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ABSTRACT. The relative stability as a function of geometry in rigid cyclopropylcarbinyl cations
was examined by ¥F-nmr spectroscopy. 8-p-Fluorophenyl-tricyclo[3.3.1.0%"Joctane-8-yl-(I),
9-p-fluorophenyl-tricyclo [3. 3.1.0%% nonane-9-yl-(II), and 10-p-fluorophenyl-tricyclo[4. 3. 1. 0>?]
decane-10-yl cation(III) were prepared from the corresponding carbinols in FSO;H-SO,CIF soulu-
tion at —120°C.
ring for o-conjugation is a very important factor in charge delocalization.
orientation of the bond angle @ within the bisected conformation does not affect the charge
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F-nmr data indicate that the symmetrical bisected geometry of cyclopropane

However, varied

delocalization into the cyclopropane ring.

carbon atoms of the cyclopropane ring®.

1. INTRODUCTION

The renowned conjugative interaction of
cyclopropane ring with cationic center continues
to be demonstrated impressively. Cyclopropyl-
carbonium ions are unusually stable2. The fast
rate of solvolysis of cyclopropylearbinyl deriva-
tives was originally attributed to the stabiliza-
tion accompaning the formation of a through

space o-conjugation with one or both of the far

Rhodes suggested that the angle of the orienta-
tion of the cyclopropane ring to the developing
cation center exerted a larger influence on rates
of solvolysis in the rigid cyclopropylearbinyl
systems?.

From results of many experimental studies and
theoretical calculations, it is clear that the
bisected conformation of a cyclopropyl carbinyl
cations is energetically favored over the perpen-
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dicular conformation®. For example, the rigid
geometry of 3-nortricyclyl derivatives forces
them to exist in the bisected arrangement.
Comparing the rate of solvolysis® and results of
nmr studies for 3-nortricyclyl cation” with 7-
norbornyl derivatives, 3-nortricyclyl systems
are known to be enormously more reactive than
the 7-norbornyl systems.

In view of these observations, we were in-
terested in examining the relative stability of
rigid cyclopropyl-carbinyl cations with varied
bond angle (#) between the plane of cyclopro-
pane ring and the bond connecting cyclopropane
ring to the cationic carbon. In order to examine
the structural effect on relative stability, we
prepared and studied 8-p-fluorophenyl-tricyclo
[3.2.1.0>7] octan-8-yl-(I), 9-p-flucrophenyl-
tricyclo [3. 3. 1.0%%] nonan-9-y1(II), and 10-p-
fluorophenyl-tricyclo [4. 3. 1. 0] decan-10-yl
cation(III) by using *F-nmr spectrometer in
FSO;H-SO,CIF in temperature range —125°C
to —60°C.
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2. RESULTS AND DISCUSSIONS

The carbinols were synthesized by the reac-
tion of the Grignard reagent, p—fluorophenyl-
magnesiumbromide, with corresponding ketones
in absolute ether. Preparation and identification
of carbinols are described in the Experimental
Section. Carbonium ions were prepared from
related carbinols using the following general
procedure; a solution of a pure carbinol in
deuterated methylene added
dropwise into the mixture of fluorosulfonic acid
and sulfuryl chloride fluoride (SO.CIF) (1:5, V/
V) at —120°C using a special cation genera-

chloride was

tion apparatus. The nmr specta of carbonium
ions did not change from —120°C to —30°C

and were recorded at —60°C.

At —60°C the H-nmr spectrum of ion I
shows different groups of protons with chemical
shift at 6 2.4(H;, Hy) as double singlet, 2.8
(Hg) as multiplet, 4.2(H, H;) as multiplet, 4.4
(Hp) as broad singlet, 4.7(H;) as multiplet,
7.8(Hm) as triplet and 8.4(Ho) as broad
multiplet. The signals for protons of the ion
shifted downfield compared with those of the
correspondiog carbinol. a con-

siderably downfield shift of H;, H, and H; in

cyclopropane ring means that more positive

Particularly,

charge is distributed over cyclopropane moiety

in cation I.

