
HETEROCYCLES, Vol 24, No. 10, 1986 

PRBPARATION OF CBLORO-wTRUXILLIC ACIDS 3-MBTRYL-4-NITRO-5-STYRYL- 

ISOXAZOLB PBOTODIMBRS 

Antonella Baracchi, Stefano Chimichi, Frencesco De Sio, Donato Donati, 

Rodolfo Nesi, Piero Sarti-Fentoni,. and Tonas Torroba' 

Centro di Studio del C.N.R. sulls Chisica e la Strutturs dei Composti 

Eterociclici e loro Appljcszioni, c/o Dipartisento dl Chimica Orgsnice 

"U.SchiffM, Via Qioo Cspponi 9, 1-5012 Firenre, Italy, and sFecultsd de 

Veterinsris, Universidsd de Extremadure, 8-10071 Csceres, Spain 

Abstract - Chloro-u-truxillic acids (3b-e) were prepared by axide- 

tion of the photodimers (2b-e) of 3-methyl-4-nitro-5-ch10r~styry1is~xa- 

zoles (lb-e). 

INTRODUCTION 

The photodimerisation of solid organic compounds has been studied thoroughly in 

order to correlate the photoproducts with the crystal structures of the reagents 

in the solid state.' Many compounds give the expected photoproducts according to 

the topochemical postulate,' whereas in a few cases the "wrang" photoproducts 

were obtained.',+ 

Apart from the crystal structure correlations between reagents and photopro- 

ducts, solid state photoreactivity is an important tool for preparative purposes 

because in many cases the photoreactions led to one photoproduct with high 

yield. However, this feature is a strong limitation when the interest is for 

other photoisomers which then become inaccessible by this route. 

In light of this it is noteworthy to remember that all the trans-chlorocinnemic 

acids have 6-structuress and they photoreact in the solid state to give B- 

truxinic acids; therefore chloro-a-truxillic acids were not obtained directly by 

this method, even if some derivatives were prepared. In fact, the dimethyl 4.4'- 

dichloro-u-truxillate was prepsred via irradiation of solid 4-chlorocinnsmide 

followed by methsnolysis." Other products as Z.2',4,4'-tetrachloro-(rtruxillic 



and :i,3',4,4'-tetrachloro--n-truxillic acids were synthesized by azonolysis of 

dimers obtained from irradiated solutions of trans-1-(2,4-dich1orophenyl)-2-(2- 

th~enyllethane and tmns-1-(:<,a-dichlorophenYIJ-2-(thieoy1)eth respectively.' 

In addition the irradiation of octadecyl-4-chlorocinnamate led to dioctadecyl- 

4,4'--dichl0ru-~-truxill4,4'-dichluruatruxillale.~te.~ 

In prcvlous research it was found that 3 - m e t h y l - 4 - n i t r o - 5 - s t y r y 1 i s o ~ i l z i l I e  g a v e  

the centrosynmetric dimer upon irradiation in the solid state,q whereas in 

solution the photoreaction led to the same clirner together with 6-truxinlc and 

F-truxiliic type d ~ m e r s . l V l k k a l i n e  hydrolysis of the isoxezole rings of these 

dirnars led to a-truxillic, r?trurillir, h~~truxinic'u and v-truxillic" acids. 

As an extension of the above results w e  now report a study on the photobehav~our 

of some chluro-substituted styryl~soxazoles whrch gave the centrosymmetric dl-. 

mers upon irradiation in the solid statr. The photoproducts were then oxidized 

to the r u r r r s p o n d i n g  chluro-rr-truxillic acids. As many diaryicyclabutane d r r l v e -  

t ~ v e s  may be converted into u-truxilllc acids, this new route could also be of 

soma importance For the preparation of reference compounds. 

