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Reaction of diethyl phosphorocyanidate (DEPC) with dimethyl malonate (1a) and ethyl cyanoacetate (1b) in
the presence of zinc chloride and triethylamine resulted in selective addition of 1a,b to the cyano group of DEPC
to give «,f-unsaturated a-aminophosphonates (2a,b). In contrast, similar treatment of enolizable methyl acetoacetate
(1c) and acetylacetone (1d) with DEPC gave the corresponding enolphosphates (4c,d) as a result of nucleophilic
displacement on the phosphorus atom of DEPC. Conversion of the resulting a-aminophosphonate (2a) to uracil-
6-phosphonates (6a,b) was achieved by treatment with phenyl isocyanate (5a) and isothiocyanate (5b), respectively.
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Diethyl phosphorocyanidate (DEPC)? is a useful
reagent in organic synthesis, especially for mild con-
densations®~* and cyanations.>~® In general, nucleo-
philes initially attack the phosphorus atom of DEPC,
leading to elimination of the cyano group.® If nucleophilic
attack occurs at the cyano carbon atom of DEPC without
P-CN bond fission, it might be useful for the synthesis
of biologically interesting phosphonates such as o,f-
unsaturated o-aminophosphonates’® and heterocyclic
phosphonates.'” However, there are only a few reports
of such reactions so far, i.e., the cycloaddition of the
lithium salt of trimethylsilyldiazomethane!? and nitrile
oxides'® to the cyano group of DEPC to produce the
1,2,3-triazole- and 1,2,4-oxadiazole-4-phosphonates, re-
spectively. Previously, we investigated the Lewis acid-
promoted addition of carbon nucleophiles to the cyano
group of ethyl cyanoformate.!® We then examined the
reaction of active methylene compounds with DEPC in
the presence of Lewis acid, and here we describe a novel
nucleophilic addition of active methylene compounds 1)
to the cyano group of DEPC to yield «,f-unsaturated
a-aminophosphonates (2), and the conversion of 2 to
uracil-6-phosphates (6).

Initially we examined the reaction of DEPC with
dimethyl malonate (1a) in the presence of triethylamine
and a Lewis acid such as ZnCl,, FeCl,, AICl,, TiCl,, or
SbCls, which is expected to increase the electrophilicity of
the cyano carbon atom.’® Among them, ZnCl, gave the
best result. Thus, ZnCl, was gradually dissolved in a

methylene chloride solution of DEPC at room tempera-
ture. The resulting solution was allowed to react with
dimethyl malonate (1a) and triethylamine to give o,p-
unsaturated o-aminophosphonate (2a) in 22% yield
together with recovered malonate (1a). The yield of 2a
(66%) could be improved by adding molecular sieves 4A
(MS4A) to the above reaction mixture. Since the reaction
in the absence of ZnCl, did not occur at all, ZnCl,
presumably promotes this reaction by coordination to
the cyano nitrogen atom in DEPC.

Similar treatment of DEPC with methyl cyanoacetate
(1b) afforded a single isomer of a,f-unsaturated x-amino-
phosphonate (2b) in 43% yield. In this case, the low yield
seemed to be due to the coordination of ZnCl, to both
of the nitrile groups of DEPC and 1b. When a three-fold
excess of ZnCl, was used, the yield of 2b was not appre-
ciably improved (49%). The stereochemistry of 2b was
confirmed by comparison of the C-C=C-P coupling
constants of the ester and nitrile carbons in the 13C-NMR
spectrum. The C-C=C-P coupling constant (20—22 Hz)
in E geometry is generally larger than that (5—8 Hz) in
Z geometry.'® The signals due to the ester and nitrile
carbons of 2b appeared as doublets (Je-c=cp 19.1 and
5.3Hz) at 167.8 and 116.3 ppm, respectively, that is, the
ester group is situated E to the phosphoryl group. The
stereoselectivity can be interpreted as follows; after C-C
bond formation, the intermediate (3) is fixed by chelation
of zinc metal with the ester carbonyl oxygen atom, rather
than the nitrile nitrogen atom, followed by proton shift
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to afford the product (2b). The reaction with malononitrile
did not occur under the same conditions.

