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(CARBAMOYLAMINOPHENOXYMETHYL)-
DIMETHYLPHOSPHINE OXIDES AND
CORRESPONDING THIOCARBAMOYL

DERIVATIVES

SABI VARBANOV?", VICTORIA LACHKOVAP,
GERHARD HAGELES, TANIA TOSHEVA®? and RALF OLSCHNER®

Institute Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria, bDe-
partment of Ecology, Forestry University, 1756 Sofia, Bulgaria and “Department
of Inorganic and Structural Chemistry, Heinrich-Heine University,

40225 Diisseldorf, Germany

(Received August 03, 1999)

A group of (carbamoylaminophenoxymethyl)-dimethylphosphine oxides 1-13 and corre-
sponding thiocarbamoyl derivatives 14-26 were prepared via reaction of 2-, 3-and 4-(dimeth-
ylphosphinylmethoxy)-phenylamines with isocyanates and isothiocyanates resp., The
com;laosition of the new compounds was confirmed by elemental analysis, IR, 'H and
3'P{ H} MNR spectroscopy.

Keywords: (Carbamoylaminophenoxymethyl)-dimethyl-phosphine oxide; (thiocarbamoylami-
nophenoxymethyl)-dimethyl-phosphine oxides; synthesis; (dimethylphosphinylmethoxy)-phe-
nylamines; phosphine oxides; isocyanates; isothiocyanates; urea and thiourea derivatives

INTRODUCTION

The tertiary phosphine oxides are a large group of organophosphorus-com-
pounds“'zl with widespread practical applications[3'4]. During the last 10
to 15 years a great number of tertiary phosphine oxide derivatives has been
synthesized, based on chloromethyl-dimethyl-phosphine oxide, bis(chlo-
romethyl)-methyl-phosphine oxide!> !l and corresponding phospho-
rus-containing primary mono- and diamines!'*"18]. Some compounds
and/or corresponding derivatives exhibit biological activity, E.g. platinum

* The author to whom the correspondence should be sent.
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complexes and nitrosourea derivatives of the aminomethyl-dimethylphos-
phine oxide and bis-(aminomethyl)-methyl-phosphine oxide possess an
antitumor activity being of low toxicity[15'16]. A series of 1-dime-
thyl-phosphinylmethyl-4-aryl-piperazines, synthesized by Glamkowski et
al., exert an antihipertensive effect!é], while the phenoxyphenylami-
noalkylphosphine oxides, prepared by L. Maier, are proved to be active
herbicides!!718],

The present work is a continuation of our investigations on functional-
ized tertiary phosphine oxides(®'6] and reports the preparation of (car-
bamoyl-aminophenoxymethyl)-dimethyl-phosphine oxides 1-13 and the
corresponding thiocarbamoyl derivatives 14-26. They are expected to
show complex-forming properties with metal ions and biological activities

as well, similarly to that of known substituted urea and thiourea deriva-
tives(!9:20],

RESULTS AND DISCUSSION

The compounds 1-26 (Table I) were prepared by interaction of 2-, 3- and
4-(dimethylphosphinylmethoxy)-phenylamines and the corresponding iso-
cyanates or isothiocyanates in dichloromethane at room temperature. This
method was chosen because it is known to be a general route for prepara-
tion of asymmetric N-substituted urea and thiourea derivatives!!%:20],

TABLE I Molecular structures of (carbamoylaminophenoxymethyl)-dimethyiphosphine
oxides and corresponding thiocarbamoy! derivatives

No Compound No Compound
1 @fcumoncnm 14 @choxcmh
H.c(ow@ »qsmn@
2 HIP(OKCHaY 15 HPONCHy:
H-C(O)-Nn@ NH-C(S)-NH@CI
1
3 HiPONCHs)z 16 HAPIOKCHaly

