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OK to use "Ph" anywhere on this exam where appropriate.
Exceeding the specified word limit on an answer will result in a point deduction for that answer.
Transition states are not necessary unless the question specifically requires them.
OK to use the generic B/HB notation anywhere on this exam, except where indicated.

Acyl phosphates such as acetoacetyl phosphate are common intermediates )l\/“\ I}!_O_

in biochemical reactions involving addition or substitution at a carbonyl 0\

group. Questions 1-4 explore the chemistry of these molecules.
Acetoacetyl phosphate

1. (9) When a carbonyl group is present at the start of a mechanism step, the carbonyl group reacts in one
of three common ways (the carbonyl fates). Name these fates, and illustrate each using acetoacetyl
phosphate, HO", water and H;0" as the only reactants in each case. If the fate can proceed more than
one way, illustrate only the most likely pathway. Include curved arrows. You **may not** use B/HB
Sfor this problem.

 Name of fate #1: _ A(LEPT Jpyc/eop/111E at carbor

~ O (6)
o waio} I

0 0 0
. 5 e e
Ilustration: )IE\O)J\O/P\:_O —_— Mo/< ‘O
0
- OH
\Aameoffate#z: ﬂ'([fﬂf @/f(ﬁ?ﬂﬁl /€ &Jﬂﬂ//q é{p/p/‘&/’l)@a(tiqf‘n
P 0//2 19, 614

I
Illustration: )j\/“\ p.—.o e /“\/\ /}?—'O

\/Nameoffate#3: d@/DMI76£#, ﬁ/m 270l ﬂ/f
2 0 v

O o O l
Ilustration: 5 !!——O_ —_— F-—— (¢ i
o \O_ \

heou
2. (9) Acyl phosphates are highly susceptible to aqueous hydrolysis. Write the mechanism and major
organic product formed in the following reaction. Draw a box around your major organic product (a /l 5
product containing one or more carbon atoms). 0 7\
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We can imagine that an acyl phosphate assists the coupling of an amino ?CldA;Uf:l!ll] iSas ; fclz:;n':
(H,NCH,COOH) to the C-terminus of existing protein chain to fon-n an amide (realctl(?n (r;eactio: B). The
faster than replacement of one of the protein’s existing amino acids by a new glycine :
questions on this page concern these two reactions.

Reaction A (the faster reaction):
0 0

0 0
HN/\[ro“ )L OH l,! o
PO, # 2 — S
o o™ \o‘ o g T/\[( 2 \0'
H 0

Protein Extended protein

Reaction B (the slower reaction):

0 CH,OH 0 CH,OH
OH
OH _ HN OH OH
LA SR "l H,N
l 0 |
H 0 H 0 o

3. (6) For each factor listed below that might be a reason why reaction A is faster than reaction B, write
"Y' (for "yes, this is a reason") in the blank. If the reason is not a reason why reaction A is faster than
(p reaction B write 'N' (for "no, this is not a reason) in the blank.

(a) Steric hindrance: /\/ (‘b)/lnductive effects: \l (h)’{esonance: Y

Mf%eavinggroup: 2 Formal charge: & (f) Atomic radius: A/
(g) Nucleophile: /\.j (h) Aromaticity: A/ (i) Conjugation: (\Z

() Carbocation stability: A/ Wos'c=0: [

0 0
/u\ | H,NCH,COOH
| —
% ol

0

e

4., (6) Reaction A is further accelerated when a Mg® ion that lMg"
) bridges the carbonyl and phosphate oxygens:

H,NCH,COOH

+ 0/ Mg\
/lk —0 " Faster reaction
_P= o
‘7‘5‘ 0 <
(o)

ght be a reason why Mg?* accelerates the reaction, write 'Y" (for
If the reason is not a reason why Mg** accelerates write 'N' (for

=0

For each factor listed below that mi
"yes, this is a reason") in the blank.
"no, this is not a reason) in the blank.

(a) Steric hindrance: (l_/ ductive effects: /\/ (c) Resonance: /\/
Y @Leavinggroup: A/ \é()Formal charge: Z (f) Atomic radius: /l/

(g) Nucleophile: A/ (h) Aromaticity: [l_/ (i) Conjugation: N
() Carbocation stabilityrV/ M{é‘c—«); )
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5. (13) For each mechanism step shown below, complete the statement by writing "Y' (for yes, it is

reasor)able as shown) in the blank, or N' (for no, it is not reasonable as shown, if something other than
what is shown is more likely). If you write "Y' you are done for this mechanism step. If you write N'
complefe the explanation by adding no more than fifteen words in each case. Missing curved arrows
or missing reaction products are not part of the step's improbability or impossibility.

