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N ERROBED) A BRE 0y BRI KRBT R o B L v F e 20 1ST-MAS-NMRE
BT 3 ki Atos MA3ARR e R B s s 3 BRBs T3 - e 8
B 1t 21 3. < cREHLEMoRR Ao lstroTiustbrntE . ¢
wWHbER R 2, T g oo msad - 9 gy BHMIENe TR
Beansetrddren k. ' '

’

TEWR | |
EleiR o280 X518 as wh%E. Bl 7 Brucher CXP-300 g
0., £9.604 MHe, 23°C 22 MAS-NMREBIE L . FBE L% MAS 790 - 9"
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Table II. Spin Lattice Relaxation Times and Line widths for
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>k v7F) reanf 7oy L 7 Lt ol - 6.6 4.7 2300 2400 3500
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2o fE w5, '
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Cu Resonance in CuX at 76.54 MHz
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Fig. 3: Theoretical and experimental decay df the 13C magnetizétion for the
CH3 (Fig..3a) and CO0™ (Fig. 3b) carbon atoms in 1-alanine in the CP-
MAS spin-1attfce relaxation measurements. Theo%etical curves (=)
‘were calculated in the following way: A: using cylindrically powder
averaging of (1/T?S) about the magic angle spinning axis with proton
saturation, namely, calculated from Eq. [8] making use of Egs. [4] and
[13]; B: using spherically powder averaging of (1/T?S) with proton
saturation, namely, calculated from Eq. [8] making use of Eqs. [4] and [14]:
C: using cylindrically averaging of (1/T?S) about the magic angle spinning
axis with proton saturation and summing up for all orientation, namely,
calculated from Eq. [11] making use of Egs. [4] and [10]} D: using
.cylindrically averaging of (1/T?S),(1/T§I) and (1/T%S) ébout the magic
angle spinning axis'together wifh T{I determined by proton T1 measurements
(17) without proton saturation and N'=3, namely, caTcuiated»from Eq. [12]
making use of Egqs. [3], [4], [5] and [10]; E: same as D but N'=20;
F: same as D but N'=632, 1In the calcu]dt{on following parameters were used,

x=1.6x107°

sec,0=69.8°%, Fey=1.096 A and T%I=0.4] sec for the curves
curves shown in Fig. 3a; and TC=1.6x10'9ksec. A =20.8°, rCH=2.854 A

and,T{I=0.41 sec for the curves shown in Fig. 3b.
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Tavle ‘| ]}c ¢hemical shifts of alanine-peptides characteristic of a-helix, B-sheet

and random coil forms. { in ppm )

Observed®) (Poly(L-alanine))

Calculatedb)

s-helix B8-sheet random coilc) Model a-helix B-sheet random

ap oy " 8p coil

cg | kg 19.9 15.7 I -63.0 - -63.7 -65.6 -65.3  -64.3
I -63.1 -63.6 -64.7 -65.8  -63.2%

¢, 52.4 8.2 51.% I -88.5 -88.1 -89.2 -88.2  -87.7
1 -87.8 -86.4 -86.2 -85.5  -86.9%
co 176.4 171.8 176.1 I -184:2 -182.2 -185.7 .-185.1 —185.2d)

II -183.1 '-181.7 -181.0 -185.6 -182.3

a) from TMS. ref.|b
b) shielding constant for N-acetyl-N-methyl-L-alanine amide
¢) in CP,CO0D solution

4) averaged over Ggy O BA and BP forms
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Table 2 Observed and calculated 1C NMR chemical shifts

of solid polyglycine and poly(L-alanine)

(_in ppm )
Polyglycine Poig(L-alanine)
obs.? cale. obs. cale.
I IT T II o B o B
C, 43.5 13.5 -127.2 -124.3 Cy 4.9 19.9°* <94.8 -98.3

CO 168.4 172.3 -236.7 -p48.1 Cu 52.4 -48.2 -151.5 -143.0

CO 176.4 171.8 -~278.1 -245.8

“a) from TMS
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Table 3 Observed and calculated 13C NMR chemical shifts

" of -801lid poly(B-bénzyl-L-aspartate)’

5é§g. . oggic.
ap ar © B Lx§ D o{ 27 w
1¢3)  e®
Cy 53.1 50.9 50.5 9.2  -215.6 ~199.5 -202.3 <215.0
Cp 33.8 33.8 32.9 38.2  -13h.3 <122.4 -125.4 ~121.2
CO(amide) 178.9 171.1 171.3 169.6  -293.0 -283.3 -243.5 -284.1

a) from TMS. The positive‘sign means deshielding.

b) shielding constant. The negative sign means deshielding.

C) (8,¥)  1(-56.4°,-50.3°); 2(50,3°,56.4°); 3(63.6°,62.9);
4(58.6°,57.9°)
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I. INTRODUCTION
Thirty years aéo, Gutowsky ‘and Saika1 first observed the nuclear magnefic
resonance (NMR) of protons in aquéous solutions containing acids or bases.
They observed the single-line proton NMR signals of adqueous solutions, whose
positions are different from the signal of pure water. This observation has
been interpreted on the basis of rapid proton exchange between wéter and H-3O+ or
OH . Rapid exchange produces a single\line whose position is the weighted
average of the positions of the water and ion signals. Important parameters
for this work are the chemical shifts of the protons in the hydrolyzed forms,
i.e;, H3O+ and OH , relative to the-proton shift in water. These parameters
-were determined as the ratio of change of chemical shift to chaﬁge of acid or
.base concentration in the limit of zero concentration.
‘Gutowsky and Saika found that both the hydronium ion and the hydroxide ion
have. their resonances shifted about 10 ppm to low field‘from the resonance in
. pure ' water. In the. twenty years subsequent to the first observation by .
Gutowsky and Saika, there were several advances in experimental determination of

2-5

the proton chemical shifts in the H,0' and OH™ ions. Details of these

3

experimental results are .given and compared with our calculated shifts later.
Gutowsky and Saika tried to explain in their paper only. the low field shift

of H,0% ion. They suggested that H 0% should have a shift equal to one-third

3

3
of thé, shift for a bare proton whose shift was found to be about -30 ppm.

However, this explanation would predict a shift of oppoéite sign for the OH
ion. Eight years after the work of Gutowsky and Saika, another éxplanation
was proposed by Musher.6 Mushei started from the assumption thaf in H3O+ and
OH  ions, the lack or excess of electron charge relative to water should be
located at the oxygen atom. In this model, H30+ and OH protons are reduced
to - the protons of the hydrogen atoms suffering the electrostatic field produced
by a point charge at the oxygen atom. The hydrogen atom chemical shift in
this case 1is always moved downfield owing to the electrostatic field and the
direction of  the shielding change is independent of the sign of the point

charge. With this assumption Musher explained the observed shifts for both

¢ WBEHRXR, BHY TS50 h, R 3HB



H30+ and OH -ions, without considering covalent character in oxygen-hydrogen
chemical bonds.

After the work by Musher, . calculations of the chemical shift of L hydronium
ion or hydroxyl ion are quité scarce. ’ To our knowiedge, there is just one
calculation of the hydroxyl ion shielding by Grahn7. _ Using a simple molecular
orbital =wave function Grahn obtained an upfield shift of 7 ppm for the free OH
proton relative to the free water protons. Suprisingly, we cannot find  any
experimental or theoretical study of hydronium or hydroxyl ion shifts in the
last ten years. In view of the importance of this study we have  therefore
performed ab initio molecular orbital calculations of the chemical shifts . of

hydronium and hydroxyl ions.. We report the calculated results for the proton

and oxygen chemical shifts in H,0, H3O+, and OH .

