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Predikce chemickych posund

-Analogie

- Vypocet




Shooleryho pravidla

« Alifaticke latky

R1'CH2'R2

R,-CH-(R,)-R,

* CH,Br,:6=1.25+1.9 + 1.9 =5.05 ppm
experiment: 4.94 ppm

Substituent o
Alkyl 0.0
-C=C- 0.8
-C=C- 0.9
-C¢H; 1.3
-CO-R 1.3

-OH 1.7
-O-R 1.5
-O-CO-R 2.7
-NH, 1.0
-Br 1.9
-ClI 2.0




Shooleryho pravidla

 Olefiny

{ 0=5.25+ Rgem + I:{trans + I:‘cis }

Substituent Ot Ocis Orans
H- 0.0 0.0 0.0
Alkyl- 0.45 -0.22 -0.28
-OR 1.21 -0.60 -1.00
-COOH 0.80 0.98 0.32
-Ar 1.38 0.36 -0.07
-C=C- 1.24 0.02 -0.05
-OH 1.22 -1.07 -1.21
-Cl 1.08 -0.40 -1.02

Kyselina skoficova (trans Ph-CH2=CHP-COOH)

oH2=525+1.38+0+0.98 = 7.61
oHP =525 + 0.80 + 0 + 0.36 = 6.41

expriment: 7.82 a 6.47 ppm.




Shooleryho pravidla

- Aromaticke slouc¢eniny

{ 0= 1.27 + Rortho + I:‘meta + Rpara}

Rortho

Rmeta

Rpara

Substituent | d,,o Ometa G
-H 0.0 0.0 0.0
-CH, -0.17 -0.09 -0.18
-NO, 0.95 0.17 0.33
-COOH 0.80 0.14 0.20
-OCH, -0.43 -0.09 -0.37
-Cl 0.02 -0.06 -0.04
-F -0.30 -0.02 -0.22
-NH, -0.75 -0.24 -0.63
-C.H 0.18 0.00 0.08
-SCH, -0.03 0.00 0.00




Shooleryho pravidla H,

Ha

8H,= 7.27 - 0.17 - 0.09 = 7.00 (6.97)
O0H,, = oH, Hb

CH,

8H, = 7.27 + 0.95 - 0.06 = 8.16 (8.17)
8H, = 7.27 + 0.02 + 0.17 = 7.46 (7.52)

H;

3H=7.27-2*0.17-0.18 = 6.75(6.78) " H

HsC CH,

H

8H, = 7.27 - 0.43 + 2* 0.17 = 7.18 (7.28)
8H, = 7.27 + 0.95 + 0.33 - 0.09 = 8.46 (8.47)
8H. = 7.27 + 2% 0.95 - 0.09 = 9.08 (8.72)

Ha

Hb

NO,

Cl

Ha

Hb

OCH,

NO,

NO,

Hc



13C - alkany
Grant, Paul

S =-23+9, 1%+ 9, 4%B - 2,5%v+ 0,3*8 + 0,1*¢ + S+ K

8. - hodnota chemického posunu pozorovaného uhliku
o, B,v. O, €-podet uhlikd o, 3,7y, 8, € vzhledem k pozorovanému uhliku

Hodnoty sterického korekéniho faktoru S.

=13 @ ’ : . = — ™ - .
pozorovany "C  pocet nevodikovych substituentd na nejvic rozvétveném o - substituentu

0O 1 7} 3
methan 0,0 0,0 0,0 0,0
primarni 0,0 0,0 -1,1 -3.4
sekundarni 0,0 0,0 25 -7,5
terciarni 0,0 -3,7 -9.5 -15
kvartérni -1.,5 - 8.4 -15 -25

3 2

Konformaéni korekéni faktor K pro 7y - substituenty’.

konformace K dihedralni thel - B
synperiplanarni -4,0 0°
synklindlni (gauche) -1,0 60°
antiklinalni 0,0 120°
antiperiplandrn{ 2,0 180°

volné otacdiva 0,0 -

a) obecné b) u cyklohexanu

synperiplandrni

gauche

o zaniche . /
\ o

gauche
7

antipesiplandmi

p
™ antildindlnd

antiperiplandrnd

% - pozorovany uhlik




Tab. 35-2 Substituéni efekty a vypocat chemickych
13C posun( uhlikl v alifatickych slougeninach.

