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Diastereofacial Selectivity in the Reaction of (C-1)-Metalated
Alkyldiphenylphosphine Imides with Schiff Bases

José Barluenga,* Fernando Lopez, Francisco Palacios

Departamento de Quimica Organometalica, Facultad de Quimica, Uni-
versidad Oviedo, E-33071 Oviedo, Spain

erythro-2-Anilinoalkyldiphenylphosphine phenylimides are obtained by
reaction of (C-1)-metalated alkyldiphenylphosphine imides with aldi-
mines in a diastereosclective fashion. Reaction of the products with
carbon dioxide or with lithium aluminum hydride leads to 2-anilinoal-
kyldiphenylphosphine oxides or 2-anilinoalkyldiphenylphosphines,
respectively.

Phosphine imide derivatives have attracted interes: with regard
to their widespread utility as key intermediates in the synthesis
of natural products' ~* and as ligands in transition-metal com-
plexes.* ¢ Moreover, they have been found to possess interest-
ing properties as organic semiconductors’ and used as building
blocks of backbone polymers.8 In this context, we have re-
ported the C-alkylation of alkyldiphenylphosphine imides with
several electrophiles®!® and the application of the resultant
functionalized alkyldiphenylphosphine imides to the prepara-
tion of new acyclic phosphine derivatives (e.g., phosphines,''
phosphine oxides,”'® and phosphine sulfides”) and cyclic phos-
phorus compounds (4-1,4-azaphosphorines,'? 3-benzylidene-
and 3-phenylimino-5-3H-phospholes,'? 2-ox0-1,2-dihydro-A*-
1,3,4-diazaphosphorines,'! and 4-0xo-1,4-dihydro-2°-1,2-benz-
azaphosphorines'*).

We recently reported that the diastereoface selectivity of the
additions of metalated alkyldiphenylphosphine imides'® to
aldehydes is higher than that of the corresponding phosphine
oxides. In connection with our studies on alkyldiphenylphos-
phine imides, we now report the reaction of their lithiated
derivatives with aldimines; the selectivity of the reaction of
organometallic compounds with aldimines has hitherto hardly
been explored.'?

The reaction of alkyldiphenylphosphine phenylimides 1 with
lithium diisopropylamide (LDA) in tetrahydrofuran followed
by addition of N-phenylbenzaldimines 2 and aqueous work-up
gave 2-anilinoalkyl(diphenyl)phosphine phenylimides 3 in high
yields. In the case of aliphatic N-phenylaldimines, a complex
product mixture was obtained, probably due to competitive
metal-hydrogen exchange reactions between the metalated
phosphine imide and the aldimine.

The spectral data of the crude product mixture, especially in the
cases of 3b and 3d. allowed us to elucidate the stereoselectivity of
the reaction and to assign the stereochemistry of compounds 3.
Thus, the IR spectra recorded at low concentrations (10~ M) in
tetrachloromethane show absorptions due to intramolecular
hydrogen bonding of the amino group'® at v ~ 3240 cm™l,
while the 3'P-NMR spectra'” of crude 3b (6 = 13.9) show the
diastereoisomer ratio (erythro/threo) to be higher than 98:2.
The small vicinal H,H and H,P coupling constants Clygo e = 2.7
and Jp 0 = 7.3 Hz) observed in the "H-NMR spectrum of 3b
are in good agreement with the reported data given for the
erythro isomer (erythro: 3y = 2-4'%; Moy = 5-9'92% threo:
Sy = 6-9'% py = 15-20 Hz'%29). In addition, the values
of the coupling constants of 3b are very closc to those observed
for erythro-2-hydroxyalkylphosphine oxides2? 2! and imides'?
and support the stereochemical assignment. Aza-Wittig reac-
tions of compounds 3 with carbon dioxide led to the corre-
sponding erythro-2-anilinoalkylphosphine oxides 4 with loss of
phenyl isocyanate.
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Conversely. treatment of alkyldiphenylphosphine oxides Sa, b
with lithium diisopropylamide followed by the addition of
aldimines afforded 2-anilino-2-phenylalkyl(diphenyl)phosphine
oxides 4, showing an erythro/threo ratio of (47:53) for 4b as
evidenced by *'P-NMR spectrometry (3 = 37.4, 37.0). The
stereochemical assignment was based on the chemical shifts and
coupling constants observed in the "H-NMR spectra, and is in
agreement with previously reported data.'®'®” 2! Thus, signal
of the HP of the erythroisomer 4b is found at & = 4.27 and shows
3 ygegs = 2.8 and *Jpype = 6.9 Hz, while the signal of H* of the
threo isomer 4b is found downfield (3 = 4.52) with *Jyaps = 6.3
and 3Jpye = 18.2 Hz.

