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Literature reports on the methods of synthesis, chemical properties, and tauto- 
merism of oxo- and thioxo-l,3-thiazines have been summarized. 

1,3-Thiazines, interest in which has increased steadily over the last decade, remain 
relatively little-known compounds in comparison with pyrimidines and 1,3-oxazines. It has 
nevertheless been established that a number of oxo- and thioxo-l,3-thiazines possess useful 
properties, in particular high biological activity. The object of the present review is to 
summarize the available information on the synthesis, chemical properties, and tautomerism 
of 2-, 4-, and 6-oxo-l,3-thiazines, their sulfur analogs, and other derivatives. 

It is preferable to divide the methods of preparation of these compounds into the four 
general methods of synthesis of six-membered heterocycles, depending on the number of atoms 
present in the fragments destined to form the ring [i]. Methods of synthesis which involve 
modifications of compounds already containing the 1,3-tiazine ring will be considered in 
the section devoted to the chemical properties of these compounds. 
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(6 + O) CONDENSATION 

Reactions of this type have been relatively little used for the synthesis of 2-, 4-, 
and 6-oxo-l,3-thiazines. However, many reactions of types B-D occur via intermediates simi- 
lar to those formed in type A reactions. The closure of six-membered fragments to form the 
ring usually occurs by nucleophilic addition of nitrogen or sulfur to the carbonyl carbon 
atom or the more reactive carbon of the protonated carbonyl group. 

There have been no reports in the literature on the use of reactions of this type for 
the synthesis of 2-oxo-l,3-thiazines, but there are a few examples of their use for the pre- 
paration of 4- and 6-oxo-l,3-thiazines [2-5]. Condensation of the 2-thiocyanatocarbonyl 
chlorides (I) in the presence of dry hydrogen chloride gives substituted 4-oxo-l,3-thiazines 
(II) [2, 3]. The reaction must be carried out at O=C as a result of the high reactivity of 
the carbonyl carbon. The reaction is assumed to proceed as follows [4]: 
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The condensation of the 3-thioureidobutyrate (ili) in methanolic sodium methoxide at 80~ 
has been used to obtain 6-oxo-l,3-thiazines [5]. The unusual nucleophilic attack on the car- 
bonyl carbon by sulfur is explained by the authors [5] as being due to the formation of the 
anion (IV) in an alkaline medium. In this case, the electron density at the sulfur atom must 
be increased to a greater extent than that at the amino-group, while simultaneously the posi- 
tive charge on the carbonyl carbon is reduced by conjugation. These factors result in the 
preferential formation of the C-S bond. 
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A general method for the synthesis of 2,4-dioxo-l,3-thiazines and their thio-analogs, 
which permits the introduction of substituents into the 5- and 6-positions, is based on in- 
tramolecular nucleophilic attack on the carbonyl group or the more reactive corresponding 
enol ether by the sulfur atom in acyldithiourethanes [i, 6]. For example, acetoacetyldi- 
thiourethane slowly cyclizes to2-ethylthio-4-oxo-6-methyl-l,3-thiazine on treatment with cold 
concentrated sulfuric acid [6]. Reaction of the acyl chloride (V) with the S-ethyldithio- 
carbamate (VI) affords the unstable acryloyldithiourethane (VII), which on cyclization gives 
2-ethylthio-4-oxo-5-methyl-l,3-thiazine (VIII) [6]. 
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The isomerization of 2-thio-4-oxo-6-methyl-l,3-oxazine to the more stable 2,4-dioxo-l, 
3-thiazine on treatment with concentrated sulfuric acid [7] may be regarded as a reaction of 
this type. 

