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3b.1 The origins of steric strain

c. Pitzer¥TK 7): o-$E3Ih B BAAR SE M B AL I TK T
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a. Prelogik 77: \or K i J R BREE ] 2 R T8 4 5 )

2
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3b.2 Examples of steric effects upon reactions

1. 4BAIZE L (Ortho effects)

Ar K AG® /J K'mol!  AS°/J K-'mol!
FI AR AL EAREERT R BLITH], AT BURER KA ~ ~
phenyl 13.6 16.7 35
RC¢H; + HNO; — (0, p)-RC,H,NO, 2,6-di-tert-butylphenyl 0.5 -334 —108 vk

R: Me Et isoPr t-Bu

olp: 1.66 0.90 0.41 0.12

a. Bk EMIS\2 R B
RZ
H 1_ 1B p3
N " R — R
{ N(_\'c—l R:  H Me  Et isoPr  t-Bu \F : ©
_ H\\‘ 3 Nue CEx Nus C—X
H : Ny N
R) kot 100 418 228 7.4 0.026 RN g
RT, kd = Sy1
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b. fike- s &4
t"B}’\ R
I . z '
JB, !N-R'"  NH,>RNH,>R,NH >R,N
t-Bu'  “t-Bu R"

c. Diels-Alder % M

0 R o
R? 1 R2
(R R'=H, 25°C N
+ | o ——— o
R? CRI R1=Me, no reaction R R!
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d. AL R BISLAR R
ﬁf Wsh, exo
\199 E& MW, endo

3. & 417K 71(Bond-angle strain)
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4. FEHE R ST 44 RAS (Steric inhibition of resonance)

Nu-/\Br Nu:/\Br
/g l >
! N ! \My/éN;L\My
& -

o) o-
5. SRk (Steric acceleration)

AKBEBA UUERERRE, BT CHS\DINB R, FEdE MRS
RT3

.
,R)Cg‘Br k l‘1+ B k(R )

] —_— C. r =t-Bu)
R) R ) R R — =14x10*
O kr=me)
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R k WR k(R:l-Bu)
—_— . _e=w 5
OTos @+ - kg 2.2x10
OTos (R=Me)

3b.3 Measurement of steric effects upon rates

FKAMTLAMSER b A kg anss, BN R AT HARE

A ILARBNR N RIS ESZ MR 2, /s
FNER EARED. BUHEHE (OTHETR) #FEFER
R R BN JUTHEE. oK@ ERAIETILEE,
DaiE

FRBERMERITET MR SOER LM LEER.
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Taft-Ingold R :
log [ky/ky] o = E;
log [ky/kylp = 2486y + E,
E &AM BILHRRN, AR EIEKISLAAR.
— SRS EE,, AR SLAA R AT E RSN E,
EC =E,+ 0.306(n — 3)
E,C—Hancock¥ ¥, n=ca-H%H .
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3b.4 Conformational barriers to bond rotation
AR Ak

MRFREZ B SE TR, AR b
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a
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3

1/v /s T /s
NMR 108 105
IR 1012 108
uv 1016 102
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(b) F R EUFEAA R IR RA 2 SR KR PR R

ER=FGiEEEO)EHRRHIR. UVEER, T()%ER
HINMREIBEA, BT EEARER TR AR

Example:
@) IR
Me Me
U\ OR (—\j\ 2 AG=300J mol!
o Ol
o OR
A B
Veo =1732 em™! Veo =1714 cm™!
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(i) NMR (REBHZEHHTRFANMR B3C. 'Hi)
Me* o
m Me*

Lo —= Y

FEE BB IIREAR, 75 DRy,
aT>T,  HI%H ik
b.T=T, FHERESFHFHERE
¢ T<T, INEHIBFHEE
A EET,  FkE

BT, W _AZEARE HTAZIRLKERL

2019/11/13 15

T>T: k= (n(8v4 + 26V - B)1)/28,
where B =w - w,

Tetramethylsilanc

! K\ Non-interchanging species.
d

o

Fig. 84 Characteristic NMR signals for a pair of interchanging non-coupled AB nucei,

"
e.g. methyl resonances of on‘ +, above the coalescence temperature T,; b, at T;;

¢, below T,; d, non-interchanging species at very low temperature. Line widths, w, are
2019/11/13 measured at half height. 16

2. ISP (Acyclic compounds)
(2) Zh (WA sp* AR T R B3

H H
1 H H
4 AE = 12.3 kJ mol!
H HH H H
H

LRAHEFRR, EBFRT IR S 28K

Me,, Me

@45\ Me  NMRA4#=FMe LHH

O. NHHRLFRTIERERARE, ki o %
RILEAFELELHAAHRRE

2019/11/13 17
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3. IR A HI(Cyclic compounds)

NI HE3R
1577: ~100 kJ mol!
ES: 16kJ mol!
CH,F3: 38.5kJ mol!

