
Monatshefte ffir Chemie 111,909--919 (1980) HoaatsleflefOr Cbmie 
�9 by Springer-Verlag 1980 

1,3-Dipolar (~ycloadditions of Heterocycles 1. 
Cycloadditions of C-Benzoyl-N-Phenylnitrone to Furanl 

L. Fi~era*, J. Kovfi6, J. Polia6ikovi, and J. Le~ko ~ 

Department of Organic Chemistry, Slovak Technical University, 
CS-880 37 Bratislava, Czechoslovakia 

aLaboratory of Mass Spectrometry, Slovak Technical University, 
CS-880 37 Bratislava, Czechoslovakia 

(Received 20 November 1978. Accepted 12 March 1979) 

A frontier orbital treatment of furan suggests its possible reactivity in 1,3- 
dipolar cyeloadditions with dipoles posessing low lying LUg{O's, such as 
nitrones, especially those with electronwithdrawing substituents. By the 
reaction of C-benzoyl-N-phenylnitrone I a with an excess of furan at 60 ~ the 
monoeycloadduet 2a, two biscyeloadducts 4 and 5 and further reaction 
products of nitrone such as azoxybenzene 8, diketoamide 9a, benzoanilide 10a, 
benzoic acid 11 a and phenyl glyoxylie acid 12 were isolated. The eyeloaddition 
of C-(4 bromobenzoyl)-N-phenylnitrone 1 h with furan is also reported. 

(Keywords.: Cycloaddition of nitrone; 1,3-Dipolar cycloaddition; Frontier 
orbital treatment; Furan) 

1,3-Dipolare Cycloaddition an Heterocyclen 1. Cycloaddition von C-Benzoyl-N- 
phenylnitron an Furan 

Die Interpretation der Grenzorbitale yon Furan deutete auf eine m6gliehe 
ReaktivitS~t bezfiglich 1,3-dipolarer Cycloaddition hin, die durch LU(1,3- 
Dipol)--ttO(Furan)-Wechselwirkung bestimmt wird. Nitrone mit elektronen- 
anziehenden Substitucnten wurden ausgewSohlt. Bei der Reaktion des 
C-Benzoyl-N-phenyl-nitrons (i a) mit grogem L'berschuB yon Furan (bei 60 ~ 
wurden das Monoeycloaddukt 2a, die zwei Biscycloaddukte 4 und 5, sowie 
weitere Reaktionsprodukte des Nitrons erhalten: Azoxybenzol (8), Umlage- 
rungsprodukt 9a, Benzanilid 10a, Benzoes~ure (11 a) und Phenylglyoxalss 
(12). Die Cycloaddition yon C-(4-Brombenzoyl)-N-phenylnitron (1 b) an Furan 
wurde ebenfalls durehgeffihrt. 

Al though  the reac t iv i ty  of' furan in cycloaddi t ion reactions 2 in 
which this c o m p o u n d  acts  as the s4s  componen t ,  is very  welt in- 
vest igated,  there are only a few d a t a  about  its behaviour  as a 
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dipolarophile in 1,3-dipolar cycloaddition reactions, such as reactions of 
furan with nitriloxides 3 and nitrileimines 4. 

The present paper starts a series dealing with 1,3-dipolar cyelo- 
addition reactions of heterocycles namely of furan and its derivatives, 
Besides the synthetic meaning of these eycloadditions of furan and the 
overall insight on mechanism of 1,3-dipolar cyeloadditions, it seems 
also of interest whether the reaction proceeds by the concerted 5 or a 
stepwise 6 process. I f  zwitterionic or biradical intermediates of sufficient 
life time were formed during the course of the cycloaddition reaction, it, 
could be possible to expect a formation of the substituted product as a 
eonsequence of a retention of the aromatic heteroeyelie system. 

