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SYNTHMlC COMMUNICATIONS, 22(17), 2491-2498 (1992) 

ANIONIC FRIES’ TYPE REACTION IN ARYL TETRAMETHYLDIAMIDOPHOSPHATES 

Jan H. NLman’ and Nina Kopolaa 
Institutionen fir Organisk Kemi, Abo Akademi 

Akademig. 1, SF-20500 Abo, Finland 
Earn/Bitnet address: NASMANJIFINABO 

Summary. n-BuLi lithiates aryl tetramethyldiamidophosphates adjacent to the tetra- 
methyldiamidophosphate group, which migrates to the adjacent position. 

Metalation with lithiurnreagents and quench with an electrophile has become an in- 

creasingly important reaction sequence in modern synthetic organic chemistry.’ Re- 

cently we reported the new &directing substituent, N,N,N’,N’-tetramethyldiamido- 

phosphate (PON), that activated fury1 N,N,N’,N’-tetramethyldiamidophosphate 

for regioselective lithiation in 3-position of the furan moiety.2 

In order t o  establish the ortho-directing ability of the PON group, phenyl tetramet- 

hyldiamido phosphate 1,I-naphtyl tetramethyldiamidophosphate 2 and 2-naphtyl 

tetramethyldiamidophosphate 3 have been prepared and lithiated. 

To whom correspondance should be addressed. Current address: Laboratory of Polymer 

a Current address: Neste OY, Technology Centre, PL 310, SF-06101 Porvoo, Finland 
Technology, Abo Akademi, Porthansgatan 3-5, SF-20500 Abo, Finland 

249 1 

Copyright 0 1992 by Marcel Dekker, Inc. 
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2492 NASMAN AND KOPOLA 

Scheme 2 

Addition of 1.1 equiv. of n-BuLi at -78 “C in THF solvent to 1 followed by quench 

with MeI, however, did not solely give the ortho-methylated product. Instead 

also the product 4, where the PON group had migrated, was isolated, Scheme 

1. All attempts to selectively methylate 1 at -78 OC were unfruitful. The same 

phenomenon was observed for the 1- and 2-naphtyl-PON compounds 2 and 3, 

Scheme 2. Thus it was possible to prepare compounds 4 - 6. 

The structures 4 - 6 were assigned by comparing our ‘H-NMR and %-NMR 

spectra with those of reported structurally similar comp0unds.3-~ 

We observed ‘ J ~ H  constants (to ring protons) for the compounds 4 = 10.4 Hz, 

5 = 10.2 Hz and 6 = 14.4 Hz respectively. For structurally similar aryl dialkyl 

phosphonates coupling constants 4 J p ~  = 6 - 8 Hz and ’JPH = 15 - 16 Hz respectively 

were reported .3a,b,e 
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ARYL, TETRAMETHYLDIAMIDOPHOSPHATES 2493 

13C-NMR confirmed the proposed structures. The l Jpc  coupling constant has been 

reported to  be about 82 - 187 H Z . ~  In all our isolated compounds a 148-150 Hz 

'Jpc coupling was found, i.e the PON group is attached directly to the aromatic 

ring. The coupling aJpc was reported to  be of the order 9 - 14 Hz and 3 J p ~  11 - 18 

H z . ~ ~ J  Also similar couplings could be  found in the spectral data of our compunds. 

For the naphtyl derivatives the chemical shifts also were in accordance, within the 

ppm range of 1-4 ppm, with the shifts reported for carbonyl n a p h t ~ l s . ~  

Considering the strong &directing ability2 of the PON group it is likely that the 

lithiation first occurs a t  the ortho carbon. The lithiated compound then collapses 

to  give the rearranged product. Thus these results demonstrates the good activb 

ting property of the PON group also in orthslithiation of aromatic precursors. 

Migrations of this type have been reported earlier for aryl dialkyltriester phos- 

phates: ortho-lithic-0-trialkylsilylphenols6 0-aryl carbamates' and 24thiophenyl 

c arb oxylates .8 

Experimental 

Tetrahydrofuran (TBF) was distilled from sodium-benzophenone and tetramethy- 

lethylendiamine (TMEDA) was distilled from KOH prior to use. n-BuLi was pur- 

chased from Aldrich Chemical Company, Inc., and was titrateds before use. All 

metalation reactions were carried out under nitrogen atmosphere. Melting points 

were obtained on a Gallenkamp apparatus and are uncorre~ted.'~C and 'H spectra 

were recorded in CDCb with TMS as internal standard. 13C- were determined 

on a JEOL FX-60 instrument at 15.03 MHz. Chemical shifts in the proton noise 

decoupled spectra are reported in ppm downfield from TMS. The splitting pattern 

in the proton coupled spectra are given as s (singlet), d (doublet), t (triplet) and 
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2494 NASMAN AND KOPOLA 

q (quartet) for none, one, two and three protons respectively one bond coupled 

to the carbon atom reported. Multiplicities in italics refer to carbon-phosphorious 

coupling in the proton noise decoupled spectra, a single (s) stands for (sxs). 'H 

spectra were determined on a JEOL GX 400 instrument. Mas spectra were recor- 

ded on a VG Micromass 7070E or on a LKB 9000 instrument. Microanalysis were 

performed by Micro Kemi Ab Uppsala, Sweden. 

