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Abstract: A series ofp,p'-disubstituted 7-phenyl-7-(2-fluorophenyl)norbornabayg has been prepared, and

the barrier AG*) to 160 libration around the 2-fluoroaryl-norbornane bond has been measured by DNMR.
There is spectroscopic evidence of strong homoconjugative and charge-transfer (CT) interactions between
both aryl groups obxy. However, the relationship betwe&G* and the nature of the substituents X and Y

is accounted for only by electrostatic interactions between both aryl groups in the ground state as well as in
the transition state of the libration. Therefore, the notion of CT and aromatic homoconjugation as strong
attractive forces between aryl groups should be definitively rejected.

Introduction thalene system (2.8 23 and should favor any CT and
Noncovalent interactions between aromatic molecules play homoconjugative effects over glectros.tatlcs. Thus, the distance

a fundamental role in determining the structure of molecular dependence of electrostatic interactions betwaesystems

assemblies in biology, chemistry, and material scieAc@ie ranges fronr~1 to r=5, whereas orbital interaction varies with

interactions between aromatic molecules include charge-transfer€-> As shown by the crystal structure analysistotthere is

(CT), dispersive, and electrostatic componéntsiowever, the no warping of the aromatic rings.

relative significance of these factors is not well understood.

Recent experimental work shows that the aremene interac- ~ Results

tions in the case of substituted 1,8-diarylnaphthalenes, whose Preparation of 7,7-Diphenylnorbornanes 5. We have

aryl groups are arranged in a face-to-face stacked geometry'synthesized the series of 7,7-diarylnorbornabes 5ca, 5ac

are dominated by electrostatic interactions between the aryl 5da, 5dc, 5e¢ and5cc by successive coupling of the two aryl
groups in the ground state.However, this substrate is not ,yits starting from 7-norbornanon@)( according to Scheme
adequate for.the study of the relevance of CT effects because;  Tpig procedure is more versatile than the uncatalyzed
no CT band is observed in the UV spectréin. Friedel-Crafts reaction of 7,7-bis(triflyloxy)norbornane with

The 7,7-diarylnorbornane system (Scheme 1) is an interestingpen;ene derivatives, our first approach to the 7,7-diphenylnor-
substrate to gain further knowledge of noncovalent as well as 5nane systerd.

homoconjugative interactions between aromatic molecules. The The nitrile 5fc was prepared by reaction of the bromo

aryl groups of the more St@b'e conformation of 7,7-diphen_y|- derivative5ecwith KCN, catalyzed by Ni(0)(Scheme 1). The
norbornane(_i)3 adopt a p?cu“ar face-to-_face arrangement, Wh'c.h nitro compound$gaand5agwere synthesized by nitration of
can be de_sgnep_l as aplpal homoconjugated. - In contrast W'thSaawith NaNGQ,/TFA (trifluoroacetic acidf Further nitration
this, the disposition in triptycenes and relatedl compoqnds can of 5gaunder the same reaction conditions yielded the dinitro
be named lateral homoconjugated. The aryl rings of diphenyl- compoundsgg  The synthesis obcg was accomplished by
methane are arrang_ed nearly orthogonally and do not Showreaction of the alcohdda(H) with CI,SCP and nitration of the
conformational staplllty.(propgller.compounds)l'.he adoption resulting chloride with NGBF4.1° The Friedet-Crafts reaction

of the apical cofacial disposition in the case6ois forced by of the nitro compound with m-luoroanisole 4c(F)) yielded
the steric effect of the fouexonorbornylic C-H bonds. A 5cg Compound5dg was obtained by solvolysis o8 in
][ellflteq dsgonfgrmatlonl is d_srr;ownl byl a mdﬁrorgophetr}%)ﬁs- m-fluorotoluene 4d(F)). Finally, the aminebab, 5ba, 5bb,
ulieroic™ and some ~,L-dipnenyicyclopropane derivatives. 5ch, and5db were synthesized by catalytic hydrogenation of

The X-ray measured igso—Cipso distance (2.46 Z@)of 6is . .
even shorter than theyds;—Cipso distance of the 1,8-diarylnaph- g]secgtt;?yg? Eg%?grfj ??’ 502 599 5cg andSdg using Pd/C
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aKey: (i) (@) ERO or THF, A, Ar; (b) NH4CI; (ii) triflic acid, CH.Cl, 25°C, 1 h; (iii) (a) (TPP)NICl,, Zn, TPP,A, 1 h; (b) KCN,A, 10 h; (iv)
NaNGQ,, trifluoroacetic acid, 25C, 20 h; (v) C}SO, A, 2 h; (vi) NO,BF,, 18-crown-6, CHCl,, 25°C, Ar; (vii) AICl 3, 25°C, 2 h; (viii) H, Pd(C)
(5%), E&O, 2 h.

