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The upper band afforded 144 mg of VII: mp 128--130° (from 
ethanol); ir 3400, 2260, 1710, 1690, and 1670 cm-1; nmr 
(CDC13) 6 2.2-3.0 (m, 4), 3.19 (s, 2), 3.32 ( s ,  2), 6.7-7.3 (m, 81, 
and the two exchangeable N H  protons; mass spectrum m/e 388 
(M" CnoH1~~~ClzNzOz). 

A n a l .  Calcd for CznH&l&tOz: C, 61.72; H ,  4.66; C1, 
18.22; N,7.20. Found: C, 61.51; H,4.75; C1. 18.36; N,7.14.  

From the lower band there was obtained 74 mg of VI: mp 121" 
(from ethanol); ir 3475, 3370, 2250, 1710, 1660, and 1605 em-'; 
mass spectrum m/e 264 (M+ ClaH13WIN20~) .  

A n a l .  Calcd for C13HldC1N~02: C, 58.99; H, 4.95; C1, 
13.4; N,  10.59. Found: C, 58.86; H, 4.98; C1, 13.25; N ,  
10.52. 
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The functionalization of adamantane has received 
considerable attention in recent years and several 1- 
substituted and some 2-substituted derivat'ives have 
been prepared.l Although most' of the available data 
pertains to the unusual properties of adamantanes in 
polar a'nd free-radical reactions involving the bridged 
ring system,'I2 considerable interest on the internal 
reactivity of fun.ctiona1 groups linked to the adamantyl 
moiety has a r i ~ e n . ~  

We wish to report the first preparation of an ada- 
mantylfulmide and to describe some typical reactions a t  
the CNO function in this compound. The present 
work enlarges the number of adamantane derivatives 
and provides information on the reactions of nit'rile 
oxides4 in general. We are currently investigating t'he 
chemistry of nitrile  oxide^.^ 
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Adamantane-1-carbonitrile N-oxide (1) was pre- 
pared in good yield from adamantane-l-carboxalde- 
hyde oxime (la) and N-bromosuccinimide as outlined 
by Grundmann6 for other nitrile oxides. Kitrile oxide 
1 was practically unchanged after several dags at  room 
temperature, but in carbon tetrachloride solution at  
50" it readily dimerized to di [adamantyl-(1) Ifurazan N -  
oxide (2) (ca. 80% yield). The structure of 2 is sup- 
ported by the mass spectrum. Compound 2 gives the 
parent peak a t  m/e 354 (AI+) and on electron impact 
behaves in the characteristic manner? of furazan N- 
oxides, giving (AX - O)+, (AT - NzOZ)+, (AdCN)+, 
and (AdCKO)+ as the major fragments ions. The 
peaks at m/e 338, corresponding to the loss of one 
oxygen, and at  m/e 294, from the loss of N202, and the 
absence of absorption corresponding to (AdCO) + at  
m/e 163 are compatible only with the furoxan structure 
2 and rule out other possible five- or six-membered 
isomers. 

When heated at reflux in carbon tetrachloride, 
nitrile oxide 1 yielded, in addition to  dimer 2,  the isomer 
1-adamantylisocyanate (3) in variable amounts de- 
pending on the time of heating. Typically, after 8 hr 
of reflux 3 was only present in small amounts with re- 
spect to furoxan 2,  but, when heating was prolonged to 
10 days, the ratio 2 : 3  was ca. 1:2 .  In  the latter ex- 
periment, the infrared spectrum of the reaction mix- 
ture, taken at  intervals, showed that, after the com- 
plete disappearance of the 2285- (CK) and 1335-cm-' 
(KO) bands8 of 1, the absorption of the SCO groupg a t  
2255 cm-1 gradually increased. These facts suggest 
that on prolonged heating the isocyanate 3 was the 
major reaction product because a part of it could pos- 
sibly form from the furazan N-oxide 2 via a rrtrocyclo- 
addition to 1 (Scheme I). The formation of isocyanate 
3 and trapping of the transient nitrile oxide 1 by cyclo- 
addition with styrene from a sample of 2 heated at  re- 
flux in carbon tetrachloride indicate that this possi- 
bility is real. Therefore, in spite of the initial forma- 
tion of 2,  the isomerization of l to 3 can still occur di- 
rectly via the mechanism outlined by Grundmann and 
Kochs.10 However, it must be noted that an alterna- 
tive route from the furazan N-oxidc 2,  in equilibrium 
with the nitrile oxide 1, is also conceivable." 
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0- 