RESULTS AND DISCUSSION 

The 3 - m c t h y l - 4 - n i t r o 5 - s t y r y 1 i ~ 0 ~ a ~ 0 l e s  (la-e), prepared according to the lite- 

t 1  g a v e  the corrrspond~fre photodimers ( 2 a - e )  upon irradiation a s  

reported in the follaw~ng scheme: 

Ar C 0 2 H  C02Me 
Ar 

l s  s t a t e  
I s  C OzH 

l a - e  2 a-e 3a-e La-e 

As in the c a s e  of solid statr photoreactivity of 3 - m e t h y l - 4 - n i t r u - 5 - s t y ~ y 1 i s o x i l ~ ~  

z ~ l e . ~ ~ ' ~  i n  the a b o v e  photoreactions only one dimer was obtained as the main 

p r o d u r i .  The blue~shifts o f  UV spectra of photoproducts 2b-e (Table I) with 

respect to those of monomers lh-e are in a g r e e m e n t  for cyclahutsne ring photo- 

formatron through t h e  ethylenic bonds of two molecules of compounds lb-e. The 

c o a f ~ g u r a t ~ o n  of the photodimers Zb-e was elucidated by convergent results 

obtained from spectroscop~c analysis (MS, NMKI and chemical reactions. Mass 
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spectra show peaks attributable to the molecular ions of dimers of lb-e thus 

confirming the dimeric structure of photoproducts 2b-e. In addition anly peaks 

with m/Z corresponding to the M/Z fragments I S C H C H A ~ +  and not to the fragments 

A ~ C H C H A ~ *  were found. 

TABLE 1. Photodimers 2a-e by solid state irradiation of rtyrylieaxazoles la-e 

compd. irradiation yield, % mp, Q C  UV(Me0H) 

time, b b a x , n m  (log E )  

'Recrystallized from ethanol-ecetone 

These results are in agreement far each of the five truxillic type structures 

for 2b-e, but no conclusive choice among them was possible by this technique, as 

previously reported in the case of compound 2a.O However, the t r s n s  configura- 

tion of la-dl3 and le, allowed us to rule out the peri-, y-, and epi-type 

structures and to consider only the a- or E-type structures deriving from t rans-  

t rans  (2+2) phatocycloadditions. The same considerations may be drawn from the 

"C-NMR spectre of compounds 2s-e; in fact compound 2 a  shows only ten signals as 

expected on the basis of symmetry considerations for w or F-truxillic struc- 

tures; thus excluding on an experimental basis dimers from t r a n s - c i s  photocy- 

cloadditiona. Similar conclusions are obtained also for compounds 2b-e. The 

assignments based on chemical shifts considerations are reported on Table 2 . 
The distinction between C-3' and C-5' of the isoxaeole ayatem was confirmed by 

the coupled spectra which showed a quartet (J= 6.8-7.2 Hz) for the signals at 

154.9-155.85 ppm due to the (2-3' carbon atoms. Additional information t o  solve 

the structural problem was obtained from 'K-NMR of compounds 2b-e. In fact the 

data reported in Table 2 showed that the two 3-methyl groups of the iaoxazole 

rings give anly one signal for each dimer as expected for a- or E-type struc- 

tures. The methyl proton chemical shifts were found in the range 2.39-2.47 ppm, 

which is very close to the value 2.33 ppm for the same groups in compound 2a 

having a-truxillic type structure.'o Because it has been reported10 that the 

above methyl groups appeared st 2.51 ppm in the photoisomers of 2a having 6- 



truxinic or E-truxillic type structures, the above findings, taking into account 

aubstituent effects, strongly suggest en a-truxillic type structure also for 

compounds 2b-e in which the aryl portions facing the alkyl groups ere rtsponseb- 

le for e shielding effect on the methyl groups which appeared at higher fields 

with reference to compounds where such effect is not operating. A similar "fa- 

cing effect" was already evidenced L 0 s b  and used 8 to distinguish between dime- 

thy1 u-truxillates and dimethyl 6-truxinates. In order to confirm the above 

aesignments and taking into account the possibility of obtaining chloro-a- 

truxillic acids, we achieved these results by oxidizing diners Zb-e with potas- 

sium perrnanganste. The same reaction was extended also to compound 2a. 

