Nucleophilic Substitution & Elimination Chemistry

Beauchamp

Reaction Templates - sideways and vertical perspectives (either one will work)

Sn2/E2 (Nu:@/ B® ) always backside and usually anti C,-H/Cg-X attack

SN1/E1 (H-Nu: / H-B:) - attack from either face of R* for both reactions

methyl (Me) gasler

iotopes of hydrogen
H = protium (proton)
D = deuterium

T = tritium
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Example: 3-bromo-2-methoxyhexane (R,R), (S,S), (R,S), (S,R)
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Examples - you can use the vertical views or side views presented above.

" \\\\\\\\

2-bromo-3-deuteriobutane

2-bromo-3-methylbutane
4 (RR)
Y ! (S.9)
$ (R,S) (RorS)
N (S,R)

\ m\\\\\\

2-bromo-3-deuteriopentane  3-bromo-2-deuteriopentane  2-bromo-3-methylpentane

3-bromo-2-methylpentane
| (R,R) (RR)

(S,S) (S,9) B
(R.S) (R.S) EE;SS)) (Rors)
(SR) (SR) (SR)

2-bromo-3-deuteriohexane

(RR)

3-bromo-2-deuteriohexane  2-bromo-3-methylhexane  3-bromo-2-methylhexane

(5,5) 5 )

, X ,
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3-bromo-4-deuteriohexane 3-bromo-4-methylhexane
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2-bromo-3-deuterioheptane

(RR)

3-bromo-2-deuterioheptane  2-bromo-3-methylheptane 3-bromo-2-methylheptane

(R,R) (RR)
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(R.S) gR,s)) 2253)) (Rors)
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3-bromo-4-deuteriopentane  4-bromo-3-deuteriopentane

3-bromo-4-methylpentane  4-bromo-3-methylpentane

(R,R) (R,R) (R,R) (RR)
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o T :0—H ) Na o .. :8—H ® Cyanide
) T alkoxides O - ) Na (buy)
B : hydroxide (make) potassium t-butoxide carboxylates hydrogen sulfide phthalimidate
(buy) (make) (acetate) (thIOIate) (an |m|date) o)
(buy) (make)

o ¢ ® O S L% .
ic=—c Y Li )K Li )J\ '>e\ Sn2/E2— concerted reactions (one step)
@ T N S\2 = always backside attack
e N
Na acetylides :CH, Hz& o/\ g H (inversion of configuration)
6 S e i o
(make)  fone enolates ester enolates dithiane anion E2 = anti Cg-H / C,-X elimination

(make) (make) (make) (forms pi bonds)
Sy1/EL

) Sn1/E1—> form carbocation (R*) in first step,

. . ‘0" R* has three common choices

NG /'O\ )J\ 1. rearrange to similar or more stable R*
H H R H o 2. add nucleophile (top/bottom)

H—B : water alcohols R

carb oxyfi ¢ acids 3. lose any _beta proton (top/bottom)
(forms pi bonds)

H—Nu:
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Beauchamp 3
Example Mechanisms shown below.
NG
e,
:0—H
— One SN2 product and four E2 products.
secondary RX (2°)
3R-bromo-2S-deuteriohexane
CH, a H D
b ‘\\\\ \ .\\\\\\\CHB H3C”” ,
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CHzCH3 (3E, lost H,)
only one Sy2 product .
sigma bond rotations four possible E2 products
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CH,CH
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‘o _
H3C/ ~4 1. The first 2° R* forms two Sy 1 products and three E1 products
B ———
0 .
secondary RX () 2 the rearranged 3° R* forms two Sy1 products and five E1 products
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H A HaC \ H : A
.o /E\H/ R s C/ b / ﬁ\
PN CH,CH,CH / "\ Hy CH,CHs
CH,CH,CHg  HsC H H,! CH,CH
a, b, c show attack on left face of carbocation, S product from attack of left face
attack also occurs from the right side of R*. | | | 7 7T e
b c d S
H C H S
< H J S aaH
Z CgH $ H—C
'Cﬁ/ H, ,CBHS H, ,[5 ’ H— ;=" H/\ " .
” ,’,’Ca C b \C —O/ / O‘\ \\\\\\CQ—O
La CHs \ N\ € w7 g o) HsC H H -
SN/ \ Cp d H . cH, .
H fox N = ey cH, CHs He (!
7\ Z YCH,CH,CHy = 3 L g
H CH,CH,CHs  CHs CH,CH,CHg H—Cjg \CH e
E1 product after ) \CH CH,CH e
loss of beta proton E1 product after loss of beta proton  yearrangement Free Sn1 product from attack of right face
from methyl (CH,) from methine (CH) from either face  (next page)
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Example Mechanisms (continued with rearrangement)
H
H b 5
H S HsG H b : HiCH,C,  CHs
CE‘H rearrangement \ \ / Cp—=aH 2, /
/\ C
| from 2°R* to 3°R™, CB\H H3CH,ClieCJ, C Ca
®c, redrawn with new C,,. H (/ / \ || 3E alkene
S Cp
: S \ _aCH, a oC | CH,CH,CH3 SN\
/CB Oc a, b, c = E1 products H CH,CHj,
H \ /_\ P ul/cHch3 (protons lost from  Same product forms from
CH>CH,CH3 H either face) loss of methyl proton from H.CHAC CH
oo . \ either face (no E or 2). ) / 3
2° R™ from previous page H3C z
c Ca
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HsC H $
HsC : HiCH,C  H
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H3C\ d "% Z , / H3C\CH2/ ® / ? ' loss of proton from left face
. — . /\ N~ ' f .
0. c € C,—0 <7 : or right face on propyl branch
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s 3R T~CH,CH; ! (35) ' )
(3R) ; : Two possible products from
o ' loss of proton from left face
H/ \CH ' ! or right face on ethyl branch.
3 : H
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