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T h e  t i t le  compound 7 has been synthesized by reaction of ter t -  butylamine w i t h  cycloocta-2,7-dienone. ':'C NMR 
and pK, measurements of 7 show t h a t  the nitrogen a tom of 7 is either a f lattened pyramid  or planar. 

Six-membered cyclic compounds in chair conformations 
bearing axial tert-butyl groups are rare, as would be antici- 
pated based upon the severe 1,3-diaxial steric interactions 
inherent in such conformations.' For instance, in order to 
avoid having an axial tert- butyl group, twist boat conforma- 
tions are preferred for trans- 1,3-di-tert-butylcyclohexane,2a' 
cis- 1,4-di-tert- b u t y l c y ~ l o h e x a n e , ~ ~ ~ ~  and &,trans- 1,3,5-tri- 
tert- butylcyclohexane;2e however, for both cis- and trans- 
1,2-di-tert- butylcyclohexane chair conformations with axial 
tert- butyl groups have been found to be important.2f,g Other 
carbocyclic examples are 2-tert- butyladamantane (IC) ,:ja 2- 
tert- butyladamantan-2-01 ( la),3b and 9-tert-butylbicy- 
cl0[3.3.l]nonan-9-01 (2a)."C The corresponding p-nitroben- 

cVx Tx 
la-c 2a, b 

a, X = O H  
b, X = p.NO2CGH4C02 
c , X = H  

zoates l b  and 2b exhibit extraordinarily high solvolytic 
reactivities due to relief of strain during ion i~a t ion .~~-d  

Heterocyclic corn pound^^,^ such as cis-2-alkyl-5-tert- 
bu ty l - l ,3 -d ioxane~~~ and 5-tert-butyl-1,3,2-dioxaphospho- 

rimse with axially disposed tert- butyl groups have also been 
described. In these molecules the severe 1-tert- butyl-3-hy- 
drogen diaxial interactions present in carbocyclic compounds 
are absent.6 

Recently Cuthbertson and MacNicol have reported the 
preparation of 9-tert- butyl-9-azabicyclo[3.3.l]nona-2,6-diene 
(3),7 a compound in which the 1,3-diaxial interactions are 

,t-Bu 
N 

3 

diminished by flattening of the carbon bridges. We now report 
the synthesis and interesting properties of 9-tert- butyl-9- 
azabicyclo[3.3.1]nonan-3-one (7). For comparison we have also 
prepared the N-methyl, N-ethyl, and N-isopropyl analogues 
4-6. We were intrigued with the possibility of detecting a 
flattening of the nitrogen pyramid to relieve some of the steric 

( 0  

4, R = M e  
5, R = E t  
6, R = i-Pr 
7, R =  t-Bu 
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Table I .  Carbon-13 Chemical Shifts of N-Alkylnorpseudopelletierinesa 

Registry no. Compd c-1 c-2 c -3  C-6 C-7 NCC NCC 
___ 
__.- 

552-70-5 55.8 41.8 

27092-59-7 5 (x& 53.6 42.4 

56258-85-6 6 @o 50.6 42.7 

56258-86-7 7 @" 48.4 47 .O 

CDC1, solution, downfield from internal Me,&. 

interactions of the axial tert- butyl group. Amine rehybridi- 
zation as a consequence of geometric factors has been observed 
previously.8 

The approach chosen for the synthesis of norpseudopelle- 
tierine derivatives 4-7 was the double Michael additiongJO of 
the appropriate primary amine to cycloocta-2,7-dienone' 
according to the procedures of Kashman and Cherkez.'Ob The 
reactions with methylamine, ethylamine, and isopropylamine 
gave high yields of amino ketones 4-6. The reaction with 
tert- butylamine proceeded more slowly but gave mainly 7 
with four or five minor products which were not investigated. 
The yield of 7, after purification by preparative VPC, was 
32%. 

