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Experimental Section

All procedures were carried out under argon. n-Pentane and cyclopentane
were dried over LiAlIH,.

1: nBuLi (11.4 mL of a 1.6 M solution in n-hexane) was added dropwise to a
solution of phenylethyne (1.86 g,2 mL, 18.2 mmol) in n-pentane (15 mL) at
0°C. The suspension was stirred for 2 h at room temperature, cooled to
0°C, and treated with Me,AICl (1.7 mL, 1.68 g, 18.2 mmol) dissolved in #n-
pentane (15 mL). The mixture was stirred for 16 h at room temperature,
filtered, and evaporated. The residue was recrystallized from n-pentane
(20/ —30°C). Yield: 1.64 g (57 %); colorless, extremely air-sensitive crys-
tals. M.p. (sealed capillary): 76— 80°C. '"H NMR (300 MHz, C,Dy): 6 =7.32
(2H, pseudo-d, Ph), 6.89 (1H, pseudo-t, Ph), 6.78 (2H, pseudo-t, Ph), 0.03
(6H, Me); *C NMR (75 MHz, C,D¢): 0 =135.5, 133.8, 131.5, and 128.8
(Ph), 119.9 and 96.8 (C=C), —6.8 (AIC); IR (Nujol): # [cm~']=2089
(vC=0).

2: A mixture of 1 (628 mg, 3.97 mmol) and Me, AIH!" (1.214 g, 20.9 mmol)
was heated for 48 h to 80°C without a solvent. After about 2 h, a solid
started to precipitate from the red solution. All volatile components were
distilled off in vacuo after cooling to room temperature. The residue was
treated with cyclopentane, filtered, and recrystallized at —30°C. The
crystals of 2 included up to 0.9 molecules cyclopentane per formula unit
after thorough evacuation. Yield: 445 mg (0.486 mmol, 61 %), colorless,
slightly air-sensitive crystals. M.p. (sealed capillary): 175°C (decomp.).
'H NMR (300 MHz, CsDy): 6 =7.5-7.0 (m, Ph), 523 (1H, s, AIHALl), 3.52
(2H, s, CH, at Cl14), 3.07 (8H, s, CH,), —0.30 and —0.68 (each 12H, s,
AlMe); 3C NMR (75 MHz, CDy): 6 = 147.9 (ipso-C at C14), 147.5 (ipso-C
of the other phenyl groups), 129.6, 129.0, 128.7, 126.1 and 125.7 (Ph), 35.5
(CH, at C14), 34.2 (CH, at C10 to C13), 30.0 (C10 to C13), 24.1 (C14),
—11.7 and —12.7 (AlMe); assignment on the basis of j-modulated and 'H -
BBC correlated NMR spectra; IR (Nujol, CsBr plates): 7 [cm™']=1599m
(Ph), 1462 vs, 1377 vs (Nujol), 1300 m (vay), 11865, 1154 m, 1072w, 1030w
(Vec), 9595, 930m, 907 m, 824m (Ph), 750vs, 710vs, 691 vs, 673 vs, 665vs
(dphs Varc)s 381m, 550m, 525m, 505w, 428m (vac); UV/Vis (cyclo-
pentane): A, [nm] (Ige) =250 (4.1).
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Stereospecific Migration of P from N to C,.:
Ring-Expansion Reaction of Chiral
Diazaphospholidine Oxides

