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The origin of conformational preference icyanoe-fluorophenylacetic acid (CFPA) methyl ester that

is a model system odfi-cyanoe-fluoro-p-tolylacetic acid (CFTA) esters was theoretically investigated

by means of DFT and MP2 calculations. Two stable conformations having-ttel@ndsynandanti

to the G=0 bond, respectively, were obtained for CFPA methyl ester. A small energy difference (0.9
kcal mol* at the MP2(fc)/6-3%++G(d,p)) was found between the two conformations. From the molecular
orbital analysis based on the Natural Bond Orbital analysis and supported by calculations using the Orbital
Deletion Procedure technique, we found that(o*+x*)(C=0) and o—o*(Ph) and z(Ph)-o*
hyperconjugations are the main factors responsible for the conformational preference. The role of the
fluorine atom on the stereogenic center was also clarified.

Introduction 19F nucleus is expected because the fluorine chemical shift
differences between two diastereomers, produced by fluorine-
containing CDAs, are much greater than those obtainetHby
NMR.89 Although the modified Mosher method witi:meth-
oxy-a-trifluoromethylphenylacetic acid (MTPA) is often em-
ployed for this purpose, many instances have arisen recently,

Determination of absolute configuration of chiral molecules
is an indispensable process in asymmetric reactions and
structural studies of complex natural products. However, there
have been no practical methods generally applicable to non-
crystallizable compounds and for those samples available only
!n very S.ma" .quant't.'es- Or! thgse grounds, there is a grovylng (2) Morohashi, A.; Satake, M.; Nagai, H.; Oshima, Y.; Yasumoto, T.
interest in using chiral derivatizing agents (CDASs) to assign Tetrahedron200Q 56, 8995-9001.
the absolute configuration of chiral molecules. These CDAs are ] ﬁ) ihant?, L. %?OChﬂlf_thtD-zioggng,é—isL;g'ingWOFth, N. R.; Pezzuto,

: : P . M.; Kinghorn, D.Org. Lett. , .

a pqtentla}I tool in the NMR determination of the absolute (4) Murata, M.; Matsuoka, S.: Matsumori, N.: Paul, G. K.; Tachibana,
configuration of a wide class of substrates. One of the most k. J.'Am. Chem. Sod.999 121, 870-871.
convenient and reliable methods is thé NMR analysis of (5) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, Bl. Am. Chem.
diastereomers formed by reactions of chiral molecules with the S°¢:1991 113 4092-4096. , o _

1-7 i ofH (6) Trost, B. M.; Belletire, J. L.; Godleski, S.; McDougal, P. G.;
CDAs!~ 7 In addition to the use as probe, the use of the  pajkovec, J. M.J. Org. Chem1986 51, 2370-2374.
(7) Seco, J. M.; Latypov, Sh.; Qlog, E.; Riguera, RTetrahedron Lett.
* Address correspondence to this author. Fax: 81-22-795-7715. Phone: 81- 1994 35, 2921-2924.

22-795-7715. (8) Takeuchi, Y.; Itoh, N.; Satoh, T.; Koizumi, T.; Yamaguchi, K.
T Tohoku University. Org. Chem.1993 58, 1812-1820.
* University of Toyama. (9) Takeuchi, Y.; Takahashi, Enantiocontrolled Synthesis of Fluoro-
8 Nagoya University. organic CompoundsSoloshonok, V. A., Ed.; Wiley: Chichester, UK, 1999;
(1) Kubota, T.; Tsuda, M.; Kobayashi,Qrg. Lett.2001, 3, 1363-1366. pp 497534.
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FIGURE 1. The a-cyanoe-fluoro-p-tolylacetic acid (CFTA). C*
denotes the chiral center in CFTA, referred in the text Qy &, R?,

and Me all have been replaced by H atoms yielding the CFPA-OMe
model system used in this work.