To evaluate the consequences of steric interaction in com- 
pounds 4-7, we have relied on carbon-13 nuclear magnetic 
resonance spectroscopy" and pK, measurements. Table I 
collects the chemical shifts for the various carbon atoms; 
shielding assignments were made on the basis of relative signal 
intensities and with the aid of coupled spectra.'" Particularly 
revealing are the chemical shifts of the carbons 2(4) and 6(8), 
which endure only small (nominally 0.3 ppm) downfield shifts 
as two of the methyl hydrogens of pseudopelletierine (4)  are 
sesquentially exchanged for methyl groups. Upon substitution 
of the final hydrogen by methyl to provide the tert- butyl de- 
rivative 7, these carbons experience substantial downfield 
shifts (4.3 and 2.0 ppm). The origin of the observed shifts is 
certainly steric in nature, and the direction (downfield) and 
magnitudes of the shifts are in agreement with Stothers' re- 
sults for 6 steric effects."' The N-ethyl and N-isopropyl amino 
ketones 5 and 6 can adopt preferred conformations in which 
the methyl groups lie away from the axial hydrogens at  car- 
bons 2,4,6,  and 8, as illustrated in 6a and 6b. When the last 

CH. 

.. 

methyl group is added to give 7, interaction of one of the 
methyl groups with the axial hydrogens becomes obligatory. 
To relieve the severity of this steric interaction, the tert- butyl 
group must be tilted away from a purely axial orientation, and 
the nitrogen pyramid must be flattened toward planarity. 
Probably the nitrogen atom is not completely planar (sp2 

210.0 29.7 16.1 41.1 

210.1 30.0 16.8 46.4 13.7 

211.3 30.3 16.6 4 7 . 5  21.9 

212.7 32.3 1 7 . 2  54.1 30.0 

hybridization) because of the repulsion of the nitrogen lone 
pair for the carbon ligands.'" We draw attention to the fact 
that the shift increments per methyl group are greater, espe- 
cially for tert-butyl amino ketone 7, a t  carbons 2 and 4 than 
a t  carbons 6 and 8. Assuming that the deshielding effects (6 
effect) of the methyl groups are approximately the same for 
the two types of conformations, this indicates that confor- 
mations with the N-alkyl groups axial to the piperidone rings 
are preferred to conformations with the N-alkyl group axial 
to the piperidine rings. This preference is probably the result 
of the presence of the trigonal carbon atom in the ketonic 
bridge, permitting greater flattening of that bridge and con- 
comitant movement of the axial hydrogens at  C-2 and C-4 
away from the axial N-alkyl group.15 

With each additional methyl group the likelihood of a y- 
steric interaction between the bridgehead carbons and the 
methyl carbons also is enhanced. Such y-steric effects" result 
in the signals of the bridgehead carbon atoms being shifted 
progressively upfield by approximately 2.5 ppm for each ad- 
ditional methyl group. This finding is in accord with the re- 
sults reported by Grant and Cheney,I8 who have advanced a 
steric polarization mechanism to account for such y upfield 
shifts. Additional support for this interpretation is available 
from the 1H NMR data (see Experimental Section) for the 
bridgehead positions which undergo increasing deshielding 
as the number of methyl groups increases.lg 

The basicity data (Table 11) for these bicyclic amines are 
also quite interesting. Usually the basicity of amines is en- 
hanced by increasing /3 substitution. For example, the conju- 
gate acids of trimethylamine, dimethylethylamine, di- 
methylisopropylamine, and dimethyl-tert- butylamine have 
pK, values of 9.81, 10.16, 10.47, and 10.69, respectively.?la 
Recently measured pK, values for the conjugate acids of 4- 
piperidone (8a), N-methyl-4-piperidone (8b), N-ethyl-4- 

c)  a 
I 
R 

8a, R = H  
b, R =  Me 
c, R = E t  
d, R =  t-Bu 

piperidone (8c), and N-tert- butyl-4-piperidone (Sa) are 8.6, 
8.1, and 8.3, and 9.0, respectively.*lb 

