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Summary The surprising formation of C22H32N2S2 from the title compound L at 45'C involves 
the interaction of the basic adaaentanethione S-mathylide (1) with its acidic pre- 
cursor 1, in the course of which the anion 5 undergoes electrccyclic ring opening: 
the aci;i and base functions offer the clue to a prolific chemistry of the thiadia- 
zoline 1 and the thiccarbonyl ylide 2. - 

When the 1,3,4_thiadiazoline 1 was heated in xylene at 80°C, 96% N2 were 

extruded in IO min and 94% of the Spiro-thiirane 2 was formed via 2. 
1 

In the 

same reaction at 45'C, the N2 evolution was finished with 64% after I h and 

the CH2 signal of 2 was missing in the 1 H NMR spectrum. Instead, a compound 

C22H32N2S2' 
colorless crystals with mp 194-195°C,2 was produced in 32% yield; 

the stoichiometry requires 2 equiv. of 1 with elimination of 1 equiv. N2. On _ 

running the decomposition of 0.2 M (or 0.013 M) 1 in methanol at 45'C, JH NMR 

analysis indicated 56% (33%) of C22H32N2S2 along with 30% (45%) of 2-methoxy- 

2-(methylthio)adamantane (4). Distillation and tic afforded 4 as a colorless 

oil, bp 40-45°C/0.01 Torr. 

The dependence on temperature and concentration suggests that a bimolecu- 

lar reaction of adamantanethione S-methylide (2) with the precursor 1 competes 

with the unimolecular electrocyclization 2 -t 3. The interplay of activation en- -- 
thalpy and entropy allows one to expect that the conversion 2 + 2 has the higher 

temperature coefficient. The 
1 
H NMR spectrum of C22H32N2S2 (CDC13) indicates a 

SCH3 group at 5 2.02 and a IH singlet at 8.12, whereas the 13C NMR spectrum 

shows signals at 6 10.9 (q, SCH3), 150.3 (d, HC=N-), and 175.5 (s, C-2 of Ad=N). 

In accordance with structure _Z, 1.96 equiv. of adamantanone 2,4_dinitrophenyl- 

hydrazone, mp 212-214'C, were formed with 2,4-DNPH in ethanolic sulfuric acid. 

The conversion to 2,2_dimethoxyadamantane in methanol with trifluoroacetic 

acid tallies with the structure of the O,S-dimethylacetal 4; 6H = 1.87 (s, 
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SCH3) and 3.31 (s, OCH3) contribute NMR evidence. 

+ s 
Ad +H> + Ad(‘TH2 = Ad+ ‘CH3 
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The mystery of the 1 formation iS solved in the formula scheme on recog- 

nizing the fact that the thiocarbonyl ylide 2 is a base and the thiadiazoline - 
1 an acid. Proton transfer leads to the sulfonium ion 2 and a cyclic ally1 

anion 5, which undergoes an electrocyclic ring opening of the type cyclopente- 

nyl anion + pentadienyl anion: 
3 

the superior stabilization of the anion 2 by 

nitrogen and sulfur is responsible for the ring cleavage. The thioformhydrazone 

derivative 1 results from the combination of the electrophile 2 with the ring- 

opened anion 8. Structure 1 is in accordance with the properties mentioned abo- 

ve for compound C22H32N2S2. 

The nucleophilic 
1 and basic properties of 2 are a function of the low- 

lying HOMO of thiocarbonyl ylides. 
4 
Methanol is likewise able to protonate 2; 

the O,S-dimethylacetal 4 emerges from the ion recombination, 2 + CH30 . Corre- 

spondingly, warming of 0.2 M 1 in benzyl alcohol at 45'C produced 96% N2 and 

83% of the mixed O,S-acetal 2, mp 70.5-72'C. Analogous reactions of 1 via 2 

with thiophenol or tert-butyl mercaptan gave rise to mixed dithioacetals 10 - 
(lOO%, mp 82-84OC) and 11 (94%, oil), respectively. - 

Ad’ 
SCH, 

‘X 
-ii 

10 

11 

2 + H#CNh 
SCH3 +2 

= 5 + H&CNh - Ad<CcCNj - Ad=C(CN)2 + Ad(SCH3h 

H 2 

14 15 16 

When l was heated with thiocampher in THF (8 h 40°C, 94% N2), the 1,3-cyc- 

loaddition of 2 to the C=S bond was probably sterically hindered. Instead, the 

scenario is set for an acid-base reaction providing sulfonium ion 5 + bornene- - 
2-thiolate (12). Ion recombination furnished the mixed dithioacetal 13, mp 

86-87'C in 25% yield. 'H NMR (CDC13): 0.77, 0.82, 1.00 (3s, 3 CH3), 2.05 (s, 
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Nevertheless, we suppose 17 is the primary hydrolysis product of 8. The li- - - 
terature offers evidence for ring-chain tautomerism of A 

2 
-1,3,4-thiadiazolines, 

6-8 although 2-unsubstituted 5,5-dialkyl-A2 -1,3,4_thiadiazolines have not been 

described. Our conclusion: the equilibrium of the anions is far on the side of 

the open-chain 8, and kinetically controlled reactions (alkylation, arylation) 

afford open-chain compounds. The neutral species, however, favors thermodynami- 

cally the cycZic form, i.e., 17 + 19. -- 

The higher bond energy of the cyclic hydrazone 19 compared with the azo - 
compound J_ finds its precedent in the different stabilities of 2- and l-pyrazo- 

lines. The analogy includes the base and acid catalysis of tautomerization. 

Trifluoroacetic acid (10 ~01%) in CDC13 isomerized the A3-1,2,3_thiadiazoline 1 

to the A2-form 19 in 30 min. - 

?lCH S\ 
‘CH P” 

-‘:, +n Ad 
Ad&$N + H2N \/” i= AdGN/ tiH /X + HN 

\/- 

qN/N*C/NJ + 

H 

8 22 17 23 X=CH?, 24 X=0 

&S 

Piperidine and morpholine are sufficiently basic to induce ring-opening of 

the A3-thiadiazoline 1 at 20°C in 3 h furnishing the formamidrazones g, mp 

84-85"C, and 2, mp 72-73'C, respectively; of course, the A2-tautomer 19 was 
*_ 

also converted 

(s) for C-2 of 

C=N stretching 

chanism ? Base 

19 via the ion - 
is substituted 
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by piperidine to 23 (85%). The "C NMR signals of 23 at 6 171.6 - - 
adamantane and at 158.6 (d) for the formyl C-atom as well as 

frequencies at 1605 and 1636 cm 
-1 

secured the structure. The me- 

catalysis establishes an equilibrium of the thiadiazolines 1 and 

pair 8 + 22 with a modest concentration of 11, which, in turn, - 
by the secondary amine with H2S elimination. 
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