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Abbmct-A variety of symmetrically or tmsymmetrically 3Jdisubstituti funxans such as dicyaao, 
dialkyl, diacyl, his(phenylsuffony1). N,N’dialkyhk&amoyl, 3(or 4)-methyl+r -3)-phettyl(or nitro, 
cthoxy. phenoxy. phenylthio, pyrrotidinyl, phenylsulfonyl), 3(or 4)-ethyl-t(or -3)phenyl. and 3(or 
4)-ethoxy_4(or -3)-phenylsulfonyltkoxan reacted with dipolarophiles in tohrene or xylene at the rcfiuxing 
tetnperature ta give aitrone-type 1Jdipelar cyclcadducts, S-substituted I-aza-2,&dioxahicycl~ 
[3.3.Ojoctane.s and/cr 3-substituted Ziscxaxcline Zaxides. On the other hand, some of the furoxans gave 2- 
isoxamlines via nitrile oxide 1,3-&&r cycloaddition ia a toluene (or xykne)-DMF solvent at the rekxing 

Extensive studies have been carried out on the syn- 
theses and the reaction of 1,2,5-oxadiazole 2-oxides 
(furoxans). We have recently reported a new type of 
reaction of 3,4-bis(ethoxycarbonyl)-1,2,5_oxadiazole 
2-oxide (1) with olefins, where the furoxan behaves as 
a nitrone as shown in qn (l).’ 

22 v 
COOEt 

Y x,x 
2 (1) 

We now report in detail the reactivity of furoxans 
bearing other various substituents (cyano, car- 
bamoyl, phenylsulfonyl, alkoxy, nitro, pyrrolidinyl, 
phenylthio, phenyl, and alkyl group) towards di- 
polarophiles and solvent effect on the reaction. 

REGJLIS AND DI!X.WSSlON 

Furoxans undergo thermal isomerizations or ring- 
cleavage reactions. Four types of reactions (a)-(d) 
have been reported when furoxans are thermally 
treated in the presence of olefins as a trapping agent 
of the intermediates. 

(a) The furoxan (1) behaves as a&one.’ (ex. qn 1). 
(b) Thermal reversion into two moles of nitrile 

oxide.* 

---a[PhS02CdbO] 
xylene 

i 
Ph PhSO26 

a Ph (2)2a 
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(c) Ring interconversion into rearranged nitrile 
oxide.’ 

PhCOi- ~COPI' 

%%I 

i 
Ph 

PhCOi3 

: a Ph (313 

PhCOO 

(d) Ringcleavage reaction with concomitant frag- 
mentation, giving nitrile oxide.4 

Ct13$-cpoll 

b% 
- co2 CH3prb0 

xylene -I 1 :! 
Oh 

i 
Ph 

We reinvestigated the cycloaddition reactions of fur- 
oxans (4-9) (Tables 1 and 2), expecting the possibility 
of mtrone-type cycloadditions along with the nitrile 
oxides cycloadditions (qns 24). We found that the 
furoxans underwent the nitrone-type cycloaddition 
when the reaction conditions are suitable. It is known 
that the asymmetrically substituted furoxans (9) eas- 
ily attain an equilibrium with their isomers under our 
reaction conditiond and, therefore, the formation of 
four nitrone-type cycloadducts may be expected from 
the reaction of 9 with dipolarophiks (qn 5). The 
results are shown in Tables 1 and 2. 



T. Smmtzu et al. 

Table 1. Reaction courses of symmetrically substituted 
furoxans (4-s) 

Furoxan Reaction Course** 
Olefin* Solvent"* 

(RI a t c d 

I (CN) A, B, C. 0 0 X, T. or T-O 

z (CONH2) B. C, 0 0 x-o 

s (C~NHCH~) 
C.0 0 X 

z (CONHC~H~) 

A 0 X 

e WH3) B, C. 0 0 X 

C, 0 0 T-O 

g (COPh) 
A 

& (COC6H4KH3) 
0 X, T, or B 

C 0 X 
2 (SO2Ph) 

A, B. 0 0 X 

& (CH3) A 0 X 

* A; Electron-poor olefins such as maleimides, B; conjugated olefins, 

C; norbornene or c:lclododecene, 0; electron-rich olefins except C. 

l * Circle shows the Isolation of the products. *** X; xylene. 

T; toluene, B; benzene, 0; dimethylformamide. 

Table 2. Products from the reaction of asymmetrically sub 
stitutcd hroxans (9) with olefins 

Furoxan (2) 

R' R2 
Olefin 

Product* 

A-type B-type 

96 CH3 C2Hs 

jJ CH3 CHW13)2 
maleimldes 0 

9c CH3 Ph - 

jj Et Ph 

9e CH3 NO2 - 
9e CH3 NO2 - 

maleimides 0 
electron-rich 0 
or conjugated 

2 CH3 S02Ph electron-rich 0 

22 CH3 0C2"5 I 
z CH3 OPh 

I 

malcimides 
?I 

0 
CH3 pyrrolidinyl 

k?J CH3 SPh I 

2 OC2H5 S02Ph electron-rich 0 

l Circle shows the isolation of the products. 



Substituent and solvent effect on the reaction courses 129 

and/or C A-type 1 

9 (3-R') .T 

(5) 

and/or [ B-type 1 

The nitrone-type reaction may be explained on the 
basis of a considerable lowering of LUMO energy of 
furoxans (4, Sb, SC, 6a, 7, 9e, 9f, and 9k) by 
electron-withdrawing substituents,6 thus, dipole 
(LUMO)-dipolarophile (HOMO) interaction is favor- 
able. In other words, a similar reaction observed for 
furoxans (8,9a-e, and 9g-J) bearing electron-donating 
substituents may be explained by a result of an increase 
in the HOMO energy of the furoxan~,~ thus, dipole 
(HOMO)-dipolarophile (LUMO) interaction is favor- 
able. Besides these electronic factors described above, 
steric factor may play an important role in the nitrone- 
type cycloaddition of unsymmetrically substituted fur- 
oxans. 

As shown in eqns (4) and (6), some furoxans 
underwent nitrone O- assisted elimination followed 
by rearrangement into nitrile oxide (10) (eqn 6). 

H-R-CO -6 
fi 

.co- H-R-CO Czt+#O 
w ; - RCO ) Ii 

:' 

58; R = NH 10 O” 
6a; R = CH2 

-2 
.” X) 

H-R-CO[da; 

bll ,, 
(6) 

R = fiH 

12 

The structure of the products was assigned on the 
basis of spectral and analytical data. These cy- 
cloaddition reactions were rather complex depending 
on substituents on furoxans and solvent. Therefore, 
the results are described in detail. 

