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Synthesis of phosphinic analogs of sulfur-containing amino acids 
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Phosphinic analogs of tile key compounds of the metabolism of methionine were 
synthesized. The compounds obtained were selectively oxidized either at the phosphinic 
grovp or at the sulfur-containing fragment. 
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l-Amino-3-(methylthio)propylphosphinic acid ( la) ,  
an analog of methioninc, is one of the most biologically 
active compounds among phosphinic analogs of amino 
acids. This compound possesses high antibacterial activ- 
ity, l peptides involving la have fungicidal activity, 2 and 
la itself inhibits tl}e initial stage of protein biosynthesis) 
The s t ruc ture- -b io logica l  activity relationships of 
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phosphinic analogs of compounds involved in methion- 
ine metabolism were not investigated systematically be- 
cause analogs were not obtained or remained unavail- 
able. 

In the present work, the synthesis of phosphinic 
analogs of key compounds in the metabolism of me- 
thionine is discussed. 
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Reagenls a n d  c o n d i t i o n s :  i H3PO2/R'OIt/.~.: ii. Mcl/AcOH or MeOTs/AcOH: iii. Na/liquid N|I3; iv. Mel/liquid NI-t 3 or 
5 '-CI-Ado/DMSO/HzO: v. MeI/AcOtI--IICOOH: vi. O2/Fe 3* or I,/NaOH/EtOH/[t20; vii. H20?/AcOH/+4 "C; viii. I2/HI/EtOtl. 
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The  known synthes is  4 of acid l a  (12.8% yield) in- 
cludes add i t ion  o f  H3PO 2 to a Schi f f  base (prepared  
from 3 - m e t h y l t h i o p r o p a n a l  and d i p h e n y l a m i n o m e t h a n e )  
with subsequen t  e l i m i n a t i o n  of  the  pro tec t ing  group by 
ac id i f i c a t i on .  A n o t h e r  way,  5 via., t he  r e a c t i o n  of  
3 - m e t h y l t h i o p r o p a n a l  ox ime with anhydrous  H3PO 2 in 
the absence  o f  a so lvent ,  also yields la ,  but  our  obse~ 'a-  
t ions showed the  process  to be often out  of  control .  

We found that  l a  is s m o o t h l y  formed in 35% yield in 
the react ion of  3 - m e t h y l t h i o p r o p a n a l  oxime with HsPO.~ 
in boil ing alcohols .  Similar ly ,  c o m p o u n d  lh  was syn the-  
sized in 27% yield. 

A m i n o p h o s p h i n i c  acid lb  was t r ans fo rmed  into an 
analog of  h o m o c y s t e i n c  2 in 43% yield by the act ion of  
sodium meta l  m liquid a m m o n i a .  

A phosph in i c  ana log  o f  S - a d e n o s y l h o m o c y s t e i n e  ld 
was syn thes ized  by afkyla t ion of  thiol  2 with 5" - ch lo ro -  
5 ' - d e o x y a d e n o s i n e  in l iqu id  a m m o n i a  or  aqueous  
D M S O ;  in the  lat ter  case,  ld  was ob ta ined  in 90% yield. 
Methy la t ion  o f  th io l  2 was carr ied ou t  u n d e r  cond i t ions  
s imilar  to those  for the  synthes is  of  i so tope- labe led  (on 
the methy l  group)  t h i o e t h e r  la .  

Me thy l a t i on  of  l a  with  M e O T s  or Me l  in AcOH or a 
mixture  of  A c O H  and  H C O O H  did not  involve the 
p h o s p h i n i c  f r agmen t ,  resu l t ing  in the  3a-  and  3b- 
phosphinic ana log  o f  v i t amin  U. 

A m i n o p h o s p h i n i c  acid ld  was t r ans fo rmed  into 3b, 
an analog of  S - a d e n o s y l m e t h i o n i n e ,  which  is the main  
d o n o r  of  M e - g r o u p s  in biological  me thy la t ion ,  by the 
act ion of  an  excess o f  Mcl  in A c O H - - H C O O H  or 
H C O O H - - d i o x a n e  at 20 ~ with subsequen t  isolation 
of  the p roduc t  by i o n - e x c h a n g e  c h r o m a t o g r a p h y  on 
Dowex 5 0 W x 8  ca t ion  e x c h a n g e r  in the  H + t\)rm. 

