Name: ___________________
UIN: ____________________

Chem 436 – Spring 2024
Midterm #2 Answer Key
1) Fill in the blanks with the appropriate reagents and/or predict the major product. (4 pts per row).
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2. Draw the full arrow pushing mechanism for the following reactions (8 pts per Q)
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3) Propose an efficient synthesis for the following reactions. Indicate all reagents, solvents, and intermediates. (16 pts per Q) 

[image: ]

[image: ]


[image: ]
[image: ]


image6.emf



CO2H



CO2H



Ac2O



O



O



O



CO2Et



CO2H



NaOEt



then workup










CO

2

H

CO

2

H

Ac

2

O

O

O

O

CO

2

Et

CO

2

H

NaOEt

then workup


image7.emf



ClO NO
O



N
H



O



a base such as 
NaOH is needed










Cl O

N O

O

N

H

O

a base such as 

NaOH is needed


image8.emf



CN
O



HO



O



LiAlH4



then workup



HO NH2



OH










CN

O

HO

O

LiAlH4

then workup

HO NH

2

OH


image9.emf



OH










OH


image10.emf



O PhMgBr



then wokrkup
OH










O

PhMgBr

then wokrkup

OH


image11.emf



O



N
O



Me
LiAlH4



then workup



O



H










O

N

O

Me

LiAlH

4

then workup

O

H


image12.emf



O



Br2



HOAc, rt O
Br



PhSH, NaOMe O
S



MeOH










O

Br

2

HOAc, rt

O

Br

PhSH, NaOMe

O

S

MeOH


image13.emf



Cl



Cl
HO



O



+ O
KOH



MeOH



Cl



Cl
HO



O










Cl

Cl

HO

O

+

O

KOH

MeOH

Cl

Cl

HO

O


image14.emf



O
Cl



HO
Cl



H OH O
Cl



HO
Cl



O



OH
H



O
Cl



HO
Cl



OH



H
OH



O
Cl



HO
Cl



OH O
Cl



HO
Cl










O

Cl

HO

Cl

H

OH

O

Cl

HO

Cl

O

OH

H

O

Cl

HO

Cl

OH

H

OH

O

Cl

HO

Cl

OH

O

Cl

HO

Cl


image15.emf



EtO



O



OEt



O



NaOEt / EtOH



then workup



O



EtO



O










EtO

O

OEt

O

NaOEt / EtOH

then workup

O

EtO

O


image16.emf



OEt



OO



EtO
H



OEt



OEt



OO



EtO =



O



OEt



OEt



O



O



EtO



O










OEt

O O

EtO

H

OEt

OEt

O O

EtO

=

O

OEt

OEt

O

O

EtO

O


image17.emf



O



N
H



LiAlH4



then workup



NH2










O

N

H

LiAlH

4

then workup

NH

2


image18.emf



O



N



Al
H
HH



H



H



N



O



Al
H



H
H



N



OAl
H



H
H



Li



N
Li



O
H2Al



N



Al
H
HH



H



Li



N
H



H+










O

N

Al

H

H H

H

H

N

O

Al

H

H

H

N

O

Al

H

H

H

Li

N

Li

O

H

2

Al

N

Al

H

H H

H

Li

N

H

H

+


image19.emf



HO



EtO



O
* use malonic ester synthesis chemistry










HO

EtO

O

* use malonic ester synthesis chemistry


image20.emf



EtO



O



EtO



O
Br



EtO



O
CN



EtO



O
CN



HO



O O



OH
HO



O HO



Br2, AcOH
(alpha halogenation)



NaCN
(SN2 reaction)



NaOEt, then BnBr



(alpha-alkylation, 
see malonic ester synthesis)



NaOH
heat



(Nitrile hydorlysis, 
followed by decarboxylation)



LiAlH4



(reduction of carboxylic acid)










EtO

O

EtO

O

Br

EtO

O

CN

EtO

O

CN

HO

OO

OH

HO

O

HO

Br2, AcOH

(alpha halogenation)

NaCN

(SN2 reaction)

NaOEt, then BnBr

(alpha-alkylation, 

see malonic ester synthesis)

NaOH

heat

(Nitrile hydorlysis, 

followed by decarboxylation)

LiAlH4

(reduction of carboxylic acid)


image21.emf



Br










Br


image22.emf



Br Li CO2H COCl O



Lio
Et2O



Organolithium formation



CO2 (g)



then H+ workup



Carboxylation Reaction



SOCl2



Acic chloride formation



Li CuBr



2 x Cu



Li



Cu



Li



Cuprate used to obtain ketone, 
PhLi or PhMgBr would result in over addition Wolff-Kishner reduction 



or Clemmensen reduction










Br Li CO2H COCl O

Lio

Et2O

Organolithium formation

CO2 (g)

then H

+

 workup

Carboxylation Reaction

SOCl2

Acic chloride formation

Li CuBr

2 x

Cu

Li

Cu

Li

Cuprate used to obtain ketone, 

PhLi or PhMgBr would result in over addition

Wolff-Kishner reduction 

or Clemmensen reduction


image1.emf



O



N
H



H
N



acid conditions



excess



N N










O

N

H

H

N

acid conditions

excess

N

N


image2.emf



OH



PCC / DMP / IBX etc



O



H2HHH2
KOH



heat
triethylene glycol










OH

PCC / DMP / IBX etc

O

H

2

HHH

2

KOH

heat

triethylene glycol


image3.emf



O



PhCH2PPh3Cl



KOtBu










O

PhCH

2

PPh

3

Cl

KOtBu


image4.emf



O
OH



OHHO tBuOH



H2SO4
O



O
HO










O

OH

OH

HO

tBuOH

H

2

SO

4

O

O

HO


image5.emf



OH



O PCl5



Cl



O H2 (g)



Pd-BaSo4
H



O










OH

O

PCl

5

Cl

O

H

2

 (g)

Pd-BaSo

4

H

O