Sahnoun et al.

conformational preferences in the ester derivatives of CFTA
using a simplified model system of the CFPA methyl ester.
The following section of this paper describes the methods of
calculation as well as the CFTA model system used in this work.
We then present our results and give our understanding of the
origin of the observed conformational preference. The Molecular
Orbital (MO) analysis based on the Natural Bond Orbital (NBO)
approach will be used to identify the type of interactions between
the different functional groups inside the CFPA model system.
The Orbital Deletion Procedure (ODP) will be used to quanti-

where the MTPA procedure cannot be applied probably becausetatively evaluate the hyperconjugation energies. The results of
of the presence of multiple complex conformers observed in localized MO analysis show that a hyperconjugative mechanism

the MTPA ester diastereomél.
o-Cyanoe-fluorophenylacetic acid (CFPA}12and a-cy-
ano«a-fluoro-p-tolylacetic acid (CFTA}®-17 having a unique

is responsible for the origin of the conformational preference.
This reminds us that a hyperconjugative mechanism is the origin
of the conformational preference in fluoroacetaldehyde (FAA)

chiral fluorine structure, developed by Takeuchi and co-workers and methyl fluoroacetate (MFA), which have some of the same

(Figure 1), are the best among the known CDAs from the
viewpoint of consistency in thad values A6 = ds— dr, Where
dsandodr are the chemical shifts 3H signals of §- and R)-

CFTA esters, respectively) for the derived ester diastereo-

mers!®17in addition to both the high reactivity of the agéefits
and the resolution efficiency in the NMR:17 The sign ofAd

functional groups as CFPA, namely—€ and G=0.8 We
conclude this work by summarizing the validity of the different
descriptions (MO based on both NBO and ODP) as applied to
the model system we have used and the factors controlling the
conformational preference.

between diastereomeric CFTA esters can be correlated to thecppa Model

absolute configuration of a secondary alcohol on the basis of

the model shown in Figure 2. In this model, the-E bond is
syn (synperiplanar) to the €0 bond, to which the carbinyl

Since for the CFTA molecule the real substituentaRd R
of the ester group and the methyl group attached para to the

C—H bond issyn This conformation was seen in the X-ray aromatic ring are away from the central chiral carbon, it is
structure of the R)-CFTA ester of (8)-neomenthot® The expected that their effects on the conformational preference will
proton signals due to the substituents that confront the aromatiche negligible and, therefore, they all have been replaced by H
ring always shifted upfield by the magnetic anisotropy of the atoms, in order to reduce both computational cost and time.

aromatic ring. Accordingly, thé\é values for each proton in
the Rt group should be positive and those in thegRoup should

The resulting model system is called the CFPA methyl ester
and will be labeled hereafter simply by CFPA-OMe as shown

be negative. This model was supported by ab initio calculations in Figure 1.

performed at the RHF/6-31G(d) level on the ground electronic
state of diastereomeridR[-CFPA esters of (3- and (R)-
menthols (i.e., RS- and R R)-CFPA esters). Two predominant
conformations were found for each of thR,$- and RR)-
CFPA esters: one is tlgynconformation described above and
the other is theanti one regarding the €F and G=0 bonds.
The calculations predicted a preference ofgieconformations
by 0.94 and 0.55 kcal mot for the RS- and RR)-CFPA

Computational Details

Two different theoretical methods have been used in this work:
the density functional theory (DFT) and the Mghd?lesset second-
order perturbation theory, using the frozen core option, MP2¢fc).
In the DFT calculation, the ordinary B3LYP functional, which
consists of the hybrid BeckeHartree-Fock exchang® and the

esters, respectively. However, no explanation was provided by Lee—Yang-Parr correlation functional with nonlocal correc-

the authors for the reasons why thygnand theanti are stable
and for the conformational preference of thaover theanti.

In view of the versatility of these CDAs and the crucial
importance of the preferred conformation of the chiral fluorine

tions2122was adopted. The DFT method has been used to generate
the potential energy curve as a function of theG—C=0 dihedral
angle. To better evaluate the energy difference and to provide the
molecular orbitals (MOs) required for this work, we reoptimized
the geometries of the stable conformers obtained along the potential

structure in the assignment of absolute configuration, we have energy curves at the MP2(fc) level as well as at the B3LYP level

undertaken a thorough investigation by means of ab initio
molecular orbital calculations to identify the origin of the

(10) Latypov, Sh. K.; Seco, J. M.; Qlag E.; Riguera, RJ. Org. Chem.
1996 61, 8569-8577.

(11) Takeuchi, Y.; Itoh, N.; Note, H.; Koizumi, T.; Yamaguchi, &.
Am. Chem. Sod 991, 113 6318-6320.

