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On the interaction of isocamphanone with butyllithium, 2-butyl-5,5,6-trimethyl- 
bicyclo[2.2.1]heptan-endo-2-ol is formed stereospecifically. As a result of 
skeletal rearrangements of carbonium ions taking place in the course of the re- 
action, the Ritter reaction of this tertiary alcohol with acetonitrile and 
benzonitrile has given endo-3-butyl-l,7,7-trimethylbicyclo[2.2.1]hept-exo-2-yl- 
acylamines and endo-6-butyl-l,7,7-trimethylbicyclo[2.2.1]hept-2-ylacylamines. 

Isocamphanone (5,5,6-trimethylbicyclo[2.2.1]heptan-2-one) is a byproduct of the manu- 
facture of synthetic camphor and has found no high-grade use. In spite of the fact that it 
is a very close structural analog of camphor, isocamphanone has not been found in natural 
sources. We have shown previously [i] that as the result of the Ritter reaction of 5,5,6-dJ- 
methylbicyclo[2.2.1]heptan-exo-2-ol, obtained on the reduction of isocamphanone (I) with 
lithium tetrahydroaluminate, it is possible to effect a transition to derivatives of the cam- 
phor series and, namely, N-isobornylacylamines. In view of this, it appeared of interest 
to study the possibility of synthesizing alkyl-substituted derivatives of camphor as the re- 
sult of the skeletal rearrangement of tertiary alcohols based on isocamphanone that have not 
previously been described. 

In the present paper we consider the interaction of butyllithium with isocamphanone and 
the behavior of the resulting tertiary alcohol - 2-butyl-5,5,6-trimethylbicyclo[2.2.1]heptan- 
2-ol - under the conditions of the Ritter reaction. 

The action of butyllithium on isocamphanone gave a 75% yield of 2-butyl-5,5,6-trimethyl- 
bicyclo[2.2.1]heptan-endo-2-ol (II), the structure of which was established on the basis of 
the results of Z3C NMR spectroscopy. The chemical shift of the C-2 atom was 79.5 ppm. The 
assignment of the signals of the other carbon-13 atoms (Table i) was made on the basis of 
the multiplicities of the lines in the spectrum recorded without suppression of interaction 
with protons, and also by a comparison with the chemical shifts of the 13C nuclei in the 
spectra of model compounds such as endo- and exo-2-methylnorborneols, exo-6-methyl-exo-2- 
and -endo-2-norborneols and 1,2,3,3-tetramethylbicyclo[2.2.1]heptan-endo-2-ol [2, 3]. As 
can be seen from the figures given, the addition of butyllithium to the carbonyl group of 
isocamphanone took place stereospecifically with the formation of an individual isomer of 
the alcohol (II). 

The Ritter reaction of 2-butyl-5,5,6-trimethylbicyclo[2.2.1]heptan-endo-2-ol (II), with 
acetonitrile and benzonitrile was carried out under standard conditions. It was established 
that the reaction formed a mixture of the two isomeric amides (III) and (IV) in a ratio of 
1:2 according to the results of GLC analysis. 

By column chromatography on silica gel, endo-3-butyl-l,7,7-trimethylbicyclo[2.2.1]hept- 
exo-2-ylacetamide (IIIa) was isolated in the individual form (purity according to GLC 97%) 
from the mixture of amides (IIIa) and (IVa) obtained as the result of the interaction of al- 
cohol (II) with acetonitrile. The structure of the amide (IIIa) was shown by IR, mass, and 
NM spectroscopy. The IN spectrum of compound (IIIa) contained adsorption bands at 3330, 3080, 
and 1550 cm -I, corresponding to the vibrations of a N-H bond in substituted amides, and a 
band at 1650 cm -I characterizing the vibrations of a C=O bond (amide I). In the mass spec- 
trum there was a peak of the molecular ion M + with a relative intensity of 23%. The PMR 
spectrum of the amide (IIIa) contained three singlets of methyl groups at 0.79, 0.87, and 
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0.94 ppm, the values of the chemical shifts of which permitted the assumption of the pres- 
ence of a 1,7,7-trimethylbicyclo[2.2.1]heptane skeleton in the compound. In addition, the 
signal at 3.43 ppm of a proton bound to a carbon atom in an amide group was identified in 
the spectrum in the form of a doublet of doublets. 
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The spin-spin coupling constant (SSCC) J = i0 Hz indicated the existence of vicinal in- 
teraction of this proton with a proton attached to a nitrogen atom (5.28 ppm, doublet), while 
J = 5 Hz corresponded to the SSCC characteristic for 1,3-endo-exo interaction between protons. 
The Z3C NMR spectrum of the amide (III) showed the signal of the C-2 carbon atom linked with 
the amide group at 63.8 ppm. The assignment of the other signals in the spectrum (see Table 
i) was made on the basis of the multiplicities of the lines in the off-resonance spectrum, 
and also of a comparison with the calculated values of the chemical shifts obtained on the 
basis of the principle of structural additivity using values of the chemical shifts of model 
compounds close in structure such as N-(l,7,7-trimethylbicyclo[2.2.1]hept-exo-2-yl)acyl- 
amines [4]. For a reliable assignment of the signals of the carbon atoms, the spatial en- 
vironment of which changes as the result of 1,4-nonbound interactions on passing from one 
isomer to another must be taken into account. 