The H-nmr spectrum of ion II was recorded
at —60°C. The nmr signals of the different
groups of protons appear at § 2.4 (Hs, Hy, He, H,)
as broad singlet, 3.8(Hs) as singlet, 4.2(H))
as triplet, 4.7(Hz;, Hg) as doublet, 7.5(mo) as
triplet and 8.3(Ho) as double doublet. Protons
(H, Hp, Hy)

shifted also considerably downfield relative to

in cyclopropane ring in ion II

the corresponding carbinol, and this may be
attributed to an effective charge delocalization
into adjacent cyclopropane ring.

The 'H-nmr spectrum of ion III was also
recorded at —60°C. The nmr signals of H, H,
H;, H; and Hg appear at § 2.3 as complex mul-

tiplet. Protons Hy, H; and Hj in cyclopropane
ring give rise to signals at § 4.4 and 4.9 as
broad multiplet, also shifted downfield com-
pared to those of other protons. Comparing 'H-
chemical shifts of cyclopropylcarbinyl cation
with each other, it is strongly suggested that
these cations have similar electronical structure
in terms of charge delocalization over cyclo-
propane ring. However, it was difficult to
correlate the degree of charge delocalization

with different bond angle (6) by H-nmr spe-
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ctroscopy.

An important evidence for relative stability
as a function of bond angle (#) in rigid cyclo-
propylcarbinyl cations can be obtained from °F-
nmr data. The ®F-nmr spectroscopy is advan-
tageous due to its greater sensitivity to electron
demands of the cationic center and immediate
surroundings. The F-nmr spectra for ions
shows in Fig.2, and
—60°C

The chemical shift of the fluorine atom in
ion I appear at 6§ —79.7, inion II at § —84.2
and in ion III at & —85.3. The signal of

spectra was recorded at

the fluorine atom in ion III appear cosiderably .,

upfield (5.6ppm) compared to that of ion I,
suggesting more effective charge delocalization
by adjacent cyclopropane ring. In other words,
the value of 9F-chemical shifts in p-fluoro-
phenyl substituted carbonium ions provides the
information about degree of charge delocaliza-
tion into phenyl ring.

Although both the ion II and 3-nortricyclyl
cation(IV) possess the same symmetrical bisected
conformation, the nmr signal of the fluorine
shifted considerably upfield

atomin ion II
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Fig.3. Cation was prepared in FSOsH-SO.CIF
solution, and chemical shifts give in part per
million from external CCIzF or computer analyzed
data.

(approximatly 10 ppm) compared to that of 3-
nortricyclyl cation. This result may suggest
larger charge delocalization into cyclopropane
ring in ion II than that of ion IV but the
difference in ring sizes should also be considered.

Thus, they should be compared with model
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cations with essentially identical ring sizes, and
their ®F-nmr data as well as Ad-value are
shown in Fig.3.

BF-nmr data for ion V, VI and VII had
been reported by Volz and co-Workers®.

Surprisingly, the 4d-value in case of the ion
IT is very similar to that of ion IV, in spite
of the difference in ring size of the two cation
species. Although the bond angle(d) in ion II
was varied by insertion of methylene in rigid
3-nortricyclyl framework, structure of ion II
must assume a symmetrically bisected conforma-
tion in the same manner as in the 3-nortricyclyl
cation (IV). Thus, the large 4d-value (19.4
ppm) in case of the ion II compared to that of
the ion I (12.6 ppm) is assumed to be due to
the considerably charge delocalization from ca-
tionic center into cyclopropane ring.

Recently, it has been demonstrated that the
bisected geometrye has been shown to be the
most favored for the interaction (¢-conjugation)
between exocyclic cyclopropane orbital and the
vacant p-orbital in cationic carbon.

In conclusion, the result of ¥“F-nmr studies
on relative stability in closely related series of
rigid cyclopropylcarbinyl cations confirm that
the symmetrically bisected geometry of the
cyclopropane ring is a very important factor to
stabilization of the cyclopropylcarbinyl cations
through o-conjugation. The bond angle(#) bet-
ween the plane of cyclopropane ring and the
bond connecting cyclopropane ring to the
cationic center appears to exert little influence
on the degree of charge delocalization into cy-

clopropane ring.
3. EXPERIMENTAL

General Procedures. All carbonium ion prec-
usors were characterized by IR, 'H-, 19-, and
BC-nmr, and mass spectra. Spectroscopic data
were determined on Perkin-Elmer 283 infrared

spectrophotometer and Schmidaz GC-MS LKB
9000 mass spectrometer. Nmr spectra were re-
corded on a Varian EM-360 or XL-100 spec-
trometer, TMS being used as internal standard,
and in CDCl; as lock. Cation solution were
made up to approximatey 10% concentration by
addition of the corresponding carbinol in CD.Cl;
to stirred fluorosulfonic acid and SO,CIF at
—120°C using ion generation apparatus. The
chemical shift in H-nmr spectrum of cations
were determined from referenced internal
CDyCl,(6 5.4) and '°F-chemical shift were
taken up from computer analyzed data.