O WERAKS
HIKFIRE: 27 kJ mol™!
CH,F3: 5.4kJ mol™!

MERK

HIKAEE: 110 k) mol!

CH,F3: 27.6 kJ mol!

AN — T
5kJ mol-!
K BUREE R B 1,3- PR

AW TEBMHEER RAUDEE, EABH20-100

-1
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BTNk

By

EMEFRIEFEE, BERRATWTHEEBIINS
WMETT, B8 SRPFEIEK T SRR/ RS

a
a —AG® /kJ mol!
—_ %‘\

m|/a - Me 7.1
Et 7.5
isoPr 8.8
t-Bu 23.8
Ph 12.9

NMRZAGE T XA PARERE i
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Table 8§
Conformational energses.

(a) Energy barriers 10 rotation about methyl for

Tabie 8.5 (cont.)

H (c) Free-energy differences G(trans) — Gicis), for
CH X rotations about CO—N bonds. o
{b) Free-cnergy differences (A-values), _.“" of amides, 7
—~AG® = G(eq) — G(ax), for mono-substituted Hy R—C R!
cyclohexanes® &/
X AG* /&I mol ™ (keal mol ') )
2
x Me 12(287) R
——— EtMe 15 (3:58) -
i m‘ CMe, 20 (478) Amice
CH,Q1 16 (382) R R R’ AGKI mol”" (keal mol~"
x CH,Be 15 (358) i )
gu,l 1313;;1 H H Me 2B (67
CAC™ 1= (keslmot" ¥ Fy 14 335) H Me El 25 (06)
. o0 K moll fecsl Mot OH 5(119) H Me  1Bu 20 (48)
Me 71 (169) SH 6(143) Me H Me ¥ (93
Et 75(175) OMe 11¢262) Mc H Et 4 (33)
isoPr 88 (210) NH, £(191) Me Me Ei 25 (06)
1-Bu 238 (568) NHMe 14 (3-34) Me Et Er 55(13)
Ph 129 31 Ph 2(048) . -
COOR 46(1-16) Energy barriers 1o rotation for amides
CN 08 (019) e
F 10 (0:24) Amide AG*/k) mol™! (kcal mol ~*)
a 17 (041)
Br 21 (0:50) HCONH, 105 (25)
1 17 (041) MeCONH, 97(23)
OR 33 (078) EtCONH, 85 (20)
NH, 75(179) PhCONH, 77 (18)
HgBr 0 (0 HCONEL, 98 (23)
MeCONisoPr, 82(19)
* A positive value in the table means that the equatorial HCSNMe, 127 (30)
conformer is more stable than the axial 21 2019/11/13 PhCSNMe, 88 21) 22
3b.5 Rotations about partial double bonds -H H
p 0 Jo Me Me Ph Me
+ v - &l -
H3;C—C! = HC—Cy, AN NN
o Ph Ph Me Ph
o
FMACH], <500°C, Nep—FABR Cies) ol ul
e

W Z8 e 400 kJ mol-!

Fohal, TREBLTRE. WRZE, B “Ho0E” Rk

o

/
i
H3C—C§N/Et ~ H;C—C3. Me

\

Me

N=CHERE, BBR7E50~100 kJ mol-', 3R TFNMRW LR IIE —Fk

FHR5E
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0 = e
AN AN
a 0
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R,

30 kJ mol™!
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3b.6 Chemical consequences of conformational isomerism:

the Winstein-Holness-Caurtin-Hammett principle

WEMHE—ARARER ML (FEEMHAR
D, WUBHER S QR ERBDER, HAXLESR
52 S EE R ARRR? BT R HR
FEHR, Arseine R A B RS NP, Bk,
FTRAT: WL Pk R R s S s R T R A AR 3