The reaction of enolizable active methylene compounds
such as methyl acetoacetate (1c¢) and acetylacetone (1d)
with DEPC under the same conditions proceeded not
via the desired attack on the cyano carbon of DEPC but
via nucleophilic attack on the phosphorus atom to give
the corresponding enolphosphates (4c,d). The stereochem-
istry of 4¢ was confirmed by an nuclear Overhauser effect
(NOE) experiment; positive NOE (5%) was detected
between the Me (6 2.18) and vinyl protons (6 5.33). The
stereochemistry of 4d was assigned by comparison with
the chemical shifts of Me and vinyl protons; 6 2.36 and
6.25 for E-4d, ¢ 2.32 and 5.50 for Z-4d, and ¢ 2.18 and
5.33 for Z-4c.

Next we examined the conversion of 2a to uracil-6-
phosphonates (6). Thus, treatment of 2a with sodium
hydride followed by reaction with phenyl isocyanate (5a)
gave uracil-6-phosphonate (6a) in 71% yield. Similarly,
the thioderivative (6b) (22%) was obtained by the reaction
of 2a with isothiocyanate (5b).

In conclusion, the present results suggest that DEPC
can be utilized as a new building block for phosphonic
acid derivatives.

Experimental

All melting points are uncorrected and were measured on a
Yanagimoto micromelting point apparatus. IR spectra were recorded
with a Hitachi 270-30 spectrophotometer. NMR spectra were determined
with a JEOL JNM-GX 270 or GX-400 spectrometer with tetramethyl-
silane as an internal standard. The J-values are given in Hz. Mass
spectra were obtained with a JEOL JMS-DX302 instrument with a direct
inlet system operating at 70eV. Elemental analyses were obtained
by using a Perkin-Elmer Model 240B elemental analyzer. Column
chromatography was carried out on silica gel (Kanto Chemical Co.,
Inc., 100—200 mesh and Merck, 400 mesh).

Diethyl 1-Amino-2,2-dimethoxycarbonylethenylphosphonate (2a) a)
Without Molecular Sieves (MS4A): DEPC (0.75 g, 4.6 mmol) was added
to a suspension of ZnCl, (0.98g, 7.2mmol) in dry CH,Cl, (5ml) at
0°C, and the mixture was stirred at room temperature until the ZnCl,
dissolved (about 12 h). Et;N (0.56 g, 5.5 mmol) was added to the mixture
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under ice cooling, and then dimethyl malonate (la) (0.66g, 5mmol)
was added dropwise. The mixture was stirred at room temperature
overnight. To the resulting mixture, 150ml of CHCIl; and 100ml of
water were added. After adjustment to pH 4 with 10% aqueous HC],
the mixture was extracted with CHClj;, and the extract was washed with
saturated aqueous Na,CO,; (80ml), dried over MgSQO,, and concen-
trated under reduced pressure to give an oily residue. The residue was
chromatographed on silica gel using CHCl,-EtOAc (5:1) as an eluent
to give the phosphonate (2a) (0.30 g, 22%), mp 60—61 °C (from Et,O-
hexane). IR (Nujol): 3450, 3320, 1730, 1680cm™~*. 'H-NMR (CDCl,,
400 MHz) §: 1.37 (6H, t, J=7.0, O-CH,CH,;), 3.74 (3H, s, OMe), 3.76
(3H, s, OMe), 4.18 (4H, m, P-O-CH,), 6.02 (1H, brs, NH), 8.69 (1H,
brs, NH). 13C-NMR (CDCl,;, 100 MHz) &: 16.1 (Jp=6.9, P-O-C-C),
51.6 (s, OCHj3), 52.3 (s, OCH,), 63.9 (Jgp=5.3, P-0-C), 99.3 (Jep=13.7,
P-C=C), 151.3 (J5p=179.3, P-C=C), 166.9 (Jep=6.1, C=0), 163.7
(Jep=22.1, C=0). MS m/z (%): 295 (M *, 33), 264 (43), 192 (96), 158
(35), 126 (89), 111 (100), 82 (68). Anal. Calcd for C,H,NO,P: C, 40.68;
H, 6.15; N, 4.74. Found: C, 40.46; H, 6.40; N, 4.76.

b) With Molecular Sieves: DEPC (0.75g, 4.6 mmol) was added to a
suspension of ZnCl, (0.98 g, 7.2 mmol) and MS4A (1.5 g) in dry CH,Cl,
(5ml) at 0°C, and the mixture was treated in the same manner as de-
scribed above to give 2a (0.89 g, 66%).

