RING—-CHAIN TAUTOMERISM OF SUBSTITUTED HYDRAZONES.
XI.* SYNTHESIS OF 5,6~-DIHYDRO-4H-1,3,4~0XADIAZINES

A, A, Potekhin and N. A. Nikolaeva UDC 541.623:547.875.07

It is shown that 5,6~dihydro derivatives are formed as a result of the oxidation
of 2-unsubstituted or 2-monosubstituted perhydro-1,3,4-oxadiazines with yellow
mercuric oxide.

As we have shown in a number of papers of this series, B~hydroxyalkylhydrazones are
capable of equilibrium isomerization to perhydro-1l,3,4-oxadiazines. The structures of the
latter were confirmed unambiguously by spectral data (IR and PMR spectroscopy); however,
chemical evidence for their presence in an equilibrium mixture has not yet been presented.
Since tautomeric perhydro-1,3,4~oxadiazines contain a trisubstituted hydrazine fragment, it
might have been expected that when no more than one substituent is present in the 2 posi-
tion, they would be capable of undergoing oxidation in the same way as the similarly con-
structed hydrazines [2] to give compounds with a C=N bond — 5,6~dihydro-4H-1,3,4~0xadiazines.
Biologically active compounds have been found among representatives of this class of hetero-
cycles (for example, see [3, 4]); however, the methods used to prepare them are not always
sufficiently universal.

In order to synthesize dihydro-1,3,4~oxadiazines we studied the oxidation of the prod-
ucts of condensation of aliphatic aldehydes with hydrazino alcohols Ia-c. Judging from the
molecular refractions and the PMR spectroscopic data, all of these condensation products
have cyclic structure II immediately after distillation (the characteristics of the II ob-
tained for the first time in this research are presented in Tables 1 and 2). The refracto-
metric constants undergo a slight change during storage, and this constitutes evidence for
the formation of only small amounts of the acyclic tautomer. It was established by means
of the PMR spectra that the equilibrium concentration of the hydrazone at room temperature
does not exceed 5% in the case of IIb, ¢, e, whereas a hydrazone could not be detected at
all by means of the PMR spectrum in the case of IIf.
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In general, attempts to oxidize TIId with aqueous ferric chloride solution, bromine wa-
ter, or bromine in hydrobromic acid did not lead to positive results, although these oxi~
dizing agents have been successfully used for the conversion of trisubstituted acyclic hydrazines
to hydrazones [2]. 1In connectionwith the facile hydrolysis of starting perhydrooxadiazines
IT under the oxidation conditions and because of the high solubility of the oxidation prod-
uct in water, it was isolated in low yield and was contaminated. However, we were able to
link the presence of a strong band at 1665 cm™' in its IR spectrum and of an intense singlet
at § 1.8 ppm in its PMR spectrum with the formation of dihydrooxadiazine IIId.

*See [1] for communication X.

A. A, Zhdanov Leningrad State University, Leningrad 199004, Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 9, pp. 1208-1211, September, 1978. Original article
submitted December 5, 1977. :

0009-3122/78/1409-0973307.50 © 1979 Plenum Publishing Corporation 973



TABLE 1. Perhydro-1,3,4-oxadiazines II

Com- | bp, *C Found Empirical Cale, Yield,

ound | (mm) | 4 | ) formula ! %o
P ( N, E | MR, NOE MR,

% o

ITb | 101—105 | 0,9026 | 1,4450 | 16,2] 174 [ 50,80 [ CeHxN:O | 16,3} 172 |51,00]| 40

(45) 160] 174

lic 77 09592 | 1,4564 | 21.6| 135 | 37,08 | CsHuN,0 |215|130|37,06| 68
(33) 215/ 130

e | 109—111|09104 | 1,4470 | 16,1] 172 | 50,70 | CoHxN,O |16,3]172|51,00{ 70
(52) 16,3| 171

If | 79-81 09131 |1,4433]17.9] 163 | 45,98 CsHisN,0 | 17,7 158 | 46,35 | 67
(27) 17.6) 163 ,

TABLE 2., Parameters of the PMR Spectra of Perhydro-1,3,4-
oxadiazines II®

Com- 8, ppm (J- Hz)
R R’ R”
Pound R” , 2-H , 5-H ’ 6-H , R ' R’
Ilbb H 1n-CsHyfi-CsH;0,8—1.0m | 4,30¢€ 2,0—28m 3,88m 0,8—1,0m
1,3—1,8m| (5,5) 1,3—1.8m
d 20—28m
He” |H |i-CiH;] H 442e 23—2,7m 3,92t 2,99 d (6,5)
(7.5) 50 | 923—27m
0,8—1,0m
Ie® |H |i-CsHy|i-CoHs| 1,59sept| 4,21 2,0—30m 383m | 08—10m
(7,0 (5.5) 20—30m
If |[CHs|i-CsHsf CH; | 1,08 427q¢ |5-H. 2,66 dd 5-H, {3,65m|1,02d| 0964
(6.0) (6,0) 1,65 dd  (Jsosa= (6.0) 2,41 sept
=~10,5. J5a60= (6,0)
=10,5, J5e60=2,2)