The pK, values for the conjugate acids of amino ketones 4-7 
measured in 35:64 ( v h )  ethanol-water are near 7. Amino ke- 
tones 4-6 show the normal trend of increased basicity paral- 
leling increased /3 substitution. However, tert- butyl amino 
ketone 7 is less basic than 5 and 6. Such a decrease in basicity 
would be expected to accompany a change in nitrogen hy- 
bridization toward sp2. Flattening of the nitrogen pyramid to 
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Table 11. Basicity and UV Absorption Data for 
N- Alkylnorpseudopelletierines 

4 6.90 206 (1400) 246 (770) 
5 7.24 208 (1780) 242 (825) 
6 7.46 201 (2190) 246 (1020) 
7 7.05 202 (1690) 230 (1580) 

pK,' of the  conjugate acid determined in 36:64 (v/v) etha- 
nol-water at 25.0 "C. ' Pentane solution. There is also a 
shoulder a t  ca 265 nm. 

relieve the interactions of the tert-butyl group with the axial 
hydrogens at  carbons 2, 4, 6, and 8 would impart greater p 
character to the lone pair orbital. Protonation of the nitrogen 
lone pair would localize the lone pair to one side of the nitrogen 
atom and would require more s character in the N-H bond 
than in the original lone pair orbital, thus imparting more p 
character to the three N-C bonds. Because the protonated 
tert- butyl amino ketone experiences greater steric interactions 
than the free amine its pKa is lowered. 

The ultraviolet absorption spectra of compounds 4-6 are 
also of interest (Table 11). The observed short wavelength 
maxima (ca. 205 nm) are typical of tertiary amines,sb and the 
long wavelength maxima (ca. 245 nm) are consistent with 
those found for other @-amino ketones in which u-coupled 
charge transfer transitions give rise to similar values.22 The 
tert- butyl derivative 7 behaves somewhat anomalously since 
it displays a maximum at 230 nm. Perhaps this indicates that 
on account of rehybridization a t  the nitrogen atom the lone 
pair of electrons is geometrically less suitable for through- 
bond coupling with the carbonyl group. PalacekZ3 and Hu- 
decZzh have demonstrated that u coupling is quite dependent 
upon the orientation of the lone pair of electrons relative to 
the carbonyl group.":' 

We are continuing active investigation of this and other 
hindered amines and hope to determine the precise geometry 
about the nitrogen at oms of sterically crowded amines. 

Experimental Section 
Melting points (taken on a Thomas-Hoover capillary apparatus) 

and boiling points are uncorrected. pK,' determinations were carried 
out according to the procedure of ThomsonZ4 using an Instrument 
Laboratory Model 265 Electrometer. Ultraviolet spectra were re- 
corded with a Cary Model 14 spectrophotometer. Infrared spectra 
were obtained on a Perkin-Elmer Model 457 spectrophotometer. 
Proton magnetic resonance spectra were obtained with a Varian As- 
sociates T-60 instrument. I,'jC NMR spectra were measured with a 
JEOL JNM PS.100 spectrometer interfaced with a Digilab Nova 1200 
computer. Vapor phase chromatographic analyses and collections 
were performed with a Varian Aerograph Model 90-P instrument 
employing a 0.25 in. diameter by 6 ft  column packed with 5% SE-30 
on Chromosorti G. Mass spectra were obtained on an Associated 
Electrical Industries MS-902 spectrometer. Elemental analyses were 
carried out by Spang Microanalytical Laboratory, Ann Arbor, 
Mich. 

