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Two-fragment ct-adrenolytics 
2.* Synthesis of alkyl(phenyl) [c,-(N-phenylpiperazino)alkyl]phosphine oxides 

V. S. Reznik, I/. D. Akamsin,* L K Galyametdinova, A. K. Chernova, and R. R. Shagidullin 

.,I. E. ,4rbuzov Institute of Organic and Physical Chemi.slry, 
A21z.an Research Center, Russian Academy of  Sciences, 

S ul. Akad. Arbu:.ova, 42008S Kazan. Russian Federation. 
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A method for tile synthesis of hypotensive alkyl(phenyl)[,)-(N-phenylpiperazino)alkyl]- 
phosphine oxides by reacting alkyllm-haioalkyl)phenylphosphine oxides wiih N-phenylpipent- 
zine was elaborated. PhenyllT-(N-phenylpipemzino)propyl]propylphosphine oxide reacts with 
alkyl halides to give [7-(N-alkyl-N'-phenylpiperazinio)propyt]phenyl(propyl)oxophosphine 
halides. 

Key words: edlyl a[kyl(phenyl)phosphlnites, atkylf0>haloalkyl)phenylphosphine oxides, 
N-phen)lpiperazine. alk~l(phenyll[~,J-( ,V-0heloIpiperazinoialkyllphosphme oxides, [,,,-1, V-alky - 
:~,'-p tony pipcrazinio)propyl[phenyl{propy )oxophosph ne halides, hyporeasive activity. 

Previous ly , ]  it was shown that  add i t i on  of  
[3-aryloxyeth.vlamines and N-arylpiperazines to dialk,,,I 
vinylphosphonates - s ~,- ,e.u,~s in phosphonates whose phos- 
phorus-bonded alkyl radical contains 13-a~,loxyethyl- 
amino and N-ao'lpiperazino groups. The compounds 
synthesized are superior to the original cx-adrenolytics in 
the length of hypotensive effect. 

However. this way of phosphorylating amines can be 
used only to synthesize compounds with two methylene 
groups between the phosphorus and nitrogen atoms in 
an ct-adrenolytic. A reaction of amines with hatoatkane 
derivatives containing tetracoordinated phosphorus in 
the o>position is a more versatile method for prepara- 
tion of  functionalized amines with another  number of 
methylene groups, z 

In continuation of investigations on the synthesis of  
two-fragment a-adrenolytics,  t the above method was 
used for preparation of  phosphine oxides with an 
N-phenylpiperazine fragment separated from the phos- 
phorus atom by three or tbur methylene groups. The 
method includes a series of successive translbrmations 
(Scheme I). 

The reactions of ethyl chloro(phenyl)phosphonite  
( i )  with the corresponding atkylmagnesium halides 2 
were carried out under the conditions described previ- 
q!ls!y 3 fo r  the: svnthesis o f  3b and resu l ted  in ethyl 
alkyl(phenyl)pbospbinites 3a,c--e.  The yields, physico- 
chemical constants, and data from elemental  analysis for 
the compounds  obtained are given in Table I. 

Phosphinites 3a- -e  react with c~a~-dihaloalkanes 4 to 
give alkyl(m-hatoalkyl)phenylphosphine oxides 5a--f.  
Note the occasional formation of 1,3-bisphosphorylated 

* For Part I see Ref. I. 
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n = 4 ,  X = B r ,  R = Pr (f) 

propanes 6c,d {4  to 5% yie ld) ,  although we used 
cL,,/-bromochloropropane with halogen atoms differing 
in reactivity. T h e  yields, physicochemical  cons t an t s .  
data from elemental analysis, and  31p NMR spectral 
parameters for 5 a - - f  and 6c,d are presented in Table 2. 