mtomn@a »c«smn@m
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No Compound No Compound
4 @CCH,P(O)(%): 17 @ocmoxcunz
H. cw)-n N»c(smnm@
5 @CH:P(OKC% 18 HoPIONCH):
nc(omnu NH-C(SIN|
6 HzP(O)CHs )z 19 ﬁ:ﬂ(oxcnw
m:(om@ »c(swn©
7 HoP(O)CH3)y 20 HaP(ONCHs)2
1
"G Ol
8 @ (ONCHa)2 21 é{moxcn.h
M(omn@c u»c<smncn©
9 § 2PIONCHsh 22 fmmoucm):
H-C(0)- N N»c(sm»©
10 f/ 1P(ONCHsh 23 fu,?(oy(cn,),
nc(ow NH—C(S)—N»@CI
n HaP(ONCHgh 24 fmp(oy(cu,),
Hc(om@cl N»c(sw@cn,
12 fH:P(O)(CH:)z 25 fu.w(oxcn,),
N""C‘O)‘N nnc(s)—Nm:N@
13 HaP(ONCH3h2 26 fn,p(o)(cu,h
iu.cm).uno N»C(smno

The reaction between the reagents proceeds as a nucleophilic addition of
the 2-, 3- and 4-(dimethylphosphinyimethoxy)-phenylamines to the isocy-
anates or isothiocyanates respectively according to Scheme 1.
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0=P(CHa)2 0=P(CHj)2 R
[Zl]
o
N /N\R
— T
X
OCH,
0=P(CH,)2
X=0 or S
SCHEME 1

Williams and Jewncks!?!] had shown that isocyanates react with amines via
a stepwise mechanism forming an intermediate zwitterion [ZI]. All the com-
pounds 1-26 (Tables II and IIT) were produced with very high yields (about or
exceeding 90%) without application of catalyst as in the case of non-phosphi-
nylated 2-, 3- and 4—methoxyphenylamines[22]. The high yields observed sug-
gest that the electronegative dimethylphosphinyl group (CH3),P(O)- does not
decrease significantly the p,n-delocalization of the oxygen in the -CH,O-
group, the latter compensating to a great extent the +M-effect of the NH,-
group in the substituted phenylamines. Obviously the NH, group of the phos-
phorylated methoxyphenylamines used keep the high nucleophilicity against
isocyanate and isothiocyanates.”?2] This suggestion is confirmed by the very
close pK, values of 2-, 3- and 4-(dimethylphosphinylmethoxy)-phe-
nylamines[gl to that of 2-, 3- and 4-methoxyphenylamines[23’24].
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TABLE Il Preparative and analytical data on
(carbamoylaminophenoxymethyl)-dimethylphosphine oxides

Nitrogen content, %

No  Yield % M.p.°C General formula Mol.mass
Found Calcd.
1 91 207-209 Ci6H 9N,O3P 318.31 8.70 8.80
2 95 194-195 C6H gCIN,O5P 352.77 8.16 7.94
3 90 227-228 C6H8CIN,O5P 352.77 8.32 7.94
4 93 208-209 CooH;N,O5P 368.37 7.68 7.60
5 88 199-201 C6H25N,05P 324.36 8.36 8.64
6 87 206-207 C,6H gN,O4P 318.31 8.92 8.80
7 90 161-162 CyHgCIN,O4P 352.76 7.69 7.94
8 89 215-216 C,¢H gCIN,O4P 352.76 8.10 7.94
9 94 237-238 C6H19N,O3P 318.31 8.86 8.80
10 93 227.5-228.5 C,6H;gCIN,O5P 352,77 8.04 7.94
1 92 254-255 C,¢H;gCIN,O5P 352.77 8.10 7.94
12 88 245-246 CyoH;N,O3P 368.37 7.75 7.60
13 90 214-215 C6H25N,04P 324.36 8.57 8.64

13: 42 28 January 2011

TABLE III Preparative and analytical data on
(thiocarbamoylaminophenoxymethyl)-dimethylphosphine oxides

Downl oaded At:

: Nitrogen content, %
No  Yield % Mp., °C General formula Mol.mass

Found Calcd.