Only in the last years the PMO theory explained the reactivity of 1,3- 
dipoles and dipolarophiles and simultaneously afforded a key to the explana- 
tion of the regioseleetivity of 1,3-dipolar eyeloadditions 7. Sustmann s elassified 
eycloadditions into three types depending whether the dominant interaction is 
between the HOMO of the dipole and the LUMO of the dipolarphile or the 
LUMO of the dipole and the HOMO of the dipolarophile or where both these 
interactions are equally significant. 

From the values determined for the frontier orbitals of furan, 
EHOMO----- 8.SeV and ELUMO = 2.1 eV aa we assumed that  1,3-dipolar 
cycloadditions of' furan belonged to the second type in which both 
interactions are of equal significance. The HOMO of furan is de- 
termined by a value of its lowest vertical ionisation potential, 
I P  = 8.88 eV and the LUMO of furan was calculated by H o u k  etal. 3a 
C o m p t o n  etal. 10 calculated ELUMO for furan to be 0.527 eV using a 
semicmpirieal method based upon a variable ~--y modification of the 
P P P  aproximation to the Har t ree -Fock  equation. With respect to the 
results of cycloadditions published3,4 and ours discussed below, it 
seems tha t  their calculated value of ELUMO for turan is too low. Our 
conclusion is supported by the fact that  eycloadditions of nitrile oxides 
and nitrile imines, both belonging to the second type of the HOMO--  
LUMO interactions, are successful. Therefore, eycloadditions of azo- 
methine oxides (nitrones) have been chosen as models for investigation 
of the furan dipolarophility. 

1,3-Dipolar eyeloadditions of nitroneshave been reported with a variety of 
compounds, none however, was carried oat with furan derivatives 11,12 The 
~a.etion of C,N-diphenylnitrone with furan at room temp and also at 60 ~ 
failed even at 140 ~ in an autoclave. Only unreaeted nitrone and resinous 
compounds were obtained. Also, the reaction of C-(4-nitrophenyl)-N-phenyl- 
nitrone with furan, 2-furanearbaldehyde and 2-furan earboxylie acid methyl 
ester failed. 

The perturbation interaction diagram elaborated by us on the basis 
of determined energies of the frontier orbitals for C-phenyl-N-methyl 
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nitrone 7c,13 and for furan can be used as a model in judgement  of the 
cyeloaddition of furan with nitrones. The rate of the reaction of C- 
phenyl-N-methyl  nitrone with furan is controlled by the LU1,3_dipole-- 
HOfur~ n interaction. The reaction is facilitated by eteetronwithdrawing 
substituents on nitrone (a decrease of ELU~IO) and by eleetronre, leasing 
substituents on furan ring (an increase of EHOMO ). Since the reactivity 
of C,N-diphenylnitrone and C-phenyl-N-methylnitrone 14 is the same 
order, on the basis of above mentioned considerations, C-benzoyl-N- 

I II 

~3 - 0.4 e V - - . . ~  / 

0 

2.1 eV 

-8.8eV 

Fig. 1. Interaction diagram of C-phenyL'~7-methylnitronc with furan 

phenylnitrone has been chosen. Its benzoyl group lowers the energy of 
the LUMO resulting in stabilisation of the transition state formed by 
the interaction of the LUnm.one--ItOfuran and faster reaction. Huis- 
ge~ 14 found tha t  C-benzoyl-N-phenylnitrone (1 a) adds to erotonie acid 
ester 110 times faster than C,N-diphenylnitronc and, moreover, l a 
adds at  room temp to ethylene 1~ with which C,N-diphenylnitrone does 
not react even at 100 ~ The reaction of 1 a is very rapid with high 
regioselectivity; the C-acyl-adduets formed can easily be crystallized 
and characterized by spectra and by m.p'.s. 

