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The highly diastereoselective synthesis of P-stgeaic phosphinic amides via directed ortl «
lithiation (DoLi) of (S)-P,P-diphenylphosphinic amides withBuLi followed by electrophilic
quench reactions is described. Functionalised déxrigs containing a wide variety of orthr
substituents (Cl, Br, I, OH, N SiMe;, SnMeg, P(O)Phb, Me, allyl, t-BuCO) have been
prepared in high yields and a diastereomeric ratipgo 98:2. The X-ray diffraction structurr.
of the ortho-stannylated anartho-iodo compounds showed that tpeo-S P-phenyl ring was
stereoselectivelprtho-deprotonated by the organolithium base. The usekd of the methoc
is supported by two key transformations, the sysithef P-stereogenic methyl phosphinates
through replacement of the chiral auxiliary by athoxy group and the first example of th»
insertion of benzyne into the P-N bond of a P-sigemic phosphinic amide. A DFT study of
this reaction showed that the insertion proceedwutph a [2 + 2] cycloaddition and -~
subsequent ring-opening with retention of the Pfiguration. Explorative coordination
chemistry of the new P-stereogenic ligands providedess to a chiral phosphinic amide-
phosphine oxide Zn(Il) complex, the crystal struetof which is reported.

Introduction phosphinimidic amides2 are a valuable entry to a variety c.
enantiopure P-stereogenic compounds including pgtingp and
P-stereogenic compounds constitute a prominent Ifanaf phosphinothioic amide8, alkyl phosphinated, phosphine oxideS
molecules due to their applications in asymmetyatisesis as and phosphine$.” Most of these transformations start with th=
organocatalyst and ligands for transition-metahlysed reactions. stereospecific conversion of the N-P=N moiety »finto a
Phosphorus-based chirogenicity brings asymmetryseclto the phosphinic amide (N-P=C3 through aza-Wittig reactions (Schen e
catalytic center, thus promoting high chiral indoetlevels in these 1).
processeé. A number of efficient methodologies have been

developed for the stereoselective synthesis of eRsgenic oM —~COMe

compounds, including substrate-controlled induction by chlral Il 1) 'BuLi, THF P H

auxiliarie¢  and  the  desymmetrizaton  of  prochiral > NH —=%0%c PRNCX ©/ )\

dimethylphosphine-boranes and sulfides via enagigotve M Z)E ph MeCHO Ph

deprotonation-trapping reactiondVe have used a combination of (R)1 (SPRC)Z dr95:5 (Rp,Rc)-3.X=0,8

both strategies for accessing P-stereogBriediarylphosphinimidic E = Me, allyl, PhyP(0), I, x=o“l

amides2 based on the discrimination of the diastereotqbienyl Br, N3, Me3Sn,Me3Si,

rings of the P}P group through the directed ortho lithiation (DpoLi A%ﬁ Ph%ﬂ o ®§H3

of a C-chiral substrate (Scheme 15.Abstraction of the ortho proton o Nove A e A:P\G)Me
(Rp)-4 (Rp)-8 (Rp)-6

of the pro-S P-phenyl ring of 1 proceeds with very high
diastereoselectivity (dr 95:5)The products of electrophilic trapping
2 contain additional donor sites at the ortho positiwhat makes
these compounds interesting hybrid ligafdsFurthermore,

Scheme 1Synthesis of P-stereogenic compounds via DobLi ui

(R-1.
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would be a significant methodological improvemdrett in addition c NS 1)R™™ Rl g/

to simplifying the synthetic route, would avoid thee of hazardous 0/1‘9\?0 2) LiNH/NH; pr’ “NH, @
azides. However, the analogous DolLi reaction ofsphinic amide 10 Ph (M = MgBr, Li) 1

(R)-7a afforded theortho-stannylated derivativé with very low er 98.3:1.7 - 99.9:0.1
dlastereosglecywty (dr range of 1:1 to $%%nd th.e enantioselective /(/) Ph ELl\;Ch:zT(gTS?lg goT:Z)I,A)' — //0 on
desymmetrization of the BB group of 7b using the complex ArzP\Né + Riso, _PVOH (12 moi%) R2< {““P\N @
["BuLi- (-)-sparteine] as a chiral base took place wigny modest 2 3W’ Rzz/}CRf
stereoselectivity to give after electrophilic quendhe ortho P 13 Ph"
functionalized product8 with an ee of 60% (Scheme ). 12 (R®=RTSONH) de 77:;_ 93%

Pd(OAG), (10 mol%),
L* (20 mol%),

Ar2

Me;Sn
O e 1)L THF, o e Ag,COs (15equ)  ,— P
B ""P/ S -35°C T Np 7 Il _ LiCO; (3.0 equiv), G P
N~ AN R N~ P\ N (AI’1) P. + Ar2BPin R — NHArF (3)
N\ 2) Me;SnCl N\ 2N NHAF Benzoquinone (0.5 equiv), R1Z
Ph H Ph 16 ) ;
3) H,O H,0 (40.0 equiv), 17
. 15 DMF, 40 °C
7a (Sp,Rc¢)-8, dr 2:1 F ee 87% - 98%
E
o "BuLi-(-)-spartei 0 COM
— /] 1) ["Buli-(-)-sparteine], — /] AF = HN CN ;L*= p-MeOCgH, 2
N toluene, -90 °C N 2P NHB
— i — i 0C
@ N'Pr, 2)E* @ N'Pr, F F
3) Hy0
7b (Sp)-9, ee 60%

Scheme 3Stereoselective synthesis of P-stereogenic phogpt i
amides via sequential nucleophilic substitutiorctieas (eq 1)
and metal-assisted direct C-H functionalization Zeg3).

E = Me, PhCHOH, CHO, PhyP, I, R3Sn

Scheme 2 Stereoselective Doli-trapping reactions BfP-
diphenylphosphinic amides. The DolLi pathways to P-stereogenic compounds shawn
Schemes 1 and 2 remedy these limitations. Howenegyarding
Very recently, the synthesis of P-stereogenic phinsp amides asymmetric induction with phosphinic amides therelearly room
has been the focus of great attention. Z. S. Han etsed a C-chiral fo; jmprovement (Scheme 2). The poor dr observedhe ortho
1,3,2-benzoxazaphosphinine-2-oxid® as a phosphinyl transfer eprotonation of phosphinic amida (Scheme 2) reflects the failure
agent to prepare a variety of P-stereogenic diagid of the chiral auxiliary to control the stereoselletapproach of tr -
alkylarylphosphinic amide$1 via sequential displacement of the Ppase to the diastereotopic P-phenyl rings.
N and P-O bonds of the phosphonamidate moiety byocaand We thought that higher chiral induction could beamplished
nitrogen  nucleophiles, respectively (Scheme 3, ef)).'t by increasing the difference of size of the groagtached to the
Interestingly, Park, Chang and co-workers reporedfitst example stereogenic center. We describe here a very effigeocedure for
of the metal assisted direct C-H stereoselectinetfanalization of a tne synthesis of P-stereogenic phosphinic amidsedan the highly
PhP group. The reaction @,-symmetric chiral phosphinic amidesgjastereoselective ortho deprotonation of a ctfifatdimethylbutan-
12 with sulfonylazidesl3 catalized by [IrGA(Cp¥)]. in the presence 2_amino derivative and subsequent electrophilippiag. Products
of AgNTf, furnished phosphinic amides4 in high yield (83% - pearing a wide variety of ortho substituents, sashalkyl, halides,
93%) and with diastereomeric excesses in the rafge’ — 93% az0, hydroxy, alkoxycarbonyl, trimethylstannyl,ngthyisilyl, and
(Scheme 3, eq (2Jj. A breakthrough solution to the giphenylphosphinoyl were readily synthesized irhhjield and with
desymmetrization of diarylphosphinic amides hasnbeported by qr up to 98:2. The chiral auxiliary can be remobgdacid catalysed
the group of F.-S. Han. They achieved the enarléotee direct methanolysis leading to P-stereogenic methyl phosates,
ortho functionalization by Pd(ll) catalysed C-H lation of 15with  precursors for the preparation of phosphine oxates phosphines.
arylboronic acidsl6. Using N-Boc protected amino acids as chiralryg additional applications are reported: the fiestample of
ligands, P-stereogenic derivativeg with enantioselectivities up t0 henzyne insertion into the P-N bond of a P-stereisgphosphinic
98% were obtained (Scheme 3, eq {3)gimilarly, the Pd(df*or  amide and the formation of a complex of a chirasphinic amide-
PA(I)***  catalysed intramolecular C-H arylations ®-(2- phosphine oxide with zinc chloride.
bromoaryl)diarylphosphinic  amides using a  TADDOL-
phosphoramidite as chiral source were developedvalgable Results and discussion
methods of synthesizing cyclic P-stereogenic phiogplamides.
The elegant transformations indicated above sudften a few
weaknesses, such as the modest structural diverdityduced,
which consists of variations in the substitutiorttga of a given
structural motif, the use of sophisticated reagents the difficulties
of accessing to both enantiomeric forms of the petsl

Diastereoselective DolLi-stannylation of diphenylphgshinic
amides

In order to increase steric encumbrance around steesogenic
center of the chiral auxiliary in phosphinic amiteit was decidea
to replace the phenyl ring by a 1-naphthyl moiatyg at-Bu group.

