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LASZLO tIEVESI 

This overview summeriles the most important aspects of our present day knowledge about 
the title species. The material is presented in  two sections; the first one reminds salient phys- 
ico-chemical results related to the stabili7ation of carbenium ions by selenium moieties and 
the second one gives ex;inmples of the synthetic usefullness of these electrophiles. 

Gas phiise proton affinity measurements complemented by ab initio MO calcul;itions 
revealed that the intrinsic c;irbocation stabiliLing ability of the Group I6 elements decreases 
from oxygen l o  tellurium. However, this ability is no t  connected in a straightforward manner 
to the dispersion of  the cationk positive charge. The latter is the largest for the most stable 
species. i.e. oxocarbenium inns, and it  decreases downwards in Group 16. Therefore, cnu- 
lombic (i.e. electrostatic) factors niust play a significant role in the overall stabilization. It  
follows that oxoc;irhenium should be consitleretl as hard electrophiles undergoing rapid 
charge contolled reitctions with hard nucleophiles, whereas seleno- and Iellurocarbenium ions 
are soft electrophiles giving rise to slow reactions with the same hard nucleophiles. The ahil- 
ity of a series of se1enoc;irbenium ion precursors to undergo useful inter- and intramolecular 
C.C bond fomming reactions is illustrated. 

K u w ~ m l . \ .  Slenium stabiliied carbenium ions; selenium; carbenium inns 
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5x LASZLO HEVESI 

1. STABILITY OF SELENOCARBENIUM IONS 

Aromatic carbocationic systems involving one or more selenium 
atoms have been known since more than twenty yean (Scheme 1); and 

aliphatic selenocarbenium ions have been postulated as reasonable 

intermediates in various Pummrer type rearrangement reacti0ns"l. 

Initially, OUT work aimed at addressing the unknown question of 

how efficiently these aliphatic &nim ions could be stabW by 

c o m n  organoselenium moieties? 

As a starting approach, we have studied the mechanisms of the 

acid catalyzed hydrolyses of methylvinyl seknidcs'6s71 and ketene 

(Se,Se)- acetals"". scheme 2 shows the most striking results pointing to 

the unprecedented Mi of reversible protonation of these 

substratest91. 
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TWENTY YEARS OF CIiEMISTRY OF SELENIUM . . .  

Ref 2 68% OT 76% (deconp 2Oo.C) 

Ref. 3 low yield; m.p. 17WC (decamp) 

Ref. 4 

SCHEME 1 

Partially revenble protonation : kH2* I k02' = 1.8 

25% D incorpomtlon 
2S% cia - trans bonwriutiin 

b) 
+ S e M e g  [+SeMe] - yo  +o 

SeMe SeMe SeMe 

Fully reversible protonatin : kH2' I kD2' * 0.4 - 0.8 

1oOX 0 Incorpomtbn 

SCHEME 2 
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LASZLO HEVESI 

Most importantly, such reversible protonation has also been found 

to occur in the hydrolysis of ketene (S,S)- acetal~"~~. 

In principle, these changes in rate determining steps might arise 

either fiom greater thedynamic stabilities of the corresponding thio- 

and selenocarbeniun~ ion intermediates, or fiom the slowing down of 

their rate of hydration. It has been demonstrated that i) the hydration of 

methylthio-bis(4-mehxy-phenyl) carbenium ion occurred about 5.000 

times slower than that of the methoxy species"']; ii) the hydrolysis of 

ketene (S,S)- acetals proceeded through rate limiting hydration of the 

(S,S)- stabilized c8tions"01. Therefore, we have concluded that a high 

kinetic barrier to hydration of our selenium substituted cations was a 

more plausible explanation for the above mentionned reversible 

protonations. 

Further investigation of gas phase basicities"*' supported by ab 

initio MO  calculation^"^' shed some light on the origin of this high 
kinetic barrier. Thus, proton afhity (PA) of a series of 0, S, and Se 

substituted vinylic derivatives (Scheme 3) has been measured by ion 

cyclotron resonace (ICR). 

