
 

 

 

 

This PDF was created from the British Library’s microfilm copy 
of the original thesis. As such the images are greyscale and no 
colour was captured. 
 
Due to the scanning process, an area greater than the page 
area is recorded and extraneous details can be captured. 
 
This is the best available copy 

IMAGING SERVICES NORTH                                          

Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl.uk 
 









T H E  B R IT IS H  L IB R A R Y  DO CUM EN T SUPPLY CENTRE

TITLE Synthesis and B iological A ctiv ities  of 
a-am inoalkanephosphonic acids and 
a-am inoalkanephosphonous acids 

and their derivatives

AUTHOR Fatima Bawa

INSTITUTION  
and DATE

The P olytechnic o f N orth  London,

Attention is drawn to the fact that the copyright of 
this thesis rests with its author.

This copy of the thesis has been supplied on condition 

that anyone who consults it is understood to recognise 
that its copyright rests with its author and that no 
information derived from it may be published without 
the author’s prior written consent

“ T* ~ n “ T4I 1 II 1 II
cmt __L I  1

THE BRITISH LIBRARY 
DOCUMENT SUPPLY CENTRE 
Bocton Spa, Watharty 
WaitYoffaMr«
Unkad Kkifdoin

20
RBOUCnONX'.





The P olytechnic of North London in collaboration  w ith  
Kenogard AB (Sweden)

Synthesis and B iological A ctivities of 
a-am inoalkanephosphonic acids and 
a-am lnoalkanephosphonous acids 

and their derivatives

by

Fatima Bawa

A th e s is  su bm itted  fo r th e  D egree o f D octo r of 
Philosophy of the Council fo r National Academ ic Awards.



THE BRITISH LIBRARY DO CUM ENT SUPPLY CENTRE

BRITISH THESES 
N O T !  C E

The quality of this reproduction is heavily dependent upon the quality 
of the original thesis submitted for microfilming. Every effort has been 
made to ensure the highest quality of reproduction possible.

If pages are missing, contaa the university which granted the degree.

Some pages may have indisdna print, especially if the original pages 
were poorly produced o r if the university sent us an inferior copy.

Previously copyrighted materials (foumal árdeles, published texts, etc.) 
are not filmed.

Reproduction of this thesis, other than as permitted under the United 
Kingdom Copyright Designs and Patents A a  1988, or under specific 
agreement with the copyright holder, is prohibited.

THIS THESIS HAS BEEN MICROFILMED EXACTLY AS RECEIVED

THE BRITISH , LIBRARY 
DOCUM ENT SUPPLY CENTRE 

Boston Spa, Wetherby 
W est Yorkshire, LS23 7BQ  

United Kingdom





S y n th e s is  snd  b io lo g ic s l  s c t iv it ie s  of a *  
sminosiksnephosphonic scids, a-sm inosiksnephosphonous  
sclds and their derivatives

F.BAWA

ABSTRACT

A study of preparation methods for a -a m in o a lk a n e p h o s p h o n ic , 
a-am inoalkanephosphonous and a-am inoalkanephosphinic acids has 
been made, based on the combined use of an aldehyde, an amino 
com pound, and a  phosphorus reagent. Reported  yie lds are  
frequently poor and the mechanisms of the reactions are unclear.

The synthesis of a -am in o a lkan ep h o sp h o n ic  acids has been  
systematically exam ined. Propanal was used as a  model carbonyl 
compound in reaction with various combinations of the following:

1) (PhO)3P, (PhO)2PH, (MeO)3P, (MeO)2PHO, (Et0)2PH0, PCI3, H3PO3.
2) H2NC02Et, H2NC02CH2Ph, H2NCH2Ph, H2NCHPh2, H2 NCONH2 , H2NC0NHPh. 

NH3.
The yields of various routes developed have ranged from 65%  to 

12% . The products have been fully characterised by melting point, 
elemental analysis, and nmr (’ H,^3C, spectroscopy.

R ad io labe lled  a -a m in o 4 -[^ ^ C ]-p ro p a n o p h o s p h o n ic  acid  was  
prepared for toxicology studies. An interesting feature  of this 
com pound has been the fo rm ation  of chem ica lly  identica l.
crystalline products whose melting points differ by 10 °C after 
repeated recrystallisation. The  crystal structure of a - a m in o J -
[^*C]-propanephosphonic acid w as determined in order to examine  
the possibility of different crystalline formd.

3 ’ P nmr spectroscopy studies of "one-pot" syntheses of the a -  
aminopropanephosphonic acid have shown that low yields may be 
due to the formation of several phosphorus-containing by-products 
and not merely from the problems of isolation.

A range of a-am inoalkanephosphonous acids and their derivatives  
has been prepared and characterised  by nm r ( ’ H, 3 i p )  
spectroscopy. These acids w ere  also exam ined by FAB mass 
spectrometry and w ere found to give strong [M+H]+ ions.

New  derivatives of a -a m in o p ro p a n e p h o s p h o n ic  ac id  w ere  
prepared and characterised. Results of screening tests have been
presented.
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INTRODUCTION

A fungicide is an agent that kills or inhibits fungal spores or 

m ycelia. Organic fungicides that w ere introduced before the mid- 

1960's  w ere not systemic. These do not penetrate the plant cuticle 

and are  not translocated within the p lant. Consequently, such 

fungicides are effective as protectants but not highly effective in 

eradicating established infections. Application was by foliar spray, 

and since the protectant fungicides are  not translocated in the 

p la n t c o m p le te  co ve rag e  w as  n e c e s s a ry  fo r p ro tec tio n . 

Furtherm ore, spraying had to be repeated to prevent new growth 

from becoming infected.

The presystem ic fungicides usually in terfere with energy- 

producing  processes  and so a re  strong inhib itors of cell 

respiration. In contrast, fungicides that a re  system ic in their 

action are  absorbed by the plants and then are translocated within 

them. The essential features of a  systemic fungicide are:

1) it should be either fungicidal, or be converted into an active 

fungitoxicant within the host plant;

2) it should be capable of being absorbed by the roots, seeds, or 

leaves of the plant, and then be translocated within the host plant;

3) it should have low phytotoxicity since the chemical is in close 

contact with the host plant.

System ic fungicides in terfere with biosynthetic processes  

and. genera lly  exhibit a narrow and specific  structure-activity  

re la tio n sh ip .

The developm ent of purely organic fungicides with protectant



action began in 1934 with the discovery of fungicidal activity of 

dith iocarbam ates and their derivatives.

Thiram or tetramethylthiuram disulphide was the first purely 

organic compound to be applied as a protectant broad-spectrum  

fu n g ic id e .^  It is still used as a seed dressing against soil fungi 

causing damping off diseases.

Since then im portant advances have been m ade towards 

achieving greater selectivity of fungicidal action. This m ay depend 

upon differences betw een the cell structure of plants and of the 

fungi and their biochemistry.

In 1951. Kittleson2.3 discovered that certain compounds 

co n ta in in g  the N -trich lo ro m eth y lth io  group exh ib it pow erful 

fu n g ic id a l ac tiv ity  on the surface of the substrate. Thus, N- 

(tr ic h lo ro m e th y lth io )-4 -c y c lo h e x e n e -1 ,2 -d ic a rb o x im id e  (c a p ta n )  

is an effective and persistent fungicide, and was mainly used as a 

fo lia r  spray. H o w ever, recent toxicolog ical d a ta  based on 

ad m in is tra tio n  of 3® S -labe(lod  cap tan  to m ice h ave  been  

published,^ which suggest that captan may be a potent carcinogen.

Although the past fifty years have seen rapid progress in the 

developm ent of protectant fungicides, the search has continued for 

compounds with properties to offset some of the disadvantages of 

protectant fungicides.

S ince Fleming's discovery of penicillin in 1929,^ there has 

been much activity in the search for antibiotics to control plant 

d is e a s e s . S e v e ra l a n tib io tic s  such as c h lo ra m p h e n ic o l, 

griseo fu lv in , cyc loh exim ide , and streptom ycin , are  known to 

possess systemic activity. However, their widespread use has been 

lim ited by cost, phytotoxicity, or limited activity. Therefore, in



contrast with th e  c o m m e rc ia l success in the control of human and 

anim al d is e a s e s , th e re  a re  fe w  antibiotics of practical importance 

in plant p ro te c tio n . H o w e v e r, in Japan two antibiotics^ have been 

d eve lo p ed  fo r  th e  c o n tro l o f paddy b last in rice, nam ely, 

kasugamycin a n d  b lastic id in  S .

S ystem ic  a n tifu n g a l a c tio n  has also been dem onstrated in 

m any other c o m p o u n d s ^ ’^ w hich have included sulphonamides, 

p h e n o x y a lk a n e c a rb o x y lic  a c id s , 6 -azau rac il, and phenylthiourea. 

How ever, lik e  a n tib io tic s , th e ir  discovery has m ade little impact 

on the c o m m erc ia l contro l o f fungal diseases.

W epsyn (1 )  h a s  b e e n  c la im ed  to be the first commercial 

systemic fu n g ic id e . It w a s  introduced by Philips Duphar in 1960^ 

for the contro l o f  p o w d ery  m ildew  in roses and in apple culture. 

This c o m p o u n d  a ls o  e x h ib its  insecticidal properties and high 

m am m alian to x ic ity .

I  J ^ N (C H 3 )2

( 1)

A fter 1 9 6 0 ,  a  la rg e  n u m b er of successfu l system ic  

fungicides h a v e  a p p e a re d  on th e  market. These belong to quite 

different c h e m ic a l c la s s e s  an d  a re  often very specific in their 

a c tio n . F o r  e x a m p le ,  K ita z in  (2) 0 ,0 -d ie t h y l  S -b e n zy l 

phosphorothioate is a  sys tem ic  fungicide used specifically for the 

control of Piricularia oryzae in rice. It inhibits m ycelial growth in 

tissues. K ita z in  a ls o  h as  w e a k  insecticidal properties. However,



the isomeric O -benzyl ester (3) is virtually inactive as a fungicide.

u

(C2H50)2 P -S -C H 2  —

(2)

9

(C 2 H 5 0 )2 P -0 -C H 2 —

(3)
T h e  first com m ercial non-system ic fungicide containing a 

g u an id in e  group  w as dodine^ introduced in 1 95 6 . Previous  

w orkers^^'^^ in this laboratory sought a  way to improve systemic 

a ctiv ity  and w a te r  so lu b ility  o f d o d in e -re la te d  g u a n id in e  

compounds. As a  result, various guanidated aminophosphonic acids 

(5) w ere synthesised using a  halogenoalkanephosphonic acid and an 

a lkylene  d iam ine . The  in term ediate am inoalkylam inophosphonic  

acids (4) w ere amidinated by S-alkylisothiouronium salt to yield 

the desired compound (5) (Reaction

(R0)2(0)P(CH2)m C1 ♦ NH2<CH2)nNH(CH2)nNH2

i
(R 0)2(0)P(CH2 ) mNH(CH2 )„  NH(CH2 >nNH2

(4 )
I  MeSC(:NH)NH2.HCl

(R0)2(0)P(CH2)mNH(CH2)nNH(CH2)nNHC=NH(NH2)

(5)
R « H, alkyl; m -  1-3; n » 4-16

(Reaction 1)



Guazatine was first synthesised as the sesquisulphate by the 

re a c tio n  o f 1 ,1 7 -d ia m in o -9 -a z a h e p ta d e c a n e  w ith  S - 

m ethylisoth iouronium  s u l p h a t e T h e  fungicidal potential of the 

salt of guazatine was described in 1968.^^ KenoGard later

developed guazatine under the trade nam e of Panoctine. It is a 

mixture of the reaction products formed by the amidination of 

technical im inodi(octam ethylene)d iam ine.^ ^

P an o ctin e  is an e ffe c tiv e  fu n g ic id e  for c e re a l seed  

trea tm en ts  ag a in s t Septoria nodorum, Tilletia caries, a n d  

Fusarium.W is also used as a  foliar spray against Cercospora spp. 

in peanuts, soya beans, and as a  post-harvest treatment of citrus 

fruit against Pénicillium spp.

The fungicidal activity of am inoalkanephosphonic acids has 

been the subject of a recent patent^ ^ and currently forms the 

subject of further studies. O f particular interest w as the a -  

am inopropanephosphonic acid (6) which exhibited very good 

growth inhibition of Drechslera saliva (76 -1 00 %  ) in v itro  and 

also of D.teres (9 9 .7 -1 0 0 % ) on barley in field tests. The seeds 

w ere  tre a ted  in a laborato ry  s ee d -tre a tm e n t m achine  with 

formulations containing 2 0%  of active ingredient/Kg of seeds.

C H 3 C H 2 C H (N H 2 )P (0 )(0 H )2

(6)

The a-am inoalkanep hosphon ic  acids a re  a relatively well 

known c lass  of com p ounds. T h ese  a re  w hite crys ta lline  

zwitterionic solids with typical melting point generally above 

250 °C.

T h e ir biological a c t i v i t y ^ a n d  chelating ab ility ’ ® h a v e



a lso  been docu m en ted . S om e of th em , fo r exam p le  the 

aminomethanephosphonic acid, are claim ed to have herbicidal and 
plant growth retardant properties for grass and cereals.20-2i .22 

A recent report^o claim ed that 2-am inoethylphosphonic acid 

(7 ) had considerable activity as a  herbicide against some lowland 

weeds.

H 2 N C H 2 C H 2 P (0 )(0 H )2

(7)
Synthesis of a-am inoalkanephosphonic  acids (8) frequently  

gives poor yields and there is limited information on the reaction 

m echanisms involved.

H 2 N C H R P (0 )(0 H )2

(8)

R -  alkyl

The aims of this project were:-

(a) to develop new routes with improved yield for the synthesis of 

a-am inoalkanephosphonic acids;

(b) to synthesise new derivatives of a -a m in o a lk a n e p h o s p h o n ic  

acids, the analogous a -am inoa lkanep hosph in ic  acids and their 

d e riva tiv e s , and to in vestig ate  the ir fungicidal activity with 

respect to their structure;

(c) to obtain inform ation regarding the reaction m echanism s  

involved by using spectroscopic methods for the identification of 

com ponents of the reaction mixtures and information on the by­

products formed from the interaction of the reagents.

A re v ie w  of th e  lite ra tu re  c o n c e rn in g  th e  a  -

aminoalkanephosphonic acids and a-am inoalkanephosphonous acids



indicated that these acids have been charaterised mostly by means 

of infra-red, nmr, and elem ental analysis. Although the latter 

may indicate purity, its use is limited if the compound can exist in 

various hydrated forms or is a mixture of isomers. Sim ilarly, there 

is little reference to the and ^ ip  nmr spectroscopy of these 

acids. It was therefore  decided to use ^H, and nmr 

spectroscopy in our studies . Fast Atom Bombardment (FAB) mass 

spectroscopy can be employed succesfully to reveal the [M-t-H]'*' ion 

of a -am in o atkan ep h o sp h o n ic  acids as the base  peak .^^  This 

technique has also been applied in the present studies to a range of 

zw itterion ic  derivatives.





1.1 SYNTHESIS OF a-AMINOALKANEPHOSPHONIC ACIDS

In this chapter, the established synthetic routes for the 

synthesis of the a-am inoalkanephosphonic acids (8) are reviewed. 

The results obtained using modifications of reported routes are 

also presented . Synthesis of these acids frequently gives poor 

yields and the products a re  often isolated as non-crystallizing 

hygroscopic syrups. For convenience, it w as decided to concentrate 

upon the synthesis of a-am inopropanephosphonic acid (6) using 

propanai as a  model aldehyde.

Numerous methods have been reported for the synthesis of a - 

aminoalkanephosphonic acids (8). Their complexity ranges from one 

stag e^^  to multistage^^ reactions, but yields are frequently poor. 

Furtherm ore, the papers lack mechanistic evidence concerning the 

reactions involved.

The first major effort towards the synthesis of (8) can be 

attribu ted to Kosolapoff^®-^^ ^ho synthesised a -a m in o b e n z y l-  

phosphonic acid (9 ). Th is  involved th e  reduction of the p- 

nitroph enylh ydrazone of d iethyl benzoylpho sp honate  in the 

presence of sodium sulphide (Reaction 2).

PhC-KOXOEOj
N-NH

Na,S 
— »— »- PhCHP(0X0H)2

NHj
(9 )

(Reaction 2 )



Subsequently, more m ethods have been  reported which  

include;

(i) the reaction between dialkyl phosphites, am m onia and carbonyl 
compounds; ^8,29

(ii) reductive am ination involving vaiious  carbonyl d erivatives  

such as acyl phosphonates;

(iii) addition of phosphite esters to Schiff bases; 32,33,34

(iv ) C u rtiu s  re a rra n g e m e n t of substitu ted  p h o sp h o n o acetic
e s te rs ;35

Cham bers and Isbell^^ first employed th e  Curtius reaction 

for the synthesis of (8). These workers concentrated mainly on the 

synthesis of analogues of naturally occurring amino acids. Their 

method involved condensation of hydrazine with a  phosphonoacetic 

e s te r  fo llow ed  by deg rad atio n  of the su b stitu ted  d iethyl 

phosphonohydrazides (S ch em et). The phosphonoacetic ester was  

synthesised from the reaction of an alkyl 2-brom opropionate and 
triethyl phosphite.^®

fO zE t
R C H P (0 )(0 E t)2  + H jN N H j-

^ONHNHj
R C H P(0)(0E t>2 ♦ MONO- R C H P (0 )(0 E t)2

^ C - 0
R C H P(O K O E t), ♦ N2

EtOH NHC02EI
R C H P (O K O E t),

1. NH,
I ^

R C H P(0)(0H )2

(8)

(S chem et)

10



1.2 SYNTHESIS OF a -A M IN Q A LK A N EP H O SP H O N IC  ACIDS 

USING DIALKYL PHOSPHITES

Kabachnik and Medved®* employed a general method for the 

synthesis of (8 ). This involved condensation of a  carbonyl 

com pound (a ldehyde or ketone) with am m onia and a dialkyl 

phosphite, followed by hydrolysis of the resultant am inoalkane- 

phosphonate to give the free phosphonic acid (Reaction 3 ). However, 
their method gave poor overall yields of 10%  or less.^s

R
\
^ C - O  + NHg + (R "0)2PH 0------------ ► RR’(j;P (0)(0H )2

R NH2

R, R’-  Alkyl or H, R "- Alkyl

(Reaction 3)

An extension of the work by Kabachnik and Medved^® was  

later reported by Chalm ers and Kosolapoff^® who synthesised a 

series of am inophosphonates, using am m onia, diethyl phosphite, 

and various aromatic and aliphatic aldehydes. These phosphonates  

w ere purified by distillation and subsequently hydrolysed to give 

the corresponding phosphonic acids. The  authors^® have claimed 

that the yields of the am inophosphonates could be substantially  

improved over those of Kabachnik and Medved^® if anhydrous  

am m onia and the aldehyde w ere m ixed in alcohol solution.

The method of Chalm ers and Kosolapoff^a for the synthesis 

of (6 ) appeared  attractive, and was investigated further in the 

present work. Accordingly, freshly distilled propanal w as mixed
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with anhydrous am m onia in absolute ethanol before treatm ent with 

diethyl phosphite (Reaction 4).

CHgCHjCHO + NH3 + (EtOjgPHO

1. EtOH
2. H V H 2O

CH3CH2^HP(0)(0H)2

NH2

(Reaction 4)

In an a ttem pt to im prove the yield, it w as decided to 

h y d ro lyse  th e  in te rm e d ia te  p h o sp h o n ate  w ith o u t fu rth er  

purification. How ever, work-up of the hydrolysate yielded a brown 

oily residue whose nmr spectrum was extrem ely ill defined. 

The 3^P nmr spectrum showed 13 signals, ranging from 5.5 to 25.2  

ppm which suggested that the oil was a  multicomponent mixture of 

phosphorus-containing compounds.

The oil was dissolved in the minimum am ount of methanol 

and left at 4  ”C for several weeks. Although the white solid which 

precipitated was characterised as a -am inopropanephosphonic  acid  

(6) the crude yield (9 .1% ) and purity w ere poor as determined by 

both its m elting point (2 4 3 -2 4 5  °C) (lit. 2 6 4 -2 6 6  “C )25 and 

elemental analysis.

It was therefore decided to re-investigate the Chalm ers and 

K o so lap o ff29  procedure exactly as reported in the literature. This 

in v o lv e d  p u r if ic a tio n  o f th e  in te rm e d ia te  d ie th y l a- 

am inopropanephosphonate and then subsequent hydrolysis to yield 

(6). The 31 p  nmr spectrum of the crude mixture prior to distillation
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showed four signals at 5 2 .7, 23.4, 24 .3 , and 25 .9  ppm. However, 

distillation of this mixture yielded a  pungent liquid whose boiling 

point was considerably higher than that of diethyl a - a m i n o -  

propanephosphonate. The nmr spectrum showed three signals [8 

1.1 (t), 1 .9 -2 .1  (m ), 4 .0  (q)], w hereas the nmr spectrum

indicated the absence of a phosphorus group.

At this stage the w ork-up procedure w as m odified as 

follow s; the brown residue from  the ab o ve  distillation was  

dissolved in concentrated hydrochloric acid and heated under reflux 

for eight hours. The resultant hydrolysate w as extracted with 

to luene, concentrated in vacuo, and then treated with excess  

chloroform . A w hite solid (5 .4 % ) g rad ually  precip itated a fte r  

severa l m onths, which was characterised  as the required a -  

aminopropane-phosphonic acid (6) by nmr spectrum and melting 

point.

In general, the above results show that the Chalmers and 

K o so lap o ff29  route gives low yields and by-products (which w ere  

not characterised in the present work). Additionally, the melting 

point for a-am inopropanephosphonic acid (6) w as reported^® to be 

above 350  °C , a  result which is in d isagreem ent with the range 

from 259-266  °C reported^^'^s by other workers.

Lukszo and Tyka^^ reported another general method for the 

synthesis of a-am inoalkanephosphonic acids (8 ). This involved the 

addition of d ialkyl phosphites to Schiff bases  prepared from  

aldehydes and branched derivatives of benzylam ine (10) having the 

am ino group at a tertiary benzylic  carbon atom  (benzylic  

carb in am ines).
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C H ,-R  
I

Ph - C -  NHj

R ’ -  H. Alkyl; R 2 -A lk y l (10)

T h ese  workers^^ investigated the reaction in the absence of 

any solvent, and the interm ediate phosphonates w ere hydrolysed 

w ith  co n c en tra te d  hydroch loric  acid to y ie ld  the requ ired  
phosphonic acids (Reaction 5).

2 /  H-0
(Ph)R C(CH2R’ )N=CHR’ + (E t0 )2 P H 0  -------- ^  R’ CH(NH2)P(0)(0H)2

(Reaction 5)

The protecting group is acid labile and can therefore  be 

easily hydrolysed because of the easy formation of a  carbonium ion 

from a  carbon atom which is both benzylic and tertiary.

In the present w ork, the above synthetic  m ethod was 

modified by the use of N-propylidenediphenylm ethylamine, derived 

from  diphenylm ethylam ine and propanal. In this case, the acid 

labile group forms a  carbonium ion from a  secondary benzylic 

carbon atom. Reaction of the dialkyl phosphite (M e or Et) with the 

imine, followed by hydrolysis gave a-am inopropanephosphonic acid  

(6) as a  crystalline white solid in 45-46%  yield (Reaction 6).
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(PWjCHNHj ♦ CHjCHjCHO (Ph),CHN =CHCH,CH,
2. D is tilla tio n

1 . (R0)2PH0
2. H* /  HjO

EtCH(NH,)P(0)(OH),

(Reaction 6)

Synthesis of (6 ) by this route was also attem pted using N- 

propylidenediphenylm ethylam ine and different phosphorous esters. 
Y ii. triphenyl phosphite, diphenyl phosphite, triethyl phosphite and 

trimethyl phosphite. In all cases, the ^ ip  nmr spectra of the 

reaction mixtures after hydrolysis, indicated the absence of any a- 

am inopropanephosphonic acid (11 ). W ork-up of the hydrolysate  

yielded diphenylm ethylam m onium  chloride in high yield (ca.. 85- 

90% ). The neutral conditions employed in these reactions may not 

therefore be favourable for this type of process. Dialkyl phosphite 

is presum ably active because of its acidic proton. In the case of 

diphenyl phosphite, although a  similar acidic proton is present, the 

phosphorus is much less nucleophilic because of the electron  
attracting phenoxy groups.

Repetition of the above reactions in the presence of acetic  

acid and using a  longer reaction time led, after hydrolysis, to a 

high recovery of diphenylmethylammonium chloride; resulting from  

the hydrolysis of the unreacted imine. The 3 ’ P nmr spectrum of the 

hydrolysate indicated the  ab sence of any a - a m i n o p r o p a n e -  
phosphonic acid (6).
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1 .3  S Y N TH E S IS  O F  a -P R O P A N E P H O S P H O N IC  AC ID  USING  

T R IP H E N Y L P H O S P H IT E  O R T R IA L K Y L  P H O SPH ITES

Oleksyszyn and Tyka^^ reported a  'one  pot” synthesis which 

gave (6) in 35%  yield and similar results were obtained in the 

present work (Reaction 7).

(PhO)jP ♦ RCHO ♦ HjN.CO.OR’

I.AcOH

R^HP(0 )(0H>2 ♦ PhOH ♦ R OM 
NH2

R -  Et; R' -  PhCH2, Et (6)

(Reaction 7)

Previous studies in this laboratory^  ̂ indicated that yields 

obtained with longer chain aliphatic aldehydes using the above  

schem e w ere either extrem ely low or failed to give the desired  

product. Thus, the reaction using octanal gave 5 .2%  yield, whilst 

decanal or dodecanal g ave  none. T h e  above method is still 

convenient for the synthesis of (6) and other short chain a -  

aminoalkanephosphonic acids. However, phenol is produced as an 

und esirab le  by-product w hich requires several extractions by 

benzene or toluene for its rem oval. Therefore, the reaction was  

modified and attempted with triethyl phosphite (Reaction 8).
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(EtO)3P + RCHO ♦ HjN.CO.OR'

I.AcOH 
, 2.H */H 20

R C H P(0)(0H )2

R -  Et; R' -  PhCH2, Et

The reaction product, after hydrolysis, y ie lded ammonium  

chloride in 6 2%  yield, indicating that much of the benzyl carbamate  

had not reacted. In addition a white crystalline solid was obtained 

(17%  yield) whose nmr spectrum was identical with that of a -  

am inopropanephosphonic acid  (6). H o w ever, this solid was  

characterised as the a-hydroxypropanephosphonic acid ( 11 ) from  

its melting point (162 -163  °C ), e lem ental analysis, and ^^P nmr 

spectrum. Comparison of the I.R. spectrum with that of authentic 

a-hydroxypropanephosphonic  acid further supported the above  

conclusion. The mechanism of formation for compound (11) will be 

discussed later.

C H 3 C H 2 C H (0 H )P (0 )(0 H )2

(1 1 )

The above reaction was therefore re-exam ined by ^ ’ P nmr 

spectroscopy in order to determ ine if any a - a m in o p r o p a n e -  

phosphonic acid (6) was being formed.

The ^ 'P  nmr spectrum  of the reaction m ixture before  

hydrolysis gave three signals at S 25.2 (major), 21 .9  and 22.6  ppm. 

The major signal at 25.2  ppm was characterised as being due to
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diethyl a-hydroxypropanephosphonate (see page 54-55  for further 

detail). This conclusion was supported by a  com parative nmr 

spectrum of an authentic sample of diethyl a -h y d ro x y p ro p a n e ­

phosphonate. The spectrum of the mixture after hydrolysis gave a 

major signal at 25.9 ppm and a minor signal at 6 .3  ppm; indicating 

that no a-am inopropanephosphonic acid (6) w as formed. The latter 

usually gives a  nmr signal between 13 and 18 ppm depending on 

the pH of the solvent (see page 49 for further detail). The signal at 

25.9  corresponds to the a-hydroxypropanephosphonic acid formed  

from the hydrolysis of the above ester.

O ne further modification to Reaction 8 involved the use of 

boron triflu o rid e -e th era te  instead of ace tic  acid. T h e  initial 

reaction time was increased from 1 h to 5 h, and sodium dried 

toluene was used as the solvent. The ^^P nmr spectrum of the 

reaction mixture before hydrolysis gave three peaks at 5 2 5 .3 , 28.1, 

and 6 .3  ppm. The signal at 28.1 may be the intermediate diethyl (N- 

benzyloxycarbonyl)-a-am inopropanephosphonate ( 12).

E tCH ?(0Et),
I ^
NH.CO.OCHjPh

(12)

Hydrolysis y ielded ammonium chloride (2 6 .6 % ), and a -  

am inopropanephosphonic acid ( (  ) in low yield (2 0 .8 % ). The  

isolation of amm onium  chloride signifies that benzyl carbam ate  

reacts only partially.

The m echanism of the above type of reaction is uncertain, 

although it is thought that a Schiff base is formed as a reaction 

in te rm e d ia te  (S c h e m e  2) which su b s eq u en tly  u n d erg o e s
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nucleophilic attack by triphenyl phosphite. In a later publication  

O leksyszyn et al.̂  ̂ have reported the isolation of compounds of 
type (13) in (35-54% ) yield.

RCHO ♦ HjN.CO.OR' ?= 

OH
> H-J:-NH.CO.OR‘

CO.OR

H 2O
i' H-^-N.CO.OR' 

R

•f -
H-f-NCO.OR- <------ H-C-N.CO.OR' + Hj O

_ R R

|(P h O )3P

R 0 .C 0 .N H ^ H P (0X 0P h )2

R -  Alkyl. R’ -  CH2Ph

RCHP(OXOH)2

NH2

(Scheme 2)

It was thought that further evidence to support Schem e 2 

m ay be obtained by isolating w ater from the initial condensation  

of propanal and benzyl carbamate in a Dean and Stark apparatus. 

Thus the reaction of these two reagents w as attem pted in a 

mixture of benzene and acetic acid in order to remove the w ater of 

reaction  by azeo tro p ic  d istilla tion . No w ater w as, how ever, 

obtained in the distillate, as determined by nmr spectroscopy.
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The only observable peaks w ere those due to the presence of 

benzene and acetic acid. Upon addition of triphenyl phosphite, a 

distillate w as collected w hose nm r spectrum  gave some 

evidence for the form ation of w ater. How ever, hydrolysis of the 

product y ie lded  phosphorous acid  ra th er than the required  

phosphonic acid. The formation of phosphorous acid was supported 

by the nmr spectrum 8 7 .35  (^JpH 680 Hz).
Schem e 2 was further investigated in an attem pt to isolate 

the in term ediate  d iphenyl (N -b e n zy lo x y ca rb o n y l)-a -a m in o a lk an e -  

phosphonate (13). This w as attem pted using the method described 

by O leksyszyn et W hen acetaldehyde was used the required 

diphenyl (N -b en zy lo x y ca rb o n y l)-a -a m in o e th an ep h o sp h o n a te  (13, 

R -M e ) was obtained in 4 9%  yield. However, when propanal was used 

the reaction  a ffo rded  a  yellow  viscous oil w hose nmr 

spectrum indicated the presence of several phosphorus compounds 

(for further details see page 44). All attempts to purify this oil in 

order to isolate the required phosphonate failed.

H u b er and M id d leb ro o k  synthesised a - a m in o a lk a n e -  

phosphonic acids (8) by the reaction of phenylurea, triethyl 

phosphite and an aldehyde. These workers compared the effect of 

using 2-methylpropanal and benzaldehyde upon the yields of (8) and 

found that the yields obtained w ere com parable (41 and 46%  

res p e c tiv e ly ).
Th e  authors proposed^^ that the reaction proceeds via the 

fo rm atio n  of p h e n y lu re id o a lk a n e p h o s p h o n a te  in te rm e d ia tes . 

H o w e v e r, the in te rm e d ia te s  w e re  n e ith e r  is o la te d  nor 

characterised , but instead w ere  hydrolysed directly to the a- 

aminoalkanephosphonic acids (8) in a 'one pot' procedure.
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The procedure of Huber and MkJdlebrook^s was investigated 

further using propanal, triethyl phosphite and phenylurea. The  

m ixture was heated in the presence of boron trifluoride-etherate  

in toluene to give a  yellow syrup (Reaction 9).

(EtO)3P + PhNHCONHj ♦ CHjCHjCHO
1. BFjOCEOj/toluene

2.

CH3CH2(NH2)CHP(0) (0H)2 

(Reaction 9)

Attem pted isolation of th e  in term ediate  in an analogous  

procedure to that described by O leksyszyn et al.̂  ̂ failed to give 

th e  d e s ire d  p h e n y lu re id o a lk a n ep h o s p h o n a te  (1 4 ) . H o w ever, 

hydrolysis of the syrup afforded a -am in o p ro p an ep h o sp h o n ic  acid  

(6) as a  white crystalline solid in 29 -32%  yield.

E t(P hN H .C 0 .N H )C H P (0)(0E t)2
(14)

A similar result was obtained when the above reaction was  

exam ined with trimethyl phosphite when the yield of product (6) 

was 30%.

Birum ^^ investigated the reaction of urea, substituted ureas, 

and their th io -analogues with a ldehydes and certain esters of 

phosphorous acid in the absence of acetic acid. All the reactant 

combinations yielded a-ureidophosphonates and related products.

T h e  results^^ indicated that the nature of the products 

obtained is largely dependent on the type of urea used. For example, 

m ono- or di-substituted ureas only gave  m onophosphonates. In
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contrast when urea was used, urylenediphosphonates as well as 

urylenemonophosphonates w ere obtained (ReactionlO ).

2 (RO)jP ♦ 2 R CH0  ♦ HjNCONHj

I
(R 0)2(0)P C H R N H C 0N H C H R  P (0 )(0 R )2  ♦ H2NC0NHCHR P (0 )(0 R )2

(Reaction 10)

According to B i r u m , diphosphonates can be isolated in high 

yields (60% ) w hereas, the monophosphonates are usually difficult 

to isolate. T h e  monophosphonates can be hydrolysed to the 

co rre sp o n d in g  p h o sp h o n ic  ac id  m ore  re a d ily  th an  the  

diphosphonates. The  only phosphonic acid synthesised was a -  

ureidopropanephosphonic acid (15).

CH3CH2C H (NH .C0 .NH2)P(0 )(0 H)2

(15)

In the p resent work the  reaction of triphenyl phosphite, 

propanal and urea in the molar ratio of 2:2:1 was investigated for 

the synthesis of a-am inopropanephosphonic acid (6). G lacial acetic  

acid was used as a catalyst with the aim of increasing the overall 

yield of (6) (Reaction 11).

2(PhO)3P + H2NCONH2 ♦  2CH3CH2CHO EtCH(NH2>P(0)(0H)2
2. H /H 2O

(Reaction 11)

A yellow  viscous liquid was obtained when the reaction
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mixture was heated to 70-80 °C for 1 h. Examination of this liquid 

b y ^ ip  nmr spectroscopy, before hydrolysis, indicated the presence 

of three different phosphorus compounds at 5 18.6 (major), 16.3 and

7 .3  ppm. T h e  first two peaks m ay correspond to di- and 

m onophosphonate. Hydrolysis yielded a -am in o p ro p an e p h o sp h o n ic  

acid (6) as a white solid in 36 .4%  yield; based on propanal and the 
phosphite.

The above reaction was investigated further with the use of 

different m olar ratios of reactants. A gain , a yellow  syrup was 

obtained which was hydrolysed. nm r exam ination of the

hydrolysed mixture indicated the presence of three peaks at 5 22 , 

17 and 6.9 ppm respectively, the first being the m ajor signal. ’ H 

nm r spectrum  of the oil in d icated  a ll the  re lev a n t peaks  

attribu tab le  to (6), in addition to o th er peaks. H ow ever, all 

attem pts to purify the oil, by washing with various solvents failed 

to give (6) in a  satisfactory state of purity.

In an attempt to isolate pure a-am inop rop anepho sph on ic  acid 

(6) the above reaction was unsuccessfully repeated several times. 

Failure to isolate the desired product m ay be due to the possibility 

that the oii is a mixture of urylenediphosphonates. a - a m in o -  

propanephosphonic acid (signal a t 17  ppm ), phosphorous acid 

(signal at 6.9 ppm) and ammonium chloride. Phosphorous acid could 

originate from the hydrolysis of unreacted triphenyl phosphite (see 

Page 52). The presence of ammonium chioride may be due to the 

hydrolysis of unreacted urea.

B irum ^a also compared the reactivity of triphenyl phosphite 

with that of trialkyl phosphites in th e  synthesis of a - u r e id o -  

phosphonates and related products. The results obtained indicated a 

reversal of the normal order of reactivity  of phosphite esters
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which was explained as being due to the differences in the basicity 

of the phosphites. The urea and aldehyde were said to undergo an 

acid-catalysed reaction. Trialkyl phosphites are basic enough to 

inhibit the first step (Schem e 3), w hereas the less basic triphenyl 

phosphite would not lower the acidity below the level needed for 

the reaction between urea and aldehyde to occur.^^

Thus, when triethyl phosphite was used th ere  was no 

indication of any reaction, after 1 hour at 90-100  °C.

RCHO ♦ H jN C N H j . H'*’, >. tyC O N H jC H R

H H y
H j N C O - N - ^ ^

l - i l
H ^O H

P (0 R ),

.hyCONHI^HP(OR)^ — ►

HjCONHf^H^P-fOR)^. ». H /C 0N H C H -^(0R)2

(Scheme 3)

Th is  d iffe re n c e  w as e xem p lified ^ ^  by the formation of 

te tra p h e n y l (u ry le n e d ib u ty l)- l , 1 -d ip h o s p h o n a te  (1 6 )  from a 

m ixture of triphenyl phosphite, n-butyraldehyde and urea (2:2:1) 

which was completed at 70 °C in less than 0 .5  h. according to 

nmr measurements.
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CHj ÇH,

(P h O ) / '^ " l  I ^ \ ( O P h )  
NHC(0)NH

(16)

Birum  cla im ed^^ that the addition of acetic  acid or boron 

trifluoride-e therate  to a m ixture of triethyl phosphite, urea and  

butanal promoted the formation of urea phosphonates. However, 

the paper gave no indication regarding the extent of reaction, and 

no attem pt was made to synthesise any phosphonates using triethyl 

phosphite.

In the present work the reaction of triethyl phosphite with 

urea  and propanal w as investigated with th e  use of boron 

trifluoride-etherate as a catalyst (Reaction 12).

2(R0)jP ♦ 2 CH3CH2CHO ♦ NH2C(0)NH2
1. BFjCXEOj/toluene
2. hV H j O

EtCH(NH2)P (0) (0H)2 

(Reaction 12)

The reaction product w as a white crystalline solid with a 

melting point of 205  °C. This solid w as characterised  as the  

ammonium salt of a-ureidopropanephosphonic acid (17) by nmr (*H , 

13c, ^^P) spectra, elem ental analysis, and fast atom bombardment 

(FAB) mass spectrometry.
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N H 2 C 0 N H C H (E t)P (0 )(0 H )( O -N H 4+)

(17)

The nmr spectrum {D2O) of (17) w as similar to that of a -  

amino-propanephosphonic acid (6) but, with an additional doublet 

between 2.6 and 2.7 ppm, which disappeared over 0.5 h. The nmr 

spectrum gave a single signal at 5 23 ppm. In contrast, the ^^P nmr 

chem ical shift for (6) was usually observed at 5 17 ppm. This 

difference reflects the presence of an electronegative group in 

close proxim ity to the phosphorus m oiety which deshields the 

electron cloud around the phosphorus atom. Therefore the chemical 

shift of (17) is downfield with respect to (6).