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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The required chiral phosphinic amidés and7d are known in the instantaneous discoloration of the solution, thestbf the quenching
literature. They have been prepared by enantiddetexeduction of reaction was set to 15 min for all subsequent énpmants.

the correspondingy-diphenylphosphinyl ketimine€. The synthesis Phosphinic amid€d was recovered unchanged when diethyl ether
of (R)-7c by nucleophilic displacement of chloride fromor toluene were used as solvent in the temperatunge of -78 °C to
diphenylphosphinyl chloride with  R)-1-(naphthalen-1- -35 °C and the same happened in the attempted defhtonation
yl)ethanamine has been also repoffedWe used a slight with organolithium bases such as LDABuLi or the complex

modification of the latter procedure for synthasigi(S)-7c and §)-
7d, consisting of the condensation of chlorodiphehghphine with
the corresponding amine and subsequent oxidaticth WhO,.
Column chromatography purification furnish@d 7d in high yield

["BuLi- TMEDA]. Shortening the time of deprotonationtiv{BuLi

to 1 h had an almost negligible effect on the pemfnce of the
reaction (yield to 77%, entry 2). However, the déese of the
equivalents ofBuLi and electrophile used to 2.5 was detrimental '

(Scheme 4). the reaction. The yield decreased to 35% (entryABrording to

entry 2, long deprotonation times are unnecessadyraay be the

/L 1) THF, EN (25 equiv)  pp, ﬁ i reason for the low yield shown in entry 3 due tatiphprotonation
PhPCI + HN~ R! —8 Ctort b SN R of the ortho anion. These facts suggest that aftistraof an ortho
2)Hy0,,0°C H proton of7d could be feasible using almost stoichiometric antsu

(S)-7c, R' = 1-Naphthyl (70%)

of 'BulLi, which would in turn make possible to reduce gmount of
(S)-7d, R" = 'Bu (75%)

electrophile added. We were pleased to see thahwh€.33 M

1) Bui, THF, solution of §)-7d was deprotonated with 2.2 equiv'BiiLi for 1 h
Meisn /o Me 78°C 2) Me5SnClI at -78 °C in of THF and the resulting ortho aniorsweacted witi
<::77:,*~H;,»P< /( 3)H0 1.2 equiv of MgSnClI allowing to reach room temperature for 15

min, compound $%,S.)-19 was obtained in 87% vyield and a ¢~
($5,50)-19 (Rp,&)-19 of 95:5. Column chromatography purificatio
provided enantiomerically pur&{,S.)-19.

N

18:18' dr 93:7, R" = 1-Naphthyl (42%)
19:19' dr 95:5, R' = 'Bu (81%)

0Table 1Synthesis of%,S)-19 via diastereoselective ortho

Scheme 4Synthesis of §-7c, 7d and diastereoselective ortho =
lithiation-stannilation of7d.

stannylation to givd8 and19, respectively.

As a proof of concept, we carried out the diasteetative ortho  p, 9 /L soneaun base Me
deprotonation-stannylation ofc, 7d under reaction conditions Ph/P\N By ~ : ’
analogue to those applied fa (Scheme 2), except for the H sol?/)eE?L{I;S“ﬂzsigcr!nin Bu
temperature and the organolithium base employed Whrking (S)-7d ’ ’ (Sp, Sc)-19 (dr 95:5)
temperature was lowered to -78 °C with the aim gfroming the Equiv Equiv ) [c] (M) .
selectivity of the proton abstraction step. Thisdmé necessary to Y 'BuLi®  Me,SnCl Time () gy Yield (%) Y
use a stronger base, such'BsLi. The increased bulkiness of this 1 35 35 16 0.1 81
base as compared witBuLi could also benefit the chiral induction
of the process. 35 35 1 0.1 77

The treatment of phosphinic amid&)-{/c bearing the $-(1- 3 25 25 16 01 35
(naphthalen-1-yl)ethyl) chiral auxiliary with 3.5j@v of 'BuLi in ' ' ’

THF (reaction concentration of 0.1 M) at -78 °C f6rh followed by 4 2.2 1.2 1 0.33 87

quench with 3.5 equiv of trimethyltin chloride f80 min afforded, a2 | pa  "BuLi or ["BuLi-TMEDA] failed to achieve ortho
after aqueous workup, a mixture of the diasterenéss18:18 in a  yeprotonation” In toluene or ED as solvent’d was recovered
yield of 42% and a ratio of 93:7 (Scheme 4). Imaotly, the

analogous reaction ofS{-7d proceeded much more efficiently to

give a mixture 0f19:19 in 81% yield and a ratio of 95:5 (Scheme  Recrystallization of a mixture df9:19' in ethyl acetate:hexane s
4). To ensure comparability of data, we achievetsame reaction sforded crystals of both compounds suitable forayt-diffraction
using phosphinic amidga as starting material. In this case, &ygies (see below). The solid-state structure alede that the
mixture of isomers$:8’ was obtained in high yield (80%), albeit withypyeoiute configuration of the phosphorus stereecentt the major
low diastereoselectivity (dr 80:20). The outcometladse reactions product 19 is S (Fig 1a). This means thdBuLi selectively
confirmed that steric hindrance is essential foreating the deprotonated the pr8P-phenyl ring of7d.

stereochemical course of the otho deprotonationpledsphinic

amides7 and revealed the superior performance of #e3(3- Generalization of the diastereoselective DoLi-trappig of
dimethylbutan-2-amine as a chiral inductor withpexs to that of diphenylphosphinic amides

(9-1-(naphthalen-1-yl)ethanamine ari®){L-phenylethanamine.

quantitatively.

el GG . e Once determined the optimized conditions for theghlyi
Building on these initial findings, a brief optlmtz?(\ of the giastereoselective DoLi-stannylation of){7d, the scope of the
ortho stannylation of)-7d was conducted (Table 1). Given that th?nethodology was investigated by treating the inegtiae NGy

addition of MegSnCl to the ortho anion produced the almogfianion formed in the deprotonation step with a broad range

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3
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electrophiles. These were selected according tooomaore of the Next, additional carbon-heteroatom bond formingtieas were
following properties of the groups being introducadthe ortho assayed aimed at introducing new coordination dites would
position: (1) enable further derivatization, (2pypide a new donor expand the applications of P-stereogenic phosphamtdes as
site leading to a chelating hemilabile ligand aB)l ihcrease the ligands. Tosyl azide was used as transfer readethieczido group
difference in size between the aryl groups linkedhe phosphorus to the ortho anion. The azido derivati24 was obtained in 89%
stereocenter. The results obtained are collect@alie 2. yield and a dr of 95:5 (entry 6). Organic azides \aluable ligands
in coordination chemistry and can be readily cotecrinto other
Table 2 Synthesis of P-stereogenic phosphinic ami@e$£)-19-28 important nitrogen-containing donor groups via ¢#po
cycloadditions, Staudinger reaction, reduction,. & Ortho-

o , E o functionalization with hydroxy and diphenylphospiyhgroups was
Me 1) 2.2.equiv 'BuLi — / M . . L . .
on ly /L THF, -78°C. 1 < /’<_““P< /(e achlevgd by reacting .the Ilthlatgd intermediatehwdioxygen and
2SN Dy 212 equivE® — NN, chlorodiphenylphosphine. In this way, produ@S and 26 were
(S)_';d 78°C tort, 15 min H o Bu obtained in good to high yield, respectively (esgtri7 and 8). The
3) H,0 (Sp.Sc)-19-28 latter was isolated as the phosphine oxide due uantifative
oxidation of the phosphine moiety during aqueouskwp.
Yield drb Allyl bromide and Boc anhydride were used as repriasive
ie .r.

Entry E E Product oa ) carbon-based electrophiles for alkylation and dmytareactions
(%) (SRe) Products27 and 28 bearing theortho-allyl and the bulkyortho-tert-

butylcarbonyl group, respectively were formed imdoyield anu
1 MeSnCl  SnMe 19 87 9515 high dr (entries 9 and 11).

Table 2 shows small changes of the dr dependingthen

2 (ICH2), ' 20 80 937 electrophile used. The data are consistently remibte through
3 (BrCHy), Br 21 72 97:3 several runs, i.e., they are not a consequendesdhaccuracy of the
integration of the NMR spectra. These changes masbeciated to
4 CLle cl 22 95 937 slight differences of reactivity of the electroms! Although the time
5 MesSiCl SiMe 23 54 98:2 for trapping the ortho anion is only 15 min, duritigat time the
temperature of the reaction is allowed to incredssss reactive
6 Tshs Na 24 89 95:5 electrophiles would give a chance for the appearariccompeting
7 o} OH 25 66 95:5 processes such as anion traslocati@nd thus a small degree ¢.
phosphorus epimerization would be observed. Theease of the dr
8 PhPCI P(O)Ph 26 93 94:6 in the reaction with allyl bromide as electrophilerried out at -8
9 AllylBr Allyl 27 74 91:9 °C together with the decrease of the reaction yielentries 9 and
10) support this view.
10 AllylBr Allyl 27 64 93:7 To conclude this section, one can say that we kaveloped a
11 BogO  C(O)OBu 28 60 96:4 general methodology for the synthesis of enantiefristereogenic

. " ] . ) phosphinic amides based on the highly diasterectsateDoLi of a
Isolated yield.” Determined through integration of tHi® NMR C-stereogenic precursor and subsequent electropfiémch. The
spectrum of the crude reaction mixtuf&®eaction performed at -84 method provides wide structural diversity using gienreagents ar.c
°C. ¢ Addition of electrophile at -90 °C and hydrolysis I8 readily accessible chiral auxiliaries in both efmeric forms.
temperature. Further derivatizations can be readily envisagedetiaon well-

established functional group transformations.
Ortho halogenation using 1,2-diiodoethane, 1,2atfifwethane

and hexachloroethane as electrophiles proceededgh yield to perivatization of P-stereogenic phosphinic amides

give the respective iodine, bromine and chlorinevdéves 20, 21 P-stereogenic phosphinic amides may serve as avagt® other
and 22 (entries 2-4). Compound20 crystallised from ethyl chiral organophosphorus compounds. Among them,owtta doubt,
acetate:hexanes. As expected, the solid-statetsteuconfirmed the P-stereogenic phosphines attract most attentiorceds to this
assignment of th& configuration at the phosphorus center (Fig. 1'?ami|y of products requires the conversion of ttesgphinic amide
see below). The reaction with M&CI afforded the ortho- nig an alkyl phosphinate. This transformationssally achieved b/
trimethylsilylaled product23 in excellent dr (98:2), albeit in 54iq catalysed alcoholysis of the P-N linkd$® In sterically
moderate yield (54%, entry 5). Phosphinic ami#i@23 provide an  encymbered systems harsh reaction conditions atessary for
easy entry to more elaborated P-stereogenic predigttransition- breaking the P-N bordd.
metal catalysed cross-coupling reactions. Furtheemthe ortho- The treatment of thertho-iodo derivative §,S)-20 with a
stannylated phosphinic amide is an air-stable equivalent of thegjiyted methanolic solution of HCI for 48 h at amitigemperature
ortho-lithiated species that can be readily regenerat&dugh fnished the methyl phosphina®® in 80% of isolated yield ari.
tin/lithium exchange reactiorfs. with an ee of 98% (Scheme 5). In addition, theathauxiliary ©)-
3,3-dimethylbutan-2-amine is recovered. As with |lagae

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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substitution reactions, inversion of the configimat at the As far as we know, this is the first example of hare insertion

phosphorus center is assuniéd?®! PhosphinateS)-29 is the key into a P-stereogenic phosphinic amide bond. Theofi$BuLi as a

product for the preparation of phosphines via myuhdic base implies that phosphinic ami2i@ undergoedN-deprotonation to
displacement of the methoxy group by an organaiithor Grignard give specied. Charge delocalization through the P=0 linkage will
reagent and subsequent reduction of the phosphide éormed®** contribute to increase the’sgharacter of the P-N bond. In this war
The application of this process to the synthesighafsphine-borane benzyne insertion into the P=N bond lofesembles the analogou-~

complex Rp)-30 starting on Rs)-29 has been describéd. reaction of phosphazenes that providesminophosphonium salfs.