Oxidat ive t r an s fo rma t i ons  of  p h o s p h i n i c  analogs were 
performed so tha t  bo th  the  hydrophosphory l  f ragment  
and the  s u l f u r - c o n t a i n i n g  group  were selectively in- 
volved. U n d e r  the  c o n d i t i o n s  descr ibed  earlier,  6 art 
e thano l ic  so lu t ion  o f  i 2 and  HI smoo th ly  reacted with 
ac ids  l a ,  l h ,  a n d  l c  to give t he  c o r r e s p o n d i n g  
a m i n o p h o s p h o n i c  acids with r e t en t ion  of  the th ioe the r  
group. U n d e r  the  s t andard  cond i t i ons  of  thiol  oxidat ion,  
the mercap to  group  o f  p h o s p h i n i c  acid 2 was oxidized 
with 12 to disulf ide w i t hou t  involving the  P - -H  flag- 
merit. No r  did the  ac t ion  o f  H 2 0  2 in A c O H  on l a  
involve the  P - - H  f r agmen t  dur ing  the  oxidat ion of  the 
t h ioe the r  group to the  sul toxide.  

Thus ,  we syn thes ized  po lyfunc t iona l  phosph in ic  ana-  
logs o f  the  mos t  i m p o r t a n t  su l fu r -con ta in ing  a m i n o  
acids and  deve loped  m e t h o d s  for select ive oxidat ion of  
the c o m p o u n d s  ob ta ined .  

Experimental 

Thin-layer chromatography was pcrformed on Kieselgcl 
61)F254 plates (Merck)  in Pr iOt t - -25% NIt4Ott-I-I.~O, 
7 2 : I (A) ,and Bu"OI- I - -AcOH-H20,  12 : 3 : 5 IB) ,and 
on Cclhtlose F254 plate~ (Merck) in [hl"OIt--AcOll-- l t~O.  
12 ; 3 : 5 ICi: spots were ',,isualized by color reactions '~silh 

ninhydrin, ammoniunl molyt• and sodium nitroprusside. 
Ion-exchange chromatography was performed on Dowcx- 
50Wx8 cation exchanger 1100--200 mesh) in the It § and 
PyH + forms (BioRad, USA). H PLC was carried out according 
to the known procedure ? on a ttypersil ODS column (Hewlett- 
Packard, 5 pro. 2 .1x lO0 ram), U V  detector, >. = 257 nm. 
The following buffer solutions were used: (A) 0. l M KH2PO 4 
(pH 2.5)--0.008 M CsH~TSO3Na--H~O/CH3CN , 94 : 6 (by 
volume) and (B) 0.1 M KH2PO 4 (pH 3.2)--0 .008 M 
CsHITSO3Na--H20/CH3CN , 70 : 30 (by volume). A mixture 
of buffers A and B was used as the eluent (a gradient of  buffer 
B in buffer A from 10 to 85% was varied as follows: 10% (0 to 
2 rain), 10~85% (2 to 17 rain), 85% (17 to 19 min), and 
85-~I0% (19 to 20 rain)), llow rate 0.5 mL min-L Melting 
points (decomp.) were measured on an Electrothermals instru- 
ment (UK) and are given noncorrected, tH NMR spectra 
were recorded on a Varian XL-100-15 instrument (100 MHz) 
in D20 (relative to Bt, tOH); the chemical shifts are given with 
respect to Me4Si. UV spectra were recorded on a Beckman 25 
instrument. S-Alkyllhiopropanal oximes were prepared ac- 
cording to the known procedure. 8 

