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Abstract - The organophosphorous analoques 2-7 of aminoacyl-S’- 
adenilic acid 1 have been synthesized by euEstitution of the an- 
hydride oxygen-atom with a methylene group, and of the hydroxy- 
phosphinyl group with a methyl one. A new synthetic method has 
been developed for obtaining orqanophosphorous acids by conden- 
sation of the acidic chlorides of glycine, L-alanine and L-phe- 
nylalanine (N-acetyl derivatives, contdininq EtOCOCH,PO(OEtlR, 
where R-OEt, CH,), using butyl-lithium, to esters 8-13, and by 
enzyme-catalyzed hydrolysis of the ethoxycarbonyl-group and sub- 
sequent decarboxylation to the phosphino- and phosphono esters 
14-19. Strict selectivity has been observed in the enzyme-sub- -- 
strate interaction with the substrates 14-19, which contain 
ethoxyphosphinyl groups, and the enzyme= Fosphodiesterase I 
and alkaline phosphatasc, to the acids 20-25. These acids, vhen 
condensed by the DCC method with a protects adenosine, afford 
5’-phosphino, phosphono esters 26-31. The protective groups of -- 
26-28 have been removed by mineral and selective enzyme-cataly- 
GdTydrolysis to give 2-4, while the protective groups of 29- 
3t removed by treatment-with phosphorus pcntachlorlde to 3274, -- 
Gllovcd by enzyme and mineral hydrolysis to 5-7. Upon mineral 
hydrolysis of 14, 17, 26, and 29, the aminoketophosphinic acid 
35 and the amiGkctophGphonic?cid 36 have been isolated .The 
Eialkylphosphine oxide 37 has been ztdlned by using a double 
quantity of N-acetylqlyc~chloride and (ethoxymethylphosphinyll- 
acetic acid ethyl ester with butyl-lithium as condensing aqent. 
Th.e aminoketo(phosphinoxido)carboxylic acid has been realesed 
by mineral hydrolysis from 37. Successive enzyme-catalyzed hydro- 
lysis of the substrates 8-13vith a-chymotrypsin and then phos- -- 
phodiesterase I affords a new class of optically active s-amino- 
a-keto-a- (phosyhinc)-, phosphono)carboxylic acids 39-44. -- 

A key stage in the biosynthesis of the proteins’ is the formation of a co-anhy- 

dride bctwcen the introduced amino acid and the 5’-adenilic acid, This anhydride is 

bonded with the active centre of an enzyme, which is specific for each amino acid. 

The second stage is transferring the aminoacyl qroup from the co-anhydride to the 

t-RNA: the protein 1s formed as a result of a peptldyltransferase reaction. It 

could be expected that, should the transfer of the co-anhydride to the t-RNA be pre 

vented, favourable conditions would be created for blocking *in viva* of the prote- 

in synthesis, i.e. a neu type of anti-metablites would be obtained. 

m check the validity of this hypothesis, we investigated synthesis of the ana- 

loyues of the monoacyl-5’ -adenilic acid 1 by substitution of an oxyqen atom from 

the anhydride group - RCH(NII,)C$O~O(O~)A with ECii,g, where R 1s the residue of 

the amino acid and A is an adenosinc residue. Another possibility is to substitute 

the hydroxyphosphlnyl group OH with a CH, qroup. In this case it 1s assumed that, - 
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due to the insiqnificant structural changes the analogues 2-7 will at some stage -- 
be included into the enzyme process, which regulates the biosynthesis of the coded 

protein, but the peptidyltransferase reaction ~~11 not actually take place, due to 

inhibition of the aminoacyl-tRNA synthetase, or peptidyltransferase, and to the im- 

possibility to hydrolyze the COCH, and CH,PO groups. 

Starting products for the synthesis of 2-7 vere the N-acctylated acidic chlori- _- 

des of glycine’, L-alanine - synthesized as described in refs. ZrJ : AcCl, PCl,, 2h, 

O*C, yield 72-759, m.p. 72-74*C (from AcCl), and of L-phenylalanine’. Butyl-lithium 

is used in the condensation of these chlorides with (ethoxymethylphosphinyl)acetic 

acid ethyl ester’ and tricthylphosphonoacetate (commercially available). As a re- 

sult the polyfunctional ketons 8-13 are isolated in a satisfactory yield. The con- -- 
densation does not affect the optical activity of the acidic chlorides of L-alani- 

ne and L-phenylalanine. The relatively lov yields of the derivatives 8-10 are due -- 

to partial interaction between the methyl group at the phosphorus atom and the bu- 

tyl-lithium, and then the acidic chlorides of qlyclnc, I.-alanine and L-phenylalani- 
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Experiments with a double quantity of N-acetylqlycyl chloride afforded the ester 

amide 37 in a yield of about 80%. Upn acid hydrolysis, it realeees the acid 38. - 

Studies on the intramolecular cyclization of the polyfunctlonal acid 38 and its phy- - 
sioloqical activity are under way and will be published separately. 
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Deesterification of the ethoxycarbonyl function of 8-13 was carried out by an -- 

oriqinal method for the enzyme-catalyzed hydrolysis of esters of unusual substrate2 

It turned out that o-chymotrypsin cannot be of use for the synthetic purposes in 

hand. This enzyme enhances the hydrolysis of both ethoxycarbonyl and N-acetyl groups 

of the substrates 8-13 to free aminoketocarboxylic acids, -- With a view to liberatinq 

the methylphosphino- and phosphono acids as well, we used phosphodiesterase I as 

the phosphoterase enzyme without isolating the products from the decomposition with 

the enzyme a-chymotrypsin, Thus, with a yield of over 90%, the aminoketomethylphos- 

phinot-phosphono)carboxylic acids 39-44 uere isolated. -- 

SCHEME 3 

I?’ 
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Despite the fact that the synthesis of 8-13 leads to the formation of a new asym _- 
metric centre (C*HPO) , the use of the enzyme a-chymotrypsin and phosphodiesterase I 

does not result in the separation of the optical antipodes: both the L- and D-form 

are hydrolyzed, when using D,L-alanine and D,L-phenylalanine as startinq materials. 