(5 + i) CONDENSATION 

Type B reactions comprize the condensation of five- and one-membered fragments, in the 
course of which bonds are formed between the heteroatoms and a carbon atom, or between two 
carbon atoms. The five-membered fragment is frequently an acyl isothiocyanate [8, 9], an 
unsaturated acid [10-13], or an acyldithiourethane, which condense readily with amines, 
thiols [8], aromatic carboxylic acid derivatives [11-13], or orthoesters [i, 14]. The reac- 
tion is normally carried out in aprotic nonPolar solvents in the presence of acetic anhydride 
[14] or polyphosphate ester [11-13]. This type of condensation is not used for the prepara- 
tion of 2-oxo-l,3-thiazines. An example of its use for the synthesis of 4-oxo-l,3-thiazines 
is the reaction of 3-chloro-3-phenylpropenoyl isothiocyanate (IX) with amines to give the 
substituted thioureas (X), which then cyclize to 2-alkylamino-4-oxo-l,3-thiazines (XI) [8]. 
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The condensation of the 3-acylamino-2-butenoate (XII) with 2,4-bis(4-methoxyphenyl)-l, 
3,2,4-dithiaphosphetane 2,4-disulfide (XIII) has been used to prepare the 2-substituted 6- 
thio-4-methyl-l,3-thiazines (XIV) [I0]. In the first step, the 3-(2-thioacylamino)-2-buten- 
oate (Xlla) is formed, and on boiling in xylene this cyclizes by nucleophilic addition of 
the sulfur to the carbonyl carbon. Simultaneously, the oxygen atom at C(6) is replaced b y  

sulfur. 
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This type of condensation is used rather more extensively for the synthesis of 2~4-di- 
oxo-l,3-thiazines and their sulfur analogs, Condensation of the acyldithiourethanes (XV), 
which contain a reactive methylene group, with the orthoesters (XVI) gives the intermediate 
N-B-ethoxyacryloyldithiourethanes (SVII), which cyclize in the presence of acetic anhydride 
to the corresponding 1,3-thiazines (SVIII) [i, 14]. Triethyl orthoformate is the most re- 
active in the reaction. It appears that the use of triethyl orthoacetate or orthopropion- 
ate increases the electron density at the electrophilic site, thus hindering the formation 
of the C--S bond. 

o o 

~ O C . ~  H ~ '  ~ s 2 �9 1~:~ 'S""sC~H5 

XV! XVll . XVIiI 

R1 ~CN,COCH~; R2=H,CHs,CaH~. 

The acyldithiourethanes (XIX), obtained by reacting the isothiocyanate (IX) with thiols, 
cyclize to 2-alkylthio-4-oxo-6-phenyl-l,3-thiazines (XX) by intramolecular nucleophilic re- 
placement of halogen by sulfur [8]. Reaction of the isothiocyanate (IX) with sodium hydro- 
sulfide occurs via the unstable dithiocarbamate (XXI) to give 2-thio-4-oxo-6-phenyl-l,3- 
thiazine (XXII) [8]. This compound (XXII) has previously been obtained from sodium hydro- 
sulfide and 3-phenylpropionyl isocyanate [9]. 
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The condensation of substituted acrylamides (XXIII) with aromatic carboxylic acids has 
been the subject of several studies [11-13]. Varying the reaction conditions and the reac- 
tants affords differing reaction products. When benzoic acid or its anhydride i~ used, the 
principal cyclization products are 6-thioxo-l,3-oxazines (XXIV), which isomerize quantita- 
tively on heating in protic solvents to give the 6-oxo-l,3-thiazines (XXV) [12. The driving 
force in this reaction is the greater stability of the 1,3-thiazine ring in comparison with 
the 1,3-oxazine ring [7, 12]. It is noteworthy that condensation only occurs in the presence 
of polyphosphate ester. 
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(4 + 2) CONDENSATION 

