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Chiral N-phosphino sulfinamide ligands in rhodium(l)-catalyzed [2+24+2)
cycloaddition reactions
Sandra Brun®, Magda Parera®, Anna Pla-Quintana?®, Anna Roglans **, Thierry Le6n®, Thierry Achard®,

Jordi Sola ", Xavier Verdagu
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with N-phosphino tert-bunisulfinamides (PNSO)
cactions. PNSO ligands
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ABSTRACT
The b of cationic 10
ligands is efficient for catalytic intra- and molecular [2+2+2) cycloaddition
are a new class of chiral bidentate liga Which have the charactenistic
accessible sulfur chirality with the coordinating capacity of phosphorous. Cycloaddition open- chained
and macrocyclic E-enediynes with these chiral complexes have proved to be highly efficient in terms of
yiclds, giving moderate enantiomeric excesses of the comresponding cyclohexadiene derivatives. In
addition Rh(f)/PNSO complexes catalyzed the intermolecular cycloaddition of diynes with monoalkynes
2010 Elsevier Ltd. All rights reserved.
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Primary and Secondary Aminophosphi
Building Blocks for Ligand Synthes

nes as Novel P-Stereogenic
Mare Revés, Catalina Ferrer. Thierry Ledn, Sean Doran, Pablo Erayo, Anton Vidal-Ferran,

Arrtorrs Riera, ® and Xavier Verdaguer®
Chiral phosphine ligands are central to asymmetric metal
2 psis i) e effect o e © = e s ses
catalysis!'! The effect of the majority of th ligands aris - B,
from the chirality of their backbones : however, Postereogenic P e W e
T After the (o T [ =" & % g
AMP and H L "
rbon P* L m
o Scheme 3. Strategy explored to syrthesize P*aminophosphine building

1.
linked to it
We began by investigating the hydrogenolysis of the

a  tert-butyl-

r arc scarce. and have found little applica-
alysis. This class of substances includes secondary
phosphine oxides, which exist in equilibrium with their
trivalent phosphinite form."! P* aminophosphines, which are  known compound 1a, which contains
the corresponding nitrogen analogues, are even more rare,®  (phenyl)phosphinamine moiety (Scheme 2), under various
rize with the
evolutios mia."l However. Kolodiazhnyi et al. have
reporied thai borane inophosphines of type | are stable BHy B
ined in diastereomerically pure form y o ] e L S
al amine (Scheme 1).M ™M N Ven  Tew Co Y B
s F )3

nine as a ch

and that they can be
using 2-phenylethyl
onetheless, type | compounds do not have any reported

N
applications in asymmetric catalysis, nor has their hydro-




"Stereoselective synthesis of P-stereogenic aminophosphines: Ring opening
of bulky oxazaphospholidines” Leo6n, Thierry; Riera, Antoni; Verdaguer, Xavier

J. Am. Chem. Soc. 2011, 133, 5740 [ChemInform 2011, 42, issue 37].
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Stereoselective Synthesis of P-Stereogenic Aminophosphines: Ring
Opening of Bulky Oxazaphospholidines

Thierry Leén, Antoni Riera,” and Xavier Verdaguer®
Unitat de Recerca en Sintesi Asimétrica (URSA-PCB), Institute for Research in Biomedicine (IRB Barcelona) and Departament
de Quimica Orginica. Universitat de Barcelona, C/Baldiri Reixac 10, E-08028 Barcelona, Spain
D Supporning nfsrmasion
Scheme 1. Jugé's Strategy for Synthesizing P-Stercogenic
ABSTRACT: A highly diastercosclective and efficient Tertiary Phosphines
synthesis of P-stercogenic bulky alkyl and aryl aminophos. o
phines that relies on ring opening of fert-butyl-oxazaphos. . ", “‘(.
L T L e wa P LTl W
i ="
R

pholidine 2 is described. Ring opening with several organo 25
metallic reagents takes place with inversion of configuration 3] -
at the phosphorus center as it has been demonstrated by b retention Bn  iwersion everson
X-ray analysis of two ring-opened intermediates. The un- ' " - i
P d d reactivity ob: d is attributed to the presence
of a free NH functionality that facilitates the attack of the
organometallic reagent in an Sy 2@P-type process. \ —_—
HyB, | o TR (NS
N =" g W | o TR e
Ry | "
wi MaxPHOS