l-Amino-3-(methyltbio)propylphosphinic acid (la).  A. A 
solution of 3-methylthiopropanal oxime 8 (119 g, 1.0 tool) ira 
100 mL of MeOH was added with stirring in an atmosphere of 
N 2 to a boiling solution of anhydrous tI3PO 2 9 1132 g, 2.0 tool) 
in 320 mL of MeOH over I h. The reactiort mixture was 
refluxed for 4 h, and 150 mL of MeOH was removed. Et3N 
(to ptt  - 4) and then 500 mL of boiling PriOH were added to 
the residue. The resulting solution was kept at +4 ~ for 16 tl. 
The crystals that formed were filtered off, washed with PriOH, 
and dried in air. The crude product (yield 77.6 g) was reco's- 
tallized from aqueous priOH to give la  (58.5 g, 34.6%), m.p 
229 ~ (cf Ref. 4 :231 ~ (decomp.)). Rf 0.53 (A), R r 0.30 
(B), R r 0.55 (C). JH NMR (D20), 8 :1 .80--2.30 (m, 2 H, 
CH2CI-I); 2.14 (s, 3 H, MeS); 2.57--2.85 (m, 2 H, CH2S): 
3.12--3.44 (m, I H, CH); 7.02 (dd, I H, PH, J = 528 Hz, 
J = 1.5 Hz). 

B. Sodium metal was added to a solution of compot,nd 2 
11.55 g, 0.01 tool) in 40 mL of liquid Nit  3 until a blue color 
persisted, and then freshly distilled Mel 11.9 mL, 0.03 tool) 
was added. The ammonia was allowed to evaporate, and the 
residue was concentrated in vacuo with water. Compound ia 
was isolated on a 75-mL column with Dowex 50W resin 
(H + form) by elution with a 15% aqueous solution of priOH. 
The fractions containing la were concentrated in vacuo to 
dryness to give In (I.5 g, 89%) that is identical with an 
authentic sample. 

C. MeOIt (1.8 mL) and Mel 10.012 mL) were added to a 
so lu t ionofcompound 2131 rag, 0.2 mmot) in0.2 m L o f 2  M 
NaOH. The mixture was left for 16 h and concentrated in vacuo 
to dryness. Compound la  (32 rag, 95%) was isolated as de- 
scribed above to give a product identical with an authentic 
~mple.  

l-Amino-3-(benzylthio)propylphosphiuic acid. (lb). A solu- 
tion of 3-bcnzylthiopropanal oxitne s (104.4 g, 0.53 tool) was 
added with stirring in an atmosphere of N 2 to a boiling 
solution of anhydrous H3PO 2 9 1169.3 g, 1.05 tool) in 400 mL 
of anhydrous PriOH over I h. The reaction mixture was 
rcfluxed for 3 h and coolcd. The precipitate that formed was 
fihcred off, washed with PriOH, and dried in air to give crude 
product Ib 135.1"g, 27%) The filtrates were combined and. 
aftcr addition of Et3N to pit  -4.5. left at 20 ~ for 16 h to 
give an additional amomat of lh (6.36 g, 4.9%). Recrystalliza- 
tionfrom t12Oallbrded ib136.4 g. 28%), m.p. 221 ~ R r 0.61 
(A), Rr0.46 (B). IH NMP. ~025 M NaOD m l)20),is:  1.72-- 
2.20 tin. 2 [t, CH.CH):  23X- 2.86 (m, 3 H, SC[!:CH 2 and 
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CIt); 3.86 (s, 2 H, C~J2C6Hs); 6.60 (dd, I II, PH, J = 
486 Hz, d = 1.8 Hz); 7.21 (m, 5 H. C6H5). Found (%): 
C, 48.75; H, 681; N, 5.43. CI011-]6NO2PS. Calculated (%): 
C, 48,97; H, 6.57; N, 5.71. 

I -Amino-3- (ethylthio)propylphosphinic acid (le) .  3- Ethyl- 
thiopropanal oxime 8 (33 g, 0.25 tool) was added with stirring 
m an atmosphere of N 2 to a boiling solution of anhydrous 
H3PO~. 9 (33 g, 05 tool) in 100 mL of PriOH over 30 rain. 
The reaction mixture was refluxed for 3.5 h, concentrated 
m vacuo, and washed with ether (4x 150 mL). The residue was 
dissolved in 100 mL of MeOH, and Et3N (to pH ~ 4 5) and 
then boiling priOH (250 mL) were added. The resulting solt,- 
tion was kept at +4 ~ for 12 h. The crystals that formed were 
fihered off', washed with cold PriOH, and dried in air to give 
crude product lc (18.3 g, 40%7. The product was purified on a 
1.2-L column with Dowex 50W resin (H e- form) by elution 
with a 15% aqueous solution of PriOH. Recrystallization from 
aqueous PriOH gave lc (14.0 g, 30%7, m.p. 238 ~ R r 0.64 
(A), Rf0.44(B). ]H NMR, 6: 1.28(m, 3 H, CH3); 1.85--2.29 
(m, 2 H, C H2CH); 2.60 (q, 2 H, CH3CH2S, J = 7 Hz); 
265--2.87 (m, 2 H, SCH2); 6.98 (dd, 1 H, PH, J = 524 Hz, 
d = 1.5 Hz). Found (%): C, 32.43: H, 7.98; N, 7.42. 
CsHI4NO2PS. Calculated (%): C, 32.78; H, 7.70; N, 7.65. 

