Today Next Class

Sections 9.3 & 9.4 Final on Dec. 14 from 12:20 to 2:20
Factors that affect Sn2 and Sn1

Section 9.5
Competition between Sy1 and Sn2

Rework test 3 (provide answers for any questions for which you did not receive full credit)
and turn in the assignment at the final.

Remember to bring modeling kits at the final to hand them in.

Review Session: Wilson 130 on Dec. 13 from 7:30 to 9:00.
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Substitution and Elimination are Possible

o ™ L [ (eal//5
eaw/\j jr aa/.)
R-1 3 )
v H / Cay(*lj .

\))i(Br base/i — \//\ base:I‘—I gl (Y

B¢ 4 -C Iqupo-‘—b
be ko-bmo( T wud b bs
From Hor o B-/
R-C ‘{'v o

B-H



Nucleophilic Substitution Reactions Section
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Nucleophilic Substitution Reactions in Biology
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Nucleophilic Substitution Reactions in Biology

.i. © 2001 Nature Publishing Group http:/structbio.nature.com

news and views

The lysozyme mechanism sorted —
after 50 years

Anthony J Kirby

Unambiguous evidence for a glycosyl-enzyme intermediate on the lysozyme reaction pathway hasrecently been
reported, finally settling what kind of mechanism this textbook enzyme uses.

The publication in 1965' of the hen egg % O3S O3
white lysozyme crystal structure — the o o—&
first such structure of any enzyme — was a H 0 " 0
major landmark, offering the prospect of HO O—NAG HO ¢ a
detailed explanations of enzyme mecha- , O Q SNAG

. NAGO - NAGO n
nisms at the molecular level. Such mecha- 0 ’ o
nisms involve some of the most subtlke A ACNH *
relationships between structure and func- €00 v U 00"y 0"
tion ln.all of biology, as enzymes have to AR <y,
recognizz and thus stabilize transition P A\sp-52
states, which probably exist for only Asp-52
femtoseconds. Because the structure of H0 % Glu-35
lysozyme was a first, and because of the o ]:‘*“
coherent messages the structure seemed to .(‘
provide, lysozyme has been a textbook - 20 o
example of enzyme mechanism ever since. 0, O+ “\"
Now, in a recent issue of Nature, Vocadlo NAGO OH NAG-O -

N . O — O
et al? report new evidence about the ANH ¥
mechanism of lysozyme, information that e AcNH - o’ _o
CoO €00 INT 5
has been sought after for almost 50 years. P iy
: . <,
Lysozyme is the most prominent mem- Asp-52

ber of the very large class of glycosidases

N P < that rate Fig. 1 The reaction catalyzed by lysozyme. The substrate is bound s that the leaving group oxy-
or gl)\oh)drol‘hc,s. cnzymes that le)zc gen, the 4-OH group of an N-acetylglucosamine (NAG) residue, is protonated as it leavesby the
the transfer of a glycosyl group to water. COOH group of Giu 35. Groupson the enzyme are colored green, electron movement sand the key
In vivo lysozyme catalyzes the hydrolysis developing bondsand chargesin red. Only one of the dashed exo and endo (xand n) bondsof the
ofa polysacchm’idc component of the cell intermediate (INT) is actually present: which one defines the mechanism. Thus n is missng in

.. . B mechaniam (i), xin mechanism (ii).
wall of Gram- positive bacteria. To do this
it accelerates enormously the extraordi-

Nature structural biology (2001), v8(9), p73



Sn2 and Sy ‘/7
N2 and SN DJI/"'C{" (& (T, Sections 9.1 and 9.3
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Nucleophilic Substitution: The reactivity of halogenated hydrocarbons Lab
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Nucleophilic Substitution: The reactivity of halogenated hydrocarbons

Lab

Compound

|

T\
/\/\CI

1-chlorobutane

T To

1-bromobutane

1’7_ o] 'W\

2-chlorobutane

LD e

2-bromobutane
Cl

2-chloro-2-methylpropane
(¢-butylchloride)