fhicient and readily available chiral ligands remain a principal
target in catalysis. Bulky P-stereogenic phosphines (P*) have Figure 1. Bulky P-stercogenic aminophosphines and their correspond-
demonstrated efficiency in myriad caulyurpn\cﬁws.' However, ing PnP ligands
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Stereoselective Synthesis of P-Stereogenic Aminophosphines:
Ring Opening of Bulky Oxazaphospholidines
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JUGE'S STRATEGY FOR SYNHTESIS
P-STEREOGENIC PHOSPHINES® OUR PREVIOUS WORK?
1B Ph Hﬁ v - il BH
Rl Lo L HoB P g MR PR '}f‘pmu HGHOG™ MH; . { _
/\_{\pﬂ f P TRetn g o o " e H NOGT N Ny
rataniion Irvarsian inyarsion dr=1:15

STRATEGY INVESTIGATED IN THE PRESENT WORK®

OH Cleavage
2 ; B - 2 I_P_-rEH.M 3 ; BH;
M H ey
[ 2

CONDENSATION OF AMINOINDANOL WITH NUCLEOPHILIC RING OPENING OF OXAZAPHOSPHOLIDINE

DIFFERENT tert-BUTYL-PHOSPHINE DERIVATIVES The free NH group allownsd the Feaction of ing 0pening 1o take place
Chrouglh an unprecedented inversion pathway.

1) 'BuPR,R;, Base,
OH THF, Tln-p Erme -
: ; = ,!u-rBH) o]
N } Bty SMey 0°C, 30min (:‘ P T BEETED By
AR
[l “eu inversion “""F(w
2 an LB
Termp. Time Yield  d°
__
i o o W, = 0 & 3@ A By Ry oo e T e
b 3 MEL, NEy, - 0 - 1" 101 1 ™1 -7 o na. iz
ET- e 7 6 na N 3 MeLi® © P 3
4 o wey e 8 ™ e —@ 1 Meli o ™ sk %
“ieith ormz b S matm of Sesleresmen SDwstsrecrere mtes s 4 Mebiglic 100 o et I
dmtarmrined by TF-MAL - Racemc M Eriighr 100 " ek -
& gl 100 ™ e *®
o™ 7 i-Brigct 100 8 e d
CLEAVAGE OF CHIRAL AUXILIARY > - i et i S A
g A ] Phiglic 100 £ Sl i
BH, ] 4 10 2-MeOPhEghr 00 w4 el ™
@—Oﬁﬂm _LVNH, B0 Ft ‘\--i 3 ‘:?(x 1" eyl 0 o w7 %
g THF, rafh N \F:Bu 12 [ 100 = som0 m
A e T A B By SR S5 e B e, Y ot
3 * :'A—n-—n-h'u_.m-nn——--m-hm
Tiald
Bwy SR Podex KT
AN ) e b el SYNTHESIS OF SECONDARY AMINOPHOSPHINE
1w B m B ™ -
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S %o w e o, s ove e |
i A HN Y iy
HM~, THF, it BuDH, THF pe
B 3e HEE & o, B Rotay  gon m)"-ls':w
8 M m wf L 2a ] 10 (+45%0a)
A5 wmbywis an & chinl stationary phase reessled > #95 w. “Sinch-
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MECHANISTIC INSIGHT

ALTERNATIVE CLEAVAGE RING OPENING OF N-METHYLATED- 2-ter t-BUTYL-0MAZ APHOSPHOLUIDIME

@Q»QSH MsC, NELy @Q‘ma
f T ohg Bt CQ“’ iegn ]
HN=F g i HN——s‘\rrnu Ve, p’ ‘h-|= n,im '5“1 wum.
R
3 (R=Ph) 7 i) 2
3 (R=2-Ma0Ph) Tg (87%)

MECHAMISTIC HYPOTHESIS

BHy
{ =
NaOMe @:? BHy ElOWHO g CI:;}_,,
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Stereodivergent Ring-Opening of Oxazaphospholidine
with RLi and RMgX reagents: The Role of N-substitution
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JUGE’S SYNTHESIS OF P-STEREOGENIC PHOSPHINES!