Pseudopelletierine (4). Method C of Kashman'"'' was followed. 
To  a stirred solution of 2.92 g (0.0433 mol) of methylamine hydro- 
chloride in 45 ml of absolute methanol at room temperature was added 
4.6 g of anhydrous sodium carbonate, followed by 5.28 g (0.0433 mol) 
of ~ycloocta-2,7-dienone.~~ After 22 h VPC, NMR, and IR indicated 
that the reaction was 9596 complete. Workup consisted (If filtering the 
yellow mixture and concentrating to a semisolid, which was taken up 
in methylene chloride and filtered. The filtrate was extracted with 
6 M aqueous HCl solution; the combined extracts were basicified, 
extracted with methylene chloride, and dried (Na2S04), and the bulk 
of the solvent removed hy atmospheric distillation using a 16-in. Vi- 
greux column. The remainder of the solvent was removed on a rotary 
evaporator to provide 5.79 g of a yellow, waxy solid which was sub- 
limed (52-54 OC, 0.25 Torr) to give 4.57 g (69%) of slightly yellow solid, 
mp 46-55 "C (lit."'" 62-64 "C). Analysis by VPC showed a single 
peak. 

N-Ethylnorpseudopelletierine ( 5 ) .  Method A of Kashmankoh 
was used. To  stirred solution of 1.22 g (0.0100 mol) of cycloocta- 
2,7-dienone1] in 2 ml of methanol at  room temperature was added 
through a serum cap by means of a syringe 0.5 g (0.73 ml, 0.0110 mol) 
of ethylamine. When an NMR spectrum of an aliquot indicated the 
absence of cyclooctadienone, the solution was concentrated on a rotary 
evaporator, and the liquid residue distilled (hp 62 "C, 0.07 Torr; lit."" 
90-95 "C, 0.1 Torr) to afford 1.43 g (85%) of 5 .  YPC analysis showed 
only one peak. 

N-Isopropylnorpseudopelletierine (6) .  The procedure used for 
the preparation of 5 was employed, except that 0.841 g (0.0069 mol) 
of cycloocta-2,7-dienone and 0.455 g (0.5 ml, 0.0076 mol) of isopro- 
pylamine were used to give 1.14 g (91%) of crude 6 which on VPC 
analysis showed only one peak. Samples for spectra, pK,' determi- 
nation, and analysis were obtained by preparative VPC: mp 57.5-59.5 
O C ;  NMR (CDC1:J 3.67 br, 2 H,  1.17 d ( J  = 6 Hz), 6 H; IR (CHCl:{) 
1691 cm-l; mass spectrum (70 eV) mle (re1 intensity) 181 (451, 166 
(loo), 138 ( 5 3 ) ,  124 (61), 123 (23): 122 (26): 96 (36), 82 (30), 80 (46), 
79 (28), 70 (26),55 (28),52 (25), 50 (26), 44 (31), 43 (40),42 (38) ,  41 
(77). 

Anal. Calcd for CIIHIgNO: C. 72.88; H, 10.56; N, 7.73. Found: C, 
72.90; H, 10.51; N, 7.82. 
N-tert-Butylnorpseudopelletierine (7). The procedure used for 

5 was followed, substituting 0.85 g (1.22 ml, 0.0110 mol) of tert-bu- 
tylamine for ethylamine. Preparative VPC afforded 0.620 g (32%) of 
liquid 7: NMR (CDC1:j) 3.82 br, 2 H,  1.23 s. 9 H; IR (neat) 1700 cm-I; 
mass spectrum (70 eV) mle (re1 intensity) 195 (22),  180 (loo), 96 (31j, 
82 (31), 43 (31), 41 (25). 

Anal. Calcd for CIzH2lNO: C, 73.80: H. 10.84; N, 7.17, Found: C,  
73.83; H, 10.88; N, 7.09. 

Acknowledgment. This work was supported by a grant 
from the donors of the Petroleum Research Fund, adminis- 
tered by the American Chemical Society. 

