transmit a 
longrange coupling suggest an ~~~ character of the 

mesoionie oxaxoloue. In this connection it should be 
mentioned that sydnones unsubstituted at the dposition 
have a chemical shift of the corresponding proton to an 
appreciably higher tleld (8 =6.45-6.%).16 The same can 
be said of the pi ylides of type 22, app~ly 
stable owing to the enoi-betaiuic character (22bl. The 

Y 

22b ” 

corresponding chemical shifts appear in the range S = 
6.6-6.8.” The aromatic character also accounts for the 
very low basic@ of these compounds and the resistance 
towards alkalies of the htctonic cycle. Compounds 5a-b 
and 8 resisted hydrolysis in boilii IO96 NasO,. They 
also remained unchanged in cold 10% HCI, while 5h was 
soluble in trifluoroacetic acid without ~rn~sitio~ 
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On the other hand, similar to the sydnones, the rela- 
tively ~-f~quency CO absorption band suggests a 
reduced con~b~on of the structures with a negative 
exocyclic oxygen, but it may be misleading to conclude 
that the aromatic character of both sydnones and 
mesoionic oxazolones is negligiile. 

Acylation and dcuteratio~ Attempts to acylate S-b 
were ~u~essf~ except with paretic a~y~de 
(TFAA). At first sight, this finding seemed peculiar taking 
into account the behaviour of mtinchnones*” and of the 
oxazolopyridiniumoxide 2cJd which could not be 
isolated in a non-acylated state but under special con- 
ditions, namely treatment of the ~~e~n~~ perch- 
lorates with triethylamine.“‘E The stable acyl derivatives 
lose much of their mesoionic character owing to the 
delocalisation of the negative charge by the exocyclic 
CO. This is suggestively retlected in the very low values 
of the stretching frequency of the exoC0 and con- 
versely in the high values for the cndo-COb~‘* In our 
case the tritluoroacetylated oxaxoloquinolinium oxides 
could be obtained in two ways: by the action of TFAA 
on compounds 5a-b and by the cyclisation of 3b with the 
same anhydride. The former method afforded the com- 
pounds 2% and 23h, the acylation occurring in the posi- 
tion 1, while the latter led to the his-trifluoracetylated 
derivative 24. The IR CWmnds for 23a-b appear at 17% 
and 1661_1670cm-*, in accordance with the above 
oblations, while for 24 they are registered at 1775 and 
1698cm-*, as compared to 1715 for ~-~uo~a~~l- 
toluene” and 1693cm-’ for acetophenone. Still lower 
values were attributed to 2b.’ 

is 
a: R=H 
b: R=He 

By position from protic solvents, or by melting 
at 18p and resolidiication or simply by leaving for 
several days, the O-COCFS group was readity eli- 
miuated~ from 26 and a correspondii lactonic 
quinolone formed (WC, = 17g7, 1718, 1669cm-‘). 
However 24 can be kept unchanged for longer periods of 
time in a dry atmosphere and also it can be recrystallised 
from anhydrous aprotic solvents. 

All the attempts to acylate 5a failed with acetic anhy- 
dride, acetyl chloride, benzoyl chloride, oxalyl chloride, 
each either alone or in the presence of pyridine or 
BFsEtzO. 

The oxazoloquinolinium oxides Sa-b could be readily 
deuterated in the l-position in the presence of traces of 
CF&XIOD. The exchange occurs probably through the 
intermediate of structures of type 25. The NMR spectra 
of !!a in CDCl, in these conditions show the disap- 
pearance of 1-H while proton 4, long-range coupled to it, 
becomes a singlet. Also the lactones 6a-b could be 
deuterated, the former both in the 4 position and the 
KHz. 

Hydrolyses. Hydrolysis of !Rr in alkaline or acidic 
media (HCl, CF,COOH) brings about the cleavage of the 

lactonic ring as well as the removal of the O-acetyl 
group. The resulting product is the q~lo~etic acid 
278. The inte~edia~ stages of the hydrolysis can be 
observed by dilution with water of a trifhroroacetic solu- 
tion of 5b, when lactone 6b separates as a precipitate. 
The NMR spectrum of the trifluoroacetic solution before 
dilution exhibits a completely deuterable methylene cor- 
responding to the 0~1~~~0~~ salt 25. It is known 
that enolic esters are especially good for exchange with 
acids to give mixed anhydrides, the equiliirium being 
shifted by the excess of trifiuoroacetic acid towards the 
formation of lactone 6b: 

5b + CF,COOH = 6b + CFJXOAc. 

When mesoionic compound Sa is subjected to 
hydrolysis, the reaction is complicated by the presence 
of the unsu~ti~t~ and strong n~l~p~~ 4 position 
(NMR spectrum). In this case the hydrolysis was ac- 
companied by self-acylation with formation of the 
“diieric” acid 2%. which was better characterised as its 
trimethylated derivative 28h. The NMR and IR spectra 
are in accordance with this structure: two methylene, 
two methoxy and one carbomethoxy groups as well as a 
single ~quinolinic hydrogen and -the ketonic aroC0. 
The free acid 2&1 appears in two crystalline forms. They 
probably correspond to a bet&tic structure (dec over 
3WC) and to the missorted acid, m.p. 218” (dec). The 
two forms are inter~nve~~le by reprecipitation with 
acetic acid from dilute alkalii solutions and by boiii 
in distilled water. The “monomeric” ester 27b could be 
obtained through the intermediite of the lcarboxy- 
~~yl-2,~~y~oxyqu~oli~um chloride (26) on 
event with ~me~ane. A~ernp~ to net&a&e the 
salt led to the self-acylated product 280 what indicates a 
great reactivity of the presumed free acid 2%. Alkalii 
hydrolysis of ester 27b furnished no well-defined 
products except small amounts of indigo resulted from a 
basic ring cleavage and recyclisation to indoxyl, In the 
NhIR spectrum of 27b, the chemical shift of the l-H, 
S = 5.29 is characteristic which means a very high field 
even compared to that of the correspondii proton in !!a 
(6 = 5.72). Self-acylation was previously observed in the 
case of both m~hnones2 and o~lop~um 
oxides.* However in these cases the su~ti~tion takes 
place at position 4 of the oxaaole ring. 

The ester 27b does not regenerate Sp on refluxing in 
acetic anhydride while this is true for the lactones 6 and 
the acid 27r1, which yield the ~~es~ndi~ mesoionic 
compounds 5a-b. 

