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Abstract—Epoxidation ofende and exabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid N-arylimides with a
solution of peracetic acid in anhydrous dioxane affofsl$-excepoxybicycloheptanedicarboxylic acid
N-arylimides. The epoxidation reaction is nsensitive to the configuration of the imideagment, to the
character angbosition of the substituent in the aromating. Thereaction is determined only by oxidation
conditions.

The epoxidation of unsaturated cyclic dicarboxylicof the imidering, and on thecharacter and position
acids is commonly performed as oxidation of theof the substituent in the aromaticng. The oxidation
unsaturated bonds with peroxy acifdd. The oxida- of the double bond in N-arylimided-XIV was
tion of the double bond in the anhydride of bicyclo- carried out with a solution of peracetic acid in an
[2.2.1]hept-5-ene-2,3-dicarboxylic acid with peraceticanhydrous dioxane. The solution of peracetod had
acid is known [2, 3] to occur exactly stereospecifical-been preliminary prepared fromacetic acid and a
ly affording 5,6-excepoxyanhydride from the 60% solution of hydrogen peroxide in dioxane.

exoanhydride, andendey-lactone [4, 5]from the We hoped to obtain epoxide€V-XXVIIl stable

endoanhydride. under the reaction conditions for the presence of
The present study concerns the behavior of thearbonyl groups in the imide ring shoultdave
double bond in theende (I-VIl) and exoc  stabilized the oxide cycle. The alteration in the
(VI -XIV') isomers of bicyclo[2.2.1]hept-5-ene-2,3- negative inductive effect of the N-arylimide moiety
dicarboxylic acid N-arylimides in the course of oxid- was performed by means of electron-donor and
ation depending on thendo or exo configuration electron-withdrawing groups introduces iortho,
meta andpara positions of the aromatidng.

H g H” As a result of the investigation performed we
0 % revealed that irrespective of the character and position
AN/ g CHsCOOH a\/7 L r Of substituents, and also of the imidiag configura-
0C—N OC’\N‘@ tion the oxidation of N-arylimides [-XIV with
peracetic acid in anhydrous dioxanerabm tempera-
I-VII XV-XXI ture occurredexactly stereospecifically and afforded
highly heat-resistant epoxy compoun¥/ -XXVIII
o R with the exaconfiguration of the epoxying in nearly
Lb/’\ guantitative vyield (9598%). The oxygen attack
’ G N@ occurred from the side ofndemethyl brid
ylene bridge
VI?I_XIV notwithstandingende or exaconfiguration of the
imide fragment.
CH,COOH OZ b/c—c—\(l)\l R The presence of the epoxsing in compounds
5 XV-XXVIIl is proved by IR spectra where is
XXI-XXVIIT observed an absorption band in 8860 cm™ region
characteristic of the epoxyng, andabsorption bands
R= H(, VIl XV, XXII), o, m, p-OCH, (Il -1V, of C=0 groups at 1704.720 cm? [6, 7]. Theexo
IX -XI, XVI -XVIII, XXIlIl -XXV), o-, m+, p-COOH configuration of the epoxying in compoundsXV -
(V=VII, XII =XIV, XIX -XXI, XXVI -XXVIII ). XXVIIl follows from the'H NMR spectra where the
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signals of protons Bf and H?2"appear a#\B-quartet Hydrolysis of endoisomers XXIX -XXXVI with
with the geminal coupling constantt 11 Hz 10% sulfuric acid (or 10% alkali) affords lactone
demonstrating their nonequivalence. The assignmerXLIll , and hydrolysis of isomersKXXVIlI -XLII
of signals belonging to the protons was done takingffords trans-5,6-dihydroxydicarboxylic acidXLIV .
into account magnetically anisotropic effect of theThe trans-configuration of hydroxy groups in the
oxirane ring resulting in thdownfield shift of the Hs hydroxyacid XLIV is confirmed by IR spectrum
resonance[8]. where appears only the absorption bar11d of free hydr-
The exoconfiguration of imide ring in compounds ©XY 9roups in the region 3463480 cm'. In the IR
XXII -XXVIII is proved by nonequivalence oftand spectrum of lactoneXLIll are present_labsorptlon
H’ protons characteristic of all epoxy compounds inPands av(OH) 3420 and/(C=0) 1752 cm™ [10].
this series [9]. In the spectra of endeisomers

XV-XXI coupling constants of the endo-atom3 &hd EXPERIMENTAL
H” with the protons Hand H' (J 0-2 Hz) are smaller |
than in the spectra oexcisomers XXII -XXVIII H NMR spectra were recorded on spectrometer