However, if the L-configuration of the C’- carbon atom is preserved, the compounds 

40, 41, 43, and 44 are optically active. --- - 
Hydrolysis of the esters 8-13 can be carried out by treatment with mineral acids -- 

and alkali. Unfortunately, the hydrolyses (6h boiling in 228 hydrochloride acid1 of 

the first optically active ester studied lJ, resulted in a complete loss of the op- 

tically activity of the obtained acid 42 (yield 85%). - Spectral data showed that the 

low hydrolyzability of ?I is due to the dicthoxyphosphinyl group, This comparison - 
brings out the advantages of the enzyme approach in the case when optically active 

substrates are involved. 

The third enzyme we applied to the unusual substrates uas alkaline mesinterico- 

peptidase. At its temperature and pH optimum (25*C, pii 8.01, the enzyme enhances 

the hydrolysis of only the ethoxycarbonyl qroup of the substrates 8-13. It is not -- 
necessary to isolate the free acids in pure form. It would suffice, once the hydro- 

lysis is over (209 substrate, 15mq enzyme, 6h, 25*C in 50txnl buffer, pH 8.0) and 

the acidified solution has been destilled in vacuum to suspend the reaction residue 

in xylol containing catalytic quantities of aniline, and to heat the mixture until 

carbon dioxide is no longer released. Thus, the corresponding methylphosphino- and 

phosphono esters 14-19 arc isolated in yields of 70-t]OI, -- 
The chemical transformation that come next requires a protected amino group and 

a free methylphosphino (-phosphono) acidic function. Considerable complications oc- 
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cur when both hydroxyl groups of the phosphono group are free. If eaterification 

with S’-adenosine is carried out, this again, causes complications, The problem 

could to some extent be solved by treatment of the diethoxyphosphono derivative 17 - 
vith phosphorus pentachloride, followed by decomposition of the resultant chloro- 

ethoxyphosphinyl derivative with ice. However, the rather lou yield (about 308) 

prompted us to look after for some other ways. Analogous treatment of the methyl- 

phosphino ester 14 affords even lower yields. - We attempted acidic hydrolysis of the 

ester group of fi, but the N-acetylgroup turned out to be the most easily hydroly- 

zable. The phosphono ester JJ behaves analogously. After several hours heating in 

hydrochloric acid satisfactory yields of the aminoketophoaphinic acid 35 and the - 
aminoketophosphonic acid 36 are obtained. - It is dificult to protect the amino 

groups of 35 and 2 as acetyl groups due to the stronq tendency to enolization: O- 

acetyl derivatives are obtained. All other protective groups we experimented with, 

proved to be also unsuitable. 

The problems uere all solved by the application of enzyme-catalyzed hydrolysis 

processes. The combination of phosphodiesterase I and the esters 14-16 as substrd- -- 
tes afforded the free acids 20-22 in practically quantitative yields. The enryme- I- 
substrate interaction was carried out by the general method described above: the 

substrate (2031, emulsified with Tween-80, is added to a tempered buffer medium 

(ph 8.8, 37OC), containinq 10-tSmg of the enzyme phosphodicsterase I on a polymer 

carrier. This IS accompanied by continuous stirring. Stirring is kept for 6h more 

after which the enzyme is removed and the reaction mixture is acidified, concentra- 

ted and cooled down. The same enzyme uas used for nine consecutive experiments 

(substrates 14-16 and 39-44) and no inhibition of its activity was noted. -- -- 
The enzyme alkaline phosphatase with the phosphono esters 17-19 as substrates -- 

leads to the isolation of the monophosphono esters 23-25 in practically quantitati- -- 
ve yields (condition6 as above). 

The condensation of the methylphosphino acids 20-22 and the monophosphono esters -- 
23-25 with N-dimethylaminomethylene-2’ -- ,3’-O-ethoxymethylenadenosine5 proceeds with 

very good yields by the N,N’ -dicyclohexylcarbodiimide (DCC) method. We tried to use 

the chlorides of the acids 20 and 23, but the yields were unsatisfactory and the - - 

method was abandoned. 

Condensation by the KC-method Is achieved by simply mixing the component6 In the 

the presence of a slight excess of DCC and then leaving the mixture for 48h. Routi- 

ne uork-up leads to the isolation of the 5’- esters of adenosine 26-31 (yield 60-7Ot1 -- 

fully protected in their functional groups. 

