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Two-fragment ct-adrenolytics 
3.* Addition of primary amines to aikyl divinyiphosphinates 

and phenyl(divinyl)phosphine oxide 
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Pritnau atkylamines, 6-arylox:,ethylamines, or N-[6-(2-methoxyphenoxylethyll-u,ej-di- 
aminoalkancs react with alkyl divinylphosphinates or phenyl(divinyl)phosphine oxide to give 
Ihe corresponding 4-alkoxy<4-phenyl)-I-alkyl-4-oxo- 1,4-azaphosphorinanes. Reactions of 
the latter with mono- or dihaloatkanes agi)rd 4-phosphapiperidinium halide~. 1,4-Azaphos- 
phorinancs containing a l}-aryloxyethyl fragment exhibit h~potensive activity. 

Key words: ulkylamines, c<(o-diaminoalkanes, alkyl divinylphosphinates, phenyl- 
(divin>l)phosphine oxide, 4-alko~v(4-phenyl-I-alkyl-l.4-azaphosphorinane 4-oxides, 
4-alkoxy-l,l-dia!kyl-4-oxo-4ZS-phosphapiperidinium halides, hypotensive activity. 

Addition of pr imao and seconda~" amines to organo- 
phosphorus compounds  containing a phosphorus-bottnd 
,,inyl group is a convenient  method for the synthesis of 
variotJs ff-aminoalkylphosphonates, -phosphinates, and 
-phosphine oxides, z including those exhibiting hypotcn- 
sive act iv i ty)  

In contrast, reactions of compounds with two vinyl 
groups at the phospht)rus atom. e.o.,c" divinylphosphi- 
nates and divinytphosphinc oxides, with primary amines 
have not been studied so fi~r (although. theoretically. 
they could result in not only linear but also cyclic 
products). 

1-o synthesize heterocyclic compounds with nitrogen 
and phosphorus atoms, viz.. l+4-azaphosphorinanes, we 
studied reaction of primary, amines with alkyl di~,i- 
nylphosphinates and phenyl(divinyl)phosphine oxide. 4 
It was found that methylamine (la) and ethylamine (lh) 
react with aikyi divinylphosphinates (2a,b) or phenyf- 
(divinyl)phosphine oxide (2e) in anhydrous ethanol at 
60--70 ~ to give I : I adduets (Scheme I). 

Studying the structures of these products (see below) 
suggests that the reaction does not stop at the stage of 
addition of amines to one vinyl group, and intermediate 
3 undergoes mtramo[ecular cyclization into 4-alkoxy(4- 
phenyl).- I-alkyl- 1,4-azapl)0sph0dnan e 4-oxides (4). 

The structures of compounds 4a--d were confirmed 
by' IR and 3~p and IH NMR spectroscopic data. The IR 
spectra of addit ion products 4a,b,d exhibit characteristic 
absorption bands at 1050-- [060 c m  I I ,v(P--O--C)) and 
1220--1235 cm -I  (v(P=O)) but do not contain bands at 
1600-- 1660 cm +- ~ and 3000--3 I00 cm- t  typical of com- 
pounds with double bonds. The spectrum of azaphos- 

* For Pan 2 see Ref. I, 
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4 :  R = M e ,  R = O M e  (a) ,  OEt  (b) ,  Ph (c); 

R = Et, R' = OEt (d) 

4a--d 

phorinane 4c shows bands at 1170 cm -I (v(P=O)), 1590 
and 3050 cm -~ (v(Ph)), and 2804 cm -I I v (Me- -N) )  
None of the products obtained absorbs in the range 
of the secondary amino group R- -NH- -CH 2 (3300-- 
3450 cm- t ) ,  which, along with the absence of absorp- 
tion for a vinyl group, proves them to be true azaphos- 
phorinanes {cycloaddition PrOducts) father than their 
precursors 3, linear products of addition at only one 
vinyl group. 

31p NMR spectra exhibit a singlet at ;5 42--45 tbr 
4a,b,d and a 23 for 4c, which also supports this conclu- 
sion. 