3,4-Dicyanofuroxan. The cycloadducts, S-cyano- 
l-aza-2,&dioxabicyclo[3.3.0loctanes (14) and/or 3- 
cyano-2-isoxaxoline N-oxides (13), could be ob- 
tamed from the reaction of 4 with several olefins 
(Table 3). Though the reaction of 1 with olefins 

4 
Y- ) ‘: Yi-Yi--: ,+:_ gJJ$ (7) 

2 2 

13 14 

proceeds at the temperature of refluxing xylene, the 
reaction of 4 proceeds with rapid velocity even at the 
temperature of refluxing toluene. From the reaction 
with cycloalkenes, 1: 1 cycloadducts (13) were iso- 
lated, which could undergo further cycloaddition 
(Table 4). From the reaction with phenyl vinyl ether, 

CN 

13por13q ix N xLr>H’)” (8) 

15 

three stereoisomers (WI), i.e. exo-exo, exo-endo, and 
enab-endo substituted isomers, were isolated in 51. 
25, and 3% yields, respectively. A small amount 
of 3-carbamoyl-5-phenyl-2-isoxazoline (16g) was 
also isolated in addition to 14g (24%) on the reaction 

14 h(exo-exe) 14 h(exo-endo) 

(R = Ph) 

lbh(endo-endo) 

of 4 with styrene in toluene. When the same cy- 
cloaddition reactions were carried out in toluene- 
DMF (1: l), a predominant formation of 3-car- 
bamoyl-2-isoxazolines (16) was observed (Table 5) 

H2Ncofi--J~ “6: 4 

16 
toluene-DMF 

PhCzCH 

toluene-MIF 
* H2Ncok.Jph (9) 

17 

and any trace of 13 or 14 could not be detected. 
Phenylacetylene behaved similarly, giving 3-car- 
bamoyl-5-phenylisoxaole (17). Similar results were 
obtained using dimethylacetamide or dimethyl- 
sulfoxide instead of DMF. The compounds 16 are 
not produced via 13 or 14, because 13 or 14 was 
recovered unchanged after the heating in toluene- 
DMF (1: 1). From these results, it can be supposed 
that dipolar aprotic solvents have some directional 
effects on the reaction course. One possible mech- 
anism for the formation of 16 consists of the hy- 
dration of 3-cyano-2-isoxaxolines (19) which are 
produced from the thermal decomposition of 4 to two 
moles of cyanogen N-oxide (18) followed by cy- 
cloaddition to dipolarophiles (eqn 10). However, this 

4~ [NCC=N+Ol " '* 
: 

H20 
- 16 (‘0) 
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Table 3. Yields and melting points of the products obtained 
from the reaction of 4 with dipolarophiles in toluene 

Dipolarophile Product 
Vield M.p. 

= DC 

1-•icosene 

1-octadecene 

1-hewadecene 

1-tetradecene 

ally1 p-nitroohenyl ether 

allylbenrene 

styrene 

phenyl vinyl ether 

Z-naphtyl vinyl ether 

octadecyl vinyl ether 

methyl methacrylate 

N-phenylmaleimide 

norbornene 

cyclododecene 

cyclooctene 

cycloheptene 

& (X = ClaH3J, V = Z = H) 

@ (X = C16H33. V = Z = H) 

14c (X = C14H29, V = Z = H) - 

w (X = C,2H25, V = 2 = H) 

14e (X = CH20C6HqN02, V = Z = H) - 

14f (X = CH2Ph. V = Z = H) - 

3 (X = Ph. V = Z = H) 

x (X = Ph. V = Z = H) 

14h(ex-ex) (X = OPh, V = Z = H) - 

14h(ex-en) (X = OPh, V = Z = H) - 

llh(en-en) (X = OPh. V = Z = H) - 

lli(ex-ex) (X = OCIDHJ, V = Z = H) - 

l4i(ex-en) (X = OCIDH,, V = Z = H) 

l4_j (X = 0C18H3J, V = Z = H) 

61 J4- 75 

80 68- 70 

72 62- 63 

50 52- 53 

30 174-176 

35 110-114 

25 139-140 

4 171-172 

51 150-153 

25 118-123 

3 172-174 

a 194-196 

3 179-180 

14 45- 50 

llk(ex-en) (X = C02CH3. V = H, Z = CH3) 36 166-167 - 
m(ex-en) [X,Y = -CON(Ph)CO-. Z = H] 46 ca. 300 

k(ex-ex) (X,V = -C5H8-, Z = H) a5 128-132 

& U.Z = -ClDH2D-, X = H) 61 94- 96 

a(ex-ex) (X.V = -C6H12-, Z = H) 3 139-140 

& (X,V = -C6H12-, Z = H) 7 oil 

14r (X,V = -C5H,D-, Z = H) 4 162-164 - 

mechanism is ruled out by the results of following 
experiment; 3-cyano-5-phenyl-2-isoxazoline (19& 
which was prepared from the reaction of cyanoform- 
hydroximic chloride with styrene’ was recovered un- 
changed after treating it in refluxing DMF containing 
a small amount of water. It is known that aliphatic 1,2- 
dinitriles are labile to water, giving the ammonium salts 
of the corresponding acids.* Thus, the primary cyclo- 
adducts (21) would be a precursor of 16. 

Furoxandicarboxamiak and its alkyl derivatives. It 
may also be expected that furoxandicarboxamide (Sa) 
and its alkyl derivatives (5&I) show a reactivity 
similar to 1 or 4 in the reaction with dipolarophiles. 

5a R=H 

St> R = CH3 

5C R = C2H5 

Sd R = CH2CH=CH2 

N v & 
From the reaction of 5h or SC with dipolarophiles 

NCC in xylene at refluxing temperature, 5-(N-alkyl) 
13- X 

Z - 16 (1 I ) carbamoyl-l-aza-2,8dioxabicyclo[3.3.O]octanes (23) 
toluene DMF 

21 
and 3-(N-alkyl)carbamoyl-2-isoxazoline N-oxides 
(22) were obtained in yields shown in Table 
6. These carbamoylfuroxans (Sh and Se) were rewv- 

Table 4. Yields and melting points of 15 AZ 

Yield fl.p. 5b or SC v x 

n X 
s T 22 

15a 10 
- CH2DC6H4ND2-p 

20 114-116 
CONHR 

15b 10 
- '6'{5 

16 115-117 1Z Y V 

vx x X 15c 6 CH20C6114ND2-2 7 158-160 * z Z (12) - 

23 
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Table 5. Yields and melting points of the products ob 
tained from the reaction of 4 with dipolarophiles in 

toluene-DMF 

Yield i4.p. 
Dipolarophile Product 

% "C 

I-hexadecene 16c (X = C14H29. v = z = H) 44 114 - 116 
- 

styrene 169 (X = Ph. V = Z = H) 40 171 - 172 
- 

N-phenylmaleimide 16m [X.Y = -CON(Ph)CO-. Z = HI 42 210 - 213 - 

cyclododecene 16p (V.Z = -C10H20-, X - H) 10 127 - 128 
- 

phenylacetylene 17 20 206 - 207 

M-ethylmaleimide 16s [X,V = -COtJ(Et)CO-, Z = H] 48 228 - 229 
- 

acenaphthylene 16t (X,V = -C10H6-, Z = H) 40 250 - 270 
- 

731 

ered unchanged in the reaction with other olefins. The 
1: I cycloadduct (22d) reacted with ally1 p- 
nitrophenyl ether to give a cycloadduct (24). While no 

