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HE . POIELEEAMOKEEESD 1 > ThD CH - FHEEMITWIRALY, 1L
THEMICBWTEEREEZE L TV, 22 TIIAER_EDOEELHEN L, CH-1 K
FHEE OB ST E2HERT 5, WITWL 20D CH 1t KFEFED D EBRI 72 5L A R~ 5,
WIZEBAL IR WCEEREE, IS, 0 Fidiko X o 7RISk L Tt OBF5E

Blaf@ 9 %,

Abstract : CH: -7 interaction, which is one of weak non-covalent hydrogen bonds (H-bonds),
plays an important role in physics, chemistry, and biology. First, definition of the H-bond is
introduced, and a position of the CH---m H-bond is confirmed. Next, several experimental
evidence of the CH:--m H-bond are described. Then, consequence of the CH:--m H-bond in
organic chemistry such as conformation, reaction selectivity, and molecular recognition is

discussed especially from recent results.

F—U— F: CH n KFEREE, CH O KEME, SEESFHuEFH

1. BVAKREE

1.1 AkFEEDOESR

IR A DA S TER D AR A RFE O
EHEAS TR 6N TW5, AREAIE, JFFM
2296 L xR EOE T2 4H LEOM T
LD Z L TRWES ZMAT D DI L IELA
FEEIZII VD k2 b FBL R L CEE &
2 LTV B2

KERBDERITLFZORREL & BITHIEESH
T& 7z, Pauling |2 &5 & KFERGIT 2 DO
FXY)DRIZKFEN AV AL Z &Ik >TAL D
7 —ua YHAEERS U < X1 — B -1-F0 A 1E
HAThsd, KFMUEARTHD XHIZIEIZoML Tk
D, —HKEZRIRTHD Y ITINIE TR E2AL,
AL T 5D,

B9 72 EFE1X Pimentel & McClellan[3]I2 &~ T

Bz b, & BITHILIUPAC (X% OFAf L AR —
FANCLAT D X 5 IZ52 LT %, This is an attractive
interaction between a hydrogen atom from a molecule or
a molecular fragment X-H in which X is more
electronegative than H, and an atom or a group of atoms
in the same or a different molecule, in which there is
evidence of bond formation. = ® LR — KTiL6 >D
IKFHREE DFFEBFIFE STV D, AR TR
% CH..n fEAIZ LW, fix OFVKFRHE L HH A
o Z DHEEIZAD

1.2 KFBHEEDOAR

KRFERERITZEDRIITL > THETE D, oD
WEEZBMRET 5720, =3V X —EER AL
T& 72, <X Hatree-Fock ¥{lic-S5<, Wb
% Al —EREDE 51030 5, i b DB 72
EICHSTE TN O x e F—RERRE S
LT 5, fixilt 1 symmetry adapted perturbation theory
(SAPT)IE[6]73E < AV BTN %, SAPT HEIC L %
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X —NHTEHITH D DIk L,FIVAERE T
DI OHFRGNRKE W,

Table 1. Energy decomposition for various types of hydrogen bonds using SAPT method (in kcal mol™).

Type of example Etotal Ees Eer *Eind aEdisp *Eother *Ees/Etotal Edisp/ Etotal
H-bond

OH---0® HO---H:0  -4.60 -822 830 -138 -236 -0.94 1.79 0.51
OH---N°® HO---NH3  -6.10 -11.15 11.76  -2.10 -3.05 -1.55 1.83 0.5
OH--n® HxO---CoHs -2.57 -3.82 496 -0.78 -2.24 -0.68 1.49 0.87
NH---O® NH3;--H0 -2.15 -3.81 4.14 -050 -1.61 -0.37 1.77 0.75
NH---N® NH3---NH3  -2.75 -5.14 584 -0.79 -2.05 -0.60 1.87 0.75
NH--m® NH3--CHs -134 -1.79 255 -023 -1.59 -0.28 1.33 1.19
CH---O® CHas--H20 -045 -0.89 1.61 -0.10 -0.98 -0.09 2.00 2.18
CH--N® CHs-NHs  -0.65 -132 232 -030 -1.17 -0.18 2.03 1.8
CH---m® CHs--C2Hs -0.81 -0.57 1.45 -0.03 -1.58 -0.07 0.71 1.95
OH-n¢ H0---CéHse -2.86 -294 3.78 -1.05 -3.18 -- 1.03 1.11
NH--m® NHs3--CeHe -2.08 -2.05 340 -0.60 -3.32 -- 0.98 1.60
CHmn¢ CHs CeHes -127 -086 223 -0.10 -2.4 -0.16 0.68 1.89
CH-nd CHy--CeHs -2.54 -2.89 546 -055 -3.75 -0.72 1.14 1.48

