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13C-lH Coupling Constants in Carbocations. 8.' Application of 
the AJ Equation to Tertiary Dicyclopropylcarbinyl Cations: The 
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One-bond W - l H  coupling constants have been determined for the title cations (10, 15, 20, and 
25) in superacids and the values for the carbons adjacent (a) to the cationic centers compared with 
those of the appropriate model ketones to obtain the A J  values. These values were found to be in 
the range 10-15 Hz, approximately one half that expected for a single cyclopropylcarbinyl cation. 
This has been interpreted in terms of delocalization of charge into the second cyclopropyl group in 
those cations which can adopt double bisected conformers, 10,20,25, and in terms of averaging of 
the coupling constants as a result of two different dihedral angles in cation 15. New methods for 
the synthesis of precursors to the 2-methyltricyclo[5.1.0.03~510ctan-2-yl cations, 15 and 20, have 
been -developed 

Introduction 

The A J  equation (11, correlates the difference in one 
bond W- 'H  coupling constants of groups adjacent (a) 
to the cationic center and those in neutral model com- 
pounds (usually ketones) to  the dihedral angle (8) be- 
tween the C-H bond and the vacant pn orbital. This 
equation has been used in various studies concerned with 
determining the structure of acyclic, cyclic, bicyclic, and 
nonclassical  cation^.^,^ 

AJ = 22.5 - 33.1 COS' 6 (1) 

There is substantial evidence from theory,' and from 
solvolytic5 and stable ion6 studies, that  the tertiary 
cyclopropylcarbinyl cation moiety c-C3HsCfR2 prefers a 
bisected conformation la rather than a parallel confor- 
mation lb. For example, the dimethylcyclopropylcarbi- 
nyl cation 1 (R = CH3) exhibits a markedly shielded (by 
0.54 ppm) methyl proton resonance at 6 2.7 consistent 
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5699-5704 and references therein. 

15) la1 For a review, see: Bmwn. H. C. The Nonelnssical Ion Problem; 
Plenum: New Yark, 1977; Ch. 5. (b) Bmwn, H. C.; Peters, E. N. J .  
Am. Chem. Sac. 1977.99, 1712-1716. 
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with its position in the diamagnetic face of the cyclopropyl 
ring.' More recently, X-ray diffraction datas on the 
hexafluoroantimonate salt of protonated cyclopropyl phen- 
yl ketone 2 established that in the solid state the cation 
adopts a conformation whereby the cyclopropyl group is 
in the bisected arrangement and the phenyl ring is fully 
conjugated with the pn orbital. This illustrates the 
different conformations required to give maximum sta- 
bilization of the cation by the two different groups. 

1b 2 1. 

Internal cyclopropylcarbinyl cations, that is, those in 
which this moiety is embedded within a larger polycyclic 
framework, are either constrained to, as in 3,9 or pref- 
erentially adopt, as in 4,3df the bisected arrangement. AJ 
values for the associated methine groups are typically 
22 * 2 H Z . ~ ~ . ~ . '  The question then arises as to the 
conformation adopted by dicyclopropylcarbinyl cations, 
the parents of which (9,101 were first observed by Olah, 
Deno, and c o - ~ o r k e r s . ~  

17) la) Rttman, C. U.; Olah, G. A. J .  Am. Chem. Soc. 19&5,87,2998- 
3000. (bl Deno. N. C . :  Liu. J.  S.: Turner. J. 0.: Lincoln. D. N.: Fruit. R. 
E. J .  Am. Chek. Soc'. l965,87,3000-3002. 

I81 Childs, R. F.; Faggiani, R.; Lock, C. J. L.; Mahendran, M.; Zweep, 
S. D. J .  Am. Chem. Soc. 1986.108, 1692-1693. 

l9lOlah, G. A.; Liang, G.; Babiak, K. A,; Ford, T. M.; Gaff, D. L.; 
Morgan, T. K.; Murray, R. K. J .  Am. Chem. Soe. 1978, 100, 1494- 
1500. 
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Tertiary dicyclopropylcarbinyl derivatives (e.g. 6, 7) 
undergo solvolysis approximately 100-times faster than 
their monocyclopropylcarbinyl analogues5J0 suggesting 
that both cyclopropyl groups may be in the favored 
bisected arrangement. The X-ray data of Childs et aZ.* 
shows that in the solid state, protonated dicyclopropyl 
ketone (5 - 8) has both groups bisected in a “sickle” 
conformation 8a. 13C NMR data of 8, prepared in 
superacid by Olah and co-workers, was interpreted in 
favor of bisected cations although the exact conformation 
(a, b, or c) is u n ~ e r t a i n . ~ ~ J l  

Kelly et al. 

The stereochemical dependence of VCH provides a 
method to probe the conformations of the cations such 
as those described above.3b We now report our results 
for the tertiary dicyclopropylcarbinyl systems 10, 15,20, 
and 25 together with new methods of synthesis of the 
precursor alcohols 13 and 18. 

a 8 & O H  a’ 
9 R-H 
10 A-CH, 

b C 

The conformationally constrained tricyclo[5.1 .0.0315]- 
octan-2-yl systems 14 and 19 have been examined by 
Lambert and co-workers12 who, in so doing, prepared the 
anti- and syn-ketones, 11 and 16, respectively, as well 
as the related secondary alcohols 12 and 17. Solvolysis 
of the p-nitrobenzoate of 17 @OH) in dioxane/water 
proceeded 20-30 times faster than the equivalent reac- 
tion of the p-nitrobenzoate of 12 and gave a mixture of 
the epimeric alcohols 17.12 Lambert suggested that the 
intermediate cation 19 might have a face-to-face struc- 
ture where both cyclopropyl groups “enjoy the bisected 
geometry” whereas the more flexible dicyclopropyl cation 
9 “cannot attain the ideal geometry (of 19) because of 
steric factors”. 