I-Amino-3-mercaptopropylphosphinic acid (2). Sodium 
metal (2.42 g, 0.105 tool) was added portionwise to a sohnion 
of compound lb (12.3 g, 0.05 tool) in 200 mL of boiling 
liquid NH 3 until a blue color persisted. The reaction mixture 
was stirred for 30 rain, and then solid NH4CI was added until 
the blue color disappeared. The ammonia was allowed to 
evaporate, and the residue was concentrated with t-120 in vacuo. 
Thiol 2 was isolatcd on a 550-mL column with Dowex 50W 
resin (H + form) by elution with a 15% aqueous solution of 
priori. The fractions containing 2 were concentrated in v a c ,  o 
to dryncss. The residue was dried in vacuo over P2Os/KOIt to 
give compound 2 (3.63 g, 43.4%). Rf 0.39 (A), Rf 0.23 (B). 
IH NMR, ,5:1.72--2.26 (m, 2 tt, CH CH); 2.40--2.78 (m, 
2 H. SCH?); 3.04--3.40 (m, 1 H, C1-1); 6.92 (dd. I H, PH, 
J = 527 Hz, J = 1.5 Hz). The content of HS groups in the 
sample was tbnnd by the method t~ to be equal to 98.7% (with 
respect to the theoretical yield). 

l-Amino-3-(dimethylthionia)propylphosphinic acid iodide 
(3a). Anhydrous H3PO 2 (0.12 g) and Mel (5.0 mL) were 
added to a solution of compound la (1.69 g, 0.01 mol) in 
10 mL of AcOH. The reaction mixture was left in the dark at 
20 ~ for days with periodic stirring. The precipitate that 
formed was filtered off and washed successively with an AcOH-- 
Et20 (I : I) mixture and Et?O. The m-ude product (3.03 g) 
was recrystallized front aqueous ethanol to give compound 3a 
(2.54 g, 81.5%), m.p. 208--209 ~ Rf0.12 (A), Rf008 (B), 
Rf0.31 (C). IH NMR, 8:2.11--2.56 (m, 2 H, CI:I2CH); 2.96 
and 2.97 (both s, 6 H, Me2S); 3.13-3.44 (m, 1 H, CH):3.51 
it, 2 H, SCH 2, J = 7.5 Hz); 7.07 (dd, I H, PH, J = 521 Hz, 
J = 1.5 Hz). Found (%): C, 1954; H, 4.54: N, 4.22. 
CsHtslNO2PS. Calculated (%): C, 19.30: H, 4.86; N, 4.50. 

l=Amino-3- (dimethylthioat~) propylphosphinie acid tosylate 
(3b), MeOTs (5.58 g, 0.03 molt was added to a solution of 
compound lb (3.28 g. 0.02 mol) in a mixture of 25 mL of 
AcOH and 25 mL of HCOOH. The reaction mixture was left 
at 20 ~ for two weeks and then concentrated in vacuo to 
dryness. To the residue 35 mL of PriOH was added and 
concentrated. The residue was dissolved in 10 ml. of priOlt 
arid poured into 150 ml. of Et20 .  The precipitate that formed 
was washed with Et~O and dried in vacao over  P2Os/KOIt. 
The crude prtxtnct (7 g) was recrystallized from MeOlt--  
Pr;OII to give compound 3b (5 88 g, 83%), m p  194 ~ 
R,- 0 12 IA). Rt. 0.08 !B). Rt0.3l '~(.') tH NMR. IS: 2.09--2.56 

