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A NMR STUDY OF BARRIERS TO INTERNAL ROTATION 

IN 3-DIAZO-2-BUTANONE 

R .  Curc i ,  F. DiFur i a , and  V. Lucchini 

Centro C.N.R. d i  Meccanismi d i  Reazioni Organiche,Ist i tuto di 
Chimica Organica,  University of Padova, 35100 Padova,Italy 

It is recognized that in a-diazoketones free rotation about the  cent ra l  

C-C bond might be hindered through positive over lap  of the  carbonyl  

n-system with the p orb i ta l  on the  a-carbon pa r t  of the  CNN fragment. 

By using NMR spec t roscopy,  Kaplan and Meloy presented conclusive 

evidence that a number of a-diazoketones of the type 

in solution as a n  equilibrium mixture of two conformational i somers  having 

Fisoid a.g. , s -Z)  and t ransoid  ( s-E ) configurations.  F o r  3-diazo-2- 

propanone CH3CO-CH=N2 ( f )  in CDClg solution at 25', AG' values 

f o r  t he  E -+ Z and Z -+ E in terconvers ion  w e r e  estimated to be 14.1 

and 15.4 kcal.mo1-l respec t ive ly .2  Thus ,  the s -Z  form appea r s  t o  be 

thermodynamically more s t ab le  than the s-E form by c_a. 

RCO-CH=N2 exis t  

1.3 kcal.mo1-' 

The  observed dipole moment of in benzene at 25' w a s  found to  be 

3.37 D i 3  on bas is  of calculated dipole moments of 1.76 and 3.93 D for 

the s-E and s - Z  form respec t ive ly ,  a [ s - Z ]  o/[s-E]o r a t io  of 4 . 5  

w a s  estimated f o r  in  th i s  s ~ l v e n t . ~  F o r  th i s  compound the  preva lence  

of the  s-Z form at equilibrium w a s  rationalized invoking the unfavorable 

s t e r i c  interaction between the  methyl and the  diazo-group a r i s i n g  in the  

s-E form ; th i s  must be such  as t o  overcome the  unpropitious opposition 

of dipoles presented  by conformer s-Z . 
Adipo le  moment of 2.45 has  been found f o r  3-diazo-2-butanone 

CH3CO-C(CH3)=N2 ( 

calculated dipole moments of the E and 2 configurations,  1.7 and 

) i n  benzene a t  25°.4 On comparison with the  
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CURCI, DiFURIA,  AND LUCCHINI 

3.9 D respectively,  the hypothesis was advanced that this compound ex i s t s  

e i the r  as a single highly d is tor ted  s t ruc tu re  (fixed or with r e s t r i c t ed  

in te rna l  rotation) o r  as mixture of d i s tor ted  E and Z forms.4 

Consistent with ea r ly   report^,^ we find that the 'H-NMR 

show temperature dependence both in CDC13 and CCl4 . At + 40' 

s p e c t r a  of 

2 

the methyl protons resonances  appea r  as two rate-broadened singlets ; the  

singlet  a t  lower  field must be attr ibuted to  the 0=C-Cg3 

As the  temperature is lowered, each  of t hese  singlets broadens fu r the r  and 

then sepa ra t e s  into two distinct,unequally in tense  singlets ( see F igure  1 

and Table 1 ). This clearly shows that 2. exis t s  as an equilibrium 

mixture of t w o  interconverting conformers : 

= 

5 resonance .  

- 

I 
c 

// 
N2 

0 

CH3' 

I 
\ 

0 

N2 

s - E  s -Z 

In o r d e r  t o  dec ide  which form is p r e ~ a l e n t , ~  w e  have m e a s u r e d  the 

E ~ ( f o d ) ~  , a lanthanide shift  reagent ,  
6 

spec t r a  of ?, in the presence  of 

at temperatures below coalescence.  As expected, 6' with lanthanide t o  

subs t ra te  molar ratio > 0 . 1  the intensity of signals corresponding to the 

minor component i nc reases  with r e spec t  to  that of signals of the 

component with increas ing  [Eu(fod)3],/[ 4 lo ra t io .  However, the two 

conformers display a different dependence of induced shifts on 

c ~ n c e n t r a t i o n . ~ ' ~  For example, at - 13' and [Eu(fod)3]0/[ & ]d * 0.6 

the N2=C-CY3 resonances  of the major component show a larger 

induced shift ( 5 .60  ppm) than do  those of the minor component (3.23 ppm) 

