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ustract. An Artwurov anal-ous transformation is carried out of nicotlnraidc 
1 and ?+scetoxymethylnlcotlnamide 2 with trlcthylphosphltc, diethylphospho- 
nrtt, Z-•thoxy-1,3,2-dioxapho8pholam as veil as with phosphorus trlchloride, 
methyldichlorophoephrnc and l-chlorlnc- 1,3,2-d~oxaphoapholane to the eater6 
2, 1, and 1, and to the acldr ! and 5. ‘I?w hydrolysis of the cyclic eater 7 
ieads to the ronoptkXpbono eater 8. A hlqh relactlvity Lo l etabllsbed in the 
enzyme-subetrate interaction of the 8ubstrates 2 and 3 with the enzymes 
phospMlesteraae I and alkaline phoephataae to the acids 1 and 2, and the 
monoester 5. In a similar way, fra the N-acetoxylcthylated anal-guts of nr- 
cotinamlde-nlpecotic acid 10, L-pipecollnic acid 11 and L-prollne 12 when 
treated with phoephorus trichlorldt and nthylchlorophosphine, theacids 13- - 
3 arc obtained. 

Usinq of inhibitors is one of the often used approaches in biochemical practice 

for stti~ing the structure and function of the enzymes. With set purpose are synthe- 

sized and studied as inhibitors some phosphono-, phosphino analoques and derivati- 

ves of the natural amino acids. Osipova et al! have investigated valine and methi- 

onine phosphino analoques and they have established the inhibitinq activity towards 

valyl and methionyl-t-RNA-synthetases. Yacovleva’ have carried out a study of par- 

ticipation of a phosphinate analoque of peptidyladenylic acid in the donor reaction 

of ribosomes. Naturally occurring phosphinotricine and the tripeptide bialaphos ’ fn- 

hibit some enzymatic processes. In addition to their antibiotic properties, it has 

been reported that they have strong herbicidal activity. 

The role of B-nicotinamide adenine coentymes as cofactors is uell known. It is 

interestinq to study the synthesis and properties of these coenzymes using deriva- 

tives of the orqanophosphorus acids. A very rich possibility for such tiifications 

is offered by B-NAD. 

As a first study in our project, in the present paper are the syntheses of 

N-phosphono-, methylphosphinomethyl nicotinamide, With view to study the relation- 

ship of chemical structure and physiological activity, analogous derivatives arc 

obtained and from the similar structural analoques of nicotinamide: nipecotamide 10, - 
L-proline homoloq-L-pipecolinamide 11 and L-prolinamide 12. - - 

The interaction of N-hydroxymethylnicotinamide 1’ with triethylphosphite we have 

carried in conditions close to those deacri&d in ref. ’ for similar interaction 

with some N-hydroxymethylatcd cyclic amides. At etepuise heating of the components 

(three times excess of the phosphonite), a sudden boilinq of the reaction mixture 

1s observed at about 120°C accompanied by an intensive liberation of ethanol. After 
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2h heatinq at 120-13O*C the phosphono ester 1 is isolated in a yield of about 7OQ. 
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1: RzOEL; 1: R-CH,; 4: RslIi; 2: R=CEt; 6: RzCH, 

1 has been treated with diethyl methylphosphonite at 3h boiling of the components 

(with three times excess of the phosphonite) in dry xylene medium, For the complete 

running of the interaction it is necessary to use freshly distilled phosphonite. In 

order to protect the reaction mixture from the atmospheric moisture and oxygen, a 

cant inuous current of dry argon or nitroqen 

3 is obtained with a yield of about 554. 

is used, The methylphosphino derivative 

With a view to extend the field of application of Arburov-analogous transforma- 

tion of N-hydroxymethylated amides, in the present work an interaction with 2-etho- 

xy-1,3,2-dioxaphoepholane, a compound containlnq only one ethoxy group bonded with 

the phosphorus atom, is carried out. This condensation provides also a verification 

for the stability of the cyclic ester groups under reaction conditions. 