We failed to liberate the ethoxyphosphinyl protective qroup of the esters 29-31 -- 
by means of enzymatic hydrolysis. In contrast to all hitherto studied cases of se- 

lective enzymatic hydrolysis of phosphino and phosphono esters by using S’- and 3’- 

exonucleases (phosphodiesterase I and 111, endonuclease, and alkaline and acidic 

phosphatase, to enzyme-substrate interaction with the SUbStrdteS 29-31 occured and -- 
they remained unchanged. Attempts at initial liberation of the other protective 

groups # followed by enzyme-catalyzed hydrolysis in the presence of the same enzymes 

were unsuccessful as well. Thus, we decided to treat first 29-31 with phosphorus -- 
pentachlor ide and then, without isolating the chlorinated products, to treat the 

reaction mixture with ice. Chromatoqraphic separation resulted in the isolation of 

the 5’ -adenosinephosphono esters 32-34 in yields between 20 and 2Sa. -- 
Enzyme hydrolysis with a-chymotrypsin of 32-34, -- followed by removal of the adeno- 

5 sine protective groups by routine procedures , affords the entirely free analogues 

of aminoacyl- S ‘-ddenilic acid 5-7, in yields of approx. -- 30%. Apart from the enzyme 

approach, still another pathway exists to the synthesis of S-7. After treatment of -- 
the completely protected adenosine derivatives 29-31 uith phosphorus pentachloride, -- 
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E’ ? (3’- end 5’-Excmclcaee, Endmucleeee, Phoephotesc (alkaline end acid); E’ r a-Chymotrypain 

the reaction mixture is left overnight in acetic acid. The volatile components arc 

evaporated In vacuum and the adenoslnes 5-7 are isolated in a yield of 15-208 by -- 

treatment with ammonia. 

T!IC absence of an ethoxyphosphoryl group in the structure of the adenosine deri- 

vatives 26-28 considerably simplifies the problem of obtarning the free methylphos- -- 
ph Ino analogwes 2-4. -- Mineral hydrolysis of the adenosine protective qroups by the 

method described above 
5 

and enzyme-catalyzed hydrolysis of the N-acetyl groups with 

a-chymotrypsin would suffice to isolate the phosphino analogues 2-4 in a yield of -- 

50-55$. Notwithstanding the type of the ester bond (phosphono or phosphinol and the 

presence or absence of protective groups, In none of the fifteen onalogues of 5’- 

aminoacyladenosinic acid 2-7 and 26-34, -- -- was enzymatic decomposition of the P-S’-O- 

adenosine bond observed with the participation of endo- and exonuclease and alkali- 

ne and acidic phosphatasc, Of course, when mineral hydrolysis is applied the pro- 

ducts 26 and 29, much like 14 and 17, - - - - released the aminoketomethylphosphino acid 35 

and the aminoketomethylphosphono acid 36. - 
Preliminary bioloqical tests have shown that the phosphono analogues 5-7 possess -- 

a very well pronounced bactericidal activity. The type of the R-qroup of 5-7 does _- 
not have any lnflucnce on this activity. Reversely, the funqicidal activity of the 

phosphino analoques 2-4 is much stronger than this of the phosphono derivatives. All -- 
tested compounds were found to possess a statistically reliable anti-tumour activi- 

ty* although in a varying extent, towards an experimental tumour Ll2lO in mice. Row- 

ever, towards insects 2-7 are inactive. -- Compounds 5-7 display d slight qrowth-stimu- -- 
latinq effect on seeds from mono- and dicotyledons (wheat and cucumber), whereas 

the effect of the phosphino analoques 2-4 is qrowth-suppressing (herbicidal). This -- 

effect can most clearly be observed in the phosphino and phosphono acids 35 and 2. - 
When two-weeks-old sprouts of sample plants, grown in a vegetation chamber, were 

treated with the acids 35 and 2 in doses correswnding to lSOg/?OO&, they all pe- 

rushed completely, The polyfunctional acid 38 qives every hope for very successful - 
results In the future. When applred to an experimental tumour L1210 in mice, the 

T/C index was l860 at LD, ,= 620mg/kq. 

At the moment, detailed studies are going on of the rather versatile physioloqi- 

cal activity of the newly synthesized phosphino and phoephono analogucs of ammo- 

ecyl-5’ -adenilic acid 1. The author AS inviting the cooperation of any colleagues 

who might be interested to work in this field. 

EXPERIMENTAL 

~sn~ral not*., xRspettr4, l iewnUA an8lyel8, [aPdnd HPIXl - on d ‘Perkin-tLrr’ instrmntet ‘H 
FmR-spctrJ - on Jous1-1OC)IHr and Brucker-2mHtr R 88-8pectrr - on LXB-PO0 4rd Variant Rx3 - sili- 
ca 9eI fiIr, phOsphmO~yt%knlt~ detection: reagents and solvents - ‘Pkrck’ and n Aldrich-talkalinc 
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rasintcricopeptldase uaa kindly supplied by Dr. Stanbolitva, Institute of OrPanIc Chemistry, Bulga- 
rian hcadtmy of Sciences: and a-chyrotrypsln - by ‘Phrrmachim-, Bulgaria. 

me analytical data for all cwunds having “~robcfa in the text arc given in tht follwinq oc- 
dtr: chtmical formula: yield; IR-spectrum (KBr cm )I H WtR-spectrum: IXSU-d,, CDcl,, D,O+WaOD, 
TW, 6-&calf, ppm (number of proton8 are calculattd along the integral curve, multiplicity); MSS- 
spectrum: H /t, calcd./found, (I)r clenwntal analysis, 8 C, H, H calcd./foundr Rfy m.p.; [al: . 

