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The effect of carbonyl group in the asymmetry
of 3%Jcy coupling constants in norbornanones

Francisco P. dos Santos,? Claudio F. Tormena,?* Rubén H. Contreras,

b

Roberto Rittner® and Alvicler Magalhaes¢

A rationalization of the known difference between the 3%Jc,, and 3*Jc, 4, couplings transmitted mainly through the 7-bridge
in norbornanone is presented in terms of the effects of hyperconjugative interactions involving the carbonyl group. Theoretical
and experimental studies of 3*Jcy couplings were carried out in 3-endo- and 3-exo-X-2-norbornanone derivatives (X = Cl, Br)
and in exo- and endo-2-noborneol compounds. Hyperconjugative interactions were studied with the natural bond orbital (NBO)
method. Hyperconjugative interactions involving the carbonyl 7 *c,=0 and 0 *c, =0 antibonding orbitals produce a decrease of
three-bond contribution to both *""‘Jc“u1 and 3"‘.lc1 H, couplings. However, the latter antibonding orbital also undergoes a strong
0cs-c, = 0*c,—o interaction, which defines an additional coupling pathway for 34Jc,,4, but not for 3%Jc, y,. This pathway is
similar to that known for homoallylic couplings, the only difference being the nature of the intermediate antibonding orbital;
i.e. for 3"‘Jc4|.|1 itis of o*-type, while in homoallylic couplings it is of 7 *-type. Copyright (©) 2007 John Wiley & Sons, Ltd.
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Introduction

Since the early work by Karplus,'=3! the vicinal 3Jyy indirect
spin—spin coupling constant is extensively used as an important
probe to determine the structure, stereochemistry and conforma-
tion in organic and bioorganic molecules. Many experimental and
theoretical works have been published in which several effects af-
fecting the original Karplus relationship have been discussed:™ for
instance, substituent effects,>® substituent orientation,"”! bond
angles along the coupling pathway,’®! the presence of a het-
eroatom along the coupling pathway!'%'" and hyperconjugative
interactions involving bonding or antibonding orbitals belonging
to the coupling pathway.['2'3! Karplus-like relationships describ-
ing dihedral angle dependence of 3Jcy coupling have also been
established.['*~161 Both types of coupling constant, 3Ju and 3Jcy,
seem to be similarly affected by factors such as those quoted
above.l'”=19 Aydin and Giinther, on the basis of the data obtained
from some deuterated norbornane and adamantane derivatives,
proposed an expression for their dihedral angle dependence 202"

It should be recalled that in norbornane and norbornanone
derivatives the through-the-bridge formal 3Jcy couplings are ac-
tually 3*Jcy couplings,'3! where there are two four-bond coupling
pathways. In several instances, the four-bond contributions are
negligibly small; however, in the present case, for reasons shown
below, they are taken into account and therefore such couplings
are labeled as >*Jcy.

Parella et al.'*? have reported the experimental 3*Jcy obtained
for norbornanone (1) and 2-substituted norbornanes (6) and (7)
(Scheme 1). They observed in norbornanone (1) 34Jc,n, = 5.2 Hz
and 3*Jc,u, = 8.9 Hz. However, no explicit rationalization was
provided by the authors why 34Jc, 1, and 3%Jc,u, are so different
in norbornanone.

In this short communication, the large difference between
34Jc,n, and 3*Jc,, couplings reported by Parella et al.?? in nor-
bornanone is investigated looking for an adequate rationalization
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that could provide a deeper insight into the role played by the
carbonyl group in defining such a notorious asymmetry between
these two couplings. To this end, the seven compounds displayed
in Scheme 1 were studied from both experimental and theoretical
approaches.

Results and Discussion

34 Jey couplings were measured using the HSQC-TOCSY-IPAP pulse
sequencel?3! on a Bruker Avancell™ 300 spectrometer equipped
with an inverse 5 mm probe with z-gradient, operating at 300
and 75 MHz for 'H and '3C, respectively. Samples were prepared
as solutions of 20 mg of solute in 0.6 ml of CDCl3. Spectra were
taken at 300 K. 3Jcy couplings in compounds 1 to 7 were also
calculated using the CP-DFT methodology?* as implemented in
the Gaussian03 package of programs.>! Knowing the important
role played by hyperconjugative interactions in the Fermi contact
transmission in long-range couplings, hyperconjugative interac-
tions were evaluated using the natural bond orbital (NBO)?®
method as implemented in the Gaussian03 program. The B3LYP
hybrid functional was used in all calculations, which consists of
the hybrid Becke+Hartree-Fock exchange and the Lee-Yang—-Parr
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Scheme 1. Studied compounds: norbornanone (1), 3-substituted norbor-
nanones (2-5) and norborneol (6 and 7).

