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Two-fragment «-adrenolytics

2.* Synthesis of alkyl(phenyl)]w»-(/N-phenylpiperazino)alkyl]phosphine oxides

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

A E. Arbuzov Institute of Organic and Physical Chemistry,
Kazan Research Center, Russian Academy of Sciences,
Sul. Akad. Arbuzova, 420088 Kazan, Russian Federation.
Fax: +7 (843 2) 75 2253

A method for the synthesis of hypotensive alkyl{phenyD[m-(V-phenvipiperazino)alkyl]-
phosphine oxides by reacting alkyltm-haloalkylphenylphosphine oxides with A-phenylpipera-
zine was claborated. Phenvl{y-(/V-phenylpiperazino)propyl]propylphosphine oxide reacts with
alkyl hatides to give [y~(V-alkvl- & -phenvipiperazinio)propyl|phenyl(propyl)oxophosphine
halides.

Key words: ethyl alkvi{phenyl)phosphinites, alkyl{w-haloalkyl)phenylphosphine oxides,
N-phenyipiperazine. atkyl(phenyD{om-( N-phenylpiperazinolalkvljphosphine oxides, [v-{/V-atkyl-
N'-phenvipiperazinioypropyl|phenvi{propyhosophosphine halides, hypotensive activity.

Previously.! it was shown that addition of
B-arvioxvethvlamines and N-aryvlpiperazines to dialkyl
vinviphosphonates results in phosphonates whose phos-
phorus-bonded alky!l radical contains B-arvloxyethyl-
amino and A-arylpiperazino groups. The compounds
svnthesized are superior to the original «-adrenolytics in
the length of hypotensive cffect.

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

In continuation of investigations on the synthesis of
two-fragment a-adrenolvtics,! the above mecthod was
used for preparation of phosphine oxides with an
N-phenylpiperazine fragment separated from the phos-
phorus atom by three or four methviene groups. The
method includes a series of successive transformations
(Scheme 1).

The reactions of ethyl chioro(phenyl)phosphonite
{1y with the corresponding alkylmagnesium halides 2
were carried out under the conditions described previ-
ously3 for the synthesis of 3b and resulted in ethyl
alkyl(phenyl)phosphinites 3a,c—e. The yields, physico-
chemical constants, and data from elemental analysis for
the compounds obtained are given in Table 1.

Phosphinites 3a—e react with «.w-dihaloalkanes 4 to
give alkvl(w-haloatkvl)phenylphosphine oxides 3a—f.
Note the occasional formation of 1,3-bisphosphorylated

* For Part | see Refl 1.
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n =3, X =CIl, R=Me(a), Et (b), Pr(c), Bu (d), n-CgHq (e}):
n=4,X=8r,R="Pr(f)

propanes 6¢,d (4 to 3% yield), although we used
a,y-bromochloropropane with halogen atoms differing
in reactivity. The yields, physicochemical constants..
data from elemental analysis, and 3'P NMR spectral
parameters for Sa—f and 6¢,d are presented in Table 2.

The IR spectra of these compounds contain charac-
teristic absorption bands at 1175—1183 cm™! (v(P=0))
and 1590—1600 cm™ (v, om)-

All phosphine oxides 5, except for Se,f, were isolated
from the reaction mixture by distitlation in vacuo. In the
distiflation, phosphine oxide 5e decomposes with strong
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Table 1. Muin physicochemical characteristics and elemental analysis data for the phosphinites synthesized

Com- Yicld B.p./°C np0 dy™" Found ___ (o Molecular
pound e (p/Torr) Calculated formula
C H P
3a 41 $9--90 1.3306 {£.0055 61.12 7.58 18.48 CyH,.0P
14} 64.28 7.79 18.42
3¢ 49 60—63 1.5200 0.9657 67.05 8.28 15.64 CH;OP
(0.04) 67.33 8.73 15.78
3d 33 7273 1.5168 1}.9644 68.92 9.26 14.76 C;H,,OP
(0.023) 68.55 911 14.73
3e 43 130—132 1.4900 0.91714 72.53 10.537 10.94 Cy7H;0P
0.1y 72.82 10.42 £1.04

Table 2. Yields. physicochemical constants, elemental analysis data. and 3P NMR speciral data for compounds 5a—f and

