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Synopsis. Glufosinate, 2-amino-4-[(hydroxy)methylphos-
phinyl]butanoic acid, (2a) was synthesized from 2-chloroethyl
methylvinylphosphinate (1a) via successive hydroformylation—
amidocarbonylation. Hydroformylation of 1a catalyzed by
Co02(CO)s in methanol gave 2-chloroethyl (3,3-dimethoxypro-
pyDmethylphosphinate (5). Crude 5 was subjected to cobalt-
catalyzed amidocarbonylation to afford N-acylglufosinic acid
methyl ester (2b). Hydrolysis of 2b under acidic conditions
gave 2a quantitatively.

Transition metal-catalyzed carbonylations with car-
bon monoxide are useful methods to synthesize carbonyl
compounds from easily accessible starting materials like
olefins, halides, etc. Applications of these reactions to
functionalized substrates are expected to provide new
and facile synthetic routes to multifunctional com-
pounds.” Now, we wish to report a convenient syn-
thesis of glufosinate (2a) from a methylvinylphosphinate
(1a) via successive carbonylations catalyzed by transition
metal complexes (Eq. 1).
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Glufosinate (phosphinothricin) is the first naturally
occurring amino acid with a phosphinic acid moiety and
shows strong herbicidal and antibiotic activities. There
have been a considerable number of precedents about
the synthesis of glufosinate.>” The synthetic routes are
mainly divided into two categories. One is Strecker
reaction of phosphinyl aldehydes.”?® The other is the
Michael addition of an amino acid derivative to the
methylvinylphosphinate (1).*? The process via
carbonylation (Eq. 1) is superior to these reactions in the
following aspects. 1) Highly toxic cyanide which re-
quires troublesome treatment of aqueous waste is not
involved. i) The amino acid moiety is introduced
inexpensively with carbon monoxide and an amide.
The starting compound 1a is easily obtained by the

dehydrochlorination of 2-chloroethyl 2-chloroethyl-
methylphosphinate which is synthesized by the reaction
of dichloromethylphosphine and ethylene oxide in a high
yield.»

Hydroformylation of 1a (Eq. 2) with cobalt carbonyl
took place with high linear-selectivities over 85% irre-
spective of solvents (Table 1). However, the yield of the
aldehyde was low due to the formation of high-boiling
by-products. Optimization of various reaction condi-
tions finally resulted in the finding that the reaction in
methanol afforded the desired linear aldehyde in a very
high yield as aform of dimethyl acetal (Eq. 3). A similar
observation was reported by Wakamatsu et al. in the
hydroformylation of acrylonitrile with Cox(CO)s®
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On the other hand, the problem in rhodium-catalyzed
hydroformylation of 1a using Rh4(CO)i2, RhyCly(CO)s,
or HRh(CO)(PPhs); was low linear selectivity rather
than low aldehyde yield (Table 2). It is noteworthy that
the high linear- or the branched-selectivities observed in

Table 1. Hydroformylation of 1a with Co(CO)s»
Solvent Conv./% Yield of aldehyde/% Linear-sel./%
Benzene 84 42 94
t-BuOH 85 32 89
Et.OY 45 15 86
Acetone® 21 15 92
DMF 0 0 —

a) Coz(CO)s 0.1 mmol, 1a 10 mmol, solvent 9 ml, 120°C,
CO/H,=1/1, 100 atm at room temperature, 2 h, linear-
sel.=100X3/(3+4). b) 150°C. ¢) 4.5h.

Table 2. Hydroformylation of 1a with Rhodium Catalysts®
Catal C % Yield/% Li 1
atalyst onv. inear-sel.
Y /% Aldehydes Hydrogenation near-sel./ %

Rh4(CO)12 100 61 13 11
Rh,CIx(CO),4 100 70 19 22
HRh(CO)(PPhs); 100 80 9 9
Rh(acac){P(OPh)3}," 56 53 1 97

a) Rh 0.01 mg-atom, 1a 10 mmol, solvent 9 ml, 100°C, CO/H,=1/1, 100 atm at room temperature, 5—19 h, linear-
sel.=100X3/(3+4). b) Rh complex 0.05 mmol, 1a 5.7 mmol, P(OPh); 0.13 mmol, benzene 1.4 ml, CO/H,=1/1,

1 atm, 45°C, 2 h. acac: acetylacetonate.
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the hydroformylation of la with cobalt or rhodium
catalysts, respectively, are similar to those reported for
the hydroformylation of an «,8-unsaturated carboxylate
with C02(CO)s or Rhy(CO)12.9 On the other hand,
Trzeciak et al. have reported an unusually high linear
selectivity in the rhodium-catalyzed hydroformylation of
ethyl acrylate with the Rh—P(OPh); system.” The cata-
Iytic system was successfully applied to the hydro-
formylation of 1la to achieve a high linear selectivity
under mild conditions (Table 2).9

Since a high linear selectivity and a high yield have
been achieved in the hydroformylation of 1a with
Co,(CO)s in MeOH (Eq. 3), we next investigated the
amidocarbonylation® of the resulting acetal (5) (Eq. 4).
Although examples of amidocarbonylation of acetals
have been rare,'”) the reaction of 5 proceeded smoothly to
give a mixture of the methyl ester (2b) and presumably
the free carboxylic acid (2c);!” the latter could be
quantitatively converted to the former via the treatment
with trimethylsilyldiazomethane.'? The amidocar-
bonylation proceeded in various solvents such as ben-
zene, ethyl acetate, dioxane, and tetrahydrofuran; the
last one gave the highest reaction rate. Since the
amidocarbonylation is slow in methanol, the solvent
should be exchanged after the hydroformylation.