8(C)=—2.3+Eai+S+EKj

Substituéni efekt a;:

Substituent 8y ¥ peloze: =
o B ¥ o

-H 0 0 0 0
-CHj; *) 9.1 94 25 0.3
-CgHsg 22.1 8.3 -2.6 0.3
C=C- {*) 19.5 6.9  -2.1 0.4
-C=C- 4.4 56 -3.4 -0.6
-CH=0 29.9 -0.6 -2.7 0.0
OE0)- 22.5 30 30 00
-COOH 20.1 2.0 -2.8 0.0
-CO-0- 226 2.0 -2.8 0.0
-COCl 33.1 2.3 -3.6 0.0
-CON< 22.0 2.6 -3.2 -0.4
-CSN< 33.1 7.7 -2.5 0.6 Stericky korekéni faktor S:
-C=N 3.1 2.4 -3.3 -0.5 Typ pozorovaného Pocet substituenty
-C=NOH 11.7/16.1 0.6/4.3 -1.8/-1.5 0.0/0.0 uhliku na nejrozvétvensjgim uhliku
syn/anti 1 2 3 4
O () 49.0 101 62 00 primarni 00 00 -11 -34
-0-CO- 56.5 65 60 00 sekundarni 00 00 25 .75
-0-NO 54.5 61 -85 .05 terciarni 00 37 -95 -150
N< () - 283 1.3 -5.1 0.0 kvarterni -15 -84 -150 -250
= () ) 30.7 5.4 7.2 -1.4 Konformaéni korekéni &len K:
-NO2 61.6 3.1 -4.6 -1.0 Konformace y-substituentu K
s ™ 106 114 -36  -04 S heerplanam] 20
-5-CO- 17.0 6.5 -3.1 0.0 synkliné!ni =T4f)
S0- (9 31.1 9.0 -35 0.0 antikiinaini 0.0
-50C! 54.5 3.4 -3.0 0.0 antiperiplanarni 2.0
-5CN 23.0 87 -3.0 0.0 nefixovana 0.0
-:;[ g?; 12?3 :2? _%(; (*) Substituenty vyzadujici pouzit stericky korekéni faktor
-Br 18.9 11.0 -3.8 -0.7

-| -7.2 10.9 -1.5 -0.9




13C - alkeny

Tab. 35-3 Vypocet chemickych posunil v alkenech.

Cr) = C(B) - C(a) — C(1) = C(2) - C(a’) - C(B") - Cv")

6(C1) =123.3 + 10.6n,+ 7.2n5-1.5n, - 7.9n, -1.8ny- +
+1.5n, + IS

n = pocet uhlikovych atomu v a-. B- a y-poloze
S = stericky korekéni &len, ktery méa hodnotu:

S=0 pro E-konfiguraci C(a) a C(a") (or,0'-trans)
=-1.1  pro Z-konfiguraci C(a) a C(x") {o,c’-cis)

S=-4.8 pro 2 alkyly na C(1) (o)

S=+25 pro2alkyly na C(2) (a',")

S=+23 pro2nebo 3 alkyly na CB)

Jako pfiklad mGzeme uvést vypoéet posundi v 2-methyi-
but-1-enu:

C-1: ny-=2,ng-=1,85=+25
5(C-1)=1233-(79x2)-(1.8x 1) +25=1082

C-2 n,=2,ng=1,8=-438
3(C-2) =123.3+ (106 x2) + (72x 1) — 4.8 = 146.9

Vypoétené posuny jsou v dobré shodé s experimental-
nimi: 22.5
CHa
HEC=(!3H—CH2—CH3
109.7 147.0 31.1 125

ab. 35-4 Substituéni efekty a vypodet chemickych po-
unu olefinickych uhliki v v substituovanych alkenech.
R —-C{1)H = C{2)H»

(5=1233 < a

Substituent  ay, ) ‘I Substituent  ayy Ay
-H 0 0 -OCHa, 294 -38.9
-CH4 106 -79 | -OCOCH; 184 -26.7
-CH,CHy 155  -9.7 | -CgHs 12.5 -11.0
-F 249 -343 | -CH=CH, 138 -7.0
-Cl 2.6 -6.1 | -COOH 42 8.9
-Br -7.9  -1.4 | -NO, 223 -09

- 381 7.0 |




13C - areny

Tab. 35-5 Substituéni efekty a vypoéet chemickych
posunt aromatickych uhlik(.