IH NMR spectra are consistent with the proposed 
structure as well. Thus, P-bonded methylene groups in 
4e manifest themselves as a complex multiplet at ;5 
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1.90--2.30 because o f  spin-bpin coupling with 31p nu- 
clei. A multiplet signal at ;5 2.80--3.10 was assigned to 
N-bonded methylene groups from chemical shifts for 
structurally similar molecular  fragments. 5 Comparison 
between the integrated intensities of signals confirtns 
that the peaks were assigned correctly. 

Previously, we reported the synthesis of  phospho- 
nares 3 and phosphine oxides I containing an a -ad re -  
nolytic fragmellt in their phosphorus-bound alkyl sub- 
stituent. In the present work, two-fragment ct-adre- 
nolytics with ring phosphorus and nitrogen atoms were 
obtained by reactions of  divinylphosphinate (2b) with 
B-aryloxyethylamines 5 or N-[l ' , -(2-methoxyphenoxy)- 
eth$ i]-c~,(0-diaminoalka nes (6). 

]3-AFyloxyethylamines 5 react with ethyl divinylphos- 
phinate (2b) in boiling anhydrous ethanol for 2--3 h to 
give the corresponding I-f$-arylox, ,ethyl-4-ethoxy-l ,4- 
azaphosphorinane 4-oxides (7). 

/ - - k  
2-R--CeH4--OCH2CH,>N P--OEt 

7a,b  

A = Me (a), MeO (b) 

Like ~3-ary'loxyetiwlamines, N-lff-(2-methoxvphen- 
()xy)ethyl]-cL(o-diaminoalkanes (6) also react with divi- 
nylphosphinate 2b to form l- ,0-l l3-(2-methoxyphenoxy)- 
e thylaminolatkyl-4-ethoxy-1,4-azaphosphorinane 4-ox- 
ides (8), the reaction time being extended to 7--8 h 
tScheme 2). 

S c h e m e  2 

2-MeO--C6H4--QCH2CH2NH(CH2), NH2 ~- 2b 

6a,b 

- 2 - MeOC6H4--OCH,,CH2N H(CH~)~--N P--OEt . . . .  , , _ y ~  

8a,b 
n- -  2 ( a ) , 4 ( b )  

Ahhough compounds 6 contains both p r imao  and sec- 
ondary amino groups and either can add d iv iny lphos-  
phinate Zb, only eycloaddit ion products 8a,b were iso- 
lated in high yields under  these reaction condit ions: The 
secondary' amino group is not involved here, as m the 
case of  addit ion of  con]pounds 6 to dialkyl vmylphos- 
phonates. 3 

Azaphosphorinanes 7a.b and 8a.b are viscous liquids 
soluble in most organic soh,r and dilute mineral 
acids. Their I R spectra show characteristic absorption 
bands at 1050--1055 ( v ( P - - O - - C ) ) ,  1225--1230 

3 ~ 7 I (v(P=O)),  1596~t605 (Varom), and , 0 4 0 - - ) 0  0 c m -  
(v(=CHD but do not contain bands at 1610-- 1660 cm -I 
(v(CI-I2=CH)). In addi t ion,  compounds 8a.b absorb at 
3320 cm -i  ((CH2)2NH(CH2b,),  but there is no doubte{ 

in the range 3200--3500 cm --I characteristic of an N H~ 
group. 

As tertiary amines, the 1,4-azaphosphorinanes synthe- 
sized react with mono- and dihaloalkanes to give het- 
erocyclic ammonium salts. Thus, heating of azaphos- 
phorinanes 4a,b,d with a twofold molar excess of Etl at 
60--65 ~ for 2 h yielded 4-alkoxy-I-alkyl- l-ethyl-4-oxo- 
4ZS-phosphapiperidinium iodides (ga--c)  6 (Scheme 3). 

