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with norbornane akalaton 

oonditiona to giva 2-aryl-6~-l,3-oxazin-6-onaa (Zed) in 
50-60% yield, The ratio of the decomposition rata constants 
of tha tricyclic diando and 

* 
a o-l ,3-oxazin-4-ones, ~aaurad 

in toluane aoluti- about _ 

In previous comaunicationa wa raportad the aynthaaaa of tri-, tatra- and pontb 

mathylanadihydro- and -tat rahydro-1,3-oxsrinaa, aa wall as their 2- and bona 

and -thlona derivativea2-6, and also the apact roacoplc invaatlgation 7-9 of these 

compounds, our aim being comparative ataraochamical and pharmacological studies, 

Since a-triaethylane-condanaad 1,3-oxazinonae dlaplayad considerable bio- 

logical activity”, the invaatigationa wars extended to compounds with an athyl- 

ens or athanylanr bridge in tha cyclopentanalr;;g, &.-d_ to darlvatlvaa with a 

condensed norbornsne or norbornana rkalaton - _ The present work deals with 

tha synthesis and tha kinetics of the facile ratrodiane decomposition of aathyl- 

ana-bridged tetrahydro-4Lf-3,1-batuoxazin-4-ones (a), and with the resulting 

65-l ,3-oxazln-6-ones (?)_ 

We recently briafly described the synthesis and tharmolytic decomposition 

of the 2-aryl-5,&wthano-~-4a,f-5,~-B.q-0~t~trahydro-4~3.l-banzoxazin-~onaa 

(&p-i), lasdi ng to tha 2-aryl-substituted derivatives ; 17 _ Aa an altarnativa 

mods of preparation and for purpoaaa of kinetic comparison, the ratrodiana 

reaction waa also applied to the iaomerlc compounds ?_ fha 3-&o-aminobicyclm 
[2,2,1]hapt-5-ene-2-~carboxylic acid (2) was prepared by cycloedditlon of 
norbornadiana and chloroaulphonyl iaooyanata acoording to the literature 15 , 
except that addition was performed at 0 ‘C instead of 

darlvativa was reduced with sodium aulphitel’, 
-40 ‘C. Tha chloroaulphonyl 

transformad to tha &-w-amino acid p15 
and the resulting axatidlnona 

(Schema), 
The amino acid p was cyclirad to the 2-aryl-5,B-mathano-~-4e,q-5,g-8,~-8a- 

-tatrahydro-e-3,1-banzoxazln-4-ones (2) by preparing tha awidaa 48 these were 
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Lb I / 
1, CSI 

2, Ne2S03 

3, HCl 

ArCOCl 

I 1, SOCl* 

2. Et3N 

h@ 150-160 Oc 

I 

N ,o 

1 + Ar ? 

p: Ar - C6H5z i: Ar - C,H,CH,(~); E: Ar - C,H,,Cl(e); g: Ar I C,H,cl,(~,e) 

SChOUlO 

traeted with thionyl chloride, followed by triathylaeina, Tha new 1,3-oxexin- 

4-onea heva malting pointa lowor by about 20 OC then thoaa of the aa-ando 

iaomara 4, end their pyrolytic dacoapoaltlon occura on malting, The raaultlng 

?ri 1,3-oxexin-6-on88 can ba laolatad in 50-60% yield, which la similar to that 

obtainad on aterting from the iaowra &_ Thus, the praaant l ildar condition8 of 

pyrolyaia offer no praparetiva advantage, 

Kinatio maeauramanta ware alao carried out to coepara the tharaolytic 

dacoepoaltiona of the tricyclic cia-ando- Apd and &~~~1,3-oxexinar i& s- 
Quantitativa determination of tha dacoapoaition product8 ? waa baaed on the 

charactariatically different UV abaorption of the etsrting eatariala J or 2 

and the producta $ Compounda J and 2 have ebaorptlon mexime at 245 ne in 

ethanol or ;-haxana solution, wharaea tha abaorption peak for the 1,3-oxezln-6- 

onaa ? ia at 310 nm, Tha W apactre of ooapounda 2 ara the aema in toluana or 

chlorobanrona aolution, Uaa of thaaa two l olvanta in kinetic aaeauramanta hea 

advantegaa, partly baoeuaa of the higher boiling point8 (ohlorobenxana, 138-2 ‘C; 

toluana, 110-6 ‘C), and pertly baoauaa tha l thenolyala of coapounda J end 2. es 

wall aa that of 0 (reported for the raletad tatremathylana-1,3-oxexin-4-onaa 17 ), 

is tharaby axoludad, Our waauraeanta wara aeda in toluana (E20 oc - 2-29) end 

tha l ora polar chlorobanxana (c20 oc I 10-3) in tha tamparetura range 110-130 ‘CL 

The l ubatituanta on the P-phanyl group hed prectioelly no affect on tha UV mexlaae 

of compounds A, ? and 2. 

