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The epoxidation of i s o m e r i c  ca rboxamides  of the bicyclo[2.2,1]heptene s e r i e s  has been studied; 
in the case  of e x o - c a r b o x a m i d e s  it  leads  to expoxides,  and in the case  of endo-ca rboxamides  
to t r i cyc l i e  lac tones .  

The influence of the spa t ia l  fac tor  on the d i rec t ion  of the epoxidation reac t ion  in a number  of s t e r e o -  
i s o m e r i c  de r iva t ives  of norbornene  has  been the subject  of s e v e r a l  invest igat ions.  With the exo a r r a n g e -  
ment  of the functional groups,  the sole r eac t ion  produc t  was an epoxide [1, 2]. 

The endo configurat ion of carboxy [1, 3], hydroxymethyl  [2, 4], and methoxycarbonyl  [5] groups led 
comple te ly  or  pa r t i a l ly  to the fo rmat ion  of t r i cyc l i c  s t r u c t u r e s  containing he t e roa toms .  

A s i m i l a r  pa t t e rn  was obse rved  in the oxidation of endo amides  of the norbornene  s y s t e m  with lead 
t e t r a a c e t a t e  and with tha l l ium t r i a ce t a t e  [6, 7]. 
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Fig. 1. Fragmenta t ion  pathways for  the 
lactone of exo- 5- endo- 6- d ihydroxy-exo :  
2- methylb icyclo  [2,2.1] heptane-  end(>- 2- 
ca rboxyl ic  acid. 

The epoxidation of the endo amides  of the bicycto[2,2,1]-  
heptene s e r i e s  has not been desc r ibed  in the l i t e r a tu re .  Bi-  
eyclo [2,2,1] hept-  5- ene-  2- ca rboxamide  and 2-methy lb icyc lo-  
[2.2.1]hept- 5- ene-  2- ca rboxamide  (the exo and endo s t e r e o -  
i s o m e r s  of (I) and (II)) have been synthes ized  f r o m  the bicycl ic  
unsa tu ra ted  acids through the acid chlor ides  [8, 9]. 
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The oxidation of the e x o - c a r b o x a m i d e s  (Ia, b) containing 
a s t r a ined  double bond takes  place read i ly  with the fo rmat ion  of 
the cor responding  epoxides.  The reac t ion  apparen t ly  p roceeds  
in s t e r eochemica l l y  homogeneous fashion with the fo rmat ion  
of an oxirane having the exo configurat ion of the oxirane ring. 
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Fig. 2. PMR s p e c t r u m  of the lactone of exo -5 -endo -6 -d i -  
hydroxy-  exo- 2- methylb icyclo  [2, 2,11 heptane-  2- carboxyl ic  
acid. 

This is shown by the PMR s p e c t r u m  of endo- 6 -methy l -  3- oxa t r icyc lo  [3,2,1, @,41- octane-  exo- 6- ca rboxamide  
(IIIb) r eco rded  at  a f requency  of 100 MHz. 

In favor  of the exo configurat ion of the oxirane r ing is the cons iderable  nonequivalenee of the 8-syn  
and 8-ant i  protons,  which resona te  in the f o r m  of an AB quadruplet  with a geminal  constant  J = 11 Hz. The 
a s s ignment  of the r e sonance  l ines of the pro tons  was based  on the magnet ic  anisot ropie  influence of the 
oxirane r ing  and of the orbi ta ls  of the unshared  pa i r  of e lec t rons  of the oxygen atom in it, which leads  to a 
shif t  in the r e sonance  signal of the syn-pro ton  in the downfield d i rec t ion  [10]. 
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The exo configurat ion of the amide grouping is shown by  the smal l  (AS 0.06 ppm) nonequivalenee of the p r o -  
tons at tached to the oxi rane  ring and the cons iderab le  nonequivalence of the pro tons  of the 7-CH2 group 
(&6 1.5 ppm), which r e sona t e  in the f o r m  of a AB quadruplet  each component  of which is  spl i t  into a doublet 
under  the act ion of the 1-H proton.  

Iva, b vz, b 

The epoxidatio n of the s t e r e o i s o m e r i c  endo-ca rboxamides  (Ha, b) leads  to the fo rmat ion  of lactones,  
thanks to the nucleophil ic a t tack of the carbon a tom of the carbonyl  group in the d i rec t ion  of the carbon a tom 
bear ing  the pos i t ive  charge  in the in te rmedia te  complex  fo rmed  by the e lec t rophi l ic  a t tack of a pe rac id  on 
the  double  bond of the bicycloheptene.  