R e -exam in a tio n  of th e  above reactio n  w ith prolonged  

hydrolysis (72  h), yielded the a-am inopropanephosphonic acid (6) in 

29.9%  yield identified by nmr ( iH , 3^P) spectra and melting point.

To determ ine the effect on the yield of (6) the above reaction 

was investigated using a 1:1:1 molar ratio of reactants. Prolonged 

hydrolysis (72  h) and work-up of the aqueous layer yielded a  white 

oil which crystallised to give (6) in 26.9%  yield.

A similar yield (29.7% ) of a-am inopropanephosphonic acid (6) 

was obtained with trimethyl phosphite when an equimolar ratio of 

reactants w as used.

1.4 SYNTHESIS OF g-AMINOPROPANEPHOSPHONIC  

FROM PHOSPHORUS TRICHLORIDE

ACID

The use of phosphorus trichloride for the synthosis of a -  

aminoalkanephosphonic acids (9) was reported by Oleksyszyn et 

a!.*̂  Phosphorus trichloride w as allowed to react directly with
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an alkyl carbamate, and a carbonyl compound (aldehyde or ketone) 

in the presence of glacial acetic acid. Yields w ere found to be 

comparable for both aliphatic and aromatic carbonyl compounds.

The procedure of Oleksyszyn at a/.*̂  was investigated using 

p ropanal, benzyl carb am ate  and phosphorus trichloride. The  

reaction afforded a  brown oil which was w ashed with various 

solvents and recrystallised from methanol and acetone to give (6) 

in 12.3%  yield. The nmr spectrum of the supernatant liquid 

showed signals at 8 24.9, 22 .6 ,16 .5 , and 6.9 ppm, which indicated 

that a  further quantity of (6) was present in addition to several 

other phosphorus containing compounds. The m other liquor was 

evaporated to dryness, washed with various solvents and a final 

recrystallisation was attem pted. All attem pts to collect a second 

crop of a-am inopropanephosphonic acid (6) failed.

The low yield of (6) m ay possibly be explained in terms of 

com peting reactions betw een  the a ld eh yd e  and phosphorus  

trichloride, and betw een carbam ate  and phosphorus trichloride  

(Schem e 4).

AcOH
P C I, ♦ RCHO R H C P (0X 0H )2

^  HO

PCI3  ♦ H jM CO .O R'------ CljPNH.CO.OR'

jH jNCO.OR' 

C1P(HN.C0.0R)2

H2N.C0 0R’

P (H N C 0 ,0 R ),

R -E t, R '-C H 2Ph, Et (Scheme 4)
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T h e  reaction of an a ldehyde with phosphorus trichloride, 

followed by hydrolysis for the synthesis of a - h y r o x y a lk a n e -  

phosphonic  acids  (R eactio n  13), has been  reported in the
lite ra tu re .^ ^  ’ 2̂

Ac OHP C L  ♦ RCHO — -------► RCH
H V H 3O I ,

HPCOXOH),

(11)
(Reaction 13)

Th e  m echanism  for the formation of (1 1 ) is uncertain , 

although various proposals have been reported . For exam p le , 

Connant et al*̂  suggested the following scheme:

RCHO ♦ P C I,

AcOH

H ^/H jO

R C H P(0X 0H )2

OH

1 .5  A T T E M P T E D  P R E P A R A T IO N  O F  N -B E N Z Y L  a - A M IN O -  

ALKANE PHO SPH O N IC  A C ID S FROM P H O S PH O R O U S  A C ID

T h e  use of phosphorous acid for the synthesis of a -  

am inoalkanephosphonic acids (8) has also been reported together 

with a  possible mechanistic proposal. O leksyszyn and Gruszecka'*^  

have proposed another type of mechanism for the reaction between
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an amide, aldehyde and phosphorous acid (Reaction 14).

RCHO + HjNCOR' ♦ H3PO3
Ac,0

RCHP(0)(0H),
I

NHC(0)R'

I
RCHP(OKOH),

J h j

R' -  Alkyl or Aryl
(Reaction 14)

It is thought that in this case the reaction involves the initial 

formation of R . R -a lky lidene or R . M .-ary lidenebisam ide. fo llow ed  

by its electrophilic attack on phosphorous acid^^ (Schem e 5).

RCHO + 2H2NCOR
- H ,0

NHCOR
I

RCH
I
NHCOR

+ H3PO3

RpHP(0)(0H)2 + H2NCO R
N H C(0)R

(Scheme 5)

The overall yields are low for aliphatic aldehydes com pared  

to arom atic aldehydes.
O leksyszyn and Gruszecka^^ have shown that bisamides can 

be used as am idoalkylating agents for phosphorous acid. For 

exam ple, the action of heat on a mixture of equimolar amounts of 

b en zy lid en eb isacetam id e  and phosphorous acid in ace tic  acid
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affo rd ed  R -a c e ty l- l-a m in o b e n z y lp h o s p h o n ic  a c id  in nearly  

quantitative yield. How ever, there is no direct evidence for the 

existence of the arylbisam ide as the reaction intermediate.

Furtherm ore, since the reaction is in acidic conditions the 

bisamide could form an imine with the loss of amide (Reaction 15) 

and the imine would be available to react with the phosphorous 

acid.

NHCOR

r | ; h RCH-NCOR' + HjNCOR'

NHCOR

(Reaction 15)

The addition of phosphorous acid to imines, derived from 

benzylam ine and aldehydes, has also been documented.^^ These 

reactions give N-benzyl a -am in o a lkan ep h o sp h o n ic  acids. Again, 

differences in yie ld  have been observed  betw een  reactions  

involving a lip h a tic  and a ro m atic  a ld eh yd es . Fo r exam ple, 

benzylidenebenzylam ine with phosphorous acid afforded an almost 

quantitative yield of R -b e n zy l-a -am in o b en zy lp h o sp h o n ic  acid (18) 

(Reaction 16). In contrast, imines derived from aliphatic aldehydes 

gave only moderate yields of R -b e n z y l-a -a m in o a lk a n e p h o s p h o n ic  

acids ( i9 ) (Reaction 17).^^

PhCHjN-CHPh + H3PO3

(Reaction 16)

-*► Ph(j)HP(0)(0H )2  

NHCHgPh

( 18)
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P h C H jN rC H C H jC H j ♦ H3 PO3 C H ,C H ,C H P (0 )(0 H ),
I
NHCHjPh

(Reaction 17) (19)

T h e  low yield of {̂ S) has been rationalised in terms of 

competing reduction or addition rea c tio n s /^

Addition to the imine is said to be favoured in the presence 

of a  strong acid (e.g. p-toluenesulphonic acid), and reduction to be 

favoured in the presence of a base (e.g. triethylam ine) giving the 

corresponding amine.

The procedure of Redmore^^ was investigated in the present 

work using propylidenebenzylam ine derived from propanal and  

benzy lam in e. T reatm ent with phosphorous acid as described  

afforded, after hydrolysis« mixtures of benzylam m onium  chloride  

and benzylam m onium  phosphite in high yield and none of the  

desired reaction had occurred. Examination of the reaction mixture 

by ^ ip  nmr spectroscopy did not indicate the presence of any N- 

benzyl-a-am inopropanephosphonic acid.

In order to facilitate the addition of phosphorous acid to the 

imine, the above reaction was re-exam ined in the presence of p- 

toluenesulphonic acid. However, the reaction again afforded only a 

m ixtu re  of benzy lam m onium  ch lo rid e  an d  b enzy lam m onium  

phosphite. The reaction w as also attem pted in the presence of 

absolute ethanol as a solvent to reduce the viscosity of the 

reaction mixture but without success. These results are in accord 

with those previously obtained in this laboratory,^^ and in contrast 

with R ed m o re 's . A ttem pts to d u p lica te  R ed m o re 's  reaction  

involving isobutyraldéhyde, benzylamine and phosphorous acid also
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failed to give the required phosphonic acid.

1.6 SYNTHESIS OF a-AMINOPROPANEPHOSPHONIC ACID VIA 

DIMETHYL N-BENZYL-ii-AMINOPROPANEPHOSPHONATE  

HYDROCHLORIDE

Primary and secondary amines were employed by Field^^ for 

th e  s y n th e s is  o f v a r io u s  t L -s u b s t i tu te d  a - a m i n o -  

alkanephosphonates. H ow ever, hydrolysis of the phosphonate to 

give the corresponding N-substituted phosphonic acid generally  

led to the form ation of a  non-crystallising hygroscopic syrup 

(Reaction 18).

RR CrO-^ (E t0)2PH0 + E tjN H  

R -  R '.  H or alkyl

E t,N C R R 'P (0 )(0 E t) , ♦ H ,0

(ReactionIS)

F ield claim ed^^ that prim ary am ines frequently g ave  poor 

yields of the ^-substitu ted  a -am in o a lkan ep h o sp h o n ates  com pared  

to secondary am ines, a  result which m ay be due to the side 

reaction shown (Reaction 19).

RCHO ♦ (E t0>2PH0 *  RNH2  ■ R 'CH (NH R)P(0)(0Et>2

R C H O A EtO jP H O

R N -I(R ')C H P (0) ( 0Et)2]2

(Reaction 19)

An extension of Field’s work was later reported by Tyka^^



w ho synthesised a  series  o f N -substituted a - a m in o a lk a n e -  

phosphonates and a-am inoalkanephosphinates. His method involved 

the addition of diethyl phosphite to benzylim ines at 110-120 °C in 

the absence of any solvent. H e claimed^^ that the hydrogenolysis of 

N-benzyl-a-am inoalkanephosphonic acids using Pd/C as a catalyst, 

provides another route for the synthesis of the corresponding a -  

aminoalkanephosphonic acids with a  free amino group in good yield.

Atherton et al.*̂  reported  the synthesis of phosphono- 

peptides of a -am inom ethanephosphonic acid and a -a m in o e th a n e -  

phosphonic acid . T h ese  w orkers em ployed  severa l d ifferent 

m ultistage m ethods. O ne route involved the preparation of the 

in term ed iate  d im ethyl £ L -b e n z y l -a -a m in o e th a n e p h o s p h o n a te  

hydrochloride (2 0 ). The  la tte r w as d eb en zy la ted  using 10%  

palladium on charcoal, and th e  resultant free  dimethyl a -a m in o -  

e th an ep h o sp h o n ate  hydroch loride  w as  coupled  w ith various  

protected am ino acids, to yield the required phosphonopeptides  
(Schem e 6).

H (0 )P (0 H e )2  ♦ P h C H jN H j ♦ C H ^H O

1. HjO
2. N a C I/H C l

H^(j:HP(0X0Me)2

PhCH2NH.HCI

1 0 X P d /C
RT

H3CCHP(0X0Me)2 P ro te c te d   ̂ Phnsphnnnppptiripc

(20)

(Scheme 6)
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The yield of (20) w as reported as 70% , after several lengthy 

steps of extractions and purification. The m ethod is still very 

attractive  requiring com m ercially  ava ilab le  starting m aterials. 

The procedure of Atherton et al.*̂  was investigated further by the 

use of propanal for the synthesis of a -a m in o p ro p a n e p h o s p h o n ic  

acid (6). This three step reaction required the initial synthesis of 

dimethyl ^ -b en zy l-a -am in o p ro p an ep h o sp h o n ate  hydrochloride (21) 

(Reaction 20).

( M e 0 ) / H 0 *  P h C H jN H j*  CHjCH^CHO
I .H jO
T S S E iT S ii E i'jH W o xo M e),

PhCHjNH.HCl

(Reaction 20) (21)

A sam ple of th e  above reaction m ixture in deutera ted  

chloroform was exam ined by nmr spectroscopy and appeared to 

consist entirely of product (21). Work-up of the above solution was 

laborious and required several extractions, transfers, and further 

purifications. The product, dimethyl N .-b e n z y l-a -a m in o p ro p a n e -  

phosphonate hydrochloride (21) was obtained as a white crystalline 

solid in 63%  yield.

It was noted that compound (21) was unstable in air, turning 

to a  non-crystalline hygroscopic syrup. This m ay be explained by 

the fact that (2 1 ) m ay be acid labile. The compound being a 

hydrochloride salt may, in the presence of moisture, lose one or 

more of the ester groups.

In order to support the above suggestion a sample of dimethyl 

K -benzy l-a -am inop rop anepho sph onate  hydrochloride (21) was left
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in the air for several days and the resultant syrup was re-exam ined  

by 31 p  nmr spectroscopy. Three peaks at 8 24.3 (major). 14.8, and

14.7  (trace) ppm w ere observed. This indicates that the syrup is a 

m ixture  of the p aren t com pound ( 2 | )  8 2 4 .3 , R - b e n z y l - a -  

am inopropanephosphonic acid hydrochloride 8 14 .8  and possibly a 

trace amount of the monomethyl ester. The nmr spectrum of the 

syrup indicated num erous overlapping peaks which w ere  too  

complex to be assigned.

Hydrogenolysis of d im eth y l R - b e n z y l - a - a m in o p r o p a n e -  

phosphonate  hydrochloride (21) w as a ttem pted  by a sim ilar 

procedure to that of Atherton et al.*̂  However, this failed to give  

the required dimethyl a -am in o p ro p an ep h o sp h o n ate  hydrochloride  

(22). Therefore, hydrogenolysis of compound (21) was re-exam ined  

using modified conditions, such as the use of ethanol instead of 

dichloromethane and varying the temperature and pressure (100 °C, 

4 00  psi). After work-up, the required dimethyl a -a m in o p ro p a n e ­

phosphonate hydrochloride (22) was obtained as a viscous yellow  

oil.

H CI.H 2N CH (Et)P(0)(0M e)2

(22)

Compound (22) w as then hydrolysed with no further 

purification. W o rk-u p  of th e  resultant hydrolysate y ielded a -  

aminopropanephosphonic acid ( ^ )  as a  white solid in 55%  yield.

In an attem pt to improve the yield of (6), the procedure of 

Atherton of a/.^® w as further modified. The lengthy purification  

p rocedu re  fo r d im ethyl ( L - b e n z y l - a - p r o p a n e p h o s p h o n a t e  

hydrochloride (2 1 ) w as om itted . Accordingly, the total crude  

m ixture was used directly for hydrogenolysis without further
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purification (Reaction 21). The use of hydrochloric acid was also 

elim inated since no preparation  of the hydrochloride for the  

purpose of purification was involved.

(Me0)2PH0 ♦ P hC H jN H j* CHjCH^CHO 

(Reaction 21 )

HjO
EtCHKOXOMeJj

PhCHjNH

(23)

Prior to hydrogenolysis a  sam ple of this solution w as  

examined by nmr spectroscopy, and this appeared to consist 

entirely of dimethyl ¿ L -b en zy l-a -am in o p ro p an e p h o sp h o n a te  (2 3 ). 

However, work-up ot the hydrogenated mixture yielded a viscous 

oil whose  ̂H nmr spectrum  was very similar to that of the  

starting m aterial indicating that no débenzylation occurred. The  

only difference in the ’ H nmr spectrum was that a marked decrease  

in the peak area  of the methoxy protons was observed, which may 

have been the result of either hydrolysis or hydrogenolysis.

The ^^P nmr spectrum of this oil showed two signals at 8

26.8 (due to the reactant) and 14.8 ppm, which may correspond to 

the formation of R -b e n zy l-a -am in o p ro p an ep h o sp h o n ic  acid. It is 

possible that the formation of the latter may have poisoned the  

catalyst by chelation.

Further hydrogenations of crude dim ethyl ^ - b e n z y l - a -  

am in o p ro p an ep h o sp h o n ate  (2 3 ). crude dim ethyl N .-b e n z y l-a -  

am inopropanephosphonate  hydrochloride and the corresponding  

phosphonic acid w ere attem pted ( Tab le t & 2). These involved 

various m odifications such as  the use of a different solvent, 

catalyst, tem perature, pressure, and pretreatment of the reaction
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product w ith cata lyst p rio r to hydrogenolysis. H o w ever, all 

attempts failed to yield compound (22).

It appears  that the cata lyst in these attem pts was not 

sufficiently active or that it was being poisoned by components of 
the reaction mixture.

Table 1: Attempted hydrogenation of crude 

(PhCH2NH)CH(Et)P(0)(0Me)2

Catalyst Reaction Conditions 

(Solvent, T and P, Time)

Observation from nmr

5%Pd/C H2O, 50° C, 340 psi, 3 h Sample - Partial loss of 

PhCH2 group

90° C, 420 psi, 5 h Loss of MeO indicated

5% Pd/C CH2CI2 ,22 °C, 300 psi, 3 h Sample - no apparent 

r e a c t i o n

too °C, 440 psi, 4 h Loss of MeO indicated

5% Pd/C MeOH , 104 °C, 600 psi, 4 h Sample • no apparent 

reaction

+ 5%P(ilC too °C, 650 psi, 15 h Partial loss of PhCH2 
group

5% Pd/C AcOH,100 °C, 500 psi, 6 h Total loss of MeO group 

observed

37



Table 2 Attempted hydrogenation of crude 

(PhCH2NH.HCI)CH(Et)P(0)(0R)2

Catalyst Reaction Conditions 
(Solvent, Tand P, Time)

Observation from  ̂H nmr

5% Pd/C CH2CI2. 20 ® C. 535 psi, 3h Sample -No apparent 

reaction

too "C, 595 psi, 3 h Deliquescent solid. Loss of

MeO group only.

5% Pd/C MeOH, too “C, 525 psi, 3 h Loss of MeO group. No 

apparent change in benzyl 
peak

Ni (Raney) MeOH, 113 “C, 550 psi, 3 h No apparent reaction

+ 5 cm® Ni 15h Loss of MeO group.

5% Pd/C MeOH 100 ’’C . 400 psi 3h, No apparent reaction

One further modification to the procedure of Atherton e

a / /®  involved replacing benzylam ine with d iphenylm ethylam ine  

(Reaction 22). This would elim inate the hydrogenolysis step and 

require only a  simple acid hydrolysis to rem ove the protecting 

diphenylmethyl group.

I HjO
( M e 0 ) /H 0 *  PhjCHNHj ♦ CHjCHjCHO ^--------► EtCHP(0) (0H )2

2.Conc.HC1 I
NHj

(Reaction 22) (6)

The hydrolysed reaction mixture yielded a  white crystalline
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solid (4 6 .9 % ) identified as d iphenylm ethylam m onium  chloride. 

W ork-up of the mother liquor gave a-am inopropanephosphonic acid  
(6) in 28 .8%  yield.

The low yield of (6) may be due to a solubility problem that 

can arise from the bulky diphenylmethyl group. W ater was used as 

the reaction medium  which was too polar for the above system  

resulting in a  non-hom ogeneous mixture. This suggests that 

reaction did not go to completion. Accordingly, reaction (22) was 

re-exam ined using methanol as the solvent. The resultant solution 

w as hyd ro lysed  to g ive d ip h en ylm eth y l-am m o n iu m  ch lo rid e  

(36.4% ), and a-aminopropanephosphonic acid (47.1% ).
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2 .1  P R O T O N  NM R S P E C T R O S C O P Y  O F  a -A M IN O A L K A N E -

P H O S PH O N IC  A C ID S

Although nmr spectroscopy was a  useful tool to determine  

the success or failure of a  new route for the synthesis of a -  

am inopropanephosphonic  ac id  (6 ), th is technique a lo n e  was  

insufficient for full characterisation of the compound because the 

by-product namely, a-hydroxypropanephosphonic acid, also showed 

an identical nmr spectrum  to th a t of (6 ). Therefore , full 

characterisation  of (6 ) w as  usualiy carried  out by  ̂ H nmr 

spectroscopy coupled w ith melting point and e ither nmr

spectroscopy or elemental analysis.

The nmr spectra of a -am inoalkanephosphonic acids have  

been reported.^^-^® T h ese compounds show a fingerprint region 

mainly concentrated betw een 0 .8  to 5 ppm . The spectrum of a -  

aminopropanephosphonic acid in D2O  shows generally the following 

signals: 1 .05 (t. 3H, C H 3 ® J n c C H  7 8  H z). 1 .50-2.20 (m. 2H , CH2). 
2.80-3 .42  (m, 1H, CH). The nmr spectrum of this compound was 

examined at 220 M Hz by Cam eron,^''who found that the multiplet 

due to C H 2 consists of at least 20 peaks. This is in contrast to the 

expected sixteen peaks (2  x 2 x 4  - 1 6 )  arising as a  result of 

coupling to phosphorus, th e  m eth ine  and methyl protons. 

Additionally, the CH signal also consisted of 7 peaks instead of the 

expected 6, which is due to splitting by phosphorus and the CH2 

group.

The spectrum can be explained by the fact that the methylene 

protons are  non-equivalent and consequently an AB pattern is 

observed. This non-equivalence arises as a  result of the methylene
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group being adjacent to a chiral centre, despite free rotation about 

the carbon-carbon bond.

In the present work it was found that as the length of the 

alkyl chain increased, the ’ H nmr spectrum becam e significantly 

second order. W hereas, a  triplet and a multiplet could be observed 

due to C H 3 and CH protons, only a  broad multiplet was observed due 

to overlap for all the C H 2 protons in the alkyl chain.

2 .2  P H O S PH O R U S  31 NMR SP E C TR U M  STU D IE S  O F  ’ O NE-PO T"

S Y N TH E S IS  FO R a -A M IN O P R O P A N E P H O S P H O N IC  ACID

T here  have been several reports involving the "one-pot" 

syntheses of a-am inoalkanephosphonic acids. The m ajority of the 

procedures describe the use of three reactants, nam ely a trivalent 

phosphorus reagent, a  carbonyl compound and an amino component. 

Typically these reactants are heated in the presence of glacial 

acetic  acid, and the product is then hydrolysed to give the 

corresponding a-am inoalkanephosphonic acid. How ever, yields are  

frequently low and the reaction mechanisms involved are  not fully 

understood.

A literature review revealed no previous references to the 

use of spectroscopy to monitor the "one-pot" synthesis of a -  

am in oalkanepho sph on ic  acids. W e in vestigated  th e  "one-pot" 

reaction system procedure of Oleksyszyn and Tyka^^ by monitoring 

with 31 p  nmr spectroscopy. The study w as made in an attempt to 

explain the low yields and if possible, to obtain m echanistic  

information for the above type of reaction.
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2.3 EHQSPHORUS 31 NMR SPECTRUM STUDIES OF ’’ONE-

POT” SYNTHESIS FOR a-AM INOPROPANEPHOSPHONIC

ACID INVOLVING TRIPHENYL PHOSPHITE

The first reaction studied was that betw een a  m ixture of 

benzyl carbam ate, triphenyl phosphite, and propanai in acetic acid 

(Table 3).

The  various reactant com binations w ere a llow ed to react 

under the 'norm al' reaction conditions. Each com bination was  

followed by 3^ P  nmr spectroscopy a t various s tag es  of the 

reaction. For example, the ^ ip  nmr spectrum of triphenyl phosphite 

in acetic acid, stirred at room tem perature for 1 h, g ave  only a 

signal a t 127.1 ppm which indicated that no reaction had occurred. 

However, upon heating the same mixture signals at 6 .9  and 3.7 ppm 

w ere observed. The coupled spectrum indicated that each of these 

peaks gave rise to a doublet, with J values of 720  and 570 Hz 

respectively, which is indicative of P-H coupling.

Hudson and Roberts^® have studied the reaction of hydrogen 

chloride with triphenyl phosphite and tri-n-butyl phosphite at low 

tem p era tu re . They reported the  form ation of a  P -protonated

in te rm ed ia te  (R 0 )3 P ‘*’H X '(X -C I)  in the case of the butyl ester, 

which w as confirmed by ®’ P nmr spectroscopy. It w as shown that 

tri-n-butyl phosphite undergoes dealkylation upon raising the  

tem perature. In contrast, the bulkier triphenyl phosphite undergoes 

phosphorus-oxygen cleavage to yield diphenyl phosphorochloridite, 
possibly y ia  an O-protonated species (Scheme 7).'̂ ®3
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Tab le  3 :^ ^ P  nmr chem ica l sh ifts  for the various  
reactant combinations for the "one pot" system

(PhO)3P 

(PhO)3P +AcOH  

(PhO)3p +AcOH

+AcOH

Ŵ oOH

CH3CH2CHOWVOH

CH3CH2CHOWV0OH

CH3CH2CHO+A0OH

R eaction  co n d i t io n S ( p p m ) I n t e n s i t y

RT.1 h 12 7 .1 7 6 5 4

RT,1 h 1 2 7 .1 8 6 4 3

80-85  ° C, 1 h 6 .9 6 6 7 3
3 . 7 5 2 0 3

RT,1 h 12 7 .1 9 2 3 7

80-85 ■■ C. 1 h 1 2 7 .3 8 8 6 3

RT, 1 h 1 2 7 .6 8 8 4 3
22.0 1 0 2 6
15 .4 3 3 5 2

80-85  '  C.1 h 3 .9 4 8 8 2
6 .9 6 6 1 4
1 3 4 2 9 4
1 7 1 2 8 2 5
21.6 1 1 9 2 5
25.1 5 9 5 8

80-85  ° C. 1 h 4 .1 2 8 9 9 7
6.9 2 0 0 7 4

RT, 1 h 1 2 7 1 1 5 4 6
22 3 3 4 6
1 5 2 3 4 1

80-85  ° C, 1 h -1  8 4 8 4 9
-10 3 3 4 4
1 2 .4 7 1 5 0
1 7 .9 2 2 3 9 8
1 8 .8 2 0 5 3 0
1 2 7 .7 2 7 2 3 2
1 2 9 .9 5 4 3 0

1. 80-85 ° C. 1 h 2 5 . 3 2 3 5 2
2. HCI/105 ° C. 8 h 1 7 .4 5 1 8 4

6 .4 2 7 1 5
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HCl ^
(P h O )o P -O -R  ; ^ ^ ( P h O ) , R — 0 * ^  ^

. jCl

(Scheme 7)

(P h O )2P C I ♦ R-OH

Hudson et la ter reported the effects  of tem perature  

and different substituents at phosphorus on the above process. It 

w as stated that phosphorus-oxygen fission also predom inates in 

th e  reaction of mixed phenyl neopenty lesters  with hydrogen  
chloride (Schem e 8).

R0P(0Ph)X ♦ HCl

X -  PhO, RO  where R -  M e3CC H2

ROPXCl ♦ PhOH

(Scheme 8)

This preference for phosphorus-oxygen c leavage rather than 

P-protonation w as explained in terms of low er electron density  

and with leaving ability of the phenoxide group.'*®®

Triphenyl phosphite has been shown®® to give a P-protonated  

species in 100%  sulphuric acid in which effective nucleophiles are  

absent. Therefore, Hudson et a/.^®*’ proposed an alternative to O- 

protonation as suggested previously. This c leavag e  by hydrogen  

chloride could occur by a  nucleophilic attack of chloride ion on 

the  phosphorus in term ediate, with d isp lacem ent of phenoxide  
(Schem e 9).

n  I .P h o —  p ,_ H  c r
i V - y

PhO H — P— Cl 
1I

PhOH + ^ P — Cl

(Scheme 9)

An analogous possibility was considered for the reaction of 
triphenyl phosphite with acetic acid (Schem e 10).



(Ph0>2P -0-Ph
CH3COOH

(Ph0)2i i

)
\ h

CH3C00

(P h 0 > 2 P -0 -C (0 )C H 3  ♦ PhOH

(Scheme 10) (26)

How ever, (2 6 ) was not formed in the above reaction as 

indicated by the following reasons:
1. the observed spectrum indicated the presence of large P-H 

coupling;
2. it is more likely that (26) will give a  signal in the region 

of 140-160 ppm [ cf. (PhO )2PCI (155  ppm)], but no signal in this 

region was observed.
T h e  P nmr spectrum of diphenyl phosphite was recorded 

for comparison and gave a  signal a t 7 .2  ppm, with a  J value of 720 

H z. Two signals, a t 7 and 4  ppm w ere observed when diphenyl 

phosphite was heated with acetic acid for 1 h. The  former signal 

gave a  doublet with similar J p .^  value to that observed above (710  

H z), whereas, the latter signal had value of 570 Hz. These

values are in reasonable agreem ent with those reported for di- and 

m o n o -p h e n y l pho sph ite.® ^ Therefore , it w as concluded that 

triphenyl phosphite reacts  with acetic  acid to give diphenyl 

phosphite and monophenyl phosphite, possibly y ia  the formation of 

a P-protonated intermediate (Schem e 11).
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(PhO )3 P ♦ A c OH -»  P h O ------P -
PhO /

OAc ♦ (Ph0)2PH0 ♦ PhOAc

(Ph0>2PH0 ♦ AcOH H* ► (Ph0)2P(0H)H - 2 ^  (P h 0 )(0H )P (0 )H  

(Scheme 11)

The next step probably involves an S^gl attack by the weak 

acetate ion on the phenyl group to give phenyl acetate, although the 

latter was not investigated.

This S|ij1 step is not common for aromatic systems but can 

occur with a  very good leaving group e.g . N2 in the case of 

aryidiazonium  salts (Reaction 23).

P h -N = N Ph N2

(Reaction 23)

It m ay be that the positively charged quaternary phosphorus 

atom  is itself strongly electrophilic, so that it may cause electron 

withdrawal from the Ph-O -P  bond, causing an inherent tendency  

fo r d e ary la tio n . A d d itio nally , the stab ility  of th e  positively  

charged phenyl ion may be the second factor contributing towards 
S|s|1 attack by the weak acetate ion.

A m ixture of triphenyl phosphite with propanal stirred at 

room tem perature for 1 h, showed no apparent reaction. Likewise, 

no reaction occurred when the mixture was heated under 'normal' 

reaction conditions (Table 3). However, addition of acetic acid to
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the sam e mixture at room tem perature, gave three signals around 

127, 22  and 15 ppm. W hen the mixture was heated for 1 h, the 

observed 3 ip  nmr spectrum was extrem ely complex indicating the 

presence of six different phosphorus-containing compounds. Again, 

two signals at 3 .9  and 6 .9  ppm w ere indicative of monophenyl and 

diphenyl phosphite formation.

The reaction of phosphorus trichloride with propanai in the 

presence of acetic acid followed by hydrolysis gives a -h y d ro x y -  

p ro p a n e p h o s p h o n ic  a c id .5 2  it is possible that the reaction of 

propanai and triphenyl phosphite in the presence of acetic acid may 

follow a  similar course (Reaction 24).

(PhO)3 P + CHjCHjCHO AcOH
CH3CH2CHP(0)(0Ph)i2

OH

(27)

(Reaction 24)

Two signals w ere observed at 25.1 and 21 .6  ppm in the above 

mixture, one possibly corresponding to the presence of (27), since 

phosphonates of this type usually give f t  signal in these regions. 

Two further signals (17 and 13 ppm) were not assigned, although 

various possibilities exist. For exam ple, acetic acid m ay remove a 

phenoxy group from (27) to give the corresponding monophenyl a -  

hydroxypropanephosphonate. It is also possible that the a -h y d ro x y  

group m ay react with acetic acid to yield a - a c e t o x y p r o p a n e -  

phosphonate (diphenyl or monophenyl) or the corresponding acid 
(Reaction 25).
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CH3CH2CHP(0) (0R)2
-H jO CHjCHjCHPiOXOR)^

OCiOCH,

HOCCH,

(28)

(Reaction 25)

Th e  above proposal was investigated using authentic a -  

hydroxypropanephosphonic acid. The ^^P nmr spectrum in D2O gave 

a signal a t 23 ppm (Table 4 & 5). Acetic acid was added to a 

quantity of a -hyd roxypro pan eph osp hon ic  acid and the m ixture 

heated for 1 h, after which the nmr spectrum  indicated two

signals a t 26  (major) and 21.3 ppm. This suggests the formation of 

two of the phosphorus containing compounds that w ere present in 

the system.

T a b le  4 : s ig n a ls  o f a -  am in o  and a - h y d r o x y p r o p a n e ­

p h o s p h o n ic  ac id s  in d iffe re n t s o iv e n ts

Solvent(s) EtCH(OH)P(0 )(O H)2 EtCH(NH2)P (0 )(0 H )2

D2O

D2O/D2S O 4 

H 2O /H 2S O 4 

AcOH/HCI 

AcOH

23.7 13.6

23.3 14.1

26.0 1 7 .5

26.0 1 7 .5

26.0, 21.3
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Tab le :5  signals of diethyl esters of a-amino- and 
a-hydroxy-propanephosphonate In different solvents

S olvent
AcOH

C D C I3

EtCH(OM )P (0 )(0 E t)2  EtCH(M H|P(0)(O Et)2  
25.2  2 8 .3

25.5 2 8 .2

The signal at 26 ppm (Table 4) is due to a -h y d ro x y p ro p a n e -  

phosphonic acid, and the minor peak at 21.3 ppm may arise from a -  

acetoxypropanephosphonic acid (28). This chemical shift compares 

well with one of the three unidentified peaks (21.6 ppm) in the 

above reaction mixture (Reaction 24). It appears therefore, that 

acetic  acid  m ay c au s e  deary la tion  to the ex ten t th a t the 

phosphonate was converted to the phosphonic acid.

The reaction of triphenyl phosphite with benzyl carbam ate in 

the presence of acetic acid was also investigated. The mixture 

was heated for 1 h. T h e ^ ^ P  nmr spectrum gave two signals at 4.1 

and 6 .9  ppm corresponding to monophenyl and diphenyl phosphite 

formation only. This suggests that no reaction between triphenyl 

phosphite and benzyl carbam ate has occurred.

In view of the above results, we monitored the total reaction 

mixture containing the phosphite, aldehyde and the carbam ate in 

acetic  acid. The  nmr spectrum  of the m ixture at room

tem perature was similar to that observed for the combination of 

triphenyl phosphite, propanai and acetic acid at room tem perature  

(page 44). This mixture was then heated for 1 h at 80-85  °C, and 

the 3^P nmr spectrum indicated seven signals ranging from -18  to 

128 ppm. This suggests that the mixture is a m ulti-component 

system of phosphorus-containing compounds which could not be
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fully ass ign ed . The m ixture was hydrolysed by boiling with 

concentrated hydrochloric acid for 8 h, and the 3 1 P nmr spectrum  

of the hydrolysate revealed three signals (25.3 , 17.4 and 6.4 ppm). 

No further change occured on boiling for a  further 20 hours and it 

was concluded that the signal a t 25 .3  ppm must arise from a -  

h ydroxypropanephosphon ic  acid . A co m p ara tive  nmr of

authentic a-hydroxypropanephosphonic acid gave a  signal at 26 ppm  

in a  m ixture of acetic  acid and concentrated hydrochloric acid  

(Table  4). The  peak at 17.4 ppm arises from the presence of a -  

aminopropanephosphonic acid (6). Again, this was confirmed by ^^P 

nmr of an authentic sam ple of (6) in a  mixture of acetic acid and 

hydrochloric acid. Th e  signal at 6 .4  ppm m ay arise from the 

hydrolysis of residual triphenyl phosphite, diphenyl or monophenyt 

phosphite to give phosphorous acid [5 H 3P O 3 (H 2O ) ppm].^^

The results obtained f ro m ^ ip  nmr studies on the "one pot" 

reaction of Oleksyszyn and Tyka^^ appear to explain satisfactorily 

the low yields obtained.

2.4 PHOSPHORUS 31 NMR SPECTRUM STUDIES OF 'ONE-

POT- SYNTHESIS FOR g-AM INOPROPANEPHOSPHON IC

ACID INVOLVING TRIETHYL PHOSPHITE

Further studies w ere  considered necessary to explain the 

failure of a*am inopropanephosphon ic  acid (6) to form when a 

m ixture of triethyl phosphite, benzyl carbam ate and propanal in 

acetic acid w ere allowed to react together. Yet, a similar reaction 

mixture in the pres ence of boron trifluoride-etherate afforded u -  

aminopropanephosphonic acid (6) in low yield (20.8% ). The nmr
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studies were conducted in a  similar manner as above.

T h e  observed nmr spectra for the various reactant

combinations used w ere com plex. For exam ple, the spectrum  of 

triethyl phosphite in acetic acid gave a  sharp singlet at 8 ppm as a  

m ajor signal, with two doublets around 20  and -2  ppm with J 

values of 32 Hz as minor signals. The chemical shift of the major 

peak and its J value (680  H z) suggests form ation of diethyl 

phosphite. The coupling constants and the chemical shifts for the 

latter two signals suggested a  P -O -P  linkage. The structure was  

unclear, but it was reasonable to suppose that it m ay contain the 

grouping (R') (EtO) (O) P -O -P  (O) (O Et)2, (where R’ is not an ethoxy 

group).
A mixture of triethyl phosphite and propanai was stirred at 

room temperature and then heated for 1 h at 80-85  °C. The p  nmr 

spectrum  was recorded before and after heating the mixture. In 

both cases, a  m ajor signal a t 137 and a  minor signal at 25 ppm  

w ere observed. The form er signal arises from the presence of 

trie th y l pho sph ite  w h e re a s , th e  la tte r is in d icative  of a 

phosphonate. The formation of phosphonates from aldehydes and 

phosphites has been reported^^ as shown below (S ch em e 12 ). 

How ever, the formation of diethyl a -h y d ro x y p ro p a n e p h o s p h o n a te  

(3 0 ), a  possible in term ediate  in the form ation of a - a m i n o -  

propanephosphonic acid (6), would require a  protic solvent (Schem e  

13).
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(R O ),P  ♦ R'CHO -» (R O LP C H -O

R migrotion

(R0),PCH-0R

(Scheme 12)

CHjCHjCHO (EtO),P
♦

(E tO ),P -C -H

(29)

OH0
II /

(E to :^ p -c — H
'^Et

(Scheme 13) (30)

Protons a re  one of the essentia l requirem ents for the  

formation of (30 ). In the above case, the reaction was carried out 

in the absence of any protic solvent. O ne possible explanation for 

the formation of (30) could be that the intermediate phosphonium  

ion (29) may itself act as a proton source, and consequently, attack 

another phosphonium ion to form (30) and ethene as a  second 

product (Schem e 14).

♦ ^  ^ ♦ / ( O E t )
(E tO ) jP -C — 0 h -^ 6 h^ C H 2 - 6 ^ P ^ ( 0 E O

El rruc»^

OH0

( E i o y - 4 jH CH2=CH2

(Scheme 14)
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In order to assign the signal at 25 ppm, the nmr spectrum  

of the authentic diethyl a -h yd ro xyp ro p an ep h o sp h o n ate  in ace tic  

acid w as recorded. A signal a t 25 .2  ppm w as observed which  

com pares well with the above value.

The effect on the nmr spectrum of the addition of acetic  

acid to a  mixture of triethyl phosphite and propanai stirred at room  

te m p e ra tu re  w a s  pronounced. The spectrum  of the m ixture  

indicated a  m ixture of phosphorus-containing compounds. A m ajor 

signal a t 25.2  ppm suggests that the presence of acetic acid has 

promoted the formation of diethyl a -h y d ro x y p ro p a n e p h o s p h o n a te  

(Schem e 13). Two minor peaks at 137 and 8 ppm suggested the  

presence of triethyl phosphite and diethyl phosphite. Additionally, 

there w ere two unassigned peaks at 21.9 and 22.6  ppm.

T h e  a b o ve  m ixture w as  heated under norm al reaction  

conditions and the  nmr spectrum recorded. Four peaks w ere  

observed at 25, 22.6, 21.9 and 8 ppm, no signal being observed for 

triethyl phosphite. The peak a t 8 ppm which arises from diethyl 

phosphite increased with respect to the o ther signals which  

suggests that heating had promoted its formation.