The good correlation between the experimental and computed PA 

values shown in Figure 1 witnesses for the reliability of our relatively 

lower level 3-21G* calculations. The results demonstrate that i) the 

monobeterosubstituted derivatives 1, 4, 7 possess very similar proton 

all idies, almost indistinguishable experimentally; therefore, the gas 

phase stabhtions of the correspondrng carbenim ions should also be 

comparable'"'; ii) compounds 2,5 and 8 are a little more differentiated 

so that 2-methoxy-2-propyl cation appears distinctly more stable than 
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T W E N I Y  YEARS OF CHEMISTRY OF S E L E N I U M  ... h l  

the corresponding mthylthio- and methylseleno species; iii) the superior 

carbenium ion s t a b i i  ability of oxygen moieties is clearly visible m 

the series 3, 6 and 9: l,l-bis(methoxy)ethyl cation being 5.6 k c d m 1  

more stable than I , ]  -bis(methylthio)- ethyl- and 7.2 k d m o l  more stable 

than I , ]  -bis(methylseleno)l cation. 
OMe ,SMe ,SeMe d 

1 4 1 

Me Me =?eMe Me 

1 3 Q 

OMe SMe 

6 2 

SCHEME 3 

I / :  

1 1 1 1 1 1 1 1 1 1 1 1 1 *  
P A V  

2- 210 2m 

FIGURE 1. Experimental and calculated proton aflinities of vinyl 
chalcogenides 1 - 9 (see scheme 3). 
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62 LASZLO HEVESI 

Additional prooh of the good carboation stab- ability of 

selenium substiients were gained h m  the successll synthesis, X-ray 

structure determioation and conformational analysis of bs(methylselen0) 

ptaenylcarbenium hexa~hIoroantimonat&~'~. 

The ub initio 3-21G* calculations also gave access to the charge 

densities on the heavy atoms as obtained by the MuUiken population 

In excellent qualitative agreement with earlid'61 and more 

re~entI"~*~~ results, these calculations gave +1.05, -0.38 and -0.18 

charges on the "positive" carbon atoms of the carbocations 

corresponding to 3, 6, and 9, respectively. In view of lending 

experimental support to these calculated charge densities, X-ray 

photoelectron spectra of cystalline 1,1-bis(mthoxy)ethyl carbenium 

tetduoroborate and 1,l -bs(methylthio)ethyl carbeniurn hexachloro 

antimonate salts have been measuredI"l. The charge distributions for 

these two carbocations as obtained by the Mulliken population analysis 
and those extracted from the X P S  spectra (using the Gelius equatiod2'1) 

can be seen m Figure 2. 
~hese and other recent'2o1 resuhs have important bearing on both 

the above mentionned kinetic observations and the mechanism of 

carbenium ion stabilization by 0-, S-, Se- and Te-substiiuents. Indeed, 

all oxocarbenium ions appear to be hard electrophiles whose reactions 

with the hard nucleophile water are charge controlled processes, and 

thus should proceed rapidly. In contrast, thio-, seleno- (and possibly 

telluro-) carbenim ions get softer and softer on going down group 16 

and on going fiom 1 to 2 to 3 substituents rendering their reactions with 

water less and less favoured. Consequently, this decrease in hardness 
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TWENTY YEARS OF CHEMISTRY OF SELENIUM . . .  63 

increases the activation energy for the hydration (second step m Scheme 

2) of the carbenium ion intermediates which then leads to the observed 

reversibilities. 

Mulliken population XPS 

H3C\4.3' BETTER H3C,'04 
+,o ALTERNATION CHARGE + p a 2  

+ STABLE CH3-c\+''0 47~ CH3-C,+I.(H 
0-CH3 t0.1  0-CH3 

4.66 4.33 0 . 2  to.) 

Hard obctrophlb 

Soft obctrophib 
(urn for So) 

FIGURE 2. Charge densities of 0- and S-stabW carbocations. 