22d 
CH2=CHCH20C6H4N02 

zw 

cycloadducts could be obtained from 5a in xylene 
probably because of insolubility of 5a in xylene, 3- 
carbamoyl4(2-hydroxy)ethyl-1,2,Soxadiazole (12) 
was obtained by heating in xylene-DMF (1: 1) 
(eqn 6). Though it may be possible to assign an 
alternative structure (11) for the products, the valid- 
ity of the structure 12 was elucidated by the following 
NMR data; the chemical shift (84.5-5.7) of an OH 

proton observed does not accord with 11 because an 
acidic oxime proton generally appears at the more 
down field region of about 69-12.9 Furthermore, a 
characteristic coupling pattern observed in the 
2-isoxaz.oline ring system could not be found. The 
assignment of the structure was further supported by 
the isolation of a keto-compound, 3-carbamoyl- 
4-phenacyl-1,2,5_oxadiazole (2!T), from the reaction 
of 5a with phenylacetylene. Isolation of ammonium 
cyanate and evolution of NH, and CO2 in the reac- 
tion also suggest elimination of HNCO from Sa. 

PhCzCH 
Sa - 

H2NCOi-&CH=$-Ph 

xylene-CUF 
w OH 

25 

Table 6. Yields and melting points of the products obtained 
from the reaction of 5 with dipolarophile~ 

Yield f4.p. 
Furoxan Dipolarophile Solvent Product 

% "C 

5b I-tetradecene xylene 23a (R = CH3. X = C12H25, V = Z = H) 7 t?& 82 - - 

sb ally1 p-nitrophenyl ether xylene 23b (R = CH3. - X = CH20C6H4N02, V = Z = H) 20 163-165 

sb cyclododecene xylene 22c (R = CH3, X = H, V.Z = -CloH20-) 4 118-120 - 

sb norbornene xylene 22d (R = CH3. 38 130-131 - X.Y = -C5H8-, Z = H) 

23d (R = CH3. X,Y = -C5Ha-' z = H) 15 247-249 - 

5c I-tetradecene xylene 23e (R = C2H5, X = C12H25, V = Z = H) 11 82- 85 - 

5c I-hexadecene xylene 23f (R = C2H5, X = C14H2g, V = Z = H) 11 92- 95 - 

5a I-tetradecene xylene-MF 12a (X = C,2H25, Y = Z = H) 53 75- 77 - 

5a ally1 p-nitrophenyl ether xylene-LMF 12b (X = CH20C6H4N02, V = Z = H) 43 140-142 - 

5a cyclododecene xylene-CUF 12~ (X = H. Y.Z = -C,oH20-) 15 166-168 - 

5a styrene xylene-DMF 129 (X = Ph. V - Z = H) 7 152-154 - 

5a phenylacetylene xylene-DMF 25 19 122-125 

5a norbornene xylene-OMF 22d 5 - 

23d 33 - 

(14 



732 T. SHIMIZU cf al. 

Using sb or Se instead of Sp in xylene-DMF, the 
corresponding N-alkyl derivatives of 12 could not be 
obtained and starting materials were recovered. Ex- 
ceptionally, 5b and norbomene produced the adducts 
22d and 23d in 5% and 33% yield, respectively. 
Similarly, N,N,N’,N’-tetramethylfuroxandicarbox- 
amide (Se) having no NH proton in carbamoyl groups 
gave no cycloadducts with various dipolarophiles and 
Se was recovered unchanged quantitatively from 
the reaction mixture. 

3,4_Bis(phenylsulfonyf)furoxan (7) and 3,4diacyl- 
furoxans @a-c). Thermal reversion to nitrile oxides is 
reported on furoxans bearing such elecron-withdraw- 
ing groups as phenylsulfonyl” or acyl group.’ 3,4- 
Bis(phenylsulfonyl)froxan (7) is decomposed ther- 
mally to two moles of phenylsulfonylnitrile oxide at 
the temperature of refluxing xylene, which undergoes 
1,3dipolar cycloaddition with olefins to give 3-phen- 
ylsulfonyl-2-isoxazolines in a good yield (eqn 2).” The 
reactivity may be interpreted on the basis of the steric 
hindrance between two phenylsulfony groups of 7. 

3,CDiacylfuroxans (6) undergo N-O bond fission 
of the oxadiazole ring with a concomitant migration 
of an acyl group to give a nitrile oxide at relatively 
low temperature (8Cr120°), which undergoes 
1,3dipolar cycloaddition with olefins to give cy- 
cloadducts (eqn 3).3 Such reactivity of diacylfuroxans 
has been explained in terms of the high migratory 
aptitude of the acyl groups.) 

Compound 26 was the only isolable cycloadduct 
from the reaction of 3&diaroylfuroxans (6b and 6e) 
with N-phenylmaleimide in aromatic solvents under 
various thermal conditions (80-150”). On the other 

PhN 
/CO 

. ho 

hand, 27 was obtained as a major product from the 
reaction of 3,4diacetylfuroxan (al) with N- 
phenylmaleimide in refluxing xylene. However, none 
of analogous cycloadducts could be obtained from 
the reaction of 61 with other olefins listed in Table 7, 
and the only isolable adducts were 26. On the other 
hand, 3-[ I-(hydroxyimino)-2-oxo)propyL2-isoxazo- 

lines (11s and lib) were obtained in high yields 
from the reaction of 6a with olefins in toluene- 

6a+ -/’ -.- 
Y x toluene-DHF 

cH3Co,-&-& (15) 

AH 11 

DMF (1:l). The structure of 11~ and llb was 
established from the characteristic coupling pattern 
for the isoxazoline ring protons and the acidic OH 
proton for oximes at 6 12-13. 

The nitrone-type cycloadducts, 3-phenylsulfonyl- 
2-isoxazoline N-oxides (28a and 28b), could be 
obtained from the reaction of 7 with electron-rich 
dipolarophiles such as cyclododecene and nor- 
bomene (Table 8). With other dipolarophiles, 7 gave 

PhSO& ' 

-z 

28a; x = ti, Y.2 = -(CH2)10- 

&O : 28b; X.Y = -COHN-, 2 = H 

the same type of adducts as reported in the litera- 
ture.” 

3,4_Dialkylfuroxans. 3,CDialkylfuroxans are 
known to react with electron-rich alkenes at elevated 
temperature (200”) to give 3-alkyd-2-isoxazolines (29) 
via a nitrile oxide intermediate.% We reinvestigated the 

CH C-bCH3 
311 
'++I - [ CH3CzM0 ] 

600 "C 

I-hexene cH3h 

* -I. NW C4'19 (16) 

29 

reaction of 3,Uimethylfuroxan (8) with various olefins 
at the temperature of refluxing xylene and observed 
the formation of nitrone-type cycloadducts, S-methyl- 
I-aza-2,8dioxabicyclo[3.3.Oloctanes @Ia-c), in the 
case of the reaction with maleimides (Table 8). 