not observed in the UV spectrum of 2,2-diphenylpropane (Figure as expected for a conjugation bakdin the case of the doner
1), whose phenyl groups are arranged according to an helicalacceptor-substituted compourtstgand5fc, a CT band appears
(non-homoconjugated) conformatién. as a strong and broad absorption in the lower energy region of
The strong bands in the higher energy regiorédfave the the spectrum overlapping the intraannulay band ¢ band).
characteristic aspect of aromatic conjugation bands (K bands).According to the AM1 method, there is a changel# values
Moreover, according to calculations using the semiempirical (charge density) of both rings of these compounds going from
AM1 method!! the electron density plot & presents a bonding  the HOMO to the LUMO, as showed in Figure 2 in the case of
interaction between theifs, atoms of both rings (Figure 2a). 5cg Weak absorptions at the lower energy region of the
Therefore, compouné is a z-homoconjugated structure and spectrum have been observed in other types of aromatic (lateral)
the absorption at 228 nm can be considered as the first exampldhomoconjugated compounds as well as stacked (including
of an apical homoconjugation band (AHK band). The AHK cyclophanes) arenés. This bands are usually described as a
band is the result of transitions between molecular orbitals transannular or charge transfer (CT) transitithsWeak CT
(MOs) which are extended over both (planar) phenyl rings. bands have been also observed in deramceptor-substituted
These MOs are formed by mixing and splitting of aromatic MOs diphenylmethanes, whose aryl groups are arranged in helical
caused by strong electrostatic repulsions at short interannularor orthogonal conformatiorts.
distances. Molecular Mechanics Calculations. The potential energy
The position of the AHK bands depends on the substituents, (Eg) vs torsion anglep(C,4—C;—Cg—Cg) function in the case
as shown in Table 1. The very electronegative F atom as well of 5aawas calculated using the MMX prografnwith energy
as the electron-withdrawing NQyroup causes hypsochromic  minimization. The rotation takes place according to the one-
shifts. In compounds bearing these groups, the AHK band ring-flip mechanisnf. The two maxima correspond to the
appears in the same region than the intraannilabands (p perpendicular conformatiorisaa and5''aa (Figure 3). In these
bands)? In the case of the electron donor groups#CEICH;, conformations, there are neither CT nor homoconjugative
and NH, bathochromic shifts of the AHK band were observed,
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Figure 1. UV spectra (MeOH) o6 and 2,2-diphenylpropane (dotted
line).

interactions between both rings. The barrier for the rotation
(17.0 kcal/mol) is higher than that calculated for 7,7-diphenyl-
norbornane (12.5 kcal/mof).

Experimental Determination of Rotational Barriers by
DNMR. The rotation barrier calculated by the MMX method
(17.0 kcal/mol) for5aais higher than the 160ibration barrier
(14.4 kcal/mol) betweeBaaandent5aaover5'aa (see Figure
3). Thus, the 160libration of the 2-fluorophenyl groups is

the threshold movement exchanging the diasterotopic bridgehead

protons H and H,. At room temperature, the libration is slow
and the protons are anisochronous in the 300 MHAIMR
spectra; a characteristic value fow is about 100 Hz. The
signals of H and H, are slightly broadened by weak coupling

(13) (a) Vaughan, W. R.; Yoshimine, M. Org. Chem1956 21, 263.
(b) Meinwald, J.; Miller, E.Tetrahedron Lett1961,253. (c) Cristol, S. J.;
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Perkins, W. CJ. Org. Chem1969 34, 630. (e) Prinzbach, H.; Sedelmeier,
G.; Kriger, C.; Goddard, R.; Martin, H.-D.; Gleiter, Rngew. Chem. Int.
Ed. Engl.1978 17, 271. (f) Paddon-Row, M. N.; Patney, H. K.; Peel, J.
B.; Willett, G. D.J. Chem. Soc., Chem. Commuf84 564. (g) Gano, J.
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Chem., Int. Ed. Engl1991, 30, 205. (j) Paquette, L. A.; Kesselmayer, M.
A.; Underiner, G. E.; House, S. D.; Rogers, R. D.; Meerholz, K.; Heinze,
J.J. Am. Chem. S04992 114 2644. (k) Gleiter, R.; Kratz, DAcc. Chem.
Res. 1993 26, 311. (I) Thiergardt, R.; Keller, M.; Wollenweber, M.;
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Kuck, D.; Schuster, A.; Paisdor, B.; Gestmann,JDChem. Soc., Perkin
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S.; Kawase, H.; Rudzinsky, J. M.; Shinmyozu, JTAm. Chem. S0d.996
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Figure 2. Electron density plot o6 (a) and charge density of the
HOMO (b) and LUMO (c) of5cg

with the vicinal protons. In all of the compoun8sgy, the H
proton, which iscis positioned to the fluorine atom (see Figure
3), is downfield shifted in relation to thesbroton. The signals
of the H; protons show a coupling of nearly 3 Hz with the
fluorine nucleus. This is a new example of the recently
described H,F-dipolar coupling. In fact, the H-F distance
(2.4 A, MMX) is shorter than the sum of the van der Waals
radii (2.5 A).

Warming of the sample in tetradeuterio-1,2-dichloroethane
(CD.CI-CDCI) resulted in the coalescence of the &hd H,
signals. From the coalescence temperatligegnge 337356
K), the barrier for the 160libration (AG) of the 2-fluoroaryl
group of each compound was determined (Table 1). The
accuracy of the\G* values was examined by line shape analysis.
Due to negligible coupling of the H(and H) signal, the
function for the line shape is given by the Bloch equation for
exchanging nucleus with no couplid@.The functiong(v) (line
shape) was generated by the computer program DERIE.
order to check the reproducibility, some measurements were
repeated at different days. The resulting experimental error was

(16) (a) Ernst, L.; Ibrom, KAngew. Chem., Int. Ed. Engl995 34,
1881. (b) Osada, S.; Miyahara, Y.; Shimizu, N.; InazuChem. Lett1995
1103.

