
C O N C  LU S I G N S  

1. Methyl phenylphosphinate r eac t s  with t e t racyc lone  in the absence of ca ta lys t s  according to a scheme 
involving 1,4 and 1,6 addition of the conjugated cyclone sy s tem to fo rm methyl  2 ,3 ,4 ,5- te t rapheayl -4-cyc lopen-  
ten-  1-one-3-pheaylphosphinate  and 2, 3,4, 5 - t e t r a p h e n y l -  3 -  cyc lopenten-  I -  o n e -  2 -  phenylphosphinate, respec t ive ly .  

2. Upon heating, the 1,6 adduct is protot ropical ly  i somer ized  to f o rm  methyl 2 ,3 ,4 ,5- te t raphenyl -4-  
cyc lopenten- l -one-2-phenylphosphina te  and simultaneously d issoc ia tes  back to the original components,  which 
again reac t  to f o r m  the thermodynamica l ly  more  stable 1,4 adduct.  

3. The ~-  and , /-conjugated keto phosphinates with a c is  configurat ion of the methylidyne proton and the 
phosphinate group have been isolated in the fo rm of pa i r s  of d i a s t e r e o m e r s  with r e spec t  to the a symmet r i c  
phosphorus and carbon a toms .  
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SOME PHOSPHADIPEPTIDES 

V .  F .  S i z o i ,  G .  N u r g a l i e v a ,  
Y u .  S.  N e k r a s o v ,  A .  E .  S h i p . v ,  
M.  S.  V a i s b e r g ,  T .  A .  M a s t r y u k o v a ,  
a n d  M.  I .  K a b a c h n i k  

UDC 542.91:543.51:547.466.1.547.1 '118 

The s e a r c h  for  new, highly select ive  organothiophosphorus insec t ic ides  and aca r i c ides  has previously 
[1] led to the synthesis  of a number  of de r iva t ives  of O-ethyl methyldith~ophosphonic acid containing res idues  
of amino acids or  the i r  e s t e r s  in the alkanethioi r ad ica l  with the genera l  fo rmula  

�9 CH3 S 
\ / /  

P 

�9 Cells0 / ~SCH.2CONH--A--COX, 
X = OH or. OC2tt5 ' A = CH2(I), CH(CH3)(II), 
Ctt(C~HT-i) (]lI), CH~.CH2 (IV). 

In the fur ther  development  of this  investigation we synthesized s imi la r  organothiophosphorus der iva t ives  
containing dipeptide f ragments  in the alkanethiol radical  [2] with the general  formula  

CH~ S 
\ ]  

P 

C~H5 O /  \SCHzCONH--A--CONH--B--COOC2H5 (V)--(XX) 

where A and B are  CH2, CH(CH~), CH(i-C3HT), and CH2CH 2 groups  in var ious  combinat ions.  The synthesis  of 
these  compounds was ca r r i ed  out by react ing the corresponding O-ethyl  methyldithiophosphonates (I-IV, X = 
OH) [1,3] with ethyl e s t e r s  of amino acids in the p resence  of N,N' -dicyelohexylearbodi imide  (DCCI). 

DCCI 
CHa(C~HsO)P(S)SCH~CONH--A --  COOH + NH~ -- B --COOC~H 5 - - ~  

-+ CHs(C2HsO)P(S)SCH~CONH--A--CONH--B--COOC~H 5 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Transla ted f rom 
Izvest iya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 5, pp. 1138-1144, May, 1978. Original a r t ic le  
submitted January 24, 1977. 
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T A B L E  2 .  Mass  Spec t ra  of Me(EtO)P(S)SCH2CONHCH(R)COOH 

q-ii i)  

Ion (I) (II) (iii) Ion (I) 

M+ 
3I--H.~O+ 
3I--EIO+ 
3I--EtOH+ 
3I--H20--C~H~+ 
M--EtOH--R+ 
Me (EtO) P (S) SCH_-CO+ 
Me (EtO) P (S) SCHCO+ 
3I---H~O--MePSO+ 
.'%t--3Ie(EtO) PSOH+ 
l%Ie (HO) P (S) SCH.~CO+ 
MeP (O) (S) SCH~CO~ 
3Ie(EtO)P(S) SH+ 
3[-- (EtO) P (CHc) S2+ 

3Ie(EtO) PS2+ 
*Ie (EtO)P(OH) SH+ 
lie (EtO) P (O) SH+ 
~le (OH) PS_~+ 
3Ie (EtO) PS+ 
[-ISCH2CONHCHC~HT+ 
Me (HO) 2PSH+ 
SCH~EONHCHC3HT+ 
Me(ttO)~PS+ 
~CH2CONHCH.~+ 
~CH~.CONHCH+ 
2ONIICHCOOII+ 
EtGONHC..H~+ 
Me(HO)~PS+ 

(ii) (IID 

11 
~ s3 
13 --  
32 28 
37 42 

7 
24 11 

5 

17 ~ 
100 100 

*Here and in the following tables the values given are the relative 
intensities of the ions (%). 

