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Data on the opening of oxazole, isoxazole, thiazole, isothiazole, pyrazolidine, 
and imidazolidine rings (particularly the rings of oxo derivatives) by amines, 
amino acids and their derivatives, hydrazines, and hydroxylamine are corre- 
lated. 

The opening of azole rings under the influence of reagents that contain amino groups, 
viz., amines, hydrazines, hydroxylamine, and amino acids and their derivatives, makes it 
possible to synthesize amides and hydrazides of ~-substituted carboxylic acids, peptides 
[1-5], carbamates, dithiocarbamates, aminoamidines, amidrazones, and other compounds. Some 
of them are intermediates in the recyclization of heterocycles. 

The decyclization of azoles is a nucleophilic reaction that commences with attack by 
the amino group of the reagent on *an electron-deficient carbon atom of the heteroring (most 
often the carbon atom of the carbonyl group of the oxo derivatives of azoles). 

In the present review we examine primarily cases involving the decyclization of 
azoles to give products that are stable under the reaction conditions�9 The review encom- 
passes the literature up to 1977, in addition to research by D. Simov and co-workers on the 
aminolysis of benzazoles, which will be correlated separately. 

5-Oxazolones 

5(4H)-Oxazolones (Azlactones) (I) [i] can react with nucleophilic reagents at two 
electron-deficient centers, viz., C2 and Cs. The ring of 4-alkylidene-5-oxazolones (II) is 
more stable than the ring of their saturated analogs [i, 2], since the electrophilicity of 
C~ is reduced here because of conjugation with the double bond. 
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Reaction with Amines. 2-Phenyl-5(4H)-oxazolone (III) undergoes ring opening under 
the influence of heterocyclic primary amines with cleavage of the O-Cs bond to give N- 
(betarylcarbamoyl)methylbenzamides (IV, in 5-91% yields) [6], which are used in the synthesis 
of 5-hetarylamino-2-phenyloxazoles. 
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When 2-phenyl-4-alkylidene- [7] and 2-benzyl-4-arylidene-5-oxazolones [8] (lla,b) are 
heated with ammonia [8, 9], ethylamine [8], and aromatic amines [7, 8], they also undergo 
decyclization to give e-acylaminoacrylamides Va, b in 75-95% yields. 

This reaction is the first step in the conversion of oxazolones to the corresponding 
imidazolones [8]. 
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The reactions of azlactones that contain phenothiazinyl (llc) [i0] and pyrazolyl (lid) 
[ii] groups in an arylidene substituent in the 4 position have been investigated; amides 
(Vc) [I0] and hydrazides (VI) [i0, 12] of ~-benzamidoacrylic acids are formed in these re- 
actions. The results of kinetic studies of the aminolysis of azlactone llc by benzylamine 
in a mixture of chloroform and dimethylformamide (DMF) show that the rate constant of the 
reaction, which is first-order in azlactone, is increased by a factor of I0 when the ratio 
of the components in the solvent is changed from 7:1 to 3:1. The constant of the rate of 
decyclization of substrate lie is several times smaller, since the presence of a sulfur 
atom weakens the electron-donor properties of the phenothiazinyl substituent in llc as com- 
pared with the diphenylamino substituent in lie. 

The structures of the products of aminolysis of 2-aryl-4-arylidene oxazolones by 
ethanolamine depend on the molar ratio of the reagents (Vlla in the case of a ratio of i:i, 
and Vllb in the case of a ratio of 2:1) [13]. In both cases the aminolysis products are 
formed as a result of cleavage of the 0-C5 bond of the oxazolone ring, i.e., as a result of 
nucleophilic attack on the carbonyl carbon atom. 
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The reaction with amines is a more complex process when the 4-ylidene substituent con- 
tains reactive groups. 4-Hydroxymethylene- and 4-alkoxymethylene-5-oxazolones react at room 
temperature with ammonia and primary and secondary amines at the exocyclic carbon atom to 
give 4-aminomethylene oxazolones; under more severe conditions (100~ amines attack C5 to 
give ultimately acrylic acid derivatives V [i]. 4-Ethylthiomethyleneoxazolones give the 
corresponding 4-aminomethyleneoxazolones or amides V, depending on the character of the sub- 
stituent in the 2 position and the reacting amine [i, 14]. 4-Arylidineoxazolones react with 
hydrazine hydrate under mild conditions to give hydrazides Vl; when the latter are refluxed 
in alcohol solution, they are converted to pyrazolidones [I, 15], whereas when they are re- 
fluxed in aqueous NaOH solution, they are converted to 1,2,4-triazlnes [12]. 