(12) Takeuchi, Y.; Itoh, N.; Koizumi, TJ. Chem. SocChem. Commun.
1992 1514-1515 (see alsoChem. Ind.1992 874).

(13) Takeuchi, Y.; Konishi, M.; Hori, H.; Takahashi, T.; Kometani, T.;
Kirk, K. Chem. Commuril998 365-366.

(14) Takeuchi, Y.; Konishi, M.; Hori, H.; Takahashi, T.; Kirk, K.
Enantiomer1999 4, 339-344.

(15) Fujiwara, T.; Sasaki, M.; Omata, K.; Kabuto, C.; Kabuto, K.;
Takeuchi, Y.Tetrahedron Asymmetry2004 15, 555-563.

(16) Takahashi, T.; Fukuishima, A.; Tanaka, Y.; Takeuchi, Y.; Kabuto,
K.; Kabuto, C.Chem. Commur200Q 787—788.

(17) Takeuchi, Y.; Fujisawa, H.; Noyori, ROrg. Lett.2004 6, 4607
4610.
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by removing the constraint on the dihedral angles.

Natural Bond Orbitals analysis, which provides the means to
analyze the atomatom interaction in more detail than is given by
MOs based on the doneacceptor scheme, has been ugeé
To quantitatively evaluate the hyperconjugation energies, we

(18) Sahnoun, R.; Fujimura, Y.; Kabuto, K.; Takeuchi, Y.; Noyori, R.
Bull. Chem. Soc. Jpr2006§ 79, 555-560.

(19) Mgller, M.; Plesset, M. SPhys. Re. 1934 46, 618-622.

(20) Becke, A. D.J. Chem. Phys1993 98, 5648-5652.

(21) Lee, C.; Yang, W.; Parr, R. ®hys. Re. B 1988 37, 785-789.

(22) Miehlich, B.; Savin, A.; Stoll, H.; Preuss, ©&hem. Phys. Letf.989
157, 200-206.

(23) Reed, A. E.; Weinhold, RI. Chem. Phys1983 78, 4066-4073.

(24) Reed, A. E.; Weinstock, R. B.; Weinhold, F.Chem. Phys1985
83, 735-746.

(25) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88,
899-926.
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FIGURE 2. The model for correlation betweeid in CFTA esters and absolute configuration of secondary alcohdR?@RIOH).
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FIGURE 3. Potential energy curve for CFPA-OMe obtained at the B3LYP/&-3G(d,p) level.
employed the ODP approach in which certain specific atomic 0° to 36(, using a step of 10and smaller steps<(5°, not

orbitals are forced to be vacafit>® _ _ displayed in Figure 3 for clarity of the curve) near each saddle
All calculations have been carried out with the Gaussia#? 98

; X X point.
and Gaussian @8 suites of programs employing the standard ) ) ) )
6-31++G(d,p) basis set. Geometric and Energetic. In agreement with previous
calculationsi® two distinct stable conformations were found,
Results and Discussion the synand anti forms. Thesyn conformation corresponds to

an F—C—C=0 dihedral angle of the order of20° non-
negligibly bent from a reasynconformation. Thenti confor-
mation has an +C—C=0 dihedral angle of about 182nd is
also non-negligibly bent from the reahti conformation. It is

In Figure 3 is shown the calculated potential energy curve
for the CFPA-OMe model system. The potential energy curve
was generated by varying the-E—C=0 dihedral angle from

(26) Mo, Y.; Lin, Z. J. Chem. Physl996 105, 1046-1051. clear that these two conformations do not belong togidueche

(27) Mo, Y.; Schleyer, P. v. R.; Jiao, H.; Lin, Zhem. Phys. Letl997, form. For the geometrical parameters, only the selected dihedral
28%2350’&??42@ R. M.; Quapp, W.; Subramanian, G.: Schleyer, P. v. R.: angles that are displayed in Figure 4 have been found to be of
Mo, Y. J. gomp’ut..ch.e’nﬂ_ggpzp’]_& 1792-1803. YER TV interest. All the other optimized parameters undergo slight

P'tt(zk?) FrriscPhAMéon;zet alGaussian 98Revision A.11.3; Gaussian, Inc.:  vyariations when going from theyn conformation to theanti
ittsburgh, , . g
(30) Frisch, M. J.; et alGaussian 03Revision B04; Gaussian, Inc..  ON€ and this is true regardless of the method used, B3LYP or

Pittsburgh, PA, 2003. MP2(fc).