I1 

9 0 

m 

::p 
R OH 

12 R=H 
13 R-CH3 

::p 
R 

14 R=H 
15 R-CH, 

rs 
19 R-H 
20 R-CH, 

The triasteryl cations 24 and 25 provide the op- 
portunity to examine a system in which the two cyclo- 
propyl groups are locked in a face-to-face arrangement. 
Musso and co-workers have proposed the secondary 
cation 24 as the intermediate in a variety of reactions of 
the secondary alcohol 22 (prepared from 21) and its 
esters.13 Although solvolysis of the tosylate of 22 gave 
rearranged acetates and alcohols, azide ion captured the 
cation 24 intact. The cation 24 was observed in FS03W 
SOzClF a t  -30 “C and it was concluded that both 
cyclopropyl groups provided stabilization of the cationic 
center.13 

(10) (a) Hart, H.; Law, P. A. J.  Am. Chem. SOC. 1964, 86, 1957- 
1959. (b) Hart, H.; Sandri, J. M. J.  Am. Chem. SOC. 1969, 81, 320- 
326. 

(11)Olah. G. A,; Westerman, P. W.; Nishimura, J. J .  Am. Chem. 
SOC. 1974,96, 3548-3559. 

(12) Lambert, J. B.; Koeng, F. R.; Hamersma, J. W. J .  Org. Chem. 
1971,36, 2941-2947. 

(13) (a )  Biethan, V.; Fauth, W.; Musso, H. Chem. Ber. 1977, 110, 
3638-3648. (b)  Musso, H.; Biethan, V. Chem. Ber. 1967, 100, 119- 
131. 

22 R-H 24 R=H 
23 b C H J  25 R-CH, 

n 

Results and Discussion 

Synthesis. The preparation of the precursor 7a to  
cation 10 was very straightforward and simply involved 
addition of methyllithium to commercially available 
dicyclopropyl ketone 5. In contrast, the acquisition of 
precursors to the cations 15 and 20, i.e. alcohols 13 and 
18, respectively, was much more demanding. Initial 
efforts focussed on preparing the related ketones 11 and 
16. Rather than using the procedure of exhaustive 
cyclopropanation of methyl cyclohexa-2,5-diene-l-car- 
boxylate as performed by Lambert, Koeng, and Ham- 
ersma,12 we developed alternative routes to  the ketones 
11 and 16. Thus dichlorocarbene addition to cyclohexa- 
1,4-diene gave the known14 bis-adduct 26a which was 
subjected to  reductive dehalogenation with sodium in 
ethan01.l~ The resulting hydrocarbon 26b14c was treated 
with the chromium trioxide/3,5-dimethylpyrazole com- 
plex16 thereby giving ketone 11 in 35% overall yield. 

The syn-ketone 16 was obtained by two methods. The 
first involved solvolysis of the p-nitrobenzoate derivative12 
of the syn-alcohol 17 which afforded quantities of the 
alcohol itself. Pyridium chlorochromate-promoted oxida- 
tion of alcohol 17 then gave the previously reported12 
ketone 16. The second and more direct route to com- 
pound 16 involved initial bis-cyclopropanation of cyclo- 
hexa-1,4-diene according to the procedure of Simmons 
and Smith.I7 Subjection of the resulting 6: l  mixture of 
(la,3@,5P,7a)- and (la,3a,5a,7a)-tricycl0[5.1.0.0~~~1octanes 
to reaction with the chromium trioxide/3,5-dimethylpyra- 
zole16 complex then afforded a 5.5:l mixture of ketones 
11 and 16. These two compounds could be separated 
from one another by high performance liquid chroma- 
tography (HPLC). 

Independant subjection of ketones 11 and 16 to reac- 
tion with methyllithium resulted in formation of the 
corresponding cyclopropylcarbinols 13 and 18. In the 
reaction involving formation of alcohol 18 a 6:l mixture 
(as determined by ‘H NMR spectroscopy) of the two 
possible diastereoisomers was obtained. However, during 
attempted purification of this mixture it became apparent 
that  the major diastereoisomer underwent preferential 
dehydration (to give the corresponding exocyclic alkene). 

(14) (a )  Arbuzov, B. A,; Vereshchagin, A. N.; Vul’fson, S. G. Nov. 
Khim. Karbenov, Mater. Vses. Soveshch. Karbenov Ikh Analogov 1973, 
194 (Chem. Abstr. 1975,82,42872J. (b) Delay, F.; Geoffroy, M.; Lucken, 
E. A. C.; Muller, P. J .  Chem. SOC., Faraday Trans 2 1975, 463. (c) 
Banwell, M. G.; Halton, B. Aust. J.  Chem. 1979, 32, 849-858. 

(15) Lap, B. V.; Paddon-Row, M. N. J .  Org. Chem. 1979,44,4979- 
4981. 

(16jBanwel1, M. G.; Haddad, N.; Huglin, J. A.; Mackay, M. F.; 
Reum, M. E.; Ryan, J. H.; Turner, K. A. J .  Chem. Soc., Chem. Commun. 
1993, 954-957. 

SOC. 1964, 86, 1347-1356. 
(17) Simmons, H. E.; Blanchard, E. P.; Smith, R. D. J .  Am. Chem. 
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177 Hz for C1,3, together with that of 5 (165 Hz), gave 
AJ = 12 Hz. This is approximately one half of the value 
measured for monocyclopropylcarbinyl cations. 

Three distinct situations may be envisaged which 
account for the observed value of 12 Hz for 10. Firstly, 
both dihedral angles might be 56”, but this is unlikely 
given the overwhelming evidence for the stabilization 
provided by one bisected conformation. Secondly, the two 
dihedral angles are different, with one bisected confor- 
mation (0 = 90”); the other angle would need to be -30” 
(eq 1). Thirdly, both cyclopropyl groups may adopt 
bisected conformations, the second group delocalizing 
charge from the cationic center in a similar manner to a 
phenyl group. Indeed, the AJ equation has been modified 
for aryldialkyl cations so as to account for such delocal- 
ization, as shown by eq 2.3c 

AJ = (1 + 0.60+)(10.9 - 14.3 cos2 6 )  (2) 

For phenyl cations, u+ = 0 and AJ = 11 Hz when 8 = 
90”. If a cyclopropyl group has approximately the same 
capacity as a phenyl group a t  delocalizing adjacent 
positive charge in tertiary  cation^,'^ the observed value 
of 12 Hz for 10 is consistent with an all-bisected arrange- 
ment. 