Olivier Legrand, Jean Michel Brunel, and
Gérard Buono*

Many modern synthetic targets, in particular those of
interest for pharmaceutical and agrochemical preparations,
are either benzenoid or incorporate key aromatic or hetero-
atomic components.l'?l In this context, ortho-lithiation has
appeared as one of the most important methods for the
regiospecific construction of polysubstituted aromatic com-
pounds.’l When the ortho-lithiation directing group contains
an electronegative atom attached to a m-unsaturated or
coordinatively unsaturated group, the lithiated species may
undergo 1,3-migration to the ortho position on the aromatic
ring. Such metalation-induced 1,3-migration is very common
in benzene systems and has been seen for the rearrangement
of 1) arenesulfonamides of N-substituted anilines to N-sub-
stituted 2-aminoaryl aryl sulfones,* 2) aryl O-carbamates to
salicylamides,”! 3) o-bromophenyl esters to o-hydroxyaryl
ketones,[! 4) arylphosphate esters to 2-hydroxyaryl phospho-
nates,”! and 5) (triarylsiloxy)benzenes to o-(triarylsilyl)phe-
nols.®
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Our group recently reported the synthesis of new chiral o-
hydroxyarylphosphane oxides involving a stereospecific re-
arrangementl’! and their use as catalysts in the asymmetric
addition of diethylzinc to aromatic aldehydes."”! Furthermore,
aromatic compounds substituted with both amino and phos-
phanyl or phosphinoyl groups have been prepared by directed
ortho-lithiation.'!! In this area, Hellwinkel and Modro were
the first to describe the preference in the O —Cg, versus
N —C,» migration of the phosphoryl group in ortho-lithiated
phenyl phosphoramidates or phosphordiamidates.['”! Here we
report a new general procedure for the first ring-expansion
reaction of diazaphospholidine oxides involving a stereo-
specific migration of P from N to C.

Reaction of pure diastereomer anti-1 in presence of two
equivalents of lithium diisopropylamide (LDA) at —78°C to
room temperature led to the stereospecific formation of the
hydroxyphenyldiazaphospholidine oxide anti-3 in 94 %
yield.”! However, the new compound anti-5 is formed in
89% yield when the reaction is performed with eight
equivalents of LDA and with stirring at room temperature
overnight (Scheme 1).

ClAn 2z L
o~ \3/) wC—RT " N
/N /N

Ph  anti-l1 R=H

anti-2 R=Ph
8 LDA
~78°C = RT
Q

8LDA
—-78°C =RT

N anti-5 R=H
anti-6 R=Ph

Scheme 1. Diastereoselective synthesis of anti-5 and anti-6.

In this case, two diastereoselective 1,3-migration rearrange-
ments occurred, and a stereospecific ring expansion is
observed. Moreover, treatment of pure anti-3 with eight
equivalents of LDA also led to the diastereoselective for-
mation of anti-5. These results suggest that in the presence of a
large excess of LDA, a P—O to P—C,» rearrangement occurred
followed by a P-N to P—C,,, rearrangement. On the other
hand, treatment of a 55/45 mixture of anti-1 and syn-1 under
the same experimental conditions (8 equiv of LDA, —78°C)
led to syn-5 in 73% yield (based on syn-1) besides anti-5 in
81% yield (based on anti-1).¥] Moreover, in the case of the
1,3-rearrangement of diazaphospholidine oxide anti-2, single
crystals of the product anti-6 suitable for X-ray analysis have
been obtained by slow crystallization in ethyl acetate. The
proposed boat structure with a phenyl group in an equatorial
position was thus proven (Figure 1).014 3]

Extension of this reaction to phenyldiazaphospholidine
oxides compounds as substrates led to remarkable results
(Scheme 2). Precursors 9 were readily synthesized by a
substitution reaction between phenylphosphonic dichloride

1480 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

Ph anti-3 R=H
anti-4 R=Ph

Figure 1. Structure of anti-6. Selected bond lengths [A] and angles [°]:
P1-03 1.51(2), P1-C8 1.81(2), PI-N5 1.64(2), P1-C20 1.81(2), C24-N21
1.44(3), C11-N21 1.35(3), C7-02 1.37(3); O3-P1-N5 117.6(8), 03-P1-C8
112.7(8), O3-P1-C20 108.1(8), N5-P1-C8 107.0(9), N5-P1-C20 102.6(8), C8-
P1-C20 108.1(8), P1-N5-C23 123.3(13), P1-N5-C27 121.2(14), C24-N21-C11
123.9(19), P1-C8-C11 125.8(15), C6-C22-C12 121.1(20).
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Scheme 2. Diastereoselective synthesis of anti-10 and syn-10.

(7) and (S)-(anilinomethyl)pyrrolidine (8)!"*)in THF at 0°C; a
separable mixture of anti-9 and syn-9 in a 50/50 diastereo-
meric ratio was formed. Subsequent treatment of each pure
diastereomer with eight equivalents of LDA at —78°C
resulted in the migration of the phosphonyl group from the
nitrogen to the ortho aromatic carbon atom to produce anti-10
and syn-10 stereoselectively in 90 and 76 % yield, respectively.
Thus, to our knowledge, a new stereospecific ring-expansion
reaction proceeding by a 1,3-migration of P from N to C has
been observed, leading to the synthesis of a new class of chiral
organophosphorus compounds.