Ra
Rartho

5(C)=1285+=X g

Rmeta

Rpara

Substituent R aj v poloze:

- ortho- meta- para-
—H 0 0 0 0
~CHs; 9.3 0.6 0.0 -3.1
—CsHs 13.0 -1.1 0.5 -1.0
—CH-0H 13.0 -1.4 0.0 -1.2
—CH.CI 9.1 0.0 02 -0.2
—CH=CHa 7.6 -1.8 -1.8 -35
—-C=CH -6.1 3.8 0.4 -0.2
-C=N -18.0 3.5 0.7 43
-CH=0 9.0 1.2 1.2 6.0
-COCH; 9.3 0.2 0.2 42
—-COOH 2.4 1.6 -0.1 4.8
—~COOCH;3; 2.1, 1.2 0.0 4.4
—CONH; 5.4 -0.3 -0.9 5.0
-COCl 4.8 2.9 0.6 7.0
-OH 26.9 -12.7 1.4 -7.3
—0OCH; 30.2 -14.7 0.9 -8.1
~OCOCH- 23.0 -6.4 1.3 -2.3
—NH:2 19.2 -12.4 1.8 -9.5
~NHCOCH;3 111 -9.9 0.2 -5.6
-NO- 19.86 -5.3 0.8 6.0
-SH 2.2 0.7 0.4 -3.1
~-SCH;j 9.9 -2.0 0.1 -3.7
-S0,Cl 15.6 -1.7 1.2 6.8
—Si(CHa)s 13.4 4.4 -1.1 -1.1
-F 35.1 -14.3 0.9 -4.4
—Cl 6.4 0.2 1.0 -2.0
-Br -5.4 3.3 2.2 -1.0
-l -32.3 9.9 2.8 -0.4



Kvantové chemické vypocty

+27,7
+27,9

oxidace o

o o 19,4

+19,5




Nuklearni Overhauseruv efekt
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Nuklearni Overhauseruv efekt
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Nuklearni Overhauseruv efekt
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g S,
W

HO

H960 2
3C NMR (DMSO, 125.70 MHz): 6.73 (CH, of cyclopropane); 24.15 (CH of
cyclopropane); 44.20 (C-7); 46.80 (C-4); 49.32 (C-1); 55.77 (C-3); 58.99 (CH,0); 69.92
(C-2); 118.76 (C-5%); 127.90 (C-6); 139.85 (C-87); 150.11 (C-47); 152.20 (C-27); 153.91
(C-5); 155.61 (C-6").

'H NMR (DMSO, 499.84 MHz): 0.59 m, 2 H and 0.71 m, 2 H (CH, of cyclopropane); 1.72
dp, 1 H, J,,, = 9.2, J(7a,1) = J(7a,2) = J(7a,3) = J(Ta,4) = 1.6 (H-7a); 2.29 dm, 1 H, J,,,,, =
9.2 (H-7b); 2.72 m, 1 H (H-1); 2.93 m, 1 H (H-4); 3.04 bs, 1 H (CH of cyclopropane); 3.94
m, 1 H (H-2); 4.02 ddd, 1 H, J,,,,, = 14.9, J(CH,,0OH) = 5.0, J(CH,,6) = 1.4 (CH,0Oa); 4.09
ddd, 1 H, J,,, = 15.0, J(CH,,0H) = 5.6, J(CH,,6) = 1.7 (CH,0Ob); 4.46 dd, 1 H, J(3,2) =
6.2, J(3,7a) = 1.6 (H-3); 4.87 t, 1 H, J(OH,CH,) = 5.5 (CH,OH); 5.03 d, 1 H, J(OH,2) =
4.6 (2-OH); 5.86 m, 1 H (H-6); 7.78 bs, 1 H (NH); 8.07 s, 1 H (H-8"); 8.20 bs, 1 H (H-2").



