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Two-fragment «-adrenolytics
3.* Addition of primary amines to alkyl divinylphosphinates
and phenyl(divinyl)phosphine oxide
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Pritmary alkylamines, B-arvioxyethvlamines. or A-[B-(2-methoxyphenoxy)ethyl]-a.o-di-
aminoalkanes react with alkyl divinyiphosphinates or phenyl(divinyl)phosphine oxide to give

the corresponding

4-alkoxvid-phenvi)- 1 -alkyl-1-oxo- 1 4-azaphosphorinanes.

Reactions of

the fatier with mono- or dihatoalkanes afford 4-phosphapiperidinium hahides. 1.4-Azaphos-
phorinanes containing a B-aryloxyethyl fragment exhibit hypotensive activity,
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Addiuvon of primary and secondary amines to organo-
phosphorus compounds containing a phosphorus-bound
vinyl group is a convenient method for the synthesis of
various B-aminoalkvlphosphonates, -phosphinates, and
-phosphine oxides.? including those exhibiting hypoten-
sive activity.?

In contrast. reactions of compounds with two vinyl
zroups at the phosphorus atom, e.g.. divinylphosphi-
nates and divinyiphosphine oxides, with primary amines
have not been studied so far (although. theoretically.
they could result in not only linear but afso cyclic
products).

To synthesize heterocyelic compounds with nitrogen
and phosphorus atoms. viz.. |, 4-azaphosphorinanes, we
studied reaction of primary amines with alkyl divi-
nvlphosphinates and phenyl{divinyl)phosphine oxide.4
It was found that methvlamine (1a) and ethylamine (1b)
react with alkvi divinviphosphinates (2a.b) or phenyt-
(divinyhphosphine oxide (2¢) in anhydrous ethanol at
60—70 °C to give | : | adducts (Scheme ).

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 intramolecular cyclization into 4-atkoxy(4-
phenyi)-t-alkyl-1 4-azaphosphorinane 4-oxides (4).

The structures of compounds 4a—d were confirmed
bv IR and 3'P and 'H NMR spectroscopic data. The IR
spectra of addition products 4a.b.d exhibit characteristic
absorption bands at [030— 1060 cm™! (v(P—0—C)) and
1220--1235 cm™! (+(P=0)) but do not contain bands at
J600—1660 cm™! and 3000--3100 cm™! typical of com-
pounds with double bonds. The spectrum of azaphos-

* For Part 2 see Ref 1.

a,w-diaminoatkanes, afkvl divinviphosphinates,
4-alkoxv(4-phenyh-1-alkvi-1.4-azaphosphorinane 4-oxides,
phosphapiperidinium halides, hypotensive activity.

phenvl-

Scheme 1

{ R—NHCH.CH,_ !

\{ H.C= CHO

Me (a), Et (b):

OMe (a) OEt (b}, Ph (c):
Me, R* = OMe (a), OEt (b), Ph (c);
Et, R* = OEt (d)
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phorinane 4c shows bands at 1170 cm™! (v(P=0)), 1390
and 30350 cm™t (v(Ph)), and 2804 cm™! (v(Me—N)).
None of the products obtained absorbs in the range
of the secondary amino group R—NH—CH, (3300—
3450 ¢cm™!). which. along with the absence of absorp-
tion for a vinyl group, proves them to be true azaphos-
phorinanes (cycloaddition products) rather than their
precursors 3. linear products of addition at only one
vinyl group.

3P NMR spectra exhibit a singlet at § 42—45 for
4a.b.d and 5 23 for 4¢, which also supports this conclu-
sion.

"H NMR spectra are consistent with the proposed
structure as wel. Thus, P-bonded methylene groups in
4¢ manifest themselves as a complex multiplet at 3
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1.90—2.30 because of spin-spin coupling with P nu-
cler. A multiplet signal at & 2.80--3.10 was assigned to
N-bonded methviene groups from chemical shifts for
structurally similar molecular fragments.> Comparison
between the integrated intensities of signals confirms
that the peaks were assigned correctly.

Previously, we rfeported the synthesis of phospho-
nates® and phosphine oxides! containing an «-adre-
nolytic fragment in their phosphorus-bound alkyi sub-
stituent. In the present work, two-fragment a-adre-
nolvtics with ring phosphorus and nitrogen atoms were
obtained by reactions of divinviphosphinate (2b) with
p-arvloxyethylamines 5 or N-[B-(2-methoxvphenoxy)-
cthyl}-a.o-diaminoaikanes (6).