The treatment of 1 with the phospholane has been carried out in conditions com- 

pletely analogous to these for the phosphonite. In this case liberation of ethanol 

also has been observed during the interaction. The cyclic phosphono ester 1 is iso- 

lated uith a yield of less than 40%. This lower yield, in comparison with that of 

1 and 2 is due to some side reactions qivinq oliqomeric products. 

SCHEME 2 

tiberation of nicotinic acid has been observed at studinq the acid or alkaline 

hydrolysis of the esters 2, 2, and 7, Upon “mild” acid hydrolysis of 2 the opening 

of the dioxaphospholane cycle is reached to the monophosphono ester 8. 

For selective hydrolysis of phosphono-, methylphosphino ester groups we applied 
5 the cntyme approach used for unusual stibstrates . 

When the enzyme phosphodiesterase I and the substrate phosphono ester 1 are used 

with a practically quantitative yield the free acid 4 is isolated. The cnzymc-sub- 

strate interaction is carried o’Jt by stlrrinq the reaction mixture containing the 

suostrate 2 (2091, beforehand homogenized in “Green-80” and the enzyme (1Omg spread 

on a polymer carrier) in an aqueous-buffer medium (SOOml, pH 8.8) for 6h at 37OC. 

In an analoqous way the free acid 5 is obtained from the substrate 2 and the same 

enzyme in a practically quantitative yield. 

The enzyme alkaline phosphatase shows hiqh selectivity in the enzyme-substrate 

interaction towards the substrate 2. Used in its optimal pH-range - 10.4 and at 

temperature of 37*C, the enzyme helps for the hydrolysis only of the one from the 

two ethoxyphosphono qroups of the substrate 2 to the monoester 5 in a yield of 
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about 904. The mOnoester 2 offers a very interesting opportunity Ear the synthesis 

of phospha’ -peptides in condensation with aminoacids. Such a possibility is reali- 

zed and soon will be published. 

We used another approach to obtain the esters 2 and 2. First, N-acetoxymethylni- 

cotinamide 2 uas obtained by treatinq nicotinamide with paraformaldehyde and tri- 

f luoroace 

5-amino- 1 

ic anhydr ide in acetic acid med 

lo-phenan throl ine6 as catalyst. 

ium in the present e of cobaltic complex of 

The interaction of 2 uith triethylphosphite and diethylmethylphosphonite was 

carried out in conditions analoqous to these at which the hydroxymethyl derivative 

1 had been trcatcd.Durinq the interaction in both cases the llbcratlon of equiva- 

lent amount of cthylacetatc uds observed. The yields of the esters 2 and 2 are lO- 

15% higher compared with the one of the hydroxymethyl derivative 1. 

SCHEME 3 

A: Cuba t rompler of’ 5-amino-l, lo-phcnent hral ine 

A second approach for the synthesis of the acids 3 and 5 was found by trcatinq 

the N-acetoxymethyl derivative 2 with phosphorus trlchlorlde and methyldichlorophos- 

phinc, respectively. 

The interaction of 2 with phosphorus trichloridc was carried out simply by mix- 

mixing the components and stirring for 3h. nn equivalent amOunt of acetylchloride 

was obtained as a side product. Kithout lsolatinq the reaction products, after eva- 

poration of the volatile components in vacuum, acetic acid is added to the reaction 

residue. Liberation of an equivalent amount of acetylchloride was also observed. 

The acid 2 is isolated with a yield of about BOB. The yield does not chanye if an 

inert solvent is used rs a reaction mediam. It is lntcrestinq to note that the hy- 

droxymethyl derivative _ 1 treated at these conditions decomposes libctatinq formal- 

dehyde. Similar decomposition is observed and with the N-hydroxymethylated amides 

of some other aromatic acids, but it is no characteristic for the amides of alkano- 

ic acids. 

The treatment of 2 with methyldichlorophosphine was carried out in an inert sol- 

vent rtediurr. at three times excess of the phosphlnc and heating at 40-45*C for 3h. 