75-31 -0; tert- butylamine, 75-64-9. 
Registry No.--Cycloocta-2,7-dienone, 107:3-76-3; isopropylamine, 

References and Notes 
S. Winstein and N. J. Holness, J. Am. Cbem. SOC., 77, 5562 (1955). 
(a) N .  L. Allinger and L. A.  Freiberg, J. Am. Cbem. Soc., 82, 2393 (1960); 
(b) N. L. Allinger, J. A .  Hirsch, M. A. Miller, I. J. Tyminski, and F. A. Van- 
Catledge, J. Am. Cbem. Soc., 90, 1199 (1968); (c) J. D. Remijnse, H.  van 
Bekkum, and B. M. Wepster, Recl. Trav. Cbim. Pays-Bas, 93, 93 (1974); 
(d) H. van Bekkum, M. A. Hoefnagel, L. de Lavieter, A. van Veen, P. E .  
Verkade, A.  Wemmers, B. M.  Wepster, J. H .  Palm, L. Shafer, H.  Dekker, 
C. Mosselman, and G. Somsen, ibid., 86, 1363 (1967); (e) H. van Bekkum, 
H. M. Buurmans, G. van Minnen-Pathuis, and B. M. Wepster, bid., 88, 779 
(1969); (f) B. van de Graff, H. van Bekkum, H. van Koningsveld, A. Sinnema, 
A.  van Veen, B. M. Wepster, and A.  M. van Wijk, ibid., 93, 135 (1974); (9) 
B. van de Graff and B. M. Wepster, Tetrahedron Lett., 2943 (1976). 
(a) C. W. Woodworth, V. Buss, and P. v. R. Schleyer, Cbem. Commun., 569 
(1968); (b) J. L. Fry, E. M. Engler, and P. v. R .  Schleyer, J. Am. Chem. Soc., 
94, 4628 (1972); (c) E. N .  Peters and H. C. Brown, bid., 97, 2892 (1975); 
(d) J. L. Fry and R .  C. Badger, ibid., 97, 6277 (1975). 
(a) E. L. Eliel and M. C. Knoeber, J. Am. Cbem. Soc., 90, 3444 (1968); (b) 
E. L. Eliel and R .  0. Hutchins, /bid., 91, 2703 (1969). 
(a) W. G. Bentrude and J. H. Hargis, J. Am. Cbem. Soc., 92, 7136 (1970); 
(b) W. G. Bentrude. K. C. Yee, R .  D. Bertrand, and D. M. Grant, ibid., 93, 
797 (1971); (c) W. G. Bentrude, H.-W. Tan, and K .  C. Yee, ibid., 94, 3264 
(1972); (d) W. G. Bentrude and H.-W. Tan, hid., 95, 4666 (1973); (e) W. G.  
Bentrude, H.-W. Tan, and K. C. Yee, ibid., 97, 573 (1975). 
See also R. 0. Hutchins and B. E. Maryanoff, J. Am. Cbem. Soc., 94,3266 
(1972). 
E. Cuthbertson and D. D. MacNicol, J. Am. Cbem. Soc.. Perkin Trans. 1, 
1893 (1974). 
(a) J. C. Coll, D. R. Crist, M. d. C. G. Barrio, and N. J. Leonard, J. A. Cbem. 
Soc., 94, 7092 (1972); (b) H. 0. Krabbenhoft, J. R .  Wiseman, and C. B. 
Quinn, ibid., 98, 258 (1974). 
(a) Y. Kashman and 0. Awerbouch, Tetrahedron, 26, 4213 (1970); (b) Y. 
Kashman and E. Benary, ibid., 28, 4091 (1972); (c) Y. Kashman and E. 
Benary, J. Org. Cbem., 37, 3778 (1972). 

(10) (a) A. T. Botti; and J. Gal, J. Org. Chem., 36, 1718 (1971); (b) Y. Kashman 
and S. Cherkez, Tetrahedron, 28, 155 (1972). 