II. CALCULATED RESULTS AND DISCUSSION
-We have used two methods for the calculation of the chemical shifts; the

coupled Hartree-Fock (CHF) method8

and the self-consistent-field configuration
-interaction (SCF-CI) method,9

Using these computational schemes we have calculated the chemical shifts

for the hydrogens and the oxygens. in H20, H3O+, and OH . In these
calculations we have used the 4—31G1O and <5,3/3>11 basis . sets for the CHF
method and the 4-31G set for the SCF-CI method. For the HZO . molecular
geometry we have used the experimental bond length and bond angle,12 i.e.y
Toy=0.957 g'and JHOH=104.5°. For the H3O+ ion, the equilibrium geometrical
structure calculated by Diercksen et al.13 was used, i.e., rOH=O.972 g and
JHOH=111.6°. For the OH ion an experimental bond length,14 rOH=O.984 R,

was used.

For the calculation of magnetic properties in molecules -the choice of the
15

gauge origin -is gquite a cumbersome problem. Chan and Das preferred the
electric centroid - (e.c) for the gauge origin. However,  for the -sake of
simplicity we have used the center of mass (c¢.m.) for the gauge origin. The

difference between e.c. and c.m. is small.

In Table I we summarize the theoretical shielding constants, ¢ of the
protons and the oxygens .in H,0, H3O+, and OH with their relative values, Ao,
to the HZO shieldings. . Ao is the difference from the shielding of HZO'
Thus defined Ao is compared with the experimental chemical shift measured from
the free or gaseous water absorption. However, a comparison with experiments

is not easy because complete experimental values for free H3O+ and OH  ions



shifts' are not available. There ~are two main causes of ambiguity in
experimental determination. One of them is the contribution of counter ions
to experimentél‘shifts. The other is the ghift due to H3O+—solvent or OH
-solvent interaction.

—Akitts pointed out that earlier values by Gutowsky and Saika is incorrgct
because the counter ion effect, ‘i.e., an anionic structure-breaking effect
is neglected. Akitt has estimated anion effects in acid-water mixtures and
obtained -14.4 ppm as the corrected shift of H3O+ relative to 'liquid water.
This shift corresponds to about -18.5 ppm from free  water. Direct
measurements  of the shift due to H30+—water interaction are not available.
Akitt5 assumed that the chemical shift of free hydronium ion would be 4 ppm
upfield of the H3O+ in‘water solvent by the loss of H30+—H20 hydrogen bonding.
If we were to adopt this assumption, the relative shift of free H3O+ ion to free
HZO molecule would be -14.5 ppm.

Fortunately, for the OH chemical shift the direct measurement has been
performed by Sheldrickz'3 who used tetramethylammonium hydroxide dissolved in
liguid ammonia solvent. Sheldrick observed that the OH™ signal is a sharp
line in this system and that its position is shifted by 3 ppm to high field from
that of the liquid water signal. " This shift corresponds to a downfield shift
of 1.8 ppm from water in gas phase. Futhermore, Sheldrick showed that neither

the counter ion effect nor the OH -solvent interaction effect exceeds 0.2 ppm

in this system. Therefore, the relative shift of free OH ion to free water
molecule may be -1.8 ppm. Thus estimated experimental proton shifts of H3O+
and OH ions are also shown in the last row of Table I. However, there are no

studies, to our knowledge, that would allow us to determine the experimental
chemical shifts of oxygens in hydronium and hydroxyl ions.
Table I shows that the <calculated values for the relative protbn

shieldings, AO(H), are higher than the experimentally determined ones by 6 and

15 ppm's for H3O+ and OH , respectively. A large upfield shift of OH ion was
obtained in our theoretical calculations. The theoretical calculations for
17

the oxygen shieldings give us notable results; the O NMR absorption in H3O+
would be shifted upfield from the water oxygen absorption and the absorption in
OH would be displaced downfield. These results for the direction of the
oxygen shielding changes are opposite to the theoretical predictions for the

protons.



TABLE:I."éaiculatéd and éxperiméntal maghetié—shielding‘Constants for H20,

H3O+,>and OH™ (ppm). )
Nucleus _1"ﬁéq - H3Q; o ConT
o o o ‘ac? o Ac®
* 4-31G CHF H - S 29.2 20,5 -8.7 44.5 15.3
' o° 265.5 - ©307.8  42.3  146.6 -118.9
<5,3/3> CHF o 28.1 19.8 8.2 39.3  11.3
0 266.2 293.8  27.6 219.4  -46.8
4-31G sCP-CI H 29.3 2007 8.5 a4 12.2
o 295.8 - 330.4 . 34.6  231.1  -64.7
Experimental < H - SR : ‘-14.5b . . -1.8%
? a0=0-0(H,0). P Ref. 5. © Ref. 2.
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Molecules ;
Cu:  CUCL, CUCIf, Cu(CN)Z, Cu(NHp)}

n: Zn(H20)6 , Zn012, ZnClq B Zn(CN)q s Zn(NH3)q

Ag: Ag(HZO)B’ Aqu s AQCIZ, AgClq ’ Ag(NH3)2; AQ(CN)E'
y Ny 2+ 2- 2-

Cd: Cd(H20)6 s CdClz, CdClq ; Cd(CN)q ; Cd(CH3)2
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Table 1. Calculated and observed 13C shifts
| Neutral®)  Dianion®) A 160-4q_
1 132.1 90.42 -51.68 -4,54
2 57.2 48.76 or 38.57 -8.44 or -18.63 -56.70
3 86.7 38.57 or 48.76 -48.13 or -37.94 -27.66
6 62.8 76.98 or 76.28 14.18 or 13.48 22.72
7 61.1 60.73 -0.37 -8.03
8 - 60.62  ----- -6.99
9 59.5 51.14 -8.36 -23.07
12 64.9 76.28 or 76.98 11.38 or 12.08 25.46
13 . 62,1 65.12 3.02 -12.99
14 60,0 59.27 -0.37 -5.76
15 61,1 53.69 -7.41 -29.44

a) In ppm from low field peak of THF
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Table 1 ALg) for TEOESi

Si  GH,(0) CH.(0) CH, CH; CH,(0) CH,(0) CH, CH,
Pr -78.9  -28.3 -11.8 -15.2 -7.25 -15.8 -8.9  -13.3 4.3
Nd -37.3 -13.2 -5.2 -7.13  -4.83 -6.10 -3.14 -6.26 -3.0
sm 2.1 0.92 -1.1 -1.4 1.2 <0.64  -0.19  ---- -0.48
Eu 75.7  19.8 3.67  9.50  6.25 4,20 .2.05  8.30 4.0
Tb -20 -13 -6.8 -9.6 -4.8 -85, -36 ——-- -
Ho -125 -55.5  -21.2  -56.8 -27.0 -33.2 -14.2 N -
Er 66.7  23.8 9.25 22.5  15.7  10.0 4.88 ---- -
Dy  -235 -110 i52.9  -93.6 -42.9 -72.8 -38.8 ——-- S
Tm ~ -85.0 -27.9 -12.1. -21.2 -9.69 -45.0  -20.0 S -
Yb 14.0 8.90  3.32 8.18  4.55 3.14  1.57  ---- S
La 5.3 2.1 -0.69 - -0.43 -0.04 0 0 0 0

a) Positive sign denotes low field shift. In ppm.
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Table 2 A£S(Gd)a2md A