T A B L E  3 .  M a s s  Spect ra  of Me(EtO)P(S)SCH2CONHCH(B)CONHCH(R')- 
COOEr (V0 VI, XVII-XIX) 

Ion 

3I+ 
M--Me+ 
3I--H=O+ 
M--EtO+ 
3I-- EtOH+ 
M--COOEt+ 
3I--NHCH(ROCOOEt+ 
3I--NH.-CH (R') COOEt+ 
3I--CONHCH(RgCOOEt+ 
3I--Me(EtO) PS+ 
.~I--Me(EtO)PSOH+ 
~I--  (EtO) P (CH.0 S~+ 
M--Me(EtO) PSOH--SH+ 
3I--Me (EtO) PSOH--]:[ '+ 
M--Me(EtO) PSOH--EtOH+ 
3Ie (EtO) P (S) SCH_~CO+ 
Me (tIO)P (S) SCH2CO+ 
Me(EtO)P(SHh+ 
Me (EtO) P (S) SII+ 
3Ie (EtO) PS_-+ 
Me (EtO)P(OH) SH+ 
Me (HO) PS,+ 
Me(EtO) PS+ 
) Ie  (IIO) ~PSII+ 
Me(HO)~PS+ 
Me(HO) PS+ 
MeCONHCH (R') COOEt + 
CH2CONHCH (R') COOEt+ 
C~HsNO:+ 
NH3CH(R')COOEt+ 
NHCtt(R')COOEt+ 

l l ' = H  

5 

- i '  5 

14 
3 
2 
I 

9O 
12 
14 

I 
l0 
22 
7 
7 
8 

II 
II 
16 

14 
11 

(YI) 
R ~ I I  

R ' = 3 I e  

9 
0,5 
0,3 
3 
3 
2 

22 
5 
4 
3 

10O 
14 
2 

5 
4O 

8 
19 
12 
10 
I0 
19 
38 
7 
7 

49 
18 

34 

{XVII) 
R ~ i - P r  
H = H  

2 

0,5 
3 

5 
3 

12 

45 
3 
9 

100 
12 
3 
9 

15 
9 

10 
23 
10 
8 

32 

12 
18 

(XVIII)  
R = i - P r  
R ' ~ 3 I e  

2 
0,5 
0,5 
4 

12 
4 

16 

4 
14 

~  
100 

8 

11 
9 

I0 

8 
9 
6 

12 

2O 
12 

(XIX) 
R = i - P r  
R ' = i - P r  

3 
i 
I 
3 
2 
1 

19 
5 

27 
1 

70 
5 

23 
5 

103 
t7 
3 

12 
23 
ll 
14 
29 
24 
7 

35 

25 
24 
12 

The c o n s t a n t s  of the  compounds ,  the y i e l d s ,  and  the data  f r o m  the e l e m e n t a l  a n a l y s i s  a r e  g iven  in Tab le  i .  In 
a l l  c a s e s  t h e i r  pur i ty  was  d e t e r m i n e d  by TLC and r i p _  {iH} NMR. The compounds  obtained con ta in  one,  two,  
or  t h r e e  a s y m m e t r i c  a t o m s  and can  a p p e a r  a s  m i x t u r e s  of d i a s t e r e o m e r s  in  the  l a s t  two c a s e s .  

In connec t i on  with the i n v e s t i g a t i o n  of the phys io logica l  ac t ion  of t hese  compounds  [1,4] and t h e i r  m e t a b -  
o l i s m  [5] we s tud ied  t h e i r  m a s s - s p e c t r o m e t r i c  f r a g m e n t a t i o n .  It was found that  a l l  the compounds  produce  
a f a i r ly  i n t e n s e  peak of the m o l e c u l a r  ion (M+). Th i s  m a k e s  it  pos s ib l e  to ident i fy  such compounds  with c e r -  
t a i n t y .  T a b l e s  2 th rough  5 p r e s e n t  the m a s s  s p e c t r a  of compounds  I -HI ,  V, VI, X!I-XIV, and XVII-XX. The 
m a i n  paths  for  the f r a g m e n t a t i o n  of the compounds  s tudied a r e  p r e s e n t e d  in  Scheme 1 in  the example  ca se  of 
N-  [S- (methyle thoxythiophosphiny Dthioglycoly [ ] -O-e thy lg lycy lg lyc ine  (V). 