When equimolar amounts of 2-aryl-4-dichloromethyleneoxazolones (VIII) react with pri- 
mary amines, they undergo ring opening to give ~-acylaminoacrylic acid amides IX in 70-95% 
yields [16]. These amides, which have a reactive enamide grouping, are converted to propi- 
onic acid alkylamides X as a result of the addition of another molecule of the amine. Alkyl- 
amides X are also formed directly from the oxazolones if the reaction is carried out in ex- 
cess amine for a longer time [16, 17]. Seconary amines undergo the reaction, during which 
primarily the chlorine atom is replaced to give aminomethyleneoxazolones XI. The authors 
assume that the difference in thereactivities of the amines is probably associated with 
steric factors. It must be noted that, despite the large volume of the te=t-butylamine 
molecule, the oxazolone nevertheless undergoes decyclization with it. 
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Little study has been devoted to the reactions of 2-arylidene-4-aryl-5 (2H)-oxazolones 
[pseudooxazolones (XII)] [i, 8] with amines. The decyclization of 2-benzylidene-4-phenyl- 
5(2H)-oxazolone with aromatic amines in alcohol solution has been carried out by refluxing 
in the presence of trimethylamine [18]. The authors propose that the amine adds to the en- 
docyclic azomethine bond with attendant ring opening and inclusion of the alcohol in the 
reaction. As a result, the corresponding methyl or ethyl ararylamino-~-phenylacetamido- 
phenylacetates (XIII) are formed in almost quantitative yields. 
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The reaction does not take place with aniline in xylene and 1-butanol even in the 
presence of triethylamine. Pseudooxazolone XII reacts with equimolar amounts of benzylamine 
and 4-nitro- and 2,4-dinitrophenylhydrazine when the compounds are refluxed in alcohol solu- 
tion; decyclization also occurs in this case, but only the corresponding amides or hydra- 
zides of phenylacetic acid are formed. 

Reactions with e-Amino Acids and Their Esters. The aminolysis of oxazolones with 
amino acids and their esters is used in the synthesis of peptides [19] (the Bergmann reac- 
tion [i, 20, 21]). Ethanol, ether, acetone, acetic acid, and other polar solvents are used 
for this reaction. 
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The aminolysis of oxazolones with an unsaturated suhstituent attached to C~ proceeds 
similarly to give the corresponding dipeptide [7, 21]. 

A substantial inadequacy of the aminolysis of optically active azlaetones is the fact 
that racemization of the azlactone also takes place under the influence of the nucleophilic 
reagent [22]: 
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Of the two processes, viz., ring opening or racemization, the one that predominates 
depends on many factors: the character of the nucleophile, the solvent, the temperature, 
and other reaction conditions. In connection with the fact that the preparation of optically 
active peptides is a difficult task but is of practical value, Goodman and co-workers [22- 
26] have made a series of studies. It was established that the rate of racemization of L-2- 
phenyl-4-benzyl-5-oxazolone (XIV) decreases in the following order of nucleophilic reagents: 
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p-nitrophenoxide ion > phenylalanine methyl ester > pyridine. The concentration of nucleo- 
phile necessary for decyclization is much higher than the concentration that gives rise to 
racemization. Pyridine causes racemization but does not open the ring, since for ring 
opening the reagent must have high nucleophilicity [22]. Kinetic studies made with L-4- 
benzyloxazolone XV lead to similar conclusions [24]. 
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Conclusions have been drawn from a comparison of the reaction of azlactones XIV and 
XV with DL-phenylalanine in dioxane at 25~ the racemization of XV is faster by a factor 
of 11-12 than decyclization, while XIV undergoes racemization faster by a factor of 200. 
Azlactone XIV is racemized five times faster than XV; in the opinion of the authors, this 
is due to conjugation between the phenyl substituent in the 2 position and the azomethine 
bond of the oxazolone ring of XIV. Opening of the ring of azlactone XIV is slower by a 
factor of three to four than in the case of XV [23]. The more nucleophilic (and less basic) 
the reagent, the greater the ease of decyclization [25]. Ethyl glycinate proved to be the 
most suitable of the investigated amino acid esters. An optically active tripeptide is ob- 
tained in 75% yield in the reaction of ethyl glycinate with oxazolone XV in toluene. Under 
the same conditions methyl aminoisobutyrate gives a completely racemized product. 

