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Buchner (1) discovered the cycloaddition of diazoalkanes to carbon-car- 

bon double bonds to form 1-pyrazolines. The latter compounds tautomerise to 

2-pyrazolines if the double bond can become conjugated with for e.g. an ester , 

group, but even in such systems 1-pyrazolines have been shown to be the prima- 

ry adducts (2,3). 

In 1893 Ruchner and Dessauer (4) reported that methyl diazoacetate + 

ethyl trans-cirlnarrlate and ethyl diazoacetate + methyl trans-cinnamate combined 

to give isoneric 2-pyrazolines, both of which produced the same methyl ethyl 

r-phenylpyrazole-3,5_dicarboxylate on dehydrogenation (5). The formation of 

isomers was surprising and has remained unexplained for the last 78 years. Brey 

and JolIes (6) assigned structures 5a and 6a to the two isomers on the basis of 
== == 

their 11.m.r. spectra. 

In our hands, methyl diazoacetate reacted with ethyl trans-cinnamate in 

325 hr at 52 
0 

to give 90% of an adduct mixture, which contained 73% 5a, 17% $2 
=X 

and 10% of a 5-phenyl-2-pyrazoline derivative (see below). The product ratio was 

independent of reaction time. Analysis of the OCH 
3 

singlets in the n.m.r. spec- 

tra showed that the ratio 5a : 6a was 80 : 20, averaged over several experi- 
== == 

men t s D Ethyl diazoacetate and methyl trans-cinnamate produced 93% of an adduct 

mixture in 367 hr at 52o. The major products 2~ and $2 were present in a 20 : 80 

ratio, and here also were accompanied by 9% of a 5-phenyl-2-pyrazoline. 

The 2-pyrazolines 5a and 6a are expected to be formed via the three dia- 
== 

stereomeric I-pyrazolines la - 3a. In the tautomerisation step, the 3-H or 5-H 
== == 

is transferred to the nitrogen atom, and we assume that deprotonation takes 

place from the less hindered side, i.e. trans to il-C6115 if possible. This as- 

sumptioll is justified by the absence of the cis-disubstituted 2-pyrazolines 
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QQ 
CHa02C-C=N=N 

88 H 
N=N=C-CO,R 

4 5 

a: R= C,H, 

22 and 22 among the products. 

6 

i b: R= C(CH,), 

N-i 

CH,O,C 

7 

Evidence for the steric and electronic similarity of CO CH 2 3and 

CO,C,H5 comes from the finding that 5a and 6a were formed in the ratios 80 : 20 == S= 

and 20 : 80, respectively, in our two cycloaddition systems. These inverse ra- 

tios are expected if the two ester groups exert similar influences in adduct 

formation, if the tautomerisations la 3 5a and 3a -+ 6a take place at the same == ZE == == 

rate and if protons 3-H and 5-H are involved to an equal extent in the tautome- 

risation of 2a. == 

The configuration of the olefinic dipolarophile is always retained in 

the products of 1,3-dipolar cycloadditions (7). In the scheme k(syn) and 

k(anti) designate the rate constants of the two concerted cycloadditions that 

take place via the "two-planes" orientation complexes (7,8) g and 2. The rela- 

tion 
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k( SY~) [la_1 
2L= 

l2zl - &"=I k’ (sY~) 
= 

k(anti) = hgl 2[$"=1 k'(anti) 

allows the calculation of k(syn) / k(anti) = 1.5. This result shows that the 

z-transition state is slightly favoured over the anti arrangement. The 

If-overlap of ester group and phenyl in the z-complex g, and in its correspon- 

ding transition state, presumably overcomes the adverse van der Waals repulsion 

of these substituents. Roth effects are probably negligible in the anti-complex 

9. = 

Q 0 
N=N,CHH 0 0 

\ 
\ 

I \CO,R 
,COzR 

I 
Y=“=hH 

\ I 
\ I 

8 syn 9 anti 

By an increase in the size of the ester alkyl, the van 

repulsion should become the dominant effect, The cycloaddition of 

der Waals 

tert.-butyl 

diazoacetate to methyl trans-cinnamate reached 90% yield after 258 hrs. at 5Z” 

and produced 5b and 6b in the ratio 34 : 66. The structural assignments rest 
z= == 

on dehydrogenation by bromine and on the n.m.r. spectra; the OCH 
3 

singlets allo- 

wed quantitative analysis (9). The calculated k'(syn) / k'(anti) is 0.47 and 

verifies the prediction that the anti-transition state should be the favoured 

one. 

