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Electronic structure of lO-alkyl(aryl)phenoxarsines and 
the mechanism of their reactions with methyl iodide 
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The structure of 10-alkyl(aryl)phenoxarsines has been investigated by the scmiempirical 
quantum-chemical PM3 method. The AS ul a t o m  has a positive charge and simttltaneously 
exhibits nucleophilic properties in the reaction with methyl iodide. The reactions of 
10-alkyl(aryl)phenoxa~ines with methyl iodide are probably controlled by charge distribution. 
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It has been shown 1,2 that the As atom is the nucleo-  
philic center  in reactions of  10-alkyl(aryl)phenoxarsines 
in an acetone medium.  At the same time, the character  
of  the excessive charge on the As atom remains unclear. 
The purpose o f  this work is the quan tum-chemica l  
es t imat ion  of  charges  on the As a tom in t0 -a lk -  
yl(aryl)phenoxarsines molecules  attd e lucidat ion of  the 
mechanism of  thei r  reactions with methyl  iodide. 

Calculat ion procedure 

Calculations were carried out by the semiempirical quan- 
tum-chemical PM3 method. The structures of the organoarsenic 
compounds studied are presented in Refs. 1 and 2. The geom- 
etry was optimized by the PM3 method 3 using the Bemi 
algorithm with an accuracy to the gradient of 10 -8 a.u. and 
self-consistency in energy to 10 -s a.u. The molecules studied 
had closed electron shells (multiplicity 1); therefore, the calcu- 
lations were performed by the restricted Hartree--Fock method. 

The cations studied contained an additional CH 3 group at 
the As atom, and the charge of the system +I and multiplicity 
I were specified. These compounds were calculated similarly 
to the starting molecules. Quantum-chemical calculations were 
performed using the Gaussian 94 Rev. E.I program package. 4 

Results  and Discussion 

A c c o r d i n g  to the  c a l c u l a t e d  data ,  in 10-a lk-  
yl(aryl)phenoxars ine molecules  the angles between the 
bonds o f  As and C atoms of  the 
benzene  rings and substi tuent R 
are within 93.4~ ~ , which 
indicates sp3-hybr idizat ion and, 
hence ,  a small  cont r ibut ion  of  
s-AO. s Despite the fact that the 
AS atom is nucleophi l ic  in the 

R 
1 

reaction with methyl  iodide,  it has a positive charge 
most likely due to tile + / -e f fec t ,  since its e lectronegat iv-  

ity is lower than that of  tile C a t o m  (2 and 2.5, respec- 
tivelyd). An increase in nuc leophi l i c i ty  of  the substituent 
in the series Et < Pr < Pr i < Bu s results in a decrease in 
the positive charge on tile As a t o m  only from 0.571 to 
0.554. The calculated values o f  charges in C H l l  are 
- 0 .  I0 on the 1 atom and - 0 . 0 7  on the C atom. 

The reactions of  10-alkyl(aryl)phenoxars ines  with 
methyl iodide L2 involve the fo rma t ion  o f  cations due to 
the addition of  CH3 +. The  q u a n -  
tum-chemica l  calculations o f  these  
cations showed an increase in the  
positive charge on the As a tom by 
~3 times (from 0.6 to 1.6). T h e  
addition of  CH3 + also leads to the  
appearance of  steric hindrances  re-  

R\ +/CH 3 

U oD 
suiting in an increase in the  degree  of  part icipat ion of  
s-AO in spl-hybridizat ion and an  increase iq the angles 
between the bonds of  the As a t o m  with C a toms of  the 
benzene rings and substi tuent R by 10 ~ on tile average. 
with the corresponding decrease  by 0.01 nm ill tile bond 
lengths forming these angles. 

We also calculated the popula t ions  and energies of  
frontier molecular  orbitals ( M O )  of  the starting com-  
pounds and their  cations. The  au thors  o f  Ref. 7 beIieve 
that the lower the energy E o f  the lower unoccupied  
molecular  orbital ( L U M O ) ,  the easier  the occur rence  of 
reactions with nucleophi l ic  reagents.  The  values ob- 
tained indicate a considerable  decrease  in EI.UM o due to 
the reaction (from - 0 . 2  eV in t h e  starting molecules  to 
- 5 . 0  eV in the cations),  w h i c h  likely results in tile 
almost  synchronous format ion o f  the cat ion and its 
interaction with the iodide an ion .  

As the results o f  our ca lcu la t ions  show, ti le reactions 
of  10-alkyl(aryl)phenoxarsines wi th  methyl  iodide pro- 
ceed despite the fact that  t h e  As a tom possesses a 
sufficieatly high excessive posi t ive  charge (+0.6) ,  being 
simultaneously the nucteophi l ic  center .  Most likely, this 
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Scheme I 
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is due to a higher position of the EHOMO level in 
10-alkyl(aryl)phenoxarsines ( -8 .7  eV) as compared to 
that of methyl iodide (-9.47 eV') and, therefore, due to 
the easy participation of the unshared electron pair on 
the sp3-AO of the As atom in the formation of the bond 
with CH3 + according to the donor-acceptor mechanism. 
This assumption is also favored by the fact that the 
electron population of the C atom (4.07) of methyl 
iodide is considerably lower than that of the As atom 
(4.4). 

To confirm additionally the nucleophilic properties 
of the As atom with an excessive positive charge, we 
calculated the total energies Etotal 8 of arsenic trichlo- 
ride and its protonated cation by the PM3 method. Ttie 
difference between them, which characterizes the pro- 
ton affinity of the AsCI 3 molecule, is -553 kJ tool -I.  
The charge of the arsenic atom in AsC13 is equal to 0.54, 
and that in [HAsCI3] + is 0.98. Therefore, the As atom, 
despite its positive charge, exhibits the nucleophilic 
properties due to the unshared electron pair. 

The data presented suggest timt the reactions of 
10-alkyl(aryl)phenoxarsines proceed through transition 
states (with synchronous anionoid detachment of iod- 
ine) under charge control when, due to the great differ- 
ence between both EHO,~IO of (10-alkyl(aryl)phenoxar- 

sine as the donor ( -8 .7  eV) and ELUMO of methyl 
iodide as the acceptor ( -0.43 eV), processes occur via 
this route even if the reagents contain no atoms with 
especially high charges. 9 Since the reaction occurs in 
acetone (aprotic polar solvent), it is quite probable that 
the approach of the organoarsenic compound and me- 
thyl iodide molecules results in the formation of the 
transition sta:.= of the S,v2 type. 5 The scheme of the 
reaction can be presented as follows (Scheme 1). The As 
atom in the product reaches the maximum valence, 
which provides a comparatively high thermal stability of 
the salt. t 
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