Thus, in the determination of the configuration of the amide group at C-2, one must con- 
sider the chemical shifts of the C-6 and C-8 atoms. A calculation of the chemical shifts 
of these atoms showed that they should amount to 36.1 and 12.0 ppm in the exo-2 isomer and 
27.5 and 14.0 ppm in the endo-2 isomer, respectively. On the basis of the calculated figures, 
the isolated compound (Ilia) was assigned to configuration of the isomer with the amide group 
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TABLE I. ZsC NMR Spectra of Compounds (ll)-(IV) 

Compound 

II ' experiment 
Il ia calculated 

experiment 
IVa calculated 

experiment 
Ill b experiment 
l Vb experiment 

Chemical shifts of the iSC nuclei, ppm, TMS 

, :carbon atom 
4 7 II 2I 

57.7d] 79 ~!s 39. fi 
d7,3s[63,(d I 4a,5~ 
48.1s] 63,~d] 48,3 
52,0s[ 5~Jd 4o f ' t  d 
51.3~ 7.6dI 4418t 
47,8s I 64,2d! 48.5d 
,Sd,4s t 57,3d! 44,1t  

! 

51 ,~ d 
48,3d 
48,1d 
47 "d 
45,8d 
4,;.2d 
48.21~ 

39,8 s 
lq,1 t 
9i), 0 t 
35,0t 
36 7t 
2,",¢: t 
36,3t 

38,3d 
36, I t  
36 3t 
47/~d 
46.8 d 
o6 4t 
4718d 

26 5t  
5~ 2s 
43.7s 
51,0s 
: , 0 , 6 s  
5~,8s 
5% 3s 

Chemical Shifts of the I s C nuclei, ppm, TMS 
Compound carbon atom 

8 9 u~ u 1~ 13 ! 14 

II experiment 26,2~q 97.5q l~,8q 4c,,° ~t~ 26,5t 24 5t 14,8q 
llIa calculated 12,0q 20 ,::q 20,24 32,7t 2•,2 t 23,1t 13,9q 

experiment 12,(;q 2r},gq 20Jq 31 5t 3(),~ 23,0t;r14 3q 
IVa calculated l I ,gq  22,0q 20,Oq 3i{!t 3(~,~T 23,ot 14,0~1 

e~xperiment I I .&q 22.4q ".~0.6 q 8! ii t 30,9t 23,5t ) ] 4,4fl 
tlI b experiment 12,5q 2).8q 20,2q 31,7t 30,6t 23,1ti14 2q 
lVb experiment 12.0,q 21,0q 2d,Sq 31,6t 300!~c 23,0t!14,Sq 

1 

The c h e m i c a l  s h i f t s  o f  t h e  ~3C c a r b o n  a t o m s  in  s u b s t i t u e n t  R 
w e r e :  1 6 9 . 0  s (C=O) and  2 3 . 7  q (COCH 3) i n  t h e  a m i d e  ( I I I a ) ;  
1 7 0 . 9  s (C=O) and  2 3 . 5  q (COCH 3) i n  t h e  a m i d e  ( I V a ) ;  and  1 5 6 . 8  
s (C=O) ,  1 3 5 . 4  s ( i p s o ) ,  1 5 2 . 9  d ( o r t h o ) ,  1 2 8 . 5  d ( m e t a ) ,  and  
1 3 1 . 2  d ( p a r a )  i n  a m i d e s  ( I I I b )  and  ( I V b ) .  

