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Dedicated to Professor Hans GroB on the occasion of his 65th birthday

The easily accessible [2,2,2-trichloro-1-isocyanato-ethyl]phosphonate 1 reacts with aliphatic or aromatic
amines to give the ureas 2,8. The reaction of these ureas with morpholine has been studied. Quite
different reaction products have been isolated or observed depending on reaction time and the amine
used for the urea formation. Oxazoles 4,10 are obtained if the ureas 2,8 were prepared from 1 and
aliphatic amines or secondary amines. Surprisingly, ureas derived from 1 and aromatic primary amines
furnish mixtures of oxazoles 4, guanidines 5, and imidazoles 6 via ring opening—closure sequences
which have not been known so far. However, the urea 2i prepared from o-hydroxyaniline gives het-
erocyclic substituted a-aminophosphonate 7. Under acidic conditions the oxazoles 4,10 are hydrolysed
to a-aminophosphonates 11.

Key words: Phosphonates; oxazoles; imidazoles; cyclization; NMR data.

INTRODUCTION

1-Aminosubstituted 2,2,2-trichloroethanephosphonates are easily accessible pre-
cursors for the synthesis of phosphono-substituted heterocycles as shown in previous
communications.?~° Starting from diethyl [2,2,2-trichloro-1-isocyanato-ethyl|phospho-
nate 1, Drach et al.” prepared some 2,2,2-trichloro-1-ureido-phosphonates, but they
didn’t report on reactions with amines or other nucleophiles. We expected that a
reaction of these ureas with amines would provide a further route to phosphono-
substituted oxazoles, analogously to other phosphonates.?* So we prepared a va-
riety of ureas 2,8 from 1 and aliphatic or aromatic amines to investigate the influence
of the ureamoiety on cyclization reaction. We treated these ureas only with mor-
pholine as nucleophile to simplify matters and to get a survey of this reaction.

RESULTS

Isocyanate 1 was obtained first by H. Ulrich et al.® by reaction of triethylphosphite
with 1,2,2 2-tetrachloroethaneisocyanate which was prepared from trichloroace-
taldehyde, urethane and phosphorus pentachloride.!%-'! Shokol et al.® reported on
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an improved synthesis of 1 in a similar procedure. Reproducing this work we can
confirm the formation of 1, but the yield of the distillable product was only average.
We obtained 1 in 64% yield after distillation by reducing the reaction temperature
to 20°C and using a slight excess of triethylphosphite (Scheme 1).

Addition of a variety of aliphatic and aromatic amines to the isocyanate 1 fur-
nishes the desired ureas 2,8 (Scheme 2). In the case of aromatic amines a slight
excess of amine does not cause any disadvantage, but with aliphatic amines the
equivalent amounts of reactants have to be kept strictly, otherwise by-products
occur on a remarkable scale. We isolated and characterised these ureas in some
cases, however the reactions with morpholine were performed in a one-pot-syn-
thesis without purifying them. After a period of two hours, morpholine was added
to the reaction solutions and we monitored the formation of products with TLC
or 1P-NMR spectroscopy (Table 6). The first reaction observed in all examples is
HCI elimination generating the vinyl compounds 3 and 9. The elimination is com-
pleted within about one hour. As an example we isolated and characterised the
vinyl compounds 3b,e in full analytical details. In a second, slow reaction the desired
oxazoles 4 and 10 are formed in 2 to 20 hours, except the oxazole 4d which could
not be observed. In the case of secondary and aliphatic primary amines, the oxazoles
are final products (Scheme 2).

If primary aromatic amines were used, unexpected further conversions occurred.
Depending on amine, reaction time, and concentration of products we observed
signals in the range of 18.7-19.4 ppm in *'P-NMR spectroscopy after 20 hours. In
the cases of 2,4,6-trimethyl-aniline (urea 2d) and p-NO,-aniline (urea 2e), these
compounds were final products which could be isolated and identified as guanidine
derivatives 5d,e. With aniline (urea 2a), p-toluidine (urea 2b) and p-tert.butyl-
aniline (urea 2c) however the signals in the NMR spectrum at approx. 19 ppm
disappeared after 2—3 days and new signals in the range of 14.4-14.8 ppm indicated
the end of transformations. In two examples we separated the final products by
column chromatography which proved to be imidazole derivatives 6b,c. Table 1
presents the NMR spectra recorded during the reaction of urea 2b with morpholine
which shows the typical course of these conversions.