(J 2-4 Hz). Thechemical shift of signafrom H®is  Tesla BS-487 atoperating frequency 80 MHz in
0.9 ppm forexcisomers andl.15 for endeisomers CDCl; solutions, internal referenceHMDS. IR
[8]. spectra were measured on UR-20 instrument in
400-3800 cm' range from samples as mulls in

It should be noted that epoxidation carried outpineral oil 6, 7].

under similar conditions but in the presence of
sulfuric acid as catalyst instead ekoepoxyimides The purity of compounds washecked byTLC,
XV-XXVIII arisetrans5,6-diacetoxyende (XXIX -  sorbent silica gel L5/40u [11], development by UV
XXXVI) and exo (XXXVII -XLII') dicarboxylic irradiation.

acids N-arylimides. - CompoundsXV-XXVIil -~ on Bicyclo[2.2.1]hept-5-ene-2,8nde  and  exodi-
boiling with excess acetic acid in the presence of,, oy jic acid N-arylimides were prepared along
sulfuric acid also giverise to trans5,6-diacetoxy-

imides XXIX -XLII that are colorless crystalline procedure [12].

substances well soluble in acetone. Peracetic acid. Hydrogen peroxide of 33% con-
centration was concentrated to 60% concentration by
H,COCQ vacuum distillation, and the peroxide was extracted

I-VII into ether. At 4550°C the ether was distilled off with
CO R simultaneous addition of dioxane. Into the flask was

H,COCO OC—N charged 72 d1.2 mol) of aceticacid, 22.6 g of 30%

dioxane solution of hydrogen peroxid¢6.8 g
XXIX-XXXVI (0.2 mol) of H,0O,], and 9.5 g (10% of overall

weight) of cation-exchanger KU-2 in thé-form. The
HO reaction was carried out at 30 till complete con-
- sumption of hydrogen peroxide (within 3 h), then
O_CgoOH KU-2 was filtered off, and we obtained89.7 g of
solution containing58.8 g of aceticacid, 15.2 g of
XLIIT peraceticacid, and 15.7 g oflioxane. The yield of
peracetic acid with respect to the charged hydrogen
peroxide wa®©9%. Concentration of peracetic acid in

H,COCO coO R the mixture was17%.
VII-XIV — ﬁ’N Oxidation of bicyclo[2.2.1]hept-5-ene-2,3ndo
H,COCO o and exo-dicarboxylic acid N-arylimides with per-
XXXVII-XLIT aceticacid. To a mixture 0f0.01 mol ofN-arylimide
I-XIV and 15 ml of dioxane was added dropwise
HO COOH 10 ml of dioxane solution of peracetic acid maintain-
- COOH ing the temperature of the reaction mixture €t0°C
level. On complete consumption of peracetic acid
})I&IV dioxane was distilled offrom the reactionmixture,

and the remaining crystalline product was recrystal-
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Table 1. Yields, melting pointsR; values, elemental analyses, and moleculaight of epoxidesXV -XXVIII )

: mp, °C Found, % Calculated, % M

Co:;pd. Yli/lod' (solvent for R Formula

’ Crysta”ization) C H N C H N found | calc.
XV 86 185 (ethanol) | 0.59 | 75.01|4.87 |5.29 | C;,;H,;,NO; | 74.90|4.87 |5.49 253 | 255
XVI 90 168 (benzene)| 0.61 | 67.17|5.16 |4.80 | C,;H;sNO, | 67.37|5.26 [4.91 284 | 286
XVII 87 | 175 (ethanol) | 0.60 | 67.16|5.30 |5.00 | C,H,.NO, | 67.37|5.26 |4.91 | 287 | 286
XV 87 | 155 (benzene)| 0.54 | 66.81(5.19 |5.02 | C,H,.NO, | 67.37|5.26 |4.91 | 285 | 286
XIX 88 208 (benzene)| 0.82 | 63.62|4.17 |4.62 | C;,H;.NO; | 64.21|4.34 |4.68 293 | 295
XX 90 242 (ethanol) | 0.78 | 64.60(3.75 [4.52 | C,H;;NO; | 64.21 (4.34 |4.68 296 | 295
XXI 86 220 (ethanol) | 0.78 | 64.13(4.33 [4.20 | C,;H,;sNO; | 64.21 (4.34 |4.68 294 | 295
XXII 89 | 197 (ethanol) | 0.58 | 74.82(4.97 |5.39 | C,.H,.NO, | 74.90|5.09 |5.49 | 254 | 255
XX 87 161 (benzene)| 0.60 | 67.17|5.16 |4.80 | C,;H;sNO, | 67.37|5.26 [4.91 287 | 286
XXIV 90 | 175 (benzene)| 0.62 | 67.07|5.28 |5.00 | C,H,.NO, | 67.37|5.26 |4.91 | 286 | 286
XXV 89 158 (benzene)| 0.58 | 67.40|5.25 |{4.38 | C;,;H;sNO, | 67.3715.26 |4.91 | 285 | 286
XXVI 88 202 (benzene)| 0.87 | 64.10|4.02 |4.66 | C;,H;sNO; | 64.21|4.34 |4.68 296 | 295
XXVII 90 235 (benzene)| 0.71 | 63.88|4.02 |4.33 | C;,H;sNO; | 64.21|4.34 |4.68 293 | 295
XXVII 90 241 (benzene)| 0.67 | 63.92|3.89 |4.06 | C;H;sNO; | 64.21|4.34 |4.68 292 | 295