The lac tones  (IVa. b) give a pos i t ive  t e s t  for  a vicinal  diol with per iod ic  acid, which shows the ab-  
sence  of a W a g n e r - M e e r w e i n  r e a r r a n g e m e n t .  

The s t ruc tu re  of the lactone (Wb) was conf i rmed  by i ts  m a s s  spect r tun.  The p r i m a r y  p r o c e s s  of de-  
composi t ion  of the m o l e c u l a r  ion, which is f a i r ly  intensive,  was the loss  of the carbonyl  group, conf i rmed  
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by a m e t a s t a b t e  t rans i t ion ,  tn addition to the  typica l  lac tone  na ture  of the decomposi t ion,  the mo lecu l a r  ion 
underwent  the f ragmenta t ion  c h a r a c t e r i s t i c  for  a l icyc l ic  alcohols,  with the c leavage  of the c~, ~ c a r b o n - c a r -  
bon bond with r e spec t  to the hydroxy  group. The r e su l t s  of this invest igat ion a r e  given in Fig. 1. 

A definit ive p roo f  of the s t ruc tu re  of the lactone b e c a m e  poss ib le  a f t e r  an ana lys i s  of the PMR spec -  
t r u m  reco rded  at a f requency  of 60 MHz at dif ferent  t e m p e r a t u r e s  and at a f requency  of 100 MHz (Fig. 2). 
The ass ignment  of the l ines  was made  on the bas i s  of l i t e r a t u r e  informat ion  and the t e m p e r a t u r e  dependence 
of the s p e c t r u m .  With a r i s e  in the t e m p e r a t u r e  of the sample ,  the broadened  singlet  l ine at  5 3.85 ppm 
shif ted upfield (at 50~ 5 3.40 ppm).  which shows that it was due to a OH group par t ic ipa t ing  in an in t r a -  
m o l e c u l a r  bond. The s ingle t  l ine at  6 3.65 ppm m u s t  be  a sc r i bed  to the endo-5-H proton,  in a g r e e m e n t  with 
l i t e r a t u r e  informat ion  for  a homolog of the lactone under  cons idera t ion  [11, 12]. The 1-H and 6-H protons  
f o r m  a AB spin s y s t e m  with a constant  JAB = 5 Hz. while 6 fo r  1-H is 2.75 ppm, and 6 fo r  6-H is 4.37 ppm.  
The components  of the AB quadruple t  undergo s u c c e s s i v e  s p i n - s p i n  sp l i t t i ngwi tha  sma l l  constant  because  
of in te rac t ion  with the endo-5-H and the 7-H.  The doublet of the proton of the endo-3-H has a shift of ~ = 
2.14 ppm, and the complex  mul t ip le t  of the exo -3 -H  is at  the bot tom of the sha rp  singlet  l ine of the CH 3 
group.  The mul t ip le t  of the methylene  group at 7-C has a shift  of 6 = 1.59 ppm.  

The acylat ion of the hydroxy lac tones  (IVa, b) led to the cor responding  ace ta tes  (Va, b). 

EXPERIMENTAL 

To estimate the individuality of the substances obtained we used thin-layer chromatography on a non- 
fixed layer of alumina of activity grade II [ether: ether-ethanol (50 : I); chromatograms revealed in iodine 

vapor] .  

The m a s s  s p e c t r a  of the subs tances  obtained were  taken on a IKS-14 in s t rumen t  in paraf f in  oil. 

The m a s s  s p e c t r u m  of the laetone of exo-  5- endo- 6 -d ihydroxy-exo-  2-methylbieyelo[2 ,2 ,1]heptane-  endo- 
2 -ea rboxy l i c  acid (IVb) was taken on a MKh-1303 in s t rumen t  with a modif ied s y s t e m  for  introduction into 
the ion sou rce  and osc i l lographic  r ecord ing  at an energy  of the ionizing e lec t rons  of 20 eV, an emi s s io n  
c u r r e n t  of 150 mA, and an acce l e r a t i ng  voltage of 2 kV. 

The NMR s p e c t r a  of the laetone {IVb) were  taken on JNM-C-60HL and JNM-4H-100 ins t rumen t s  (of 
the J apanese  f i r m  of JEOL).  

