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Brief Background

Aluminum Reagent ﬁ
/\/ﬂ)\ : g /\i - N/O\ —*‘XS LiAH, o H
NR; H THF, -78 °C
0

NR, LiAlH, Li(OEt);AlH » Decrease in over reduction

Me 5% 850/ * Increased chemoselectivity
Aziridine 88% 87% Tetrahedron Lett. 1981, 22, 3815.
Isopropyl NR NR

* Over reduction
e Sensitive to steric effects K
ivi THF, 25 °C, 12 h 70 %

» Chemoselectivity?
* Moderate to excellent yields
* No observed over reduction
» Chemoselectivity?
Tetrahedron Lett. 1997, 38, 1717.

N o .
\\C%\ﬁi _Et 1) Ti(Oipr),, Ph, SIH& N\QC%VKTL
o N 2) THF/H,0, Silica gel 1o 1 80%

J. Am. Chem. Soc. 1961, 83, 4549.
J. Am. Chem. Soc. 1964, 86, 1089.

Et
» Good yields
» Good Chemoselectivity - Olefins, Alkynes, Nitriles and Epoxides
* Limited to a-enolizable amides Angew. Chem. Int. Ed. Eng. 1996, 35, 1515.
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Author’'s Work
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Reduction of Weinreb Amides

Time Yield

oy e R
1 'N\/ ON(OMe]Me I\, OH 15 85

. MQEMOW @/l s e « Similar yields and reaction times
: djz(omm @; o e « Chemoselectivity maintained

26

10 82

6 O/ N(OMe)Me

. Y(])\N(OMe)Me \/@/l
20 919

29

8 O)LN(OMe)Me O)‘\ 1 o6

S /\*/U\N(OMB)MG

H 20 93
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/\)l\
10 Ph/\)LN(OMe)Me Ph/\/lL 20 87°
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Reduction of Primary, Secondary, Alkenyl
and Alkynyl Amides

Time Yield

Entry Amide Product (min) (%) Entry Substrate Product(s) Time (min)  Yiekd% (starting material)
0 0 o] 0 .
1 20 19
@)\NHZ fﬁ/l“ o 88 o SAone, A
Nig N7 40 33
34 3 Q 0
o] o] 2 20 8P
Ph/\/u\momm pn/\)LH
2 NH, 0 60 "
33
OoN O,N
as 7 o] 0
o o 3 /\(\%Nﬂz /”H:LH 45 63(15)
3 /©/\LNH2 O)LH 10 86 41 42
MeO MeO 0 0 0
% s X W
o o 4 \(\a)LNElz \#\H #MH 20 1349(67)
’{_\)\ 8 8 8
L O e o w
MeO MeO
37 9
0 0 5

o) )
H/NE& ‘H/LH 45 as
4 4
4s 48

5 Ph/\)kNHz Pn/\)LH 5 56
38 33
o o
6 Ph/\/u\NHz Ph/\)J\H 5 62
- 19 Chemoselectivity:

» Good for conjugated internal and
terminal olefins
» Poor for external alkynes

 Similar reaction times
« Significantly reduced yields
« Chemoselectivity maintained
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Effects of Steric Bulk and Reduction of
Amides Containing Chiral Auxiliaries

Entry Substrate Product mﬁ Yield (%) Entry Substrate Product(s) Time (min) Yield (%)
1 ON}?\O OH 15 92 1 ONJ\ OH 10
M\GO/©/IIL M.\rj{Ph MGODA Meo’©)L)\ MtaO/Ej)L
LR, ) : L Lo w
: O NHPh ©\)L H ” N MSOQ)\ kF’h Mao’©/\L
L2 L, 'O O S
a ©/ }M';(Ph W 30 46 MeQ o MeQ .
O/OLN)?\O o . 4 d{:r«ag CE:H 18 hr 178
E;‘{Ph 90 57 50 51
5 \Q\/ﬁr}l/’t{m a 10 (o]
o » Steric bulk tolerated on amine side
NS I U * Evans oxazolidinone removed in moderate
o I yields with an a-methylene / methine carbon
@r“:(“j\ * Myers auxiliary removed in good yield with
Mo F g - alcohol protection
N * a substitution hinders hydrozirconation
0\/&82 ;\Ph N.R. 45 0

David Arnold @ Wipf Group 7 3/18/2007



Entry Amice
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Amide Reduction Using Cp,Zr(D)CI

- Mild reaction conditions
» Good yields
* Chemoselectivity

* > 95% deuterium incorporation
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Mechanistic Insight: Intermediate Structure

j\ H 8—zCp,Cl 3. Chemical evidence for the Iminium ion?
R P '
R N path a Neo R
| R N 1. Cp,ZrHCI
Ru | p2
Ru NEtZ
Iminium Ion 3 Hz Not Observed
J path b H,O
4. IR analysis of the Intermediate:
O—2ZrCp,ClI
f H,0 O .
R7 N | T )L H O ZiCp.Cl
H v R -Cp,ZrCIO ' H,0 0
Ru -HzNR'R” R H R)\ﬁ/R 2 >
. \ N
Zirconacycle R" R H
Iminium Ion