S c h e m e  3 

R--N P--R" "- R--N P--R" �9 l -  

4 a , b , d  9a-~c  

9: R = Me,  R' = O M e  (a), OEt (b): 
R = let, R" = OEt (c) 

The reaction of  azaphosphorinane 4b with 1,10- 
dibromodecane and 1.3-bis(m-bromobutyl)-6-methyt- 
uracil restllts in the corresponding bisquaternary am- 
monium salts, namely, 1,10-bis(4-ethoxy- I-methyl-4- 
oxo-4kS-phosphapiper id in- l - io)decane  dibromide (1O) 
and 1.3-bis[e>(4-ethoxy- I-methyl-4-oxo-4ZS-phosphapi - 
per id in- l - io)butyl ] -6-methyluraci l  dibromide ( I l L  

EtO--P. N~(CH2)TE-N P~OEt �9 2Br- 
iiy,___/t I ~___/n 
0 Me Me 0 

10  

_/---~ 
(CH~)z-N P--OEt 

~ I k _ _ / ~  

O �9 2 B r -  
Me U 

5 j ,  
~ k ~ N - - ( C H 2 ) u - N  P--OEt 

I x___/IL 
Me u 

Me 
11 

Phosphapiperidmium halides 9--11 are white cr-ys- 
talline substances soluble in alcohol and water. Their I R 
spectra contain, charac!eristic absorption bands at 1_b0-- 
1040 cm - i  ( v ( P - - O - - C ) )  and  1220--1260 cm - I  
(v(P=O)).  In addition, the spectrum of  I !  shows two 
intense bands at 1660 and 1705 cm - I  typical of uracil 
v(C=O). 

Yields and physicochemical and analylical data on the 
compounds synthesized are presented in Tables 1 and 2. 

1,4-Azaphosphorinanes 7a,b and 8a,b with a [~-aryl- 
oxyethyl radical exhibit hypotensive activity. When in- 
jected intravenously into rabbits in a dose of 2.5 mg kg - I ,  
they induce fast decrease of  blood pressure by 35 to 
45%. After one hour, ~he hypotensive effect was 5 to 9%. 
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Table i. Mare characteristics of the 1,4-azaphosphorinanes synthesized 

Conl- Yield B.p./~ nD 2u d: >) Fou~L__ t%} 
pound (%) (p/"l'orr) Calculated 

C H N P 

Molecular 
formula 

8p 

4a 38 72--75 1.481.}5 I 0981 44.02 8.51 8.80 19 :,~7 
(0.03} 44.17 8.65 8.59 t8.98 

4b 61 75.--77 1.4750 1{)836 47.30 9 17 880 I7.72 
(0.03) 47.45 9.10 7.91 17.48 

4c 61 t50-153 r: -- -- 63.12 %84 6.ql 14.80 
(0 008} 63.14 7.71 669 14.80 

4d 53 77--80 1.4770 1.0675 50A_6 94~ 7 7.29 L5~42} 
~,0,0o3) 50.25 949 7 . 3 3  16.20 

7a 47 235--238 ~' 1.5010 I 1015 59 71 821 4,75 tO.18 
{(},001} 60 59 8.14 4 . 7 1  10.42 

71} 40 240--243 ~ 15382 -- 58.0,1 7.7(~ 4~52 ~52)_ 
(0.00 I} 57.50 7 . 7 2  4.47 9.S9 

8a 93 ' - - 57.33 8 . 2 2  762 8,2.1 
:>, ._9 820 7 8(} 8.69 

8b 9{} { - -  - 59.53 8.44 7 . 2 3  7.99 
59.36 865 7.29 81)6 

C0H 14NO2P 

C?H u, NO2P 

Ct 1tt ~e, NOP 

CsFIIsNO:P 

CIsHn4NO~P 

C~5FI24NO4P 

CITH29N204P 

CIgII33N204P 

45 

42 

23 

44 

44 

44 

44 

44 

aM.p. 109--I10 "C. 
~' The temperature of the heating element in a molecular distillation setup, 
' Thick oil. 