Only decyclization to give optically pure hydrazide XVI occurs in the reaction of 
oxazolone XVwith excess hydrazine hydrate because of the high nucleophilicity of the latter 
(the ~ effect [27]). 
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The effect of the temperature, solvent, and reagent concentration on the reaction of 
nucleophiles of this type (hydroxylamine and hydrazine hydrate and their derivatives) with 
oxazolone XIV has been studied [26]. 

The kinetics [28-30] of the decyclization of 2-phenyl-4,4-dimethyl-5-oxazolone (XVII) 
with DL-alani~e ethyl ester [28] and a series of ethyl esters of other a-amino acids [29] 
in carbon tetrachloride with acetic acid as the catalyst has been investigated. The re- 
action is a second-order process, and its rate is independent of the initial concentration 
of the substrate. The excellent correlation between the rate of the catalytic reaction and 
the Taft o a constants indicates that the substituents attached to the a-carbon atom of 
alanine have an effect chiefly owing to the inductive effect. 

5-1soxazolones and Other Oxazole Derivatives 

The opening of the ring of 3- unsubstituted 5(2H)-isoxazolones (XVIII)with amines [31] 
and other nucleophiles [32] proceeds via a different pathway. Diamides XIX are obtained as 
a result of the reaction of 2,4-disubstituted isoxazolones XVI%I with aliphatic amines 
[31, 33]. 
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It is assumed [31] that a proton is detached from the C3 atom by the action of the 
amine and that the O-N bond of the isoxazolone ring is cleaved to give keteneimine XX. A 
similar reaction is also known for other azoles [34]. Intermediate XX very readily undergoes 
cyclization [35] to give lactone XXI, which reacts with the amine to give diamide XIX. 

Nucleophilic attack on 5(2H)-isoxazolones probably occurs at C3. This isconfirmed by 
that fact 2,3,4-trimethyl-5(2H)-isoxazolone reacts with phenylhydrazine at 140~ to give 
l-phenyl-3,4-dimethyl-5(2H)-pyrazolone. Attackat Cs would have led to its isomer -- 
l-phenyl-4,5-dimethyl-3(2H)-pyrazolone [36]. 

Uncoordinated data on other instances of opening of the oxazolone ring by amines, 
hydrazines, and hydroxylamine are also known. For example, an amidoxime was obtained in the 
reaction of DL-trans-2-phenyl-4,5-dicarbomethoxy-2-oxazoline with hydroxylamine in connection 
with studies of the synthesis of derivatives and analogs of cycloserine [37], and the corre- 
sponding phenylhydrazones of ~-acylamino ketones are formed by treatment of 2,4,5-trisub- 
stituted oxoazoles with phenylhydrazine and 2,4-dinitrophenylhydrazine [38, 39]. 

The decyclization of the oxazole ring has also been accomplished in condensed systems: 
in halomethyl- [40] and hydroxymethyl-substituted [41] oxazolopurines, in mesoionic pyrido- 
oxazolone [42], and in 2(3H)-benzoxazolone [43]. 

2,5-Oxazolidinediones 

2,5-Oxazolidinediones XXII (N-carboxy-~-amino acid anhydrides [i] and Leuchs anhydrides 
[2, 44]) react with nucleophilic reagents to give N-carboxy-~-amino acids and their esters 
or amides, which are readily decarboxylated. Decarboxylation product XXIII, and s-amino 
acid amide, is also a nucleophilic reagent and may react with another molecule of the oxazo- 
lidinedione to give dipeptide XXIV and in some cases a polypeptide. 
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This reaction can be regarded as a polymerization reaction that takes place in each 
step with subsequent decarboxylation. The number of monomeric units in the peptides obtained 
will depend on the rates of the successive steps [45]. Favorable conditions for this process 
are created when the amine is used in the minimal concentrations or when it is a less active 
nucleophile than the products of the reaction of XXIII. The use of an oxazolidinedione (such 
as 3-phenyl-2,5-oxazolidinedione) that forms a decyclization product that has an inactive 
amino group stops the process at the first step. 4-Benzyl-2,5-oxazolidinedione reacts with 
aliphatic amines to give amides.XXlll and with the less active aniline to give peptides [i]. 

