Answer Key

Chemistry 233
Chapter 11 Problem Set - Pt. 1 (Substitution Reactions)

1. Consider the Sn2 reaction shown below and answer the following questions.
acetone

_~_Br + NaSCH; /\/S\CHS + Na® + Br

A. Write the rate law for the reaction.
«q\-c, = \( \-_/\/e"l LN&SCIJ;]
B. Identify the nucleophile and the electrophile in the reaction.
(S)
Nu = SCNS E = /\/8‘"

C. State how each of the following factors would affect the rate of the reaction.
a. Increasing the concentration of 1-bromopropane.

T rate
b. Decreasing the concentration of NaSCH3 by one-half.
-L FQ‘l'b '°.‘3 \/7_
c. Changing 1-bromopropane to 2-bromopropane.
J' qu LNQ@ SUL?S‘IS"V":A = g[ew SMZ—
d. Changing 1-bromopropane to 1-iodopropane.
T rale »
e. Changing NaSCH3 to CH30H. better Le.

L rate Chensing @ Sl N do o Weak NO

2. Consider the Sy1 reaction shown below and answer the following questions.

Br @)
+ HOCH; —> )Q - + HBr
F>h)< ° Ph CHa

A. Write the rate law for the reaction.

Rake = k [:P\n/lé“]

B. Identify the nucleophile, the electrophile, and the reaction solvent.

NU = \-l(;)C.IJS E - Ph/lér
C. State how each of the following factors would affect the rate of the reaction.
a. Increasing the concentration of the alkyl halide.
T rale
b. Increasing the concentration of HOCHs.

No c\hense
c. Replacing HOCH3 with NaOCHs.

No Chense
d. Changing the alkyl halide from a bromide to an iodide.

T rak T Rebhr (6.
e. Changing the alkyl halide to 1-bromopropane.

eral‘C (ﬂo <V Txn baoJo{ OCC,M-X

Page 1 of 5



Chem. 233 - Chapter 11 - Pt. 1 Problem Set
3. For each of the following pairs, circle the one that will proceed faster by an Sy2 reaction mechanism.

A~F Ve S \-:qv(n; Srowp
@ Vs j\(CI Less Shse Windeonce neer C| = casi< L No-lo

atdack

VS /\/BI’ + HSCHj3 SNy is bedlor _\\,\m a Neulral N

Br NaF VS Br Nal . .
i o7+ T I® is the \etkr NU 1n pole prolic
polar protic solvent polar protic solvent Sol
olv-uyd
~_Br + NaF Vs B+ Nal FO isthe belhs Nu In Poler Qpcrotic
polar aprotic solvent polar aprotic solvent <ol 7[

B+ Kihighcone) ) vs A _Br o+ Kiloweone) T (o] = [hsker Sp2

4. For each of the following pairs, circle the one that will proceed faster by an Sx1 reaction mechanism.

vs >§ 3V 10 R-B
Br

Br
vs \)\ %}k 1S rTsononce Stabilized
@ .

| ! N
)< +  NHs Vs )< + NH, Same rale. . No is o} pard of
Sul rak law

HOEt
(Solvent)

HOEt (1 equiv)
vs O(Br ¥ THF (solvent) e poler Prolic Solvent

favers e Sl ™0
O( + oM ve O( * On
Cl

(low conc) cl (high conc) Same rale | No is nod Pt of

Sol rak law
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5. Explain why the two reactions below provide constitutionally different products.

BI"D S-lron) NV =SN2

OCH,

HOCHj o (_\lkid
N& Joons, R Sk S
Colncatt

iNtt-mMe ia . . .
6. Assuming each reaction below undergoe’s nucleophilic substation, predict the mechanism (Sy1 or
Sn2) and draw the major product. Include stereochemistry where appropriate.

X %\-\ Sty NO . .
R NaOH SNZ {avored, but s - & ol
@‘\\ 2 =Y Possnlv\c SI\)I Dg i D“‘
Br sal oN
Sl LWhen NL
- %H Sty NO g alacks @ it will
B NaOH SNL SN2 DUNOH aHack -G‘DM '“N. __rm(\_l
E><DBr Acetone SN2
é.;\ . cnd back which con
&) Steny N0 resvll 10 Skwisemos
)\/\ Na®®, ez Sw2 /‘\/\C:Q
lo I DMSO S'QZ.
SN\YA
.  Wweak NO
/\(\/ NH sl onb /\:<\/ \ n
Cl 3' = O,

Casc\ls Sty NO

., Br NaSCH; sSaz e oSt
2° SN2 O
DMF SN2

Sal or Spz

.. Wweak NV ~ 12 o
‘1, Br Ho/\/ ’s1, ’ \l
. 2 Wl onl +
O’z" SNl 2 C)f I\/

Snl or Spz

I ©) Sty N 90;3
~ OCH; pYNYA SN2 )\/-\
-zo alblic DMSO

SNl e Sz

I Weak NV od QUk
AL e = A/‘-\ A=
Swl ~
Z'alblic_ \

Sl sSpz
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fS-lrmb nNevlml <el
No Saz E
)\ *~_ DMSO Sn2
SNt
I k ok
Weak NO -
3° =\
swl H

© Sty N \/_<
I H OH Y\YA -ravort.d
2% Sul orSNZ

Wweak NV
I;::,r H20 \&,, anly ,\%) afv ® rcmcnSM
2 oo o
AR

oN

Sl o SZ adn-ra»{
Wweak NV
OL{;r "0 Sul only SN QL< afvse ® m3d\!\.¢.ﬁl
2° S|
Sul or S8z -
A~~~ Weak NO
Br HO Sl onb - ©/\
Ll,cm@l?c Sal
SPl e Spz

©  Steny No

~~oau
1o Br OCH;  spz M @ l3
benwlic  DMSO

N
Sel v SH2Z
N2 Br
OH 1.TsCl  Skepl: aTs k?f&r z
2. NaBr 2° solor Saz
L
. 1LTClL g o, — JZW,?J
Pyr S —>Swl peossible |Swl B
OH 5 NaBr S OTs ,
. ' 3 snl achial
achiral achica |
Nal
Sad Leaving brove
7. Explain why the reaction below does not provide any products from nucleophilic substation.
hd © 9 - .
B + Na O —> No Substitution Reaction
r

(NaOt-Bu) V"-’y ‘ou“zy .ee doo 'ou\lug do add as « hudtoF\\.'lc
Toskeadl ¥ will only add as a base.
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8.

Show the complete electron pushing mechanism for each of the following reactions. You do not need
to show stereochemistry in the mechanism.

H OCH
Br_p NaOCHj HG
QJ THF OJ + NaBr

D is just a heavy isotop of H.

H ok
& ;'q Hals
Q"? v ook —

dCI

o™
/\
O)\/ OH O)\/ + HCI

| w@\g o B
Y

W —
e L
QS

Q?g// "0 N—/ on + HBr

H
& 0\ c/
Q@Eﬂ & _/ k2 /8
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