Type C reactions, which comprize the condensation of a four-membered unit (8-diimines, 
8-iminopropionitriles, isothiocyanates, or thioacylketenes) with a two-membered unit contain- 
ing a multiple bond, are quite widely used for the synthesis of oxo- and thioxo-l,3-thiazines. 
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The condensation of 8-diimines [15] or ~-iminonitriles [16] with carbon disulfide has 
been employed to obtain 2-thioxo-l,3-thiazines. In the case of the diimine (XXVI), nucleo- 
philic addition of the diimine to the CS2 carbon first takes place. The subsequent course 
of the reaction depends on the electronic effects of the substituents in (XXVI), Electron- 
donating substituents R2 at the electrophilic center hinder the formation of the C--S bond, 
and in this case the reaction products are the pyrimidines (XXVII). The absence of a sub- 
stituent with a +M effect in the benzene ring attached to nitrogen results in a decrease in 
the yields of pyrimidines (XXVlI), the thiazines (XXVlII) being formed in yields which are 
largely independent of the type of substituent present [15]. 

The activating effect of the cyano-group in ~-imino-B-arylpropionitriles (XXIX) together 
with basic catalysis favor the addition of sulfur to the methylene group. When the reaction 
is carried out in dimethylformamide at 2~ addition of a further molecule of sulfur occurs 
with the formation of 5-substituted-2,6-dioxo-4-aryl-l,3-thiazlnes (XXX) [16]. 
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4-Oxo-l,3-thiazines are most frequently obtained by (4 + 2)-cycloaddition. Usually, 
thioacyl isocyanates [17, 18] or isocyanates [18-20] are condensed with alkenes [17], al- 
kynes [17], ketenimines [19], or phosphacumulidenes [18]. The reactions are normally carried 
out in nonpolar aprotic solvents, the temperature used being dependent on the reactivity of 
the reactants. The condensation of thiobenzoyl isocyanate (XEXI) with nucleophilic alkenes 
and alkynes [17] has received especially close attention. The rate of this reaction is great- 
er with alkynes than alkenes, and increases as the electron-donor properties of the substitu- 
ents at the multiple bond of the nucleophile are increased. 
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The lower reactivity of the ketenimines (EXXII) in t h e i r  reactions with isothiocyanates 
(XXXIII) requires the use of more severe reaction conditions [9], The condensation is sen- 
sitive to the electronic effects of the substituents. The yield of the 1,3-thiazinethione 
(XXXIV) decreases as the electron density of the isothiocyanate (XXXIII) is increased, and 
when electron-acceptor substituents are introduced into the keteneimines (XXXII). 
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The cycloaddition of the isothiQcyanates (XXXV) to the phosphacumylidenes (XXXVI) af- 
fords products with a zwitterionic structure (XXXVII) [18] in yields which are highly depend- 
ent on steric factors (as the volume of R is increased, the yield of the thiazinethione 
(XXXVII) decreases). 
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The four-membered unit can be thioacylketene (XXXVIII), which reacts with diisopropyl- 
carbodiimide [ 2 1 ] .  
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An interesting route to 4-oxo- or 4-thioxo-l,3-thiazines is by the reaction between 3- 
substituted-2-oxo- or 2-thioxo-4-tosylimino-l,3-thiazetidines (XXXIX) and diethylaminopropyne 
[22, 23]. Attack on the carbonyl or thiocarbonyl carbon by the ynamine appears to result in 
recyclization of the four-membered to the six-membered ring. 
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The (4 + 2)-cycloaddition reaction has rarely been used to obtain 6-oxo-l,3-thiazines. 
The only example known to the authors is the condensation of N-thioaroyl-N'N'-dimethylformi- 
dines (XL) with ketches [24, 25]. Phenylketene is less reactive than its unsubstituted ana- 
log. 
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Type C reactions have not been used for the preparation of 1,4-dioxo-l,3-thiazines. 
They have, however, been used extensively in the synthesis of 4,6-dioxo-l,3-thiazines and 
their sulfur analogs. The previously-mentioned isothiocyanate (XXXI) reacts with diethyl 
sodiomalonate to give the straight-chain adduct (XLI), which cyclizes in the presence of c~- 
pyridone to the 1,3-thiazine (XLII) [17]. 
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The rate of condensation with nucleophilic alkenes and alkynes increases when gem-electron- 
donor substituents are present: 
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The isothiocyanates (XXXIII) condense readily with reactive ketenes to give 5-substitu- 
ted-2-alkylamino-4-thioxo-6-oxo-l,3-thiazines (XLIII) [19]. 