(11) E. W. Garbisch, Jr., J. Org. Chem., 30, 2109 (1965). 
(12) For the use of 13C NMR with other tert-butyl substituted six-membered-ring 

compounds, see (a) A. J. Jones, E. L. Eliel, D. M. Grant, M. C. Knoeber. and 
W. F. Bailey, J. Am. Cbem. Soc., 93, 4772(1971j; (b) W. G. Bentrudeand 
H.-W. Tan, ibid., 98, 1850 (1976). 

(13) J. R .  Wiseman and H. 0. Krabbenhoft, J. Org. Cbem., 40,3222 (1975). 
(14) (a) J. I .  Kroschwitz, M. Winokur, H. J. Reich, and J. D. Roberts, J. Am. Cbem. 

Soc., 91, 5927 (1969); (b) S. H. Grover, J. P. Guthrie, J. B. Stothers and 
C. T. Tan, J. Magn. Reson., 10, 227 (1973); (c) J. B. Stothers and C. T. Tan, 
Can. J. Chem., 52, 308 (1974); (d) S. H. Grover and J. B. Stothers, ibid., 
52, 870 (1974). 

(15) The experimental data do not exclude the possibility that the nitrogen atom 
in 7 is planar. For example, the NMR spectrum can be  explained on the 



632 J .  Org. Chem., Vol. 42, No. 4 ,  1977 Mehta and Singh 

basis of an equilibrium of N-planar conformations 7c, 7d (and 7e) with 7c 
predominating over 7d. Carbons 2 and 4 would be deshielded by the 6 effect 
in 7c and carbons 6 and 8 would be deshielded in 7d. An attempt to resolve 

I 

/ I  / I  
0 

7c 7d 7 e  

the question by low temperature 'H NMR was unsuccessful. While some 
changes were evident, the spectra were not sharp enough to permit any 
rigorous conclusions. l 6  

(1 6) C. Hackett Bushweller, private communication. 
(17) J. B. Stothers, "Carbon-13 NMR Spectroscopy", Academic Press, New 

York, N.Y., 1972, p 57. 
(18) D. M. Grant and V. B. Cheney, J. Am. Chem. Soc., 89, 5315, 5319 

(1967). 
(19) It should be pointed out that the methyl groups do not experience shifts 

corresponding in magnitude to those of the carbons 2(4) or 6(8) and the 
bridgehead carbons. Such a lack of reciprocity of shifts for sterically in- 
teracting carbons is not uncommon.z0 In addition, the opposite directions 
of the y and 6 steric effects would tend to counteract one another in the 
case of the methyl groups. The shifts of the methyl groups observed as 
more methyl groups are added are typical of p substituent e f f e ~ t s . ' ~  

(20) (a) D. K. Dalling and D. M. Grant, J.  Am. Chem. SOC.. 89, 6612 (1967); (b) 
ibid., 94, 5318 (1972); (c) E. Lippmaa, T. Pehk, and J. Paasivirta, Org. Magn. 
Reson., 5, 277 (1973). 

(21) (a) J. Hansson, Svensk. Kem. Tidskr., 67, 256 (1955); (b) P. Geneste, I. 
Hugon, CI. Reminiac, G. Lamaty, and J. P. Roque. Bull. SOC. Chim. Fr., 845 
(1976). 

(22) (a) R. C.Cookson, J. Henstock, and J. Hudec, J. Am. Chem. Soc., 88,1060 
(1966); (b) J. Hudec, Cbem. Commun., 829 (1970); (c) A. W. J. D. Dekkers, 
J. W. Verhoeven, and W. N. Speckamp, Tetrahedron, 29, 1691 (1973); (d) 
C. Worrell. J. W. Verhoeven, and W. N. Speckarnp, ibid., 30, 3525 (1974); 
(e) A. M. Halpern and A. L. Lyons, J.  Am. Chem. Soc., 98,3242 (1976); (f) 
T. Sasaki, S. Eguchi, T. Kiriyama, and Y. Sakito, J .  Org. Cbem., 38, 1648 
(1973); (9) W. A. Ayer. B. Altenkirk, R. H. Burnell, and M. Moinas, Can. J .  
Cbem., 47, 449 (1969). 