2The spectra of equilibrium mixtures of the perhydrooxadi~
azines with the hydrazones were investigated. bThe cH=N
signal of the hydrazone form is observed as a doublet at
6.73 ppm (J = 5.0 Hz). ©The signal is broadened because of
coupling with the proton of the NH group. dSignals of the
hydrazone form, &: 6.10 and 6.22 (AB system, J = 12.0 Hz,
CHz=N); 3.50 (t, J = 6.0 Hz, CH;—0); 1.06 ppm (d, J = 7.0
Hz, CHs). ©Signals of the hydrazone form, §: 6.69 (d, J =
5.5 Hz, CH=N) and 1.08 ppm [d, J = 7.0 Hz, (CHs)2C].

Satisfactory results were obtained when yellow mercuric oxide was used as the oxidizing
agent. Dihydro-1,3,4-oxadiazines III were isolated in high yields in all cases (Table 3).
Dihydrooxadiazines III have higher densities and refractive indexes than the starting com-
pounds; the molecular refractions are close to the calculated values, and this indicates
the absence of p,m conjugation in the "hydrazone'" fragment. In contrast to the starting
saturated oxadiazines, dihydrooxadiazines III do not display basic properties and are not
titrated by mineral acids.

The presence of a C=N bond in the compounds obtained is confirmed by the presence of a
strong band at 1650-1660 ecm ' (Table 4), which is comsiderably more intense than the ana-
logous band in the spectra of the starting equilibrium tautomeric mixtures. The structures
of the dihydrooxadiazines IIT are also confirmed by the PMR spectra (Table 4). As compared
with the starting perhydrooxadiazines, all of the signals in the spectra of the dihydro de-
rivatives are shifted to the weak-field side and, in addition, frequently differ in inten-
sity. Thus, whereas the signal of the 2-H methylene protons is observed in the spectrum
of 4-1sopropylperhydro-1,3,4-oxadiazine (Ilc) in the form of a doublet at 4.42 ppm, the sig-
nal of the 2-H proton in the spectrum of dihydrooxadiazine IIIc is a singlet at 6.58 ppm;
the shift of this signal to the low-field side unambigucusly indicates that the proton is
attached to the azomethine carbon atom. The appearance of a singlet signal of a methyl
group at 1.8 ppm in place of the doublet at ~l1.1 ppm in the spectra of the corresponding
perhydrooxadiazines is also characteristic for 2-methyldihydrooxadiazines IIIa, d, e.
Another peculiarity is the fact that the protons of the methylene groups of IIla-e give two
symmetrical "triplets'" (an AA'XX' system), whereas a complex ABMX multiplet is observed in
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TABLE 3. 5,6-Dihydro-4H=1,3,4~0xadiazines III

o Found Empirical Calc. Yield,

Com- bp, C d® npY 70
pound | (mm) N, % | Mg, | formula N, % | MR, |

Ila | 80—83 (30} 09513 | 14552 | 199 | 4057| C;HuN.O 19,7 | 40,62} 62

IT1b | 84—89 (20) | 0,9189 1,4537 | 16,4 | 50,34; CoHsN,O 16,5 | 4991} 60
~ IIe | 71—-74 (26) | 0,9869 1,4590 | 21,7 | 3531 CgHyNyO 21,9 | 3581 76

11d | 60—63 (11) | 0,9657 1,4572 | 19.9 | 40,16] C;H;4N,O 19,7 | 40,16} 72

Ile | 87—91 (22) | 09213 1,4529 | 16,7 | 4994 CoHsN:O 165 | 49,91} 44

HIf | 70—74 (33) | 0,9385 1,4536 | 17.8 | 45,05f CsHigN:O 179 | 45,10 66

TABLE 4., Spectral Characteristics of 5,6-Dihydro-4H~-1,3,4-
oxadiazines III

Com- . 8, ppm (J, Hz)
pound{ R | R | R7 | 0=N
' em-t}| ge 5-H l&n | R ‘ R’
0,87t (6,5)
Ila {H n-CyH;| CH;{ 1660 1,76 8 2,77t (4,5) 129 ¢t (4,5) |16 m
2,61 ¢ (7,5)
1,04 d 0.89 ¢ (7,0)
HIb [H [#-CiH;{i-CsHy| 1658 | 2,32sept 2,76t (4,5) 1,32 t (4,5) 11,59 sext
(7,0) 265¢ (7,5)
Hl¢c|H |i-CH,| H 1650 | 6,585 293t (5.0) 434 t(5,0) |1,044 (6.0)2
1HId |H [i-CsHs| CHa| 1664 1,838 2,77t (1,7) 4,21 ¢ (4,7) {1,033 (6,3)
2,95sept
1.03d 3.00 sept
el [(i-CyH;|i-CsH,| 1655 Z(SQS)ept 280t (4.5) 1,32t (4,5) 1(,23_)d
3} 0
5-H. 277 dd 5.H,| 1,04 P
IIIf [CHy|i-CsH;{ CH5 | 1660 | 1,768 2,30dd (J54.5.=~11,0,14,30m[ 1 2] I,Oer _
Jsa6a=7,3, Js0.60=2,8) (7,0) {3.01sept(6.,5)