Most  of the m a s s  s p e c t r a  con ta in  c o m m o n  ions  with m / e  197, 169, 155, 141, 127, 123, 113, 112, and 
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TABLE 4.  M a s s  Spectra of Me(EtO)P(S)SCH2CONHCH(R)CONHCH2- 
CH2COOEt (XII, XX) 

] 
(XII) (XX) ] (XII) (XX) 

Ion R~31e ~=~-I~ Ion R ~.-~le R ~t-l>t [ 

.~I+ 
3I--:~Ie+ 
.~I--EtO+ 
~I--NHCH~CH,COOEt+ 
5I--NH:CH2CI~.~COOEt+ 
.~I--3Ie (EtO) PS+ 
M--3Ie(EtO)PSOH+ 
3I--CONHCH.,CH:COOEt+ 
M-- (EtO)P (CH~) S2+ 
M--~Ie (EtO) PSOH--SH+ 
Me (EtO) P (S) SCH~CO+ 
Me (HO) P (S) $CH.~CO+ 
_Me(EtO)P(SH):+ 

2 

5 
2 
3 
2 

59 
11 
8 

19 
100 
15 
8 

}1 
II 

2 ILMetEtO)P(S)SH+ 
Me (Et O) PS..+ 

II~(EtO) P(om s~+ 
l Me (HO)PS.,+ 
2 ~Ie (EtO)PS+ 
1 I]3Ie (HO).,PSH+ 

39 M e ( H O ) = P S +  " 

3Ie (HO) PS+ 
Et CONttCtt~Ctt~COOEt+ 
CONHCH~CH~COOEt+ 

10 C~H.NO.+ 
-_ II NH3CH;CH=COOEt+ 

13 
16 
8 

15 

11 
t2 
7 

10 
2o 
I1 
9 

38 

5 
18 
ll 

TABLE 5. Mass  Spectra of Me(EtO)P(S)SCH2CONHCH2CH2CONHCH- 
(B')COOEt (xIn ,  x r v )  

Ion 

M+ 
M--Me+ 
M--Me--Et+ 
M--EtO+ 
M--EtOH+ 
3I--COOEt+ 
M--NHCII(ROCOOEt+ 
M--Me (EtO)PS+ 
M--Me (EtO)PSOH+ 
M-- (EtO)P(CH~) $2+ 
5[--.Me (EtO) PSOH--SH+ 
3I--Me(EtO) PSOH--EtOH+ 
~I--Me (EtO) P (S) SCH2CO+ 
3Ie (EtO)P (S) SCH2CO+ 
.Me (HO) P (s) SCH=CO+ 
Me (EtO) P (SH) ~+ 

(XIII) 
R t ~ I I  i 

2 

I00 
29 

11 
18 

(XIV) 
R'=Me 

8 
o,, 

2 
3 
I 
4 
5 

35 

II 
8 
5 

Ion 

Me (EtO) P (S)SH+ 
Me(EtO) P~+ 
3Ie (EtO)P (OH) SH+ 
3Ie (EtO) P (S)OH+ 
.~Ie (HO) ~PS2+ 
.~Ie (EtO) PS+ 
.~Ie (HO) ~PSH+ 
Me(HO)~PS+ 
.~Ie (HO)PS+ 
:~IeCONHCH(R')COOEt+ 
CH2CONHCH(R') COOEr+ 
CH2CH2CO.N-HCH (R') COOEt+ 
CONHCH (R') COOEt+ 
NHsCH.~CH2CONHCH (R')COOEt§ 
NH3CH(R t) COOEt+ 

(XIII) 
R ' ~ H  

42 

16 
15 
24 
42 
49 
31 
99 
15 
24 
51 
I0 
5 

60 

s~ 

13 
8 

25 
8 

19 
33 
25 
34 

I00 
6 
6 

20 
20 
3 

37 

95, wMch fo rm as  a resul t  of the f ragmenta t ion  of the S-(methylethoxythiophosphinyl)thioglycolic r e s idue .  
Scheme 2 shows the possible  paths for  the fo rmat ion  of the ion with m / e  95, which has the max imum intensity 
in most  of the m a s s  spec t r a .  Two probable  s t ruc tu re s ,  v iz . ,  PS2 + (A) and Me(HO)PS + (B), may be proposed 
for this  f ragment ;  however ,  the h igh-reso lu t ion  m a s s  spec t ra  suggest  that  t h i s p e a k i s  a singlet and co r r e sponds  
to s t ruc tu re  B (mfound = 94.9726, mcalc  = 94.9721). This  s t ruc tu re  is a lso  supported by the metas tab le  ions 
with m / e  145.0 and 53A (Table 6), which cor respond  to the success ive  el iminat ion of C2H 4 and SCH2CO f r o m  the 
Me(EtO)P(S)SCH2CO + ion (m/e  197). 