(23) J. Kuthan and J. Palecek, Collect. Czech. Chem Commun., 28, 2260 
(1963). 

(24) G. Thomson, J. Chem. SOC., 11 13 (1946). 

Terpenes and Related Systems. 16.' Fate of Representative 
Bicyclic Sesquiterpenes in Strong Acid Medium. 

A General Rearrangement of Hydroazulene Sesquiterpenenes 
to Decalin Types 

Goverdhan Mehta* and Brij Pal Singh 

Department of Chemistry, Indian Institute of Technology, Kanpur-208016, U.P., India 

Received August 23, 1976 

Rearrangement o f  several natura l ly  occurring bicyclic sesquiterpenes of himachalane (1 ), guaiane (2) ,  cadalane 
(3) ,  and eudesmane ( 4 )  types has been studied in strong acid medium under stable carbocation conditions. The 
structures of the carbocations (8 and 40) formed f rom a-  and 6-himachalenes (5  and 6)  and f rom selinenes (381, re- 
spectively, have been deduced f rom 'H NMR spectral data. Quenching of these cationic solutions provides conve- 
n ient  preparation of conjugated dienes 9, 10, and 28. A novel and general rearrangement o f  guaiane-type hydroazu- 
lenic sesquiterpenes t o  (+)-10-epizonarene (22), a natura l ly  occurring heteroannular diene of the cadalane family. 
has been discovered. (-)-y-Murrolene (33) has been found t o  rearrange stereospecifically to  another heteroannular 
diene, (-1-zonarene (341, of cadalane type. Probable mechanisms for the rearrangements encountered in the 
present study are discussed. 

Acid-catalyzed rearrangements of polyisoprenoids have 
been extensively investigated by organic chemists since the 
dawn of this century.' This high level of interest has been 
sustained by the unraveling of numerous unique rearrange- 
ments that are synthetically useful and mechanistically fas- 
cinating.:% Furthermore, the r e ~ o g n i t i o n ~ ~ - ~  that cationic cy- 
clizations play a key role in the biogenesis of isoprenoids has 
provided the impetus to mi mi^^^,^ many of these rearrange- 
ments in the laboratory by generating appropriate carbonium 
ions. Isoprenoids in particular, as they contain tertiary carbon 
centers and double bonds, are highly amenable to deep-seated 
structural changes on creation of an electron-deficient 
Over the years, a variety of media have been employed to 
study the acid-catalyzed rearrangements of terpenoid sub- 
strates. The recent advent of carbonium ion stabilizing sol- 
vents,"-' e.g., HZS04, FSOaH, etc., has opened new possibilities 
for deflecting the normal course of terpene rearrangements, 
under stable carbonium ion conditions.596 

The dichotomy in the behavior of carbonium ions under 
varying acidity of the medium has been demonstrated in many 
cases. Perhaps the earliest example8 in the field of isoprenoids 
is the conversion of camphor to P-camphorsulfonic acid in 
sulfuric acid and camphor-a-sulfonic acid in fuming sulfuric 
acid. Recently, Den09 and Sorensonl" have extensively studied 
the rearrangements of monoterpenes camphene, fenchol, and 

borneol in sulfuric acid and fluorosulfonic acid and shown that 
stable cyclohexenyl cations are formed in this medium, in 
direct contrast',' to their behavior in weakly acidic media. 
A similar dependence of the mode of rearrangement on the 
acidity of the reaction medium has been demonstrated by 
us1:3J5,17*18 in the rearrangements of sesquiterpene hydro- 
carbons humulene'"J4 and longifolene15J6 as well as abietic- 
type*T-19 diterpene resin acids. This ability of polyisoprenoids 
to undergo novel molecular rearrangements"lO,l~,l~.l T-2n in 
strong acid medium, under the conditions salubrious to the 
formation of stable carbocations, has encouraged us to in- )+&  
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