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SELECTIVE CLEAVAGE OF ONE ESTER
GROUP IN DIBENZYL DI-P-NITROBENZYL
AND DIMETHYL N-PROTECTED
AMINOALKYLPHOSPHONATES

MARIA HOFFMANN

Department of Organic Chemistry, Technical University of Gdansk, 80-952
Gdansk, Poland

(Received 11 November, 1997)

Benzyl, p-nitrobenzyl and methyl hydrogen N-protected aminoalkylphosphonates were effi-
ciently prepared by selective cleavage of one ester group in the corresponding diesters using
DABCO (1,4-diazabicyclo(2.2.2]octane).

Keywords: Benzyl hydrogen N-protected aminoalkylphosphonates; p-nitrobenzyl hydrogen
N-protected aminoalkylphosphonates; methyl. hydrogen N-protected aminoalkylphospho-
nate; DABCO (1,4-diazabicyclo(2.2.2]octane)

INTRODUCTION

Phosphonic acid monoesters can be prepared via direct monoesterification
of phosphonic acid with alcohols in the presence of condensing reagents
such as DCC,! DCC/base,? CCI;CN,> SOCL,/DMFE;* BroP® or TPyCIU.
Karanewsky® described an alternative procedure in which phosphonic acid
monoesters are prepared in a two step procedure proceeding by
DCC/DMAP mediated estirification of phosphonous acids and oxidation
of the resulting phosphonous ester. Another strategy is based upon hydro-
lytic (LiOH,NaOH)” or non hydrolytic (Nal, TMsBr, PhSH)? selective
ester cleavage of symmetrical or unsymmetrical phosphonate diesters.
This synthesis requires however preparation of corresponding phospho-
nate diesters. Mixed diesters have been obtained in good yields from mon-
omethyl *10 or monobenzyl esters 105 N-protected o-amino phosphonic
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acids using BoP or PyBoP as condensing agents or the Mitsunobu reac-
tion.

Our previous papers described the synthesis of dibenzyl ¥ and
dimethyl'! esters of N-protected o-aminophosphonic acids. Recently a
procedure for selective deprotection of organophosphorus benzyl and
methyl esters using various nucleophilic amines (i.e. t-bulylamine,12 qui-
nuclidine, 1,4-diazabicyclo[2.2.2]octane13) has been described. In this
paper we wish to report that DABCO cleaves efficiently and selectively
one benzyl, p-nitrobenzyl and methyl group in dibenzyl, di-p-nitrobenzyl
and dimethyl N-protected aminoalkylphosphonates.

RESULTS AND DISCUSSION

Monoesters of N-protected aminoalkylphosphonic acids were synthesized
according to Scheme 1.

Dibenzyl, di-p-nitrobenzyl and dimethyl N-benzyloxycarbonyl and
N-phthaly!l aminoalkylphosphonates 2a-o0, obtained according to the erlier
described procedures 811 reacted with an excess of DABCO in the boil-
ing mixture of acetone and toluene to afford the corresponding monoesters
3a-o in good yields. Reactions were monitored by thin layer chromatogra-
phy. Physical and analytical properties of the newly prepared compounds
are summarised in Tables I and IL

Using as a substrate optically pure dimethyl N-benzyloxycarbonyl ami-
nobenzylphosphonate 2j, optically active monoester 3j was obtained with
the specific rotation consistent with that reported in literature.!# This fact
indicates that the reported procedure is racemization free and can be
employed to the synthesis of monoesters derived from optically active
diesters. Moreover in the case of di-p-nitrobenzyl 3-(benzyloxycarbo-
nylamino)-3—(p-nitrobenzyloxycarbonyl)propylphosphonate 4a and dime-
thyl 3-(benzyloxycarbonylamino)-3-(p-methoxycarbonyl)propylphosphonate
4b, the carboxylic ester remained intact upon' treatment with
DABCO.(Scheme 2).

In conclusion, the described method provides a convenient and facile
route for effective cleavage of one ester group in N-protected aminophos-
phonate due to its ease of use, selectivity, and good yields.
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N-PROTECTED AMINOALKYLPHOSPHONATE HALF ESTERS

R—i}l-P(O)(ORI)Z Dr':sio R-iH-P(OXORl XOH)
‘ 2 ) 3
23} R R! X 23 { R R! X
a |H Nb NHZ h i-C,H, CH, NPht
b CH, Nb NHZ i i-C,H, Bz NHZ
¢ | CH, Nb NPht § CH, CH, NHZ
d | cH, CH, NPht k C¢Hg CH, NPht
¢ | i-CH, CH, NHZ 1 C H Bz NHZ
f |icC H, CH, NPht m CH, Bz NPht
g8 | i-CjH, Bz NPht n Bz CH, NPht
[ Bz Bz NHZ
Bz = CH,CH, Pht = C,H,(CO),
Nb = CH,CH,-NO,-p : Z= O(COXCH,CH,
SCHEME 1