TEOESi - TEOP DEOIDMS i
87 (6d) AX10°(6) 86D AX10°(E)  AL(GD)  Ax 10°(G)
Si(0) 48 27 8.9 5.1 102 -s8
€, (0) 5.9 3.4 2.3 -1.3 17 9.7
{11, (0) 0.6 -0.3 2.6 1.5 1.7 -1.0
ar, -5.0 2.9 7.9 4.5
CH 1.0 -0.6 1.8 -1.0 -3.7 2.1

=3
a) In ppm. Positive sign denotes low field shift.
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._..__%’I The Selective and Nonselective Proton Relaxation Times for the Leukotriene B,
Protons at 400 MHz. | ,
Sample ' "2 H7 H8 W11 H12 H13 H15 H16
3.0 x107 mute,  T,MSobs 0.71 0.95 . 0.69  1.15 0.98  0.44 1.52 0.77
16 x 1073w ute, 1, "obs 0.67 0.93  ©.72 . 1.06 0.88 0.42° . 1.45 0.75
1.6 % 1079 LTB4l s
7% 30bs 0.76  0.95 0.7  1.16 0.99 0.43 1.45 0.75
0.8 x 107%  eotA ) : .
‘ 1, Mav 0.71  0.94  0.77  1.12 0.95 0.43 1.47 0.76
1, Mcate 0.9  0.65  1.06 0.72
7,%bs (av) 1.8 0.83 1.19°
T cate 100 0.7 1.25
Correlati i = -10
elation time r . = 3.0 x 10 sec.

1.

TlNS—is estimated as 0.96 sec for H-9,10 and 1.10 sec for H-6.. This compares with.calculated values

of 0.96 for H9,10 and ©.99 for H-6. These T] values are for second order and overlapping muitipiets

— 107~



AL Observed ang Calculated NOE's for LTB, in 0,0
- (003 M in D,0) at 400 Mz
Saturated Obéervéd Protons
Proton
b 8 13 15
6 14 Calc 8.2 .4 A 0.5 6.3
Obs 7.2 ie 2.2 7.8
6
7 Cale 8.6
Obs 8.8
5 ) 7 10
8 calc 7.6 2.1 6.5
Obs - 9.1 2.5 5.
8 " 12
910 cale 5.9 9.6 4.9
ob's 3.9% 7.5 6.3
9 12 13
i Calc 6.5 1.6 0.4
0bs 5.9 3.1 1.2 ,
n 12 4 15
13 Cale 5.3 7.8 5.2 0.7
ob's 4.7 8.3 6.7 1.9

Optinized correlation time Tc’?

3.0 x 10719 Gec.
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G2, S WF Pﬁ79¢5Q2'
MG v E ) B By
ELT Y. s T
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5. B85 il
FAOKEA®
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=7 LR B) THY,
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1§ 3.2X/0 " e, TH
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B itz @ s
W—BREZL-Cuz,
R7ef L nRE
T wnfprmatom (¥ .
LTOee LT Dt ek
BREsre. 614
i Ciz~Cll %4 %

was obtained using. a correlation time of

(a) .The observed signal is very close.to. the saturated signal.
& I . ‘
— Proton selective and nenselective relaxation times for
LT, in 0,0 (9,0025 #)?
TINS(obs) T]Ns(calc) T]S(obs) T]S(calc)
H2 0.64
HE 0.48 0.55 .74 0.62
H7 1.13 1.12 .23 1.26
He® 0.88 .87
to® 0.88 0.98
H10 0.81 .65 .97 0.73
H11 1.11 1.00 .07 1.13
H12 1.42
H13 0.47
H16 0.83 a The fit to the data
H21 0.40 3.2 x 10710 gec.
H21' 0.40 b Va1ueg,of the rl's were determined simultaneously because of
H23 1.02

muitiplet overlap.
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Ho10 (4.8} R LT otk 172
H-11 (8%6%) ' ) [sz’«@'fifﬁﬂ?ﬁ
: 5. .
z L g%
H-13 7.7% 7.4% 11.0% =5 (T BAIL).
: (7.6%) (6.9%) *:b" LT 94,13- /90

a .These data were optimized using a correlation time of 3.2 x 10~

Values in brackets represent the calculated nQe's.
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Table 1. NMR Parameters
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Resonance Freq. (MHZ) 52.89 56.66 50.18 80.79
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Table I. Chemical Shifts and Linewidths for 63’Cu Resonance and Mole Fraction of Copper
Complexes in Various Copper Salts in Aqueous Selution and Solids at 30°¢.
Solubility Products and Formation Constants of Cu(l) Complexes were cited

from the Reference.

mole fraction(%)

éopper salt ) chemic(:a.l y liregwjjdth

lid a 1uti shift mn 2 p + - 2- 3- -
(solid and solution i pp ; cuX(s) cu’ cux cux2 CuX3 CuX4 (M)g
"~log K or log g 6.73 5.0 5.54 5.7 5.6
CuCl(solid) 331% 2300
CuCl (suspension) 3500 95.3 0 4.7 O 0 0
CuCl (0. 5M)/KC1(4.0M) 200 28000 0.0 © 0.0 0.7 7.3 29,0 63.0 1.8
-log KSp or log §; ) 8.28 - . 5.04 6,05 -
CuBr(so0lid) 388% 2700 -

-3800
CuBr (suspension) 100 0.0 - 0 e} -
CuBr (0.5M)/KBr (4,0M) 200 21000 82.4 0.0 - 0.4 17.2 - 3.8
-log K, or log p; 12.03 - 9.03 9.74 9.85
CuI(solid) 354% 2100
) ~2700

Cul(suspension) 330 100 0 - -0 0 0
Cul(2,0M)/KI{6.0M) 337 3500 69.4. 0.0 - 0.2 4.7 25.7 4.3
Cul{l.0M)/KI(6.0M) 418 11100 38,9 0,0 - 0.4 . 9.351,3 4.3
Cul(0.5M)/KI(6.0M)., 434 12500 0.0 0.0 - 0,6°14.485.0 4.6
=log Ks or log By - 10.53 12.3 13.7 -
CuCl(O.SM)/Na23203(4.OM} 126 [ ¢
Cu(CH3CN)4PF4(l.OM ) 0 600
-log K  or log 8i 13.4 - 11.0 10.9 10.5
CuSCN(s01id) ~102% 8000 ! L
CuSCN (2, OM)/KSCN{6.0M) =50 7800 0.0 - 27.3 41.4 31.5. 1.9
CuSCN{1.0M)/KSCN(6,0M) ~46 8300 0.0 - 12,5 35,9 51.6 - 3.6
CuSCN(0.5M)/KSCN (6. OM) -50 8300 0.0 - 8.4 31.7 59.8 4.7
CuSCN(0,1M)/KSCN(6.0M) —-47 6700 0.0 - 6.3°28.5 65.2 5.7
-log X, or log g; 19.5 - 24.0 28,6 30.3
CuCN(solid )" ~111% 8300
KCu(CN)z(sclid) =143% . 7200
CuCN(2,0M)/KCN(6,0H) —496 370 0.0 . 0,0 = 0.0 "9,6 90.4 0.19.
CuCN(1,0M)/KCN(6, OM) -493 100 0.,0.. 0.0 - 0.0 0.6 99.4 3.0
CuCN(0.5M)/KCN(6,0M) 494 70 0.0 0.0 - 0.0 0.4 99.6 4.5
CuCl, (0;5M) 743 16100
Cu012'5H20(solid) 831% 7900
CUBrg(solid) 831% 8000

More negative values refer to lower shielding. The reference
solution of Cu(CHBCN)4PF4 in CH

3CN.
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Fig. 1.  Typical 630u nmr 3pectra of Cu(Il) Salts in Aqueous Solution.

