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Abstract : Proof is presented for the three step ADD-ADD-EL pathway to ther- 
mal 'dimers' of pyrazolidin-3-one-azomethinimines without a centre of sym- 
metry, pyrazolidin-3-one acting as a special type of nucleophilic catalyst . 

Thermal dimerizations of azomethinimines, for example of N-amino-(3,4-dihy- 

droisoquinolines), are well known, often spontaneous reactions, previously 

formulated as equilibria between two 1,3-dipolar monomers and the dimer 1,2 . 

Although from such dimers with dipolarophiles 1,3-dipolar cycloaddition pro- 

ducts of the monomers are easily obtained, the thermal dimerization of 1,3- 

dipoles obviously is no simple head-to-tail process or vice versa. Concerted 

thermal dimerizations as for example [7t4s + a4s]-reactions are symmetry for- 

bidden. They are only permitted, if a 1,3-dipole may react as a 4n- , and as 

a 2x- or 6a-species as well, for example a 3-hydroxy-pyridinium-betaine 3, 

or a nitrile oxide 4. A two step dimerization (via zwitterions) is preferred 

for thiocarbonyl ylides 5e but in this case the general addition(ADD)-addi- 

tion(ADD)-elimination(EL) mechanism discussed and proposed below also is con- 

ceivable, the starting 1,3,4_thiadiazoline playing the part of the nucleo- 

philic catalyst Nu- . 

In general the dimer's structure , often with a centre of symmetry, doesn't 

reveal wether it was formed via the thermally forbidden or via an ADD(1,3-di- 

pole + Nu-)-ADD( + 1,3-dipole)-EL( - Nu-) process. There are as yet 2 excep- 

tions : a) a centrosymtnetric dimer demonstrably is formed, only if Nu- is pre 

sent (1,4,2,5_dioxadiazines from nitrile oxides + pyridine) 6, b) Nu- is part 

a-b of a dimerizing 1,3-dipolar system a-b-c , causing a formal "dime? 

8-b-"-b-"-F 
without a centre of symmetry. As a first case of b) we found a 

formal 'dimerization" of pyrazolidin-3-one-azomethiniminss and gave indirect 

proof of the ADD-ADD-EL mechanism 7 
, which we now are able to confirm 0 

While pyrazolidin-3-one-azomethinimines (i , Z?) via a concerted [7c4s + x4s]- 
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pathway A (i.e. photochemically) yield small amounts of centrosymmetric di- 

mers 2 (which also could be formed by a two step process via zwitterions) , 

they thermally "dimerize" to z - 12 without a centre of symmetry . First 

step (ADD B1) is the addition of the nucleophilic catalyst pyrazolidin-3- 

one 4 . Similar additions of nucleophiles to azomethinimines are known and 

may result in stable products , i.e. with alcohols 
8 

or with Grignard rea- 

gents ', while on heating with alkoxide in alcohol l-substituted 3-hydroxy- 

pyrazoles are formed [ (pyrazolidin-3-one-azomethinimine)-(3-hydroxy-pyra- 

zole)-transformation , mech. cf. lo I. The second step (ADD B2) resembles 

(R*)R’ 0 
(R *I 

1 : R’ = Ph 

2 :R*= - C6H4-ON-4 

7’ (R*) 

5: R’ =Ph 

5 : R* = CgH4-Ot’&-4 

t g+l_, 

(Bz) 

I? (R’or R*) 

(A)_ 

-z- 
3 

f&R*) 

-k 

R 

Ph 

C&,-OMe-4 

Ph 

C&-OMe-4 

R’ 

Ph 

C,ti,-OMe--4 

C&-0Me-C 

Ph 

!, combinations in steps H32) I (B31 : 



the Mannich reaction, which works well at (N-2) 