For the four possible doubly-bisected conformations of 
cation 10, calculated steric energies increase in the order 
a = a’ RZ c b, the face-to-face “U” conformer b being 
approximately 5 kcal higher. The “ W  conformer c was 
favored by Olah from consideration of proton-proton 
coupling The NMR results reported here are 
consistent with 10 existing as three conformers, two 
“sickle” conformers (a, a’), and a “ W  conformer (c) (or 
less likely a “U” conformer) which interconvert rapidly 
a t  -70 “C. However, a t  -120 “C the interconversions, 
10a f. loa’ and 10a * 1Oc are both slow on the NMR 
time scale giving rise to  two distinct cations, a “sickle” 
cation with nonequivalent cyclopropyl groups (6 lines) 
and a “ W  cation (4 lines). Comparison of the ratio of 
the intensities of the peaks for the two cations 10a,a‘: 
1Oc (1:1.5) with that expected statistically (2:l) indicates 
that  1Oc is the preferred conformer of the 1-methyl 
dicyclopropylcarbinyl cation. 

In this context it is worth noting that Olah has 
previously reported1’ that protonation of dicyclopropyl 
ketone 5 occurs in FS03WSbFdS02ClF to give a spec- 
trum exhibiting two methine and two methylene reso- 
nances, the asymmetry being ascribed to two conformers 
resulting from the orientation of the OH group. Proto- 
nated nortricyclanone 27a, 2713, in which the only con- 
formational mobility is due to  the OH group, also exhibits 
two sets of resonances.20 However, values of ‘JCZH are 

3 

2 1  
PPM 

h I 
I 

Figure 1. 13C NMR spectra of cation 10 in FSOSWCH&12/ 
SOzClF at -120 “C. (a) Proton decoupled (CHZC12 at 6 54.81). 
(b) Proton coupled. 

Consequently, the material that  was finally used in the 
cation generation studies consisted of a ca. 2:l  mixture 
of diastereoisomers with the same isomer still predomi- 
nating. 

The tertiary alcohol 23, like its simpler congeners, was 
readily prepared by addition of methyllithium to the 
corresponding ketone 21 which had been provided to us 
by colleagues of the late Professor H. Musso. 

Dicyclopropylcarbinyl Cation 10. When 1-meth- 
yldicyclopropylcarbinol(7a) was dissolved in FS03WS02- 
C1F a t  -78 “C, it produced a pale yellow solution, the 
13C NMR spectrum of which exhibited only three broad- 
ened signals a t  277,45, and 38 ppm as originally reported 
by Olah and co-workers.’ However, preparation of the 
cation at -120 “C or cooling the ion solution from -78 
“C, gave a clean, sharp 10-line 13C NMR spectrum which 
indicated the presence of two very similar cations in a 
ratio of approximately > 1:l with 6c+ 276.3 (major), 277.3 
(minor) (Figure la) .  Warming to -80 “C reproduced the 
original three-line spectrum but with reduced intensity 
and a darker color. Successful ionization of 7a to 10 a t  
-120 “C was confirmed upon quenching of the ion 
solution in methoxide/methanol which yielded a methyl 
ether identical to authentic 7b (prepared from 7a by 
treatment with NaWMeI). 

The fully-coupled 13C NMR spectrum of cation 10 
allowed the identification of two sets of multiplets (Figure 
lb). Within each set of multiplets the JCH values were 
identical, 177 Hz for the methine carbons (C1,3) a t  6 45.9 
and 45.2, 173 Hz for the methylene carbons (C4,8) a t  6 
38.5 and 39.0, and 131 Hz for the methyl carbons a t  6 
19.7 (major) and 30.1 (minor) (Table 1).l8 The value of 

(18) The multiplets corresponding to resonances a t  b 35.2 and 36.2 
are overlapped by other signals, but appear to  be a triplet (J = -173 
Hz) and a doublet (no intensity at  the chemical shift). These have been 
assigned to the methylene and methine carbons of one of the non- 
equivalent cyclopropyl groups of 10a,a’ (see Table 1). 

(19) There is no clear cut decision on which is the better group a t  
delocalizing charge; the result depends on the criterion used and 
whether the cations under consideration are primary, secondary, or 
tertiary. (a) c-C~HS > Ph > Me, refs 4,4b and Brown H. C.; Peters, E. 
N. J. Am. Chem. SOC. 1973, 95, 2400-2401. (b) 13C NMR chemical 
shifts at  cationic and para-carbons of tertiary cations; Ph > c-CBH~ > 
Me, ref 10 and Olah, G. A.; Westerman, P. W. J. Am. Chem. SOC. 1973, 
95, 7530-7531. (c) 19F NMR shifts atpara-position of phenyl cations; 
c - C ~ H ~  > Ph > Me, Volz, H.; Shin, J.-U.; Streicher, H . J .  Tetrahedron 
Lett. 1976, 1297-1300. (d) 19F, 13C, lH chemical shifts of C-6 of 142- 
naphthy1)ethyl cations; C-CBHS > Ph > Me, Kitching, W.; Adcock, W.; 
Aldous, G. J. Org. Chem. 1979,44, 2652-2658. (e) 19F of cyclopropy- 
lcarbinyl fluorides, Ph > c-C~HI > vinyl, Noe, E. A.; Young, R. M. J. 
Am. Chem. SOC. 1982, 104, 6218-6220. (D Ion cyclotron resonance 
spectroscopy of isodesmic hydride transfer reactions, Wolf, J. F.; Harch, 
P. G.; Taft, R. W.; Hehre, W. J. J. Am. Chem. SOC. 1975, 97, 2902- 
2904, Ph > c - C ~ H ~  > Me for primary and secondary cations, but Ph - 
c - C ~ H ~  for tertiary cations. 
(20) Olah, G. A.; Liang, G. J. Am. Chem. Soc. 1976,97,1920-1927. 
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Table 1. 13C NMR Parameters of Cations and Model Compoundsa 
position temp, 

compound "C 1 2 3 4 , 8  5, 7 6 CH3 
20.5 (d, 165) 56 20.5 (d, 165) 210.3 (9) 