at the C-2 atom in the exo-position. On the basis of the PMR results given above, in this 
case, the second substituent, namely the butyl group, must be present at the C-3 atom in the 
endo-position. The value of the chemical shift of the C-5 atom, 20.0 ppm, in the 13C NMR 
spectrum of the amide (IIIa) is additional evidence of the endo-arrangement of the butyl 
group since, according to calculations, if it had the exo-arrangement it should amount to 
28.0 ppm. The good agreement of the experimentally obtained values of the chemical shifts 
for amide (IIIa) with the calculated values (see Table i) permits the unambiguous assign- 
ment to the compound (IIIa) obtained of the structure of endo-3-butyl-l,7,7-trimethylbi- 
cyclo[2.2.1]hept-exo-2-ylacetamide. 

The second component of the mixture of compounds (III) and (IV) obtained was obviously 
endo-6-butyl-l,7,7-trimethyl[2.2.1]hept-exo-2-ylacetamide (IVa). The structure of amide 
(IVa) was confirmed by the results of NMR spectroscopy. The PMR spectrum of the compound 
had three singlets of methyl groups at 0.80, 0.89, and 0.93 ppm, the signal of the proton 
at a nitrogen atom (5.67 ppm) in the form of a doublet, and the signal of a proton at a car- 
bon atom linked to an amide group (3.83 ppm) appearing in the spectrum in the form of a char- 
acteristic doublet of triplets [5], which shows the presence in compound (IVa) of an amide 
group at the C-2 atom in the exo-position and of a methylene group in position 3. The chem- 
ical shift of the C-2 atom in the 13C NMR spectrum amounted to 57.6 ppm. The assignment 
of the other signals in this spectrum was made on the basis of the multiplicities of the 
lines in the off-resonance spectrum, and also of a comparison with the calculated values 
of the chemical shifts obtained on the basis of model compounds of the camphane series [4]. 

A criterion of the assignment of the structure of amide (IVa) to the isomer with the 
exo-orientation of the amide group at the C-2 atom and the endo-orientation of the butyl 
group of the C-6 atom is the value of the chemical shift of the methyl group at the C-I atom 
which was 11.8 ppm. According to calculations, in the exo-2-exo-6 isomer the value of the 
chemical shift of this carbon atom should not exceed i0 ppm. The good agreement of the experi- 
mentally obtained and the calculated chemical shifts of amide (IVa) (see Table i) show the 
correctness of the proposed structure for it of endo-6-butyl-l,7,7-trimethylbicyclo[2.2.1]- 
hept-exo-2-ylacetamide. The structures of the endo-3-butyl-l,7,7-trimethylbicyclo[2.2.1]- 
hept-exo-2-ylbenzamide (IIIb) and the endo-6-butyl-l,7,7-trimethylbicyclo[2.2.1]hept-exo- 
2-ylbenzamide (IVb) obtained as the result of the interaction of alcohol (II) with benzo- 
nitrile were shown similarly. The values of the chemical shifts of the isC nuclei for these 
compounds are given in Table i. 
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On the basis of the results obtained, it may be assumed that the carbonium ion (V) ini- 
tially formed on the protonation of alcohol (II) was converted as the result of a 6,2-hydride 
shift into the "nonclassical" cation (VI). The addition of a nucleophile (nitrile) to this 
cation is, according to stereoelectronic demands [6], possible only from the exo-side of 
the molecule, as a result of which the 2-exo isomer of the amide (IV) is formed stereospeci- 
fically. It must be mentioned that udner these conditions the substituent (butyl group) 
at the C-6 atom, which is included in a three-center bond of the cation (VI), assumed the 
endo-orientation. The formation, as the result of the reaction, of end0-3-butyl-l,7,7-tri- 
methylbicyclo[2.2.1]hept-exo-2-ylacylamine (III) probably takes place as the result of a 
5,6-migration of the exo-CH s group taking place in the carbocation (VI). The cation (VII) 
so obtained is converted as the result of a 6,l-hydride shift in the "nonclassical" cation 
(VIII), the addition to which of the nucleophile gives the amide (III). 