A m ixture of triethyl phosphite and benzyl carbam ate  in 

acetic acid was heated at 80-85  °C for 1 h, and then examined by 

^'*P nmr spectroscopy. A signal at 8 ppm w as observed with J 

values around 6 90  Hz. Again, this suggested preferential formation 

of diethyl phosphite.

The ^ ^ P  nmr spectrum  of the total reaction m ixture  

contain ing triethyl phosphite, benzyl carb a m a te , propanai and  

acetic acid w hen heated for 1 h at 80 -85  °C , indicated severa l 

phosphorus-containing compounds. The m ajor signal a t 25.2 ppm  

w as characterised as being due to diethyl a -h y d r o x y p r o p a n e -
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phosphonate. No signal was observed which could have arisen from 

d ie th y l (N -b e n z y lo x y c a rb o n y l)-a -a m in o p ro p a n e p h o s p h o n a te  a 

possible interm ediate ester for which the expected signal is in the 

region of 2 8 -2 9  ppm (by com parison with d iethy l u - a m in o -  

p ro p a n e p h o s p h o n a te ).^ ^  Furtherm ore, two unassigned signals at

21.9 and 22.6  ppm were also observed .

Hydrolysis of the above mixture gave a m ajor signal at 25 .9  

and a minor signal at 6.4 ppm. The former signal arises from the 

hydrolysis of the above e s te r to g ive the corresponding a -  

hydroxypropanephosphonic acid as previously confirm ed. The above  

mixture was hydrolysed for an additional 24 h and then exam ined  

by nmr spectroscopy. In addition to the above two peaks, a 

third peak at around 16.9 ppm (trace) was also observed; this 

suggests the presence of a-aminopropanephosphonic acid (6).

It is conceivab le  that the above hydrolysate contained a 

mixture of a -h y d ro x y p ro p an eo h o sp h o n ic  acid  an d  am m onium  

chloride which could have reacted to give the required compound  

(6). The am m onium  chloride which had been isolated on various  

occasions m ay have originated from the hydrolysis of unreacted  

benzyl carbamate. In order to support the above proposal, a mixture 

of a-hydroxypropanephosphonic acid and excess ammonium chloride 

in acetic acid, was heated under reflux for 72 h. However, the 

nmr spectrum of the reaction mixture indicated the absence of any 

a-aminopropanephosphonic acid (6).

When the above reaction was investigated in the presence of 

boron trifluoride-etherate in toluene, the desired product (6) was  

obtained in poor yield (20.8% ), and the purity of the product as 

determined by the melting point (245-246  °C) was low.
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The preference for a-hyd roxypro pan eph osp honate  form ation  

in the case  of the reaction betw een triethyl p h o sp h ite  and  

propanal, com pared to triphenyl phosphite may be rationalised in 

terms of competing reactions (Reactions 26, 27).

RCHO (E tO ),? R C H P (0 )(0 E I)2
OH

(Reaction 26)

RCHO ♦ H aN -C O O G H jC ^
H+ZHjO 

(Reaction 27)

RCH=N.C0.0CH2C5H5 ♦ HjO

The present studies indicated that no apparent reaction had 

occurred betw een triethyl phosphite and benzyl carbam ate in the 

presence of acetic  acid. In the case  of triethyl phosphite the 

predom inant reaction appears to be with propanal, to give the 

corresponding a-hydroxypropanephosphonic acid.

If the reaction proceeds v ia  an im ine in term ediate  its 

form ation m ay be in equ ilib rium  with the reactants . It is 

conceivable that the addition of triethyl phosphite to the imine 

may be slower than its addition to propanal, and therefore the 

required product (6) is not form ed when acetic acid is used as a 

c a ta ly s t. H o w ever, when boron trifluoride-etherate  in toluene is 

used as a catalyst instead of acetic  acid, it may im pede the  

addition reaction of propanal and triethyl phosphite. This is 

possibly due to complexation as shown in Schem e 15 which relates 

to complex formation between benzaldehyde and boron trifluoride- 

e th e ra te .® ®  Consequently, this m ay favour the addition of the
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phosphite to the  im ine resulting in the form ation of the a -  

aminopropanephosphonic acid (6) in low yield.

In contrast, the less basic triphenyl phosphite reacts with 

the interm ediate imine in the presence of acetic acid to yield a -  

am inopropanephosphonic acid (6) in approxim ately  30%  yield. 

Although the  nmr spectrum suggested a  higher yield in 

so lution , this w as not ob ta in ed , possib ly du e  to isolation  

difficulties. The phosphite also reacts with propanal to yield the 

a-hydroxy product; acetolysis of triphenyl phosphite also occurs to 

give diphenyl phosphite as suggested by nmr spectrum.

It is probable that formation of the products depends upon an 

addition reaction of the phosphite, which m ay show preference for 

attack at the electrophilic centre of either the carbonyl carbon or 

the carbon adjacent to the imine double bond.

The above triphenyl phosphite reaction was also investigated 

in the p resen ce  of boron triflu o rid e -e th era te  in to lu ene as 

catalyst, when the yield of (6) significantly increased to 65% . This 

result m ay be due to the absence of acetic  acid which causes 

aceto lysis  of triphenyl phosphite and th e  form ation of side- 

products such as d iphenyl phosphite. T h e  la tte r undergoes  

hydrolysis to g ive phosphorous acid, which m ay also cause  

isolation problems for the a-am inopropanephosphonic acid (6).

The  nmr spectrum of the reaction mixture, before and 

after hydrolysis indicated only one peak in the desired region; 

suggesting that no m ajor by-products such as the a -h y d r o x y  

compournf had been formed.

Co-ordination of boron trifluoride with carbonyl compounds, 

such as benzaldehyde, has been reported in the literature (Scheme 

15).55 A similar interaction may occur between propanal and boron
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trifluoride w hereby the electrophilicity of the carbonyl C -atom  is 

enhanced. Consequently, nucleophilic attack by benzyl carbam ate  

instead of triphenyl phosphite m ay favour the formation of the  

im ine and th e re fo re  th e  y ie ld  of p roduct (6) in crea s es

s ig n ific a n tly .

O

H

♦ BF,

H

/ C =0  ^ BF3

) c = 6 - bf3 / C - 0 - B F 3

(Scheme 15)

Oleksyszyn and Tyka’s^^ "one-pot* procedure using triphenyl 

phosphite, benzyl carbam ate  and propanal in glacial acetic acid 

(Reaction 7) was thus im proved by the use of the following 

modifications:

(i) boron trifluoride-e th erate  was used as a  cata lyst with no 

acetic acid present;

(ii) the reaction time was increased from 1 h to 6 h;

(iii) treatm ent with propylene oxide in the isolation stage after 

hydrolysis involved a d iffe ren t procedure requiring only the  

theoretical am ount of propylene oxide to give an im m ediate  

precipitation of (6). In contrast, the above workers^^ used a large 

excess of propylene oxide in order it was said to bring the pH of 

the solution to 6-7. In practice, a maximum pH of 5 was reached in
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the present work, even when 15 X's theoretical amount of propylene 

oxide was used, and the result in general was to generate an oily 

precipitate rather than a  crystalline m aterial.

The 31 p  nmr spectrum of the above reaction mixture was 

recorded before and after hydrolysis to the phosphonic acid; in both 

cases only one signal was observed at 18 and 17 ppm, respectively. 

The peak before hydrolysis at 18 ppm is indicative of diphenyl a -  

(N -benzyloxycarbonyl)-am inopropanephosphonate whilst, the peak  

after hydrolysis at 17 ppm is that of a -a m in o p ro p a n e p h o s p h o n ic  

acid (6). The complete avoidance of the formation of any a -h yd ro xy  

compound is attributed to the absence of any proton donor such as 

acetic  acid. Subsequent work-up of the reaction m ixture afforded 

the  required com pound (6) in 6 5 %  yield. This suggests that 

isolation of a-am inopropanephosphonic acid (6) also presents a 

problem in the above reaction, as 35%  was unaccounted for.

.1-
2.5 PREPARATION OF a-AMINqt-fl<Cl.PROPANEPHOSPHONIC  

ACID

The a -a m in o *1 -[^ '*C ]-p ro p a n e p h o s p h o n ic  acid  (6*) was  

synthesised in the present work using 1-[^^C]-propionaldehyde. The  

radio-labelled compound (6*) was required for various biological 

studies. It w as im perative to m inim ise the loss of the very  

expensive starting m aterial, 1 -p^C ]-propio naldehyd e, and to aim  

for the highest possible yield for (6‘ ). Therefore, it w as decided to 

use the above modification of the 'one-pot' method described by 

Oleksyszyn and Tyka,^*^ with boron trifluoride-etherate in toluene 

used as cata lyst. The  product, a - a m in o - 1 - [ ^ ^ C ] - p r o p a n e -

59



phosphonic acid (6*) was obtained in 59%  crude yield (m.p 256-257  

°C ). R ecrystallisation afforded a crystalline w hite solid whose  

melting point (2 75 -27 6  °C) was however around 10 °C higher than 

that usually reported. Literature search revealed three additional 

references, each quoting a different melting point, 350 °C ,^^  

286  “c *®  and 271 The first of these can be discounted as

being in error, although the  other two suggest that a genuine  

variation in the melting point of the pure compound m ay occur, 

possibly because of different crystalline forms.

Although elem ental analysis and nmr and of (6*) 

w ere all in very good agreem ent with those expected for (6) , its 

nmr spectrum  indicated some unusual features w hen taken  

im m ediately a fte r the solution in D2O  was prepared . A sharp  

singlet around 5 .2  ppm was an additional feature not observed  

previously. Furtherm ore, the methyl protons and m ethylene protons 

appear as though there are two overlapping triplets and overlapping 

multiplets, respectively. All these additional features d isappeared  

over ten minutes and the final spectrum was identical with that 

obtained normally.

From the nmr spectrum, it was initially thought that the 

labelled a-am inopropanephosphonic acid (6*) may be in a  hydrated 

form, but, m icroanalysis precluded this possibility. It may be  

possible that (6*) possesses a different crystalline form. For 

exam ple, a  hydrogen-bonded structure (e.g as in F ig u re l) may exist 

by some m eans of association of two or more molecules of (6*). 

Therefore, the crystal structure of (6*) was investigated by X-ray  

crystallography.
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f  0-H -
EtCH— P .

n h ;  0- - H -O
“ s i

(Figure 1)

2.5.1CRYSTAL STRUCTURE DETERMINATION OF

PRQPANEPHQSPHONIC ACID INVOLVING A COMPARISON 

QP BOND LENGTHS MEASUREMENTS WITH SIM ILAR  

COMPOUNDS

T h e  reason for the examination was to determ ine whether the 

unusually high melting point is a  consequence of a  different crystal 

structure. The result obtained could then be com pared with the 

crystal structure of a-am inopropanephosphonic acid (6) which was  

in vestig a ted  s im u ltan eo u sly  by V o ickm an et a/?® in this  
laborato ry .

T h e  data of the crystal structure determ ination of radio- 

labelled a -a m in o p ro p a n e p h o s p h o n ic  acid  (6*) w ere as follows: 

C 3H 10O 3PN, M -  139.09, monoclinic, a  ■ 11.064 (2). b -  6.200 (2), c

-  9.520 (2) A, » 107.31 (2) o, U » 622 .94  A®, space group P2 i / c ,  Z

-  4. Dc -  1.48 gcm-3, F(CXX)) -  296, u (Mo-K) -  2 .95 cm’ 3

T h e  structure was solved using the direct method involving 

single crystal analysis. The result suggested that the compound is 

zwiterionic having a  P -O , one P-OH, and a P-Q- bond (Figure 2).
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(Figure 2)
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P -C P-OH P-O P-O ref
1 .8 2 1.51 1.51 1 .49 5 9
1 .8 0 1.51 1.51 1 .50 6 0
1.81 1 .5 3 1 .5 3 1.51 61
1 .8 2 1 .5 0 1 .5 0 1 .50 6 2
1.81 1 .5 2 1 .5 9 1 .50 1 1

1 .8 3 1 .5 5 1 .4 9 1.49

Table 6: Bond lengths (A )  about phosphorus in 

am lnoalkanephosphonic acids, l - g u a n id in o p r o p a n e -  

phosphonic acid, and a-am inopropanephosphon ic

acid.

Compound 

XCH2NH2 

XCH2CH2NH2 

XCH2CH2CH2NH2 

XCH2NHCH2CO2H 

XCH(Et)NHC(:NH)NH21.81  

X C H (E t)N H 2 (6*)

X -  P (0 )(0 H )2

A comparison of the above d a ta  for 1 - [ '^ C ] - a - a m in o -  

propanephosphonic acid (6*) with those obtained by Volkm an et 

al.̂  ̂ for unlabelled a-am inopropanephosphonIc  acid (6) indicated  

an identical crystal structure. Additionally, the P-C and P -0  bond 

lengths agreed reasonably well with those reported for various 

phosphonic acids (Table 6). The P-OH bond was slightly longer (1.55  

A) which is the crystal packing arrangem ents and the strong 

hydrogen bonding involving these bonds.

A literature search revealed only one reference which may 

provide a  possible explanation for the differences in melting points 

for compound (6) and labelled compound (6*). Polymorphism has 

b een  d e m o n s tra te d  by H o rig u ch i an d  K indatsu® ^ for 2 - 

aminoethylphosphonic acid (7, Chapter 1) which was shown to have 

two crystalline forms. A rhombic form, designated 'a ' was most 

frequently obtained on rapid mixing of a  hot, concentrated aqueous 

solution with an equal volume of hot ethanol. Needle crystals (the p
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form) w ere obtained when a dilute solution of the compound was 

mixed slowly at room tem perature with an equal volum e of hot 

ethanol. The authors^^ claimed that the p form was the m ore stable 

form . S eve ra l d iffe ren t melting have been observed for 2- 

aminoethylphosphonic acid (7). These may be attributed in-part to 

polymorphism, but they also noted that the rate of heating had an 

effect on the melting point of compound (7 ). In addition, they  

observed that melting point was m ade difficult by prelim inary  

sintering, darkening, and finally decomposition.

In the present studies, labelled a -a m in o p ro p a n e p h o s p h o n ic  

acid (6‘ ) was recrystallised with water and ethanol. The procedure  

involved rapid addition of hot ethanol to a hot concen tra ted  

aqueous solution of (6*) until a permanent faintness was observed. 

Crystallisation was rapid when the hot solution was a llow ed to 

cool down. The melting process involved sharp disintegration of 

crystals within a narrow range (275-276 °C). Upon cooling and re­

melting the sam e crystals, the melting point decreased to 259 -260  

°C, suggesting a change in crystalline form.

It is possible that polymorphism may have been exhibited by 

(6*) and consequently, various changes w ere observed. O ne form 

may predom inate initially and therefore, a  higher m elting point 

was observed. However, cooling may cause even crystallisation of 

both forms, and a decrease in subsequent melting point is observed.

Additionally  the d ifferences in  ̂H nm r spectra m ay be 

explained using a similar proposal. If there are two forms of 

crystals, it is conceivable  that one form m ay have stronger 

hydrogen bonding and therefore, the solvation time in deuterated  

water may differ, which may explain the gradual changes observed
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3 .1  S Y N T H E S IS  O F T E T R A P H E N Y L  N .N -T H IO U R Y L E N E -n .1-

D IP R O P Y L M .1 -D IP H O S P H O N A T E

T h e  synthetic program m e so far conducted  has been  

concerned with an investigation into d ifferent synthetic routes 

for a-am inopropanephosphonic acid (6, C h a p te r l) . These studies 

involved the use of reported lite ra tu re  routes and various  

m odifications of these procedures to provide a ltern a tive  new  

ro u tes . D e ta ile d  nmr studies of the two routes for the

synthesis of a-aminopropanephosphonic acid w ere also conducted. 

These routes involved the reaction of benzyl carb am ate  and  

propanal with either an aryl phosphite or an alkyl phosphite in the 

presence of acetic acid. Further developm ent of the nmr 

studies led to a m odified route involving the use of boron 

trifluoride-etherate  for the synthesis of the a - a m in o p r o p a n e ­

phosphonic acid (6) whereby the yield improved to 65% .

So far, few derivatives of a -am inopropanephosphonic acid (6) 

have been prepared, although some occur as reaction intermediates. 

Therefore , it w as of interest to synthesise further derivatives of 

(6) in order to study both physical properties and fungicidal 

activity. The a -carb o n  chain length w as kept constant whilst 

modifying various other groups, so that fungicidal activity could be 

com pared directly with that of (6). A dditionally , in terest was  

directed towards the synthesis of various diphosphonic esters  

linked by a bridging ureido or thioureido group. ^

M a ie r^ ^  reported the synthesis of various sub^tu ted  a -  

a m in o e th an ep h o sp h o n ic  acids (3 1 ) an d  the corresp o n d in g  

phosphonates.

67



0
RR’i^CHCH,r < ^

W here R R' -  alkyl, a lkoxy, OH; X -  H, halo, alkyl, alkoxy, 

C H 2C H (N H 2)P(0 )RR' and other derivatives; Y -  H, halo, alkyl, alkoxy 

and other derivatives.

The synthesis involved the interaction of di-isopropylamine, 

used as  the lithium salt, with an im ine (32 ). The resultant 

in term ediate  was allow ed to react with a substituted benzyl 

brom ide followed by reduction to yield the desired product 
(Schem e 16).®^

Ll /THF vrru/j-^-CHj-Nz
(Me2CH)2NH — ;-----►(Me2CH)2NLI —

(Pr^O), CHPh

75  C (3 2 )

NH2
(Scheme 16)

M a ie r  reported®^ that many substituted benzyl bromides  

were used to synthesise compounds of type (31), several of which 

were effective seed dressings against Fusarium nivale.
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B iru m ^s reported the synthesis of various diphosphonates  

from the reaction of a phosphite, an aldehyde, and urea (Chapter 1). 

H ydrolyses of these phosphonates yie lded the corresponding  

phosphonic acids. However, the only phosphonic acid reported by 

Birum^^ was a-ureidopropanephosphonic acid (33).

(H0)2P(0)CH(Et)NHC(:0)NH2
(33)

The ^H nmr spectrum  of this com pound was recorded in 

O M S O -d 5 and appeared to provide the only literature reference^^ to 

the observation of the P (O H )2 and NH protons of an am ino- 

alkanephosphonic acid. It was reported that the NH group gave a 

broad signal at 6.2 whilst the P (O H )2 and the N H 2 protons w ere  

revealed as a broad signal at 8 .5  ppm.

In the p resent work th e  am m onium  salt of a - u r e i d o ­

propanephosphonic acid (17, C h ap te rl) was obtained unexpectedly  

when triethyl phosphite was allowed to react with propanal and 

urea. The ^H nmr in DM SO -d5 of this compound revealed a slightly 

different pattern to that of (6). In addition to the protons of the 

alkyl chain, the NH signal appeared as a sharp doublet at 5 7.3  

(^ J p C N H  ^ Furthermore, the NH signal w as observed around 

3 .7 9 -3 .9 5  as a  doublet, which exchanged over 0 .5  h when the 

spectrum was run in D2O .

Using th e  m ethod described by Birum^^ various novel 

d eriva tiv e s  of a -a m in o p ro p a n e p h o s p h o n ic  ac id  ( 6) w e re  

synthesised, although work-up procedure and isolation of these  

derivatives required several modifications.

Initially, the procedure of Birum^® w as extended for the 

syn th es is  of te trap h en y l N ,N -th io u ry le n e -(1 ,1 -d ip ro p y l)-1 ,1 -
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diphosphonate (3 4 ) from the reaction of triphenyl phosphite, 

thiourea, and propanal in the absence of a catalyst (Reaction 28).

2(PhO)3P ♦ NH2C(S)NH2 ♦ 2CH3CH2CHO

[(Ph0)2( 0)PCH(El)NHl2C=S

(34) (Reaction 28)

The procedure used was similar to that reported by Birum^^ 

for the synthesis of the butyl analogue of (34). The final product 

was recrystallised from dichloromethane instead of acetonitrile to 

yield the novel te trap h en yl N ,N -th io u ry le n e -(1 ,1 -d ip ro p y l)-1 ,1 -  

diphosphonate (34) as a  crystalline white solid in good yield (58% ). 

This compound was fully characterised by elemental analysis, nmr 

( ’ H, 3ip )  and mass spectroscopy.

3.2 SYNTHESIS OF DIPHOSPHONATES USING TRISf2.2.2- 

IflIHALQETHYL) PHOSPHITES. PROPANAL. UREA OR 

THIOUREA

F u rth er d e riv a tiv e s  w e re  s yn th es ised  using d iffe re n t  

phosphites such as tris -2,2,2-trichloroethyl phosphite and tris- 

2,2 ,2-trifluoroethyl phosphite. The form er was synthesised from  

phosphorus trichloride and 2,2 ,2-trichloroethanol in the presence  

of pyridine. Distillation under high vacuum yielded pure tris-2 ,2 ,2- 

trich loroethyl phosphite,®® which was then allowed to react 

with thiourea and propanal (Reaction 29) in an analogous procedure 

to that used for the synthesis of (34).
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2(Cl3CCH20)3P+ 2CH3CH2CHO ♦ NH2C(S)NH2

(CI3CCH2O ). « l i ,  „ F  L ( 0CH2CCl3)
(Cl3CCH20) / ^ " V ”  ^N O C H jCCU)

*  ^  HN-C-NH ^  ’
s

(35) (Reaction 29)

On this occasion a longer reaction time was employed. 

However, the nmr spectrum gave two signals at 5 24 .9  (major) 

and 137 .6  ppm, the latter of which indicated the presence of the 

parent phosphite.

The slower reaction in this case may probably be due to the 

low er nucleophilicity  and basicity®® of tris-2 ,2 ,2-trichloroethyl 

phosphite, when compared to the corresponding triphenyl phosphite. 

The -I effect of the trichloroethyl groups causes a  lower electron 

density on the phosphorus a tom , causing it to be a  poorer 

nucleophile.

Th e  w ork-up procedure involved three recrystallisations: 

twice from acetone and once from  acetonitrile. Te trak is (2 ,2 ,2 - 

trich lo ro e th y l) N ,N -th io u ry le n e -(1 ,1 -d ip ro p y l)-1 ,1 -d ip h o sp h o n ate  

(35) w as obtained as a crysta lline  w hite solid. It was fully 

characterised  by elem ental analys is , and nmr ( ’ H, 3 i p j  

spectroscopy. Mass spectrometry of this compound revealed some 

unusual features which will be discussed further on page 72.

W hen  urea  w as su b stitu ted  for th io u rea  the novel 

te tra k is (2 ,2 ,2-tr ic h lo ro e th y l) N ,N -u r y le n e - (1 , 1 -d ip ro p y l) -1 , 1 -d i-  

phosphonate (36) was obtained (Reaction 30).
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2 (C1j CCH20)j P ♦ 2CHj CH2CH0 ♦ H2NC(0)NH2

[(Cl3CCH20)2(0)PCH(El)NHl2C=0

(36) (Reaction 30)

C o m p o u n d  (3 6 )  w as  c h a ra c te ris e d  s im ila rly : m ass  

spectrom etry of this com pound again revealed som e unusual 
features.

In the mass spectra of (35) and (36) the ions of highest m/e 

value w ere one unit more than the expected molecular ions. Thus, 

the expected molecular ion for compound (35) was 840  instead of 

the observed 841 , calculated on the relative atom ic mass of 

chlorine 35. The  observed molecular ion for (36) was 8 25  instead 

of 824. Such a  phenom enon which displays the presence of a  

protonated m olecular ion, instead of a molecular ion, has been  

reported^^ for a  small number of compounds (approximately 10 out 

of 1400) under electron ionisation mass spectroscopy. The authors 

claimed that the common features in all the compounds w ere that 

they all contained carbonyl groups and hydrocarbon portions.

C h lorine  exists as two isotopes having d iffe ren t atom ic  

masses, 35  and 37, the relative abundances being 3:1 respectively. 

Therefore, in m ass spectrometry a compound containing a single 

chlorine atom  gives two m olecular ions separated by two mass 

units in a ratio of 3:1. Compounds containing higher numbers of 

chlorine atom s give correspondingly more complex spectra. In the 

case of compound (35) and (36), both of which contain 12 chlorine 

atom s, the spectra  a re  extrem ely  complex and d ifficu lt to
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interpret.

T r is -2 ,2 ,2 -tr iflu o ro e th y l phosphite w as a llow ed to react 
with propanal and urea or thiourea (Reactions 31 and 32).

2(F3CCH20)j P + 2CH3CH2CHO ♦ NH2C(0)NH2

l(F3CCH20)^(0)PC H (E l)N H l2C=0

(37) (Reaction 31)

2(F3CCH20>3P +2CH3CH2CHO ♦ NH2C(S)NH2

i(F3CCH20)2(0)PCH(Et)NHl2C=S

(38) (Reaction 32)

These products w ere isolated as white crystalline solids, but 

with considerably lower melting points than those of the chloro 

analogues.

The and nmr of compounds (37 and 38 ) indicated some 

interesting features, whereas the mass spectra gave the expected 

molecular ion peaks at m/z 632  for (37) and 648  for (38).

3 .3  SYNTHESIS OF M O N O P H O S P H O N A T E  USING  T R IS (2 .2 .2 .. 

TRIFLUQRQETHYL) P H O S PH ITE . PR O PA N A L AND  
PHEN YLUR EA

A further derivative w as prepared, involving the use of 

2,2,2-trifluoroethyl phosphite, propanal and phenylurea in the
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presence of boron trifluoride etherate (Reaction 33).

(F jC C H jO ),?  ♦ CH3CH2CHO ♦ PhNHC(0)NH2 

BF3 0 (Et)2/toluene

(F3CCH20)2PCH(EO
NHC(0)NHPh

(39) (Reaction 33)

Reaction 33  w as in itia lly  in vestigated  using a  sim ilar 

procedure to that of Birum.^s However, this proved to be very slow, 

as indicated by the ^^P nmr of the reaction mixture after 1 h. A 

large peak at 5 137.9, corresponded to the presence of the parent 

phosphite whilst a  second smaller peak at 5 26.1 corresponded to 

the product. Boron trifluoride-etherate in to luene w as therefore  

added to this mixture and the reaction tim e increased. A white 

solid , which precip itated grad ually  over severa l w eeks , w as  

filtered off, w ashed with ethyl acetate , and dried to yield the 

desired bis(2,2 ,2-triflu ro e th y l)-a -p h en y lu re id o p ro p an ep h o sp h o n ate  

(39) as a  pale pink solid. At this stage, the work-up procedure was 

modified from that reported in the literature,^® in order to isolate 

further crops from the m other liquor. The  m other liquor was  

c o n c e n tra te d  in vacuo to g ive a brown residue which was  

dissolved in ethyl acetate and then treated with light petroleum  

ether. The resultant mixture was stored at 4  °C for several weeks. 

A second crop of the product which crystallised after several 

weeks was filtered off, washed with ethyl acetate and dried in a 

vacuum oven at 50 °C. The above procedure was repeated to give a 

further crop. The  combined crops w ere recrystallised from w ater
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and ethanol to yield b is (2 ,2,2- tn f lu o ro e th y l) -a -p h e n y lu re id o -  

propanephophonate (39) as a  crystalline white solid in 48 .6%  yield.

The compound was fully characterised by elem ental analysis, 

nmr (^H, 3ip j  gnd mass spectrometry. The  nmr spectra ( ’ H and 

of this compound showed similar features to those of the 

other fluoro derivatives synthesised in the present work.

3.4 SYNTHESIS OF TETRAfPHENYH N.N-THIQURYLENEI.I- 

DI(3-METHYLSULPHENYL)PR0PYL-1.1.DIPH0SPH0NATE

AND TETRAKIS(2.2.2-TRIFLUOROETHYL) N.N-URYLENE-

3.1-PK3-METHYLSULPHENYUPROPYL-1.1.

DIPHOSPHONATE

Further a-am inoalkanephosphonic acid (8) derivatives w ere  

synthesised w hereby in teres t w as d irec ted  tow ards d ifferen t 

substituents at the end of the carbon chain. Possible substituents 

which have been reported in a  few cases for these acids (8) include 

halogen, hydroxy and methylsulphenyl groups. Subotkowski et al.̂  ̂

reported the synthesis of the phosphonic analogue of proline (41), 

which required the synthesis of the interm ediate c o -c h lo ro -a -  

am inobutanephosphonic acid (40 ). The  la tter w as cyclised in 

alkaline medium to give (41) in 38%  yield (Reaction 34).
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C1(CH2)j CH0 ♦ HjN.CO.OCHjPh ♦  PCI3 

l l .A c O H

C1(CH2)3CH(NH2)P(0)(0H)2
(40 )

| h20/N 80H

CH,— C H ,|-2 |-2

C H , C HP(O K O H),
NH

(41) (Reaction 34)

Compound (40) is one of the few reported aminophosphonic 

acids substituted at both the a -an d  o>- position.

An extension of the above work was later reported by Lejczak 

et al.̂  ̂ for the synthesis of th e  phosphonic acid analogue of 

serine (î Z). T h ese workers caused phosphorus trichloride to react 

with acetam ide and benzyloxyacetaldehyde or its diethyl acetal for 

the synthesis of compound (42) (Reaction 35).

PCI3 + PhCH20CH2CH(X) ♦ CH3C(0)NH2

1. a c e t ic  a c id /a c e ty l c h lo r id e
2 . H * /H C 1

X = (OC-H5) 2 or O

(H2N)(CH20H)CHP(0) (0H)2

(42) (Reaction 35)

The authors also claim ed^^ that when triphenyl phosphite, 

benzyl carbam ate and benzyloxyacetaldehyde w ere used for the  

above reaction, the corresponding diphenylester was obtained in 

51%  yield (43). The latter was deprotected and subsequently used 

for peptide synthesis.
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(PhCH20.0C.)NH(PhCH202CH2)CHP(0)(0Ph)2

(43)

So far. however, there have been no reports concerning the 

studies of fungicidal activity of above types of (»-substituted a -  

aminoalkanephosphonic acids or the corresponding esters.

It seem ed desirable therefore, to prepare similar compounds 

to the above, for fungicidal studies. Thus, the synthesis of (44) 

m ay possibly be achieved by using p -c h lo ro p ro p a n a l with a 

phosphite and urea.

[{R 0 )2P (0 )C H (N H )C H 2C H 2CI]2C - 0

(44)

Subsequent hydrolysis of (44) with concentrated hydrochloric 

acid would then be expected to yield the novel o > -c h lo ro -a -  

aminopropanephosphonic acid (45).

CICH2C H 2C H (N H 2)P (0 )(0 H )2

( 4 5 )

There are various reports^®-^’ concerning the synthesis of 

the required p-chloropropanal involving the interaction of acrolein 

with dry hydrogen chloride at -10  °C. The procedure of Shriner at.

w as re -in vestigated  but, only a  brown polym er was  

obtained.

The above result is not entirely unexpected as the results of 

these workers^® indicated the instability of the desired compound; 

they reported that the aldehyde should be distilled quickly in a 

stream of dry nitrogen and must be used im m ediately. Although 

th ese  precautions w ere  fo llow ed in the p resent work, no 

distillable product w as obtained.
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Acrolein does not undergo an aldol condensation^^ and 

therefore , polym erisation m ay be the result of an initial 1,2 

addition followed by elimination of hydrogen chloride.

A subsequent literature search yielded a  further reference^ ̂  

suggesting the instability of ^ -c h lo ro p ro p a n a l and its rapid  

polym erising ability. Repetition of the above reaction at lower 

tem perature (-35  °C) again failed to yield the required compound 

and therefore, this route for the synthesis of p -ch loropropanal was  

abandoned, as was the preparation of compound (45) by this route.

T am  ef a / . r e p o r t e d  the synthesis of phosphonic analogues  

of m ethionine, ethionine and related compounds. These workers  

synthesised phosphonom ethionine (46) and various interm ediates  

from com m ercially ava ilab le  3-m ethylsulphenylpropanal, triphenyl 

phosphite and phenylthiourea in acetic acid (Reaction 36). The  

reactants w ere  mixed and stirred at room tem perature, and the  

interm ediate ester w as isolated.

CH3SCH2CH2CHO ♦ (PhO>3P ♦ PhNHC(S)NH2 

| A cOH

CH3S(CH2>2CHP(0)(0Ph)2
PhNHC(S)NH

| h * / h c i

CH3S(CH2)2CH(NH2)P(0)(0H)2

(46) (Reaction 36)

The procedure of Tam et. al7* was modified in the present 

work, for the synthesis of tetraphenyl N ,N -th io u ry len e -1 , 1-d i(3-
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m ethylsulphenyl)propyl-1 ,1 -diphosphonate (47) (Reaction 37).

2(PhO )jP  ♦ NH2C(S)NH2 ♦ 2CH3S(CH2)2CH0

I
l(PhO)2P (0)(^HNHl2C=S

(CH2)2SCH3

(47) (Reaction 37)

The reaction was investigated in the absence of acetic acid, 

as our previous studies had indicated that acetic acid reacts with 

triphenyl phosphite to yield di-and mono-phenyl phosphite (Chapter 

2). Sodium -dried toluene was used as the solvent to give a 

homogeneous solution and the resultant mixture was heated for 1 h. 

A feathery white solid crystallised after several months when the 

rea c tio n  m ixtu re  w as  le ft a t room  te m p e ra tu re . A fte r  

recrystallisation , the product (47) w as fully characterised  by 

elem ental analysis, nmr ( 'H ,  ^^P) and m ass spectrom etry

which gave a peak at m /z 716 consistent with the parent ion.

By combining and modifying the procedures of Birum^® and 

Tam  et al7* further d eriva tives  w ere  synthesised  including  

tetrakis (2 ,2 ,2-trifluo roethy l) N ‘.N' -urylene- 1. 1 -di (3 -m ethyl- 

sulphenyl)-propyl-1 ,1 -diphosphonate (4 8 ) which w as obtained by 

the reaction  of 2 ,2 ,2-trifluoroeth yl p ho sph ite , urea and 3- 

methylsulphenylpropanal (Reaction 38).
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2(F3CCH20)3P + 2CH3SCH2CH2CHO ♦ NH2C(0)NH2

KF3CCH20)2(0)PCHNH)2C=0
(CH2)2
SCHj

(48) (Reaction 38)

Boron trifluoh de-etherate  w as used as a  cata lyst, since  

present studies have indicated the low reactivity of (2 ,2,2- 

triflu o ro e th y l) p h o sp h ite , co m p ared  w ith  th a t of trip h en y l 
phosphite.

The compound was isolated as crystalline white needles, 

having complex nmr spectra ( ’ H, 13C) compared with those of the 

analogous fluoro derivatives synthesised in the present work. In 

addition, a single signal at 27.1 ppm was observed in the 3 ip  nmr 

spectrum, whilst the mass spectrum  gave a peak at m /z 740  

consistent with the parent ion.

T a m  et al7 ̂  a ls o  re p o r te d  th e  o x id a t io n  o f 

phosphomethionine to the corresponding sulphoxide or sulphone. 

This was achieved using hydrogen peroxide in glacial acetic acid; 

the nature of the product was dependent on the molar ratio of 
hydrogen peroxide used.

In o rd e r to o b ta in  th e  s u lp h o x id e , te tra k is (2 ,2 ,2 -
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triflu o ro e th y l) N ,N -u ry le n e -1 ,1 •d i(3 -m e th y ls u lp h e n y l)p ro p y l-1 ,1 - 

diphosphonate (4 8 ), w as treated  with a  solution of hydrogen  

peroxide in glacial acetic acid in 1:2 molar ratio (Reaction 39).

(CH2)2SCH3
KF3CCH20)2(0)PCHNH)2C=0 + 2H2O2 

AcOH
(CH2)2S (0)CH3 

KF3CCH20)2( 0)PCHNH)2C=0

(49) (Reaction 39)

The aim of the synthesis of (49) was not only to obtain a new 

derivative  for fungicidal s tudies but, to provide a possible  

precursor for the synthesis of the corresponding a>-chloro analogue

(50) (see page.82).

[(F 3C C H 20)2(0)P C H (N H )C H 2C H 2C I]2C =0

(50)

According to Tam  et alJ*  th e  oxidation  product of 

phosphonom ethionine w as isolated as a  w hite solid, when the 

residue from the reaction mixture w as dissolved in a  mixture of 

w ater and m ethanol and then the warm  solution was treated with 

acetone.

In the present study the final residue was treated according 

to the reported procedure which gave an oil. Crystallisation of this 

oil over severa l w eeks  y ie lded  the required te tra k is (2 ,2 ,2- 

tr iflu o ro e th y l) N ,N -u r y le n e -1 .1 -d i(3 -m e th y ls u lp h in y l)p ro p y l-1 ,1 - 

diphosphonate (49) as a white solid.

The ’ H and ^^P nmr spectra of compound (49) gave little
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information since the chemical shifts were similar to those of the 

parent compound (48). However, the melting point (151 °C) of this 

solid w as higher than that of com pound (48 ), and the mass  

spectrum gave a definite signal at m /z 756 in agreem ent with the 

parent ion. The „m r spectrum indicated the characteristic shift 

for the m ethylene group ad jacent to the sulphoxide group. The  

chem ical shift at 5 35 .9  ppm was at a higher field than for the 

m ethylene group of the parent com pound (4 8 ), indicating the  

additional deshielding effect on the carbon atom which arose from  

the presence of the oxygen. Surprisingly, the deshielding of the 

methyl carbon was very small.

It w as of in terest to synthesise te tra k is (2 ,2 ,2 -tr iflu o ro -  

ethyl) N ,N -u ry le n e -1 ,1 -d i(-3 -ch lo ro p ro p y l)-1 ,1 -d iphosphonate  (50 )  

In addition to being a new  derivative  for fungicidal studies, 

compound (50) may provide an alternative route for the synthesis 

of the much desired  novel derivative, the w - c h lo r o - a - a m in o -  

propanephosphonic acid (45).

CICH2C H 2(N H 2)C H P (0 )(0 H )2

(45)

A possible route for the synthesis of (5 0 ) involved the 

initial introduction of a  double bond at the end of the alkyl carbon 

chain by sulphoxide elim ination from compound (49). Treatm ent 

with hydrogen chloride of the alkene would give the corresponding 

<i)-chloro analogue (50). S ubsequent hydrolysis of (5 0 ) with 

concentrated hydrochloric acid would be expected to yield m - 

chloro-»-am inopropanephosphonic acid (45).

Sulphoxide eliminations^®-^® have become widely used for
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[(F3CCH20)2(0)PCH(CH-CH2)NH]2C-0
(53)

This reaction was attem pted according to the procedure of 

V o-Q uang et al7  ̂ After cooling, the mixture was filtered, and the 

solution was concentrated to give an oily residue. This residue in 

m ethanol did not crystallise, even after several months when  

stored at 4  °C. Furthermore, in addition to all the other signals, the 

nmr of this oil gave a peak at 8 1.9 corresponding to the methyl 

signal adjacent to the sulphoxide group suggesting the presence of 

the parent compound. Additionally, the chemical shifts of the y a n d  

p -m eth y len e  protons w e re  identical with those of the parent 

compound, indicating the absence of alkene protons which would 

have been expected at lower field.

The failure of compound (49) to undergo elimination of the 

sulphoxide group may have been due to two factors. The solubility 

of (49) in xylene was poor, even when the mixture was refluxed for 

24 h; this immiscibility m ay have prevented thermolysis. Secondly, 

in the present studies 3-m ethylthiopropanal was used instead of 

3 *p h e n y lth io p ro p a n a l a s  used by th e  ab o ve  w o rk ers .^  ® 

Consequently, a less stable methyl sulphinyl ion (M eS O ') may have 

been form ed as a result of thermolysis. This is less favourable  

com pared to the formation of the phenyl sulphinyl ion (P h S O ') , 

which would be stabilised by resonance and is a better leaving  
group (Schem e 17).
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o=s- .CH3

(Scheme 17)

The mechanism of the sulphoxide elimination may involve 

a proton elim ination by in ter or in tra  m olecular reaction  

(Scheme 18).