Assuming a stereospecific reaction pathway comgjstif a [2+2]

! cycloaddition and subsequent [2+2] cycloreverdbthe benzyne

mp/\? Me FCIOSM OP/(O insertion will take place with retention of the diguration at the
N Ngy 48h rt | OMe phosphorus centér.
(Sn.50120 (5120 98% The aryne insertion chemistry into heteroatom-ivetierm
o ee 98% double bonds has been very little investigéted. The mechanistic
/,—< @/BH3 details of the process remain unknofRiwe have carried out a DFT
Rey20 == P (Ref9) computational study of the formation o832 at the MO6-
2X(SMD,THF)/6-311+G(d,p)//IM06-2X/6-31G(d) level otheory.
(Re)-30 All energies were calculated at a temperature o® 33 N-H

deprotonation of22 by n-BuLi provides specief\ in which the
Scheme 5Formal synthesis of P-stereogenic phosphiB@svia lithium ion is bonded to both the nitrogen and oxygtoms of the
methyl phosphinates)-29. phosphinamde moiety and completes the tetrahedoatimation by
binding to two THF molecules (Figs. 1 and S18, EShe four-
Recently, it has been reported the insertion of@syinto the P- membered Li-N-P-O metallacycle afis analogous to the Li-N-P-C
N bond of N-arylphosphinic amides as a method oftf®sizing heterocycle characteristic of ,dithiated phosphazenés. The
ortho aniline-substituted triarylphosphine oxidésVe thought that reaction of A with benzynell is highly exothermic 4G = -35
the extension of this method to P-stereogenic Ntadlerivatives kcal/mol), takes place through transition sfB4 (energy barrier of
such as19-28 will expand their range of applications and, a thag* = 20.0 kcal/mol) to give the [2+2] cycloadduBt As in
same time, will provide insight into the stereocimahcourse of the computational studies regarding Wittig olefinationia 1,2-
reaction. oxaphosphetane intermediatés1,2\>-azaphospheteE originates
First attempt using the same reaction conditiossrieed folN-  ¢0 4 concerted and highly asynchronous four-centeuble
arylphosphinic amidéswas disappointing. Only a 4% conversion %Qucleophilic addition (N to C/C to P). The structofeTS1 reveals

unidentified products was observed. Due to thidufej We 5 the formation of the N-C1 bond is well advan¢gistance .

undertook a study of the parameters that may affeetreaction 2.463 A) and occurs with concurrent breakdownhef N-Li bond
progress: stoichiometry of the reagents, solvataé¢ne, acetonitrile, (distance of 3.159 A). In contrast, the interactitween C2 and the

TH':)' base ENaH., KHMDS, GEO;, "BuLi), temperature (range of - oy oshhorus atom is of electrostatic nature, sineeR-C2 distance
78 °C to 40 °C), time (range of 1 to 40 h) and soafdenzynedl, (4 136 A) is larger than the sum of the respective der Waals radii

o-dibromobenzene). After extensive experimentati@nfaund that (3.5 A). The gauche orientation of the benzyne tyoieith respect

the reaction ofN-lithiated &, S:)-22 with benzyne generatéd situ 1, the C-N-P angle of the phosphinic amide fragmssems to be

by fluoride ion-promoted desilylation of 2-(trimethilyl)phenyl g pilized by hydrogen-bonding between the negjtiskearged C2

triflate 31 under reflux in THF in the presence of 18-crowfe616 ,i,m and the hydrogen atom linked to C3 of the ne&iphenyl
h afforded theortho-aminophosphine oxideRg,S:)-32 as a single fing (distance of 2.367 A, angle C2---H3-C3 of 162.6°

diastereoisomer in a yield of 48% (Scheme 6). The phosphorus atom & shows a highly distorted trigone

bipyramid (TBP) geometry with the amino anctho-clorophenyl
o 1.2 equiv "BuLi, a5 /ge ligands at the apical positions (angle N-P-C4 of.262Figs 1 and
\(ﬁp/( /'\("e oTf Seqi;q;’é‘fc’:;’”n_s dp// HN™ g,  S18). The degree of distortion can be describesLiir the topology
0;/ N7 Ng," @[ ' TTHE A 16h g \® parameter TP, having limiting values of O and 1darideal square
505022 s ezxf3 pyramid (SP) and TBP, respectivélfor E, the calculated TP is o
' / (Rp,Sc)-32 (48%) 0.4. The P-N distance i (2.021 A), although longer than the su:~
/ of the van der Waals radii (1.81 A), is almost hadfy between tt >
7 ~C e 3 Sl extreme P-N bond lengths of 1.839(6FAnd 2.170(3) A found ir.
/\\ 0® the only two 1,2%azaphosphete characterized by X-rav
12421 ph;P\\. u crystallography. The intrinsic reaction coordinatdculation (IRC)
@ allowed to identify three key structurds, C andD in the pathway
from TS1to E (Figs 1, S19). They are non stationary pointsgyon
several plateaus along the IRC at the level of thamed. The
Scheme 6: Synthesis of aminophosphine oxid&s,&)-32 by betaineB arising from the formal nucleophilic addition ofiet
benzyne insertion into the phosphinic amide bond. nitrogen ofA to benzyne is found at an IRC of 11.5%. Cyclizaticr.

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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Ring-closing Pseudorotation Ring-opening
THE Ar= 2-chlorophenyl
THF/,L THE pheny
‘J(F‘), THF., \ THTFH": THF THE THE THE
\/Ph THF, | THF, | THF, THE, |
Ar Li i L"\ i 'Li\ THF, |
¢ /ph e} e o H op : [P0 . LiOPh
§ Y N RyPh L PR A Al —N,  P-Ar
A - - Car | YN - YN’P\Ar _. N- P Ar " PAr SNy
= f O @ @ “ O
@ @ O TBP SP TBP
I TS1 B C TS2 E

(kcal/mol)

333K
solv

AG

Reaction pathway
Figure 1 Computed pathway for the reaction betwdklithiated phosphinic amida and benzynd .

through nucleophilic attack of the carbanionBrto the positively stabilized by the bond formed between the nitroged lithium
charged phosphorus atom leads to strucu¢RC of 48.9%). The atoms (distance of 2.007 A) that generates a siximeeed
geometry of the phosphorus atom @ can be described as ametallacycle Li-N-C1-C2-P-O1. The alternating bondtalices in
distorted TBP (TP = 0.7) with the apical positiorxupied by an the carbocycle bearing the nitrogen and phosphsubstituents
oxygen atom and the carbon atom C2 belonging tob#mezyne indicate that specied is best described as a dearomatic=1
moiety (angle O1-P-C2 of 163.3°). P-N bond breakmthis adduct phosphorus ylide stabilized by conjugation through 1,3-
requires that the nitrogen atom departs from anahiosition. The cyclohexadiene system and a C=N double bond. Théng is in
isomerization ofC into E is achieved through a Berry pseudorotatioagreement with the structure of the intermediaeniified in the
using the unsubstituted P-phenyl ring as the pligand® The insertion of benzyne into the P=N bond of phosphas&®
structureD generated halfway this process of SP geometrhat tmportantly, the computational study predicts thle insertion
phosphorus center (TP = 0) is identified at an IRC28%. The V- reaction into $,%)-A is stereospecific, which is in agreement wi..
shaped pattern of the topology paranféteonnectingC and E the experimental result, and takes place with tienof the
supports the participation of a Berry pseudorotatio theC S E  configuration at the phosphorus atdin.
interconversion (Fig S19). Finally, as an illustrative application of P-stegeaic phosphinic
[2+2] Cycloreversion oE involves P-N/C=C bond breaking andamides in coordination chemistry, we explored thmpglexation of
C=N/C=P bond formation. The transformation procedu®ugh mixed bidentate ligan@6 with zinc dichloride. Zinc complexes o
transition stateTS2 almost without energy barrfér (AG* = 0.8 phosphinic amides have received little attentiorlitérature search
kcal/mol) to give the highly stable lithiated specbf aryne insertion provided only one X-ray structure of this family a@dmplexes, that
(Re,S)-F (4G = -57.9 kcal/mol). This species is additionallf the polymeric chain generated in the reactiomNg#-methyl-2-
pyrimidinyl)-P,P-diphenyl-phosphinic amide with Zngt In this

This journal is © The Royal Society of Chemistry 2013 Dalton Trans., 2013, 00, 1-3 | 6
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complex the ligand acts as a O,N bridging ligandughthe oxygen geometry at Sn is midway between a trigonal bipydaend a
atom of the phosphinic amide group and the lesdenid nitrogen tetrahedron as deduced from the deviation of 0486474 A of the
atom of the pyrimidine heterocycle. We have regergported the Sn atom from the plane defined by the atoms C2, G&D @21
synthesis and structural characterization of corgde of o- (limiting value of 0.71 for an ideal tetrahedromdathe difference
chalcogenophosphorylphosphinic amides (chalcogen@xygen, between the sum of the equatoiisk, and axia>8,, anglesAZ6 =
sulphur, selenium) with Zngl33 (Scheme 7§° The reaction of 5@,,—6,, = 35.29/37.9° (limiting values are 0° for a tetdfon and
ligand 26 with ZnCl, in a mixture of acetonitrile:dichloromethanegge for a trigonal bipyramidf The Sn-O coordination is supporteu
(1:1) at room temperature lead to the quantitafiwemation of by the Sn1-O1 distance of 2.717(4) A/2.713(4) A, tah shorter
complex34 (Scheme 7). Single crystals 84 were obtained through than the sum of the van der Waals radii (3.69 Ay similar to the
slow diffusion of EfO into a dichloromethane:acetonitrile (1:1)5n-O distance found inortho-triphenylstannylphosphonatés
solution of the compound (see next section). Mdecweight (2.803(3)-2.793(2) A). In agreement with this Sre@ntact, the Sn-
determination of the complex using soft high reSotu mass Me bond distance for the pseudo-axial methyl grO20 (2.167(6)
spectrometry techniques failed (ESI-TOF, voltagethe range 5V - A/ 2.196(8) A) is slightly longer than those of thgeudo-equatorial
25 V). In all cases, only the quasimolecular iomresponding to the Sn-Me bonds (limiting values of 2.118(7) and 2.59%) and the
free ligand was detected. This feature suggeststtiealigand in P1-O1 bond (1.492(4) A/1.496(4) A) is slightly efmed with
complex34is weakly bound to the metal center. respect to uncoordinatedN-alkyl)-P,P-diphenylphosphinic amide:
(average 1.485 A¥ However, this interaction seems to be v~=-