O -
H,0 O OCH;
(a) — = X
+
OCH; OH,

This mechanism step is OK (Y/N) ﬂ . If no complete this statement: This step is not

reasonable as shown because... /
WAk p97 17¢C Jegrrr i EI0pN 1T A v

errr

M = )sz

This mechanism step is OK (Y/N) _/V_. If no complete this statement: This step is not
reasonable as shown because... Vad
yaXZ4

H,0 15 y10f o’/%n7 e/7w7/; acy 70 o7
N XAl

(0] _ (¢]
\/(c) )I\ ettt )I\+
OH OH

This mechanism step is OK (Y/N) . If no complete this statement: This step is not
reasonable as shown because...

profynation of OH  praddcd ren Sigrificanf
JTIongnce. conhiby?d

2

; ~Q  OCHj 9
o X — I

This mechanism step is OK (Y/N) z If no complete this statement: This step is not
reasonable as shown because...
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==mspwn & 6. (21) Write the organic product(s) in the boxes. If more than one organic product is BT tEatE 0V 2102 0 1bukood

which product is major. Assume reagents above/below the arr(,w'(,sa;\rg:,l INoeXEESSs B SYES 10,A0dICALR 511 dous o) shem asop
stereochemistry if relevant. If no reaction occurs, write “NR.” Do not include any mechanism details.

0

Q% _pcH3

NaOCHx
‘ “CHOH

0CH3 0w

oW CHyCH=Cle

\/( b) 1 HiC=CHCH,MgBr
OCH;4 2H30‘ CHaCH=CHz
(CH;),N 0 ([”J)}N ol
J(c) )_O_{ 1. LiAIH, .
it |
- 0 il \

CH NV

: IS
. Enzyme
\(/d) H>:° S i %/U by

Retinal Lysine of opsin

Y

N 0

(B o R

' 01 ajay aJ Z
So LD s

ol GSY9-0G FFTFTF

C“\/(‘\)\ s H,(‘)J\ CoA R GJJ."HO_L >< |
e Ajereipaluwy jen

7. (1) Write the name of the reaction 6(d) product (not the functional group): /M/'ﬁ <

v\ J049pP51 N
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(10) Provide a mechanism for the formation of product C:

O

_Hso,
H-1 /“\ )k CH,0H +FroductDD
g

OCH;,

Product C H C"\a

o
C’“ 4
ph /lko/u\ N f”"/\ /k Ry Glits oth oulz ks

>§ e %
HUCH‘I o/\
HC‘,(')H oCHgC/‘,(’)H gﬂ/\g .
G )\ =2
n ()'O /\ pn OCH 3 phA 0CH =3

x\V

9. (3) In addition to product C, the reaction in question 8 produces another

organic product, product D, which contains exactly three carbon atoms. Draw 0% CH
the structure of product D in this box: 2

O

0
KOH
10. (6) Provide a mechanism: /"\ B —— )J\
CH;0H 2y
Ph OCH; Ph (6}

jg C7 0CH3
pPh ociz —7 S ,\i 0
KOH pn ou p i /L\ _

U

11. (4) Complete this sentence in fifteen words or less. Be precise, specific, and concise. The reaction
product formed in question 10 is PhCO, and not PhCOOH because...

o & a TN and ofeprorancr’®
3 Lo burt

\t\>\ /779 CArPIXYlC  aced ﬁ/m//7 Arbixy lar.
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0
12. (2) Rank acidity of the indicated hydrogens by 50
writing a pK, value in each blank. Answer choices: CHy K= —
15, 20, and 50.
. pK, = 7/577 —D>H H H H{K," /Z O

X

Questions 13 and 14 concern this reaction:

0 0 (u‘
1 LDA
Ph 2.CH

CH;

Product E Product F Product G
. v
13. (2) Write the letter of the major reaction product (E, F, or G): E

14. (4) Draw the mechanism explaining the formation of your major product choice in question 13. If any
structures in your mechanism have resonance show only the most significant resonance contributor

0 for that structure.
ph Y”E/ ‘IQ %Hj Oé ;
By : —7 /7 N W L /0 A
HQ_/’ ‘N (’ fi ) 2
¢ \’\ CcH2

15. (1) Write the letter of the major product of the reaction shown below (H or I): ﬁ

(0] (0]
NaOCH; Ph Ph
or
)( \ \)k/ )k CH;0H
Product H Product I

16. (1) Write the name of the reaction shown in question 15. Be specific and precise.

(Jaller? (0100052 2N SCAC o
arool reacsion

17. (1) In the blank write one exam problem or answer number, such as 64(q), in which is an example of a

carbon atom reduction. If no examples exist write '0'. Problem/answer number: @C

+\

18. (1) In the blank write one exam problem or answer number, such as 64(q), in which is an example of a

carbon atom oxidation. If no examples exist write '0". Problem/answer number:
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