(m. 2 tt, C_IJ_2CI--I); 2.39 (s, 3 It ,  .IK~Ph); 2.94 and 2.95 
(both s, 6 H, Me2S); 3.14--3.45 (m, I H, CH); 3.50 (t, 
2 H, SCH2, Y = 8 Hz); 7.06 (dd, 1 H, PH, Y = 522 ftz, d = 
1.5 Hz); 7.09--7.26 and 7.39--7.54 (b~)th m, 4 H, C61-14). 
Found (%):C, 40.83; It, 6.09; N. 3.58. CI2H22NOsPS ?.Cal- 
culated (%): C, 40.55; I-l, 6.24; N, 3.94. 

5 ' -  [3-Amino-3- (hydrohydroxyphosphoryl)propylthio] -5 "- 
deoxyadenosine (Id). DMSO (18 mL) and a solution of 
5"-chloro-5"-deoxyadenosine tt (I.0 g, 3.5 retool) in 6 mL of 
DMSO were successively added to a solution of compound 2 
(0.89 g, 5.75 mmol).in 5.8 mL of 2 M NaOH at 20 ~ The 
reaction mixture was left at 20 ~ for 18 h and then poured 
into 150 mL of water. Crude Id was isolated on a 55-mL 
cohnnn with Dowex 50W resin (H + form) by washing with 
water (400 mL) and eh, tion with I M NII4OH. The fractions 
containing ld were concentrated in  vacuo. The residue was 
dissolved in 1% aqueous Py. The product was isolated on a 
200-mL column with Dowex 50W resin (Py+ form) by elution 
with 1% aqueous Py. The fractions containing id were con- 
centrated in vacuo. To the residue water (4x5 mL) was added 
and concentrated and then EtOH (3• mL) was added and 
concentrated. The residue was dried in vacuo over P2Os/KOItt 
to give compound ld (1.3 g, 92%). Rf 0.47 (A), R r 0.17 (B), 
R r 0 2 6  (C). 114 N M R ,  8:1 .82- -2 .29  (m, 2 H, CI!?CH); 
2.67--2.87 (m, 2 It, SCH_2CH2); 2.95--3.07 (m, 2 H, 
5"-CH2S): 3.10--3.40 (m, 1 H, CHC1-{2); 5.96 (m. I H, 
H - l ' ) ; 7 . 0 0 ( d d ,  I H, PH, J = 523 Hz, J =- 1.5 Hz); 8.(18 (s, 
I H, H-21; 8.19 (s, 1 H, H-81. The sample obtained was of 
99.9% purity (HPLC), elution time 2.51 rain. 

5" - { S- [3-amino- 3-(hydrohydroxyphosphoryl) propyll-S- 
melhylthionia}-5"-deoxyadenosine chloride (3c). A mixture of 
HCOOH (1.5 mL) and dioxane (4.5 mL), anhydrous H~PO? 
(110 rag), and Mel (1.5 mL) were added to a solution of 
compound ld (315 rag, 0.78 retool) in 5 mL of anhydrous 
HCOOH. The reaction mixture was stirred in the dark at 
20 oC for 2 days and then concentrated in vacuo to dryness. 
The residue was dissolved in 0.05 M IlCl and applied on a 
5.5-mL column with Dowex 50W resin (It ~" form). The col- 
umn was washed with 0.5 M HCI (500 mL) and 1.0 M }tCI 
(300 mL). and the product was eluted with 2_0 M HCI. The 
fractions containing 3c were concentrated in vacuo to dryness. 
To the residue water and EtOH were added and concentrated. 
The residue was dried in vacuo over P?Os/KOH to give com- 
pound 3c (176 rag, 50%). Rf0.12 (A), Rf0.04 (B), Rr0.17 (C). 
UV (H20),)~.m~• 259, X~ni,/nrn: 228, X280/Xz60: 0.21. 
IH NMR, 8 :2 .07- -254  (m, 2 tt ,  C_H__2CH); 2.96 and 2.99 
(both s, 6 H, Me?S); 3.13--3.30 (m, 1 H, CIzlCH2); 3A5-- 
3.72 (m, 2 H, SCH2CH2); 3.84--3.99 (m, 2 H, 5"-C112S); 
6.04 (m, I 1-t, H- I ' ) ;  6.94 (dd, 1 H,  PH, J = 531 Hz, J = 
t.5 Hz); 8.24 arm 8.26 (both s, 1 H, I-f-2 and I H, H-8). The 
sample obtained was of 99.7% purity (HPLC), elution time 
4.99 rain. 