[ Py weak given that the P=0 bond distance matcheft&)-7a3°*°

N/ PR _Cl 33a,X=0 Compound 20 crystallizes in the orthorhombic space group
=0 N ggg;‘z; P2,2:2;, having four molecules in the asymmetric unit. ™=~
N/iprz ¢ ’ CTl molecular structure is depicted in Fig. 2c. Streaitparameters for
,©0=2Zn—Cl compound20 are given in Tables S2 and S3 (ESI). Intermolecu er
P'“zpf'oo PP | N-H---O hydrogen bonding (HD1 = 2.235, <O1-HIN1 = 162°
& Wpi/ /E"e o, £ ’/&Wé/\ /E"e and N1-0O1' = 2.976(5),i=x-1/2, -y+5/2, -z+2) generates a threr
N Nay T100% N Nay dimensional network of parallel chains running glahe a axis

Interestingly, the iodine atom and the P=O group iarthe same

(Sp.Sc)-26 (Sp.Sc)-34 plane (torsion angle O1-P1-C1-C2 of 176.5(3)°) wite former

directed to the phosphorus atom. The I1---P1 distah3.607(1) A

Scheme 7 Synthesis of phosphinic amide-phosphine oxide zimg notably shorter than the sum of the respectare der Waals radii

complex &,&)-34. (3.78 A). However, there appears to be no |---Rdimation. The
phosphorus atom shows the expected tetrahedral ejporwith
Molecular structure of compounds 19, 19’, 20 and 34 min/max bond angles of 105.0(2)°/113.2(2)° and aOR1bond

Compound19 crystallizes in the orthorhombic space grd®f2,2, distance of 1.467(3) A that is the shortest regbrfer N-
containing four discrete monomeric molecules in uhé cell. The alkyldiphenylphosphinic amide.Only three molecular structures
isomer 19’ crystallizes in the tetragonal £42 space group with a containing ortho P=0 and iodine groups related@have been
unit cell consisting of 8 molecules. The crystalistures ofl9 and reported. These are phosphine oxides in which thggen and
19’ are shown in Figs. 2a and 2b, and selected datsuanenarized jodine atoms are oriented eithgmn (torsion angle O-P-C-C of -
in Tables S2 and S3 (see electronic supplemente#orniation, 14.40°f' or gauche (torsion angles O-P-C-C of -46.09° anu
ESI). In the following, structural data for thesempounds are 61.55°% The unprecedenteanti arrangement of the oxygen and
reported in the form 919’ due to their similarity. The P=0 group isiodine atoms 020 may arise from the combined effect produced -
directed toward the tin atom showing an almostdinarangement the intermolecular hydrogen bonding and the intlemdar
of the atoms O1, Snl and C19 (angle of 174.7(%°2(2)°). This Coulombic interaction between both heteroatoms.

linearity indicates the existence of a weak Sn-@raction. The

0) /«

Figure 2 Crystal structures of (aB,S)-19, (b) Re.X)-19' and (c) £,%)-20. Hydrogen atoms have been omitted for clarity.
Color codes: grey:carbon; orange: phosphorus; bitreigen; red: oxygen; green: tin and purple: iedin

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7
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Complex34is a monomer which crystallise in the orthorhombic We have developed a new method for the efficientt®sis of
space groupR2,2,2;). The molecular structure is presented in Fignantiopure P-stereogenic diarylphosphinic amidesisting of the
3. Selected crystal data and bond lengths and sragke given in directed ortho lithiation of §)-N-(3,3-dimethylbutan-2-yl,P-
Tables S2 and S3, respectively (ESI). The structuré bonding diphenylphosphinic amide by treatment with 2.2 eaiit-BuLi at -
parameters in comple34 are very similar to those of the analogoug8 °C and subsequent trapping of the ortho ani¢im avlarge variety
complex33a® As expected, compourib acts as an O,0-chelate toof electrophiles. Major advantages associated thithmethodology
bind to the zinc atom of ZngIThis coordination mode gives rise tanclude the excellent stereocontrol of the depratom step
a seven-membered metallacycle that exist in a +voat affording diastereomeric ratios up to 98:2, the sileitity of
conformation. The zinc atom is at the center of iatoded introducing wide structural diversity via carborman and carbor.
tetrahedron delimited by the two oxygen atoms #&edtwvo chlorine heteroatom bond forming reactions (C-N, C-O, C&Bn, C-P, C
atoms of the molecule. halogen with halogen = CI, Br and 1), the easy abditg of both

enantiomeric forms of the starting material, and thild reaction
conditions employed. The stereochemical coursé®fréaction has
1—‘\‘ been ascertained through the X-ray structures dh bwtho-
‘)\‘ trimethyltin diastereosiomers and the magotho-iodo isomer. The
r/"'} chiral auxiliary can be recovered through acid Igatad
)\‘ methanolysis of the P-N bond. The resulting meghdsphinate is
the known entry to P-stereogenic phosphine oxighesphosphines
through well established procedures. Furthermoeehave achievec
?\ for the first time the benzyne insertion into theNFbond of a P-
/\ stereogenic phosphinic amide. The reaction provideto-
aminophosphine oxides with retention of the configion at the

Figure 3 Crystal structure of the compl@4. Hydrogen atoms have Phosphorus center as shown by computational studigditional
been omitted for clarity. Color codes: grey:carboorange: derivatisation can be envisaged through functiongdoup
phosphorus; b|ue: nitrogen; red: oxygen; Cyanon md green: tranSfOI’mationS il’lVOlVing the OrthO SubStituentbeTabi“ty Of the
chlorine. new P-stereogenic compounds to act as ligandspisosted by the
synthesis and x-ray structural characterizatiothefcomplex arising

Major differences between the structures of congsedd and34 from the reaction of the orto- phosphinic amideggtone oxide
proceed from the geometry of the metallacycle imvig the metal derivative with zinc dichloride.
center. The bond angle Cl1-Zn1-CI2 increases from8R(8)° in33
to 120.75(3)° irB4 , whereas the metallacycle of the latter compldzxperimental
is less twisted (cf torsion angles O1-Zn1-O2-P2Db#7° and 3.77°
in 33 and 34, respectively). As for the tin complexd$/19’, no Materials and methods
hydrogen bonding is observed for the N-H bon84fThe geometry ) _ _ ) )
of the benzometallacycle fragment presen8dncan be considered All réactions and manipulations were carried ouirdry N
as a distorted half-boat having the metal at thexapf the boat gas atmosphere using standard Sch!enk pr_ocedqu_é.vﬂ'as
. . distilled from sodium/benzophenone immediately ptio use.
substructure connected with the plane defined by Benzo commercial reagents were distilled prior to theseuexcept
condensed ring and the two phosphorus atoms. $nathangement, aikyllithiums, quiral amines and 2-(trimethylsilpheny!
the approach to the zinc atom through tite-S face would be trifluoromethanesulfonate. In the reaction with ewllar
favored. Access to the metal ion through fne-R face would be oxygen an Qfilled balloon was used. TLC was performed ui
hindered by the two pseudo-axial P-phenyl substtgiecCompound Merck plates with aluminum backing and silica gél Eyss
34is the first example of an enantiomerically pureezomplex of a Purifications were carried out by column chroma#pgny using
mixed phosphinic amide-phosphine oxide ligand. silica gel 60 (40-63um) from Scharlau and different mixture_
of ethyl acetate:hexanes as eluent.
NMR spectra were measured in a Bruker Avance 3[0 (
Conclusions 300.13 MHz;**C, 75.47 MHz;*'P, 121.49 MHz) and a Brukc.
Avance 500 spectrometer equipped with a third fagipuency
channel {H, 500.13 MHz::*C, 125.76 MHz3'P, 202.45 MHz)

-

This journal is © The Royal Society of Chemistry 2013 Dalton Trans., 2013, 00, 1-3 | 8
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using a 5 mm QNPH/®C/°F/*P probe and a direct 5 mm

TBO 'H/'P/BB triple probe, respectively. The  spectrg)-N-(1-(naphthalen-1-yl)ethyl)P,P-diphenylphosphinic amide,
references used were internal tetramethylsilanéHoand™*C, 7¢ Yield after chromatography (50% AcOEt:Hexane€)%7 White
external 85% HPO, for *P. Diastereoselectivities weresolid. Mp: 165-166 °C.of|p® +60.6 (c 0.9, CKCl). *H NMR

determined by integration of'P NMR spectra of the crude(cpCly) 51.72 (d, 3H3J 6.7 Hz, H2'), 3.49 (dd, 1HJyy 9.1 Hz,
reactions. QuantitativP NMR measurements were performeeh,, 5.7 Hz, H1), 5.26 (tc, 1HJpn =3Iy 9.1,%34y 6.7 Hz, H2), 7.26

by using the inverse-gated pulse sequence, anaéircitpulse
of 15° and a repetition delay of 2s. Standard Bridaftware
was used for acquisition and processing routinestaded
spectra were recorded in a Bruker Alpha FTIR eqeipmHigh
resolution mass spectra were recorded on Agilenhi@ogies
LC/MSD TOF and HP 1100 MSD equipment with electragp
ionization. Melting points were recorder on a Bud@w540
capillary melting point apparatus and are uncoeect

X-ray crystallography

Single crystal X-ray diffraction data for compount®and20
were collected on a Bruker AXS Smart Apex diffrantier
using graphite monochromatic MoKradiation § = 0.71069
A) at 100(2) K and 293(2) K, respectively. Dataledtion and
cell refinement were performed with Bruker

program?® For compound. 9’ and 34, the crystallographic data

were collected on a Bruker D8 Venture diffractometie100 K,

using Cuka radiation j = 1.54178 A). Data collection and cel

refinement were performed with Bruker Instrumentvie
v4.2.2 and APEXZ? respectively. Data reduction fds, 19,
20 and34 were carried out using SAIN*f.Empirical multiscan
absorption correction using equivalent reflectiongas
performed with the SADABS prograffi. The structure
solutions and full-matrix least-squares refinemdretsed oriF2

were performed with the SHELXS-97 and SHELXL-9

program package€. All atoms except hydrogen were refine
anisotropically. Hydrogen atoms were treated byigture of

independent and constrained refinement. The strestwere
drawn by ORTEP-8 and Mercury progranfS. The thermal
ellipsoids are shown in Fig. S23-S26 (ESI).

