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Abstract—Bis(chloromethyl)phosphinic chloride reacts with urethane to give phosphorylated urethane,
whereas with urea and acetamide the final reaction product is bis(chloromethyl)phosphinic anhydride.

Recently we developed a procedure for prepar-
ing polyheterophosphacyclanes with endocyclieCP B
bonds [15] by intramolecular cyclization oP-func- . -B - HCI CICH2P¥(|)
tionally substituted phosphorus chloromethyl deriva- vV
tives. With the aim to examine the feasibility of pre- Attempted phosphorylation of urea within the
paring new functionally substituted chloromethylphos- o.soce of dry potassium carbonate yields bis(chloro-
phinates and phosphacyclanes derived from them, wE%ethyl)phosphinic anhydride. In view of high reac-
studied phosphorylation of urea, ethyl urethane, ang .. "¢\ ‘18] it can be assumed that phosphinylurea
ac_etamlde with bls(chloromethyl)phosphln|c chlorldevI (or, possibly,O-phosphorylation product) formed
| in the presence of potassium carbonate. in the first stage reacts with the second phosphinic
Chloridel reacts with ethyl urethani in the pres- chloride molecule to give diphosphiny! derivativél .
ence of potassium carbonate as a solid base with hes we showed previously [9], such derivatives readily
release, without adding a phase-transfer catalyst, tandergo pB-cleavage to give the final products.
give phosphinyl urethanil . In the absence of potas-
sium carbonate, the reaction occurs also, but it re- I+ HNCONH,

(||)/N=C—OE'[

quires prolonged heating, and the final product is (”3
: . : i
formed in a considerably lower yield. 2C0s (CICHQZP(O)NHCNHZI—> (C|CH92p_|\||
(CICH,),P(0)G-C—NH;
(CICHy),P(O)CI + H,NCOOEt VI VI
I ]
K,CO, E— [(C|CH2)2P(O)]20.
——> (CICH,),P(O)NHCOOE:t. —NH,CN Vv

I
PhosphinylureaVl was prepared by a different
Under the action of a base, phosphinyl urethhe pathway: addition of ammonia to bis(chloromethyl)-
readily eliminates HCI to give 1,3)-oxazaphospho- phosphinic isocyanat®!Ill . CompoundVI appeared
line IV. The composition and structure & were to be stable in storage. When treated withn the
confirmed by elemental analysis and spectroscopipresence of potassium carbonate, compoudhdrans-
data. Whereas the IR spectrum of phosphorylatetbrms intoV, confirming the suggested reaction pat-
urethanelll contains strong bands of the carbonyltern. In the presence of a base, phosphorylatedVirea
(1725 cm?) and amide (3100 cm) groups, in the undergoes cyclization via intramolecular alkylation of
spectrum oflV these bands are absent, but a C=Nhe terminal nitrogen atom with release of HCI and
band appears at 1630 thn formation of 1,4,2-diazaphospholidin¥ . Cyclization
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is accompanied by an upfield shift of tféP NMR  (P=0), 1725 (C=0), 3100 (NH)!H NMR spec-
signal and by an increase in the carbonyl absorptiotrum (CD;CN), 8, ppm (, Hz): 1.03 t (3H, CHC,

frequency from 1680 to 1720 cth 3 7). 3.77 d (4H, CHP,3J» 8), 3.90 m (2H,
OCH,), 10.76 br.s (1H, NH).*’P NMR spectrum
I KLy (CgHyg), 85 ppm: 28.34. Found, %: C 24.83; H 4.16;
N 5.74; P 13.18. ¢H,,ClLNO,P. Calculated, %:
(CICH2)2P(O)NCO + NH — VI C 25.65; H 4.30; N 5.98; P 13.23.
VIII Et;N
_EtSNS. H’C|C|CH2| '}'H b. A mixture of 2.9 g ofl and 1.42 g of ethyl ure-

kaC=O thane in 10 ml of anhydrous methylene chloride was
H refluxed for 10 h. The crystalline precipitate was
IX washed with benzene and hexane. Compoallindvas