14 2 152-153 C16H19N,0,PS 841 8.38
33437

15 79 147-148 C1¢H3CIN,O,PS 752 7.60
368.82

16 87 160-160.5 C,7Hp N,O,PS 8.12 8.04
348.40

17 9 175-176 " Cy7HyN,0,PS 8.20 8.04
348.40

18 94 148-149 C,6HasN,0,PS 7.89 8.23
©340.37

19 86 161-161.5 C16HgN,0,PS 8.21 8.37
334.37

20 9 158-159 C16H 3CIN,0,PS 7.75 7.60
368.82
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Nitrogen content, %

No  Yield % Mp., °C General formula Mol.mass
Found Calcd.

21 93 156-157 C9H,;N,0,PS 7.90 8.04
348.40

22 96 191-192 CigHgN,O,PS 8.28 8.38
334.37

23 90 197-198 C,¢HgCIN,O,PS 7.80 7.60
368.82

24 88 206-207 C,7H,N,0,PS 794 8.04
348.40

25 89 172-173 C,7H;;N,0,PS 8.00 8.04
348.40

26 91 223-223.5 C,6H5N,0,PS 8.38 8.23
324.36

The interaction between the initial substituted phenylamines and the iso-
cyanates runs with an exothermal effect while with the isothiocyanates this
effect was negligible. The latter agrees well with the lower reactivity of the
isothiocyanates. It should be noted that all prepared compounds 1-26 were
of high purity: the crude products melted at temperatures only 1-2°C
below that of the corresponding purified substances, which was an indica-
tion that no side reactions occurred during their preparation.

Some preparative and analytical data of the compounds 1-26 are given
in Tables II and III. The compounds are colorless crystal like substances
with comparatively high melting points, which are higher than the melting
points of known similar carbamoyl and thiocarbamoyl derivatives of
2-aminophosphonic acid dialkyl esters2>26], This fact could be explained
by the stronger hydrogen bonds formed in 1-26 since they include tertiary
phosphine oxide group, which is more polar than the phosphonate group,
present in the 2-aminophosphonic acid derivatives.

The compounds 1-26 are easily dissolved in DMSO and DMFA and are
less soluble in methanol, ethanol, dichloromethane and chloroform. They
are sparingly soluble in acetone, diethyl ether, tetrahydrofurane, dioxane,
aliphatic and aromatic hydrocarbons and are insoluble in water.

The expected composition of 1-26 was established by elemental analy-
sis for nitrogen (Tables II and III). Their structure was confirmed by IR,
'H and 3'P{'H} NMR spectroscopy.
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The infrared spectra (Tables IV and V) showed characteristic bands
assigned to the phosphoryl group (P=0) at 1140-1199 cm™!, methyl
(CH;P) and methylene (CH,P) groups bonded to a phosphorus atom
respectively at 1292-1317 cm~! and 720-796 cm™!, bands of carbonyl
group (C=0) nonbonded with hydrogen bonds at 1680-1709 cm™! (Amide
1) and thiocarbonyl groups (C=S) at 933 944 cm™' and 10461089 cm™"
(corresponding to Amide I)[27'28], bands of NH groups associated via
hydrogen bonds at 1534-1562 cm™' (Amide II) and several bands at
3068-3379 cm™', characteristic bands of C-N bonds at 1403-1403 cm™!
(Amide III). There are bands of aromatic rings at 1484—1500 em™! and
1592-1605 cm™!, respectively. The bands of the phosphoryl group (P=0)
of 1-26 are shifted with 30-50 cm™' to lower frequencies as compared to
the nonsubstituted tertiary phosphine oxides, which is due to its associa-
tion with N-H amide and thioamide protons via hydrogen bonds!?®!. Addi-
tional bands of the phosphoryl group (P=0) have been observed in some
of the compounds (1-4, 7-14, 17-19). This phenomenon could be ascribed
to different spatial isomers and two kinds of phosphoryl groups: first one
bonded and the second one nonbonded with hydrogen bonds or bonded
with more weak hydrogen bonds!?],