Reactivity and resonance, One of the main feature of 
the Qtmsubstituted miinchones and of the oxaxolo[32- 
ajpyridiium oxide 2e is that they are only isolable as 
acylated derivatives. The fact that Sa and its congeners 
can not be “overacylated” except with TFAA may be 
rationalised if we consider the ambiient tmcleophile 29 
as an intermediate whose phenoxide moiety is pref- 
erentially acylated. By examination of the various 
resonance structures (A-E Chart IV). many experimen- 
tal facts can be explained. For example the enol-betainic 
structure A corresponds to a vinylogous quinohne oxide, 
while structure B is a pyridiium ylide. Both canonical 
forms contain functional groups possessing a push-$dl 
character which is expressed by a back~rdination of 
electrons from the N-oxide or N-ylii group to the 
pyridii ring. This is visualised in resonance structures 
like C. The stabilising infhrence of the back-coordination 
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effect is enhanced by the 5-acyloxy sub&rent, which 
can attract electrons by an inductive etfect. Thus the 
contriins of the tetrapolar canonical structures D and 
E are increased, the latter being mostly responsible for 
the high-field absorption of proton 4. The appreciable 
de&ah&on of electrical charges as deduced from 
resonance structures is retlected in both physical and 
chemical properties: insolubility ami lack of reactivity in 
1096 HCI and hot 1096 NaxCCIx as mentioned before, as 
well as low m.ps by comparison with pyridinium bctaines 

lmvd.36.vd.104 

like 30, with m.p. m”.= With nucleophilic reagents such 
as pyrrolidine and benxylamine no reaction occurs in 
r&xing dioxane. Therefore there is an increased stabil- 
ity as compared to ordinary la&ones. However quite 
unexpectedly a quantitative reaction takes place with 
aniline, the product being the anilide of the +anihno-2- 
quinolone-N-acetic acid (32). The reaction probably 
occurs through several intermediates. namely the lactone 
6a and the corresponding anil 31. Curiously, in retluxing 
acetone no reaction occurred between Sa and aniline. 
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Another conclusion which can be drawn from the 
examination of the resonance structures is that an 
oxaxoloquinolinium oxide of type 35 should be similar in 
hehaviour to h while 2d, the pytidin& analogue of Sp, 
should show the same stabilising effect of the acetoxy 
group- 

Cyclization of N-acetyl-o-aldehydophcnylglycine It 
was thought that the double cyclisation of N-acetyl-o- 
aldehydopbenylglycine would atford the desired com- 
pound 36. Under the action of Cap or a mixture 
Ac&-AcONP the aldehyde 33 cyclised to indole, but in 
the absence of a base, or with acetic anhydride alone, 
another reaction path could be expected: acylation of 33 
to 34 and the double cyclisation to 35. Actually N- 
acetylindole resulted from the reaction which means that 
only the tlrst step (acylation of 33 to 34) took place 
According to the Scheme. This is proved by the fact that 
indole itself can not be acylated in rethtxing Ac20. 

Cyclization of phenylalanine+caAmylic acid. When 
the homologue of 3a, the phenyhdanine-ocatboxylic 
acid (360) or its N-acetylated derivative (36b) was 
relhtxed in acetic anhydride, tbe cyclisation followed the 
route of tbe D&in-West reaction.*S Instead of the 
expected mesoionic oxaxolone 37 the product proved to 
be an extremely stable oxazolo[3~-a]quinoline, 38, 
witbout any mesoionic character. Its only IR absorption 
in the CO region is the characteristic stretching vibration 
of a yquinolonen (1635 cm-‘) while the Nh4R spectrum 
exhibits a screened enamino ketonic proton (S =6.07) 
and a cisoid homoallylic coupling between the two Me 
groups, verified by a double resonance experiment. The 
sbucture of oxaxole 38 corresponds to a vinylogous 
ester, so that it can be easily hydrolysed in 20% NaOH, 
aqueous ethanol solution, to afford the ketoquinolone 
39a, which gave a dinitrophenylhydraxone and the 
methyl ether 39h. In retluxing AC&, the ketoquinolone 

F& 1. UV spccfn of h (-1 and of 30 t----b 
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a: R=H 

b: R=Me 

39a did not regenerate the oxazole nucleus of 38. One 
lower homologue of 38, compound 40, has been des- 
cribed in literatun? as beii the cyclisation product of 
the N-acetonylanthranilic acid in AhO. The UV spectra 
of compounds 313 and 40 are almost identical and quite 
d&rent from those of 5a-h (Fu. 1). 

Dscussion on the mechanism. Concerning the double 
cyclisation, the problem arising in the tirst place is which 
of the two new cycles is formed first (paths A and B). 
The N-methylanthranilic acid and its N-acetylated 
derivative can be cyclised in acetic anhydride to N- 
methyl4hydroxycarbostyril.~~ Within quite a large set 
of conditions, temperature from 60” to t&x, time from 
IOmin to 12hr and various ratios of Ac20, the product 
was the same and no formation of the (Tacetyl deriva- 
tive was ~bserved.~ On the other hand, in our case 
would the free acid 27~ intervene as an intermediate, 
self-acylation should occur with formation of 2%. As 
regards the route B it is known that cyclisation of 
secondary N-acylamino acids with A& to mtinchnones 
takes place at 55” while at 90” the DakiwWest reaction is 
completed by acylation of the same mtinchnones and 
Ct& elimination.~ If we consider the structure of the 
intermediate mesoionic oxaxolone 42 two features are 
obvious: the presence of an extremely reactive 2Me 
group owing to the positive charge of the nucleus which 
in the mean time deactivates the Qposition towards 
electrophiles. The anhydridised carboxyl as an o- sub 
stituent exerts also a supplementary electron-withdraw- 
irg activity. On the other hand, the hypothetical 
quinoloneacetic acid 41 does not appear to be formed 
under the described conditions while the corresponding 
non-acetylated derivative 27~ should react with itself to 
give 2Ba. From the above facts and considerations the 
conclusion can be drawn that there is more evidence in 
favour of the path B. 

The mechanism of the cyclisation 3h+42 is described 
for related structures in the literature.” It consists of a 
nncleophilic attack of the amidic oxygen at the neigh- 
bouring anbydride CO, accompanied by the elimination 
of the acetate ion and subsequently of a proton (43). 

The second ring closure occurs by an intramolecular 
Perkin type condensation between the anhydride CO and 
the activated Me substituent of the mtinchnone ring (44). 
The leaving group is an acetate ion and the intermediate, 
the ambident nucleophile 29, follows the path described 
k%dii to so. 

The cyclisation of 3a-b in refhrxing Ac&Et3Nn takes 
the diflerent course of the well-known Heumann cycl- 
isation to N,Odiacetyliioxyl (4a). Its mechanism has 
been describad.Y In the absence of EtsN no proton 
transfer occurs from the methylene of the mixed anhy- 
dride of 2h @!I) and the cyclisation to the intermediate 
oxaxolone 42 is preferred, which possesses a very active 
Me group. The double ring closure of 3b is thus com- 
pleted to Sa. If E&N (PK. = 11.4) is replaced by a weaker 
base such as pyridine (pK.=5.2) a mixture of ap 
proximately equal parts of the two products 4a and 5s is 
obtained When the reflux temperature is lowered to 54” 
and maintained as such for 7hr, the product formed is 
exclusively 4a. 