The IR spectra of these compounds  contain charac- 
teristic absorption bands at t175--1185 cm - i  (v(P=O))  
and 1590--1600 cm -1 (%tom)- 

All phosphine oxides 5, except for 5e,f,  were isolated 
from the reaction mixture by dis t i l la t ion in vacuo. In the 
distillation, phosphine oxide 5e decomposes  with strong 
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Table I. Mare physicochemical characteristics and elemental analysis data f'or the phosphinites synthesized 

Conl- Yield B.p/~ nf) 2~ d4 > Found {%) Molecular 
pound 1%) (p/'Torr) Calculated formula 

C H P 

3a 41 S9--90 1.5306 1.0035 6 I~12 7 5S 18.4S Coil i .OP 
( t01 64.28 7.79 18.42 

3e 49 60--63 1.520t) 0.9657 67.05 8.2_.~8 15.64 C~ H 170 P 
(0.04I 67.33 8.73 15.78 

3d 55 72 - 7 3  1.5 I bb 0.9644 68.92 92___6 14.76 C ~ 21-t 19OP 
~0.025) 68.55 9. I I 14.73 

, _.33 10.57 11).94 Cl-,H ~9OP 3e 48 130--132 1.4990 0,9171 v~ - __-_~ , . 
(O. lt ~ _.s.~ 10.42 I 1.04 

Table 2. Yields. physicochemical cons,'ants, elemenlal analysis dala. and 31 p NM R speclml data for compounds 5a---r and 
6c,d 

Corn- Yield B.p. M.p. Found (%) Molecular 

pound (%) /"~C /~ C a l c u l a t e d  R3rmufa 

(p.iTorr) C H P 

Op 

5a" 58 145--146 - 55.19 613  174_24{_) CIoHI4C1OP 3S 
(0.00{}) 55.44 6.51 [4 3t 

5b 47 152--154 53--55 57 i3 6.84 13.011 C lIHI6ClOP 38 
(0.01 ) 57.27 6.99 13 43 

5e ~7 130--- 134 45--47 587 [ 77 3_4 12.30 CI2H t~CI�9 39 
(0.0011 58.89 7.41 1266 

5d 52 139.- t 40 39 .--40 60.4~_) 7.46 1 I 62 C 13 H 20CIO P 38 
10.001 ) 6tt 34 7.79 I 1.97 

5e 81 -- '~ 6.5.47 9.00 9__0._9 CtsH 3,1CIOP 31:, 
65.73 9 19 9.42 

5f 87 -- ~' 5 t 2 6  6.71 !_0_.27 CI3H20BrOP 39 
51.50 6.65 1(t.22 

6e 3.7 - 163-- 164 66.__68 7.71 16.14 C21H 3002 P2 38 
67.01 8.03 16.46 

6d 52  -- I 5 I--- 152 68_.4=7 8~7 15.15 C23H3402P 2 38 
68.30 8.47 15.32 

~no'U = 1.5575. 
,s Oil. 

r e s i n i f i c a t i o n ,  whi le  5f  loses I-IBr to give b u t - 3 -  
eny l (pheny l )p ropy lphos ph i ne  oxide.  E lementa l  analysis 
showed that  p roduc ts  5e , f  o b t a i n e d  upon  removal  of  
ot,0)-dihaloalkane in vacuo are suff ic ient ly  pure to be 
used in fur ther  syntheses  wi thou t  a d d i t i o n a l  purif icat ion.  

Phosphine  oxides 5 a - - f  react with  N-phenylp iperazme 
(7) in  boi l ing BuOH in the-gre .~n<:e of  K2CO 3 to give 
the target  a lkyl (phenyl) [~ ,~-(N-phenylpiperaz ino)a lkyl l -  
phosph ine  oxides (8a- - t3 .  

The I R spectra of  c o m p o u n d s  8a---f  con t a i n  charac-  
teristic absorp t ion  bands  :it I t 75 - -1  180 c m - i  (v (P=O)} ,  
1595--1600 cm -I (var,,,n), and  3030 and  3060 cm -i  
( v ( = C H ) ) .  