The structures of the imidazoles 6 were confirmed mainly by 'H- and *C-NMR
spectroscopy. Table II presents selected NMR data of the oxazole 4b and imidazole
6b. In the *C-NMR spectrum, the sp>-hybridized C4 of 6b shows a typical upfield
shift with a smaller coupling constant and in the 'H-NMR spectrum the proton on
C4 of 6b is detected at 8 = 4.60 ppm; ZJpcy = 28.3 Hz in accordance to other
aminophosphonates. A characteristic downfield shift in the *C-NMR of 6b of the
carbon in the ortho position of the aromatic moiety indicates that the nitrogen of
the toluidine group is bound with two carbon atoms.

cl P(OE), P(OEt),
CI3C~—< _— CI30—<

SCHEME 1 1
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TABLE I

FP.NMR spectra of the reaction of 0.21 g (0.5 mmol) of urea 2b and 0.26 g
(3 mmol) of morpholine in 3 mi of CHCl;4

time 3b (%) 4b (%) 5b (%) 6b (%)
(min) 8,=9.7-9.9  §,=13.99  §,=19.0-19.7 §,14.8-15.0
50 82 16 2 0

100 66 21 13 0

300 43 16 41 0

1400 8 0 70 22

43002 0 ] 7 70

a) Additional small signals at 17.9, 7.5, and -1.05 ppm; P)downfild shift due to basic medium,

Because of the low concentration used in this experiment the times of transformations are

extremely prolonged.
TABLE 1l
BC-NMR data of oxazole 2b and imidazole 6b
C29) C43) C53) (L] c2b) Me
5Ch 8 () 8Ky B 5 8
2b 150.0(25.2) 103.9(251.4) 156.9(35.6) 136.4 117.0 20.6
6b 160.7(11.3) 65.9(151.0) 175.5(s) 138.5 1259 213

a) Heterocyclic carbon atoms; b aromatic carbon atoms.

In contrast to the conversions described above the benzoxazole derivative 7 is
formed if o-hydroxyaniline reacts with 1 and, subsequently, with morpholine (Scheme
3). 7 was obtained in 82% yield without formation of oxazole, guanidine or im-
idazole products. Obviously the OH-moiety is responsible for the dissimilar course
of reaction.

A mechanism explaining all reactions mentioned above is given in Scheme 4.
We assume that in all examples morpholine reacts with the urea 2 to give the
oxazoles 4 via 3 (Scheme 2). A proton on the amino group in position C2 of the
oxazoles 2a-e and 2i is responsible for the different products formed. It seems that
the electron-withdrawing properties of aromatic amines are sufficient to remove
this proton under basic reaction conditions. A concerted electron migration fur-
nishes carbodiimide intermediates which react with excess morpholine to give guan-
idine derivatives §. If the aromatic ring possesses an OH-group in ortho position
(X = OH), the intramolecular addition of this group predominates to yield ben-
zoxazole 7. In the ureas 2f-h, the acidity of the NH-group is smaller and therefore
ring-opening does not occur. There is no proton on a nitrogen in the oxazoles 10a—
d and, consequently, the products are stable under the reaction conditions. The
guanidines 5a—c undergo a cyclization reaction to form the imidazoles 6a—c, whereas
the guanidine 5d does not react for sterical reasons and neither does the guanidine
Se because of its low nucleophilicity.

The oxazoles 4,10 are easily split under acidic conditions. Compared to 2-un-
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substituted phosphonooxazoles described in a previous communication,'? the new
oxazoles 4,10 are more sensitive to acids. Actually, we have not been able to purify
the oxazoles 4f and 4g by silica gel column chromatography (acetone/hexane)
because they hydrolysed even under these mild conditions. On treatment with 2 n
aqueous HCI the oxazoles 4g and 10b were smoothly cleaved into the ureas 11a,b
(Scheme 5).
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EXPERIMENTAL

'H-NMR spectra were recorded with a TESLA BS 587 A using CDCl, as solvent and HMDS as internal
standard. *C-NMR (ref. internal TMS) and *'P-NMR (ref. external 85% H;PO,) spectra were obtained
on a Varian Gemini 300. The chemical shift are reported in ppm, with negative values being upfield
of the standard, and positive downfield. The coupling constants are reported in Hz.