Winstein-Holness /52

ky ki k
P, <LC = C, 2 P,
kll E

alr]  aPr]
e . S+ = €14 K [C,]
k: k; k; Fegps = X1k + Xy, + X3k Winstein-Holness & X =¥ S
olp] , an]
Rate =—-=+ =22 = {[C. ]1+[C
201911113 25 2019/11/13 e ot ot w LG H[C, T} "
S k[C 1+ k[C, 1=k, A[C1+[C,]} B
1 1 2 217 Mons 1 2 u t-Bu
Y{ N\t §Y/ /m( e
i 1573 7 t-Bu Y
Uy ) T =y =y

“CI+IC] T ICI+IG]

By Kops = X1ky + x5k, K= =

TREK(xy/x), BIRFER—FWERRBER, TH
R EeHRKLEY, HEREERTiEL, 83
TR A P HE R F RO OB, &,
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AR B £ ATAEY

() RYiE AW

(i) RY5rBumg-PREMME
Bk, HEBRIMKE, STk,
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Curtin-HammettFR 2 ;

ME=MHET, 5
- A _ _0oR]
Ve = kl[cl] - ot Vpy = kz[cz] - ot
P AIR A

a[Rl/at _AlR] _ kIC,]
o[Rl/ot  a[P] kIC,]

By MHF%%QMQWM]
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BEHI SO B AT IER L R SRR RR L, A
[C.VIC 1=K (%)

Kk
==lR] R e

o] ky (Al K

Curtin-Hammett/F 3. F=HyHKHT 155 AP A 5
EHRPIERESH .

EE: LR -SKBE, YRR ESEE
Rz ZEHK, EEIFIRRBRIY P RES AL,
AR FYReERE S ERME. AAG?
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[P] Kk
(Rl &

2

1

Curtin-Hammett/RE: =Y AR TR RAETEE S
RERPERE I,

EE: YRR —LRE, PYEMNRNFEESE®
ReZ ERHIN, EHEIFARRBUR Y R A6,
HRF=PsEaR QO BFMME. AAGH
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BT e AL BT\ e

|
o- trans 0

| 1 G

}

tBu X\ v ky t-Bn/K\N,O’
)

)
cis Me Me

G P,
[P,1/[P,]=19; K=[C,)/|C,]=0.095
B, keylkey =1/2

Curtin-Hammett3< R B F 1 £ B A TR E R TR R RS
T ELB AT SRAE(K), B ARSI O B
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More reactive

Conformational effects on the methylation of V-methyl-2-arylpyrrolidines

Compd. k(e K od kg ki Kl
R=H 24 >17 1.7 200 20 10
R=Me 6.1 >30 14 98 4.6 21
R=Et 4.9 >30 13 81 3.5 23
R=isoPr 4.2 >30 1.3 69 3.0 23
R=t-Bu 1 >40 0.28 40 0.28 143
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AR FRA

Bk (>C=0) R—WENFHER, £EE—FHEPON, BE—
ARG BRI BLRTE R — TR FRE 0

m_ @ meo_ © N
wC—C. o,
— = P N 90%
_>§ = /_\ R wd Me
s 0%  Mé
R

Ph MeO, h
* * N
10% l,,I\hcfc'\“’ﬂ 10%
BrMgMe ’ Me/ Me
e.e.%
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Problems p364, 6

(a) Of two stereoiseters of 3-bromocyclohexanecarboxylic acid, one
eliminates.Bf~ readily, when dissolved in,aqueous ethanol while the other
is inert. Identify the isomers.

(b) There are two stereoisomers of bicyclo]. Joct-2-ene-5-carboxylic acid,
They give different products ¢n treatment with bromine in water,

Isomer A: CoH,,0, + Br, = CgH,,@,Br,;
Isomer B: CoH,,0, + Br, - CoH,0,Br + H', Br.

Identify the two isomers

(c) There are nine stereoisomers of ,4,5,6-hexachlorocyclohexane. Verify

this statement and sketch the of the compounds. Of th
treatment with methos anol, mers eliminate: y
five eliminate 2HCI and one eliminates 1HCl. The remaining isomer is
inert. Identify as far as possible the structures you drawn with this
reactivity pattern.
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c¢) There are nine stereeisomers of 1,2,3.,4,5,6-hexachlorocyclohexane.

y this/statemient and sketch the structures of the compounds. Of these, on
treatment;with methoxide/methanol, two isomers eliminate 3HCI readily: five
eliminatg 2HCI and one eliminates 1HCI. The/remaining isomer is inert. Identify

2019/11/13
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1. E8FE: 2: Fox
@RIE%]:

Page 364, 6

R, g2 o X RAIL

CH=CHCH.C!
ArC (Me),Cl 4 7 & F 44

R, (em. s =H9"
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