R100C-CH-CH2CH2-P(OXOR1);  4s,4b
NHCOOCH;CgHs

DABCO
aceton + toluen

reflux

RIOOC-CH-CHyCH2-P(OXOR1OH  58,5b
NHCOOCH;CgHs

43,53 Rl=p-O3N-C6Hy-CHy
4b,5b Rl=CH3

SCHEME 2
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TABLE II 'H-NMR spectra of the newly prepared benzyl, p-nirtobenzyl and methyl
hydrogen N-protected 1-aminoalkylphosphonates

Produkt 1 NMR (solvent) & [ppm]

3a  (DMSO-dg) 3.46 (dd, 2H,J = 10.7 Hz, J = 6 Hz, CH,P); 5.01 (s, 2H, CH,CgHy);
5.07 (d, 2H, J = 7.4 Hz, POCH,); 7.31 (s, 5H, CgHs); 7.59-7.63 (m, 3H, CgH,
NH); 8.19 (d, 2H, CgH,).

3d  (CDCl3) 1.70 (dd, 3H, ] = 7.8 Hz, ] = 16.4 Hz, CH3); 3.79 (d, 3H, ] = 11.2 Hz,
POCH;); 4.73 (dq, 1H, J = 7.4 Hz, J = 20 Hz, CH-P); 5.64 (s, 1H, OH); 7.65-
7.90 (m, 4H, CgHy).

3 (CDCl3) 0.72 (d, 3H, J = 6.3 Hz, CH5C); 1.07 (d, 3H, J = 6.6 Hz, CH5C); 2.55-
2.80 (m, 1H, CH); 3.62 (d, 3H, J = 11 Hz, POCH3); 4.04 (dd, 1H, J = 19 Hz,
J=11Hz, CH-N); 7.57-7.75 (m, 4H, C¢H,); 8.47 (s, 1H, OH).

3g  (CDCL;+DMSO0)0.72 (d, 3H, J = 6.8 Hz, CH3C); 1.07 (d, 3H, J = 6.6 Hz,
CH;C); 4.10 (dd, 1H, ] = 18.6 Hz, ] = 11 Hz, CH-P); 4.99 (d, 2H, 1 = 7.4 Hz,
POCH,); 7.00-7.80 (m, 9H, CgHs, CgH,); 8.10 (br s, OH).

3h  (CDCl3)0.90, 091 (two d, 6H, J = 6.4 Hz, (CH;),C; 1.35-1.60 (m, 1H, CH);
1.60-1.80 (m, 1H, CH); 2.35-2.60 (m, 1H, CH); 3.78 (d, 3H, J = 11 Hz, POCH,);
4.70 (ddd, 1H, J=20.2 Hz, ] = 11.8 Hz, J = 4 Hz, CH-P); 6.59 (s, 1H, OH); 7.65-
7.85 (m, 4H, CgHy).

3i  (CDCl3)0.70-1.00 (m, 6H, (CH3),C); 1.30-1.80 (m, 3H, CH,CH); 4.104.40
(m, 1H, CH-P); 5.00~5.30 (m, 5H, POCH,, OCH,, NH), 6.15 (br s, OH); 7.20-
7.45 (m, 10H, 2 C¢Hs).

3k (CDCly+DMSO0)3.58 (d, 3H,J = 11 Hz, POCH3); 5.60 (d, 1H, J = 24.4 Hz,
CH-P); 7.16-7.80 (m, 10H, CgHs, CgH,+OH).

3m  (CDCly+ DMSO)4.94 (d, 2H, J=7,6 Hz, POCH}>); 5.63 (d, 1H, ] =24.6 Hz,
CH-P); 7.00-7.80 (m, 15H, 2 C¢Hs, C¢H,, OH).

3n  (CDCly)3.25-3.45 (m, 1H, CH); 3.60-3.76 (m, 1H, CH); 3.81 (d, 3H, 1 = 11 Hz,
POCH3); 4.93 (ddd, 1H, J = 19.4 Hz, J = 12.4 Hz, J = 4.4 Hz, CH); 5,72 (s, 1H,
OH); 7.15 (s, 5H, CgHs); 7.60-7.80 (m, 4H, CgH,).