(17) Bovey, F. ANuclear Magnetic Resonance Spectros¢cémademic
Press: New York, 1969; p 184188.

(18) DERIVE 2.59, Soft Warehouse, Honolulu, HI.
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Table 1. Influence of the Substituents on the Libration Barriers and the Position of the AHK Band (in Methanol)

compouncbxy AHK (nm) (¢) AG* (kcal/moly Zop? AG¥ey (kcal/molf AG#.a— AG# (kcal/mol)
aa(H, H) 226 (12311) 17.0 0.00 17.00 0.0
ab(H, NHy) 249 (10300) 17.2 —-0.57 17.24 0.0
ac(H, OCHy) 234 (15163) 17.1 —-0.28 17.12 0.0
ag(H, NO,) 221 (11042 16.6 0.81 16.66 0.1
ba(NHy, H) 246 (10356) 16.5 —-0.57 16.76 0.3
bb(NH2,NH,) 253 (12051) 16.6 ~1.14 17.00 0.4
ca(OCH;, H) 233 (14686) 16.6 —-0.28 16.88 0.3
cb(OCHs, NHy) 247 (11986) 16.7 —-0.85 17.12 0.4
c(OCH;s, OCH) 238 (16909) 16.7 —0.56 17.00 0.3
cg(OCHs, NO,)® 223 (14531) 16.2 0.53 16.54 0.3
da(CHs, H) 229 (13661) 16.8 -0.14 16.94 0.1
db(CHa, NHy) 247 (11448) 17.0 -0.71 17.18 0.2
dc(CHs, OCHy) 237 (14253) 16.9 —0.42 17.06 0.2
dg(CHs, NO) 225 (8034) 16.4 0.67 16.60 0.2
eqBr, OCHy) 242 (16541) 17.0 -0.02 17.23 0.2
fc(CN, OCHy)' 237 (123019 17.2 0.42 17.41 0.2
ga(NO,, H) 222 (63509 17.1 0.81 17.34 0.2
go(NO, NO) 224 (114389 16.8 1.62 17.00 0.2

2 Experimental erroe0.1 kcal/mol.> Sum of g, of X and Y. ¢ Calculated with eq 3¢ Shoulder£ CT band between 290 and 330 nm (9240).
fCT band between 250 and 310 nm (7235).

LA A T

aa 5'aa 5"aa
Relative
energy 0 14.4 17.0
(kcal/mol) .
¢ (degree) 815 0 180 164 [
Figure 3. Relative energy vs torsion angle)( of the significant E
conformations obaa e
16“;..1...1..._14._.4.414..1.)'0.
+0.1 kcal/mol. According to statistical methods, barriers 08 04 02 0 02 04 08

differing by 0.2 kcal/mol represent two distinct values with 95% Figure 4. Plot of barrier to rotationAG*) vs Zaj, for 5xy (y = OCH;
probability’® On the other hand, the similar coalescence X = OCHs (5cq, CH; (5dc), H (5aq), Br (5eg, and CN bfc) (series
temperatures make unnecessary entropy corrections. 1).

Following the procedure of Cozat al.? the experimental
values were plotted vs the suma@f for the substituents X and 174 |
Y (Zop). The observed range &G # (see Table 1) as well as [
the correlation coefficients (see Figures 47) are similar to
the described by Cozet al? Surprisingly, two opposite linear
correlation trends were observed. Thus, in the case of sub-
stituent X= constant and Y= variable, the slope is negative
(Figures 4 and 5) (series 1). However, in the case ofEX
variable and Y= constant (series 2), the slope is positive
(Figures 6 and 7), in agreement with the results of Cetail?

Discussion

o
| IR PR N PSP . 1 1

-0.6 -0,4 -0.2 0 02 04 06 08 1

The AE values calculated by the MMX method lie around t6 L
1400 0 kcalmel sbout 3 Kl lower a1 S9EI - ur . ot ofbarer 0 ialond ) vs Sy 15— i
) ' = NH; (5ba), OCH; (5ca), CHs (5da), H (5ad), and NQ (5 series

andAG” values. Atits actual sophistication level (and default 1) 2 (5b3), OCH (5¢8), Chs (5da), H (529 Qo3
values), the molecular mechanics methods cannot be satisfac-

torily used for the calculation of interactions between aromatic electron-withdrawing groups should reduce the electrostatic
rnngs. N ) . . _ repulsion of the cofacial conformation and raise the librational
The positive slope observed in series 2 can be interpreted inparrier. It is then obvious that the striking negative slope

terms of an electrostatic (Coulombic) interaction between the gpserved in series 1 cannot be accounted for by Coulombic
two aryl groups in the cofacial conformation of the tyfma? interactions between the aryl groups only in the ground state
Thus, substitution of hydrogen by an electron-donating group conformation. On the other hand, neither charge-transfer nor
should increase the repulsion, raise the energy of this conforma-homoconjugative interactions can explain the Hammet correla-
tion, and, therefore, lower th&G* value. On the other hand, tion betweenAG* and S0, observed. In fact, both electron-

donating and electron-withdrawing substituents should interact
with the neutral phenyl ring (X or ¥= H) and raise the libration