2 The total interaction (Eoal), electrostatic (Ecs), exchange repulsion (Eer), induction (Eing), dispersion (Edisp), and other

effects (Eomer) energies, respectively.
®This work.
¢Reference [7].
dReference [8].

1. 3 HEREET — & N— T

FIVVKFREG OPRER G % 5 2 =037 v
TV VOFERIEET — X RXR— AT TH A D,
HER B1011E LT —F _R—Z2 %AW TH+HNE X
WM CH..ifE & Z MR Lc, 75 &£ 0 TN T,
FEHERIEM & CH DM O FEEED van der Waals FREE X W
HEL o TWBELONREIEDK 29%E » k Lz,
oo OH...t, NH. ..t #5873 1.4%, 2.7% CTdH >
T2bDE RS EEFICE W, oTRITE, &6
\ZZEMNIEA Y, CH...n, OH...w, NH...t DJEIZ 75.1%,
5.1%93% THo7-, bHbAALZNEDERITT —#
NR—=2OxTy N —EREbnIEEb-TL B L
BonN20 B IHEVEDLLRNTHAH, HE
SRS TN, 1M CH...n fE S IFEET
H5,

KFEFREAITHIMEZ R T, XH...Y ® 3 DD 71X
FIFERIC R DEEICH D, CH..ofEE b [RIEE DM
BAED HND, Z 0 EIFFEAERIC S
M bR EN7[11], CH..m fEA I EICIE o ©
BN, FEEER L mEE R S 0tk &
PRGN BT D,

2. BULARRHERIIHT 2FBERTFFEFE

UTFZZHEEICDLZY Fox DTNV —TT{To
TEXEFHOAEEESRICHT I ELFHE L
ERAE

2.1 BJEfEAT

BV D2 BTy TAEEZ D B 72D D F— 7K
AL FDOEDTHD, n-TH ANIAFILEDNE
X7 d—vaBr i, TRLXF I
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TUTFROFVREETHDH, TiUI—KIZ2 25D A
FOEB OSSR I L » TR SN T\ 5, L
L7l D, —HDOAFNVIEEMOERERICERR LT
DFDOBREFLT L E T o FIENELE TIEAR,
Fx 1357 CH--0, CH--'N, CH' ' KFEFESDE
7L & L C,CHs-Y-CHx-X 43+ (X=OH, OCH3, F, CI,
CN, CCH, and C¢Hs; Y=0,CH)\Z 5t L C i ks BE Fi
FHEEITo[12], T T, A=y 2B EEO H BT R
X —E R 27T, MP2/6-311++G(3df,3pd), G3
LARVZBWT,2TOFICRHLTI—v 2%0
FWEETHD, Y=0 OHFAEDIEH D Y=CH, D &
TEV L XA —NREL RDDOIXEREMD
HEEENEL RV HAEEAN®RL 725720 THDH, =
D LMD, TNHDGTIZEBWTCERERMIZE
NI HNTWD Z ENbnD,

Table 2. Difference in the Gibbs energy (in kcal mol™)
between the anti- and gauche conformers of
CH3-Y-CH»-X (X; OH, OCH3, F, CI, CN,
CCH, and C¢Hs: Y=0, CHz) at
MP2/6-311++G(3df,3pd) with thermal
corrections and G3 theory.