TABLB 2. 1H- and I3C-NMR data of photodimers 2a-ea 

'H-NMR 6 

Ring 

protons' 

5.18 

1JC-NMR 6 

Aromatic 

protons 

1.21 43.o(c-1),41.5(c-2),155.5(C-3'),129.8 

(~-4'),171.9(C-5'),11.1(3'-CHJ).136.2s, 

128.65d,121.8d.121.0d 

1.15-1.65 42.2(C-1),38.4(C-2),155.45(C-3'),129.85 

(c-4'),170.1(~-5'),11.4(3'-CB.),133.78, 

133.5~,129.ld,129.3d,121.3d 

1.15-7.30 42.6(C-1).41.6(C-2),154.9(C-3'),130.1 

( C - 4 ' ) , 1 7 1 . 2 ( ~ - 5 ' ) , 1 1 . 2 ( 3 ' - C H 3 ) . 1 3 4 . 6 a ,  

134.0~,129.0d,128.4d 

7.30-1.60 41.9(C-1),38.2(C-2),155.6(C-3'),130.4 

(C-4'),17o.l(C-5'),11.4(3'-CHJ).134.7a, 

134.4~,132.0s,l29.6d,128.2d,127.7d 

1.00-7.50 42.45(C-1),41.35(C-2),155.85(C-3'),130.3 

(C-4'),170.5(C-5'),11.2(3'-CH1),136.ls, 

133.ls,132.4s,130.8d,129.ld,126.3d 

Spectre recorded in CDCl. with MeaSi as internal standard 

b The values of cyclobutane ring protons refer to mid-points of AA'BB' systems 

Even if the 3-methyl-4-nitroisoxazol-5-yl group may be hydrolysed to give the 

cerborylic group,l" we decided to use the oxidation method to obtain the corre- 

sponding a-truxillic acids because the above alkaline hydrolysis of Za, followed 

by acidification, led to rrtruxillicl0 and Y-truxillicl' acids, whereas the 
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oxidation method allowed us to prepare wtruxillic and chloro-wtruxillic acids 

only. 

Table 3. Yields and melting points of compounds 3a-e end 4a-e 

compd yield.% mp (OC) lit. mp ("C) 

274-75 dec. 

174 

279-80 dec. 

102-03 

309-10 dec. 

163-64 

316-17 dec. 

175-76 

280-82 dec. 

188-90 

15 274-78 dec. 

16 174 

- - 

- - 

14 278-80 

6 162-63 

7 >290 

7 175-76 

- - 

7 191-3 

However, the melting points of chloro-wtruxillic acids obtained by oxidation 

(Table 3), were not diagnostic for confirming the above structures. In fact 

2.2',4,4*-tetrachloro-(rtruxi11ic acid was described as having mp >2900C while 

that of 3,3',4,4'-tetrachloro-a-truxillic acid was not reported.7 4,4'-Dichloro- 

u-truxillic acid (mp 278-2800C14 ) was obtained from 4,4'-dinitro-u-truxillic 

acid uhoae structure wss later q u e s t i ~ n e d . ~  "C-NMR spectra taken on the crude 

scids obtained by oxidation. showed the presence of only one type of truxillic 

acid. Therefore no isomerisation occurred during the above reaction. Again the 

number of signals for 3a-e reported in Teble 3, were in agreement for a- or r-  

type structures. It can also be noted that the chemical shift values of carboxy- 

lic carbons (Table 4 )  are very close to those of the C-5' in the 3-methyl-4- 

nitroisoxaeol-5-yl groups. Comparison of "C-NHR spectra of compounds 2a-s with 

those of 3a-e allowed us to attribute the signals at lower field (in the region 

38.1- 46.45 ppm; doublets in off-resonance spectra) to the cyclobutaae ring 

carbons banded to the carboxylic groups or 3-methyl-4-nitraisoxazol-5-yl groups 

and aryl moieties, respectively. In particular on going from compounds 2a-e to 

compounds 3a-e the C-1 and C-3 atoms show a downfield shift. whereas C-2 and C-4 

atoms appeared at higher field (2s. 2c. 2e) or remained unaltered. Acids 3s-e 

were then converted into the corresponding dimethyl ester. 4a-e which showed 

only one signal in the 'H-NMR spectra (Table 4 )  for two identical methyl groups 

in the range 3.28-3.38 ppm. The 6 values end the melting points for compounds 

4a.LB 4 c P 6  and 4d-e7 ere in agreement with those reported in the literature for 



esters with the corresponding substituents far which rrtruxillic configurations 

were demonstrsted. Similarly 4b showed a signal at 3.34 ppm due to two equiva- 

lent methyl groups. 

