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Abstract-Alkanal methyihYdrazones react wlth nltrlle lmlnes 

to give 1.2.3.4-tetrahydro-S-tetrdzlnes Tetrazlnes obtalned 

from the reactlo" of nltrlle lmlnes wlth methylhYdrazones of 

aromatic aldehydes and ketones exhlblt rlng-chaln tautomerlsm 

I" solution The extent or such tautomerlsm is inrluenced both 

by sterlc and electronic etrects ot substltuents 

Recently1. we reported on the synthesis of 1.2.3 4-tetrahydro-3-tetrazlnes by 

dlrect lnteractlan between nltrlle lmlnes 2 and al~pnatlc ketone methYlh~draZones 

Our deslre to explore the scone and potentla1 of thls new s~nthetlc route led us to 

pursue the reactlon of 2 wlth meth~lh~drazones of aldehydes and aromatlc ketones 

alkane1 methylhydrazones 3 are round to add readily onto 2, generated In sltu from 

the respective hydrazonoyl chlar~des 1. glvlng the correspond~ng tetrahydro-s- 

tetrazlnes 4 (Scheme 1 )  I" good ylelds 

Scheme 1 



The assignment of structure 4 to these compounds is based on elemental nnalysls 

(Table 11 and spectral data. Thelr ir spectra revealed an N-H absorption in the 

range 3260-3280 cm-l and C=N bond stretching at ca.lb20 cm-l. h e  l~-nmr Spectra 

(Table 21 of these compounds exh~bited a sharp slnglet at about 3.0-3.3 ppm i3Hl. 

assigned to the N-methyl protons. The C-3 proton slgnal shows splitting patterns 

that indicate coupllns with the vlclnal N-2 iJ=3 Hz1 and ~brotons iJ=7-9 Hz) : upon 

addltlon of DZO thls pattern is reduced to a quartet (-1. tnplet (-1. or a 

doublet (-1. The diastereotoplc methyls of the lsopropyl group at C-3 in comp- 

ounds 4 f  appear as two doublets. centered at ca. 0.92 and 1.18 ppm. The 1 3 ~ - ~  

spectra of exhlblt. besldes other expected slgnals. two signals i n  the range 

136-142 and 69-74 PPm. ascrlbed resPectlvely to C-b and C-3. The latter slsnal 

shows UP as a doublet in the off-resonance spectra. These  assignment^^,^ confirm 

the tetrazine structure for these compounds. Their mass spectra display Peaks 

corresponding to the correct molecular 10"s. and fragment 10"s that conflrm 

structure 41. 

In contrast to these findings. Grashey et a1.3 assumed the acycllc structure 6a(B) 

for the reactlon product obtained from 1 t R  = Ar - C6Hgl and benzaldehyde methyl- 

hydrazone. On the other hand. Ehrhardt et a L 4  mentioned that tetrahydrotetrazlnes 

Were tormed only as by-products from the reaction of benzaldehyde alkylhydrazones 

with 1 (R - Co~Mel: the maJor products being the acyclic adducts. This controversy 

Prompted US to further lnvestlgate the reactlon of 2 with methylhydrazones (21 of 

aromatlc aldehydes and ketones. 

Here?". the latter reactlon is found to yield the expected tetrahydro-s-tetrazlnes 

m. that i n  solutlon coexlst i n  esullibrium wlth the acyclic tautomers 

(Scheme 2. Table 1). Thls is evidenced from thelr n w  spectra whlch reveal slgnal 

doubling lndlcatlve of "ring-chain' tautomerism (A+Bl. Thus. the l~-nmr spectra 

of 6a-e show the protons at N-2 and C-3 each as a doublet at 4 .4  and 5.8 ppm. 

respect~vely. The former doublet disappears upon addition of D20, while the latter 

collapses to a slnglet. This conflrms the presence of the cyclic tautomer &@), 

which is further characterlsed by a 13C-nmr slgnal appearing at ca. 70 ppm. charac- 

terlstic of the C-3 rlng carbonl. In addit~on. the lH-nmr spectra show another 

exchangeable singlet at 9-11 ppm, asslsned to the N-H of the acyclic tautomer 68. 

Slsnal doubllns is llkewlse observed for the remalnlng protons: I" particular the 

N-1 methyl protons give rlse to two singlets of unequal lntensit~es at c a .  2.3-2.6 
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Table 1. Ylelda and Phvelcal Data of Compounds 4 and 6 

C o m ~ d  R R'/Ar' R" A r  Yield mp Calcd / Found 
(%la  (OC) c H N 

% CO2Me Me - p-NO2-CgHq 68 192-194 49.14 5.15 23.88 
48.98 5.14 23.94 

6h COzMe 2. 2 k 6 Q .  C6Hq C6H5 78 116-117 71.86 5.24 14.57 
71.58 5.42 14.30 

aYield~ refer to crystallized products. 



and 3.2-3.4 PPm, belonging to tne cvcllc and acyclic W tautomers. respec- 

tlvely (Table 21. A slmllar trend is observed i n  the 13c-nmr spectra of compounds 

6; the N-1 methyl. for example, appears at ca. 37 (tautomerlc form & I  and 43 ppm - 

(form B l .  The ring-chaln tautomerlc ratlo in these compounds. ~nferred from the 

relatlve lntenslties of the respective l~-nmr signals at 3S°C, ranges from 20:80% 

in compound c, up to about 60:40% In m. 