86 -70 29.3 (d, 1801, 234.0 26.7 (t, 171), 

1 Ob -70 45 277 45 38 

10.4 ( t ,  165) 

29.0 (d, 176) 24.6 (t, 171) 
38 

277.3 (s) 36.2 (d) 35.2, 39.0 30.1 (q, 131) a, a' -120 45.2 (d, 177) 
(t, 173, 173) 

C 45.9 (d, 177) 276.3 (9) 45.9 (d, 177) 38.5 (t, 173) 19.7 (q, 131) 
11 20.2 (d, 169) 206.8 (s) 20.2 (d, 169) 12.3 (d, d, 161,8) 11.2 (d, 165) 20.9 (t,  129) 
15 -110 42.8 (d, 180) 266.8 (s) 42.8 (d, 180) 43.2 (t, 174) 19.2 (d, 170) 23.1 (t, 133) 35.2 (q, 131) 
16 23.7 (d, 164) 206.9 (5) 23.7 (d, 164) 15.7 (t, 162) 22.2 (d, 162) 18.0 (t, 128) 
20 -110 44.0 (d, 176)' 250.9 (s) 44.0 (d, 176Y 43.0 ( t ,  174) 80.9 (d, 172) 22.8 (t, 125) 35.9 (q, 134) 

25 -100 68.7e (d, 175) 50.2 f (d ,  182) 248.2 (9) e f 68.7 (d, 175) 1 9 . 9  (dd, 130, 33.4 (q, 130) 

27d -80 41.2, 40.4 (d, 188) 28.5, 27.4 (d, 198) 247.4, 247.6 (9) 38.3, 39.4 36.1, 36.6 
(d, 161) (t, 141) 

0 13C-1H coupling constants, f 2  Hz unless otherwise specified, in parentheses. 

25.8 (d, 167) 17.28 (t, 130) 21 25.8e (d, 167) 28.2 f ( d ,  172) 206.7 (s) e f 
135) 

Reference 11. Numbering scheme allows comparison 
with polycyclic systems. f 4  Hz. d The first chemical shift given is that  of the more intense signal (major isomer). e C1,5,6,8. fC2,4. g C7,9. 

probably not sensitive to OH orientation since they are 
the same in 27 but different in 8 (Table 1). 

Q4 

O +  
H' 

27a 

+O-H 

27b 

Tricyclo[5.1.0.0]octanyl Cations 15 and 20. Very 
careful dissolution of alcohol 13 in FS03WS02ClF at  
-120 "C also produced a pale yellow solution containing 
cation 15, the coupled 13C NMR spectrum of which was 
suficiently clean to allow measurement of all couplings 
(Table 1). However, this cation could never be prepared 
without accompanying impurities and, furthermore, it 
was very sensitive to treatment with any of the super- 
acids and to temperatures above -100 "C. Quenching 
of the solutions containing 15 with various nucleophiles 
only produced complex mixtures of products. Decomposi- 
tion occurred steadily above -110 "C. From the C1,3 

couplings of 11 and 15, AJ has been determined as  11 
Hz . 

Examination of Dreiding models of cation 15 indicates 
that a t  any one time only one cyclopropyl ring can adopt 
the bisected conformation ( 6  = 90'1, the other C-H 
dihedral angle being substantially less. The only con- 
formational change available to the cation is a boat-to- 
boat interconversion, which merely swaps the orientation 
of the two cyclopropyl groups. Since the two a-carbons 
are equivalent, the value of JCH must represent an 
average of the two 13C-lH interactions. As in the case 
of the dicyclopropylmethylcarhinyl cation 10 discussed 
above, application of the AJ equation yields a value of 
ca. 30" for the other dihedral angle if one is held a t  90" 
in the bisected conformation (AJ = 22 Hz for go", ca. 0 
Hz for 30"). These angles are consistent with those 
obtained from molecular models. 

The observation of the same value of AJ for both 
cations 10 and 15 presents a problem, since in ion 10 
rotation about the C+-C, bonds can provide four bisected 
conformations, lOa,a',b,c whereas this is not possible in 
15. Therefore, either cation 10 has a similar conforma- 
tional structure to 15 with two different dihedral angles 
of 90" and 35", or it has a double-bisected conformation 
with greater charge delocalization into the second cyclo- 

propyl ring. The marked difference in stability of the two 
cations supports the latter interpretation. 

The syn-cation 20 was generated in a similar fashion 
(from precursors 18) and gave an  excellent spectrum a t  
- 110 "C from which the coupling constants were readily 
obtained; at  15 Hz the AJ value is slightly higher for this 
cation. In this syn-cation both dihedral angles are 
restricted to the same value. Nevertheless, different 
conformations are possible. In 20c the nonbonding in- 
teractions of the endo-protons H4, Hs are minimized and 
the dihedral angles are ca. 30". The double-bisected 
conformation (el = O2 = 90") 20a involves considerable 
nonbonding interaction between the endo-protons. The 
observed AJ value of 15 Hz for 20 is not consistent with 
20c (AJ predicted = 0 Hz) but is consistent with a more 
or less face-to-face arrangement similar to a but with 
lower angles, as shown in 20b. Equation 1 gives an angle 
of 62" which would flatten the cyclohexyl ring and relieve 
the nonbonding interaction of the endo H4, Ha protons. 
Charge delocalization into the cyclopropyl rings, as 
proposed for 10 would be substantially reduced. 