The firat-order dacompoaition reta conatanta of uompounda 1 end 2 were 

celculatad free tha UV ebaorption chengaa of the 10B3 aol/litra eolutione. the 

concentration of the product ; being datareined, Tebla 4 liata the rata conatenta 

end ectivetion anargiaa, Tha dacompoeition reta conatanta of the tricyclic 

diando darivetivaa 4 in toluana at 120 ‘C era about twice aa high 08 thoaa of 

the diaxo iaoaara 2. Tha aolvant and m l ubatituanta on the phony1 group hava 

hardly any influence on the rata, No aignificent difference is mean in ,tha 

celculetad activetion anargiaa, 



Table 1, Characteristic IR frequencies (cm -l) and 'H NMR chemical shifts (6, ppm) for compounds &ff,d, ?pf! and zrg 

Corn- H-G H-G H-g H-6 H-7 H-g H-d H-2’,6’ H-3’ ,5’ H-4’ 
CH3 

3 c-0 ?C=N 

pound H-4& H-8& (1H) I (1H) E (1H) (1H) (2H) m (2H) 1 (W) m (1H) s (3H) band band 

;: 

A'; 

3-12 3-10 4-45 4-46 3-48 3-47 

3.15 4.50 3-48 

l,d 3-16 4-48 3-49 

?fi 6-22 7.82 - 

?k 6-18 7-80 - 

?E 6.22 7.81 - 

?rl 6-25 7-82 - 

2a 2-57 3.86 3-24 

%! 2.55 3-80 3-22 

?E 2-58 3.80 3-23 

z! 2-59 3.86 3-24 

6-21 

6-20 

6-25 

6-23 

6-36 

6-35 

6.35 

6-35 

6-17 3.55 1.45 l-56 7-93 

6-12 3-55 l-45 l-55 7-82 

6-15 3-57 1.47 l-58 7-88 
f 

6-12 3-58 l-49 1.59 ;:% 

8-22 

8-09 

8-14 

6-28 3.42 l-40 l-50 8-02 

6-30 3-40 l-38 1.50 7-91 

6-30 3-42 l-38 l-52 7.97 

6-30 3-42 l-35 l-52 

7-4 1 (3Hp 

7-18 

7-36 

7-A - 

7-50 7-60 

7-28 

7-46 

7_5& - 

7-35-7-55 (3HP 

7-22 

7.40 

7,4& - 

2-36 

2-42 

2-39 

1750 1680 

1755 1685 

1760 1680 

1763 1688 

1750 

1730 

1755 

1765 

-1770- 176% -1700- 169% 

1. 
_ 

B 
1770 1685 e: 

1762 1690 f 
z! 

1760 1695 
_ 

3 9, 1H (A or B part of an g spectrum), &w6_8 Hz 

b d, lH, ~(4a,8a) -8 Hz , ~(4e,5)~~(8,8e)%~4 Hz Q-i) or 9, 

g singlet-like broad signal 

lH, ~(4s,Ba)~8 Hz, 3(4a,5)<1 Hz (?s_g) 

d fi spectrua zA8 %9 Hz 

2 overlapping m~tlplats of H-3*,5' and H-4' 

f H-2 

g H-6 

h H-5 

A split bands 

J for $j-pd, bands of group frequencies of the delocalized X-system appear instead of a ~C=N band 



Table 2, 13C NMR dete (6, ppa) on compounds ipi, ?a,d and zis_i 

coa- C-2 04 c-40 C-5 C-6 C-7 C-8 C-8e C-9 Gl' 
pound 

C-2$,6' 03',5* C-4' C&l3 

hr 3 3 462 45-a 136-G 135,+ 49_+ 60-3 41-3 3 127-G 128-g 131-4 - 

t: .I 149.9 149.1 166-4 166-7 46-d 46,s as,& 49_!& 136-g 136.68 135,+ 135.5-a 49,s 49_7k 60-4 60-2 41-3 41-2 3 3 129-G 129,s 128-7s 129,s 141,s 138.0 21-4 - 