By the reaction of nitrone 1 a with an excess of furan at 60 ~ in a 
glass autoclave for 4 h, followed by preparat ive-TLC t rea tment  a white 
crystalline compound, m.p. 126-128~ was obtained. Its mass spectrum 
showed an M + at m/e 293 and fragment peaks at m/e 225 (nitrone I a) 
and m/e 68 (turan) among other peaks, all confirming tha t  the 1:1 
adduet  formed is a product  of cyeloaddition and not a product  of 
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substi tution. Also, its UV spectrum (Xmax = 247 nm) is consistent with 
UV spectra of izox~zolidine derivatives. Theoretically, two regio- 
isomers 2 and 3 (Scheme 1) can be formed. 

Ar-CO-C =N -Ph 
0 

1..a,b 

H 

p,-~ ~ ~---~. .~-ph 
l [ ~ J ~ b ~ i m  CO ph 

4 

I Ph- ~ ~ _ / N -  Ph 

PhCO- ~ "COPh 

6 syn and anti 

S c h e m e  1 

V c~ 

2_a,b ! 
PhCO 
H ~  

Ph - N~_ Ph 

~ C O P h  

PnCO COPh 1 , 
Ph - ~ ~ ~ / N  - Ph 

7 syn and anti 

Ph-N-'N-Ph ~ ArCOCON HPh Ar CONHPh Ar CO2H PhCOCO2H 
O 

2 a,b L0.,b 1_1 o,b l_Z 

All cycloadditions of nitrones suggest tha t  by  every frontier inter- 
action the other regioisomer is preferentially formed 7 , 13. On the basis 
of calculations the highest a tomic orbital coefficients were found to be 
in the LUMO at  the terminal  electrophilic carbon and in the HOMO at  
oxygen, respectively. The highest a tomic orbital coefficients in the 
HOMO and also in the LUMO were found to be always at  ~--C. 

In Table 1 values of atomic orbital coefficients for the hypothet ical  

nitrone H2C = N < H 7 b, furan 16 and 2,3-dihydrofuran 16 calculated ac- 
cording to the CN~bO/2 method are listed. Since the orientation of 
reactants  is controlled by the overlap of molecular orbitals having the 
highest a tomic orbital  coefficients by the dominant  LUnitron e -  I-lO~ura n 
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interaction the adduct  2 is unambiguosly ~brmed and by the second 
HOnitrone--LUfuran interaction the adduct  3 could be formed. 

The qualitative evidence for the reliability of the perturbed inter- 
action diagram, namely tha t  the product  obtained in 21 ~o yield has a 
s tructure 2a, was obtained from its 1H-NMR spectrum. The 1H-NMR 
spectrum of 2 a shows two groups of multiplets with the ratio of protons 
10 : 5. The first multiplet in the lower field (8, 7.18 -8,16 ppm, 10 H) was 
assigned to the signals of aromatic protons of the benzyoyl and phenyl 
groups. The assignment of the second multiplet to the signals of 
protons of the dihydrofuran skeleton an izoxazolidine group was 
only possible with the aid of shift reagents and by INDOR tech- 
niques. The value of the coupling constant of signals of bridged 
hydrogens (J4,5 = 7.0Hz) clearly suggests tha t  the hydrogens are 
in a c/s-arrangement and confirms the cis-stereospecif i ty of the 
concerted 1,3-dipolar cycloaddition also for the reaction of nitrone I a 
with furan. Therefore, the adduct  has the structure 2a. I f  adduct  3 
would have been formed, its 1H-NMR spectrum should show a signi- 
ficant doublet with J ~ 7Hz  for the bridged 5-H proton in the 
neighbourhood of" the heteroatoms. The signals of the bridged 4-1-/ 
proton and the proton in the neighbourhood of the carbonyl group 
appear as a doublet  and singlet, respectively. The anti arrangement of 
bridge protons of the dihydrofuran skeleton with izoxazolidine 3-H 
protons was deduced from the zero value of the coupling constants J3,4. 
This conclusion is also supported by a comparison with the Karplus  
equation as well as with bis adducts formed by the reaction of benzene 
nitrile oxide with furan 3a and cyclopentadiene 17 both having an anti 
arrangement of protons. The 4-H and 5-H bridge protons in the 
neighbourhood of the double bond of the dihydrofuran par t  are coupled 
with olefinic protons (J5,6 = 2 .5 i lz  and J5,7 < 1Hz) whilst these 
coupling constants are approximately equal to those of 2,3-dihydro- 
furan 1 s. As a consequence of equal coupling constants the signal of the 
6-H proton appears to be a triplet. 

