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The cycloadditions o f  diazomethane and i t s  aryl derivatives to olefins ore 

H0(1,3-dipole) - LU(dipolarophi1e) controlled. Accordingly, electronattmc- 

ting substituents in  the dipolarophile or electron-releasing substituents in  diazo- 

methane accelerate the addition. The log k for the reactions of substituted phe- 
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nyldiazomethones with ethyl acrylate and norbomene obey Hammett relations 

with p = - 1.5 and -0.8. Substituents influence the rate constants of diphenyl- 

diozomethane less. 

MO perturbation theory (PMO) offers on elegant interpretation of reactivity sequen- 

ces and regioselectivities of concerted ~~cloaddit ions. lr2 1,3-Dipolor cycloadditions of 

diazomethone to substituted ethylenel turned out to be a crucial test, because the predomi- 

nance of the HO(diozomethone) - LU(ethylene) interaction i s  so strong thot the second fron- 

t ier orbital interaction con be neglected (Fig. 1). A linear relation of log k with the reci- 
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Figure 1 



procal energy distance of HO(diazomethane) - LU(alkene) was achieved for ethylene and 
7 .  

14  derivative^.^ Ethyl acrylate reacts 10 hmes faster than butyl vinyl ether, whereas en- 

amines are inert. 

Not only the decrease of ethylene n-MO energies by electron-attmcting substi- 

tuents, but also the lifting up of diazomethane orbitals by electron-releasing substituents 

should accelerate the cycloaddition.We measured the kinetics o f  aryldiazomethane cyclc- 

additions to  ethyl octylate i n  DMF at 2 5 ' ~  by spectrophotometry. The slower rates o f  the 

additions to  norbornene were followed by a volumetric method ; the remaining diazwlkane 

i n  samples withdrawn was detennined by ni tpgen evolution with trichlomacetic acid i n  

2-methoxyethanol. 

Table 1. Rate Constants for Aryldiazomethane Cyclwdditions to  two Dipolarophiles i n  

DMF at 2 5 ' ~  

- f 
RC6H4CH-N=N h (nm); E Ethyl acrylate Norbomene 

max R = 5 
10 k2 ( I mol-lsec-I) 

The PMO prediction is borne out by the data o f  Table 1. One observes a 9Wold 

rate increase versus ethyl actylate and a 14-fold increase towards norbornene i n  going 

from p-cyanophenyl to  p-dimethylamin~phen~ldiazomethane. 

3 
The k2 valuer for ethyl acrylate are by 10 greater than those for norbornene due to 

the lower LU energy ; a larger energy gain AE i n  the creation o f  the new MOs of  the tmn- 
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sition state o f  ethyl acrylate addition causes a higher rate constant (Fig. 2). Why do substi- 
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Figure 2 

tuents in  phenyldiazomethane affect the addition rote to acrylic ester significantly higher 

than the one to norbomene ? The greater FMO energy separation in  the latter case leads 

t o o  smaller AE which i s  subject to less change than in  the case of acrylic ester. 
I 

The dato of Table 1 f i t  the Hammett equation with ? = - 1.52 (correlation coeffi- 

cient r =0.983) far ethyl acrylote and -0.83 ( r =0.955)  fornorbornene; they cbnform 
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well to the early transition state of a concerted cycloaddition. The following orguments 

speak against o two-step mechanism of these cycloadditions: 

1 .  Diazoalkanes are predominantly nucleophilic; electronattracting substituents stabilize 

the ground state. The esters - 2 with ethyl acrylate could be formed via the zwitterionic in- 

termediote 1. The observed substituent effect could result from the loss of ground state sta- - 
bilizotion; the late tronsition state should be close to the structure of 1. Although the - 
negative sign o f  ? i s  correct, i t s  absolute size i s  smaller than expected for 1. 

1 - 2 - 

In contrast toocryl ic ester, norbomene i s  nuc uld require a zwitterion 

of type 3. - The opposite of the anticipated substituent effect in  Ar was observed. 

3. The occurence of the dimdical intermediate 4 - in the combination with o dipolarophile 
3 

d=e i s  inconsistent with the structure-rate relation on substituent variotion of d-. Lorger 

values should again account for the suppression o f  substituent effects of Ar in thegenera- 



t ion of 4. - No loss o f  nitrogen accompanies the cyclwddition. 

Table 2. M e  Constants for Cycloadditions o f  Diaryldiazomethanes to  Nor- 

bornene in DMF at 2 5 ' ~  (volumetric method) 

th; 
R R' 5 -1 -1 10 k2(l mol sec ) 

0.41 

0.61 

1.42 

1.28 

1.13 

1.68 

2.93 

2.75 (in cyclohexane) 

The cyclwdditions o f  diaryldiazomethanes are somewhat slower than those o f  aryldiazome- 

thanes. Substituerteffects (Table 2) are smaller than i n  the monwryldiazomethane series. 

p-Dimethylaminophenyldiazomethane reacts 5.6 times faster than the p r h l o r o  compound ; 

the corresponding substituent effect i n  the diayldiazomethane series amounts to  1.9. Ro- 

bably the propeller-like twisting o f  diaryldiozomethane leods to  o weaker ground state con- 

jugation. 
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