A!i 148.1 166-O 46,s OS_& 136-g 135-g 49-G 60-4 41-3 135-G 129.4 127-S 
131,of 
128,& 133-G - 

?n 158.1 lU.6 - 109.6 165,l - - - - l&L8 128,# 128-d 133-5 - 

o,b 158.3 164-7 - x09,1 165.2 - - - - 140-6 129,* 128,@ 144-5 21.7 

?,c 157.8 154-4 - UJS_a 164-l - MO_& 130-g 129-a- 145_& - 
f 

?,d 157.3 154.2 - 110-2 154-2 - " 138-2 131-d 130-G ::;:z 133-7 - 

b ? 167.0 44-6 49,ba 138-G 136-9 Sl,s_8 59-4 40-5 3 127,& 128-4 131-7 - 

?L! 150.3 167-O 44.5 49,+ 138-G 136-d 51-d 59-2 40.4 3 127,$ 129-12 142,l 21-4 

iia 149.1 166.2 44-4 as.0 138,& 136-G 51,s 59-2 40-3 7 128-g 128-g 137-7 - 

18 148.5 166-3 44-6 49-4 138-g 136-g 51-d 59-6 40-5 136-2 13o,i# 126.g 133.12 - 

gbC reversed assignment is alno possible 
4 C-2' 

2 06' 
f 3 C-3' 

9 C-6' 
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The above retrodiene decomposition Is a convenient procedure for the syn- 

thesis of 2- aryl-6!-1,3-oxazin-6-ones, which are difficult to obtain by other 

routes, Though several methods of synthesizing this group of compounds are 

known, e.g,1S22, to our knowledge only a single 2-eubetituted derivative has 

been prepared, by gas-phase pyrolysis of methyl (2-phenyl-5-oxo-2-oxazolin-6 

yl)acetate, involving ring expansion 
23 _ 

In contrast with other retrodfene reactione, which usually require much 

more drastic conditions, the pyrolysis occurs here at the melting points of 

the compounds (heated in an oil-bath): 150-160 ‘C for the endo leomers A, and 

110-140 ‘C for the 2 compounds & The kinetic measurements showed that 

decomposition also takes place in toluene or chlorobenzene. at temperature 

considerably lower than the melting point, Only a few procedures have been 

rsported263o for the retrodlens preparation of other heterocyclee under 

similarly mild conditions, 

In previous rstro Oiels-Alder reactions the adduct, prepared in one step, 

already contained the desired heterocycler another novel feature of the present 

process 16 that the dlene Is used as a carrier in the building-up of the 

required molecule in several steps, and pyrolytic decomposition Is effected 

subsequently, 

The facile decomposition of tricyclic 1,3-oxazln-4-ones is explained by 

the formation of a heteroaromatic compound, conjugated with the 2-aryl group, 

when cyclopentadisne (acting ae a protective group during the synthesis) is 

eliminated, 

The described method of synthesizing compounds 2 is applicable only to 

2-aryl derivatives; attempted cycliration of aliphatic amides 2, prepared with 

acetyl chloride from the amino acid 2, felled to give the homogeneous compound !_ 

IR. 1H and 13C NW? soectra 

The IR, 1 
H and 13C NMR data on compounds &o_d. 2~: and ?~,d listed in 

Tables 1 and 2, 

The endo-endo or so-exo anellation of the oxazinone ring to the norbornene 

skeleton In compounds &,d and Sri, respectively, is proved by the double 

doublet or doublet splitting of the H-8a signall in the ‘H NU? spectrum_ The 

dihedral angle of the H-C8, bonds Is ~50 ’ in the endo-en@ leomsrs, and in 

-90 O In the w-exo isomers, Consequently, in compounds :a_:, due to the 

Karplue relation 
31 , no splitting ie expected, for the H-8,~-8a vicinal spin-spin 

interaction and the H-4a,H-8s interaction give a doublet12_ 

The assignments of the signals are based on interrelations between the 

series discussed in this paper and the 4-deoxy analoguse described earlier 12 , 
where double resonance and differential NOE were used to prove the aeslgnmente. 