The further  reaction product  with lower R E (compared with 2a) is a 
yellow crystalline compound 9a (obtained in 12~o yield). Its mass 
spectrum showed an M+ at m/e 225 equal to tha t  of the starting nitrone. 
By their mutual  comparison it appears tha t  these compounds are not 
identic. 9a showed in its IR spectrum a band at 3,450 cm -1 belonging to 
the Ni l  vibrations as supported by the presence of the N i t  proton in 
the 1H-NMt~ spectrum. Therefore, 9~ has a structure of diketoamide 
formed by an rearrangement of the nitrone. This rearrangement is very 
often observed in a series of nitrones and is catalysed by Lewis  acids 
and also by UV radiation 19. Kroehnke 2~ obtained 9a by the action of 
Ac.O on I a in 88 ~ yield. 
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The third compound isolated (8, m.p. 35-36 ~ has the highest RI,, 
value. Its elemental analysis showed a higher content of nitrogen (14.3 t~)  
as expected for products of cyeloaddition or the products of the rearrange- 
ment of nitrone. The 1H-NMR spectrum and the mass spectrum of 8 
pointed towards azoxybenzene, as proved additionally by its UV 
spectrum and mixed m.p. with a standard. Its formation can be 
explained by the presence of water in furan wbich hydrolysed nitron 1 a 
to phenylhydroxylamine which in turn gives azoxybenzene by dis- 
proportion ation. 

la H~O ->PhCOCHO + PhNHOH -> PhN=N(O)Ph 

Gore and Hughes ~ obtained p-hydroxyazobenzem~ m 20 ~ yield by 
the reaction of C,N-diphenylnitrone with 98 ~o H2S04. According to the 
mechanism suggested by these authors a hydrolysis of nitrone to 
phenylhydroxylamine is considered from which azoxybenzene is 
formed, which in turn affords p-hydroxyazobenzene by the Wallach 
transformation. When commercial furan was employed in our experi- 
ments, azoxybenzene was formed in 60 ~o yield (assuming tha t  for one 
molecule of azoxybenzene two molecules of nitrone are necessary). 
However, by using furan redestilled above Na the yield of azoxyben- 
zene was drastically decreased (9 ~o). Since by the reaction of nitrone 
with furan no bis adducts were found, the excess of furan was decreased 
and the reaction performed in absolute toluene at  60 ~ for 18 h in an 
autoclave. After 10 day's at room temp in the dark a white crystalline 
compound 4 was precipitated, which was filtered off and the filtrate 
ehromatographed on a column and subsequently by preparative TLC. 4 
showed an UV spectrum typical for the spectra of izoxazolidir~es and its 
tH-NMR spectrum exhibited signals for aromatic and te t rahydrofuran 
protons the 20:6 ratio of which points out to a bis adduct. Theoretical- 
ly, fl'nm mono adduct 2a four bis adduets (4, 5, 6~yn and 6ant~) and from 
the mono adduct  3 further two bis adducts (7sy~ and 7anti) can be 
formed. 

Caramella and Houlcaa determined on the basis of the IP  values 
reported for analogous enol ethers the energy of the HOMO and LUMO 
for 2,3-dihydrofuran to be 8.5 eV and 2.4 eV, respectively. We 2~ have 
determined the IP  value for the compound 2a (IP = 8.05eV) from its 
charge transfer complex with tetraeyano-ethylene,  which means that  a 
further  1,3-dipolar eyeloaddition to the adduct  2a is governed by the 
LUnitrone--UOdihydrofuran 2a interaction. 