J. Org. ChemVol. 72, No. 21, 2007 7925
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FIGURE 4. MP2(fc)/6-3H+G(d,p) optimized structures for CFPA-OMe. In the top-left (top-right) corner picture a$ythéanti) conformation

is the side view with respect to the4f€—C=0 dihedral angle, which shows the fluoroester fragment model while the actual structure is shown in

the fluorotoluene fragment model. Only the most important dihedral angles are given. Bond distances, bond angles, and dihedral angles undergo
small variation on going from theynconformation to thenti one and therefore are not shown. The blue spheres stand for F atoms, red ones for

O atoms, blue-sky ones for N atoms, green ones for C atoms, and gray ones for H atoms.

Overall, there is a good agreement between the two methodssummarized in Table 1. On the basis of the NBO analysis, the
in predicting the energy difference between 8ya and anti orbital interaction occurs between the double bordCCand
conformations. The energy differenc&Bani-syn) between the each of theo-bonds G—F, G,—Cy, and G—Cgpn for the
anti and syn conformations of the fully optimized structures fluoroester fragment. The dominant dor@cceptor interactions
with use of B3LYP and MP2(fc) levels of theory gives 0.79 are theo—o*(C=0) and o—7*(C=0), as clearly shown in
and 0.89 kcal motll, respectively, i.e., theynconformation is Table 1, for bothsynandanti conformers. In thes—o*(C=0)
more stable than thanti one. These values are in good ando—a*(C=O0) interactions, charge transfers, featuring the
agreement with that calculated at the HF/6+8(d) for the hyperconjugative mechanism, take place mainly from the two
(R,9-CFPA (0.94 kcal mol?) by Takahashi et df A relatively localized donor orbitalsy(C,—Cn) + 0(Cu—Cgpr), denoted
small energy difference between the two conformations reflects simply aso in Table 1, to the two unoccupied acceptor orbitals
the rotamer character for CFPA-OMe since the difference in ¢*(C=0) andx*(C=0) for syn conformation, while for the
their structures is mainly attributed to a rotation around thecC anti conformation the hyperconjugation mainly occurs between
single bond of the FC—C=0 group. 0(Co—F) + 0(Ca—Cgpr) and 0*(C=0) + z*(C=0). Indeed,

NBO Analysis. The synand anti terminology was chosen  the geometrical arrangement of€F with C=0 in synlike
based on the geometrical position of-€F with respect to  andanti-like positions favors such hyperconjugation, particularly
Cestem™=O (Where Gsier refers to the carbonyl carbon atom of  in the synconformation. The staggered positionaffC,—Ch)
the —CO,CHjs group), which is thought to be crucial, as pointed + 0(Co—Cgpr) With 7*(C=0) leads to a favorable overlap
out in the introduction. However, the CFPA-OMe model system petween them and hence facilitates the hyperconjugative mech-
can also be regarded as,‘Substituted fluorotoluene fragment”  anism. The results presented in Table 1 clearly show that the
type, referred to thereafter by the term “fluorotoluene fragment”. electron-withdrawing effect exerted by the CN group reduces
In that case, the position of.& F with respect to the plane of  the effect of the hyperconjugation in both conformations. It
the aromatic ring is also important and should receive careful should be pointed out here that the charge transfer r(@g—
attention when elucidating the factors controlling the confor- F) to eithera*(C=0) or 7*(C=O0) is only present in thenti
mational preference. _ _ conformation and non-negligibly contributes to its stability. For