S 

XXXIII + R~R2C--C-----O J~- R 2 

R42N ~S / ~'~0 
R ! =R2=Ar;R4=Alk kqlII 

One of the few examples of the condensation of a C3N fragment with the CS unit is the 
reaction of 2-imino-4-oxothiazolidine l,l-dioxide (XLIV) with potassium tert-butoxide, car- 
bon disulfide, and iodomethane in dimethyl-formamide solution [26]. 
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(3 + 3) CONDENSATION 

This reaction (type D) is that most frequently used for the preparation of the 1,3-thi- 
azine ring. The most frequently-used method for the synthesis of oxo-l,3-thiazines is the 
condensation of acetylenecarboxyli c acid derivatives with thioureas or dlthiocarbamic acid 
derivatives, and for the preparation of 4,6-dioxo-l,3-thiazines, condensation of the appro- 
priate thioamides with 'malonating' agents. Despite the extensive use of this type of syn- 
thesis, there have been no reports of its use to prepare 2-oxo-l,3-thiazines or their thio- 
analogs. 

1,3-Thiazines with an oxo-group in the 4-position are formed by the condensation of B- 
substituted acetylenecarboxylic acids (XLVI) with thiourea or its N-alkyl derivatives [27-36]. 
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The mechanism of ring closure has unfortunately received little attention, and it is 
not possible to provide an unambiguous explanation of the effects of substltuents on the 
course of the reaction. The condensation is carried out in both protic and aprotic polar 
solvents. It appears that initially ~-addition of the thiourea sulfur atom to the sp-hy- 
bridized carbon takes place preferentially, and in several instances [35] the products of 
such a reaction (XLVII) have been isolated. The NCS fragment can also be provided by 4-sub- 
stituted thiosemicarbazides, which condense with acetylenedicarboxylic ester to give 2-imino- 
3-amino-4-oxo-67alkoxycarbonyl-l,3-tbiazines [37]. The thiazine structure was assigned to 
the product of the reaction of ethyl propiolate with thiobenzamide [38], but regrettably 
these authors failed to provide any confirmation of this structure. 



1,3-Thiazines with an oxo- or thioxo-group in the 6-position have been obtained by con- 
densing substituted thiobenzamideswitb cyanoacetlc acid in the presence of PC1, or POCIs [39, 
40]. The introduction of electron-acceptor substituents into the thioamide, and electron- 
donor substituents in the a - p o s i t i o n  of  the cyanoace t i c  a c i d ,  reduce the y i e l d s  of c y c l i z a -  
tion products. 
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Reaction of B,B-dichlorovinyl ketones (XLIX) with thioamides or thioureas affords 6- 
thioxo-l, 3-thiazines [ 41-43] 
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2,4-Dioxo-l,3-thiazines and their sulfur analogs are formed by condensing dithiocarbamic 
acid [i, 44, 45] or its N-alkyl derivatives [44, 46] with propiolic [i, 44, 46] or y-hydroxy- 
tetrolic acid [45]. 

The condensation of dithiocarbamic acid derivatives with propiolic acid in the presence 
of PCIs had been studied previously [46]. Subsequently, acetic anhydride with traces of sul- 
furic acid was used in place of PCIs [i, 44], the yields of 1,3-thiazines being considerably 
increased. The reaction proceeds via the formation of the product of the nucleophilic attack 
on the ~-carbon by sulfur. In several cases these compounds (LI) could be isolated [46]. 
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It is preferable to use the free acetylencarboxylic acids in this reaction, since the 
use of esters results in the cyclization giving low yields and requiring more severe condi- 
tions [i]. 