On the other hand, the highest atomic orbital coefficient for 
dihydrofuran was found to be at the ~-carbon atom (Table I) leading to 
the reverse orientation as observed for furan. On the basis of given 
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qualitative considerations a formation of bis adducts 6 and 7 can be 
excluded. Moreover, their highly symmetrical structure should be 
manifest in the 1H-NMR spectra. However, in the 1H-NMR spectrum 
four significant dublets are observed suggesting the-structure of the anti 
bisadduet to be 4. I ts  yield was 24 ~ .  

An anti arrangement of the couple of the te t rahydrofuran bridge 
protons is deduced from the zero value of the coupling constant J4,s. In 
contrast  to the monoadduet  2a  the signals of izoaxazolidine 3-H and 
3'-H protons appeared as weakly split doublets, both having coupling 
constants < 1 Hz corresponding to their anti arrangement with respect 
to the te t rahydrofuran protons. 

From the filtrate according to the mentioned procedure the fol- 
lowing compounds were obtained: 8 (9 ~o), mono adduct  2a (26 ~o), 9a 
(4~o), the benzanilide 10a (8~)  and 5 (15~).  Compound 10a is 
probably formed by deearbonylation of 9a caused by the action of 
silieagel. 

Elemental  analysis of compound 5 (~oN, 5.44), its UV spectrum 
typical of izoxazolidine derivatives and 1H-NMR spectrum suggest tha t  
this compound is a 8yn bisadduet. The syn arrangement of protons of 
the te t rahydrofuran skeleton is responsible for the ,,splitting" of the 
5-H and 4'-tt  protons. The value of the coupling constant Ja,4 and J3', 4' 
(both < 1 Hz) confirm the anti arrangement of te t rahydrofuran and 
izoxazolidine protons. Since further  products having the lowest R f  
values, benzoic acid l l a  (4~o) and phenyl glyoxylic acid 12 (4~)  were 
isolated and identified. The rest (~  10 14~o, calculated on nitrone) 
contained resinous compounds. 

The reaction of C-(4-bromobenzoyl)-N-phenylnitrone (lb) with 
furan has also been investigated under the same conditions as those 
with nitrone l a. From the reaction mixture mainly products of 
decomposition of nitrone lb  were isolated: azoxybenzene (26~o), P- 
bromobenzoie acid 11 b (26 ~o) and p-bromobenzanilide 10b (l 1 ~ )  and a 
small amount  of 9b (<  1 ~).  Their structure was determined by mass 
spectrometry and by mixed m.p. As a product  of eyeloaddition 2b was 
obtained having the equal stereochemistry as the adduct  2a. 

Totally, 65~o of nitrone l a  reacted with furan by 1,3-dipolar 
cyeloaddition giving cyeloadducts where as the byproducts  had their 
origin in side reactions of nitrone. Huisgen et al. la have not  reported 
side reactions of nitrone 1 a. Butadiene (with IP  = 9.08 eV 16 on the basis 
of the LUnitrone--HOaipolarophne energy differences) should have a 
somewhat lower reactivity than furan. 

Butadiene, however reacted with nitrone l a even at roomtemp. 
(20h) quanti tat ively giving a cycloadduct. In our case the resonance 
energy of furan has to be overcome and therefore the reaction is slower 
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and  side r eac t ions  of n i t rone  can t a k e  place.  Besides,  the  fo rmed  mono 
a d d u c t  2 a  of the  d i h y d r o f u r a n  t y p e  is more  r eac t ive  t h a n  fu ran  i tself  
and  there fore  co r r e spond ing  bis a d d u c t s  are  the  ma in  r eac t i on  pro-  
duets .  The i r  f o r m a t i o n  can be i nh ib i t ed  b y  ca r ry ing  ou t  t he  reac t ion  
wi th  large  excess of iu ran .  

We are grateful to Dr. S. Kor'dc for his help in preparing the English 
manuscript. 