(19) Young, H. D. Statistical Treatment of Experimental Data
McGraw-Hill: London, 1964.
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Figure 6. Plot of barrier to rotation4G") vs Zoj, for 5xy (x = H; y
= NH; (5ab), OCH; (5ac), H (5aa), and NQ (5ag) (series 2).
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Figure 7. Plot of barrier to rotation4G") vs Zop for 5xy (x = CHj;
y = NH; (5db), OCH; (5dc), H (5da), and NQ (5dg) (series 2).

barrier? Particularly highAG* values should be obtained in
the cases of the doneacceptor-substituted substrafegyand

J. Am. Chem. Soc., Vol. 120, No. 4, 19887

mol). Significative deviationsAG*.qy — AG* = 2 x 0.2 kcal/
mol) were found in two caseshbb and 5cb. Systematic
deviations were found only for those substrates bearing two
strong donating substituents, pointing to a higher electrostatic
interaction in the ground state than that measureddgy

In our substratedxy, the Coulombic interactions in the
transition state are stronger than in the 1,8-diarylnaphthalene
derivatives studied by Cozzt al,? due to thex,n-repulsion
caused by the fluorine atom at the rotating ring. However,
Coulombic interactions in the transition state are also operative
in Cozzi's substrates. Thus, the lower slope observed in the
case ofp,p’-disubstituted substrateAG* range of 24.6-25.4
kcal/mol¥® in relation to the higher slope in the case of
p-substituted substrateAG* range of 13.9-17.3 kcal/molj¢
can be accounted for by the canceling effect of the substituent
at the nonrotating ring omAG* (eq 1) in the case of the
disubstituted substrates.

Summary and Conclusions

There is spectroscopic evidence (UV absorption) of homo-
conjugative interaction between the aryl rings in the 7,7-
diarylnorbornane system. This interaction is also detected by
semiempirical calculations showing a bonding interaction
between the (s, atoms of both rings. The proximity of the
aryl rings favors CT transitions also, which are revealed by the
corresponding absorption bands in the UV spectra of denor
acceptor-substituted compoungisy. According to the AM1
method, such transitions take place in the lower energy region
of the spectrum (CT bands).

However, the existing Hammett correlation between the
librational barriers obxy precludes any significant stabilization
of the cofacial conformation dxy neither by homoconjugation
nor by CT interactions. Thus, the librational barriers can be
accounted for only in terms of transannular Coulombic interac-

5fc (Table 1), an assumption that does not agree with our results.+jons  The following can be concluded.

In our opinion, the negative slope in series 1 shows that the

First, even at the short interannular distance of 2.8 A, the

electrostatic interaction in the transition state (conformation of homoconjugative attractive interaction is always overcome by

the type 5'aa) cannot be omitted.
interaction between fluorine and the opposite aryl ringz{n,

In fact, the repulsive

the Coulombic repulsion. It is not possible that homoconju-
gative interactions could be widely independent of the nature

repulsionj® should be independent of the substituent X, but f the substituents, because the frequency of the AHK bands
dependent on the electronic properties of the substituent Y. Thus’depend on it. Second, like other interactions between filled

the general Hammett function for the correlation betwA&t
andop of the aryl substituents should be (eq 1)

AG*=m(o,* + 6,)) — n(a,)) + AG’, (1)

If o = o = 0, thenAG* = AG¥, which corresponds to
the measured barrier in the case of the parent compéaad
(17.0 kcal/mol). On the other hand, a value of 0.42rfocan
be determined from the slopes obtained whgh= 0 ando*
= variable (Figure 6). It then follows that

AG*= 0.4+ (0.42-n)o,) + 17.0 2)

From the slope<{0.42) in the casey* = 0 andoy = variable
(Figure 5), a value oh = 0.84 is obtained and therefore

AG*=0.420,) —¢,)) + 17.0 (3)

The barriers AG*,) calculated with the eq 3 are given in
Table 1. The standard deviation (0.2) of the differena@&8.,

MOs 2! the homoconjugated aromatigz-interaction provokes
considerable changes in the electronic spectrum, but little (or
no) global stabilization. Third, there is no appreciable contribu-
tion of CT configurations to the ground state ®fy. Fourth,
Coulombic interactions are also operative in the transition state
of the one-ring-flip mechanism for the rotation in diaryl-
methanes. Therefore, the notion of homoconjugation as well
as CT as short-range stabilizing interactions should be re-
jected?22.23

Experimental Section

General Procedures. Melting points (mp= °C) were measured in
a Gallenkamp melting point apparatus and are uncorrected. All
reactions involving organometallic reagents were carried out under an
argon atmosphere. Solvents were dried by distillation over the
following drying agents: diethyl ether and THF (Na/benzophenone),

(21) Paddon-Row, M. NAcc. Chem. Red.982 15, 245.

(22) A special case is the strong stabilizing homoconjugative and CT
interactions in carbocations (stabilizing empty-filled MO interactions): (a)
Grob, C. A.; Hostynek, JHelv. Chim. Actal963 46, 1676. (b) Tanida,

— AG* corresponds to the expected value, taking into account H; |shitobi, H. Tetrahedron Lett1964 807. (c) Hopf, H.; Shin, J.-H.; Volz,

the experimental error in the measurement@* (0.1 kcal/

(20) Kim, D. H,; Lee, S.-S.; Whang, D.; Kimoon, Bioorg. Med. Chem.
Lett. 1993 3, 263.