(3 + 3)-Cyclocondensation is most frequently used to obtain 2-substituted 4,6-dioxo-l,3, 
thiazines. These methods are based on the reaction of thioamides with a variety of 'malonat- 
ing' agents, namely, malonyl chloride, malonic acid, and carbon suboxide [47-67]. 

In a study of the condensation of thiobenzamides (LIII) with malonyl chloride, it was 
suggested that initially the sulfur atom of the thioamide (LIII) was acylated to give the 
intermediate (LV), which is either converted into the 4,6-dioxothiazine (LVI), and reacts 
with a second molecule of the thioamide (LIII) [47]. 
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It has been found that the dichloride (LIV) or carbon suboxide react with S-alkyldith- 
iocarbamates (LVII) or thioacetamides to give both cyclic (VLIII) and straight-chain (LIX) 
products [48-50]. 
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There have been several studies of the reaction of n~alonyi chloride (LIV) with alkane- 
thiocarboxyllc acids or N-substituted thioamides to give 2-arylidene-or 2-alkyiidene-4,6- 
dioxo-l,3-thiazines [51, 52]. 
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Disubstituted maionyl dichlorides react with NNt-disubsLituted thioureas to give 3,5,5- 
substituted 2-a!ky!imino-4,6-dioxo-l,3-thiazines [53, 54]. 
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When O-alkylthiocarbamates react with the acid chloride (LIV), in addition to 2-alkoxy- 
4,6-dioxo-l,3-thiazines there is also formed 2,4,6-trioxo-i,3-thiazine, apparently as a re- 
sult of the reaction of the former with the hydrogen chloride liberated [55]. 
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Malonic acid and its derivatives react with thiobenzamides in the presence of condens- 
ing agents (PCI3) to give 5-substituted-2-aryl-4,6-dioxo-l,3-thiazines [56]. A drawback of 
this method is the partial resinification of the cyclization products. This reaction takes 
place in acetic anhydride with O-ethyldithiocarbamates or N-acetylthiourea [56, 57], but in 
this case further acylation of the 1,3-thiazines formed takes place to give the 4-acetoxy- 
compounds [57]. 

A highly efficient 'malonating' agent is carbon suboxide, which reacts with thioamides 
to give 2-substituted-4,6-dioxo,l,3-thiazines (LX) [57-60]. The reaction may be complicated 
by the addition of C30= to the thiazine (LX) with the formation of hi- (LXI) and polycyclic 
derivatives [57, 61]. 
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The reaction of carbon suboxide with N-acetylthiourea has received the closest attention. 
It has been found that acylation reduces the electron density at one of the thiourea nitro- 
gens, facilitating NS-cycloaddition of the carbon suboxide [49, 55, 57]. The use of thiourea 
or N-arylthioureas results in the formation of 2-thiobarbituric acids [58, 62, 63]. Unsym- 
metrical NN'-dialkyl(or aryl)thioureas are converted to 2-dialkylamino-4,6-dioxo-l,3-thia- 
zones [63, 64]. 

CHEMICAL PROPERTIES 

The chemical properties of oxo- and thioxo-l,3-thiazines have received much less atten- 
tion than the condensation reactions used in their preparation. The majority of studies have 
examined alkylation, acylation, and electrophilic and nucleophilic substitution. It is worthy 
to note that several reactions have been used to modify compounds already containing the 1,3- 
thizaine ring. For example, alkoxy-, alkylthio-, and alkylimino-l,3-thiazines are frequently 
obtained by alkylating the appropriate thiazines with diazomethane [i, 6, 28, 45, 65], dimeth- 
yl sulfate [i, 6, 41], or iodomethane [29, 41]. The use of dimethyl sulfate is complicated 
by the possibility of the opening of the thiazine ring in the presence of caustic alkali. 
Alkylation takes place both at the ring nitrogen [i, 6, 28] and at the nueleophilic centers 
of the substituents [i, 29, 41, 45, 65]. Methylation of 2-substituted 4,6-dioxo-l,3-thiazines 
with diazomethane in ether affords only O-methylation products, which were originally regarded 
as 6-methoxy-l,3-thiazines [60]. Subsequently, however, quantum-chemical calculations and the 
~3C NMR spectra of *SN-phenyl-4,6-dioxo-l,3-thiazine and its O-methylation product showed that 
the latter was 2-phenyl-4-methoxy-6-oxo-l,3-thiazine [68]. Acylation has been closely examined 
in the case of 2-substituted-4,6-dioxo-l,3, thiazines (LX). The use of acetic anhydride gave 
the O-acetyl derivatives [69]. Another method of preparation of O-acyl derivatives is by acyl- 



