CHE 322 Organic Chemistry Il

Final Exam Form 1

Thursday May 9, 2024
2:15 PM - 5:00 PM

1. Write your nine digit University ID number in the nine boxes provided and then
bubble in each of the nine digits.

Period

Print your name and sign your answer form using the spaces provided.

Questions 1 to 20 are multiple choice questions worth 5 points. Bubble your
answers on the answer form. Questions 21-30 are short answer questions with
points as indicated. Write out your answers in the indicated place on the answer

form.
Group

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
1| H He
2| Li |Be BIC|N]JO]|F|[Ne
3 | Na | Mg AllSi|P Cl | Ar
41 KJCalSc |Ti | V|Cr|Mn|Fe|Co|Ni|Cu|Zn]|Ga|Ge]|As|Se| Br|Kr
5|Rb|Sr|Y |Zr INbJMo]|Tc |Ru|Rh |Pd |Ag|Cd] In |Sn|Sb]Te ] | |Xe
6 | Cs|Ba Hf |Ta| W |Re|Os| Ir | Pt |Au|lHg]| TI |Pb| Bi | Po | At |Rn
7] Fr|Ra Rf |Db|Sg|Bh |Hs | Mt|Ds |Rg|Cn|Nh] Fl |[Mc]Lv | Ts |Og

1\\\w Stony Brook University




CHE 322 Final Exam Spring 2024

CHO CHO
H—1—OH HO——H
H——OH H——OH
H——OH H——OH
H——OH H——OH

CH,0H CH,OH

D-allose D-altrose

CHO
H—1—OH
HO—1—H
H——OH
H——OH
CH,0H
D-glucose

CHO
HO——H
HO——H

H——OH
H——OH

CH,OH

D-mannose

CHO
H——OH
H——OH

HO——H
H——OH

CH,0H

D-gulose

Form 1

CHO

H——OH
CH,OH

D-idose
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CHO CHO
H——OH HO——H
HO——H HO——H
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
D-galactose D-talose

Effects of Substituents on Electrophilic Aromatic Substitution

Ortho-Para Directors

Strongly Activating

-NHz -NHR -NR:

-OH -O
Moderately Activating

-NHCOCH3; -NHCOR

-OCHs
Weakly Activating

-OR

-CHs3

-F -Cl

2
* R-C-

-Br -l

@ HNO3
H,SO,

-C2Hs -R -CeHs
Weakly Deactivating

Meta Directors

Moderately Deactivating

-C=N
-SOs3H
-CO2H -CO2R
-CHO -COR
Strongly Deactivating
-NO2
-NH3* -NR3*
-CF3 -CCl3
SO;H

HZSO4 (dilute)
@ H2S0,4
R
Zn(Hg)
—_— + R-CI
HCI

FeX3
X =ClI, Br
(@) R
AICI,
Cl
H, NaNO,
—_— —_—
Pd/C H;0"

<

N,*

HBF,, CuCl,
CuBr, KI, CuCN,
CUO, H3P02

\i

R
AICI,
X =F, Cl, Br,
l, CN, OH, H
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1. Which of the structures shown will form an achiral aldaric acid upon oxidation with nitric

acid?

CHO CHO CHO
H——OH HO——H H——OH
H——OH H——OH  HO——H
H——OH H——OH H——OH

CH,OH CH,OH CH,OH

1 2 3

A. 1lonly B. 2 only C.3only D.1and 2

E.1and3

F.2and 3

2. Which Fischer projection corresponds to the acyclic form of the sugar in the Haworth
projection shown?

CH,OH
(0]
HO
HO OH
OH
CHO CHO
HO——H H——OH
H——OH  HO——H
H——OH  H——OH
H——OH H——OH
CH,0H CH,0H
A B

CHO
H——OH
H——OH
HO——H
H——OH

CH,OH

C

CHO
HO——H
H——OH
H——OH
HO——H
CH,OH

D

CHO CHO
H——OH  H——OH
HO——H H——OH
HO——H  HO——H
H——OH HO—H
CH,OH CH,OH
E F

Shown are the Hiickel n-molecular orbital energies for ethene and 1,3,5-hexatriene.