6c,d
Com- Yickd B.p. M.op. Found ___ (%) Molecular ép
pound (7o) 77C /°C Caiculated formuta
(p/Torp) C H p
5a0 58 43— 146 — 35.19 613 14.40 CyoH,,CIOP T
(0.000) 5544 6.51 14.30
Sh 47 152134 5335 3703 6.84 13.00 €\ H ,ClOP 38
(0.01) 57.27 6.99 1343
3¢ 37 130134 4547 387 7.34 1230 C1yH CIOP 39
(0.00 1 38.89 7.414 12.66
5d 52 139140 3940 60.40 7.46 1162 C}:H1,ClOP 38
(0.001) 60,34 7.79 11.97
Se S1 - p 63.47 9.00 9.09 CysH5CloP 36
63.73 919 9.42
5f §7 - b 5126 6.71 10.27 C)1HpBrOP 19
51.50 6.63 10.22
6c 37 - 163— 164 66.6% 7.71 16.14 Ca H360,Py 38
67.01 8.03 16.46
6d 5.2 - 151152 68.47 8.27 1515 C13H1340,P; 38
68.3¢ §.47 15.32
“ppl = 15373
201l

resinification, while 5f loses HBr to give but-3-
envl(phenvl)propylphosphine oxide. Elemental analysis
showed that products 5e,f obtained upon removal of
«.o-dihaloalkane in vacuo are sufficiently pure to be
used in further syntheses without additional purification.

Phosphine oxides Sa—f react with N-phenylpiperazine
{7) in boiting BuOH in the presence of K,CO, 10 give
the target alkyl(phenyl)|m-(N-phenyvipiperazino)atkyli-
phosphine oxides (8a—f).

The IR spectra of compounds 8a—f contain charac-
teristic absorption bands at 1175—1180 cin™! (v(P=0)}),
1595— 1600 cm™' (viom). and 3030 and 3060 cm™!
(v(=CH)).

The reactions of [y-(N-phenylpiperazino)propvl]-
phenyl(propyl)phosphine oxide (8¢) with Mel. BnBr.
and 1-(3-bromopropyl)-3.6-dimethyluractl afforded | : |
adducts (data from elemental analysis). Although the
phenvipiperazine fragment in 8c contains two nitrogen

atoms capable of forming quaternary derivatives, we
belicve that the reaction involves the N atom bonded to
aliphatic substituents rather than the Ph-bonded one
(Scheme 2).

The struciures of {3-{ ¥-alkyl- N -phenvipiperazinio}-
propyl|phenyl(propyhoxophosphine hahdes (10a--¢) were

confirmed by UV.and IR spectroscopic data. In particu-

lar, the UV spectra of solutions of 8¢ and 10a, as well as
those of dimethylanitine (11) and trimethylphenyl-
ammonium iodide (f2), were recorded (the last two
were model compounds containing a tertiary or quater-
nary nitrogen atom}.

The spectrum of phosphine oxide 8¢ shows an in-
tense band at 249 nm, which was assigned, by analogy
with that for dimethylaniline (252 nm). to a charge-
transfer band.? This band is absent in the spectrum of
jodide 12 because the lone electron pair of its nitrogen
atom forms an additional bond. If the reaction-of 8¢
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Scheme 2
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Ph™ || -
(0]
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R =Me, X = }{{a); R~ Bn X =Br(b)
Me\ /O
N
R= 0= N=CHLHCH, g o
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with Mel involved the aromatic nitrogen atom. the
spectrum of a reaction product would also contain no
charge-transfer band at 249 nm. However, this is not the
case. The spectra of phosphine oxide 8¢ and its 10do-
methylate 18a are very simifar to each other. This
suggests that they have the same Ph—N< absorbing
fragment. Therefore, the structure of 10a with the
tetracoordinated aliphatic nitrogen atom corresponds to
the iodomethylate of compound 8¢. The observed 9-nm
hvpsochromic shift of the above band maximum in the
spectrum ot 10a against that for 8¢ can result from

Tabile 3. Yields. physicochemical characteristics,
8a—f and 10a—c

redistribution of electron density in the molecule be-
cause of a positive charge on the aliphatic nitrogen atom.

The structure of 10a was additionally confirmed by
IR analysis of its capability tor the formation of a
hydrogen bond with phenol. It is known that the basicity
of nitrogen sharply decreases when passing from ali-
phatic amines to aromatic ones. This results in 2 consid-
erable difference between shift values of PhOH, av(OH),
upon H-bonding with aliphatic and aromatic® amines
(400—500 cm ™' and 150—170 cm ™!, respectively). Thus,
a Av(OH) value can be used to unambiguously deter-
mine which nitrogen atom is involved in H-bonding.
For this purpose. we recorded the IR spectra of a
ternary mixture, viZ.. "solvent—PhOH-—substrate.” for
compounds 8c and 10a (molar ratio of PhOH : substrate
<1). Because phosphine oxide 10a is virtually insoluble
in CCly. this traditional solvent was replaced by MeCN.