1. Source of Hydride:

O
)j\ _R Cp,Zr(D)Cl )k

| THF R D

2. Source of Aldehyde Carbonyl Oxygen:

/\/CL N ¢
1. Cp,ZrHCl
2. 1:1 H,0'¥/H,016
P 2 2
Meo

MeO I:1 MeO

Ratios found by 3C NMR and MS
David Arnold @ Wipf Group

* No distinctive Imminium lon Stretch
 Formation of a carbonyl peak at 1699 cm-’
after Hydrolysis

5. Attempted Crystallization of the Intermediate:

ClCp,Zr—O—ZrCp,Cl
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Strong Support for the Zirconacycle
Intermediate from NMR

~2.7 ppm o-erszcl

~4.45 ppm — L; J
Cp -

! ©/H}\N~..\<__
o O W i
©/H}\N"' 5.83 ppm
\ \ . 9.59 ppm

2.66 ppmr
1.05 ppm

n * 1 .
+ 'H-NMR: DMF-d; H-NMR: THF-dg
o X = borate anion "
| (b)
. .

0]
i . » Rotameric diethyl peaks resolve and
- shift upfield
Pl * @ « Methine proton appears at 5.83 ppm
T T T T s G - * Methine Carbon appears at 97 ppm
e e i (4 g TERT A mGh puts (e ek (memereen 0o Dijasterotopic splitting of the Cp groups
. is observed
« A 13C enriched sample of the duterated
analogue showed:
ﬂ 1. A loss of the methine proton in "TH NMR
P P PP Py vy o PR Pas 2. Formation of the methine peak in 2H NMR
Figure 2. Expansion of Cp region for intermediate 1I: (#) denotes diastereotopic Cp resonances. 3 A tr|p|et at 97 ppm in 13C NMR
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NMR Evidence for the Structure of a Similar
Weinreb Amide Derived Intermediate

<= |

N/ Cp,ZrHCl H\ O,ig H O;Z*’r,CI H\<O.,Z!r’(;|

| d h ke MeTN & Me’OTN'y

O\ THF-dg P N‘O’ﬁ Phl Ph|
L M(,: ?‘\.ﬂe Me’*o Me )
Possible intermediate species
* 1H NMR:
Single set of Methyl Peaks upfield from the H Q

starting amide

/l‘r—o,,zf Kol
I
+ 2D-NOSEY: Ph N0 ﬁ
No correlation between the methine proton [\
with any other protons in the molecule
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Pre-Intermediate Formation: Competition
Studies

et ot ot

Entry ratio of X:Y®  |R stretch of RCO cm™?
1 OMe -NO, -NEt, 1:1 1622
2 -OEt -OMe -NEt, 1:1.1 1625
3 -OEt  -OMe N 22:1 1635
4 OEt -OMe -N'Tj 19:1 1683

“ Determined by 'H NMR spectroscopy, average of two runs.

* Differences in electronic substitution on the carbonyl side have little effect on
Kinetic selectivity.

* Increased carbonyl electron density from the amide lone pair favors
hydrozirconation.
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Solvent Effects

O

O

MeO = solvent MeO

Entry Solvent Yield (%)% tyes”
1 oxetane 95 2-3
2 tetrahydrofuran 99 15
3 1,4 dioxane 15 -
4 pyridine 15 1
5 toluene 15 -
6 chloroform 0 -

@ Aldehyde yield after a 30 min period. ® Time of reagent dissolution in

minutes.
N
0
k T |
(CpsZHCl), =——= Op}.H ks Cp.t.H
k — C ” \CI
. Cp Ol Ky P

* t;s = Time it takes for the solution to clear

David Arnold @ Wipf Group 13

o

—ZrCICp,

&
~

Rr

=

R

m‘

fast

3/18/2007



Irreversible Migratory Insertion and The
Conversion of the Zirconacycle Intermediate
to Imines

ZrCp,Cl
N S Cp,ZiHCI /
—_—
L T
MeO H < \

A N/\
\Em@i\
A\/W\H

MeO 7

* p-methoxybenzaldehyde is the only
product observed by '"H NMR and
HPLC after 1.5 h.

» Strong evidence that the migratory
insertion event is irreversible for amides.
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T ZrCpoCl

/

Cp,ZrHCI

—_—

NN
/K

X
X

OMe

« Demonstrates that tertiary amides can
act as a robust precursor to both
aldehydes and aldimines.
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Conclusion

« The authors have reported a convenient methodology which utilizes
Schwartz’s reagent to convert tertiary amides to aldehydes. The benefits
of this methodology include:

- Fast Reaction Times

* Overall Good Yields

» Broad Scope and Synthetic Utility
* Good Chemoselectivity

* The author have also given good insight into the mechanism of this
reaction through the characterization of two stable intermediates, which
helps to broaden our understanding of how Schwartz’s reagent works.

Cp 1
OZGC 15 ,'
f “Cl ’
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