'H NMR spectra of 1-26 (Tables VI and VII) showed resonance signals
as doublets for the methyl group protons CH3-P=0 at 1.29-1.69 ppm and
2JpH = 11.6-13.9 Hz for the methylene group protons CH,P=0 at 4.05-
4.35 ppm and 2JpH = 2.5-8.0 Hz. The resonance signals of the N-Hamide
and thioamide group protons of the O-Ar-NH-C(X) group were registered
as singlets in more weaker fields than the resonance signals of the second
NHprotons of the C(X)-NH-Ar(R) group, because of the active deshield-
ing of the electronegative phosphoryl group and its mesomeric effect
along the benzene ring. The resonance signals of both kinds of NH protons
in 7, 14, 15, 19, 20 and 23 overlapped and were registered as singlets. The
signal of NH proton of the C(SYNHCH,Ph group in 21 was registered as a
triplet because of the coupling with CH,Ph protons, while in 17 and 25 as
a broad singlet because of the larger halfwidth. The resonance signals of
the N-CH,Ph protons were doublets, which after deuterium exchange
change to a singlet, since the coupling with NH proton disappeared. The
resonance signals of both kinds of NH amide and thioamide protons disap-
peared after deuterium exchange with D,O or CD;0D.
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The 3'P{'H} NMR spectra of 1-26 were singlet resonance signals in the
range of +39.37 to +43.08 ppm, which is typical of tertiary phosphine
oxides containing two methy! groups and a methylene group at the phos-
phorus atom®®!.

EXPERIMENTAL

Starting materials

Starting 2-, 3- and 4-(dimethylphosphinylmethoxy)-phenylamines were
prepared according to ref.%], Isocyanates and isothiocyanates were com-
mercial products from Fluka and Merck. Solvents were dried by standard
procedures prior to use.

Characterization of the prepared compounds 1-26

The elemental analysis for nitrogen content was performed according to the
method of Duma. The melting points were measured on a Boetuis microheat-
ing plate PHMK 05 (Germany) and were uncorrected. The infrared spectra
(400-4000 cm‘l) were recorded on a Bruker Vector-22 infrared spectrometer
as KBr pellets. The 'H NMR spectra were taken on a Bruker DRX 500 NMR
spectrometer at 500.13 MHz in CDCl; or in DMSO-dg¢ (see Tables VI and
VII). The chemical shifts are given against TMS. The 31P{ IH} NMR spectra
were registered in the same solvents on the same instrument at 202.45 MHz.
The chemical shifts are given against 85% H;PO,.

General procedure for the preparation of
(carbamoylaminophenoxy-methyl)-dimethylphosphine oxides and
corresponding thiocarbamoyl derivatives 1-26

To a stirred solution of 2-, 3- and 4-(dimethylphosphinylmethoxy)-phe-
nylamine (3.5 mmol) in dry methylenechloride (3.0 ml) at room tempera-
ture was added dropwise a solution of isocyanate or isothiocyanate
(3.5 mmol) in dry methylenechloride (3.0 ml). After the slightly exother-
mal reaction was completed, the reaction mixture was allowed to stay at
room temperature for about 3 hrs and cooled. The precipitate was isolated
by filtration, washed with diethyl ether and dried. The prepared crude
product was recrystallized from ethanol.



TABLE_VI 'H and *'P{'H} NMR data of (carbamoylaminophenoxymethyl)-dimethylphosphine oxides

Solv

'H NMR data, protons 3pH)

CH;P=0 CH,P=0 O-Ar-NH-C(0) C(O)-NH-Ar(R) Ar-H

3 2Jpy 5 2oy 5 s 8 5
55(d) 126 4.22(d) 3.1 8.53(s) 8.23(bs) 6.88 — 8.33(m) +42.41 CDf
59d) 132 423%d) 2.5 8.69(s) 8.49(bs) 6.80 — 8.32(m) +42.72 CDH
@d) 132 4290 57 9.36(s) 7.91(s)? 6.80 — 7.95(m) +38.95 DMS
D) 126 415 38 -a 8.02(bs) 6.90 — 8.40(m) +42.39 CD
) 132 419d) 3.1 7.94(s) 5.77(d) 6.80 — 8.30(m) +41.61 CD
. yu=1.5
gd) 132 428d) 69 8.65(bs) 8.62(s) 6.60 — 7.50 (m) +39.61 DMS
ié(d) 132 429d) 69 9.74(s) 6.80 — 7.55(m) +39.54 DMS
52() 132 427d) 69 8.76(s) 8.68(s) 6.65 — 7.55(m) +39.54 DMS
Bd) 119 407d) 69 8.34(s) 8.27(s) 6.75 — 7.26(m) +39.62 DMS
z§(d) 138  405(d) 69 8.54(s) 8.32(s) 6.70 — 7.50 (m) +.39.62 DMS
B(d) 132 405d) 69 8.48(s) 8.29(s) 7.05 —7.30 (m) +39.60 DMS
$Bd) 132 428d) 69 8.87(s) 8.66(s) 7.00 - 8.20 (m) +39.63 DMS
48(d) 134 421(d) 67 8.13(s) 3?.96((71)8 6.85 —7.30 (m) +39.74 DMS