Tbe mechanism of the formation of oxaxoloquinolone 
38 is a very pertinent example of how the sole inductive 
effect of a Me group can change the course of a reaction. 
In a thst stage, the phenylalanine-ocarboxylic acid (36a) 
under the action of Ac20 goes into the corresponding 
mesoionic oxaxolone 37, whose ylidic resonance struc- 
ture has an important contribution to the real state of the 
molecule. It can be easily observed that the electron 
donating effect of the Me goup enhances the reactivity 
at position 1, destabilising the molecule and making 
acylation possible. This means that the DakiwWest 
route will be followed. Usually this reaction takes place 
with N-acylated a-amino acids under the action of the 
A&-Py and the overall result is the replacing of COOH 
by an acetyl group. The formation of intermediate 
mesoionic oxaxolones has provided the key to the 
understanding of the reaction mechanism.*bS When the 
reaction is carried out with N-phenylamino acids the 
presence of pyridine is not neces~ary.~ Besides, the 
0ccum1~ct of the fused-ring oxaxolone 46 leads to a 
second key intermediate, the xwitterion 47 of the type 
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described by Huisgen et al” The nucleophilic in 
tramolecular attack of the enolate oxygen at the (I- 
position of the quinoline nucleus leads directly to the 
final oxazole 38. The exclusion of 39p as a possible 
intermediate relies upon the fact that the Robinson 
Gabriel .synthesis of oxazoles from a-acylamino car- 
bonilic compounds can not be accomplished with acetic 
anhydride but only with strong cyclodehydrating agents 
like polyphosphoric acid, HF or TFM.” 

Magnetk non-equiwlemce of methykne protons. Au 

the N-acylated phenylglycine-ocarboxylic acids @b-d, 
jr) exhibit in their NMR spectra a magnetically non- 
equivalent methylene which appears as an AB quartet. 
This is a positive indication of molecular chirality. Since 
the molecule possesses neither a chiral center nor in- 
trinsic asymmetry, the phenomenon is due to the exis- 
tence of a preferred conformation whose lifetime is long 
enough on the NMR time-scale. Because of the crowded 
ortho substituents the coplanarity of the molecule is 
disturbed so that enantiomeric conformations are formed 
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Fii 2. PMR spectra of Jb in DM!X& at different temperatures. 

which at elevated temperatures interconvert rapidly, the 
methylene protons becoming ~ti~y equivalent. 
For 3bV the ABquartet coalescence takes place at abo? 
160” (Fs2). N-Acetyl-N-phenacyi-o-substituted aromatic 
amines, as well as the N-benxoyl-N-acetyl-o-tohti- 
diiP also exhiiit temperature dependent magnetic non- 
equivalence of the methylene protons. 

If we take into account the N-acetylated phenyl- 
alanine-oqarboxylic acid @I%), a chiral center is now 
incorporated into the molectde. We shah have four spe 
ties present: two dias~~i~rne~ each present in its 
racemic mod&&on. Two sets of peaks can actually be 
observed in the NMR spectrum, especially the Me doub 
lets and the CHquartets. Their unequal intensities were 
to be expected as the sterically less hindered conformer 
predominates. The same phenomenon can be observed to 
a much smaller degree in the acid 28a and its ester 24Ib. 

‘I-Mcmbenrd cyclic anhydties. Anhydride &a (Chart 
VIl was obtained as the result of an attempt to isolate the 
intermediate mesoionic oxazolone 37 by heating 34a in 
AC& at 70” for several hours- The isolated anhydride 
could not be transformed into oxazole 38 on further 
refluxing in AGO. The same observation has been 
proved for the sydnones.~ Anhydride 4Bb resulted on 
treatment of 3a with TFAA. Both 48s and b exhiited 
molecular chirality in the PMR spectra taken at rP. In 
the molecule of 4tB we have the same magnetic non- 
equivalence of the methylene as in 3b-d and f although 
the chemical shifts lie closer together. In this case the 
slowing down of the ~~-~~i~ causes the chirality of 
the molecule, the nitrogen inversion being exckded by 
the amidic structure, like in the preceding cases. In the 
molecule of 4& we have a chiral center similar to 36b 
and actually two racemic diitereoisomers can be 
observed, one of these in predominance. 

The formation of a cyclic anhydride was observed by 
NMRalsointheceseofanacidJdbutitcouldnotbe 
isolated. The presence of the Ph group in 34 makes a 
second ring closure of the h~thet~ intermedii 

oxazolone 49 impossible. In refh&g A& neither 49 
nor Dakin-West reaction products were formed but in- 
stead an exchange of the N-acyl group took place with 
formation of indoxy14 even in the absence of a base. 

-AL. 

Ail m.ps arc uncorrected aml were taken with a micro m.p. 
apparatus (Boctius). NMR spectra were recorded on a Varian A 
60-A sp&rometcr with TIKS BS internal standard. W spectra 
were mcasuraI with a Specord Carl Zeiss-Jcna instrum& mxi IR 
spectra with a UR-20 Carl Z&s-Jena spectrometer. 

hhyh - 5 - oc&xy * 2 - ~y~~~o[3~~]q~f~~ 
hati @aI 

(A) From3b.Asuspensionof408of3bnia600mlAclOwa9 
warmed gently uuit dholution occmrcd and subsequently was 
remaedfor30min.TheAczOwasremovedinIlacru,andthc 
residue well shaken with 700 ml water until crystallisation began. 
After standing over night the crystalline gram&s were llltcrcd off 
~~3y~~aof~~w~~t~~ 
1sOmlofalcobolaml~~oftheflltmdpptwithaoother 
portion of 5Oml of alcohol, 253 g of Sa, m-p. 13@, were obtained 
&i&l 62%). Furtbcr m&cation for analvsis was achieved bv 
&ystalli&~~ from-6096 EtOH in smalI~portions (1 g of Ss & 
3Oml of solvent) in the presence of active cbarconl when very 
long straw-white acicular crystals with a silky fibrIlIar aspect 
were ObtailKd, mp. 1305”. sometimes bowever tbc presence of 
the active cbaruxl caused the alteration of the product. (Poundz 
C,6139;H,3.71;N,5.48.Calc. for&I&NO,: C,64.19;H,3.73; 
N, 5.7696). Mol. wt. (Rast): 256. w: AZ (loge) = 322 (3.44), 
263 (4.08). 231 (4.41); AEm (log t) = 325 (354). 262 nm (4.03). 
IR (KBr): 1758 (lx&e&, oxazobnc and acetoxy carbonyls), 
3178 (lxx), 3147cm-’ (4xX). NMR (cDcl& 6 = 2.30 (s, 3, 
CH,). 5.72 fd, 1.4-H). 7.12 (d, 1, I-H), 735 (III. 2 F and MI), 
;68j$, PH. J = 8 sad 2 c/s). 8.15 (&I, 1.6-H. J = 8 and 2 c/s); 