Column chromatography separations (pressure 4.7 kPa) were performed by using Merck silica gel 60
(0.040-0.063 mm). TLC analyses were done on Silufol® (silica gel) precoated alumina plates and the
spots were visualised with 1% ethanolic solution of molybdatophosphoric acid and 1% solution of
ninhydrin and warming the plates.

Diethyl[2,2,2-trichloro-1-isocyanato-ethyl]phosphonates 1. To a stirred solution of 20.88 g (10 mmol)
tetrachloroisocyanate'-'! in 30 ml CH,Cl, 16.81 g (10.5 mmol) triethylphosphite was added dropwise
at r.t. After addition (approx. 1 hr) stirring was continued for 2 hr. Then the solution was evaporated
and the residue purified by Kugelrohr distillation at 100-105°C at 30 Pa.

Yield: 18.1 g (64%); n¥ = 1.4832. Lit.¥ nd’ = 1.4817.

Diethyl[2,2,2-trichloro-1-(3-alkyl(aryl)-ureido)-ethyljphosphonates 2a—i; General Procedure: To a stirred
solution of 1.55 g (5 mmol) phosphonoisocyanate 1 in 10 ml CH,Cl, 5 mmol of a primary amine was
added at r.t. After standing for 2 hr the solution was evaporated at reduced pressure and the residue
recrystallized from EtOH (2a—e) (Table III).

Diethyl[2-arylamino-5-morpholin-4-yl-oxazol-4-yl|phosphonate 4a~h and Diethyl ([2-dialkyl(alkylaryl)amino-
5-morpholin-4-yl-oxazol-4-yl])phosphonate 10a—-d; General Procedure: 1.55 g (5 mmol) isocyanate 1
and 5 mmol of an amine were reacted as reported for 2 however in the case of 4a and 4d the solvent
was dioxan. After 2 hr 2.61 g morpholine (30 mmol) was added to the stirred solution and stirring was
continued; 4a—e = 2 hr; 4f=h, 10a—d = 20 hr. The reaction mixture was dissolved in 30 ml CH,CL,
washed with 10 ml H,O, and the organic layer dried over Na,SO,. The solvent was evaporated at
reduced pressure and the oily residue chromatographed on silica gel column (60 x 3 cm, acetone/
hexane, 1:1) (Table IV-V).

Diethyl(2,2-dichloro-1-(3-p-tolyl-ureido)-vinylJphosphonate 3b. Obtained as by-product from the chro-
matographic separation of 4b.

TABLE III
Diethyl[2,2,2-trichloro-1-(3-alkyl(aryl)-ureido)-ethyl]phosphonates 2a—i

Pro- Yield mp. 3P 13C IH  Molecular Formula Analysis calc. / found

duct Sp 8pc den C H N
(%] [*C] (lpe) Fpe) (%]
2a®) 76 162-64 153 615 501 Cj3H;gCL3N,0,P 38.68 449 694
(159.8) (18.7) (403.6) 3863 457 702
2b 71 152-55 153 617 530 C4HpChLN,O,P 4026 483  6.71
(164.4) (19.4) (417.7) 4040 485  6.69
2¢c 32 162-64 155 617 527 C7HpCLN,O4P 4441 570  6.09
(164.9) (19.4) (459.8) 4425 581 5.89
2d 42 12427 149 619 520 CjgHpCLN,O,P 43.11 543 6.29
(160.6) B (445.7) 4335 577 598
2e 79 223-25 143 615 521 Cp3HjpClN;O¢P 3480 382 937
(159.6) (19.1) (448.6) 3472 382 928
210 - - 15.9 - - - - - -
2g9 - - 157 - - - - - -
20 - - 157 - - - - - -
2i°) - - 154 - - - - - -

