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Organohalides

The gases released during volcanic eruptions contain large
amounts of organohalides, including chloromethane, chloroform,
dichlorodifluoromethane, and many others.



Halogen-Substituted Organic Compounds

H Cl

o] Cl

Trichloroethylene cIOH
(a solvent) H o
H
HO T
Halothane H

(an inhaled anesthetic)

Dichlorodiuoromethane
(a refrigerant)

Sucralose is about 600 times as sweet as
sucrose, so only 1 mg is equivalent to
an entire teaspoon of table sugar.

Bromomethane
(a fumigant)
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» Stereochemistry of the Sy 1 reaction

Chiral substrate

l Dissociation

50% inversion of Planar, achiral carbocation 50% retention of
configuration intermediate configuration
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» lon pairs in an Sy 1 reaction.
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» E1 Reaction: C—X bond breaks first to give a carbocation
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» E2 Reaction: C-H and C-X bonds break simultaneously,
giving the alkene in a single step without intermediates.
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» The transition state for the E2 reaction of
an alkyl halide with base. Overlap of the developing p
orbitals in the transition stat requires periplanar geometry
of the reactant.

Anti periplanar reactant Anti transition state Alkene product
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» The effects of changes in reactant and transition-state
energy levels on reaction rate.

@) A\ (b} A\
> >
> >
(<) (<)
c c
(1] (1]
Reaction progress = Reaction progress >
A higher reactant energy level A higher transition-state energy
(red curve) corresponds to a level (red curve) corresponds to

faster reaction (smaller AG%) a slower reaction (larger AG#).
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Relative <1 1 500 40,000 2,000,000
reactivity

sNu™
S e |
H'%‘:C;R % No reaction Cl % No reaction
Aryl halide

Nu:™

Vinylic halide



W FHREZMR R (Sy2) HEMER: K9

¢ RYNILGFHN (S\2) : BAN. FARKE > P
> HEfR > MEfE> AR > 2HERERE. aFK

(a)

H
\
A—Br
H ¢
H
(c) (d)
CH CH
\ 3 \ 3
a1t ek
H3C ¢ H3C ¢
H CH3

Steric Effects

Zit: AEREEERS, 2, REREEERS, 1.




W FHRZBMR R (S\1) HEWER: K9

R—Br + H,O —— R—OH + HBr

H H4C H4C H4C
\ \ \ \
H',,’fC—Br H',.;C—Br H3C"';'C_Br I_|3C",,;C—Br
- - - H3C
Methyl Primary Secondary Tertiary
Relative <1 1 12 1,200,000
reactivity
H H
N/
H H C—C+ H H CH3
/ / V4 \ / / /
H—C+ HsC—C+ H—C H C+ HaC—C+ HaC—C+
\ \ \ \ \ \
H H H H CH4 CH5
Methyl < Primary < Allylic ~ Benzylic = Secondary < Tertiary
Carbocation stability

¢ RPAFHN (S\1) : AR > BAER. FRARRBE=MERE
> AR > gk > Z/RAINE J@F



FZER N (Sy) MFIESR: SEER

¢ BEEHNEXRES: BEERANEXGEDESE, IS 1/
S\2R BB F

HEEHBEEEE
C-F(485.3) C-ClI(339.0) C-Br(284.5) C-l1(217.0)

BEEHREEESESEE

B : HF < HCl < HBr < HI
WME: F> CI->Br->1I
BEEEEN: F< Cl-<Br<lI

ERAFNEXEERFA: F, HO, RO, 'NH,, 'NHR, -CN
ERBGFHEEER: Cl <Br <l <TsO <H,0

BE . ?Jﬁ'ATsO HIEXARES 5@ ?
BAaflirEBEERNEEEN?




FZECR M (Sy) ISR SR : Rz

¢ FRZFIRFEZEET) . FRERRFIRFZEE MM, XS 2K
FEAF. RiFEEMERNESENS IRMAER.

o Wt RAINRFHESLED,
: —4 A B0N YK 7T

B wmmmeren | SR —TRRERROESHIR

il

i — Rk, RAIMREMAE, RS

o POHRTRTR L WiE, REWRTRESERERE—X

M i, {BEERFRTE—H.