Determine the delocalization energy for 1,3,5-hexatriene based on comparison to three
ethene molecules. (Orbital energies are rounded so that you should not need or use a

calculator.)
_ ONNF
—  a-1.808
—  a-1.25B
a-f —
—  o-0.458B
—  a+0458
atfpf —
—  o+1.258
— o+ 1.80B
A. 0458 B.1.0B C.1.258

D.1.88

E.2.0B

F.3.0B
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4. Which of the following products will NOT be formed in a Pinacol Rearrangement of the
following compound?

OH OH
H+
HaC >
3 .
CH,4 (Pinacol Rearrangement)
C
3

H

o
CH,
HaG, HaC
5 o
HC  CH
HiC  CHs 3 3 HiC  CHs
A B Cc
0
CH, o
CHs
HaC
HiC  CHs .
3
D E

5. Which compound(s) is(are) aromatic?

7 @ /

o\) ~ X &

1 2 3

Iz

A. lonly B. 2 only C. 3only D. 1and 2 E. 1and 3 F. 2and 3
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6. The following short peptide was synthesized using solid-phase peptide synthesis.

,

)
NH3

T

e)0)

z
023
I=
o=§

ZT

NH3
C]

Choose the correct reagent for the coupling step shown of this peptide synthesis.

(0]
H ?
N
Y\NHZ I
DIC
(e}

o) 0 o)
H H H
N\ N\ ~N
HO p Boc HO < Fmoc HO X Fmoc
HN HN HN
“Fmoc >Fmoc “Boc
A B C
o] 0 o]
H5CO < “Boc H;CO X “Boc H5CO X “Fmoc
HN HN HN
Fmoc “Boc Fmoc
D E F
7. Select the order that has the following chlorides correctly arranged with respect to
increasing reactivity in a solvolysis reaction.
Hco” g Y\CI Haco” NN
1 2 3
1 2 3 1 3 2 2 1 3 2 3 1 3 1 2 3 2 1

A increasing B Increasing c increasing D increasing E Increasing F Increasing

reactivity reactivity reactivity reactivity reactivity reactivity
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8. Which of the following are intermediates in the biosynthesis of sabinene from geraniol
pyrophosphate?

)\/\/K/\Opp

geraniol pyrophosphate

sabinene
» C (7
A. 2and 5 B. 3and 4 C. 3and5 D. 1,23 E. 1,2, 4 F. 1,4,5

9. How would you classify the following mechanistic step?

_/

PhsPy,, | wPPhs PhsPr,,  wPPhs

R RN
oc” VH oc” TN

1 2
A. ligand association B. oxidation addition C. migratory insertion
D. ligand disassociation E. reductive elimination F. migratory deinsertion

10. What is the oxidation state of rhodium and the total valence electron count of intermediate 1
from the previous problem?

A. 0,16 e B. 0,18 e" C. +1,16 e D. +1,18 e E. +2, 16 e F. +2,18 e
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11. Which of the following phosphorus ylides will be the ideal partner to synthesize the following
product in a Wittig reaction?

Wittig
o » / O\/CH3
Z
0o

o o]
PPh; JK/PO(OE%
H3C/\O)k/ H3C/\O

/PPh3
A B C
(0]
PO(OCH,CF3), PO(OCH.CH
H3C/\o)k/ / ( 2CH3),
D E

12. Choose the major product from the following nucleophilic aromatic substitution reaction that
goes through an addition-elimination mechanism.

F NO, ©
OCHj,

F
H5CO NO, F NO, F OCH,

F H5CO F

A B C

H3CO NO, F OCH;  H;CO OCHj
H3CO H3CO H,CO
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13. Select the major product of the following Robinson annulation.

+W—’

ﬁé
EQ

i

14. The following reaction undergoes a rearrangement that involves a retro aldol followed by an
aldol condensation. Choose the correct product of this rearrangement. The asterisk denotes
a radiolabeled carbon atom.

