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Abgtract-—— Alkanal methyihydrazones react with nitrile imines
to give 1.2.3.4-tetrahydro-s-tetrazines. Tetrazines obtained
from the reaction of nitrile imines with methylhydrazones of
aromatic aldehydes and ketones exhib:t ring-chain tautcmerism
in sclution. The extent ¢f such tautomerism is influenced both

by steric and electronic effects ot substituents.

Recentlyl, we reported on the synthesis of 1,2.3,4-tetrahydro-s-tetrazines by
direct interaction between nitrile imines 2 and alirhatic ketone methylhydrazones.
Qur desire to explore the scope and potential of this new synthetic route led us to
pursue the reaction of 2 with methylhydrazones of aldehydes and aromatic ketones.
Alkana! methyihydrazones 3 are found to add readily onto 2, generated in situ from
the respective hydrazonoyl chiorides 1, giving the corresponding tetrahydro-s-

tetrazines 4 {(Scheme 1) in good vields.
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The assignment of structure 4 to these compounds 1s pased on elemental analysis
(Table 1) and spectral data. Their ir spectra revealed an N-H absorption 1in the
range 3260-3280 cm™! and C=N bond stretching at ca.1620 cm +. The lH-nmr spectra
({Table 2) of these compounds exhibited a sharp singlet at about 3.0-3.3 ppm (3H).
agssigned to the N-methyl protons. The C-3 proton signal shows splitting patterns
that indicate coupling with the vicinal N-2 (J=3 Hz) and R-protons(J=7-9 Hz): upon
addition of D0, this pattern is reduced to a quartet (4a-¢). triplet (4d.e). or a
doublet (4f-k). The diastereotopic methyls of the isopropyl group at C-3 in comp-—
osunds 4f-k appear as two doublets, centered at ca. 0,92 and 1.18 ppm. The L3C-nmr
spectra of d4a-k exhibit, besides other expected signals. two signals in the range
136-142 and ©69-74 ppm, ascribed respectively to C-6 and C-3. The latter si1gnal
shows up as a doublet in the off-resonance spectra. These assignmentsl:2 confirm
the tetrazine sStructure for these compounds. Their mass spectra display peaks
corresponding to the correct melecular iens, and fragment ions that confirm
structurs 31.

In contrast to these findings, Grashey et al.? assumed the acyclic structure 6a(B)

for the reaction product obtained from 1 (R Ar = CgHs) and benzaldehyde methyl-
hydrazone. On the other hand, Ehrhardt et al.4 mentioned that tetrahydrotetrazines
were formed only as by-products from the reaction of benzaldehyde alkylhydrazones
with 1 (R = COzMe): the major products peing the acyclic adducts. This controversy
prompted us to further investigate the reaction of 2 with methylhydrazcnes (5} of
arcomatic aldehydes and ketcnes.

Herein, the latter reaction is found te yield the expected tetrahydro-s—tetrazines
6(A}). that 1n scluticon coexist in equilibrium with the acyclic tautomers 6(B)
(Scheme 2, Table 1). This 1s svidenced from their nmr spectra which rewveal sSignal

doubling 1ngdicat:ive of "ring—chain' tautomerism (As==B). Thus, the iH-nmr spectra

of 6a-e show the protons at N-2 and C-3 each ag a doublet at 4.4 and 5.8 ppm,

respectively. The former doublet disappears upon addition of D30, while the latter
collapses to a singiet. This confirms the presence of the cyclic tautomer 6(R),
which is further characterised Ly a 13c—nmr signal appearing at ca. 70 ppm, charac-
teristic of the C-3 ring carbonl. In addition, the lH-nmr spectra show another
exchangeable s&inglet at 9-11 ppm, assigned to the N-H of the acyclic tautomer 6B.
Signal doubling is likewise observed for the remaining protons; in particular the

N-1 methyl protons give rise to two singlets of unequal intensities at ca. 2.3-2.6
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Table 1. Yislds and Physical Data of Compounds 4 and

6.

