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SYNTHESIS AND P R O P E R T I E S  OF 

AZOLES AND THEIR D E R I V A T I V E S .  

45*. REGIO- AND S T E R E O S E L E C T I V I T Y  

OF THE [2+3] -CYCLOADDITION 

OF E-[3-NITROSTYRENE TO 

Z - C - P H E N Y L - N - A R Y L N I T R O N E S  

A. Baranski 

It is shown tt.s'inL, xpectrosc'opic metho~Ls that the [2+3]-c3"chm~hlitirm rd  Z-C-l~heJo'l-N-at3'htitrmtex t~J 
E-fl~nitrn.~'tyrc'ne ix rc,2iospec(/ic" attcl leads to a mixture ~71 the' c'orre.v~ondin ~ f3SR.4SR.5SR)- and 
{3SR. 4RS. 5RS)-2-mTI-4-nitro-3.5-diphenvli.~oxazolidines. The re,,,,ioselecti~'i O" ~d the reaction is explained 
in terms ~?/hurd aml .~'~?/i acid and haxe Iheot'v. 
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In the previous papers in this series [2,3] wc have studied [2+3]-cycloaddition of E-[~,-nitrostyrene to/ tara-  
and metu-substitutcd derivatives of  benzonitrilc N-oxide. It was established that the reactions were not 
regioseleclive and led to a mixture of  the corresponding 3-a~i-4-nitro-5-phcnyl- and 3-aryl-5-nitro-4- 
phenylisoxazolines. 

The reactions of  nitrones with unsaturated nitro compounds have not been thoroughly studied [4-9]. Data 
on relative influence of structural t:actors on the rcgio- and stercosclectivity of  the process arc practically 
non-existent in the literature. Considering this it seerned expedient to us to study the reaction of  E-13-nitrostyrenc 
(I)  with a series of Z-C-phcnyl-N-arylnitrones (2a-f) to elucidate how the regio- and stereochemistry of  the end 
products depended on the nature of  the substituents in the N-phcnyl ring of the nitrone. 

Assuming that the reaction occurred by the concerted mechanism, it might be expected that the products 
would be enanliomeric pairs o f  the regio- and stcreoisomeric arylnitrodipbcnylisoxazolidines 3-6. These 

A -lsoxazollnes compounds may be of interest as promising intennediates for the synthesis of  [3-1actams [7, 10], 4 �9 
[ 10, I I ] and other compounds with practically valuable properties [ 12]. 

Cycloaddition was carried out in d ~  toluene at 75-g0~ with a 1.5 to 2-fold molar excess of  alkene. The 
reaction was monitored by HPLC. in these conditions conversion of nitrones reached 90-95% after heating for 
20-24 h, and the resultant mass contained only two products with different retention times (R,I apart from excess 
nitrostyrene and unreactcd nitrone. These compounds were isolated in pure foml by liquid chromatography using a 
senti-preparative column containing Lichrospher 100 RP-I 8 as sorbent, after which their structures were studied 
by standard physicochemical methods (Tables I, 2/. 
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According to the elemental analysis and mass spectra both isolated compounds in each case had the 
empirical lbnnula corresponding to that o f  the expected nitroisoxazolidines 3-6. Their IR spectra contained bands 
corresponding to the isoxazolidine ring [ 12]. the nitro group, and mono- or disubstituted phcnyl groups. However 
these bands did not differentiation of  tim regio- and stereoisomcrs. The UV spectra were also unsuitable for this 
purpose because they only contained intense bands characteristic of  rt--->rt* electron transitions in aromatic rings. 