* SRE—MFEETRNER, BHEEENFEZLMEIE5%. OR>0H>00CR
* FRETEE—AMNTE, NEEAFZMERSE. NH >0 >F
* FEREFRETE—KR, F&RENLET, BREFFERNEAMmEX.
RS™ > "OR F-<CI'<Br<rI
* B HRBERFEZINFILL 2P MR FIRFXESE. HO >H,0
* FERZAFIGREX, FEAMBAEX, FERETRE.

NaOCH,CH; > NaOCH(CH;), > NaOC(CH;),




FAZEC R L (Sy) IR : &5

a3 BRFET. @R RETET. JEREER
V BRFEFINSZREAF, BRFEFMSIRNEF;
V {@REFRIR S 2FS\ LR R/ F 5

V RTINS IREEF, XS 2REZSHIFRSF;
V IERIERFIXIS 1. SN2 R EAF

A i

H ’Q\H
RO—H---X:=-H—OR

: e I

:

OR |




FEBK R R (S\2) M ImE R

» A Summary of Sy2 Reaction Characteristics

(a) ‘

Energy

/Hindered
substrate

Unhindered
substrate —

(c) ‘

Energy

Reaction progress ——

—Poor leaving

Good leaving
group——

Reaction progress ——

(b) ‘

Energy

Good
nucleophile

N

Poor nucleophile

(d) ‘

Energy

Reaction progress ———

Polar aprotic
solvent

\

“—Protic
solvent

Reaction progress ——



FIMELERR R MRV R

1. )-LIEE$IJ$E£.L

AT

F4:}

AN

K%, BFTFELHRR

R7 .

(1) BELEH: F&F, BRE >3 >2° >1° 551K

(2) BXEHE: 858%, UB8SFAIKI
2. EERRIK, TEBRMEET, UE1IARAE.

+

H

H,O

FEFOTs>I>Br>Cl

- +
(CH3)3C-OH ———= (CH3);COH, ——2=» (CH;);C

3. ARESFHB-CLEEMREHRBRS, LIELIRS

R

|
H—C—CH,-X —>

l
R

+
H ACHZ

E18 5 R

Sn15Z2FH



T

E1R MBS, 1xMIERIELE

E1/R RI#|E [ #BpH
N
Tl e ?29_“ C,HsOH T .
CH;—C%Br = = CH;—¢* » CH;—C =CH, + C,H;OH,
(|3H3 L CH; R
|«
C,HsOH
SN]-&JE*}IEE; BT
/°
CH; CH CH;
L~ -Br _ |, C,HsOH |+
CH;—C-%Br = CH;—C » CH;—C— OC,H;
CH, 18 Ly, B &M Wi, AR
MELFFI.
M AR 14 % 5T
%ﬁ%ﬁggéﬁa L b oo, TSV
A A o 3 25
FIE N RS CHs
N =4 EE Bl




E2R MBS, 2 MBI L
Qe
C—X
@ Ob:
" - / o
EZ&JE*)],EE! i:I&B-H Sn2 reaction E2 reaction
/ (backside attack) (anti periplanar)
CI:H3 (C,H50--- l.-l CHj; | CH,
C2H50- + CH3—CI—CH3_ CIH2'—“IC— CH3 »CH?’—(I:=CH2 + C2H50H + Br
Br ér
WFlEAEE, miEss, $RD, FITS 2.

HARIE, REA, Bk, FHERITE2, |
Sn2 R L HLE

HO™ + CH3Br

| — CH;0H + Br
H




R R M FERA R M R 5

GE- Tt A
C2HsOH SN E
CH3CH,ONa + CH3CH,Br 5 » CH3;CH,OCH,CH3 + CH,=CH>
55°C 90% 10%
CH.CH,ONa + CH,CHCH, C2Hs0H JCHs
12 3 3 — CH3CH20CH + CH,;=CHCH;
Br 55°C 210  CHs 799
CH CH
| C,HsOH [ ,CHs
CH3CH,ONa + CH3—C—CH3j » CH;—C—CH3; + CHj,= C\
| 55°C | CHj
Br OCH,CHj4
9% 91%
- SN2 5 a-CHIZE1r, ZEPHEK, XS 2Kk M
RIS 1. EARMEF,

3°RX 2°RX 1°RX CHsX
5 < g |GCLEED, MHBa-CTH, {EXHR
El. E2 B-HAEIIF K, ME2REBEF.