It has been concluded some time ag0"'l that "...the correlation 

betwen the Ic-donating abiliry or the degree of charge dispersal and 

the stability of a carbenium ion is v e v  limited.. . " and that the Coulomb 

term contributes significantk to the s t a b i l .  our elrperimental results 

my support these conclusions. 
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LASZLO HEVESI 

R 

Me 

Ph 

Me 

m 
Me 

Ph 

Ma 

Ph 

2. REACTIONS OF SELENOCARFJENIUM IONS 

Eventhough the tern "selenocarbenium ion" will be used 

throughout of the following description, no such species could be 
identified as 6~ ions by spectroscopic methods. 

Lewis acid activated friselenoorthqformures react efficiently with 

silyl em1 ethers to produce the corresponding p-oxoselenoacetals m 

good to excellent yieldsi22231 (Scheme 5). Although higher homologues 

of triselenoortboesters do not react with dyl em1 etherst241, 2,2- 

bis(phenylselen0)propionitrile was formed quantitatively h m  

tris(phenylselerm)orthoacetate and trimethyl-silyl cyanide m the presence 

oftin tetrach~oride~~~l. 
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T W E N T Y  YEARS OF CHEMISTKY OF SELENIUM ... 65 

In a similar fashion, sefenoucefuls can be reacted with various 

carbon nucleophiles to give the corresponding seleno-alkylated products. 

Both methyl- and phenylselenoacetals derived from aliphatic and 

aromatic ketones and aldehydes give good 26' (Scheme 6) as 

long as the reaction is not exposed to severe steric hindrance (Scheme 6, 

entry 4). 

R 

Me 

Me 

Me 

Me 

Me 

Me 

Ph 

R' 

Me 

Me 

Et 

Me 

Ph 

Ph 

Me 

SCHEME 6 

Me 

Et 

Et 

t-Bu 

H 

Me 

Me 

Yield (%) 

84 

81 

49 

10 reaction 

89 

81 

97 

The latter restriction also holds when variously substituted silyl 

enol ethers are ~onsidered['~~'~~~ (Scheme 7). Systematic investigation of 

these reactions has shown their applicability to different types of 
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66 LASZLO HEVESI 

selenoacetals and silyl em1 ethers with the exception of those derived 

h m  esters, Iactooes and pdicarbonyl c o m p o ~ n d s ~ ~ ' ~  "I. 

SCHEME 7 

We have fbund that tin tetrachloride activated seh-acetals also 

react with ullylsibnes to produce homallyl-selenides12*~30i (Scheme 8). 

The same products can be obtained from ufljlstunnanes as carbon 

nucleophiles, then however, BF4Et2 or AlCb must be used as Lewis 

acid m order to avoid Sn to Sn transmetallation prior to C,C bond 

f~rmation[*~! 
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67 T W E N T Y  Y E A R S  OFCHEMISTRY OF SELENIUM ... 

R' 

n-Hexyl 

n - w  

n-Pr 

Rz 

4 - t - B u W l  

H 

Me 

n-Pr 

Ph 

Ph 

P-NOzPh 

H 

H 

H 

Me 

Me 

Ymld (%)' 

69 

25(61 

55 

48 

60 

30 

49 

72 

In parentheses, yields after addition d a  88cond 

SCHEME 8 

batch 0fsncl.l I allylsllane 

Selenoxide syn-elimination being a well established oleh fbrming 

rea~tion"'~, the above transformations f ~ b w e r i  by the oxidation- 

elimination protocol represent valuable methods for the connective 

syntheses of a,&unsaturated aldehydes and ketones, as well as of 

conjugated dienes. 

Further interesting reactions of monoselenocarbenium ion 

equivalents have been reported. Thus, 8 , ~ -  and E,q-unsaturated 
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68 LASZLO HEVESI 

selenoacetals gave cyclized products under appropriate Lewis wid 

a~tivation'~~'. By contrast, intermolecular reaction does not occur with 

o l e h  under similar On the other hand, on reaction with 

N-methyipyrrole, AgC104-activated 1 -pheayl- 1,l -bis(methylseleno) 

ethane leads to 1 -phenyl- 1,l -bis(N-methyl-2'-pyrrolyl)ethane in good 

yield124b1. Also, common alkylbenzeneq naphthalene and phenanthrene 

undergo Friedel-Crafts type reactions with ethyl b@henylseleno) 

acetate in the presence of titanium tetrach~oride'"'. 