20a (e ,  = e2 = 900) 

Tetracyclo[3.3.1.0.0lnonanyl Cation 25. Finally, 
the tertiary triasteryl alcohol 23 was ionized cleanly in 
FS03WS02C1F a t  -120 "C to yield cation 25, the 13C 
spectrum of which exhibited five sharp peaks (Table 1). 
Use of lJc2~ of 182 Hz obtained from the coupled 
spectrum and that for triasterone 21 yielded a AJ value 
of 10 Hz. In cation 25, conformational mobility is not 
possible with both dihedral angles fixed a t  90". The 
observed value of 10 Hz for AJ is consistent with this 
structure where charge delocalization into both cyclopro- 
pyl groups occurs and eq 2 applies. 

Cationic Carbon Shifts. 13C chemical shifts of 
cationic carbons have been used as a measure of charge 
density in closely related series of cations.21a22 If charge 
delocalization occurs as a result of conformational changes 
as suggested above, then these changes should be re- 
flected in the cationic carbon shifts. 

Replacement of a methyl group in the tert-butyl cation 
by a phenyl group results in massive shielding of ap- 

20b (e ,  = e2 = 620) 20c (e, = e2 = 30") 
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proximately 80 ppm of the cationic carbon.23 Replace- 
ment of a second methyl group causes a somewhat 
smaller, but still significantly large change (Ad - 56 
ppm). In the 1,l-diphenyl-1-ethyl cation, both phenyl 
groups can be almost planar with the cationic carbon thus 
providing close to maximum conjugative s t a b i l i z a t i ~ n . ~ ~  

Replacement of a methyl group in the tert-butyl cation 
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by a cyclopropyl moiety also causes a large shielding of 
the cationic carbon (Ad - 54 ppm)26,26Ja but a second 
cyclopropyl group (to give 10) results in only a trivial 
change (Ad 5 ppm). This result, together with that 
for the 1-cyclopropyl-1-phenylethyl cation, could be in- 
terpreted in terms of superiority of the phenyl group in 
the stabilization of charge or of a conformation in which 
only one cyclopropyl group is in the bisected orientation. 
However, consideration of the data for the internal 
cyclopropylcarbinyl cations provides an  alternative ex- 
planation as outlined below. 

(21) Brown, H. C.; Periasamy, M.; Kelly, D. P.; Giansiracusa, J. J. 
J. Org. Chem. 1982, 47, 2089-2101. Kelly, D. P.; Jenkins, M. J. J. 
Org. Chem. 1984,49, 409-413 and references therein. 
(22) This point has also been discussed in the papers cited in ref 

19. In closely related series of aryldialkyl, diarylalkyl, and benzyhydryl 
cations, cationic carbon chemical shifts often correlate linearly with 
Hammett type substituent constants with some deviations occurring 
in some cations with strong electron-demanding substitents. Several 
research groups, including our own, have published extensively on "the 
tool of increasing election demand", for examples: (a) Olah, G. A.; 
Prakash, G. K. S.; Farnum, D. G.; Clausen, T. P. J. Org Chem. 1983, 
48,2146-2151 and references therein. (b) Giansiracusa, J. J.; Jenkins, 
M. J.; Kelly, D. P. Aust. J. Chem. 1982, 35, 443-450 and references 
therein. (c) Brown, H. C.; Periasamy, M.; Kelly, D. P.; Giansiracusa, 
J. J. J. Org. Chem. 1982, 47, 2089-2101 and references therein. (d) 
Forsyth, D. A.; Panyachotipun, C.; Pan, Y.; Moussa, A. M.; Youseff, 
A.-H. A. J. Org. Chem. 1990, 55, 5375-5386 and references therein. 
(23) In order to  overcome uncertainties in the use of individual 13C 

shifts, Olah and Schleyer have proposed a classification scheme for 
cations based on the difference between total 13C shifts of the cation 
and a neutral (model), Schleyer, P. v. R.; Lenoir, D.; Mison, P.; Liang, 
G.; Prakash, G. K. S.; Olah, G. A. J .  Am. Chem. SOC. 1980,102,683- 
691. 
(24) Kelly, D. P.; Brown, H. C. Aust. J. Chem. 1976,29, 957-965. 
(25) The fact that the Ad value is less than that for replacement by 

phenyl was used to argue that the relative stability of phenyl was . _ _  
greater than cyclopropyl, ref 19b. 

Chem. SOC. 1974,96, 6794-6796. 
(26) Olah, G. A.; Liang, G.; Babiak, K. A,; Murray, R. K. J .  Am. 

The cationic carbon of 2827 is also shielded by ca. 57 
ppm from that  in l-methylcyclohexy128 to a value not 
dissimilar to that  for 10, yet only has one cyclopropyl 
group. Addition of a second cyclopropyl group, as in 15, 
which cannot attain the favored bisected arrangement, 
causes a trivial shift of 5 ppm. A similar shift in the 
isomeric syn-dicyclopropylcarbinyl cation 20, may also be 
interpreted in terms of a conformation in which both 
cyclopropyl groups cannot adopt a completely bisected " W  
(face-to-face) arrangement. 

Cation 25, where no other possibility but the face-to- 
face arrangement exists, has a very low cationic shift (ca. 
248 ppm), which is substantially less than 10 (by 29 
ppm), 15 (by 19 ppm), and 28 (by 24 ppm). As expected 
for a dication, 29 has a large value of dc+, between that 
for 1-methylcyclohexyl and 1 (R = CH3).29 

The additional stabilization provided by enhanced 
delocalization of charge in 25, and to a lesser extent in 
20, is also evidenced by the fact that  the ,&carbons are 
deshielded with respect to the a-carbons while the 
reverse applies in 10 and K 3 0  

Conclusions 

Within experimental error, the A J  values for all four 
cations (10, 15,20, and 25) are in a range of 10-15 Hz, 
approximately one-half of that  estimated from the A J  
equation for a bisected arrangement (6 = 90"). The 
relatively low value of A J  for the conformationally mobile 
cation 10 may be due to its predominant conformers 
being either those with only a single bisected structure 
(with dihedral angles of 90" and 30" as proposed in case 
of 15) or those with doubly bisected structures with 
additional charge delocalization in to the second cyclo- 
propyl group. Comparison of cationic carbon shifts 
support the former interpretation, but calculations, X-ray, 
solvolysis, and other superacid studies support the latter. 
Neither A J  nor &+ values are able t o  determine the 
precise conformation of this unconstrained cation. 