ating the sodium salt of the thiazlne (LX) with aromatic carbonyl and sulfonyl halides [70, 
71]. In addition to O-acylation, examples are known of the N-acylation of amino-groups in 
the 2-position of the aminooxothiazines (XLVIII, L) [28, 35, 41]. 

The 1,3-thiazinediones (LX), which comprize a heteroaromatic system in which C(s) is ac- 
tivated to electrophilic attack, react with great ease withelectrophilic reagents. For in- 
stance, reaction with phenyldiazonium chloride gives 2-substituted-5-phenylazo-4-hydroxy-6- 
oxo-l,3-thiazines [56, 65, 72]. Reaction of (LX) with disubstituted aminomethanols affords 
the Mannich bases (LXII~ [73]. Nitration, halogenation, and sulfonation of 2-aryl-4,6-diox O- 
1,3-thiazines, even under mild conditions with equimolar proportions of the reactants takes 
place exclusively at C(s) of the thiazine ring [72]. Nitration has been effected in nitric 
acid (d 1.42) in acetic acid in the presence of acetic anhydride, and halogenation with bro- 
mine in organic solvents (preferably acetic acid), lodination has been accomplished only 
with iodine chloride. When sulfonation of the thiazine (LX) was carried out with sulfuric 
acid of SO~ in pyridine, no product could be isolated, However, sulfonation takes place 
readily with SOa in dichloroethane. 
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It is interesting that the nitration of 6-(2-furyl)-l,3-thiazines (XLVIII) takes place 
in the s-position of the furan ring [35]. 

Reactions with nucleophilic reagents occupy an important place in studies of the chemi- 
cal properties of oxo- and thioxo-l,3-thiazines. For example, the hydrolysis of 2-alkylimino- 
[i, 34, 35] or 2-alkylthio-4-oxothiazines [i, 6] is frequently employed for the preparation 
of 5- and 6-substituted-2,4-dioxo-l,3-thiazines~ The reaction is usually carried out with 
acid catalysis [I]. In alkaline media, cleavage of the thiazine ring often takes place [72]. 
One of the most interesting of the chemical properties of substituted 2,4-dioxo-13,-thiazines 
is their reaction with ammonia [6, 44] and primary amines [14, 44] when the thiazines are con- 
verted into the corresponding pyrimidines. The first step in this reaction appears to be 
cleavage of the ring by the nucleophile, and in several cases aeyclic reaction products (LXIV) 
have been isolated [14]. 
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Acyclic products have also been obtained in the reaction of 6-substituted 2-amino-4-oxo- 
1,3-thiazines or the thiazines (LX) with secondary amines [28, 74-76]. It is interesting 
that in the case of the thiazines (LX) the intermediate ammonium salts (LXV) have been iso- 
lated, these undergoing cleavage on heating in organic solvents, 
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The reaction between 4,6-dioxo-l,3-thiazines and sodium a!koxides may follow two routes, 
since 2-aryl-4,6-dioxo-l,3-thiazines form stable salts with sodium ethoxide [71], whereas 2- 
alkylidiene-4,6-dioxo-l,3-thiazines rearrange to the piperidones [51]. 