Table 2. Yields, melting pointsR; values, elemental analyses, and moleculaight of
trans 5,6-diacetoxybicyclo[2.2.1]heptane-2,3-dicarboxylic acid N-arylimid@sIX —XLII

. mp, °C Found, % Calculated, % M

compd. Ylsld’ (solvent for R Formula

no. ° | crystallization) C H N C H N | found | calc.
XXIX 72 | 175 (benzene)| 0.66 | 63.02|4.92 [4.00 | CH,NO, | 63.86|5.32 |3.90 | 356.0| 357.0
XXX 78 163 (benzene)| 0.65| 62.01(5.29 (3.60 | C,H,,NO, | 62.02(5.69 [3.62 | 385.5| 387.0
XXXI 80 160 (benzene)| 0.61| 62.06 [5.59 (4.00 | C,H,,NO, | 62.02(5.69 [3.62 | 388.0| 387.0
XXXII 85 133 (benzene)| 0.60| 61.85(5.27 {3.98 | C,H,,NO, | 62.02(5.69 [3.62 | 386.6| 387.0
XXX 81 186 (benzene)| 0.77| 59.02 (4.81 (3.12 | C,H,NO; | 59.99 (4.79 (3.49 | 400.2( 401.0
XXXIV | 72 | 195 (benzene)| 0.71| 59.66 |4.68 |3.65 | C,H,NO, | 59.99|4.79 |3.49 | 400.8| 401.0
XXXV 73 187 (benzene)| 0.74| 59.66 [4.65 [3.12 | C,H,JNO,; | 59.99 (4.79 (3.49 | 401.2| 401.0
XXXVI | 70 | 176 (benzene)| 0.73| 63.29|4.98 |3.42 | C,H,NO, | 63.86|5.32 |3.90 | 355.8| 357.0
XXXVII | 69 | 164 (benzene)| 0.77 | 61.75|5.33 |3.47 | C,H,NO, | 62.02|5.69 |3.62 | 387.5| 387.0
XXXVIII | 71 | 141 (benzene)| 0.67 | 61.904.99 |3.59 | C,H,,NO, | 62.02|5.69 |3.62 | 385.7| 387.0
XXXIX | 70 | 164 (benzene)| 0.71| 62.00|5.60 |3.17 | C,H,NO, | 62.02|5.69 |3.62 | 386.0| 387.0
XL 72 | 172 (ethanol) | 0.74| 59.60|4.63 |3.31 | C,H,NO, | 59.99 |4.79 |3.49 | 400.4 | 401.0
XLI 73 | 211 (ethanol) | 0.78 | 59.68|4.68 |3.48 | C,H,NO, | 59.99|4.79 |3.49 | 400.6| 401.0
XLII 70 201 (ethanol) | 0.76 | 59.57|4.70 |3.42 | C,,H;;NOg | 59.99(4.79 |3.49 | 400.8| 401.0