3 Lit.7 m.p. 166-67 °C, b) broad signal; ©) not isolated
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TABLE IV

Pro-) Yield mp. 3P I3C  Molecular Formula  Analysis calc. / found

duct?d 8 Sec C H N

%] (8 ho %]

da 24 9 116 1039 C 7H;N;O5P 5354 634 11.02
(250.8) (381.4) 53.29 6.65 11.13

4b 42 14144 117 1039 CygH,eN;OsP 5468 663  10.63
251.49) (395.4) 5460 6.68 10.46

4c 41 14143 116 1039 CyHyN,OP  57.65 737 9.6l
(251.4)  (4379) 5780 752  9.48

d4e 39 195-98 111 1034 C;;H;NsO.P 4789 544 1314
(253.1)  (426.9) 4780 543  13.11

4 - - 125 1055 - - - -
(205.9)

gy - - 123 1052 - - -
(250.9)

4h 62 (1.5023) 124  105.1 C,qHyeN3OsP 4841 754  12.10
(2509)  (347.4) 4815 768 1197

a) 4d was not observed; ) purification impossible due to hydrolysis during chromatographic

separation; ©) pasty

TABLE V

Diethyl[2-dialkyl(alkylaryl)amino-5-morpholine-4-yl-oxazole-4-yl]-phosphonates 10

Pro- Yield n¥ 3P 13C  Molecular Formula  Analysis calc. / found
duct S  Bpc C H N
[*0] Q) [*s]
10a 24 1,5018 123 1065 Cy3HpeN;OsP 4684 726 12,61

(250.3)  (333,3) 4659 729 12,10
10b 79 1,5168 11,7 1057 CysHyN3OgP 4800 698 1120
@51,1)  (375,4) 4789 714 11,12
10 81 1,5452 12,1 1044 CjgH,eN3OsP 5468 6,63 10,63
(252,0)  (395,4) 5470 634 1034
10d 73 1,5415 123 1041 CyoH,gN;0sP 5574 689 10,26
(2512)  (409,3) 5542 7,02 10,21

Yield 21; m.p. 143—-46°C.
NMR: *'P: §9.2; °C: Spc 124.7 (d), pe 209.2 Hz.

C44.11 H502 N735%
found. C44.14 H 510 N 7.38%

C,H,,CLN,O,P (381.2) calc.

131

Diethyl[2,2-dichloro-1-(3-p-nitro-phenyl-ureido)-vinyl]phosphonate 3e. Obtained as by-product from

the chromatographic separation of 4e.

Yield 25%; m.p. 203-5°C.
NMR: 3'P: 8§ 8.1; PC: 8p 126.7 (d), Jpc 208.2 Hz.

C3H CLN;OGP (412.2) calc.

C37.88 H3.91 N 10.20%
found. C37.67 H3.90 N 10.11%
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Diethyl[2-morpholin-4-yl-1-{morpholin-4-yl-(2,4,6-trimethyl-phenyl)-guanidino}-2-oxoethyl [phospho-
nate 5d. 1.55 g (5 mmol) isocyanate 1, 0.66 g (5 mmol) 2,4,6-trimethylaniline and 2.61 g morpholine
were converted and worked-up as described for 4d but the reaction time was 24 hr.

Yield 52%: nE = 1.5363.
NMR: *'P: § 19.0; *C: broad signal at 51 ppm; 'H: 8 5.15 (d), Jpey 18.4 Hz.

C,;HyuN,OP (510.6)  calc. C5646 H7.70 N10.97%
found. C56.12 H7.57 N 10.52%

Diethyl[2-morpholin-4-yl-1-{morpholin-4-yl-(4-nitro-phenyl)-guanidino}-2-oxo-ethyl]phosphonate Se.

1.55 g (5 mmol) isocyanate 1, 0.69 g (5 mmol) p-NO,-aniline and 2.61 g morpholine were reacted and
worked-up as described for 4e but the reaction time was 24 hr.

Yield 31%; m.p. 52-54°C.
NMR: *'P: 8 18.7; BC: 85 48.9 (d), Ve 145.2 Hz; H: 6 4.66 (d), *Jpcu 28.2 Hz.

