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- Analogues having the capability of mimicking the transition state of
enzymatic amide formation or hydrolysis.

- They could therefore act as enzymatic inhibitors.

- This potential activity drives us to find some structural diversity.

- And interestingly, phosphinamide reactivity could be selectively tuned
depending on the conditions assayed.




1) Diethyl Ether - C_ metalation
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1) Diethyl Ether - C_ metalation
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1) Diethyl Ether - C_ metalation - Asymmetric Induction
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1) Diethyl Ether - C_ metalation - Double Asymmetric Induction
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2) Tetrahydrofuran - Anionic cyclization
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2) Tetrahydrofuran - Anionic asymmeftric cyclization
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2) Tetrahydrofuran - Anionic cyclization
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3) Tetrahydrofuran - Ortho metalation
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3) Tetrahydrofuran - Ortho metalation
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PGSE as a tool
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PGSE as a tool
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PGSE as a tool

The effect of the gradient over w,
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The dephase angle experienced depends on the
position along the z axis, that is given by
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Fuerza del Gradients, G (G cm’)




PGSE as a tool

Diffusion Coef.
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Hydrodynamic Radius from the Diffusion Coefficient

The diffusion coefficient is defined by

For a sphere of known r radius, the friction factor is

Stokes Eguation
o o o D _ kBT
Stokes-Einstein Equation 67 1

For molecules with radii below 5 A, semi-empirical expressions can be used that take into
account the effects of the solvent of choice

2.234 =
c6>{1+{0.695x(rdj H
rH

J. Phys. Chem. 1984, 88, 5118.
Phys. Chem. 1987, 91, 3612.




Diffusion ----- Molecular sizes V/

Ion Pairing Aggregation

Contact Ion Pair Solvent Separated Ion Pair

In (I/br\
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Aggregation
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LiCl System / meN"[ e,
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PGSE NMR, THF, 60 mM, -118 °C  (concentric tubes)
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Ruthenium-catalyzed Fridel-Crafts allylation reaction
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Angew. Chem., Int. Ed. 2006, 45, 6386




PGSE NMR, CH.CN, 2-20 mM, RT

In (1)
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D (Cation) (2 mM) = 12.07* 1079 m? s!
O (Anion) (2 mM) = 23.50* 100 n s

r, (Cation) = 5.4 A
r, (Anion) = 2.8 A

D (Cation) (10 mM) = 11.82 % 109 m? s
D (Anion) (10 mM) = 22.69* 109 m? s!

r, (Cation) = 5.5 A
r, (Anion) = 3.1 A

D (Cation) (20 mM) = 11.49* 1079 m? s
D (Anion) (20 mM) = 21.57% 1079 m? s

r, (Cation) = 5.7 A
r, (Anion) = 3.5 A

Organometallics 2006, 25, 4520




Same catalysis but at different concentration !/

From 10 mM to 0.4 mM |
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Angew. Chem., Int. Ed. 2006, 45, 6386




PGSE Diffusion NMR

N

.
: N—p2

| SOLUTION STRUCTURE 2?

\

Multinuclear NMR
X/Y Shift Correlation




Multinuclear NMR: X/Y Shift Correlation Methods

The sensitivity of any heteronuclear NMR experiment is related to y of starting and detected
nuclei, among others parameters

SIN o€ ¥ Vi [L—exp{l/ T, 4o X DIF]x NS

Indirect measurements = yo2

Polarization transter = y ... X (Vaorect)”’?

In lithiated phosphinamides systems, we wanted to setup the 7Li(G’P)/PIP(Li) Shift correlation
experiment.
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31P-detected 7Li HMQC NMR, -100 °C, 0.1 M, E+,0-d}
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31P-detected 7Li HMQC NMR, -100 °C, 0.1 M, E+,0-d}

C
Lithium-7
s E
- b
- 20
6 Q
P/?OS,D/?O/”U.S' -37 ‘ | 28
%4 &
. 2 ’ J{ 32
i —
L 36
! Loy
L 40

Experimental time = 2 h
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Chem. Commun. 2007, 1142




31P- vs 7Li-detected HMQC NMR, -100 °C, 0.1 M, E+,0-d},
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PGSE Diffusion NMR
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Any precedents ??
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IH NMR, 0.147 M, THF-4,

115 °C
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31P NMR, 0.147 M, THF-d
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31P PGSE (STE and SE) diffusion NMR, 0.147 M, -80 °C, THF-d,
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’Li NMR, 0.147 M, THF-dj Li{3'1P} NMR, 0.147 M, THF-d;

2 J(31P,7Li) = 6.4 Hz
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Li PGSE (STE) diffusion NMR, 0.147 M, -90 °C, THF-d,
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7Li 3P HMQC NMR, -100 °C, 0.147 M, THF-dj

Q

-

31p

“Li

CC

- 34
- 36
- 38
- 40
- 42
- 44

20

1.8

1.6




Dimers ..., but .. why more than one ??