\ H
^ C - C H

0^
' t § - 0

(Scheme 18)

At this stage, our investigation of the synthesis of tetrakis- 

(2 ,2 ,2 - t r if lu o ro e th y l)N ,N -u r y le n e -1 ,1 -d i( -3 * c h lo r o -p r o p y l) -1 ,1 - 

d ip h o sp h o n ate  (5 0 ) w as s top p ed , d u e  to the d ifficu ltie s  

experienced in the synthesis of the propenyl precursor (53).

3.6 PREPARATION OF a-UREIDO-3-fS-METHYLSULPHENYL) 

PROPANE PHOSPHONIC ACID

In terest was also d irected towards the synthesis of a  new  

type of phosphonic acid. This was achieved using a modification of 

the m ethod of Birum^® for the synthesis of a -u r e id o p r o p a n e -  

phosphonic acid. It was decided to synthesise the analogous a -
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ureido-3-(S -m ethylsulphenyl)propanephosphonic acid  (54) from 3- 

m ethylsu lp hen ylprop an al, tris -2 ,2 ,2-trichloroethyl phosph ite  and  

urea (Reaction 41).

(Cl3CCH20)3P + CH3S(CH2)2CH0 + NH2C(0)NH2

A c e to n it r i le /W a te r

(H0)iP(0 )CH(CH2)2SCH 3 

N H q O N H j

(54) (Reaction 41)

In o rd er to iso late product (54), the res id u e  from the  

reaction m ixture w as treated with a mixture of acetonitrile and  

w ater, according to the reported^^ procedu re . H o w ever, no 

precip itation  w as observed, so the w ork-up  p rocedu re  w as  

modified by concentrating the residue in vacuo, followed by the 

addition of ethyl acetate to the concentrate. The  resultant yellow  

residue was stored at 4 “c  for several weeks during which a white 

solid gradually precipitated. This solid was filtered, w ashed with 

ether and dried to yield the new a -u re id o -3 -(S -m e th y l-s u lp h e n y l)-  

propanephosphonic acid (54) in low yield (15 .6  % ). The low yield of 

(5 4 ) is probably due to the low nucleophilicity and therefore  

b a s ic ity  o f t r is -2 ,2 ,2 - tr ic h lo ro e th y l p h o s p h ite . T h e  low  

nucleophilicity is the result of the -I effect due to chlorine atoms 

which withdraws the lone pair electron density from phosphorus. 

Compound (54) was fully characterised by elem ental analysis and 

nmr spectroscopy (^H, 3 ip j  jh e  ’ h  spectrum in C D C I3 was 

complex but revealed a similar pattern to that observed by Birum^s
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for the analogous a-ureidopropanephosphonic acid (3 3 ). The main 

differences w ere an additional singlet observed a t 51 .85  for the 

(o-m ethyl group, and a  triplet for the y-methylene protons. The  

nmr spectrum of (54) in D2O  indicated an absence of the NH signal; 

this was in contrast to the earlier observation for the ammonium  

salt of o-ureidopropanephosphonic acid (17, Chapter 1), in which 

the NH proton w as replaced only slowly by deuterium.
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3.7 CARBON 13 NMR SPECTROSCOPY OF COMPOUNDS QF 

TYPE fmo^,PfO^CHfR’MNH)loC=X WHERE R = ALKYL Of 

PHENYL: R’ = Et OR CH^CHySMe: X = Q OR S

An exam ination  of the spectral characteristics  of these  

compounds (Table 7 & 8) showed a  number of general trends. It was 

found that derivatives with fluorine groups had more complicated  

spectra, especially in the case of nmr spectra.

Table 7:

Compound

((R0)2P(0)CH(NH)CHCH2RT2C.X 

R-Ph.ff-CHj. X-S 

R - Ph. R-. CH2-S-CH3, X . S 

R.Cl3CCH2,Fr-CH3. X.S 

R.CCl3CH2,R'-CH3. X.0 

R.CF3CH2.R'-CH3.X -S  

R-CP3CH2.R'-CH3, X-0

Solvent ’jpc Ĵpcc Ĵpccc ĴPCNC Ĵpoc

COCI3 152.6 - 12.8 8.6

C003 151.4 3.1 16.8 7.9

COCI3 147.6 11.8 8.9 6.7, 6.1

COC»3 146.9 11.7 9.3 6.7. 6.2

C003 155.0 3.0 13.4 6.7. 6.2

COCt3 155.3 3.1 13.3 6.7. 6.2

MeOD 160.8 3.1 16.3 7.0. 7.2

.OMeOO 160.2 3.1 16.1 7.1. 7.0

nmr spectroscopy Of compounds of type

(R0)2P(0)CH(NHX)CHCH2R'

Compound Solvent ’Jpc ^Jpccc ^JpCNC

(RQtoPfOtCHiNHXtCHCHyR-

R -C F 3CH2, R '-CH 3,X-CONHPh MeOD 154.3 2.9 13.6

R -  H, R - CH2-S(0)CH3. X - C(0)NH2 D2O 161.3 1.6 15.8 10.3
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From the above nmr spectral data it can be seen that on 

average the ^ J p c  values range from 147 to 161 Hz, with fluoro 

derivatives generally showing higher coupling constants than the  

chloro analogues.

Cam eron et al.̂  ̂ reported the synthesis, and nmr studies of 

N -(io -guanidinoalkyl)am inoalkanephosphonic acids (55) and their 

am inophosphonic acid precursors. A study of the nmr

spectroscopy of these compounds by the above workers indicated 

that, upon protonation, a  marked increase in the ' J p c  values was 

observed.

(NH2)(N H :)C NH (CH2)nNHCH2P(0 )(O H )2

(55)

Sim ilar increases in ^ J p c  values have been reported by 

A ppleton et al.̂  ̂ during the two stages of protonation of a -  

aminomethanephosphonic acid (56) (X  to Z).

NH3-^CH2P(0)(0-)(0-) NH3+CH2P(0)(0-)(0H) NH3+CH2P(0)(0H)(0H) 

(X) (Y) (Z)

A possible explanation for the increase in ^ J p c  values is that 

upon protonation the phosphorus becomes more deshielded by the 

oxygen (since there is a net reduction of negative charge around  

oxygen ); and therefore the coupling between phosphorus and the a -  

carbon increases.

The above reasoning may also account for the differences  

observed in ^Jp Q  values for the chloro and fluoro analogues in the 

present studies (Table 8). Fluorine being more electronegative than 

chlorine deshields the phosphorus more, and as a result larger ^ J p c
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values w ere observed.
The ^ J p c c  values were found to be either zero or very small. 

In general, for all the fluoro analogues small ^ J p c c  values (~ 3 .1  

H z) w ere observed whereas, for a -u re id o -3-(S -m e th y ls u lp h e n y l)-  

propanephosphon ic  acid (54) this value was 1.6 Hz. In the latter 

case phosphorus to p-carbon coupling was unexpected since, so far, 

in the present studies similar phosphonic acids had ^ J p c c  values 

of zero.
The ^ J p c c C  values are similar (11-16 Hz) and unaffected by 

varying the substituents. However, an interesting feature  was that 

the ^ J p c N C  values were zero for all the fluoro analogues whereas a 

value of 8 -10  Hz wac observed for all the other derivatives.

It was also observed that the chem ical shift for the ureido 

carbon was in general around 158-160 ppm, w hereas the thioureido 

carbon gave a  signal around 185 ppm. The electronegativity of 

oxygen is higher than that of sulphur. Therefore, oxygen would  

deshield the carbon to a greater extent than the sulphur; and  

consequently it would be expected that the ureido carbon should be  

at a  lower field than the corresponding thioureido carbon. However, 

the observed spectra showed a reversal in field positions, the  

thioureido group appearing at lower field than the ureido carbon. 

Although similar results have been observed for o ther urea and  

th iourea d erivatives, no explanation can be o ffered  for these  

res u lts .
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3.7.1CARBON-13 NMR SPECTROSCOPY OF TETRAKIS(2.2.2- 

TRIFLUOROETHYL)N.N-URYLENE-1.1-Plf3-M£IHYL 

SULPHENYL>PROPYL-1.1-PIPHOSPHONATE

The nm r spectra  of this type of com pound w ere

interesting and complex. It was noticed that the 80 M Hz spectrum  

a lth o u g h  usefu l fo r th e  in itia l c h ara c te risa tio n  o f these  

compounds, appeared to be insufficient for detailed information on 

various couplings. In order to study the spectrum complexity the 

nmr of a typical exam ple w as exam ined at high field. 

Accordingly, the spectrum  of te trakis(2 ,2 ,2 -trifluoro ethy l) N, N- 

u ry len e -1 ,1 -d i(3 -m e th y ls u lp h e n y l)p ro p y l-1 ,1 -d ip h o s p h o n a te  (4 8 )  

was determined at 400  MHz.
It w as observed  that in addition to phosphorus-carbon  

couplings, other couplings such as between carbon and fluorine, and 

possibly phosphorus and fluorine w ere observed as a fine pattern.

In general the nmr spectra of compounds of this type 

have characteristic  patterns for the alkyl chain carbon atoms  

ranging from 12 to 50 ppm. This was also observed for the above  

compound (48) (Figure 3).
An interesting feature observed was the appearance of the  

signals due to the C H 2O P group. These would have been expected to 

give a doublet as a  result of phosphorus coupling to the carbon via 

the oxygen. However, initial examination of the spectrum indicated 

the signal to be quartet. This arises as a result of carbon coupling 

with fluorine with a  ^ J c C F  Hz. Closer exam ination of

this quartet when expanded, indicated that each line from the  

quartet appears to split further in to a triplet (Figure 4).
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This m ay be due to the fact that the C H 2O P groups are non­

equivalent and as such, individual couplings with phosphorus may

occur to give two doublets (^ J p o c  ^ which then overlap
to give the appearance of a  triplet. This non-equivalence m ay be 

due to the C H 2O P group being adjacent to a  chiral a -C H  group, 

although there is free rotation about the carbon-phosphorus bond.

In addition to coupling with phosphorus it appears that the 

m ethylene carbon couples with fluorine to give a quartet, in an

analogous w ay to hydrogen. This result is not unexpected since,

like hydrogen, fluorine has a  spin of one half. The net result of all 

these couplings appears to be a  quartet of multiplets for the 

CH2O P group.

The coupling for the C F3 group was the largest (~ 2 6 0  Hz), 

giving rise to a  quartet as would be expected. Again when this 

signal w as expanded each line of the quartet appeared to be more 

complicated, as  indicated by the presence of ’ shoulders”. This is 

probably the result of further coupling from phosphorus, for which 

a small value of ^ J p o C C  observed. Sim ilar coupling

3 j p o c c  ( Hz) of this type has been observed for diethyl a -  

aminopropanephosphonate (56) in the present studies.

(EtO)2P(0 )C H (N H 2)C H 2C H 3

(56)
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3.7.2 PROTON NMR OF m ’0)9PiO)CH(R>NHCCXlHHCH(R)P(Q)- 

(OR ’̂ 2 WHERE R*= ALKYL OR PHENYL: R = Et OR CH^CHySMfe; 

X = O OR S

(R ’0 )2 (0 )P C H  (R )N H C (:X )N H C H (R )P (0)(0R ')2  

R’-  Ph; R -  Et, X -  S o r O  

R’-  CI3C C H 2: R -  Et. X -  S or O

R '-  F3C C H 2; R -  Et. CH3S(CH2)2 or CH3S(0 )(CH2)2: X -  S or O

 ̂H nmr spectroscopy w as a useful tool for the initial 

identification of these compounds and for the determ ination of the 

success or failure of a reaction. Like a -a m in o a lk a n e p h o s p h o n ic  

acids, the above compounds showed a fingerprint region between  

0.8 to 5.5 ppm . which is characteristic of the alkyl chain carbon  

atoms (R). In general, when R -  Et these compounds gave a  triplet, 

with two complex multiplets arising as a result of couplings of the 

C H 3 . CH2 . and CH  groups, as described in the case of the a -am in o - 

propanephosphonic acid (6) (page 41). However, when R' was either 

(C I3C C H 2) or (F3C C H 2) the chemical shifts of the multiplets were  

at lower field than that observed for (6). This is attributed to the 

high electronegativ ity  of the halo groups which deshie lds the  

methylene and methine protons.

The com plexity of the spectra increased with the nature of 

the substituents on the ester group. Thus, the 80 M H z ^H nmr 

s p ec tru m  of te tra k is (2 .2 ,2 - tr ic h lo ro e th y l)  N .N -u r y le n e -1 .1 -  

d ip ro p y l-l.l-d ip h o s p h o n a te  (3 6 ) in C D C I3 revealed the following 

signals; 1.03 (t. 3H . CHs ^Jh C C H  ^¿¿2) 4-50-4 .95
(complex m. consisting of 11 lines. 8H. POCH.2)* 5 .0 -5 .5 5  (m. 1H,
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C ID , 7 .65 (d. N H ^ J p c N H  "'O O Hz exchanged with D 2O  within 5 min).

The complex multiplet at 4 .50-4 .95  consisted of a  total of 11 

lines and arises as a  result from coupling between phosphorus and 

the O C H 2 protons.
The spectra w ere further complicated when the alkyl chain 

carbon was a  3-methylsulphenylpropyl group as exem plified by the 

80 M H z ^H nmr spectrum  of te trak is (2 .2 .2 -tr iflu o ro eth y l) N.N- 

u ry le n e -1 ,1 -d i(3 -m e th y ls u lp h e n y l)p ro p y l-1 ,1 -d ip h o s p h o n a te  (43) 

as follows; I h  (M eO D) 1.50-2.30 (m. 2H. C H 2CH), 2 .08 (s. 3H . Chls). 

2 .65  (t. 2H . C l±2 -S ^ J h C C H  4 .3 1 -4 .8 0  (com plex m.

C F 3C U 2O ). 5 .0 -5 .55  (m. 1H. CH). 6 .49 (br d. P C ilH ^ J p C N H  9 5 Hz. 
exchanged with D2O  within 5 min).

It w as observed that the m ultip let which resu lted  from 

coupling between the P-CH2 protons and phosphorus was broad and 

diffuse which may be due to the overlapping signal that arose from 

the m ethyl group. The multiolet due to the ester group was 

extrem ely  com plex as a result of possible coupling between  

fluorine and the CH2O protons, in addition to coupling between the 

CH2O  protons and phosphorus.

95



3 .8  FA B M A SS S P E C TR O M E TR Y  O F a-U R EID O -SW S-

M E T H Y L S U L P H E N Y U P R O P A N E P H O S P H O N IC  AC ID  A N D  

A M M O N IU M  S A L T O F a -U R E ID O P R O P A N E P H O S P H O N IC  

A C IP

Fast atom bombardment (FAB) was discovered by Barber et 

3/ 82,83 In 1980 as a new ion source. This technique uses an ion 

source which produces argon or xenon atoms with about 5 Kev 

energy, which are directed on to a sam ple m ixed with glycerol. 

Both negative and positive ions characteristic of the m olecule are 

emitted, and mass analysed by the spectrometer in the normal way.

FAB spectrometry has been applied to a  wide range of ionic 

and zw itterion ic  com pounds such as potassium  iodide^^ and 

p o ly p e p tid e s ^ ^  which w ere previously difficult, or impossible, to 

study directly. This is attributed to their low volatility and hence 

it is im possible to record the mass spectra  using standard  

methods. Several reports have been documented on FAB studies of 

various therm ally labile organophosphorus co rnpounds.®®'®^’®®>®® 

The a-am inoalkanephosphonic acids are  zw itterionic and 

high melting solids and therefore are not am enable to electron- 

im pact m ass spectrometry. Previous workers^^ in this laboratory 

investigated the FAB mass spectra of these phosphonic acids and 

have shown that they give a very strong [M +1]+ ion which is usually 

the base peak.

In the present work, the FAB mass spectra of two phosphonic 

acids namely, a -u re id o -3 -(S -m e th y ls u lp h e n y l)p ro p a n e p h o s p h o n ic  

acid (54) and the ammonium salt of a -u re id o p ro p a n e p h o s p h o n ic  

acid (17 , C h a p te rl) w ere  studied in order to determ ine  the
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fragm entation patterns and to provide additional characterisation  

of the compounds.
The FAB m ass spectrum  of a - u r e i d o - 3 - ( S - m e t h y l -  

sulphenyl)propanephosphonic acid (54) gave a  strong [M-t-1]'*' ion 

which is generally  characteristic of a -a m in o a lk a n e p h o s p h o n ic  

a c i d s . I n  add itio n , adduct ions such as  [2M-I-1]''' and  

[M-fglycerol-t-1]'*' w ere also observed. The fragmentation of (54) was 

sim ple, involving the initial loss of the carbam yl group (Schem e  

19). There was loss of ammonia also to a  minor extent from  

[M-t-1 A major fragment resulted from the loss of the phosphonic 

acid group leading to the formation of C H 3S (C H )2C H N H 2 ‘*' which 

was also the base peak.

(H0)2P(0)CH(NHC0NH2)(CH2)2SCH3 ♦ H ' 
m /z 2 2 9  ( 8 3 .2 X )

-4 3  (HCNO)
(H0)2P(0)CH(NC0 )(CH2)2SCH3+ H 

m /z 2 1 2  (9 .0 X )

(H0)2P(0)CH(NH2>(CH2)2SCH3* H 
m /z  187 (4 7 .4 X )

- 8 2  H3PO3

H2N-CH(CH2)2SCH3 
m /z  104 (100% )

(Scheme 19)

S im ilarly , the fragm entation of am m onium  salt of a -  

ureidopropanephosphonic acid (17) gave a  strong [M-t-l]'*' ion
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4 . 0  S Y N T H E S IS  OF a -A M IN O A L K A N E P H O S P H O N Q U S  AC ID S  

AND g -A M IN O A L K A N E P H O S P H IN IC  A C ID S

R .  alkyl

R C H (N H 2)P (0 )(0H )(R 1 )

(5 7 )

The a-am inoalkanephosphonous acids (57) (R ’ -  H), and the a- 

am in o a lkan ep h o sp h in ic  acids (5 7 ) (R^> alkyl, aryl) a re  white 

crystalline solids with high melting points. S evera l phosphorus- 

carbon containing compounds, most of which contain nitrogen have 

been  d e tec ted  in nature and isolated since 1 959 . T h e  first 

compound of this kind was 2-am inoethylphosphonic acid isolated 

from  c ilia ted  protozoa, by Horiguchi and K andtsu.^^ Also the 

aminophosphinic acid (58) has been detected in nature and isolated 

from cultures of Streptomyces viridochromogenes,^^ as the 

trip ep tid e  p h o sp h in o th ricy l-L -a lan y l-L -a lan in e .

H02CCH(NH2)C H 2C H 2P(0 )(0 H )C H 3

(5 8 )

In this chapter, various routes for the synthesis of a  -  

aminoalkanephosphonous acids, a-am inoalkanephosphinic acids, and 

their derivatives are investigated. Additionally, the spectroscopic  

studies (^H, ^^P nmr, and FAB mass spectrom etry) of these

compounds will be discussed. The present studies w ere undertaken  

to in vestigate  w hether these acids possess fungicidal activity  

similar to that shown by the analogous a -a m in o a lk a n e p h o s p h o n ic  

acids (8, Chapter 1).
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4.1 SYNTHESIS OF «-AMINOALKANEPHOSPHONOUS ACIDS

O ne of the first reports of the synthesis of a  phosphonous 

a c id  w as p resented  by Raudnitz,®^ w ho p re p a re d  p -N ,N - 

d im eth y lam in o p h en y lp h o sp h o n o u s  acid  by th e  reaction  of 

dim ethylaniline with phosphorus trichloride followed by hydrolysis 

(Reaction 42).

M ejN P h  + PC I3 (Me)2NC6H4P (0) (0H)H

(Reaction 42)

In general, many of the types of method which have been  

described for the preparation of a -a m in o a lk a n e p h o s p h o n ic  acids  

are also suitable for the synthesis of a -a m in o a lk a n e -p h o s p h o n o u s  

acids^^ and -phosphinic acids.

Thu s, a  g en era l procedure for the syn th es is  of a  -  

am inoalkanephosphonous acids, involves the addition of a 

phosphonous moiety to an imine. Early studies by Quin^^ indicated 

th a t O -ethyl phenylphosphonite added readily  to benzylidene- 

phenylimine in the presence of an alkoxide as a  catalyst to yield an 

N-substituted phenyl(a-am inoalkane)phosphinate (Reaction 43).

PhCHrNPh ♦ (E tO K O )P H (P h) P h N H C H (P h )P (0 )(0 E t)(P h )

(Reaction 43)

Similarly, an extension of the above work w as later reported 

by Tyka^^ who obtained a -am inoalkanep hosphono us acids m ore  

conveniently  and in good yield from the hydrogenolysis of N-
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benzyl-a-am inoalkanephosphonous acids using H 2 in the presence  

of Pd/C as a  catalyst.

Baylis et al.̂  ̂ a ttem pted  hydrogenolysis of N -b e n z y l-a -  

aminoalkanephosphonous acids using the sam e procedure as that 

rep o rted  by T yka .^ ^  H o w ever, th e s e  w o rkers  found  that 

hydrogenolysis failed due to catalyst poisoning, and under higher 

catalyst loadings carbon-phosphorus bond cleavage occurred.

T h e  authors^^ em ployed d ip h en y lm eth y lam in e  for the  

synthesis of a -am inoalkanephosphonous acids (5 7 ). Addition of 

100%  hypophosphorous acid to an N-diphenylmethylimine in ethanol 

yielded R -d ip h e n y lm eth y l-a -am in o a lkan ep h o sp h o n o u s  acids  (59) 

(Reaction 44).

PhjCH NrCH R  + H3 PO2 ------- ► P h 2C H N H C H (R )P (0)(0H )H

(Reaction 44) (59)

The diphenylm ethylam ine acted as an acid-labile  protecting 

group, which could be cleaved under a  variety of conditions. These 

included the use of 49%  hydrobromic acid and refluxing the mixture 

for 45  minutes. The free aminophosphonous acid was obtained by 

tre a tm e n t of the hydrobrom ide sa lt with p ro p y len e  oxide. 

Alternatively, a m ixture of trifluoroacetic acid and an isó le  was  

used for hydrolysis.

T h e  a u th o rs ® ®  a lso  used th e  rea c tio n  of the  

diphenylmethylamine salt of hypophosphorous acid with aldehydes, 

in refluxing ethanol or dioxane, to give product (59).

The procedure of Baylis et al.̂  ̂ using diphenylm ethylam ine  

h y d ro ch lo rid e  w as in ve s tig a te d  for the syn th es is  of N- 

d ip h e n y lm e th y l-a -a m in o a lk a n e p h o s p h o n o u s  acids  (59) from a

102



series of aldehydes (C2-C 5). (Reaction 45).

PhjCHNHj.HCl ♦  H3PO2 ♦  RCHO - ►  Ph2CHNHCH(R)P(0X0HXH)

(Reaction 45) (59)

Addition of the a ld eh yd e  to a  reflu xing  solution of 

diphenylm ethylam ine hydrochloride and hypophosphorous acid in 

w ater yielded an immediate precipitation of (59) in very good yield 

(44 -8 6% ). The yield of (59) decreased as the alkyl chain length 

increased, an observation which is in agreem ent with that made by 

Baylis et al.̂  ̂ This may be attributed to the fact that w ater was 

used as the solvent, and the solubility of the longer chain aldehyde 

decreased due to decrease in polarity.
The N-diphenylm ethyl-a-am inoalkanephosphonous acids (59) 

w ere  easily hydrolysed with hydrochloric or hydrobromic acid to 

give the corresponding a-am inoalkanephosphonous acids (60) in 

good yield (Reaction 46).

Ph2CHNHCH(R)P(0X0H)H ♦ HX --------- ► RCH(NH2)P(0 )(0H)H ♦ PhjCHX

X .  Cl, Br (Reaction 46) (60)

The resultant compound (60) were readily oxidised according 

to the reported procedure^^ with saturated bromine water to yield 

a-aminoalkanephosphonic acids (8, Chapter 1), and w ere also found 

to be easily oxidised by chlorine and hydrogen peroxide.
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4 .2  SYNTHESIS OF M E T H Y L f« -A M IN O P R O P A N E )P H O P H IN IC  

ACID AND P H E N Y U a -A M IN O P R O P A N E tP H O P H IN IC  AC ID

Oleksyszyn et al <0 have reported the synthesis of phenyl 

(a-am inopropane) phosphinic acid from phenyl dichlorophosphines, 
propanal and an alkyl carbamates. It was claimed that the reaction 

proceeds readily when the reagents are  heated in glacial acetic 

acid. Hydrolysis of the resultant mixture, and subsequent work-up 

affords the  corresponding phosphinic acids as crystalline white 
solids in moderate yields (30-55% ).

In the present work methyl (a -am inopropane)phosph in ie  acid 
was synthesised using the procedure of Oleksyszyn et al. 40 . The 

precursor, methyl dichlorophosphine was prepared using a  modified 

m ethod em ployed by Sobramanien®® from the reported literature 

ro u te .®̂ '®8 This involved the initial interaction of chlorom ethane, 
phosphorus trichloride, and aluminium trichloride (Reaction 47).

A IC I3  ♦ PC I3  ♦ CH3 CI

I
(C H 3 P C l3 l* [A lC l4 r

(6 1 )

I  d ib u ty l p h th o la te  

CH3 PCI

I  povijjered an tim o n y  

CH3PCI2 

(R eaction  4 7 )

The intermediate complex (61) was decomposed with dibutyl
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phthalate and subsequently reduced with powdered antimony. The 

latter w as used instead of the reported dry sulphur dioxide, in 

order to ensure that the reduction goes to com pletion. This also 

elim inates the need to separate  vo latile  by-products such as 

thionyl chloride by distillation. The crude methyl dichlorophosphine 

was distilled under vacuum, and then condensed with propanal and 

benzyl carbam ate in glacial acetic acid according to the procedure 

of Oleksyszyn et al.*̂  (Reaction 48).

CH3PCI2 ♦ PhCH2O.CO.NH2 ♦ CH3CH2CHO
1. AcOH
2. H^/HjO

CH3CH2CH(NH2)P (0) (0H)(CH3)

(62) (Reaction 48)

In the present work treatment with propylene oxide yielded a 

brown oil, which was then w ashed with various solvents and  

fina lly  c rysta llised  with m ethanol and w ater. A w hite solid 

c ry s ta llis ed  s lo w ly  over s ev e ra l m onths, an d  w as fu lly  

characterised as the novel m ethyl(a-am inopropane)phosphinic acid  

(62) by nmr (^H, and ^^P) spectra, elemental analysis, and FAB 

m ass spectrometry.

An a tte m p t to p re p a re  th e  a n a lo g o u s  p h e n y l(a -  

am inopropane)phosphinic acid (63) from phenyidichlorophosphine  

according to the procedure of Oleksyszyn et a/.^° failed.

The above procedure w as therefore  m odified using the  

phosphonous ester which was synthesised by the reaction of 

phenyidichlorophosphine and phenol in anhydrous ether. The

105



resultant d istilled product w as a llow ed to react with benzyl 

carbam ate and propanal according to the procedure of Oleksyszyn 

et al.*̂  (Reaction 49).

PhP(0Ph)2 ♦  PhCHjO.CO.NHj ♦  CHjCHjCHO
1. AcOH
2.

CH3CH2CH(NH2>P(0) (0H)(Ph)

(63) (Reaction 49)

W ork-up after hydrolysis yielded p h e n y l(a -a m in o p ro p a n e )-  

phosphinic acid (63) as a crystalline white solid. The yield (43.5% ) 

of (63) compared well with the reported yield (41% ). The compound 

w as fully characterised by melting point, e lem ental analysis, FAB 

and nmr (^H, and ^^P) spectroscopy.

4 .3  S Y N T H E S IS  O F TH E D E R IV A T IV E S  O F  a -A M IN O P R O P A N E -

PHO SPH O N O US ACID

Two exam ples of N -substituted deriva tives  of a -a m in o -  

propanephosphonous acid w ere prepared ^  N-benzyl-oxycarbonyl- 

a -a m in o p ro p a n e p h o s p h o n o u s  a c id  a n d  N -(2 ,2 ,2 - tr ic h lo ro -  

carboethoxy)-a-am inopropanephosphonous acid.

G ilm ore and McBride^^ reported the synthesis of N-benzyl- 

o x y c a rb o n y l-a -a m in o a lk a n e p h o s p h o n ic  ac id s  using benzyl 

chloroformate and the appropriate phosphonic acid in the presence 

of a  base. This procedure was used for the synthesis of the 

corresponding N -benzy loxycarbo n y l-a -am in o p ro p an ep h o sp h o n o u s  

acid (64) (Reaction 50).
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PhCHjO.CO.Cl ♦ CH3CH2CH(NH2>P(0)(0H)H  

jN a O H

CH3CH2CH(NH.C0.0CH2P h)P (0) (0H)H

(64) (Reaction 50)

Benzyl chloroformate w as added at low tem perature to a -  

aminopropanephosphonous acid in the presence of a base. The  

reaction afforded (64) in good yield (87% ) as a  crystalline white 

solid which was characterised by nmr (^ H and 3 ip )  spectra , 

e le m e n ta l analys is , and m elting  point. S im ila rly , N - (2 ,2 ,2 -  

tr ic h lo ro c a rb o e th o x y )-a -a m in o p ro p a n e p h o s p h o n o u s  acid w as  

prepared using tris 2 ,2 ,2-trichloroethyl chloroform ate.

T h e  p ro tec ted  N -b e n z y lo x y c a r b o n y l-a -a m in o p ro p a n e -  

phosphonous acid (64) was subsequently used for the esterification 

to give methyl a-am inopropanephosphinate. It w as hoped that the 

phosphinate could be used for peptide synthesise at a  later stage.

There have been many reports on the synthesis of phosphonic 

and phosphonous esters .^°°’ ®̂̂ ’ °̂2 j^ e  direct monoesterification 

of phosphonic acids requires forcing reaction conditions such as 

the use of a large excess of the alcohol, or a  condensing agent like 

dicyclohexylcarbodiim ide (D C C ) which form s und esirab le  by­

product. Furthermore, the esterification was usually unsuccessful 

with bulky alcohols due to steric hindrance.

In o rd e r to p rev e n t th e  fo rm atio n  of b y -p ro d u c ts , 

W asielew ski e fa /.^ ° ^  reported m onoesterification of various N- 

b e n zy lo x y c a rb o n y l-a -a m in o p ro p a n e p h o s p h o n ic  acids using the  

desired alcohol in the presence of a base and trichloroacetonitrile. 

It was decided to use the sam e procedure for the synthesis of
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m ethyl N -b e n zy lo x y c a rb o n y l-a -a m in o p ro p a n e p h o s p h in a te  (65) 
(Reaction 51).

CH3CH2C H(N H.C0.0C H2Ph)P(0)(0H )H  ♦ CH3OH 

| c i 3C C N /Pyrid ine

CH3CH2CH(NH.C0.0CH2Ph)P(0)(0CH3)H

(65) (Reaction 51)

The product was initially isolated in an oil form which was 

crystallised, to yield the required product (65 ) in good yield 

(67.3% ).

In order to remove the protective N-benzyloxycarbonyl group, 

the ester (65) was treated with 45%  hydrobromic acid and glacial 

acetic  acid, a t room tem perature. How ever, a  viscous oil was 

yielded which w as washed successively with various solvents and 

recrystallised several times but, the oil failed to crystallise to 

give the required methyl a-am inopropanephosphinate. The ^^P nmr 

spectrum of the reaction product gave two signals (5 2 4 .9 , 20.1) 

corresponding to the parent compound (65) and its hydrolysis 

product N-benzyloxycarbonyl-a-am inopropanephophonous acid (64). 

This suggests that under these conditions partial hydrolysis of the 

m ethylester group was in progress. The observed result was in 

agreem ent with those obtained by W asielew ski et for the

synthesis of m onoalkyl a *a m in o a lk a n e p h o p h in a te s  from  the  

corresponding N-benzyloxycarbonyl derivatives.

T h e  au thors  also reported^ the synthesis of various 

m onoesters  o f a -a m in o a lk a n e p h o s p h o n ic  a c id s  from  the  

corresponding N-benzyloxycarbonyl derivatives. They claim ed that
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the protected N -benzyloxycarbonyl group can be rem oved by 

catalytic hydrogenolysis using 10%  Pd/C  without the loss of the 

ester group. In addition, hydrogenolysis of aliphatic esters required 

a shorter reaction tim e than the corresponding aromatic analogues.

The hydrogenolysis of m onom ethyl N -benzyloxycarbonyl-(a- 

am inopropane)phosphinate (65) was investigated according to the 

procedure of W asielew ski et How ever, similar results were

obtained as above. The  loss of methyl group may have o c c u r^  as a 

result of dehydrogenation or hydrolysis possibly initiated by the 

presence of traces of w ater. It is also conceivable that the 

catalyst may have been poisoned by complexation. At this stage 

fu r th e r  a tte m p t to s y n th es is e  th e  fre e  m o n o m e th y l-(a -  

aminopropane)phosphinate (65) were abandoned.

4.3.1 ATTEMPTED AMIDINATION

PHO SPH O N O U S ACID

Because of the  interest in guanidinophosphonic acids as 

p o ten tia l fungicides, the am id ina tion  of a - a m i n o p r o p a n e -  

phosphonous acid w as attem pted using S-m ethylisothiouronium  

hydrochloride (Schem e 21).

Although free m ethanethiol w as liberated as a  by-product 

which w as collected in a  potassium  perm anganate  trap , no 

guanidinophosphonous acid w as form ed. The unreacted parent 
compound was recovered in 92%  yield.
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CH3CH2CH(NH2 >P(0 X 0 H)H + 2 MeSC(:NH)NH2 .HCl ♦  3K0H

1
CH3CH2CH(NH2)P(0 X0 K)H + 2 MeSC(;NH)NH2 KCl +3 H2O 

I  -  MeSH

(NH2C{:NH)NHX:H(Et)P(0X0K)H 

I HCl

HCl(NH2C{:NH)NH)CH(Et)P(0X0H)H 

I  Propylene Oxide 

(NH2C{:NH}NHX:H(Et)P(0X0H)H 

(71) (Scheme 21)

It w as therefore decided to use an alternative  guanidating  

agent. Cyanam ide was chosen as it is a  stronger guanidating agent 

and is non -spec ific  random ly converting  both prim ary and  

secondary amino groups to guanidine.^

This w as a ttem pted  by d issolving a - a m i n o p r o p a n e -  

phosphonous acid in the minimal volume of w ater required followed 

by the addition of cyanamide. Concentrated am m onia solution was 

added so that a  pH of 12 w as obtained for the solution, and the 

mixture w as left for several w eeks. S ubsequent w ork-up of the 

reaction m ixture  yie lded  a  crys ta lline  w h ite  solid w ith a  

significantly higher melting point (267 °C) than that of the parent 

compound (225  °C). The nmr spectrum of this solid indicated a  

doublet ( ^ J p c N C  Hz) at 159.8 ppm; this being consistent with a 

guanidine carbon. However, the remaining part of the spectrum  

indicated num erous overlapping peaks consis tent with those
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arising from the presence of the parent compound. Additionally, the 

3 ’ P nmr spectrum showed two signals (5 2 1 .3 , 2 0 .6 ) , indicating 

that the white solid was a  mixture of unreacted parent compound 

(major) and the desired guanidine product.

It is possible that the high pH used in the reaction system  

hydrolysed the cyanamide to urea and subsequently to ammonia and 

carbon dioxide. Alternatively, side reaction» such as  the formation 

of dicyandiamide may have taken place.

2CNNH2 (NH2) 2C=NCN

Re-investigation of the above reaction under lower pH (9) and 

the use of excess cyanamide failed to give the desired guanidino 

product.
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4.4 PROTON NMR SPECTROSCOPY OF THE a-AMINOALKAWE

PHOSPHONOUS ACIDS

The nmr of a-am inoalkanephosphonous acids have been 

reported in the literature®® and have been recorded in the present 

w ork. T h e  spectra a re  very sim ilar to those of a - a m i n o -  

alkanephosphonic acids, with an additional signal due to P-H  

coupling (Jp^^ 500-560  H z) centered about 6 .5 -7 .4  ppm. Thus, the 

nmr spectrum of a-aminopropanephosphonous acid in D2O  shows 

the following signals 1 .15  (3H, t, C H 3 , 3 J h c c H 6 H z), 1 .45-2 .25  

(2H , br m, C J I2), 2 .7 5 -3 .3 0  (1H, m, C H ). At 80 M Hz the multiplets 

appeared as overlapping signals and did not reveal the fine patterns 

that arise as a result of couplings. Therefore, the spectrum of this 

compound was recorded at 200 MHz.

Like the spectrum of the corresponding phosphonic acid the 

spectrum of the phosphonous analogue was found to be complicated. 

The m ultiplet due to C H 2 consisted of c a . 38  separate  peaks, 

w hereas a  maximum of sixty four would be expected as a result of 

coupling to phosphorus, P-H , CH and to the C H 3 protons (i.e. 2  x 2 x 

2 x 4 «  32). Similarly, the signal due to C H  hydrogen consisted of 

14 peaks (Figure 5), instead of the expected sixteen as a  result of 
spliting due to phosphorus, CH2 and P-H protons.
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and ag ain , in d icated  a  sim ilar pattern to those of the a -  

aminoalkanephosphonic acids.
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4 .4 .1  C A R B O N  13 N M R  S P E C TR O S C O P Y  O F  THE a -A M IN O -

A LK A N E P H O S P H O N O U S  ACIDS

A consideration of phosphorus-carbon coupling values (Tables 

9 &10) for a -am in o a lk a n ep h o s p h o n o u s  ac id s  re v e a le d  som e  

in teresting features.

The methine carbon directly bonded to the phosphorus atom  

exhibits a ^ J p c  coupling value of between 89-94  Hz. In contrast, 

^ Jp C  coupling values for the corresponding a -a m in o a lk a n e -  

phosphonic acids lie between 150-162 Hz. Similarly, no couplings 

w ere  observed betw een phosphorus and the m ethylene carbon  

throughout the series, thus ^ J p c c  zero, whilst ^ J p c c  

been observed in the higher series of a -a m in o a lk a n e p h o s p h o n ic  

acids. For example, ^ J p c c  a-am inobutanephosphonic acid was 

around 4 .4  Hz, ^ J p c c C  for a-am inoalkanephosphonous acids (n -1 -  

3) was around 8.6-9.S Hz, and zero for n -4 . Interestingly, the latter 

acid also exhibits four-bond P-C coupling with ^ J p c c C C  "

T a b le  9 : C a rb o n > P h o s p h o ru s  c o u p lin g  c o n s ta n ts  (H z ) fo r  

C H 3(C H 2)n C H (N H 2)P (0)(O H )H  c o m p o u n d s

Solvent: w ater

: ^ J p c c c cn ^Jp cc 3jp,

0 9 3 .5 - -

1 8 9 .0 - 8.6

2 9 3 .0 - 9 .5

3 9 3 .0 - 9.0

4 92.1 _ 8 .5
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4.4.2;EHQSPHQRUS-31 NMR SPECTROSCOPY OF »-AMIMO- 

ALKANEPHOSPHONOUS ACIDS

Table 11: 31 p phosphorus-hydrogen coupling (Hz) for

CH3(CH2)nCH(NH2)P(0)(OH)H

Reference: 85%  H3PO4

Solvent: D2O
No of Carbon (n) S (ppm) ’ JpH  (Hz) ^JPCH (Hz)

0 21.4 531 1 5 .7

1 2 0 .5 5 2 8 3 1 .0

2 20.6 5 3 2 3 2 .0

3 20.9 5 3 2 3 2 .0
4 2 0 .7 5 3 4 3 4 .0

Spectra of phosphonous acids are  a  good indication of the 

phosphorus purity of a  sample. A signal was usually observed at 

about 20-22 ppm with characteristic values for and ^J|h c p

The latter increased with increase in alkyl chain length. The values 

for 3j ^ q q p  however, w ere not clear; with an increase in alkyl 

chain length a broad signal is observed from which no useful 
information can be obtained.
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4.5 FAB MASS SPECTROMETRY OF a-AM INOALKANE-

PHQSPHQNQUS ACIDS AND a-AM INOALKANEPHQSPHIMir

AC ID S

Like the phosphonic acids, the a *a m in o a lk a n e p h o s p h o n o u s  

acids and the a-am inoalkanephosphinic acids are  zwitterionic and 

high melting solids and therefore a re  not am enable  to electron- 

impact mass spectrometry. Therefore, these acids w ere studied by 

FAB in o rd er to de term ine  the frag m en ta tio n  patterns and  

characterisation of the compounds.