Since it was clearly established that the 1,3-phosphorus
migration proceeds with retention of configuration at the
phosphorus atom, a mechanism via a trigonal-bipyramidal
(TBP) intermediate can be postulated (Scheme 3).l') Mislow
has suggested that if the bond-making or bond-breaking step
is rate determining, then apical addition and elimination will
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Scheme 3. The rearrangement mechanism of the stereospecific migration of P from N to C,.

be more favorable than either equatorial addition and apical
elimination or apical addition and equatorial elimination.!'*!
Formation of a pentacoordinate intermediate with the enter-
ing nucleophile in an apical position of the trigonal bipyramid
may occur by nucleophilic attack of the tetrahedral phospho-
rus center. Owing to the constrained diazaphospholidine ring,
ortho-phenyl anion attack would lead to a TBP intermediate
11, in which the four-membered azaphosphetane and the five-
membered diazaphospholane rings adopt axial —equatorial
positions!?2 and the electron-donating oxygen anion ligand
adopts an equatorial position.?>?’] Considering a low-energy
Berry pseudorotation®! (11=12), the more apicophilic
nitrogen atom of the azaphosphetane ring may adopt an
apical position. At the same time, the exocyclic oxygen anion
group tends to remain equatorial throughout the pseudoro-
tation process by serving as a pivot.””? Moreover, the inversion
of configuration at the phosphorus atom is energetically
unfavorable since it involves the epimerization of the
phosphorus(v) atom in the TBP intermediates, implying
improbable intermediates in which either the azaphosphetane
or diazaphospholane rings are forced to adopt a diequatorial
position with the oxygen anion group in an apical position.?]

In conclusion, we have described the first totally stereo-
specific ring-expansion reaction of diazaphospholidine oxides
by a 1,3-migration rearrangement. A mechanistic rationale
involving an addition —pseudorotation —elimination pathway
has been proposed in agreement with the experimental
results.

Experimental Section

General procedure for the preparation of the new ring-expansion
compounds: To a stirred solution of the corresponding precursor
(1.0 mmol) in dry THF (15 mL) under argon atmosphere was slowly added
at —78°C a solution of LDA (4 mmol (for anti-10 and syn-10) or 8 mmol
(for anti-5, syn-5, and anti-6), 2M in THF). The mixture was allowed to
warm to room temperature and stirred overnight. Then the reaction was
quenched by addition of a saturated solution of NH,Cl (20 mL). The
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product was extracted with ethyl acetate (3 x 10 mL).
The combined organic phases were dried over MgSO,,
filtered, and evaporated under reduced pressure. The
residue was purified by flash chromatography on a silica
gel column.

anti-5: Purification by column chromatography (silica
gel; ethyl acetate) afforded anti-5 as a pale yellow solid
(280 mg (89 % ) from pure anti-1; 140 mg (81 % based on
anti-1) from a 55/45 mixture of anti-1 and syn-1).
M.p.202°C; 'H NMR (200 MHz): 6 =1.67-2.08 (m,
4H), 3.01-3.05 (m, 1H), 3.48-3.69 (m, 4H), 3.40-4.20
(brs, 1H), 6.68 (d, /=88 Hz, 1H), 6.71 (d, /=77 Hz,
1H), 6.82 (td, J=75, 25Hz, 1H), 696 (dd,
J=82, 53 Hz, 1H), 717-731 (m, 3H), 738 (dd, J=
8.3, 7.3 Hz, 1H), 11.60 (s, 1H); “C NMR (50 MHz):

Ve 5=24.6 (d, J=6.8Hz), 32.1 (d, J=5.8 Hz), 48.5 (d, ] =
' 2.3 Hz), 51.8 (d, J=23 Hz), 62.9 (d, J=2.5 Hz), 112.1
< (d, J=1304Hz), 1167 (d, J=1282Hz), 1180

