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Abstract - Polar substituents are gen'erally more efficient for the stabil.isation of 
ions than for radicals. These last species are more and more recognised as inmortant 
intermediates in chemistry and in biochemistry. The cumulative effect of two 
substituents of the same polarity shows antagonism for radical. stabilisation whereas 
- captodative (cd) substituents show synergy. Synthetic applications of the 
cd-effect use the breaking of adjacent weak "proradical" C-H and C-C bonds. Further, 
cd-double bonds are useful as radical traps and as partners in cycloaddition 
reactions. cd-N-vinyl. substitution induces with complete stereocontrol. the 
epoxy-epimination rearrangement of chiral oxazines and opens a new route to inosite 
and streptamine derivatives. 
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cd-Dichloromethylene compounds with aminosubstituents as dative group have l.ittle ionic 
character but do display it in substitution reactions with nucleophiles if the rearrangement 
is avoided, for example, by temperature control. With the CF3-group as captor group potential. 
a-trifluoromethyl-cations are available both before and after the rearrangement which takes 
place around 1.OO0C (ref. 6) (Fig. 3). 
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The stabilisation of ions by polar groups is generally much more efficient than that of radi- 
cals (ref. 7 ) .  Radical stabilisation enthalpy only attains up to 1.0 Kcal/mol. per polar substi- 
tuent whereas allylic, benzylic or propargylic groups reach about 12-1.5 Kcal./mol. (ref. 3c). 

The cumulative effect of two polar substituents becomes evident from the comparison of 
interaction parameters Axy derived from the experimental substituent parameters Ax, A , 
and A 
activ5Pion energies. Positive A values indicate synergy of the two substituents in a1.l cases 
for cd-substitution thereby ful?; supporting the cd postulate. In contrast antagonism is found 
with negative Axy values for substituents of like polarity (Fig. 4 ) .  

AXY (ref. 8). These are obtained either from ESR (or muon) coupl-ing constants or From 

S U B S T I T U L N T  I N T E R A C T I O N  P A R A H E T E R  I AXY*IOOl AXY/AHH : 1 1 - A x I l l - A y I l l  -Ax11 

Fig. 5a 
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Tetramethoxyethane (X,Y = OMe) derivatives are examples of ground-state stabilisation by about 
14 Kcal through the anomeric effect (ref. 13), whereas tetracyanoethane appears to be 
destabilised by up to 30 Kcal (ref. 7a). 
In order to minimise such proximity effects for dl-meso-isomerisations of benzylic radical 
dimers we chose the variation of para-substituents in Fig. 5b thereby avoiding benzylic 
substitution variation such as in Fig. 5a. Expectedly in this phenylogous system the cd-effect 
is confirmed (ref. 3d, 9) (Fig. 4). 

Fig. 5b 

Cis-trans isomerisations of tetra-substituted cyclopropane derivatives (ref. 14) and also the 
dissociation energies of 1.3 tetra-substituted allylic radical dimers (ref. 15) show in 
support of the cd concept again better stabilisation of cd radica1.s than do their dicapto 
analogs (Fig. 61, 

Sequence o f  r a d i  c a t  a t a b i l i  $a t ion 

N fix t B u t s  

COOMe 

X , Y  : N M c 2 , C N  > SMc, CN > One,  CN > COOMe, CN > COOMe ,COOMe 

Fig. 6 

a-cyclopropyl centers are well known radical clocks because of the occurrence of low 
temperature homoallylic rearrangement (ref. 16) : cd-substitution stops that clock ! Whereas 
the cyclopropylmethyl radical itself is only observable below -120°, cd-analogous systems are 
so much stabilised that according to ESR measurements no homoallylic rearrangement is observed 
even at room temperature (ref. 17, 18) (Fig. 7 ) .  

It appears of preparative interest that cd-substitution on the cycl.opropy1 group of vinyl 
cyclopropanes facilitates the thermal rearrangement to cyclopentenes more than does the 
cc-substitution (ref. 18a) (Fig. 8 ) .  