A systematic comparison of the MO orbitalssynandanti the syn conformation, the interaction af(C,—F) takes place

conformations did reveal the existence of hyperconjugative wjth o*(C—0), instead. As can be deduced from Table 1, the
molecular orbitals in both conformations. Depending on how ;_;+Cc=0) and o—7*(C=0) types of interaction are more

the CFPA-OMe system is looked at, the hyperconjugative MOS jmportant in the syn conformation than those in thanti
can be between the-orbital of the G=O bond and each of the  ¢onformation. The common isovalent hyperconjugafbiea-
Ca—F, G=Cy, and G—Cgpn o-bonds in the fluoroester  yreq hyg—z*(C=0), was found to have the most significant
fragment and between theorbital of the aromatic ring (Ph)  pyperconjugative effect in both conformations, followed by
and each of the &-F, C,—COCHs, and G—Cy o-bonds in - ;—_ x(c=0) [6(C,—Cy) + 0(Ca—Cppry to 0*(C=0) in synand
the fluorotoluene fragment. However, the presence of substit- ;¢ —Fy + o(Ca—Cppr) to 0*(C=0) in anti]. However, one
uents such as cyane-CN), phenyl -CeHs), and ester{CO,-  ghouid not neglect other types of interaction, particularly
CHs) renders the orbital overlap more complicated. While (C=0)—0* [0*(Cu—Cn) + 0*(Co—Cppr) for synando*(Co—
substitution of cyano and phenyl in the fluoroester fragment F) + 0*(Cu—Cypr) for anti], which is defined as negative
and cyano and ester in the fluorotoluene fragment by simpler hyperconjugatiori and to a lesser extent*(C=0)—o* [o*-
substituents is highly appreciated to show the hyperconjugative(CQ_CN) + 0*(Cu—Cypr) for synand o*(Co—F) + 0*(Co—
MOs in the delocalized canonical orbitals, the substitutions may Cypr) for ant].

even lead to more complicated systems. On the other hand,

investigation of the doneracceptor scheme provided by the (31)UPAC Compendium of Chemical Terminologind ed.. Royal
NBO analysis may greatly clarify the hyperconjugative issue. Society of ChemistrF;/: Vambridge, UK, 1992)rgani2 Chemis-{ry V\Xth

To confirm the hyperconjugation we performed NBO analysis opjine Learning Center and Leamning by Model CD-ROGRrey, F. A.,
on each conformation of the CFPA-OMe. The results are Ed.; McGraw-Hill Science/Engineering/Math: New York, 2002.

7926 J. Org. Chem.Vol. 72, No. 21, 2007
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TABLE 1. Calculated NBO and ODP Hyperconjugation Energies (HCE, in kcal mof?) Resulting from the Different Types of Interaction in
the Fluoroester Fragment and in the Fluorotoluene Fragment for theSyn and Anti Conformations? of the CFPA-OMe Obtained at the HFF/

6-31++G(d,p) Level of Theory

NBO ODP
type of interaction HCEdyn HCE (anti) HCE (syn HCE (anti)
fluoroester fragment
[0(Co—F) + 0(Ca—Cn) + 0(Co—Cppn)] —0*(C=0) 4.25 3.38 3.78 3.08
[0(Co—F) + 0(Cy—Cn) + 0(Co—Cgpr) —*(C=0) 5.22 4.63 4.42 3.98
7(C=0)—[0*(Co—F) + 0*(Co—Cn) + 0*(Co—Cprn)] 2.22 2.17 1.89 1.78
7*(C=0)—[0*(Cy—F) + 0*(Ca—Cn) + 0*(Co—Cgrn)] 1.53 2.49 0.53 0.60
total (fluoroester fragment) 13.22 12.67 10.62 9.44
del (CFCNC gen)/(O—C=0)P 32.64 32.86
del (C,F)/(0O—C=0)° 17.24 17.82
fluorotoluene fragment

[0(Co—F) + 0(Co—CO,CHs) + 0(Cy—Cn)]—0*(Ph) 5.42 5.68 5.05 5.20
[0(Co—F) + 0(Cy—CO,CHs) + 0(Cy—Cn)]—7*(Ph) 2.89 3.57 2.25 2.93
o(Ph)—[0*(Co—F) 4+ 6*(Co—CO2CHs) + 0*(Co—Cn)] 2.93 2.98 2.66 2.67
w(Ph)y—[0*(Ca—F) + 0*(Ca—COCHz) + 0*(Co—Chn)] 8.76 8.36 5.98 5.75
a*(Ph)—[0*(Co—F) + 0*(Co—CO,CHjz) + 0*(Co—Chn)] 4.60 411 157 1.35
total (fluorotoluene fragment) 24.60 24.70 17.51 18.37
del (CFCnCeste)/(CrrCpriCrn)° 35.75 35.15
del (GF)/(CorCsPhGep)® 18.83 17.79
total (fluoroester fragment fluorotoluene fragment) 28.13 27.81
total fluorine-HC irf