Nucleophilic replacement o~ the halogen atom in 2-chloro-4-oxo-l,3-thiazines (II) has 
been examined using amines [3]. Depending on the amine taken and on the reaction conditions 
either the 2-alkylaminothiazines are obtained, or acyclic compounds, but cleavage always pre- 
cedes replacement [3]. 
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It has been shown to be possible to convert oxo-l,3-thiazines into their thioxo-analogs 
by treatment with P~S~o [24, 25, 77]. The reverse transformation has been effected with mer- 
curic acetate (ii), and in the case of the 6-thioxo-l,3-thizaine (L), the 6-oxo-compound is 
obtained [41]. 

The structures of the reduction products of oxo-l,3-thiazines are dependent on the re- 
action conditions. For example, when sodium borohydride is used only the C=N bond of the 
thiazine (XXV) is reduced [12], whereas the catalytic hydrogenation of methyl 3-methyl-2- 
imino-40oxo-l,3-thiazine-6-carboxylate gives N-methylsuceinimide [28], 

Less general chemical properties are the conversion of the carboxamide group in (XXV) 
(R = CONH=) into the nitrile by treatment with trimethylsilyl polyphosphate [78] and the di- 
merization of 2-alkyl-6-methyl-4-oxo-l,3-thiazines on heating with a catalytic amount of tri- 
fluoroacetic acid in dimethylformamide [79]. 

Oxo-l,3-thiazines are potentially tautomeric. It is unfortunate that up to the present 
only the ~automerism of 2-substituted-4,6-dioxo-l,3-thiazines (LX) has been studied. These 
thiazines can exist in at least four tautomeric forms (LEa-d). 
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On the basis of the IR, PMR, and UV spectra, Beilin et al., [60, 68] have shown that 
when the substituent in the 2-position of the thiazine ring is varied, the structure of the 
fl-dicarbonyl fragment also changes, in the opinion of these workers owing to the "differing 
contributions of the substituent to the conjugation of the thiazine ring." For instance, 
crystalline 2-(p-chlorophenyl)- and 2-phenyl-4,6-dioxo-l,3-thiazine were assigned a zwitter- 
ionic structure (LXd) on the basis of the similarity of the IR spectra to the spectra of 
their salts, and the absence of absorption above 1600 cm -~. In solution~ these compounds 
already exist in the enol forms (LXa) of (LXc), since their IR spectra correspond to that of 
4-methoxy-2-phenyl-6-oxo-l,3-thiazine. The enol form was confirmed by the PMR spectra, since 
in DMSO solution they showed signals for olefinic (5-H, ~ 5.4-5.8 ppm), hydroxylic (12.0- 
12.6 ppm), and phenyl (7.5-8.3 ppm) protons. The spectra showed no signals for the methylene 
group with 6 = 3.5 ppm, as observed for compounds with structure (LXb) and an olefinic proton 
for the anionic form with 6 = 4.7 ppm such as is present in the spectra of the salts. In or- 
der to determine the relative stabilities of the tautomers (LEa) and (LXb) s the atomization 
energies of these forms of 2-phenyl-4-hydroxy-6-oxo-l,3-thiazine were calculated by the PPP 
method in Dewar's o, ~-parameterization. It was found that the tautomer (LXa) was the more 
stable. From the IR spectra of crystalline samples and of solutions, 2-alkylthio-4,6-dioxo- 
1,3-thiazines were assigned the diketonic form (LXb)o 2-Methyl- and 2-alkoxy-4,6-dioxo-l,3- 
thiazines display an interesting structural feature. The IR spectra of crystalline samples 
of these compounds shown characteristic C=O absorption at 1650-1628 cm -~, showing that they 
exist in the enol form. However, solutions of these compounds in DMSO solution (from their 
IR and PMR spectra) contain both the keto- and enol-forms [60]. It is difficult to arrive . 
at any conclusions concerning the structure of 2-amino-4,6-dioxo-l,3-thiazines in the ab- 
sence of adequate spectral data. In the opinion of Baranova, Dashkevich, et al., [6]. 
63], the PMR spectra of these compounds in DMSO indicate the presence of two tautomeric forms 
(enol and diketonic). 
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SUMMARY 