HETEROCYCLES, Vol. 29, No. &, 1989

Compd R RYAr? rY Ar Yieid mp Caled / Found
(%)a (9C) H N
4a COoMe Me - p-NOy—CgHg 68 192-194 49.14 5.15 23.88
48.98 5.14 23.94
4b Ac Me - p—Cl-CgHy 70 102-103 54.04 5.67 21.00
53.80 5.74 21.28B
4c p—Cl-CgHg Me - CsHs 67 156-158 63.89 5.70 18.60
63.90 5.s80 18.25
4d COMe Et - p—Br-CgHy 65 131-133 45.76 5.02 16.42
46.02 5.15 16.34
4e Ac Et - p-Ci-CgHy 72 111-113  55.62 6.10 19.96
55.41 6.18 20.12
4f  p-NOy—CgHy 21-Pr - CgHs 77 157-159  63.70 6.24 20.63
63.65 6.17 20.55
4g COpMe 1-Pr - p—Ac-CgHy 680 164-166 640.38 6.96 17.50
60.29 7.17 17.35
4h COzMe i-Pr - p—CN-CgHy 63 119120 59.79 6.35 23.24
59.72 6.,4% 23.14
43 COzMe i-Pr - p—1-CgHy 68 101-102 41.81 4.76 13.93
41.87 4.75 13.74
43 COsMe i-Pr - p-NOy—CgHg 70 139-140 52.33 5.96 21.79
52.20 5.88 21.70
4k Ac i-Pr - p—Cl-CgHy 75 140-142 57.04 6.50 19.01
57.19 6.72 19.26
6a CsHs CgHs H CeHs 72 125-126 76,80 6.14 17.06
76.52 6.24 17.158
6b Ac CgHs H  p-Cl-CgHy 78 150-152  62.10 5.21 17.04
61.80 5.32 17.04
G COpMe p—Cl-CgHyq H p—Br-CgHyq 75 137-138 48,19 3.81 13.22
48.36 3.77 12.97
6d COzMe p-Cl-CgHy H  p-MeO-CgHy 76 13%5-136 57.68 5.11 14.95
57.70 5.11 14.95
Se p-Cl-CgHy p-Cl-CgHq H CsHs 70 146-147  63.49 4.57 14.10
63.54 4,55 14.12
6f Ac C6H5 Me p—Cl-CgHy 76 118-119 63.06 5.59 16.34
62.87 5.42 16.18
62 COsMe  2,25CgHg.CgHg  p-Me—Cgiy 74 127-129  72.34 5.56 14.06
72.1%9 5.67 14.08
6h COgMe  2,2CgHy.CgHg CeHs 78 116-117 71.86 5.24 14.57
71.58 5.42 14.30

¥ields refer to crystallized products.
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and 3.2-3.4 ppm, belonging to the cvyclic 6(A) and acyclic 6(B) tautomers, respec—

tively (Table 2). A similar trend is cbserved in the 13C-nmr spectra of compounds
6; the N-1 methyl, for example, appears at ca. 37 {(tautomeric form A) and 43 ppm
(form B). The ring-chain tautomeric ratio in these compounds, inferred from the
relative intensities of the respective lH-nmr signals at 359C, ranges from 20:80%

in compound $a, up to about 6G:40% in &h.

Scheme 2
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Compounds 6§ are colorless to pale vellow crystalline compounds, give sharp melting

points, and show single spots upon tlc examination using different eluents and

adsorbents. Neither of their physical characteristics nor the lH-nmr spectra were

altered wupcon repeated crystatiizations from various solvents. In solution, these

compounds acquire intense vellow coloration?.

Evidently, these compounds exist in one form in the solid phase, whereas hoth
cyclic and acyclic tautomers equiliibrate in sclution. Apparently, the acyclic
tautomers B gain stabilization through extended conjugation of the aryl meiety at
C-3 with the neighbouring C=N bond, absent in the cyclic tautcmers A. Introduction
of an additional aryl group at C—3, such as in compounds 6g and 6h f{derived from
fluorenone), enhances such conjugation and, thereteore, shifts the equilibrium more
in favour of the acyclic tautomers. Ring-chain tautomerism 1is documented for
related heterocycles®.