Under Lewis acid activation, a-halogenoselenides have been 

found valuable precursors of selenocarbenium ion type species which 

reacted efficientty with s i l y ~  en01 ethers[u', with a~yl-silsnes"~', or with 

aromatic compounds'"'. Similarly, a-sulfonylselenides could be reacted 

with allylsilane under EtAlC12 activation136'. The behaviour of mixed 

(0,s) acetals is more subtle; therefore, the issue and efficiency of their 
reactions depend on several fact~rs~~~"''*~. 

I-Selenoallyl- and 2-selenoallyl cationic species have been 

generated from a,/%unsatwated ~ e l e n o a c e t a l ~ ~ ~ ' ~  and h m  2- 

phenylseleno-3-halogeno-1 -pr~pene~~*~"' ,  respectively. Both types of 

carbon electrophiles react smoothly with electron rich heterocycles such 

as furan, pyrrole and thiophene to give Friedel-Crafts products without 

any trace of 4+3 cycloadduct~"~'. 

In the case of disubstituted a,punsaturated seleno-acetals 

activated by silver perchlorate both selenium moieties are replaced in the 

presence of excess N-mthylpyrr~le[~' (Scheme 9). Moreover, the 

transformation takes place with a remkabk solvent dependent 

regioselectivity: in nitromthanc 1,3-bis(N-mthyI-2'-plyl)propenes 
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TWENTY YEARS OF CHEMISTRY OF SELENIUM ... 69 

are formed in good yield, whereas in DMF pure l , l  regioisomers are 

obtained. 

70 % 

I 2 equiv. Agclo, 

1 DMF ~ 

Me 

74 % 

SCHEME 9 

This unexpected finding led us to the design of a novel porphyrin 

synthesis giving access to meso-vinyl substituted derivatives"54' 

(Scheme 10). 

It can be seen that this synthesis works better when 3,3'- 

disubstituted selenoacetals are used as precursors; in those cases 10- 

30% yields of pure porphyrins can be obtained m a very straightforward 

manner. For the less successll cases (such as entry 2, Schem lo), even 

a thorough scrutiny of the reaction conditions did not allow to improve 

the product yield. 
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EntrV - 
1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 

14 
15 
16 

17 

18 

19 

20 

R‘ 

Ph 
PNQPh 
P- 

PMePh 
pHMe2Ph 

CGIPh 
pClPh 

o,o’-(MeOhPh 
Me 
Et 
i-Pr 
Ph 
Ph 
Ph 

MeooC 
pMeoPh 

P 

R2 

H 
H 
H 
H 
H 
H 
H 
H 
Me 
Et 
i-Pr 
Me 
Et 
Ph 
Me 
Me 

Me 

- ‘iekl (%) 

3 
0.6 
0 
0 
1 
2.1 
0.2 
0 

11 
17 
22 

28 
17 

30 

10 
g 

1.3 

20 

1.5 
7 
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TWENTY YEARS OF CHEMISTRY O F  SELENIUM ... 71 

Another way of generating I-selenwllyl cationic species is to 

treat 3-hydroxyvinyl selenides with oxygenophilic Lewis acids, for 

example ZnCh[44]. Thus, starting h m  l-methyl-selew-3-hydroxy-l- 

butenel'Ol and using an iterative procedure we have been die to prepare 

oligomers of the 1,3-bis(2'-pyrrolyl)propem regioisomer (CHaN02 path 

in Scheme 9) which led to semi-conducting 

The same I-selenoallyl cationic species led also to synthetically 

interesting compounds through their reaction with silyl enol ethers 

followed by oxidative deselemtion. Seleaoxide syn-elimiaation gave a 

conjugated dienone; Baeyer-Villiger oxidation produced lactones and 

selenoxide [ 1,3]-a-tropic rearrangements gave allylic alcohols"91. 

Finally, I-selenopropgyl cations have been used for the 

synthesis of meso-tetraalltynyl porphyrins"ol. 
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