This review has shown that the attention of workers has been concentrated for the most 
part on the synthesis of 4-oxo-, 2,4-dioxo-, and 4,6-dioxo-l,3-thiazines. These compounds 
are most commonly obtained by condensing acetylenecarboxylic acids with thioureas or dithi- 
ocarbamic acids, or by reacting thioamides with malonic acid derivatives or carbon suboxide. 
The chemical properties of this interesting group of heterocycles have received relatively 
little attention, and it is not possible to arrive at any firm conclusions as to the effects 
of variations in the ring heteroatoms on their chemical properties, and the position of these 
compounds amongst their hetero-analogs. The available information does enable novel, pre- 
viously inaccessible compounds to be prepared. It hardly needs to be mentioned that the 1,3- 
thiazine ring is present in naturally-occurring biologically active compounds such as cephal- 
osporins and antibiotics. Oxo-and thioxo-i,3,-thiazines possess properties which are valuable 
from the practical point of view, such as antiinflammatory [54], analgetic [80], tranquiliz- 
ing [81], antipyretic [39], diuretic [39, 70, 71], fungicidal [80], and antimicrobial [43] 
activity. 
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MASS-SPECTROMETRIC STUDY OF THE CYCLIZATION REACTIONS OF DIAZOKETONES. 

8.* I-DIAZO-3,4-EPOXY-4-ARYLBUTAN-2-ONES 

A. T. Lebedev, P. A. Sharbatyan, A. G. Kazaryan, 
T. P. Pokidova, V. G. Kartsev, and V. S. Petrosyan 

UDC 543.51:547.537' 
284.4'235.2 

An analysis of the mass spectra of l-diazo-3,4-epoxy-4-arylbutanones has shown 
that the molecular ions of these compounds lose a molecule of nitrogen and that 
the [M-- N2] + ions formed cyclize to form hydroxyfuran structures, whose fur- 
ther fragmentation determines the whole picture of the dissociative ionization 
of the compounds investigated under electron impact. The majority of the [M -- 
N2] + ions have the form of the cyclic intermediate formed in the first step of 
the cyclization process. It cannot, however, be ruled out that a certain por- 
tion of the [M -- N2] + ions are stabilized as a result of a Wolff rearrangement 
and do not cyclize at all. 

We previously [2] showed that under electron impact in the gaseous phase diazoketones 
which contain a heteroatom or a heteroatomic grouping in their chain eliminate a nitrogen 
molecule and cyclize to form heterocyclic systems owing to the practicable cooperation of the 
heteroatom, rather than decompose according to a mechanism involving a Wolff rearrangement 
[3, 4]. Since the action of acids on diazoketones in solutions produces similar products [5, 
6], it was concluded that it would be possible to predict the direction of this reaction on 
the basis of mass-spectrometric data. The results of the treatment of phthaloyldipeptide 
derivatives of diazomethane with acidic reagents completely correspond to the predictions 
made on the basis of the mass spectra of these compounds [2, 7]. 

Continuing this investigation, we studied the mass spectra of a series of arylepoxydia- 
zoketones I, whose conversions in solutions were not previously investigated. 

H I! 

O R ~ s2~ 
s a-h 

I a RI=H, b RI=CH3, c h RI=OCH3, d RI=NO2, e RI=F, f, g Rs=CI; 
a--f R~=R3=H, g R2=}I, R~=D; h I{~=OCH:~, l~:'~=l! 

The first step of the fragmentation of these compounds under electron impact, as would 
be expected [I, 2], is the elimination of a nitrogen molecule. This results in the formation 
of [M -- N2] + ions, whose structure makes it possible to draw a conclusion regarding the direc- 
tion of the reactions of diazoketones with acidic reagents, which is the main goal of the 
present work. The possible structures of the [M -- N2] + ions (see Scheme I) can be suggested 
on the basis of the preceding investigations [i, 2] and the data in [3, 4]. 

*For report 7 see [i]. 
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