An equivalent amount of acctylchloride was liberated, The volatile components were 

evaporated in vacuum like in the above interaction with phosphorus trichlorrde and 

without isolating the products the reaction mixture was treated with acetic acid. 

The Irbcratton of acetylchlorlde is observed and the methylphosphinic acid 3 is - 
isolated in a yield of about 70%. 

The third studied substance in condensation with the acetoxymethyl derivative 2 

uds 2-chloro-1-3-2-dioxaphosphoiane. The aim of this invcstiqation was to compare 

the activity of phosphorous compounds containinq one, two, and three chlorine atoms 

bonded with phosphorus as well as to check the behaviour of the cyclic ester group 

in this interaction. It turns out that there is no essential difference in the bc- 

haviour of the three studied compounds. When jj is treated with 2-chloro-?,3,2-di- 

oxaphospholane in the above described conditions, the cyclic ester obtained above 

is isolated in a yreld of about 559. 



With a view to study the relationship of chemical structure - physiological ac- 

tivity, analogous derivatives of nipecotamide and of the natural L-pipecolamide and 

L-prolinamide uere synthesized. Four variants for their synthesis were studied: 

synthesis of N-hydroxymethyl and N-acetoxymethyl derivatives and next treatment of 

each of them with ttiethylphosphite, diethylmethyl phosphonite, phosphorus trichlo- 

r ide and methyld ichoro phosphlne. Most successful esperiments are these at which 

the I-trlfluoroacetylated derivatives are N-acetoxymethylated to 10, 11 and 12 (cf. -- 
our later communications) and next treatment with phosphorus trichloride or methyl- 

dichlorophosphine and acetic acid. 
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(13, 2, 17): R=OH; (?lr, 16 18): R=Cti, - - -’ - 

The interaction was carried out in conditions completely analogous to the ones 

described above. The removal of the trifluoroacetyl group was done by treatment with 

aqueous ammonia in dioxan solution. Tne mcthylphosphinc derivatives 14, 16, and 18 -- 

arc hardly crystallizing oils. After their solution in chloroform and passing 

through hydrogen chloride, the hydrochlorides of 14, 16, and 18 are obtained. The -- 
phosphono derivatives are In the form of inner salts. The yields of the substances 

13, - 3, and 17 are between 65 and 728, and thcsc ?f methylphosphine derivatives 3, - 

16, _ and 18 arc with IO-15% lower. - 

EXPERIMENTAL 

General notca. Elemental anblys18, IR-spectra, HYU, GC, [a]:, bi.u, and m.y. on a Perkin-Elrcr in- 
struments; ‘H WR-spectra on Brucker-2SWHr: Haas-spectra on Varian; T’IL - silica qcl film ‘Merck’, 

pho$phornolyWenstc drtcctionj rcaqents and solvents from -Merck” and ‘4ldrlch’; a-chmtrypsln from 
l Pharmchime, Bulqarla; phosphvdicstcrase I, alkolrnc pbephataue and buffers from “Siqm’. 

1. Synthcers of the eater 2. A mixture of N-hydroxymethylnrcotrnamide L OS.22q, O.lmol) and tri- 
l thylphosphite (49.853, 0.3mol) 18 alwly heated dtirlnq 30aln to 120°c. The temperature is kept in 
the ranqe 13(tlIO*C for 2h. After vacuum diotrllatlon of the volatile coqxxwnta, the oily resrdue 
1e taken to a silica qcl column and eluted urth chlorofor~trwthanol19:1 to qtvm the product: 

[N&cot lnanido) methylphosphonlc acid ethyl ester 2: C,,H,,N,O,P: ywld 16.93~ (72.18); b.p., 
distils with decorrp. at 120°C/6.10-‘Tbrr: IH (film, cm-‘): 1650, 1260, 1110-930, 840, 720, 650: ‘11 
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7. Interaction of 9 with triethylphoaphite and dlethylmethylphoqphite. me aethoda dercrlbd in 
Items 1 and 2 are followed, rempectivcly, with 2 (19.4lg, O.lmoll and triethylphcmphite (49.9%, 
O.&ml) and diethylmethylphosphonlte ItO.84g, 0.3molI to the ester0 2 and 3, which have identical 
I&spectra and R values with the oner obtarned above. Ihe yields are: 
for 2: 17.639 (7/.2K). 