2. Entyme-catalyrtd hydrotyals and decarboxylation of tht esttrs e-13. Each of the substrates B-13 
(209) and tht cntymc alkallnt mcsintericopeptidase IlSpg) are stirred for 6h in an aqutous buf?er 
(S0Ch11, pH 8.0) + kfttr acldiflcation and vacuum distillation to dryness, tht reaction residut is 
susperded in dry xylol (2oOmll, contarninq aniline ISml), and the mixturt la heated until no wte 
carbon dioxide is reltased. The rtactron mixture is washed wrth uater, dried ovtr anhydrous aagntsl- 
urn sulphatt and distllltd to an amrphous mans, which as crystal 1 lred from ethylacetate/hexane to 
tht products: 

(3-Acetylamino-2-oxopcopyl)methylphosphinic acid ethyl esttr, 14: C,H,,tm,Pt 14.129 (93.681, af- 
ter decarboxylatlon: lt.34q (80.21): 1740, 1645, 1300, 1255, 111W980: 1.36 (3H,tl, I.94 (3H,8), 
2.28 (3H,d,J-16Ht), 3.92 (2H,q), 4.12 (ZH,S), 4.38 fZH,d,J=lSHr), 5.20 (IH,br.); 221.2/221 (238); 
43,44/43.72, 7.29/6.98, 6.33/6.28; 0.6Pr 124-126’C. 

L-(3-Acttylamlno-2-oxobutyl)methylphosphlnic acid ethyl ester, 15: C,H,,MO,P; 14.4C4 (94.1t) and 
10.7oq (74.3e): 1740, 1640, 1305, 1250, 1115-980; 1.39 (3H,t), 1,6413H,d), 1.91 (3H,sl, 2.32 (3H,d, 
J-ICHz), 3.96 (lH,q) , 4.33 (ZH.d,J=lSHt), 4.44 (2H,ql, 5.20 (lH,br .I f 235.2/235 (21t); 45.96/46.08, 
7.71/7.59, S.P6,‘6.06r 98-1OO.C: 0.73: +39.6*+ 

L-(4-~enyl-3-acetylsm~no-2-oxobutyl)methylphosphinic acid ethyl ester, 16: C,,Ii,,NO,P: 15.039 
(92.811 and 10.709 (71.2tl: 1745, 1640, 1305, 1115-980, 860: 1.35 (3H,tl, 1.95 13H,s), 2.35 (3H,d, 
J-16Ht), 3.91 (lH,t), 4.1-4.4 (6H,m), 5.20 (lH,br,), 7.13 lSH,sl: 311.3/311 (1881; 57.87D8.03, 

7.12/6.96, 4.SO/4.36: 0.48; 126-129*C; +48.6.. 

t3-Acetylamlno-2-oxopropyllphosphonic acid ethyl ester, 17: C,H,,HO,P; 14.069 (9O.St) and 10.429 
(74.1N); 176S-t740, 164S, 1250-1230, 112*960r 1.28 and 1,39~6H,tl, 1.97 (3H,s), 3.96 (2H,d), 4.18 
(2H,d,J=tSHz), 4.29 and 4.37 (IH,q). 5.20 (lH,br.); 251.2/251 112a)j 43.03/42.88, 7.22/7.36, S.S8,’ 
5.63; 0.48: 136-l 39.C. 

L-(3-Acetylamlno-2-oxobutylbphosphonic acid ethyl tster. 18: C,,H,,NO,P; 14.04q (89.3a) and 
9.43q (67.2tl: 178Wl740, 1645, ?26C+1240, ?llS-96s: 1.25 andT.36 (bH,t), 1.71 (3H,d). 2.00 (3H,a), 

3+9S (IH,q), 4.21 (2H,d,J-ISHr), 4.31 and 4.39 (4H,ql, S.20 (lH,br.); 265.2/265 (108): 45.28/45.33, 

7.60/7.71, S.28/4.89; 0.39; 125-?28*c; +39.3*. 

L-(4-Ptrenyl-3-acttylamino-2-oxobutyllphosphonlc acid ethyl teter, 19: C,,H,,NO,P: 15.579 194.38) 
and 10.819 (69.481 : 176+1740, 1640, 1265-1240, 1110-960, 860; 1.21 azl.36 (6H,t), 2.00 (3H,sl, 
3.90 (111, tl , 4.1-4.4 (8H,m), 5.20 (llI,br.), 7.12 (SH,.s): 341.3/341 (108)~ S6.30/56.22, 7.09/6.79, 
4.10,‘4.12r 0.42; 15Wt53T: +S5.3*. 