EXPERIMENTAL

All melting points are uncorrected. TH-NMR spectra were recorded on
Varian 200 MHz spectrometer. DABCO (1,4-diazabicyclo[2.2.2.]Joctane)
was purchased from Aldrich. Thin layer chromatography (TLC) was per-
formed on silca gel 60 plates using solvent systems:
iPrOH:NH,OH:H,0 = 8:1:1 and CHCl3:MeOH = 9:1.
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Dibenzyl and di-p-nitrobenzyl N-protected aminophosphonates 2a-c,
2g, 2i, 21, 2m, 20,5a

Were obtained from N-protected aminophosphonic acids and O-benzyl
and O-p-nitrobenzyl-N,N’-dicyclohexylisourea according to the procedure
described in 1it.3%/

Compound 2i: Yield 80%; m.p.95-96°C; 'H-NMR (CDCl5) 8:0.89 (d,
6H, J = 6 Hz, (CH;),CH); 1.40-1.80 (m, 3H, CH,CH); 4.15-4.40 (m, 1H,
CHP); 4.80 (d, 1H, J = 8 Hz, NH); 4.90-5.10 (m, 6H, P(OCH,),, OCH,);
7.25-7.40 (m, 15 H, 3 C¢Hs); '

Compound 2L.: Yield 77%; m.p.136-138°C. TH-NMR (CDCly) 6:4.62
(dd, 1H, J = 11.6 Hz, J = 8.4 Hz, 0.5 POCH,); 4.85 (dd, 1H, J=11.6 Hz,
J=17.2Hz, 0.5 POCH,); 4.98 (d, 2H, J = 8.4 Hz, POCH,); 5.03-5.14 (m,
1H, OCH,); 5.26 (dd, 1H, J=21.6 Hz, J=9.9 Hz, CHP); 5.80-5.90 (m,
IH, NH); 7.00-7.50 (m, 20 H, 4C¢Hs).

Compound 2m: Yield 78%; m.p.76-77°C; IH.NMR (CDCl;) &: 4.88
(dd, 1H, J=11.8 Hz, J = 8.3 Hz, 0.5 POCH>); 4.99 (dd, 1H, J = 11.8 Hz,
J=8.8 Hz, 0.5 POCHjy); 5.16 (d, 2H, J = 8.4 Hz, POCH,); 5.80 (d, 1H,
J=24.9 Hz, CHP); 7.20-7.90 (m, 19 H, 3 CgHs, CgH,).

Compound 4a: Yield 82%; m.p. 131-132°C; IH.NMR (CDCls) 6: 1.80~
2.20 (m, 4H, CH,CH,); 4.20-4.35 (m, 1H, CHN); 4.97-5.10 (m, 2H,
OCH,C¢Hs); 5.18 (d, 4H, J = 8.3 Hz, POCH,); 5.27 (s, 2H, COOCH,);
7.20-7.40 (m, 5H, C¢Hs); 7.50-7.70 (m, 6H, C¢H,), 7.96 (d, 1H, J = 8 Hz,
NH); 8.10-8.25 (m, 6H, CgH,).

Dimethyl N-protected aminoalkylphosphonates 2d-f, 2h, 2j, 2k, 2n

Were obtained from N-protected aminoalkylphosphonic acids and dia-
zomethane according to lit.!1.

Compound 2h: Yield 100%. IH.NMR (CDCl3) &: 0.84, 0.86 (two d, 6H,
J = 4Hz, (CH;),C); 1.35-1.59 (m, 1H, CH); 1.60-1.80 (m, 1H, 0.5 CH,);
2.40-2.60 (m, 1H, 0.5 CH,); 3.81, 3.83 (two d, 6H, J = 11 Hz, P(OCH3),);
4.70 (ddd, 1H, J = 19.7 Hz, J = 12.3 Hz, ] = 3.9 Hz, CHP); 7.70-7.95 (m,
4H, C¢H,).

Compound 2n: Yield 90%; m.p. 104-105°C; TH-NMR (CDCls) &: 3.30-
3.44 (m, 1H, 0.5 CH,); 3.62-3.78 (m, 1H, 0.5 CH,); 3.85, 3.88 (two d, 6H,
J =11 Hz, P(OCH)3),); 4.93 (ddd, 1H, J = 19.2 Hz, ] =124 Hz, =4 Hz,
CHP); 7.10-7.15 (m, 5H, C¢Hs); 7.60-7.85 (m, 4H, C¢Hy).
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Benzyl, p-Nitrobenzyl and Methyl Hydrogen N-protected
1-Aminoalkylphosphonates 3a, 3b, 3c, 3e, 3g, 3i, 31, 3m, 30

A solution of dibenzyl, di-p-nitrobenzyl and dimethyl N-protected 1-ami-
noalkylphosphonate (1 mmol) in the (1:1) mixture of acetone and toluene
(10 ml) containing DABCO (168 mg, 1.5 mmol) was refluxed for Sh
before the solvents were removed in vacuo and the residue was dissolved
in 5% aqueous HCI. The aqueous layer was extracted with ethyl acetate
(10 ml) and the organic layer washed with water, dried over magnesium
sulfate, filtered and evaporated. The residue was recrystallized. Yields and
properties of the compounds obtained are listed in Table I.