Diethyl (E)-1-Amino-2-cyano-2-methoxycarbonylethenylphosphonate
(2b) Using a procedure similar to that described above for the reaction
of DEPC with 1a, DEPC (0.75g, 4.6 mmol) was treated with ZnCl,
(0.98g, 7.2mmol), Et;N (0.56g, 5.5mmol), MS4A (1.5g), and methyl
cyanoacetate (1b) (0.49 g, Smmol) to give the phosphonate (2b) (0.52 ¢,
43%). mp 100—101°C (from CH,Cl,). IR (Nujol): 3370, 3220, 2215,
1700cm ™. 'H-NMR (CDCly, 400MHz) §: 1.43 (6H, t, J=7.0, O-
CH,CH,), 3.82 (3H, s, OMe), 4.29 (4H, m, P-O-CH,), 7.17 (1H, brd,
J=1.1,NH), 9.33 (1H, drd, /=3.2, NH). 3C-NMR (CDCl,, 100 MHz)
d: 16.1 (Jep=6.1, P-O-C-C), 52.2 (s, OCH3), 65.1 (Jop=6.9, P-0-C),
759 (Jp=9.2, P-C=C), 116.3 (J5p=5.3, CN), 167.8 (Jp= 177.8,
P-C=C), 167.8 (Jp=19.1, C=0). MS m/z (%): 262 (M *, 50), 203 (35),
175 (50), 183 (77), 125 (76), 111 (84), 82 (100), 65 (43). Anal. Calcd for
CoH,sN,OsP: C, 41.23; H, 5.77; N, 10.68. Found: C, 41.41; H, 5.92;
N, 10.78.

Methyl (Z)-3-Diethoxyphosphoryloxycrotonate (4c) Using a proce-
dure similar to that described above for the reaction of DEPC with 1a,
the phosphate (4¢) (0.88g, 70%) was obtained from DEPC (0.90¢g,
5.5mmol), ZnCl, (0.82 g, 6 mmol), Et;N (0.56 g, 5.5mmol), and methyl
acetoacetate (lc) (0.58g, S5mmol). bp 175°C (3mmHg) (bath tem-
perature). IR (CHCl,): 1724, 1674cm ™!, *H-NMR (CDCl,, 270 MHz)
o: 1.38 (6H, dt, J=1.0, 6.9, O-CH,CH;), 2.18 (3H, dd, J=1.0, 1.7,
=C-Me), 3.68 (3H, s, CO,Me), 4.27 (4H, dq, /=6.9, 7.3, P-O-CH,),
5.33 (1H, brs, -CH=). MS m/z (%): 252 (M*, 12), 220 (49), 192 (40),
164 (55), 155 (60), 127 (65), 99 (100). HR-MS: Calcd for CoH,,04P:
252.0763. Found: 252.0742.

(E)- and (Z)-4-Diethoxyphosphoryloxy-3-penten-2-one (4d) Using a
procedure similar to that described above for the reaction of DEPC with
1a, a mixture of E- and Z-isomers (2:3) of the phosphate (4d) (1.31g,
56%) was obtained from DEPC (1.96g, 12mmol), ZnCl, (l.64g,
12 mmol), triethylamine (1.11 g, 11 mmol), and methyl acetoacetate (1d)
(0.98 g, 9.8 mmol). bp 155°C (3 mmHg) (bath temperature). IR (CHCl,):
1680, 1600cm™~!. 'H-NMR (CDCl,, 270 MHz) &: 1.38 (3/5 x 3H, dt,
J=12, 7.3, 0-CH,CH,), 1.39 (2/5 x 3H, dt, J=0.9, 7.0, O-CH,CH,),
2.205 (3/5x 3H, s, COMe), 2.21 (2/5x3H, s, COMe), 2.32 (3/5x3H,
brs, =C-Me), 2.36 (2/5x3H, d, J=0.6, =C-Me), 422 (2/5x2H,
dq, J=6.1, 7.0, P-O-CH,), 4.26 (3/5 % 2H, dq, J=6.6, 7.3, P-O-CH,),
5.50 (3/5x 1H, s, =CH-), 6.25 (2/5x 1H, s, =CH-). MS m/z (%): 236
M, 36), 193 (10), 165 (19), 155 (100). HR-MS: Calcd for C,H,,05P:
236.0813. Found: 236.0797.