Table 2. Ph.~.sicochemical constants and analytical data fur 4-phosphapiperidinium hal}des 

Conl- Yield M .p./~ Found (%) 
pound { %) Calculated 

C H N P Hal 

Molecular 6p 
formula 

9a 89 195-- 196 30 21 6.12 4.~7_ 9.92 39.54 
30. l I 6.00 4.39 9.71 3944 

9b 97 209--210 3237 _6.=_4_0_ 4~;J. 9_3_8 37.90 
32.44 6.35 4.2(} 9.30 38.09 

9c 9(;, 188-- 189 3448 6.._70 4_}_,_ 9 05 36 ~0 
3459 6.68 4.03 K92 36.55 

10 91 >90 decomp 4._3.82 8.23 24.1__7 9_2~ 2,t_2~.2 
44.04 8.01 4.28 9.47 24.42 

I I 63 >72 decomp. '4_3._~q_8 695 7.4__7 829 21.05 
43.21 6.98 7.47 825 21.3(/ 

Csl-t 191NO2P 42 

CgHaIINO,P 41 

CIoHz-INO2P 41 

C>~HseBr2NzO4P 2 42 

C2,~ H52Br2NzO6P 2 43 

This  effect  is close to that produced by the acyclic 
~ - (a ry ioxye thy la rmno)e thy lphosphona tes  we synthesized 
prey ous y 3 Thus. the inclusion of phosphorus  and ni -  
.t4-og2e~ in a ~tura ted .  sL\-membered,  r ing_i t )s igni f icant ly  
affbcts  the hypotensive activity o f  compounds .  

Experimental 

IR spectra were recorded on a Specord 751R spectropho- 
tonleter (thin film or Vaseline oil beB,,een KBr plates) in the 
range 400--40(}0 cm -q. IH NMR spectra were recorded on a 
Bruker WM-250 spectrometer (250.13 M Hz} with tetramethyl- 
silane as the internal .-,tandard. tip NMR spectra were record- 
ed on a KGU-4 instrumem {10.2 MHz} with 85% H3PO 4 as 
the internal standard. The starting alkyt divinylphosphinales 

2a,b, 7 phenyl(divin>l)phosphine oxide, s 13-a~'loxyelhylamines 
5a.b, '~-I~ and 1.3-bis(o}-bromobuty }-6-methyluracd It were pre- 
pared according to tile known procedures. Their physicochem- 
ical constants agree with the literature data. 

4-1~thoxy-l-metlD'l-l,4-azaphosphorinane 4.oxide (4b). 
Methylamine (I.56 g, 0.05 mob was passed with snrring 
through a solution of ethyl di,,inylphosphinate {2b) (7.2 g. 
0.049 mob in 100 mL of anhydrous ethanol. A ternperature 
rise from 24 to 28 ~C was observed. The reaction mixture was 
heated at 60--65 ~ for 2 h, the ethanol was remo,,ed, and the 
residue was distilled in vacuo to give azaphosphorinane 4b r 
g). IH NMR (C~HD, 8:1.29 (t. 3 H, CH2--CH__ 3, 3JHH = 13.1 
Hz): 1.65--2.09 (m, 4 H. P(CH2)2): 2.24 (s, 3 H, NMe}; 
2.32-2.88 {m, 4 H, N(CH2)2); 3.84--4.15 (m, 2 H, OCH2). 

Under ~imilar conditions, 4-methoxy-l-methyl-l,4-aza- 
phosphor}none 4-oxide (4at was obtained by addition of meth- 
ylamine to methyl di,Anytphosphinate (2at. 
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4 - E t h o x y - l - e t h y l - l , 4 - a z a p h o s p h o r i n a n e  4-oxide (4d). A 
,~olution o f  KOH (7.0 g, 0.135 inol) in 30 mL of ethanol was 
added dropwise with stirring at 10 ~C to a mixture of ethyl 
dp, iny lphosphina te  (2hi (16.5 g. 0.113 t e l )  and eth~lamine 
hydvochlor ide (11 g, 0.135 t e l )  in 50 ml_ of ethclnnt. The 
tempera ture  was mainta ined using external COdlin:4. Then.  the 
reaction mixture  was heated and kept at 65--70 ~C for 2.5 h. 
After one day, the precipitate that formed was filtered off and 
washed with ethanol. The ethanol was removed from the 
filtrate, and  the residue was distilled in vacuo to give azaphos- 
phor inane  4d ( I 1.4 g). 