B-Aryloxvethviamines 5 react with ethyl divinyiphos-
phinate (2b) in boiling anhydrous ethanol for 2—3 h to
give the corresponding |-p-arvioxyethyl-4-ethoxy-1.4-
azaphosphornane 4-oxides (7).

2-R—C,H—OCH,CHN  P—OEt

7ab
R = Me (a), MeQ (b)

Like B-arvioxyethviamines, N-{3-(2-methoxyphen-
oxvjethvl}-a.w-diaminealkanes (6) also react with divi-
nvlphosphinate 2b to form I-o-{f-(2-methoxyphenoxy)-
ethvlaminojalkyl-4-ethoxy- I .4-azaphosphorinane 4-ox-
ides (8), the recaction time being extended to 7—8 h
(Scheme 2).

Scheme 2

2-Me0—CH —OCH,CH,NH(CH,) NH, + 2b —
6a.b

—* 2-MeOCgH,~OCH,CHNH(CH,);-N_ P—OEt

8a.b
n = 2 (aj, 4 (b)

Although compounds 6 contains both primary and sec-
ondary amino groups and either can add divinviphos-
phinate Zb, only cvcloaddition products 8a.b were iso-
lated in high vields under these reaction conditions, The
secondary amino group is not involved here, as in the
case of addition of compounds 6 to dualky! vinylphos-
phonates.3.

Azaphosphorinanes 7a.b and 8a.b are viscous liquids
soluble in most organic solvents and dilute mineral
acids. Their IR spectra show characteristic absorption
bands at 1030—1033 (v(P—-0—C)). 1225—1230
(v(P=0)), 1396—1603 (v on), and 3040—3070 cm™!
(v(=CH)) but do not contain bands at {610—1660 cm™!
(v(CH,=CH)). In addition, compounds 8a.b absorb at
3320 em ™! ({(CHY)-NH(CH5),). but there is no doublet

in the range 3200—3500 ¢cm™! characteristic of an NH,;
2roup.

As tertiary amines, the ! 4-azaphosphorinanes synthe-
sized react with mono- and dithaloalkanes to give het-
erocyclic ammonium salts. Thus, heating of azaphos-
phorinanes 4a.b.d with a twofold molar excess of Etl at
60—63 °C for 2 h vielded 4-alkoxyv-1-alkyl-1-ethyl-4-0xo0-
433 phosphapiperidinium iodides (9a—¢)® (Scheme 3).

Scheme 3

/ \ £t */ \
R—N ‘F;—R’ —_ R—Y;J llT-—R' -
— 0 Bt Q0
4a,b,d 9a—cC
9: R = Me, R" = OMe (a), OEt (b):
R = Et, R" = Okt (¢)

The reaction of azaphosphorinane 4b with 1,10-
dibromodecane and 1.3-bis(w-bromaobutyl)-6-methyl-
uracil tesults in the corresponding bisquaternary am-
monium salts, namely, [, 10-bis(4-ethoxy-1-methyl-4-
oxo-473-phosphapiperidin- | -io)decane dibromide (10)
and 1.3-bis[o-(4-ethoxy- 1 -methyl-4-oxo-4x3-phosphapi-
peridin-1-io)butyl]-6-methyluracil dibromide (11).

EtO—R N CH,) I:J pP—QE&t -2Br~
t e .
N/ (CR2w I '
0 Me Me
10
(CHp=N  P—OEt
M )
© - 28r”
/N 5
o:\__<N——(CH2)4 N  P—OE
= Me O
Me
11

Phosphapiperidinium halides 9—11 are white crys-
talline substances sofuble in alcohol and water. Their IR
spectra contain characteristic absorption bands at 1030—
1040 cm™! (W (P—O—C})) and 1220—1260 cm™!
(viP=Q)). In addition, the spectrum of 11 shows two
intense bands at 1660 and 1705 cm—! typical of uracil
v(C=Q).