TABLE 1. Characteristics of the Synthesized 2-Aryl-4-nitro-3,5- 
diphcnylisoxazolidinoncs 3a-f and 4a-f 
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TABLE 2. Spectroscopic Characteristics o f  the Compounds  Synthesized 
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The compounds  obtained were successfully idcmificd only via t H NMR spectroscopy.  In particular, in the spectra 
of  the substances with llae smaller R, values, there were three protons with an A M X  spin system in addition to the 
benzene multiplets and the rncthyl smglcts. Computer analysis o f  the spin-spin coupling constant using the 
PCMODEL-4 program indicated cycloadducts in which the nitro groups at C{4) and the phenyl group at C(3) were 
on the same side of  the plane o f  the azolidinc ring, which corresponds to the structures o f  the 
(3SR,4SR,5SR)-2-aryl-4-nitro-3,5-diphenylisoxazolidinoncs (3a-13. Thc protons o f  the isoxazol idine ring o f  the 
adducts witla the greater R, values form a similar spin system. However,  analysis  o f  the spin-spin coupl ing constant 
in this case indicates a structure in which the phcnyl group at C(31 and the nitro group at C(4) arc on opposi te  sides 
of  the plane o f  the ring and tiffs corresponds to the structures o f  the (3SR, 4RS, 5RS)-2-aryl-4-nitro-3,5- 

diphcnylisoxazolidinoncs (4a-f). 
Thus, in contrast to the reaction with substituted benzonitrile N-oxides,  the reaction o f  E-13-nitrostyrene (1) 

with Z-C-phenyl-N-arTInitrones (2a-f) is completely regiospccific, but not stcreospecif ic ,  no matter what the 
substiment in the N-phenyl ring. It should be noted that we  obtained similar results for the reaction o f  
E-~-nitrostyrene with Z-C-aryl-N-phenylnitrones containing various substitucnts in the C-phenyl ring [ 13]. 

Recently the hard and soil  acid and base t h e o ~  has been most c o m m o n l y  used [14] to explain 
rcgiochcmical aspects o f  cycloaddition reactions and excellent agreement with experiment has been obtained 
[15- ;. Wc therefore used the same approach to explain the rcgioselectivity o f  the reactions we  studied. In 
particular it became clear from analysis o f  the values o f  the ionization potentials (1E) and electron affinities (E.4) 
calculated by the senfiempirical AM I method that the interaction o f  the HOMO o f  the 1,3-dipole with the LUMO 
of  the dipolarophilc was dominant since the energy gap between them was less than the energy gap between the 
HOMO of  the dipolarophile and the LUMO o f  the 1,3-dipole (Table 31. The extent o f  these interactions may bc 
cslitnated via the nt,cleophilic (.s.~) and electrophilic (s t) local indexes o f  softness  [ 14]: 

s 't = [qh (N + I ) - q~ ( N)] / ( IE - EA ); s ~ = [q~ (N) - qt (N - 1 }] / (IE - E,-t ), 
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where q~ (N) denotes the charge on atom k of the rnolccule containing N electrons, while qk ( N -  I) and qa (N + I) 
arc the charges on the same atom in the anion and the cation of the molecules, in the reactions studied nitroncs 
2a-r have nuclcophilic properties while nitrostyrcnc 1 has clcctrophilie properties. Hence the rcgiosclcctivity of  the 
reaction should bc determined by the indexes s'a calculated for the (~ and 13 carbon atoms of the nitrovinyl residue 

of the alkenc and the indexes s a calculated lbr the carbon and oxygen atoms of the C-N--+O fragmc,lt of the 
1,3-dipolc. 

In the general case, if the atoms i and. /of  the nuclcophilic reagent fonn c; bonds during the cycloaddition 

process with atoms k and / respectively of  the elcctrophilic reagent then, according to Chandra's hypothesis [17], 
the rncasurc o f  the rcgiosclcctivity of  the process is the index in the form: 

Aa/,, = (s , - s 'k )  2 + (s , - s / ) :  

The reaction follows the path for which A is smaller. It is seen from Table 3 that A~",,I~ > AC'~l~,, for each pair of 
substratcs. This means that the reaction should tbllow the path in which the [3 and ct carbon atoms of the vinyl 

residue of styrenc form cy bond with the C and O atoms respectively of the C-N--~O unit of  nitroncs, i.e., to give 
isoxazolidincs with the nitro groups at C(4) of the hctcrocycle. The same conclusion may be reached by examining 
the reaction in tcmls of  frontier molecular orbital theory [ 18]. 