Oxazolidinediones also react with other nucleophiles that contain an amino group. 
N-Carboxy-N-phenylglycine anhydride reacts with the corresponding amines to give the amide 
[46], anilide [47], ethylamide, methylanilide, and piperidide of N-phenylglycine, and with 
glycine and esters of glycine and tyrosine to give peptides [48]. Phenylalanine anilide was 
obtained from N-carboxy-B-phenylalanine anhydride [49], while N-carboxyglycine anhydride is 
decyclized by aniline, methylaniline [50], morpholine, and glycine ester [51]. 

The aminolysis of N-carboxy-~-amino acid anhydrides (XXV) with amino acid esters is 
used to obtain peptides [52, 53]. The reaction is carried out at low temperatures (from 
--20 to --30~ in anhydrous solvents (chloroform, ethyl acetate) in the presence of tertiary 
amines [21]. Tetrahydrofuran (THF) which is a good solvent for anhydrides at low tempera- 
tures [53], is used as the solvent. Intermediate carbamic acids XXVI are also obtained in 
some cases, 
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This reaction makes it possible to realize the controlled synthesis of peptides that 
contain amino acids linked in a definite sequence. To obtain polypeptides With a definite 
amino acid. composition one must know the factors that make it possible to stop the reaction 
at this stage. Some of these factors have been discovered for the reactions of N-carboxy'~- 
amino acid anhydrides with the hydrochlorides of aliphatic and aromatic amines, ethyl amino- 
hydroxyacetate, and hydroxylamine, which lead to the formation of the hydrochlorides of com- 
pounds of the XXVII-XXIX type [54, 56]. 

R~CHCONHR ~ RCHCONHOCH2COOH RCHCONHOH 
I I I 
NH 2 NH 2 NH 2 
XXVll XXV|II XXIX 

It has been found [54] that the use of a nucleophilic reagent in the hydrochloride 
form rather than in the free base form promotes the formation of amides XXVII; in this case 
weakly basic amines form amides XXVII fn higher yields. A decrease in the temperature to 
0~ slows down the principal reaction significantly but at the same time virtually excludes 
polymerization processes; in the opinion of the authors, the ratio of the concentrations of 
the free and associated bases of the reagent and the s-amino acid amide, which changes dur- 
ing the reaction, is of great importance when the temperature is raised to 60-I00~ over 
which temperature range the rates for both the formation of amides and polymerization in- 
crease. A comparision of the reactivities of amines with close and identical basicities 
indicates the appreciable role of the steric factor: With p-anisidine and aniline (pK b 
9.0 and 9.4) the yields of amides XXVII are ~ 70%, whereas the yield with o-anisidine 
(pK b 9.6) is 26%. The reaction proceeds much more slowly in polar aprotic and in nonpolar 
solvents (DMF, ethyl acetate, THF, chloroform, dioxane, and carbon tetrachloride) than in 
amphoteric solvents. 

The aminolysis of N-carboxyamino acid anhydrides also takes place in aqueous solutions 
and this makes it possible to use free amino acids as the reagents and to build up a pep- 
tide chain without isolation of the intermediates [21]. A dipeptide is obtained by treat- 
ment of N-carboxy-~-phenylalanine anhydride, dissolved in a solvent that is not miscible 
water, with an aqueous solution [56]. A study of the reaction of some anhydrides with aque- 
ous solutions of amino acids and di- and tripeptides made it possible to conclude that the 
reaction can be controlled and that it is thus a general method for the synthesis of pep- 
tides in water [57, 58]. The opinion that the reaction can be used for carrying out con- 
trolled peptide synthesis in water in cases in which the reacting amine is a weaker base 
than the resulting amine was later expressed [59, 60]. 