The  react ions  o f  [ f - ( / V - p h e n y l p i p e r a z i n o ) p r o p y l l -  
pheny l (p ropy l )phosph ine  oxide (8c)  with Me l .  BnBr.  
and  l - ( 3 - b r o m o p r o p y l ) - 3 , 6 - d i m e t h y l u r a c i l  afforded 1: I 
adduc t s  (data  from e lementa l  analys is) .  Al though  the 
phenylp iperaz ine  f ragment  in 8c c o n t a i n s  two n i t rogen 

a t o m s  capable  of  forming quaternary,  der ivat ives ,  we 
bel ieve that  the reaction involves  the  N a tom b o n d e d  to 
a l ipha t ic  subs t i tuents  ra ther  t h a n  the P h - b o n d e d  one  
( S c h e m e  2). 

The  s t ruc tures  o f  13-( N-a lkyl -  N ' - p h e n y l p i p e r a z i n i o ) -  
p ropy l lpheny l lp ropy l )oxophosph ine  halides ( 1 0 a - - e )  were 
con-f i rmed by UV and IR.spectroscQpLc data.  In par t i cu-  
lar, the UV spectra  of so lu t ions  o f  Be and  10a, as well as 
those  o f  d ime thy l an i l i ne  (11)  and  t r i l n e t h y l p h e n y l -  
a m m o n i u m  iodide {12,), were recorded ( the  last two 
were model  c o m p o u n d s  c o n t a i n i n g  a t e r t i a n  or  qua t e r -  
naD'  n i t rogen  a tom! .  

The  spec t rum of  p h o s p h i n e  oxide 8e shows an  in- 
t ense  band  at 249 nm,  which  was assigned, by ana logy  
with that  for d ime thy lan i l ine  (252 nm) ,  to a cha rge -  
t rans fe r  band .  4 This  band is a b s e n t  in the s p e c t r u m  of  
iodide 12 because  lhe lone e l e c t r o n  pair of  its n i t rogen  
a t o m  forms an  addi t ional  b o n d .  If  the r e a c t i o n - o f  8r 
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with Met involved the aromat ic  ni trogen a tom,  the 
spec t rum o f  a reaction product would also conta in  no 
charge- t ransfer  band at 249 rim. However ,  this is not the 
case. The spectra of  phosphine oxide 8c  and its iodo-  
methyla le  10a are very. similar to each other.  This 
suggests that they have the same P h - N <  absorbing 
fragment .  Therefore .  the s tructure of  10a with the 
te t raconrdinated aliphatic nitrogen a tom corresponds  to 
the iodomethvla te  of  compound  8c,  The observed 9-nm 
hypsochromic  shift of  the above band nlaxirnum in the 
spec t rum of 10a against that lot  8c can result from 

redistr ibut ion of  e lectron densi ty  in the molecule  be- 
cause o f  a positive charge on the aliphatic nitrogen atom. 

The  structure of  Ilia was addi t iona l ly  conf i rmed by 
I R analysis of  its capabili ty for the formation of  a 
hydrogen bond with phenol.  It is known that the has(city 
of  n i t rogen sharply decreases when passing from ali- 
phatic amines  to a romat ic  ones. This  results in a cons id-  
erable difference between shift values of  PhOH,  ~,,.(OH), 
upon H-bond ing  with al iphatic 5 and a romat ic  6 amines  
(400--500 cm -I and t50--170 cm - I ,  respectively). Thus,  
a Av(OH)  value can be used to  unambiguous ly  deter-  
mine which nitrogen a tom is involved in I t -bonding .  
For  this purpose,  we recorded the I R spectra of  a 
ternary mixture,  viz.. " ' so lven t - -PhOH--subs t r a t e , "  for 
c o m p o u n d s  gc and 10a (molar  ratio o f  P h O H  : substmte 
<1). Because phosphinc oxide 10a is virtually insoluble 
in CC[ 4, this tradit ional solvent was replaced by M e C N .  