HH=/-

1s: & — in ppm, J — in Hz; bs - broad singlet, d — doublet, s — singlet, t — triplet.

ials of shown amide protons overlapped with the signals of Ar-H protons;
1als of methylene cyclohexane protons were at 8=1.0 — 2.0 ppm as five multiplets, while the signals of the cyclohexane CH-N-C(O
4(m) ppm in compound 5and at §=3.44(m) ppm in compound 13;
1als of both kinds of NH protons overlapped and the resulting signal was at shown chemical shift.



TABLE VII 'H and 3 lP[ 'H} NMR data of (thiocarbamoylaminophenoxymethyl)-dimethylphosphine oxide®

!H NMR data, protons Hpflny Soh
CH3P=0 CH,P=0 O0-Ar-NH-C(S) C(S)-NH-Ar(R) Ar-H
5 2Jpy 3 2Jpy ) 3 s s
156 131 4.17(d) 6.9 8.05(s) 7.96(s) 6.90 - 8.03(m) 14237 CD
9(d) 132 4.26(d) 5.0 8.49(bs) 7.00 — 8.20(m) +42 03 CD
B&d) 132 4.33(d) 6.9 9.77(s) 8.90(s) 6.95 — 7.70(m) +40.52 DMS
9d) 133 4.36(d) 8.1 7.99(s) 6.29(bs) 7.00 - 7.60(m) +42.73 CD(
Kd) 132 4.28(d) 7.0 7.66(s) 7.56(d) 6.08 — 7.35(m) +43 08 CDA
8 =15
#(d) 132 4.35d) 6.3 9.81(s) 6.85 — 7.60 (m) +39.38 DMS
3d) 139 4.08(d) 6.9 9.69(s) 6.60 — 7.35(m) +39.37 DMS
Gd) 138 4.16(d) 6.3 9.47(s) 8.06(1) 665 — 7.30(m) +39.41 DMS:
b 33 uu=56
3d) 132 411d) 6.9 9.40(s) 9.38(s) 6.80 — 7.35(m) +39.54 DMS
Ed) 132 4.09d) 5.9 9.44(bs) 6.75 — 7.40 (m) +.39.49 DMS!
d) 132 4.26(d) 6.6 9.46(s) 9.43(s) 6.95 - 7.40 (m) +39.55 DMS!
Sd) 132 428(d) 8.1 7.95(s) 6.15(bs) 6.80 — 7.40 (m) +42 38 CD(
6(d) 132 4.25(d) 7.6 7.46(s) 3J5.68(2)9 6.98 — 7.20 (m) +42.18 CD(
HH=O0.

s: & - in ppm, J - in Hz; bs - broad singlet, d- doublet, m-multiplet, s - singlet, t- triplet; *The signals of both kinds of NH protons of 15
apped and were singlets at shown chemical shifts; "The signal of CH»Ar protons were: compound 16 at $=2.29(s) ppm, and compoun
»m; “The signals of N-CH,-Ar protons of were: for compound No 16 at 5-5.03(d) ppm, *J;;=2.4 Hz, compound No 21 at 3=4
‘and for compound No 25 at 8-4.85(d) ppm and 3Jy-5. 1 Hz. These signals became singlets after deuterium exchange with CD;0D
ethylene cyclohexane protons were at 8=1.0- 2. 1 ppm as five multiplets. The signal of cyclohexan CH-N-C(S) proton was at 6=4.25 pf
vith the signal of P-CH, protons.
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