Computational Methods

The geometries of all compounds were optimized with

(m, 2H, H15), 7.37 (m, 1H, H16), 7.43 (M, 1H, HB)44 (m, 2H,
H157), 7.47 (m, 1H, H7), 7.49 (m, 1H, H16"), 7.50, (1H, H11).
7.66 (m, 1H, H12), 7.77 (m, 1H, H10), 7.78 (m, 2,4), 7.84 (m,
1H, H8), 7.89 (m, 1H, H5), 7.94 (m, 2H, H14") ppHC NMR
(CDCL) 826.1 (d.3Jpc 2.5 Hz, C27), 47.1 (fJpc 0.6 Hz, C2), 122.5
(s, C12), 123.0 (s, C5), 125.4 (s, C11), 125.6 (s, €78.0 (s, C6),
127.8 (s, C10), 128.3 (dJpc 12.7 Hz, C15), 128.4 (dJpc 12.4 Hz,
C15), 128.7 (s, C8), 130.1 (s, C4), 131.7 {thc 2.8 Hz, C16),
131.8 (d,*Jpc 2.8 Hz, C16"), 131.9 (dJpc 9.3 Hz, C14), 132.1 (d,
Jpc 130.0 Hz, C13), 132.2 (dJpc 9.8 Hz, C14°), 133.3 (dJpc
127.5 Hz, C13°), 133.8 (s, C9), 141.1 G 7.0 Hz, C3) ppm*P
NMR (CDCl) 3 23.7 (s) ppm. IR (ATRp cm?): 3175 (bs, NH),
1183 (s, P=0). HRMS (ESI) calcd fopE,3PNO: 372.1517 (MH)
found: 372.1515.

SMART

(9)-N-(3,3-dimethylbutan-2-yl)-P,P-diphenylphosphinic  amide,
7d: Yield after chromatography (50% AcOEt:Hexane$67 White

golid. Mp: 143-144 °C.ofp?° +121.4 (c 0.9, CkCly). *H NMR

(CDCl5) 5 0.90 (s, 9H, H4), 1.21 (d, 3Ry 6.7 Hz, H2"), 2.68 (dd,

1H, 33, 11.1 Hz, 205 5.2 Hz, H1), 2.90 (ddc, 1K)y 11.1,3%py =

8.7,%0uy 6.7 Hz, H2), 7.45 (m, 6H, H7-H8), 7.92 (m, 4H, HHm.

13C NMR (CDCE) 519.2 (d,23pc 1.9 Hz, C2°), 26.4 (s, C4), 34.8 (.

8Jpc 7.2 Hz, C3), 56.0 (fJpc 2.7 Hz, C2), 128.2 (FJpc 12.6 Hz,

C7), 128.4 (d3Jpc 12.4 Hz. C7°), 131.6 (dJpc 2.8 Hz, C8), 131.7
, 4pc 2.7 Hz, C8), 132.0 (fJpc 9.4 Hz, C6), 132.3 (FJpc 9.0

d
j—iz, C6"), 132.6 (dJpc 130.2 Hz, C5), 133.6 (dJpc 127.9 Hz, C5')

ppm.3P NMR (CDC}) 5 22.5 (s) ppm. IR (ATRy cmi?): 3298 (bs,
NH), 1185 (s, P=0), 1106 (s). HRMS (ESI) calcd fagHGsPNO:
302.1674 (MH), found: 302.1671.

Optimized conditions for the diastereoselective syhesis of P-
quiral phosphinic amides.To a solution of phosphinic amide(1
g, 3.32 mmol) in 10 mL of THF, a solution t@ft-BuLi (4.3 mL of a
1.7 M solution in pentane, 2.2 mmol) was added Z& °C

meta-hybrid density functional M06-2%and a 6-31G(d) basis (acetone/Cg). After one hour of metallation, the correspondiry

set in gas phase. Single point energy calculatiorese
performed with the MO06-2X functional and a 6-311d()
basis. The SMFB} solvation model was used in M06-2X sing|
point energy calculations. THF was used as solvéit.
stationary points were characterized as minimuntramsition
states and checked by vibrational analysis. Therteg free
energies and enthalpies include zero-point eneagidsthermal
corrections calculated at 298K. All calculationsrevperformed

electrophile (1.2 mmol) was added. The reaction waiswved to
reach room temperature gradually stirring for 18itohal minutes.

e‘l’hen, the reaction was poured out into water, eteéthwith ethyi

acetate (3x15 mL), washed with ammonium chloridat.(2x15
mL), dried over anhydrous sodium sulfate and comated in
vacuo. Purification through column chromatograpt v
(AcOEt:hexanes) afforded reaction products. Purastdieomers
were obtained by recrystallization using ethyl at®=hexane as

with Gaussian 08 The 3D structures of molecules wer&olvent except fol4a wheretert-butyl methyl ether was used. Se -

generated using CYLView (http://www.cylview.org).

General procedure for the preparation of phosphinicamides 5
and 7.To a cooled at -78 °C solution of 1.1 equivalenthifal
amine and 2.5 equivalents of;Htin THF, 1.0 equivalents of
diphenylphosphine chloride was added slowly. Thactien was
allowed to reach room temperature and stirred fdr. Zhen, 0.3
mL/mmol of a 33% aqueous solution of hydrogen piel®xwas
added at 0 °C. After 15 min, the reaction mixtures ypaured into
water and extracted with methylene chloride (3x5mill)e organic
layers were washed with a saturated ammonium ddosblution

ESI for the numbering scheme used.

(S or R)-N-((S)-1-(naphthalen-1-yl)ethyl)P-phenyl-P-(2-
(trimethylstannyl)phenyl)phosphinic amide, 18 or 18: Yield after
chromatography (50% AcOEt:Hexanes): 40%. White dsoMp:
165-166 °C. ¢]p° +85.2 (c 0.6, CkCl,). *H NMR (CDCh) 50.42
(d, 9H, 3Jsn 55.6 Hz, H14Y), 1.73 (d, 3HJyy 6.7 Hz, H2"), 3.38
(dd, 1H,3%34y, 8.9, %y 5.5 Hz, H1), 5.16 (tc, 1HIpy = 3Jus 8.9,
3y 6.7 Hz, H2), 7.13 (tdd, 1HJy 7.5, %Jpy 3.6, “Jyy 1.3 Hz,
H17), 7.37 (m, 1H, H16), 7.46 (m, 2H, H21), 7.5 ("
H6+H7+H11+H22), 7.63 (m, 1H, H12), 7.65 (m, 1H, M1B78 (m,

(2x5 mL), dried over NiSO,, filtered and the solvent was removedH. H15), 7.79 (m, 1H, H10), 7.81 (m, 1H, H5), 7{86, 1H, H8)

in a rotavapor. Purification was carried out bgfflachromatography.
See ESI for the numbering scheme used.

This journal is © The Royal Society of Chemistry 2012

7.96 (m, 2H, H20) ppnt*C NMR (CDCE) 5 -4.8 (dd,*Jpc 0.9, snc
380.1 Hz, C14°), 26.1 (dJpc 2.5 Hz, C2°), 47.3 (s, C2), 122.6 (s,
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C12), 122.9 (s, C5), 125.5 (s, C11), 125.6 (s, CZR.1 (S, C6), 3Jpc 9.9 Hz, C7) ppm°P NMR (CDC}) & 26.6 ppm. IR (ATRD
127.8 (s, C10), 127.8 (AJpc 12.7 Hz, C17), 128.6 (dJpc 12.3 Hz, cmil): 3402 (bs, NH), 1193 (s, P=0). HRMS (ESI) calcd fo
C21), 128.9 (s, C8), 130.1 (s, C4), 130.7¢ 3.3 Hz, C16), 131.9 C;gH,,PNOI: 428.0640 (MH), found: 428.0629.

(d, “Jpc 2.9 Hz, C22), 131.9 (dJpc 9.5 Hz, C20), 132.4 (dJpc 13.4

Hz, C18), 133.6 (dJpc 125.6 Hz, C19), 133.9 (s, C9), 136.4%@c  (S)-P-(2-bromophenyl)-N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-
134.2 Hz, C13), 137.0 (dJpc 17.7 Hz, C15), 141.1 (8Jpc 7.3 Hz, phosphinic amide, 21 Yield after chromatography (50,
C3), 151.3 (d?Jpc 18.7 Hz, C14) ppni'P NMR (CDC}) 8 25.3 (d, AcOEt:Hexanes): 72%. White solid. Mp: 139-140 °@of° +121.1
3Jshp = 19.3 Hz) ppm. IR (ATRy cm?): 3228 (bs, NH), 1174 (bs, (c 0.6, CHCl,). *H NMR (CDC}L) 50.83 (s, 9H, H4), 1.32 (d, 3H,
P=0). HRMS (ESI) calcd for £H,NOPSN: 520.0858 (M-M&) %3y 6.6 Hz, H2"), 3.16 (dd, 1HJpy 14.4,%3, 10.1 Hz, H1), 3.40

found: 520.0856. (tc, 1H,3Jpy = 34y 10.1,%3, 6.6 Hz, H2), 7.39 (tdd, 1HJy, 7.9,
1.9, %oy 1.4 Hz, H8), 7.43 (m, 2H, H13), 7.50 (m, 1H, H¢1,
(9)-N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-P-(2-(trimethyl- 7.52 (m, 1H, H14), 7.60 (ddd, 1Ry 7.9, %Jpy 4.2, 4y 1.2 Hz,