More detailed studies [61, 62] led to the discovery of conditions that make it possible 
to use the method for the rapid synthesis of optically pure dipeptides in ~ 90% yields: the 
crystalline anhydride is mixed rapidly with an aqueous solution of the amino acid at 0"2~ 
and pH 10.2. After 2 min, the reaction mixture is acidified, during whicN dianion XXX is 
readily decarboxylated to give a dipeptide: 
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L NHCOO- +NH 3 NH 2 

XXX 

The authors point out that in carrying out this reaction one must take into account the 
following experimental facts: The stability of the carbamate increases when the pH of the 
medium is raised, whereas the rate of hydrolysis of the anhydride increases significantly 
at pH > 10.5; a low temperature favors the principal reaction; rapid mixing of the reagents 
in the case of relatively slightly soluble anhydrides makes the formation of tripeptides 
less likely; rapid stirring in the case of more soluble anhydrides makes the processes in- 
volving oligomerization of the anhydride less significant [61]. 
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Thiazolones and Isothiazolones 

Less study has been devoted to the behavior of the thiazole ring with respect to 
amines than to the behavior of the oxazole ring. Several communications [63-66] regarding 
the reaction of 2-thioxo-5-thiazolidones with amines and s-amino acid esters were published 
in 1950. 2-Thioxo-5-thiazolidone (XXXIa) reacts readily with two equivalents of benzylamine 
and morpholine to give N-dithiocarboxyglycine amides of the XXXII type (XXXIIa was obtained 
in 87% yield) [63]. The structure of XXXII wasconfirmed by chemical transformations and 
shows that the 5-thiazolidone is cleaved at the S--C5 bond. 2-Thioxo-4-methyl-5-thiazolidone 
(XXXIb) is decyclized by ammonia and morpholine, but XXXIIb is easily recyclized to XXXIb 
upon acidification even in an anhydrous medium [64]. 

Thiazolidone XXXIa can be used as a reagent for the introduction of a glycyl group in 
s-amino acid esters or peptides [65]. The reaction takes place in chloroform in the pres- 
ence of a tertiary amine or in ethanol. Peptide ester hydrochloride XXXIV is formed in up 
to 78% yield by subsequent treatment of the resulting dithiocarbamate XXXIII with hydrogen 
chloride. Thus, a pentaglycine ethyl ester hydrochloride is obtained from the glycine ester 
with good yields in each step. Thiazolidone XXXIb is used for the preparation of alanylpep- 
tides [66]. When the reaction with ~-amino acid esters is carried out as in [65], the yields 
of peptides are lower; however, one can carry out the process with amino acids in alkaline 
solution with subsequent slow acidification with weak acids or with amino acids in hot acetic acid. 
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RCHCONHCH2COOC2H 5 i.,I (]l 
I . . . . . . . . . . . .  ~lCI �9 H2NCH (R)CONHCfl2COOC/H~ 
NHCSSH - H2NCH2CO(~C2H $ 

xxxm a,b xxx!v a,b 

XXXI--XXXIV a F?=II , b i',* :LH3 

The reaction of imidazothiazolones XXXV with amines, ammonia, and phenylhydrazine in 
ethanol leads to S-(2-imidazolyl)thioacetamides XXXVl in 72-81% yields [67]. Other thio- 
acetanilides and hydrazides with heterocyclie substituents attached to the sulfur atom are 
also obtained in this way from thiazoloquinazolinediones [68] and benzimidazothiazolones 
[69, 70]. 
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2-Phenylsulfonylbenzisothiazolone (XXXVII) is decyclized under the influence of aro- 
matic amines. Substituted diphenyl sulfides of the XXXVIII type are obtained when it is 

SO~C6H 5 ~ CONHSO2C6H 5 CONH SO2 C6H5 
O Z 

XXXVI! XXXVIII XXXIX 

refluxed in alcohol solution with tertiary aromatic amines [71] and aniline [72], as well 
as with methylaniline and o-toluidine. Disulfide XXXIX is obtained with benzylamine and 
phenylhydrazine under similar conditions. 
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The reaction with p-substituted aromatic amines (p-toluidine, p-anisidine, and p- 
chloroaniline) leads to lactams XL and benzenesulfonamide. 

p -  R C6H4 NH 2 
XXXVII 

R 

S ~  _ C6HsSO2NH2 

k:,., ~.~jA~ C ONI"I5()~ C$H5 

XL 

Weakly basic amines (nitroaniline and anthranilic acid) do not react with 2-phenyl- 
sulfonylbanzothiazolone. 