Yields and physicochemical and analytical data on the
compounds synthesized are presented in Tables | and 2.

| .4-Azaphosphorinanes 7a,b and 8a.b with a -aryl-
oxvethyl radical exhibit hypotensive activity. When in-
jected intravenously into rabbits in a dose of 2.5 mg kg™,
they induce fast decrease of blood pressure by 33 to
43%. After one hour, the hypotensive effect was 310 9%.
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Table 1. Muin characteristics of the 1. 4-azophosphortnanes synthesized

Molecular

Com- Yield B.p./°C npY a4, Found __ (e; Sp
pound (%) (piTorr) Calculated formula
C H N P
4a BN 7275 14805 10981 4402 851 880 19.27 CoH | 4NONP 45
(0.03 4417 865 839 1898
4b 61 7577 14730 10836 4730 917 8K) 17.72 C,H(NO,P 42
(0.03) 47.45 910 791 1748
4c 61 130—-133¢ — — 63.12 7.84 691 14.80 CiH NOP 23
(0.008) 63.14 771 669 1480
4 33 77-380 14770 1.0673 3006 947 729 1549 CyHgNO-P 14
(0.0603) 50.25 949 733 16.20
7a 47 2352380 15010 1ID1S 3971 821 475 10038 C<HyNOsP 34
(0.001) 60.39 §$.14 471 10.32
7h 40 240—243" 1.3382 — 3804 770 432 939 CsHyyNOyP 44
(0.00h 3750 772 9.89
8a 93 ¢ - - 37,33 822 8.20 CrrHN-0,4P 44
5729 8.20 3.69
8b 9 ‘ - - 5953 844 223 199 CpHgN,0p a4
3036 565 729  8.06
“M.p. 19— 110 °C.
? The temperature of the heating element in a mofecular distillation setup.
¢ Thick oil.
Table 2. Physicochemical constants and analytical data for 4-phosphapiperidintum halides
Com- Yield M.p./°C Found = (g Molecular Sp
pound (%) Calculated formula
C H N P Hal
9a 89 195--196 3021 612 4.57 992 39.5 CHyINO,P 42
30 6.00 4.39 971
9% 97 209-210 32.37 6.40 4.2 938 CoHy INOP 41
32.44 6.35 4.20 9.20
9¢ 96 188—189 3448 6.70 4.07 903 CioHHINOSP 41
34.59 6.68 4.03 %92
10 91 >90 decomp 4382 8.3 417 928 CyHs,BryN;0,Py 42
4404 8.01 4.2% 9.47
1 63 >72 decomp. 43.5% 695 7.47 8.29 CysH5BryNJOPy 43
4321 6.9% 7.47 825

This effect is close to that produced by the acyvclic
p-tarvioxyethylamino)ethylphosphonates we synthesized
previously.? Thus. the inclusion of phosphorus and ni-

wogen in a saturated six-membered ring insigniticantly

affects the hypotensive activity of compounds.

Experimentai

IR spectra were recorded on a Specord 731R spectropho-
tometer (thin film or Vaseline oil between KBr plates) in the
range 400—4000 cm ™! '"H NMR spectra were recorded on a
Bruker WM-230 spectrometer (230,13 MHz) with tetramethyl-
sitane as the internal standard. *'P NMR spectra were record-
ed on a KGU-4 instrument (10.2 MHz) wiuth 85% H;PO, as
the internal standard. The starting alkyl divinylphosphinates

2a.b.7 phenvi(divinyl)phosphine oxide 3 p-aryloxvethylamines
5a.b.% 1% and 1.3-bis(w-bromobutyl)- 6-methyluracil!! were pre-
pared according to the known procedures. Their physicochem-
ical constants agree with the literature data.

-4-Ethexy-1-methyl- 1, 4-azaphospherinane 4-oxide (4b).
Methyvlamine (1.56 g, 0.05 mol) was passed with stirring
through a solution of cthyl divinyiphosphinate (2b) (7.2 g.
0.049 mol) in 100 mL of anhydrous ethanol. A temperature
rise from 24 to 28 °C was observed. The reaction mixture was
heaied at 60—65 °C for 2 h, the ethanol was removed, and the
residue was distilled i vacuo to give azaphosphorinane 4b (5.3
g). '"H NMR (CHy), & 1.29 (1. 3 H, CH,—CHj, Mgy = 1301
Hz): 1.65—2.09 (m. 4 H. P(CHa);): 2.24 (s, 3 H. NMe)
2.32—-2.88 (m, 4 H, N(CH1)>); 3.84—4.15 (m. 2 H, OCH>).

Under similar conditions. 4-methoxy-1-methyl-1,4-aza-
phosphorinane 4-oxide (4a) was obtained by addition of meth-
ylamine to methyl divinyiphosphinate (Za).
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4-Ethoxy-1-ethyl-1,4-azaphosphorinane d4-oxide (4d). A
solution of KOH (7.6 g, 0.133 mol) in 30 mL of ethanol was
added dropwise with stirning at 10 °C 1o a mixture of ethyl
divinylphosphinate (2b) (16.3 g, 0.113 mol) and ethvlamine
hvdrochloride (11 g, 0.135 mol) in 30 ml of ethanol. The
temperature was maintained using external cooling. Then. the
reaction mixture was heated and kept at 65—-79 =C for 2.3 h.
Atter one day. the precipiate that formed was filtered off and
washed with ethanol. The ethanol was removed from the
fittrate, and the residue was distilled in vacuo to give azaphos-
phorinane 4d (11.4 g).