‘~)~~To30mIAc?Owcrrradded2gotkamlIDcntk 
hcatingwasspplif!dlmtildi!SohltiDnoccuIred.AfternfIuxiagef 
tbellom@geQeousmixtUfor3omiatbcAc#wasremovcdh 
wcuo whik the residue, strougly sllakcn with 6omI water, 
separatedasanoilstic~totbewaltsofthevessel.~~t 
~t~~~~~,by~n~6~~w~~ 



with 3ml alcohol, 1.1 g of 5a wen obtaiocd, ap. 128” (yield 
44%). 

N-~~~~~~~~~~cQ~~~ acid (3~) 
The mew used for the preparation of 3b was s&My 

mod&d. In a soln of 1.25 g Na&Q in 125 ml water, 15 g of 3a 
were dissolved aod subsequently 14g of propionic anhydride 
were added dropwise with stir&g which-w& continued for 
OShr.AfteracidifvhuttODH=3withco~HHCI.tbcsolnwas 
extracted three t&i, nithyiene chkride b&g used as a 
solvent. After drying and removing of the solvent, the solid 
~~w~~~~w~e~r~~~~~ 
purSic&n. The yield was 10.3g (345%) of 3c which after 
recrystailisation from nitromethame had m.p. 164-165”. (Foond~ 
C, 57.36; H, 3.21; N, 5.37. Cak. for C!B~H,~~OJ: C. 37.31; H, 3.41; 
N, 3.46%). NMR (CDCI, t DMSO&& 6 = 0.98 (t, 3,OCH@&), 
202 {q, 2, OC&CH& 3.61 and 4.86 (system AB, 2, N-CH,Ha; 
J = 18 cps), 7.33-8.23 (m, 4, aromatic protons), 9.93 (s, 2 COOHI. 

N-&~cQ~ 0~12 (3d) 
To 988 of k dissolved in 3OOml 2N NaOH, 38ml benzoyl 

chloride was added dropwise concomitantly with soother portion 
of 2u)ml 2N NaOH. Stirring was maintaioed throughout the 
addition of the m&ants and afterwards for a&her 0.5 hr. The 
s~~ns~~ were ii&red off aod the pH brought to 3 by addition 
of cone HCI, when an oil separaM which crystaiiised after 0.5 hr 
(stirri&.AfterWationandwashiogwithwatertbedriedpptof 
3d weighed 137e (91.3%) which after rwrysUisation from 
aqueous EtOH (j:l) had m.p. 218-W. (Found: C, 64.36; H, 
4.56: N. 4.70. Calc. for C1&HIINO~: C. 64.21. H. 4.38~ N. 4.68%). 
Nhfi’t (iXGOd& 8 = 3.6 a&i 4:83 &st& b, ~;N-CHAH;. 
~=~~~), 7.12-8.03 (m. 4, aromatic protons), IO.73 (9, 2, 

N-AcLtyl4rritmphenyl&&e-2-ca&oxyfic acfd @a) 
4-Nitroobenvkdvcivlic acid@ (2 d was reflexed for 

1 hf io 2timl i&j. At&r nmovil of Acp‘ixider r&tC0d pns- 
s~,thensiduewashituratedwitbaitromcthaDetoIlive1.8gof 
3t (yield 63%). After recrystallisatioi~ from nitromethaoe. m.P. 
201-P (dec). (Found: C. 46.60; H, 3.95; N, 9.65. Cak. for 
CIIHI&Q: C, 46.81; H, 357; N, 9.92%). IR (ICBr): 1724cm-‘. 
NMR (CD,Cocc)II: 6 = 3.88 and 4.88 fsvstem AB. 2. N-CH.H.. 
J = i7j c&j, 650 (s, 2 COOH), 8.00 (4, i, 6-H), 8j3idd. 1, Gj; 
8.85 (d, 1,3-H); 1~~ = 25, Js$ = 8.5 ch. 

Anh@ - 3 - ac&oxy - 2 - hyaky - 4 - 1~e&~x4xwlo[3,2- 
alqW hydnxide (Sb) 

Compound3c(4g)wasadd&to60mlAc&aadr&xedfor 
3omirl. After removal of AC20 tt WCUO. the tarry aod viscous 
residue was trihuate’f wit!-aquauIs adone to-obtain 2.3og 
fvield 62%) of sb. which on bin fmm MeOH gave 
&ite. si& cry&s with m.p. 163’. (Founds C, 65.34, H, 45j; N, 
350. Calc. for C&,NO,: C, 65.37; H. 4.31; N, 3.44%). W: 
As (r) = 329 Q&52), 268.5 (12357), 234nm (21414). IR WBr): 
1760 (CO &on), 3194cm-’ (l-IX). NMR (CDCld: 6 - 1.95 (s, 
3, CCH,), 2.28 (s, 3, OCOCH~), 7.07 (s. 1. 1-H). 7.25-7.85 (m, 3, 
7-, 8- sod 9-H), 8.13 (dd, 1, &H; J = 8 and 13 c/s). 

To a saln of 1.5 g SI in 25 ml CHC!&, 15ml BF$t& was 
added. After a few moments with manoal shsldnr. an oil 
scpatatcdwhicbinaboutOJhr~tocrystaliise..~nextdPy 
~p~t~~~off~~~~~~ 
CHQ. After ~s~n fmm pyrid& the yield of 6a was 
1 g (80%). Further recry&a&ation from EtOH gave iit-ye&w 
Uuffy crystals, m.p. 234-239 (de@. (Found: C, 65.m H, 3.64: N, 
7.16. Cak. for C!,,H,N(x: C, 65.67; H. 351; N, 6.96%). uv: 
ASH (lee e) = 215 (4301, 284~1 (430). IR (KBr): 1665 
(quiooloae) and 1785 cm-’ (oxaaoione). NMR @MSW& 6 - 
4.32 (3.2, CH& 5.00 (s, I, CH), 7.15 and 7.80 (multiplets. 2+5 
aromatic proton& 

~~h~-3H~o[3~]q~-~l~~ (&I 
(A) Wh BF&O. The same procedure was followed as for 

6s. !Starth from 1 g of sb. 0.43 g of 6b were obtained W6) 
which on &xystaUi&ioa from dioxane&m~ 1, m.p. 2l!L2#P 
(de&. IFotmdz C. 66.71: H. 4.31: N. 6.78. Cak. for C&&~ C. 
i6.g; ‘H, 4Jt. -N, 6j156). k &Br): 1785 (oxa&&)-snd 
1667 cm-’ (quiaolone). NMR @MS&l& S = 1.70 (s, 3,4-W, 
4.35 (s, 2, CH,), 720 and 7.70 fmultiplets, 2t2, aromatic pro- 
tons). 