Scheme 2 

Compounds 6 are colorless to pale yellow crystalline com~ounds, glve sharp melting 

polnt~, and show slngle spots upon tlc examlnatlon u51n9 different eluents and 

adsorbents. Neither of thelr physical characteristics nor the ~ H - W  spectra were 

altered upon repeated crystallizations from various solvents. In solutlon. these 

compounds acquire intense yellow coloration5. 

Evidently, these compounds exlst in one form i n  the solld phase. whereas both 

cyclic and acycllc tautomers equilibrate in solutlon. Apparently. the acyclic 

tautomers B gal" stablllzatlon through extended conjugation of the aryl molety at 

C-3 wlth the nelghbourlng C=N bond, absent in the cyclic tautomers 8 .  Introduction 

of an additional aryl group at C-3. such as in compounds & and 6h (derived from 

fluorenonel. enhances such conjusatlon and. therefore, shifts the equilibrium more 

in favour of the acyclic tautomers Rlns-chaln tautomerlsm is documented for 

related heterocycles6. 

Acylatlng agents, such as ethyl chloroformate and acetyl chloride. selectively 

react wlth the cycllc tautomer at N-2, and thereby shlft the equlllbrlum towards 

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

model compound, &g gave hlgh yields of the 2-acyl derlvatlves 7a and a (Scheme 
31, neither of which exhlblts ring-chain tautomerism in solutlon. as shown in thelr 

l~-nmr as well as 13c-nmr spectra (experimental part). Deacylation of a, by mild 

hYdrolYsis. regenerated the parent tetrahydrotetrazine &. which. according to IH- 

nmr and 13c-nmr spectra, coexists in equlllbrium wlth the acycllc tnutomer. In a 
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Table 2. I H - N ~ ~  Data lppm. in CDC13) of Compounds 4 and 6 .  

Com~d Me in R (R')a (c~-H / fib N-Me (N-HIC 5 Tautomer 
ratio 

4aa - 3.83 1.37 (3H. dl 5.32 ldql 3.19 5.95 (dl - 

4b 2.42 1.38 (3H. d) 4.95 (dq) 3.24 4.26 (dl - 

4C - - 1.40 (3H. dl 4.83 (bql 2.96 4.33 (dl - 

* 2.39 1.08 l3H. t) 4.64 (dt) 3.20 4.12 (dl - 
1.62 (2H. dql 

3¶ 3.86 0.92 (3H. dl 4.67 idd) 3.26 4.34 tdl . 
1.20 (3H. dl 
2.00 (1H. m) 

41 3.83 0.92 (3H. d) 4.68 (ddl 3.24 4.40 (dl . 
1.15 (3H. dl 
2.00 (1H. ml 

4k - 2.43 0.92 (3H. dl 4.58 (dd) 3.26 4.00 (dl - 
1.15 (3H. dl 
2.00 (lH. m) 

6a(A) : - - - 5.88 Id) 2.36 4.48 (d) 80 
(B) : 3.23 9.16 (sl 20 

6b(A) : - 2.43 - 5.87 (dl 2.58 4.42 (dl 60 
(B) : 2.48 3.25 10.20 (51 40 

6c(AI : - 3.83 - 5.87 (dl 2.63 4.43 Id) 67 
IB) : 3.83 3.30 9.50 ( s )  33 

6d(AI : - 3.83 - 5.82 (a] 2.60 4.32 (dl 72 
IB) : 3.83 3.30 9.12 (sl 28 

6e(AI: - - - 5.82 (dl 2.40 4.47 Id1 80 
(El : 3.23 8.80 (sl 20 

aJ=7 Hz. b~ for c3-H with the exocycllc C-H in R 1s 7 Hz in 4a-e, 6a-e and 9 Hz in 

4f-k. =J=3 Hz. d~easured in DMSO-d6. eOveria~~ed wlth Ar signal in both tautomers. 



ratlo exactly matchlng that Prlor to acylatlon. Thls could be considered as a 

chemlcal evldence in support of the hltherto undescrlbed ring-chaln tautomerlsm in 

1.2.3.4-tetrahydro-S-tetraz~nes. 

