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Aliphatic diazo compounds undergo oriented cycloadditions to a,p-un- 

saturated carboxylic esters such that the diazo carbon atom becomes attached 

to the [J-position of the unsaturated esters; "anomalous" additions have also 

been observed (1). Information on the steric course of the "normal" addition, 

i.e. on the nature of the l'two-planes" orientation complex of the reactants, 

can be gained from systems in which the diazo carbon atom and the P-carbon 

atom of the ester become chiral centers during the cycloaddition. We have 

treated monosubstituted diazomethanes with olefinic components in which 6 01‘ 

cis an ester group and L and S symbolize large and small substituents. 

H--Y a/\ =f=fj 
I k (syn) 

k(anti1 

C 

L b 

'C 
L b 

The steric course is defined as syn when substituentaarld the large 

substituent 1, elld up cis in tile 4- and 5-positions of the pyrazoline. As poin- 

ted out in the preceding communication (1). the interaction of the substitu- 

ents ~a~ld L in the syrl complex 1 can be of an attractive nature (r-overlap, 
= 
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dipole-dipole interaction) or of a repulsive nature (van der Waals strain). 

The anti cycloaddition takes place via the "two-planes" orientation complex 

2 and leads to the pyrazoline in which Q and L arc trans to each other. 
= 

Although C-a also becomes chiral in the cycloaddition, only two stereo- 

isomeric 1-pyrazolines are formed because the relative configuration of C-a and 

C-P is retained in the concerted 1,3-dipolar cycloaddition (2). If 6 or c is 

hydrogen, a tautomerisation occurs to a 2-pyrazoline, in which the relative 

configuration at C-4 and C-.5 is unaltered. A complication is encountered ii 

substituent cr is also an ester group, but the use of different ester units 

allows one to sort out the pathways as reported (1). 

The stereoisomeric l- or 2-pyrazolines were separated by thick-layer 

chromatography or fractional crystallization. Their properties and their struc- 

tural determination by n.m.r. spectra will be published elsewhere. The rate 

ratios k(syn) / k(anti) shown in the table were obtained by n.m.r. analysis 

directly on the mixture of cycloadducts. 

Table. Pyrazoline Formation from Aliphatic piano Compounds and a,P-Olefinic 

Esters. Ratios of Syn and Anti 1,3-Dipolar Cycloaddition. 
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0.23 

0.28 

0.11 

0.72 

0.32 

0.85 

0.39 

1.5 

2.6 

0.64 

0.47 

The following conclusions can be drawn from the values: 

I+ In the addition of diazoethane (dr CJ13) to citraconic and mesaconic esters 
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(110. 1,2) tile? syrl addition is ca. 4 times slower f.llall anti addition. This pre- 

ference reflects the van der Waals strain between cl = Cl1 
3 

and I. = CO2CI1, 
_) 

in the 

syrl complex 1 and in its corresporldillg transition state. 
= 

2 _O 
1'tleIIyldiazometllarle + mesaconic ester (rIOa 6) shows k(syn) / k(anti) = 0.85. 

Though substituent a (C,,llj) is larger than CII 
3 

s the rate ratio increases be- 

cause the '?7-overlap between C II 
0 5 

and CO*Clf, 
3 

overcompensates for the increase 

of van der Waals strain. In the corresponding interaction of a = CO2ClI 
3 

and 

I, = C6Hj (no. bi, 1.5) k(syn) becomes even larger than k(anti), Ilowever, on 

further increase in the van der Waals strain as illustrated in no. 11 with 

a = CU*C(CII ) 
3 3 

and L = C 11 
b 5' 

the ratio k(syn) / k(anti) drops to 0.47. 

lo L)imethyl citraconatc, with its cis ester groups, is no longer planar. The 

is smaller than in the cass of dimethy 1 

attractive 57-overlap between a = C II 
6 5 

pl~c~~omenor~ is illustrated in the addit 

anti I, = twisted CO2CII 9 (no. 5, 0.32) 

mesaconate (no. 6, 0.85)* The SaliN? 

cis- and 

Lrans-cinnaruic ester (no. 10, 0.64 vs. - 

iolx of meLby diazoacetate to 

no. 8, 1.5). 

:+ -. The ester t;roups of 2, 3-tlinletllylrrlaleic ester are even more tilted 

of methylmaleic ester (citraconic ester). For Q = Cli3 k(syn) / k(arlt 

(110. 3) compared with 0.23 (110. 1). 

1. ?‘hc van 11er Waals rnpulsion of bulky cis substituents in 3- and 5 

lhar1 those 

i) = 0.11 

-position 

ol‘ the I-pyrazoIillv ( ~1 arld 6 in the syn, 0 and E in the anti addition) seems 

to influence? the transition state energy also. For example, k(syn) / k(anti) 

= 1.j for methyl diazoacotate + ctllyl trans-cinnamate (no. 8) is increased to 

2.6 wtlen tert.-butyl trarls-cinnamate (noa 9) is the dipolarophile, A decrease 

in k(anti) due to the interactions between 3- and j-substituents r!,ay be re- 

sponsible. The relatively high ratio of O,72 iIt the system diazoethane + 2,3- 

dimethylf‘umaric ester (no. 4) can also be interpreted in terms of a repression 

of' k(anti), 

7'11US) t.fle ratio of the two steric courses, syn and anti, functions 

as a probe alld gives insight into the interplay of steric and electronic sub- 

stitucllt effects in the transition state of 1,3-dipolar cycloaddition. The 

effect ofr-overlap and vail dor liaals strain was also disclosed in the addition 
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of nitrones to styrene (3). Studies of the Diels-Alder reaction (4-6) brought 

to light similar phenomena that led to the endo rule and to the preference for 

cis disubstitution. 
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