(Tab le  1 and F igure  1 ). On bas is  of this evidence, assuming that 

bonding of' the shift  reagent  t o  the a-diazoketone occurs la rge ly  at the 

the carbonyl one should conclude that i n  A the prevalent 

conformer has  the s-E and not 5 J 9  the s-Z configuration. 

major 

Eu(fod)3 

Thus' i t  appea r s  that  f o r  2 the situation has been r eve r sed  with 

respect to  a-diazoketone . I t  is likely that both unfavorable steric - 
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INTERNAL ROTATION IN 3-DIAZO-2-BUTANONE 
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Solvent t,'C 6, baV 6, 'C 6av 'D Tc,'C ' 
CDC13 - 3 0  2.28 2.18 2.16 1.96 f 21 

+ 4  6 2 . 2 0  1.97 

-13 2.27 2.18 2.15 1.96 

Eu(fod)gd -13 9.41 9.99 5.38 7.56 
CDClj+ 

CC14 - 3 0  2.19 2.16 2 .07  1 .92  + 1 3  

+ 4 6  2.14 1.93 

interaction between the  methyl groups and opposition of 

dipoles a r i s ing  in the s -Z  form contribute to r e n d e r  conformer s-E 

prevalent in  2 . 

C=O and C=N2 

- 
To obtain the  r e l a t ive  energies of the  two conformers and energy b a r r i e r  

t o  in te rna l  ro ta t ion ,we performed a detailed line-shape ana lys i s  of the 

temperature-dependent methyl r e sonances  of &, , cor responding  to two 

unequally populated AB(DC) exchange c a s e s  with common reac t ion  rates. 

The  dependence of chemical shifts  with temperature mas a l so  taken into 

account. High-resolution s p e c t r a  w e r e  recorded  a t  s e v e r a l  t empera tures  

on a Bruker  HFX-10 spec t rometer  and calibrated to * 0 . 1  H z  with a 

frequency counter.  Sample tempera tures  w e r e  measured to 0.2' using 

methanol s tandard  l1 and co r rec t ed  by the method of Van Geet.  l2 Spec t ra  

w e r e  digitized point by point and the digits used f o r  imput to a 

program. 

gave re la t ive  populations, l i f e t i m e s  T and hence the  individual i iite_r 

conversion r a t e s  ( t o  - 5% ) at each temperature.  

shown in F igu re  2 . 

1 0  

DNMR 
1 0 , l l  Visual fitting of the computer-plotted to  experiment - 1  spec t r a  

+ 
Typical f i ts  are 
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Solvent t,OC 

CDC13 - 34.9 
- 29.8 
- 25.2 
- 1 5 . 2  
- 5 . 1  

0 . 7  
5 .4 

10.9 
15.2 
2 0 . 8  
30.5 
40 .3  
46 .4  

CC14 - 2 0 . 1  
- 15 .5 - 10.1 

0 . 4  
10.4 
3 0 . 0  
35 .4 
40.9 

PE 

0.86212 
0.848-b 
0.842k 
0.836’ 
0.821 
0.814 
0 .803  
0.794 
0.789 
0.774 
0.762 
0.746 
0.737 

0 .903  
0.897 
0.871 
0.856 
0 .821  
0 .750  
0.742 
0.692 

PZ 

0. 138’ 
0.152h 
0.158b 
0. 164h 
0.179 
0.186 
0.197 
0 .206  
0.214 
0.227 
0.239 
0.251 
0 . 2 6 0  

0.097 
0.103 
0.129 
0.144 
0.179 
0 . 2 5 0  
0.258 
0.308 

1/ Ke 

6.25 
5.58 
5.33 
5.10 
4.58 
4.38 
4.08 
3.85 
3.69 
3.41 
3.19 
2.97 
2.80 

9.31 
8.71 
6.75 
5.94 
4.59 
3.0C 
2.88 
2.25 

kZE 

- 
2.38 
4 .07  
9.64 

13.1 
17.7 
27.6 
63.2 
131. 