To prepareN-substituted derivativi, we attempt- Obtained; yield 1.7 g (46%), mp 12827C. >
ed to phosphorylate acetamide with However, re- NMR spectrumgp, ppm: 28.34. Found, %: Cl 30.24;
action of the equimolar amounts of these compound® 13.43. GH;CLNO;P. Calculated, %: Cl 30.32;
in the presence of dry potassium carbonate alsB 13.23.

yielded V. 4-0Ox0-4-chloromethyl-2-ethoxy-1,3,4°-oxaza-

hospholine IV. A solution of 1 g oflll and 0.43 g

| + CHCON P

* s k o) of triethylamine in 15 ml of dry benzene was kept at
I 20°C for 10 h. The precipitate of triethylamine hydro-

% (CICHZ)ZP(O)NHy:Cl-g N (CICHMP_'}' chloride was filtered off, the filtrate was evaporated,
(CICH2),P(0)G-C-CHz ] and the crystalline residue was washed with three por-
X Xl tions of hexane. Compount}Y was obtained; yield
0.65 g (77%), mp 14C. IR spectrumy, cmt: 1630

—CH,CN [(CICHQVZP(O)]ZO' (C=N). "H NMR spectrum (CDG)), 6, ppm @, Hz):

1.60 t (3H, CHC, 33, 7), 3.92 m (2H, OCH),
Apparently, the reaction pattern is similar to that4-00 d (4H, CHP, )5 8). *'P NMR spectrum gy,
proposed for phosphorylation of urea and involvepm: 60.23. Found, %: C 31.09; H 5.04; N 6.88;
formation andp-cleavage of intermediatXl. For- P 14.97. GHyCINO,P. Calculated, %: C 30.39;
mation of pyrophosphates (or pyrophosphonates) ikl 4.59; N 7.09; P 15.69.
phosphorylation of acylamides with phosphoric (or

phosphonic) chlorides in the presence of amines was BiS(chloromethyl)phosphinic anhydride V.

reported in [10, 11]. a. A mixture of 1.2 g of urea, 2.76 g of potassiwar-
P [ ] bonate, and 3.6 g df in 50 ml of dry benzene was
EXPERIMENTAL stirred for 8 h and allowed to stand for 3 days at@0

The precipitate was filtered off, the filtrate was evap-

The IR spectra (mulls in mineral oil) were taken onorated, and the crystalline precipitate formed in the
a UR-20 spectrometer. Thed and 3P NMR spectra course of evaporation was recrystallized from methyl-
were recorded on Bruker WM-250H, 250.13 MHz) ene chloride. Compound was obtained; yield 0.85 g
and Bruker MSL-400 {P, 166.93 MHz) spectrom- (28%), mp 70C [7]. '"H NMR spectrum (CG)), §,
eters relative to residual solvent (CQLprotons and ppm: 3.86 d (8H, CHP, 3Jp 9). P NMR spec-
external 85% HPO,, respectively. trum, Sp, ppm: 38.03.

Bis(chloromethyl)phosphinic ethoxycarbonyl- b. A mixture of 2.05 g ofVI, 2.65 g of dry potas-
amide Ill. a. A solution of 1.98 g of ethyl urethane sium carbonate, and 1.8 g bfn 30 ml of dry benzene
in 10 ml of methylene chloride was slowly added withwas stirred for 24 h at 2C. The precipitate was fil-
stirring to a mixture of 3.63 g of chlorideand 6.9 g tered off, the filtrate was evaporated, and the crystal-
of potassium carbonate in 40 ml of dry methylenejine precipitate formed in the course of evaporation

chloride. After 2 h, the precipitate was separated, thgas recrystallized from methylene chloride. Com-
filrate was evaporated, and the residue was washgghyndv was obtained; yield 1.1 g (36%), mp %@,

with hexane and dried in a vacuum (0.02 mm Hg).
Compound Il  was obtained; yield 3.5 (81%), c. A mixture of 1.18 g of acetamide, 4.8 g of potas-
mp 126-127C. IR spectrum (KBr),v, cm™: 1190 sium carbonate, and 3.63 g bfn 50 ml of methylene
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chloride was kept for 3 days at 2D. The precipitate
was filtered off, the filtrate was evaporated, and the
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