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Abstract-The syntheses and main properties of the title compounds are described. The diazocom- 
pound 3 and the iminoxyl radical 21 proved to be very stable crystalline compounds; the iminyl radical 
25 has been characterized by its EPR spectrum and by its typical fragmentation pattern. 

The use of adamantyl groups for the stabilization of 
certain functional groups has proven to be of great 
value.‘-’ Initial experiments with two adamantyl 
groups attached to one carbon have led to the 
isolation of remarkably stable imines.’ In this re- 
spect it seems that a 1 ,l’-gem.-biadamantyl group is 
superior to the t-butyl analogue, since a I- 
adamantyl group is not prone to rearrangement and 
elimination processes as is the t-butyl group. The 
two groups seem to be approximately similar in 
steric effect. The high crystallinity of adamantyl 
compounds forms an additional advantage with 
regard to isolation and product stability. With these 
properties in mind we set out to synthesize l,l’- 
biadamantyldiazomethane, since the t-butyl deriva- 
tive could not be prepared.’ 

RESULTS 
The diazocompound 3 was prepared from the 

imine 1’ by’conversion of 1 into the hydrazone 2, 
followed by oxidation (Fig 1). 

The diazocompound 3 was obtained as a pink 
solid, m.p. 140-141~5” (corr.). It is a perfectly stable, 
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but still reactive compound. The presence of traces 
of water in the manganese dioxide sometimes 
caused partial hydrolysis to the carbinol 4. The 
latter was also obtained by reduction of l,l’- 
biadamantylketone 5’ with LiAII& (Fig 2). 

The behavior of 3 was tested under various 
conditions. The results are depicted in Fig 3. 

Prolonged heating of 3 in refluxing benzene 
caused quantitative conversion to the azine 6, This 
compound was characterized by its very low C=N 
stretching absorption at 1560 cm-‘. The correspond- 
ing absorption in the IR spectrum of the azine of 
adamantanone was at 166Ocm-I.“ An attempt to 
cycle-add 3 to l,l’-biadamantylketene 7’ proved 
unsuccessful. The ketene remained unchanged, 
while 3 was converted to the azine 6. With 2- 
carbonyladamantane 8” cycloaddition took place 
readily, however in an unusual way to give 9. A 
similar type of cycloaddition has been described by 
Kirmse.9 The irradiation of 3 in hexane with a 
Hanau S 81 lamp with Pyrex or quartz filters did not 
lead to insertion products, but gave mainly the 
hydrocarbon 10, the azine 6, the carbinol4 and an 
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contributes profoundly to the structural assignment 
of 25 as an iminyl type radical. 

Coupling of iminyl radicals to azines requires 
considerable orbital readjustmen? and this may 
contribute to the apparent stability of the iminyl 
radical. In addition to the nice correlation between 
the value of aN and the position of the odd electron in 
an p-orbital there is now a chemical fit for this 
positioning in a preferred fragmentation us coupling 
decay. 

The mechanism of the formation of 25 is unknown 
but we suppose that PbOz initiates a chain reaction in 
which the trichloromethyl radical abstracts the imine 
hydrogen atom. The iminyl radical 25 thus formed 
can react with tetrachloromethane to give the 
N-chloro imine, which rearranges to the amide 24 
(Fig 10). Alternatively it fragments to the cyanide 24 
and a I-adamantyl radical which abstracts chlorine 
from the solvent to give 1-chloroadamantane 29 
and a new trichloromethyl radical. Experiments 
with other solvents did not lead to detectable 
quantities of 25. 

EXPERIMENTAL 

Mps are corrected. Microanalyses were performed by 
the Analytical Department of our Laboratory under 
supervision of Mr. W. M. Hazenberg. NMR spectra were 
recorded on Varian A-60 and A-60-D instruments, using 
TMS as internal standard. IR spectra were taken on a 
Perk&Elmer 257 grating spectrophotometer. Mass 
spectra were recorded on an AEI MS 902 instrument by 
Mr. A. Kiewiet. UV spectra were measured on a Zeiss 
PMQ II spectrometer by Mr. S. Vrugt. EPR spectra were 
recorded on a Varian EPR-4 apparatus. 