Table 1. Comparison between theoretical and experimental 3*Jcy
coupling constant (Hz) for compounds 1-7

3'4JC‘| Hy 3'4JC4H-|
FC Total  Experimental FC Total  Experimental
(1) +49 +49 +5.2 +93 493 +8.5
(2) 450 +5.0 +5.3 +86 +8.6 +8.4
(3) +49 +49 +5.0 +84 484 +8.0
(4 +50 +5.0 +5.3 +88 +88 +8.6
(5) +48 +48 +4.9 +84 +84 +8.1
(6) +83 +83 +84 +9.7  +9.7 +9.5
(7) +72 +72 +7.7 +93 493 +8.8

correlation functional.?”=2%! For geometry optimizations, the aug-
cc-pVTZ basis set was chosen. Calculations of all four terms of
3 Jen [Fermi contact (FC); spin dipolar (SD); paramagnetic spin orbit
PSO; and diamagnetic spin orbit (DSO)] were carried out using the
EPR-IIl basis set,?" which is of a triple-zeta quality and includes
diffuse and polarization functions. The s part of this basis set is
enhanced to better reproduce the electronic density in the nuclear
regions, since this point is particularly important when calculating
the FC term.

Anexcellentagreement between the calculated and experimen-
tal 3*Jcy couplings was observed for compounds (1-7) (Table 1).
For all these couplings, the SD term is around 0 Hz, while the PSO
and DSO terms cancel each other. It is observed that 3"4JC1H4 cou-
plings are around 5.0 Hz for all norbornanone compounds (1-5),
which is very small for a C; —-C;-C4—H4 coupling pathway with a
dihedral angle quite close to 180°, while for the same compounds
the 34Jc,n, couplings are ca 8.5 Hz, which are similar to those
reported by Aydin and Gunther,?%! with respective dihedral angle
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(C4—C7-Cq—H;) close to 178° (Table 2). In order to assess the role
played by the carbonyl group in defining the difference between
34Jc,n, and3*Jc,p, in norbornanone derivatives, similar couplings
were measured in exo-2-norborneol (6) and endo-2-norborneol (7)
(Table 1). It is noteworthy that the asymmetry in these two cou-
plings, although notably reduced in comparison with those in
compound 1, is also present in the two norborneol derivatives.
From a comparison of the couplings displayed in Table 1, it can be
concluded that the difference between 34Jc 1, and 34Jc,u, cou-
plings in 1 originates mainly in a reduction of 3*Jc,,, probably
due to the influence of the carbonyl group, and not due to an
increase in the 34Jc, 4, coupling.

Any hyperconjugative interaction taking charge from a 3Jcy
coupling pathway leads to a reduction in the corresponding
3Jen coupling.'213! Two hyperconjugative interactions, oc, -c, —
m*c,=o and oc,-c, — o*c,=o (Table2), are noteworthy in
norbornanones and they are expected to yield a reduction
in both the three-bond contribution to 3*Jc,n, and *Jc,u,
couplings. Although the oc, _c, bond plays a different role in
the three-bond coupling pathway of 3*Jc,u, and 3%Jc,u,, this
difference is not considered here since the present analysis is
only qualitative. Nevertheless, it should be noted the strong
oc;-c, — 0*c,=o0 hyperconjugative interaction involves the
oc;-c, bond orbital which contains the C; coupling nucleus
of the 3*Jc,, coupling. It should also be noted that in
norbonanones (1-5)theoc, ¢, — o*c,=o interactionisstronger
than the oc,-c, — o*c,=o0 interaction (Table 2). These two
last interactions, oc,-c, — o*c,=o and oc;-c, = o*c,=o,
define an additional coupling pathway for 3"‘JC4H1 but not for
3'4JC1H4, providing an adequate rationalization to explain the
observed difference between the 3*Jc,y, and 3*Jc,u, couplings
in norbornanone derivatives. It can be observed that the
additional coupling pathway for 3"‘JC4H1 is quite similar to that
observed®233] for homoallylic couplings. The only difference is
that the intermediate antibonding orbital for 3JC4H1 is of the
o*-type, while in homoallylic couplings they are of the 7 *-type.