Ad-N=C =;C -Ad 
I 

a b 

an electrocyclic rearrangement of the butadiene-ayclobutene type. The 
latter product leads to 8 and 1 by ring opening as indicated. This route, 
which is also compatible with the data reported in ref 10, needs t o  be con- 
sidered in a more extensive study. 
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1 -adamantyl 

These results indicate that, in the case of 1, the for- 
mation of furazan N-oxide 2 and isocyanate 3 is gov- 
erned by a kinetic and thermodynamic control, re- 
spectively. Of the several sterically hindered nitrile 
oxides which have been reported10~12 to rearrange to the 
corresponding isocyanates, only in the case of mesito- 
nitrile N-oxide havc both dimerization and isomeriza- 
tion products been observed under controlled tempcra- 
ture  condition^.^^ In  the other cases, on heating a t  re- 
flux in an inert high-boiling solvent such as toluene or 
xylcnc, the transient formation of furazan N-oxide was 
not noticed or was neglected. With respect to the re- 
sults reported here and in view of the large steric re- 
quirements of the adamantyl group, a reconsideration 
of the behavior of nitrile oxides with a bulky group 
around to the CNO function would be of interest. 

Kinetic data5*13 and a number of s y n t h e s e ~ ~ ~ ~ ~  with 
sterically hindcrcd nitrile oxides have shown that the 
steric hindrance around the CNO function decreases the 
tendency of nitrile oxides to dimerize, but reduces the 
rate of 1,3-addition reactions to only a small extent. 
Thus, adamantane-1-carbonitrile N-oxide (1) \vas quite 
reactive toward typical reagents of the CNO function, 
yielding a number of compounds, some of which were 
hitherto unknown, containing the adamantyl moiety 
(Scheme 11). l,&Dipolar cycloadditions of 1 with 
styrene, phenylacetylene, and thiobenzophenone oc- 
curred readily a t  room temperature to yield the corre- 
sponding five-mcmbered heterocycles 4,5 ,  and 7,  while 
the 1,3 additions of aniline and phenylacetylene gave the 
oximes 9 and 6, the latter being the by-product of the 
isoxasole 5 .  According to  previous reports,14 the a- 
acetylenic oxime 6 is assigned the configuration in which 
the hydroxyl group is anti with respect to  the ada- 
mantyl function, whereas for amidoxime 9 the assign- 
ment is currently being studied. The oxime 6 was 
stable under the reaction conditions of 1 with phenyl- 
acetylene,15 thus excluding the formation of 5 via a 
partial rearrangement of 6. 
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Ad = 1-adaman ty l  

Experimental Section 

Reagents and solvents, 
commercially available unless otherwise stated, were purified 
by standard procedures. All tlc was done using silica gel plates, 
benzene as eluent, and an  iodine chamber to develop the spots. 
Nmr spectra were recorded on a JNM-PS-100 instrument with 
TMS as internal reference (6  0 ppm); ir spectra were determined 
with a Perkin-Elmer 2.57 grating spectrophotometer. 

Adamantane-1-carboxaldehyde Oxime ( l a )  .-A mixture of 
adamantane-l-carboxaldehyde16 (from reduction of 9.0 g of 
adamaniane-1-carboxylic acid chloride), hydroxylamine hydro- 
chloride (10.5 g),  and sodium hydroxide (7.2 g)  in 80 ml of 
ethanol-water (1:2,  v /v )  was heated on a steam bath for 2 hr. 
Dilution of the reaction mixture with 100 ml of water produced 
a solid, which was collect,ed and recrystallized from ethanol- 
water ( l : l ,  v /v)  tJo yield 4.8 g of la :  mp 144-145"; ir (CCl4) 
3600 and 3300 em-1 (OH); nmr (CCla) 6 8.6 ( s ,  I, OH, dis- 
appeared on treatment with DZO), 6.9 (s, 1, CH=N), 2.1-1.6 
(m, 15, adamantyl protons). 