<Ky, TR, /054; . Table II: Cu Chemical Shielding Constans of
2B/ L %Y 70 - Cu(I) Complexes by the Finite
K73 TR Perturbation Method - (ppm unit)

1) aﬁ\i > 2 e T © Cu(I) complex U&ia' Oﬁra m_otal A@.
“TagL ¥ s ) oG dhe ' ;

: 3 o :
z. ‘?ﬁ% S Hh 3 Kok Cucly 2667 -881 1786 0

}é AR fﬁv)?AV/z‘ Cu(CN)i’ 2557 -1691 886 -900
VIC(1) 0B/ A
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R) Jameson o J. Chom Phys., 42 17/4(176% )

3) Clomente 5 . T. Chors. Phys 38, 2484(1763)
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WTHRED 3. '
2, BGe NMRAXNTZENW -

a N7 FloRle

BGe NMRINT RIbiE, JE
0L FX900rK BBAEATS
g b LY ESHn, 310 Mz A,

L~ e e T MegGe(1)9 2/
7/ Fg Liek Lz,
R A F-92 9K,
2N kIt 1000 Hz, ]Y
WAERR £6S, IYLRTB
90/{5 (45_,) ) %’é’,’%—i;\ /5_0 Bl M:.&:::4::G::e::@-:G::g:;.‘:.;.yﬁz-:S;:v::NZM:R:.XA;.;...%:L;.,.4
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Table 1 2 ReGe(1~ 6) 0 BGe t47F, $EV0URTER%E, T1%,
A2 MBI BC, 28, """ Sn, 2TPbEL 7RIyt RETILRLY

BT GRS B R

M\R | Me  Et Ph 2-turyl Cl

c- 13
1si- 29
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lsn-119
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~ 5%%mn%ar 4, HET B0 BGe (L5 7 v US0 (LFS 7 kB @
TS WA BREINT 1B, Y '

5(@6) = [.855(S¢)+ 152 (r=0.970) (1)

Ta;)/elmé’c@m L GeBErh20 T BAPSIE4TC, Phe L2
7 L@ BCREL 2 LI, /tzmmm%m/t%/ﬂaatmwé &<
[z 28 ﬁ:%/ 7 !—Zmiﬂﬁﬁ ():“

Slge) = = 2.0l S(S¢) + .11 (r=0.9995) (2)
736&62 £’y - #} ZH0IFE T,
tREEWR A TR L1, —
(”_ (,Z Qecz(,@;zf\°7 FIUE
2034, BGe PyodkE
w@tk&@n@ua,fm
LLT@0.05-18% 2545
hrud, #oWBERE
AT Gt %D L < R uiard,
it G A0 0 & 56 K F 0 =T
%3, _

1, 2cc»07, To%BE%
HENOET 775 —% H
E L1 DD8dn, SRG40
GenK3GEL @Y 3 pog
w71, ‘

widéShan £ & 7EG Ao LRET
b3, oGl Ty £
7t o f{érrgm Lo rﬁymat

oA = /772 (3)

m@/in %6 D Table 223 1~607T,, A, &) ~AFHBEL 4 tate.
FHRB LB toRic k& {, o Glorian238TH3 2 th :
d ﬂﬂmﬁw Libls, '
@B - AR A RG] HNHLT) PR T80y
7"/V6 50320005103, OQGHRAREET TR ST g,
NOFAEH (B GeClBrs) o3 2tinBBshdn, FEER L
GreM6CQ3 O3t R L0 Y Rp (s Ge CHiaCHy COOR () 75 &
Ny 7t LGEAITT I o1,
/%,W@Q7W?V%#uéLZH5%gg'%ﬂ%ﬁiszm%z@<z
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No R Ty (ms) A (H z) Tcalecd)
1 Me . 280 1.3 245
= Et 235 1.7 190
3 Ph . 6. 53
4 2-furyl 20 11 29
5 |2-thieny] 44 8 40
= cl 287 1. 2 265

122 WOHERTEET 5H D (R MesGe-

CHyCL, A [54Hz)%) KAt MesGe- ‘Me_N' N’_Me S

CHy CHo COOH (8) 03 7.+ 1 3 BB LT<( Ge 5

A54fz ). L2130, MEHOLU10TE, Ma N N-Me s/ e‘s

910 04 S HILEHD BGe 3 )7 ILrddEH)

22770, (MeS)aGe O3 % F U ERB|TE 2 -

e, @50)7"\3 I0°%pu Lud 2Ehnd, (9) ‘ (10)

3. BC NMRZXZFWV | , - 4
BTILT 0 BCILEY I FeouiTid 2,3 ORESHBN Y Bl

KT3menatmbEaot, 1, 2560 8, T, 328, %% % Table

3(23emt=. 41 eTMST %LEkir- L3, TMSz L ZDDEMT

&é@n%uz,1cﬁﬁ§DD&ﬁm%5@m1m.7@%#w%a¢vgoﬁ

yisRoS: AN '

Compound : C : 9 7(s) -7

| ; .
GeMesg -4. 39 15.-46 0. 34
SiMey ) ’ 0 23. 2 1., 43
GeEt, CH, ©3.79 11.09 ‘

s “Me 9. 06 9. 96

Mes GeCH - Me -2.53 7.38 0. 35
CH,COOH,| Ge-=CH2 11.°31 2.40 1. 10
: CO-CH2 29. 84 1. 48 1.91

COOH 181. 67 '

REFERENCES: 1) S. Masamune, Y. Hanzawa, D.J. Williams, J. Am. Chem. Soc. 104,
6136 (1982). 2) #i1T 4¥oMs%36, 668(1983). 3) a) R.K. Harris, B.E. Mamm, eds,
"NMR and the Periodic Table™, Academic Press, 1978, p. 340." b) G. Wilkinson,
ed. "Comprehensive Organometallic Chemistry", Vol. 2, Pergamon Press, 1982, p.
503. 4) L. Zinmane, E. Liepins, E. Lukevies, T.K. Gar, Zh. Obshch. Khim. 52,
896(1982). 5) C. Brevard and P. Granger, "Handbook of High Resolution MulEi-
nudear NMR", John Wiley & Sons, 1981, p. 18, 138. 6) B,E. Mann, B.F. Taylor,
"13C NMR Data for Organometallic Compounds", Academic Press, 1981, p. 64. '7)
R.K. Harris, B,J. Kimber, Org. Magn. Reson. 7, 460(1975).
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36. NMR® 74— g3t 7it

(%X 78)

TasLE {, Various contributions to the nuclear coupling constant of the hydrogen fluoride molecule evaluated by MO’s
. other than Nesbet’s, together with the results by ether workers (in cycles per second). -

¥ B

T

Used MO

Contribution - Variational method® Expeﬂmental
Slater Best-limited H-F Constrained
MO MO ) MO MO

J&(35—40) —1903.84 —2710.26 —1145.09 ~1645.14

J® (2:{—»4«) 742.08 1308.73 684.40 947.27

J® (1lo—4o) 1.11 2.51 1.21 1.75

J@ (lr,—4o) 48.96 28.53 55.17 32.42

JO 1z, —40) 48.96 28.53 -55.17 32.42

T {1 ,—4a) —107.96 —71.52  —133.27 —90.45

J (1, —4d0) -~107.96 —~71.52 —133.27 -90.45

Jaa) s 2.14 2.06 5.10 1.67

Total —1276.51  —1482.94  —610.58  —810.51 +531.2 615450
(by Duncan MOQO)° . (by Solomoni et al.)*
o 454.8 ; 521

(by Ballinger MO)< (by MacLean ét al.)!