Table 7. Yields and melting points of the products obtained 
from the reaction of 6 with dipolarophiles 

Yield t4.p. 
Furoxan Dipolaroohile Solvent Product 

% "C 

6a I-tetradecene - xylene 26a (R = CH3. 70 45- 50 - X = C12H26, Y = 2 = Ii) 

6a cyclododecene xylene _ 26b (R = CH3. X = H, Y.2 = -CloHzO-) 40 124-125 

6a styrene xylene 26~ (R = CH3. X = Ph. Y = 2 = H) 22 128-129 - 

6a N-phenylmalelmide xylene 27 35 257-260 

!z!? I-phenylmaleimide benzene 26d [R = Ph. X.Y = -COM(Ph)CO-. 2 = H] 32 191-194 - 

SC N-phenylmaleimide toluene 26e [R = C6H40CH3. X,Y = -CON(Ph)CO-, 2 = H] 42 - 

!L? 1-tetradecene toluene-CMF lla (R = CH2, X = C12H25, Y = 2 = H) 46 61- 63 - 

6a cyclododecene toluene-D14F llb (R = CH2, X = H, Y.2 = - C,o"20-) 70 130-132 - 
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Table 8. Yields and melting points of the products obtained 
from the reaction of 7-9 with dipolarophiles 

FUrOXan Dipolarophile Product 
Yield t4.p. 

% "C 

cyclododecene 

norbornene 

N-phenylmaleimide 

N-ethylmaleimide 

N-propylmaleimide 

N-phenylmaleimide 

N-phenylmaleimide 

N-phenylmaleimide 

fi-phenylmaleimide 

R-phenylmaleimide 

fi-propylmaleimide 

norbornene 

styrene 

2-naphthyl vinyl ether 

norbornene 

N-phenylmaleimide 

N-propylmaleimide 

fi-phenylmaleimide 

N-ethylmaleimide 

if-propylmaleimide 

J-phenylmaleimide 

v-propylmaleimide 

H-phenylmaleimide 

Ii-propylmaleimide 

norbornene 

28a - 

28b - 

306 - 

30b - 

3oc - 

30a - 

30a - 

30a - 

31a - 

30a - 

3oc 
- 

ga 

G(ex-ex) 

32b(ex-en) - 

32~ - 

28b - 

3Oa - 

NC - 

30a - 

3Qb - 

3oc - 

30a - 

,oc 

&a 

3oc - 

33 - 

35 

41 

15 

23 

ia 

75 

10 

29 

6 

7 

12 

IO 

10 

10 

7 

25 

70 

65 

63 

22 

55 

26 

15 

a 

5 

36 

90- 91 

120 - 126 

ca. 350 

264 - 266 

252 - 253 

257 - 267 

159 - 161 

177 - 180 

158 - 160 

206 - 207 

183 - la4 

8 + I[;;IIR xylene- XJJ 
/co “3 co 

‘co Jz5 % CO:‘JR 
30a; I? = Ph 

30b; R = C2H5 
30C ; R = C3H7 

(17) 

3,4-Di-unsymmetrically substituted furoxans. As 
mentioned previously, cycloadducts bearing a Me 
group at the S-position of bicyclo[3.3.0Ioctane were the 
only isolable compounds from the reaction mixture 
of 9a-c and maleimides (Table 8). Using other di- 
polarophiles, the starting materials were recovered 
quantitatively. Similarly, the corresponding S-ethyl 
derivative (31n) was obtained from the reaction of W 

with N-phenylmaleimide. Though the exclusive for- 
mation of one of nitrone-type cycloadducts in the 
reaction of !k or !#I with maleimides can be explained 
on the basis of the thermodynamic stability of 
3-methylfuroxan isomers (eqn 5) [the isomer ratio of 
!k(3-CH@aoCH~) is ca 2.0 by the NMR spectra at 
room temperature], the exclusive formation of the ni- 
bone-type cycloadduct (A-type) is supposed to be the 
steric effect in the transition state of the cycloaddition. 
The exclusive formation of one of nitrone-type cy- 
cloadducts in the reaction of 9e or 9d with maleimides 
can be explained on the basis of a similar steric effect. 

An interesting result was observed in the reaction 
of 9e with olefins; !4e reacts with electron-rich or 
conjugated olefins such as norbomene, 2-naphthyl 
vinyl ether, or styrene to give 5-nitro-1-aza-2,8dioxa- 
bicyclo[3.3.0]octanes (32). while 30 was obtained 
from the reaction of !k with maleimides. 
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CH -Cl10 

fle 

norbornenc. styrene. or V 
V 

2-naphtyl vinyl ether 
>X X 

32a; x, Y = -cstis- 
22b; x = Ph. V = H 

32~; x = ocIOti7, Y 

(18) 

H 

While an expected cycloadduct (28b) was obtained 
from the reaction of 9f with norbomene, 3Oa-c could 
not be detected from the reaction of 9f with male- 
imides. While furoxans (9g-j) bearing efficient 

gf 

PhSO C 
norborncne 211 

s & 
(19) 

25b 

electron-donating substituents were expected to react 
with electron-poor olefins such as maleimides to give 
the corresponding Sethoxy (or phenoxy, pyr- 
rolidinyl, phenylthio) derivatives of 30, the actually 
isolated products were 3Oa-c. 

It is interesting to research the reactivity of furoxan 
(9k) bearing both a powerful electron-withdrawing 
substituent and an electron-donating substituent. 
Though the cycloadduct (33) was obtained from the 
reaction of 9k with norbomene, none of the cycload- 
ducts could be obtained from the reaction of 9k with 
maleimides. 

S02Ph 

Etof-$SPh norbornene ~ a&B (20) 

gk 33 

Intramolecular nitrone-type cycloaddition of fur - 
OX(UIS. Facile trapping of a nitrone dipole was ob 
served in furoxans bearing appropriately located 
olefins. The application to intramolecular cy- 
cloaddition was attractive for the syntheses of hetero- 
polycyclic compounds. In fact, tetracyclic compound 
34 was obtained in a good yield via primarily intra- 
molecular cycloaddition from the reaction of !Id with 

Allyl-NHCOC,-_6CONH-Ally1 

5d 
CONH 

Allyl-NHCOC 

w t;l 6+0 
(21) 

toluene 

- AllylNHCOCH 

PhN 
-- 

34 

N-phenylmaleimide. Intramolecular cycloadducts 
could also be obtained from the reaction of furoxan 
with polyenes in which two double bonds are located 
in an appropriate position. For example, 4 or 7 
reacted with 1.5-cvclooctadiene to give intra- 
molecular cycloaddicts (35a or 35b, r&ectively). 