I,]‘-Biadamantylketone hydrazone 2. 100 mg (0.377 
mmole) of 1 was suspended in about 3 ml of pure 
hydrazine hydrate, to which afewdrops of sulfuric acid had 
been added. The mixture was refluxed for 5 days, cooled, 
diluted with water and extracted with 4 x 150 ml of ether. 
After drying and evaporating the solvent, 60mg (0.19 
mmole = 56%) of crude 2 remained. The compound was 
recrystallized twice from hexane, m.p. 196-200” (dec.). 

(Found: C, 8065; H, 10.34; N, 8.81. Calc. for C21H32N2: C, 
80.72; H, 10.32; N, 8.%%); IR: 3240, 3320, 3390, 1570. 
164Ocm-‘;NMR(CCl,):7 = 75-8.75(30 H);MS:M’atm/e 
312, M’ -C,,H,, at m/e 177 (100%). 

l,l’-Biadamantyldiazomethane 3. 1-O g (3.22 mmole) of 
2 was dissolved in 100 ml of dry ether (distilled from 
LiAlJ-i.); 4.0 g of active basic manganese dioxide” and 5.0 g 
of flamed calciumdioxide were introduced and the mixture 
was stirred for 2 hat room temperature. The suspension was 
filtered and the residual solution concentrated. The 
resulting 3 (1.0 R = 3.22 mmole = 100%) was ourified by 
recrystilizaiion-from hexane or ace&e at -60’. m.d. 
140-141.5” (dec.). (Found: C, 81.38; H, 9.67; N, 8.23. Calc. 
for C2,HJON2: C, 81.24; H, 9.73; N, 9.03%); IR: 2030,1100, 
820,755 and 715 cm“; NMR (CCL): 7 = 7.8-8.6 (complex 
multiplet); MS: M’at m/e 310, M+ - N,at m/e 282 (100%); 
UV (cyclohexane): A,.. = 480 nm, l = 6. 

I, I’-Biadamantylcarbinol 4. To a solution of 298 mg (1 
mmole) of l,l’-biadamantylketone’ in 40 ml of dry ether 
was added 5Omg (1.5 mmole) of LiAIH. and the 
suspension subsequently refluxed for 2 h. Water was 
added dropwise and the organic layer washed with dil HCI 
and water. After drying and evaporating the solvent, 
300 mg (1 mmole = 100%) of 4 remained, purified by 
repeated crystallization from methanol, m.p. 192.3-193.4”. 
(Found: C, 83.92; H, 10.62; Calc. for GH,,O: C, 83.94; 
H, 10.73%); IR: 3630 (sharp), 3480 (broad), IO15 and 
935 cm-‘; NMR (CCL): 7 = 7.50 (1 H, J = 6 Hz, d), 
7 = 8.80 (OH, d, J = 6 Hz): MS: M’ at m/e 300, M-HI0 at 
m/e 135 (100%). 

I,l’-Biadomantylmethyleneazine 6. A solution of 300 mg 
(0.97 mmole) of 3 in 20 ml of benzene was refluxed under 
N2 during 12 h. After removal of the solvent a colourless 
material remained, which was recrystallized twice from 
dichloromethanelmethanol (I : 1). subsequently from 
chloroform; thoroughly drying at 80” and O*OOl mm for 2 h 
gave pure 6, m.p. 248.7-249.2” (dec.). (Found: C, 84.88; H, 
10.08: N, 4.73. Calc. for G2&N2: C, 85.07; H, 10.19; N, 
4.72%); IR: 1560, IOOScm-I; NMR (CCL): 7 =76-8.5 
(complex multiplet with major peaks located at 7 = 7.75, 
7.95 and 8.30); MS: m/e 135 (loo%), f M at m/e 2%. and 
m/e 457. 

Attempted cycloaddition of the diazocompound 3 to the 
ketene 7. A solution of 27 mg (0.087 mmole) of 7 and 3 in 
xylene was refluxed for I h under N2. The infrared 
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spectrum of the residue showed unchanged 7. The diazo 
absorption had disappeared; instead the characteristic 
absorption of the azine was readily discernible at 
1560 cm-‘. 