Acvlating agents, such as ethyl chloroformate and acetyl «chloride, selectively

react with the cyclic tautomer at N-2, and thereby shift the equilibrium towards

this tautomer, leading eventually to the consumption of the acyclic form . As a

model compound, 6a gave high vields of the Z-acyl derivatives 7a and 7b (Scheme

3), neither of which exhibits ring-chain tautomerism in solution. as shown in their
lH-nmr as weli as 13C-nmr spectra (experimental part). Deacylation of 7b, by mild
hydroiysis. regenerated the parent tetrahydrotetrazine 6a. which, according to ip-

nmr and 13C—nmr gpectira, coexists in equilibrium with the acvclic tautomer, in a
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Table 2. lH-Nmr Data (ppm, in CDCly) of Compounds 4 and

6.

HETEROCYCLES, Vol. 29, No. 6, 1989

Comed Me in R (RHa (C3-H /7 ”YP N-Me (N-H)€ % Tautomer
ratio
4ad 3.83 1.37 (3H. d) 5.32 (da)y 3.19 5.95 (d) -
4b 2.42 1.38 (3H, d) 4.95 {(dg) 3.24 4.25 (d) -
4ac - 1.40 (3H, d) 4.83 (aq) 2.96 4.33 (4) -
4d 3.76 1.05 (3H, t) 4.63 (dt) 3.17 4.22 (d) -
1.60 (2H, dg)
4e 2.39 1.08 (3H, t) 4.64 (dt) 3.20  4.12 (d) -
1.62 (2H, dq)
4f - 1.03 (3H., d) 4.50 (dd) 3.02  4.04 (4) -
1.12 (34, d)
2.15 (1H, m)
ag 3.86 0.92 (3H, d) 4.67 (dd) 3.26  4.34 (d) -
1.20 (3H, d)
2.90 (1H, m)
4h 3.86 0.92 (3H., d) 4.65 (ad;} 3.26 4.24 (d) -
1.18 (3H. 4)
2.00 (1H, m}
4i 3.80 0.92 (3H, 4) 4.47 {dd) 3.18  3.93 (d) -
1.15 (3H, &)
2.00 (1H, m)
43 3.83 0.92 (3H, d) 4.68 (dd) 3.24  4.40 (d) -
1.15 (3H, 4)
2.06 (lH, m)
4k 2.43 0.92 (3H. 4) 4.58 (dd) 3.26 4.00 (d} -
1.15 (34, d)
2.00 (1H, m)
a(h): - - 5.88 (d) 2.36  4.48 (d) 80
(B): 3.23  9.16 (s) 20
6b(A): 2.43 5.87 (d) 2.58 4.42 (d) 60
(B): 2.48 3.25 10.20 (s) 40
6c(A}: 3.83 - 5.87 {d) 2.63  4.43 (d) 67
(B): 3.83 3.30 9.50 (s) 33
6A(A): 3.83 - 5.82 (d) 2.60  4.32 (d) 72
(B): 3.83 3.30  9.12 (s) 28
6e(A): - - 5.82 (d) 2.40  4.47 (d) 80
(B): 3.23  8.80 (s) 20
6F (A): 2.42 - 1.80 (s) 2.68 3.97 (s) 56
(B): 2.47 1.97 (s) 3.22  9.90 (s) 44
6g(A): 3.83 - 6.55-7.75% 3.17 4.72 (s} 45
(B) : 3.90 (m) 3.36  9.77 (s) 55
6h(A): 3.83 - 6.68-7.928 3.17 4.90 (s) 40
(B): 3.92 (m) 3.36 10.00 (s) 60

28J=7 Hz. BJ for C3-H with the exocyclic C-H

4f-k. ©J=3 Hz. 9Measured in DMSO-dg. ®0Overlapped with Ar signal in both tautomers.
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ratio exactly matching that prior to acylatien. This could be considered as a

chemical evidence in support of the hitherto undescribed ring-chain tautomerism in

1,2,3,4-tetrahydro-s—tetrazines.

Scheme 3
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As indicated by lH-nmr and 13C-nmr. products 9. obtained from 2 and pivalaldehyde
methy lhydrazone B, exist exclusively in the acyclic form {Scheme 4). This is pregu-—
mably due to exceasive steric hindrance caused by the bulky tert-butyl group at the

azomethine terminus, a factor which disfavours intracyclizaticon thereon.

