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1. Penicillin V is a broad-spectrum antibiotic isolated from penicillium mold. Answer the
questions below. (16 points)

r

t addic
e d-H' o BrfF

a. [2 points] What is the hybridization state of atoms (labeled 1, 2, and 3) in the Penicillin

V?
(a) A sp 2. sp® 3. sp° (b) 1.sp® 2.sp 3.sp , i
- _\
c o |aw
) 1.sp® 2 sp® 3. sp? (d) A sp? 2. sp 3. sp? \‘)

b. [2 points] How many chiral centers are present in Penicillin V?
- Zld"* 3
Answeris: . ’2 \d
c. [2 points] Identify the chirality centers by * on the above structure. i) v"‘)
d. [2 points] How many lone pairs of electrons are present in Penicillin V? 2 \ 5
[9)
\
Answer is: l “‘

e. [4 points] Name all the functional groups present in Penicillin V? (use primary /
secondary where appropriate)

: - \ i Q'S
Answer: @)\'\\€ L '( 1 “\:\dﬁl l‘.i L‘X%i QOJ*XC»(\{\\C C]CJC‘{ \

f. [2 points] Identify the most acidic proton in Penicillin V (Circle the proton on the above . \<
structure)? ‘QP >

g. |2 points] Indicate one transformation that you will make to synthesize a new analog of
penicillin V that is more acidic than the present molecule? Explain in less than 15 words.

- Lhma@ CCOM Yo o
‘Q‘cm\%e, x-H g M()(&g:ﬂ(\:)

olf\)\s
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2. [2 points] Which structures belong to the ester class of molecules?

OCOCH; @ CH,COCH;NH,
II I v
(@) land Il (b) Hlonl c) IVoni —- N
Y ( ) y (lP ]
(d) land IV

3. [6 points] What are the configurations for the stereocenters in the given molecules?

Br CH2
H OCH;

! \\\\
e H CH,CHs :
H \\\\\\\\ \ CN HSH,C COOH

CH; COOH ,;z \_A
>
m ? o
I 11 20N
!/ ]
4. [2 points] Which are meso compounds?
NH, N PH 3 CH,OH
Bra_: ,CH; CH;0 : H
N HC” i vH H” = ocH,
NH2 N tH, Br CH,OH

(a | (b) I, 1 (c) HI, IV (d) L
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9. [8 points] Stereoisomers of 2-amino-3-hydroxybutanoic acid (Threonine) are shown below:

COOH COOH H
H—‘?—‘NHZ H"";—"NHZ HOOC»“'NHZ
HO=——H H=——OH HO=——H
CHj CH, CH;,
1 11 111

a) [2 points] What is the relationship between structure Tand II: ~ ( & \C ;j_\gg ECMEN D ?b
| | rar e s 20
b) [2 points] What is the relationship between structure II and III: €AY cr

¢) [4 points] Which structure represents the (2R,3R) isomer: T‘_ L{ \O b

10. {6 points] Draw 3 isomeric compounds (I; II; III) which when treated with HCI give the
product in the reaction shown below?

Cl

HCI HsC\OL
il CH,
/Y ) . . \
\
e ~

;7\>
e_(x(\ﬂ
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11. [3 points each] Give the major product of the following reactions. Show stereochemistry and
all possible stereoisomers where appropriate. Write “No Reaction™ where appropriate.

SN [

H, / Lindlars catalyst

C

o

% MeOH

solvent

b) (')‘ D

CHy-c -0 ]

Ci
@) CH;COONa* \\»\\O ~C~Cht ) Bf\)iﬁ

DMF

Ow
OH inversion

¢)  CH,CH,CH,OH +KI

No Reachon

Y

DMSO
OH is not a Leaving
goup -
+ -

d) Br NaOCH,CHj; Q;g\

S . 3phs

A ethanol ?
CH, Y
' alkene

Lcaving 30'00‘[) on
1, (C’ L basa CRO )
gliminated
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e)
1. Hg(OAc),, H,0
2. NaBH,
C hydration )
f)
+
O fRA
% 1.LDA 8a Y
5
2. CH;CH,Br
(AlkyldHD" )
g)
H COCH | 640,
>
: i 2. NaHSO4/ H,0
H,CO,C H
h) TsO H
&_ S P -
1. NaSCH;
-
DMF
hot &
OCH, / leaving group
i ( ether)
7
c m
Hm\“‘HH/cHs DMF >