Pyrazolidones and Imidazolldines 

Under the influence of benzylamine, hydrazine hydrate, and phenylhydrazine 3,5-pyra- 
zolidinediones undergo decyclization at the N--C5 bond to give hydrazides XLI in high yields 
[73]. In the absence of a solvent at room temperature hydrazine hydrate also splits out 
1 phenyl- and 1,2-diphenyl-4-benzylidene-3,5-pyrazolidinediones to give hydrazides XLII. A 
bispyrazolidine derivative is obtained in the presence of a solvent (ethanol, pyridine). 
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Primary aliphatic and aromatic amines open up the heteroring of bis(l,3-diphenyl-2- 
imidazolidinylidene) (XLIIIa) in the case of refluxing in an atmosphere of dry nitrogen in 
an anhydrous solvent. Aminoamidines XLIVa are obtained in quantitative yields [74]. 2- 
Amino-l,3-diphenylimidazolidines (XLV) are obtained in 78-95% yields (18% yield with methyl- 
aniline after heating for i0 h) under the same conditions with secondary amines (piperidine, 
morpholine, benzotriazole, 2-methyl-2H-indole, and methylaniline). The reaction with hydra- 
zincs (i, l-dimethyl- and 2,4-dinitrophenylhydrazine), which leads to aminoamidrazones XLIVc, 
proceeds in the same way as the reaction with primary amines. 

When the phenyl substituent in bis(imidazolidinylidene) XLIII is replaced by an ~- 
naphthyl group, the reactivity of the substrate with respect to some secondary amines de- 
creases. Compound XLIIIb does not react with piperidine and morpholine in refluxing xylene 
but forms aminoamidine XLIVb and aminoamidrazone XLIVd in quantitative yields with p-nitro- 
aniline and 2,4-dinitrophenylhydrazine. The authors propose the following scheme for the 
mechanism of the reaction: 
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The N-H bond in the amine becomes weaker under the influence of the strong ~ bases 
XLIII. 2-Aminoimidazolidines XLV are obtained in reactions with secondary amines as a result 
of the formation of a new C--H bond, addition of the "amine anion," and splitting out of 
nucleophilic carbene XLVI [75]. The reduced electron density on the C~ atom facilitates 
heterocyclic cleavage of the N-C2 bond. Compounds of the XLIV type are formed in the case 
of primary amines and hydrazines with the migration of a proton. 

The reaction of bis(imidazolidinylidenes) XLII with both amides and hydrazides of 
carboxylic acids, urethanes, and ureas has been described [76]. l,l-Dimethylurea and some 
hydrazides react like primary amines to give decyclization products XLVII in 80-97% yields. 

R'NHCHzCH2N ( R 1 ) CH~NR 2 

XLVII a - c  

XLVII a RI =Cl0H 7 vR2=C6H5 CO }b  Rt =C6H5 v R2=(CH:3)2 NCO ; 
1 2 3 3 

C R =C6H5~ R'=R =CONH(R =CH3]C6H5 v 3- pyzddyl, 

4- pTrZdyl) 

LITERATURE CITED 

i. J.W. Cornforth, in: Heterocyclic Compounds, Vol. 5, R. Elderfield (ed.), Wiley. 
2. A.R. Katritzky and J. J. Logowski, Chemistryof Heterocyclic Oxides, Academic Press (1971). 
3. G.E. Carter, in: Organic Reactions, R. Adams et al. (eds.), Krieger (1975). 
4. R. Filler, Adv. Heterocycl. Chem., ~, 75 (1965). 
5. S. Lur'e and E. Chaman, in: Reactions and Methods of Investigation of Organic Com- 

pounds [in Russian], Vol. 9, Goskhimizdat, Moscow (1959), p. 155. 
6. R.A. Glennon and M. Van Strandtmann, J. Heterocycl. Chem., 12, 135 (1975). 
7. E. Baltazzi, Compt. Rend., 254, 2187 (1962); Chem. Abstr., 57, 2205 (1962). 
8. A.H. Harhash, N. A. Kassab, and A. A. Elbanani, Indian J. Chem., [, 789 (1971). 
9. E. Erlenmeyer, Ber., 33, 2036 (1900). 