2, 2 - (I, 1’ - Biadamantyl) - 5 - adomantylidene - 2, 5 - 
dihydro - 1, 3, 4 - oxadiazole 9. A mixture of 411 mg 
(148 mmole) of 2-bromoadamantane-2-carbxylic acid 
chloride, 200mg of zinc wool (BDH), 5Omg of zinc 
powder (UCB) and 60 ml of dry ether were refluxed for 
45 min under N, to produce 2-carbonyladamantane.” Then 
444 mg (1.48 mmole) of 3, dissolved in 30 ml of ether, was 
introduced at 0” while stirring. The solution turned green. 
After I5 min the ice bath was removed and stirring 
continued until the mixture had reached room tempera- 
ture. The insoluble materials were filtered off and the 
solvent was removed. The residue was chromatograph- 
ed on Florisil (column 30x 1 cm) with chloro- 
form/tetrachloromethane (2: 1) (300 ml). This afforded 
320 mg (0.67 mmol =46%) of crude 9. Continued elu- 
tion with pure chloroform gave an additional 170 mg of a 
colourless oil of undefined composition. The curde 9 was 
recrystallized from acetone/dichloromethane (1: 1) but 
purification finally only succeeded by chromatography on a 
silica ael nlate (20 x 20 x 0.2 cm) with dichloromethane _ _ 
elution. An additional crys&lization from acet- 
one/benzene gave analytically pure 9, m.p. 190-194” 
(dec.). (Found: C, 81.20; H, 9.13; N, 5.55. Calc. for 
CJ-L.0: C, 81.31; H, 9.38; N, 592%); IR: 1660 cm-’ (very 
weak), 1000 and 1160 cm-‘; NMR (Ccl,): 7 = 7.15 (I H), 
7 = 7.8-8.6 (42 H); MS: M’ at m/e 472, m/e 135 (100%); 
LJV (cyclohexane): A,.. = 328 nm, 6 = 2200. 

Irradiation of the diazocompound 3. A solution of 
100 mg (0.32 mmole) of 3 in 130 ml of dry hexane (distilled 
from LiAlH.), which had previously been placed in the 
reaction vessel, was boiled in order to become free of 
oxygen for 10 min. The irradiation was started (a Hanau S 
81 lamp with Pyrex or quartz filter). After six days the 
solution was free of 3 and the products were examined 
with GLC and IR. The major product was IO; minor 
quantities of 6 and 4 could be detected. 

I,l’-Biadamantylmethylchloride II. In 5 ml of distilled 
thionylchloride ISOmg (0.5 mmole) of 4 was dissolved. 
After the spontaneous reaction had ceased, retlux was 
applied for 10 min. After evaporation 158 mg (0.5 
mmole = 99%) of fairly pure 11 remained. Repeated 
recrystallization from methanol gave pure 11, m.p. 
156+-157.4”. (Found: C, 7890, H. 9.74; Cl, 11.27. Calc. 
for C,,H,,CI: C. 79.08; H, 9.80; Cl, It.1 1%); IR: 693, 715 
and 980 cm-‘; NMR (Ccl,): 7 = 6.75 (I H), 7 = 79-8.5 
(30 H);MS: NoM’,fragmentsat m/e 282and 135(lOC%). 

I,l’-Biadamantylmethane IO. To a solution of 11 
(300 mg = 0945 mmole) in 80 ml of dry hexane under N, 
was added 2 ml of 2 N t-butyllithium (pentane solution, 
Fluka) and reflux was applied for I.5 h. After hydrolysis 
and washing, followed by drying and evaporating the 
solvent, 250 mg (0.88 mmole = 93%) of crude 10 remained. 
A pure sample was obtained by recrystallization from 
methanol and acetone, m.p. 171-177”. (Found: C, 88.35; 
H, 11.25. Calc. for C2,H,*: C 88.65; H 11.34%). (Mol. 
weight, osmometric in benzene): (Found: 285.4. Calc. 
284-5); IR: 850. 990 and IlOScm-‘: NMR (CCL): 
7 = 8.0-8.6 (complex multiplet); MS: M’at m/e 284, m ie 
135 (100%). 