The IR spectrum of a MeCN—PhOH mixture con-
tains an absarption band at 3400 cm ™! (v(OH))., while a
ternary MeCN—PhOH-—8¢ mixture additionally absorbs
at 3000 cm™'. Therefore. Av(OH) = 400 cm™!, which
indicates a hydrogen bond between PhOH and the
aliphatic nitrogen atom of 8c.5

In the case of a MeCN—PhOH—10a mixture, a
broad band with a weighted mean at 3200 cm™! corre-
sponds to a PhOH—substrate associate. The Av(OH)
value for PhOH is equal 1o 200 cm™!, thus suggesting
the involvement of an aromatic nitrogen atom In
H-bonding with PhOH.® The observed change of a
proton-acceptor center in passing from 8¢ to 10a can be

elemental analvsis data, and 3P NMR spectral data for phosphine oxides

Com- Yield M.p./°C Found )t Molecular dp
pound (%) Calculated formula
C H N P

8a 51 103—104 70.46 7.92 §.24 9.23 CypH1N,OP 33
70.13 7.9 $.18 9.05

8b 37 7475 70.97 7.90 7.43 8.68 C,H 1 HyN,OP 38
70.75 8.20 7.86 3.69

8c 54 110—t1t 70.17 240 7.62 848 CiH ;3 NLOP 37
71.32 8.43 7.56 8.36

8d 62 95—96 71.68 8.62 742 8.03 Cy3H33N,OP 35
71.84 8.65 7.28 8.05

8e 65 92—-93 74.06 9.39 6.38 6.79 CygH 3N,OP 37
73.97 9.53 6.16 6.81

8r 63 80—81 7243 8.52 7.20 8.21 C,3H;35N,0P 36
71.84 §.65 7.28 8.05

10a 73 177—178 53.81 6.40 5.28 6.52 Cy3H 1, iN,OP -
53.90 6.69 5.48 6.04

10b 62 163—167 64.93 6.98 5.15 376 Cy4H34BrN,OP —
64.31 7.07 5.17 5.72

10c 69 94—96 58.70 7.10 8.70 4.85 C; H44BrN,O;P -
58.95 7.02 8.87 4.90

* Found/Calculated (%): 1, 24.23/24 47 (106a); Br, 14.36/14.76 (10b); 12.61/12.65 (10c).
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duc to the fact that the aliphatic nitrogen atom in 10a is
tetracoordinated and. accordingly. less basic than that in
neutral 8c¢: this is consistent with the structure proposed.

Hence. one can believe that reactions of N-phenvi-
piperazine derivatives with other alkylating reagents also
involve an aliphatic nitrogen atom.

The vields, physicochemical characteristics, and /P
NMR spectral parameters for compounds 8a—f and
10a—c¢ are summarized in Table 3.

The hvpotensive activity of phosphine oxides 8a—f
was studied. When injected intravenously into rabbits in
a dose of 0.5 mg kg™, they quickly lower blood pressure
by 30 1o 40%. After two hours. the hvpotensive effect
was 13 to 20%.

Thus. phosphine oxides 8a—f significantly outper-
form the previous compounds! both with respect to the
dose causing the same effect and in effect duration.

Experimental

Hp NMR spectra were recorded on a KGU-4 instrument
(10.2 MHz) with §3% H,PO, as the internal standard.

IR spectra were taken on a Specord 73 IR spectrophoto-
meter in the range 4000—400 cm™' (thin fiim or Vaseline oil
between KBr plates) and in the range 4000—2400 cm™ (solu-
tions in MeCN). Spectra of sofutions (C = |+ (0" wd- 1072
mol L'} in MeCN were recorded in 0.07-mm cells (KBr).

UV spectra were recorded on a Specord M40 spectropho-
tometer under standard conditions in the range of 200—330
nm. The concentration of solutions in MeOH was 5-107% 1o
11- 107 mol L™ tilm thickness 0.211 and 1.00 mm. Solu-
tions were prepared with the use of freshly distilled solvents
(MeOH and MeCN).

The starting ethyl ethyl(phenvhphosphinite
dichloro(phenyl)phosphine 3 diethyl phenyiphosphonite.
N-phenylpiperazine,'® 1-(3-bromopropvh-3,6-dimethyturacil !
and trimethylphenvlammonium iodide!? were prepared ac-
cording to the known procedures. Their physicochemical con-
stants agree with the relevant fiterature data.

Ethy) phenyl(propyl)phosphinite (3c¢). PhP{OEt), (29.7 g,
0.13 mol) was added dropwise with stiering at 0 °C to a
solution of PhPCl (26.9 2. 0.15 mol) in 1530 mL of anhydrous
ether. The reaction mixture was kept at ~20 °C ftor 2 h. and
then PrMgBr (0.3 mol) was added dropwise at ~30 to —60 °C
(the latter was preliminarily prepared in an ordinary way from
PrBr (36.9 ¢. 0.3 mol) and Mg (7.3 g. 0.2 mol) in 130 mL of
anhydrous ether). After one day. the precipitate that formed
was filtered off and the ether was removed. The residue was
distilted /1 vacuo to give compound 3c¢ (28.7 g). The synthesis
was carried out in an atmosphere of drv argon.