i0. C. Bodea, I. Oprean, and V. Farcasan, Rev. Roum. Chim., 14, 673 (1969). 
ii. M. Elkaschelf, Ann., No. i, 37 (1974). 
12. K. Nalepa and J. Slouka, Monatsh., 98, 412 (1967). 
13. I. Lupsa, Rev. Chim. (Bucharest), 26, 6 (1975). 
14. J. W~ Cornforth and H. T. Huang, J. Chem. Soc., No. Ii, 1964 (1948). 
15. K. Nalepa, Monatsh., 98, 1230 (1967). 
16. B.S. Drach, A. P. Martynyuk, and G. N. Mis'kevich, Zh. Org. Khim., 12, 2238 (1976). 
17. B.S. Drach and G. N. Mis'kevich, Zh. Org. Khim., iO, 2315 (1974). 
18. A. Mustafa, M. K. Hi lmy, A. E. Sammour, and M. N. Eldeen, Tetrahedron, 20, 1063 (1964). 
19. E. Mohr and F. Stroschein, Ber., 42, 2521 (1909). 
20. M. Bergmann, F. Stern, and C. Witte, Ann., 449, 277 (1926). 
21. K. Vatsuro and G. Mishchenko, Name Reactions in Organic Chemistry [in Russian], 

Khimiya, Moscow (1976), pp. 42, 45. 
22. M. Goodman and L. Levine, J. Am. Chem. Soc., 86, 2918 (1964). 
23. M. Goodman and C. B. Glaser, Tetrahedron Lett., No. 40, 3473 (1969). 
24. M. Goodman and W. J. McGahren, J. Am. Chem. Soc., 87, 3028 (1965). 
25. M. Goodman and W. J. McGahren, Tetrahedron, 23, 2031 (1967). 
26. M. Goodman and C. B. Giaser, J. Org. Chem., 35, 1954 (1970). 
27. J.O. Edwards and R. G. Pearson, J. Am. Chem. Soc., 84, 16 (1962). 
28. H. Rodriguez, C. Chuaqui, S. Atala, and A. Marquez, Tetrahedron, 27, 2425 (1971). 
29. C. Chuaqui, S. Atala, A. Marquez, and H. Rodriguez, Tetrahedron, 29, 1197 (1973). 
30. N. Offermanns, A. Marquez, C. Chuaqui, H. Rodriguez, and S. Atala, Tetrahedron, 28, 

4541 (1972). 
f 

31. D.J. Woodman and P. M. Stonebraker, Tetrahedron Lett., No. 51, 4473 (1970). 
32. H. Ulrich, I. Tilley, and A. Sayigh, J. Org. Chem., 27, 2160 (1963). 
33. R. Pepino, R. Bossio, V. Parrini, and E. Belgodere, Gazz. Chim. Ital., 106 , 1135 

(1976). 
34. R.B. Woodward and D. J. Woodman, J. Am. Chem. Soc., 88, 3169 (1966). 
35. W. Brady and E. Dorsey, Chem. Commun., No. 24, 1638 (1968); Chem. Abstr., 70, 47040 

(1969). 
36. F. DeSarlo and G. Renzi, Tetrahedron, 22, 2995 (1966). 

1277 



37. J.M. Riordan, T. L. McLean, and C. H. Stammer, J. Org. Chem., 40, 3219 (1975). 
38. G. Theilig, Ber., 86, 96 (1953). 
39. H. Bredereck, R. Gompper, F. Reich, and U. Gotsmann, Ber., 93, 2010 (1960). 
40. K.H. Kleine and R. Haller, Arch. Pharm., 303, 378 (1970). 
41. R. Hailer and K. Kleine, Arch. Pharm., 303 , 596 (1970). 
42. A. Lawson and P. Miles, J. Chem. Soc., No. 4, 1945 (1960). 
43. S.D. Danilov, N. N. Mel'nikov, and N. I. Shvetsov-Shilovskii, USSR Inventor's 

Certificate No. 378087; Byul. Izobr., No. 45, 224 (1976); Chem. Abstr., 87, 
67964 (1977). 