E x p e r i m e n t a l  

All melting points a~'e uncorrected. IR  spectra were measured using a Zeiss 
(Jena) IR  spectrophotometer in C, C14 solution or KBr  technique. UV spectra 
were taken on a UV V1S spectrophotometer in CHaOH solution. IH-NMR 
spectra were determined in CDCI a (except of compound 4) using a Tesla BS 487 
C spectrometer (80 MHz), with Me4Si as internal standard. The mass spectra 
were measured on MS 902 S apparatus with direct inlet system. Energy of 
ionization was 70eV, trap current 1001~A, temp. of the ion source 70-110~ 
C-Benzoyl-N-phenylnitrone (l a) and C-(4-Bromobenzoyl)-N-phenytnitrone 
(1 b) were prepared Dora nitrosobenzene and phenacyl-pyridiniumbromide or 
4&romophenaeylpyridiniumbromide acording to ref. 15. Furan was the com- 
mercial product and was carefully distilled over Na. Column chromz~tography 
and preparat ive TLC were performed with silicagel and silicagel LSLe54 
(Laehem~) 45g pro 2.0 x20cm plate, 2ram thickness, respectively, eluent 
chloroform--n-heptane 8:2. 

Cycloaddition of l a to Furan 

A mixture of I a (5 g~ 22.2 mmot), furan (20 ml) and abs. toluene (10 ml) was 
kept in a glass autoclave at 60 ~ for 18 h and 10 days at 25~ The white 
crystalline bis adduct 4 was filtered off, and the filtrate was evaporated under 
reduced pressure~ leaving a oil residue. 

(1) Bis adduet 4: 

1.4g (24 ~/0), m.p. 180 183 ~C from EtOH. (Found: C 74.05, H4.98, N.5.38. 
C3~H26NzO5 (518,56). Cale. : C 74.1 t, H 5.05, N 5.40. 

1H-NMR (8, d6DMS): 7.02 8.01 (aromatic ring protons, m, 20H), 5.73 
(5'-H, J4, 5' = 5.4 Hz, 1H), 5.24 and 5.32 (3-H and 3'-H, d, Ja 4 and Ja' 4' < 1Hz, 
2 I-t), 4.96 (4-H, d, J4-a = 5.0Hz: Ja-4 < 1Hz, 1E), 4.58 (5 H, d, J4 5 = 5.0Hz, 
1 H), 4.27 (4'-H, d, d, J4' 5' = 5.4 Hz, Ja' 4' < 1 Hz, 1 H). 

UV (MeOH) : ~max = 2.47 nm (log z = 4.64). 
IR (KBr):vco = 1,699cm 1. MS: M - - - 7 7  (m/e 441), base peak 77 (C6H5). 
Column chromatography and preparative TLC gave following products: 

(2) Azoxybenzene 8: 

0.2g (9 ~,), re.p. and mixed m.p. 35-36 ~ from n-hexane. (Found: N 14.31. 
Cl~H10N20 (198.22). (:'.ale. : N  14.13. 

(CDCIa) 7.37 8.43 (aromatic ring protons, m). 
UV (MeOH) : ~nax = 233 nm (log e = 4.13), 238 (4.07), 260 (4.05), 323 (4.34). 
MS: M + t98 (CleH~0N20), base peak 77. 

60 Mon~tshes ffir Chemie~ Vol. 111/4 



918 L. Figera etal. : 

(3) Mono adduct 2a:  

2.1g (26~o)~ m.p. 126 128~ from CH2Cle--n-h~xam~. (Found: C73.58, 
H5.18, N4.76. ClsHl~N03 (293.30). Calc. : C73.71, H5. t5:  N4.78. 

NMR (CDCI3): 7.18 8.16 (aromatic ring protons~ m, 10H), 6.05 (7-H, q, 
J6-7 = 2.5Hz, Js-v < 1Hz, 1H), 5.91 (4-H, d, J4 5 = 7.0Hz, J3-4 = 0Hz, 1H), 
5.68 (3-H, s, 1H), 5.57 (5-H~ o, J4-5 = 7.0 Hz, Js-~ = 2.5 Hz, Js-v < 1Hz, 1H), 
5.13 (6-H, d, d, J~_~ = 2.5Hz, J6-7 = 2.5Hz~ 1H). 

