CHEM 330

Problem set 2

1. Indicate the approximate pKa of the hydrogen in boldface in the following
compounds
25 0 16 N
o O
2 ) @)
20 j\ R H
Me,N-H H.
C~ “CH,3
35 H, t-Bu-O-H 19
H-CN Et-O-H Me-O-H
10 17 17
2. Consider the triad of 1,3-dicarbonyl structures shown below. Arrange these

molecules in order of increasing Bronsted acidity of the active methylene and
briefly - but clearly - account for your prediction.

O O
a keto carbonyl induces greater acidity at HJ\ HJ\OE
the a-C—H position than an ester carbonyl: t
H pKa=20 H pKa=x25
therefore, CH3CO—-CH,—COCH; (2 keto C=0's activating the CH,) must be more acidic

than CH3CO-CH,—COOCH; (1 ketone + 1 ester C=0), and the latter must be more acidic
than CH3;00C-CH,—COOCH; (2 ester C=0's). In fact:

O O O O O O
MeOMOMe MeMOMe MeMMe
pKa =14 pKa=12 pKa=10
3. Identify the structure of substances A- H in the following reactions, and write a

detailed electronic mechanism for each transformation:

O 0
1. NaH, cat. + 'S
A+B EtOH Q *k EtO" "OEt
@ or . >HJVCOOEt - or
C+D 5 Mid HiO 0 0
k +
workup >HJ\OEt )]\OEt

® O
mechanisms: NaH H—(?)Et —> Na OEt + H,
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+ H-OEt (reacts w/ NaH)

©
~ >HJ\ — 9 /A — QD okt
c -
Hp EtO OFEt OEt

O O o O O O
- ©
( ® (reacts w/ NaH) H H @
H-OH, OEt
C+D u

Hy

N O 0 0
0@ Hal ) o L ko OS) 0
C” OEt = OEt OEt = ;NOB

+ H-OEt (reacts w/ NaH)

1. NaH, cat. Q O
EtOH EtOOC
COOEt Krapcho
®) etooc™> - —
2. Mild H;O* COOEt reaction
workup O o)
E F
C12H1606 CeHgO2
® O\
mechanism: NaH H—(E)Et — Ng?@oa + Hy
COOEt COOEt
— /\/
EtOOC/\ﬁ/ o == EtO0C o EtO COOEt ==
H « OEt \\_/\[(\/
cannot undergo Dieckmann O\'
rx. - strained product
COOEt COOEt
Et
oo COOEt EtOOC/i(fiEt Et00C”
Et0 O COOEL COOEt

+ EtOH (reacts w/ NaH)

now: the protonated form of compound 1 above has formula C44H2,07. To undergo further
reaction leading to a product of formula C4,H¢O0s, 1 must lose a molecule of ethanol. This can
only happen through a second Claisen-Dieckmann reaction, which in turn requires 1 to undergo
further deprotonation to a dianionic species. Three isomeric dianions, structures 2-4 below, could
possibly form upon deprotonation of 1:

o COOEt
COOEt
2 o 3 0 COOEt 4 O COOEt

COOEt o
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Compound 4 must surely be the least energetic one among the three, because the negative
charges are as far apart as possible. Then, subsequent Claisen-Dieckmann steps are likely to
evolve from 4:

@)

COOEt
Et00C™ ) S0kt 0.2~ POkt
Yodl _— o o + EtOH (reacts w/ NaH)
10 COOEt 4 O

o) “COOEt

The non-stabilized ester enolate in structure 4 can participate in Dieckmann reaction by adding
nucleophilically to carbonyl group a or to carbonyl group b. Addition to b is disfavored because
that carbonyl participates in resonance stabilization of the ketoester enolate, and so it is
significantly less electrophilic than a. But then:

O ©
0
Et0 @ ~_ 2l oFt EtOOC ei0oc. 407
) = OEt _ © OEt =—=
4
© o COOEt COOEt O COOEt
EtOOC o) EtOOC o) mild
e "R,
0 COOEt o) COOEt H30*
+ EtOH (reacts w/ NaH)
cat. EtONa ©
Et0OC COOEt - 2000 ><_COOEt + EtOHOEt
©) ~ excess EtOH o)
O ( O high dilution G
C1Hy0 H
@OEt 1111204 C6H1004
HZOEt © OEt
EtOOCﬁCOOEt EtOOC- é _COOEt EtOOC\/é?COOEt
OFt O/ Okt
EtOO(E_\A COOEt __ EtOOC%</COOEt — EtOOC\></COOEt
©o)—T=0 N HooEt
EtO  OFt Nt G
o) OEt +®OEt
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4. Write a detailed mechanism for the following known reactions.
1. NaH NH,
t. EtOH CN
a NC._~_~_=CN (ca ) (a Thorpe reaction)
2. HyO*
CICN
mechanism: NaH H—(E)Et — NQ;? QOEt + Hy
N
NG~y ON NC._~_~_OCN _ % _ON
H OOkt ©
+ H-OEt
H-OEt
ON~ " o ON  Hg0
N +
CN , N oogt — 7, Pdt.
H H
+ EtOH (reacts w/ NaH)
1. NaH HoN
_—
COOEt 1y o
® ®0O

O
mechanism: NaH H—(E)Et —> Na OEt + H,
CN N
Ok 74__COOEt
—~ — @
COOEt COOEt -
@OEt ©
+ H-OEt

H-OEt
N s

o0 COOEt
H H @OEt

COOEt

HzO*

Pdt.

The above exercises underscore the similarity between the ester and the nitrile functionality.
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5. Propose a method to accomplish the transformations shown below. In each case, a
multistep sequence (= not just one reaction, but several) may be required.
Assume the availability of all reagents needed to convert the starting material into
the product (e.g, bases, alkyl halides, etc.). Present your answer as a flowchart.

O
COOEt
a. — \

CH.ZI
3
NaH, cat. EtOH OK also: NaH, cat. ')
l (EtO),CO, then EtOH, (EtO),CO © _COOEt
mild H3O* then CHsl via:
(0]
COOEt 1. NaH
2. CHsl
o O O
1. SOCl, I I
2. Meldrum's
acid, EtgN TNaH, \\_//
Q9 O O OK also: 1. CDI

o  EtOH 2. EtOOCCH,Li
- > OEt (from ethyl acetate
0”0 reflux + LDA)

0 O O
e. J M, —
OH Woa
Ph
l CDI' 1. allow to react
i +
o 2 mnM 0 lpa ©
MN“N @Hkoa -~ Hkoa
\—/ Ph

Ph
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O
O — &

l NaH, cat. EtOH

|

EtOCHO, then

mild H30+
NH
é)etlsts preferentially
as the enol)

H
O !
N-N

e. ﬁ?;i — | )—COOEt

NaH, cat. EtOH
l EtOOC-COOEt
then mild H3O* HoN—NH,

[::Tﬂ\v)kcooa
(exists preferentially

in enolic form)

\

4. The sequence below is inspired by a landmark synthesis of the steroid hormone,
equilenin, by Bachmann et al. (J. Am. Chem. Soc. 1939, 61, 974). Provide all
missing reagents / intermediates / conditions required to effect the various
transformations.



Problem Set 2
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1. Mg 1. PBrg
Br 2 0 OH 2 CH,(COOEY)
/\ 2
- O s 2
B
MeO 3.mild  MeO 3. mild HyO* reflux
HgO*
1. NaH, cat. EtOH
CooH - 300'2 (EtO)ch
2,
VoD 2, AICI3 Ve CH3|

COOEt 4 wittig-type

‘ reaction
e 0 >

2. reduction
(special
conds.)

MeO I

1. NaH,
1. PBr; cat.
_— B J— .
2. NaCN EtOH.
3. EtOH, 2. mild HzO*
H,S0,

equilenin



