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SYNTHETIC COMMUNICATIONS, 25(8), 1187-1 196 (1995) 

A GENERAL AND CONVENIENT SYNTHESIS OF N-[(I-DIF'HENYL- 
0XOPHOSPHINYL)ALKYLlCARBOXAMIDES AND SULFAMIDE 

Alan R. Katritzky,* Hong Wu and Linghong Xie 

Center for Heterocyclic Chemistry, Department of Chemistry, 
University of Florida, Gainesville, FL 3261 1-7200, USA 

ABSTRACT: A wide range of title compounds were prepared in good yields 
by amidoalkylation of ethyl diphenylphosphinite with readily available 
N-[a-(benzotriazol- 1-y1)alkyllamides. A more convenient direct one-pot 
amidoalkylation of ethyl diphenylphosphinite with an amide, an aldehyde and 
benzotriazole is described. 

N-[(  1-Diaryloxophosphinyl)alkyl]amides (1, R4 = aryl) and N-[(  l-di- 

alkyloxophosphinyl)alkyl]amides (1, R4 = alkyl) are of interest due to their 

biological activities.' Several synthetic routes to this class of compounds have 

1 

* To whom correspondence should he addressed 

1187 

Copyright 0 1995 by Marcel Def i er ,  Inc. 

D
ow

nl
oa

de
d 

by
 [

C
om

pu
tin

g 
&

 L
ib

ra
ry

 S
er

vi
ce

s,
 U

ni
ve

rs
ity

 o
f 

H
ud

de
rs

fi
el

d]
 a

t 2
0:

34
 2

7 
D

ec
em

be
r 

20
14

 



1188 KATRITZKY, WU, AND XIE 

been reported, all of which involve treatment of a trivalent phosphorus species 

with an electrophilic amidoalkylation reagent of the type 2. However, previous 

methods using reagents 2 all possess limitations: 

2 

x = O C H ~ ,  OAC, NHCOR~, CI 

(a) X = OCH3. N-[( 1-Diphenyloxophosphinyl)alkyl]carbamates (1, R' 

= alkoxy) have been prepared by the reaction of chlorodiphenylphosphine with 

a-methoxylated carbamates.2 However, anodic oxidation was required for the 

preparation of these amidoalkylation reagents. Furthermore, the literature only 

describes the preparation of cyclic carbamates by this method. 

(b) X = OAc. A number of phosphorylated p-lactams have been 

obtained by the replacement of an a-acetoxy group by a phosphoryl 

However, this approach is only applicable to p-lactams, since the acetoxylated 

lactams are prepared from vinyl esters and chlorosulfonyl i~ocyanate.~ 

(c) X = NHCOR'. Although the amidoalkylation of chlorodiphenyl- 

phosphine with N,K-alkylidene or N,"-arylidene bisamides has provided 

easy access to N-[( 1-diphenyloxophosphinyl)alkyl]amides, attempts to extend 

the scope of this reaction to secondary amides (R2 f H) were unsuccessfuL6 In 

addition, the yields from primary amides were usually around 40%). 

(d) X = C1. Recently, a variety of N-[(  1-diphenyloxophosphiny1)- 

methyllamides have been synthesized by chloromethylation of the appropriate 
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AMIDOALKYLATION OF ETHYL DIPHENYLPHOSPHINITE 1189 

secondary amides and subsequent treatment with ethyl diphenylpho~phinite.~ 

However, this methodology was restricted to compounds with methylene 

linkages between N and P (R' = H). 

As a continuation of our exploitation of benzotriazole as a synthetic 

auxiliary, we have demonstrated the versatility of readily available 

N-[a-(benzotriazol-1-yl)alkyl]amides 3 in organic synthesisx We recently 

reported that amides 3 are convenient precursors of the corresponding 

acyliminium cations as the benzotriazolate anion is a good leaving group. 

Derivatives 3 have been successfully used in the amidoalkylation of 

alkylmalonates and other C-H acids: active aromatic compounds," and in the 

preparation of tri- and tetra- substituted 4H- 1,3-oxazines." We have also 

found that amides 3 react readily with a variety of thiols and sodium sulfide to 

give N-acylhemithioaminals,12 and with primary and secondary alcohols to 

afford N-(a-alkoxyalky1)amides. l3 

The present paper reports a general route to N-[(  l-diphenyl- 

oxophosphinyl)alkyl]sulfamide 4 and carboxamides 5 using N-[a-(benzo- 

triazol- 1-yl)alkyl]amides 3. A more convenient one-pot procedure employing 

an amide, an aldehyde and benzotriazole is also described. 

Results and Discussion 

The amidoalkylation reagents, N-[a-(benzotriazol-1-y1)alkyllamides 3, 

were easily prepared by the previously reported method from benzotriazole, an 

aldehyde, and an amide in toluene9.14 or performance fluid 508015 using 

AmberlystB 15 ion exchange resin as a catalyst.16 Thus, 3a [R1R2 = -(CH2)'-, 

R3 = HI, 3b [R1R2 = -(CH2)'-, R' = i-propyl], 3c (R' = 2-methylphenyl, R2 = 
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1190 KATRITZKY, WU, AND XIE 

Scheme 1 a ) R1CONR2H / R'CHO 

toluene or PF 5080 
\ reflux 
H 

1. P - C H ~ C ~ H ~ S O ~ N H ~  
PhCH2CH2CHO 

2. P(Ph)pOEt 
ZnBr2 

Ph 1 I 

3 

P( P h)20Et 
ZnBr2 I 

H, R3 = H) and 3d [R'R2 = -(CH2)3-, R3 = Ph] were synthesized in good yields 

(Scheme 1). 