Functionalized alkyldiphenylphosphine imides are valuable in-
termediates in organic synthesis' 2% and provide an access to
functionalized phosphorus compounds which otherwise are not
readily available. As in the case of simple phosphine imides, 112-
anilinoalkyl(diphenyl)phosphine imide 3a may be reduced with
lithium aluminum hydride to give 2-anilino-2-phenylethyl(di-
phenyl)alkylphosphine (6; dp = — 22.7). the reaction of 6 with
ethyl carbonoazidate in dichloromethane afforded the phos-
phine N-ethoxycarbonylimide 7 (6, = 21.7). The attempted
cyclization of 7 with potassium hydride in tetrahydrofuran at
60°C (6 h), followed by methanolysis and agueous work-up, did
not give the cyclic compound 8, but the phosphine oxide 9.
probably via hydrolysis of intermediate 8.
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In summary, metalated alkyldiphenylphosphine imides show
high diastereoselectivity in their reactions with N-phenyl aldi-
mines, erythro-2-anilinoalkyldiphenylphosphine imides 3 being
obtained. These products can be used as intermediates for the
synthesis of the corresponding phosphine oxides 4 and for the
preparation of the functionalized alkyldiphenylphosphine 6.
Hybrid ligands of this type are used to form complexes in
organometal chemistry. they may undergo intramolecular
chelate-assisted NH-oxidative addition.”?

Table 1. Compounds 3, 4, 6, 7, 9 Prepared

Prod- Yield® mp Molecular Formula® MS

uct (%) (°C) (70eV)*
miz(M™)

3a 93 166-167 C;,H,oN,P (472.5) 472

3b 88 163-164  C,;3H,N,P (486.6) 486

3c 90 160161  C,;,H,4CIN,P (507.0) 508

3d 96 183-184 C, H;3N,P (500.6) 500

4a 86 (90)!  205-206 C,cH,,NOP (397.4) 397

4b 89° (94)* 226-227 C,,H,,NOP (411.5) 411

6 76 127-128 C,¢H,,NP (381.4) 3R1

7 97 131132 C,H,4N,0,P (468.5) 463

9 82 194-195  C,;H,sN,0,P (440.5) 440

* Yield of isolated pure product.

® Satisfactory microanalyses: C +0.30, H +0.20, N +0.25.

¢ Recorded on a Hewlett-Packard 5930A spectrometer.

4 Yield from 3.

Isolated as an erythro/threo (47 : 53) mixture.

Table 2. Spectral Data of Compounds 3, 4, 6,7, 9
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erythro-(2-Anilinoalkyl)diphenylphosphine N-Phenylimides 3; General
Procedure:

In a dried, argon-filled flask with addition funnel. a solution of the
alkyldiphenylphosphinc N-phenylimide 1 (5.0 mmol) in THF (40 mL) is
added dropwise to a stirred solution of LDA (5.0 mmol) in THF
(30 mL) at ~ 30°C. After 1 h, the mixture is cooled to — 70°C and then
the N-phenylaldimine 2 (5.0 mmol) in THF (20 mL) is added dropwise.
When the mixture has come to room temperature, it is poured into ice-
water (100 mL) and the product extracted with CH,Cl, (150 mL). The
organic phase is dried (Na,SO,) and evaporated to afford the crude
solid product 3 which is recrystallized from hexane/CH,Cl, (5:1).

erythro-(2-Anilino-1-methyl-2-phenylethyl)diphenylphosphine Oxide
(4b); Typical Procedure for the Conversion 3 — 4:

Through a solution of phosphine imide 3b (2.43 g, 5.0 mmol) in THF
(50 mL) at — 50°C is bubbled excess CO,. When the mixture has come
to room temperature, the solvent is evaporated to afford a solid, which
is washed with hot Et,0 (25mL) and recrystallized from
hexane/CH,Cl, (5:1) to give pure 4b; yield: 1.97g (94%); mp
226~227°C.

erythro-(2-Anilinoalkyl)diphenylphosphine Oxides 4; General Procedure
for the Conversion 5 - 4:

A solution of the alkyldiphenylphosphine oxide 5 (5.0 mmol) in THF
(40 mL) is treated with LDA (5.0 mmol) in THF (30 mL} at —30°C
followed by the addition of the aldimine 2 (5.0 mmol) in THF (20 mL)
at - 70°C as described for the preparation of 3. Products 4 are purified
by recrystallization from hexane/CH,Cl, (5:1). In the case of 4b
(ervthro isomer) part of the isolated product is the threo isomer 4'b.
erythro/threo-( 2- Anilino-1-methyl-2-phenylethyl ) diphenyphosphine
Oxide (4bj4'b); vield: 1.8 g (89 %); mp 220-223°C; erythro/threo ratio
(4b/4'b): 47:53, according to *'P-NMR analysis.

C,,H,,NOP cualc. C78.81 H 637 N340

(411.5) found 79.04 6.51 3.62

MS (70 eV): mjz = 411 (M*. 5); 209 (100).

Com- IR (KBr)*
pound v(cm™!)

'H-NMR (80 MHz, CDCl,/TMS)®
8. J(Hz)

13C.NMR (20MHz, CDCL,/TMS)"
o, J(Hz)

HP-NMR (30MHz,
CDC]S/HJPO4cxt)b

3a 3300 (NH);
1330 (P=N)

271 (m, 2H, CHyp); 428 (dt, 1H, 3J,y
= 9.8, 3Jp 4 = 2.8, CH); 5.08 (s, 1H, NH);
6.10~7.85 (m, 25H, o)

1.19(dd, 3H, *Jy = 7.3, 3Jpy = 16, CHy);
245 (dt, 1H, *yy="fen=73, 3y
=2.7,CH); 4.37(dd, 1 H, 3.y = 2.7, ¥y

=73, CH); 5.08 (s, NH); 6.22-7.87 (m,
25H,rom)*

271 (m, 2H, CH,); 4.27 (dt, 1H. 3Jyy

=95, Vpu=29, CH); 614-733 (m,
20H,,om + NH)

2 (dd, 3H, pu =158, =71,
CH;); 2.26 (s, 3H, p-CH,); 2.52 (m, 1H,
CH); 4.33 (dd, 1H, *Jp = 6.6, *Jyyy = 2.6,
CH), 52 (s, tH, NH); 6.16-7.9 (m,
24H,com)

2.61 {m, 2H, CH,); 4.41 (m, 1H, CH); 5.47

3b 3260 (NH);
1340 (P=N)

3¢ 3310 (NH);
1320 (P=N)

3d 3320 (NH);
1330 (P=N)

4a 3300 (NH);

1180 (P=0) (s, 1H, NH); 6.12-7.71 (m, 20H,,,,)
4b 3280 (NH); 120 (dd, 3H, oy =161, yy =74,
1170 (P=0) CH,); 2.65 (dq, 1H, 3Jyy =74, *Jpy

=6.9, "y = 2.8, CH); 4.27(dd, 1H, 3/, 5,
= 6.6, *Jyy = 2.8, CH); 5.63 (s. 1H. NH):
6.3-7.8 (m, 20H_, )¢

247 (m, 2H, CH,); 410 (m, 2H, CH
+ NH); 6.10-7.63 (m, 20H,,,,)

1.26 (t, 3H, CH,); 2.92 (m, 2H, CH.,); 4.12
(9. 2H, OCH,); 4.40 (m, 1 H, CH); 5.40 (m,
tH, NH); 6.42-7.81 (m, 20H,,,,,)

271 (m, 2H, CH,); 4.56 (m, 1H, CH}; 5.6
(m, 2H, NH,); 6.42-7.93 (m, 20H

6 3370 (NH)

7 3310 (NH);
1320 (P =N)

9 3320 (NHy;
1190 (P=0)

arom)

37.0 (d, "Jp =822, C-1); 552 (d. 2pe  +84
= 4.8, C-2); 113.8-150.6 (Cyrope)

7.4 (CH,): 39.6 (d. 'Jp = 824, C-1); 583 +13.9
(d, My o = 3.4, C-2); 114.1-150.8 (C,om)

37.0 (d, pe =822, C-1): 54.6 (d, 2pe  +82
=48, C-2); 113.7-150.7 (Cyrom)

7.5 (CHy); 209 (p-CHy); 397 (d. 'Jpe  +138
=835, C-1); 580 (d, “pe =32, C2)
114.1-150.9 (C,pom)