(d, J=89Hz), 1185 (d, J=10.1Hz), 118.7 (d, J=
143 Hz), 119.1 (d, J=12.0Hz), 132.3 (d, /=79 Hz),
132.5,133.9 (d, J=11.6 Hz), 134.2, 149.9 (d, ] =4.2 Hz),
163.8 (d, J=5.5Hz); 3P NMR (40.5 MHz) 6=39.5;
elemental analysis caled for C;;H;(N,O,P (314.3):
C65.0,H 6.1, N 8.9, P 9.9; found: C 65.2, H 6.0, N 9.0,
P9.9.

syn-5: Purification by column chromatography (silica gel; ethyl acetate)
afforded syn-5 as a pale yellow solid (105 mg (73 % based on syn-1) from a
55/45 mixture of anti-1 and syn-1). M.p. 196°C; '"H NMR (200 MHz): 6 =
1.68-2.14 (m, 4H), 2.94-3.35 (m, 3H), 3.40-3.75 (very brs, 1 H), 3.50 (dd,
J=12.0,4.0 Hz, 1H), 3.85-3.95 (m, 1H), 6.75-6.84 (m, 2H), 6.88 (dd, J =
8.3, 5.5Hz, 1H), 6.96 (tdd, /=76, 2.2, 1.0 Hz, 1H), 7.24-7.36 (m, 2H),
759 (ddd, J=14.2, 7.7, 1.5 Hz, 1H), 775 (ddd, /=144, 77, 1.6 Hz, 1H),
11.58 (s, 1H); C NMR (50 MHz): 6 =25.3 (d, J=8.7 Hz), 30.6 (d, J=
74 Hz), 46.7 (d, J=29Hz), 54.0, 571 (d, J=43Hz), 1140 (d, J=
1322 Hz), 1177 (d, J=9.0Hz), 1189 (d, /J=13.0Hz), 1209 (d, /=
9.9 Hz), 121.5 (d, J=1276 Hz), 121.8 (d, J=13.0Hz), 133.0 (d, J=
43 Hz), 133.2, 134.1, 134.9 (d, /=10.1 Hz), 149.4 (d, J =5.6 Hz), 162.5 (d,
J=5.6 Hz); 3'P NMR (40.5 MHz): 6 =31.3; elemental analysis calcd for
C;HsN,O,P (314.3): C65.0,H 6.1, N 8.9,P 9.9; found: C64.9,H 6.2, N 8.8,
P 10.0.

anti-6: Purification by column chromatography (silica gel; ethyl acetate/
methanol 80/20) afforded anti-6 as a pale yellow solid (330 mg, 84%).
M.p.208°C; [a]® =+168 (c=0.44, CH,Cl,); 'H NMR (200 MHz): 6 =
1.64-2.09 (m, 4H), 3.03-3.17 (m, 1H), 3.50-3.75 (m, 4H), 4.55 (brs,
1H), 6.68-6.82 (m, 2H), 6.88 (td, /=76, 2.9 Hz, 1H), 7.19-7.48 (m, 7H),
7.63-768 (m, 2H), 11.97 (s, 1H); C NMR (50 MHz): 6=24.7 (d, /=
6.7 Hz), 32.0 (d, J=6.0 Hz), 48.4 (d, J=2.2 Hz), 52.1, 62.7 (d, J=2.5 Hz),
112.7 (d, J=129.4 Hz), 1172 (d, J=126.9 Hz), 118.6 (d, /=9.9 Hz), 119.0
(d,J=13.2Hz,2C), 1271,128.1 (s,2C), 129.5 (s,2C), 130.4 (d, / =9.9 Hz),
131.7 (d, / =8.5 Hz), 132.6, 134.1 (d, /=115 Hz), 135.0, 137.9, 149.9 (d, /=
4.4 Hz), 160.8 (d, J=5.6 Hz); 3P NMR (40.5 MHz): 6 =39.7; elemental
analysis calcd for C,3;H,3N,O,P (390.42): C70.8, H5.9,N 7.2, P 7.9; found: C
70.7, H5.9,N 73, P 8.0.