l - M e t h y l - 4 - p h e n y l - 1 , 4 - a z a p h o s p h o r i , a n e  `1-oxide (4r was 
oblained by analogy with 4d from phenyl(divinyl)phosphine 
oxide (2c) and methylumine hydrochh>ride. I H N MR (CDCI O. 
6: I 90--2_30 (m, 4 H. P(CH2);); 2,41 ~s, 3 H, NMe); 2.80-- 
3.10 (m,  4 H, N(CH2)2): 7.45--7.H5 (m, 5 H, Ph)  

! - [ 2 - ( 2 -  Methylphenoxy)ethyl  l - 4 - e l h o x y -  I ,`1-azaphosphori- 
nane 4 -ox ide  (7a) .  ~- (2-Methytphenoxy~ethytamine (Sal (S.3 g. 
03)55 t e l )  was added dropwise with stirring to a solution of 
ethyl d iv iny lphosphina te  (2b) (73  g, 0,05 tool) in 30 rng of  
ar lhydrous ethanol .  A temperature rise from 22 to 27 ~ was 
observed. The  reaction mixture was refluxed for 2 h. Then.  the 
e thanol  was removed,  and the residue was distilled on a 
molecular  distillation setup ~o give azaphosphorinane 7a (6 g )  

I -  [ 2 - ( 2 -  Methoxyphennxy)ethyi ] -4-e thoxy-  i ,4-azaphospho- 
rinane 4 -ox ide  (7b) was obtained as described for 7a from 
~ , - (2 -methoxyphenoxy)e thy lamine  (5b) and ethyl divinylphos- 
phinate  ~2b). 

I - {2-  [ 2"- ( 2- M ethoxyphenoxy)ethylamino lethyl) -4 -e thoxy-  
1 .4-azaphosphorinane 4-oxide  (Sa), A solution of ethyl divinvl- 
~hosphinate (2b~ (7.3 g. 0.05 t e l )  and 10.5 g (0.05 t e l )  N-[~3- 
(2-methoxyphcnoxy le lh~ l ] - l .2-d iaminoe[hane (6a) in 50 mL 
of  anhydrous ethanol was refluxed Ibr 8 h. The ethanol was 
removed in vacuo ( I0- -12 Torr), and the product was extracted 
with ether, The edler was removed, and the residue was kept at 
90--100 ' C  (0.003 Torr) for 30 t i n  to give compound 8a (16.5 g). 

1- {4-  [2"- ( 2-  Methoxyphenoxy)ethylaminoihuty l} -a-e thoxy-  
1 ,4-azaphosphorinane 4-~xide (Sh) was obtained m a similar 
way from N-{ i ; - (2-methoxyphenoxy)eth~l l - l .2-d iaminobutane 
(6b~ and  ethyl divinylphc~sphmate (2b). 

1 - E t h y l - 4 - m e t h o x y -  I - met hyl-4-  oxo-4ZS-phosphapiperidin - 
ium iodide (ga) .  A mixture of  azapimsphor inane  4a (I.3 g, 
O.O08 reel) and Ell (25  g, 0016 mot) was healed at 60--~,~5 ~C 
lor 2 h. The excess of  Etl was removed, and the residue was 
recrystall ized from buta4ol to give compound 9a (2.27 gL 

Compounds 9b.c were obtained by analog}, with 9a from 
the corresponding azaphosphorinanes ,1b,d and Ell. 