UV (MeOH): ~max = 247nm (loge = 4.33). 
1R (KBr): v(CO)= 1,693 cm 1. 
MS: M + 293 (ClsH15N03). 

(4) Bis adduct 5: 
0.9g (15~/o)~ m.p. 155 157~ from b~nzen(,--n-h~xam ,. (Found: C74.28, 

H 5.01, N 5.44. C32H26N~O5 (518.56). Calc. : C 74.11, H 5.05, N 5.40. 
NMR (CDC13): 6.82 8.02 (aromatic ring protons, m, 20H), 5.88 (5'-H), d~ 

J4'-,~' = 6.0Hz,  1H)~ 5.51 (4-H, d, J4-5 = 5.0 Hz, 1H), 5.10 and 5.28 (3-H an(] 3 '- 
H, d, J3-4 and J:!. 4,< 1Hz, 2H), 4.62 4.88 (5~H, m, 1H), 3.78-4.00 (4'-H, m~ 
1H). 

UV (Me0H):)~max = 248nm (log~ = 4.63). 
]R (KBr): , (CO) = 1,694 cm-L 

(5) Diketoamide 9a:  
0.6g (12~o), m.p. 55 57 ~ 
IR (CHCI~) : '~H = 3,450 cn] -1. 

+ + 

MS: M~ 225 (C16H11NO~), 121, 120, 105 (Ph C - O ) ,  92 (PhNH) 91 and 77. 

(6) Benzanilide 10a: 
0.35g (8~o), m.p. and mixed m.p. 163~ M + 197 (C15HllNO). 

(7) Benzoic acid l l a :  
0.11g, (4~o) re.p. and mixed m.p. 122~ M + 122 (C7H602). 

(8) Phenyl glyoxylic acid 12: 
0.05g (1 ~0), m.p. 66~ M + 150 (CsH60~). 

Cycloaddition of I b to Furan 

! b (2 g, 6.57 retool) and furan (20 ml) yielded the following products after 
column chromatography : 

(1) p-Bromobcnzoic acid I I b : 
0.35g (26~),  m.p. and mixed m.p. 254~ M~ 202,200 (CTHsBr02). 
(2) Azoxybenzene 8: 
(26 %). 
(3) p-Bromobt~nzanilide 10b: 
0.2g (11 ~o), m.p. and mixed m.p. 197 ~ M ~' 277,275 (C15H10BrNO). 
(4) Mono adduct 2b: 
0.6g (16~o), m.p. 150 152~ from CH2C12--n-hexane. Found C57.91, 

H 3.91, Br 21.97, N 4.11. ClsH14BrNOs (372.21). Calc. :C 58.08, H 3.79, Br 21.47, 
N 3.76. 

NMR (CDC13): 7.17 7.96 (aromatic ring protons, m, 9H), 6.05 (7-H, d, 
J6-7 = 2.5Hz~ 1H), 5.93 (4-H, d, J4 5 = 6.5 Hz, 1H), 5.72 (3-H, s, IH) ,  5.56 (5- 
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H, d, d, Jr = 6.5Hz, J5 6 = 2.0Hz, 1H), 
J~-6 = 2.0 Hz, ! H). 

UV (MeOH):)~max = 250nm (logz = 4.25). 
]R (KBr) : , (CO) = 1.690 cm -1. 
MS: M + 373,371 (ClsH14BrNO8). 

5.15 (6-H, q, J6 7 = 2.5Hz, 

References 

1 Par t  CXXXVI in the series Furan Derivatives ; Par t  CXXXV : Coll. Czt,eh. 
Chem. Commun., in press. 
a) H. Wollweber, Diels Alder Reactions. S tu t tgar t :  G. Thieme. 1972. b) J .  
Sauer, Angew. Chem., Int.  Ed. (Engl.) 6, 16 (1967). 

