Final Exam Last Name
Chemistry 345 :

Professor Geliman :
12 May 2009 First Name

General Instructions:
(i) Use scratch paper at back of exam to work out answers; final answers must

be recorded at the proper place on the exam itself for credit.
~ (i) Print your name on each page.

1. (44 points) Show the major product or products expected from each reaction:

(a)

Cl,
o
H3C - FeCl;

excess Br,

| excess NaOH
(b) %CHS >
, H,O

o

Hint: The product has a strong, broad IR signal
at 3100 cm™', which is not seen in the starting material.

- (o]
(©) 1) Mg®, Et,0
Br 2) co,
\)\/ >
3) H;0*

(d) . o' A
O

-- cont. on next page --
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1. (cont.)

(e)
NaOEt, EtOH
2) KOH, H,0, A

Hint: The product has a strong IR signal
at 1675 em™, and no signal > 3200 cm™.

e ol
NH, (liq.)

00041
Name

2. (47 points) Show the reagents and other organic molecules required to convert the starting
material to the indicated product. Be sure to differentiate clearly between distinct steps,

by using "1)", "2)", etc.

(a)

OH

(b) é‘;
H )
° OH ﬁ

OH

0]
. Ho/év\w on + HO\O
OH _

OH

(cont. on next page)
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2. (cont.)

@ A - A

OYPh
/\NJ\/"
| Ph’l*o \r

Y=o
=
ol
e :
_< .
Y

OCH,CH;

Y

(racemic)

@ A~
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3. (14 points) For each equilibrium shown below, circle the form (left side or right side)
that vou expect to be favored in each case. BRIEFLY explain your choice, using_
structures as necessary to bolster your explanation.

(a) HSO, - HSO, -
NHZ NH3+ ) NH3+ NHQ
-+
+ —
o 0
0 , o
(b) 0 O- Li+ C0- Li+ 0

oot = oMot



Name

4. (8 points) When the molecule shown below is heated, compound X is formed.
Propose a structure for compound X based on the observations below.

-- Compound X is an isomer of the starting material.

-- The 'H NMR spectrum of the starting material has seven resonances (all multiplets)
above 4.5 ppm, while NMR spectrum of compound X has only two resonances in
this region of the NMR spectrum.

-- Compountd X takes up only one equivalent of H, upon treatment with H, and Pd/C.

P A
Mj\ _A Compound X
- 07 "CH, _

Compound X =

00041
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5. (25 points)

(a) Draw a mechanism (curved arrows) for the reaction shown below.

o cat. HC1 / \
Coem SN
H CH;0H
8] . l)

(b) Give a brief rationale (one sentence) for the fact that the product indicated above is
obtained in preference to the isomer shown below.

D
g
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6. (14 points) Provide structures for molecules A and B, which are intermediates in the
conversion of D-galactose (the starting material) to 2,8-dibenzyl-D-galactose (the final

product). ,

Ho /ﬁ\ Excess NaH
o OH cat. HC! Excess Br Ph
{remove H,0 1 cat. HCI
as it forms) N
H,0
Note: A had two IR signals > 3200 cm™, but B has o _Ph
no signal >3200 cm™'. In the "H NMR spectrum of - HO '~
A dissolved in CDCI3, two resonances disappear when 0
the sample is shaken with a drop of D,0. HO o OH
<Ph
A=

©
|
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7. (15 points) Draw a mechanism (curved arrows) for the reaction shown below. Show
resonance forms where appropriate.
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8. (15 points) Peptide X is analyzed as indicated below. What are the structures of peptide X
and the two unknown intermediates?

CNBr Ph o
Peptide X —_— H
+
H,0 H,N N\._)Lo ¢
o =/
HO
PhNC
C ___§_> HNlFO + D
)/—N
s’ 'pn
O~__OH
o)
PhNCS H
0
s" ph PN
D=
C=

Peptide X =
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9. (18 points) Propose a synthesis of each target molecule shown below from the
indicated starting material shown. You may use any other reagents.