0 I 1 
4 or I- 

toluene 

R 63 35a ; R = CN. (22) 

35b; I? = S02Ph 

However, 4 reacts with norbomadiene to give only in- 
termolecular cycloadducts (36 and 37). 

CN CN 

t 
I 

oh 
31 (231 

EXPERIMENTAL 
Measuremen& All m and b pts are uncorrected. IR 

spectra were determined on a Hitachi 215 IR Spec- 
trophotometer. ‘H-NMR spectra were measured on Valian 
T-6OA instrument with Me,Si as an internal standard. All 
new products gave correct elemental analyses which are 
shown in Table 9 along with ‘H-NMR data. 

Mareriak Compounds 4,” SP,” 5e,12 7,” k,” 6b or 6c,” 
8,‘s 9e,‘s 9e,16 9f.s’ $? 9h se 91 ” 9j,% 9k,‘) and 3cyanc+S- 
phenyl-2-isoxaz.oline were irepked according to the method 
described in the literature. Compounds 9a, 9b, and W were 
prepared according to a method similar to the preparation of 
8 or 9~;” 9a1 55% yield, b.p. 105-108”/20 mmHg; 9b: 76% 
yield, b.p. 88-W/3 mmHg; W: 80% yield, b.p. l35-145”/3 
mmHg. 

Preparation of N,N’-dimethyl(or diethyl or di- 
aflyl)furoxandicarboxamide sb (or SC or 5d). To a stirred 
15% methylamine (or 25% ethylamine or 200/, allylamine) 
soln (50ml). was added dropwise log (43 mmol) of 
3,4_bis(ethoxycarbonyl)furoxan” at O-5’. After stirring the 
mixture for several hours at room temp, the ppt was filtered 
off. 5b: 52% yield, m.p. 169-170” (from EtOH); 5c: 21% 
yield, m.p. 118-119” (from Ccl,); 5d: 25% yield, m.p. 
100-101” (from CCL). 

Reaction of fluroxans with dipolarophiles 
General procedure. A mixture of furoxan (IO mmol) and 

dipolarophile (20 mmol) was refluxed in xylene or toluene 
(or a mixed-solvent consisting of same volume of one of 
these aromatic solvents and DMF) (30 ml) for 24 hr. In the 
case of the reaction with styrene or maleimide, a small 
amount of hydroquinone was also added. Evaporation of 
the solvent and other low-boiling products from the mixture 
in a rotary evaporator gave the crude product. The crys- 
talline crude products were recrystallized from EtOH and 
the oily crude products were chromatographed (silica gel) 
with CHCI, to give the crystalline products, which were 
recrystallized from EtOH. Yields and m.p. are shown in 
Table 3 and Tables 5-8. The separation of the three isomers 
of Mb was accomplished by combination of the fractional 
crystallization and the chromatographic technique (silica 
gel-CHC&). 
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,Table 9. Analytical and ‘H NMR spectral data of the 
components listed in Tables 3-8 
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Compound Anal., Calcd. (Found) 'H-WlR. 6 ppm (solvent) 
CI II x N x 

14a - 

14b - 

14c - 

14d - 

14e - 

14f - 

149 - 

14h(ex-ex) - 

14h(ex-en) - 

14h(en-en) - 

14i(ex-ex) - 

14i(ex-en) - 

14j - 

14k(ex-en) - 

llm(ex-en) - 

&l(ex-ex) 

14q(ex-ex) - 

14r - 

L?E 

15b - 

15c - 

78.20 12.50 4.34 

(78.04) (12.60) (4.34) 

77.49 12.32 4.76 

(77.49) (12.45) (4.76) 

76.63 12.11 5.26 

(76.65) (12.37) (5.29) 

75.57 11.84 5.88 

(75.57) (11.96) (5.88) 

54.29 4.10 12.66 

(54.52) (4.11) (12.69) 

74.97 6.29 8.74 

(75.16) (6.27) (8.80) 

73.95 5.52 9.58 

(74.21) (5.49) (9.61) 

66.66 4.97 8.64 

(66.97) (4.95) (8.69) 

66.66 4.97 8.64 

(66.70) (4.98) (8.61) 

66.66 4.97 8.64 

(66.86) (4.97) (8.64) 

73.57 4.75 6.60 

(73.50) (4.77) (6.58) 

73.57 4.75 6.60 

(73.59) (4.79) (6.56) 

74.50 11.91 4.14 

(74.78) (12.05) (4.01) 

50.70 5.67 9.85 

(50.88) (5.70) (9.75) 

61.40 3.28 13.02 

(61.35) (3.32) (12.91) 

70.56 7.40 10.29 

(70.55) (7.44) (10.32) 

71.01 9.27 9.20 

(71.04) (9.34) (9.20) 

69.53 8.75 10.14 

(69.40) (8.73) (10.10) 

67.17 8.86 11.19 

(67.21) (8.90) (11.29) 

61.83 7.27 14.42 

(61.80) (7.35) (14.49) 

64.32 7.28 9.78 

(64.29) (7.32) (9.79) 

74.54 8.53 7.90 

(74.54) (8.57) (7.93) 

61.11 6.21 11.25 

(60.99) (6.21) (11.15) 

(COCl3) 0.7-2.1 (m. 74 H), 2.1-3.1 (m, 4 H). 3.9-4.9 (m, 2 H) 

(CDC131 0.7-2.1 (m, 66 H), 2.1-3.1 (m. 4 H), 3.8-4.9 (m, 2 H) 

(CDC13) 0.7-2.1 (m. 58 H). 2.1-3.1 (m. 4 H), 3.8-4.9 (m. 2 H) 

(CDC13) 0.7-2.0 (m, 50 H), 2.1-3.1 (m, 4 H). 3.8-4.9 (m. 2 H) 

(DHSO-d6) 2.65-3.25 (m, 4 H). 4.2-4.4 (m, 4 H), 4.7-5.3 (m. 2 H), 

7.1 (d, 4 H, J - 9 Hz), 8.15 (d. 4 H. J = 9 Hz) 

(CDC13) 1.75-3.35 (m. 8 H). 4.0-5.0 (m, 2 H), 7.0-7.4 (m, 10 H) 

(CDC13) 2.3-3.4 (m. 4 H). 5.0-5.9 (m, 2 H). 7.4 (s. 10 H) 

(CDC13) 3.0 (d, 4 H, J = 4 Hz), 6.05 (dd, 2 H. J = 4 6 5 Hz), 

6.8-7.5 (m. 10 H) 

(CDC13) 2.9-3.6 (m. 4 H), 5.9-6.2 (m, 2 H), 6.7-7.5 (m. 10 H) 

(CDC13) 3.0-3.6 (m, 4 H). 6.1 (dd. 2 H, J - 3 6 6 Hz). 