O e
OH

R
H50, heat

0 QRS
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15. Which starter and extenders would be required for the biosynthesis of the following

macrolide?
o)
\\\‘\\\

i, 0 R

" “on
o) o) o) o) o) o)

)J\scm \)J\scm Ho)J\)J\SCH3 HO SCH, HO SCH,

X y a b c

. starter = x. extenders =one a, four b

. starter = x. extenders =one a, two b, one ¢

. starter =y. extenders = one a, fourb

A

B

C. starter = x. extenders =two a, two b, one ¢
D

E. starter=y. extenders =one a, three b, one c
F

. starter =y. extenders =one a,two b, two c

16. Select the two products of the following addition reaction.

H-Br

Br
>€\/ W 7 W)\Asr
Br Br

1 2 3 4

A. land?2 B. 1and 3 C. 1land 4 D. 2and 3 E. 2and 4 F. 3and 4
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17. Predict the major product of the Diels-Alder reaction shown. (Each structure represents one
enantiomer of a racemic mixture.)

j\/\/“)\/\

18. Choose the major product of the following intramolecular Diels-Alder reaction. The reaction

will produce a racemic mixture, but only one enantiomer is shown in each choice. Assume
the endo product is the major product.

heat
N AN

(@) H
H
A = f
A B
0) H
H
g
D
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19. Choose the best method for making the product shown. The best answer is expected to
form the product shown and one other major product.

NO 1. HNOs, H,SO NO
. HNOs, H,S0, 2 > Re 2

2. Bry, FeBrs
2. Br,, FeBrj B
A O
3. "¢ , AlCl, \)J\
Br 3. Cl , AICl5

0 4. Zn(Hg), HCI

1 \)J\m , AlCl,

NO,
: ~~ NO,
2..Zn(Hg), HCI 1. Cl, AICI
C © - D 2. Bry, FeBry
3. Bry, FeBrg
4 Br

-

Br

. HNO3, H,SO, 3. Zn(Hg), HCI
4. HNO;, H,SO, Br
o)
1, \)J\CI . AICly o2 1. Bry, FeBrs oz
2. Bry, FeBry 2. "y 2 AlCK
- sagile
3. Zn(Hg), HCI 3. Zn(Hg), HCI
4. HNO3, H,SO, Br 4. HNO3, H,SO, Br

20. Which of the following Claisen products are derived from the same diester starting material.

0 0 o 0 0 0 0 0
WO/\ &OA é?)ko/\ 76*0/\

1 2 3 4

A l+2 B.1+3 C.1+4 D.2+3 E.2+4 F.3+4
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21. Draw the major product of the following Friedel-Crafts alkylation. 5 pts

FeBr;
! — > CyHy,
;

22. Draw the major product of the following Hofmann elimination. 5 pts
NH>
CHjl Ag,0 heat

> > > ? + N(CHy)
(excess) H,O

23. The biosynthetic pathway shown below leads to an aromatic compound. It starts with an
enzymatic synthesis of the intermediate compound shown below and continues with a Claisen
condensation followed by three enolizations. Draw the structure of the product. 5 pts

) ) o) o) 1. Claisen condensation

> CgH1004
S 2. Three tautomerizations

24. For the reaction scheme shown, provide the structure of the product X. 5 pts
0 1 LDA 1. TMS-CI, Pyr

\(\)J\/\ < ? >~ X
2_)\/ 2. MeLi
Br

3. _Br
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25. Based on the following scheme, determine, and draw the structures of compounds A and B
only. 10 pts

© O 1. LiAIH, H3;0" H*
> > Y A
2. H,O
o OH 2 H,O CgH120,

H20r04
H*/H,0

Y
P205

Y

B

26. Below are shown two pathways to the same cyclic compound Z. Determine and draw the
two bromide reagents C and D for the second pathway. 10 pts

Q heat
PG - 2
7 AN (Diels-Alder)

o o 1. NaOEt 1. NaOEt H;0* Ru=CH,
M . . . . 7
OEt 2. reagent C

2. reagent D heat
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27. Provide a curved arrow mechanism to illustrate all the bond breaking and bond making
steps of the following hydrolysis. Show all intermediate structures. 10 pts

0 o H
N HsO* N—H
OH
H,0

28. Helminthogermacrene is made from farnesyl pyrophosphate. Draw a curved arrow
mechanism for the biosynthetic pathway of helminthogermacrene. HINT: redraw farnesyl
pyrophosphate in the shape of the product to help you see which double bond attacks. 10 pts

X

~ ~ ~ OPP

farnesyl pyrophosphate

helminthogermacrene
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29. Propose a synthesis of the target compound from the starting material shown. You may use
any reagents. 10 pts

O O 0 0]
)J\/\/U\/\ )J\/\/U\OCH3
target compound starting material

30. Propose a synthesis of the following amine from benzene. You may use any other
reagents. 10 pts

Br

multiple steps H
N\(
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