3. Em--catalyzed hydrolysis of the esters 14-16. Esch of the substrates 14-16 (20~9, is addtd to a -- 
bufftr wdlum (b-1, pH 8.8) contalninq phosphodlestcrase I (tSmg on a polmr Carrier). ‘Lht mlxtu- 

cc is stirred for 6h at 37.C and the enzyme ia rearovcd. me mixture is acidlfltd and evaporated in 
vacuum to dryness. me organic mass is extracted with droxanc to give follming products: 

(3-kcttylamino-2-oxopropyl)methylphosphlnic acid, 20: C,H, ,MO,P: 17.~9 (97.61) I 2965-2480 and 
2450-2320 (P-OH), 1740, 1650, 1305, 128+1160; (WS*d,)z 1.92 (3H,s), 2.33 (3R,d,J=16Hr), 3.86 

(2H,sl, 3.98 (ZH,d,J-lSHz1, 5.20 llH.br.l, 10.1-10.3 (lH,br.): 193.1/193 (628) t 37.31/36.92, 6.26/ 
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6.38, 7.25/7.33: 0.42 (In n-BUOH:EtOH:H,~4:l:l); the product aelts with drcorpoaition at 170*C. 
r,-(3-ketylarino-2-oxobutyl)methylptmaph~nic acid, 2: C,H, ,W,Pt 16.979 (96.3t1 ; 296*2840, 

2455-2320, 1740, 1640, 13.00, 1280-1160t 1.68 13H,d), 1.94 (3H,a), 2.36 (3H,d,J-lbHz1, 4.02 (2H,d,J- 

15Hz I , 4.18 (lH,ql, 5.20 (lH,br .I, 10.1-10.3 (lH,br.): 207.2/207 (42U); 40.58/40.33, 6.81/7.03, 

6.76/6.66# 0.50: 13% 140*C (decomp. I ; l 44. 3.. 

~-(~-phcnyl-3-scetylamino-2-oxobtylI~thylp~aph~~~c acid 2: C,,H,,HO,P$ 17.539 (96.38): 2955- 

2830, 2430-2315, 1740, 1650, 1300, 1285-1155, 865: 1.90 (31i,a), 2.14 (2H,dl, 2.30 (3H,d,J-l6Ha), 

3.9S (2H,d,J=15Ht), 4.21 (lH.t), 5.20 (lH,br.), 7.14 (5H,al, 10.1-10.4 (lH,br.)t 283.3/283 (l(a): 

55.12/55.31, 6.40/6.22, 4.94/5.09: 160-C Idcconp.1: +52.3*. 

4. Entytt.e-catalyzed hydrolysis of the caters 17-19. Each of the substrates 17-19 (220) is added to -- 
a buffer ry?dium (8oan1, prt 10.41 containing al4allne yhoaphatase (15q on a polymer cdrrler). me 
mixture IS strrrcd for 6h at 37.C. ?he entpe is removed and dfter acidification and diat!llation 

In VdCUUm to dryness the organic MEIS 18 extracted ukth N,N-diwthylforasalde to the dCid8: 

(3-Acetylamrw-2-uxopropyl)phosphonic acid ra>Rocthyl eater, 23: C,II,,NO,Pt 17.229 (96.98)t 3aK+ 

2300, 1745, 1640, 1255, 1110-975; 1.43 (3H.t), 1.92 (3H,s), 2.47(2lI,qL 3.79 (2H,el, 3.96 (2H,d,J= 
ISHz), 5.20 (lH,br.l, lo.c&l0.3 (lH,br.l; 223.2/223 (808); 37.67/38.08, 6.32/6.18, 6.28/6.31; 0.39; 
decOqxMrtron at dtXNt 160°C. 

L-(3-Acccylarlno-2-oxobutyl~phoaphonic acid nowethyl enter, 24: C,H,,NO,P: 17.403 (97.28): 
3000- 2 300, 1740, 1645, 1250, 1115-980: 1.38 (3H,t), 1.67 (3H,d). l.89 I3H,n), 2.46 (2H,ql, 3.98 (2H, 

dl , 4.21 t lll,tJ, 5.20 (lH,br.), 10.0-10.1 (lH,br.); 237.2/237 (128); 40.51,‘40,69, 6.80/7.01, 5.91,’ 

5.77: 0.47; dccoq. : l 38.6*. 
I~f4-Phenyl-3-acctylamrno-2-oxobutyl)phoaphonic acid no-thy1 eater, 2: C,,H,,NO,P: 17.779 

(96.88); 3CxX.+2310, 1740, 1250, lllC+980, 860; 1.42 (3H,tl, 1.59 (3H,a), 2.4-2.6 (4l,s), 4.03 (ZH,d, 

J=lSHx), 4.18 (lH,t), 5.20 (lH,hr.), 7.2-7.4 (511,n), 10.0-10.3 (lII,hr.): 313.3/313 (98); 53.67/53.44 

6.43/6.28, 4.4714.52: 0.52; decoreposition; +49.3”. 

5. Synthesis of the adenoslnea 26-31. A solution of each of the dcrds 2*25 (O.O5H), N-dimcthyldmi- -- 
nomethylene-2’ ,3’-~ethoxymethylenadcnosrnc (18.929, 0.05H) and N,N’-drcyclohsxylcartxdllmIde (12.38 

9, 0.06nl is left in cthylacetdtc for 48h at room temperature In dn Erlenwyer flank. fie N,N’-dl- 
CyclohexylcdKbdmlde IS filtered oat and the redction mixture is auccesalvely uashed with water, 58 
scdrun carbwdte, wdter, 58 hydrochloric acid, water. he solution is dried over anhydroue rra9ncsium 
sulphate and distilled to dryness. ~11 covunds obtained are amorphous. As 26-31 decnrrpoee under -- 
WlS!PSFWtKdl COndl t LOnS, their poleculsr weight (m.u.1 wad arcdsurod using d PerkAn-Elmer apparatus. 