Analogously, the reaction of methyl diazoacetate and tert.-butyl 

cinnamate furnished after 324 hr at 5.Z” 9b$ of an adduct mixtur-e which con- 

tained 5b and 6b in a 86 
== == 

: 14 ratio corresponding to k(syn) / k(anti) = 2.57. 

In the "normal" orientation of cycloaddition the diazoalkane carbon 

becomes bonded to the P-position of the a,P-unsaturated ester. Therefore, the 

afore-mentioned 5-phenyl-2-pyrazolines are products of an vanomalous" orienta- 

tion. After treating methyl diazoacetate and methyl trans-cinnamate for 212 hr 

at 50°, we isolated lO$ of the 5-phenyl-2-pyrazoline 10 in addition to 846 of 
== 

the "normal" product lf>, which has been reported earlier (4), The reaction of 

methyl diazoacetate to methyl cis-cinnamate (960 hr, 5Z", 8670) provided even 
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and 17 iri the ratio 29 : 43 : 28(. 
== Structure proof‘ f‘01, 10 atid 11 was obtained 

= = 

by conversion to ~-pl~enyl~~yrazolr~, and throllgh synthesis (in a 85 : lj ratio) 

by addition of phenyldiazornetharle to dimethyl maleate. 

The configurations of 10 alld 11 follow from thr prlllciple of reten- 
== == 

tion of dipolarophile structure in the concerted cycloadditioll and are con- 

firmed by the AU spectra of the ring protons : LO, 5 6.03, 4.77, J4 = 9.6 11~; 
=z ,j 

11 5 j.74, 4.hb, J 
495 

= 13"2 112. == 

H CO$H, H COZCHB 

10 11 

CO,CH, 

C6HS 

12 

"Anomalous" directions of diazoalkanc cycloaddition~ to acet.ylcallic 

esters (IU), a,fj-unsaturated nitro compounds (11) and r;ulf"~les (12, 1%) have 

been occasionally observed. 

The it-pherlylpyrazolines 16 and i2 wllich are thr? "normal" adducts from 
== 

methyl traris- alld cis-cinnamate, furnished the same pyrazole 12 "II dehydrogena- 

tion, and Ap in turn was converted to 4-phenylpyrazole. The trans- and cis-colt- 

figuration of‘ 16 and 17 follow from their progcrlitors and are supportr?d by Lhe 
zz= == 

n.m.r. spectra (AC: J4 5 = 4.1 Hz, Al: <J4,5 = 12.'( 11~). 
I 

By application of the same principles that were discussed above to ttlc 

additions to methyl trans- and cis-cinnamatc, the I-pyrazolincs A2 arid 14 
== 

should be the precursors of 16, 
== 

wl~rreas 42 sI10uld arise t‘rom 15 orlly. Tile r-a Li" __ 

of the steric courses, k(syn) / k(anti), is expected to br 1.5 for matl~yl (ii - 

aaoacotate + methyl trails-ciIIrlamats as was found earlier l‘or tllc metl~yl I~tllyl 

ester‘ c"ml~ir!ati"rls, rn contrast, t Ire rat in d~,ops to 0.64 t‘or Ll~i: ~1~1111 I i oil Lo 

methyl cis-cir~nama Le. Possible rt!asoi~s arc discuss~:~I in tl~c, I‘ollow~~~~: colwnlrii- 

catiori. 
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