0 CH

Starting Material = OH Target = H (Racemic)
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Problem Score
1 /44
2 /47
3 /14
4 /8
5 /25
6 /14
7 /15
8 | _ /15
9 /18

Total: /200
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Periopic TABLE OF THE ELEMENTS

Atomic number—

IUPAC recommendations— 13 14 15 16 17

Symbol —
Chemical Abstracts Service group notation—  lIA IVA VA VIA VHA

Name (IUPAC) —
Atomic mass —

3 4 5 i 7 8 9
HiB VB VB viB VIIB VilB  VIIB

T

2

Palorium
1 (209) .

.59 69
*Lanthanide Series Pr ML ._-3
Cefium  |Praseadymium Neodymium "~ Thufigr
140.12 14091 | 144.24 168.93
a0 N 92 101

. Es’ Md
:| Californium | Einsteinium| Fermium |Mendelevium| Nobelium |Lawrencium
(251) (252) (257) (258) (259) (262)

# Actinide Series | Th Pa U

Thorium  |Protactinium| Uranium | Neptunium | Plutonium
232.04 231.04 238.03 (237) (244)
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TABLE i"-" Appl'oxhiab che"m Hy(!rogen " {pp””

Shifts of Various Hydrogens®™?

CHs . 0.8-1.0
CH, 1.2-16
CH . 1.4-1.7
C=C~—CH (allyllc hydrogens} : 1.8-2.3
0=0—CH T 2.0-25
Ph—CH (benzylic hydrogens) ' 2.3-28
=C-H - 25
RN—CH 2.0-3.0
I~-CH" 28-3.3
Br~CH 2.8-3.5
CCH '~ 3.1-3.8
F—CH ’ 4.1-4.7
O-CH 3.1-3.8

" =CHg (terminal alkens) 5.0
C==CH {internal alkene) : 4555
Ph—H (aromatic hydrogens) . 7.0-7.5-
O=~CH (aldehyde hydrogens) . -9.0~100 -
‘REOOH : : 10-13

“These values ars approximata. There wil sirely be examples that e outside the ranges indict
them as guldolines, not *siched in stone” inviolable numbers,
A h out for fooge talk, For example, “aromatic hydrogen™ means a hytdrogen altached to &
wg. . :
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tapLE 14.3  Typical tnifrared Absorp-
tions of Functional Groups?

“Funciional Group . (Clﬁ71) :

: - Position Intensity® .-
5 ' Alkanes N - o .-

g : . C—H - - 29802850 _ m—s (stretch)
't c-C © . 14B0-1420 m  (bend)

- -~ Alkenes
"~ =C-H
- _ C:——__C
: {conj) 6=C -

3150-3000 . m {streich)
0162 . mew (stfetch) .
- e (streteh)

(out-of-plane berid) .

vy oy
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TABLE 14.3 (coNTINUED)

Functionai Group

- 00043 '

Position (em™) . Intensity®

C-N

- Aromatic compounds
=C—-H -
e
C-H
mono

“ Cothe -
~ mefa

o ketones -
o

- ¥70-730

. 900-860. -

© L B10-750 0 -

o 725-680
860-800

-Garbonyl-compounds *
. aldehydes,, et s

1730—1700 ‘; A

320052800 -

~1200 m  (stretch)

3080-3020 ) m-w" (stretch) R
1650-1680 (stretch),

. (dut of p‘lane'bém-:'l-) .

.

710-690 o 5
TI0735 " (out-of-plane bend) !
" {out of plane bend) - .
~ (out-of-plane bend) T 7
= {out-of-plane bend). -

(out—of-plane bend)

- {stratch)

29002700 T cw  feveleh).
.!_,tﬁm'ba"dg)f’-ff‘:;.;:;;; TR

. 175021735
:7-1300—1 000 .

L

O). : (stretch} :

“slol0) (telch)

17301700 00y
5, br (O=H) (stretch) .

1820-1770 =

- Jizo=fEo S c:q> (ﬁmk@
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