stannyl)phenyl)phosphinic amide, 19ield after chromatography H7), 7.69 (m, 2H, H12), 8.30 (ddd, 1Ry 12.3,234y 7.6, %34y 1.9
(20% AcOEt:Hexanes): 80%. White solid. Mp: 123-PB1 [o]p*° Hz, H10) ppm.**C NMR (CDCk) 5 19.6 (d,%Jpc 2.9 Hz, C2), 26.3
+234.3 (c 1.2, CkCl,). *H NMR (CDCL) 50.36 (d, 9H,Js 55.6 (3C, s, C4), 34.6 (Jpc 4.1 Hz, C3), 55.1 (BJpc 1.7 Hz, C2),
Hz, H6'), 0.91 (s, 9H, H4), 1.25 (d, 38,y 6.5 Hz, H2), 2.67 (dd, 124.7 (d2Jpc 5.9 Hz, C6), 127.3 (dJpc 10.7 Hz, C9), 128.3 (dJpc
1H, 33y 11.2,20py 3.0 Hz, H1), 2.82 (ddc, 1HJ, 11.4,%)54 8.1, 13.3 Hz, C13), 131.1 (dJpc 10.9 Hz, C12), 131.7 (dJpc 2.9 Hz,
334u 6.6 Hz, H2), 7.39 (tdd, 1HJuy 7.4,%Jpn 3.6,%34y 1.4 Hz, H9), C14), 132.9 (d*Jpc 2.4 Hz, C8), 133.7 (1dJpc 8.4 Hz, C7), 134.3
7.46 (m, 1H, H8), 7.47 (m, 3H, m, H13+H14), 7.80, (b, H7), (1d,%Jpc124.9 Hz, C11), 134.4 (4)pc 130.7 Hz, C5), 136.0 (dJpc
7.90 (m, 1H, H10), 7.95 (m, 2H, H12) ppMC NMR (CDCk) 8- 7.0 Hz, C10) ppntP NMR (CDC}) & 24.9 ppm. IR (ATRp cm?):
4.7 (dd,*Jpc 0.9, Wsnc 381.5 Hz, C67), 19.3 (FJpc 1.2 Hz, C27), 3229 (bs, NH), 1184 (s, P=0). HRMS (ESI) calcd fesH3,PNOBr:
26.5 (s, C4), 34.9 (FJpc 8.4 Hz, C3), 56.0 (PJpc 2.9 Hz, C2), 380.0779 (MHJ, found: 380.0779.
127.8 (d,3Jpc 12.5 Hz, C9), 128.5 (dJpc 12.2 Hz, C13), 130.5 (d,
“Jpc 3.4 Hz, C8), 131.7 (d'Jpc 2.7 Hz, C14), 131.8 (dJpc 9.0 Hz, (S)-P-(2-chlorophenyl)N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-
C12), 132.7 (dJpc 13.1 Hz, C10), 134.1 (dJpc 125.8 Hz, C11), phosphinic amide, 22: Yield after chromatography (50¥
136.5 (d,"Jpc 136.5 Hz, C5), 136.9 (dJpc 17.5 Hz, C7), 151.7 (d, AcOEt:Hexanes): 95%. White solid. Mp: 142-143 °@pf° +121.1
2Joc 18.6 Hz, C6) ppnTP NMR (CDCL) & 24.4 (d,%Jsp17.5 Hz) (c 0.9, CHCL,). *H NMR (CDCL) 30.81 (s, 9H, H4), 1.28 (d, 3H,
ppm. IR (ATR,U cni'): 3339 (w, NH), 1180 (s, P=0). HRMS (ESI)*Ju 6.6 Hz, H2), 3.05 (dd, 1HJpy 13.4 Hz,*Jyy 10.4 Hz, H1),
calcd for GH3,PNOSNnNa: 488.1145 (M+Ng)found: 488.1155.  3.34 (ddc, 1H3Jy 10.4,%)p 9.7, %)y 6.6 Hz, H2), 7.43 (m, 6H,
H8+H9+H10+H13+H14), 7.72 (m, 2H, H12), 8.23 (m, 1H7)
(R)-N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-P-(2-(trimethyl- ppm. 3C NMR (CDCL) §19.4 (d,%Jpc 2.4 Hz, C27), 26.3 (s, C4)
stannyl)phenyl)phosphinic ~ amide,  19": Yield after 34.5 (d,%Jpc 4.2 Hz, C3), 55.0 (PJpc 1.8 Hz, C2), 126.7 (FJpc
chromatography (20% AcOEt:Hexanes): 4%. White saiig: 111- 10.8 Hz, C9), 128.2 (FfJpc 13.4 Hz, C13), 130.2 (dJpc 7.8 Hz,
112 °C. f]p?° -58.3 (c 0.6, ChCl,). *H NMR & (CDCL) 0.33 (d, C7), 131.0 (d2Jpc 11.0 Hz, C12), 131.6 (Jpc 2.9 Hz, C14), 132.3
9H, 2Jsny 55.8 Hz, H6"), 0.92 (s, 9H, H4), 1.16 (d, 38, 6.6 Hz, (d, “Jpc 124.4 Hz, C11), 132.8 (dJpc 2.3 Hz, C8), 134.4 (d\Jpc
H2"), 2.66 (dd, 1H3J,y 11.1 Hz,2Jpy 6.1 Hz, H1), 2.88 (ddéJyy 131.6 Hz, C5), 135.3 (dJpc 4.7 Hz, C6), 135.4 (FJpc 6.9 Hz,
11.1, 3py 9.1, 1H, 3y 6.6 Hz, H2), 7.47 (m, 5H, C10) ppm3P NMR (CDCL) & 23.5 ppm. IR (ATRp cm?): 3231
H8+H9+H13+H14), 7.80 (m, 1H, H7), 7.97 (m, 3H, HHI®) (bs, NH), 1186 (s, P=0). HRMS (ESI) calcd forgd,,PNOCI:
ppm. *C NMR & (CDCl) -4.8 (dd,*Jpc 0.9, *Js, ¢ 380.5 Hz, C67), 336.1284 (MH]J, found: 336.1276.
19.1 (d,%Jpc 2.5 Hz, C2°), 26.6 (s, C4), 34.8 (tpc 6.2 Hz, C3),
56.0 (d,2Jpc 2.7 Hz, C2), 127.8 (FJpc 11.9 Hz, C9), 128.4 (dJoc  (S)-N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-P-(2-(trimethyl-
11.9 Hz, C13), 130.6 (fJpc 3.6 Hz, C8), 131.6 (d'Jpc 2.7 Hz, silyl)phenyl)phosphinic amide, 23:Yield after chromatography
C14), 132.1 (d2Jpc 12.8 Hz, C10), 132.3 (dJpc 9.6 Hz, C12), (20% AcOEt:Hexanes): 54%. Colorless oi]{* +238.3 (c 0.,
133.2 (d,Ypc 127.4 Hz, C11), 137.1 (Jpc 17.3 Hz, C7), 138.1 (d, CH,Cl,). *H NMR (CDCk) 50.45 (s, 9H, H6), 0.90 (s, 9H, Ha,
Lpc 133.5 Hz, C5), 151.2 (dJpc 18.4 Hz, C6) ppm>'P NMR &  1.25 (d, 3H ).y 6.6 Hz, H2"), 2.59 (dd, 1H ) 10.6 Hz,%Jpy 4.5
(CDCly): 24.3 (d,%Jsnp 18.8 Hz) ppm. IR (ATRp cm?): 3382 (d, Hz, H1), 2.88 (ddc, 1HJu 10.6,°Jpn 8.3, *Jyn 6.6 Hz, H2), 7.41
NH), 1193 (bs, P=0O. HRMS (ESI) calcd foryH,)NOPSn: (M, 4H, H9+H13+H14), 7.45 (m, 1H, H8), 7.78 (m, 1Hf), 7.90

450.1012 (M-Me}, found: 450.1012. (m, 2H, H12), 7.92 (m, 1H, H10) ppr’C NMR (CDCk) 52.1 (s,
C6°), 19.0 (d3Jpc 1.7 Hz, C27), 26.5 (s, C4), 34.8 @pc 7.2 Hz,
(S)-N-((S)-3,3-dimethylbutan-2-yl)-P-(2-iodophenyl)-P-phenyl- C3), 56.2 (d2Jpc 2.8 Hz, C2), 128.0 (dJpc 12.6 Hz, C9), 128.3 (d

phosphinic amide, 20 Yield after chromatography (50% >Jpc 12.2 Hz, C13), 130.4 (dJpc 3.1 Hz, C14), 131.3 (d\Jpc 2.8
AcOEt:Hexanes): 80%. White solid. Mp: 121-122 °@of° +148.1 Hz, C8), 131.8 (d°Jpc 9.0 Hz, C12), 133.7 (dJpc 12.3 Hz, C10),
(c 0.9, CHCL,). 'H NMR (CDCk) 50.80 (s, 9H, H4), 1.30 (d, 3H, 135.1 (d,"pc 123.4 Hz, C11), 136.1 (d)pc 16.3 Hz, C7), 137.3 (d.
9 = 6.6 Hz, H2'), 3.24 (dd, 1HJpy = 14.3 Hz,%Jyy 10.3 Hz, “Jec 133.7 Hz, C5), 147.1 (fJpc 18.0 Hz, C6) ppm*'P NMR
H1), 3.41 (ddc, 1H3Jpy 19.7 Hz,%Jy 10.1Hz,%) 6.6 Hz, H2), (CDCl) & 25.1 ppm. IR (ATR,u cmi'): 3065 (d, NH), 1110 (
7.17 (tdd, 1H.334y 7.8, %Jpy 1.2, ¥y 1.7 Hz, H8), 7.42 (m, 2H, P=0). HRMS (ESI) calcd for £H3PNOSi: 374.2069 (MH)
H13), 7.51 (m, 2H, H14+H9), 7.66 (m, 2H, H12), 7.@Hd, 1H, found: 374.2068.