1. Preparation of starting materials 

Phenyl and naphtyl phosphorodiamidates were prepared from the corresponding 

dichloridates, which were prepared by the method of Katyshkina and Kraft'O in 

excellent distilled yield. Typical procedure: To one equivalent of dichloridate in 

MeCN, chilled in an icebath, is added a chilled solution of 4.05 equivalents of di- 

methylamine with stirring during one hour. After completed addition the icebath 

was removed and stirring was continued for 1 hour at ambient temperature. Most 

of the solvent was removed, ether was added and the formed dimethylamine hyd- 

rochloride was filtered off, removal of solvent and recrystallization or distillation 

gave pure products. The typical yield was 80 %. 

(1-phenyv-N,N,N',N'- feimmeihyldiamido phosphate: distilled, bps: 150-152 "C; 'H 

NMR 2.72 (d, 12H, 3 J ~ ~  = lO.l), 7.10-7.33 (m, 7H); I3C NMR 36.7 (dxq, Jpc = 

3.9, JCH = 136.7), 120.2 (dxd, JPC = 5, JCH = 162.1), 124.2 (sxd, JCH = 162.1), 

129.6 (sxd, JCH = 161.1), 151 (dxs,  JPC = 7.5); MS m/e (rel.int) 228 (35), 184 

(12), 135 (loo), 120 (20), 94 (19), 92 (33), 77 (28) 

(l-naphigl)-NININ',N'- ieimmethyldiamido phosphate: Recrystallized from petrol et- 

her, bp range 60-80, and diisopropyl ether 1:1, mp 70-71 "C.  'H NMR 2.77 (d, 12 

H, 3 J p ~  = lO.l), 7.37 - 8.17 (m, 7 H); 13C NMR 36.8 (dxq, JPC = 4, JCH = 138), 
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ARYL TETRAMETHYLDIAMIDOPHOSPHATES 2495 

114-3 ( k d ,  JPC = 89 JCH = 184), 121.5 (sxd, JCH = 163), 123.7 (Sxd, JCH = 161), 

125.9 (sxd, JCH = 162), 126.3 (not resolved), 126.9 (not resolved), 127.8 (sxd, JCH 

= 162), 134.8 (s), 147.4 ( d x s ,  JPC = 6); MS m/e (relint) 278 (44), 170 (12), 144 

(12), 135 (loo), 115 (7); Elemental analysis calc. for C14H19NZ02P C: 60.4; H: 6.8; 

N: 10.0; found C: 60.8; H: 6.8; N: 10.0 

(Z-naphtyl)-N,N, N',N'- teimmethyldiamido phosphate: Recrystallized from diisopropyl 

ether mp 54-56 OC; 'H NMR 2.75 (d, 12 H, 3 J ~ ~  = lO.l), 7.33 - 7.80 (m, 7 H); 13C 

NMR 36.7 ( d x q ,  JPC = 4), 116.3 (dxd, Jpc = 5), 120.5 (mtd, Jpc = 5, JCH = 163), 

125.0 ( a d ,  JCH = 161), 126.4 ( a d ,  J = unresolved), 127.4 (sxd, J = unresolved), 

127.6 ( a d ,  JCH = 159), 129.6 (bxd, JCH = 161), 130.6 (s), 134.2 (s), 149.1 ( m t s ,  

JPC = 6); MS m/e (relint) 278 (52), 190 (14), 171 (19), 170 (22), 144 (45), 135 

(loo), 127 ( l l ) ,  115 (14); Elemental analysis calc. for C I ~ H ~ ~ N Z O ~ P  C: 60.4; H:6.8; 

N:10.0; found C: 60.7; H:7.0; N:9.9. 

2. Metalation procedure 

The aryl tetramethyl diamido phosphate (5 mmol) was dissolved in THF and 

cooled to -75 OC. The lithiating agent (2.6 M n-BuLi in hexan (6 mmol) was 

added and the reaction mixture was stirred for 60 min. at -75 "C and 2 h at room 

temperature. The mixture was poured onto a Na.HP04/HCl buffer. The H 2 0  

phase was extracted with 3x100 ml ethyl acetate. The .organic phase was dried 

over MgS04 and concentrated to afford the crude product. 