(1) Synthesis of carbinols

(@ 8-p-Fluorophenyl-tricyele [3. 2. 1. 0>7]
octan-8-0l (I-A). Ethyl 3-cyclohexene-1-car-
boxylate(1). To a rapidly stirred mixture of 6.
8g (0. 05mole) of anhydrous aluminium chloride
and 50g (0. 5mole) of ethyl acrylate in 250ml of
dry benzene is bubbled butadiene for 5h. The
reaction temperature was maintained at 55~60°C
during bubbling of 1, 3-butadiene. After 5h the
reaction mixture was cooled, and then poured
into ice water and extracted with benzene. The
extract was washed once with water and dried
over magnesium sulfate. Solvent was removed
and residue was fractionated to yield 71.6g
(93%) of 1, bp 61°C/6mmHg, "H-nmr(CDCly) ;
0 1.2(t, 3H), 2.1(m, 7H), 4.0(¢, 2H), 5.6
(s, 2H)

3-Cyclohexene-1-yl diazomethylketone(2).
3-Cyclohexen-1-carboxylic acid was prepared by
hydrolysis of carboxylate 1 with ethanolic po-
tasium hydroxide. The reaction mixture was
The crude
product was obtained in 95% yield, bp 62°C/10
mmHg: H-nmr (CDCly); & 1.9~2.4(m, 7TH),
5.6(s,2H), 12(s,1H). To a stirred solution of
72 (0. 05mole)
acid in 70m! anhydrous benzene was added

worked up by wusual procedure.

of 3-cyclohexene-1-carboxylic

dropwise 10g of thionyl chloride. After addition
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the reaction mixture was
heated to reflux for 2h. Removal of the ben-
zene on a rotary evaporator gave 7g (86.5%) of
acid chloride as oil: H-nmr (CDCly); 6 2.2
(m,6H), 2.8(n,1H), 5.6(s,2H). To a strirred
etheral solution of diazomethane,
prepared from Diazald (Aldrich, D2, 800-0) and
potasium hydroxide

of thionyl chloride,

which was
in diglyme, was added
dropwise 7g of acid chloride in 20ml of absolute
ether. The reaction mixture was chilled in an
ice-bath prior to and during the addition of the
acid chloride,

allowed to stand overnight. Removal of solvent

and was stirred for 4h and

under reduced pressure gave crude diazomethy-

lketone 2 as a yellow oil: H-nmr(CDCly); &

1.6~2.4(m, 7H), 5.3(s, 1H), 5.6(s, 2H).
Tricyclo [3.2.1.0>7] octan-8-one(3). To a

refluxed suspension of 10g activated copper

added
dropwise the solution of 7g acid chloride in
60ml n-hexane. After addition of acid chloride

powder in 200ml of n-hexane was

2, the reaction mixture was heated to refluxed
for 4h. copper powder was removed from the
and n-hexane destilled. The

ketone 3 was purified by column chromotography

crude product

on silica gel using methylen chloride as eluent.
mp 41~42°C: 'H-nmr (CDCly); 6 1.65, 1.75,
1.95, 2.07, 2.17.
8-p-Fluorophenyl-tricyclo[3. 2. 1. 0>7]octan-
8-0l(I-A). To a stirred solution of the Grignard
reagent prepared from 4-bromofluorobenzene
(6.3g, 0.03mole) and magnesium turning (1.5g,
0.05mole) in absolute ether was added dropwise
the etheral solution of 3g(0. 023 mole) of ketone
3. After addition of ketone 3,

mixture was refluxed with stirring for 1h and

the reaction

cooled. The reaction mixture was poured into
ice-water and worked up by usual procedure,
and was obtained 6.5g(82%) of crude carbinol
I. The carbinol I was purified by column chro-
H-nmr (CDCly); ¢

matography on alumina.