It was previously reported that benzotriazole adducts are readily 

assisted by Lewis acids to form the benzotriazole anion and the corresponding 

carbocations which then react with nucleophiles. lo Accordingly, compounds 

5a-d were prepared by refluxing the corresponding adducts 3a-d with ethyl 

diphenylphosphinite in toluene in the presence of zinc bromide in good yields 

(Scheme 1 and Table 1). The benzotriazole byproduct formed during the 

reaction dissolved in dilute alkali and was easily separated by extraction. The 

crude products were readily purified by recrystallization. 
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AMIDOALKYLATION OF ETHYL DIPHENYLPHOSPHINITE 1191 

Table 1. Preparation of N-[(Diphenyloxophosphinyl)alkyl]amides 4, 5a - g 

C f l  Structure Method Yield (96) Solvent 

4 

5a 

5h 

5c 

5d 

5e 

5f 

5g 

0 

O H  

one pot 

two steps 

two steps 

two steps 

two steps 
one pot 

one pot 

one pot 

one pot 

52 

46" 

64" 

78" 

79" 
76 

61 

5s 

58 

toluene 

toluene 

toluene 

toluene 

toluene 
PFSOXO 
toluene 

PFSOXO 
toluene 

PFSOXO 
toluene 

PFSOXO 
toluene 

" Yield of the second step 
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1192 KATRITZKY, WU, AND XIE 

In practice, it is not necessary to isolate the benzotriazole derivatives 3. 

Accordingly, N-[(1-diphenyloxophosphinyl)alkyl]sulfamide 4 and N-[(1-di- 

phenyloxophosphinyl)alkyl]carboxamides 5 were synthesized in a more 

convenient one-pot procedure directly from benzotriazole, an amide, an 

aldehyde and ethyl diphenylphosphinite. Thus, the mixture of benzotriazole, 

amide and aldehyde was first refluxed in toluene and / or performance fluid 

for 6 hours. Zinc bromide and ethyl diphenylphosphinite were added 

subsequently. Upon further refluxing overnight, the expected products 4 and 

5d-g were obtained in good yields (Table 1). 

Compounds 4 and 5a-g were characterized by ‘H NMR spectra and 

elemental analyses as illustrated in Table 2. All compounds except 5a and 5g 

are novel. 

In summary, an alternative approach to N-[(  1-diphenyloxophosphiny1)- 

alkyllamides has been developed. The wide generality of this methodology 

and the simplicity of the work-up procedure offer considerable advantages 

over previous reported literature procedures. 

Experimental Section 

Melting points were determined with a Kofler hot stage apparatus 

without correction. ‘H NMR spectra were recorded at 300 MHz with tetra- 

methylsilane as the internal standard. Microanalyses were caried out using a 

Carlo Erba 1106 elemental analyser. 

N-[a-(Benzotriazol- 1-y1)alkyllamides 3a-d were prepared as previously 

reported.”.’4,16 
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1194 KATRITZKY, WU, AND XIE 

Preparation of N-[(  1-Diphenyloxophosphinyl)alkyl]amides 5a-d from 3a-d. 

General Procedure. 

To a mixture of the corresponding N-[a-(benzotriazol- I-yl)alkyl]amide 

(5 mmol) and toluene (20 ml) was added zinc bromide (5 mmol) and the 

mixture refluxed for 0.5 h under argon. Ethyl diphenylphosphinite (5 mmol) 

was then added and the mixture refluxed for a further 24 h. The precipitate 

was filtered off and washed with toluene. The filtrate was washed with 

aqueous hydrochloric acid (2 N, 10 ml), aqueous sodium hydroxide (2 N, 10 

ml) and water (10 ml). The solution was dried over MgSO,, and the solvent 

evaporated. The crude product was recrystallized from ethyl acetate and 

hexanes to give the analytically pure product. 

One-Pot Preparation of N-l( 1-Diphenyloxophosphiny1)a~yllamides 4 and 

5d-g. General Procedure. 

To a mixture of aldehyde (5 mmol), amide (5 mmol), benzotriazole 

(0.60 g. 5 mmol) and AmberlystB 15 ion exchange resin (0.01 g) was added 

performance fluid 5080 (30 ml) (in the case of 4 toluene was used instead of 

performance fluid). The mixture was refluxed for 6 h under argon using a 

Dean-Stark aparatus to remove the water formed. Zinc bromide (1.13 g, 5 

mmol), ethyl diphenylphosphinite (1.15 g, 5 mmol) and toluene (20 ml) were 

then added and the mixture was further refluxed under argon for 24 h. The 

precipitate was filtered off and washed with toluene. The filtrate was washed 

with aqueous hydrochloric acid (2 N, 10 ml), aqueous sodium hydroxide (2 N, 

10 ml) and water (10 ml). After drying over MgS04, the solvent was 

evaporated. The crude product was recrystallized from ethyl acetate and 

hexanes to give the analytically pure product. 
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