I-Adamantylcarboxylic acid ester of I’-ada- 
mantylhydroxyfamine 15. A solution of 360 mg (2 
mmole) of I-adamantanecarboxylic acidW in 20ml of 
thionylchloride was refluxed for 5 min. The excess of 

thionylchloride was then removed in uacuo. To the 
residual 12 was added 4oomg (2.4 mmole) of recrystal- 
lized I-adamantylhydroxylamine 13” together with 30 ml 
of tetrahydrofuran. The solution was boiled for 3 min, the 
solvent was evaporated and the residue chromatographed 
on aluminium oxide (AN,, Merck) sheets with benzene. 
From this 150 mg (046 mmole = 23%) of fairly pure 15 
was obtained. A pure sample was obtained after 
decolourization with charcoal and recrystallization from 
methanol, m.p. 246.0-2469“ (dec.). (Found: C, 76.14; H, 
9.49; N, 4.17; Calc. for CI,H,,OIN: C, 76.55; H, 948; N, 
4.25%): IR: 3215cm-’ (NH, sharp), 1725, 1075 and 
1240 cm-‘; NMR (Ccl,): 7 = 2-4 (NH, broad), 7 = 7.8- 
8.6 (complex multiplet); MS: M’ at m/e 329, m/e I35 
(100%). 

Generation of 16 from 17 and 18. A solution of 20 mg 
of 17 and 18 in 1 ml of benzene was transferred to an EPR 
tube and heated to about 40’. The EPR spectrum was 
readily discernible and showed the signals of both 16 and 
I,l’-biadamantylnitroxide, both having identical g values. 

Attempted preparation of 3,3-(l,l’-biadamantyI)- 
oxaziridine 19. To a solution of 70 mg (0.236 mmole) of 1 
in 30ml of dichloromethane was added 5Omg (0.25 
mmole) of m-chloroperbenzoic acid at 0”. The solution 
was placed in a refrigerator (-30”) for 7 days. Then 
additional dichloromethane was introduced and the 
organic layer was washed with water and sodium sulphite 
solution. After drying and evaporating the solvent 50 mg 
of a white solid remained, which was recrystallized from 
methanol. In the IR spectrum the intense C=N stretching 
absorption present in the substrate at 1592 cm-’ had 
disappeared. Significant peaks are found at 334Ocm-’ 
(NH), 1240, 1105, 1085, 818 and 735cm.‘. The NMR 
spectrum showed a broad NH absorption at 7 = 6.5 and a 
complex multiplet at 7 = 7.18.6 (30 H). Both recrystalli- 
zation and chromatography led to a decomposition with 
formation of 24 and 5. 

Oxime of I,l’-biadamantylketone 21. To a solution of 
297 mp; (1 mmole) of 1 in 30 ml of ethanol and 6 ml of 
watery350 mg (5 mmole) of hydroxylamine-HCI salt and 
410 mg (5 mmole) of sodiumacetate were added and the 
mixture was refluxed for 18 h. After cooling crystals of 21 
appeared, which were filtered off (164 mg = 0.52 mmole = 
52%). Extra water was added and the new precipitate was 
filtered off also (110 mg consisting of a mixture of 21 and 
5). The oxime was purified by recrystallization from 
benzene, m.p. 254-255”. (Found: C, 80.73; H, 10.0; N, 
4.42. Calc. for &,H,,NO: C, 8046; H, 997; N, 4.47%). 
IR: 3150-34OOcm-’ (OH), 1620 (weak), 1010,980,940 and 
755 cm-‘; NMR (CCl,:CDCI,, 5: 1): 7 = 2.75 (OHJ, 
7 = 7.5-7.7 (6 H). 7 = 7.85-8.2 (12 H): 7 = 8.25-8.4 
(12H); MS: h? ai.m/e 313, M- OH‘at m;e 2%. m/e I35 
(100%). 

I,l’-Biadamantylmethylene-iminoxyl 22. In a cen- 
trifuge tube 100 mg (0.32 mmole) of 21 was dissolved in 
IO ml of benzene. To this solution 500 mg of leaddioxide 
was added. The mixture was stirred at room temperature 
for 20min. Centrifugation was applied and the sky blue 
solution was decanted. After evaporation of the solvent 
remained 100 mg of a blue solid, which was recrystallized 
from hexane at - 80”. Yield: 80 mg = 0.256 mmole = 80%. 
Repeated crystallization afforded an analytically pure 
sample, m.p. 1184-118~6”. Found: C, 8072; H, 964; N, 
4.37. Calc. for &H,ON: C, 80.72; H, 9.67; N, 4.48%); 
IR: 16OOcm- (intense), 1285, 1245, 1008, 820, 760 and 
715cm-‘; MS: see 21; UV (hexane); A,.. at 745nm. 
E = 5.1. 