6.6-7.4 (m. 10 H) 

(CMSO-d6) 2.9-3.7 (m. 4 H), 6.58 (dd. 2 H. J = 3 6 6 Hz), 

7.1-8.1 (m. 14 H) 

(DHSO-d6) 3.0-3.8 (m. 4 H), 6.4-6.7 (m. 2 H), 7.0-8.0 (m. 14 H) 

(CDC13) 1.45 (5, 3 H). 1.65 (s. 3 H). 2.5 (d. 1 H. J = 13 Hz), 

2.53 (d, 1 H, J = 13 Hz). 3.30 (d, 1 H. J = 13 Hz), 

3.43 (d, 1 H, J = 13 Hz), 3.73 (s, 3H), 3.77 (s. 3 H) 

(CMSO-d6) 4.8 (d, 1 H, J = 8 Hz), 4.87 (d. 1 H, J = 8 Hz), 

5.2 (d, 1 H, J = 8 Hz). 6.07 (d, 1 H. J = 8 Hz), 6.8-7.8 (m. 10 H) 

(CDC13) 0.7-2.1 (m. 12 H), 2.1-2.8 (m, 6 H), 4.5 (d, 2 H. J = 6 Hz) 

(CDC13) 0.9-2.3 (m. 24 H), 2.53 (q. 2 H, J = 7 Hz). 

4.53 (q. 2 H, J = 7 Hz) 

(COCl,) 1.0-2.3 (m, 20 H), 3.5-3.95 (m. 2 H), 4.9-5.4 (m. 2 H) 

(CDC13) 0.8-2.1 (m. 20 H). 3.35 (dt, 1 H, J - 3 a 7 Hz). 

4.75(dt, 1 H, J = 3 b 7 Hz) 

(CDC13) 1.0-2.1 (m. 12 H), 3.1-3.5 (m. 1 H). 4.5-5.0 (m. 1 H) 

(COCl3) 1.2-2.0 (m. 20 H). 2.3-3.2 (m. 3 H). 3.8-4.3 (m, 1 H), 

4.28 ( d, 2 H, J = 4 Hz). 4.7-5.2 (a, 1 H), 7.0 (d, 2 H, J = g HZ), 

8.17 (d. 2 H. J = 9 Hz) 

(COC13) 1.2-2.1 (m. 20 H). 2.3-2.8 (m. 1 H). 2.73 (d, 2 II, J = 8 HZ), 

3.7-4.1 (m, 1 H), 5.6 (t. 1 H. J = 8 Nz) 

(CnC13) 1.0-2.3 (m. 12 H), 2.3-3.3 (m, 3 H), 4.0-4.5 (m, 2 H), 

4.5-5.4 (m, 2 H), 6.8-7.3 (m. 2 H). 8.2 (d. 2 H, J = 9 HZ) 
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Table 9. Cont. 

16c - 

169 - 

16~1 - 

!Q 

16s - 

16t - 

17 - 

22c - 

22d - 

23a 

Bk 

236 - 

23f - 

u 

12b - 

12c - 

129 - 

25 

26a - 

26b - 

26c - 

26d - 

26e - 

27 - 

69.63 11.04 9.02 

(69.77) (11.12) (9.00) 

63.15 5.30 14.73 

(63.42) (5.29) (14.72) 

53.52 7.11 15.60 

(53.49) (7.10) (15.58) 

66.63 9.59 11.10 

(66.64) (9.66) (11.24) 

45.50 4.30 19.90 

(45.25) (4.27) (19.83) 

70.58 4.23 11.76 

(70.69) (4.20) (11.87) 

63.82 4.29 14.89 

(63.95) (4.30) (14.65) 

63.80 9.28 9.92 

(63.76) (9.25) (9.92) 

57.13 6.71 13.33 

(57.12) (6.73) (13.14) 

73.17 11.89 5.51 

(73.10) (12.02) (5.49) 

53.16 4.67 11.81 

(53.12) (4.66) (11.76) 

67.08 7.95 

(67.12) (7.95) 

73.51 11.95 

(73.48) (11.90) 

74.68 12.19 

(74.83) (12.32) 

62.74 9.60 

(62.95) (9.67) 

46.76 3.92 

(46.75) (3.86) 

60.99 8.53 

(60.89) (8.58) 

56.65 4.75 

(56.60) (4.77) 

57.14 3.92 

(56.65) (3.86) 

65.54 9.35 

(65.49) (9.31) 

64.26 8.39 

(64.19) (8.38) 

9.20 

(9.23) 

5.36 

(5.35) 

4.84 

(4.78) 

12.91 

12.91) 

18.18 

18.03) 

14.23 

14.22) 

18.02 

17.96) 

18.18 

18.17) 

7.64 

(7.66) 

8.33 

(8.30) 

61.31 

(61.27) 

66.81 

(66.77) 

63.75 

(63.69) 

61.74 

(61.79) 

5.15 10.21 

(5.09) (10.06) 

3.67 8.99 

(3.71) (8.98) 

4.01 7.96 

(4.01) (7.98) 

3.83 9.39 

(3.77) (9.32) 

(OtlSO-d6l 0.8-1.9 (n:, 29 tl), 2.7 (dd, 1 H, J = 8 A 16 Ez), 

3.2 (dd, 1 H, J = 10 A 16 Hz), 4.2-4.8 (a, 1 H). 6.9-7.5 (br. 2 H) 

(OIlSO-d6! 3.05 (dd, 1 H, J = 9 & 18 Hz), 3.7 (dd, 1 H, J = 11 6 18 Hz). 

5.73 (dd, 1 H, J = 9 & 11 Hz), 7.37 (s, 5 H). 7.4-8.0 (br, 2 H) 

(OMSO-d61 5.0 (d, I H, J = 10 Hz), 5.73 (d. 1 H, J = 10 Hz). 

7.0-8.2 (m. 7 H) 

(COC13) 

5.8 (br, 

(OMSO-d6 

5.0 (d, 

.O-2.2 (m, 20 H), 3.2-3.6 (m, 1 H). 4.5-5.0 (m. 1 H). 
I H). 6.5 (br, 1 H) 

1.15 (t, 3 H, J = 7 Hz), 3.6 (q, 2 H. J = 7 Hz), 

H, J - 9 Hz), 5.7 (d, 1 H, J = 9 Hz), 7.5 (br, 2 H) 

(OMSO-d6) 7.3 (s, 1 H), 7.3-8.3 (m, 7 H) 

(CDC13) 0.8-2.1 (m. 20 H), 2.8 (d, 3 H, 3 = 4 Hz), 3.2-3.6 (m. 1 H). 