H. Angew. Chem., Int. Ed. Endl987, 26, 564. (d) Fukazawa, Y.; Harada,
S.; Inai, A.; Okajima, T.Tetrahedron Lett1993 34, 8493.

(23) For the significance of CT interactions in crystal structures, see:
Desiraju, G.Angew. Chem., Int. Ed. Endl995 34, 2311.
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7-(2-Fluorophenyl)-7-phenylnorbornane (5aa): (76%); mp =

Starting materials and reagents obtained from commercial sources werel45.1-148.0 (methanol)*H NMR 6 7.52-7.44 (m, 3H), 7.22 (t, 2H,

used without further purification. Flash chromatography was performed
over Merck silica gel 60 (236400 mesh).

NMR spectra were recorded on a Varian XL 300 (299.94 MHz for
1H and 75.43 MHz fof3C) spectrometer and a Brucker-AC 250 (250.13
MHz for *H and 62.90 MHz for'3C) spectrometer. The rotational
barriers of compoundSxy were determined by variable-temperature
experiments in the Varian XL 300 spectrometer in tetradeuterio-1,2-
dichloroethane. Chemical shift§)(are given in ppm relative to TMS
and coupling constantd)(are given in Hz. IR spectra were recorded
in a Perkin-Elmer 781 spectrometer. Wavenumbers are irt.ciass

J=17.8), 7.12-6.97 (m, 3H), 6.86 (ddd, 1Hl = 11.9, 8.4, 2.0), 3.41
(9, 1H,J = 3.3), 3.07 (t, 1HJ = 3.3), 1.83-1.20 (m, 8H).
7-(2-Fluoro-4-methylphenyl)-7-phenylnorbornane (5da): (99%);
mp = 129.0-130.2;'H NMR 8 7.45 (d, 2H,J = 7.5), 7.33 (t, 1HJ
=8.4),7.20 (t, 2HJ = 7.5), 7.07 (t, 1HJ = 7.5), 6.81 (dd, 1HJ) =
8.4, 2.7), 6.68 (ddd, 1H) = 12.6, 2.7, 0.6), 3.40 (q, 1H = 4.3),
3.08 (t, 1H,J = 3.7), 2.22 (s, 3H), 1.851.20 (m, 8H).
7-(2-Fluorophenyl)-7-(4-methoxyphenyl)norbornane (5ac)(80%);
mp= 74.1-75.5:"H NMR ¢ 7.39 (dd, 2H,J = 8.8, 1.2), 7.30 (td, 1H,
J=9.0, 1.3), 6.83-6.68 (m, 5H), 3.53 (q, 1H]) = 4.1), 3.27 (s, 3H),

spectra were recorded on a GC-MS HP-5989 (60 eV) mass spectrom-2.85 (t, 1H,J = 3.9), 1.92-1.50 (m, 4H), 1.38-1.08 (m, 4H).

eter. For gas chromatography, a Perkin-Elmer 300 chromatograph 7-(2-Fluoro-4-methylphenyl)-7-(4-methoxyphenyl)norbornane
equipped with capillary OV 101 column was used. UV spectra were (5dc): (94%); mp= 108.0-109.0;'H NMR ¢ 7.36 (dd, 2HJ = 9.0,
measured in a Perkin-ElImer Lambda-3 spectrometer using methanol1.5), 7.32 (t, 1H,J = 8.1), 6.82-6.81 (ddd, 1H,J = 8.1, 1.5, 0.6),

as solvent. Wavelengths are in nm.

Substrates. 7- Norbornanonel)?* and (TPP)NiCl,?> were prepared
according to the procedures described in the literature.

General Procedure for the Synthesis of Alcohols 3x A solution
of 3.03 g (13.7 mmol) of 1-fluoro-2-iodobenzene in 20 mL of anhydrous
diethyl ether and a solutiorfd g (9.09 mmol) of 7-norbornanoné&)(

6.74 (d, 2HJ = 9.0), 6.71+6.65 (dd, 1HJ = 12.6, 1.5), 3.71 (s, 3H),
3.33(q, 1H,J = 4.3), 3.00 (t, 1HJ = 3.9), 2.21 (s, 3H), 1.861.16
(m, 8H).

7-(4-Bromo-2- fluorophenyl)-7-(4-methoxyphenyl)norbornane (5ec):
(83%); mp= 133.4-134.8;*H NMR ¢ 7.40-7.30 (m, 3H), 7.15 (dd,
1H,J = 8.6, 2.1), 7.08 (ddd, 1H] = 11.1, 2.1, 0.6), 6.75 (d, 2H,=

in 20 mL of anhydrous diethyl ether were added simultaneously over 8.9), 3.75 (s, 3H), 3.30 (g, 1H,= 4.2), 3.00 (t, 1HJ = 3.7), 1.806-

a suspension of 0.33 g (13.7 mmol) of magnesium turnings in 50 mL
of anhydrous diethyl ethéf. After 3 h of reflux, 50 mL of saturated

1.20 (m, 8H).
7-(2-Fluoro-4-methoxyphenyl)-7-phenylnorbornane (5ca):(90%);

ammonium chloride solution was added. The reaction mixture was mp = 94.4-96.0;*H NMR ¢ 7.44 (d, 2H,J = 8.1), 7.35 (t, 1HJ =

extracted with ether (% 25 mL) and dried over magnesium sulfate.
After concentration at reduced pressure, the alcoBolere purified

9.0), 7.21 (t, 2H,] = 8.1), 7.08 (t, 1H,) = 8.1), 6.58 (dd, 1HJ = 9.0,
2.7), 6.44 (ddd, 1HJ) = 13.5, 2.7, 0.6), 3.69 (s, 1H), 3.36 (q, 18=

by flash chromatography (hexane/diethyl ether 15:1). For the reaction 4.3), 3.02 (t, 1HJ = 3.7), 1.80—1.20 (m, 8H).

with 4-bromo-3-fluoroanisole, the reaction was carried out using THF
as solvent.