The tact that the reaction studied leads to a mixture of two stereoisomcrs may be explained by steric 
factors. It follows frorn the AM I calculations of the transitions states for the reaction of Z-C,N-diphenylnitrone 
with E-[3-nitrostyrene that the approach of  the 1,3-dipole to the double bond of the dipolarophile in the case of 
t'omlation of  (3SR,4SR.5SR)-4-nitro-2.3,5-triphenylisoxazolidincs is more stcrically hindered than in the case of 
fommtion of  the diastcreomcric (3SR,4RS,5RS)-4-nitro-2,3,5-triphenylisoxazolidincs [I]. It may be assumed that 
an analogous picture is observed in [2+3]-cycloadditions invoh, ing nitroncs 2a-f, so that the isomers 4 predominate 
in the reaction mixture. 

EXPERIMENTAL 

Melting points were determined on a Boetius heated stage. IR spectra of  KBr disks or thin films were 
recorded with a Bio-Rad FTS 175C spectrometer. UV spectra of methanol solutions were recorded with a Spccord 
spcctrophotomcter, tH NMR spectra of CDCh solutions with TMS as internal standard were measured at roorn 
temperature with Tcsla BS-487C (80 MHz) spcctrornetcr. Elemental analyses lbr C, H, and N were carried out 
with a Perkin-Elmer instrument. HPLC analyses were carried with a Knaucr apparatus using 4 • 240 mm steel 
column containing kichrosphcr 100 RP-18 absorbent (10 p.) and an efficiency of not less than 11000 theoretical 
plates with respect to anthracene, with an ultraviolet detector set at 320 mn lbr the substratcs and 254 nm lbr the 
products. The elucnt was methanol water (4:1 by volume) with a flow rate of I ml/rnin. Separation of the reaction 
mass was carried out on the same apparatus, but fitted with a semi-preparative steel column (250 • 16 turn) with 
kichrosphcr 100 RP-18 (I 0 Ia) absorbent. Rate of flow of the eluent (4:1 methanol-water) was 12.5 ml/min. 

Calculations by the AMI method from the MOPAC 93 suite of programs [19] wcrc carried out on a 
CONVEX 3220 computer. Calculations using the PCMODEL-4 program wcrc carried on a Pentium 11 computer 
(400 MHz). For calculations of the ionization potentials (IE) of the substratcs calculated values of the heats of 
lbnnation of  the neutral molecules and their cations under standard conditions were used, and fbr calculations of 
the electron affinities (EA) the heats of  tbnnation of the neutral molecules and the corresponding anions under 
standard conditions were used. Charges on the reaction centers (q~) wcrc obtained by analysis of the electron 
density according to Mullikcn [19]. 

Nitrostyrcne I and nitroncs 2a-f were synthesized by literature methods [20, 211. 
General Method for the [2+3]-Cycloaddition of E-[3-Nitrostyrene (I) to Z-C-PhenyI-N-arylnitrones 

(2a-f). A solution of  E-[~-nitrostyrcne (3.0 g, 0.02 tool) and the corresponding Z-C-phenyI-N-arylnitronc (0.01 tool) 
in dry toluene (25 ml) was heated at 75-80~ for 20-24 h. The solution was evaporated to dryness, the residue was 
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analyzed by HPLC tbr its stcreoisomer content, and the mixture then undc~vent separation by semi-preparative 
HPLC. The nitroisoxazolidines 3 and 4 were obtained after evaporation of the eluent in vacuum and were studied 
by spectroscopic methods. Their physicochemical constants arc given in Table 2. 

The author thanks the Polish Committee on Scientitic Research lbr financial support for this rcsearch 
[grants: C-2/239/DS/97 and KBN/SPP/PK/076/1997). 
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