for 2: 22.7%~ (84.311, and 

8. Interaction of 9 with phoaphorut trichloridc, methyldichloruphoephine and 2_chlotine-1,3,2-diou- 
phospholane. N-•cetoxy#thyLnicotinaaide 2 (19.42g, 0.1~11 and the correrponding chlorine dmrivatl- 
ve (O.-l of each) in dry carbn tetrachlor #&de (1 -11 and continwur current of dry argon OX nit- 
ruqen are heated in d u&too bath at 4*45*C for 2- 3h. After evaporation of the volatile cwent8 
in vacuum, 8cetic scid is added. The reaction mixture is Left o&night at room temrature; then 
evaporated in vacuum to drynese and the amber-coloured oil im treated with hot l tha&l to #olution. 
After coollrq the corrempondinq products 2, 2, and 2 are filtered. They have identical IR data, R 
values and no melting tmperature dspresmlon vhen mixed with the name outstances obtained by l nz ydc- 
catalyzed hydrolysis of the ester8 1 and 1 and by interaction of 1 and 2-•thoryphospholanc. The 
yields are: for +: 17.53g (Bl.lt), for 6: 14.88g (69.58), for 7: 13.589 (56.16). 

9. Synthesis of the acids 13-18. N-ketoxymethylated amides 10, 2, 12 (O.lmol of each) l rd re8pec- 
tively, phosphorus trichlorrdc and methyldichlorophosphrne (KWl each) in dry carbon tetrachloride 
(15-l) are heated in a water bath at !WC for 2h. After evaporation of the volatlle coqwment8 in 
vacuum, the oily realdue is solved in dry carbon tetrschlorlde tl2QIl). Acetic acid im added t3m1). 
7%~ reaction mixture ir left overnight at ram temperature ard then distilled to drytw88 in vacuum. 
‘Ihe residue ie solved In diordn tlSCb11 and 258NH.08 (SC&~) Is add&. The mixture 18 heated ln a 
water bath and dlstrlled in vacuum to dryne80. Water ae added to the re8idue and l gdin is evaporated 
In vacuum. me phoephono acids 2, 15 and If cry8tallytes sftw treatirrg with bolllnp tthanol and 
next cooling. The wthylphosphrno acid8 1(, 16 and 18 are dl8SOlVcd ln dry chloroform (100~111 dnd 

current cf dry hydrogen chlorrde ie passed t=l the formation of the product is stop@. From tht 
dmldco 2, 11 and 12 and phosphorus trichloridt the subetdncerr 13, 15 and 17 are Obtdined, and ICI- 
pectively, xth wthyldlchlorophorphint, the product8 2, 2 l cs7 - 

(r)-lNlpecotamido)methylph~phonlc acid 13: C,Y,,NtO,P: yltld 15.82g (72,lt)r m.p. 28*284’C 
(docamp. s XR (KBr,cm”): 284+2400, 1650, 1550, 1245, 980, 640, 720, 6308 ‘H WClR (D,WNa,CO,l: l.SO 
(4H,mr2xCH,lI 2.36 (ZH,d,J-IHr,C_HC,), 2.71 (IH,t,J=6Hz,NHC$CH,)r 3.13 (ZH,d,J-lZHt,PCH,) dnd 4.11 
ppm (lH,m,CHCOI and four exchanqcable proton8 2xNH, PO,H,t maem-rpectra H*/e calcd./found 222.181/ 
222 (108) : Rf - 0.52 (Dnt:dloxdn: 25BNH,OH-8: 2:O.S) t 

Anal. calcd.: C 37.84, H 6.80, N 12.618 
found: C 38.12, H 6.55, N 12.588. 