. Phosphinites 3a,d,e were synthesized by analogy with 3¢
trom PhPCl, (0.15 mol), PhP(OED, (D.15 mol). "and the
corresponding alkvimagnesium halide €0.3 mol) prepared from
Me (0.3 mob and Mel, BuBr. and nony! bromide. respec-
tively.

Reaction of phosphinite 3¢ with 1.3-bromochloropropane.
Phosphinite 3¢ (27.5 g. 0.14 mob) was stowly added dropwise
to 1.3-bromochioropropane (34,1 g. 0.28 mol) at 140 °C under
dry argon. the resulting EtBr betng simultancously 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-
chioropropane was eliminated in vacwo (10 Torry, and the
residue was distilled at 0.001 Tore to give (3-chloro-
propyhphenvl(propytiphosphine oxide (5¢) (12.6 g). The crys-

(3b).7
9

tallized still bottoms were recrystallized from ether 10 ¢
1.3-bis(phenvipropyiphosphorylypropane (6¢) (2 g).

Under similar conditions. the corresponding atkvl{3-chilo-
ropropyl)phenylphosphine oxides 3a.b,d and dioxide 6d were
obtained by vreacrions of phosphinites 3a,b.d with
I,3-bromochloropropane.

Reaction of phosphinite 3¢ with 1,4-dibromobutane.
Phosphinite 3¢ (27.3 g. 0.14 mol) was added dropwise to
I.4-dibromobutane (190 g. 0.88 mol) at 135—140 °C in an
atmosphere of dry argon. The reaction mixture was heated to
130—140 °C and kept at this temperature for 2 h with removal
of EtBr (14.3 2). An excess of 1 4-dibromobutane was elimi-
nated, and the residue was held at 99—100 °C (0.001 Torr) for
25 min to give crude <4-bromobutyl(phenyl)propyiphosphine
oxide (50) (36.9 g).

Phosphine oxide 5f (18.2 g, 0.06 mol) was twice distitled in
vacuo to give but-3-envl{phenylypropviphosphine oxide (13.5 ¢.
71%). b.p. 128—130 >C (0.008 Torr), m.p. 46-—47 *C. Found
(%) C, 70.41: H. 8.50: P, 13.74 C5H 4OP. Calculated (%):
C. 70.24: H, 8.62: P, 13.93. IR (KBr), v;em™": 1180 (P=0);
1600 (Phy: 1660 (C=C); 3030, 3060 (=C—H).

(3-Chloropropyl)(nonyliphenyiphosphine oxide (35e) was
obtained as described for Sf from phosphinite 3e (14 2. 0.03
mol) and 1.3-bromochloropropane (47.2 g, 0.3 mol).

Phosphine oxides Sa—f and 6c.d are soluble in MeCN.
CHCI;, DMF. alconols, and benzene.

Butyl(phenyl)[3-(.V-phenylpiperazino)propyl]phosphine
oxide (8d). A solution of butyl(3-chloropropyl)phenylphosphine
oxide (Sdy (22.5 g, 0.087 mol) and compound 7 (156 g,
0.096 mol) in 300 mL of absolute BuOH was refluxed with
stirring for 23 h in the presence of anhydrous K,CO; (12 g,
0.087 mol). Then. the precipitate that tormed was filtered off,
and the BuOH was removed. Recrystaflization of the residue
from ether afforded phosphine oxide 8d (20.7 g).

Compounds 8a-—c.e.f were synthesized in a similar way
from the corresponding phosphine oxides Sa--c,e,f and 7.

Phosphine oxides 8a—f are soluble in CHCl;. DMF,
MeCN, E,O. benzene. alcohols, and dilute acids.

[3-(/¥-Methyl- V-phenylpiperazinio)propyl ] phenyl(propyl)-
oxophosphine iodide (10a). A solution of phosphine oxide 5S¢
(1.5 2. 0.004 mol) and Mel (0.57 g, 0.004 mol) in 50 mL of
anhvdrous benzene was heated to 60—70 °C and kept at this
temperature for 12 h. The resuiting 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 10a (1.52 g).

Compounds 10b and 10c were obtained in a similar way
from phosphine oxide 8¢ (1.5 g. 0.004 mol) and PhCH,Br
(0.69 g. 0.004 moi) or (3-bromopropyt)-3,6-dimethyluracil
(0.94 ¢, 0.004 mol). respectively.

UV (MeOH). x./nm (log £} 8c: 216 sh (4.24), 221 sh
(4.01), 249 @.11), 270 (3.35)*; H0a: 217 sh (4.35). 222 sh
(4.31), 240 (4.32), 271 (3.42)*: PhNMe, (11): 200 (4.28). 252
(4.21y. 299 (3:38); -PhNMesl- (12 204 sh (3.99). 208 <h
(3.89). 221 (3.93).

ve
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