N’-Dlmcthyldminomethy~ene-5’- O-[arthyl(3-acetylamino-2-oxopr~yllphosphrnyl~-2’,3’-~ethox~- 
thylensdenosine, 26: C,,Ii,,N,O,P: 21.119 (76.38); 1775-1740 (Co dnd CM-N), 1640 (CONHI, 1310 IP-CH,I, 
1250 fP=O), 1160-Go (CM.=0 and P-O-C), 65C+550 (Ar1: (WS&d,) : 1.1-1.9 and 2.0-2.3 tlSH,m), 2.83 

IlH,al, 4.0-4.5 r9li,m), 4.83 (lH,a), 5.00 (lH.d), 5.20 (IH,br.I, 5.45 (lH,d), 5+75 (ZH,m). 8.12 and 
8.16 (ZII,a); m.u. 553.5/550; 47.74,‘47.83, 5,A3/6.11, 17.71,‘17.39: 0.6s In Ph:MeOH:M,COld: 1:3; - 

-72.3’, c=O.l, MO&: W-spectra re9iatered on a Fcrkln-Elaer apparatus (MeOH): 286(172~) ~2lS(l9~1. 

N~-D~~thylamrn~thy~ene-5’-O-[~thyi(4-phenyi-3-acety~aminO-2-Oxo~tyi~p~8phiny~ l-2’, 3’-@ 

ethoxymethylenadenoaine, 28: CI,H,,N,O,P; 23.2&j (72.la): 177Wl740, 1640, 1305, 1250, 1160-980, 

860, 780, 650-550: l,l-l.ydnd 2.0-2.3 (lSH,m), 2.84 (lH,s), 4.0-4.5 (9H,n), 4.83 (1H,S), 5+(X3 (1H, 
d), 5.20 (lII,br,). 5.42 (lH,dl, 5.76 (2H,m), 7.20 (5H,a), 8.12 dnd 8.17 IZH,alt 643.6/640; 54.12,’ 

54.32, 5.95/5.63, 15.23/15.08: 0.58: -40.3.: 290(17500), 215(19~). 

N’-D~lacthyln~rnc-utethylene-S’ -~[mcthyl(3-dceCylasino-2-oxoxbutyllp~aphlny~~-2’,~‘-~ethoxyPt- 

thylenddenoarne, 27: C,,H,,N,O,P: 22.199 (78.211: 1770-1740, 1645, 1310, 1255, 1155-960, 650-550; 

1.1-1.9 and 2.0-2.3 (18H,m), 2.82 (~H,J), 4.0-4.4 17H,m), 4.81 (lH,s), 5.02 (IH,d), 5.20 (lH.br.), 
5.44 (lH,d), 5.75 (ZH,m), 8.12 and 8.17 (2li,al: 567.5/570; 48.68/48.73, 6.04/6.17, 17.28/17.01: 

0.55: -44.3”; 285(172401, 219(19350). 

N6-D~mcthylaml~thy1ene-5’-O-[eth0xy~3-acety1amin0-2-oxopr0py11ph0sphlny~I-2’,3’-eth0xymethy- 

lenadenoarnc, 2: C,,H,_N,O,P; 17.949 161.5%): 1770-1745, 1645, 1255, 1160-960, 65*6CO: 1. I- 1.9 

(lSH,mm), 2.86 (lH,s), 4.0-4.5 (loH,ml, 4.85 (lH,o), 5.03 (lH,d), 5,20 (lH,br.), 5.40 (lH,dI, 5.73 
(2H,=) , 8.12 and 8.16 (2H,aI: 5133.5/580: 47.34/47.65, 5.117/5.77, 16.80/16.13; 0.42; -82.6*t 285 
(17500) I 215(193ocll. 

N*-D~~thylaainc~thylcne-5’-~[et~xy~3-acetyid~~~-2-oxobutyl)phoaph~ny~f-2’,3’-~ethox~thy- 
lcnaderwalnc, 30: Ct,H,,N,O,P; 19.819 (66.38); 177*1740, 1645, 1255, IloQ-965, 785, 65*550; 1. I- 
2.0 (lBH,m), 2.82 (lH,a), 4.0-4.3 (BH,ml, 4.44 tlH,q), 4.84 (lH,al, 5.03 (lH,d), S.20 (lH,br.), 5.42 

(lH,dl, 5.74 (ZH,ml, 8.12 dnd 8.17 12l!,sl: 597.5,‘593; 48.24/48.62, 6.07/6.12, 16.41/16.56: 0+39: 

* 39.9.: 280(17500), 210119200). 

N’-D~aethy~dmltwwthy~ene-5’- ~[etoxy(4-phenyl-3-acetyl~i~-2-o*obutyl~phoaph~nyll-2’,3’-~ 

ethoxymcthylcnddenoaine, 31: C,,H,,N,O,P: 19.989 (59.31): 1770-1740, 164S, 1250, 116s960, 860, 785, 

6Sc&550; 1.1-1.9 115H,ra),-?.82 (ll~,al, 4.e4.5 ~ll~,rnl, 4.82 (lH,a), 5.01 IlH,br.), 5.20 (lH,d), 
7.14 f5H,8), 8.12 and 8.17 (ZH,al: 673.7,‘669: 53.49,‘53.68, S.98/6.12, 14.55/14.39: 0.53: -48.7“~ 
285(176501, 220(79800). 