L-IPlpecola~ldo)methylphosphonic acid 2: C,H,,N,O,Pr yield 14.639 (66.76); m.p. about 280.C 
fdecoq. I : IR (KBr,cm”) : 286O- 2400, 1645, 1555, 1250, 980, 850, 640; ‘H EPlR (D,O+Na,cID,): 1.4-1.6 
16H,m, 3xCH,), 3.12 (ZH,d,J=l2Ht,PCH,), 2.75(2H,t,J=6HtrNHQI_,CH,) and 3.84 ppm (lH,t,J=7Hz,CHCOI and 
four CXChdngCdbk prOtOn 2xNH and PO,H,: mass-spectra n*/c calcd./Cound 222.181/222 (12l)t Rf - 
C.48 (MF:dioxan:258NH,OH-8:2:O.S1; [al: +48.3O, c-l, O.lN NaOH; 

Anal, calcd. C 37.84, H 6.80, N 12.61K 
found C 37.62, H 7.03, N 12.8Ot. 

L-(Prolinamido)~thylphuephonic acid 17: C,H,,N,O,P; yreld 17.749 (75.68); m.p. 2S8-262*C (de- 
coq.); IR (KBc,cm-‘): 1650, 1550, 1250, 9=, 870, 750, 6300: ‘II )91R (D,O+Na,cO,): 1.66 (4H,m,ZxCH,I, 
3.33 f2H,d,J=lZHz,PCH,), 2.70 IZlt,t,J=‘IHz,NltCii,CII,I and 4.18 ppm (lH,t,J=6Ht,CHCO) and four exchan- 
qtable protonm 2xNH and PO,H,; mass-spectra U+/e calcd./found 208.154/208) Rf - 0.60 (W:dioxan: 
25WH,OH=8:2:0.5); :a]” l SS.S’, c-l, O.lN NaOH: 

Anal. calcd.: C 30.62, H 6.29, N 13. 468 
found: C 34.85, H 6.12, N 13,58t. 

(:)-[(Kipecotamido)nthyllmethylpho8phlnic acid hydrochloridt 1(: C,H, ,N,O,P,l+Cl: yield 15.94 
(62.1t) I m.p. sbout 23OT (decump.); IR (KBr,cm”l : 3-2400, 1640, 1570, 1350, 1000, 930, 8402 ‘H 

N?MR ID,O+NaOD) : 1.52 (6H,m, 3xCH,), 1.92 (3H,q,J=lBHz,PCH,), 2.80 (2H,t,J=7Hz,NHCM,CH,), 3.16 (ZH,d, 
~-12~iz,pcH,), dnd 4.07 ppm (llt,t,J=7Ht,CHCO) and three exchangeable proton8 2xNH dnd POHr mSSS-SpCC- 
tra x*/e, free babe, calcd./found 220.207/220; Rf 0.60 (dioxdn:259NH,OH-9:tI: [al: +52.3’, C-t, 
0.1N NaOHt 

Anal. cdlcd.: C 37.44, H 7.07, N 10.918 
found: C 37.62, H 7.00, N 11.12%. 

L-[ (Prolinamido)methyllMthylphospho8phrnic acid hydrochloride 2: C H N 0 P.HCl: yield 17.Olg (7 
l70,ltl: m.p. 262-265.C Idecomp.1: IR IKBr ,cm” I : 302+2410, 1650, 1555, 1355, 1010, 900, 875, 720, 
635; ‘H NMR (D,O+KdOD): 1.50 IIH,m,2xCH,), 1.94 (3H,d,J-t8HtrPCH,), 3.17 (2ItrdrJ=12HzrPCH,), 2.75 
(2H,t,J=712,NHC~,CH,) and 4.16 ppr (lH,t.J=6Ht,CHCOI and three cxclwqeable protons 2xNll and P+CXl: 
mass-spectra M+/e, free ba8e, calcd./found 206.198/206: Rf - 0.72 (rP!P:dioxan:25UNR,OH18:2:6.5): 
;01,w +61.2*, c=l, O.lN NaOH; 

1. 

2. 
3. 
4. 
5. 
6. 

‘Anal. calcd. : C 34.65, H 6.65, N 11.54% 
found: C 34.78, H 6.38, N 11.628. 
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