4.5-4.9 (m. 1 H), 8.1 (br, 1 H) 

(CDC131 1.0-1.9 (m. 6 H), 2.5-2.9 (m. 2 H), 2.8 (d, 3 H, J = 4 Hz), 

3.53 (d, 1 H, J = 8 Hz), 4.57 (d, 1 H, J = 8 Hz), 8.2 (br. 1 H) 

(CDC13) 0.7-3.0 (m, 57 H), 2.8 (d, 3 H, J = 4 Hz). 4.2-4.8 (m, 2 H), 

7.0 (br, 1 H) 

(COC'3) 2.6-3.1 (IX. 7 H), 4.17 (d, 4 H, J = 4 Hz), 4.6-5.2 (m, 2 H), 

6.7-7.1 (br. 1 H). 6.95 (d, 4 H, J = 9 Hz), 8.15 (d, 1 H, J = 9 Hz) 

(CDC13) 0.8-2.0 (m. 12 H), 2.2-2.7 (m. 6 H), 2.85 (d. 3 H, J = 4 Hz), 

4.47 (d, 2 H, J = 6 Hz), 6.8 (br, 1 H) 

(C3C13! 0.7-2.0 (m. 57 H), 2.0-3.7 (m. 6 H), 3.8-4.9 (m, 2 H), 

7.0 (br, 1 H) 

(CDC13) 0.6-1.9 (m, 61 H), 1.9-3.7 (m, 6 H). 3.8-4.9 (m, 2 H), 

7.0 (br, 1 H) 

(CDC13) 0.6-1.8 (m. 25 H), 3.1 (d, 2 H, J = 6 Hz), 3.6-4.6 (m. 2 H), 

7.2-8.1 (m, 2 H) 

(O~tSO-d,) 3.2 (d, 2 H, J = 5 Hz), 4.0-4.6 (m. 3 H), 5.4 (d. 1 H, J = 5 Hz). 

7.1 (d, 2 H, J = 9 Hz), 8.18 (d, 1 H, J = 9 Hz), 8.2-8.6 (m. 2 H) 

(OMO-d6) 0.8-2.1 (m. 20 H), 3.4-4.2 (m, 2 H), 4.57 (d. 1 H. J = 5 Hz), 

7.95 (br. 1 H), 6.3 (br, 1 H) 

WO-d,) 3.3 (d, 2 H, J - 6 Hz), 5.0 (q, 1 H. J * 6 Hz). 

5.55 (d, 1 H, J = 6 HZ), 7.3 (s, 5 H), 8.05 (br, 1 H), 8.4 (br, 1 H) 

(ONSO-d6) 4.9 (s, 2 H), 7.3-7.8 (III, 3 H), 7.9-8.2 (m, 2 H), 

8.5 (br, 2 H) 

(CDCl,l 0.7-1.8 (m, 25 H), 2.17 (s, 3 H), 2.43 (s. 3 H). 2.5-3.5 (m. 2 H). 

3.7-4.2 (m, 1 H) 

(CDC13) 1.1-2.0 (m. 20 H), 2.15 (s, 3 H), 2.4 (s, 3 H), 

3.2-3.7 (m. 1 H). 4.5-5.0 (m. 1 H) 

(CbCl,, 2.17 (5. 3 H), 2.5 (s, 3 H), 3.25 (dd. 1 H, J - 9 118 Hz), 

3.73 (dd, 1 H, J = 11 A 18 Hz), 5.8 (dd. 1 H, J = 9 A 11 Hz), 7.35 (5, 5 H) 

(CDC13) 5.1 (d, 1 H. J = 10 HZ), 7.0-7.8 (m. 11 H), 

7.9-8.2 (III, 4 H) 

(DMSO-d6) 3.85 (s, 3 H), 3.88 (s, 3 H). 5.42 (d, 1 H, J = 10 Hz), 

5.93 (d, 1 H, J = 10 Hz), 6.9-7.6 (m. 9 H), 7.85-8.3 (m, 4 H) 

(M4SO-d6l 2.25 (s, 3 H), 4.37 (d, 1 H. J = 8 Hz), 4.57 (d, I H, J = 8 HZ), 

5.03 (d, 1 H, J = 8 HZ), 5.7 (d, I H, J = 8 Hz), 7.1-7.8 (m. 10 t!) 
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lla 66.63 - 

(66.64) 

llb 65.2'3 - 

(65.23) 

28a 65.31 - 

(65.48) 

& 57.33 

(57.61) 

i?!&(ex-en) 63.01 

(63.32) 

a(ex-en) 52.01 

(51.81) 

9.94 8.63 

(9.89) (8.64) 

8.90 9.52 

(8.91) (9.49) 

7.79 4.01 

(7.86) (4.10) 

5.16 4.78 

(5.13) (4.68) 

4.08 10.02 

(4.08) (10.01) 

5.30 13.00 

(5.21) (12.82) 

30c(ex-en) 54.69 6.02 11.96 - 

(54.41) (6.02) (11.89) 

latex -en) 63.73 4.42 9.70 

(63.69) (4.40) (9.66) 

32a(ex-ex) 61.63 - 

(61.53) 

32b(ex-ex) 65.37 - 

(65.33) 

32b(ex-en) 65.37 - 

(65.39) 

j& 67.56 

(67.56) 

33 65.09 

(65.16) 

6.90 

(6.94) 

5.16 

(5.18) 

5.16 

(5.16) 

4.54 

(4.58) 

6.50 

(6.59) 

9.58 

(9.52) 

8.97 

(8.98) 

8.97 

(8.99) 

6.30 

(6.22) 

3.62 

(3.56) 

(COC13) 0.6-2.0 (m, 25 Ii), 2.45 (s, 3 H), 3.05 (dd, 1 H, J = 9 6 18 HZ). 

3.53 (dd, 1 H. J = 10 6 18 Hz), 4.3-4.9 (m. 1 H). 12.8 (br, 1 H) 

(CDC13) 1.0-2.2 (m. 20 H), 2.5 (s, 3 H), 3.7-4.2 (m, 1 H), 

4.5-4.9 (~1, 1 H), 12.8 (br, 1 H) 

(CDC131 1.0-2.2 (m, 20 H), 3.3-3.8 (m. 1 H), 4.6-5.0 (m. 1 H), 

7.4-7.9 (m, 3 H), 7.9-8.2 (m. 2 H) 

(CDCl3) 1.0-1.9 (m. 6 H), 2.5 (br, 1 H). 3.63 (d, 1 H, J = 8 Hz), 

4.6 (d. 1 H. J = 8 Hz), 7.5-7.9 (m. 3 H). 7.9-8.2 (m. 2 H) 

(LMSO-d6) 1.45 (s. 3 H), 3.9 (d, 1 H, J = 8 Hz), 4.4 (d, 1 H, J = 8 Hz), 

4.93 (d, 1 H. J = 8 Hz), 5.75 (d. 1 H. J = 8 Hz), 7.0-7.8 (m. 10 H) 

(DHSO-d6) 1.0 (t, 6 H, J = 7 Hz), 1.3 (s, 3 H), 3.4 (q, 2 H, J = 7 Hz), 

3.6 (d. 1 H. J = 8 Hz), 4.13 (d, 1 H. J = 8 Hz), 4.6 (d, 1 H. J = 8 Hz), 

5.5 (d. 1 H, J = 8 Hz) 