3. Products 

1-(2-hydmzy)-pheny1)-N,N,N',N'-ietmmethyl phosphonic diamide; Phenyl tetramethyl- 

diamido phosphate (1.14 g) was metalated according to  the general procedure. 
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2496 NAJSMAN AND KOPOLA 

Recrystallization from diisopropyl ether yielded Me product as white crystals with 

mp: 69-72 'C (0.2 g, 35%). 'H-NMR 2.67 (d, 12H, 'JPH = 10.4), 6.85 (m, lH), 

6.95 (m, lH), 7.22 (dxd, lH, 3 J ~ ~  = 12.8), 7.37 (m, 1H); 13C NMR 36.3 (hq , ) ,  

110.4 ( d x ~ ,  Jpc = 149), 118.0 (dxd, JCH = 164, 'Jpc = lo), 118.7 (dxd, JCH = 164, 

'Jpc = lo), 131.2 ( a d ,  JCH = 158), 133.9 (sxd, JCH = 160), 163.1 (ah, *Jpc = 

6); MS m/e (rel.int.) 228 (loo), 185 (49), 184 (46), 167 (59), 152 ( l l ) ,  140 (14), 92 

(16), 77 (22); Elemental analysis; calc. for CloHI7NaO2P: C: 52.6; H: 7.5; N: 12.3; 

found C: 52.4; H: 7.1; N: 12.1. 

(9-(2-hydrozy)-naphtyl)-Nl NIN'lN'-ielmmeihyl phosphonic diamide; 1-naphtyl tetramet- 

hyl diamido phosphate (1.4 g) was metalated according to the general procedure. 

Recrystallization from diisopropyl ether / ethyl ether yielded the product as white 

crystals with mp: 132-134 "C (0.6 g, 43%). 'H NMR 2.72 (d, 12H, 3JpH = 10.4), 

7.28-7.31 (m, 2H), 7.45 (m, lH), 7.68 (d, lH), 7.82 (d, lH, 3 J ~ ~  = 14.3); I3C NMR 

36.3 (dxq), 114.2 (dXS,'Jpc = 148), 111.7 (&d,'Jpc = 9, JCH = 157), 123.4 (sxd, 

JCH = 161), 126.4 ( a d ,  JCH = 160), 128.1 (sxd, JCH = 16l), 128.4 ( a d ,  JCH = 

158), ca. 127 (s), 133.1 (hd,SJpC = 5, JCH = 158), 137.3 (s), 158.3 ( h s ,  2 J ~ ~  = 

6); MS m/e (rel.int.) 278 (loo), 233 (63), 217 (23), 190 (75), 135 (8), 127 (14), 115 

(24); Elemental analysis; calc. for C14H19N202P C: 60.4; H: 6.8; N: 10.0; found C: 

60.6; H: 6.8; N: 10.0. 

(2-(l-hydrozy)-naphiyl)-N,N,N', N'-lelmmethyl phosphonic diamide; 2-naphtyl tetra- 

methyldiamido phosphate (1.4 g) was metalated according to the general proce- 

dure. Recrystallization from diisopropyl ether / diethyl ether afforded the product 

as white crystals with mp: 125-127 "C (0.95 g, 68%). IH NMR 2.70 (d, 12H, 'JPH 

= 10.2), 7.20 (dxd, lH, 'JPH = 10.8, 'JIM = 8.63), 7.28 (dxd, lH, ' J ~ H  = 2.9, 

'JHH = 8.63), 7.51 (dxd, 1H, 'JHH = 8.2, 'JHH = 8.2), 7.57 (dxd, lH, 'Jm = 8.2, 
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ARYL TETRAMETHYLDIAMIDOPHOSPHATES 2491 

3 J ~ ~  = 7.9), 7.75 (d, lH, 3 J ~ ~  = 7.9), 8.39 (dr-IH, 3Jm = 8.2); 13C NMR 36.3 

(dxq), 102.3 ( d x s ,  'Jpc = 150), 118.2 (dxd, 'Jpc = 13, JCH = 163), 123.6 ( a d ,  JCH 

= 164), 125.7 (dxd, JCH = 159) 126.3 (sxd, JCH = 162), 127.3 ( a d ,  JCH = 162), 

127.3 (sxd, J = not resolved), 128.5 ( a d ,  J = not resolved), 136.4 (s), 161.6 ( d x s ,  

2 J ~ ~  = 6). MS m/e (rel.int.) 278 (loo), 233 (loo), 217 (13), 190 (73), 143 (12), 
127 (ll), 115 (16). Elemental analysis; calc. for ClrHlsNaOzP: C: 60.4; H: 6.8; N: 

10.0; found C: 59.8; H: 6.6; N: 9.8 
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