Ana/. Calcd for CllHllNO: C, 73.70; H ,  9.56; N,  7.81. 
Found: C,73.85; H,9.42; N,7.63. 

This oxime appears to have a syn configuration on the basis of 
further nmr data17 in MeZSO, S 9.93 (OH) ,  6.87 (CH=N). 

Adamantane-1-carbonitrile N-Oxide (1) .-To a stirred solution 
of 0.54 g ( 3  mmol) of oxime l a  and 0.53 g (3  mmol) of N-bromo- 
succinimide in 16 ml of DMF was added dropwise a solution of 
0.30 g (3  mmol) of t*riethylamine in 5 ml of DMF at ca. 10'. 
After the mixture had been stirred for 30 min at room tempera- 
ture, dilution with 50 ml of ice water gave a white solid which 
was collected, washed with water, and recrystallized from 
et,hanol t,o yield 0.32 g (66%) of 1: mp 160-161"; ir (CCl4-CSz) 
2285 (C=N), 1335 em-1 (NO); nmr (CCla) 6 2.1-1.4 (m, ada- 
niant'yl protons). 

Anal. Calcd for CllHIJNO: C, 74.54; H, 8.53; N,  7.90. 
Found: C,74.86; H,8.38; N,7.91. 

The melting point, of 1 was unchanged after 6 days at  room 
temperature. 

Thermal Dimerization and Isomerization of 1.-A solution of 
1.35 g of nitrile oxide 1 in 120 ml of CC14 was heated at 50". 
The ir spectrum of the solution showed that the 2285-em-' band 
of nitrile oxide had disappeared after 5 days. Removal of t,he 
solvent in vacuo gave a residue which was recrystallized twice 
from isopropyl alcohol to yield 1.06 g (78y0) of di[adamantyl- 

All melting points are uncorrected. 

(16) The aldehyde was prepared as described [D. E. Appieiuist and L. 
Kaplan, J .  Amer. Chem. Soc., 87, 2194 (1965) 1 from adamantane-1-carboxylic 
acid chloride and tri-tert-butoxyaluminum hydride, but was not purified 
because of its tendency to polymerize on handling [F. N. Stepanov and N. L. 
Dovgan, Zh. Ow. Khim., 4, 277 (196S)I. The aldehyde was characterized 
as the 2,4-dinitrophenylhydraaone, mp 225-226O (from acetonitrile) [lit. 
mp 226': H. Stetter and E. Rausoher, Chem. Ber., 93, 1161 (1960)I. 

(17) G. G. Kleinspehn, J. A. Jung, and S. A .  Studniarz, J .  Org .  Chem., 
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(1)lfurazan N-oxide (2):  mp 179-180"; ir (CC14-C2C1,) 1550 
cm-I; mass spectrum1s ? / e  354 @I+), 338 (PI - 16)+, 294 
(M - 60)+, 177 (AdCNO)T, 161 (AdCN)*, 135 (Ad+). 

Anal. Calcd for C22H30N202: C ,  74.54; H ,  8.53; N ,  7.90. 
Found: C,74.75; H,8.43; N,8.05.  

An identical reaction mixture of 1 in CCl, was heated at  reflux 
for 8 hr.  The ir spectrum of the solution showed an absorption 
at  2255 cm-l. The solvent was removed at, reduced pressure 
and the residue was subjected to vacuum sublimation in a cold 
finger apparat,us. At 0.2 mm and 85-95" bath temperature, 
0.12 g (9%) of 1-adamantyl isocyanate (3) collected on the con- 
denser, mp  139-141', ir (CC14) 2255 cm-l. The specimen was 
identical with an authentic sample1Q by ir and mixture melting 
point. The residue of the sublimation, which contained a small 
quantity of 3,  was recrystallized from isopropyl alcohol, yielding 
0.86 g (647,) of furazan N-oxide 2. 

I n  another experiment the same amounts of 1 and solvent were 
heated for 10 days. The reaction mixture, worked up as detailed 
above, gave 0.80 g (59%) of isocyanate 3 and 0.42 g (317,) of 
furoxan 2 .  