Taste L. Contributions of each excitation to the Fermi contact term J® and the spin dipolar term J®,
evaluated by Nesbet’s MO (in cycles per second). -

A. Fermi contact term

Unoccupied MO

Occupied Total

MO 4s . -Sa 6o Te 8 90

to 0.12 - —0.05 0.07 0.26 . 3.23 —2.71

20 475.91 —342.92 167.68 —432.30 3865.94 —2254.37

30 ~447.33 205.30 —89.71 216.83 - —1794.16 1012.95
Sum 28.70 ~137.67 78.04 —215.21 - 2075.01 —1244.19 4-584.68
B. Spin dipolar term g

Unoccupied MO

Occupied Total

MO 4o 5¢ - 6o To 8a 9 27s 3ns 4xn Sx»

1o —~0.00 000 0.0  0.04

2 0.48  —0.71 2:63 | 4.84

30 : —~5.55 —4.30 24.55 -9.15

1m» 2.69 —1.95 —0.18 14.12¢ . 0.82 —4.79 23.40 —1.45 7.6 ~1.26
Sum 2.69 —1.95 —0:18 14.12 0.82 —4.79 18.33 —6.45 19.59 ~5.53 +36.65

EUydg)=hT,T4s 15 . (0 He=3 3 i), )
. § N=4.8
2 . R
AB:L 3 E([’4’I?) o 2) hylj)= 16’.:‘55(%..”)3‘ Iy - @)
h 31,7805z |1,7.15,=0 / 3 S
o °
Iuwn Hi1EFs
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. =556,

.L! Ho-i—t{«orr'l-Hf, I ST+ z hy+ P ur (B =P » (10}
HO—S‘(R |T+V.ﬂ:[1)aka,_$ekakak o 6)-- : N=d.8
YRS . -
Heox=7 2 (kllmn)aka,a a,, H=Hy+Hcor » (1
Kl mn -~ P —t
e gt ; , HO=S‘<k T+ S hN+VHF1>ak,~
7'Ex‘k1 Vm-'“)_ak‘?l, M ) o N=A.B ,
H=3 (k | S hyildala . ® =S&ala, (12)
N=4a43 % . .
Aepn=1% (BT m,myalala.a,
— ) ©) k.l m.a
(T +Vyplor =€Pr '
o —S (k. VHFl730k01~ (13)
Py
Elly,Ip)=EqL,,15)
= _ 1 _
+ 2 <.®O Hcorr = = Hcon' I (po)conn > -
=0 Lg—»lg J
(14,
Ho [®9)=Eo| ) . (13):
3E(1,,14)
PYIERE 535(# gl
31,815 14.!5=o=yAysﬁ"1\:’"“"
40Uy |y, ug=b
Elpy,ug)—E(
=Ygy —= L Hy—ps) (16)
: Zpapig
"""" ® TABLE TL ¢ orbital contributions. (in Hz)
O with set B to J,
FIG.1. Zeroth- and first- Orbital % q, o+ 0,
order correlation diagrams
R for the Fermi coupling in HD. ! ‘ 0.003 0.003
2 —0.047 0.092 0. 045
@ and @) refer to the opera- 3 0.483 0. 920 0,438
""" ® @ tors Fy and F, e . :
o B D: respectively, 4 -0.248  0.296  0.049
} O--@ which may be also interchanged. 5 —2.524 3.092 0. 568
...... 6 —0.019 5.708 5.689
7 -5.908 0.688 -5,220
(8 © 8 -1.692 9.711 8.020
9 1,704 1.463  —0.241
10 -9.175 11,955 2,780
_ 11 ~0.009 3.830 3,821
s i 12 -0.010 14,626  14.616
Jo2c z (14 8(ry)S, p*) (p*1 6{rp)S, 1 15 13 -16.263  1.908 —14,354
0~ @VHD L €12 — € 14 -2.982 0.038 —2,944
3 e 15 —0.068 0.433 0.365
=Cup [Z ‘(1'5("3)11))\ Y K1l 5{rg)ip)l ] 16 —32.974  32.446 —0.528
' »=20 L - € pele, QTS 17 —85,950 ~ 85.436 —0,514
) 18 -80,172 . 80,102 —0.070
7) 19 ~315.867 315,778 _ —0.089
Total 094 568.526 12,432

— 137~



TABLE V.

Fermi contact contributions-{in Hz) to the nuclear
spin coupling constant in HD. Numbers in parentheses are
relative to the ‘experimental value.

) Normal Shifted
Set A Set B Set A Set B
EA 12.432 12,432 16.432 - 16.009
; (29.0%) (29.0%) (38..3%) - {37.3%)
1(B) 7.135  7.134 8.085. . 7.869
1C) 2,250  2.250 . 3.848  38.553
d 9.386  9.385 11,933  11.422
Jy+dy 21.818 = 21,817 28.365  27.431
s (50.8%)  (50.8%) (66.1%)  (63.9%)
{c (D) Jy 6.279  6.268 6.163  6.249
Jy+ Jy+dy 28.097  28.085 34,528  33.680
(65.4%) (65.4%) , (80.4%) (78.4%)
FIG. 2, Important third- and Jy 3,458 3.457 2,220 2.450
fourth-order correlation dia- gy 2,122 2.122 0.880  1.066
grams. 4
: Yododn 33,677  33.664 ~ 37.628  37.196
(78.4%) - (78.4%) (87.6%)  (86.6%)
O’O @ Jsaa 37.048  37.034 38.206  38.018
. (86.3%) . (86.2%) (89.0%)  (88.5%)
fal) . Experimental? 42.94+0.1
. aReference 15.
i
O {} C i} e el N
- | el 7T
C (w Loy { Yoty
. 4 3 Y v
U Y ;N
ket o

D& &
6D 6D
R & O

{c)

FIG.3. Field-dependent energy diagrams: f{a) Hanree«Foc_k,
{b) second-order, {(c) third-order.

S iyt P — Par 1>a,{a, )

N=4,8

E:EQ

ki

Gl =G (t,i)+ 3, —

=i

{:ﬁ—‘ ] f_:dt‘ e f:’dt,,(d)oi TLH'(2,)
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FI1G. 4. Typical higher-order diagrams which ociginate
from 'Fa‘?, 3 (b).
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FIG. 8. (a)—{o} Diagrammatic zepresentation of Single-particle Green’s functions. Heavy lines represent G ¥, while light lines
: represent GFF. A and A-refer’to A4 and hy, respectively.

TABLE Y, Fermi contact contribution to Jyp (in Hz).

Contributions Jup
Zeroth-order (CHF) : 543
- O Second-ocder — 154
Thicd-order -7

Total sum . 312

FIG.§, Cancellation of diagrams associated with the proper-
‘ty of the Fermi coqtact opecator.

T A 20) Xag== 02 AE/OH,OHp |, -0 5 (21)
Ac‘}‘x8=i (‘I’ol 4 1 kfu 1 2 3\ |
g0\ -\ T Ey - H, ,Aua \Eq= B, oo, |2 conn 5 : @
Ahs=2R z<¢l<f1~~_1_1 )ﬁ 10(_71 S\ 1 g V™ )
B € [} o H - %
© k.l.?"=0 , corr g Ho fB Eo— Ho corr) Eo - Hoan (Eo_— ﬁo Hcorr) l q>o>eonn ’ (23)
. - S B a0 (1 ! :
x?lﬂ 2 k.;(l <¢DI (Hcorr' En - ilo) aB (Eo _'HO Hcorr) l ‘I’o> 5 X (24)
conn
Xhe==2Re <<I> (f] - y wof_1 5 V' _1 Y/ S
] aB k,l.zmzo 0‘ corr Eg— Ho fa Eq- Ho I?corr J Eo—ﬁofio (EO- 1?0 Hcorr) Iq>0> ’ (25)
) ; conn

T ny o 20 u g :
[ e Bt ;h‘“ Haat Huhas Hy ; P galtiasHs Phi= ;Céé’:cpﬁ ) (27)

+ Vs(H, u)] Pi=€¢9, . (26) )
(€2 €D i+ 1l + S0 €%, ((pali) = (pilain =0 . (28)
CRE]
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oce oce ‘
29 ,
AUaB"-z;h%auHZReZ‘Zp:h?\lawcégf s (29) g ‘
oce oce : P i
Lo .pl0 -
Xan==22 My~ 2Re 2D HWCH: - (30) ;

FIG. 7. Diagonal particle-hole ladder-type diagrams which
form a major part of CHF corrections. . i

TABLE Vi, Nucleatr magnetic shielding (in ppm) and magnetizability (in 107 erg G* mol'}) of HF.