38.2 (d, "y =630, C-1); 544 (d, 2Jpe  +31.1
= 3.1, C-2); 112.8-146.1 (C,p)

6.7(CH,): 39.0 (d, Wy o = 67.1, C-1); 577 +37.4
(d, 2pc = 1.7, C-2); 113.7-147.5 (C,pop)

88 (4 pe =167, C-1): 559 (d. Upe  ~227
=145, C-2); 113.3-146.7 (C,0)
14.6 (CH,); 35.6 (d, Wpo = 57.4, C-1):53.4  +21.7
(d, pc = 3.1, C-2); 61.4 (OCH,); 1133~

146.5 (C,yom); 162.9 (CO)

3.6 (d, Jpo=66.1, C-1); 545 (d, 2o +31.4
= 4.2, C-2); 113.8-147.3 (Cyrom + CO)

* Recorded on a Perkin-Elmer 298 IR spectrophotometer.
® Recorded on a Varian FT-80A spectrometer.

¢ Recorded on a Bruker 300AC spectrometer.
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H-NMR (CDClL/TMS): 6 =1.20 (dd, 3H, 3Jpy = 160, Yy =
74 Hz, CH3); 2,65 (dq, 1H, = 74, *Jpy = 69, 2y = 28 He,
CH): 4.27 (dd. 1 H, 3/p 5y = 6.9,/ = 2.8 Hz, CH); 5.63 (s. 1H. NH);
6.3-7.8 (m, 20H,,,,,) [for the erythro isomer 4b].

3 =113 (dd, 3H, *Jpy = 15.5, *Jyu = 7.4 Hz, CHy): 2.93 (m, 1H,
= 14, Vpu =10, "Jyu = 63Hz, CH); 452 (dd, TH, Jpy =
18.2, 3/, = 6.3 Hz, CH); 6.21-7.8 (m, 20 H,,,,, + NH) [for the threo-
isomer 4b].

MP.NMR (CDC14/85% H3PO): 8 = 37.4 (erythro); 37.0 (threo).

(2-Anilino-2-phenylethyl)diphenylphosphine (6):

In a dried, argon-filled round-bottomed flask fitted with stirrer and
addition funnel, a solution of phosphine imide 3a (4.72 g, 10.0 mmol) in
THF (50 mL) is added dropwise to a stirred suspension of LiAlH,
(0.38 g, 10.0 mmol) in THF (40 mL), and stirring is continued at room
temperature for 6 h. The mixture is then quenched with McOH (20 mL)
and ice-water (80 mL), and CH,Cl, (300 mL) is added. The organic
phase is separated, washed with H,O (50 mL), and dried (Na,50,). The
solvent is evaporated and the crude solid product 6 is recrystallized
from hexane/CH,Cl, (§:1); yield: 2.9 g (76%): mp 127 -128°C.

(2-Anilino-2-phenylethyl)diphenylphosphine N-Ethoxycarbonylimide (7):
Phosphine 6 (1.9 g, 5.0 mmol) is dissolved in CH,Cl, (25mL) and a
solution of ethyl carbonoazidate (0.63 g. 5.5 mmol) in CH,Cl, (20 mL)
is added dropwise over 30 min, with stirring at room temperature. After
12 h, the solvent is evaporated and the residual oil is taken up in Et,O
(20 mL). This solution is agitated until a crystalline solid forms. The
solid product 7 is isolated by suction; yield: 227z (97%) mp
131-1327°C (hexane/CH,Cl,, 6:1).

N-(2-Diphenylphosphinoyl-1-phenylethyl)-N-phenylurea (9):

In a dried. argon-filled round-bottomed flask with stirrer and addition
funnel, a solution of phosphine imide 7 (2.1 g, 4.5 mumoi) in THF
(20mL) is added dropwise to a stirred suspension of KH (0.2¢,
5.0 mmol) in THF (30 mL). The mixture is stirred at 60 °C for 4 h, then
quenched with MeOH (10 mL) and H,0 (10 mL), and extracted with
CH,Cl, (80 mL). The organic phase is separated and dried (Na,SO;),
the solvent is evaporated, and the residual oil is taken up in Et;0
(10 mL). This solution is agitated until a crystalline yellow solid forms.
The solid product 9 is isolated by suction and recrystallized from
hexanc/CH,Cl, (4:1); yield: 1.8 g (82%); mp 194-195°C.
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