229. 

kEZ 

- 
0 . 5 2 0  
0 . 9 3 0  
2.36 
3 . 4 0  
4.80 
8.10 

19.8 
44 .0  
81 .O 

0.144 0.016 
0.359 0.041 
0.871 0.129 
5.14 0.865 

22.2 4.84 
120. 4 0 .  
271. 94.1 
287. 127. 

Concentration of was * 0.4  M ; k values a r e  in sec-’ . ’ Estimated by integration of resonance peaks . 

Assuming a transmission coefficient of unity, statist ical  least-squares 

A& values, treatement of Eyring plots” provided approximate AHf and 

hence AGf values a t  298’K. Similarly, plots of ln(l/Ke) E. 1/T 

gave A%z values,whereas AG& w a s  calculated as - RTlnK, . 
Thermodynamic and activation parameters are collected in Table 3 together 

with their  uncertainties. Systematic e r r o r s ,  however, could resu l t  in 

e r r o r s  larger  than these estimates. 

3 
to  CC14 solvent are not accompained by corresponding increases  in AGZ. 

Noteworthy, significant increases  in AH’values on passing from CDCl 
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1/2(Sec0’) 

31QO 

29 0 

t (‘C 1 

-- 
23 1.9 23 1.9 PPM 

FIG. 2 - Experimental (right) and Computer-plotted (left) proton 
resonance spectra of La. 0 . 4  M 3-Diazo-2-butanone 
in CDCl at various temperetures. 3 
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INTERNAL ROTATION IN 3-DIAZO-2-BUTANONE 
_I_-_l____l--_--I_ --------- II l_l---_-__- __________-___------------------------------------------------------- 

TABLE 3 

Differences i n  Conformational Energy  and Activation P a r a m e t e r s  
of Interconversion for. the s-E and s-Z Forms of .g 

Solvent : CCI4 CD Clg 

AHEZ 3 . 5 0 k  0.15 1 .45  * 0.15 

AC&,(298'K) 0 .71  0.22 0 0 7 2 *  0.15 

22.9 0 . 7  15.6 * 0.5 

AH+,, 19.3 * 0.8 14 .0  * 0.5 
AH;Z 

A%Z 24.5 * 3 -1 * 2 

A%E 15. 3 -4 2 

ACf,,(298'K) 15.6 f 1. 15.9 f 0 . 6  

AG&(298'K) 14.9 f 1. 15.2 * 0.6 

Inspection of data in Table 3 r e v e a l s  that  th i s  occu r s  la rge ly  at expenses  

of activation en t ropies .  Thus ,  while a t  0' the  in te rconvers ion  rates are 

near ly  equal in the  two so lvents ,  the r a t i o  of rate in  CC14 to  rate in CDC13 

would be M. 4 at + 5 0 °  and u. 0.1 at -50' . 
Clea r ly , r eo rde r ing  of solvent molecules around the  C=O and C=N2 

groups on going from ground to  transit ion state is considerably more costly 

in  t e r m s  of entropy in CDC13 than in CClq. This  is not s u r p r i s i n g  in 

view of the  capabili ty of chloroform ( a weakly acidic so lvent )"  t o  give 

specific solvation in te rac t ions  ( v i a  hydrogen-bonding ) with s e v e r a l  

o rganic  subs t r a t e s  . 
The magnitude of the  b a r r i e r s  to  in te rna l  rotation in compares  

favorably with that found f o r  a-diazoketones RCO-CH=Nz , 2  f o r  a romat ic  
14 

a-diazoketones ArCO-CR=N2 , 7as w e l l  as with theore t ica l  calculations 

It is unlikely, t he re fo re ,  that  d ramat ic  d i s tor t ions  of p lanar  a r rangement  of 

O=C-C=Nz moiety occur -  in each  of t he  two conformers  of 2 . 
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