C, Hy,N;O,P (513.5) cale. C49.12 H6.28 N 13.64%
found. C48.87 H6.04 N 13.88%

Diethyl(2-morpholin-4-yl-5-oxo-1-p-tolyl-4,5-dihydro-1H-imidazol-4-yl)phosphonate 6b. 1.55 g (5 mmol)
isocyanate 1, 0.54 g (5 mmol) toluidine and 2.61 g morpholine were converted and worked-up as
described for 4b but the reaction time was 3 days.

Yield 51%; m.p. 73-80°C.
NMR: ¥1P: 8 14.7; BC: 8p¢- 65.9 (d), 2Jec 151.0 Hz, 'H: 6 4.60 (d), *Jpcn 28.3 Hz.

CosHoN;OLP (395.4) cale. C54.68 H6.63 N 10.63%
found. C54.88 H6.73 N 10.34%

Diethyl[1-(4-tert-butyl-phenyl])-2-morpholin-4-yl-5-0xo-4,5-dihydro-1H-imidazol-4-yl)phosphonate ~ 6¢.
1.55 g (5 mmol) isocyanate 1, 0.75 g (5 mmol) p-tert.butylaniline and 2.61 g morpholine were reacted
and worked-up as described for 4¢ but the reaction time was 3 days.

Yield 39%; pasty.
31P: 8 14.8; BC: 8p¢ 65.9 (d), Upe 151.2 Hz, 'H: 6 4.61 (d), 3peyy 28.2 Hz.

C, H;,N,O,P (437.5) calc. C57.65 H737 N9.61%
found. C57.41 H7.43 N9.36%

Diethyl[1-(benzoxazol-2-yl-amino)-2-morpholin-4-yl-2-oxo-ethyljphosphonate 7. 1.55 g (5 mmol) iso-
cyanate 1 and 0.55 g (5 mmol) o-aminophenol were converted as mentioned for 2. Addition of 2.61 g
morpholine (30 mmol) and worked-up as reported for 10.

Yield 82%; m.p. 110-12°C.

NMR: 3'P: 6 16.1; PC: 8pc 51.7 (d), Vpe 149.1 Hz; 'H: 8 5.33 (d), VJoen 16.94 Hz.

C,H,)N,OP (397.4) calec. C51.38 H6.09 N 10.58%
found. C51.18 H6.17 N 10.50%

Diethyl[1-(3-alkyl-ureido)-2-morpholin-4-yl-2-oxo-ethyl}phosphonate 11; General Procedure: 1 mmol
oxazole 4g or 10d, respectively were dissolved in 10 ml HCl (10%) and stirred for 2 hr. Then the
mixture was neutralised with K,CO; and extracted with CH,Cl, (2 X 20 ml). After drying of the
combined organic layers (Na,SO,) the solvent was evaporated and the crude oily residue chromato-
graphed on silica gel (acetone/hexane 1:1).

Diethyl[1-(3-ethyl-ureido)-2-morpholin-4-yl-2-oxo-ethyl]phosphonate 11a. Yield 37%; n2® = 1.4971.
NMR: *'P: § 18.9; *C: 8pc 48.3 (d), ¥, 152.2 Hz; 'H: 8 5.41 (d), ey 19.5 Hz.

CH,N;OP (351.4) cale. C44.44 H7.46 N 11.96%
found. C44.71 H7.49 N 12.03%
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TABLE VI
3'P-.NMR data 8, of compounds 3a-h, 5a—e, 8a—-d, and 9a-d

a b c d e f g h

9.8 9.2 954 87 8.1 9.0 8.9 9.6
194 193 18,8 19.0 18.7
14.4 14.7 14.7 14.8

9.5 88 8.7 88

L N W7

Diethyl[1-(3-morpholin-4-yl-ureido)-2-morpholin-4-yl-2-oxo-ethyljphosphonate 11b. Yield 61%; m.p.
101-103°C.

NMR: *'P; 5 18.5; PC: 8pc 48.9 (d), Jpe 151.0 Hz; 'H: 8 5.24 (d), Jpeyy 19.7 Hz.

C,sHyN;O,P (393.4) cale. C45.80 H7.17 N 10.68%
found. C45.17 H7.11 N 10.42%
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