fluoroester fragment 6.16 4.16

fluorotoluene fragment 8.24 7.38 5.76 5.44

F/Oeste!! 5.25 4.56

a Optimized structures at the MP2(fc)/6-8%G(d,p) level have been used feynandanti conformations of the CFPA-OMé&.del means deletion of all
types of interaction between the two fragments shown in parentHfeSkmrine-HC means fluorine hyperconjugation (H&€Y.he other oxygen atom of the
—CO,CHgz group.

We note here that—(o* + 7*)(C=0) hyperconjugation The fluorotoluene fragment model that we have considered
favors thesyn conformation over thenti one, whilez*(C= is a very well-known system for which ample investigations
0)—o* favors theanti conformation over theynone ands- have been reported. 38 However, unlike simple substituents

(C=0)—0* has seemingly no major effect on the conformational such as CH that have been used in the previous wW8rk&35-38
preference. As can be seen in Table 1, the effect of all or even CH,3® with the actual substituents, namely CN and

hyperconjugations is slightly more important in tegncon-  CO,CHj, the interpretation and manifestation of the hypercon-
formation, suggesting that the stability of this conformation is  jugation is more difficult and more complicated if we restrict
attributed to hyperconjugative effects. the analysis to only the MO pictures. On the basis of the NBO

In the second model type, which is referred to as the analysis, it is easier to identify the mechanism of the hyper-
fluorotoluene fragment, the plane of the aromatic ring is located conjugation between the different substituents andrthetwork
in a staggered position away from thg-€CO,CHs and G,—F of the aromatic ring. Compared with only oneorbital of C=
bonds, respectively, while it is almost eclipsed with the-C O, the z-network of the aromatic ring significantly enhances
Cn bond (see Figure 4). From the NBO analysis, the hyper- the effect of the hyperconjugation. This is well observed in Table
conjugative interaction takes place betweenthmbital ofthe 1 where the hyperconjugation energies in the fluorotoluene
aromatic ring and each of the,€F, C,—CO,CHs, and G~ fragment are larger than those of the fluoroester fragment. This
Cy o-bonds. Two prominent hyperconjugative mechanisms can may be attributed to an easiness of the electron transfer between
be identified in Table 1, the(Ph)—o* and thec—o*(Ph). While the aromatic ring and each of the,€F, Cy—Cestes and G—
thesz(Ph)—o* hyperconjugative interaction is mainly attributed ¢ 5-honds. Whileo—s*(Ph) slightly favors theanti conforma-
to m(Ph)—o0(Cy—Ceste) Orbital interaction in bo_th conformatio_ns, tion, Z(Ph)—o* barely favors thesyn Furthermore, in contrast
the 7(Ph)-0*(C4—F) was glso found to be important particu- it the fluoroester fragment, all the hyperconjugation energies
larly for the syn conformation. Indeed, the(Ph)-o*(C.—F) found in the fluorotoluene fragment scarcely show significant

hypercorjjugative interaction. representd0% of thg totaln-. variation between the two conformations. This is well reflected
(Ph)=0* in the synconformation and~23% of that in theanti

one. The second most important hyperconjugation in this series (32) Nakai, H.. Kawai, MChem. Phys. Let1999 307, 272276
. ok . . . . akai, H.; Kawai, M.Chem. Phys. Let f — .
is o—o*(Ph). In this interaction, hyperconjugation takes place (33) Nakai. H. Kawai, M.J. Chem. Phys200Q 113 2168-2174.

mainly betweeno(C,—Cy) + o(Cy—F) ando*(Ph) in both (34) Sahnoun, R.; Nakai, H. To be submitted for publication.
conformations. The(C,—Cn)—o*(Ph) hyperconjugation rep- (35) Nakai, H.; Kawamura, YChem. Phys. Let200Q 318 298-304.
resents~52% of the totalo—o*(Ph) in thesynconformation ., (3%) Kawamura, ¥.; Nagasawa, T.; Nakai, HChem. Phy2001 114
and ~48% in theanti one, clearly indicating that it is the (37) Kawai, M.: Nakai, HChem. Phys2001, 273 191-196.