In the conformationally constrained cation 20, the low 
value is due to an  intermediate conformation 20b in 
which both dihedral angles are 62" (bisected), which is a 
compromise between 20c and a doubly-bisected arrange- 
ment 20a and its resulting (unfavorable) H4-H8 endo 
interactions. The latter is the only conformation avail- 
able to the 3-methyltriasteryl cation 25. 

Thus, in the case of cation 25 (and probably 10) the 
reduced value of A J  is due to charge delocalization into 
the two cyclopropyl groups (eq 2 applies), while in cation 
20 it is due to reduced dihedral angles and in 15 it  is 
due to two different dihedral angles, 90" and 30" (eq 1 
applies). 

Experimental Section 

General Procedures. Melting points were determined on 
a Kofler hot-stage microscope and are uncorrected. Mi- 
croanalyses were carried out by AMDEL Microanalytical 
Service, Melbourne. Chromatographic filtrations were per- 
formed using thin layer chromatographic (TLC) grade silica 
gel (Merck Kieselgel GF254) or alumina (aluminium oxide 

(27) Olah, G. A.; Prakash, G. K. S.; Rawdah, T. N. J. Org. Chem. 

(28) Kirchen, R. P.; Sorensen, T. S. J. Am Chem. SOC. 1978, 100, 
1980,45,965-969. 

1487-1494. 
(29) Prakash, G. K. S.; Fung, A. P.; Rawdah, T. N.; Olah, G. A. J .  

Am. Chem. SOC. 1986. 107,2920-2923. 
(30) Cation 15 exhibits significantly shielded &carbons (19.2 ppm) 

compared with all the other cations (Table 1). 
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GF254). Capillary gas liquid chromatographic (GLC) analyses 
were carried out using a Hewlett-Packard 5890A gas chro- 
matograph fitted with a 15 m x 0.25 mm (i.d.1 DB5 DURA- 
BOND 0.25 pm capillary column supplied by J&W Scientific. 
A nitrogen flow rate of 15 mumin was used, and the chro- 
matograph was interfaced with an HP3394A reporting inte- 
grator. High performance liquid chromatography (HPLC) was 
conducted using an ISCO Model 2350 pump, and peaks were 
detected using an ERMA ERC-7512 ultra-high sensitivity 
refractive index detector connected to  a Spectra Physics 
reporting integrator. Infrared spectra were recorded as potas- 
sium bromide disks or as thin liquid films between sodium 
chloride plates by using a Perkin-Elmer 983G spectrophotom- 
eter. Mass spectra were recorded on a V. G. Micromass 70/ 
70F high resolution mass spectrometer at an ionizing potential 
of 70 eV. Generally only ions of intensity greater than 10% of 
the base peak are quoted. Proton and carbon nuclear magnetic 
resonance (NMR) spectra were recorded on JEOL FX-100, FX- 
9OQ, or GX-400 spectrometers unless otherwise stated. Proton 
(hO.01 ppm) and carbon ( f O . l  ppm) chemical shifts were 
measured from internal Me& at probe temperature for 
solutions (CDC13) of neutral compounds and from external Mer- 
Si for cationic solutions. For the latter, field stabilization was 
provided by internal CD2C12, by a concentric capillary of 
acetone-de containing Mersi, or by an external 7Li lock. At 
temperatures below -100 "C, the GX-400 was run unlocked 
and signals were referenced to internal CHzClz taken as 6 54.8 
from TMS. Proton-coupled 13C NMR spectra were obtained 
by the normal gated decoupling technique with a minimum 
50% duty cycle. Coupling constants (12 Hz) were measured 
by hand from expanded plots (18 Hz cm-'1. Assignments of 
'H and 13C NMR spectra for alcohols 13 and 18 were made 
with the aid of normal 2D spectra, HH and CH COSY and 
DIFNOE experiments. Force field calculations were performed 
with PCMODEL (Serena Software) and CVFF (Discover, 
Biosym). 

Synthesis. l,l-Dicyclopropylethanol(7a). Dicyclopro- 
pyl ketone (5) was treated with methyllithium in diethyl ether 
to  afford 7a as a colorless oil (80%): bp = 74 "C (oven)/l2 
mmHg [lit.31 bp = 56.6-60 "CAO mmHg1; IR (film) 3580, 1018 
cm-'; I3C NMR 6 69.8 (s), 25.6 (q, J = 127 Hz), 20.3 (d, J = 
159 Hz), 0.45 (t, J = 159 Hz), 0.02 (t, J = 159 H Z ) . ~ ~  
1,l-Dicyclopropyl-1-methoxyethane (7b). Treatment of 

alcohol 7a with NaH and iodomethane in anhydrous THF 
under conditions specified elsewhere33 gave, after workup, the 
title compound as a pale yellow oil: 13C NMR 6 75.1 (s), 49.4 
(q), 18.1 (q), 17.8 (d), 0.87 (t), 0.67 (t).32 
(la,3~,5/3,7a)-Tricycl0[5.1.O.O~~~]octan-2-one (1 1). Chro- 