Scheme 3 

P h  

M r P h 

COR 

( A )  6 a ( B )  7 a  : R=OEt 
NdOHlEtOH 7 b  : R = M r  

AS lndlcdted by l~-nmr and 13~-nmr. products 9. obtalned from 2 and p~valaldehyde 

methylhydrazone 8 .  exlst excluslvel~ in the acyclic form (Scheme 41 Thls is presu- 

mably due to excessive sterlc h~ndrance caused by the bulky tert-butyl group at the 

asomethlne termlnus a factor whlch dlsfavours lntracycl~zat~on thereon 

Scheme 4 
H 

N-NAr 

2 + HN-N 
I 

M e  I 
Me 3 

9 
9a:  R = p-NO& tiL; Ar=C6H5 

9b : R = MeOCO ; Ar = C,H, 

9c : R = MeCO j Ar= p-CI-C 6 H L 

EXPERIMENTAL 

Meltlns polnts (uncorrected) were determlned on a Mel-Temp apparatus 1r spectra 

(KBr pellets1 were obtalned on a Perkln Elmer 577 Spectrophotometer Nmr spectra 

( I n  CDC131 were recorded on a Bruker WM-250. wlth tetramethylsllane as internal 

standard. Mass spectra were run on a Flnnlsan MAT 112 at 70 eV Mlcroanalyses were 

performed at Butterworth Laborator~es. Mldelsex. Ensland. All chemicals and 

solvents were of commerc~al grade. ~ethylhydrazones~ and hydrazonoyl chlorides1,8 

were prepared according to known procedures 

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

chlorlde 10.01 moll I" tetrahydrofuran (20 mil was added a solutlon of the methyl- 

hydrazone (0.01 moll and trlethylam~ne (0.03 moll ~n tetrahydrofuran (30 mll. The 
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mlxture was stlrred for 14-30 n at room temperature. The whlte Precipitate of trl- 

ethylamon~um chloride was flltered off. and the solvent was evaporated in vacuo. 

The resldue was washed wlth water, and. if oily. triturated wlth llttle ethanol 

110-15 ml). The ~nsoluble solld was collected and recrystallized from ethanol. 

Compound -: Yleld 82%. mp 121-122° C. 1 ~ - ~ m r l ~ ~ ~ 1 3 ) :  1.18 (9H, 51. 3.10 13H. sl, 

6.67 11H. sl. 9.50 (N-H. br sl PPm. Calcd: C. 64.57; H, 6.56: N. 19.82. Found: C, 

64.61: H. 6.69: N. 19.97. 

Compound B: Yleld 77%. mp 83-84O C. ~H-NM (CDC131: 1.14 (9H. sl, 3.10 13H. s ) .  

3.80 (Me-N. sl. 6.62 IlH, sl, 10.70 IN-H. sl ppm. Calcd: C. 62.05: H, 7.64; N. 

19.30. Found: C, 61.88: H. 7.54: N. 19.58. 

Compound %: Yield 85%. mp 115-117° C. 1 ~ - ~ m r l ~ ~ ~ 1 3 1 :  1.14 19H. s ) .  2.46 (Me-CO. 

51. 3.10 13H. sl. 6.60 IlH. sl. 10.50 (N-H. brsl PPm. Calcd: C. 58.34; H, 6.85: N. 

18.14. Found: C. 58.36: H. 7.08: N. 18.22. 

Preparatlpn of Compound 7a. 

Ethyl chloroformate (6 moll in dry tetrahydrofuran (10 mll was added dro~wlse to 

an ice-cold mixture of compound 6a 15 mol) and trlethylamine 110 moll I" tetra- 

hydrofuran (20 ml). The mixture was stlrred for 0.5 h at O0 C. and then allowed to 

stand for 2 h at roam temperature. The solvent was evaporated. and the solid 

residue was washed with water. drled and recrystallized from ethanol. Yield, 88%. 

mp 153-154O C. Calcd: C. 71.98: H. 6.04; N. 13.99. Found: C. 71.86: H. 6.14; N. 

13.80. IrlKBrl: 1715 cm-1 IC=Ol. 1 ~ - ~ m r l ~ ~ ~ 1 3 ) :  2.23 (Me-N. s ) .  1.27 (3H. t. J=7 

Hz). 4.18 (2H. 9, J-7 Hz1 Ppm. 

Preparation of Compound7h. 

Thls compound was prepared from 6a and acetvl chlorlde as described for compound 

7a. Yield 75%. mP 150-15Z0 C. Calcd: C. 74.54: H. 5.99: N. 15.12. Found: C. 74.36: - 

H. 6.16: N, 14.89. IrlKBrl: 1672 cm-l lC=Ol. 1 ~ - ~ m r l ~ ~ ~ ~ 3 1 :  2.33 13H. 81. 2.38 (3H. 

sl. 7.68 L ~ c - H .  sl PPm. 1 3 ~ - ~ m r l ~ ~ ~ 1 3 )  : 63.1 IC-3 rlns carbon: doublet in the off- 

resonance spectrum). 172.5 IC-0) ppm. 

Hydrolysis of Compound 7b. 

To a solution of 10.5 sl in ethanol 130 mil was added 10% aqueous sodlum 

hydroxide 110 ml). The reaction mixture was then refluxed for 5 minutes and then 

cooled in ice. The result~ns Precipitate was collected, dried and recrystallized 

from ethanol. The product was identlcdl Imp. mixture mp. ir. and l ~ - m r )  wlth 

compound 6a. Yield 70%. 
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