(B) WY.tb CF$XOIi. See u&r 278. path E. 

At&y& - 2 - hydnxty - 3 - tosyloxyoxawfoP&a_alq&tdinium 
&fro* 0 

To a soln of 0.3g of p-tolnene sulfoctdoride io 5 ml dry 
pyridine. magnetically stirred, 0.38 of (0 were added. The temp 
ofthemixturewasmaintainedat-5otbm&ootthereactio~ 
S~wascontiawiforlhrat(Paadtbe~keptinthe 
refrigerator over night. On dilution with water a crystal&e ppt Of 
7~~~whichwap~offaadftntherwashedwithwater. 
The dry compound weighed 0.57g (62%) sod on recrystallisation 
from EtOH. m.p. 137-158”. (Fooodz C. 60.87: H, 3.M N, 4.19; S, 
8.80. C&c. fof &H,~O,Sz C, 60.85; H, 3.69; N. 394; s, 9.01%). 
IR Mrk 1768 K!O). 3178 (MM. 3158cm-’ WCHL NMR 
(CD&):.8 = 2.48‘(s, 3, Me), j.47 c;i. 1, 4-H). 6& (d, .l, 1-H). 
7.13-7.98 (m, 3, aromatic pmtons), 8.17 (dd. 1,6-H); J,+,= 2cfs. 

M&v - 3 - barwyloxy - 2 - ~~~0[3~a]qu~~~ 
h#w* (r) 

(A) Eycyclisationoj3binbauoicunhy&&.Amixtureof7g 
of 3h and 5Og benxoic anhydride was heated at 130-W for 
3Ominwithocatsiooalshaking.Theh&mixturewhichsolidi6es 
at about 90-lOI3’. was poured into 300 ml of 10% N&C@ sod the 
whole r&xed for 1.5 hr. MiaUy there was a stroog evolution of 
CQ. As the be& anhydrlde was b&g hydrolysed a surfactant 
o~~~b~y~~~a~~~~~ 
wci&d 6.3g (72.3%) sod was recrystaUked f&m acetonitrik, 
m.p. 180-181”. (Found: C, 70.79; H. 3.81; N, 4.33, Cak. for 
CIsHI,NO,: C, 70.81; 8, 3.63, N, 4_58%). w: ZsH &)=2X2 
(2&W, 263 (14874), 3OWMnm (SW. IR (KBr): 1733 
(oxazolone), 1734 (ester), 3193 (ICH), 3147cm-* (MH)). NMR 
(CD&): 6 = 387 (d. 1,4-H), 7.33 (d, 1, l-H), 7.M) (m, 6, aromatic 
protons), 8.12 (m. 3, ammatic wotons): JL, = 2cls. 

(B)RomSawiflr~y/&~To~solnof0.3gofkin 
35 ml CHCL O-25 ml of benzovi chloride was added and the 
wb0kretifor43min.Ooiooliagwhitecrystakappeamd 
which were separated by tntratioa: 0.178 of 8, rap. M-173”. By 
evaporation of the f&ate in DIIcyo t&ration with acetonitrile 
and subsequeot recrystaiiiaation of the same solvent, 0.14g wen 
obtain& m.p. 180-181” (total yield 58%). 

~-~~~~~-2-~a~~c QCid fw) 
Com~li~~to~~~s~~~~ 

~~~~H~~a~~~‘j~sw~ 
further dkwtked and thei hydiolys# to l3 OMainaz before by 
aoMrectm&od.“Toasolnof3a(0.029m01cs)of Win44ml 
alcohol, 1.2g NaOH (0.0295 rooles)-&solved in i4.7 ml distilkd 
water were-added followed by 103ml (113g; O.O93 moles) 
bearvlchloride.nK~wa~rrfhuedfor2hraftrrwhich 
time-a Mcolld portion of NaOHaq (6g io 29mi of water) was 
~~~d~2~,~~~~~~ 
contiaucd for soother hr. The resulted bomogeauW soln was 
conceatrated to a smaIl volume and after addition of lOOmi 
water,extmcudtwicewithbenzene.Thef!uorescentaquwus 
layerwastrcatedwitbactivechsrooelaodackh&edwitbcooc 
H~.A~~t~w~h~~,~~~ 
aquams EtOH (1: 1) afForded 3.6g of 14, m-p. 137@ (yield 74%). 