Cyclopropane 
X Y Z stable until 

(CH3I-jSiO C N  H + 32'C * 
(CH313Si0 CO2Me H + 135'C * 
Et2N CN C02Me t 20'C 
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Fig. 8 

The cd effect on carbocations and on carbanions is expected to destabilise them in favour of a 
one electron transfer leading to the corresponding cd-radicals. The example of cd-indene 
anions (ref. 19a) could be cited as complementary to other cd cases (ref. l9b) : in support of 
a radical reaction besides about 65 % t-butylation 10-13 % dehydrodimerisation is observed 
(Fig. 9). 

cd-Substitution on double bonds is particularly interesting ! 

For the geminal arrangement of substituents with opposite polarity in cd-olefing3MND0 and FMO 
calculations agree well with photoelectron and UV spec:troscopy as well as with C NMR shifts 
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t o  convey t h e  p i c t u r e  t h a t  cd -o le f ins  s t i l l .  r e t a i n  r e a c t i v i t y  both a s  nuc leoph i l e s  and a s  
e l e c t r o p h i l e s .  Thei r  HOMO-LUMO-gap i s  reduced and t h e  r e a c t i v i t y  i n  t h e  8-pos i t ion  is enhanced 
( r e f . 3 b , c ,  20 ) .  This exp la ins  t h e i r  r a d i c o p h i l i c  na tu re  and l e a d s  t o  r e a c t i o n s  with an 
unsymmetrical t r a n s i t i o n  s t a t e  and wi th  r a d i c a l  i n t e rmed ia t e s  a s  t h e  l i m i t i n g  case  (F ig .  1 0 ) .  
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Fig .  10  

Radica l  a d d i t i o n s  t o  cd -o le f ins  conform wel l  t o  t h i s  image wi th  r a t e s  h ighe r  t han  expected 
from p o l a r  e f f e c t s  on ly  ( r e f .  2 1 ) .  Furthermore r a d i c a l  adducts  d e r i v i n g  from cd-ol.e€ins a r e  
s u f f i c i e n t l y  c d - s t a b i l i s e d  t o  avoid cha in  r e a c t i o n s  o r  d i sp ropor t ion ing  i n  most cases  and they  
r a t h e r  d imer ise  o r  t r a p  a second r a d i c a l .  
Hydrogen a b s t r a c t i o n  wi th  t e r t -bu toxy- rad ica l s  i n  nea t  phase from a lkanes ,  e t h e r s ,  amines, 
amides, ke tones  and a ldehydes ,  f o r  example, i s  known a s  t h e  Kharash-reaction and l eads  
g e n e r a l l y  i n  good y i e l d s  t o  coupl ing  products  ( r e f .  2 2 ) .  These a r e ,  however, complete7.y 
suppressed i n  t h e  presence  of i n t e r c e p t i n g  cd -o le f ins  such a s  a-thio-tert-butyl.acry1onitrile 
and r a d i c a l  adduct dimers a r e  g e n e r a l l y  formed i n  high yie1.d ( r e f .  23 )  (F ig .  1 1 ) .  

RH = A l k a n e s ,  e thers ,  thioethers , arnines, 
amides ,  ke tones ,  aldehydes , etc .... 

Fig. 11. 

50 - 80 '1, 

Applied t o  crown e t h e r s  t h e  coupl ing  and t h e  "bridged dehydrodimers" can be obta ined  (Fig.  1 2 )  
( r e f .  23c ) .  

55 % 6 0 '10 
Fig. 12 

Cont rary  t o  p rev i s ions  based on p o l a r  e f f e c t s  hydrogen a b s t r a c t i o n  from cd o r  o t h e r  proradica l  
a lkane  d e r i v a t i v e s  i s  a l s o  a c c e l e r a t e d  ( r e f .  2 4 ) .  
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cd-olefins and cd-1.3 dienes are particularly valuable as partners in (2+2) and (4+2) 
cycloaddition reactions as schematically summarised (ref. 25, 26) (Fig. 1.3). 