EXPERIMENTAL 

The reaction products were analyzed by GLC on a LKhM-7A chromatograph with programming 
of the temperature from 90 to 200°C using a packed column (0.5 x 2000 mm) containing Apiezon 
K (12%) on the support Chromosorb W (60-80 mesh) + 10% KOH. IH and XsC NMR spectra were taken 
on a Bruker WM-360 spectrometer with resonance frequencies for XH and x~C of 360.13 and 
90.52 MHz, respectively. The concentration of the solutions was 1:4 by volume in deutero- 
chloroform or deuteromethanol. The chemical shifts of the iH and 13C nuclei were deter- 
mined relative to the internal standard tetramethylsilane. IR spectra were taken on a UR-20 
spectrometer, and mass spectra on a MKh-1320 instrument. 

2-Butyl-5,5,6-trimethylbicyclo[2.2.1]heptan-endo-2-ol (II). In a current of argon, 
120 ml of a 1 N solution of butyllithium in absolute diethyl ether was added dropwise to 
a solution of 15.2 g of 5,5,6-trimethylbicyclo[2.2.1]heptan-2-one (I) in 200 ml of absolute 
diethyl ether. The reaction mixture was stirred at room temperature (25°C) for 8 h and was 
treated with water. The ethereal solution was dried with CaC12. After the solvent had been 
distilled off, the product was redistilled in vacuum, which gave 15.7 g (75Z) of the ter- 
tiary alcohol (II). C14H260, bp 124-125°C (5 mm Hg), nD 22 1.4796. Found, %: C 80.05, H 

12.53. Calculated %: C 79.94, H 12.46, 0 7.60. KBr x ' kmax' cm- : 3480 (O-H), 2970, 1470, 1385, 

1375, 1280, 1020 (C-H). 

Mass spectrum, m/z (%): 210 (M+; ii), 192, 168, 153, 149, 135, 125, 121, ii0 (i00), 
95, 85, 69, 58. 

PMR spectrum, CDCIs, ppm: 0.72 d (3H, exo-CH3-6 , J = 7.9 Hz), 0.77 s (3H, endo-CHs-5), 
0.79 t (3H, CH3-13), 0.97 s (3H, exo-CHs-5), 1.22 m (7H), 1.36 m (2H), 1.47 m (2H), 1.62 
dt (IH), 1.82 s (IH, O-H), 1.97 q (IH, endo-H-6). 

Ritter Reaction of 2-Butyl-5,5~6-trimethylbicyclo[2.2.1]heptan-2-ol (II). A__~. With 
vigorous stirring and cooling (0-5°C), 5 ml of concentrated H2SO 4 was added dropwise to 4.2 
g of the alcohol (II) and 2.2 g of acetonitrile. After addition of the acid, stirring was 
continued at room temperature for 8 h. Then the reaction mixture was neutralized with aque- 
ous ammonia solution and was extracted with diethyl ether. The ethereal extract was dried 
with CaCI 2 and, after the solvent had been distilled off, 3.2 g (64%) of a mixture of amides 
(Ilia) and (IVa) was obtained in a ratio of 1:2 C16H290N, bp 165-170°C (5 mm Hg). Found, 
%: C 76.51, H 11.47, N 5.39. Calculated, %: C 76.44, H 11.63, N 5.57. -KBr -~. 3330, Amax, cm . 
3080 (N-H), 2960, 2880 (C-H), 1650 (C=O), 1550 (N-H), 1450, 1385, 1375, 1195 (C-H). 

Mass spectrum, m/z (%): 251 (M+; 23), 236, 208, 192, 177, 165, 151, 135, 121, 109 (i00), 
95, 86, 70, 55. 

By column chromatography on Chemapol silica gel L40/I00 (with diethyl ether as eluent) 
from the mixture of amides (IIIa) and (IVa) the amide (IIIa) was isolated with a purity, 
according to GLC, of 97%; mp 139-140°C (ethanol). 

PMR spectrum, CDCI3, ppm: 0.79 s (3H, CHs-I), 0.87 s (3H, CH3-7), 0.89 t (3H, CH3-13) , 
0.94 s (3H, CHs-7) , 1.24 m (7H), 1.50 m (3H), 1.64 m (IH), 1.80 m (IH), 1.98 s (3H, COCH3) , 
3.43 dd (IH, endo-H-2, SJNH = i0 Hz, SJexo_H_ 3 = 5 Hz), 5.28 d (IH, N-H, 3Jendo_H_ 2 = i0 Hz). 