To a sola of llg KOH aml llg K&Q in 176ml dktilkd 
water, 22g of 14 and llg glycine were added sod gfidUallY 
heated with manual shaking lmtil complete dissohition occured. 
Atraceofc0pper~nzewas&oducedintothesobtandthe 
whok &hued for 3 hr. After Wation of the catalyst the mixtum 
wasdilut#1withlJlrvataaddacidi&dsvitlrcoacHCl,Atter 
~~~~~~t~gof~~~~o~ 
wbkh on ASP from alcohol, m.p. 2W (de& (Fotmdz 
C. 64.29~ 8.3.42: N. 4.65. Cak. for Ct&~NOsi C. 64.42~ H, 4.73; 
N; 4.3348): . . 



Double cycliition of pheny~~o~xyi~e acids-l 13% 

dye - .5 - acetoxy ~8 - imi&oxy - 2 - ~~~~0(3~- (COCF3}, 1772 (oxaxolone), 1810 (CFQIO), 3176cm-’ (4-W 
aJq~~ hydmxide (16) NlUR @retorted& only aromatic protons. 

Acid15(Srt)hr75ailAc~mrsn~~for3onria.Oncaotiag 
mesoionic 16 crysta&sed. After filtration and vacuum drying v&b 
NaOH, 3g of crude product (yield 32%) were obtained which 

after recrystallisatiou from EtoH gave yellow crystals, rug. 
fXt-1719 (F& C, @!.‘I& H, 4.53; N, 3.92. Cak. for 
C&sN& C, 68.75; H, 4.33; N, 4.O&@. IR IKBr): 1733 
(mesoionie oxaxolone~, l768 (ester CU), 3124 (4-W, 3159 cm-’ 
(l-CH). NMR (CUCl$: 6 = 2.27 (s.3, hi& Xl8 (s, 2, CH& 5.68 
(d, 1,4-H& 6.88 (m* 2, F and P-Ii& 7.05 (da 1,1-H), 7.42 (s, 5, pl& 
8.07 (d. 1,6.H); Jr,, = 2 cls. 

SHydmxy~~k~-2.oxo-l~q~~~c acid (27a) 
(A) in alkaline medium Compourul5h (3g) was refluxed for 

0.5hr in a mixtum of Mml &OH and 53ml2O% NaOHaq. 
subsequently the alkalii a&l was concentmted is tJ@CW and 
a~top~=3~~HCl.~~ydi~~~~t~ 
offs boy wasted and after drying wei#ted 2.7g (quan- 
titative yields. After ~S~~ff from h&OH* m.p. 245-W_ 
(Four& C, 61.97: 11.4.90; N, 5.74. Calc. for CrsHriNU+: C, 61.80: 
H, 4.7% N, 6&O%& Uv: A= (lo8 cr) = 217 (4.18),257 nm (3.843. 
IR (KBr): 1688 @road band with &oulders), 2~3~~-’ 
(OH). NMR (LWDd& 8 = 1.73 (s, 3, 3-h@, 4.33 (s, 2, CHJ, 
7.53 (tn. 4, aromatic protons), ll.00 (very htnadeued, 2, OH). 

(B) In ucid ttmiim. Tkc sm&mic !tb dissolved instan- 
taneousIy in ~~~~ acid, when the soln was diluted with 
water and the sepamted ppt immediiely &red off, thorougldy 
washed and dried, the lactone 6h was ohtained. If the dihtted 
mixture was left over night aud &red off only next day the acid 
27a resulted in nearly q~n~tivc yield. 

ordinary pressureim the presence of 5% PdlC. The He &sorption 
ceased after 3 hr. The catalyst was l&red off and the solvent 
removed to itivc 0.11 II of crude 17 m-0. 185-l!@ (yield 91%). 
~s~i~~n from aqueous EtOH -(l : I) afforded crystals, 
m.0. 197@. fFoundz C. 6O.49~ H. 3-W N. 5.04. Cak. for 
C&&O~: d, (50.23, H,‘3.U), N; MO%). I.&: i= (Iogr)-213 
(4.09), 231 (4..53), 316nm (3.94). JB (K&j: 1710 (mesoionlc 
oxaxolone~* 1762 (ester carbonyl~* 3l43 (4CE& 3189 (LCH), 
3235 cm-’ (OH). NMR (lMSUd& 8 = 2.37 (s, 3, Me), 5.93 (d, 1, 
4-& 6.95 Old, 1, ?-HA 7.20 fd, I, I-H), 7.47 (d, 1,9-H), 886 (d, I, 
6_H);Jicl2;Jd7’8andJ19=2c~s‘ 

In a mixture of Sml A& and lml Et& 18 of l!i was 
refluxed for 2O min. After removal of the excess Ryder under 
reduced pressure the residue was we8 shaken witlt water and left 
to cry&&se, After poison from E&OH 0.4g of 18 wem 
obtained (37%) which after a seunrd ~~s~~n had me. 
l~.~s~~~NaOH~~~s~~~~ 
formed. (Found: C, ‘El=, H, 5.66; N, 4.36. Calc. for CnJ&NO,: 
C, 7OSR H, 5.u1: N, 4.33%). 

Ami;hm~~l1.Bof3badd5mt~~~manuallys~eu. 
~~~t~~~s~~~~w~~ 
mixture beeante dark and a white ppt separated whielt was 
tlltered off next day to drive 1.3g of crude pmdmt (yield 915.2%). 
which on trituration wiih hot FifeOH ~-~s~~~n from 
~~~ m,o. 2O’MOP’, (Found: C. 53.46: H. 2.69. Calc. for 
C&F>NOs: C, 53.1 l; H, 2.38%). UV: A &!$$I (lo& = 278 (3.76), 
362nm (4.30). l’lt (KBr): 1786 (oxaxolone CO), 1665 (CCCF,), 
3168cm-’ (NH). NMR spectrum could not he re8istered 
because of the lack of solubility. 

A suspeflsioa of 0.68 8 of 3h in 3.4 ml TpAA was ma8rMi~& 
stirred in the cold for 2 hr and then relltued for another hr. The 
mixture was left in tha refr&erator for two addltional hr. Tim 
solid product was 8ltered off and thoroughly washed with other 
to give 0.36 (27%) of 24 which after several recrysm8isauons 
from ~~~ had m.p. 187”. (Feundz C, 46.06; H, 1.59. Calc, 
for C~~H~~~~~F~~ C, 458l; H, L2tEQ. JR #W: 1694 

protuessive beating mtF &plied until at XWY a clear~soln 
resulted to which some active clmrcoal was added. After &ring 
and vacuum evaporation to dryness in a bath heated to no more 
~~~~~~~~~~a~~f~y~ 
was obtained which could not he induced to crystal&. A smSn 
sample obtained from very pure Jo was submitted to elementary 
aaalysis, mp. 143” (de& (Foumh C, 51.35; H, 4.10; N, 5.73; Cl, 
14.12. Calc. for C,,H~~~~~ C, 51.70; H, 3.95; N, 5.48; Cl, 
13.87%). IR (KBr): 1740, 1653 CW’. NMR (D@): 8 = 4O8 (s, 2, 
CH& ‘J.OS78O (m, 4, aromatic protons). HrO signal taken as 
internal reference. 

sky ~~~~-2-0~-1(~~~~~~~ (Z?bj 
wnhout any bin the ~~Y~~ 26 was tttatsd with 

2OOml of e&real soln of diaxomethane (about 0.2 moles, 
ohtaiued from 22~ of moist N-~N-~~~~~. After 2hr 
the ppt was l&r&i off. 2g of ttb he% &t&ted held 66%). 
The crude ester was dissolved in CHClx, treated with active 
cluueoal and, after l&ration, the crystalliition occurred by 
addition of CC&. After ~~li~~n frmn CHCl,-CCl,+ (1:2). 
mp. l54-ES”, (Four& C, 63.41; H, 5.52; N, 5.P4. Cak. for 
C&,3NO,: C, 63.1% H, 5.M; N, 5.66%). w: I Z(loge)=29P 
(3.n; sh), 289nm (3.46; sh). lR (C&C&): 1721,16&1630cm-‘. 
NMR (CDCl& S-3.83 and 3.85 (sin&b; 6, OCH,), 4.30 (s, 2, 
F&d, 5.20 (s, 1, SH), 7.30 (m, 3, aromattc protons). 7.92 (q, 1, 
- 1 

3-(Y2-~~t-4-hy$~xy-2-oxo-l-quindinp~~-4 
- kydmy - 2 - oxo - l(W) - q~~~‘c aid (2&1) 