Another  cha rac t e r i s t i c  fea ture  of all  the m a s s  spec t r a  is the p resence  of an intense peak of a r e a r r a n g e d  
ion which co r r e sponds  to the e l iminat ion of 140 m a s s  units  f r o m  M +. The measu red  exact  m a s s  of the ejected 
par t ic le  (140.0061) co r r e sponds  to the e l iminat ion of Me(EtO)PSOH (mcalc = 140.0061). The eject ion of such 
a f ragment  r equ i r e s  the migra t ion  of O and H a toms  to the methylethoxythiophosphinylthiol  r e s idue .  The O 
atom of the amide group then m i g ra t e s  to the P a tom.  Another possible  hypothesis  includes the migra t ion  of 
the O a tom of the carboxyl  group (acids) or  the carbethoxy group (es ters ) .  If th is  were  so, the m a s s  spec t rum 
of Me(EtO)P(S)SCH2CONH-sec-Bu [6], which has no carboxy[ oxygen, should not show a peak of M + with m = 
140; however , in  i ts  m a s s  spec t rum the peak due to the eject ion of 140 m a s s  units  f rom M + has  the m a x i m u m  
intensity,  and the O a tom of the amide group,  t he r e fo re ,  pa r t i c ipa tes  in th is  r e a r r a n g e m e n t .  

All the m a s s  spec t r a  we studied contain peaks  which cor respond  to the splitting of the amide l inkages to 
f o r m  ions with m / e  197 {I-III, V, VI, XI I -XIV,  and XVII-XX), 254 (V and VI), 268 (XII-XIV), 295 (XX), and 
296 (XVII-XIX), which a r e  unequivocally re la ted  to the sequence of amino acid res idues  in the molecule .  An 
in teres t ing fea ture  of the m a s s  spec t r a  of the carbethoxy de r iva t ives  (V, VI, XI I -XIV,  and XVII-XX) is the 
p resence  of intense peaks  of the ions HBNCH(R')COOEt + (B' = H, Me, i - P r ;  m / e  104, 118, 146, respec t ive ly) ,  
which cha rac t e r i ze  the t e rmina l  amino acid .  Thus,  there  is  a possibi l i ty of m a s s - s p e c t r o m e t r i c a l l y  moni -  
tor ing the metabol ic  convers ions  of phosphadipeptides which a re  accompanied by the splitting off of the amino 
acid r e s idues .  
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S c h e m e  1 

role 226 ~ role 310 
[--CONHCH2COOEt I--Et0H EtO" 
I [ 254 , . . . .  31, 

--H,O I_MeIEtO)P(S)SCH.,~INHCH.~6INHCHzCOOEt+ - --(CH,,P(EtO)S, 
role 338 .m/e 202 

M +, tale 356 

* l--~Ie(EtO)PSOIt 

--EtOH - - S H  
ra!e t70 ~ -  . - -  m/e 216 . - m{e t83 

*Here and in the following, the aster isks denote fragmentation paths 
that have been confirmed by the corresponding metastable peaks (see 
Table 6). 

S c h e m e  2 

Me(EtO)P(S)SCH2CO + 

�9 I I " 
--C~H, role i97 [ 

--CHzCO 
I --SCH,CO 

�9 i I §  
Me(ItO)P(S)SCI-I~COe Me(EtO)PS Me(EtO) PSS § 

m/e t69 m/e t23 role i55 

�9 r I 1 --SCH2CO , --C~H~ * --C~.H, 
l 

--OH --S 
Me(HOhPS + . * hle(HO)PS + �9 Me(HO)PSS+ 

m~e t t2  role 95 m]e 127 
? 

I - - H  

---C,H, 
Me(HO)~PSH +~ . 'Me(EtO)P(SH)OH + 

m/e l l3  m/e 14t 

T A B L E  6 .  