The  IR spectrum of  a M e C N - - P h O H  mixture con-  
rains an absorpt ion band at 3400 cm -I  (v(Ol- t)L while a 
ternary' M e C N - - P h O H - - 8 e  mixture  addi t ional ly  absorbs 
at 3000 cm - I .  Therefore ,  -~v(OH) = 400 cm - l ,  which 
indicates  a hydrogen bond be tween  P h O H  and the 
aliphatic nitrogen a tom o f  8r s 

In the case o f  a M e C N - - P h O H - - 1 0 a  mixture,  a 
broad band with a weighted mean  at 3200 cm - i  corre-  
sponds to a PhOH--subs t ra t e  associate .  The ~.v(OH) 
value for PhOH is equal to 200 cm - I ,  thus suggesting 
the i n v o l v e m e n t  o f  an a r o m a t i c  n i t rogen  a tom in 
H - b o n d i n g  with PhOH.  6 The observed change o f  a 
p ro ton -accep to r  center  in passing from 8r to Ilia can be 

Table 3. Yields, physicochemic;d characteristics, elemental analysis data. and 3ip NMR spectral data for phosphine oxides 
8 a - - f  and IOa--c 

Corn- Yield M.p./~ Fotmd (%)* Molecular fir 
polmd (%) Calculated formula 

C H N P 

8a 51 103-- 104 7(/. 46 7.92 
7015 7.95 

8b 57 74--75 70.97 7.90 
70.75 8.20 

8e 54 II0--111 70.17 8.40 
71.32 8.43 

8d 62 95--96 71.68 8.62 
71.84 8.65 

8e 65 9.--9_ 74.06 9.39 
73.97 9.53 

81" 63 80--81 72.13 8,52 
71.84 8.65 

t0a 73 177-- t 78 53.81 6.40 
53.90 6.69 

lob 62 165--167 64.95 6.9__88 
64 31 7.07 

10c 69 94--96 58.70 7.10 
58.95 7.02 

] .8,~24 9._._2~ C20He7NeOP 38 
8. I 8 9.05 

7.43 8.2}_8 C:l H 2,~N 20 P 38 
7.86 8.69 

7.62 8___4zg_ C22H31N2OP 37 
7,56 8.36 

7 42 8 f .3 C23H33N2OP 35 
7.28 8.05 

6.38. 6 79 C28H.13N2OP 37 
6.16 6.8{ 

"r "~0 8 . 2 1  C23H3~N2OP 36 
7.28 8.05 

5.28 6.52 C23H 341N2OP -- 
5.48 6.04 

5. I..j5 5.7___66 C29H 3sBrN2OP -- 
5,17 5.72 

8.7__.O0 4.85 C31HaaBrN403 p - -  

8.~, 4.90 

"Found/CaicuDted(%):  I, 24.23/24.47 {10a}; Br. 4,39/14.76 (10b); 12.61/I2.65 (10r 
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duo to the lhct that the al iphat ic  nitrogen alonl  ill IOa is 
t e t r acoord ina ted  and,  accordingly ,  less basic than that in 
neutral 8c: this is cons i s t en t  with the structure proposed.  

Hence ,  one  can believe that reactions of  N-phenyl -  
p iperazine  derivatives with o ther  alkylating reagents also 
in,,olve an al iphatic n i t rogen  atom. 

The yields, phys icochemica l  characterist ics,  and 31p 
N M R  spectral pa ramete r s  for compounds  8 a - - f  and 
10a- -e  are summar ized  in Table 3. 

The hypotensive  activity o f  phosplaine oxides 8 a - - f  
was studied.  When  injected intravenously into rabbits in 
a dose  of  0.5 mg kg - I ,  they quickly lower blood pressure 
by 30 to 40%. After two hours ,  the hypotensive effect 
was 13 to 20%. 

Thus, phosphine oxides 8 a - - f  signif icantly outper-  
form the previous compounds  I both with respect to the 
dose causing the same effect and in effect durat ion.  