In general, it was found that these acids gave strong [M+H]+  

and [2M +H ]+ ions, with the base peak apparently resulting from the 

elim ination o f H P O 3 from a dim eric structure as seen in the  

fragm entation pattern of the a -a m in o p ro p an e p h o sp h o n o u s  acid  
(Scheme 22).

Higher members of the  series do not show the prominent 

[2M+H1+ and [2M+H-66]+ ions and the base peak appears to be [M+H- 

H 3P02 ]"''. In addition, a  few adduct ions were observed as seen in a - 

aminohexanephosphonous acid (Scheme 23).

An additional peak at m /z 184 (12.6% ) was assumed to be due 

to the ion (M +H+H20]+ , formed possibly from a trace of water in the 
glycerol matrix.
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I
NHj

m /z  166 ( 1 6 * )

-H 3PO2 ( - 66)

C3H ,,C H  = NH2 

m /z  100( 100* )

(Scheme 23)

Similarly, the a-am inoalkanephosphin ic acids w ere found to 

give [M+H]"*" and [2M+H]'*' ions with the base peak arising from the 

loss of methyl or phenyl phosphonous acid from (M +H )+ . Loss of 

am m onia was also seen as in the case  of pheny1( a -a m in o -  

propane)phosphinic acid (Scheme 24).

CHjCH2CHP(0)(0H)(Ph)+H' ̂ 

N H,
m /z  2 0 0  ( 4 9  1 * )

-P h P (0 )(0 H )H
-N H ,

NH2=CHCH2CH3 C H 3C H 2C H P (0)(0H )(P h)H
m /2  5 8  ( 1 0 0 « )

(Scheme 24)
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5.0 B iological Activity

a -A m in o p ro p an ep h o sp h o n o u s  ac id , its N *d ip h en ylm eth y l 

derivative, and a-am ino (methyl)propylphosphinic acid w ere  tested  

for activity against D re c h s le ra  te re s  by the "osmos tests". In this, 

infected barley seeds of the variety Tellus w ere  treated with 

aqueous formulations containing 20%  w/v of the test compound for 

10 m inutes in a  laboratory seed treatm ent m achine, at a  dosage  

rate of 2 ml solution per kg of seed. The dressed seeds w ere placed 

on filter papers moistened with buffered sugar solution. The filter 

p apers  w ere  then p laced in tran sp aren t plastic  d ishes and  

m aintained at 22 °C in a growth cham ber with alternating periods 

of light (12 h) and darkness (12 h). After one week the seeds with 

living fungi w ere identified by a  colour test. Results presented  

below (Table 12) are expressed as percent control of the disease  

and are  compared to results for a-am inopropanephosphonic acid (6) 

under similar conditions.

Table 12

COMPOUNDS % ACTIVITY

Et(NH2)CHP(0)(0H)H (72) 3%
Et(Ph2CHNH)CHP(0)(0H)H (73) 0%
Et(NH2)CHP(0)(0H)Me (62) 0%

% ACTIVITY OF 
Et(NH2)CHP(0)(0H)2 

4 7

It is clear that the a-am inopropanephosphonous acid (72) is 

much less effective than the a -am inopropanephosphonic  acid (6). 

Although one might have expected the possibility of activation of 

(72) vivo oxidation to (6) but clearly this does not occur. The
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derivative having the substituent in N (73) or the methyl group on 

the phosphonous (62) w ere totally inactive.

5.1 Foliar Sprays and Systemic Soil Tests

Further tests of compounds as foliar sprays w ere carried out 

in the present work. Formulations w ere prepared at 1000 ppm of 

active ingredient with 4 00  ppm  e^^xylated fatty  alcohol. For 

systemic soil tests, the compounds w ere w atered down on the soil 

as 500 ppm solution. Results are given below (Table. 13).

Table 13

COMPOUNDS E a P.R. !

Et(NH2)CHP(0)(0H)H 1 * 1 i
CH3(NH2)CHP(0)(0H)H 2
Et(NH2)CHP(0)(OH)Me 1
Et(NH2)CHP(0)(0H)Ph 1
Et(NH2C0NH)CHP(0)(0H)(0NH4) 1

E.G. > Erysiphe graminis (*)

P.R. -  Puccinia recondita 1 -
S.N. » Septoria nodorum
P.l. m  Phytophthora ixifestans 

F.C. -  Fusarium culmorum

2 -

P.l. F.C.

50-75%  control 

75-100%  control

It is interesting that although a -a m in o p ro p a n e p h o s p h o n o u s  

acid (72) had given very low activity in the seed treatment test, it 

gave up to 75 -100%  control against PI and FC as a foliar spray.
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Also the ethyl analogue of phosphonous acid gave good activity 

against E .G . Activity of the methyl- and -p h e n y l(a -a m in o p ro p a n e )- 

phosphinic acid was however only moderate and against P .R . only. 

Longer chain a-aminoalkanephosphonous acids (C 4 to C6) showed no 

a c t iv ity .
It is of in terest in this context to note that fungicidal 

activity against P la s m o n a ra  v itico la  has recently been claim ed for 

N-benzyloxyam inoethylphosphinic acid derivatives.^

____ , Me 0  nu
^ ^ ^ C H 2- 0-N H C H -P <  h

Xm

X -  H, halógeno, lower alkyl, phenoxy, and (5-trifluorom ethyl-3- 

chloropyrid-2-yl)oxy; m »1 or 2

The 2,2,2-trihaloethyl esters  of the ureido or thioureido- 

bisphosphonic acids (7 4 ) show ed no activ ity  indicating that 

compounds of these types do not act as profungicides for a -a m in o -  

propanephosphonic acid (6) by undergoing in vivo hydrolysis.

( R 3CCH2O )/

0 R' R' 0 , .
(R3CCH20)v "  ¿U  u ¿_ÍJ/°^^^2CR3)

)/P ^ M o CH,CR3)
H N -jj-N H  ^  *

X

(74)

R  -  Et, CH3S(CH2)2CH, C H 3S0(CH 2)2CH ; X -  O  OR S; R = Cl OR F
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List of experiments

6.2

6 .3

6.1 Preparation of a-am inopropanephosphonic acid from triphenyl 

phosphite, propanal and ethyl carbam ate in the presence of 
acetic acid

Preparation of a-am inopropanephosphonic acid from triphenyl 

phosphite, propanal and ethyl carbam ate in the presence of 
boron triflu o rid e -e th era te

Preparation  of a -am in o p ro p an ep h o sp h o n ic  acid  from

triphenyl phosphite, propanal and benzyl carbam ate

6 .4  Preparation of 1 -p^C ]-a-am inopropanephosphonic  acid

6 .5  Preparation of a-am inopropanephosphonic acid from triphenyl 
phosphite, propanal and urea

6.6 Preparation of N -propylidenediphenylm ethylam ine

6 .7  Preparation of a -a m in o p ro p an e p h o sp h o n ic  acid  by the

addition  of d iethyl phosph ite  to N -propy lidened ipheny l- 
m eth y lam in e

Preparation of a-am inopropanephosphonic acid from triethyl 
phosphite, propanal and phenylurea

Attem pted preparation of a -am in o p ro p an ep h o sp h o n ic  acid  

from triethyl phosphite, propanal and benzyl carbam ate  

using glacial acetic acid

Preparation of a -am inopropanephosphonic acid from triethyl 

phosphite, propanal an d  benzyl carb am ate  using boron 

trifluoride-etherate in to luene

Preparation of ammonium salt of a -u re id o p ro p an ep h o sp h o n ic  
acid

Preparation of a -am inopropanephosphonic acid from triethyl

6.8

6 .9

7 .0

7.1

7 .2
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phosphite, propanal and urea using boron trifluoride-etherate  

in toluene
7 .3  Preparation of a*am inopropanephosphonic acid from triethyl 

phosphite and urea  in the presence of boron trifluoride- 

etherate and toluene

7 .4  Attem pted preparation of a -a m in o p ro p an e p h o sp h o n ic  acid  

by the addition of diphenyl phosphite to b L -p ro p y lid e n e -  

diphenylm ethylam ine

7 .5  P reparatio n  of a -a m in o p ro p a n e p h o s p h o n ic  ac id  from  

phosphorus trichloride, propanal and benzyl carbamate

7 .6  Preparation of R -p ro p y lid en eb en zy lam in e
e

7 .7  Attempted preparation of ^.-benzyl a -am in o p ro p an p h o sp h o n ic
A

acid from phosphorous acid and tL-propylidenebenzylam ine

7 .8  Preparation of a-am inopropanephosphonic acid from diethyl 

phosphite, propanal and ammonia

7 .9  P rep ara tio n  of d im ethyl ^ - b e n z y l - a - a m i n o p r o p a n e -  

phosphonate hydrochloride

8 .0  P reparatio n  of dim ethyl a - a m in o p r o p a n e p h o s p h o n a t e  

hydrochloride

8.1 Preparation of a-am inopropanephosphonic acid from dimethyl 

a-am inopropanephosphonate hydrochloride

8 .2  Modified preparation of M .-benzy l-a -am in o p ro p an ep h o sp h o n ic  

acid hydrochloride

8 .3  Preparation of a-am inopropanephosphonic acid from dimethyl 

M -d iph enylm ethyl-a-am inopropanephosphonate

8 .4  R epeat preparation of a-am inopropanephosphonic acid from  

dimethyl M .-d iphenylm ethyl-a-am inopropanephosphonate

8 .5  Attem pted hydrogenolysis of M .-b e n z y l-a -a m in o p r o p a n e -

124



8.6

8 .7

8.8

8 .9

9 .0

9.1

9 .2

9 .3

9 .4

9 .5

9 .6

9.7

9 .8

p h o s p h o n ic  acid hydrochloride for the synthesis of a -  

aminopropanephosphonic acid

Preparation of crude dim ethyl N .*b e n z y l-a -a m in o p ro p a n e  

phosphonate and its attem pted hydrogenolysis 

Attempted hydrogenolysis of the crude dimethyl ^ -b e n z y l -  

a-am inopropanephosphonate in w ater

Attem pted hydrogenolysis of crude dim ethyl ü - b e n z y l - a -  

aminopropanephosphonate in dichloromethane 

Attem pted hydrogenolysis of crude dim ethyl R - b e n z y l - a -  

aminopropanephosphonate in methanol

Attem pted hydrogenation of crude dim ethyl N . -b e n z y l -a -

aminopropanephosphonate in acetic acid

A m odified preparation of crude dim ethyl R - b e n z y l - a -

aminopropanephosphonate hydrochloride

Attempted hydrogenolysis of the above crude dimethyl

b e n z y l-a -a m in o p ro p a n e p h o s p h o n a te  hydro ch lo rid e  in
dichlorom ethane

Preparation of te trak is (2 .2 ,2 -trich lo ro eth y l) N .N -th io ury lene  

( - 1 , 1-d ip ro p yl)-1 , 1-d iphosphonate

P rep aratio n  o f te tra k is (2 ,2 ,2 -tr ic h lo ro e th y l)  N .N -u ry le n e  

( - 1,1 -d ip ro p y l)-1 ,1 -d ip h o sp h o n ate

P reparatio n  of te tra k is (2 .2 .2 -tr iflu o ro e th y l)N ,N -th io u ry le n e  

( - 1 , 1-d ip ro p y l)-1 ,1 -d ip h o sp h o n ate

P rep ara tio n  of te tra k is (2 ,2 ,2 -tr if lu o ro e th y l)  N .N -u ry le n e  

( - 1 , 1-d ip ro p y l)-1 , 1 -d ip h o sp h o n ate

P rep ara tio n  of te tra k is (2 .2 .2 -tr if lu o ro e th y l)  N .N -u ry le n e  

d i(-3 -m e th y ls u lp h e n y l-1 .1 -d ip ro p y l)-1 .1 -d ip h o sp h o n ate  

O xidation of te trak is (2 .2 .2 -tr iflu o ro eth y l) N .N -u ry len e  (-3 -  

m ethylsu lp hen yl-1 .1 -d ip ro p y l)-1 . 1-d iphosphonate
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9 .9  P re p a ra tio n  of b is (2 ,2 ,2 - t r i f lu r o e th y l) -u -p h e n y lu r e id o -  

propanephosphonate

1 0 .0  Preparation of a - u r e id o -3 - ( S - m e t h y ls u lp h e n y l) p r o p a n e  

phosphonic acid

10.1 Preparation of tetraphenyl N .N  -th io u ry le n e -(1 ,1 -dipropyl)-

1 ,1 -d iphosphonate

10.1 Preparation of tetraphenyl N ,N  thiourylene-(3,3-dim ethyl- 

s u lp h e n y l-1 ,1 -d ip ro p y l)-1 ,1 -d ip h o sp h o n ate

1 0 .2  G eneral method for the synthesis of N .* (d ip h e n y lm e th y l)-a -  

aminoalkanephosphonous acids

1 0 .3  Synthesis of N .-(d ip h en y lm eth y l)-a -am in o e th an ep h o sp h o n o u s  

acid

1 0 .4  Synthesis of 5L-(d iphenylm ethyl)-a -am inopropanephosphonous  

acid

1 0 .5  Synthesis of Ê L -(d ip hen ylm ethyl)-a -am in obutanep hosphono us  

acid

1 0 .6  Synthesis of ^ -(d ip h en y lm eth y l)-a -am in o p en tan ep h o sp h o n o u s  

acid

1 0 .7  Synthesis of ^ -(d ip h en y lm e th y l)-a -am in o h e xa n e p h o s p h o n o u s  

acid

1 0 .8  G en era l m ethod for the synthesis  of a - a m in o a lk a n e -  

phosphonous acids

1 0 .9  Synthesis of a-am inoethanephosphonous acid
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6.1 Preparation of a-am inopropanephosphonic acid from 

triphenyl phosphite, propanal and ethyl carbamate in the 

presence of acetic acid

Ethyl carbam ate (4 .45  g, 0 .0 5  mol), triphenyl phosphite (15.5  

g, 0 .0 5  mol), and propanal (3 .48  g, 0 .06  mol) w ere heated under 

reflux for 1 h with glacial acetic  acid (10 cm ^). C o n cen tra ted  

hydrochloric acid (50 cm^) was added and the mixture was refluxed 

for a  further 6 h. The cooled solution was extracted with toluene (2 

X 15 cm^) and the aqueous phase evaporated to dryness under 

reduced pressure (15 mm Hg, 70 °C). The resultant yellow residue 

w as dissolved in methanol (30  cm^) and treated  with propylene  

oxide until maximum precipitation had occurred. The solid product 

was filtered, w ashed with acetone (2 x 10 cm^) and recrystallised  

with water/m ethanol. After drying in a vacuum  oven at 50 °C a -  

aminopropanephosphonic acid (6) (2.11 g, 25 .3% ) was obtained as a
o o  ̂̂

crystalline w hite solid, m.p. 2 6 1 -2 6 2  C (lit. m .p. 264-266 C ),  

(Found: C, 25.2; H, 7.0; N, 9.8. Calc, for C3H 10N O 3P: C, 25.9; H, 

7.2; N, 10.1%); NMR (D2O /D 2S O 4) 51.15 (3H, t, CH3 ^Jh C C H  7 4 

Hz), 1 .30-2 .0  (2H , br m, C H ^ ). 2 .7 5 -3 .3 0  (1H , m, C tl);  ’ ^C NM R  

(D2O/D2SO4) 8 12.9 (d, C.H3, 3 jp c c C  8-7 Hz), 24 .5  (s, Q.H2 ). 52.5 (d, 

CH. i j p c  152.8 Hz); 3 lp  NM R (D2O/D2SO 4) 5 17.2 (br s).

6.2 Preparation of a-am lnopropanephosphonic acid from 

triphenyi phosphite, propanal and ethyl carbamate in the 

presence of boron trifluoride-etherate

Redistilled triphenyl phosphite (2 6 .7  g, 0 .0 8 6  mol), ethyl 

carbamate (7 .60  g, 0.086 mol), and propanal (5 .0  g, 0.086 mol) were 

m ixed in sodium -dried toluene (80  cm^), and boron trifluoride-
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etherate  (2 .5  cm^), in toluene (50 cm^), was added dropwise with 

stirring at room tem perature (15  min). The mixture was heated at 

85-90  °C under reflux (5  h) after which toluene was removed under 

reduced pressure, to yield a pale-yellow oil having nmr signals 

at 18.3 and 22.8  (trace) ppm. Concentrated hydrochloric acid (120  

cm ^) w as added to the residue and the mixture was heated at 105  

°C under reflux (8 h). Phenol and other by-products were removed 

by extraction with toluene (3 x 15 cm^) and the aqueous layer was  

evaporated  in vacuo to yield a yellowish oil which was dissolved 

in methanol (15 cm^). The m ethanol solution was warm ed under 

reflux and propylene oxide (10 cm^) w as added to give an 

im m ed ia te  p rec ip itate  which w as filte red  off, w ashed with  

acetone (15  cm^) and dried in a  vacuum oven at 60 °C to give the  

crude a-aminopropanephosphonic acid (5 .06  g, 42 .3% ), m.p. 256-258  

°C . Recrystallisation from hot w ater/e thano l yie lded a - a m in o ­

propanephosphonic acid (6) (4 .39  g, 36.7% ) as a  crystalline white 

solid, m .p. 259 -260  °C (lit. m.p. 264 -266  °C ),33  NMR (D 2O ) 5 

1.12 (t, 3H , CH3 . ^Jh C C H  6.1 Hz), 1.38-2.20 (br m, 2H , 0 ^ 2 ) .  2 .84- 

3.39 (m, 1H, CH).

6.3 Preparation of a-aminopropanephosphonic acid from 

triphenyl phosphite, propanal and benzyl carbamate

Redistilled triphenyl phosphite (26 .7  g, 0 .0 86  mol), benzyl 

carbam ate (13.0 g, 0 .086  mol), and propanal (5 .0  g, 0 .086  mol) were 

m ixed in sodium-dried to luene (80  cm^), and boron trifluoride- 

etherate  (2 .5  cm^), in toluene (50 cm^), was added dropwise with 

stirring at room temperature (15  min). The mixture was heated at 

8 5 -9 0  °C under reflux (5 h), after which toluene was rem oved  

under reduced pressure to yield a  pale-yellow oil which showed a
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signal at 18.3 ppm. Concentrated hydrochloric acid (120 cm^) 

was added to the residue and the mixture was heated at 105 °C 

under reflux (8 h). Phenol and other by-products w ere  removed by 

extraction with toluene (3 x 20 cm^) and the aqueous layer was 

evaporated  in vacuo to yield a  yellowish oil which was dissolved 

in methanol (15  cm^). The m ethanol solution was warm ed under 

reflux and propylene oxide (10 cm ^) w as added to give an 

im m ediate  p rec ip ita te  which w as  filte red  off, w ashed with 

acetone (15 cm^) and dried in a  vacuum oven at 60 °C to give crude 

a-am inopropanephosphonic acid (6) (7 .88  g, 65 .8% ), m.p. 259 -260  

°C. Recrystallisation from hot w ater/e thano l y ie lded  a - a m in o ­

propanephosphonic acid (6.83 g, 57.1% ) as a crystalline white solid, 

m.p. 2 61 -26 2  °C (lit. m.p. 264-266 °C ),33 lH  NM R (D 2O) 5 1.11 (t, 

3H, C U 3 ,3 Jh c C H  6.0 Hz), 1 .39-2.20 (br m, 2H , CJI2), 2 .85-3 .40  (m, 

1H ,C H ).

6.4 Preparation of 1*p^C]'a*aminopropanephosphonlc acid

Redistilled triphenyl phosphite (2 6 .7  g, 0 .0 8 6  mol), benzyl 

carbam ate (13.0  g, 0 .086  mol), and 1-[^^C]-propanal (5 .0  g, 0 .086  

mol, 2 2 .5  mCi, >95%  radiochemical purity, obtained from Amersham  

International) w ere  mixed in sodium-dried toluene (80  cm^), and 

boron trifluoride-etherate (2 .5  cm^), in toluene (50 cm^) was added 

dropwise with stirring at room tem perature (15  min). The mixture 

was heated at 85-90  °C under reflux (5 h) after which toluene was 

removed under reduced pressure. Concentrated hydrochloric acid 

(120 cm^) was added to the residue and the mixture was heated at 

1 0 5  °C under reflux (8 h). Phenol and other by-products w ere  

removed by extraction with toluene (3 x 20 cm^) and the aqueous
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layer was evaporated in vacuo to yield a yellowish oil which was  

dissolved in methanol (15 cm^). The methanol solution was warmed  

under reflux and propylene oxide (10 cm^) was added to give an 

im m ediate  p rec ip ita te  w hich w as filte red  o ff, w ashed with  

acetone, and dried in a vacuum oven at 60  °C to give crude 1-[^^C]- 

a-aminopropanephosphonic acid (7 .10  g, 59 .0% ), m.p. 255-258  °C. 

Recrystallisation from hot w ater/e thano l y ie lded  two crops of 

white crystalline product (5 .53  g, 46%  combined yield), which were  

dried initially in an oven at 80 -9 0  °C and than under vacuum at 50  

°C. The first crop (3.72 g, 31% ), had a slightly higher melting point 

(2 75 -276  °C) then that of the second crop (274 -275  °C) (lit. m.p. 

2 6 4 -2 6 6  ° C ).^ ^  All analytical data w ere obtained from the first 

crop. (Found: C, 25.3; H, 7.2; N, 10.2. Calc, for C3H 10NO3P; C, 

25.9; H, 7.2; N, 10.1%); NM R (DgO) 5 1.05 (t, 3H, C tl3, 3Jh c c h  7 

Hz), 1 .45-2.15 (m, 2H, CH2). 2 .85-3 .45  (m ,1H, C H ); NMR (D2O) 6

13.06 (d, i I H 3 , 3 j p c c c  9-2 Hz), 24.71 (d, C.H2 . ^ J p c c  1-8 Hz) 53.66  

(d, £ H , IJ p c  142.8 Hz); 3^P NM R (D2O) 8 13.5 (s).

S pecific  a c tiv ity ; 1 .7 36  p C i/m g  (c a lc u la te d  activ ity ; 1 .7 8 4  

pCi/m g, based on the propanal used assuming 95%  radiochemical 

p u rity ).

6.5 Preparation of a-aminopropanephosphonic acid from 

triphenyl phosphite, propanai and urea

Triphenyl phosphite (4 .9 6  g, 0 .0 16  m ol), propanal (0 .92  g, 

0.016  mol), and urea (0.48 g, 0 .016  mol) were heated under reflux 

(1 h) with glacial acetic acid (3 .20  cm^). The resultant yellow oil 

3’ P NMR (C D C I3) 8 18.6 (m ajor), 1 6 .3 and 7.3 ppm was treated with 

concentrated hydrochloric acid  (15  cm^) and the mixture was
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heated under reflux (8 h). The cool aqueous phase was separated, 

w ashed with toluene ( 3 x 5  cm^), and the volatile com ponents  

distilled off on a rotary evaporator. The  residue was dissolved in 

methanol (5 cm^), and treated with propylene oxide until maximum  

precipitation was form ed. T h e  solid w as filtered, w ashed with 

acetone (5 cm^) and dried in a  vacuum oven at 60 °C to yield a -  

aminopropanephosphonic acid ( 1.20 g) as a  fine white solid, m.p. 

2 57 -25 8  °C. The volatile components from  the com bined mother 

liquor and the washings w ere distilled off on a  rotary evaporator 

to give a  yellow oil, which crystallised from w ater/ethanol. W hite  

crystals w ere formed after several weeks at 4  °C to yield a  second 

crop of a-am inopropanephosphonic acid (0 .7  g), m.p. 256 -25 7  °C . 

The com bined solids w ere  recrystallised from w ater/e thano l to 

give a -am inopropanephosphonic  acid (1 .6  g, 3 6 .4 %  based on 

propanal and the phosphite) as a  crystalline white solid, m.p. 261- 

262 “C (lit. m.p. 2 6 4 -2 6 5  °C ). N M R  (D 2O) 81.11 (t, C H ^ ,

3Jh c c H 6 0 Hz), 1 .39-2.20 (br m, 2H, C H 2). 2 .85-3 .40 (m, 1H, CJl); 
31P NM R (0 2 0 )5 1 3 .8  (s).

6.6 P re p a ra tio n  o f N -p ro p y lid e n e d ip h e n y lm e th y la m in e

Freshly distilled p ropanal (5 .8  g, 0.1 m ol), w as added  

dropwise to a  cooled solution of diphenylmethylamine (18 .3  g, 0.1 

mol) in ether (30 cm^), and anhydrous potassium carbonate ica . 5 

g). T h e  mixture w as stirred at room  tem perature  for 1 h. 

Potassium carbonate was filtered off, and the volatile components 

were distilled off on a  rotary evaporator to give the crude imine as 

a viscous pale yellow liquid (18 .9  g, 8 5 .1 % ). Distillation under 

reduced pressure gave R-propylidenediphenylm ethylam ine (16 .5  g, 

74.3% ), b.p. 60-63 °C at 0 .5  mm Hg as a  clear free running liquid. ’ H

132



NM R (CDCI3) 5 1.30 (3H. t. CH3 . ^Jh C C H  ^ 1 Hz). 1 .95-2.30 (2H. br m, 

C H 2 ). 5 .16 (1H , s. Ph2C l± ), 7.1 (10H , br s. a r o m a t ic l . 7 .64 (t.

CH2CU-N.3JHCCH 5 6 Hz).

6.7 Preparation of a-aminopropanephosphonic acid by the 

addition of diethyi phosphite to N-propyiidenediphenyi* 

methyiamine

Distilled ^ -p ro p y iid en ed ip h en y lm eth y lam in e  (1 3 .8  g, 0 .0 5  

m ol), and diethyl phosphite (6 .90  g, 0 .05  mol), w ere heated at 

120-140  °C for 0 .5  h. Concentrated hydrochloric acid (80  cm^) was 

added, and the resultant orange solution was heated under reflux 

for 3 h. The reaction mixture was extracted with toluene (3 x 15 

cm3). The aqueous phase was separated and the volatile components 

w ere  distilled off in vacuo (70 ‘’C , 15 mm Hg) to give a viscous 

yellow residue. Methanol fca. 30 cm^) was added, and the resultant 

solution treated with propylene oxide until m aximum precipitation 

w as formed. T h e  solid product w as filtered, w ashed with acetone  

(10  cm3) 3p(j ethanol (5 cm3) dried in a  vacuum oven at 40 °C to 

give a-aminopropanephosphonic acid (3 .25  g, 46.8% ) as a  fine white 

solid, m.p. 2 5 9 -2 6 0  °C (lit. m.p. 264 -266  °C ),33  iR  NM R (D 2O) 5 

1.10 (t. C H s .^ J h CCH 6.1 H z).1 .40 -2 .20  (br m. 2H , C i i2). 2 .85-3.41  

(m. 1H. CH).
R e-investigation  of the  ab o ve  reaction using dim ethyl 

phosphite (0 .55  g, 0 .0 0 5  mol) with ^ - p r o p y l id e n e d ip h e n y l -  

methylamine (13 .8  g, 0 .05  mol), yielded a -am inopropanephosphonic  

acid (0 .32 g, 45 .9% ) as a white crystalline solid, m.p. 259-261 °C 

(lit. m.p. 264-266 °C),33 NM R (D 2O) 6 1.11 (t, C H a . ^Jh C C H  6 1  

Hz). 1.41-2.22 (br m. 2H, Chl2). 2 .86-3 .45 ( m. 1H. CM).
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6.8 Preparation of a*aminopropanephosphonic acid from 

triethyi phoaphite, propanai and phenyiurea

A m ixture  conta in in g , sod iu m -dried  to lu ene (5 0  c m ^ ), 

redistilled triethyl phosphite (5 .0  g. 0 .03  mol), phenyiurea (4 .08  g. 

0 .03  mol), and propanai (1 .74  g. 0 .03  mol) was stirred at room  

tem perature. Boron trifluoride-etherate (0 .5  cm®), in sodium-dried  

toluene (5 cm®), was then added dropwise (15  min). The resultant 

w hite suspension was heated at 9 0 -1 10  °C  for 1.5 h to give a  

hom ogeneous solution. The vo latile  components w ere distilled off 

on a  rotary evaporator and the yellow residue was treated with 

concentrated hydrochloric acid (1 25  cm®). The  solution was heated  

under reflux for 72 h, cooled, and the hydrolysate was w ashed  

with d ichlorom ethane (3  x 12  cm®). The  aqueous phase w as  

separated and the volatile com ponents w ere distilled off from the  

aqueous phase on a rotary evaporator to give a  yellow suspension. 

Ethanol (25  cm®) was added, and the solution was treated with 

propylene oxide until m axim um  precipitation was form ed. The  

w hite solid w as filtered, w ash ed  from acetone (10 cm®) and  

recrystallised  from  w a te r/e th a n o l to yield a - a m in o p r o p a n e -  

phosphonic acid (1 .57  g, 36 .9% ) as a crystalline white solid, m.p. 

262 -263  °C (lit. m.p. 264-266 °C),®® ’ H N M R  (D 2O) 5 1.12 (t, C H 3 , 

3Jh c c h  ® H z)' ■' •'♦1-2-22 (br m, 2H, C H 2). 2 .87-3 .40 (m, 1H, Chi)- 
Re-investigation of the above reaction on the same scale but 

using trim ethyl phosph ite  (3 .7 2  g, 0 .0 3  m ol), y ie lded  a -  

aminopropanephosphonic acid (1 .45  g, 35.0% ) as a white crystalline 

solid, m.p. 259 -26 0  °C (lit. m .p. 264-266  °C),®® NM R (D 2O) 5 

1.11 (t. C H 3 .^ J h C C H  6 0 1 39-2.20 (br m, 2H, Chi2). 2 .85 -3 .40

(m, 1H ,C hl).
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6.9 Attempted preparation of a*am inopropan ephosphon ic  

acid from triethyl phosphite, propanai and benzyi 

carbamate using glacial acetic acid

Benzyl carbam ate (3 .4 7  g, 0 .023  m ol), triethyl phosphite  

(3.81 g, 0 .023  mol), and propanai (1 .45  g, 0 .025  mol) w ere heated  

under reflux (1 .5  h) with glacial acetic acid (5 cm^). Concentrated  

hydrochloric acid (20 cm^) was added and the mixture was heated  

under reflux for a  further 6 h. The pale yellow solution was cooled, 

and extracted with toluene (2  x 10 cm^). The aqueous phase was 

separated, the volatile com ponents were distilled off on a  rotary 

evaporator to give a  pale yellow residue. Methanol (10  cm^) was 

added to yield a  white solid whose I.R  spectrum was identical to an 

authentic sam ple of amm onium  chloride. This solid w as filtered, 

w ashed w ith m ethanol (4  cm ^), and dried to give amm onium  

chloride (0 .74  g, 62% ), m.p. > 180 °C (subl.). The combined washings 

and the mother liquor w ere treated with propylene oxide to give a 

pale yellow oil. The mother liquor was decanted, and the oil was 

crysta llised  from  w ater/e th an o l to yield a - h y d r o x y p r o p a n e -  

phosphonic acid (0 .54  g, 17.0% ) as  a crystalline white solid, m.p. 

162-163  °C (lit. m.p. 165 ° C ) ’ °®, (Found: C, 25.4; H, 6.2; Calc, 

for C3H 9O 4P: C, 25.7; H, 6.4% ); ’ H NMR (D2O) 5 1.20 (t, 3H, CH3 , 

^Jh C C H  6 .2  Hz), 1 .45-2.25 (br m, 2H , C H 2). 2 .85-3 .45  (m, 1H, C H ); 

3 ’ P (D 2O) 23.9 (s).

7.0 Preparation of a-am inopropanephosphonic acid from 

triethyi phosphite, propanai and benzyl carbamate using 

boron trifluoride-etherate in toluene

A mixture of benzyl carbam ate (3 .47  g, 0 .032  mol), triethyl
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phosphite (3.81 g, 0 .023  mol), and propanal (1 .45  g, 0 .025  mol) in 

dry toluene (25 cm^) was vigorously stirred, whilst a solution of 

boron trifluoride-e therate  (0 .5  cm®) in dry toluene (5 cm®) was  

added dropwise over 20 min. The  mixture was heated under reflux 

for 5 h and the volatile components w ere distilled off on a  rotary 

evaporator to give a  mobile oil having nmr signals at S 2 5 .3 ,  

2 8 .1 , and 6.3 ppm. Concentrated hydrochloric acid (125  cm®) was 

added and the solution was heated under reflux for 8 h. The cooled 

solution was washed with dichloromethane (2 x 10 cm®) and ether 

(2 X 10 cm®). The aqueous phase was separated, boiled with 

charcoal ( 1.0 g ), filtered, and finally  concentrated in vacuo. 

M ethanol (10  cm®) was added to yield a  white solid which was 

filte red , w ashed w ith m ethanol (4  cm®), and dried to yield 

ammonium chloride (0 .32  g, 26 .6% ), m.p. > 180 °C (subl.). The I.R  

spectrum of the w hite solid w as identical to an authentic sample  

of am m onium  chloride. The com bined m other liquor and the  

washings were treated with propylene oxide to give a  sticky white 

precipitate. The mother liquor was decanted, and methanol (5 cm®) 

w as added to the sem i-solid. Crystallisation was com pleted on 

leaving the mixture at -15 °C for several hours. The solid product 

was filtered, washed with acetone (5  cm®), and dried in a vacuum  

oven at 60 °C to yield a-am inop rop anepho sph on ic  acid  (0 .5 2  g, 

20.8% ) as a  white solid, m.p. 2 49 -25 0  °C (lit. m.p. 264 -266  °C),®® 

(Found: C, 24.3; H, 7.1; N, 9.4; Calc, for C3H 10NO3P; C, 25.9; H, 

7.2; N , 10.1%); ®’ P NM R (D2O) 5 23 .9  (trace) 16.3 (major). The 

m other liquor from the final filtration w as concentrated in vacuo 

and the oil exam ined by ®^P nm r which showed signals at 5 

24.1 (m ajo r), 16.5 and 6 .5  (trace). How ever, crystallisation from
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water/ethanol failed to give a further crop of a -a m in o p r o p a n e -  

phosphonic acid.

7.1 Preparation of ammonium aait of a -u re id o p ro p an e *  

phosphonic acid

A m ixture of urea (1 .92  g, 0 .0 3 2  m ol), triethyl phosphite 

(5.31 g, 0 .032  mol), and propanal (1 .85  g, 0 .0 32  mol) in dry toluene 

(2 5  cm^) w as v igorously stirred, whilst a  solution of boron  

trifluoride e therate  (0 .9  cm^) in dry toluene (10 cm^) was added  

dropwise over 20 min. The mixture was heated under reflux for 2 h, 

and the vo latile  com ponents w ere  distilled in vacuo to give a 

yellow oil. Concentrated hydrochloric acid (100  cm^) was added and 

the solution was heated under reflux for 8 h. The aqueous phase 

was separated, washed with dichloromethane (2 x 10 cm^), boiled 

with charcoal ( 1.1 g ), filtered, and concentrated in vacuo to give 

a solid residue. M ethanol (10  cm^) was added and the resultant 

solution w as tre a ted  w ith propylene o x id e  until m axim um  

precipitation w as obta ined . The solid product w as filtered, 

w a s h e d  w ith  a c e to n e  (5  cm ^), an d  re c ry s ta llis e d  w ith  

ethanol/w ater to give a  white solid, which w as characterised as 

the ammonium salt of a-ureidopropanaphosphonic acid (17) (1 .97  

g, 31 .3% ), m.p. 205  °C , (Found: C, 23.9; H, 6 .4; N , 20.8  

C4H 13N 3O4P requires; C, 24.2; H, 6.5; N, 21.2% ); NM R (D2O) 5 

1.15 (t, 3H, C U 3 ^Jh C C H  7 Hz), 1.30-1.95 (br m, 2H, C H 2). 2.59-2.71  

(d, 1H, NH. ^ J p C N H  8 Hz, exchanged after 0 .5  h), 3.38- 4 .15  (m, 1H, 

C H ); NM R (D2O) 8 12.9 (d, C.H3, ^ J p c C C  25.7 (d, C.H2 .

2 j p c c  3 Hz), 53.3 (d, C.H, ^JpQ 154.9 Hz), 159.1 (d, N H £ .(:0 )N H 2 , 

3 jp C N C  S-l NM R (D2O) 5 23.3 (s); m /z (FAB, %) 200 (M+1,
48), 182 ((M +H -H 2O, 68). 183 (M +H -N H3 . I 8). 166 (18.9), 165 (23.3),

137



101 (50). 140 (59 .3 ), 110 (50.1), 58  (100).

7.2 Preparation of a-amlnopropanephosphonic acid from 

triethyi phosphite, propanal and urea using boron 

trifiuoride-etherate in toiuene

A mixture of urea (1 .92  g, 0 .0 3 2  mol), triethyl phosphite 

(5.31 g, 0.032 mol), and propanal (1 .85  g, 0 .032 mol) in dry toluene 

(2 5  cm ^) was vigorously stirred, w hilst a  solution of boron 

trifiuoride-etherate  (0 .9  cm^) in dry toluene (10 cm^) was added  

dropwise (20 min). The mixture w as heated under reflux for 2 h 

and the  vo latile  com ponents w e re  distilled off on a rotary  

evaporator to g ive  a yellow oil. Concentrated hydrochloric acid 

(100  cm^) was added and the mixture was heated under reflux for 

72 h. The solution was cooled and washed with dichloromethane (2 

X 10 cm^). The aqueous phase w as separated, boiled with charcoal 

(1 .0  g), filtered, and concentrated in vacuo. M ethanol (10 cm^) 

w as added and the resultant yellow  solution w as treated with 

propylene oxide to give an oil. The mother liquor was decanted, and 

the oil was allow ed to crystallise from ethanol/w ater to yield a- 

aminopropanephosphonic acid (1 .19  g, 26.9% ) as a crystalline white 

solid, m.p. 258-259  °C (lit. m.p. 264 -266  °C),33 ’ H NM R (D 2O) 5 1.11 

(t. C H 3 . 3J H C C H  6 0 Hz). 1 .39-2 .20 (br m. 2H. C E 2). 2 .85-3 .40  (m, 
1H. CtD: NM R (D 2O) 814.8 (s).