dominant hyperconjugation in both conformations. As for  (38) Kawamura, Y.; Nakai HChem. Phys. Let2003 368 673-679.

ok * - * i i (39) Substitutions of cyane(CN) and phenyl{CgHs) in the fluoroester
o—a*(Ph), a*(Ph)—g*, and o(Ph)—-o™ hyperconjugations, the fragment by two methyl (Ck) groups and cyano and esterGO,CHg) in

Ca'w!aﬂqns show that they non-_negligibly contribute to the he fiyorotoluene fragment by two methyl groups did evidence the
stabilization of the two conformations (see Table 1). hyperconjugative MOs in the delocalized canonical orbitals description.

J. Org. ChemVol. 72, No. 21, 2007 7927
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also in the overall total hyperconjugation energy in each find the right tendency of the conformational preference, with

conformation where the overall hyperconjugative effects cancel less accentuation in the energy difference between the two

each other. conformations. It should be noted here that, in this deletion
Orbital Deletion Procedure (ODP). To quantify the energies ~ procedure, all types of orbital interactions between the two units,

of each type of hyperconjugation and assess their importance,including those involving the Rydberg orbitals, are taken into

we have calculated their acquired stabilization energies usingconsideration, unlike the deletion of specific doracceptor

the orbital deletion procedure technique (ODP). In this calcula- interaction.

tion, we used the structures optimized at the MP2(fc)/6-8G- Finally, it is worth mentioning the role played by the F atom.
(d,p) level and performed single point energy calculations at From both NBO and ODP calculations, the F atom is signifi-
the HF level within the same based set, namely, the-6-8G- cantly involved in the hyperconjugative mechanisms in both

(d,p) one. Deletion of selected doraacceptor interactions was  fluoroester fragment and fluorotoluene fragment. From ODP
based on the NBO description presented above and shown incalculations (see Table 1), the total stabilizing energy acquired
Table 1. Since our attention is particularly addressed to the by deletion of all interactions between=© and G—F
hyperconjugative effects, the deletion was made on selectedrepresents the third of the total hyperconjugation energies in
bond-antibond, lone pairantibond, and antiboneantibond the fluoroester fragment in both conformations, whereas the
interactions, that is, the off-diagonal elements of the Fock matrix deletion of all interactions betweersCgprCpn and G—F in

in the NBO representation. The results of the ODP are presentedhe fluorotoluene fragment gives an order of more than half of
in Table 1 together with the NBO ones for comparative the total hyperconjugation energy and also for both conforma-
purposes. In addition, deletion of all types of interaction between tions. Of course, for a proper evaluation of thg-<& contribut-

the units G=0 and GFC\Cgenin the fluoroester fragment model  ing stabilizing energy, hyperconjugation with-© (the other
and between the units pCgpncpn and GFCnCester in the oxygen atom of the-CO,CHs group) should be considered in
fluorotoluene fragment model were carried out to assess the fluoroester fragment, so that the calculated energy difference
guantitatively their hyperconjugative effects. is well reproduced. In the fluorotoluene fragment, t1i€C,—

All the acquired stabilizing energies of the different hyper- F) exhibits a good acceptor character when the position,6ffC
conjugative mechanisms that have been obtained from the NBObond is out of the plane of (i.e., not eclipsed with) theetwork
analysis are fairly reproduced with the present ODP calculations. of the aromatic ring, which may explain the large hyperconju-
In agreement with NBO analysis, the ODP results confirm that gation energy originating from interaction with,EF.
syn conformation is more stabilized by hyperconjugations in Furthermore, when €0 and G —F are eclipsed (or nearly
the fluoroester fragment than thati one. However, the energy  eclipsed), theanti conformation is more stabilized by(C=
differences are less important than those obtained from NBO. O)—¢*(C,—F) and o(C,—F)—a*(C=0) hyperconjugations,

Inasmuch as the tendencies in the stabilizing energy differ- following the Pauli repulsion expectations. In the fluorotoluene
ences between the two conformations were conserved, thefragment, it was shown that an out-of-plane arrangement of
calculated energies of the hyperconjugations occurring at higherC,—F with the aromatic ring enhances the hyperconjugative

energy levels, particularlg*(C=0)—o¢*, 7(Ph)-c*, and z*- mechanisms, which contradicts the trends of the electrostatic
(Ph)y-o*, are visibly underestimated compared with those interactions butis in line with the tendency of the steric effects
obtained from the NBO analysis. (see the Supporting Information for more details). In all cases,

From the NBO analysis, the calculated(C=0)—c¢* hy- the syn conformation is the preferred conformation due to a
perconjugation energy is less important compared with the 7(Ph)-0*(Co—F) hyperconjugation, which is more important
0—0*(C=0) and o—m*(C=0) ones, suggesting that*(C= than that in theanti conformation.