Basis  Gauge

set origin ~ Fof Fot Fob ¥ Hod Hod Hob Hy
CHF | 481,9  482.4 =104,2 412.7 44,09 1,91 16.94 = 27,26
MBPT : .
Zeroth order 481.9 - 482,4 —38.95 44,09 1,91 11,83
First order. - 26, 69 3.43
Second order - A F -~14, 84 - 1.10
CHF type —-16,51 . 1,21
non-CHF type -0,90 -0.58 1,67 0.49 1.47 -0,11
Total sum 481,0 481.8 - 80, 48 427.9 44,58 3.38 16,36 28,02
CHF 481.9 467.6 —88.52 . 413.4 44,09 140.6 ~109.0 35.76
MBPT )
Zeroth order ©481.9 @ 467.6 -11,27 44,09 140.6 —86.65
First order - 32,43 ~17.05
Second order A H o -21.32 =-1.77
CHF type : —21,24 —4.02
non-CHF type . =0,90 ~0.68 . -0,08 . 0,49 -0,24 2.25
Total sum 481,0 = 466.9 -85, 02 428, 3 44,58 . 140.4 -105.5 38,13
CHF 481,8 482,4 -103,1 413.5 44, 05 1.56 17.66 27.50
MBPT .
Zeroth order 481.8 482.4 - 38, 62 44, 05 1,56 11,96
First order . -26, 37 . 3.53
Second order B F -14, 46 1.18
CHF type -16.31 1.24
non-CHF type -0.54 -0.28 1.85 0,41 1,34 -0,06
Total sum . . 481,3 482.2 -"79.45 428, 9 44, 46 2,90 16.67 27.89
CHF 481,8 467.3 -91.93 410.9 44,05 140.7 -113.8 32.58
MBPT ;
Zeroth.order 481,8 467.3 -11,00 44,05 140.7 ~90,50
First order —33.74 ~17.75
Second order B H —-22.68 . =2,34
CHF type . -22,20 ) —-4.20
non~CHF type ~0.54 =0.38 —0.48 0.41 - —0.19 1.86
Total sum - 481.3 466.9 —67,42 426. 8 44,46 140.5 -110.6 34.75
Other results
CHF? F 481, 56° -101, 57 413,85 15, 76° 19.02 - 28,45
H , ' 30,85
CHF® F - 482, 27° 102.63 413,95
H 108.62° ~118.23. 29,80
CcHF? F 481.6 482,5 -100.8 415.0 44,06 1.52 18,06 27.74
H 481.6 467.8 ~-87.2 414.3 44,06 140.7 -118.9 29,25
Experiment F -94,2° 410° 28, 37"
(£6) (£0.2)
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000 =3 L% (34)

o? = 1P — %), (31) : , ,
A0 =055 —3(09; ¥ 0})), | (32) Ty = w%rc{2[(o§2)2 *(0%3)° * (0%3)°]
' ‘ 35
n=(0y; — 031033 = 0g): (33 + & (80)2(1 + 370}, (35)
X X
X
T H t H T
H
£ " H—é’:\ H —u(\
Cl 2 "N\2
—c(,— : C=0 ———>1z =Q =2
H} C'l.'\ H H/ Hf

Fig. 8

Table Vil
Prin¥pal values, principal axes, asymmetry factors, anisotropies and antisymmetric parts of 13C shielding tensors (in ppm) for
CHFCICH3, CH3CHO and NH,CHO

gyy 0272 o33 Tr(@)/3 n Ao Z(Ua),2
CHFCICH;3 333.1 - 288.8 227.1  283.0 0.7925 -83.81 12.68
CH3CHO -87.14  29.97 2414 61.40 0.6507 270.0 3.090
NH,CHO 2352 1093 -44.71 9991 0.8704 -216.9 1.661
direction cosines antisymmetric components
1 2 3 012 013 023
CHFCICH; X -0.4994 -0.7980 -0.3374 -2.354 2,563 0.2895
Y 0.5895 -0.0276 ~0.8074
z 0.6349  -0.6020 0.4842
CH;CHO X ~0.9997 0.0237 0.0000 -1.758 0.0000 0.0000
Y 0.0000 0.000 ~1.0000
V4 -0.0237 -0.9997 0.0000
NH,CHO X 0.0000 0.0983 -0.9952 0.0000 0.0000 1.289
- Y -1.0000 0.6000 0.0000

N

0.0000 0.9952 0.0983

1) Y. Kato and A. Saika, J. Chem. Phys. 46, 1975 (1967).

2) T. Itagaki and A. Saika, ibid. 71, 4620 (1979).

3) M. Iwail and A. Saika, Phys. Rev. A28, (October,1983).
4)‘M. Iwai and A. Saika, J. Chem. Phys. 77, 1951 (1982),

5) M. Iwai and A. Saika, Int. J. Quantum Chem. (in press).

6) M. Iwai and A. Saika, Chem. Phys. Letters 95, 596 (1983).
7) A. Saika and C. P. Slichter, J. Chem. Phys. 22, 26 (1954).
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Table 1
Spectral parameters and Direct couplings
for Dimethyl Sulflde disolved in a Nematic Phase

Indiret couplings* Dlrect couplings

J(1,2)= 0.25 D(1,2)=-224.0 + 0.1
J(1,3)=137.5 D(1,3)= 345.6 F 0.2
J(2,3)= 4.8 D(2,3)= -70.3 ¥ 0.2
D(1,1)= 467.0 F 0.1

0% 0.1

D{2,2)= 467,

*paken from the isotropic phase value
Fig.2
A observed 'H spectrum and
a calculated stick spectrum
in Dimethyl Sulfide
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A observed '*C spectrum and
a calculated stick spectrum

in Dimethyl Sulfide
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Orientational parameters of Dimethyl Sulfide
obtained at three temperatures and
those by changing the rotational angle and
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4]  New Avpvwroach to Carbon-13 Additivity Parameters
Y+ A, Shahab and H. A. Al-Wahab, Department of Mechanical
Engineering, University of Mosul, Mosul, Trag. -

2,3,4

13C-nmr additivity parameters of Grant and Paull and their modifications

played & major role: in the assignment of,l3C nmr - absorptions- to distinet carbon

