Institut flir Chemie
und Biochemie

Modern Synthetic Methods
Exam #1
1.(organolithium; 8 pts)
a) Provide the product and answer the questions

CI)Me

+2 for product or
+1 for plausible
other outcome

b) What type of organolithium preparation method is being used? This is an example of a
lithium-halogen exchange. (+2 for correct response)

c) Describe how you would carry out the above reaction; specifically commenting on relative
amounts of reagents and order of addition and why? Two equivalents of t-BuL.i is required to
(1) perform the exchange and (2) quench the equivalent of bromo-t-butane that is formed. The
reaction should be carried out such that the lithium-halogen exchange is done first so that the
exchange may take place before starting material is added. (+2)

d) What would the addition of HMPA do to the organolithium reagent and to the outcome of
the reaction? Addition of 4eqs of HMPA is predicted to cause deaggregation of the
organolithium species into a separated ion pair where four HMPASs coordinate each lithiuim
cation. The addition of HMPA might change the reaction selectivity from 1,2-additon to 1,4
addition. (+2)

2. (organomagnesium; 8 pts)
a) Provide the products and answer the questions

i) MeMgClI
2 equiv.

ii) OHC\©\
Me OH +2
OMe

EtoE ;O
. 2
i) m\ 0 * Os_OE
MgCleLiCl Q OH
i) OHC O O OMe or O O
\©\ OMe
OMe

b) What is the Barbier Reaction and how is it similar/different than a Grignard Reaction?
Barbier reaction combines Mg or other reducing metal with a carbonyl and alky! (or aryl)
halide to yield a Grignard-like addition product. The Grignard Reaction pre-forms an
organomagnesium species by combining magnesium metal and an organic halide and then
the electrophile is introduced (+2).

c) Describe two methods to activate magnesium metal to prepare Grignards.
12, Dibromoethane or diiodoethane, Rieke metal MgX2 + K -> Mg — any two of these
(+2).



3. (organozinc; 6pts)

a) Carriera reaction .

H3C
CHj3

b)Reformatsky reaction

Predict the products (and/or reagents):

0

Is the product opticall active?
(circle your anwer)

or no +1

CHj indication of stereocenter is
H%QOH necessary but wedge or hash is acceptable
CHj +1
Zn(OTf), Et3N OH
23°C, Toluene H,;C
Ph. Me \\__CHj
CH; OH
H
HO  NM, CHs
(+)-N-methylephedrine
+1 (0] +1
OEt
|
o %OEt o)
Me,Zn HO

¢) Simmons-Smith — Predict the product making sure to show relative stereochemistry:

+ 1 for plausible reaction
and reagents (1/2 off if either is missing)

Cl

S
—

S

EtZZn, CH2|2’
TFA, CH,Cl,

CO,Et

Iz _ /

+1 for showing stereo or
indication of syn-addition

4.(organoaluminum/cerium; 5pts) Predict the product(s)

a)

l.‘i
Me N Me

(0]
M M
WL e

Me/\)J\OMe

2.3 eq.

Ph” : “Ph Ph Li

I
Pho‘gl Ojij Me_ _N_ _Me
@[ Ph MeUMe
pn 3 €9
0 2.3 eq.

+1
OH O

Ph)\/\)J\OMe

+1 O
+ /ﬁOMe
Ph” “OH

+1
OH O

PthMe




b) Predict the product(s)

+1
OMgBr OMgBr HO Me MeMgBr MeMgBr, CeCls BrMgO Me
THF, -78°C THF, -78°C
AN AN
N\Me N N‘Me
5. (organoindium/organosilicon; 5pts)
a) Predict the products
+1
OMe Indium metal A
MeO H,O/THF (3:1) MeO
o OH +1
/\/Bl' P
Indium metal
Nal, DMF
MeO Me Me
0.5 if 1,4-addition Product
b) Predict the products
+0.5 +0.5
SiCl,
N Cl3SiH SiCls
©/\ Pt/C ©/\/
c¢) Draw an example of a Tamao Oxidation
+1 : KF, H,0
SiCl » M2M2, OH
s KHCO5 MeOH

>
:

W

+1 for both correct substrate (other SiR3 ok) and reagents
+0.5 for substate and product without correct reagents

J

d) Predict the products

&
N

Me

+0.5

Rh(acac)(CO;)
CO, PhH, 60°C

H202, NchO:;
THF/MeOH, heat

Me

OH OH OH

+0.5




6. (Cu-stoichiometric; 6pts)

a) Give an example of a Chan-Lam coupling and an Ullmann coupling. What is the advantage
and disadvantage of the Chan-Lam relative to the Ullmann coupling?