R R M FERA R M R 5

Y
3 ARl b Al
CH;ONa {CH3(CH2)1GCH20CH3 99%
CH3OH, 65 °C CH;(CH,)45CH=CH, 1%
CH3(CH2)1GCHzBr —
(CH3)3;CONa {CH3(CH2)16CH20C(CH3)3 15%
(CH3)3COH, 40 °C™ ICH3(CH,)45CH=CH, 85%
H4C
CH, CHON o Y=CH, 19%
25 °C H4C
HyC——Br HG
CH, CoksOH Y=CH, 93%
C2H50Na H3C 2

FAFIN S IR EEEAK, EXS2REFEMBR. H—RAEZ:
FAZAFTIRFRAREN T, NS 2REBH.

TR, Wi, XMS2RERF.

FIRRRNE |, WY, ME2RMBEF.

RFRER, FRFta-CRIBH, *HEBRREEF.




HER R A R M R

sl o2
AR R L
Sy1 R—X RSJr -XS_
At SRR
GEEP

5 &
Sy2 HO + RX HO---R-- X

FL 7y £ HL7R] 73 BUE
=METE

TH R = B

+ —
E1 RE'S"X6

E2 ng--H-"C:C---)S(_
1 4 LAE
HARF L

ArHEr, ARTEERSEEMMRE, BIXS 1. EIRMNA
M. ERRMEr, BRKERT, AFTFC-XRHNBRS.

AR, METIHREAR, BIXS2. E2RNIIAF, 8
ME2RMEAF . AAREE2RNT, ERSHERTIHIEEEX.




R R M FERA R M R 5

= iR FE IR
80%C,HsOH " P
0
CH,CHCH; + OH T - CH3CHCH3+CH3CHCH3+CH3CH CH,
Br —
SN E
50°C 42% 58%
80°C 39% 61%
100°C 34% 66%

BEAENS\RNMERMFF, BXMERNERF. BAHERRE
FENKC-HE, BRI ERSHBRELEBXK.




BAT aRERFRRIERILFIER

P~

PN A B 2t oA

( CHB FREFAR: C-XEREEER

CH,=CH-CI @—Br

BRER, FEE.: CXEELFTER

CH2=CH-CH2-C| Q—CHZ-BI'

REEIASE. IRFTRE: C-XEFLERETR

\ CH2=CH'CH2-CH2-C| ©_CH2-CH2'BT'




R FNZEIALE X SR F Bt RS2

> CHRBEMEERERNARE

#4</nm 0.178 0.172 0.169

B BE/kJ.mol? 799 866 916



R FNZEIALE X SR F Bt RS2

> BABMTEREXNARE




R FNZEIALE X SR F Bt RS2

> BARABMTERERNARE

Allyl carbocation

H\E/H H\E/H H\C/H H\C/H H\C/H
+

Benzyl carbocation




CHBMEER GRIEHILEFIEER

I=1

> R R M

10 %NaOH, C *
Al = @—ONa M e ¢ N_oH

350~370 °C
20 MPa
NHg, CuCI-NH,CI @_NH
180~220 °C ?
6~7.5 MPa
C}ﬂ — TR mINHI R M

CuCN, DMF
o (o
JIIR" —
PhONa, CuO
O-Ph
300~400 °C

10 MPa




Z B

U RIEHIL R

y=

> R R M

Cl

Cl

©/N02

NO,
cl

OZN\©N02

NO,

1) Na,CO;, H,0, 130 °C

>
2) H,0*

1) Na,CO3, H,0, 100 °C

>
2) H,0*

1) Na,CO3, H,0, jE
) Na;COg3, H; -

2) H,0*

OH

OH
©/N02

OH

i ARTHMMILEARETEREHTERIRRAM0HT



CHBMEER R FEMEE

I=1

> FRBERIZEREA R FHIE

Cl- +
O O a2 orbita
(unstable cation)

Dissociation reaction does not occur because the
aryl cation is unstable; therefore, no SN1 reaction.

o -

Backside displacement is sterically
blocked; therefore, no SN2 reaction.