lized from benzene. The characteristics epoxy- wise within 1 h a mixture of 15 ml of 60% 4O, and
imides obtained are given in Table 1. 15 ml of aceticacid. Due toheat evolution the reac-
trans-5,6-Diacetoxy endo and exobicyclo- tion mix'tt'Jre warmed t_o 5€BQ°C, and after finishing
[2.2.1] heptane-2,3-dicarboxylic acid N-arylimides the addition the reaction mixture was heated for 2 h
(XXIX -XLII). (a) To a solution 00.01 mol ofaryl- to 70°C. On cooling the mixture precipitated crystals
imides 1-XIV in 10-fold excess of acetic acid with of compounds<XIX -XLIII that were filtered off and
2-3 ml of concn. sulfuricacid added thereto abom  recrystallized from benzene. The characteristics of
temperature and vigorous stirring waslded drop- the reaction products are presented in Table 2.
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(b) To a mixture of0.01 mol of 5,6-exo-epoxy- REFERENCES
bicyclo[2.2.1]heptane-2,3-dicarboxylic acid N-aryl-
imide (XV-XXVIIl ) was added 25 ml of acetic 1. Prilezhaevak.N., Reaktsiya Prilezhaeva. Elektrofil
anhydride and 283 ml of concn.HSO, as catalyst. noe okislenie (Poluzhaeis Reaction. Electrophilic
The mixture was heated for 6 h, then the reaction  Oxidation), Moscow: Nauka, 1974, pp. 1856.
mixture was cooled, the precipitated crystalline 2. Nazarov].N., Kucherov,V.F., andBukharov,V.G.,

reaction product XXIX -XLII was filtered off, Izv. Akad NaukSSSR1958, no. 2, pp. 192199.
washed with distilledwater, andrecrystallized from 3. Kucherov, V.F., Shabanov,A.L., and Onishchen-
benzene. ko, A.S., Izv. Akad.Nauk SSSR, Ser. Khim1996,

no. 4, pp. 689695.

. ; . - 4. OvsyannikV.D., Samitov,Yu.Yu., Terentev, P.B.,
heptane-2,3-dicarboxylic acid N-arylimides.(a) To and Belikov, A.B., Zh. Org. Khim.1974, vol. 10,

30ml of 10% HSO, was added.01 mol ofendeiso- no. 6 11731176
mer XXIX -XXXVI or excisomer XXXVIl -XLI 5 Mz.alin(’)vzﬁi.i M.S. andZefirov, N.S., InNauch. Sb
and the mixture was left standing for 2 h. Then the ™ . N Lo uen. =b. -
mixture was heated to 36 for 2 h, and on cooling \/opro_sy stereokhlrrfil(Pr_obI.ems of Stereochemistry:
precipitated a crystalline substance that was filtered Sg”eft'on °f7zggers)’ Kiev:Vishcha shkola, 1974,
off, washed with distilledwater, andrecrystallized -4 PP d . .
from ethanol or benzene.From endoisomers Séz'tf&'na$'ﬁRan. KUpletSkaéa'Nl'(B"..P”me”er."eh
_ . - - Ya - | mass-spekKtroskoplil v organiche-
XXIX -XXXVI was obtained lactonexLlll , and skoi khimii (Application of UV, IR, NMR, andMass

from excisomers XXXVII -XLII was prepared Spectroscopy i OrganicChemistry), MoSCOW:

Hydrolysis  of  5,6-diacetoxybicyclo[2.2.1]-

hydroxyacid XLIV . Moskov. Gos.Univ., 1979.

(b) A mixture of 0.01 mol ofendeisomerXXIX - 7. Nakanisi, K., Infrakrasnye spektry i stroenie orga-
XXXVI or exaisomer XXXVII -XLII and 30 ml of nicheskikh soedineni{IR Spectra and Structure of
10% aqueous alkali was boiled for 6 h at 12a0°C Organic Chemistry Compounds), Moscduir, 1965.
and left for 12 h aroom temperature. The separated 8. Zschunke, A., Kernmagnetische Resonanzspektro-
crystalline product was filteredff, washed with skopie in der organische@hemie Berlin: Akademie.
distilled water, andrecrystallized from ethanol or 9. Samitov,Yu.Yu., Atlas spektrov yadernogo magpnit-
benzene. Yield of compoun&LIll 77%, of com- nogo rezonansa prostranstvennykh izomef@ollec-
pound XLIV 60%. tion of NMR Spectra of Spatialsomers), Kazan:

Kazan. GosUniv., 1978, vol. 1.

10. Henbest, H. and Nickolls, BJ. Chem.Soc.,1959,
no. 1, p. 221.

11. Akhrem,A.A. and KuznetsovaA.l., Tonkosloinaya
khromatografiya (Thin-Layer Chromatography),

2-exo-Hydroxy-5-oxo-4-oxatricyclo[4.2.1.§ -
nonane-9-carboxylic acid (XLIIl). mp 110C. R
0.25. Found, %: C 54.00; H4.89. GH;,0s. Cal-
culated, %: C54.54; H 5.05.

trans-5,6-Dihydroxybicyclo[2.2.1]heptane-2exo Moscow: Nauka, 1965.
3-exo-dicarboxylic acid (XLIV). mp 1453C. R; 0.44. 12. SalakhovM.S., Musaeva,NN.F., Suleimanov,S.N.,
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