l,l'-Diamino-3,3'-(dithiobis)dipropylphosphinic acid (4). 
A. 0.5 M 12 in Pr'OH was added to a solution of compound 2 
(0-31 g, 2 mniol) in 4 mL of H20 a t  20 "C until the HS 
groups disappeared (negative reaction with sodium nitroprus- 
side) Then propylene oxide was added to pit - 5. The 
precipitate that formed was filtered off, washed with PriOH. 
and dried in vacuo o',er P?Os/KOH to give disulfide 4 (240 nag. 
78%7, d e c o m p p  216 ~ Rf0.38 (A), Rf0.11 (B). 11"t NMR, 
& 1.93--2.49 (m, 2 tt. CH_2CH); 2.74--3.07 (m, 2 H, C1-1?S); 
3.09--3.47 (m, 1 H, CIt); 7.04 (dd, 1 it, PH, J = 527 ttz. 
J = 1.5 Ilz). Found (,c,'~).' C. 23.16; H, 6 .11 N, 8.78. 
C6HIsN204P2S2 Calculated (%): C, 23.38; tl, 5.89; N, 9.09. 

B. A weak flow of air was passed at pH ~ 8 through a 
solution of compound Z (155 rag. I retool) in 5 ml.. of H20 
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with one drop of 0.5% FeCI 3 for 5 h until the tIS groups 
disappeared. The reaction mixture was filtered, and the filtrate 
was concentrated in vacuo and applied on a 5-mL column 
with Dowex 50W resin (H + form). The column was washed 
with water, and the product was eluted with 1 M NH4OH. The 
fiactions containing disulfide 4 were concentrated in vacuo 
and dried in vacuo over P20$/KOH to give compound 4 
(I46 ms, 95%). 

l-Amino-3-(methylsulfinyl)propylphosphinic acid (5). 30% 
aqueous H202 (0.7 mL) was added with stirring to a suspen- 
sion of compound la (0.91 g, 5.4 retool)in 10 mL of AcOl-I 
at +4 ~ for 15 rain. The reaction mixture was stirred at this 
temperature for an additional 10 rain and concentrated 
in vacuo. To the residue toluene was added and twice concen- 
trated in vacuo. The residue was dissolved in MeOH, and 
acetone was added. The precipitate that formed was filtered 
off, washed with acetone, arid dried in air to give chide 5 
(0.95 g). Reco'stallization from a H20- -E tOH--pr ioH mix- 
ture gave compound 5 (0.82 g, 82%), m.p. 201--201.5 ~ 
Rf 0.41 (A), Rf 0.1 (B). JH NMR, fi: 2.01--2.49 (m, 2 H, 
CH2CH); 2.74 and 2.75 (both s, 3 H, MeSO); 2.96--3.44 (m, 
2, H, CH2S and CH); 7.04 (dd, i H, PH, J = 532 Hz, J = 
1.5 Hz). Found (%): C, 25.68; H, 6.83; N, 7.21. 
C4HI2NO3PS. Calculated (%): C, 25.94; H, 6.53; N, 7.56. 

l-Aminoalkylphosphonic acids (6a--c).  I N 12 in EtOH 
(10.5 mL) was added dropwise with stirring to a solution of 
compounds l a - -c  (10 retool) in a mixture of cone. I]I (25 mid 
and EtOH (10 mL). The reaction mixture was stirred at 20 ~ 
for I h and, after addition of propylene oxide, kept at +4 ~ 
for 2 h. The precipitate that formed was filtered off, washed 
with EtOH, and recrystallized from aqueous EtOH to give 
acids 6a--c, in 80--95% yields, that are identical with authen- 
tic samples. 

Scient is ts  f rom the New I n d e p e n d e n t  States  o f  the 
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