mium trioxide (37 g, 0.37 mol) was suspended in dichlo- 
romethane (315 mL) at -20 "C under nitrogen, and 3,5- 
dimethylpyrazole (35.6 g, 0.37 mol) was added in one portion. 
After the mixture had stirred for 15 min at -20 "C 
( la,3~,5~,7a)-tricyclo[5.1.0.03~5]wtane (26b)Ik (2.0 g, 18.5 "01) 
was then added. The reaction mixture was stirred for 3 h 
while maintaining an internal temperature of -15 to -20 "C. 
Aqueous NaOH (315 mL of a 5 M solution) and ether (630 mL) 
were added, and the mixture was stirred for 1 h in an ice- 
water bath. The phases were separated, the aqueous phase 
was extracted with ether (2 x 200 mL), the combined organic 
phases were washed with aqueous HCl(3 x 100 mL of a 2 M 
solution), water (2 x 100 mL), and brine (1 x 100 mL) and 
then dried (MgS041, filtered, and concentrated under reduced 
pressure to  give a light yellow oil. This crude product was 
distilled (bulb-to-bulb) to give the title ketone l112J4c as a 
colorless oil (1.2 g, 55%): bp = 120 "C (oven)/20 mmHg; 'H 
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NMR (400 MHz) 6 2.13 (m, 2H), 1.47 (m, 2H), 1.29 (m, 2H), 
1.17 (m, 2H), 0.66 (m, 2H); 13C NMR see Table 1. 
~la,3~,5~,7a)-2-Methylt~cyclo[5.1.0.09~5]octan-2-ol (13). 

To a solution of ketone 11 (1.0 g, 8.2 mmol) in ether (45 mL) 
maintained at 0 "C under nitrogen was added methyllithium 
(6 mL of a 1.4 M solution in ether, 8.4 mmol) dropwise over 
10 min with stirring. The reaction mixture was stirred for a 
further 0.5 h at 0 "C and then for 1 h at room temperature, 
before being transferred to a separating funnel with the aid 
of additional quantities of ether (10 mL). Ice-water (ca. 100 
mL) was added, the phases were separated, and the aqueous 
phase was extracted with ether (1 x 50 mL). The combined 
organic phases were dried (MgSOd), filtered, and concentrated 
under reduced pressure to give an oil which was distilled (bulb- 
bulb) to give alcohol 13 as a colorless oil (1.0 g, 88%): bp = 
100 "C (oven)/5 mmHg; IR (film) 3380, 3003 1125 cm-l; 'H 
NMR (400 MHz) 6 2.00 (ddd, J = 14.4, 7.3 and 3.2 Hz, lH, 

1.60 (dt, J = 14.4 and 4.4 Hz, lH, Heexo), 1.44 (s, 3H, 
CH3), 1.36 (brs, lH, OH), 0.85-0.90 (m, lH, H3 or Hl), 0.77- 
0.85 (m, lH, H5 or H7), 0.68-0.76 (m, lH, H7 or H5), 0.62- 
0.68 (m, lH, H1 or H3), 0.55-0.61 (m, lH, Haexo or Hrexo), 0.48 
(dt, J = 4.9 and 8.3 Hz, lH, H4exo or Hsexo), 0.30 (dt, J = 5.0 
and 5.0 Hz 1H Haendo), 0.24 (dt, J = 5.0 and 5.0 Hz lH, Hlendo); 

21.5 (t, J = 128 Hz, C6), 20.1 [d, J = 179 Hz, C3(1)1, 18.2 [d, 
J = 161 Hz, C1(3)], 8.1 [t, J = 160 Hz, C8(4)], 7.9 [d, J = 163 

(811; MS (10 eV) mlz  138 (M+,  11, 123 (loo), 120 (lo), 97 (351, 
94 (20). Anal. Calcd for CgH140: C, 78.2; H, 10.2. Found: 
C, 78.0; H, 10.3. 
(la,3a,5a,7a)-Tricyclo[5.1.0.03~5]octan-2-one (16). To a 

stirred solution of the alcohol 1712 (74 mg, 0.59 mmol) in 
dichloromethane (3.0 mL) were added pyridinium chlorochro- 
mate (320 mg, 1.50 mmol) and sodium acetate (122 mg, 1.50 
mmol) in one portion. The reaction mixture was stirred under 
nitrogen at room temperature for 3 h and then diluted with 
ether (3 mL), and the resulting mixture was filtered through 
a 5 cm deep bed of TLC grade silica gel. The chromium salts 
were washed with 1:l etheddichloromethane (4 x 80 mL). The 
combined filtrates were then dried (MgS04) and carefully 
concentrated under reduced pressure to yield ketone 1612 (56 
mg, 78%) as a pale yellow oil: Rf = 0.3 (CHZC12); IR (film) 1670 
cm-'; 'H NMR (400 MHz, CDC13) 6 2.20-2.35 (m, 2H, He), 
1.75-1.83 (m, 4H, HI 71,  1.20-1.25 (m, 2H, H4,8exo), 0.93- 
0.98 (m, 2H, H4,aendo); 13C NMR see Table 1; MS (70 eV) m / z  
122 (M+,  35),79 (46), 68 (46),54 (100); HRMS [M+], 122.0733; 
CaHloO requires [M+], 122.0732. 

In the second method for the preparation of the title ketone, 
a 6:l mixture of (la,3/?,5~,7a)-tricyclo[5.1.0.03~5]octane and 
(la,3a,5a,7a)-tricyclo[5. 1.0.03~510ctane17 (433 mg, 4 mmol) was 
oxidized with the chromium trioxide/3,5-dimethylpyrazole 
complex16 using the same procedure as detailed above for the 
preparation of (la,3P,5P,7a)-tricyclo[5. 1.0.03~510ctan-2-one (11). 
Capillary GLC analysis of the crude product showed that the 
anti-ketone 11 was produced at 75% conversion while the syn- 
ketone 16 was produced at 299% conversion. The crude 
product was subjected to HPLC [1:3 EtOAchexane elution, 
Waters p-Porasil semipreparative column (P/N 841751, flow 
rate SmIJmin] which afforded two main fractions. 

Concentration of the fractions containing the more mobile 
component ( t ~  = 17.9 min) afforded anti-ketone 11 (207 mg, 
49% isolated yield or 66% at 75% conversion) which was 
identical in all respects to  material obtained earlier. 

Concentration of the fractions containing the less mobile 
component ( t ~  = 21.3 min) afforded ketone 16 (37 mg, 53% 
isolated yield or 53% at 100% conversion), identical in all 
respects with the material obtained earlier. 