I-Methyl-4-phenyl- I ,4-azaphosphorinane 4-oxide (4¢) was
obtained by analogy with d4d from phenvi(divinybphosphine
oxide (2¢) and methylamine hydrochioride. *H NMR (CDChy).
6 1.90—2.30 (m. 4 H, P(CH»1; 241 (50 3 H. NMe): 2.80--
300 tm. 4 H, N(CH:) 745—7.85 (m. 5 H, Ph).

1-12-(2-Methylphenoxy)ethyij-4-ethoxy-I,4-azaphosphori-
nane 4-oxide (7a). B-(2-Methylphenoxviethylamine (5a) (8.3 .
0.0535 mol) was added dropwise with stiering to a solution of
ethvl divinvlphosphinate (2h) (7.3 g. 0.03 mob in 30 mL of
anhydrous ethanol. A emperature e tfrom 22 to 27 °C was
obscrved. The reaction mixture was refluxed for 2 h. Then, the
ethanol was removed. and the residue was disuited on 2
moiccufar distifation setup to give azaphosphorinane 7a (6 g).

1-{2-(2-Methoxyphenoxy)ethyi}-4-ethoxy-1,4-azaphospho-
rinane 4-oxide (7h) was obtained as described for 72 from
8-(2-methoxyphenoxyjethvlamine (5b) and ethyl divinviphos-
phinate (2b).
1-{2-2'~(2-Methoxyphenoxy)ethylaminojethyl} -4-ethoxy-
t . 4-azaphosphorinane 4-oxide (8a). A solution of ethyl divinvi-
prosphinate (ZbY (7.3 g, 0.03 mol) and 0.5 g {0.03 moly N-{3-
(2-methoxyphenoxv)ethyt]-1.2-diaminocthane (6a) in 30 mL
ol anhvdrous ethanol was refluxed for 8 h. The ethanol was
removed in vacuo (10—12 Torr), and the product was extracted
with ether. The ether was removed. and the residue was kept at
90— 100 *C (0.003 Torr) for 30 min to give compound 8a (16.5 2).
1-{4-[2'-(2-Methoxyphenoxy)ethylamino jbutyi}-4-ethoxy-
1.4-azaphesphorinane 4-oxide (8hi was obtained 1w a similar
way from N-{id-(2-methoxvphenoxyiethyl]-1.2-diaminobutane
{6b) and ethyl divinytphosphinate (2b).
1-Ethyl-4-methoxy-1-methyl-4-oxe-4%5-phosphapiperidin-
ium iodide (9a). A mixture of azaphosphorinane 4a (1.3 g,
0.008 mol) and Etl (2.5 2. 0.016 moh was heated at 60--63 “C
for 2 h. The excess of Etl was removed. and the residue was
recrystallized from butanol to give compound 9a (2.27 2).

Compounds 9b.c were obtained by analogy with 9a from

the corresponding azaphosphorinanes 4b.d and Etl.

1.1’-Decamethylenedi(4-cthoxy- 1-methyl-4-0x0-445-phos-
phapiperidinium) dibromide (18). A mixwure of azaphosphori-
nane 4a (1.77 g, 0.01 mol) and [.10-dibromodecane (1.5 g,
0.003 mol) was kept at ~20 °C for two davs. The reaction
mixture crystallized and was thoroughly triturated with anhy-
drous cther (30 mL). The crystals were filtered off, washed
with ether. and dried in vacuo (0.02 Torr) at 40—30 °C to give
compound 10 (298 g).

1,3-Bis[w-(4-ethoxy-1-methyl-4-0xo-4:5-phosphapiperi-
din-1-io)butyl]-6-methyluracil dibromide (11). A solution of
azaphosphorinane 4a (1.77 g, 0.01 mol) and 1.3-bisto-bro-
mobutyvl)-6-methyluracil (1.98 g, 0.005 maol) in 30 ml of ethyl
methyvl ketone was refluxed for 14 h. The crystals that formed
were fitered off, washed thoroughly with ether. and dried in
vacuo (9.2 Torry at 33—40 °C to give compound 11 (2.36 g).
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