(Al &sic hy&dy&. A ~n~~g~~~lO~~% 
NaOHaq was ma8netWy stirmd over night when complete 
~l~~*~~~n~H~a~tof~ 
separated which after f&ration, washintJ aud dr$ng weighed O.4g 
(yield 89%) with rng. 213” (dec). Lower yields weie obtained 
with aqueous EtOH (1~4). When ACOH was used for neu- 
tmlisatimt another cry&a&m form separated which decomposed 
without melting above #WI” and could be recrystallised from 
distilled water (1:3O) under 60”. When the aqueous soln was 
relltrxed, a conversion to the fornmr ~&line modi8cation 
occWed and crystals befran to sepamte with m.p. 2180. on 
cooling the separation was complete. (Foutxh C, 59.85; H, 4JI, 
N, 6.23. Calc. for C~H,~~H~ C, 60.20, H, 4.1); N, 6.38%). 
UV AS (loge) - 282 (4.OQ 333 run (4.28). lR (KBr): v (melt- 
able form)= 172& 167O* 165s; v (unmeltahle form)= lafm, 1559, 
16tOcm-‘. NJ@ @M8tM,& 6 = 4.48 and 4.85 (siu&ts, 2+5 
CHs.& 6.45 (J, 1, &#, 7.62 (m, II, aromatic and acidii proton& 
~&~~n~~-H~t~~3~~~ 
tltc memat% n&n. 

@I Add hyiMyG. The chlotohydrate 26 ohtalned from 2g of 
k was dissolved in 2O ml diitilled writer when a clear liit-yellow 
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soln was obtained. By addition of aqueous alkali the soln was 
brought to pH = 10 when no separation of a ppt was observed. 
On reaciditication with cone HCI a voluminous ppt separated 
which after washing and drying gave 2g of 28a v&h m.p. #rp 
(vield 90%). When the alkalisation was done carefullv. at OH = 
4.5 an abundant ppt separated which after tUtration, &XI iash- 
ing ami drying in vacua, weighed 2.2 g and showed no m.p. up to 
308’ when it darkened. 

Methyl al.2 - dihydm - 4 - nwthoxy - 2 - oxo - 1 - quinolinyl- 
acetyl) - methoxy - 2 - oxo - l(2H) - quinolinrtrcdate (Zb) 

To 5Omi of ethereal soln of diazomethane obtained as before, 
0.75 g of 280 were added (any of the two forms) and the suspen- 
sion was stirred for 2hr when a deposit of white powder was 
obtained with a supernatant orange ether layer. ‘Ibe yield was 
0.75 g of m (91%). On repeated &crystaUi&tion from MeOH, 
m.p. 23&23T. (Found: C. 64.70; H. 5.02; N, 6.04. Cak. for 
CzrHnNsO,: C, 64.93; H, 4.80; N, 6.0646). UV: A S Ooge)= 
214 (4.48), 260 (4.14), 291 MI (4.10). IR (CHsCls): 1726, 1694, 
I651 cm-‘. NMR (CDCIJ: 8 = 3.82 and 3.85 (sinulets. 6. OCHJ. 
4.02 (s, 3, COOCHs), 4.57 

. ~~~_I, 
(s, 2, CH3.4.85 (d; i--CHsj’ 6.77 (1, 1, 

B-H), 7.35 (m, 6, aromatic protons), 7.92 (m, 2, aroma& protons; 
homoallylic coupling across an amidic bond: JcnI, a_u = 2 c/s. 

CAnilino-2-0x0-l(W)-quinolincocctic a&de (32) 
To a soln of 1.2~ (5 mmok) of Sa in 1Oml dioxane. 1.4R 

(15 mmok) aniline were added and the whole re8uxed for 2 hr: 
After removal of the solvent under reduced pressure the sticky 
residue was ttiturated with nitromethane when 1.88 of anilide 
(quantitative yield) resulted. After recrystallisations from diox- 
ane and nitr&ethane clean white cry&b were obtained, m.p. 
230’. (Found: C. 74.79: H. 5.26: N. 11.37. Calc. for C&I&OS - ._ _ _ 
C, 74.78; H. 5.18; N, 11.37%). I& A F (lo8 e) = 306 mn (4.42). 
IR (KBr): 1660 (amide), 1650 (sh; 2quinolone), 3285 and 
3215 cm-’ (NH). NMR (DM!IOd& 6 = 458 (s, 2, CH& 5.32 (s, 
1,3-H), 7.18 (m, 14, aromatic protons), 9.27 (s, 1, NH), 10.16 (s, I, 
NH). Both NH-groups were deuterable. 

Acylation and cyclization of c+fomylphatyfgiycine (33) 
The title compound was prepared from o-nitrobenxakiehyde 

through a sequence of five steps: formation of the oxime, the 
selective hydrogenation of the nitro group.” condensation of the 
resulting amine with chloroacetamide” and hydrolysis of the 
amide” and of the oximp groups. 

Asolnof0.65gof33in10mlAcsOwasretluxedfor30min 
and the solvent removed under reduced pressure. The oily resi- 
due did not crystallise but could be distilled in vacuum to alIord 
N-acetylindok whose IR and PMR spectra were identical to 
those of an authentic specimen. 

Pheny/dunine+ca~xy~c acid (36) 
To a soln of 21 g (150 mmole) KsCOs in 80 ml distilled water 

were successively added and dissolved with gentle heating 125 g 
(80 mmole) chlorobenxoic acid and 9g (lOOmmole) ahmine. A 
small amount of Cu powder (about 1 g) was introduced and the 
wbok retIuxed for 4 hr. After dilution with 150 ml distilled water 
and filtration the green sobs was acid&d with HCI to pH = 3. A 
white, bulky ppt separated which was tihered off and then 
puritkd by reprecipiin from a slightly warm ammoniacal 
solution or by recrystallisation from 400 ml 25% EtOH to give in 
the latter case, after vacuum drying, 85 g of Xa (yield 51%) with 
m.p. 218” (dec). I.&.” m.p.: 216’ (dec). 