(la,2a,3a,Sa,7a)- and (la,!2/3,3a,5a,7a)-2-Methyltricyclo- 
[5.1.0.03*5]octan-2-ol (18). Methyllithium (0.5 mL of a 1.0 M 
solution in ether) was added dropwise to a stirred solution of 
ketone 16 (48 mg, 0.39 mmol) in ether (2.0 mL) maintained 
at 0 "C under nitrogen. The resulting solution was allowed 
to  stir at 0 "C for 30 min, and then at room temperature for a 
further 1 h. The reaction mixture was transferred to a 
separating funnel with the use of additional ether (10 mL), 
and ice (ca. 50 mL) was added slowly. The resulting solution 

13C NMR (100 MHz) 6 67.4 (s, C2), 32.3 (9, J = 128 Hz, CH3), 

Hz, C7(5)1, 6.4 [d, J = 163 Hz, C5(7)1, 6.2 [t, J = 160 HZ C4- 

(31) Nishida, S.; Fujioka, T.; Shimizu, N. J.  Orgunomet. Chem. 1978, 
156, 37-44. 

(32) Both the alcohol 7a and its methyl ether 7b exhibit nonequiva- 
lent methylene carbon signals presumably due to symmetry consid- 
erations (C2 prochiral center), Jennings W. B.; Chem. Rev. 1976, 75, 
307. The integrity of the cyclopropyl ring was confirmed by INAD- 
EQUATE experiments which showed the connectivity of the methine 
and the two methylene carbons. 

(33) Banwell, M. G.; Collis, M. P.; Mackay, M. F.; Richards, S. L. J .  
Chem. Soc., Perkin Trans. 1 1993, 1913-1920. 



l3C-lH Coupling Constants in Carbocations 

was washed with ether (2 x 50 mL), and the combined organic 
phases were dried (MgS04), before being concentrated under 
reduced pressure to yield a ca. 6:l mixture of the title 
compounds 18 (28 mg, 52%) as a pale yellow oil: R f =  0.2 (CH2- 
Clz); lH NMR (400 MHz, CDC13) 6 (major isomer) 2.12 (dt, J 
= 14.6 and 6.1 Hz, lH, 2.02 (dt, J = 14.6 and 1.2 Hz, 
lH, 1.56 (9, 3H), 1.26 (br s, lH, OH), 1.03-1.13 (m, 
2H, H5,7), 1.06 (dt, J = 5.4 and 9.0 Hz, 2H, H1,3), 0.34 (dt, J = 
5.4 and 9.0 Hz, 2H, H4,8exo), 0.22 (dt, J = 5.4 and 5.4 Hz, 2H, 
H1,gendo); 13C NMR (100 MHz, &-acetone) 6 (major isomer) 67.0 
(s, C2), 34.7 (9, J = 125 Hz, CH31, 23.7 (d, J = 161 Hz, C5.71, 
19.3 (t, J = 127 Hz, C6), 14.2 (d, J = 161 Hz, CI,~), 9.3 (t, J = 
157 Hz, C4.8); MS m / z  (70 eV) 123 [ (M+ - CHd, 261,120 (191, 
105 (52), 97 (881, 95 (291, 91 (74), 79 (921, 77 (53), 43 (100); 
HRMS [ M +  - CH3], 123.0809; C&40 requires [Mi  - CH31, 
123.0810. 
3-Methyltetracyclo[3.3.1.02~8.04~61nonan-3-ol (23). Meth- 

yllithium (1.1 mL of a 1.5 M solution in ether) was added 
dropwise at 0 "C to a solution of ketone (108 mg, 0.8 mmol) 
in anhydrous ether (5 mL). The mixture was stirred for 3 h 
and then worked up as described above for the preparation of 
compound 18. The resulting solid was recrystallized (pentane) 
to give alcohol 23 (830 mg, 70%) as colorless plates: mp = 
59-61 "C; IR (KBr) 3312,1126,1106,941 cm-l; 'H NMR (400 
MHz) 6 2.16-2.22 (m, 3H), 1.98 (br d, lH), 1.8 (vbr s, IH, OH), 
1.41 (s, 3H, CH3), 0.86-0.92 (m, 6H); 13C NMR (100 MHz) 6 

C2, 41, 16.6 (t, J = 128 Hz), 16.0 (t, J = 128 Hz), 13.2 (d, J = 
161 Hz), 11.3 (d, J = 163 Hz); MS (70 eV) m / z  135 [(M+ - 

135.0809; C10H140 requires [ M +  - CHJ, 135.0810. 
Generation of Cations. Method A. Approximately 20 

mg of the appropriate alcohol contained in a 5 mm NMR tube 
was dissolved in CHzClz or CDzClz (0.1 mL) and the resulting 
solution cooled to -120 "C (Ndpentane slush). Precooled (-80 
"C) FS03H:S02C1F (1:l) solution was added (ca. 0.4 mL) and 
the tube cooled to -120 "C. The components were made 
homogenous by rapid vortex mixing while maintaining the 

69.6 (s, C3), 30.8 (9, J = 126 Hz, CH3), 21.7 (d, J = 163 Hz, 

CH3), 1001, 132 (71), 117 (781, 91 (40); HRMS [ M +  - CH31, 
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temperature at ca. -120 "C. Clear yellow solutions resulted 
except in the case of 16, where a darker red-brown solution 
was obtained. 

Method B. The precursor alcohol was dissolved in ,502- 
C1F and added dropwise at  < O  "C to the FS03WS0&1F (1:l) 
mixture at -120 "C with rapid vortex mixing. 

In the case of cation 10, the ion solution was quenched by 
addition to a rapidly stirred solution of NaOMe in MeOH at 
-78 "C. Neutralization, extraction with pentane, drying, 
evaporation and radial chromatography (dichloromethane: 
ether, 1:9) afforded 1,l-dicyclopropyl-l-methoxyethane 7b, 
identical to authentic material. 
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