Experimental 

31p NMR gpectl=l v<re recorded on a KGU-4 instrument 
(10.2 MHz) with 85:% I-i;PO4 as the internal standard 

IR spectra were taken on a Specord 75 IR spectrophoto- 
meter in the range 4000--400 cnl -I (thin fihll or Vaseline oil 
between KBr plates/ anti in the range 4000--2400 cm -i (SOhl- 
tions in MeCN). Spectra of solutions ( C =  1"10 -2 to 4" 10 -2 
reel L -I) m MeCN were recorded in 0 07-ram cells (KBrL 

UV spectra were recorded on a 5pecord M40 spectropho- 
tometer under standard conditions in the range of 200--350 
nm. The concenuation of solutions in MeOH was 5 - l0 -4 tO 
ti" 10 -4 reel L -Z, lihn thickness 0.211 and 1.00 ram. Solu- 
/ions were prepared with the use of freshly distilled solvents 
I MeOH and MeCN). 

The starting eti~yl ethyl(phenyl}plmsphini te (3b), 7 
d ichloro(phenyl lphosphine ,  g diethyl pllenylphosphonite. ~ 
N-phenylpiperazine, i~ I -( 3-bron~opropyl'~-3,6-dimet hyluracil, t I 
and trimethylplnenvkmlmonium iodide iz were prepared ac- 
cording to the known procedures. Their physicochemieal con- 
slants agree with the relevant literature data. 

Ethyl phenyl(I)ropyl)phosphinite (3c). PhPfOEt) 2 (29.7 g, 
0.I5 moll was added dropwise with stirring at 0 ~ to a 
solution of PhPCG !26.9g. 0.15 reel)in 150 roLe(anhydrous 
ether. The reaction mixture was kept at -20 %" for 2 h. and 
then PrMgBr (0.3 rnol) was added dropwise at -50 to -60 ~ 
(the latter ~as preliminarily prepared in an ordinaq: way from 
Prgr (36.9 g. 0.3 moll and Mg 17.3 g. 0.3 moll in 150 mL of 
anhydrous etherl. After one day, the precipitale that ii)rmed 
was filtered off and the ether was removed. The residue was 
distilled in vactm to give compound 3r (28.7 g). The synthesis 
was carried out in an atmosphere of dry argon. 

. P!m_spJ).ir!ites 3a,d,e wgre. >}y.i)thesized by analog5~. _wi!h 3 e 
from PhPCI, 0).15 mol l  PhPfOEt) z (0.15 moll, and the 
corresponding alkylmagnesium halide i0.3 moll prepared from 
Mg (i).3 moll and Mr BuBr. and nonyl bromide, respec- 
tively. 

Reaction of phosphinite 3c with 1,3-bromoehloropropane. 
Phosphinite 3c (27.5 g, 0.14 molt was ~,lowly added dropwi:>e 
to 1.3-bromochtoropropane (44. l g, 0.28 moll :it 140 ~C under 
dr5' argon, the resulting EtBr being simultaneously removed. 
Then, the reaction mixture was heated at 140 <'C for 1.5 h with 
removal of EtBr (14.1 g, 92%). An excess of 1.3-bromo- 
cllloropropane was eliminated in vacuo (10 Torr), and tile 
residue was distilled zlt 0.00t Torr to give (3-chloro- 
propyl)pllenyl(propyl/phosphine oxide 15e) (12.6 g) The cos-  

tallized still bottoms were rec.rS'stallized from ether to give 
1,3-bis(phenylpropylphosphoo.-lJpropane (6el (2 g). 

Under similar conditions, the corresponding alkyl(3-cMo- 
ropropylIphenylphosphine oxides 5a.b,d and dioxide 6d were 
obtained by reactions of phosphinites 3a,b,d with 
1.3-bromoc hloropropa ne. 