For ;pi, of course, the proton and carbon signals of the norbornsne 

moiety are absent, and ths 1 
H and l3 C spectra exhibit Instead the & multlplet 

of H-4,5 and the lines of C-4,5 In the oxazinone ring, respectively. 

EXPERIMENTAL 

1 
H and 13C NPS spectra were recorded at 250 Wiz and 63 or 20 MHZ, 

rsspectively, in COC13 solution (6,, - 0 ppm) with a Bruker WM-250-FT epectro- 

meters IR spectra were obtained on a Bruker IFS-113V-FT instrument_ 

TET Vol. 40. No 1% M’ 
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3-axo_Aminobicvclo[2_ 2,l]hept- 5-ene-Z-exo-carboxylic acid 3 --I 

Norbornadiene (2@,3 g; CL22 mol) wea diseolved in dry ether (100 ml) at 

0 ‘C, and a solution of chloroeulphonyl lsocyanate (31.1 g; O-22 mol) in ether 

(40 ml) wee added dropwise at the aam% temperature, with etirring, Stirring waa 

continued until the mixture had warmed up to room temperatura end a aampla gavs 

no vigorous reaction with water, Tha mixture wee than cooled again to 0 ‘C and 

water (50 ml) was added by drops, with cooling and stirring, The ether phase 

wes washed with water (2x50 ml) and dried (Ne2S04), and the ether wee evapo- 

rated off, The reeidua was dissolved in banxena (40 ml) and added. dropwfse 

end with stirring, to a mixture of Ne2S03 (22.0 g) in water (70 ml) end benzene 

(40 ml); during this procedure the equaoue phase was kept slightly alkellna by 

the addition of 1% KOH, The organic phase wee separated and dried (Na2S04), and 

the solvent was evaporated off, The solid residue wae treated, under external 

0001i1,g, with juat enough oonc, HCl to cover the product, In e few minute8 a 

vigorous exothermlo raectlon ensued; when this wee over, the product was 

dissolved in W8t%P (100 ml) and the mixture wad evaporated to dryness, Addition 

of water (20 ml) and evaporation wea repeated twice to eliminate all excess HCl, 

The residue wee diarolvad in water (200 ml) end tranafarrad to a Dowax 50 lon- 

exchange resin column in acid form. The column was waehad with water until 

neutral , end the amino acid J wee elutad with a lrl mixtura (2000 ml) of cone, 

N~40+i and water, The residue obtained after evaporation of the alueta ~(1% 

diesolved in water (50 ml), the solution was filtered, end acetone we% added 

until turbidity appeared, Cryatalliration at +4 ‘C geve a white cryatallina 

product (14.4 g, 42-B), n-p, 256-258 ‘C, (Found: C, 62-56; H, 7-31; N, g-02, 

CsHllN02 requires : C, 62-73; H, 7,241 N. 9-14 %)_ 

h-a-Eexo-aminobicvclo 2,2,11haot-5-a-2-exo-carboxvlic u trr;d 

3-~-Amlnoblcyclo[2,2,l]hapt-5-ane-2-~-cerboxyllc acid (2) (3-O g; 

0.22 mol) was diaeolvad In 1% NaQH (40 al), the approprfete aofd chloride 

(0.022 mol) was added, end the solution wee etirrad for 1 h, The eolutfon waa 

than acldlflad with Hcl, and the precipitetad product tfe_i ~(1% f iltared off, 

washed with water, dried end cryatellirad from EtOH, Tha compounds prepared 

are listed in Table 3, 

The acyl derivative f& (8 mmol) was ellowad to etend with thionyl 

chloride (11-7 ml) for 30 min at room temperature, The axceee of thionyl 

chloride wea removed by avaporetion to dryness below 30 ‘CL Ether waa added end 

the aveporatlon was repeated twice. The reaidua wee dissolved in benzene (20 ml), 

triathylamins (2-4 ml) was added, end the mixture wee left to stand at embfant 

temperature for 20 h. The triathylemina hydrochloride pracfpitata wae f llterad 

off and the filtrate was eveporetad, The reaidua wea dissolved in dry benzene 

et room temperature and the aama volume of dry ether waa added, The colourlaaa 

product was crystellirad et 4 ‘C, The compounds prepered are listed in Table 3, 

2-&y&6H-l,3-oxazfn-6-onas 2ag -----I 

The compound ,5 (1-O g) we8 heated in a dry flask at 150 ‘C for 10 m&n_ The 
dark praduct was purified on a silica gal column, alution being performed with 
benzene. After evaporation of the eolvant, the colourleas cryetellina products 