7-Phenyl-7-norbornanol (3a(H))2’ (76%); oil; *"H NMR 6 7.50 (d,
2H,J=6.9), 7.37 (t, 2HJ = 6.9), 7.30 (t, 1HJ = 6.9), 2.4 (m, 2H),
2.18 (m, 2H), 1.70 (s, 1H), 1.43 (m, 4H), 1.22 (m, 2H).

7-(2-Fluorophenyl)-7-norbornanol (3a(F)): (58%); mp= 65.4—
67.2;'H NMR 6 7.57-7.00 (m, 4H), 2.63-2.52 (m, 2H), 2.26-2.08
(m, 2H), 2.05 (s, 1H), 1.551.18 (m, 6H).

7-(2-Fluoro-4-methylphenyl)-7-norbornanol (3d(F)): (60%); mp
= 63.1-65.9;H NMR ¢ 7.31 (t, 1H,J =8.0), 6.95-6.83 (m, 2H),
2.58-2.50 (m, 2H), 2.33 (s, 3H), 2.32.05 (m, 2H), 1.97 (s, 1H),
1.53-1.20 (m, 6H).

7-(4-Bromo-2-fluorophenyl)-7-norbornanol (3e(F)): (62%); mp
= 75.8-78.1;'H NMR ¢ 7.33 (t, 1H,J = 8.1), 7.28-7.22 (m, 2H),
2.55-2.45 (m, 2H), 2.16-2.06 (m, 2H), 2.00 (s, 1H), 1.48..20 (m,
6H).

7-(4-Methoxyphenyl)-7-norbornanol (3c(H)): (74%); mp= 56.1—
58.3;'H NMR ¢ 7.40 (d, 2H,J = 8.8), 6.90 (d, 2H,) = 8.8), 3.80 (s,
3H), 2.40-2.30 (m, 2H), 2.26-2.10 (m, 2H), 1.58 (s, 1H), 1.561.15
(m, 6H).

Synthesis of Compounds 5xy from Alcohols 3x.To a solution of
1 mmol of the corresponding alcoh8k in 10 mL of benzeneHaa
and5da), anisole ac 5dc and5eq or m-fluoroanisole caand5cc)
were added 0.15 g (1 mmol) of trifluoromethanosulfonic (triflic) acid.
After 2 h of stirring at room temperature, 50 mL of methylene chloride
was added and the reaction mixture was washed with water 42

7-(2-Fluoro-4-methoxyphenyl)-7-(4-methoxyphenyl)norbor-
nane (5cc): (69%); mp= 141.1-142.2;*"H NMR ¢ 7.35 (dd, 2H,J
= 8.8, 1.5), 7.30 (t, 1H) = 16.0), 6.75 (d, 2HJ = 8.8), 6.57 (dd, 1H,
J=8.5,2.4), 6.44 (dd, 1H] = 13.4, 2.7), 3.72 (s, 3H), 3.69 (s, 3H),
3.31 (g, 1H,J = 4.3), 2.98 (t, 1HJ = 3.9), 1.86-1.15 (m, 8H).

7-(4-Cyano-2-fluorophenyl)-7-(4-methoxyphenyl)norbornane (5fc).
A mixture of 0.083 g (1.37 mmol) of (TPENICI.,?> 0.010 g (1.37
mmol) of zinc powder, and 0.066 g (2.74 mmol) of triphenylphosphine
(TPP) was refluxed fol h under an argon atmosphéreDuring this
time, the color of the reaction mixture changed from blue to red; 0.5
g (1.37 mmol) of5ecand 0.083 g (1.37 mmol) of potassium cyanide
(in small portions) were then added to the reaction mixture. After 3 h
the reaction was diluted with 20 mL of methylene chloride and poured
over 30 mL of water. The organic layer was separated and dried over
magnesium sulfate. After evaporation of the solvent under reduced
pressure and purification of the residue by flash chromatography
(hexane/methylene chloride 10 :1), 0.09 g (20%%faf was obtained:
mp = 131.4-133.6;'H NMR ¢ 7.60 (t, 1H,J = 7.9), 7.46-7.30 (m,
3H), 7.20 (dd, 1HJ = 11.0, 1.7), 6.80 (d, 2H] = 8.9), 3.75 (s, 3H),
3.40 (g, 1H,J = 4.3), 3.10 (t, 1HJ = 3.8), 1.86-1.20 (m, 8H).