S 

Fig. 13 

The most striking and oldest example for the head-to-head cyclodimerisation of a cd-olefin is 
that of acrylonitrile-a-thioethers at room temperature (ref. 27) (Fig. 1 4 ) .  Expectedly 
analogous seleno-ethers give this cyclodimerisation also but around 60° (ref. 26a). 

20' c 
S R  

A - C N  

1oo'c 

K . D .  GUN D E R M A N N  1 9 7 0  
10O0A 

Fig. 14 

Intramolecular thermal (2+2) cyclodimerisations occur well at the lowest temperatures and in 
highest yields with cd-olefins (ref. 28) (Fig. 1 5 ) .  
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Various 1,l-difluoroethenes, including the liquid I,l-difl.uoro-2-alkylthioethylenes undergo 
(2+2) cycloadditions to cd-olefins (ref. 26a) (Fig. 1 6 ) .  
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Figure 20 describes the most remarkable case of a 3-capto-l.-dative diene for which the 
cyclobutane intermediate has been proven. Dimerisation occurs at a temperature as ].ow as -4OOC 
in a reversible (2+2) head-to-head cycloaddition and then leads already at -20° to the formal. 
Diels-Alder adduct (ref. 33). Because of the head-to-head cyclobutane-dimer, in agreement with 
the Woodward-Hoffmann-Rules a biradical two-step mechanism was discussed. Today this 
particular reactivity can be attributed to stabilised 1.,3-allylic cd-radical. intermediates. 
The fragile cyclobutane becomes understandably stable upon protonation and reduction of the 
double bond (ref. 33). The final Diels-Alder-adduct, however, with N-butenyl. substitution 
instead of methyl, shows the cd-influence of its substituents when refl-uxed in toluene. The 
Diels-Alder dimer undergoes cycloreversion to the then intramolecularly intercepted cd-diene 
(ref. 34) (Fig. 21). 
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cd-activation leading to selective bond breaking became useful in developing complete 
stereocontrol for the functionalisation of all four sp2 carbon atoms in cyclodienes, for 
example, from cyclohexadiene to inosamines, i.e. amino-cyclohexane-polyols. These are 
constituents of amino-glycoside antibiotics such as streptomycine and its mutasynthetic 
variations. 
Our entry into this field started with the discovery of a substituent induced rearrangement of 
oxazine derivatives from nitrosoolefin adducts to cyclodienes (ref. 35). This reaction is 
aza-analogous to the well known rearrangement of endoperoxides to bis-epoxides (ref. 36). 

The driving force for these rearrangements under the influence of adequate substituents arises 
from both the ground state destabilisation of these N-substituted oxazines and stabilisation 
of intermediates or transition states such as biradicals or biradicaloids (Fig. 22). 

I L 
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Fig. 22 

The influence of strain becomes evident by the finding that the trichlorovinyl-nitroso adduct 
to cyclopentadiene rearranges at room temperature whereas the less strained cyclohexadiene 
adduct requires 60°C (ref. 37) (Fig. 23). 

- 
Fig. 23 

The new epoxy-epimination prompted us to study the effect of substituents and led us to the 
synthesis of nitrosoethylenes with substituent variation in the vinyl group and subsequent 
trapping of these fragile compounds by cyclopentadiene. The scope of that approach remained 
limited (ref. 38) (Fig. 24). 
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Variation of N-substituents in oxazine derivatives became facile by N-substitution of the 
readily accessible N-H precursors which are prepared from a-chloronitroso compounds in a 
one-pot reaction (ref. 39a,b,c) (Fig. 25). 