33 7.8,%Jpy 3.9, %34y 0.7 Hz, H7), 8.31 (ddd, 1HJpy 12.1,30,

7.6,%J4n 1.7 Hz, H10) ppm**C NMR (CDCE) 519.6 (d,%Jpc 3.0  (S)-P-(2-azidophenyl)N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-
Hz, C27), 26.4 (s, C4), 34.7 (Hlpc 4.1 Hz, C3), 55.3 (d\Jpc 1.8 Hz, phosphinic amide, 24: Yield after chromatography (50%
C2), 98.8 (d2Jpc 7.8 Hz, C6), 127.8 (dJpc 10.8 Hz, C9), 128.4 (d, AcOEt:Hexanes): 89%. Brown oila]5* -45.1 (¢ 0.5, ChCl,). *H
3Jpc 13.2 Hz, C13), 131.5 (dJpc 10.8 Hz, C12), 131.8 (dJpc 3.0 NMR (CDCk) 50.88 (s, 9H, H4), 1.21 (m, 3H, H2"), 3.22 (m, 2",
Hz, C14), 132.6 (d'Jpc 2.4 Hz, C8), 133.6 (dJpc 129.3 Hz, C11), H1+H2), 7.20 (ddd, 1H3Jy 8.1,%%py 5.1, Iy 1.0 Hz, H7), 7.27
136.0 (d,%Jpc 7.8 Hz, C10), 137.2 (dpc 126.7 Hz, C5), 140.9 (d, (tdd, 1H,%)y 7.6 Hz,%Jpy 2.0 Hz,*Jy 1.0 Hz, HY), 7.44 (m, 3H,
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H13+H14), 7.53 (tdd, 1H3Jyy 7.5 Hz, %y 1.6 Hz,*Jpy 1.0 Hz,
H8), 7.79 (m, 2H, H12), 8.07 (ddd, 19y 13.2,3344 7.6,%uy 1.6
Hz, H10) ppmXC NMR (CDCE) 519.2 (d,2Jpc 2.4 Hz, C27), 26.3
(s, C4), 34.6 (d®Jpc 4.8 Hz, C3), 55.1 (FJpc 1.6 Hz, C2), 118.3 (d,
%Jpc 7.9 Hz, C7), 124.9 (PJpc 11.4 Hz, C9), 125.0 (dJpc 121.5
Hz, C5), 128.2 (3Jpc 13.1 Hz, C13), 131.4 (dJpc 10.6 Hz, C12),
131.5 (d,*Jpc 3.0 Hz, C14), 133.0 (dJpc 2.4 Hz, C8), 134.8 (dJpc
6.5 Hz, C10), 135.0 (dJpc 130.0 Hz, C11), 140.5 (dJpc 4.1 Hz,
C6) ppm.2’P NMR (CDC}) 3 23.00 ppm. IR (ATRp cm?): 3246
(bs, NH), 2126 (s, N=N), 2094 (s, N=N), 1189 (s,0y=HRMS
(ESI) calcd for GgH,,PN,O: 343.1688 (MH), found: 343.1684.

(S)-N-((9)-3,3-dimethylbutan-2-yl)-P-(2-hydroxyphenyl)-P-

Dalton Transactions

ppm. 3C NMR (CDCE) 518.8 (d,3Jpc 2.8 Hz, C2°), 26.5 (s, C4),
34.8 (d,%Jpc 5.5 Hz, C3), 38.2 (fJpc 3.8 Hz, C15), 56.0 (dJpc 2.4
Hz, C2), 116.0 (s, C17), 125.6 {pc 12.5 Hz, C9), 128.3 (dJ)pc
12.5 Hz, C13), 131.1 (dJpc 11.6 Hz, C7), 131.2 (dJpc 125.8 Hz,
C5), 131.5 (d*Jpc 2.8 Hz, C14), 131.6 (dJpc 2.7 Hz, C8), 132.2
(d, 2Jpc 9.7 Hz, C12), 133.0 (dJpc 10.6 Hz, C10), 134.2 (dJpc
126.1 Hz, C11), 137.6 (dJpc 0.7 Hz, C16), 144.1 (dJpc 9.8 Hz,
C6) ppm.*’P NMR (CDC}) 5 25.6 ppm. IR (ATRp cm?): 3261
(bs, NH),, 1182 (s, P=0). HRMS (ESI) calcd fopi,PNO:
342.1987 (MHY}, found: 342.1986.

tert-butyl
phosphoryl)benzoate,

2-((9)-(((S)-3,3-dimethylbutan-2-yl)amino)(phenyl)-
28: Yield after chromatography (20%

phenylphosphinic amide, 25:Yield after chromatography (50% AcOEt:Hexanes): 60%. White solid. Mp: 126-127 %gpf° -37.5 (c
AcOEt:Hexanes): 66%. White solid. Mp: 139-141 °g5f° +38.1 0.3, CHCL,). *H NMR (CDCk) 80.77 (s, 9H, H17), 1.24 (s, 9H,
(c 0.5, CHCl,). *H NMR & (CDCk) 0.92 (s, 9H, H4), 1.31 (m, 3H, H4), 1.34 (d, 3H%Jy, 6.7 Hz, H2), 3.53 (tc, 1HJpy = 33,y 10.7,

H2°), 2.94 (m, 2H, H1+H2), 6.83 (dddd, 18, 7.7,y 7.3,“Jpn
2.9,%34y 1.0 Hz, H9), 6.91 (ddd, 1HJ,y 8.4,%Jpy 5.3,%04y 1.2 Hz,
H7), 7.36 (dddd, 1HJy 8.5,33n 7.3,%Juy 1.8,%0p14 1.3, H8), 7.41
(m, 1H, H10), 7.50 (m, 2H, H13), 7.55 (m, 1H, H14)96 (m, 2H,
H12) ppm.B*C NMR & (CDCL) 19.4 (d,3Jpc 1.4 Hz, C2°), 26.4 (s,
C4), 34.8 (d3Jpc 7.8 Hz, C3), 56.6 (FJpc 2.7 Hz, C2), 110.9 (d,
1Jpc 131.6 Hz, C5), 118.0 (dJpc 9.5 Hz, C7), 118.8 (FJpc 12.1
Hz, C9), 128.7 (d®Jpc 12.6 Hz, C13), 131.7 (dJpc 9.6 Hz, C12),
132.3 (d,"Jpc 2.9 Hz, C14), 132.4 (dJpc 130.9 Hz, C11), 132.5 (d,
%Jpc 7.7 Hz, C10), 134.4 (dJpc 2.4 Hz, C8), 164.0 (dJpc 5.4 Hz,
C6) ppm.*'P NMR & (CDCl): 32.2 ppm. IR (ATRp cmi?): 3358
(bs, NH) 1158 (bs, P=0). HRMS (ESI) calcd forgtT,sNO,P:
318.1623 (MH}, found: 318.1626.

(S)-N-((S)-3,3-dimethylbutan-2-yl)-P-(2-(diphenylphosphoryl)-
phenyl)-P-phenylphosphinic amide, 26: Yield after
chromatography (80% AcOEt:Hexanes): 93%. White dsoMp:
189-191 °C. {]5*° -118.8 (c 0.6, CkCl,). *H NMR & (CDCl;) 0.83
(s, 9H, H4), 1.34 (d, 3HJy 6.7 Hz, H2"), 3.51 (tc, 1HJpy =3I
10.7,3%J4y 6.7 Hz, H2), 5.83 (dd, 1HJpy 12.2,J4y 10.7 Hz, H1),
7.00 (m, 5HAr), 7.21 (m, 3HAr), 7.44 (m, 9HAr), 2.Tm, 1H, H8),
8.84 (m, 1H, H7) ppm**C NMR & (CDCL) 19.8 (d,%Jpc 3.2 Hz,
C2'), 26.6 (s, C4), 34.8 (dJpc 4.0 Hz, C3), 54.2 (FJpc 1.8 Hz,
C2), 127.1 (d%Jpc 13.5 Hz, CH), 128.2 (dJpc 12.4 Hz, CH), 128.5
(d, *Jpc 12.3 Hz, CH), 129.6 (ddJpc 12.7,%Jpc 2.6 Hz, CH), 130.4
(d, Wpc 105.8 Hz, C), 130.7 (dJpc 2.9 Hz, CH), 131.0 (FJpc 9.6
Hz, CH), 131.0 (d%Jpc 11.3 Hz, CH), 131.3 (ddJpc 10.3,%3pc 3.1
Hz, CH), 131.3 (d*Jpc 3.0 Hz, CH), 131.6 (ddJpc 100.3,2Jpc 10.8
Hz, C), 131.7 (d%Jpc 9.9 Hz, CH), 132.0 (d'Jpc 2.7 Hz, CH), 133.9
(d, "Jpc 106.0 Hz, C), 134.6 (ddJpc 13.9,%)p¢ 10.5 Hz, CH), 135.2
(dd, 2Jpc 10.8,33pc 6.7 Hz, CH), 136.3 (d-Jpc 130.0 Hz, C), 141.7
(dd, 2Jpc 111.5 Hz,2Jpc 9.5 Hz, C) ppm>'P NMR 3 (CDCl): 26.5
(d, ®Jpp 11.2 Hz, PON), 33.2 (dJpp 11.2 Hz, P=0) ppm. IR (ATR,
v cm?b): 3283 (bs, NH), 1185 (bs, NP=0), 1118 (w, P=ORMS
(ESI) calcd for GgH3,NO,P,: 502.2065 (MHJ, found: 502.2068.

(S)-P-(2-allylphenyl)-N-((S)-3,3-dimethylbutan-2-yl)-P-phenyl-

Jun 6.8 Hz, H2), 4.11 (dd, 1HJpy 12.1,%3y 10.7 Hz, H1), 7.33
(m, 2H, H13), 7.39 (m, 1H, H14), 7.56 (M, 1H, H8)59 (m, 2H,
H12), 7.69 (ddt, 1H3Jy, 7.7 Hz,*Jpy 1.6 Hz,*Jyy 1.6 Hz, H9), 7.83
(ddd, 1H,%3, 7.9 Hz,*Jpy 4.6 Hz,*Jy 1.2 Hz, H7), 8.55 (ddd, 1i.,
%oy 12.6 Hz,%Jyy 7.6 Hz, “Jyy 1.2 Hz, H10) ppmXC NMR
(CDCly) 519.9 (d,2Jpc 3.3 Hz, C27), 26.4 (s, C17), 27.6 (s, C4), 34.6
(d, 3Jpc 3.6 Hz, C3), 54.0 (iJpc 1.6 Hz, C2), 82.0 (s, C16), 12\ ...
(d, 33pc 13.6 Hz, C13), 130.1 (dJpc 9.1 Hz, C7), 130.3 (dJpc 11.3
Hz, C12), 130.6 (d*Jpc 2.0 Hz, C8/C14), 130.7 (dJpc 2.5 Hz,
C14/C8), 131.4 (d%Jpc 10.9 Hz, C9), 134.0 (FJpc 7.2 Hz, C6),
134.3 (d,2Jpc 6.2 Hz, C10), 136.1 (dJpc 113.6 Hz, C5), 136.9 (a,
1Jpc 132.8 Hz, C11), 166.6 (dJpc 3.0 Hz, C15) ppm>P NMR
(CDCL) & 27.6 ppm. IR (ATRu cml): 3403 (bs, NH), 1703 (s,
C=0), 1169 (s, P=0). HRMS (ESI) calcd foss8:;PNO;: 402.2198
(MH)*, found: 402.2195.