7-(2-Fluorophenyl)-7-(4-nitrophenyl)norbornane (5ag) and 7-(2-
Fluoro-4-nitrophenyl)-7-phenylnorbornane (5 ga). To a suspension
of 0.27 g (1 mmol) oBaain 10 mL of trifluoroacetic acid (TFA) was
added 0.07 g (1 mmol) of NaNG After 20 h of stirring at room
temperature, the reaction mixture was diluted with 50 mL of methylene
chloride, washed with water (2 20 mL), and dried over magnesium

mL) and dried over magnesium sulfate. The solvent was evaporatedSulfate. After evaporation of the solvent at reduced pressure and
at reduced pressure, and the residue was purified by flash chromatog-Separation of the products by flash chromatography (hexane/methylene

raphy: 5aaand5da, hexanebag 5dc, 5ec and5ca hexane/methylene
chloride 10:1;5cc hexane/methylene chloride 10:4.

(24) (a) Gassman, P. G.; Pape, P.JGOrg. Chem1964 29, 160. (b)
Gassman, P. G.; Marshall, J. Org. Synth.1968 48, 68.

(25) Whiting, D. A.; Wood, A. FJ. Chem. Soc., Perkin Trans.198Q
623.

(26) Simultaneous addition was necessary in order to avoid formation
of byproducts derived from the coupling of benzyne derivatives formed
from the Grignard reagent: (a) Barbour, A. K.; Buxton, M. W.; Coe, P. L,;
Stephens, R.; Tatlow, J. G. Chem. Soc1961,808. (b) Coe, P. L.; Plevey,

R. G.; Tatlow, J. CJ. Chem. Soc. €966 597. (c) Brewer, J. P. N.; Eckhard,

I. F.; Heaney, H.; Marples, B. Al. Chem. Soc. @968 664. (d) Harrison,

R.; Heaney, H.; Lees, Pletrahedron1968 24, 4589. (e) Heaney, H.;

Jablonski, J. M.; McCarty, C. T.. Chem. Soc., Perkin Trans1972 2903.
(27) Tanada, H.; Tsushima, . Am. Chem. S0d.970,92, 3397.

chloride 15:1), 0.5 g ( 48%) of5agand 0.05 g ( 16%) obgawere
obtained.

7-(2-Fluorophenyl)-7-(4-nitrophenyl)norbornane (5ag): mp =
159.0-159.7;*H NMR ¢ 8.09 (d, 2H,J = 9.0), 7.63 (dd, 2HJ = 9.0,
1.2),7.48 (td, 1H) = 7.5, 2.1), 7.18-7.02 (m, 2H), 6.90 (ddd, 1H]
=12.0, 8.1, 1.5), 3.42 (q, 1H, = 4.2), 3.10 (t, 1HJ = 3.6), 1.90-
1.20 (m, 8H).

7-(2-Fluoro-4-nitrophenyl)-7-phenylnorbornane (5ga): mp =
98.3-100.1;'H NMR 6 7.93 (ddd, 1HJ = 9.0, 2.4, 0.6), 7.77 (dd,
1H,J=11.1, 2.4), 7.68 (dd, 1H] = 9.0, 7.8), 7.45 (d, 2H] = 8.4),
7.25(t,2H,J=18.4), 7.14 (t, 1H) = 8.4), 3.43 (g, 1HJ = 4.3), 3.10
(t, 1H,J = 3.7), 1.83-1.20 (m, 8H).

7-(2-Fluoro-4-nitrophenyl)-7-(4-nitrophenyl)norbornane (599):
Following the procedure described previously, 0.31 g (Immo§gaf
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were nitrated using 0.07 g (1 mmol) of NahOAfter purification by
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General Procedure for the Synthesis of the Amines 5ab, 5ba,

flash chromatography, (hexane/methylene chloride 15 :1), 0.28 g (82%) 5bb, 5cb, and 5db. A solution of 1 mmol of the corresponding nitro

of 5ggwas obtained; mp= 187.8-188.9;'H NMR ¢ 8.13 (d, 2HJ =
9.0), 7.97 (ddd, 1HJ = 8.7, 2.4, 0.6), 7.80 (dd, 1H} = 11,1, 2.4),
7.70 (t, 1H,J = 8.7), 7.63 (dd, 2H,J = 9.0, 1.2), 3.47 (q, 1HJ) =
4.1), 3.18 (t, 1HJ = 3.7), 1.86-1.20 (m, 8H).
7-Chloro-7-phenylnorbornane (7)?” A mixture of 0.27 g (1.33
mmol) of 3a(H) and 0.47 g (3.99 mmol) of thionyl chloride was
refluxed for 1 h? After addition of 10 mL of benzene and evaporation

compoundbag 5ga 5gg 5cg or 5dgin 200 mL of diethyl ether was

hydrogenated at 1 atm of pressure using 60 mg of 5% Pd/C. The

catalyst was filtered off, and the solvent was evaporated at reduced

pressure. The amines were obtained quantitatively.
7-(2-Fluorophenyl)-7-(4-aminophenyl)norbornane (5ab):mp =

130.0-132.0;'H NMR 6 7.44 (td, 1H,J = 7.8, 1.8), 7.24 (dd, 2HJ

= 7.2, 1.5), 7.086.98 (m, 1H), 6.85 (ddd, 1H] = 12.0, 7.8, 1.5),

of the solvent and excess thionyl chloride at reduced pressure, the6.55 (d, 2H,J = 7.2), 3.40 (s, 1H), 3.30 (g, 1H,= 4.8), 3.00 (t, 1H,
residue was purified by flash chromatography (hexane) or sublimation; J = 3.9), 1.86-1.20 (m, 8H).