6. Synthesis of the mtthylphoaphino analcquea 2-4. Each of the protected ddeMSine8 26-28 (O.OWl la -- 
left overnight dt room tqcdture rn a mixture of dLuxan/NH,OH. After evaporation in vdcuum to dry- 
ness the mixture is treated with 801 acetic acrd and then again evaporated to dryners. The reaction 
realdue AS l wlaifled with ‘Tween-80” and mixed with an aqueous buffer (8cXW, pH 8.01 CcMtaining 

a-chymotrypsin (25mg). The mixture 18 stirred for 8h at 25*C, neutrdllzed, extracted with isopropyl 
ether, dried over anhydrous maqnsslum sulphdte, and distilled in vacuum. The realdue 18 put in a 
preparative allica qel column and eluted with dioxan:chloroforn:methanol - 4:2rl to the follwinq 
prducta: 

S’-C+~Mcthyl(3-amrno-2-oxopropyl)plwaphlnyl ladenoalne, 2: C, ,li, ,N,O,P: 10.649 (53.2%) f 3350-3150 
1740, 1700, 1605, 1585, 1545, 1510, 1465, 

(3H,d,J-16Hr). 
1440, 1315-1280, 7250, 1105-980, 795, 65*550; (D,O): 2.38 

3.89 (2H,+J=WW, 4.e4.3 (LH,DI, 4.76 (tH,tl. 6.35 (lH,d), 8.72 and 8.82 (2H,8); 
135 (10011, 164 (77@), II /e: 400 (12%) 1 42.00/42.18, 5.29/4.98, 20.99/20.13; 0.42; 293(148001, 218 
(18450) . 
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S1-O-[Hethyl(3-anino-2-oxobutyl)phosphosphinyl~edenos~nt, Jr CI,H,,N,O,Pt ll.bSg (56.31): 3355-3150, 
2840, 174S, 1710, 1600, 1595, 1540, 1500, 1460-1440, 1315-1280, 1lOD-990, 790, 650-S5Ot 1+45 (3H,dJ, 
2.33 (3H,d,J=16Hr), 3.79 (IH&d,J-ISHI), 4.+4.S (SH,ra), 4.82 tlH,t), 6.38 (lH,d), 8.73 and 8.84 (2H, 

01: 13s (10011, 164 (738), M /e: 414 (1581: 43,48/43.96, S.S9/5.63, 20.28/20.19; 0.5Or 164-167.C 
(decomp.); -335.; 286(14SOO), 210(19100). 

s~-(t(nethyl(4-pheny~-3-a~~~-2-ox~utyl)p~sph&nyl~ade~ine, 4: C,,H,,N,O,P: 72.10~ (49.38)~ 
33~&3150, 28~0, 1740, 1725, 1605, 1580, 1540, 1505, 1440, 13NklZBIi, 110-980, 860, 795, 65*5X): 
2.34 ()H,d,J-16Hz), 3.82 (IH,d,J-15Hr), 4.W4.4 (6H,m)( 4.53 (1H,t), 4.79 (1H,t), 6.39 (1H,d)r 7.14 

tSH,s), 8.74 and 8.85 (2H,s): 135 lloO8), 164 (758): n /e: 491 (128); 51.43/51.55, S,S5/5.26, 17+14/ 

16.98; 0.44: dtcomp, at over 200.C~ -39.6*t 293(148cx)), 219(184X)). 

8, Synthtsrs of the ester 37. The mthod in Item 1 IS follow& with the participation of N-scetyl- 
~ly~yl chlorldt (32.S3qr 0.24Il) and (cthoxyraethylphosphInyl]occtlc acid ethyl ester (19.429, 0.1H). 
me follouat-q product is irolated: 

4-~~tyl~m~~-3-oxo-2-[~thoxy(3-~cttylam~no-2-oxopcopyl~phosph~nyl~-buta~i~ *id ethyl e8ter, 
II C,,H,,N,O,Pj 31.1 lq t79.3U) 1 1755, 1740, 1645, 1315, 1240, 1110-980; (CDCl,): 1.18 and 1.34 (LH, 
t1, 1.96 ati 2.12 (6H,s), 2.72 (ZH,d,J-17Ht), 3.70 (lti,d,J~~SH~l, 4.1-4.5 (8H,a), 5.00 tZH,br.); 39 
392,345/392 fl2I): 45.92/46.11, 6.42/6.30, 7.14/7.26; 183-186.C. 

9. Syncherrs of tht acid 38. The eBter 37 (39.23q, O.lH) is tmiled in 221 HCL (2OCMl) for 6h. After 
evaporation in vacuum to dryness, the organic 1~8s 1s extracted with dioxan and raturated with hy- 
drogen chloride. The Follovrng product is filtered out: 

4-hm~no-3-oxo-2-~hydroxy(3-amino-2-oxopr~yl~phosph~nyll-~uta~~c acid, 2: C,H,,N,O,Pt 19.499 

(77.3@); 328@2840, 2650, 1765, 1720, 1680, 1550, 1520, 1310, 1210, lOlC+860, 710, 620; (D,O+NaOD): 
2.71 (ZH,d.J-t8Hz1, 3.76 (IH,d,J-15Hr), 3.99 and 4.12 (4H,rl and six exchangeable protons - NH,xZ, 
COOli, POOH! 2S2.163/252 (268): 33.34/33.56, 5.20/5.11, 11.11/11.24: deccup. about 280*C. 