11 
lidin-3-ones . The carbonium-immonium species 

cond molecule of the azomethinimine 1; resp. 2 . 
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of (N-1)-substituted pyrazo- 

adding to 5, resp. 6, is a se- 

The proof for ADD B2 is the 

isolation of mixed “dimers” (9, and I..) after “codimerization” of equimolar 

amounts of 1-benzylidene i , and 1-(4-methoxy-benzylidene)pyrazolidin-3-one- 

azomethinimine 2 in boiling chloroform with catalytic amounts of pure (Ku- 

gelrohr distilled) pyrazolidin-3-one i (0.01 mol 4 per 1 mol I.). Chloroform 

(lik'e H+ , acetonitrile or other C-H acidic solvents) is efficient as a pro- 

moting electron acceptor catalyst (E) in the cyclisation step (EL of 4 , B3) 

to the stable his-aminals 7-10 . Practically EL B3 is irreversible, if the - -- 

“dime? is precipitated as a stable product . 

____~_________~_____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~ 

613C ( CDCl 

(C-5) (c-1l)3 

, TMS int. ) [ppm] olH ( CDCl3 , TMS int. ) [ppm) 

(C-4*/R) (C-4-/R’ ) (H-5) (H-11) OMe 
_____~_____~___~____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~ 

Z 91.2 62.2 129.4 128.3 lit .7 

8, 91.2 62.1 160.9 159.5 lit .7 

9, 92.2 62.6 159.7 3.97 s 7.17 s 3.81 s (3H) 

12 91.4 62.5 161.1 3.94 s 7.14 s 3.81 s (3H) 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1, , and l3 5,11-bis-(4-methoxy-phenyl)- 

(8,) 7. 

C nmr data of 5,11-bis-phenyl- (z) 7, 

11-(4-methoxy-phenyl)-5_phenyl- (9,) , and 5-(4-methoxy-phenyl)-ll-phe- 

nyl-perhydro-dipyrazolo[ 1,2-a ;l’ ,2’-d][1,2,4,5]tetrazine-dione-(1,9) (il.) 

After elution with CH2C12 from a kiesel gel 40 (Merck) column we obtained 

a crystalline mixture of the “dimers” 2, S,, 9,, and A,0 (overall yield 57%) . 

Unreacted & and z were than eluted with methanol. The pure mixed “dimers” 9, 

(m.p. 225-245’C, dec., m/e 378), and i,O (m.p. 187-191’C,dec., m/e 378) were 

isolated by fractional crystallisation from either ethanol, propanol, E-buta- 

none or ethyl acetate . 

Carbon atoms C-5 and C-11 of the mixed “dimers” 9, and 1,g are not equivalent, 

which is demonstrated by the 13C and 1 H nmr data. From Dreiding models we 

suggested, that a chair conformation with equatorial R at C-5 and axial R’ 

at C-11 to be one of the least sterically hindered 7 , which was meanwhile 

confirmed by X-ray analysis 
12 of 9, and $. The rotation of the eq R at C-5 

is significantly more hindered by the H atoms at C-3 and at C-7 than the ro- 
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tation of the ax R’ at C-11 . Thus the mixed “dimer” structures 9 resp, J.. 

can be assigned : While the 
1 

H nmr of 9, shows a sharp AA’BB’ system (bA = 

6.89 ppm , dB = 7.68 ppm , 3AB = 9.0 Hz 8 in CDCl.3 , 100 MHz , TMS int .) at 

25’C for the m,m’ ;o,o’ H atoms of R’ = 4-MeO-C6H4 , the corresponding AA’BU’ 

system for R = 4-MeO-C6H4 of i,O is only sharp 

68 = 7.35 ppm , JAB = 8.0 Hz 5 in CDBr3 ) . 

We believe that most 1,3-dipole dimerizations 

the ADD-ADD-EL pathway, as outlined above for 

centrosymmetric “dimers” , whereby in general 

above 83’C (6A = 6.88 ppm , 

under mild conditions fo3.l.o~ 

a special case, leading to non 

even a protic solvent or an 

aprotic electron donor cantre can act as the nucleophilic catalyst Nu- . 
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