When the above preparation was repeated on the same scale 

however, using non-equivalent m olar ratio of urea (0 .96  g, 0 .016  

mol), the required a-am inopropanephosphonic acid (1 .33  g, 59 .9%  

based on urea, 2 9 .9%  based on propanal) was obtained as a 

crystalline white solid, m.p. 2 56 -25 8  “C (lit. m.p. 264 -266  °C ),^^
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NMR (D 2O) 6 1.11 (t. C H 3 . 3JH C C H  6.0 Hz). 1.39-2.20 (br m. 2H, 

C H 2). 2 .85-3 .40  (m. 1H. CH ). NMR (D2O) 13.8 (s).

7.3 Preparation of a>aminopropanephosphonic acid from 

trimethyi phosphite and urea in the presence of boron 

trifiuoride-etherate and toiuene

R edistilled trim ethyl phosphite (3 .9 6  g, 0 .0 3 2  m ol), urea  

(1 .96  g, 0 .0 3 2  mol), and freshly distilled propanal (1 .85  g, 0 .032  

mol) in dry toluene (25  cm^) w ere vigorously stirred, whilst a 

solution of boron trifluoride etherate  (0 .9  cm^) in dry toluene (10 

cm^) was added dropwise (20 min). The mixture was heated under 

reflux for 4  h, and the volatile components w ere distilled off from 

the reaction m ixture under reduced pressure to leave a  clear 

yellow oil. Concentrated hydrochloric acid (100  cm^) was added and 

the solution was heated under reflux for 72  h. The pale-yellow  

solution w as cooled, and w ashed with dichlorom ethane (3 x 10 

cm^). The aqueous phase was separated, boiled with charcoal (1 g), 

filtered, and concentrated in vacuo to give a  yellow solid residue. 

Methanol (1 0  cm^) was added and the solution was treated with 

propylene oxide to give a  sticky white precipitate. The  mother 

liquor w as d ecan ted , and the w hite m ass was a llo w ed  to 

c ry s ta llis e  from  e th a n o l/w a te r  to y ie ld  a - a m i n o p r o p a n e -  

phosphonic acid (1 .32  g, 29 .7%  based on propanal) as a crystalline 

white solid, m.p. 257 -258  °C (lit. m.p. 264 -266  °C ),33  (Found; C. 

25.2; H. 7.0; N, 9.8. Calc, for C3H 10N O 3P: C. 25.9; H. 7.2; N, 

10.1%); NMR (D2O) 51.11 (t. 3H. C tl3 . 6.0 Hz). 1.39-2.20

(br m. 2H. C H 2). 2 .85-3 .40 (m. 1H. CH); 3 ip  NM R (D2O/D2S O 4) 5 17.9  

(br s).
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7.4 Attempted preparation of a -am inopropaneph osphon ic  

acid by the addition of diphenyl phosphite to N- 

propylldenediphenylmethylamlne

Distilled ii-p rop ylid en ed ip h en y lm eth y lam in e  (6 .9 0  g, 0 .0 2 5  

mol), was stirred and heated with diphenyl phosphite (5.8 g, 0 .025  

mol), a t 120-140 C for 0 .5  h. Concentrated hydrochloric acid (40  

cm ^) was added and the solution heated under reflux for 4 h. The 

reaction mixture was cooled. The resultant w hite need les w ere  

filtered, and w ashed with ether (50  cm^) and toluene (15 cm^). 

After drying in a  vacuum oven at 50  “C d iphenylm ethy lam in e  

hydrochloride (5 .92  g, 87 .2% ) was obtained as a  crystalline solid, 

m.p. 295 -296  °C (lit. m.p. 297-298 ° C ),’ 0^ NMR (NaO D ) 5 5.10 (s, 

1H, C H ). 7.3 (br m, 10H, arom aticl. The mother liquor was extracted 

with ether (3 x 15 cm^) and the aqueous phase was evaporated to 

dryness under reduced pressure (15 mm Hg, 70 “C) to give a brown 

oil which consisted of phosphorous acid as determined by nmr; 

31P NM R (D2O) 5 7.3 (s, iJ p H  710 Hz).

7.5 Preparation of a-amlnopropanephosphonic acid from 

phosphorus trichloride, propanal and benzyl carbamate

Freshly distilled propanal (1 .6  g , 0 .029  m ol), w as added  

dropw ise at room tem perature  to a  stirred solution of benzyl 

carbam ate (3 .02  g, 0 .02  mol), phosphorus trichloride (2 .75  g, 0 .02  

mol), and glacial acetic acid (5  cm®). The mixture was heated under 

reflux for 40 min, treated with 4 M hydrochloric acid (25  cm®) and 

refluxed further for 1 h. After cooling, the solution was extracted 

with dichloromethane (3 x 10 cm®), ether (2 x 10 cm®), and toluene 

(10 cm®). The aqueous phase was separated, boiled with charcoal (1 

g), filtered, and concentrated under reduced pressure (15  mm Hg,
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70 C ). T h e  resu ltan t pale-brow n residue w as d isso lved  in 

m ethanol (10 cm^) and treated with propylene oxide to yield a  

mobile oil, (D 2O ) 24 .9 , 22 .6 ,16 .5 , and 6.9 ppm. The mother 

liquor w as decanted and the oil was allowed to crystallise from  

w ater/e th an o l. A w hite  solid which precip itated a fte r  several 

months at -4  °C, w as filtered off, and dried to g ive  a - a m i n o -  

propanephosphonic acid (0 .34  g, 12.3% ), m.p 2 51 -25 2  °C (lit. m.p. 

264-266  °C),33 NM R (D2O) S 1.20 (t, 3H, C H 3 . ^Jh C C H  5 8 Hz), 

1.38-2.20 (br m, 2H, C H 2). 2 .85-3 .30 (m, 1H, CH).

7.6 Preparation of N-propylldenebenzylamlne

Propanal (5 .8  g, 0.1 mol), was added dropwise to a  stirred 

solution of benzylamine (10 .7  g, 0.1 mol) in ether (30 cm^) at 0 °C . 

The solution was stirred for 1 h at room tem pera ture  in the 

presence of anhydrous potassium carbonate (ca^ 3.1 g ). The mixture 

w as filte red , and excess e th er w as distilled off on a rotary  

evaporator to yield crude R -propy lideneb enzy lam ine  as  a  pa le - 

yellow oil (13.1 g, 8 9 .5% ). Distillation under reduced pressure  

yielded pure ^-propylidenebenzylam ine (10 .5  g, 71 .6% ) as a  clear 

free running liquid, b.p. 48-51 °C at 1 mm Hg, N M R  (C D C I3) 5

1.40 (3H , t, C H 3 . 3J H C C H  7 .2  Hz), 1 .90-2 .40  (m, 2H , C H 2C H 3),

4.41 (s, 2H, CJI2). 7 .18  (br s, 5H, arom aticl. 7.61 (t, 1H,

5.9 Hz); 13c  (C D C I3) 10.1 (s, Q.H3 ). 29.1 (s, C .H 2C H 3 ), 64 .9  (s, 

£ .H 2 Ph), 125.6 (s, ortho C. arom atict. 127.9 (s, meta C , a ro m a tic ) .

129.9 (s, para C, arom aticT 167.0 (s, N -C .H )
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7.7 Attempted preparation of N-benzyl a~am inopropane*  

phosphonic acid from phosphorous acid and N- 

propyiidenebenzyiamine

A mixture of R -propylideneb enzy lam ine (3 .6  g. 0 .0 2 5  mol), 

and phosphorous acid (2 .0 5  g, 0 .0 2 5  mol) w as stirred with a  

mechanical stirrer and slowly heated to 75-80  °C. where-upon the 

reactants gave an orange sticky sem i-solid . Further heating to 

100-120 °C brought about a  significant viscosity increase and an 

internal tem perature of 140 -160  C. The reaction mass was cooled 

to 85  °C  and d issolved in w a ter (1 0  cm ^). C o n c e n tra te d  

hydrochloric acid (5  cm^) was added and the solution was heated  

under reflux for 30 min. Shiny white plates were formed on cooling 

the reaction mixture. These w ere filtered, w ashed with ethanol 

(18 cm®), and dried in a  vacuum oven a t 80 °C to yield benzyl- 

ammonium chloride (1 .20  g, 34 .2% ), m.p. 250-251 °C (lit. m.p. 254- 

255 C).^® The I.R  spectrum of the white solid w as identical to an-n.
authetic sample of benzylammonium chloride. The  aqueous phase 

was reduced in vacuo, to yield a  brown residue which showed a

nm r signal a t 6 .5  ppm. The residue w as extracted with 

anhydrous ethanol to yield benzylamm onium  phosphite (2.02 g, 46  

.7%) as a  shiny white solid, m.p. (123 “C), (Found: C , 39.1; H, 6.3; N,

7.1 Calc, for C6H 12N O 3P: C, 38.1; H, 6.3; N, 7 .4% ) NMR (D2O ) 

8 4 .2  (s, 2H, C H 2). 7.5 (s, 5H, a ro m atic l.

7.8 Preparation of a-am inopropanephosphonic acid from 

diethyi phosphite, propanai and ammonia

A solution of propanai (11 .6  g, 0 .20  mol) in absolute ethanol 

(100 cm®) was cooled to 0 °C and stirred whilst dry ammonia was
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passed into the solution until the latter was saturated (3  h). The  

resultant cold solution w as added slowly to diethyl phosphite  

(27 .6  g, 0 .20  mol), contained in a steel autoclave, precooled to 

approximately 0 °C. The solution w as heated for 8 h (100 °C , 

75 psi) , cooled, and concentrated in vacuo to yield a yellow oil. 

The nmr spectrum  (M eO D ) of the oil indicated 4 different 

signals (2 .7 , 23.4, 2 4 .3 , 25 .9 ). Concentrated hydrochloric acid (200  

cm ^) was added and the mixture was heated under reflux for 8 h. 

The reaction mixture, a  dark-brown solution, was cooled, extracted  

with toluene (3 x 20  cm®) and dichloromethane (3 x 10 cm®). The  

aqueous phase was separated and concentrated in vacuo, to yield a  

brown residue. M eth an o l (80  cm®) w as added to dissolve the  

residue. Treatm ent w ith propylene oxide fc a . 60 cm®) yielded a  

brown oil. The mother liquor was decanted and the oil (8.51 g) was  

dissolved in a  minimal amount of methanol (60 cm®) and left at 

4 °C for several w eeks. A white solid was formed, which was  

filtered, washed with acetone ( 2 x 8  cm®) and dried in a  vacuum  

oven at 70 °C to yield a-am inopropanephosphonic acid (2 .52  g, 9.1 

% ) as a  fine white solid, m.p. 255 -256  °C (lit. m.p. 264 -266  °C),®® 

NM R (D2O) 81.11 (t, CJ13,3Jh c c H 6 T) Hz), 1.39-2.20 (br m, 2H, 

C i i 2 ), 2 .8 5 -3 .4 0  (m , 1H , Cl±). T h e  com bined filtrate and the  

washings w ere concentrated  in vacuo, to give a brown oil (6.1 g) 

for which 3 '*P (D2O) showed 13 signals, as follows; 5 .57 , 7.4, 9 .9 , 

11.4, 13.7, 17.4, 18.8, 19.7, 20.5, 21.2, 22 .6 , 23.7, 25.2.

The above procedure was repeated using a longer period of 

heating in the autoclave (18  h, 100 °C, 100 psi). Thereafter, the 

procedure was as follows. The resultant yellow viscous oil was  

distilled in vacuo, y ielding a colourless liquid (13 .5  g) with a
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pungent smell, b.p. 72-74 ”C at 2 .5  mm Hg. nQ^° 1 .4030 . ’ H NM R  

(C D C I3) 5 1.20 (t. J 6 .5  Hz). 2 .20-2 .90  (m). 3.68 (q. J 8 Hz); no 3 ’ P 

signal was registered.

The brown residue (18.6  g ). 3 ’ P nmr (CDCI3) (5 signals. 2 .2 . 

5 .0 . 20 .0 , 2 2 .7  and 27 .2  ppm) was dissolved in hydrochloric acid 

(2 0 0  cm^) and heated under reflux for 8h. The cooled brown 

solution was extracted with to luene (3  x 15 cm ^), ether (2 x 10 

cm ^) and concentrated in vacuo to yield a  viscous pale brown oil. 

This oil w as treated  with chloroform  (100  cm ^) and left for 

several months at room tem perature. During this period a white 

solid was formed, which was filtered, washed with ethanol (2 x 3 

c m ^ ) and dried in a  vacuum oven at 60  °C to yield a - a m i n o -  

propanephosphonic acid (2 .50  g, 5 .4  % ) as a fine white solid, m.p. 

251-254  °C (lit. m.p. 264-266 “C ).33  ’ H NM R (D2O) 6 1.10 (t, CH3 . 

®Jh C C H  6 .0  Hz). 1.39-2.18 (br m. 2H. C U 2). 2 .84-3.38 (m. 1H. CH).

7.9 Preparation of dimethyl N -benzyl-a-am inopropane>  

phoaphonate hydrochloride

Propanal (14 .5  g, 0 .25  m ol), was added to a  stirred solution 

of benzylamine (29.9  g. 0 .28  mol), in water (30 cm^) cooled at 0 °C . 

Dimethyl phosphite (32.0  g 0 .29  mol), precooled to -5  °C was added 

dropwise (0 .5  h), and the resultant cloudy m ixture was stirred 

initially at 0 C (8 h) and then at room tem perature overnight. 

Sodium chloride (10.6  g) was added, and the pH of the solution was 

adjusted to 2 -3  by the addition of concentrated hydrochloric acid 

(13 .8  cm3). Dichloromethane (36  cm®) was added and the mixture 

was stirred for 15 min. The two phases were separated and the 

aqueous layer was re-extracted with dichloromethane (3 x 17 cm®). 

The combined organic phases w ere dried (N a2S0 4 ) and the volume
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reduced in vacuo to ca<. 40  cm^ to yield a  colourless liquid. Ethyl 

acetate (15  cm^) was added and the volume was again reduced to 

45 cm^ in vacuo. This ethyl acetate procedure was repeated  five 

times to rem ove most of the dichloromethane. Acetone (1 25  cm^) 

was added and the crystallisation was completed by storage at 

4 °C overnight. The white solid was filtered, washed with acetone  

(2 X 20  cm^) and dried in an oven at 60 °C to yield crude dimethyl 

N-benzyl-a-aminopropanephosphonate hydrochloride (2 1 ) (4 6 .2  g,

63 .2  % ). nmr of the crude product showed that it contained  

approxim ately 7%  benzylam m onium  chloride. The  product was 

purified by dissolving the crude solid in dichloromethane (95  cm^); 

and the resultant benzylammonium chloride (1 .39 g), m.p. 254 -255  

°C  (lit. m .p . 2 5 4 -2 5 5  w as filte red  off, w a s h ed  with

dichloromethane ( 2 x 5  cm^) and dried in an oven at 60 °C, NM R  

(D 2O ) 5 5 .15  (s, 2H , CH2), 7 .50  (s, 5H, a ro m a tic l. The filtrate was 

reduced to ap p ro xim ate ly  half its volum e (4 5  cm ^) and  

concentrated with two separate  portions of ethyl acetate  (2  x 35  

cm ^). Acetone (95 cm^) was added and the mixture was stored at 

4 °C overnight. A white solid was formed which was filtered, and 

washed with acetone (2 x 12 cm^) to give dimethyl N-benzyl-a- 

aminopropanephosphonate hydrochloride (2 1 ) (39.4 g, 53 .7% ) as a 

crystalline white solid, m.p. 112-113 °C dec, (Found: C, 48 .1 ; H, 

6.9; N, 4 .5; C 12H 21C IN O 3P requires: C, 48.9; H, 7.1; N, 4.7% ), 

NM R (D2O) 8 0 .93 (t, 3H, C U 3, ^Jh c CH  7 5 Hz), 1 .50-2 .35 (m, 2H, 

CJda), 3 .25-3 .98  (m, 1H, CM). 3.70, 3.90 (two d, 6H, P O C H3 . ^ J p o C H  

12 H z), 4 .33  (s, C U 2Ph). 7 .45  (s, 5H, a ro m atic i: 13C NM R (C D C I3) 8

10.9 (d, Q.H3 , 3 jp c c C  6 Hz ), 21.3 (s, £ H 2C H 3), 49.9 (s, £ H 2Ph), 51.9  

(d, P0£ H 3 , 2 jp o c  6 Hz). 53 .2  (d, POC.H3. ^ Jp Q c  6 Hz). 53 .5  (d, C.H,
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’ J p c  153.3 Hz). 131.6  (s. ortho C. a ro m a tic ) . 132.3 (s. m eta C. 

aromatic). 132.9  (s. para  C , a r o m a t ic l . 133.7  (s. C .C H 2 N H .  
aro m atic l: 3 ’ P NMR (C D C I3) 8 24.4 (s).

The original m other liquor (from 4 6 .2  g of crude dimethyl R -  

b e n z y l-a -a m in o p ro p a n e p h o s p h o n a te ) and the w ash ings , w ere  

combined and evaporated in vacuo to give a  pale yellow gum (33.2 

g). This was partitioned between potassium carbonate (1 5 .8  g) in 

w ater (35  cm®) and toluene (23 cm®). The  organic phase was  

separated and dried (N a 2S 0 4 ). Treatm ent with a  solution of 8 M 

m ethanolic hydrochloric acid (35  cm®) and then acetone (35 cm®) 

yielded a further crop of crude phosphonate (10.1 g). Purification 

as above gave a  further crop of (21) ( 9.1 g, 12.3% ) as a  crystalline 

white solid, m.p. 112-113 °C dec; total yield (48 .5  g, 66 .2% ).

8.0 Preparation of dimethyl a-am inopropanephosphonate  

hydrochloride

Dimethyl fc l-benzyl-a-am inopropanephosphonate hydrochloride  

(5 .0  g, 0 .0 17  mol), in ethanol (100  cm®), and 5%  palladium  on 

charcoal ( 1.0 g) w ere introduced into a  steel autoclave and the 

mixture was treated with hydrogen for 3 h (100  °C. 400  psi). The 

reaction m ixture w as cooled and the catalyst w as filtered. The  

resultant pa le  yellow  liquid was concentrated in vacuo to give 

dim ethyl a -am in o p ro p an ep h o sp h o n ate  hydrochloride (22) as a 

viscous oil (2 .98  g. 86.1% ). lH  NM R (D 2O) 8 0 .93 (t. 3H. C H 3 , ^Jh c c H

7.5  H z). 1 .50-2 .35  (m. 2H. C t l2). 3 .25-3 .98  (m. 1H. C H ), 3 .7 0 .3 .90  

(two d. 6H. P O C tl3 . 3 jp o c H  12 Hz). 1®C NMR (D2O) 8 10.9 (d. C.H3. 

^JPCCC 6 Hz ). 21.3 (s. C H 2C H 3). 51.9 (d. PO C H3. ^ J p o c H  6 Hz). 53.2  

(d. POC.H3. 3 jp o C H  6 Hz). 53.5 (d. £.H. i j p c  153.3 Hz). ® ip  n m r
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(□20) 6 23.9 (s).

8.1 Preparation of a*aminopropanephosphonic acid from 

dimethyl a-aminopropanephosphonate hydrochloride

Dimethyl a-am inopropanephosphonate hydrochloride (2 .90  g, 

0 .0 1 4  m ol), from the above hydrogenation, and concentra ted  

hydrochloric acid (25  cm^) w ere heated under reflux (8 h). After 

cooling, the mixture was extracted with toluene (2 x 10 cm^) and 

the aqueous phase was separated. The resultant solution was boiled 

with charcoal (1.0 g), filtered, and concentrated in vacuo to give a  

viscous residue. Methanol (8.0 cm^) was added and the solution was 

treated  with propylene oxide to give a  sticky w hite precipitate. 

The m other liquor w as decanted and the product a llow ed to 

crys ta llise  from  w a te r/e th a n o l to y ie ld  a - a m i n o p r o p a n e -  

phosphonic acid ( 1 .35  g, 57.2% ) as a  crystalline white solid, m.p. 

261 °C (lit. m.p. 264-266 “C),33 NMR (D2O) 81 .11(t, CH3 , ^Jh c c H

6.0 Hz), 1.39-2.20 (br m. 2H, 0^ 2). 2 .85-3 .40 (m ,1H, C U ).

8.2 M odified preparation of N -b e n z y l-a -a m ln o p ro p a n e -  
phosphonlc acid hydrochloride

Propanal (5 .80  g, 0.1 mol), was added to a  stirred solution of 

benzylam ine (10 .7  g, 0.1 mol), in w ater (30 cm®) cooled at 0 °C . 

Dimethyl phosphite (12 .4  g 0.1 mol), precooled to -5 °C was added  

dropw ise (0 .5  h) and the resultant cloudy m ixture w as initially 

stirred at 0 °C (8 h), then at room tem p era tu re  (1 2  h). 

C oncentrated  hydrochloric acid (100 cm®) was added and the 

solution was heated under reflux (8 h). The reaction mixture was 

cooled and extracted with toluene (4 x 20 cm®). The aqueous phase 

was separated  and concentrated in vacuo to give a pale yellow
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residue, which was dissolved in a  mixture of acetone and ether (45  

: 20 cm^) and stored at 4  °C for several days. The precipitated  

product was filtered, washed with acetone (2 x 10 cm^) and dried 

in a  vacuum  oven at 60  ” C to give t L - b e n z y l - a - a m i n o -  

propanephosphonic acid hydrochloride (15 .9  g, 72 .6% ) as a  fine  

white solid, m.p. 179-181 °C (lit. m.p. 182-184 (Found: C,

44.8; H, 6.4; N, 5 .2  Calc for C 10H 17C IN O 3P C, 45.1; H, 6.3; N, 

5.3% ) NM R (D2O) 6 1.0 (t, 3H, C H 3, ^Jh C C H  ^ Hz), 1.79 -2 .17  (m, 

2H, C JI2). 3 .11-3 .50  (m, 1H, C H ). 4 .39  (s, 2H, C a 2Pb), 7.51 (s, 5H , 

a ro m a tic i: NM R (D2O ) 5 1 0 .9  (d, C.H3 , ^ J p c C C  ®
C.H2C H 3), 49 .9  (s, C.H2Ph), 53.5 (d, C.H, ^ J p c  153.3 Hz), 131.6 (s, 

ortho C, a ro m a tic l. 132.3 (s, meta C, a ro m a tic l. 132.9 (s, para C, 

arom aticl. 133.7 (s, C.CH2NH, arom aticl: 3 ’ P NM R (D2O) 8 14.8 (s).

8.3 Preparation of a>aminopropanaphosphonic acid from 

dimethyl N-diphenylmethyl-a-aminopropanaphosphonata

Propanal (5 .80  g, 0.1 mol), was added to a  stirred solution of 

diphenylmethylamine (18 .3  g, 0.1 mol), in w ater (30 cm^) cooled at 

0 °C. Dimethyl phosphite (12 .4  g 0.1 mol), precooled to -5  °C was  

added dropwise (0 .5  h) and the resultant w hite semi-solid mass 

was initially stirred at 0 °C (8 h), and then at room tem perature  

(12 h). Concentrated hydrochloric acid (100 cm®) was added and the 

solution was heated under reflux (8 h). A solid was formed upon 

cooling which w as filtered, washed with w ater (2 x 10 cm®), 

ether (5  x 10 cm®) and dried in a  vacuum oven at 60 °C . A fter 

drying, d iphenylm ethylam m onium  chloride (1 0 .3  g, 4 6 .9 % ) w as  

obtained as a  crystalline white solid, m.p. 295 -297  C (lit. m.p. 298  

° C ) . i° ^  The I.R . spectrum of this solid was identical with that of
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authentic  d iphenylm ethylam m onium  chloride. The m other liq u o r  

w as washed with ether (5 x 10 cm^), the aqueous phase separated, 

and concentrated in vacuo to give a viscous residue. M ethanol (12  

cm ^) was added and the resultant pale yellow solution was heated  

under reflux. P ropylene oxide (10  cm^) was added to give an 

im m ediate precip itate which w as filtered off, w ashed with cold 

ethanol ( 2 x 4  cm^) and dried in a  vacuum oven at 70 °C to give a -  

aminopropanephosphonic acid (4 .0  g, 28.8% ) as a  crystalline white 

solid, m.p. 2 6 1 -2 6 2  °C, (lit. m.p. 264-266 °C ),33  (Found: C , 25.3;

H, 7.2: N, 1 0 .3 .  Calc, for C3 H 10NO3P: C, 25.9; H, 7 .1; N, 

10.0% ); 1H NM R (D2O) 8 1.11 (t, 3H, CIJ3 , ^Jh c c H 6 0 Hz), 1 .39-2.20  

(br m, 2H, C H 2). 2 .85-3 .40  (m, 1H, CJl); ^3C NM R (D2O) 8 13 .06  (d, 

C U 3 . 3 jp c c C  6-2 Hz), 24.71 (d, CHa- ^ J p c c  1-8 Hz) 53 .66  (d, CU., 
i j p C  142.8 Hz). 31p NM R (D2O) 8 14.1 (s).

8.4 Repeat preparation of a*aminopropanephosphonic acid 

from dim ethyl N -d ip h e n y lm e th y l-a -a m in o p ro p a n e -  

phosphonate

Propanal (5 .80  g, 0.1 mol), was added to a  stirred solution of 

diphenylmethylamine (18.3  g, 0.1 mol), in methanol (80 cm^) cooled 

at 0  °C. Dimethyl phosphite (12 .4  g 0.1 mol), precooled to -5  °C , 

was added dropwise (0 .5  h) and the resultant cloudy solution was 

initially stirred at 0 °C (8 h), then at room tem perature (12 h). A 

sam ple  of this m ixture was concentrated in vacuo and the  

resultant viscous oil was examined by ^H nmr; ^H NM R (M eO D ) 8

I .  05  (t, 3H, C H 3 ^Jh CCH 7.5 H z),1 .30-2.30 (br m, 2H, C t l2l ,  1 .90 (s 

overlapping with multiplet, N H ) . 2 .50-3 .10 (m, 1H, C E ), 3 .6 0 ,3 .8 0  

(br s with shoulders, PO CH3 3 jp Q C H  ‘•2.0 Hz), 5.20 (s, 1H, C t lP h 2).
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7 .10-7 .50  (br m, 10H, a ro m a tic l. This suggests that the sample  

consists entirely  of the interm ediate dimethyl N -diphenylm ethyl- 

a-am inopropanephosphonate. Concentrated hydrochloric acid (100  

cm^) was added and the solution was heated under reflux (8 h). A 

white solid w as formed upon cooling. This w as filtered, washed  

with w ater (2 x 10 cm^), ether (5 x 10 cm^) and dried in a  vacuum  

oven at 60 ’’c. After drying, diphenylmethylammonium chloride (8 .0  

g, 36 .4% ) w as obtained as a  crystalline white solid, m.p. 295 -296  

C, (lit. m .p. 2 9 8  The I.R . spectrum of this solid was

identical with that of autheritic diphenylmethylamm onium  chloride. 

The m other liquor was extracted with ether (5  x 10 cm ^), the 

aqueous phase was then separated and concentrated in vacuo to 

give an oily residue. Methanol (1 5  cm^) w as added and the 

resultant pale yellow solution was warm ed under reflux. Propylene 

oxide (13  cm^) was added to give an immediate precipitate which 

was filtered off, washed with cold ethanol ( 2 x 4  cm^) and dried in 

a vacuum oven at 60 °C to yield a -am in o p ro p an ep h o sp h o n ic  acid  

(6 .5  g, 47 .1% ) as a crystalline white solid, m.p. 259-261 °C, (lit. 

m.p. 264 -266  ° C ) .3 3 ’ H NM R (D2O) 8 1 .11  (t, 3H , CU3 , 3Jh c C H  6.0  

Hz), 1 .39-2 .20  (br m, 2H , C E 2 ). 2 .85-3 .40  (m, 1H, C H ): NM R

(D2O) 8 13.06 (d, £ iH 3, 3 jp c c c  9-2 Hz), 24.71 (d, i lH 2. ^ J p c c  1-8 Hz) 
53.66 (d, £ H , ^ J p c  142.8 Hz).

8.5 Attempted hydrogenolysis of N -b e n z y l-a -a m in o -  

propanephosphonic acid hydrochloride for the synthesis of 

a-aminopropanephosphonic acid

£L-benzyl-a-am inopropanephosphonic acid hydrochloride (5 .0  

g, 0 .018 mol), in methanol (100 cm^) and 5%  palladium on charcoal 

(1.0 g) w ere charged into a  steel autoclave. The reaction mixture
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was treated with hydrogen for 3 h (100 °C. 4 00  psi) and cooled. The  

cata lyst w as filtered, and the resultant p a le  yellow  liquid w as  

concentrated in vacuo to give a residue (5.3 g). N M R  (D2O) 6 1 .0  

(t. 3H. CH3 . ^Jh C C H  7 Hz). 1.79 -2 .17  (m. 2H . 6^ 2). 3 .11-3 .49  (m. 
1H. CM ). 4 .39  (s. 2H, C t l2Ph). 7.51 (s, 5H. a ro m a tic l. Crystallisation 

of the residue with w ater/acetone yielded unreacted  N -b e n zy l-a -  

aminopropanephosphonic acid hydrochloride (4 .3  g, 8 6 .0%  recovery) 

as a  crystalline white solid. Repetition of the above experim ent 

using twice the quantity of catalyst (2.0 g ), also failed to give the 

desired a -am in o p ro p an e p h o sp h o n ic  ac id . A g a in , the product 

obtained was the unreacted parent compond (4.1 g, 82.0% ).

8.6 Preparation of crude dimethyl N -benzyl-a-am ino>  

propanephosphonate and its attempted hydrogenolysis

Propanal (14 .5  g, 0 .25  mol), was added to a  stirred solution 

of benzylamine (29.9 g, 0 .28  mol), in w ater (30  cm^) cooled at 0 °C . 

Dimethyl phosphite (32.0 g, 0 .29  mol), precooled to -5  °C was  

added dropwise (0 .5  h), and the resultant cloudy mixture was  

stirred initally at 0 °C (8 h) and then a t room  tem perature  

overnight. A sam ple (1 cm^) of this m ixture w as extracted with 

d eu te ra ted  chloroform  (5  cm^) dried (N a 2 S 0 4 ), filtered, and  

examined by nmr spectrum. This showed that the only detectable 

com pound present was dim ethyl M .* t> e n z y l-a -a m in o p ro p a n e -  

phosphonate .'H  NMR (CDCI3) 8 1 .0  (t, 3H, C b 3 ^Jh C C H  6-5 Hz), 1 4 1 -  

2.80 (m, 2H, C U 2C H 3), 2 .60-3.10 (m, 1H, CM), 3 .40  (s, fclH exchanged 

with D2O  after 10 min), 3.70, 3.88 ( br d, 6H, PO CM 3 ^Jp o C H  ^ z ), 

3.95  (s, 2H, Chl2Ph), 7.30 (br s, 5H, a rom atic  signal appear sharper 

after D2O  shake). The above mixture in w ater w as directly used for
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hydrogenation without further purification.

T h e  above procedure was repeated on severa l occasions  

w hereby isolation of the crude product involved extraction with 

dichlorom ethane. The resultant organic extract was dried, filtered, 

and co n cen tra ted  in vacuo to yield a  mobile oil. This oil was 

subsequently dissolved in different solvents for hydrogenolysis.

On a  various occassion, methanol was used as the solvent for 

th e  in it ia l s y n th e s is  o f c ru d e  d im e th y l N - b e n z y l - a -  

aminopropanephosphonate instead of water.

8.7 Attempted hydrogenolysis of the crude dimethyl N- 

benzyl*a-amlnopropanephosphonate in water

Crude dimethyl M -benzyl-a-am inopropanephosphonate (32.1 g, 
0 .1 24  mol) in w ater, prepared according to the above procedure, 

and 5%  palladium on charcoal (6.5 g), w ere introduced into a  steel 

autoclave. Additional w ater (15  cm^) was added and the mixture 

w as initially treated  with hydrogen (50  °C , 340  psi) for 3 h. 

H eating w as stopped and a  sample of m ateria l w as rem oved, 

filtered, and concentrated in vacuo. The resultant viscous oil was 

exam ined by nmr spectroscopy which indicated that no reaction 

had occurred. The  solution was therefore, further trea ted  with 

hydrogen (90  °C , 420  psi) for an additional 5 h. The reaction 

mixture was cooled and the catalyst was filtered off leaving a  pale 

yellow solution. The latter was concentrated in vacuo to yield a  

viscous yellow oil (29 .8  g), whose nm r spectrum  suggested  

mainly loss of methyl protons from the ester group, N M R  (D2O )  

8 1.0 (t, 3H , C t l3 ^Jh C C H  6.5 Hz), 1.41-2.80 (m, 2H , C H 2C H 3), 2.60- 

3.10  (m, 1H, C U ), 3.40 (s, fcUi exchanged with D2O  after 8 min), 3.70,
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3.88  ( br d, 6H. P O C H 3 ^ J p o C H  decreased relatively in

proportion to the other peaks), 3 .95  (s, 2H , Chl^Ph), 7 .30 (br s, 5H, 

aro m a tic t.

8.8 Attempted hydrogenolysis of crude dimethyl N-benzyl- 

a>aminopropanephosphonate in dichloromethane

Crude dimethyl ^ -b e n zy l-a -a m in o p ro p a n e p h o s p h o n ate  (32.1  

g, 0 .1 2 4  mol), in w ater, prepared by the above procedure was  

extracted with dichloromethane (3 x 50  cm^). The organic phase 

was separated, dried (N a 2S 0 4 ) and filtered. The resultant clear 

solution w as treated  with hydrogen (1 00  °C, 440  psi) in the  

presence of 5%  palladium on charcoal (6 .5  g) for 7 h. The reaction 

m ixture w as cooled, filtered and concentrated in vacuo to give a 

yellow oil (28.6  g), whose nmr spectrum suggested mainly loss 

of methyl protons from the ester group, NM R (D2O ) 5 1.0 (t, 3H, 

C H 3 ^Jh C C H  6 5 Hz). 1 .41-2.80 (m, 2H, C H 2C H 3), 2 .60-3 .10  (m, 1H, 

CJd), 3 .40  (s, M l  exchanged gradually with D2O  ), 3 .70, 3 .88  ( br d, 

6H , P O C H 3 ^ J p o C H  "'6 decreased approxim ately 80%  in 

proportion to the other peaks), 3 .95  (s, 2H , C U sP h ), 7 .30  (br s, 5H, 

a ro m a tic  ). No apparent loss in the peak area of the benzyl peaks 

w ere observed.

8.9 Attempted hydrogenolysis of crude dimethyl N-benzyl- 

a-aminopropanephosphonate in methanol

Crude dimethyl H -benzyl-a-am inopropanephosphonate (32.1 g, 

0 .123  mol), prepared and isolated according to the above procedure 

was m ixed with methanol (125 cm^) and 5%  palladium on charcoal 

(6 .5  g ), and charged into an autoclave. The  mixture w as initially 

trea ted  with hydrogen (104  °C, 600 psi) for 3 h. Heating was
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stopped and a sam ple of m aterial w as rem oved, filtered, and 

concentrated in vacuo. The resultant viscous oil w as exam ined by 

nmr spectroscopy which indicated that no reaction had occurred. 

The reaction mixture was removed from the autoclave and filtered 

to yield a clear solution. Additional 5%  palladium on charcoal (6.5  

g) w as added and the mixture was further treated with hydrogen 

(100  C, 650 psi) for 15 h, cooled and filtered. The resultant pale 

yello w  solution with a  characteristic  sm ell of to lu en e , was  

concentrated in vacuo to give an oily pale yellow residue (25.3  g). 

The nmr spectrum of this oil suggested mainly loss of protons 

from the ester group. Additionally, a  sm all decrease in the peak  

area  for the arom atic region in relation to the other peaks was  

observed which suggested partial débenzylation was in progress. 

’ H NMR (D2O ) 6 1.0 (t, 3H , CH3 6 .5  Hz), 1 .41-2 .80  (m. 2H,

C H 2C H 3), 2 .60-3 .10  (m, 1H ,.C E ), 3.40 (s, N H  exchanged with D2O  

gradually), 3 .70, 3 .88 ( br d, 6H, PO CH3 ^ J p o C H  "'O decreased  

relatively in proportion to the other peaks), 3 .95  (s, 2H , C J l2P h ), 

7 .30  (br s, 5H, a ro m a tic , decreased partially in proportion to other 

peaks).

9.0 Attempted hydrogenation of crude dimethyl N-benzyl- 

a-amino'propanephosphonate In acetic acid

Crude dimethyl M -benzyl-a-am inopropanephosphonate (16 .0  g, 

0 .0 6  m ol), prepared according to the above procedu re , was 

extracted with dichloromethane (3 x 50 cm ^), the organic phase  

was separated, dried (N a2S 04), and filtered. The clear solution was 

concen tra ted  in vacuo and treated with acetic acid (100 cm ^). 

This solution and 5%  palladium on charcoal (1 .3  g) w ere charged
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into an autoclave. The mixture was treated with hydrogen for 6 h 

(1 00  °C, 500  psi), cooled, and the catalyst w as filtered off. The  

resultant solution was concentrated in vacuo to g iv e  an extremely 

viscous brown oil, whose nmr indicated total loss of methyl 

protons from the ester groups, N M R  (D 2O ) 8 1.0 (t, 3H, C I I3 

^Jh CC H 6 .5  Hz), 1.41-2.80 (m, 2H, CH2C H 3), 2 .60-3 .10  (m, 1H, CH ), 

3 .40  (s, N H  exchanged with D2O  gradually), 3 .95  (s, 2H , CH2 P h ), 

7 .30  (br s, 5H, a ro m a tic t . No apparent loss in benzyl peaks was  

observed.

9.1 A modified preparation of crude dimethyl N-benzyl-a- 

aminopropanephosphonate hydrochloride

Propanal (14 .5  g, 0 .25  mol), was added to a  stirred solution 

of benzylamine (26 .7  g, 0 .25  mol), in w ater (30  cm^), cooled at 0 

°C. Dimethyl phosphite (27 .5  g, 0 .25  mol), precooled to -5  °C was 

added dropw ise (0 .5  h) whilst the cloudy m ixture w as stirred  

initally at 0  °C (8 h), and then at room tem perature overnight. The  

solution w as treated with sodium chloride (10 .6  g), and the pH of 

the solution was adjusted to 2-3 by the addition of concentrated  

hydrochloric acid (13 .8  cm^). Dichloromethane (50 cm^) was added 

and the mixture was stirred for 15 min. The phases w ere  separated 

and the aqueous layer was re-extracted with dichloromethane (4 x 

25  cm^). T h e  combined organic phases w ere dried (N a 2S 0 4 ), 

filtered, and concentrated in vacuo to yield a  viscous oil (70.3  g, 

95 .6% ). The  oil was examined by ^H nm r spectroscopy which 

showed that the only detectable compound present was the desired 

cru d e  dimethyl N-benzyl-a-am inopropanephosphonate 

hydrochloride, ^H NM R (CDCI3) 5 1.0 (t, 3H, C H 3 ^Jh c C H  ®.1 Hz),
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1.50-1.95 (m. 2H . CJi2),2 .89-3 .40 (m, 1H, CH). 3 .30  (s. NH exchanged 

with D2O). 3 .60 ,3 .90  ( br d. 6H, PO C H3 ^Jp o C H  '•0 Hz). 4 .25  (s. 2H, 

CJd^Ph), 7 .35  (br s, 5H, arom atic, signal appears much sharper after 

D2O  exchange).