10. Synthesrs of the acids 35 and 36. Each of the l eter9 14 and 17 IO.lH), and 26 and 29 cO.OlH) is - - - 
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bollcd for Oh in hydrochloric acid (228, 2oanl). After tvaporatlon in wcuum co dryneem, the reol- 
due is cryatallired froa uater to the folloulng products, rcspwtAv*ly: 

Methyl{%amno-3-oxopropyl)phosphlnic acid, 35: C,H,,NO,P: 12.899 (85.38) J 328-3125, 2985-2860, 

24x2-2320, 1740, 1555, 1305, 1255, 1205: (D,CMDCl+TMS): 2.38 (3H,d,Jm16Hz), 3.80 (2H,d,J=lSHz), 

4.02 (2H,s}t 151.1/151 (298); 31.80/32.18, 6.67/6.63, 9.27/9.19; 0.43 In n-BuOH:AcOii:H,O - 4:l:l - 

ninhydrinc detectionr decoy. at over 250.C. 
3-Amino-2-oxopropylphoaphonic acid, 36: C,H,?+D,P: 13.529 (68.31) I 327*3220, -2800, 2490- 

2345, 1740, 1260: 3.72 (2H,d,J=lSHz), 4.12 (2H,a): 153.1/153 (1881; 23.54/23.03, 5.27/5.19, 9.15/ 

9.23: 0.32; decorrp. 

11. Enrymc-catalyzed hydrolysis of the esters 8-13. a-ChyPtrypain (15rrq, spread on carboxymbthyl c 
cellulose) and each of the esters 8-13 (2OqI are added to a buffer medium I8oc)ml, PH 7.81, tewrad 
at 37.~. me mixture is stirred for 6h and the enzyme 13 removed. me reaction mixture is neutralr- 

zed and concentrated. Upon coollrtg, an armrphou9 maa is separated. After treatwnt with o-chymo- 

trypain And with no additional work-up, the residue Is dissolved In aqueous buffer (8OCRn1, pH 8.8) 
contalnlny phoephcx-liesterase I ISrq, the saae enzylc is ased in all l xprimenta). me l nrylc 1s rt- 
roved and the reaction mixture i~ worked up a* atme. The follouing acids are isolated, res~tivtly: 

4-Am~no-3-oxo-2-w?thylphoaphlno-butanoAc acid, 21 C,H, ,NO,P; 12.179 (91.5\); 31-2860, 232s 

2200, 1740, 1550, 1300, 122Ot (D,O+Na,CO,): 1.98 (3H,d,J=lBHzl, 3.62 (lH,d,J-15Hz), 3.81 (2H,s)1 
195.1/195 (19Ul : 30.78/30.96, 5.17/5.01, 7,18/7.29: 0.63 (n-RuOH:ISWH OH n 4:111 decoup. at 260.C. 

4-~ino-3-oxa-2-aethylphosphrno-l-pcntanoic acid, 40: C,H,,NO,P: Il.929 187.6Bl : 3100-2860, 
2300-2200, 1745, 1555, 13W, 1220: 1.39 (3lf,d), 2.03 i3Hrd,J=lBHr), 3.66 (lH,d,J-l5Hz), 4.12 ilH,ql; 

209.1/209 (24%) ; 34.46,‘34.78, 5.78,‘5.44, 6.70/6.81; 0.70; decoup,; +66,3*, c-0.1, 1N NaOH. 

5-Phenyl-4-an~no-3-oxo-?-mcthylphosphino-L-pentanoic acid, 41: C,,H,,HO,P; 14,O!q (94.4al; 31m 
2850, 2330-2210, 1750, 1545, 1305, 1225, 8651 2.08 (31f,d,J-18Hz), 2.26 (:2H,d). 3.61 (IH,d,J-15Hz), 
4.08 (lH,t), 7.18 (5H.s); 285.2/285 (98): 50.53,‘50.68, 5,65/5.33, 4.91/5.10: 0.62: dcccwrp.: ‘58.3’. 

I-Ammo-3-oxo-2-phsphono-butanolc acid, 42: C,H,NO,P; 11.239 (92.181; 3200-2640, 1745, 1520, 
1250, loo0, 970, 735, 640; 3.36 ilH,d,J=I2Hzlr 3.75 (21t,a), plus five exchangeable protons: CODH, 

PO,H,, NH,: the product decoaposes under mass-spectral condltlons; Z.U. 197.1/194: 24.38/24.81, 
4.10/3.96, 7.11/7.23: 0.33. 

4-Amlno-3-oxo-2-phnsphono-l-pcnlsnolc acid, 43: C,H,,NO,P: 10.929 (87.28); 3200-2640, 1750, 

1525, 1250, loo0, 970. 730, 635; 1.43 (3H,dl, 3.32 (tH,d,J-t2Hz), 4.08 (lH,q): 337.31340: 28+45/ 
28.83, 4.77/4.62, 6.6316.71: 0.46; decoy.: +78.3*. 

S-~enyl-4-amrrw-3-nxn-2-phosphono-Lrpcntanoic acid, 44: c,,H,,wO,P; 12.969 (93.3a1: 32-2640, 

1750, 1530, 1255, loo0, 975, 740. 64Oj 2.30 (2ll,d), 3.30 (1H,d,Jll2Ht), 4.12 (lH,tlr 287.2/290: 

46.00,‘46.21, 4,91/4.67, 4,88/4.93: 0.38; dtcomp.: l 55.7O. 
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