H

Br

-

Br is & betbe”
L(,aw'ng ﬂrwp

page -8

iy oW ﬂ
W, | w3 3'\)\‘)
WOoLe Y @)
Cis- diols
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12. [8 points] What stereochemistry do you expect for the alkene obtained by E-2 elimination of
(1S, 28S) -1,2-dibromo-1,2-diphenylethane.

Draw the sawhorse formula of (15,2S) -1, 2-dibromo-1,2-diphenylethane (Box A) and the alkene
product in Box B.

Show proper arrows to demonstrate the E-2 elimination.

Box A Box B

BT B h
A
)\%( NaOEt
g Pooe EtOH

(18, 2S) -1, 2-dibromo-1,2-diphenylethane

3pt> o
Py 'P‘\ 3 AERUIIO

13. |6 points] Designate the following alkenes as E or Z. (Place the letter in the box).
CIRCLE the highest priority groups on each of the sp* carbons.

H 3—\%’5 each
£
@ CHoNH, ’

CH,OH
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14. [18 points] Give the major product of the following reactions. Please indicate

stereochemistry where ever possible.

1 eq. HBr

C,HsO'Na*

DMF

\ Na /NH,
— v o

Hzo, H2804, HgSO4

N

? e
( hydration )

teyminal
a,llc:,ncs Via enol
/\(_.bis‘ )
. ',1 H G0 Na*
\/>,//} >
¥ “loT ethanol

(0Ts ) Le,awmg 9"°“‘P on 2°

\ (bﬁsc )
} nD’- Cszo Na
H anti -
‘1, ethanol
"ICH,

deaving
9rau1> on

/;? 4
W/ H
&‘-‘ s

2% cartbon
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15. [8 points] Provide a reasonable mechanism to account for the transformation (solvolysis) of
A into B- show all steps including the properly drawn curved arrows and all intermediates.
Make sure each individual step 1s mass- and charge-balanced.

k/\/ o~
CH30H 6\/\
heat

Compound A Compound B
: \\ = Br
g 2° carbocation
Lﬁ\ \ WY \ o ;Q\
\ o, . )7
@/ ring © \

. expansion ( 112 hydvi pe
/Oun |~ s
\_\ Abbu \/ \-\

SO N e
GOCH NS

LA — \/,\_/@/\/\ -

\ 3% Carbocation
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16.(a) [4 points] Write the product of the reaction of tosylate A with sodium azide in DMSO.
Provide stereochemistry if applicable.

Mechanism :

Circle one Sn1

E1(S\2)E2

\ P*

16.(b) [4 points] Write the major product for the reaction of tosylate B with sodium methoxide

in MeOH. Provide stereochemistry if applicable.

C OTs st- base
RS St
C an +') MeOH
B
0

) P\S

Mechanism :
Circle one

syl El Sy (ED

\P‘t
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17. [3 + 2 points] Norepinephrine is a biologically important molecule. (-)-Norephinephrine is
the (R) isomer and has the required physiological property as a hormone and a neurotransmitter.
Draw the 3-D structure of (-)-Norepinephrine.

Wy

(-)-Norepinephrine

Norepinephrine

What can you say about the biological property of the S isomer? Explain in less than 15 words.