Y=0 Y=CH,
X MP2 G3 MP2 G3

OH 2.35 2.20 0.04 0.06
OCH;  2.86 245 1.30 0.11

F 4.02 3.76 0.12 0.12
Cl 4.00 3.71 0.17 0.10
CN 1.68 1.26 0.24 0.14

CCH 0.98 0.94 0.09 0.05
CoHs 1.09° -- 0.07* -

2 MP2/6-311G(d,p) level of approximation.

WIZH 9D LRE RS FICH L, CH-n KEREA
ORERT 50 FNHAEERZ#EmT 5, ¥—7 v K
I3 Ph-CH>-X-R & Ph-CHMe-X-R (X=CO, CHa, O, S,
SO, SO;; R=H, Me, Et, i-Pr, t-Bu) T & 5
[13][14][15][16][17], N HDORIIFEEHIZL - T
CH---n KFHEEOFEDER SN 0T ThbdH 5,
WHE MM T LEHE BT T T2 23 Bl O = 3%
N E TIXEMICHBE TE o7z, bivb
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NOEREE S THEFEIC L0 B EDNERF £ TIE
EICHBLTE 0 N5 Ii7 CH - KFEREA N
NGOG FIZBWWTKEMICER LTS Z &
LY oYINVAN

R
Me H Me H Me H
T R R |
Ph Ph Ph
a b c

Fig.1. Stable rotamers of Ph-CHMe-X-R (X=CO, CHa,
0, S, SO, SO,; R=H, Me, Et, i-Pr, t-Bu).

CH-n ARFMEITERIR D FITK L THIENT 5,
-BH 7 oA~ L AIT R T AL D D R
TNDENEETHD, LInLA VAN, A
VHNKRAL N DL 7 Y T VEERT
HAfARY 7 X UFHERIIT T AN
WLZETH D, ZOREIR 5D F T C=0 ® x il
& CHOM DB /8972 CH- - n /K FFEAIT & - CTHEfR
THIENTED, BMAIIERBE S TILEF R 21T
VW, 2Dk ZREDDT[18],

S HIZRERG ST DB ZRT, AT R
A B2V T LIE LI folded Bt B2 3B &
N5, Burgstahler 513, LR B~ U 21 folded Fic /&
ELTHRESND LS L, BRES FiuEHE
2 2 DOBEIZKT L TIT o 72 /5 R, TARE Y folded
BLEEDIE D INETE TH o712, T3 10b I ET S
AFNEDOHFE CH LHEELTWDHYZ D sp?
IRFEOMINZIETZ 6 < B J18972 CH---n KFEFEE DR
®Enb,

HOOC

HOOC

Fig.2. Folded and extended conformations of
levopimaric acid.
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2.2 TI)w—%R

WIZFIWKRFEREGD 1 >THD CH: -
I 5%%03 5, ﬁﬁ®i¢m%kiﬁﬁb
WD X 5 RBRRALEMIZEB N T,CL AL W5 | 3
NHLIGE,TH NI TLEY 767%/7’/1/0)%75)
BALZ R DDONT ) ~— WK ThH D, ZDOBRITRK
HKAEZIR &, 4%V, OFFV DX 5 7RANE
RERAL A OSIIR bF~LE S LD,

T ) =S ROFHAD DI\ DN DOFN R
RINTWDH, = RT— R[19]iL endocyclic &3 D
PNSLEE 1-%F & pyranoside @ exocyclic CO #& & 0 BH
FOBOHBEERIC L > THBATESE L, £72
DMK & U CHUEMAEERZREZIC LR L 72
ENTWAB[20],

FrizET AT LTERYY, VAU
AW, 77X 7 v—xh MU TOVEEICR L CHE
HEEITo 72, #iE% Table 3 12”7, £ TOHFEI
BWCT X TNANDHNLETH D, BHIEOIL
B E 13 NMACH DT H T IKE L DB DL F
W CHn FiANEGE L THWDD TRV & fER
LTWa,

Ve =
“n fE G D%

Table 3. Difference in the Gibbs energy (in kcal mol')?,
calculated at the MP2/6-311++G(d,p) level,
between the axial and equatorial conformers of
2-substituted oxanes and 1,3-dioxanes.

X Oxane 1,3-dioxane
OCH; 1.25 1.94
F 2.47 342
Cl 2.57 4.31
Br 3.08 5.45

a AGeq-ax:Geq'Gax~
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