9.2 Attempted hydrogenolysis of the above crude dimethyl 

N>benzyl-a-am inopropanephosphonate hydrochloride in 

dichloromethane

C ru d e  dim ethyl H - b e n z y l - a - a m in o p r o p a n e p h o s p h o n a t e  

hydrochloride (18 .3  g, 0 .062  mol), prepared by the above procedure, 

was extracted with dichloromethane (150 cm^), dried (N a2S 0 4 ), 

and filte red . T h e  resultant c le a r solution w as m ixed with 5%  

palladium on charcoal (3 .30  g) and charged into an autoclave. The 

mixture w as initially treated with hydrogen (20  °C, 5 35  psi) for 3 

h. Heating w as stopped and a  sample w as rem oved from the  

autoclave. It w as filtered, concentrated and exam ined by nmr 

spectroscopy, which indicated that no changes had occurred. The 

mixture w as treated with hydrogen for a further 3 h (100 °C, 595  

psi), coo led , filtered and concentrated in vacuo to give a  pale 

green de liq uesecent solid (9 .3  g). ''H  nmr spectra of this solid 

suggested mainly loss of methyl protons from the ester group,

NM R (C D C I3) 8 1.0 (t, 3H, CJd3 6.1 H z). 1 .50-1 .95  (m. 2H.

C U 2 ).2 .8 9 -3 .4 0  (m. 1H, CH ). 3 .30 (s. NH exchanged with D2O). 3.60, 

3.90  ( br d, 6H, POCJ±3 ^ J p o C H  H z, peaks decreased  by 

approximately 90% ), 4 .25 (s, 2H, C ti2Ph), 7 .35 (br s, 5H , a ro m atic ).

9.3 Preparation of tetrakis(2,2,2-trichloroethyl)N,N- 

thiourylene-(-1,1-dipropyl)-1,1>diphosphonate

A m ixture  of th iourea (1 .1 4  g, 0 .0 1 5  m ol), tr is -2 ,2 ,2 -
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trichloroethyl phosphite (14 .3  g, 0 .03  mol) and propanai (1 .85  g, 

0 .0 3 2  mol) in sodium dried toluene (1 0  cm^) w as stirred and  

warmed to 100 °C. Further heating at 108 -110  °C for 1 h afforded 

a light yellow solution having nmr peaks at 24 .9  (major) and

137.6  (m inor) ppm. Concentration of the resultant solution under 

reduced pressure (90 °C, 13 mm Hg), yielded a  viscous yellow oil 

( 11.2 g ) that com pletly solid ified at room  tem perature  after  

several w eeks. Recrystallisation of this solid from acetone twice 

and from  acetonitrile g ave  a crystalline w hite  solid which was 

filtered off and dried in a  vacuum oven at 60  °C. Tetrakis(2,2,2- 

trichloroethyl) N,N-thiourylene(-1,1-dipropyl)~1,1-diphosphonate 

(35) w as obtained as a  crystalline white solid (4 .86  g, 48 .9%  based 

on th iourea), m.p. 210 -212  °C. (Found: C . 20.7; H. 2.7; N. 3.2; 

C l 5H 22C I12N 2O6P2S requires; C. 21.2; H . 2.6; N. 3.3%); NMR  

(C D C I3) 5 1.06 (t. 3H. C tl3 7.1 H z). 4 .43  (br m. C E 2) ^-50-

4 .95 (complex m consisting of 11 lines, 8H. P O C H 2). 5 .03-5 .53  (m, 

1H, C t l) , 7 .73  (d, 9 .8  Hz exchanged with D2O  within 5

min); ^3C NM R (CDCI3) 8 10.1 (d. Ì I H 3 3 j p c c c  ® ^ z ). 23 .4  (s, 

Ì I H 2). 52.1 (d. i lH  iJ p c  147.6 Hz). 76.2  (d. POC.H2 ^ J p o C  Hz).

76.5 (d. P O ÌIH 2 2 jp 0 C  S-l Hz). 94.9 (d. C H 2Ì IC I3 ^ Jp Q C C  Hz). 
185.3 (t. C .-S , 3jpQ|y,Q 8.9 Hz); 31 p NM R (C D C I3) 8 24 .6  (s); m /z (%) 

841 (M-t-H, 0 .80), 808 (2 .40 ), 806 (1 .6), 5 00  (10 .0 ), 498  (5 .9), 466  

(6 .3), 464  (4 .4), 440 ( 1.1), 99.8  (100).

9.4 Preparation of tetrakis(2,2,2-trichloroethyl) N,N- 

urylene-(-1,1-dipropyl)-1,1-diphosphonate

A m ixtu re  of u rea  (0 .9 0  g, 0 .0 1 5  m ol), t r is -2 ,2 ,2 -  

trichloroethyl phosphite (14 .29  g, 0 .03  mol) and propanai (1 .85  g.
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0 .0 3 2  mol) in sodium dried toluene (10 cm^) was stirred and  

w arm ed to 80  °C. Further heating a t 108-110 C for 1 h yielded a  

light yellow solution having nmr peaks a t 23.9  (m ajor) and

137 .2  ppm (trace). Concentration of the resultant solution under

reduced pressure (90 °C, 13 mm Hg), yielded a  viscous yellow oil 

(13 .8  g) which solidified at room tem perature after several weeks. 

Recrystallisation of this solid from acetone (tw ice) and from  

aceton itrile  (once) g ave  a  crystalline w hite solid which w as  

filtered off and dried in a vacuum oven at 60 °C . Tetrakis(2,2,2- 

trichloroethyl) N,N-urylene(-1,1-dipropyl)-1,1-diphosphonate (36) 

was obtained as a  crystalline white solid (6 .99  g, 56 .2% ), m.p. 204- 

205 “C. (Found: C . 21.7; H, 2.8; N. 3.1; C i 5H 22C I12 N 2O 7 P 2 

requires: C. 21.6; H. 2.7; N. 3.3% ); NM R (C D C I3) 8 1.03 (t. 3H . 

C U 3 ®Jh C C H  ® ® ^ t l2 )  4 .5 0 -4 .9 5  (com plex m.
consisting of 11 lines, 8H, PO CU2)i 5 .0-5.55 (m, 1H, C U ). 7 .65  (d, 

^*^PCNH exchanged with D2O  within 5  min); N M R

(C D C I3) 5 10.3 (d, i l H 3 3 j p c c c  23.8 (s, C.H2), 51.9 (d, C.H

iJ p C  146.9 Hz), 76.3 (d, P O £ H 2 ^JpQC POi^H2 ^ J p o c

6.2 H z), 93.9 (d, CH2i lC l3 ^ J p o C C  ® 0 "'5® ® ^‘^PCNC
Hz): 3^P n m r  (C D C I3) 8 23.9  (s); m /z (%) 825 (M +H , 0 .3 ), 680 (5 .8), 

678  ( 4 .1 ), 530  (2 .6 ), 4 86  (29 .6 ), 482  ( 2 1 .2 ), 401 (16 .8 ), 339  

(23 .5 ), 335 (74 .8 ), 140.8  (100).

9.5 Preparation of tetrakis(2,2,2-trifluoroethyl) N.N- 

th iourylene-(-1,1-dipropyl)-1,1-d iphosphonate

A m ixture of th io urea  (2 .81  g, 0 .0 3 7  m ol), tr is -2 ,2 ,2 -  

trifluoroethyl phosphite (25 .0  g, 0 .076  mol) and propanal (4 .40  g,
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0 .0 7 6  mol) in sodium dried toluene (10 cm^) w as stirred and 

w arm ed to 80  °C. Further heating at 90 -9 6  °C for 1 h yielded a  

fluorescent yellow  solution. Concentration of this solution under 

reduced pressure (90  C, 13 mm Hg), gave a  viscous yellow oil 

(2 5 .5  g) that completely solidified after several w eeks at room  

tem perature. Acetone (15 cm^) was added, and the resultant white 

m ass w as filte red  off, and dried to g ive  tetrakis(2 ,2 ,2 - 

trifluoroethyl) N,N-thiourylene(-1 , 1  -dipropyl)-1 , 1 -diphosphonate 

(3 8 )  as a  fine white solid (8 .95g, 37 .4% ), m.p. 146 -149  °C. The  

m other liquor from the above filtration was treated with toluene  

(ca^  30 cm^) and left at room tem perature for several days . A 

w hite solid precip itated which w as filtered off, and dried in a 

vacuum oven to yield a  second crop (9.03 g, 37.7% ). The combined 

crops w e re  recrystallised  tw ice from ace to n e  to g ive pure  

tetrakis(2.2.2-trifluoroethyl) N.N-thiourylena(-1 .1-dipropyl)-

1,1-diphosphonate (38) as crystalline w hite needles (1 4 .7  g, 

6 1 .3 % ), m .p. 1 54 -15 5  'C . (Found: C. 28.5; H, 3 .4; N, 4.2; 

C 15H22F 12N2O 6P2S requires; C. 27.8; H. 3.3; N. 4.4% ); ’ H NMR  

(C D C I3) 8 1.0 (t. 3H . CU3 ^Jh CCH 7.1 Hz), 1 .20-2.07 (br m. 2H, CJI2) 

4 .4 0 -5 .0  (complex m consisting of 8 lines. 8H, P O C JI2). 5 .31 -5 .57  

(m, 1H, CM). 7.45  (d, b U l^ J p cN H  Hz exchanged with D2O  within 

5 min); N M R  (CDCI3) 5 9.5 (d, £ H 3 ^ J p c c c  13-4 Hz). 23.1 (d. Q.H2  

^JpCC 3 0  H z). 51.8 (d. C H ’ J p c  155.0 Hz). 62.1 (d. £ IH 20P ^JpQ C
7.1 Hz). 62.6  (q. O ilH 2C F3 122 Hz). 62.9 (d. £ H 20P ^JpQC 7.1

H z), 124.1 (q. C.F3, l jQ p  296 Hz)185.5 (s. Q.~S)-, 31P NM R (CDCI3) 8 

27 .05 , 27 .25 ; m /z (% ) 648 (M +, 28 .8), 403  (32 .1 ). 387  (21 .0 ), 369  

(M - { F 3 C C H 2 0 } 2 P { 0 } H 2 S . 5.9), 287  ( 9 .3), 156 (12 .7 ). 100 (24.5),
58.1 (100).
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9.6 Preparation of tetrakis(2,2,2-trifiuoroethyl) N,N- 

urylene-(-1,1-dlpropyl)-1,1-d iphosphonate

A m ixtu re  of u rea  (2 .2 8  g, 0 .0 3 8  m o l), t r is -2 ,2 ,2 -  

trifluoroethyl phosphite (25 .0  g, 0 .076  mol) and propanal (4 .40  g, 

0 .0 7 6  mol) in sodium dried toluene (10 cm^) w as stirred and  

warm ed to 80 °C. Further heating at 90*96 °C for 1 h gave a  clear 

colourless solution. Concentration of this solution under reduced  

pressure (90 °C , 13 mm Hg), yielded a yellow viscous oil (24 .8  g) 

th a t c o m p le te ly  so lid ified  a fte r  severa l w e e k s  a t room  

tem perature. Acetone (15 cm^) was added, and the resultant white  

solid was filtered off. After drying in a vacuum oven at 80  ° C , 

tetrakis(2,2,2-trifluoro0thyl) N,N-ury!ene(-1, 1di-propy!)-1,1- 

diphosphonate (3 7 )  was obtained as a fine white solid (10 .3  g, 

4 2 .9 % ), m .p. 1 46 -14 9  °C. The mother liquor from the above  

filtration was treated with toluene fca . 15 cm^) and left at room  

tem perature  for several days A white solid w as precip itated  

which was filtered off and dried in a  vacuum oven at 80  °C to yield 

a further crop of the product (9 .03  g, 37.6% ). The combined crops 

w ere  recrystallised twice from acetone to give tetrakis(2,2,2- 

trifluoroethyl) N,N-urylene(-1,1-dipropyl)-1.1-diphosphonate (37) 

as crystalline white needles (13 .9  g, 57 .9% ), m .p. 156 -158  ° C ,  

(Found: C, 28.6; H, 3.4; N, 4.5; O') 51 -122^12^2^7^2  •’©Quiros: C, 
28.4; H, 3.4; N, 4.5% ); ’ H NM R (CDCI3) 5 1.05 (t, 3H , Cbla ^Jh C C H

7.1 Hz), 1 .50-2 .20  (br m, 2H, CJi2) 4 .40-5 .05 (complex m, consisting 

of 8 lines, 8H, P O C H 2)» 5 .35-5 .59 (m, 1H, Chi), 7.49 (d, M h l^ J p C N H
10.2 Hz, exchanged with D2O  within 5 min); (C D C I3) 5 9 .8

(d, i l H 3 3 jp c c C  13 3 Hz), 22.9 (d, Qy\ 2  ^ J p c c  3 1  Hz), 51.9 (d, £IH  

’ J p C  155.3), 62 .2  (d, £ H 20P ^JpQC 7.0 Hz), 62.6(q, OC.H2C F 3
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122 H z), 62 .9  (d. C.H2OP ^ Jp Q C  7.2 Hz). 124.1 (q, C.F3 , ’ J c F  295 .5  

H z): 158.6  (s. C .-0 ) :  3 ’ P NM R (CDCI3) 8 27.0 (s); m/z (% ) 632 (M +. 

2 .1 ), 387  (26 .4 ), 330 (3 .2), 287  (10 .4 ), 274 (2 .7 ), 245  (3 .1), 141 

(6 .7), 98 .9  (3 .1), 84.1 (11.1), 58.0 (100).

9.7 Preparation of tetrakls(2,2,2>trifluoroethyl) N,N- 

urylene d i(-3>methylsu Ipheny 1-1,1-dlpropyl)*1,1-

dlphosphonate

Redistilled tris(2,2,2-trifluoroethyl) phosphite (1 2 .5  g, 0 .0 38  

mol), urea (1 .14  g, 0.019 mol), and 3-(methylthio)propanal (3.90 g, 

0 .0 3 8  mol) in sodium-dried toluene (10 cm^), w ere stirred, whilst 

boron triflu o rid e -e th era te  (1 .5 0  cm^), in to luene (10 cm^) was  

added dropw ise at room tem perature (15  m in). The mixture w as  

heated at 9 5 -1 0 5  “C under reflux (1 .5 h), after which the volatile 

materials w ere removed under reduced pressure (70  °C, 13 mm Hg). 

Ethanol (15 cm^) was added to the resultant brown oil (12 .6  g), and 

the solution w as left at 4  °C  for several m onths. W hite needles  

w ere formed which were filtered off, washed with ether (1 cm^) 

and dried in a  vacuum oven at 50 °C. After drying, tetrakis(2,2,2- 

trifluoroethyl) N,N-uryle w di(-3-methylsulphenyl-1,1-dipropyl)-

l , 1-diphosphonate (48 ) was obtained as a  fine white solid (0.3 g),

m . p. 119 -120  °C. The combined washings and the mother liquor 

w ere  concentrated in vacuo (40 °C, 13 mm Hg) to yield a brown 

oil, which was treated with ethanol (13 cm^) and the solution was  

stored at 4  °C . A second crop of the product which crystallised 

after several w eeks was filtered off, washed with ether (1 cm^) 

and dried in the oven at 60 °C. The above procedure w as repeated  

six tim es to give further crops of product. T h e  combined crops
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(2.01 g, 14.6% ) were recrystallised from ethanol and w ater to yield 

tetrakis(2,2,2-thfluoro0thyl) N,N-ury!ene di(-3-methylsulphenyl-

1,1-dipropyl)-1,1-diphosphonate (48) was obtained as crystalline  

white needles, (1.75 g, 12.7% ), m.p. 122-123 °C (Found: C, 28.1; H, 

3.4; N, 4.1; C -j7 H 2 6 ^ 1 2 ^ 2 ® 7 ^ 2 ® 2  f0<iuir6s: C , 28.2; H, 3.5; N, 
4.0% ); NM R (M eO D) 8 1 .50-2.30 (m, 2H , CH 2C H ), 2 .08  (s, 3H , 

C Ü 3 ). 2 .65  (t, 2H, C H 2-S  ^Jh C C H  7 1  Hz), 4 .3 1 -4 .8 0  (complex m, 

F3C C H 20 ), 5 .0 -5 .55 (m, 1H, CH ), 6 .49  (br d, P C U M ^ J p c N H  9 5 Hz, 
exchanged with D2O  within 5 min); NM R (M eO D ) 815.0 (s, S- 

H H 3), 29.9 (d, Û H 2CH 2 jp c ç  3.1 Hz), 30.9 (d, Î I H 2-S , ^ J p c c C  16 .3  

Hz), 46 .8  (d, Û H  i j p c  160 .8  Hz), 63.3 (d, Û H 2OP ^JpQ C  7.0 Hz), 63.6  

(q. O Û H 2C F 3 Z j^ c p  123 Hz), 63.8 (d, C H 2OP 2 jp Q c  7 .2  Hz), 122.5 (q, 

Û F 3, iJ c F  298 Hz)158.6 (s. Û - 0 ) ;  3 iP  NMR (M eO D) 8 27.1 (s); m/z (%) 

724  (M + ,1 0 .2 ), 663 (8.8), 624 (M - F3C C H 2O H , 12 .3 ), 479  (M -

{F 3 C C H 2 0 )2 P (0 )C H (C H 2 )2 S C H 3 } , 3.7), 288  (10 .0 ), 246  (12.2), 69.9

( 100).

9.8 Oxidation of tetrakls(2,2,2-trifluoroethyl)N,N-urylene 

(-3-methylsulph<nyl-1,1-dipropyl)>1,1'd iphosphonate

Hydrogen peroxide (30% , 0 .63  cm^), was added dropwise at 

0 °C  to a  stirred suspension of te trakis(2 ,2 ,2-trifluoroethyl) N ,N - 

u ry le n e (-3 -m e th y lsu lp h e n y l-1 ,1 -d ip ro p y l)-1 ,1 -d ip h o sp h o n ate  (0 .9 0  

g, 0 .0 12  mol), in glacial acetic acid (9 .10  cm ^). After stirring for 

2 h, the solution was concentrated under reduced pressure, and  

diluted with w ater (0 .5 0  cm^) and m ethanol (4 .5 0  cm ^). The  

resultant c lear solution was w arm ed, and treated  with acetone  

(7 .20  cm2).  ̂ cloudy solution was formed upon cooling, which was 

concentrated in vacuo to give a clear oil. The oil was treated with 

methanol and water, and the resultant solution w as stored at 4  °C
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for several days. A white solid gradually precipitated which was 

filtered off, and dried in a vacuum oven at 50  °C. Tetrakis(2,2,2- 

trifluoroethyl)N,N-uryl0 ne(-3 -methylsulphinyl-1 ,1-dipropyl)-1,1- 

diphosphonate (49 ) was obtained as crystalline w hite needles  

(0 .59  g. 63.0% ), m.p. 150-151 "C  (Found; C. 26.1; H. 3.3; N. 3.7; 

C 17H 26F 12N2O 7P2S2 requires: C, 26.9; H. 3.4; N, 3.7%); NMR 

(M eO D ) 5 1.55-2.35 (m. 2H, CJi2CH). 2 .15  (s, 3H . CJda). 2 .85  (t, 2H. 

C H 2-S  3Jh C C H  7.1 Hz). 4 .31-4.80 (complex m. E 3C C H 20). 5 .0 -5 .55  

(m. 1H, C H ), 6 .49 (br d, P C N Jl^ Jp cN H  9-5 Hz. exchanged with D2O  

within 5  min); N M R  (MeOD) 5 16.5 (s. S-C.H3), 29 .8  (d, C.H2C H  

2 j p c c  3.1 Hz). 35.7 (d. £ H 2-S. ^ J p c Q c  ^^z). 4 6 .6  (d. £ H  ^Jp c

1 60 .2  H z), 63.4 (d, £1H 20P ^JpQ C 7.0 Hz). 63.6  (q. O i IH 2C F 3 ^ J p c F  

122 H z). 63.9 (d, C .H2O P ^ Jp Q C  7.1 H z). 122.7  (q, £ .F 3 , U q F 296 

H z)158.6  (s, £ - 0 ) ;  158.6 (s. Q.~0, ); 3^P NM R (M eO D ) 8 27.8 (s); m/z 

(%) 756 (M+. 2.2), 548 (4.3), 392 (M-{F3CCH2)2{0}PCHNH(CH2}2S{0}CH3).12.3). 

360 ({F3CCH2}2{0)PCHNHC{0){CH2}2S|0}CH3 - CH3OH. 11.6), 328 (21.1). 292 

(22.2), 278 (12.8), 247 (F3CCH2}2{0}PCHNHC{0){CH2}2S - CHNHC(0){CH2}2S. 
15.0), 246 (74.5), 229 (16.3), 81.9 (100).

9.9 Preparation of b ls(2 ,2 ,2 *triflu roethy l)-a -pheny l- 

ureidopropane phosphonate

Redistilled tris-2,2,2-trifluoroethyl phosphite (1 2 .5  g, 0 .038  

m ol), phenylurea (5 .6 0  g, 0 .0 38  m ol), and propanal (2 .3 2  g, 

0 .040m o l) w ere stirred in sodium-dried toluene (1 0  cm^), whilst 

boron trifluoride-etherate (1.5 cm^), in toluene (10 cm^) w as added 

dropwise at room temperature (15 min). The reaction m ixture was 

heated at 95 -1 05  °C under reflux (2 .5  h), cooled, and the volatile 

com ponents w ere distilled off on a rotary evaporator to yield a
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dark brown residue (16.3  g). This residue was dissolved in ethanol 

(1 5  cm^), treated with light petroleum ether (40  cm®), and stored 

at 4  °C. A white solid, precipitated gradually over several w eeks. It 

w as filtered off, w ashed with ethyl acetate (2 x 8 cm®), and dried 

to yield bis(2 ,2 ,2 -trifluroethyl)-a-phenylureidopropane- 

phosphonate (39) (1.61 g) as a pale pink solid. The mother liquor 

w as concentrated in vacuo to give a  brown residue, which was 

dissolved in ethyl acetate (12 cm®). This solution was then treated  

with light petroleum  ether (35 cm®) and stored at 4 °C for several 

w eeks. A second crop of the product (5 .90  g) which crystallised  

after several w eeks was filtered off, w ashed with ethyl acetate  

(10 cm®) and dried in a  vacuum oven at 50 °C. The above procedure 

was repeated to yield a  further crop (1 .82  g). The combined product 

(9.33 g) w as recrystallised from  w ater and e than o l to yield  

bis(2,2,2-trinuroethyl)-a-phenylureidopropanephosphonate (3 9 )  

as a  crystalline white solid (8.20 g, 48 .6% ), m .p .154-155 °C (Found: 

C, 39.1; H, 4.0; N, 6.4; C 14H 17 F 0N 2O 4P requires; C , 39.8; H, 

4.0; N, 6.6% ); NM R (M eO D) 8 0 .98 (t, 3H , C H 3 ^ J ^ C C H  6-1 

H z ).1 .40 -2 .0  (br m, 2H . C H a ). 3 .5 5 -4 .0  (m. 1H. C R ). 3 .8 5 -4 .3 0  

(complex multiplet, 4H , PO C H2). 6 .95-7 .05  (br d, N J i^ J p c N H  

exchanged with D2O  ) 7.50 (br s, 5H, a ro m atic ): N M R  (M eO D )

9.5 (d. £ H 3 3 jp c c C  ^ z). 23.1 (d. f iH g  2 jp Q Q  3.0 H z). 51.8 (d. £ H  

i j p C  155.0 H z). 6 2 .2  (d. C.H2OP ^ J p Q C  7.0 Hz). 62.6(q . OC.H2C F 3 

2JC CF 122 H z). 62 .9  (d. i lH 20P 2 jp Q C  7.2 Hz). 124.1 (q, C.F3. iJ c F
2 95 .5  Hz); 128 .8  (s, ortho £ . aromatic), 129 (s, m eta £ .  arom atic),

129.5  (s, para Q. arom atic) 158.6 (t, £ . - 0 ,  ^ J p c N C  ® *^2); 2^P NM R  

(M eO D ) 8 25 .4  (s); m /z (%) 422 (M + 3.1), 314 (9.0), 268  (24.6). 240  

(15 .7 ), 177 (4 .5 ), 135 (1 .1), 93.0 (100).
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10 Preparation of a -u r e id o -3 - ( S -m e th y ls u lp h e n y l) -  

propanephosphonic acid

Freshly distilled 3-(m ethylsu lphenyl)propanal (2 .2 0  g, 0 .0 2  

mol), was added dropwise (1 h) to a  stirred m ixture of powdered 

urea ( 1.20 g, 0.02 mol) and tris -2 ,2,2-trich loroethyl phosphite  

(10 .0  g, 0 .0 2  mol) a t 95-100  °C. The mixture w as heated for an 

additional 0 .5  h and evaporated down (60 °C, 13 mm Hg) to yield an 

orange gelatinous residue. This was dissolved in a  mixture of 

acetonitrile (3 cm^) and water (0 .7  cm^), gently reflux for 1 h and 

concentrated in vacuo. Ethyl acetate (60 cm^) w as added and the 

resultant yellow residue was stored at 4 °C.

A w hite solid precipitated gradually over several weeks was  

decanted from the remaining residue, w ashed with ether ( 2 x 4  

cm ^) and dried. a-Ureido-3-{methylsulphenyl}propanephosphonic 

acid (54) w as obtained as a fine white powder (0 .7 6  g, 15.6% ) m.p. 

160 °C, (Found: C, 25.9; H, 5.7; N, 12.6; C5H 13N 2O 4PS requires: 

C. 26.3: H. 5.7: N, 12.3%); NM R (D 2O) 5 1.55-2.31 (m. 2H . 

C H 2CH), 2 .0  (s, 3H, CH3). 2.60 (t, 2H, C I I2-S ^Jh C C H  ^ 1 Hz). 3 .90- 

4.35 (m. 1H. CH); ’ H NMR (CDCI3) 5 1.0-1.72 (m. 2H . C t l2CH). 1.85 (s. 

3H, C tl3). 2 .55  (t, 2H. C H 2-S ^Jh C C H  ^ -I Hz). 3 .70-4 .10  (m. 1H. C H ). 

6.12 (br s. 1H. NH). 8 .60 (br. 4H . OH and NH2); NM R (D2O) 5 14.6  

(s. S - i lH 3), 29.1 (d, C.H2CH 2 jp Q c  1.6 Hz). 30.7 (d. £ H 2 - S * 3 jp c c C

15.8 Hz). 4 6 .5  (d. C.H ^Jp c  161.3 Hz). 158.6 (t. C . -0 ,  ^ J p c ^ c  1 0 .3  

Hz): N M R  (D2O ) 8 18.1 (s); m/z ( FAB. % ) 4 57  (2M +H , 14.7), 267

(10.4 ), 251 (15 .4 ), 229 (M +H , 83 .2 ), 212 (M + H - N H 3 . 9 .0 ), 187

(M +H -H C N O , 47.4), 114 (10.2), 104 (100).

The com bined mother liquor, washings, and the original 

residue w ere  concentrated in vacuo, and then treated with ethyl
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acetate (50 cm^). No further crop of the product was obtair)ed on 

storage at 4 °C  for several months.

10.1 Preparation of tetraphenyl N,N -thiourylene-(1,1- 

dipropyl)-1,1-diphosphonate

A m ixture of thiourea (5 .70  g. 0 .075 mol), triphenyl phosphite 

(46.5  g. 0 .15  mol) and propanal (8 .70  g, 0 .15 mol) in sodium dried  

to lu en e  (5 0  cm ^) was stirred and heated to 100  “ C . T h e  

tem perature rose spontaneously to 105 °C within a  few  minutes 

without extern al warming. The reaction m ixture w as w arm ed at 

105 -110  "C (1 h) to give a  light yellow solution. Concentration of 

this solution under reduced pressure (90 °C, 13 mm Hg), yielded a  

viscous oil (4 4 .3  g), that solidified completely on standing after 

several w eeks at room tem pearture. Recrystallisation tw ice from  

acetone and from dichlorom ethane afforded tetraphenyl N,N - 

thiourylene-( 1.1-dipropyl)- 1,1-diphosphonate ( 3 4 )  as a  shiny 

white solid. (2 4 .7  g. 52.8% ), m.p. 199-201 °C, (Found: C . 58.3; H. 

5.3; N , 4.3; C 3 i H 34N 20e P 2S requires: C. 59.6; H, 5.4; N. 4 .5% ), 

NM R (CD CI3) 5 0.88 (t, 3H, C tl3 ^Jh c CH 1-31-1.50 (m, 1H,

C H 2{A}), 1 .90-2 .10  (m, 1H. CfclsiB}). 5 .62-5.80 (m. 1H. C h l).7 .10 -7 .3 2  

(m. 20. aryl). 7 .66-7 .68  (d, NhL ^Jp C N H  10.1 Hz); 13C NM R (CDCI3) 8

10.9 ( d. £ H 3 3 jp c c C  12.8). 24.7 (s. Q.H2 ). 50.0 (d. Q.H i j p c  152.6).

145.6 (complex m. arom atic 4  x C6H 5). 184.3 (t. C .-S , ^ J p c N C  8-6 

Hz); 3 ’ P N M R  (C D C I3) 8 17.8 (s); m /z (%) 624  (M +. 4 .1 ), 531 (M - 

O P h .10 .4 ). 4 3 7  (531 -P h O H ,13.9). 391 (14.3), 3 57  (1 8 .7 ), 333  (M - 

{P h O )2 P {0 }C H N H C H 2 C H 3 , 23.0), 297  (9.8), 2 17  (17 .8 ),156  (23 .9 ), 
141 (15 .2 ). 100  (65.8), 94 (100).
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10.1 Preparation of tetraphenyl N,N thiourylene-(3,3- 

dim ethylsulphenyl-1,1-dipropyl)-1.1*diphosphonate

A mixture of thiourea (2 .80  g, 0 .038  mol), triphenyl phosphite 

(2 3 .6  g, 0 .076  mol) and 3-(methylsulphenyl)propanal (7 .90  g, 0 .076  

mol) in sodium dried toluene (25 cm^) was stirred and heated under 

reflux (1 h). The resultant light yellow solution w as concentrated  

under reduced pressure (90  °C, 13 mm Hg), yielding a  viscous oil 

(2 6 .9  g). A solid mass was formed when the oil w as left at room 

tem perature for several months. This was filtered, recrystallised  

tw ice from ethanol and water. Tetraphenyl N,N thiourylene-(3,3- 

dimethylsulphenyl-1,1-dipropyl)-1,1-diphosphonate (4 7 )  w a s  

obtained as a  light white solid, (12 .8  g, 48 .7% ), m.p. 118-120 °C , 

(Found: C , 53.9; H, 5.33; N, 3.92; C33H37N 2O 0P2S 3 reguires; C, 

55.3; H, 5.30; N, 3 .9 1 % );’ H N M R  (C D C I3 ) 5 1 .5 -2 .2  (m. 2H,

C H 2CH). 2 .0  (s, 3H, C H 3). 2 .6  (t, 2H, C H 2-S ^Jh C C H  7  0  Hz), 5 .0-5.5  

(m, 1H, Cbl). 7 .1 -7 .3 (m , 20, aryl), 7 .6 -7 .6  (d, NH , 3 jp c N H  101  Hz); 
1 3c  (C D C I3), 15.0 (s, C H 3). 27.9 (d, C.H2CH 2 jp Q Q  3 .1 ), 28.9 ( d, 

C.H2-S -C H 3 3j p 0QQ 16.8), 51.1 (d, C.H iJ p Q  151.4), 145 .6  (complex 

m, a ro m a tic  4  x C6H 5), 182.7 (t, C .-S . 3 jp c N C  7.9 Hz); 3 ip  NMR  

(C D C I3) 8 18.9 (s); m/z (% ) 716 (M +, 1.34), 622  (M -PhO H ,0.61), 529  

(5 .70 ), 380  (M - {P h O )2 P {0 }C H N H (C H 2 )2 S C H 3 } , 11 .3), 379 (4 .35), 

332  (11.0 ), 318  (17.2), 148 (37.2), 94 .0  (100).

10.2 General method for the synthesis of N-(diphenyl- 

methyl)-a-amino alkanephosphonous acids

The aldehyde (1 mol) in water (250 cm^) was added dropwise 

to a  refluxing solution of diphenylmethylamine hydrochloride (0.1 

mol) in water (500 cm^) and aqueous hypophosphorous acid (1 mol).

167



Precipitation commenced when two thirds of the aldehyde had been 

added. The reaction mixture was refluxed for an additional 2 h and 

then cooled. The resultant white solid w as filtered off, w ashed  

with acetone and dried in a vacuum oven at 60  °C to give the £ i- 

(d ip h en yl)-a -m ethy lam in oalkanephosph onous acid (5*9) as a fine 

w hite solid.

10.3 Syn thesis of N -(d iphenylm ethyl)-a -am inoethsne- 

phosphonous acid

Acetaldehyde (4 .40  g, 0.1 mol), in w ater (25 cm^), was added 

d ro p w ise  to a refluxing solution of d ip h en y lm eth y lam in e  

hydrochloride (21.9 g, 0.1 mol) and 50%  aqueous hypophosphorous 

acid (13 .2  g, 0.1 mol) in water (50 cm^). The  resultant mixture 

was refluxed for 2 h and then cooled. W ork-up according to the 

g en era l procedure g ave  R - ( d ip h e n y lm e t h y l ) - a - a m in o e t h a n e -  

phosphonous acid (22 .8  g, 86% ) as a  fine white solid, m.p. 219-220  

° C (lit. m.p. 220-221 ” 0),^°« NMR (NaO D) 8 1.25 (3H, d of d, C tl3 

^Jh C C H  7 .8  Hz. 3 J p c C H  16.2 Hz). 2 .95-3 .54 (1H. m. CU). 5 .30 (1H. s. 

C tH . 7.50 (10H , br s. a ro m a tic i: 3 ip  NM R (NaO D) 8 31.5 (br s. iJ p H  

507 Hz).

10.4 Synthesis of N -(d lphenylm ethyl)>a-am inopropane* 

phosphonous acid

Propanal (5 .80  g. 0.1 mol), in w ater (25  cm^), w as added  

d ro p w ise  to a reflu xing  solution of d ip h e n y lm e th y la m in e  

hydrochloride (21.9 g, 0.1 mol) and 50%  aqueous hypophosphorous 

acid (13 .2  g, 0.1 mol) in water (50 cm^). The resultant mixture was 

refluxed for 2 h and then cooled. Work-up according to the general 

procedure gave ^ -(d ip h e n y lm e th y l)-a -a m in o p ro p a n e p h o s p h o n o u s
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acid ( 21 .5  g. 76.1% ) as a fine white solid, m.p. 199 -200  “C (lit. 

m.p. 2 02  ° C ).i08 iH  NM R (NaOD) 6 1.15 (3H, t, C H 3 . ^Jh CCH 6 Hz), 

1 .4 5 -2 .2 5  (2H, br m, Chl2). 2 .75  -3.30 ( IH ,  m, C E ), 5 .30 ( IH ,  s, 

C E P h 2). 7 .45 (10H, br s, a ro m a tic l: 3 ’ P NM R (N aO D ) 5 30 .5  (br s, 

i j p H  510 Hz).

10.5 Synthesis of N -(d iphenylm ethyl)>a-am inobutane*  

phosphonous acid

Butanal (7 .2  g, 0.1 m ol), in w ater (25  cm ^), w as added  

d ro p w is e  to a  reflu xing  solution of d ip h e n y lm e th y la m in e  

hydrochloride (21.9 g, 0.1 mol), and 50%  aqueous hypophosphorous 

acid (13 .2  g, 0.1 mol) in water (50 cm®). The resultant mixture was 

refluxed for a  further 2  h and then cooled. W ork-up according to the 

g e n e ra l procedure a ffo rd ed  E - ( d ip h e n y lm e t h y l ) - a - a m in o -  

butanephosphonous acid (18.5 g, 60.0% ) as a  fine white crystalline 

solid, m.p. 213-214 “C (lit. m.p. 215-216 °C ),’ °8 1h  n MR (NaO D ) 5

1.05 (3H . t, C ld a ^ J n c C H  5.5 H z), 1 .35-1.95 (2H , m, C U g ), 2 .45-2 .90  

(2H . m, CU2). 3 .30-3.90 ( IH . m, CU) 5 .30 ( IH . s. Cb lPh2) 7 .45 (10H. 
br s, arom atici: 3 ip  NM R (NaOD) 8 30.7 (br s. U p H  513 Hz).

10.6 Synthesis of N *(diphenyim ethyi)-a-am inopentane* 

phosphonous acid

Pentanal (8.6 g, 0.1 m ol), in w ater (25  cm®), was added  

d ro p w is e  to a reflu xing  solution o f d ip h e n y lm e th y la m in e  

hydrochloride (21.9 g, 0.1 mol), and 50%  aqueous hypophosphorous 

acid in w ater (50 cm®). The resultant mixture w as refluxed for an 

additional 2 h and then cooled. Work-up according to the general 

procedure gave E -(d ip h e n y lm e th y l)-a -a m in o p e n ta n e p h o s p h o n o u s

169



acid (15.1 g, 4 9 .0 % ) as a white crystalline solid, m .p. 203 C 

(lit.m.p. 209-210  °C).108 NMR (NaO D) S 1.11 (3H . t. C H 3 ^Jh C C H

5.6  H z), 1.39 (4H, br s, C U a). 1.45-2.1 (2H, m, C H C H 2 ). 3 .32-3 .71  

(1H , m, CtL) 5 .30 (1H, s, C a P h 2) 7 .45  (10H , br s, a ro m a tic i: 3 lp  

(N aO D ) 5 30.6 (br s, ’ JpH  514 Hz) ;

10.7 Synthesis of N -(d iphenylm ethyl)-a-am inohexane- 

phosphonous acid

H exanal (1 0 .0  g, 0.1 mol), in w ater (25  cm^), w as added  

d ro p w ise  to a  refluxing solution o f d ip h en yl m eth y lam in e  

hydrochloride (21 .9  g, 0.1 mol), and 50%  aqueous hypophosphorous 

acid (13 .2  g, 0.1 mol), in water (50 cm^). The reaction mixture was  

refluxed for a  further 2 h and then cooled. W ork-up according to the 

g en era l procedure gave N-(diphenylmethyl)-a-aminohexane- 

phosphonous acid (14.1 g, 44.1% ), as white crystalline solid, m.p. 

1 9 2 ’C, (Found: C, 67.6; H, 7.6; N, 4.1; C 19H 26N O 2P requires; C, 

68.7; H, 7.8; N, 4.2% ), ’ H NMR (NaO D) 5 1.10 (3H. t, C I I3 ^Jh c c H

5.7  H z), 1.39 (6H, br s, C H 2). 1-45-2.0 (2H , m, C H C H a ), 3 .3 0 -3 .7 0  

(1H , m, C H ) 5.30 (1H, s, C tlP h 2) 7.45 (10H , br s, a ro m atic i: 3 lp  NM R  

(N aO D ) 5 30.6 (br s, ^JpH 513 Hz).

10.8 General method for the synthesis of a*am inoalkane- 

phosphonous acids

The ^ -(d iph enylm eth y l)-a -am in o alkan ep h o sp h o n o u s  acid (10  

g) was heated with an excess of 48%  hydrobromic acid (5  times by 

w eigh t) a t 100  °C for 3-4  h until two distinct phases had  

separated. The mixture was evaporated to dryness under reduced 

pressure (15  mm Hg, 80 °C) and the residue taken up in water fca .
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40  cm ^). The aqueous solution was w ashed several tim es with 

ether to remove diphenylmethyl bromide and then evaporated to 

dryness to give an oily residue of a-am inoalkanephosphonous acid 

hydrobrom ide. Ethanol (ca^ 7 cm^/g) was added to dissolve the 

residue and the resultant solution w as treated with propylene  

oxide dropwise until maximum precipitation had occurred (ca . 30- 

40 cm^). The a-aminoalkanephosphonous acid (57) was filtered off, 

w ashed with ethanol (10 cm^), ether (10 cm^), and finally dried in 

a vacuum oven at 60 °C.