Retro Cycloaddition of Di[adamantyl-( 1)lfurazan N-Oxide ( 2 ) .  
-A solut'ion of 0.50 g (1.4 mmol) of 2 in 50 ml of dry CCh was 
heated at  reflux and t,he transformat,ions were monitored by ir 
analysis in the 2300-2200-cm-' region. After 15 hr the ir 
spectrum showed a broad absorption with the maximum a t  2280 
cm-', but' after 40 hr two overlapping bands a t  2285 and 2286 
cm-' could be clearly distinguished. On heating for a total of 
10 days, the ir spectrum showed a gradual increase of the iso- 
cyanate band a t  2255 cm-l. Removal of the solvent in  vucuo 
and sublimation of the residue a t  0.2 mm and 88-95' bath tem- 
perature gave 0.21 g (427,) of l-adamant,yl isocyanate (3),  mp 
138-140", identical with an authentic' ~ a m p 1 e . l ~  The residue 
of the sublimation, 0.26 g ( i2%) ,  was the unaltered furazan N- 
oxide 2. 

The same amount of furazan N-oxide 2'and 1.46 g (14 mmol) of 
styrene were heated to reflux in 50 ml of CCla for 10 days. Re- 
moval of the solvent in vacuo gave an oil from which, on addition 
of petroleum ether (bp 30-60") and chilling, fractionally separated 
71 mg of unchanged 2 ,  mp 175-179", and 0.28 g of a product, 
mp  66-67', which upon recrystallization from ethanol-water 
melted at  72-73' and was identical by mixture melting point 
'and ir with an authentic sample of 3-[adamantyl-(l)]-5-phenyl- 
4,5-dihydro-1,2-oxazole (4). The petroleum ether filtrate, after 
distillation of the solvent,, gave an oil which chromatographed 
through a column of silica, benzene as eluent, yielded a fraction 
containing the isocyanate 3 with styrene as an impurity, and two 
fractions containing 63 mg of 2 and 0.17 g of 4. 

Addition Reactions to  Nitrile N-Oxide 1 .-To a stirred solution 
of 1 (0.62 g, 3.5 mmol) in 25 ml of dry cc14 was added dropwise 
20-30 mmol of reactant in an  equal volume of carbon tetrachloride 
a t  25". Only thiobenzophenone was used in a quantity equi- 
molar t,o 1. After overnight addit,ional stirring, the solvent and 
the excess of reactant were removed in uucuo and the residue was 
worked up as detailed in each case. The following compounds 
were obtained. 

3- [Adamantyl-( l)]-5-phenyl-4,5-dihydro-1,2-oxazole (4).-The 
residue was an oil which on treatment wit'h petroleum ether and 
chilling yielded 0.87 g (89y0) of 4, mp  68-72", After recrystal- 
lization from ethanol-water, 4 had mp  72.8-73.5'; nmrZo (CCl4) 

(18) Determined with a low-resolution gas chromatograph-mass speotrom- 
eter, Perkin-Elmer 270, a t  70 eV, chamber temperature ZOOo, through the 
courtesy of Dr.  A .  Giumanini of the University of Bologna. 

(19) H. Stetter andC.  Wulff, Chem. Ber . , 95 ,3202  (1962). 
(20) A .  Dondoni and F. Taddei, BoZZ. Sci. F a c .  Chim. Ind., Bologna, 26, 

145 (1967). 

6 7.0-6.8 (m, %5, aromatic protons), 5.15 (2 d ,  1, CHPh),  3.15 
and 2.65 (2 q ,  2, CH2 isoxazoline ring), 2.1-1.6 (m,  15, ada- 
mantyl protons) I 

Anal. Calcd for C18HZ3NO: C, 81.10; H ,  8.24; N ,  4.98. 
Found: 