3- Oxatr icyclo  [3,2,1,02. 4] octane-  exe-  6- ca rboxamide  gIIa) was obtained f rom phthalic anhydride, con- 
cen t r a t ed  H202. and b icyc lo [2 .2 ,1 ]hep t -5 - -ene-exo-2-ca rboxamide  (In) [8] as  desc r ibed  by Malinovski i  et al .  
[13]. Yield 55.5%, mp 164-165~C (benzene), R f  0.2 [ e the r -e thano l  (50-. 1)]. Found %: C 63.2: H 7.0: N 8.9. 
CsHI1NO 2, Calcula ted  %: C 62.7: H 7.2: N 9.1. IR s p e c t r u m ,  era- l :  1656, 1626, 850. 

ende-  6- Methyl -3-  oxatricyclo[3,2.1,02" 4] oc tane-  exe-  6 -ca rboxamide  (IIIb) was obtained f r o m  phthalic 
anhydride,  concent ra ted  hydrogen peroxide,  and endo-2 -me thy lb i cyc lo [2 ,2 ,1 ]hep t -5 -ene -2 -ca rboxamide  (Ib) 
[8] by the method fo r  the synthes is  of subst i tuted epoxy ca rboxamides  [13]. Yield 39%, mp 169-170~ 
(benzene). R f  0.2 [ e the r - e thano l  (50:1)].  Found %: C 64.5: H 8.0: N 8.1. C~H13NO 2. Calcula ted %: C 64.6: 
H 7.8: N 8.4. IR spec t rum,  em-~: 1632, 1598, 850. 

Laetone  of exo-5-endo-6-Dihydroxyb icyc lo [2 ,2 ,1 ]hep tane -endo-2-ca rboxy l i c  Acid (l-Va). A mix tu re  
of 5.92 g (0.04 mole)  of phthalic anhydride.  1.6 g (0.04 mole,  1.2 ml) of 85% hydrogen peroxide,  and 0.6 g 
(0.01 mole) of u r e a  in 10 ml  of absolute  e ther  was s t i r r e d  at 26-25~ for  5 h. and then 1.51 g (0.01 mole) of 
b i cyc lo [2 ,2 ,1 ]hep t -5 -ene -endo-2 -ca rboxamide  (Ha) [8] was added in por t ions  at 20~ After  the end of oxida- 
t.ion (as shown by  TLC).  the reac t ion  m i x t u r e  was t r e a t ed  with c h l o r o f o r m  and with a sa tu ra ted  solution of 
sod ium bicarbonate ,  and the aqueous solution was ex t rac ted  with ch loroform.  The ch lo ro fo rm solution was 
dr ied  and the solvent  was evapora ted  off. Yield 19.5%.mp 157-158~ (hexane-benzene)  [2], R f  0.1 (ether). 
Found %: C 62.4: H 6.7. C~H1003. Calculated %: C 62.3: H 6.5. IR spec t rum,  c m - l :  3300, 1760. 

Lactone of exo -5 -endo-6 -Dihydroxy-exo-2 -me thy lb i cyc lo [2 ,2 ,1 ]hep tane -endo-2 -ca rbon ic  Acid (IVb). 
This was obtained f r o m  exo -2 -m e t hy l b i cyc l o [2 . 2 , 1 ]hep t -5 - ene -endo -2 -ca rboxamide  (IIb) in the s a m e  way 
as  the  p reced ing  lactone.  Yield 89%, mp 106-107~ (hexane-ch loroform) .  R f  0.4 (ether).  Found %: C 64.6: 
H 7.2. C9H1203. Calculated ~c: C 64.3: H 7.1. IR spec t rum,  em-~: 3420, 1752. 

Lactone of exo-5 -Ace toxy-endo-  6-hydroxybicyclo[2,  2.1]heptane- endo- 2 -ca rboxy l i c  Acid (Va). A 
mix tu r e  of 0.77 g (0.005 mole)  of the lactone (iVa), 0.5 ml  of acet ic  acid, and 0.6 ml  of pyr id ine  was boiled 
in 10 ml  of ch lo ro fo rm on the wa te r  bath for  2 h. Af ter  the usual  working up, the yield was 74.7%, mp 96~ 
(hexane) [2], R f  0.5 (ether). Found %: C 60.3: H 6.2. C10H1204. Calculated %: C 61.22: H 6.2. IR spec-  
t rum,  era- l :  1769. 1713. 
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The lactone of ex•-5-acet•xy-end•-6-hydr•xy-ex•-2-methy•bicy•••[2•2••]heptane-end•-2-carb•xy•ic 
acid (Vb) was obtained in the same way as the preceding lactone {Va). Yield 67.6%, mp 70-70.5~ (hexane). 
Rf 0.8 (ether). Found %: C 63.2: H 6.6. CI1HI404. Calculated ~: C 62.8: H 6.7. IR spectrum, em -1: 
1773, 1734. 
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