Diethyl 5-Methoxycarbonyl-3-phenyluracil-6-phosphonate (6a) A so-
lution of the phosphonate (2a) (1.48 g, 5mmol) in dry tetrahydrofuran
(THF) (10ml) was treated with NaH (60% dispersion in oil, 0.24 g,
6mmol) at room temperature with stirring for 15 min and then at 50°C
until the evolution of hydrogen ceased. Phenyl isocyanate (5a) (0.60 g,
5.1 mmol) was gradually added to the mixture at 0 °C. The mixture was
stirred at room temperature for 6h, and concentrated. The residue was
poured into water (5ml), and neutralized with AcOH to give crystalline
precipitates, which were collected, washed with Et,0, and recrystallized
from EtOAc to give the phosphonate (6a) (1.35g, 71%). mp 196-197 °C.
IR (Nujol): 1725, 1665, 1615cm~'. 'H-NMR (CDCl,, 400 MHz) 6:
1.35 (6H, t, J=7.0, CH,CHy,), 3.87 (3H, s, OMe), 4.20 (4H, dq, J=6.4,
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7.0, P-OCH,), 7.23 (2H, d, J=7.0, PhH), 7.44 (1H, d, J=7.0, PhH),
749 (2H, t, J=7.0, PhH), 9.34 (14, brd, J=8.5, NH). 13C-NMR
(CDCl;, 100MHz) 6: 16.2 (Jep=6.1, P-O-C-C), 53.2 (s, OMe), 65.0
(Jep=6.0, P-0-C), 114.9 (Jp=9.2, P-C=(), 128.1 (s, Ph-C), 129.2
(s, Ph—C), 129.4 (s, Ph—C), 133.6 (s, Ph—C), 140.5 (Jo=190.7, P-C=C),
150.1 (Jep=13.6, C-2), 159.9 (Jep= 17.5, O-C=0), 163.1 (Jp=5.3,
C-4). MS m/z (%): 382 (M*, 64), 323 (61), 290 (69), 191 (37), 138 (100),
119 (99), 82 (52). Anal. Caled for C;(H,,N,O,P: C, 50.27; H, 5.01; N,
7.33. Found: C, 50.27; H, 5.03; N, 7.35.

Diethyl 5-Methoxycarbonyl-3-phenyl-2-thiouracil-6-phosphonate (6b)
Using a procedure similar to that described above for the preparation
of 6a, the thiouracil (6b) (0.086 g, 22%) was obtained from 1a (0.295g,
1 mmol), NaH (60% in oil, 0.04 g, 1 mmol), and phenyl isothiocyanate
(5b) (0.135g, Il mmol). mp 158—159 °C (from EtOAc). IR (Nujol): 3150,
3100, 1750, 1680cm™!. *H-NMR (CDCl,, 400 MHz) &: 1.43 (6H, t,
J=17.0, CH,CH;), 3.88 (3H, s, OMe), 4.33 (4H, dq, J=7.0, 7.9,
P-O-CH,), 7.44 (2H, d, J=17.0, PhH), 7.46 (1H, d, J="7.0, PhH), 7.52
(2H, t, J=7.0, PhH), 9.84 (1H, brs, NH). *C-NMR (CDCl,, 100 MHz)
8. 16.5 (Jp=6.0, P-O-C-C), 53.2 (s, OMe), 65.3 (Jep=5.3, P-O-C),
116.9 (Jp=8.4, P-C=C), 127.8 (s, Ph-C), 129.3 (s, Ph-C), 129.8 (s,
Ph-C), 137.7 (s, Ph—C), 140.6 (Jp=188.5, P-C=C), 157.4 (Jp=16.0,
C-4), 162.6 (Jp=6.3, O-C=0), 176.9 (Jp=10.7, C-2). MS m/z (%):
398 (M*, 67), 365 (100), 337 (42), 309 (55), 161 (30), 111 (28), 77 (66).
Anal. Calcd for C;H;,N,O(PS: C, 48.24; H, 4.81; N, 7.03. Found: C,
48.43; H, 4.89; N, 6.98.
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