283,7 
2t0,0 
t79,6 
155,5 
i47,2 
1452 
144,8 
143,0 
t33,8 
t3 t , t .  
122,0 
90,6 
80,6 
73,4 
53,4 

283,7 
2t0,0 
i79,6 
t'55,5 
t47,2 
t45,0 
144,8 
t43,0 
t33,8 
131,1 
122,0 
90,6 
80,6 
73,4 
53,4 

M e t a s t a b l e  P e a k s  in t h e  M a s s  S p e c t r a  of  I - X X  

Process 

370-~324 
272-~239 
4t2-~272 
2t6-~t83 
230--t84 
t97-~i69 
268-~197 
370-~230 
2t6--t70 
356-~2t6 
t97-~i55 
t~1-*tt3 
ti2-~95 
t23~95 
169--95 

I Process 

370-~ 324 
272~ 239 
4t2o272 
2t6--* 183 
230-* 184 
t97-~ 169 
268--t97 
370~230 
2t6-~t70 

356"2 t6  
: 197-~ t55 
t4t-~tt3 
i t2~95 
i23-~95 
t69-'95 

Neutral [ 
fragment (I) 

EtOH 
SH 
Me (EtO) PSOH 
SH 
EtOH 
C2H~ . 
NHCHPr 
Me (EtO) PSOH 
EtOH 
Me (EtO) PSOH' 
CH2CO 
C2H~ 
OH 
C2H~ 
SCHzCO 

Neutral 
fragment 

EtOH 
~ H  
Me (EtO) PSOH 
SH 
EtOH 
C2H~ 
NHCHPr 
Me (EtO) PSOH 
EtOH 
Me (EtO) PSOH 
CHACO 
C2H~ 
OH 
C2H~ 
SCH~CO 

x 

(XII) 

(II) 

• 

(XVII) 

(III) (v) 

X 

X 
�9 x 

N X 
• 

(X_X) 

• 
X 

X 

(XIII) (vI) 

• 

N • 

• 

x x 

(XVIII) 

x 

x 

(xlv) 

(xIx) 

• 

X 
• 

X 

X 
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EXPERIMENTAL 

Introduction of Dipeptide Fragment (Synthesis of V-XX). A solution of DCCI in CHCI 3 was added to a 
CHC[ 3 solution of equimolar amounts of the ethyl ester of an amino acid (NH2--B--COOEr) and a derivative of 
O-ethyl methy[dithiophosphonie acid containing an amino acid residue with a free carboxylic group [i, 3]. The 
mixture was shaken for 10-15 mino Self-heating of the mixture then occurred, and N,N'-dicyclohexylurea 
prec ip i t a t ed .  The reac t ion  mixture  was left  to stand overnight in a r e f r i g e r a t o r  for  the more  comple te  p r e -  
cipitation of the d icyc lohexylurea .  The prec ip i ta te  was  f i l t e red ,  and the f i l t ra te  was evapora ted  in a vacuum.  
The res idue  (a v i scous  syrupy substance) was dissolved in an e t h e r - -  ch lo ro fo rm mix tu r e .  In some ca se s  the 
solution became  cloudy, and a c rys ta l l ine  product prec ip i ta ted .  The c rys ta l l ine  m a t e r i a l  was r ec rys t a l l i zed  
to a constant  mel t ing point.  The thick syrupy subs tances  were  purified by f reez ing  them out f rom solutions 
in a mixture  of e ther  with hexane at --78~ The purity of the products  was moni tored by TLC on a f ree  l ayer  
of KSK si l ica  gel containing 10% wa te r  in a 3 : 2 hexane -- acetone s y s t e m .  

The 3 1 p _  {1H} NMR spec t ra  were  r eco rded  on a B ruke r  HX-90 s p e c t r o m e t e r  at a f requency of 36A3 
MHz under  pulsed condit ions,  the externa!  r e f e rence  being 85% phosphoric  acid .  The low-resolu t ion  m a s s  
spec t ra  were  obtained on an MX-1303 m a s s  s p e c t r o m e t e r ,  which was equipped with a s y s t e m  for  the d i rec t  
introduction of the sample  into the ion source  [7], with an energy  of the ionizing e l ec t rons  equal to 50 e%r The 
t e m p e r a t u r e  of the source  was 150~ and that  of the introduction sys t em was 50-150~ The exact  m a s s e s  of 
the ions were  measu red  on a n  AEI MS-30 m a s s  s p e c t r o m e t e r  with a DS-50 d a t a - p r o c e s s i n g  s y s t e m .  

CONCLUSIONS 

The m a s s - s p e c t r o m e t r i c  f ragmenta t ion  of seve ra l  phosphadipeptides has been invest igated.  The m a s s  
spec t r a  show peaks  which a r e  unequivocally re la ted  to the sequence of amino acid r e s idues  in the molecule ,  
a s  well  a s  peaks  which co r re spond  to the C - t e r m i n a l  amino ac ids .  These  p e a k s  can :be uti l ized fo r  the m a s s -  
s p e c t r o m e t r i c  identif icat ion of metabo[ i tes  of the compounds studied ~ 
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