Resorting to a rather loose but pictorial expression, it can be
said that results reported in this communication suggest that
the present rationalization can be described in the following
terms. Both for oc,-.c, - o*c,=0 and oc,_c, — 7 c,=o0,
hyperconjugative interactions can be thought of as a ‘leak’ of the
FC spin information for both three-bond contributions to 3'4JC4H1
and 3*Jc,n, couplings. However, owing to the oc; ¢, = 0*c,—o
interaction, the former coupling, 3'4JC4H1, ‘recovers’ the best part
of the ‘lost’ FC spin information increasing the efficiency of its
four-bond contribution, defining the asymmetry between these
two 3*Jcy couplings in norbornanone derivatives.

Table 2. Dihedral angle (°), bond angle (°), and main hyperconjugative interactions (kcal mol~") for norbornanone and norborneol derivatives

Parameters (1) (2) (3) (4) (5) (6) (7)
¢ C1-C7-C4—Hy 180 180 179 180 179 179 180
¢ C4-C7-Cy-H, 179 178 179 177 178 179 180
£C-CG-C 105 105 105 105 105 103 102
£ Cy-C3-Cy 102 102 103 102 103 103 103
o -¢; = Tcy=0 22 23 19 22 20 - -
0ci-c; — 0, =02 3.8 3.9 4.0 3.8 4.0 Not observed 43
0cs-cq = 0Fcy=0" 48 42 42 45 44 1.1 14

@ For compounds 6 and 7 this corresponds to the interaction with the o*c, o antibonding orbital.
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The same rationalization introduced above can be invoked
to explain the behavior of **Jc,n, and 3%Jc,n, couplings in
norbornanone determined experimentally by Parellaet al.®¥ Inthe
former coupling, it is expected that the large oc, -c, — o0 *c,=0
and oc;_c, — 0"c,=0 hyperconjugative interactions should
increase notably its contribution transmitted by its four-bond
coupling pathway. This effect should not be present in the
latter coupling. The respective calculated values are 10.5 and
5.2Hz, which are in excellent agreement with experimental
values, 10.0 and 5.5 Hz, respectively. Similar effects are expected
to be important in other cyclic compounds containing a
carbonyl moiety, such as, for instance, adamantane and pinane
derivatives.?>3¢ |n a forthcoming full paper, such effects are
expected to be discussed in detail.

Taking into account that a o*(C=C) antibonding orbital is a
notable poorer acceptor than a o*(C=0) antibonding orbital,?”!
it can be expected that in camphene derivatives the asymmetry
between 34Jc,.y, and 34Jc,u, couplings is less marked than in
norbornanone derivatives. In fact, this trend was observed by
Parella et al.B¥

Acknowledgements

The authors are grateful to FAPESP (grant 06/03980-2, 05/59649-0
and 05/59571-0) for the financial support of this work and for
a fellowship (to AM) and a scholarship (to FPS), and to CNPq for
financial supportand for fellowships (to RRand CFT). RHC gratefully
acknowledges financial support from CONICET (PIP 5119/05) and
UBACYT(X222). The authors also thank Prof. Teodor Parella and
Dr Paul Nolis from Universidad Autonoma de Barcelona for the
HSQC-TOCSY-IPAP pulse sequence.

References

[1] Karplus M. J. Chem. Phys. 1959; 30: 11.

[2] Karplus M. J. Phys. Chem. 1960; 64: 1793.

[3] Karplus M. J. Am. Chem. Soc. 1963; 85: 2870.

[4] Thomas WA. Prog. Nucl. Magn. Reson. Spectrosc. 1997; 30: 183.

[5] San-Fabidn J, Guilleme J, Diez E, Lazzeretti P, Malagoli M, Zanasi R,

Mora AL. Mol. Phys. 1994; 82:913.

] Guilleme J, San-Fabian J, Diez E. Mol. Phys. 1997; 91: 243.

1 San-Fabian J, Guilleme J, Diez E. An. Quim. 1995; 91: 200.

] Barfield M, Smith WB. J. Am. Chem. Soc. 1992; 114: 1574.

9] Smith WB, Barfield M. Magn. Reson. Chem. 1993; 31: 696.

[10] VanWijk J,Huckriede BD, Ippel JH, Altona C. Methods Enzymol. 1992;
211:286.

[11] LohrF, Schmidt JM, Ruterjans HJ. Biomol. NMR 1999; 14: 1.

[12] Contreras RH, Peralta JE, Giribet CG, Ruiz de Azua MC, Facelli JC.
Annu. Rep. NMR Spectrosc. 2000; 41: 55.