12

R EE

U RIGHI L

U

3

> FER R REFRZIC R AL

Ortho

Cl ﬁ Cl OH ﬁ @ OH cl)‘
N¥ _Y, DONE A~ UNF
& ~0T :OH N0 ~0T
130 °C
Para
CI/_\ [ Cl OH Cl OH @ OH
q T0H =
130 °C
- S
N N N N
“07+ 0 07 +¥0 07+ 07+ 0"
Meta
cl ¢l oH
o- 130°C o-

I Not formed ]

1)

iHERHLE

ISAr2



CHBAMEER R RN FER

> FEB AR R A E— BRI HEBenzyne

x -Br » ~NH> "
K* “NH
O/ 2 O/ * O\
NH3
NH»

50:50
Bromobenzene Aniline
. Br « ~NH» .
:NHZ_ * NH3
(—HBr) NH;
50% 50%
Bromobenzene Benzyne Aniline
(symmetrical)




CHBMEER GRIEHILEFIEER

I=1

> THERR BL
THBRR BB TRE, RATERRAN AR A & KRk

NaNH,, NH; (1)
CH;CH,CH=CHBr > HC=C-CH,CH;

KOH

PhCH=CHBr o>  Ph-CZCH

> 5ERRM

AESERRN, TiERMHSRkERETSRESRINAFE.
CH,=CH-CI  + Mg 4T0I:~|:olzc »  CH,=CH-MgClI

Et,0
Br + Mg 35 °C MgBr



CHBMEER g RIELEFENE

A
> 5E€RRMN
Et,O
CH;CH=CHBr + 2 Li CH;CH=CH-Li + LiBr
reflux, 1-2 h

Et,O
 Ph-H, rt
I_©_C| + CH3(CH2)3L| —_— C|—©—L| + CH3(CH2)3|

Br Li

Et,0
#  CHs(CHp)Li ——» +  CHa(CH,);Br

\S/



CHBMEER GRIEHILEFIEER

q
I=1

> SERRM

CHj(CH,)sLi

CuX
* CH3(CH2)3CU

Et,0
Q—Br +  [CH3(CH,)s],CuLi —— Q—(CHZ)?,CH?, +

Ullmann Reaction

@—I . I—@ Cu, 230 °C -

LiBr

NO, O,N O,N
Cu, DMF

NO,

7\ 7N\ Cu,215~225 °C
O+ LD - Q0

0
NO, O,N O,N
NO,



HRE

LH'H
=
i

L

FE R g R F MR

> FIZBUR R

CH,=CH-CH,-CI

Oy-one

R
NaOH, H,0
CH,=CH-CH,-OH
150 °C
NaCN, ZnCl,
CH,=CH-CH,-CN
40 °C, 4 h

Na,COs, H,0
27> 2 > @—CHZ-OH
95 °C —

NaCN
> Q_CHZ-CN
4 h



HBREMTERENRERNLFEE

/=

> FEZE R M
BARLBLC-X5E%, BHRITSIMS2REUERSERRM.

Syl: HEMEIEE, p-mwHiE;

S\2: TESHPLERSTRE—EEEHRIERE, FRTREEE
Leg, FRMIETTR.

-Br- + +
CH3CH2=CH-CH2-B|' _r> [ CH3CH=CH-CH2 ey CH3CH-CH=CH2 ]
lﬁo- lHO-
CH;CH=CH-CH,-OH CH;CH-CH=CH,
|

OH



HBREMTEREIARNFER

> Bk & B
@\ KOH, EtOH @
-
Br Z

> 5&RR M

Et,0, I,
CH,=CH-CH,-Cl + Mg ooc > CH,=CH-CH,-MgCl

Et,O
CH,-CIl + Mg > CH,MgClI
Et,0
CH,-Cl + (CHs3),CuLi ———» CH,CH; + CHsCu + LiCl