Cl

1-chloro-2-butene
(crotyl chloride)

©Ac.ssf

benzylchloride
(a-chlorotoluene)

~

bromobenzene

Acetone-Nal Reaction
Cold Hot

cloudy

precip

precip

precip

precip

Ethanol-AgNO; Reaction
Cold Hot

200

Slightly
cloudy

5

A
clou
L3

clo oz_)
;den?'
slu-‘

cloudy

;o.i o

ecip

od T

precip

10d o

grecip

T

Which is a better leaving group, Cl- or Br?
Provide three pieces of evidence to support your

response. Rr L (
kaF -CU-Us‘HAI/j Heo Same & @mpa”_ - C

Re~ /v-”»\’_
ich 1s a better substrate for an Sx2 reaction,
a 1° or 2° alkyl halide? Provide evidence for

your response.
Pl-C > 2°A-C

Are 3° substrates suitable substrates for an Sx2
reaction? Provide evidence for your answer.

[/\0> )Qa Adnt eact

Rank 1°, 2°, and 3° alkyl halides by their ability
to react under conditions that favor Sn1

reactions. Provide evidence for your ranking.
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Are any 1° chlorohyrdrocarbons used in this

experiment reactive toward Sx1 reactions?

Explain why these 1° chlorohydrocarbons

behave differently than 1-chlorobutane.
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Evidence for Sn2 and Sn1
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Factors affecting Sn2: Substrate structure/degree of substitution Section 9.2
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Factors affecting Sn2: Leaving Group Quality Section 9.2
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Factors affecting Sn2: Nucleophile Quality / Section 9.2
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Factors affecting Sn2: Nucleophile Quality, Examples of Nucleophiles Section 9.2
CHy=Be + T~ = CH=I +B
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Nu Quality and protic and aprotic solvents H 19/"’”’ p!a/\()/ Section 9.3
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Factors that Encourage Sn2 Section

Low degree of substitution on a-C

cl ©
Br-CH;, > [7 #-C > g0 4 ¢ ?(% N ){ = R
E3
Aprotic Solvents
@)
o L\.z /5)/'
C\/ /6)\ /ls'\ eNG om7,e _SWQ ¢ bawm j

L\«[ dlscou/aflt? Sor o:a//m .[o\//qaéd/l
Good Leaving Group
\[(aoJ [(Cl(/unj \f{‘aw/_)f Of— e)(]L,{Me{Y ueaé Aow

Good Nucleophiles

300} "\MCw‘pl/u (13 f/l(obtrafe_ 5./\!2 cﬁvm_g f/xy éj /lcn/e ol
el / Za/[‘élw\é
¢~ rcich adoms basie moleculec ,V.OA 53,4,‘/ ”QC&C/L,,GS



Factors Affecting Sn1 - substrate structure Section 9.4
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Factors Affecting Sn1 - solvent
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Factors Affecting Sn1 - solvent
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Factors Affecting Sn1 - Nu and LG Section 9.4
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Factors that Encourage Sn1 Section 9.4

High degree of substitution on a-C to promote C+ stability

Protic Solvents

Good Leaving Group

Poor Nucleophiles



Competition between Sn2 and Sn1

Competition

Section 9.5

SN2

Two molecules collide in a 1 step mechanism

bimolecular rate determining step

stereochemistry is inverted

methyl, 1°, 2°

better the nucleophile the faster the reaction

good nucleophile

polar aprotic solvent

Sn1

Dissociation of one molecule controls the rate of a two
step reaction

unimolecular rate determining step

stereochemistry is a mixture of inverted and retained
(not inverted)

only 3° alkyl substrates
the nucleophile is not involved in the rate determining
step

So so nucleophile

polar protic solvent



Reactions: Sn2 (ignoring stereochemistry)
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Reactions: Sn?2 (not ignoring stereochemistry)
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