?823 and @-$14 were obtained, 
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Table 3, Phyrical and analytical data on tha prepared compoundr $p,d, &_ld 

cost- ~_p,, Yield, Found, % Requlrad % 

pound ‘C % C H N Formula c Ii N 

4# 200-202 90 70.14 5-65 5.63 C15H15N03 70-02 5-88 5-44 
& 199-201 92 70-72 6-24 5-25 C16H17N03 70-83 6.32 5.16 
4E 206-208 90 61-50 4-62 4-65 C15H14ClN03 61-76 4-84 4-80 
ti 201-203 89 55-42 4.17 O-42 C15H13C12N03 55-24 4-02 4-29 

:a 110-111 68 75.44 5-63 5-96 C15H13N02 75-30 5-48 5-85 
,5,b 125-127 62 75.96 5.98 5-70 C16H15N02 75-87 5-97 5-53 
?Ic 125-127 70 65.61 4-24 5-06 C15H12ClN02 65-82 4-42 5.12 
,5,d 139-141 66 58-00 3-55 4.78 C15HllC12N02 58-46 3-60 4-55 

Kinetic maaauramanta 

The W spectra wars recorded with a Spacord UV-VIS lnatruaant~ absorption 

waa q aaaurad by means of a Spectroaom 195 apactrophotometar with digital 

display, The concentration of f, ? and ? was 10s3 mol/lltra, For each aariaa of 

maaauramant 8-10 ampoulaa of 2 ml capacity ware usadz these wars flushed with 

nitrogen and charged with 2.00 ml of a solution in apactroacoplcally pure 

toluana or chlorobanrana, Tha aaalad ampoulaa wars plaaad In an ultratharmoatat 

allowing tamparatura regulation with O-1 ‘C accuracy_ Tha ampoules were 

malntalnad at the required temperature (110, 115, 120, 125 or 130 ‘C) and after 

each 30-ain pariod ona of than was removed from the thermostat and cooled in 

ice-watarl the solution was adjusted to 2&l ‘C, 1 ml was diluted to 10,OO ml 

with toluane or chlorobanzene, and the absorption of tha raaulting solution was 

q aaaurad In a 1 cm quartz call at 310 nm, Quantitative datermination of com- 

pounds ? was accomplished via a calibration plot, 

Table 4, Rate constants and thermodynamic paramatara of thermal dacoapoaition 
of compounds 1, and 2 

kl,105 aec-1 L@ AS* 
No 383 K 388 K 393 K 398 K 403 K kJ. mol-’ a_ u. 

T3 & T c T c T C 1 c 1 C T C 

&J 2-36 2-95 3-96 4-99 6.51 8.21 10.60 13-40 126-g 127-7 
l-89 2-25 3-15 3-75 5-12 6-15 8-30 9-98 128-l 129-4 

2.41 2-96 4-15 4.92 6.62 8-05 lo-80 13-40 126-4 129-4 
1.63 2-06 2-70 3-45 4.42 5-70 7-15 9-34 128-l 131-O 

&n 2.81 3-15 4.62 5-23 7-52 8.62 12-20 14-10 123-9 126.0 
5E 1.90 2-20 3-18 3-70 6-17 lo-10 8-50 lo-01 129-8 132-3 
&,d 2-81 3.22 4-76 5-38 7-95 9-04 13-20 15-10 129-8 129-8 
r5B 2-10 2.46 3-48 4-17 5-65 6-95 9-25 11-40 128.5 133.1 

-2-o -2-o 

-3-8 -2.8 
-4-2 -2-8 

-4-O -1-8 

-2-6 -2.9 

-2-8 -0-g 
-1-o -0.7 
-3.5 -0-3 

3 T I toluana 

bC - chlorobanrana 
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The first-order rate conatante were calculated from the aquetlon: 

2.303 
kl I - log 8 

t a-x 

The activation energiee were obtained aith the empirical Arrhenius 

formula: 

4,576. T1- T2 log k2/k1 
&I!? - 

T2’71 

where kl and k2 ere the rete constants measured at the different teapsreturee- 

The actfvetion entropies were ooaputed via the formule 

&HI 
As* I 4,576(1og k + - - 

4,576 1 
log r 1) 

where AH* I A@ - RT, The results are shown in Table 4, 
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