(DbfSO-d6) 0.77 (t, 3 H, J = 7 HZ), 0.83 (t, 3 H. J = 7 Hz), 1.1-1.9 (m. 4 H), 

1.27 (S. 3 HI. 3.3 (t, 2 H, J = 7 Hz). 3.35 (t. 2 H, J = 7 Hz), 

3.6 (d. 1 H. J = 8 Hz). 4.17 (d. 1 H. J = 8 Hz), 4.6 (d, 1 H, J = 8 Hz), 

5.5 (d, 1 H, J = 8 Hz) 

(mSO-d6) 1.15 (t. 3 H, J = 7 Hz), 1.5-2.1 (m, 2 H), 3.9 (d. 1 H, J = 8 Hz), 

4.4 (d, 1 H, J = 8 Hz), 4.9 (d, 1 H, J = 8 Hz). 5.7 (d, 1 H, J = 8 HZ), 

7.1-7.8 (m. 14 H) 

(CDC13) 0.8-1.9 (m. 12 H), 2.2-2.6 (n!, 4 H), 2.8 (d, 2 H, J = 6 HZ), 

4.6 (d, 2 H, J = 6 Hz) 

(CDC13) 2.9-3.4 (m, 4 H), 5.75 (dd. 2 H, J = 7 6 10 Hz), 7.4 (s, 10 H) 

(CDC13) 2.3-3.8 (m, 4 H), 5.3 (dd. 1 H, J = 5 6 11 HZ), 

5.9 (dd, 1 H, J = 6 6 11 Hz), 7.4 (s, 10 H) 

(CMO-d6)'3.4-3.8 (m. 4 H), 6.6 (t. 2 H, J = 4 Hz), 7.0-8.1 (m, 14 H) 

(CDC13) 0.5-2.0 (m, 12 H), 2.0-2.6 (m, 4 H), 3.05 (d, 2 H, J = 6 Hz), 

4.73 (d, 2 H, J = 6 Hz), 7.3-7.8 (m. 3 H). 8.0-8.3 (m. 2 H) 

The reaction of 3-cyano+-decamethylene (or hexameth- 
ylene)-2-isoxazoline-2-oxide (13p or 13q) or 7a,4a-dihydro-l,4- 
mctlurno-7_(N-methy~c~~~l-isoxazolo [7a,4ad]cyclo- 
hexene+oxide (22d) with dipolarophiles. 

An equimolar mixture of 13p (or 13q or 2Zd) (2 mmol) 
and dipolarophile was heated under reflux in xylene (20 ml) 
for 24 hr. After evaporation of the solvent, the residue was 
chromatographed (silica gel) with CHCI, to give cy- 
cloadducts (15 or 24). Yields and m.p. are shown in Table 4. 
Those of 24 are as follows; WA yield, m.p. 220-222”, IR 
(nujol): 337O(NH) and I660 cm -I (C = 0), NMR (CDCl,) 6: 
0.9-1.8 (m, 6H), 2.2-3.0 (m. SH), 2.85 (d. lH. J = 5 Hz), 
4.cS.l (m, 4H). 6.67.1 (br, IH, NH), 6.9 (d. 2H, 
J = IO Hz), and 8.2 (d, 2H, J = IO Hz). (Found: C, 58.37; 
H, 5.%, N, 10.93. Calc. for CIs.Hs3N306: C, 58.60; H, 5.95; 
N, 10.79%) 

Reaction of N.N’-aWlyljiiroxandicarboxamide (Sd) with N- 
phenylmaleimti 

An equimolar amounts (3mmol) of Sd and N- 
phenybnaleimide were heated under retlux in toluene (20 ml) 
for 24 hr. After evaporation of the solvent, the residue was 
recrystallized from EtOH; m.p. 195-197”. yield: 88x, NMR 
(DMSO-d& 6: 2.9-4.6 (m, 5H), 4.1 (d, IH, J = 8 Hz), 5.43 
(d, IH, J = 8 Hz), 7.1-7.7 (m, SH), and 8.4 (br, IH, NH). 

(Found: C, 57.15; H. 4.15; N, 13.60. Calc. for ClsHI,NaOs: 
C, 57.14; H, 4.16; N, 13.330/o.) 

Reaction of 4 or 7 with l,5-cyclooc&iene 
E&molar amounts (IO mmol) of 4 (or 7) and 

1.5-cyclooctadiene was heated under reflux in toluene 
(3Oml) for 24 hr. After evaporation of the solvent, the 
residue was chromatographed (silica gel) with CHCl, to give 
cycloadducts (350 or 3Sb); %a: IS% yield, m.p. 196-198” 
(from EtOH); IR (nujol): 225Ocm-’ (CN); NMR (CDCl,) 
6: 1.9-2.5 (m, 8H). 3.3-3.7 (m, 2H), and 4.5-4.85 (m. 2H); 
mass spectrum; m/e 192 (M +). (Found: C, 62.33; H, 6.32; 
N, 14.58. Calc. for GJH~~N& C, 62.48; H, 6.29; N, 14.58.) 

Compound Mb: 30% yield, m.p. 19e201” (from EtOH); 
IR (nujol): ll4Ocn-’ (SD& NMR (CDCI,) 6: 1.7-2.8 (m, 
8H), 3.3-3.7 (m. 2H), 4.4-4.8 (m. ZH), 7.3-7.8 (m. 3H), and 
7.958.25 (m. 2H); mass spectrum; m/e 307 (M +). (Found: 
C, 58.82; H. 5.63; N, 4.60. Calc. for C,,H,,NO,S: C, 58.63; 
H, 5.58; N, 4.5696.) 

Reaction of 4 with nnrbomadiene 
A mixture of 4 (l.36g, IO mmol) and norbomadiene 

(I .5 g, I6 mmol) was heated under mflux in toluene (30 ml) 
for 24 hr. After evaporation of the solvent, the residue was 
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chromatographed (silica gel) with CHCI, to 8ive the crys- 
talline products. Fractional recrystalliition from EtOH 
8ave 36 (30%) and 37 (14%). 

Compound 36: m.p. 158-160”. IR (nuiol): 2250 cm- I 
(CN); NMR (CDCls) 6: 1.6-2.3 (m, 4H), 26-2.8 (m, 2H), 2.9- 
3.3 (m. 4H). 4.6-4.9 (m. 2IB. aml6.0-6.4 (m. 4H). (Foti: 
C, 71.25; Hi 5.98; N, ‘16.51. -Calc. for Cu,H&Gs~ C, 71.62; 
H, 6.01; N. 10.44%.) 

Cornpoand37: m.p. 280” (dec.), IR (m&l): 2250 cm-’ (CN); 
NMR @DC&: DMSCh& = 1: 1) 8: 1.55-2.2 (m, 6H), 2.5-3.5 
(m, lOH), 4.054.35 (m, 2H), 4.7-5.0 (m, 2H), and 6.1-6.6 
(m, 4H). (Found: C, 67.36; H, 5.46; N, 12.49. Cak. for 
C2,H24N202: C, 67.55; H, 5.44; N, 12.61x.) 
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