6 .
> and macromolecules ’7. However, desnlte

atoms in low molecular weight compounds
_their practical importance, these parametérs are merely empirical and did not )
contribute to the understanding of the factors determining L3onmr chemical shifts.
‘ In addition meny ambiguities remained in the above-mentioned apnroach &s. for
example the unexplained 13 —effect and the effect of proton-proton repulsion. If
the latter effect possesses any weight on 13Cnmr shifts, then it is reasonable to
extend its influence on all interactions between’the ppotons of the cafbon under
study and other protons of the molecule. Indeed, the effect of p{ —vrotons
should be more importent due to their proximity %o the protons concerned,
Actually, there are many indications on the influence of ® -~ aﬁd ﬁ -protons?
interaction that justify a more general apnroach, and we will cite here only two
of them: _ ’ ‘
1. The substitution of an equatorial proton in a. eyclohexane ring -with a
methyl group results in-a 5.6 nom downfield shift of C1 whilst a substitution
in an axial position results-in a shift of only 1.1 vom. In the first case four
‘ & =—gauche proton interactions, and in the second only two interactions are
removed. '
2. The authors of refe;gnce (8) wondered about the nonreciovrocal relation-
ship existing between an unfield shift of 3.9 »nom for the axial methyl and 5.4 nom

for C3 and C-. in methyl cyclohexane, Using‘the argument of ¥ —interaction the

carbon of axial methyl should be shifted unfield by avoroximately 10.5 »om due to
two 3’ -gawuche interactions,with CB and 05. Anyhow, 5y ring inversion the inter-—
actions of the protons attached to 03 and 05 with other vrotons of the ring
remain practically unaltered. In contrast, the methyl protons enter new [3 -
interactions with the protong at Cg,ané CS'

In. light of these considerations, if is tried in the vpresent vaver o develon
L3 onme chemical shift increments that lend themselves %o more theoretical exnlana-
tion and are in the vosition %o give vnrobable inferpretations to- some unsolved
nroblems in the subject. It is not intended to use the new set of parameters for
wredicting unknowm: chemical shifts, since the existing ones are doing excellent

iob in this field.
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Additive Parameters
Analysis of the literature available on 13Cnmr chemicai shifts of paraffins
suggests that these are mainly determined by two factors:
1. The type of carbon being investigated, i.e., primary, secondary etc.
2, The interaction of protons in other parts of the molecule with the
vroton{s) of the carbon under consideratioh.
{ These two factors are>definite1y acting through the well knhown vara~ and
diamagnetic terms. Therefore, a logical construction of the parameters would bhe
as follows:

; 80 (x) =A +.B +Zni ¢y
where A is a scaling facbtor, B refers to the type of kth carbon, ey @ chemical
shift increment belonging to a proton in a definite positions dﬁ ﬁ/ z” etc.,
and ny is the number of protons at that vosition.
Results éf Calculation )

The exverimental results obtained by Carman and coworkers were used to cal-
culate the additivity parameters wsing a regression analysis programm*. Table 1 )
shows the values of the parameters.

Table 1

Results of regression analysis

Parameter ' No. of observ, Value (pom)
E;gmary canEAMM« 13 7.98
Secondary carbon 30 13.62
Tertiary carbon 16v' 12.91
A —proton 59 : 1.36
3 ~carbon 59 2,91
5“ —-carbon 7 58 0.19
5 ~carbon 54 0.13
€ —carbon 46 : 0.03
No. of total observations 59

Wo. of indevendent variables 8
Multivle correlation coefficient 0.9985
Standard deviation (oom) 0.27
Constant Serm (nom) -1.94

Table (2) lists the observed chemical shifts from reference (4) and the

*Hultiple linear regression program, written by Robert ¥. Kovitzke for

Hewlett—Packard calculator 9830 4, Stat »ac volume 2.
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calculated ones using the parameters given in Table (1).

Table 2
~QObserved and Calcilated Carbon-13 Chemica1'Shifts*

1 -2 3 4 5 6, 7 8
2, 4~Dimethylpentane :

e - .. .¢ 6 = 0.043

i i ‘
¢y~ Cpm.C3= C .= C 7
22.71 25,71 49,10
(22.96) (25.92)  (49.39)
2,4,6=-Trimethylheptane
L  eous
C-C-C-C-C-C=C
1234
24,06%

22,99 26.06 48,28 28.87 20.74
(22.86) (26.03) (47.46) (28.61) (21.03)

2.5=-Dimethylhexane

¢ f 5 - 0.087
¢-Cc-g-C-C~C
123

23.09 28.96 37.57
(22.67) (28.67) (37.32)
2.5.8-Primethylnonane

?a ? o 6= 0.312
C~C-C=C-C-C-C~C-C
12345

23.01%

22,79 ~ 28.69  36.86  35.18  33.70 = 20.01
(22.64) (28.60) (37.42) (35.09) (34.12) (20.44)

2.5.8,11~Tetramethyldodecane

2
?a % c c & = 0.219
i
C=C—-C~C—C-C~C~C-C~-C-C~C
123456
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23.60% o . _ 35.85% 20,647
23.41 29,23 37.40  35.29  34.29  35.59  20.59
(22.64) (28.60) (37.42) (35.06) (34.05) (35.19) (20.41)

2,6-Dimethylheptane
c & = 0.218

] .
c-gc-C-
123

22,65 28,21  39.68 = 25.35
(22.65) (28.38) (40.07)  (25.24)

2,6,10,14~Tetramethylpentadecane

? o e 6= 0.256
CeC—-C-C-C-C~C—-C=-C-C-C-C-C~-C
6 . :

NO=0

C-
123

23,05 28.39  39.95 ' 24.95  37.85 33,30  37.99  25.28 20,16
(22.65) (28.35) (40.00) (25.37) (37.83) (33.51) (37.76) (25.51) (20.41)

2.7=Dimethyloctane
c c 6= 0.144

22.72 28,28 39.51 28.03

(22.68) (28.36) (39.78)} (28.00)

Discussion

’Paraffins constitute a,éimple systém fof the study of the main effects on

13Cnmr chemical shifts. Ones these are clearly pointed out an extention of the in-
vestigafions to more compnlicated systems become possible. It is apvarent that two .
proverties of a certain carbon atom make the main contributions to the magnitude
of its chemical shift: a) The’percentagé of the p-character in the hybrid of its
orbitals; b). The interaction of its proton(s) with other protons of the molecule.
Unfortunately, it is very difficult at the moment %o construct such a set of para—~
meters that reflect the two effects separately due to two reasonms. Pirstly it is

difficult to estimate the vp-character of car%oﬁs to such an extent of accuracy as

9 aiscri-

to distinguish between different paraffinic ones.. Existing calculations
minate between differently hybridized carbons or carbons bearing different electro-
negative'substituents.'Secondly, mosf of the data on L3onmr are reported for aver—
aged conformations and therefore it is not so easy tb fix interprotonic distances

‘on which the size of proton-proton interaction naturally depends. In order to test
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the idea invoelved in fhis commumnication we chose empirical parameters that possess
more theoretical nature as a compromise.gbrk to improve the treatment is on vprogress.
It is expected that an increase in the p-character would lead to an increase’
in the paramagnetic term through lowering of the excitation energy AE to the next
low-lying excited states. Ihe type of carbon atom gives indication mainly bn the
p-character that increases on going from primary to secondary, teftiary and quafer—
nary.;Furthermore, addition of more carbons in the molecule also increases the p-
character although the effect attenuates by increasging the number of .e~c interve;
ning bonds, At the same time branching means mdre congestion of prOtons, and this
is the reason why the deshielding effect increases from methyl to methylene by
5.64 ppm and decreases slightly for methine (see table 1).
In most cases protons? intefaction gives rise to upfield shifts and only few

10,11

observations has been reported where a downfield shift is noted . Contrary to

this conclusion we notice from table (1) that the parameters representing protons?