& MOy ave fovally ditferent P(tzperf\\‘es
< binding Yo Aniral qmepkﬁs inadifierent wcx)(

ag)* >

18. [4 points] Compound A is stable in ethanol (CH;CH,OH), B is rapidly converted to another

compound. Explain (less than 25 words)
H 3C Br
\] 3 o
—_— X
& Carbocation

c (v H
10 - Compound A Compound B 3° 7 io
CCX‘Y\)&M Visa *ﬁﬁ\oj\f Akl nalide ard s
Faseephble fo J | alladk 'y e wrereass
Corgd A 1500 | ik alide: and ol nat wrdesgp
O attladk 50 i Sseble w1 e

+

3

-

L\ P\S
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19. [4 + 3 points] A hydrocarbon of unknown structure has the formula CgHjo. On catalytic

hydrogenation over Lindlar catalyst, 1 equivalent of H, is absorbed. On hydrogenation over a
Palladium catalyst, 3 equivalents of hydrogen are absorbed.

a) How many degrees of unsaturation are present in the unknown?

\ od
. Y
Answer is: \
b) How many triple bonds are present? Answer is: \ \ \7\
¢) How many double bonds are present? Answer is: & l \ \F)*
- 0 o \ Lot
d) How many rings are present® Answer 1s: \

e) Draw one structure that fits the data?

N N ,
oC o "
N NS -

20. [S points] Give the absolute configuration of the stereocenters indicated by the arrow in the
molecule called “Crixivan”.

CeHs

Crixivan (an HIV protease inhibitor)

How many stereoisomers are possible for Crixivan? 2 \ D*
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21. [10 points]

(a) Propose a mechanism for the formation of Product A and Product B.

CHZ\/ 7 X
HBr "
_— Br
Br

\ Product A Product B
N/

V

3 3 \
Which compond is the M@'orjlzroduct and why? \5 \:}/Q YiO\ 3 Qﬂsm \
Product B will have 52 stereoisomers. &P\'j

_
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22. [10 points] Synthesize 3-bromohexane from acetylene (a two carbon alkyne) and
appropriate alkyl halide (will require more than 1 step). Show stepwise synthesis and provide the

reagents that you will use for the transformation.

Br

/\/K/ Compound A

( sV

W= W e, ——7 W “““"‘O) NQG)

h;?\ N
APV, \\/ k;\?,r

\ & © — Nttty W= + Na®r
Q \ —
N ) L
P WE e
PRE
W, Londis s
ST =7 /T
Nan [ N, o
W
=

8

Be /H Br
/\I}/ (- %—3’( 3)
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23. [10 points] Predict the Ozonolysis products for the terpenes shown below.

2. (CH,),S

y-bisabolene

How many chiral centers are present in y-bisabolene? \
Q- P

How many Cis double bonds are present in y-bisabolene? ‘\’

How many stereoisomers can y-bisabolene have? ;L \ (D*

y-bisabolene is made up of 3 isoprene units. \ P‘\'

Circle the isoprene units in the
terpene

\\

v—bisabolene ( N
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24. [10 points| Synthesize 1-hexanol beginning from acetylene (two carbon alkyne; CoHs) and an
appropriate alkyl halide.

N - O

—_— . ) N2 -
H—W% * o~y Wa 27 W N

. e W
VS 2 THFE
\-\Q;/\/\/\ < T >;:<;/\

)\, G, W
NaO

@7 W=

G\
Aphs 7 Ne e
DBUS- TE W
HC/\/\/\ (——— >:<\\_\/\

D)W, G \4

I
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25. [8 points] Describe using Valence Bond Theory the orbitals used in bonding for Acetic acid
[CH3COOH]. Show ground state C and O, excited state electronic configuration state for C
and hybridization of atomic orbitals for C and O and their overlap using proper erbital

diagram. Using VSEPR predict the bond angles and geometry (shape) around the OCO
bond.

I

i

E\] l K :1 excite d
ot S R
W\ 0CO Bond angle: QO i I .
\ \ Hybridization of Carbony! Carbon: §Dl @ \1L - (6\ S ’
\ P\ ] X :

N
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26. [3 points] Draw two resonance contributors of the aldehyde shown below. Show curved

arrows to indicate movement of electrons.

)

Lone P“l"r N

is not X
N resonance ‘
7l
P
H N @]

\\O_\

\ \T)\ - CARCILOD

27. [3 points] Provide the correct order of the acidity of the following compounds in the box

below:

OCH,

:

1

T

COOH

ofe

strongest

weakest