The eluate collected after the separation of the amide (IIIa) contained endo-6-butyl- 
1,7,7-trimethylbicyclo[2.2.1]hept-exo-2-ylacetamide (IVa) with a purity, according to GLC, 
of 80%, in admixture with amide (IIIa); bp 169-171°C (5 mm Hg). 
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PMR spectrum, CDCI3, ppm: 0.80 s (3H, CH3-1) , 0.84 t (3H, CH3-13) , 0.89 s (3H, CH3-7), 
0.93 s (CH3-7), 1.30 m (6H), 1.45 m (4H), 1.59 m (IH), 1.96 s (3H, COCH3) , 2.13 dd (IH, exo- 
H-6, 3Jexo_H- 5 = 9.8 Hz, 3Jendo_H. s = 5 Hz), 3.83 dt (IH, endo-H-2, ~Jexo-H-3 = 4.8 Hz, 
3Jendo_H_ 3 = 7 Hz, 3JN_ H = i0 Hz), 5.67 d (IH, N-H). 

B. From 4.2 g of the alcohol (II) and 3.5 g of benzonitrile was obtained 2.6 g (42%) 
of a mixture of the amides (lllb) and (IVb) in a ratio of 1:2; C21H~ION, bp 195-198°C (5 
mm Hg). Found, %: C 80.37, H 10.05, N 4.35. Calculated, %: C 80.46, H 9.97, N 4.47. 

km vKBr, cm-1: 3360 (N-H), 3060, 3030 (C-H arom.), 2990-2880 (C-H), 1650 (C=O), 1540 (N-H), 
i~?~, 1390, 1375, 1280 (C-H), 713, 693 (C-H arom.). 

Mass spectrum, m/z (%): 313 (M+; 19), 298, 284, 270, 257, 242, 214, 192, 188, 177, 
148, 135, 121 (i00), 105, 95, 77, 51. 

The mixture of compounds (lllb) and (IVb) so obtained was separated by column chro- 
matography into two fractions. The first, enriched with endo-3-butyl-l,7,7-trimethylbicyclo- 
[2.2.1]hept-exo-2-ylbenzamide (lllb) contained the amide (IVb) as impurity (about 20%), while 
the second, enriched with endo-6-butyl-l,7,7-trimethylbicyclo[2.2.1]hept-exo-2-ylbenzamide 
(IVb) contained about 15% of the amide (lllb) as impurity. 

PMR spectrum of the amide (lllb), CDCI3, ppm: 0.78 s (3H, CH3-1), 0.89 s (3H, CH3-7), 
0.91 t (3H, CH3-13) , 1,04 s (3H, CH3-7) , 1.20 m (6H), 1.55 m (4H), 1.70 m (IH), 1.86 m (IH), 
3.66 dd (iH-endo-H-2, 3JN_ H = 9,8 Hz, 3Jexo~Hr3 = 5 Hz), 6.02 d (IH, N-H), 7.42 m (5H, arom.). 

PMR spectrum of the amide (IVb), CDCI3, ppm: 0.80 s (3H, CH3-1), 0.85 t (3H, CH3-13), 
0.92 s (3H, CH3-7), 1.02 s (3H, CH3-7), 1.35 m (6H), 1.50 m (4H), 1.65 m (IH), 2.25 dd (iH, 
exo-H-6, 3Jexo_H_ s = 9.5 Hz, 3Jendo-H_ 5 = 5 Hz), 4.03 dt (IH, endo-H-2, 3Jexo_H_ 3 = 5 Hz, 
3Jendo_H_ 3 = 6.5 Hz, 3JN_ H = i0 Hz), 6.11 d (IH, N-H), 7.71 m (5H, arom.). 

CONCLUSIONS 

The interaction of isocamphanone with butyllithium leads stereospecifically to the forma- 
tion of 2-butyl-5,5,6-trimethylbicyclo[2.2.1]heptan-endo-2-ol. By the Ritter reaction of 
this tertiary alcohol with acetonitrile and with benzonitrile, as the result of skeletal 
rearrangements of carbonium ions taking place during the reaction, endo-3-butyl-l,7,7-tri- 
methylbicyclo[2.2.1]hept-exo-2-ylacylamines and endo-6-butyl-l,7,7-trimethylhicyclo[2.2.1]- 
hept-exo-2-ylacylamines have been synthesized. 
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