Chapter 5 - Overview of Organic
Reacti ons*

*Four mmj or reaction types...

1. Addition...

Br

2. Elimnation...

base
+ "H Br"

Substitution..
CHy—l: + :OH —= CH—0OH + I

4. Rearrangenent...

= =




*Two general kinds of bond breaking...

nonp0| ar \C AH = honol ytl C> _\C. + H
reaction R
/ honogeni ¢ /
radi cal
het erol ytic
o O 2 = Nd 4
/ het er ogeni c |

car bocat i on

*Two general kinds of radical reactions...

1. Addition...

/—\
v >ﬁ< _ R_O%_<

R—O-
R\ + new r adi cal
O0—0
nor e
for CH,=CH,. ..
T = 100- 200°, (G- CHy) -

P > 1000 atm



2. Substitution...

al kanes -> al kyl hali des
exanple of a chain reaction

Overall reaction...

\ hu or \

—C—H + X, ——=—» —C—X + HX
N ° /

sp3 X = Cl. Br

Mechani sm has 3 mmj or steps...

Step # 1 = initiation step (form hal ogen at ons)

weakest bond breaks first

Bond Bond Ener gy
c-d 243 kJ/ ol
C(sp®-H 438
C(sp?)-H 464

C(sp® -C(sp°) 376

_f(\:l hu or - e ] honol yti ¢ bond

d D T | breaking

\,




Step # 2 = two propagati on steps
(form C radical s)

\..

:Cj- k\,/ S > O—H + /;}——

C radical, sp
VY A \

C— ' O—C — —C—d + :(e

/ W, / }

recycle to
previ ous step

2

Step # 3 = three chain term nation steps (renpve
conponents necessary for propagation)

As a result of conmbining two C radicals, the

chl orinati on of nmethane yields a small anount of
et hane.

Question: What are the products of brom nation
of et hane?



Regi osel ectivity of bromnation is substantially
greater than chlorination.

Rel ative rates of R-H substitution...

X =0 or Br R;CH R,CH, RCH;
chlorination|5.2 3.9 1
brom nation |1640 82 1

http://ww. chem und. edu/ cour ses/ chen233/ Reacti on
Mechani sns/ radi cal s/ Free radi cal hal ogenati on. ht
m

For nore information on radical structure and
stability, see:

http://ww. chem und. edu/ cour ses/ chen233/ Reacti on
Mechani sns/ radi cal s/ Cradi cal struct ur esandst abi | i
ties-htm . htm




*Bond polarity (exanples in Table 5.1)...

d+ d d-
S 9
/X AN
e poor e rich
Z = O N, hal ogens Z = MgX, Li

d+ d-
\C:Z




*Pol ar reactions...

Exanple # 1..al cohol + HI ...

oxoniumcation; GO bond is polarized

C-C breaks
heterol ytically
\ electrophile

—C—Q® —> —<QS+ H,0

h a ‘\rnmleophile

.



Exanpl e # 2..al kene + HBr ...




*Rates & equilibria...

Keq

[CI—%CHZBr | 7
Keg = = 7.5 x 10
| lec':CHzl [ HBr |

D(E’ = - RTI nKg,q (R = 8.314 J/ nol *K)

G bbs free energy change
DG = GOproducts — Greactants
DG’ < 0, Kegg > 1
DG = 0, Keg = 1
DG > 0, K¢ < 1
Basi ¢ equation: DG = DH® - TDS°

For the above reaction at T = 298 K...

DG = -44.8 kJ/nmol = -RTIn(7.5 X 10"
DH° = -84.1 kJ/ nol

DS° = -0.132 kJ/nol *K (TDS° = 39.3 kJ/ nol)



Few ot her exanpl es...
SN = R

AH +93. 7 kJ/ nol
AS® = +0.14 kJ/ mol *K

— + HO —» g

AH = -64.9 kJ/ nol
AS® = -0.131 kJ/ nol *K

Cal cul ated DH’ from bond energi es...

break C-C p-bond |+ 235 kJ/nol

break H-C bond + 432

form C-Cl bond - 338

form C-H bond - 420

DH’ = -91. 0 kJ/ nol



*Consi der the follow ng reaction...

- I_r'Br -
Hllh.. Wt H Hn ,l
H” — = + HBr —> H;CT o
L H .
A B
/act | vat ed conpl ex =
sp? transition state,;
N\ /H high E
- I_I’"n.. +_ *— 3
Br I_F'C C",,H Sp
X .
_ C reaction
‘Br: | nt ermedi at e
H H
c—C, —> C—G.,
'4' "/H / ’IH
! :Br: H
:Br: -



Potential E diagram for the reaction...

B (ts # 1)

M —3

Reacti on Progress —

For this reaction, exptl DG = 140 kJ/nol;
DG for npbst organic reactions is 40-140 kJ/nol
reaction occurs at or below RT if = 80 kJ/ nol



Bond Di ssoci ati on Energies (Table 5. 3)

Bond E Bond E
kJ/ nol kJ/ nol
_CH—F
H—H 436 H,C—=CH 361
H—F 570 /CHZ—CI 289
H,Cc=CH
432 A
H—Cl ©/ 464
366 Cl
H—Br ©/ 405
298 CH,—
H—I ©/ 368
243 CH,—0l
cl—cl ©/ 203
193 Br
Br — Br ©/ 337
151 CH
| —] ©/ 469




FyC—H 438 HC=C—H 552
HyC—Cl 351 H;C—CH; 376
HyC—1 234 (H3C) ,HC—CH; 351
H;C—CH 380 (H3C) ;C—CH; 339
_CH, 406
HaC—NH, 335 H,C=CH
CH,—CH, 310
72
CoH—H 420 | H,C=CH
H,C—=CH, 611
285 CH;
C2H5_ Br 427
229 CH,—Chg
CoHs—l 332
380 C
C,H:—CH C)I\ 368
Hy H
( H3C) ,HC—H 401 HC—H 498
(H3C) ,HC—CI 339 HC—CH 213
(HyC) ,HC—Br 274 H;CC—H 437
HyCS—H 371
( H3C) 3C—H 390
(H3C) 3C—dl 330 C,HsC—H 436




263 C
( H3C) 3C—"Br C)l\ 322
Hs CHy
(H3C) 3C—l 209 CoH;C—CH,; 339
H 444 449
H,c=CH H,N—H
P 518
H2(:CH 368 H—CN
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