Scheme 4
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9a:R = p—NO-C H i Ar=CcHg

Sb: R =MeOCO ; Ar= CGHS

9c :R=MeCO ; Ar=p—CIl-CH,

EXPERIMENTAL

Melting points (uncorrected) were determined on a Mel-Temp apparatus. Ir spectra
(KBr pellets) were obtained on a Perkin Elmer 577 Spectrcphotometer. Nmr spectra
(in CDClz) were recorded on a Bruker WM-250., with tetramethylsilane as internal
standard. Mass spectra were run con a Finnigan MAT 112 at 70 eV. Micrcanalyses were
performed at Butterworth Laboratories, Midelsex., England. All chemicals and
solvents were of commercial grade. Methylhydrazones’ and hydrazonoyl chloridesl.B
were prepared according to known procedures.

Preparation of Compounds 4.6 and 9. To a soluticn of the appropriate hydrazonoyl

chloride (0.01 meol) 1n tetrahydrofuran (20 ml) was added a solution of the methyl-

hydrazone (0.01 mol) and triethylamine (0.03 mol) in tetrahydrofuran (30 ml). The
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mixture was stirred for 24-30 h at room temperature, The white precipitate of tri-—
ethylammonium c¢hloride was fiitered off, and the sclvent was evaporated in wvacuo.
The residue was washed with water, and, if oily, triturated with little ethanol
{10-15 ml). The inzsoluble solid was collected and recrystallized from ethanol.
Compound @a: Yield 82%. mp 121-122°9 C. 1H—Nmr(CDC13): 1.18 (9H, s), 3.1¢ {(3H, =s),
€.67 (1H. s), 9.50 (N-H, br s} ppm. Calcd: C, 64.57; H, 6.56; N, 19.82. Found: <,
64.61; H, 6.69; N, 19.97,

Compound 9b: Yield 77%. mp 83-84° €. lH-Nmr (CDCla)y: 1.1i4 (9H, =), 3.10 (3H, s),
3.80 (Me-N. =3), 6.62 (lH, s), 10.70 (N-H, s) ppm. Calecd: C, 62.05; H, 7.64; N,
19.30. Found: C, 61.88; H. 7.54: N, 19.58,

Compound 9c: Yield B5%. mp 115-117° C. lH-Nmr(CDCla): 1.14 (9H, s). 2.46 (Me-CO,
s), 3.10 (3H, =), 6.60 (1H. s). 10.50 (N-H. brs) ppm. Calcd: C, 58.34; H, 6.85; N,
18.24. Found: €. 58.36; H. 7.08; N. 18.z22.

Preparatioh of Compound 7a.

Ethy! chloroformate (6 mmel) in dry tetrahydrofuran (10 ml) was added dropwise to
an ice—cold mixture of compound fa (5 mmol) and triethvlamine (10 mmol) in tetra-—
hydrofuran (20 ml). The mixture was stirred for 0.5 h at 0° C, and then allowed to
stand for 2 h at room temperature. The solvent was evaporated. and the solid
residue was washed with water, dried and recrystallized from ethancl. Yield, 88%.
mp 153-154° C. Calcd: C, 71.98: H, 6.04; N, 13.%9. Found: C, 7:.86; H, 6&.14; N,
13.80. Ir(KBr): 1715 cm~l (C=0). 1H—Nmr[CDC13): 2.23 (Me-N, g), 1.27 (3H, t, J=7
Hz), 4.18 (2H, q, J=7 Hz) ppm.

Ereparation of Compound 7h.

This compound was prepared from fa and acetyl chloride as described for compound
7a. Yield 75%. mp 150-152° C. Caled: C, 74.54; H, 5.99; N, 15.12. Found: C, 74.36;
H. 6.16; N, 14.89. IrtKBr): 1672 cm~l (C=0). H-NmriCDCl3): 2.33 (3H, s), 2.38 (3H.
s), 7.68 (3C-H, s) ppm. 13C-Nmr(CDClz): 63.1 (C-3 ring carbon:; doublet in the off-
resonance spectrum), 172.5 ({=0) ppm,

Hydrolysis of Compound 7b.

Toe a solution of 7b (0.5 g) in ethanol (30 ml) was added 10% agueous sodium
hydroxide (10 ml). The reaction mixture was then refluxed for 5 minutes and then
cooled in ice. The resulting precipitate was collected, dried and recrystallized
from ethanol. The product was identical (mp, mixture mp, ir, and lH-nmr) with

compcocund 6ba. Yield 70%.
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