O)—o* acts in such a way to compensate for the difference of
the first two effects. Unfortunately, the ODP calculation largely Concluding Remarks
underestimates the energy of the latter hyperconjugation,

yielding comparable hyperconjugation energies in both confor- A theoretical investigation of the origin of the conformational
mations. Althoughr*(C=0) ando*(Co—F) + 0*(Co—Cy) + preference in the CFTA model system has been presented. The

o*(Ca—Cyer) are basically vacant, their interaction is thought calculations have been performed at a reasonable and affordable

to be promoted by the relatively small energy difference between l€vel of theory, namely the MP2(fc) level, on a simplified
the two orbitals in the MOs description. This type of hyper- CFPA-OMe model system that possesses all the features of the

conjugation that has recently been propd3ed35-3640 needs parent CFTA functional groups. By assimilating the CFPA-OMe
to be further investigated since the present ODP calculations M0d€l system into the fluoroester fragment (recently proposed
did not reveal any particular effect on the conformational by us'®) on one hand and into the usual fluorotoluene fragment

preference and have not supported the NBO findings. on the other hand, the origin of the conformational preference
On the other hand, the results of the deletion of all types of could be identified and the role of the fluorine atom could be

interactions between the two units<© and GFCyCppnin the clarified. B_oth fluoroester fragm_ent and fluorptoluene fr{igment
fluoroester fragment show that thati conformation is slightly _models evidenced that the ;tab|I|Wsynandant|_conformatlp ns
more stabilized by hyperconjugation than th one. In the is attributed to hyperconjugatlve mechanisms, particularly
fluorotoluene fragment, the reverse tendency was found where? (0" + 7)(C=0) in the fluoroester fragment ang-o*-

the synis more stabilized by hyperconjugation than tti. (Ph) ar)d m(Ph)-¢* in the fluorotpluene fragment. Upon
By summing up the hyperconjugation energies of the fluoroester COMParison of the effects of the different types of hypercon-

fragment to those of the fluorotoluene fragment one can easily 1ugation we found thab—(o* + 7*)(C=0) hyperconjugation

has the main effect for the stability of tteyn conformation,
H — R * — — % 1 1 1
(40) Weinhold, F.; Landis, C. INalency and BondingA Natural Bond Whll?_a T (Ph).andﬂ (C O) g hyperconJUQatlons S_llghtly
Orbital Donor—Acceptor Perspeate; Cambridge University Press: Cam-  Stabilize theant Conf_orma“on- The Importance of this latter
bridge, UK, 2005. effect was not confirmed by ODP calculations and further
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investigations are required to clarify this issue. It is also Complex Systems”. Parts of the computational results in this
concluded from the calculations that the fluorine atom, and more work were obtained by using the supercomputing resources at
precisely the G—F bond, non-negligibly contributes in the Information Synergy Center, Tohoku University.
hyperconjugative mechanisms in both fluoroester fragment and

fluorotoluene fragment models. Both NBO analysis and ODP  Supporting Information Available: Details of donoracceptor
calculations prove that thenti conformation is more stabilized interactions for CFPA-OMesyn and anti conformations; hyper-

by (C=0)—0*(C «—F) ando(Cy—F)—a*(C=0) hyperconju- conjugation energies resulting from deletion of interaction between
gations, whereast(Ph)-0*(C,—F) hyperconjugation non- CFCCand G-C=0 in the fluoroester fragment and between CFCC

negligibly stabilizes thesyn conformation. and GCprCrhin the fluorotoluene fragment; Mulliken and Natural
gligioly y Population Analysis (MPA and NPA) together with discussion; and
S complete refs 29 and 30. This material is available free of charge
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