-

Me\ng(OHb

Me

Me |

Cu(OAc), 4A MS
5eq. pyridine
CH,CH, 25°C, 18h

+1
@O
Me

N

o

Cu cat. 200-230°C

+1
MQQOO
Me

+1 The Chan-Lam couplings typically occur at much lower temperatures enabling the
coupling of sensitive substrates. The disadvantage is that the reaction requires boronic acid
substrates which require more steps to prepare compare to aryl halides.

b) Predict the products

(@]
Cl
O O
/
(@]
OTs
o O

c) Predict the product

+1
@)
EtCu(CN)znl . cl
TMSCI, THF SN
ag. work-up Et
O O
0 1
EtCu(CN)Znl £t
TMSCI, THF
ag. work-up
O O

PhMgBr, CuBreSMe, CH,Cl,

O/\/\/Br

(phy,p P2

Y

Ph

+1




7. (Cu-catalytic; 4pts) Provide the product and what is unique about the stereochemical

outcome
@\aN Ph
N N—""
1) Cu Ph
Cl (1 mol %) +2
B,Pin, (1.2 equiv.), NO,
NaOtBu (30 mol %),
OMe MeOH (2 equiv.) OMe @
TBSO _ ~ ", O Et,0, -55 °C - TBSO\/\‘/\J\N\O
2) H,0, NaOH, EtOAc OH
NO> 3) Hoveyda-Grubbs cat.
0
N stereoconvergent relative to double
Toluene bond geometery +2

Phenol, rt, NO,
8.(Pd-non-cross-coupling; 6pts)

a) The following reaction is a Wacker Oxidation; provide the products and reagents;

1 PdCl,,

© Cu (OAC)Z’ 02

TESO O
R B 0

Z

b) Draw the portion of the Wacker catalytic cycle that involves the copper acetate and oxygen
interacting with Pd.

H,0 0.5 0, + 2 HCI

+1
must show 2 CuCl, 2 CuCl

Pd(0) -> Pd(ll) PdCl,
+ sol
catalyst

¢) Predict the product — indicate relative stereochemistry

Br +1 with relative stereo
©/ +0.5 w/o stereo
Boc e

-

BocHN. _~_ X Me
Pd(OAc), (4 mol%)

Diphosphine (8 mol%)
Cs,CO3 dioxane

Ph




9. (Pd-cross-coupling; 6pts)

a) Fill-in the missing structures and descriptions (for the mechanistic steps)

L,Pd(0) R-X or R-OTs or R-OTf

R-R,
( reductive elimination ((oxidative addition)

+2 for all correct
+1 for 50% correct

/R R
L,—Pd(lI) L,—Pd(ll)
R, X
MX
: R
( transmetallanon] Ln—PpI(II)
X
M-R;
b) Predict the product
CO,Me
tBuOC o e Pd(Pha)s tBuOC e
tBuO,C MeO,C o K,CO3, Benzene tBuO,C o
] - 5 ®
(HO),B OMe )9 OMe
OMe e
Suzuki +1

What function does the base provide?

The base is necessary in the Suzuki reaction to activate the boronic acid by forming an anion
ate complex. The ate complex formation is necessary for the transmetallation step. +1

c) Predict the product

5 eq.

AN

Meoji:EI /OH MeO
Me OMe Pd(Ph3)20|2 (3mo|%) Me OMe

Cul (20mol%)
EtbNH 7 eq.

OH

+1

benzene rt, 20 h
quant.

What function does the Cul salt provide?

The copper salt is necessary to provide a Cu-acetylide that can undergo transmetallation. +1




10.(Mechanism Question; 6pts) Provide an arrow pushing mechanism for the following
reaction.

(@]
BnO
\”/H\TBS
(@]
(@]
1. Et,0, -30°C
ZnBr
EtO
2. -30°C—>RT
Me
(@]
CF3
B
" Lo L Qs
(0] (0] O o sSi O o—Si<
EtO)K( = Bnom)kTBs — EtOWOBn FO =
M;\\\\\\\///9/> Me O Me ;:)

+1 for Plausible
Stereomodel
EtO. - -zno"
= A O OTBS

EtO N OBn

ir/ N
Me\\' o Oph \\o X
TBSOWFQ Me OZnBr
3

{ -3 for any arrows with wrong polarity ]

+2 for tetrahedral intermediate]

nBr BrZnOBn
- Me.., 0
Hc:l':a BnOZC"“‘ """'CF3
TBSO Ph

Extra Credit (+1): Assuming the stereochemistry of the product is correct which allyl group
is transferred to obtain the product. Circle your answer.

A
’\\\\‘\\ =
o—si” 0 o0—si o
Me -
H Me (SIS
Me N Me