1- [Adamantyl-(l)]-5-phenyl-1,2-oxazole ( 5 )  and 1- jAdamanty1- 
(1 )] -3-phenylprop-2-ynone Oxime (6) .-The residue was an oil 
which on tlc showed the presence of two main components a t  
Ri 0.47 and 0.20. The residue was chromatographed on a 
silica gel column. Elution with benzene, after initial fractions 
containing unchanged phenylacetylene, gave 0.67 g (69%) of 
isoxazole 5: mp 102-103" after recrystallization from ethanol- 
water; ir (CClrC2Cla) 1630 cm-'; nmrZ1 (CCla-CI>C13) 6 7.5- 
6.9 (m, 5 ,  aromatic protons), 6.0 (s, 1, CH isoxazole ring), 2.1- 
1.6 (m, 15, adamantyl protons). Anal. Calcd for C19H21NO: 
C, 81.68; H ,  7.58; N, 5.01. Found: C, 81.95; H, 7.47; N ,  
5.21 I 

Subsequent elution with benzene-ether (8:2,  v/v)  gave 0.20 g 
(217,) of oxime 6: mp  134-135" (benzene-petroleum ether); 
ir (CC1,) 3580, 3250 (OH), 2220 cm-I ( C r C ) ;  nmr (cC14- 
CDC18) 6 8.9 (s, 1, OH, disappeared on treatment with UZO), 
7.2-6.7 (m, 5, aromatic protons), 2.1-1.6 (m, 13, adamantyl 
protons). Anal. Calcd for C19H~,NO: C, 81.68; H,  738;  
Ti, 5.01. Found: C,81.48; H,7.46; Ti, 5.20. 

The a-acetylenic oxime 6 was iatisfactorily stable a t  room 
temperature.16 However, when the reaction solution of 1 with 
phenylacetylene, obtained as described, was kept a t  30" for 5 
days, the oxime 6 was not longer detectable on tlc. After evapo- 
ration of the solvent, the residue, dissolved in ethanol-water and 
kept a t  - 10' overnight, gave 0.92 g of isoxazole 5. 

(7) .-After 
carefula2 evaporation of the solvent zn vacuo, the residue was re- 
crystallized from methanol to yield 0.97 g (75%) of 7, mp 109-- 

C, 81.50; H ,  8.30; N,  5.10. 

3- [Adamantyl-( l)]  -5,5-diphenyl-l,4,2-oxathiazole 

ll"Oo, ir (CClrC2Cla) 1660 cm-i(C=N). - 
Anal. Calcd for C?dHn;NOS: C. 76.76: H ,  6.71: N ,  3.73; 

S, 8.54. Found: C,?6.68; H,6.80; N,3.94; S, 8.76. 
The structure of 7 is supported by its thermal decomposition 

product,s (see below). 
N-Phenyladamantane-1-carboxamide Oxime (9).-The white 

solid precipitated from the reaction solution was collected and 
washed with two ,5-m1 portions of CCL. Recrystallization from 
ethanol gave 0.82 g (86(r,) of 9: mp 216-217"; ir (Nujol) 3380 
(NH) ,  3250 (br), 1660 cm-1 (C=N); nmr (IIMSO-d~) 6 9.75 
(s, 1, OH, disappeared on treatment with DgO), 7.20-6.50 (m, 6,  
N H  and aromatic protons), 2.1-1.6 (m, 15, adamant,yl protons). 

Anal. Calcd for Cl,H22Nz0: C, 75.51; H, 8.20; N, 10.36. 
Found: ( 2 , 7 5 3 1 ;  H,8.39; N ,  10.31. 

Thermal Decomposition of 1,4,2-Oxathiazole (7).-The 
oxathiazole (0.6 g, 1.6 mmol) was heated at  1.85' for 1 hr as 
described.22 Chromatography of the reaction mixture on a 
silica gel column using benzene as eluent) afforded 0.28 g (9670) 
of benzophenone, mp  48-50', and 0.24 g (78y0) of 1-adamantyl 
isothiocyanate'g (8), mp 166-167". These products were identi- 
cal with aut,hentic samples by infrared spectra and mixture 
melting points. 

Registry No.-1, 35105-43-2; la,  35099-47-9; 2,  
35147-20-7; 3,4411-25-0; 4,35105-45-4; 5,35105-46-5; 
6,35147-21-8; 7,35105-47-6; 9,35105-48-7. 

(21) A.  Bsttaglia, A.  Dondoni, and F. Taddei. J. Heterocycl. Chen . ,  7, 
721 (1970). 

(22) A.  Battaglia, A .  Dondoni, and G. Mazzanti, Synthesis, 378 (1971). 