0.31 g ( 95%) of7 were obtained; mp= 91.5-93.2;H NMR ¢ 7.48
(d, 2H,3=6.9), 7.35 (t, 2HJ = 6.9), 7.27 (t, L1HJ = 6.9), 2.79 (m,
2H), 2.35-2.20 (m, 2H), 1.66-1.40 (m, 4H), 1.46-1.20 (m, 2H).
7-Chloro-7-(4-nitrophenyl)norbornane (8). To a solution of 0.27
g (1.33 mmol) of7 and 0.010 g (0.04 mmol) of 18-crown-6 in 15 mL
of methylene chloride was added 0.18 g (1.33 mmol) o£BIR under
an argon atmospheté. After 1 h of stirring, 50 mL of methylene

7-(4-Amino-2-fluorophenyl)-7-phenylnorbornane (5ba): mp =
120.8-123.4;*H NMR 6 7.44 (d, 2H,J = 8.4), 7.36-7.10 (m, 3H),
7.08 (t, 1H,J = 8.4), 6.32 (dd, 1H)J = 8.1, 2.4), 6.20 (dd, 1H] =
13.2, 2.4), 3.76:3.30 (m, 3H), 3.00 (t, 1H) = 3.7), 1.86-1.20 (m,
8H).

7-(4-Amino-2-fluorophenyl)-7-(4-aminophenyl)norbornane
(5bb): mp = 150.0-152.0;'H NMR ¢ 7.19 (dd, 2HJ = 8.7, 1.2),

chloride was added and the resulting solution was washed with water 7.16 (t, 1H,J = 8.1), 6.55 (d, 2HJ = 8.7), 6.32 (dd, 1HJ = 8.1,
(2 x 20 mL) and dried over magnesium sulfate. The solvent was 2.4), 6.20 (dd, 1HJ = 13.2, 2.4), 3.35 (s, 4H), 3.25 (q, 10 = 4.2),
evaporated at reduced pressure, and the residue was purified by flast2.94 (t, 1H,J = 3.7), 1.86-1.20 (m, 8H).

chromatography (hexane/methylene chloride 10:1), affording 0.29 g

(95%) of 8 mp = 176.7-178.2;'H NMR ¢ 8.25 (d, 2H,J = 8.5),
7.65 (d, 2HJ = 8.5), 2.80-2.70 (m, 2H), 2.352.20 (m, 2H), 1.66-
1.40 (m, 6H).
7-(2-Fluoro-4-methoxyphenyl)-7-(4-nitrophenyl)norbornane (5cg).
To a solution of 0.25 g (1 mmol) a8 in 10 mL of m-fluoroanisole
was added 0.15 g (1.1 mmol) of aluminium trichloride. Affeh of

7-(2-Fluoro-4-methoxyphenyl)-7-(4-aminophenyl)norbornane
(5¢cb): mp=133.4-136.1;'"H NMR ¢ 7.30 (t, 1H,J = 9.0), 7.20 (dd,
2H,J = 6.9, 1.5), 6.66-6.50 (m, 3H), 6.43 (dd, 1H] = 13.2, 2.7),
3.68 (s, 3H), 3.36:3.20 (m, 3H), 2.9 (t, 1H) = 3.8), 1.85-1.14 (m,
8H).

7-(2-Fluoro-4-methylphenyl)-7-(4-aminophenyl)norbornane
(5db): mp = 147.1-149.2;'H NMR ¢ 7.30 (t, 1H,J = 8.2), 7.22

stirring at room temperature, the reaction mixture was diluted with 50 (dd, 2H,J = 7.7, 1.2), 6.80 (dd, 1H) = 8.2, 1.0), 6.70 (dd, 1H] =

mL of methylene chloride, washed with water %240 mL), and dried

12.9, 1.0), 6.54 (d, 2H] = 7.7), 3.40 (s, 2H), 3.30 (q, 1H, = 4.2),

over magnesium sulfate. The solvent was evaporated at reduced2.97 (t, 1H, 3.2), 2.20 (s, 3H), 1.81..20 (m, 8H).

pressure, and after purification by flash chromatography (hexane/

methylene chloride 10 :1), 0.26 g (77%) ®fgwas obtained: mp=
158.6-160.2;'H NMR 6 8.10 (d, 2HJ = 9.0), 7.60 (dd, 2HJ = 9.0,
1.2), 7.34 (t, 1HJ = 8,7), 6.61 (dd, 1H,) = 8.7, 2.7), 6.46 (dd, 1H,
J =135, 2.7), 3.72 (s, 3H), 3.37 (q, 1H,= 4.2), 3.05 (t, 1HJ =
3.6), 1.96-1.20 (m, 8H).

7-(2-Fluoro-4-methylphenyl)-7-(4-nitrophenyl)norbornane (5dg).
Following the procedure described for the synthesisseod, using
m-fluorotoluene as solvengdg was prepared in 88% vyield: mg
161.0-163.0;'H NMR 6 8.08 (d, 2HJ = 9.0), 7.61 (dd, 2HJ = 9.0,
1.2), 7.33 (t, 1HJ = 8.3), 6.86 (ddd, 1HJ = 8.3, 1.7, 0.7), 6.72 (dd,
1H,J = 12.9, 1.0), 3.40 (q, 1H] = 4.1), 3.08 (t, 1HJ = 3.7), 2.10
(s, 3H), 1.85-1.20 (m, 8H).
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