interaction have small positive values, Carbons in K- ﬁ-... etc. vositions not

only creates protons! interactions, but in the same time increase the p-character
atom B

forfbeing considered as mentioned before. Hence, one should examine the values as

a result of two oppositely oriented effects. It is of .interest to note that the
B =effect is more deshielding than thec( ~effect. A vrobable cause for this
_behaviour is that a B -substitution removes one stréng % ~proton's interaction
interaction and also increases the p-character. These could overcompensate the

shielding arising from introducing /S-protons' interaction.
The varameters introduced in this work are able, as seen from table (2) to
oredict 13Cnmr chemical shifts with standard deﬁiation of 0.27 »om usingvonly

eight parameters., The highest individual deviation amounts 0 082 (C3 of

2,4,6-Trimethylheptane). The results promise that the new approach possesses

certain asvpect.
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BRFXRET TR e 7 - ALOS doo 2R T o NEC TS,S 2 29 - t%
<ALk, , ,
(3 5%) %m&%o~mz 5.
n-Butane derivatives (lSC NMR) : =23
" SCS, = 138.1+0, + 175.5-040 - 3511.1e040 - 3.5
z S SMA
(£10.0)  (¥16.2) (£238.7) (£2.8) (BA®E):

R=0.967, SD.=5.23, F=91.5
SCSy = .40, + 130.3+05 - 530.4-(oge) > + 0.2

(£2.3) (:12.5) (£65.2) (£0.7)

R=0.937, SD=1.42, F=457
Eaoa el Lo 3954, 80 Bx b3 E22 &LUH
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scs, = - 12.8+0; - 44,3050 + 151.8+(05e) + 250.00g0 + 0.2
(£1.0) (£5.0) (2£25.4) (£25.2) M (20.3)
R=0.960, SD=0,53, F=53.1

Monosubstituted benzene derlvatlves ( C NMR) : n=21

- 8CS., = 56.0-0, * 176.5.0. ° -_6144.1'0 o - - 2.9
ipso X z - . S SMA
(x10.1) (127,1) © (£509.3) (£3.3)

"R=0.950, SD=5.36, F=52.0

SCS .. = 23.8+G_ - 20.1v0, + 1835.2+0p0 - 1.0
ortho W 7 g SMA :
C(22.1) (£3.2) (+218.4) ™A (10.8)
R=0.960, SD=2.10, F=52.0
scs = 20.1+0_ - 0.9
para ™

(£0.7) (£0.2)
) R=0.%8,SD=0£1,F=78&5
a-Substituted toluene derivatives (13C NMR). :-n =19

SCS = 6,90, + 0.5
para . 4
(20.6) (20.2)
R=0.938, SD=0.45, F=124.6

T, Sh e, F3dsuEeovtod o ebh il ttdd . KL

Qsga &, a8 (ZT8ot%ko K("Z)g) A S riBL T v v ENA
“BrERE(no Ty N ) rover, Mo, S tBBER @AM
ECXCETRD .

BBAN LA WO, n- 7Y S s, &, B, Y obtiEcno
<. S, @?ﬁﬁ%%naﬂiﬂﬁﬂ%?ﬁdﬁOQBK\ﬂﬁ&WYﬁT&
(Qﬂz@q f&%?%ohoﬂ.%@ﬁﬁfﬁ@VpMmme\%’ﬂ&N
Jevthmon Suh. a- LA v vHB R SvRoFS TR THY |
The p- BRI vy VB HRTR 5T TED S (ELY AFXs ) A TH
A ‘

HHEFo- e T L,

NMRACE =9 b BRENE . %%?#:mmﬂ EATEL LR AR
P REPLAS ML >N ERE IR AT ARDTHY . S B P
. 2w B EBEcoow O RoRPrIAL Y LB &,
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Table 1°C NMR Chemical Shifts of
) ‘n-Propane Derivatives - :

(Gas Phase, ppm)a)

e | g §
Substituent o B Y o 2
NH2 13.96 -3.30 -21.43 K .
OCH, 26.09 -7.44 -22.00 - I
OH 7 34,07 - -4711 -22.42 . ’ e
t-Butyl - 17.16 -12.74 -17.53. . - e T
i=Propyl . 11.77 -10.07 -18.13 . .. . 5-8 mm
CH,CH T -8.30 -18.13 Scheme  Sample tube used to
1 ] 13.81 -4.20 -20.98 ] determine a gaseous sample
Br S 0,90 -3,81 -19.36. . R
COCHZCH3 13.42 -13.04 -18.55
COCH3 14,74 -13.04 -18.61.
CHO 15.52 -14.78 -18.67
COOCH,,CH 5.82 -11.98 -18.70 T '
273 (ppm) . L4
COOCH 5.33 -12.04 -18.76 . . ‘PPT : o
CN ’ -10.85 -12.23 -19.33- <60 BRI S ‘ .®
NO, ---  -9.53 -21.42 ) *
v . _ - < v
a) 13C Chemical shift relative a T I 4
9 ,
to methylene carbon of neat é 40. - °
ethyl benzene.
, .:'}.
20 ¢ o F
..
ol * 1 1 i
0 20 40 . 60  (ppm)
.
Scscalcd.

Fig. Correlation between Observed and Calculated
SCS of n-Butane Derivatives ’ '
(130 NMR, o-Position)

SCS

. "1 vt . Co
caleds 138.1-ci+17$.5-oso-3511.0-cso+2.2

“MA
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(a) fF1R%E ’ € " GH - CH2 CH3
(b)) —EEARE =C =CH " =CH2 - =b=
(c) FHEERRE =C: C=CH: ' ’
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(e) ZBEAGRE #0 #CH CHN '
(f) rofaolF HFf@ESttozz AN _
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REav v FRADENRS L, T
5 ~ B NMR§PK) SEA %‘E EQ C AND PK 30.0:31.0
SO F S AR EYCAB ORS00 :
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- " h; ) 4 wokior | JST DF PEAK INFURNATIDN LETTEY
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CDS 00-102 001 -
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SST (43D), 20 mg/ml
pH 2.15, room temp.
164,000 scans
at 61.25 MHz

HDO

SSI (43D), 40 mg/ml
pH 7.0, 45°C
23,000 scans
at 55.28 MHz

HDO

'3.72pp>m

SST (106D), 40 mg/ml
pH 7.0, room ‘teéemp.
12,000 scans

. at 61.25 MHz

Fig. 1. Deutérium magnetic resonance spectra of SSI(His 43 C2-D) and
SSI(His 106 C2-D) in 2D—depleted H20.  Chemical shifts are
referenced to the HDO peak.
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Fig. 3 13C-0hr.vinosum, HR/BB

Fig. 4 13C—Chr. vinosum, HR/BB

with 0.5% Triton-X 100

Fig. 5 13C-Chr. vinosum, HR/BB

with 0.5% SDS

'Fig. 6 Chr. vinosum Chromatophore, HP/CP/MAS

Rp. palustris Chromatophore, HP/CP/MAS

Fig. 8 Rp. palustris B 800-850, HP/CP/MAS
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(Bla) (Ala-Gly-Gly)  (Pro-2la-Gly)

3 o~he lix B-sheet 3/1 ~helix

triple

helix

c, 52.4:  48.2 48.7
p Cq 14.9 19.9 17.4
=0 176.4 171.8 172.1

48.3
17.6
173.1

~Table 2. Cawparison of Ala CB =
different conformation with those of

()]
= L theoretical calculations'7

C chemical shifts of

Conformation Dihedral angles

13

CB' C-shifts (ppm)

v I A

cbsd.

caled.

Right-handed o~helix  -48°, =-57° 14.9

K left-handed orhelix +48°, 57° 14.9
@ B-sheet -142°, 145° 19.9

%,

3/1 helix -80°, 150° 17.5

-63.0
-63.7
-65.7

-64.7

“shielding constant
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