anti-10: Purification by column chromatography (silica gel; ethyl acetate/
methanol 80/20) afforded anfi-10 as a pale yellow solid (270 mg, 90%).
M.p. 174°C; [a]¥ =+113 (¢=0.40, CH,Cl); 'H NMR (200 MHz): 6 =
1.67-2.04 (m, 4H), 3.10 (dd, /=144, 6.0 Hz, 1H), 3.22-3.33 (m, 2H),
3.36-3.52 (m, 2H), 4.37 (brs, 1H), 6.72 (dd, J = 8.0, 5.5 Hz, 1 H), 6.88 (tdd,
J=15,2.0, 1.0 Hz, 1H), 726 (tt, J=7.7, 1.3 Hz, 1H), 7.38-745 (m, 3H),
7.60-7.68 (m,2H), 772 (ddd,J =13.3,7.7,1.5 Hz, 1 H); *'C NMR (50 MHz):
0=249 (d, J=8.6 Hz), 30.6 (d, /=74 Hz), 47.2, 51.3, 60.9 (d, /=3.8 Hz),
1159 (d,J=1177 Hz), 118.1 (d,/ =9.3 Hz), 118.4 (d,/ =119 Hz), 128.2 (d,
J=129Hz, 2C), 131.0 (d, J=10.5Hz, 2C), 1312, 132.0 (d, /=19 Hz),
134.8 (d,J =74 Hz), 134.8 (d,J =126.3 Hz), 152.1 (d,/ =5.8 Hz); *'P NMR
(40.5 MHz): 6 =29.0; elemental analysis calcd for C;H;(N,OP 298.32: C
68.4, H 6.4, N 9.4, P 10.4; found: C 68.5, H 6.3, N 9.4, P 10.4.

syn-10: Purification by column chromatography (silica gel; ethyl acetate/
methanol 80/20) afforded syn-10 as a pale yellow solid (230 mg, 76 % ). M.p.
186°C; [a]® = +20 (¢ =0.40, CH,CL,); 'H NMR (200 MHz): 6 =1.74-2.06
(m, 4H), 2.93-3.10 (m, 2H), 3.29 (dd, /=132, 5.7Hz, 1H), 3.78 (dd,
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J=13.2,3.5Hz, 1H), 3.89-3.94 (m, 1 H), 4.32 (brs, 1 H), 6.73 (ddd, J = 8.0,
5.3,0.8 Hz, 1H), 6.83 (tdd, /=77, 2.2, 1.1 Hz, 1H), 722 (tt, /=77, 1.4 Hz,
1H), 7.34-750 (m, 4H), 7.81 (ddd, J=12.2, 7.7, 1.6 Hz, 2H); *C NMR
(50 MHz): 6 =25.3 (d, J=8.7 Hz), 30.5 (d, /=75 Hz), 48.2 (d, ] =3.2 Hz),
52.6,58.8 (d,J=4.2 Hz), 114.1 (d,J=174.0 Hz), 119.1 (d, /= 8.8 Hz), 119.7
(d, J=13.0 Hz), 119.8 (d, J=125.1 Hz), 128.0 (d, /=129 Hz, 2C), 132.3
(2C), 1345 (d, J=10.1 Hz), 151.8 (d, J=4.4 Hz); 3P NMR (40.5 MHz):
0 =26.0; elemental analysis calcd for C;;H;(N,OP 298.32: C 68.4, H 6.4, N
9.4, P 10.4; found: C 68.4, H 6.5, N 9.3, P 10.4.
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[Ph,P(NSiMe;) |,CLi,: A Dilithium Dianionic
Methanide Salt with an Unusual Li,C, Cluster
Structure**