Vol. 29, No,3, 1985
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1.10n,1H), 1.6(m,6H), 2.01(,2H), 6.89
(t,2H), 7.4(q, 2H) : ¥F-nmr(CDCl3); 6 —115.4.
IR(CCL) (cm™); 3600(s), 2940(s), 2870(s),
1600(s), 1500(s), 1350(s}, 1300(m), 1150(s),
1020(s), 920(w), 830(s).

@ 9-p-Fluorophenyl-trieyelo[3. 3. 1. 0>%]no-
nan-9-ol (II-A). A mixture of 50g (0. 49 mole)
and 55g (0.77mole) of
pyrrolidine in 150m! benzene was placed in

of cyclopentanone

250m! round bottom flask in Dean-Stark trap
and the solution was heated to reflux for 4h.
After the separation of water (theoretical amount
8.8m/) from

removed on

reaction mixture, solvent was

rotary evaporator Residue was
fractionated to yield 56g(83%) of 1-pyrrolidino
bp 88~90°C/15mmHg. A

solution of 56g (0.41 mole) of 1-pyrrolidino-1-

~1~-cyclopentene,

cyclopentene in 400m/ of dry dioxane was cooled
to —5°C in ice-salt bath. To the stirred chilled
solution was added dropwise 24g(0.43 mole) of
acrolein during 45 minute. The mixture was
allowed to stand overnight at room temperature,
and solvent was removed and residue was frac-
tionated to give 36g (45%) of 1-pyrrolidino-
bicyclo [3. 2. 1]octan-8one, bp 110~115°C/0.5
H-nmr (CDCly); 6 1.5~1.9(m, 12H),
2.0~2.2(2H), 2.2~2.7(5H).
solution of 36g (0.18 mole) of 1-pyrrolidino~
bicyclo [3.2.1] octan-8-one in 90m! of dry ether
was added 82g (0.63 mole) of methyl iodide in

one portion. The reaction mixture was allowed

mmHg:

To a stirred

to stand for 20h at room temperature. The solid
product was filtered to give 53g(85%) of 1-
pyrrolidino-bicyclo[3. 2. 1]Joctan-8-one-methiod-
ide. The mixture of 53g (0.16 mole) of me-
thiodide and 300mI of 20% aq.
hydroxide was refluxed for 5h. After cooling

potassium

the reaction mixture was diluted with 50m/ water
and washed with ether. The aqueous layer was
acidified with hydrochloric acid about pH 2.
The etheral extract was washed with 109% sodium
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thiosulfate and dried over magnesiumsulfate.
Solvent was removed and residue was frac-
tionated to gave 17g(77.3%) of 4-cyclohepten-
1-carboxylic acid, bp 137~139°C/12 mmHg:
IH-nmr(CDCly); 6 1.4~2.8(m,9H), 5.7(%,
2H), 10.6(s, 1H).

Tricyelo [3. 3.1. 028] nonan-9-one(3). The
ketone 5 was prepared from 4-cyclohepten-1-
carboxylic acid according to methods of previous
section. mp 126~128°C: 'H-nmr(CDCly); 6 1.5
~2.3(m,12H): IR(CCl) (em™); 3050(w),
2940(s), 2865(s), 1700(s), 1450(m), 1360(m),
1340(m), 1240(w), 910(m), 450(m).

9-p-Fluorophenyl-tricyclo[3. 3. 1. 0>%]nonan
-9-ol(III-A). The carbinol (II-4) was prepared
from Grignard reagent and ketone 5 in absolute
ether according to methods of previous section,
and purified by column chromatography on
alumina using methylene chloride as eluent.
H-nmr (CDCly); 6 1,1~1.5(m, 8H), 1.6(s,1H),
1.8(t, 1H) 2.1(m, 1H), 6.9(z,2H), 7.5(q,2H):
YE - nmr (CDCly) ;s 6 —115.3. IR(CCly) (em™);
3600(m), 2940(s), 2860(s), 1600(s), 1500(s),
1410(s), 1220(s), 1150(m), 1005(m), 840(s).