N-acylation, sulfonation and 2,4-dinitrophenylations produced derivatives which failed to 
undergo the epoxy-epimination rearrangement (ref. 40). For that purpose proradical character 
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of t h e  N-0-bond was imparted by N-subs t i tu t ion  with a cd-v inyl  group. 
Indeed, cd-vinyl s u b s t i t u t i o n  expec ted ly  induces t h e  weakening of t h e  N-0-bond l ead ing  t o  a 
smooth epoxy-epimination which c o n t r a s t s  wi th  t h e  the rma l ly  s t a b l e  B,B-dicapto-vinyl- 
d e r i v a t i v e s  ( r e f .  40, 41) (F ig .  2 6 ) .  

Ea : 30 K c a l  
AS*= 10 ue 
Solvent  e f f e c t  neg l ig ib le  
R a d i c a l  r e  a r r a n g e m e n t  
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Fig .  26 

The assumption o f  homolyt ica l  N-0 bond breaking  is  supported by t h e  foll.owing experiments : 
Diimide r educ t ion  of t h e  CC-double bond t o  s a t u r a t e d  oxaz ine  d e r i v a t i v e s  prevents  of course  
t h e  epoxy-epimination bu t  n o t  t h e  N-0 bond breaking. Thus hea t ing  i n  xylene l eads  t o  r i n g  
opening and hydrogen a b s t r a c t i o n  f o r  t h e  cd-vinyl d e r i v a t i v e  while t h e  N-acyl compound remains 
unchanged ( r e f .  40, 42) (F ig .  2 7 ) .  
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0 = YNs% 8 0 */* 
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C H 3 C O O H  

C H 3 O H  
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O H  
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According t o  pho toe lec t ron  s p e c t r a  of bo th  t h e  reduced and t h e  unsa tu ra t ed  oxaz ine  i t  can be 
concluded t h a t  N - 0  and C=C bond do no t  i n t e r a c t  i n  t h e  l a s t  compound ( r e f .  43 ) .  Tf t h e r e f o r e  
t h e  cd-vinyl s u b s t i t u e n t  on n i t r o g e n  induces  t h e  rearrangement it occurs  most probably a l s o  
v i a  b i r a d i c a l s .  
A c o l l a b o r a t i o n  wi th  G .  Kresze and h i s  group has shown fur thermore  t h a t  t h e  oxaz ine  d e r i v a t i v e  
from cis-1,2 d iace toxycyclohexadiene  produced t h e  des i r ed  epoxy-epimination i n  high y i e l d  
toge the r  w i th  t r a c e s  o f  t h e  N - 0  hydrogenolys is  product  a s  i n d i c a t i o n  of p r i o r  N - 0  homolysis 
( r e f .  42) (F ig .  2 8 ) .  

82  % 2 2 %  

Fig .  28 
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Beyond t h e s e  mechanis t ic  ques t ions  l i e s  t h e  p o t e n t i a l  of t h e s e  r e a c t i o n s  f o r  u s e  i n  s y n t h e s i s .  
The epoxy-epimination i s  s t r a i n  dependent and appl - icable  t o  cycl-openta-, hexa- and heptad iene  
but  n o t  t o  cyc looc tad iene  o r  t o  open cha in  butad iene  adducts  ( r e f .  4 1 ) .  
The t h r e e  cyc lodienes  of use  f o r  t h e  epoxy-epimination l ead  t o  ch i ra l .  oxaz ines  i n  high o p t i c a l  
y i e l d s  ( r e f .  40) (F ig .  29 ) .  

Fig.  29 

From r e a d i l y  a v a i l a b l e  1,2-dioxy-cyclohexadiene d e r i v a t i v e s  ( r e f .  42) an e f f i c i e n t  
s t e r e o c o n t r o l l e d  s y n t h e s i s  o f  inosamine d e r i v a t i v e s  becomes p o s s i b l e  (F ig .  30) . 
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In  conc lus ion ,  it appears  t h a t  t h e  cd-pos tu la te  has  been s t i m u l a t i n g  and usefu l  i n  s y n t h e s i s  
and it  promises many p e r s p e c t i v e s .  
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