Methyl Hydrogen N-phthalyl 1-Aminoalkylphosphonate 3d, 3f, 3h,
3k,3n

A solution of dimethyl N-phthalyl I-aminoalkylphosphonate (1 mmol) in
the (1:1) mixture of acetone and toluene (10 ml) containing DABCO (168
mg, 1.5 mmol) was refluxed for 5h before the solvents were removed in
vacuo. The residue was dissolved in methanol (10 ml ) and this solution
was passed through Amberlite IR 120 H* (20 ml). The filtrate was evapo-
rated to dryness-under reduced pressure. The residue was recrystallized.
Yields and properties of the compounds obtained are listed in Table I.

(S) Methyl Hydrogen
1-(Benzyloxycarbonylamino)-phenylmethylphosphonate 3j

This compound was obtained according to the above general procedure
from (S) Dimethyl 1-(Benzyloxycarbonylamino)phenylmethylphospho-
nate [o]= —14 (c2, MeOH), (175 mg, 0.5 mmol) and DABCO (84 mg, 0.75
mmol). Yield 144 mg (80%). M.p. 157-159°C ; [o}p= —24 (cl, IN NaOH).
Ref. m.p. 155-156°C; [a]p=—19.3 (c], IN NaOH).

Synthesis of p-Nitrobenzyl Hydrogen (RS) 3-(Benzyloxycarbonylamino)-
3-(p-Nitrobenzyloxycarbonyl)-propylphosphonate 5a and Methyl
Hydrogen (RS) 3-(Benzyloxycarbonylamino)-
3-(Methoxycarbonyl)-propylphosphonate 5b

A solution of compound 4a (361mg, 0,5 mmol) or 4b (179 mg, 0,5 mmol)
in the (1:1) mixture of acetone and toluene (10 ml) containing DABCO
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(84 mg, 1.5 mmol) was refluxed for Sh before the solvents were removed
in vacuo. In the case of compound 4a aqueous 5% HCI was added to the
residue and the reaction mixture was extracted with ethyl acetate (15 ml).
The organic layer was washed with water, dried over magnesium sulfate
and evaporated.The residue was crystallized, from ethyl acetate. Yield of
5a 265 mg (90%), m.p. 128-130°C
CyeHogN30011P(587,46) calc. C53.15H4.44 N7.15
found C 53.21 H4.47 N 7.03

IH-NMR (DMSO-dg) 8: 1.70-2.10 (m, 4H, CH,CH,); 4.20-4.35 (m,
1H, CH-N); 5.02-5.10 (m, 2H, OCH,C¢Hs); 5.08 (d, 2H, J=8.7 Hz,
POCH,); 5.29 (s, 2H, OCH,CgHy); 7.20-7.40 (m, 5H, C¢Hg); 7.60-7.67
(m, 4H, CgHy4); 7.95 (d, 1H, J = 7.5 Hz, NH); 8.15-8.25 (m, 4H, C¢Hy).

In the case of compound 4b the residue was dissolved in methanol (10
ml) and the solution was filtered through Amberlite IR 120 H*(30 ml).
The filtrate was evaporated to dryness under reduced pressure. The oily
product 5b was dissolved in ethyl acetate 10 ml and extracted with satu-
rated NaHCOj solution (5ml) and water (5ml). The combined NaHCO;
and water layer were acidified with concentrated HCI and extracted twice
with ethyl acetate (2 x Sml). The organic layer was dried over magnesium
sulfate and evaporated to afford the oily product 5b. Yield 290 mg (80%).

IH-NMR (CDCl3) &: 1.65-2.35 (m, 4H, CH,CH,); 3.70 (d, 3H,
J =11 Hz, POCH3); 3.75 (s, 3H, COOCH3;); 4.35-4.50 (m, 1H, CH); 5.11
(s, 2H, CH,CgHs); 5.40-5.70 (br, 1H, NH); 7.35 (s, SH, CgHs).
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