(S)-Methyl (2-iodophenyl)(phenyl)phosphinate, 29: Phosphinic
amide20 (70 mg; 0.16 mmol) was dissolved into a solutiéHelI
in methanol (0.64 mL; 1.25 M, 0.8 mmol). The reactivas stirre”’
for 48 h at room temperature. Then, methylene atgofc mL) was
added and the reaction mixture was washed with Na®H (3x5
mL). The organic layer was dried over anhydrous,S@ and
concentratedn vacuo. See ESI for the numbering scheme used
Yield after chromatography (50% AcOEt:Hexanes): 7%86lorless
oil. [a]p?° +3.8 (¢ 0.4, CKLCl,). *H NMR & (CDCL) 3.81 (d, 3H3Jpy
11.3 Hz, H1), 7.22 (tdd, 1Ky 7.6, %y 1.8, %Jpy 1.2 Hz, H8),
7.47 (m, 2H, H13), 7.51 (tdd, 1H)uy 7.6,%Jpn 2.5, *Jyy 1.2 Hz,
H9), 7.57 (m, 1H, H14), 7.82 (m, 2H, H12), 7.99dddH, 3,y 7.6,
4oy 4.1,%344 1.2 HzH7), 8.10 (ddd, 1H3Jpy 12.1 Hz,23yy, 7.6 Hz,
43y 1.2 Hz, H10) ppm**C NMR & (CDCk) 51.6 (d,2Jpc 6.0 Hz,
C1), 98.0 (d2Jpc 8.3 Hz, C6), 127.7 (#Jpc 11.3 Hz, C9), 128.4 (d,
3Jpc 13.7 Hz, C13), 129.9 (dJpc 141.9 Hz, C11), 132.3 (AJpc 4.2
Hz, C14), 132.4 (d®Jpc 10.7 Hz, C12), 133.5 (dJsc 3.0 Hz, C8),
134.5 (d,2Jpc 138.3 Hz, C5), 135.9 (dJpc 8.3 Hz, C10), 141.8 (d
3Jpc 11.3 Hz, C7) ppntP NMR 3 (CDCL): 33.2 ppm. IR (ATRp
cm?): 1225 (bs, P=0), 1033 (bs, C-O). HRMS (ESI) cafod
C1aH1310,P: 358.9698 (MH), found: 358.9699.

phosphinic amide, 27: Yield after chromatography (50%

AcOEt:Hexanes): 70%. White solid. Mp: 128-129 °gf° +108.9 (R)-(2-chlorophenyl)(2-(((S)-3,3-dimethylbutan-2-yl)amino)-

(c 1.1, CHCly). 1H NMR (CDCk) 0.91 (s, 9H, H4), 1.12 (d, 3H, phenyl)(phenyl)phosphine oxide, 32To a cooled mixture at -78 'C
Jun 6.6 Hz, H2), 2.66 (dd, 1Hly 10.2 Hz,Jpy 9.4 Hz, H1), 3.03 of potassium floride (30 mg, 0.6 mmol), 18-crowr{i83 mg, 0.6
(ddc, 1H,%3p 9.2, %34y 10.2,33,4 6.5 Hz, H2), 3.84 (m, 2H, H15), mmol) and22 (40 mg, 0.12 mmol) in THF, a solution WuLi (1.6
4.91 (dc, 1H23yy 17.0,%04y = “Juy 1.6 Hz, H1%am), 4.99 (dc, 1H, M in hexanes, 0.11 mL, 0.144 mmol) was added aedréfaction
334k 10.3,%0n = 904y 1.7 Hz, H1%J), 5.88 (ddt, 1H%),, 17.0,3),, was allowed to reach room temperature. Then,
10.3,%, 6.4 Hz, H16), 7.23 (tdd, 1HJyy 7.6 Hz,%Jpy 2.6 Hz, (trimethylisilyl)phenyl trifluoromethanesulfonate .09 mL, 0.42
“un 1.4 Hz,H9), 7.28 (m, 1H, H7), 7.44 (ttJ.y 7.6 Hz,%Js, =, mmol) was added and the solution was heated toxrefhd stirred
4Jun 1.4 Hz,H8), 7.46 (m, 2H, H13), 7.52 (m, 1H, H14), 7.73ddd for 16 h. After this time, the reaction was cooléd room
1H, “Jpyy 13.5 Hz 23y 7.6 Hz, "3y 1.4 Hz, H10), 7.83 (m, 2H, H12) temperature, poured into water, extracted with yiete dichloride
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(3x5 mL), dried over anhydrous sodium sulfate aodcentratedn
vacuo. See ESI for the numbering scheme us¥ikld after Notes and references
chromatography (50% AcOEt:Hexanes): 48%. Colorldks] @p>°

+22-893(C 0.8, CkCly). TH NMR (CDCL) 60.823(5, 9H, H4), 1.05 = Areq de Quimica Orgéanica, Universidad de Almefarretera de
(d, 3H, %)y 6.6 Hz, H2'), 3.24 (dc, 1HJ 8.8,°Jy 6.6 Hz, H2), Sacramento s/n, 04120 Almeria, Spain.

6.49 (dddd, 1H3J 7.8, *Jun 7.3,%3pn 28,0y 1.0 Hz, H8), 6.72 o o
(dd, 1H13‘JHH 8.4, 4‘JPH 5.4 Hz, H10), 6.85 (m, 1H, H7), 6.87 (d, 1H, Instituto de Ciéncias Exatas, Departamento de Q@aimUniversidade
4Jo14 8.7 Hz, H1), 7.27 (m, 1H, H15), 7.33 (m, 1H, HBYO (m, 1H, Federal Rural do Rio de Janeiro, 23870-000 Serop¢giJ, Brazil.

H16), 7.49 (m, 4H, H13+H14+H19), 7.56 (m, 1H, H20)71 (m, T Electronic Supplementary Information (ESI) avaldga NMR spectra
2H, H18) ppm3C NMR (CDC}) 5 15.2 (d, C2"), 26.3 (s, C4), 34.70f the reported compounds, computed pathway foreaetion between
(d, C3), 56.5 (d, C2), 110.0 (tpc 110.3 Hz, C6), 111.0 (dJpc8.3 benzyne and\-lithiated 22, IRC analysis of the conversion of TS1 ini)
Hz, ClO),3114.O (d’f‘JF’C 13.7 Hz, C8), 126.4 (&JPC 10.7 Hz, C15), intermediateE, Cartesian coordinates of all computed structuaed
1284 (d,"Jpc 12.5 Hz, C19), 181.2 (dilpc 103.1 Hz, C11/C17), p1ep giagrams of9, 19", 20 and34 are available in the ESI. CCDCs

131.3 (d"Jpc 6.6 Hz, C13), 131.9 (dilpc 3.0 Hz, C20), 132,0 (d, 1406955-1406957 and 1409186. For ESI and crystalpigc data in CIF
13pc 107.3 Hz, C17/C11), 132.2 @pc 9.5 Hz, C18), 133.2 (dJpc - an - For ESl and crystafige data in

2.4 Hz, C14), 133.5 (dJPC 11.9 Hz, C7), 133.7 (dJPC]--S Hz, C9), ©°f other electronic format see DOI: 10.1039/b00G®00
135.2 (d,2Jpc 10.1 Hz, C16), 138.4 (dJpc 3.6 Hz, C12), 153.2 (d,
2Joc 4.8 Hz, C5) ppm®P NMR (CDC}) 5 36.1 ppm. IR (ATRp
cm®): 3314 (bs, NH), 1175 (m, P=0), HRMS (ESI) calcd fo
C,4Ho5CINOP: 412.1597 (MH) found: 412.1599.

Procedure for the synthesis of complex 34To a solution of
26 (0.10 mmol, 50 mg) in 5 mL of a mixture
methylenedichloride:acetonitrile (1:1), 0.10 mméKZmCl, (0.1
mL of a 1.0 M solution in diethyl ether) were addad the
reaction was stirred at room temperature overnigtten,
methylenedichloride was added to dissolve the pr&ate
formed completely and the solution was filtered.y<tals
suitable for X-ray analysis were obtained throutgfiwsvapour

diffusion of diethyl ether into a solution contaigithe complex 1 (@) S. E. Denmark and J. FGhem Rev., 2003,103 2763-2793; If)

in methylenedichloride:acetonitrile. See ESI foe thumbering
scheme used.

Yield after recrystallization: 85%. White solid. M@78-280
°C (dec.). §]p>°-2.32 (c 0.6, ChCl,). *H NMR 3 (CDCl;) 0.91

(s, 9H, H4), 1.08 (dd, 3HJ,y 6.7,%J4y 0.8 Hz, H2"), 2.46 (tc,

1H, 3Jpy = 334y 11.0,33yy 6.7 Hz, H2), 3.76 (d, 1HJyy 11.0
Hz, H1), 7.07 (m, 2HAr), 7.15 (m, 2HAr), 7.22 (nHA&r), 7.30
(m, 1H, H7), 7.33 (m, 3HAr), 7.45 (m, 1HAr), 7.50(2HAr),
7.61 (m, 2H, H8), 7.67 (m, 2HAr), 7.88 (tc, 18,y 7.6, “Jun
1.8 Hz, H9), 8.46 (m, 1H, H10) pp*C NMR & (CDClL) 18.9
(d, ®Jpc 7.5 Hz, C2°), 26.5 (s, C4), 34.7 {pc 1.8 Hz, C3),

59.0 (d,%2Jpc 2.7 Hz, C2), 126.6 (dJpc 139.0 Hz, C), 128.3 (d,

3Jpc 13.4 Hz, &), 128.6 (d,2Jpc 13.4 Hz, ¢, 128.7 (d,*Jpc
117.0 Hz, C), 128.9 (FJpc 12.3 Hz, ), 129.0 (d,"Jpc 107.2
Hz, C), 131.0 (d?Jpc 10.9 Hz, €), 131.6 (d2Jpc 9.8 Hz, ©),
132.1 (d,*Jpc 3.1 Hz, ), 132.2 (m, C9/C8) 132.3 (AJpc 3.0
Hz, &), 132.8 (m, C8/C9), 132.9 (8Jpc 9.8 Hz, C), 132.9 (d,

4Jpc 2.8 Hz, ©), 134.4 (dd 1 Jpc 98.6,%0pc 12.4 Hz, C), 136.4
(dd, *Jpc 132.8,23p¢ 8.6 Hz, C), 137.0 (m, C10/C7), 137.1 (m,

C7/C10) ppm3'P NMR & (CDCL): 32.6 (d,%Jpp 7.5 Hz, PON),
42.5 (d,%Jpp 7.5 Hz, P=0) ppm. IR (KBry cm?): 3558 (bs,
NH), 1166 (bs, P=0). HRMS (ESI)
Cs0H3NO,P,ZnCl,:  636,0733 (MHJ, found:
corresponds to [MH]of the ligand26.
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