Aparna Kasani, Ruppa P. Kamalesh Babu,
Robert McDonald, and Ronald G. Cavell*

Bis(phosphane) ligands and their oxidized derivatives of
the form CH,(R,P=E), (E = O, S, NR’) have been widely used
to form stable mono- and polymetallic complexes with both
early and late transition metals."?l Generally the ligand
retains its neutral character, and the methylene bridge
between the two phosphorus atoms is preserved. However,
these backbone protons are moderately acidic, and the ligand
may be deprotonated by strong bases such as LiN(SiMe;),,
NaH, and alkyllithium reagents to generate monoanionic
species. Many metal compounds have been derived from
these monoanionic ligand precursors, and typically M—C
bonds stabilized by additional coordination of the ligand are
formed.P! A few unexpected complexes have been reported
in which double deprotonation of the P-CH,-P backbone has
been structurally established—namely, [{Pd(u-Cl),Pt-
[C(PPh,),]},].M [Pt,{C(Ph,P=S),}(MeOcod),]l'! (MeOcod =
8-methoxycyclooct-4-ene-1-yl), [(AIR){C(Ph,P=0),},(AIR,),]
(R=Me,2  Et¥), and [{Al(C4H,)},{Ph,P(=S)CP(Ph),-
(S),HAI(CHy),},]"—but to date there has been no rational
synthesis of a species with the doubly deprotonated P-C-P
methanide moiety. Herein we report the first synthesis and
crystal structure of a complex containing such a ligand formed
by the double deprotonation of CH,(Ph,P=NR),. This
represents the first example of a structurally characterized
Group 1 metal complex of the CH,(R,P=E), (E=0, S, NR")
ligand systems. In addition the structure is an unusual, highly
symmetric dimer cluster of lithium and carbon.

Reaction of CH,(Ph,P=NSiMe;), (1) with two moles of
PhLi or MelLi in toluene leads smoothly to the dilithium
complex 2 as colorless air- and moisture-sensitive crystals

[Eq. (1)].0%)
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The P NMR spectrum of the final reaction mixtures
showed quantitative conversion of 1 into one single phospho-
rus-containing product. Complex 2 was isolated in only
moderate yield due to its high solubility, and it was fully
characterized by elemental analysis and spectroscopic meth-
ods. The 3P NMR spectrum of 2 consists of one sharp singlet,
indicating that the two phosphorus nuclei are equivalent. The
3P resonance is shifted downfield by 19.1 ppm compared to
that of the starting compound 1. The 'H NMR spectrum
showed the absence of the methylene resonance of the P-CH,-
P backbone, indicating that the ligand has been doubly
deprotonated. No BC{'"H} NMR signal was observed for the
quaternary P-C-P carbon atom despite trials with long
acquisition periods, possibly because the signal is very broad
due to coupling with the lithium nuclei. However, the lack of
suitable protons proximate to the methine carbon atoms
provides minimal 'H—"C magnetization transfer, so it is
perhaps not too surprising that this signal is not observed.

The molecular structure of 2,1 determined by X-ray
diffraction, is unusual and interesting. Figure 1 shows an
ORTEP! plot of the central cluster structure. The complex is
a dimer, with four lithium atoms forming a square plane which
is capped above and
below by carbon atoms
C(1) and C(2) of the
two P-C-P frames. The
bridging atoms C(1)
and C(2) lie 1.67 A
above and below the
Li, square plane to
form a near perfect
octahedron of atoms
in the center of the
cluster, which deviates
only slightly from a c1)
regular octahedron be-

Figure 1. ORTEP!" view of the central
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cause of the presence
of the different axial
atoms. The ligand
N-P-C-P-N units are
approximately planar,
and there is only a
small displacement
(0.16-030 A) of the
Si atoms from the
P-N-C planes. The
N-P-C-P-N ligand
planes are orthogonal
to each other (the di-
hedral angle between
the two planes is
88.12(11)°) and in turn

core of 2 showing the atom labeling
scheme. All of the hydrogen atoms, the
methyl carbon atoms on the silicon atoms,
and all phenyl-ring carbon atoms (except
the ipso-carbon atoms) have been re-
moved for clarity. The atoms are repre-
sented by Gaussian ellipsoids at the 20 %
probability level. The thin lines serve to
emphasize the geometrical relationship
between the carbon and lithium atoms
and are not to be considered normal
bonds. Selected interatomic distances [A]
and angles [°]: P(1)-N(1) 1.619(4),
P(1)-C(1) 1.695(5), P(2)—C(1) 1.681(5),
C(1)-Li 2.33(1)-2.42(1), C(2)-Li
2.312(9)-2.45(1), N(1)-Li(2) 2.128(9),
N(2)-Li(4) 2.108(9); P(1)-C(1)-P(2)
132.6(3), N(1)-P(1)-C(1) 104.4(2), N(2)-
P(2)-C(1) 103.9(2).
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