Reaction of phosphinite 3c with 1,4-dibromobutane. 
Phosphinite 3c (27.5 g. 0.14 moll was added dropwisc to 
1.4-dibromobutane (190 g, 0.88 n'~ol) at 135--140 ~ in an 
atmosphere of dry, argon. The reaction mixture was heated to 
130--140 ~ and kept at this temperature for 2 h with removal 
of EtBr (14.3 g). An excess of 1,4-dibromobutane was elimi- 
nated, and the residue was held at 90--100 ~ (0.0l)l l 'orr) fbr 
25 rain to give crude 4-bromobutyl(phenyl)propylphosphine 
oxide (51") (369 gl. 

Phosphine oxide 5[ ( 18.2 g, 006 moll was twice distilled in 
vacuo to give bui-3-enyl( phenyl)propylphosphine oxide ( 13.3 g, 
71%). b.p. 128---130 "C (0.008 Torrl, m.p. 46--47 ~C. Found 
(%i: C, 70.41: H. 8.50: P, 13.74. CI3HI,~OP. Calculated (%): 
C, 7024: H, 8.02: P, 13.93. IR (KBr/, v/era-i :  1180 (P=O); 
1600 (Ph): 1660 IC=C); 3030, 3060 (=C--H).  

(3-Chloropropyl)qnonyliphenytphosphine oxide (5e) ,aas 
obtained as described for 5f from phosphmite 3e (14 g, 0.05 
moll and 1,3-bromochloropropane (47.2 g, 0.3 moll. 

Phosphine oxides 5a--I" and 6c,d are soluble in MeCN. 
CIICI~, DMF. alcohols, and benzelle. 

Butyll phenyl) [3-( N- phenylpiperazino) propyl] phosphine 
oxide (Sd). A solut ion of butyl(3-chloropropyl)phenylphosphine 
oxide (Sd~ (22,5 g, 0.087 mob and compound 7 (15,6 g, 
0.096 moll in 300 mL of absolute guOH was relluxed with 
stirring for 23 h in the presence of anhydrous K2CO 3 (12 g. 
0.087 moll. Then. the precipitate that formed '*,as filtered off, 
and the BuOH was removed. Recrystallization of the residue 
from ether afforded phosphine oxide 8d t20.7 g). 

Compounds 8a--c,e ,f  were synthesized in a similar wa,, 
from the corresponding phosphme oxides 5a--e,e ,f  and 7. 

Phosphine oxides 8a-- f  are soluble m CHCI 3. DMF. 
MeCN. El,O. benzene, alcohols, and dilute acids. 

[ 3- (N- ~,lethyl- N'phenylpiperazi,io) propyl II)henyl(propyl)- 
oxophosphine iodide (10a). A solution of phosphine oxide 5c 
(15 g. 0004 moll and Mel (0.57 g, 0.004 moll in 50 mL of 
anhydrous benzene was heated to ~0--70 ~ and kept at this 
temperature for 12 h. The resulting oil was isolated. It crystal- 
lized upon addition of MeCOEt (10 mL). The crystals were 
filtered off and thoroughly washed with ether to give com- 
pound Ilia (I 52 g). 

Compounds 10b and 10c were obtained in a similar way 
from phosphine oxide 8c (I.5 g. 0.004 moll and PhCHsBr 
{0.69 g, 0.004 motl or (3-bromopropytJ-3,6-dimethyluracil 
(0.94 g, 0.004 moll. respectively. 

UV (MeOH). kmax/nm Clog g): 8c: 216 sh (4.24), 221 sh 
(4.01), 249 (4.11), 270 (3.531"; 10a: 217 sh (4.55), 222 sh 
(4.51), 240 (4.32), 271 (3.42)*: PhNMe 2 ( l l ) :  200 (4.28). 252 

(4.21). 29~,)f3:DSJ;-PhNMe$1 (t2): .2(14 sh (3.99)~ 208 sh 
13.89). 221 13.93l. 
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