N\P//O\ ./O (R) >\ \P/ \ /O (/2)
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3IP NMR, -80 °C, as a function of concentration
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13C NMR, -100 °C, 0.147 M, THF-dj

13C NMR \\ J/
o |
SRV

| | | | — \a P, N
214 210 206 P

13C{31P} NMR

214 210 206




13C NMR comparison, THF-aj

HERE
Ph N N Ph
ph—P? \ / XpLp,

DIMERS

) (13C)Li = X 197 ppm

8 (BC) = ~ 195 ppm

0 (13C)Li =~ 195 ppm

MONOMERS

0 (13C)Li = 207 ppm

5 (13C); = ~ 210 ppm

5 (B3C), = ~ 209.2 ppm




But... how do they exchange ?? EXchange SpectroscopY




31p 31p EXSY NMR, -80 °C, 0.057 M, THF-dj

T, (mixing time) = 50 ms t,, (mixing time) = 100 ms
B A B A

M M
- 34 - 34
| 101 138 440 _ 36 - 36

A -
B 1.30 | 3g | ag
c o ), | |
5.36 40 40
6.54 .

t - 42 - 42




EXSY studies !
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States and/or triple ions //




Other X/Y examples currently undergoing...

31p 89y HMQC
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Other X/Y examples currently undergoing...

31p 89y HMQC Q/\@ RGIDE

Bi-capped

i -
P + Y(NO.,) . . O;‘:\\\O 3

Mono-capped Ph/:l 6 S\,




Other X/Y examples currently undergoing...

1P 8%Y HMQC

j Phosphorous-31
Mono-capped .
- -60
Yttrium-89
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45 4H 59 é? 3% 53
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— L o - T
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Convection: A quite familiar problem on RLi diffusion

In laminar flow conditions where (1F x D)
<« D and d <« D (most common case), the

Convection introduces a cosine modulation on signal ~ 9pparent diffusion coefficient appears
attenuation. The resulting effect is governed by

Flow rate

Iniifs)
0.0 b

-1.0

-6.0
00 01 02 03 04 05 06 07 08 09 Gz[au]

=5.04

Wrong D values

T T 1 1T T 1T T 71
00 01 02 03 04 05 O6 07 OB 08 G:[EU]

Helv. Chim. Acta 2003, 86, 2364.




Convection: A quite familiar problem on RLi measurements

1) Double stimulated echo sequences
2) Spinning
3) Concentric tubes

Outer tube
Inner tube

| (1.5-1.96 mm)

/

|
II!

Spacer
A
Sample under study

Inert gas volume

System 2

System 1

System 3

Helv. Chim. Acta 2003, 86, 2364.




31p 31p EXSY NMR, -80 °C, 0.057 M, THF-dj

The 2D EXSY technigue provides off-diagonal responses for spins which exchange slowly with one
another. The EX§Y mg{ﬁ,gﬁ,m HEBY far showing exchange w _;}“r,@mg GGt 166 wEchange is
1) but /

greater than or of"the same order as the Tl relaxation rate (1) ess fhan the freguency

difference between the two spins.(in the absence of exchange
' g & B A
C C
= I T I t-mixing
= 34 - 34
- 36
A
B - 38
C
- 40
: - 42




1) Diethyl Ether - C_ metalation - Double Asymmetric Induction

H
Me\’—___C/Ph
) rlu _Ph
n-BuLi, TMEDA z —~
N
-90 °C

Electrophile

E = RX, RCHO
RHC=CH(O)R

Org. Lett. 2008, 10, 3195




Multinuclear NMR: X/Y Shift Correlation
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31p NMR, 0.147 M, THF-d,

115 °C K A a
N .
1110 °C M




31p 31p EXSY NMR -115 °C, 0.147 M, THF-dj

- 34
B < @ wp :36

A< 0 -
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31p 31p EXSY NMR, -80 °C, 0.057 M, THF-dj

.. (mixing time) = 2.4 ms (instrument limit)

The 2D EXSY technigue provides off-diagonal
responses for spins which exchange slowly with
one another.

Slow chemical exchange
in the 6 time scale
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- 34

- 36

- 38

- 40

- 42

42 40 38 36




Calculations

Optimized geometry of both complexes at B3LYP/6-311+6(2d,p) level of theory. ( C. symmetry )

E.. = + 5.8 kcal/mol E,..; = + O kcal/mol




NMR and Calculations

13C{31P} NMR, -100 °C

5 (BC)exp = ~ 209 ppm

214 210 206

AN ‘\ o Q Ph/P: | -~ I
C% % SRR
O\“P\ }\]\H

—+ g
H
8 (13C) = 194.0 ppm 8 (13C) = 208.0 ppm

3C NMR GIAO chemical shift (referred to TMS) of the lithiated carbon in both complexes.
Calculations at B3LYP/6-311+G(2d,p) level of theory.




So then ... dimers based on Li,O, cores |

\ Li P
PhwP=0 A /NN
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Li—S AT >\
i LI\
\S Ph S