3 a) P. Caramella, G. Cellerino: A. Corsico Coda, A. Gamba invernizzi, P. 
Griinanger, K . N .  Houk, and F. Marinone Albini, J. Org. Chem. 41, 3349 
(1976). b) A. Corsico Coda, P. Griinanger and G. Veronesi, Tetrahedron Lett.  
1966, 2911. c) P.L .  Beltrame, M.G. Cattania, V. Redaelli and G. Zecchi, 
J. C. S. Perkin II ,  1977, 706. 
P. Caramella, Tetrahedron Lett. ,  1968, 743. 
R. Huisgen, J. Ors. Chem. 41,403 (1976). 

6 R .A .  Fire,~tone, Tetrahedron 33, 3009 (1977). 
a) K .N.  Houk, Aec. Chem. Res. 8, 361 (1975). b) K . N .  Houlc, J. Sims, R .E.  
Duke, R. W. Strozier, and J. K. George, J. Amer. Chem. Soc. 95, 7287 (1973). 
e) K. N. Houk, J. Sims, C.R. Watts, and L . J .  Lus]cus, J. Amer. Chem. Soc. 
95, 7301 (1973). 

s R. Sustmann, Pure and Applied Chemistry 40, 569 (1974). 
9 a) K. Watanabe, T. Nakayarna, and J .R .  MoIte, J. Quant. Spectr. Rad. 

Transfer 2, 369 (1962). b) D. W. Turner, C. Baker, A .D.  Baker, and C.R. 
Brundle, Molecular Photoelectron Spectroscopy, p. 329. New York: Wiley- 
Interscience. 

lo j . M .  Younkin, L. J. Smith, and R. N. Compton, Theoret. Chim. Acts  (Berl.) 
41, 157 (1976). 

11 D.S .C.  Black, R .F .  Croi.~er, and V. Ch. Davis, Synthesis 1975, 205. 
r~ a) R. Huisgen, R. Grashey, H. Hauek, and H. Seidl, Chem. Ber. 101, 2043 

(1968). b) R. Huisgen, H. Hauck, R. Grashey, and H. Seidl, ibid. 101, 2568 
(1968). e) R. Huisgen, H. Hauck, R. Grashey, and H. Seidl, ibid. 102, 736 
(1969). d) H. Seidl, R. Huisgen, and R. Knott ,  ibid. 102,904 (1969). 

ta a) J.  Sims and K . N .  Houk, J. Amer. Chem. Soc. 95, 5798 (1973). b) K . N .  
Houk, A. Bimanand, D. Mukherjee, J. Sims, Y.-M.-Chang, D. C. Kaufmann, 
and L . N .  Domelsmith, Heteroeycles 7, 293 (1977). 

14 R. Huisgen, H. Seidl, and I. Briining, Chem. Ber. 102, 1102 (1969). 
15 R. Huisgen, H. Hauck, H. Seidl, and M. Burger, Chem. Ber. 102, 1117 (1969). 
16 J . A .  People and J .L .  Beveridge, Approximate Molecular Orbital Theory. 

New York: Mc Graw-Hi]l. 1970. 
17 G. Bailo, P. Caramella, G. Cellerino, A. Gamba tnvernizzi, and P. Griinanger, 

Gazz Chim. Ital.  193, 47 (1973). 
is p.  K. Korrer, P. J. Van der Haak, H. Steinberg, and T. J. De Boer, Bee. Tray. 

Chim. Pays-Bas 84, 129 (1965). 
19 j .  Hamer and A. Macaluso, Chem. Reviews 64, 473 (1964). 
2o F. Kroehnke, Chem. Ber. 80, 298 (1947). 
m P.H.  Gore and G.K. Hughes, Austral. J. Sci. 13, 23 (1950); Chem Abstr. 45, 

3818 (1951). 
22 L. Fiaera, H.-J. Timpe, and d. Kovdc, unpublished results. 

60* 