(3 10-p-Fluorophenyl-tricyclo [4. 3. 1. 0%]
decan-10-ol (I1I-A) :

Tricyelo [4.3.1.0%°] decan-10-one(6). The
ketone 6 was prepared from cyclohexanone
according to the meiods of previous sections.
IH-nmr(CDCly); 6 2.6(m,1H), 1.0~2.3(m,
13H): IR(CCl) (cm™V); 3000(m), 2920(s),
2850(s), 1680(s), 1460(m), 1445(m), 1360 (w),
1250 (w), 1150(w), 1040(w), 710(w),

10-p-Fluerephenyl-tricyclo [4. 3. 1. 0>°] dec-
an 10-0ol (III-A). The carbinol(I1I-A) was pre-
pared from the Grignard reagent and 2. 4g (0.01
mole) of ketone 6 in dry ether according to
the method of the previous section. The purifica-
tion of carbinol was performed by column chro-
matography on alumina, and gave 2.6g(75%).
H-nmr (CDCly) ; 6 0.9~1.4(m,3H), 1.4~2.4

(m, 12H), 6.9~(,2H), 7.6(g,2H): ®F-nmr
(CDCly); 6—116.06. IR(CCl) (cm™); 3600
(m), 2960(s), 1600(s), 1510(s), 1450(s), 1330
(w), 1220(s), 1100(s), 990(w), 920(w).
(2) Synthesis of carbonium Ions.
8-p-Fluorophenyl-tricyelof3. 2.1. 0> Joctan-
8-yl Cation(I). The cation (I) solution was
prepared from corresponding carbinol (I-A) by
a described method according to the general
The nmr
spectra were recorded at —80°C. H-nmr(CD,
Cly); d 2.32(4H), 2.84(m,2H), 4.2(m,2H),
4.4(m, 1H), 4.7(m, 1H), 7.44(z, 2H), 8.4(2H):
BF-nmr (CD,Cly) ; § —79.7.
9-p-Fluorophenyl-tricyelo[4. 3. 2. 0>%Inonan—
9-yl cation (II). The cation (II)was prepared
from casbinol (II-4), and the nmr spectra were
recorded at —60°C. H-nmr (CD,Cly); 6 2.4(m,
8H), 3.8(s,1H), 4.2, 1H), 4.7(d, 2H) 7.5(¢,
2H), 8.3(q, 2H): ¥F-nmr(CD,Cly); ¢ —8&4.2.
10-p-Fluorophenyl-tricyclo [4.3.1. 0>9] dec-
an-10-yl cation (III). The cation (III) was prep-
ared from carbinol (III-A), and the nmr spectra
were recorded at —60°C. *H-nmr(CD,Cly); 6 2.
3(m, 10H), 34.4(m,3H), 4.9(m,1H), 7.4(@,2
H), 8 (d.d,2H): ¥F-nmr (CD,Cly); 6 —85.3.

procedure in experimental section.

ACKNOWLEDGEMENTS

This work was supported by a grant from the
Ministry of Education, Republic of Korea [Grant
No. ED83-308].

REFERENCES

1. N. C. Deno, Progr. Phys. Org. Chem., 2,
129 (1964).

2. () C. U.Pittman Jr. and G. A. Olah, J. Amer.
Chem. Soc., 87, 2998; 5123 (1965); (b) N. C.
Deno and H. G. Richey, J. Amer. Chem. Soc.,
87, 4533 (1965).

3. (a) H.C.Brown and E. N. Peter, J. Amer. Chem.
Sec., 97, 1927 (1975); (b) H.C.Brown and M.
Ravindranathan, J. Amer. Chem. Soc., 99, 505

Journal of the Korean Chemical Society



£Fo2 19NMRS ol §% FzHez n4d Aolazzzgsley goles 494 g4 vz 219

Q977).

4. Y.E.Rhodes and V.C.DiFate, J. Amer. Chem.
Soc., 94, 7582(1972).

5. H.C.Brown, “The Nonclassical Ion Problem,”
Plenum press; New York, 1977

6. (a) H. G. Richey, Jr.,, and N. C. Buckley, J.
Amer. Chem. Soc., 85, 3057(1963); (b)L. Radom

Vol. 29, No. 3, 1985

and P.v.R.Schleyer, J. Amer. Chem. Soc., 94,
5935 (1972).

. G.A. Olah and G. Liang, J. Amer. Chem. Soc.,

97, 1920 (1975).
(@) H.Volz and R.Miess, Tetrahedron Letter,

1665 (1975); (b) H. Hettler Dissertation, Karlsuhe

(1978).