44. H. Leuchs, Ber., 39, 858 (1906). 
45. R.B. Woodward and C. H. Schramm, J. Am. Chem. Soc., 69, 1551 (i947). 
46. H, Leuchs and W. Manasse, Ber., 40, 32.35 (1907). 
47. F. Fuchs, Ber., 55, 2943 (1922). 
48. F. Wesseley, Z. Phys. Chem., 146, 72 (1925); Chem. Abstr., 19, 3083 (1925). 
49. T. Curtius and W. Sieber, Ber., 55, 1543 (1922). 
50. F. Wessely and M. John, Monatsh., 48, i (1927). 
51. J.D. Billimoria and A. H. Cook, J. Chem. Soc., No. 9, 2323 (1949). 
52. J.L. Bailey, Nature, 164, 889 (1949); Chem. Abstr., 44, 2445 (1950). 
53. J.L. Bailey, J. Chem. Soc., No. 12, 3461 (1950). 
54. Y. Knobler, S. Bittner, and M. Frankel, J. Chem. Soc., No. i0, 3941 (1964). 
55. Y. Knobler, E. Boni, S. Bittner, and M. Frankel, Bull. Res. Counc. Israel, 10A, 43 

(1961). 
56. F. Wessely, K. Sch~gl, and G. Korger, Monatsh., 82, 671 (1951). 
57. P. D, Bartlett and R. H. Jones, J. Am. Chem. Soc., 79, 2153 (1957). 
58. P.D. Bartlett and D. C. Dittmer, J. Am. Chem. Soc., 79, 2159 (1957), 
59. N.H. Grant and H. E. Album, J' Am. Chem. Soc., 86, 3870 (1964). 
60. M. Brenner and W. Hofer, Helv. Chim, Acta, 44, 1798 (1961). 
61. R. Hirschmann, R. G. Strachan, H. Schwam, E. F. Schoenewaldt, H. Joshua, 

B. Barkemeyer, D. F. Veber, W. J. Paleveda, T. A. Jacob, T. E. Beesly, and R. G. 
Denkewalter, J. Org. Chem., 32, 3415 (1967). 

62. R.G. Denkewalter, H. Schwam, R. G. Strachan, T. E. Beesley, D. F. Veber, E. F. 
Schoenewaldt, H. Barkemyer, W. J. Paleveda, T. A. Jacob, and R. Hirschmann, J. Am. 
Chem. Soc., 88, 3163 (1966). 

63. A.H. Cook and A. L. Levy, J. Chem. Soc., No. 2, 637 (1950). 
64. A.H. Cook and A. L. Levy, J. Chem. Sot., No. 2, 643 (1950). 
65. A.H. Cook and A. L. Levy, J. Chem. Soc., No. 2, 646 (1950). 
66. A.H. Cook and A. L. Levy, J. Chem. Soc., No. 2, 651 (1950). 
67. A. Mustafa, M, I. All, M. A. Abou-State, and A. C. Hammam, J. Prakt. Chem., 314, 

785 (1972).  
68. M . I .  A l i ,  H. A. Hammouda, and A. E. M. A b d - E l f a t t a h ,  N a t u r f o r s c h . ,  B, 32b, 94 (1977) .  
69. A. Mustafa ,  M. I .  A l i ,  and A. Abou-S ta t e ,  Ann.,  740, 132 (1970) .  
70. A . L .  Misra ,  J .  Org. Chem., 23, 897 (1958).  
71. E . W .  McClelland and R. H. Pet--'ers, J .  Chem. Soc . ,  No. 9, 1229 (1947) .  
72. R . G .  B a r t l e t t ,  L. E. Ha r t ,  and E. W. McClel land,  J .  Chem. Soc . ,  No. 5,  760 (1939) .  
73. A. Mustafa ,  M. Ki ra ,  and S. Nakhla, J .  Org. Chem., 26, 3389 (1961).  
74. J .  Hocker and R. Merten,  Be r . ,  105, 1651 (1972) .  
75. D .M.  Lemal, R. A. Lovald ,  and K. I .  Kawano, J .  Am. Chem. Soc . ,  86 ,  2518 (1964) .  
76. J .  Hocker and R. Merten,  Ann., Nos. 7 /8 ,  1409 (1975) .  

1278 