10.9 Synthesis of a-aminoethanephosphonous acid

A mixture of ^ -(d ip h e n y lm e th y l)-a -a m in o e th a n e p h o s p h o n o u s  

acid (10  g, 0 .037 mol), and 48%  aqueous hydrobromic acid (50 g), 

w as heated at 100 °C until two distinct phases appeared (3 h). 

W o rk -u p  accord ing  to the g e n e ra l p ro c ed u re  g a v e  a -  

aminoethanephosphonous acid (3.2 g, 78.2% ) as a  white solid, m.p. 

222  'C  (lit. m.p. 2 2 3 -2 2 4 *0  dec),’ °9 Found: C , 20.6; H, 7.9; N, 

12.1. Calc. fo rC 2H g N 02P: C, 21.4; H, 8.0; N, 12.5% ; NMR  

(D 2O ) 5 1.25 (3H, d of d, CH3 ^Jh CCH 7 4 Hz), 2 .80-3 .54 (1H, m, CM); 

’ 3C N M R  (D2O) 8 14.1 (s, C.H3), 49.1 (d, £.H, ’ J p Q  9 3 .5  Hz); 

N M R  (D 2O) 21.4 ( br s, ^JpH 531 Hz); FAB ms: m/z (% ) 293 (11), 

219  (2M+H, 23), 167 (78), 153 (2M +H-H3P O 2. 33), 110 (M +H , 63), 93  

(G +H , 37), 60 (98), 44 (M +H- H3P O 2. 100).

11.0 Synthesis of a-aminopropanephosphonous acid

A mixture of N .-(d iphenylm ethyl)-a -am inopropanephosphonous  

acid (10  g, 0 .036  mol) and hydrobromic acid (50 g) was heated at 

100 °C  until two phases became distinct (3 h). W ork-up according 

to the general proceriure gave a -am inop rop anepho sph onous acid
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(2 .79  g. 63.0% ) as a  crystalline white solid, m.p. 2 25  °C (lit. m.p. 

2 26 -22 7  “C d e c )i°9  (Found: C. 28.9; H. 7.1; N . 11.0. Calc, for 

C 3H 10NO2P: C. 29.2; H. 7.3; N. 11.3%); NM R (D2O) 5 1.15 (3H. 

t. C H 3 , ^Jh C C H  6 Hz). 1.45-2.25 (2H. br m. C tl2). 2 .75 -3 .30  (1H. m. 

CU); ^3C N M R  (D 2 0 )8 1 2 .6 (d .  £ K 3 .3 jp c c C  ® 22.^ (s. i lH 2).
54.3 (d. £1H. ’ J p c  92.8 Hz); 3 ip  NM R (D2O) 5 20.5 (br s. ^JpH 528 Hz 

); FAB ms: m/z (% ) 247 (2M+H. 32.4). 182 (2M +H -H 2P O 2. 7 .9 ). 181 

(2M + H - H 3P O 2 . 16 .1 ). 168 (18 .4 ). 167 (2M + H -H P O 3 . 98 .5 ). 133 

(27 .5 ). 124 (M +H. 76.4). 106 (16.8). 101(10.1). 100 (13 .7 ). 89 (100). 

87 (53.3 ).

11.1 Synthesis of a*aminobutanephosphonous acid

A mixture of M .-(d ip h en ylm eth y l)-a -am in o b u tan ep h o sp h o n o u s  

acid (10  g. 0 .035  mol) and hydrobromic acid (50 g) was heated at 

100 *C until two phases becam e distinct (3 h). W ork-up according 

to the general procedure gave a -a m in o b u tan e p h o sp h o n o u s  acid  

(2.81 g. 60 .1% ) as a  white crystalline solid, m .p. 2 35 -23 6  'C  (lit. 

m.p. 236 -237  *C ).^ 09 (Found: C. 33.9; H. 8.1; N. 9.8; Calc, for 

C4H 12N O 2P: C. 34.8; H. 8.6; N. 10.1%); ^H NM R (D 2O) 8 1.05 (3H. 

t. C E 3 . 3J H C C H  5 .5  Hz). 1.35-1.95 (2H. m. CM2 ). 2 .45 -2 .90  (2H. m. 

C H 2). 3 .30-3 .90  (1H. m. C tl); NM R (D2O) 8 15.7 (s. C.H3). 21.4  

(d. C.H2. ^Jp C C C  9 5  Hz). 31.0 (s. i l H 2). 53.3 (d. QH, ’ J p c  93.0 Hz); 
31P N M R  (D 2O ) 5 20.6  (br s. iJ p H  529 Hz); FAB ms: m /z (% ) 275 

(2M +H. 26.3). 209 (2M +H-H3P O 2. 24 .5). 192 (13 .6 ). 138 (M +H. 100). 

136 (29.2 ). 98  (15 .8 ). 86 (41.6). 84 (24 .8 ).

11.2 Synthesis of a-aminopentanephosphonous acid
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A m ixture of ^ - ( d i p h e n y l m e t h y l ) - a - a m i n o p e n t a n e -  

phosphonous acid (10.0  g, 0 .032  mol) and hydrobromic acid (50 g) 

was heated at 100 ‘C until two phases becam e distinct (4 h). Work­

up according to the general procedure gave  a - a m i n o p e n t a n e -  

phosphonous acid (2.89 g, 59.2% ) as a  white solid, m.p. 230-231 *C 

(lit. m.p. 2 3 0 -2 3 2 ‘ C ).i°®  (Found; C. 38.9; H. 9 .2; N. 9.0; Calc, 

for C 5H 14N O 2P: C, 39.4; H. 9.2; N.9.2% ); N M R  (D 2O) 5 0 .98  

(3H . t. C H s ^ J h c C H  5.9 H z). 1 .39-1 .99  ( 4H . br s. 0^ 2 ). 1 9 5 -  

2.51 (2H, m, C H 2CH), 3 .15-3.65 (1H, m. CH): N M R  (D2O) 5 15.7

(s. i iH 3). 24.4 (s. £IH2C H 3). 30.0 (d. £ H 2C H 2C H  ^ J p c c c  9 0 Hz). 36.2  

(s. £ H 2CH). 54.0 (d. £ H , U p c  93.0); NM R (D2O) 8 20.9 (br s. ^JpH  

532); FAB ms: m/z (%) 303 (2M +H. 1 .44). 238  (2M + H -H 2P O 2. 22.5). 

156 (65.1). 152 (M+H. 14.3). 87 (M +H -H2P O 2. 13.5). 86 (M +H-H3PO 2 . 

100), 84 (8 .3).

11.3 Synthesis of a-aminohexanephophonous acid

A m ixture of M _ - ( d i p n e n y l m e t h y l ) - a - a m i n o h e x a n e -  

phosphonous acid (10 g, 0.031 mol) and hydrobromic acid (50 g) 

w ere heated at 100 *C until two phases becam e distinct (4 h). 

W o rk-u p  accord ing  to the g e n e ra l p ro c ed u re  g a ve  a- 

aminohexanephosphonous acid (2 .83  g, 55.1% ) as a  feathery white 

solid, m.p. 205 - 206  *C (Found: C. 42 .9 ; H . 9.1; N. 7.9. 

C 6H 16N O 2P requires: C. 43.3; H. 9.6; N. 8.4;% ); lH  NM R (D2O) 5 

0.90  (3H. t, CH33JH C C H  5.0 Hz). 1 .34-1 .95  (6H. br s. CtL2). 2 .10- 
2.59 (2H. m. C t l2CH). 3 .25-3.80 (1H. m. CH): I^ C  N M R  (D2O) 816 .1  

(s. Q H 3). 24.4 (s. £ H 2C H 3). 27.5 (d. £ IH 2 C H 2 .‘» J p c C C C  8-5 Hz), 29.1 

(s. G H 2C H 2CH), 33.4 (s. Q H2CH). 53.6 (d, £ H C H 2, I j p c  92.1 Hz); 3’ P 

NM R (D2O) 8 20.7 (br s. ’ JpH  532 Hz); FAB ms: m /z (% ) 331 (2M+H,
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15.2), 266  (2M +H -H 2P O 2 . 62 .2). 185 (11.9), 184 (91 .5 ), 167 (11.1), 

166 ( M +H. 25 .0), 101 (26.1), 100 (M+H-H3P O 2. 100).

11.4 Synthesis of methyl(a-amlnopropane)phosphlnic acid

Freshly distilled propanal (2 .17  g, 0 .0 3 8  m ol), w as added  

dropwise at room temperature during 0 .5  h to a  stirred mixture of 

benzyl carbam ate  (3 .80  g, 0 .0 2 5  mol), m ethyidichlorophosphine  

(2 .90  g, 0 .0 2 5  mol) and glacial acetic acid (5  cm ^). The mixture 

was heated under reflux for 1 h, treated with 4  M hydrochloric 

acid (20  cm^) and further refluxed for 0 .5  h. T h e  cooled brown 

solution w as extracted with toluene (2 x 10 cm ^), ether (2 x 10 

cm ^) and then the aqueous solution was boiled with charcoal ( 1.0 

g), filtered and evaporated to dryness under reduced pressure (15 

mm Hg, 80  *C ). The resultant brown residue w as dissolved in 

m ethanol (10  cm^) and treated with propylene oxide (150  cm^) to 

give a  pale yellow oil. The supernatant layer w as decanted and the 

oil was w ashed with dichloromethane (10 cm^), ethyl acetate (10 

c m ^ ) and finally  allow ed to crystallise from  e than ol/w ater. 

Crystallisation w as induced after several m onths a t 4 °C . The  

product w as filtered off. w ashed with acetone ( 3 x 3  cm^) and 

dried in a  vacuum oven to give methyl(a-aminopropane)phosphinic 

acid {6 Zi (1.1 g, 31.0% ) as a  fine white crystalline solid, m.p. 

265-266  °C, (Found: C. 33.9; H. 7.8; N. 9.6; C4H 12N O 2P requires: 

C. 34.8; H. 8.69; N. 10.1%); NMR (M eO D ) 5 0 .95-1 .5  (d. 3H. 

3jp C iJ 3   ̂ ^ t l3C H 2, 3Jh c C H  6 H z). 1.6-2.0 (m. 2H,

C H 2). 2 .7 -3 .4  (m. 1H. CH): NM R (MeOD) 8 13.1 (d. i l H 3. ^ J p cC C

13 Hz): 15.5 (d. PC.H3 i j p c  95 Hz); 24.1 (s. C.H2). 55 .5  (d. i lH .  ^Jp c

94.3 Hz); 3 lp  NM R (MeOD) 8 35.0 (s); FAB ms: m /z (% ) 313 (26). 274 

(2M +H , 23). 176 (35), 138 (M +H ). 131 (39). 128  (39). 58 (M +H-
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PO2H2CH3. 100).

11.5 Synthesis of pheny l(a -am inopropane)phosphonous  

acid

Freshly distilled propanal (2 .17  g, 0 .0 3 8  mol), was added  

dropwise at room temperature during 0 .5  h to a  stirred mixture of 

benzyl carbam ate (3 .8  g, 0 .0 25  mol), diphenyl phenylphosphonite 

(7 .35  g, 0 .0 25  mol) and glacial acetic acid (5  cm®). The mixture 

was heated under reflux for 1 h, treated with 4  M hydrochloric acid 

(20 cm®) and further refluxed for 0 .5  h. The cooled brown solution 

was extracted with toluene (2 x 10 cm®), and the aqueous solution 

boiled with charcoal (1.0 g), filtered and evaporated to dryness 

under reduced pressure (15 mm Hg, 80 *C ). The resultant yellow  

residue w as dissolved in m ethanol (10 cm®) and treated with 

propylene oxide (50 cm®) to give a  white solid. T h e  precipitated 

product w as filtered off, w ashed with acetone and dried in a  

vacuum oven at 60 *C to give p h en y l(a -am in o p ro p an e )p h o s p h in ic  

acid (67) (2 .2  g, 43.5% ) as a fine white crystalline solid, m.p. 255  

*C (lit. m.p. 255-256 *C),^° (Found C, 53.1; H, 6.2; N, 6.2. Calc, 

for C9H 14N O 2P; C, 54.0; H, 7.0; N, 7.0%); 1H NM R (MeoD) 8 1.35  

(t, 3H , C H 3 ^Jh C C H  6 Hz), 1.80-2.50 (m, 2H, C H 2). 3.88-4.31 (m, 1H, 

C tl), 7 .75-8 .38  (br m, 5H, arom atici: NM R (M eoD) 8 13.2 (d, C.H3,

3 jp C C C  9 Hz), 24.0 (s, i l H 2). 56.1 (d, U p c  96  Hz), 135.0 (s, ortho C 

a ro m a tic l. 136.0 (s, meta C a ro m a tic l.137.0 (s, para C a ro m a tic );  

3 ip  NM R (M eoD) 8 24.1 (s); FAB ms: FAB ms: m/z (%) 399 (2M+H, 18), 

200 (M +H , 49.1), 183 (M +H -N H 3, 28.2), 140 (23), 143 (18), 58 (M +H- 

P02H2Ph, 100).
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11.6 Synthesis of N -benzyloxycarbonyl-a-am inopropane- 

phosphonous acid

Sodium hydroxide (4 M) was added to a - a m i n o p r o p a n e -  

phosphonous acid (3.1 g, 0 .025  mol), in water (15  cm^) until the pH 

was adjusted to 9.5. The solution was cooled to 0 °C, whilst benzyl 

chloroform ate (4.1 g, 0 .0 27  mol), in ether (7  cm^), was added  

dropwise over 1h. Stirring was continued for 12 h and the pH of 9.5 

was maintained by intermittent addition of (4 M ) sodium hydroxide. 

The mixture was extracted with ether (2 x 15 cm^) and the aqueous 

solution was slowly added to a mixture of w ater, concentrated  

hydrochloric acid and ice ( 18 cm^, 18 cm^, and 50 g respectively). 

The solid product w as filtered  off, d ried  and a llo w ed  to 

recrys ta llise  from ethyl ace ta te /lig h t p e tro leu m  to g ive  H -  

b en zy lo xycarb o n y l-a -am in o p ro p an ep h o sp h o n o u s  acid (64) (5.1 g, 

78.5% ) as a fine white solid, m .p.110 *C,(lit. m.p. I l l  *C)^®®'H NMR  

(MeoD) 6 1.15 (t. 3H. C H 3 ^Jh CCH 6 Hz), 1 .45-2 .25 (m. 2H. C H 2C H 3), 

2 .75-3 .30  (m. 1H. CM) 5 .15 (s. CM 2). 7 .55  (s. aromatic); ’ ®C NMR  

(MeoD) 5 13.1 (d. G H 3. ® Jp ccC  ® ® ^^z). 23.9 (s. £ IH 2CH). 49.1 (d. £ H , 

U p C  130 Hz). 67.7 (s. C .H2Ph). 128.8 (s. ortho C. arom atic). 129.0  

(s, meta C. aromatic), 129.5 (s, para C. arom atic), 138.3  (s, £ L -0 ) ;

NM R (M eoD) 6 20.9 (s); FAB ms: m/z (% ) 516  (2M +1, 1.0), 258, 

280 (30.6 ), (M +1, 14.4), 148 (M+H - E tC H 2 P (0 )0 . 7.2). 115 (5 .8 ), 91 

( 100).

11.7 Synthesis of monomethyl (N-benzyloxycarbonyl)-u- 

aminopropane phosphinate

A mixture of N - b e n z y l o x y c a r b o n y l - a - a m i n o p r o p a n e -  

phosphonous acid (1 .50  g, 0 .006 mol), anhydrous methanol (0 .36  g.
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0.01 mol), trichloroacetonitrile (0 .80  g. 0 .0 06  mol) and anhydrous 

pyridine (10  cm^) was refluxed for 4  h, whilst protected from  

moisture. The reaction mixture was evaporated  under reduced  

pressure (13 mm Hg, 40 *C) and the yellow oily residue was treated 

with cold saturated sodium bicarbonate solution (20  cm^). The  

resultant trich loroacetam ide w as separated  by extraction with  

ethyl acetate ( 3 x 8  cm^) and the aqueous layer was acidified to pH 

1 with 6 M hydrochloric acid. The  product separated  as a  pale 

yellow oil, which was extracted with ethyl acetate  and allowed to 

crystallise from petroleum ether/ethyl ace tate  to give methyl N- 

benzy loxycarbo ny l-(a-am inopropane)p hosph inate  (65) as a  white 

crystalline solid m.p. 102 *C (lit. m.p. 104 *C )^°® NM R (M eoD) 5 

0.95  (t. C tl3 . ^Jh C C H  6 Hz). 1 .45-2.20 (m. C H 2C H 3). 3 .30-3 .95  (m.

I H, CH). 3.74 (d. PO CH3. ® JpoC H  Hz). 5.20 (s. C tl2Ph) 7.35 (br s. 

5H. arom aticl! 13c NMR (MeoD) 8 11.1 (d. i lH s .  ® Jp cC C  7 Hz). 23.9  

(s. i l H 2C H 3). 48 .5  (d. £ H . I j p c  130.5 Hz). 54.2 (d. P O iIH 3. ^JpQ C  5 

Hz). 67.7  (s. C H 2Ph). 128.8 (s. ortho C. arom atic). 129 (s. m eta £ . 

aromatic). 129 .5  (s. para £ . aromatic). 138 .3  (s. C .-0 ) ;  3 ip  n m R 

(MeoD) 8 24.7 (s).

I I .  8 Syn thesis of N-(2,2,2-trichloroethoxycarbonyl)-a- 

aminopropanephosphonous acid

A solution of a -am inopropanephosphonous acid (3 .1 0  g. 

0.025  mol), dissolved in aqueous sodium hydroxide (1 g. in 12.5 cm^ 

of water) w as cooled to 0 “C and stirred . 2 .2 .2-Trichloroethyl 

chloroformate (5 .29  g. 0 .025  mol) in ether (5 .0  cm^) was then 

added dropwise. with simultaneous addition of aqueous sodium  

hydroxide (1 g. in 6.1 cm^ of water). The  mixture was stirred for 

4 h during which a white precipitate formed .The solid product was
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filtered off, washed with water ( 3 x 5  cm^), ether (2 x 10 cm^) and 

recrystallised from ethanol/w ater. After drying in a  vacuum  oven 

at 60 “C N-(2,2,2-trichloroethoxycarbonyl)-a-aminopropane- 

phosphonous acid (4 .99  g, 66 .7% ) was obtained as white needles, 

m.p. 121-121.5  *C (Found: C, 23.9; H, 3.5; N, 4 .6; C6C I3H 11N O 4P 

requires: C , 24.0; H, 3.7; N, 4.6% ); NM R (M eO D ) 5 1.10 (3H, 

C H s ^Jm C C H  6.3 Hz), 1 .40-2.25 (br m, C H 2). 2 .70-3 .30  (1H, m, C H ). 

5.20  (s, C U aC C Ia); 13c (M eO D) 8 11.1 (d, Q.H3 , 3 jp c c C  8 0 21-1

(d, G H 2, 2 jp c c  2 Hz); 48.3 (d, £1H, 1 J p c  129.6 Hz); 75.7 (s, £ H 2C C l3);

97.1 (s, CC I3); 156.9 (d, £ - 0 ,  3 jp c N C  3 (M eO D) 8 23 .4

(s).

11.9 General method for the oxidation of a-am inoalkane>  

phosphonous acids to a*aminoalkanephosphonlc acids

A solution of a-aminoalkanephosphonous acid (0 .015  mol) and 

saturated brom ine w ater (15  cm^) was heated to 100 *C for 3 h. 

The mixture was evaporated to dryness under reduced pressure (15 

mm Hg, 70  *C), and the oily residue was treated with water several 

times and re-evaporated until a  white solid was obtained. The solid 

w as then dissolved in ethanol (8 cm^) and propylene oxide was 

added until precipitation was com plete. The product was filtered  

off, washed with ethanol and dried in a vacuum oven at 60  *C to 

yield the a-am inoalkanephosphonic acid as crystalline white solid.

12.0 Synthesis of a*amlnoethanephosphonic acid

A solution of a-am inoethanephosphonous acid (1 .65  g, 0 .015  

mol) and saturated bromine w ater (15 cm^) was heated to 100 'C  

for 3 h. W ork-up of the resultant orange solution according to the
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general procedure gave a-am inoethanephosphonic acid (1 .68  g, 89% ) 

as a  fine  white crystalline solid, m.p. 2 7 1 -2 7 2  *C  (lit. m.p. 2 72 -  

274 *C );33  NM R (D2O) 81.27 (3H . d of d. C H 3 ^Jh C C H  ^ 8 Hz. 

3 jp C C H  ■ '6 2 Hz). 2 .90-3.65 (1H. m. CH).

12.1 Synthesis of a-aminopropanephosphonic acid

A solution of a -am inopropanephosphonous acid (1 .86  g, 

0 .0 1 5  mol) and saturated bromine w ater (1 5  cm^) was heated to 

100 *C for 3 h. Work-up of the resultant orange solution according 

to the general procedure yielded a -am ino p ro p an ep h o sp h o n ic  acid  

(1 .80  g, 86.7% ) as a white crystalline solid, m .p. 259 -260  *C (lit. 

264 -266  *C):33 ’ H NMR (D 2O) 8 1 .20 (3H. t. C H 3 ^Jh C C H  7.5 Hz).
l .  33 -2 .2 5  (2H. br m. C h ^ ). 2 .7 -3 .3  (1H. m. Ca.); (D2O) 12.8 (d.

£ « 3. 3 jp c c c  S "' Hz). 23.1 (s. £ H 2). 53.1 (d. QH, 'J p c  153.4 Hz); 3 'P  

NM R (D 2O) 8 14.6 (br s) .

12.2 Synthesis of a-aminobutanephosphonic acid

A solution of a -am inob utanepho sph onous acid (2 .07  g, 

0 .015  mol) and saturated bromine water (1 5  cm^) was heated to 

100 *C for 3 h. Work-up of the resultant orange solution according 

to the general procedure afforded a -am in o b u tan ep h o sp h o n ic  acid  

(1 .88  g, 82.3% ) as a white crystalline solid, m .p. 261 -262  *C (lit.

m. p. 262 -264  * 0 .3 3  'H  NM R (D2O) 8 0 .90 (t. Chla. ^ Jp icC H  5 2 Hz). 

1 .12-2.20 (m. 4H . C H 2). 3 .45-3 .90  (m. 1H. C H ); (D2O) 12.9 (s. 

£ H 3). 23 .3  (s. £ H 2). 25.9 (d. QHz- ^JpCCC Hz). 50.7 (d. £ H , ’ J p c

151.8 Hz); 31P NM R (D2O) 8 19.9 (br s).
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12.3 Synthesis of a-aminopentanephosphonic acid

A solution of a-aminopentanephosphonous acid (2 .28  g, 0 .015  

mol) and saturated bromine w ater (15 cm^) w as heated to 100 °C 

for 3 h. W ork-up according to the general procedure gave a -  

aminopentanephosphonic acid (2 .06  g, 82.3% ) as a  white crystalline 

solid, m .p. 261-262  *C (lit. m.p. 260-263  (020 / 02804)8

12.8 (s, Q.H2 ). 22.8 (S. CH3C.H2). 26.1 (d. C H C H 2i l H 2 . ^ Jp C C C  1^.9 

Hz). 26 .7  (s. i lH 2). 49.9 (d. £ H . ^Jp c  152.1 Hz); NM R (O2O) 515.9  

(br s).

12.4 Synthesis of a-aminohexanephosphonic acid

A solution of a -am inohexanephosphonous acid (3 .32  g. 0 .02  

mol) and saturated bromine water (30 cm^) w as heated to 100 *C 

for 4  h. W ork-up according to the general procedure yielded a -  

aminohexanephosphonic acid (2 .67  g. 74.0% ) as a  fine white solid, 

m.p. 260 -261  *C (lit. m.p. 261 -262  °C)54 (Found: C. 38.9; H. 8.5;

N. 7 .4 . Calc, for C e H ie N 0 3 ° : C. 39.7; H. 8.8; N. 7.7%); 

(O2O/O2S O 4) 6 16.3 (s. £1H 3). 24.8 (s). 25.7 (d. C H C H 2i I H 2 . ^ J p c C C

14.9 H z). 30.5. 31.0. (singlets). 50.1 (d. i lH  ^Jp c  152.3 Hz); 31P NM R  

(D 2O/D2S O 4) 818.1 (br s).

12.5 Oxidation of a-aminopropanephosphonous acid to a- 

aminopropanephosphonic acid with hydrogen peroxide

A solution of a-am inopropanephosphonous acid (1 .01 g.

O. 0 08  mol) and 30%  hydrogen peroxide (1 .02  g. 0 .0 09  mol) was 

heated under reflux for 6 h. and cooled. The  c lear solution was 

evaporated to dryness under reduced pressure (15  mm Hg. 70 *C) to 

yield a  c lear mobile oil. Crystallisation from w ater/ethanol gave a  

white solid which was filtered off. washed with ethanol and dried
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in a  vacuum oven at 50 °C to give a-am inopropanephosphonic  acid 

(0 .72  g, 64 .3% ) as a  white crystalline solid, m.p. 260-261 *C (lit. 

m.p. 264 -266  *C)33 NM R (D 2O /D 2S O 4) 8 1.11 (3H, t. CH3 ^Jh c CH  

7.4 Hz). 1 .25-1.65 (2H. br m. C H 2). 3.54 (1H. m, CH ).

1 2 .6  A t te m p te d  s y n th e s is  o f a - g  u a n  id  i n o p r o p a n e -  

p h o sp h o n o u s  acid

a-Am inopropanephosphonous acid (3 .3 5  g, 0 .027m o l), 

methylisothiouronium chloride (6 .84  g, 0 .0 54  mol), and potassium  

hydroxide (4 .55  g, 0.081 mol) were dissolved in water (14 cm^) and 

heated at 60  *C (4 h) w hilst the evolving m ethanethiol was  

collected in potassium perm anganate traps. The reaction mixture 

was then acidified to pH 2 with concentrated hydrochloric acid and 

the vo la tile  com ponents d istilled off on a  rotary evaporator. 

M ethanol (100  cm^) was added to the residue and the resultant 

potassium  chloride ( 6.1 g, 75 .6%  after drying) was filtered off. 

P ro pylen e oxide fc a . 50 cm ^) was added to the filtrate until 

m axim um  precipitation had occurred. T h e  solid product was  

filtered off, washed with ethanol (15  cm^), and dried in a vacuum  

oven to yield the unreacted a-am inopropanephosphonous acid (2.8 g, 

83.5% ) as a  white crystalline solid, m.p. 225  *C; (Found: C, 29.7; H, 

7 .7; N, 11.4 Calc, for C3H 10NO2P: C. 29.2; H. 7.3; N. 11 .3%); 

13c NM R (D2O) 8 12.6 (d. i iH 3, 3 jp Q c c  8-6 Hz). 22 .7  (s. Q.H2 ). 54.3 (d. 
i lH . i j p c  92.8 Hz).

1 2 .7  P re p a ra tio n  o f m e th y lp h o s p h o n o u s  d ic h lo rid e

Aluminium  trichloride (66.6 g, 0 .5 0  m ol) and phosphorus 

trichloride (45 .4  g, 0 .33  mol) were heated and stirred in a three-
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necked round-bottom  flask, m ounted w ith an em pty C ard ice  

condenser (fitted with a calcium chloride drying tube). W hen the 

tem pera ture  of the mixture reached 70 °C the condenser was  

charged with Cardice/acetone. Chlorom ethane (dried over calcium  

chloride) was then passed in to the mixture at the point of stirring. 

The chlorom ethane flow rate was controlled in order to maintain  

the m ixture temperature at 70 °C. When all the solid had dissolved 

fc a . 1 h) the rate of chloromethane absorption increased; therefore 

the rate of flow was stepped up. When crystals began to separate  

on the walls of the flask fc a .  2 h) the rate  of chlorom ethane  

addition was reduced to a  very slow stream. Heating was continued 

for a  further hour during which a sem i-solid mush was formed; 

chlorom ethane addition was then stopped. The mixture was further 

h eated  and stirred for an additional hour, a fterw hich the  

condenser was removed and heating stopped.

The solid formed was cooled to 0 “C and di-n-butyl phthalate, 

(250  cm3) precooled to 4  *’C, was added with vigorous stirring. This 

m ixture w as allowed to reach room tem perature  with continuous 

stirring. W hen most of the solid had dissolved, the mixture was 

heated and degassed at 75 °C/2 mm Hg. It was then rapidly cooled 

(30 °C) and powdered antimony (27.0  g) added. The dense mixture 

was stirred vigorously at 55 °C (1 h). Methylphosphonous dichloride 

(30.1 g, 78.0% ) was flashed from the mixture as  a  colourless liquid 

at 75  °C /2  mm Hg, and was collected in an acetone/Cardice trap.

D istillation under nitrogen (dried o ver calcium  chloride) 

y ie ld ed  m ethylphosphonous dichloride (2 0 .2  g, 5 6 .4 % ) as a 

colourless pungent liquid, b.p. 82-83 °C /60 mm Hg, (lit. b.p. 84- 

85 °C /60  mm H g ),^ l° ^H NM R (CD CI3) 5 2 .18  (d, 3H, P C H 3 ^ J p C H
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18.0 Hz).

It was noted, during the course of several experiments, that 

contro lled and continuous stirring w as essen tia l in order to 

facilitate successful and repeatab le  synthesis.

12.8 Preparation of tris(2,2,2-trichloroethyl) phosphite

Phosphorus trichloride (1 2 .5  g, 0 .0 1 9  mol) in sodium dried 

ether (25  cm ^), was added dropwise to a  stirred solution of 2 ,2 ,2 - 

trichloroethanol (41 .0  g, 0 .019  mol), pyridine (2 1 .6  g, 0 .019  mol) 

and sodium dried ether (200 cm^); the reaction being carried out at 

0 °C . Precipitation com m enced on addition of the phosphorus  

trichloride. The mixture was heated under reflux for 24  h, cooled 

and the resultant w hite solid filtered under nitrogen to yield  

pyridinium  hydrochloride (7 .81  g, 7 3 .1 %  a fte r  drying). A fter  

rem oval of solvent by evaporation under reduced pressure, the  

crude phosphite was fractionally distilled with a  20 cm glass-ring 

colum n u n d er red u ced  p re s s u re . T r is (2 ,2 ,2 - tr ic h lo ro e th y l)  

phosphite distilled as a  clear colourless liquid (2 0 .4  g, 47.3% ) b.p. 

1 5 6 -1 5 8  °C at 1.5 mm Hg, " D 22 1.5176, (lit. b.p. 122 °C at 0 .05 mm 

H g ) ; l l l  ( l i t " D 22 1 5 1 7 8 ),’ ’  ̂ NM R (C D C I3) 5 4 .57  (d, 2H, C t l2 

3 jp o c H  7  HZ); 13C NMR (CDCI3) 8 74.5 ( d. £1H2. ^JpQC 9  0 HZ), 96.1 

(d. £ C l3 3 jp o c c  5.5 HZ); 3 ’ P NM R (CDCI3) 8137.4 (s).
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TABLE 1 F r a c t io n a l  atom ic c o o rd in a te s  and

2
therm a l param eters (A® ) fo r  C la b e lle d  1-am inopropanephosphonic a c id

Atom X y z
U. U 

i s o  o r  e

P 0. lH66(lt) 0 .3 2 9 0 (6 ) 0 . 0 2 2 ( 5 ) 0 .0 2 7 (2 )

0 (1 ) 0 .0 1 2 « (8 ) 0 .36 10 (11 ) 0.3232 0  0) 0 . 0 2 8 ( 6 )

0 (2 ) 0 .1 6 8 8 (9 ) 0.2021 (15) 0 .5 5 0 1 0 0 ) 0 .0 3 7 (6 )

0 (3 ) 0 .2 2 7 0 (8 ) 0.2218 0 5 ) 0 .3 2 1 8 0 0 ) 0 .0 3 7 (6 )

C (1 ) 0 .22 03 (11 ) 0 .5953 (22 ) 0 .H 5 56 O 6 ) 0 .0 3 5 (1 )

C (2 ) 0 .3 3 8 9 (1 7 ) 0 .5978 (27 ) 0 .5796 (22 ) 0 .0 6 1 (6 )

C (3 ) 0.11170(17) 0 .80 86 (31 ) 0 .5996 (21 ) 0 .0 7 1 (6 )

N 0 .1 2 0 7 (9 ) 0.7582 0  7) 0 .U 680 O 2 ) 0 .0 2 6 (3 )



TABLE 2 F r a c t io n a l  a to n ic  c o o rd in a te s  fo r  the

hydrogen atoms fo r  C la b e lle d  1 -ao lnopropanephosphon ic  a c id

Atom X y z

Ho(3) 0 . 2 3 8 7 0.2796 0.2251

H ( l ) 0.2D0U 0.6669 0 . 3 5 1 0

H (2a) 0 . 3 9 1 2 0.H677 0.566«

H (?b ) 0 . 3 1 8 6 0.6975 0.6669

H (3a) 0.3«26 0 . 9 0 3 2 0.553«

H(3b) 0.K838 0.8120 0.5«03

H ( 3 0 0.A59'» 0.8561 0 . 7 1 3 0

H n(1) 0 . 1 7 7 3 0 . 8 9 9 6 0.51«3

Hn(2) 0.0751 0 . 7 8 5 0 0.3789

H n(3) 0 . 1 0 1 9 0.7*163 0.5««1







1IJ
TABLE 5 Bond a n g le s  (®) fo r  C la b e lle d  l^ao inopropanephosphon ic  a c id

0 (2 ) -P -0 ( 1 ) 116.6(6 ) 0 (3 ) -P -0 ( 1 ) 112.11(5)

0 (3 ) -P -0 ( 2 ) 107.3(6 ) C (1 ) -P -0 (1 ) i o e . i ( 6 )

C (1) -P -0 ( 2 ) 109. i*(6 ) C (1 ) -P -0 ( 3 ) 102.1(7 )

C (2) -C (1 ) -P 115(1) N -C (1 ) -P 109(1)

N -C (1 ) -C (2 ) 115(1) C (3 ) -C (2 ) -C (1 ) 116(1)



TABLE 6  In t e r « o le o u U r  d is t a n c e s  ( A * )  f o r  la b e l le d  1 -a a in o p ro p a n e p h o a p h o n lc  a d d

a t o n l a ton 2 d l s i s a b c

H n (1 ) . . . P 2.ti2 1 0 .0 1.0 0 .0

N . . . P 3.51 -1 o .u 1.0 1.0

H n (3 ) . . . P 2.9*1 -1 0 .0 1.0 1.0

H n (2 ) . . . P 3.12 2 0 .0 0 .0 0 .0

0 ( 2 ) . . . P 3.53 -2 0 .0 1.C 1.0

H o (3 ) . . . P 2 .92 -2 0 .0 1.0 0 ,0

N . . . 0 ( 1 ) 2 .90 .1 0 .0 1.0 1.0

H n (3 ) . . . 0 ( 1 ) 2. in -1 0 .0 1.0 1.0

N . . . 0 ( 1 ) 2 .60 2 0 .0 0 .0 0 .0

H n (2 ) . . . 0 ( 1 ) 1.93 2 0 .0 0 .0 0 .0

N . . . 0 ( 2 ) 2 .87 1 0 .0 1.0 0 .0

H (3 a ) . . . 0 ( 2 ) 2 .66 0 .0 1 .0 0 .0

H n (1 ) . . . 0 ( 2 ) 1.91 1 0 .0 1.0 0 .0

H n (3 ) . . . 0 ( 2 ) 2 .92 1 0 .0 1.0 0 .0

N . . . 0 ( 2 ) 3.16 -1 0 .0 1.0 1.0

H n (2 ) . . . 0 ( 2 ) 2.97 -1 0 .0 1.0 1.0

H n (3 ) . . . 0 ( 2 ) 2 .88 -1 0 .0 1.0 1,0

0 ( 3 ) . . . 0 ( 2 ) 2.51 -2 0 .0 1.0 0 .0

H o (3 ) . . . 0 ( 2 ) 1.62 -2 0 .0 1.0 0 .0

H (3 a ) . . . 0 ( 3 ) 2 .96 1 0 .0 1.0 0 ,0

H n (1 ) . . . 0 ( 3 ) 2 .88 1 0 .0 1.0 0 .0

H(2t>) . . . 0 ( 3 ) 2.8H -2 0 .0 1.0 1.0

H (3 c ) . . . C ( 2 ) 2.91 2 1.0 0 .0 1.0

H (3 b ) . . . C ( 3 ) 3.06 -1 1.0 2 .0 1.0

:i>yauietry T r a n s f o r a a t io n s : The second a to n  i s  r e la t e d  to 
the f i r s t  a ton , a t  ( x , y , s ) ,  by the 
sysMsetry o p e ra t io n  S  w ith  ( a , b , c )  
added to  the  ( x ' , y * , t * )  o f  S.

Where S  s

’t. V. 2



TABLE 7 In t r A B o le o u U r  d is ta n c e s  (A * )  f o r  la b e lle d  U ae in o p ro p an e p h o sp h o n lo  s o ld

C (2 ) . . . P 2 .8 0 N . . .P 2.7«

H o(3) . . . P 2 .3 2 H O ) . . .P 2.«8

H (2a) . . . P 2.b0 H(2b) . . . P 3.09

Hn(2) . . . P 2 .9 3 Hn(3) . . . P 2.98

0 (2 ) . . . O O ) 2 .5 3 0 (3 ) . . . 0 ( 1 ) 2 .52

C O ) . . . 0 ( 1 ) 2 .69 N . . . O O ) 2.90

H o(3) . . . O O ) 2 .9 6 Hn(2) . . . 0 0 ) 2 .73

0 (3 ) . . . 0 ( 2 ) 2 .A5 C O ) . . . 0 ( 2 ) 2 .72

C (2 ) . . . 0 ( 2 ) 3 .05 H (2a) . . . 0 ( 2 ) 2 .93

H (2b) . . . 0 ( 2 ) 2.98 C O ) . . . 0 ( 3 ) 2.6«

C (2 ) . . . 0 ( 3 ) 3 .33 H O ) . . . 0 ( 3 ) 2 .76

H (2a) . . . 0 ( 3 ) 2 .91 C (3 ) . . . C O ) 2.57

H o(3) . . . C O ) 2.99 H (2a) . . . C O ) 2.03

H (2b) . . . C O ) 1.98 H (3a) . . . C O ) 2 .3 7

H n O ) . . . C O ) 2 .06 Hn(2) . . . C O ) 1.95

H n(3) . . . C O ) 1.99 < . . .C (2 ) 2 .53

H O ) . . . C ( 2 ) 2 .17 H (3a) . . .C (2 ) 1.9 1

H (3b) . . . C ( 2 ) 2 .20 H (3c) . . .C (2 ) 2 .22

H n O ) . . . C ( 2 ) 2 .53 Hn(3) . . .C (2 ) 2 .7 0

N . . . C ( 3 ) 3 .16 H O ) . . .C (3 ) 2 .73

H (2a) . . . C ( 3 ) 2 .1« H(2b) . . .C (3 ) 1.93

H n O ) . . .C (3 ) 2 .59 H O ) .. .N 2.05

H (2b ) .. .N 2 .63 H (3a) . ..N 2 .5 1
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