N-Accrylphmylolnninc~ca~~lic acid (36b) 
The same procedure’* was used as for 3b. The product (36b) 

which separated by acid&&m was diMcult to crystallise from 
ether m.p. 215-217” (dec). (Found: C, 56.99: H, 5.44; N, 5.80. 
Calc. for C,sHi$IOs: C, 57.37: H. 5.21; N. 5.58%). NMR 
@M!Wd& 8 = 1.67 (s. 3. COCHs). 7.70 (m, 4, aromatic pro- 
tons), .9.90 (broadened s, 2, OH); Jc,tcu,=75c/s; dia- 
stereoisomers: 6oo, (d, 3)=0.95 (84.5%) and 1.44 (155%). _..___ 
&,cu, (q. 1) = 4.80 (845%) and 4.09 (15.5%); 

l~-~hyl-5H-oxozdo[3~~]quinolin-s-o (38) 
Frocedun A. The acid 36n (5 g) was refluxed in 72 ml A& for 

1 hr. The excess anhydride was removed under reduced pressure 
and the residue shaken with water and left over night. The 
gelatinous ppt was triturated with 10 ml acetone when 1.7 g of 
white crystals of 38 were obtained (yield 33%). After recrystal- 
lisation from 50% EtOH, m.p. 210”; picrate m.p. 236” (yellow 
crystals) and chlorohydmte m.p. 258’ with dec (obtained from 
hot alcoholic soln by addition of cone HCI). (Found: C, 73.03; H, 
5.48: N. 6.79. Calc. for C,,H,,N4: C, 73.22, II, 5.20; N, 656%). 
uv: AE (loge) = 259 (4.18). 329mn (4.05). IR (CH#&): 
1631 cm-’ (quinolone). NMR (CDCIs; the sample was sublimed in 
vacuum in order to remove a trace of an undesirable impurity): 
8 = 2.25 and 2.55 (doubkts, 3 + 3, CHs), 6.07 (s, 1,4-H), 7.15-8.03 
(m, 3, aromatic protons), 8.5 (dd, 1,&H); JubW = 1 c/s. 

proccdvn B. The residue from procedure A was eluted with 
acetone from a neutral ahnnina column, resuhing in 1.6g of 38, 
m.p. 209’ (yield 31%). 

To a soln of 1.5 g of 38 in 15 ml EtOH, 25 ml 28% NaOH aq 
were added and the whole was retluxed for 2hr. After concen- 
tration of the soln under reduced pressure to one third of its 
initial volume and acidiition to pH - 3 with HCI a bulky ppt 
separated: 15g (yield 89%) which after recrystaUis&ion from 
acetonitrile and 50% aqueous MeOH, mp. 266267”. DNFH: 
dark yellow crystals with m.p. 276-m. (Foundz C, 67.88: H, 
5.66; N, 6.12. Calc. for CrsHrsN4: C, 67.52. H, 5.67; N, 6.0696). 
IR (KBr); 1634 (quinolone), 1718 (acetonyl), 3413cm-’ (OH). 
NMR (CDCl,+DM!Xh&): 8 = 1.53 (d, 3, CHCH,), 2.00 (s, 3, 
COCH,), 5.32 (q, 1, CHCHs), 6.03 (6, 1,3-H), 7.38 (m, 3, aromatic 
protons), 8.07 (dd, 1, S-H). 11.2 (broadened s, 1, OH); Jcu_cu, = 
7 c/s. 

~~cthoxy-l~l-~hy/occlonyn-2(1H)-quindon (~!KI) 
A mew described for the esteScation of hindered acids 

with Mes!IOI was utilised since no results were obtained with 
diaxomethane. To the soln of 1 g of 39a and 0.5 ml M&IO, in 
10 ml dioxane. 0.8 K 25% NaOH au was added. After re8uxina for 
30 min the Na&OLwas t&red oB and washed with dioxane.ihe 
residue obtained after evaporation in vacrto of the dioxane 
fractions was crystallised from acetonitrik to give 0.7s of J9b, 
which after recrystallisation from aqueous DMF had a m.p. of 
175’. DNFH: orange needles with m.p. 23M. (Found: C, 68.54; 
H, 5.97; N, 5.88. Cak. for CrJIrsN@: C. 6852; H, 6.16; N. 
5.71%). IR (KBr): 1638 (quinolone). 1718 cm-’ (acetonyl). NMR 
(CD&): 6 = I.60 (d, 3, CHCH,). 203 (s, 3, COCHs). 4.00 (s, 3, 
OCHs), 5.65 (q, 1, CH-CHs), 6.08 (s, 1, SH), 7.42 (m, 3, aromatic 
protons), 8.87 (dd, 1,5-H): Jcucu, = 7 c/s. 

Cyclization of 3b with Ac&Py 
Asolnof20gof3binamixtureof MOmlofAcsOand4Omlof 

pyridine was kept for 24 hr at 55-W. After removal of the excess 
anhydride under reduced pressure the viscous residue was 
vigorously shaken with 700 ml water and left over night. The ppt 
was Iiltered off and dried in vacuum yieldii 165g of 4 (9096). 
After elution with CHsCls from a neutral alumina cdumn m.p. 
80”. No depression of the mixed m.p. with an authentic sample 
was observed while alkaline hydrolysis fumisbed indigo. 

A reaction carried out at 55” for 7hr gave a yieki of 82%. 
When the mixture of the preceding experiments was rethd for 
20 min approximately equal amounts of 4 and k were obtained 
as determined by NMR. 

N-Acetylphatylalanine+ca&oxylic anhydridr (rl&) 
Asolnof 15gof3(rin22mlAc~waskeptfor5hrat7Vin 

a thermostat. The excess anhydride was removed u&r reduced 
pressure by heating on a water-bath maintained under 75”. The 
yield was almost quantitatiie. After recrystalIisation from ether 
with active carbon, m.p. 1rP. (Found C, 62.06; H. 4.91; N, 5.80. 
Calc. for CrsHrrNO,: C. 61.80; H, 4.75: N. 6.Wb). IR (C&Cl& 
1740 and 1819cm-‘. NMR (CD&): 6 = 1.92 (s, 3, CCKH,), 7.32 
(m, 3. aromatic protons). 8.17 (dd. 1. 1H): diastereoisomers: 
&mu, (d, 3)= 1.36 (15%) and i.72 (85%), &a, (q, 1)=3.% 
(85%) and 451(15%). 
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N-Tripuorwc~~~u~ca~~f~ anhyddde (481~) 
A suspension of 3g ~~y~o~x~ acid in 4ml 

TFAA was mag&&ly stirred in the cold. After a few minutes 
the mixture became homogeneous and a sliit warmiog was 
observed. The stirring was continued for several hours after 
whichtimetheckarsofnwaspoundinto20gict-waterA 
powdery ppt sepprated which after tUtration and dryirut gave _ -- 
3.2 g of 48h (yield 76%). After rccrystaUisa&n from CHCI~ mp. 
100-1(12”. ffoumf: C. 48.12: H. 2.12. Cak. for ctti#&o~*: c. 
48.u); H,‘ 2.2196). Pm fKBtj: 1761 and mii’~ii-~.- Nti 

(CD$OCD& 8 = 4.63 and 4.88 (system AB, 2, K C&Ha, J = 
16 c/s), 6.80 and 7.47 (multiplets, 2 t 2, aromatic protons). 

Achodafgunent--The authors are gnzatly indebted to Mrs. 
Elvira Sliam for the elemental microanalyses. 
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