!. ! '-  Decamethylenedi (4 -e lhoxy-  ! -met hy l -4 -oxo-4kS-phos  - 
phapiperidinium) dibromide ( 1 0 ) .  A mixture of azaphosphor i -  
nane 4a (1.77 g, 0.0t tool) and 1,10-dihromodecane (15  g, 
0.005 tool) was kept at -20 ~ for two days. The reaction 
mixture crystallized and was thorough/},  triturated with anhy-  
drous  e ther  (30 mL). The cp,'stals were tittered off, washed 
with ether,  and dried in vac,~o ( 0 0 2  Torr) at 40--50 ~C to gi'~e 
compound l0 (2.98 g) 

1,3- Bistro- (4 -e thoxy-  1 - m e t h y l - 4 - o x o - 4 Z S - p h o s p h a p i p e r i  - 
din- i - io)butyl ] -6-methyluraci l  dibromide ( l l ) .  A solut ion o f  
azaphosphorinane 4a (1.77 g, 0.0l mol) and 1.3-bis(e)-bro- 
mobutyl ) -6-methyluraci l  (1.98 g, 0.005 t e l )  in 30 mL of  eth},] 
methyl  ketone was refluxed for 14 h. The  crystals that tbrmed 
were filtered off, washed t ho rough ly  with ether, and dried in 
vacun (0.02 Tort) at 3 5 - 4 0  ~ to give compound  i l  (2.36 g). 

R e f e r e n c e s  

1. V, S. Reznik. ~ j l D, Akams in ,  I. V. Galyamctdinova ,  A V. 
Chernova .  and R. R. Shagidul l in ,  lzv. Akad. Nauk, Set. 
Khim., 2000, No. 3 [Russ. Chem. Bull,, 2000. No. 3 (Engl. 
Transl.)l. 

2. K. A. Petrov. V, A. Chauzov, and I". S. Erokhina, Usp. 
iGdm., 1974, 43. 2()45 [Russ. Clzem. Rev.. 1974, 43 (Engt 
Transl. ) ]. 

3. V. S. Reznik, V. D Akamsin, I. V. Galyametdinova, S. G. 
F a t t a k h m ,  and B, E. [vanov, Izv. Akad. Nauk. Ser. Khim., 
1999. 987 tRuss. Chem. BulL. 1999, 48 (Engl. Transl .)  I. 

4. USSR Author ' s  Certificate No.  414, 204, Byull. Izobret., 
t974. 5 (in Russian). 

5. H~gh Resoh~tion ,V~4R Spectra Catalog, ',,'arian Associates ,  
Pate Alto, California, 1962. pp. 83, 119. 

6. USSR Author ' s  Certificate No. 417. 428, Byult. 17..obret.. 
1974. 8 (in Russian). 

7. Ya, A. Levin and R, I. Pyrkin,  Zh, Obshch. Khim., t973.  
,13, 57S [J  Gen. Chem. USSR. 1973, 43 (Engl. Trunsl.)] .  

8, Ya. A. Levin, R. [. Pyrkin,  and  M. M. Gilyazov.  Zh. 
Obshch l~Tum.. 1972, ,I2, 1166 [Z Gen. Chem. USS'B, (972, 
42 (Engl. Transl.)]. 

9. J, Augstein. W. C. Austin, R. J. Boscott. S. M. Green. and 
C. R. Worthing, J. ~,led. Chem., 1965, 8, 356. 

10. J, Mikulski, Z. Eckstein. and  T, Urbanski ,  Rocz. Chem., 
1958, 32. 661. 

I I . V . S .  Reznik, I. Sh. Sal ikhov,  Yu. S. Shvetsov, A. N. 
Shicshov, V, S. i3akulin, and  B. E. lvanov,  lzv. Akad. Nauk 
SSSR. Ser. Khim., 1977. 880 (Bull. Acad. Sci. USSR, Div. 
Chem. Sol.. 1977, 26 (Engl.  Transl . ) ] .  

Received Ju/y I, lO09: 
in revised form October 26. 1090 