Magn. Reson. Chem. 2008; 46: 107 -109

[26]

Copyright (© 2007 John Wiley & Sons, Ltd.

0xg

Contreras RH, Peralta JE. Prog. Nucl. Magn. Reson. Spectrosc. 2000;
37:321.

Hansen PE. Prog. Nucl. Magn. Reson. Spectrosc. 1981; 14: 175.
Marshall JL. Carbon-Carbon and Carbon-Proton NMR Couplings:
Applications to Organic Stereochemistry and Conformational Analysis.
Verlag Chemie: Deerfield Beach, 1983.

Tvaroska |, Taravel FR. Adv. Carbohydr. Chem. Biochem. 1995; 51: 15.
San-Fabian J, Guilleme J, Diez E. J. Mol. Struct. (Theochem) 1998; 426:
117.

Tvaroska |, Hricovini M, Petrakova E. Carbohydr. Res. 1989; 189: 359.
Wang AC, Bax A. J. Am. Chem. Soc. 1995; 117: 1810.

Aydin R, Gunther H. Magn. Reson. Chem. 1990; 28: 448.

Aydin R, Gunther JP. Angew. Chem. Int. Ed. Engl. 1982; 21: 449.
Parella T, Sdnchez-Ferrando F, Virgili A. Magn. Reson. Chem. 1994;
32:657.

Nolis P, Espinosa JF, Parella T. J. Magn. Reson. 2006; 180: 39.
Sychrovshy V, Gréfenstein J, Cremer D. J. Chem. Phys. 2000; 113:
3530.

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,
Cheeseman JR, Montgomery Jr. JA, Vreven T, Kudin KN, Burant JC,
Millam JM, lyengarSS, TomasiJ, BaroneV, MennucciB, Cossi M,
Scalmani G, Rega N, Petersson GA, Nakatsuji H, Hada M, Ehara M,
Toyota K, Fukuda R, Hasegawa J, Ishida M, Nakajima T, HondaY,
Kitao O, NakaiH, Klene M, LiX, Knox JE, Hratchian HP, Cross JB,
BakkenV, AdamoC, JaramilloJ), GompertsR, Stratmann RE,
Yazyev O, Austin AJ, Cammi R, Pomelli C, Ochterski JW, Ayala PY,
Morokuma K, Voth GA, Salvador P, Dannenberg JJ, Zakrzewski VG,
Dapprich S, Daniels AD, Strain MC, Farkas O, Malick DK, Rabuck AD,
Raghavachari K, Foresman JB, Ortiz JV, Cui Q, Baboul AG, Clifford S,
Cioslowski J, Stefanov BB, Liu G, Liashenko A, Piskorz P, Komaromi |,
Martin RL, Fox DJ, Keith T, Al-Laham MA, Peng CY, Nanayakkara A,
Challacombe M,  GillPMW, JohnsonB, ChenW, WongMW,
GonzalezC, PopleJA. Gaussian 03, Revision D 02. Gaussian:
Wallingford, 2004.

NBO 5.0G, GlendeningED, BadenhoopJK, ReedAE, Car-
penter JE, BohmannJA, Morales CM, Weinhold F. Theoretical
Chemistry Institute, University of Wisconsin: Madison, 20071;
http://www.chem.wisc.edu/~nbo5, Program as implemented in
the Gaussian 03 package.

Becke AD. Phys. Rev. A 1988; 38: 3098.

Becke AD. J. Chem. Phys. 1993; 98: 5648.

Lee CT, Yang WT, Parr RG. Phys. Rev. B 1988; 37: 785.

Woon DE, Dunning TH. J. Chem. Phys. 1993; 98: 1358.

Barone V. J. Chem. Phys. 1994; 10: 6834.

Barfield M, Chakrabarti B. Chem. Rev. 1969; 69: 757.

Parella T, Sdnchez-Ferrando F, Virgili A. Magn. Reson. Chem. 1997;
35:30.

Parella T, Sdnchez-Ferrando F, Virgili A. Magn. Reson. Chem. 1995;
33:196.

Parella T, Sdnchez-Ferrando F, Virgili A. Magn. Reson. Chem. 1992;
30:823.

Denisov AYU, Tyshchishin EAT, Tkachev AV, Mamatyuk VM. Magn.
Reson. Chem. 1992; 30: 886.

Juaristi E, Cuevas G. Acc. Chem. Res. 2007; 40: 961.

www.interscience.wiley.com/journal/mrc