Table 4. 'H- and '"C-NMR data of compounds 3a-c and 4a-e 

compd 

Ring Aromatics C-1 C-2 C-0 

Protons" 

Aromatics 

'Spectra recorded in DMSOds for compounds 3a-e and in CDC13 for 4e-e, with MeaSi 

as internal standsrd.OThe values of cyclobutane ring protons refer to mid-points 

of AA'BB' systems 

Therefore from the above results combined with the mass spectral data and taking 

into consideration only the dimer structures deriving from trans-trans monomer 

cycloadditions, while we confirm that compound 2a is trans-1,3-di-(3-methyl-4- 

nitroisoxazol-5-yl)-trsns-2,cis-4-diphenylcyclobutsne (a-truxillic type struc- 

ture), we now assign the same configuration also to compounds 2b-e. 

The high yields of the photodimers 2b-e and the easy preparation of the requi- 

site lb-e renders the above described route psrticularly suitable for the prepa- 

ration of di- and tetrachloro-etruxillic acids. 
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BXPBRIMBNTAL 

Melting points were determined on a Biichi 510 melting point apparatus and are 

uncorrected. Infrared spectra were recorded on a Perkin-Elmer 283 apparatus in 

KBr pellets. Proton and Carbon-13 NMR spectre were recorded an a Perkin-Elmer 

R32 end on a Varian FT 80-A spectrometers, respectively. A11 chemical shifts 

were reported in ppm downfield from tetrsmethylsilane as internal standard. Mass 

spectra of 2a-e taken by direct inlet (D.B.I.) of samples in a VG 70-10 BQ 

spectrometer showed, among others, peaks corresponding to M and M/2. UV spectra 

were registered (methanol) with s Cary-14 spectrophotometer. Thin-layer chroma- 

tography (TLC) wss carried out with Merck silica gel 60 Fzsr precoated plates 

(benzene as eluent) and mineral light lamp (model UV SL-58) was used for revea- 

ling spots. Dimers have lower Rf with respect to monomers. 

Compounds le, 2b-e, 3b-e, and 4b gave satisfactory analytical results. 

Geoerel procedure for the oreoaration of comoounds la-e 

Compounds la-e were prepared according to the literat~re.'~*'~ TLC of mother 

liquors shoved also minor products as spots with lower Rf then those of la-e. 

The new compound le (yield 80%) crystallized from ethanol-chloroform, is a 

yellow solid: mp 226-227oC; IR: 1630, 1510, 1375, 980, and 820 cm-I; UV h a x  

(log E ) :  248 (4.19). 262 (4.10). 267 (4.10), 350 (4.32); UV spectral data for 

la-d are tabulated in ref.13. 'H-NMA (CDCls) 8: 2.61 (s, 3R, CBa), 7.26-7.80 (m, 

5H, ethylenic and aromatic). The configuration of le was not attributable 

through the above NMR data; however the trans coafiguration was asaigned on the 

basis of similarity of the UV spectrum with that of id." Compound id was found 

to have mp 169-11O0C, that is higher than that previously reported.'= 

Solid state irradiation of compounds la-e 

Solid la-e, deposited between two glasses by evaporation of saturated benzene 

solutions, were irradiated with a 250 W (G.B.C.) mercury lamp as reported in 

ref.10 for la; yielda, irradiation times and crystalliaatiao solvents of con- 

pounds 2a-e are reported in Table 1. 

aeaeral procedure for oxidation of compounds 2a-e 

Potassium permenganate (30 mmolee) dissolved in 350 ml of acetone-water (2.5: 1 

v / v ) .  was added dropwise under stirrinc at room temperature to the dimers (5 

mmoles) dissolved in acetone (200 ml). The mixture was stirred for 2-3 h and 

then the excess of potassium permenganate and manganese dioxide was reduced by 



treatment with sodium sulphite and hydrochloric acid. Removal of acetone left 

the expected acids 3a-e which were filtered off and crystallized from ethanol. 

Preparation of comoounds 4a-e 

The acids 38-e (300 mg) were refluxed with thionyl chloride (4 ml) for lh. 

Evaporation of the excess of thionyl chloride under reduced pressure left the 

solid diecyl dichloridee which were refluxed with methsnol (10 m1) for 15 min. 

Concentration of the methanolic solutions afforded the expected dieaters 4a-e 

which were crystallized from methanol. 
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