The signal of the methylidyne proton is superimposed on the 5-H
signal. bDiastereotopic methyl groups.

the spectra of the corresponding saturated compounds. This is evidently associated with
rapid inversion of two equivalent half-chair conformations. It is apparent from the spin—
spin coupling constants (SSCC) that primarily conformation IVb with a pseudoequatorial 6~CH,
group is realized in the case of dihydrooxadiazine IIIf:
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Thus the oxidation of perhydrooxadiazines may serve as a convenient method for the
synthesis of 5,6~-dihydro-1,3,4-oxadiazines; it is also a sufficiently general method, since
even the presence of branched alkyl groups in the 2 and 4 positions does not hinder oxida-
tion, However, this method cannot be used for the preparation of 4-substituted or 2-aryl
substituted dihydrooxadiazines, since the starting compounds from the condensation of the
corresponding hydrazino alcohols and carbonyl compounds exist, according to our data, en-
tirely in the acyclic form,

EXPERIMENTAL

The IR spectra of thin layers of the compounds were recorded with a UR-10 spectrometer.
The PMR spectra of 207 solutions of the compounds in carbon tetrachloride were obtained with
a Varian HA-100D-15 spectrometer with hexamethyldisiloxane as the internal standard. The
individuality of the dihydrooxadiazines was confirmed by means of thin-layer chromatography
(TLC) on Silufol UV-254 plates.

1- (N-Isopropylhydrazino)—-2-propanol (Ic). A 38.1 g (0.66 mole) sample of propylene
oxide was added dropwise with stirring and ice cooling to 48.8 g (0.66 mole) of isopropyl-
hydrazine, and the mixture was stirred at room temperature for 2 h and at 50°C for 3 h.
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Distillation yielded 53.2 g (61%) of hydrazino alcohol Ic with bp 98-102°C (16 mm), d2°
0.9265, and nD 1.4497., TFound: N 20.7; 21.3%; equivalent weight 134; MRp 38.32. CeH,eN2O.
Calculated: N 21.2%; equivalent weight 132; MRp 38.82,

2-Alkylperhydro-1, 3,4-oxadiazines (IIa, b, d-f). These compounds were obtained by con-
densation of hydrazino alcohols Ia-c with aliphatic aldehydes by the method in [5]. The
characteristics of the new compounds are presented in Tables 1 and 2.

4-Isopropylperhydro-1, 3,4-oxadiazine (IIc, Tables 1 and 2). A mixture of 31.7 g (0.27
mole) of 2-(N-isopropylhydrazino)ethanol (Ib) [5], 8.1 g (0.09 mole) of paraformaldehyde,
and 30 ml of benzene was refluxed with a Dean—Stark trap until the water was removed com=-
pletely. The residual mixture was then distilled with a column.

5,6-Dihydro-4H-1,3,4-oxadiazines (IITa-f, Tables 3 and 4). Perhydrooxadiazines IIa~f
were added cautiously to a 107 molar excess of yellow mercuric oxide. The reaction usually
began spontaneously when the mixture was stirred; when the reaction was too vigorous, the
mixture was cooled with ice water. The mixture was heated on a boiling-water bath for 30-60
min to complete the reaction. The organic layer was separated, dried with potassium carbo-
nate, and distilled.
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REACTIONS OF TELLURIUM TETRAHALIDES WITH 1,5- AND 1,6-DIOLEFINS
AND THEIR DERIVATIVES*

Yu. V. Migalina, I. M. Balog, . UDC 547.739.4
V. G, Lendel, A. S. Koz'min,
and N, S. Zefirov

1,4-Dihalo-substituted tellurolanes were obtained by reaction of tellurium tetra-
bromide and tetrachloride with 1,5-hexadiene, and the corresponding six-membered
heterocyclic compounds with a tellurium atom in the ring were obtained with 1,6~
diolefins.

A few examples of heterocyclic systems that contain a tellurium heterocatom have been
described [2]. Considering the ability of tellurium tetrahalides to add to double bonds
(for example, propylene [3]), we decided to extend this reaction to diolefins in order to
obtain heterocyclic compounds.

We selected 1,5-hexadiene (I), diallyl ether (IIa), diallyl sulfide (IIb), diallylamine
(I1c), and N-methyldiallylamine (IId) as the diolefins. By varying the order of additiom,
the; reagent ratio, the temperature, and the solvent we found conditions under which crystal—
line substances that do not contain multiple bonds are formed in good yields from tellurium
tetrahalides and diolefins. After reaction of 1,5-hexadiene with tellurium tetrabromide and
tetrachloride, we were able to isolate 1,1—dibromo-2,S-dibromomethyl— (IITa) and 1,1-di~
chloro-2,5-dichloromethyltellurolane (IIIb), respectively, from the reaction mixtures.

*Communication IV from the series "Organic Selenium and Tellurium Compounds.'" See [1] for
communication III.
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