HyB.  Ph Hag, Ph
,‘P’;‘ RILi \N,F‘-uRI w HgB‘ Ph R HgB‘ Pn Juge showed that ring opening of oxazaphospholidines derived
“Np — /k{OH —“M eOH P e — Pay from ephedrine which contained an N-methylated position takes
Retention R'" “OMe RETR y : HIGAR
Ph Ph inversion Inversion place with retention of configuration at the phospharus center.
Oxazaphosphaolidine

OUR PREVIOUS WORK?

In our group, we recently described the Oxazaphosphalidine
synthesis of tert-butyl-oxazaphospholidine 2 formation : : OH BH;
with secondary amine. In this case, we @Q‘ ? BH :Ring Qpering. ©:P~ By m HgN-p‘f
R / \ "By
R
- 1

disclosed that the ring opening of these Inversion HN-p/
compounds occurs with an unprecedented ik
inversion reaction pathway.

RING-OPENING OF 2-TERT-BUTYL-OXAZAPHOSPHOLIDINE

Inversion pathway
In the light of these results, we decided to study the

OH [ \“ )}-DH o i 2
= MehgBr, 1) MeLi, MeMgBr,| . ~( g,  role of the N-substitution in the ring opening process.
7 BH P i -
HN=b.. |t\.aum"-'3"5l P‘P PR AT Ib{uans _.L F: M When we tried two open the N-methylated
i 2} Mal rt Me 1=Bu oxazaphospholidine 5 with the same reaction
- 92;0 q 8% Mo reactivity conditions employed for 2 we observed no reactivity.
r>99:

RING-OPENING OF CQ"OH
2-PHENYL-OXAZAPHOSPHOLIDINE
(st MNH;

1} (NEta)},PPh, THF, reflux
oG

Inversion pathway 2] 0ty DNS, .Iunﬂ-llw Rmnﬁon
HB, R Hs0, OH  pu, ©:?~o O M0, mp Ph
e ST BHy =——— prBH—— ho
MeOH, r.t. HN—p  THF.78C| N-F THF, -78°C NHP MeOH, r.t. MeO™ "R
\"Ph 9 i Ph 'F‘
R Me
(+)-8a R = Me, 88%, 93%ea 7aR = Me, 89% T6% (dr 10:1) 10a =
= = i R = Me, 89% (-)-8a R = Me, 89%, 93%0a
(+)}-8b R = o-An, B0% 97%ea  Tb R = o-An, 73% diastersopure 10b R = o-An, B8% (=)-8b R = o-An, 83%, 95%ee
dr>85:5 after recryst,

dr>85:5

To further clarify the role of N-substitution, we performed the same
sequences on the 2-phenyl-oxazaphospholidine 6. Ring opening of 2- B
=]
phenyl-oxazaphospholidine takes place with inversion or retention at OH 1) NaH, g
» i -} - THF, °C P,
the P-center depending on whether we have a free N-H 6 or N BH, ?HJ .
M —

>
methylated compound 9. In both cases, the ring opening process 7a HN—-p “Bh 2) Mal, r.t, 1 ;N_‘ﬁ'“Ph E
occurs with compl tivity. P ylated compound 11, Me B4% Me Me ”
allowed us to confirm the absolute sterepchemistry by X-Ray £" 11 -
diffraction.
JUGE'S MECHANISTIC HYPOTHESIS OF
RING-OPENING WITH RETENTION? OUR MECHANISTIC HYPOTHESIS FOR INVERSION
Deprotonation of the free H-H
M FPh M, Ph = vides excell
R’,}‘__O"S L“O_—> Retention M\o o CQ?J BH —_5,.2@? O mna:: Siu:ﬂ o ::
H;!Bp'ﬂp'-u "Me F'h'i. MMl P:‘-P }"'Ma g':afp-:- 2 Inversion N ’ organometallic  reagent  thus,
Y il | T “Bu o Zi £
I HaB h. ' i M ]I By guiding its attack in a 528P like
] H:8 Me M--R R process.
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