Coy(CO)e

Q NH, (1.5 eq. Me3SiCHN,
CHs_?/\/CH(OMe)g Pht{OICZz (T Ht:: €q.) 26 + 20 26 @
O 20 .
Cl 5 140 atm, 120°C, 4n | 84:18) (85% from 1a)

(crude)

The hydrolysis of 2b was easily carried out under acid-
ic conditions to give glufosinate quantitatively. Thus,
glufosinate can be efficiently synthesized via successive
hydroformylation-amidocarbonylation of the methylvi-
nylphosphinate. The resolution of racemic glufosinate
and the conversion of the optical isomer to its racemate
have already been established.'®

Experimental

'H and 3C NMR signals were referred to tetramethylsilane
as an internal standard. Chemical shift in P NMR was
referred to H3POs.

Co2(CO)s was recrystallized from toluene at a low tem-
perature. Rh(acac)[P(OPh);}. was synthesized according to
the literature.! The methylvinylphosphinate (1a) was ob-
tained from Nissan Chemical Industries Ltd.

Hydroformylation of 1a. Octacarbonyldicobalt (0.1 mmol),
the methylvinylphosphinate (10 mmol), and methanol (9 ml)
were added to a 27 ml Hastelloy-C autoclave under nitrogen.
Synthesis gas (H,/ CO=1/1) was charged up to 100 atm at room
temperature. The autoclave was heated in an oil bath at
120°C for 2h. The reaction mixture was analyzed by capil-
lary GC (OV-1701 and PEG-20M, 25 m) using tridecane as an
internal standard. Rhodium catalyzed reactions were
conducted similarly; see Table 2 for reaction conditions.

Amidocarbonylation of 5. Hydroformylation of 1a was
carried out in methanol as stated above. The reaction mixture
was concentrated. The resulting oil, octacarbonyldicobalt
(0.2 mmol), benzamide (15 mmol) and tetrahydrofuran (10 ml)
were added to a 27 ml Hastelloy-C autoclave under nitrogen.
Synthesis gas (H2/CO=1/1) was charged up to 140 atm. The
autoclave was heated in an oil bath at 120°C for 3.8 h. The
reaction mixture was analyzed by HPLC (ODS, meth-
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anol: H,O=1/1) using benzene as an internal standard after the
esterification of the free amino acid with trimethylsilyldiazo-
methane.!?

The products were isolated by distillation (Kugelrohr) or pre-

parative thin-layer chromatography (silica gel, CHCls:
MeOH=15:1). Spectral data were listed below.
2-Chloroethyl Methylvinylphosphinate (1a). 'H NMR?>

(CDCl3) 6=1.57 (d, /=14 Hz, 3H, CH;P), 3.70 (t, /=6 Hz, 2H,
CH:Cl), 4.0-4.4 (m, 2H, OCH>), 6.0-6.5 (m, 3H, CH=CH_);
BCNMR (CDCl;) 6=14.9 (d, /=102 Hz, CHsP), 43.1 (d,
J=7 Hz, CH,(l), 63.8 (d, J=6 Hz, OCH»), 129.6 (d, /=121 Hz,
CH=CH),), 135.8 (s, CH=CH,); MS m/z (%) 171 (M*(’Cl)+H,
0.3), 169 (M*(**C)+H, 1.0), 153 (M*(*CD—Me, 4), 133
M*—Cl, 100), 119 (15), 107 (24), 91 (20). Found: m/z
133.0407 (M*—Cl). Calcd for CsH100.P: M, 133.0418.
2-Chloroethyl Ethylmethylphosphinate. Bp 80-90°C/
0.5 mmHg (1 mmHg=~133.3 Pa); "H NMR (CDCl;) §=1.19 (dt,
J=19 and & Hz, 3H, CH3;CH>), 1.50 (d, /=14 Hz, 3H, CHsP),
1.80 (dq, J=15 and 8Hz, 2H, CH,CHs), 3.70 (t, J=
6 Hz, 2H, CH,C)), 4.1-4.3 (m, 2H, OCH,); *C NMR (CDCls)
6=6.1(d, J=5 Hz, CH.CH3), 13.2 (d, /=90 Hz, CH;P), 22.8 (d,
J=95 Hz, CH,P), 43.4 (d, /=7 Hz, CH.Cl), 63.7 (d, /=6 Hz,
OCH,); MS m/z (%) 173 M*(("C))+H, 0.1), 171 (M*(**C)+H,
0.3), 155 (M*(*>C)—Me, 2), 141 (M*(**C1)—E, 9), 135 (100), 121
(16), 115 (14), 107 (17), 91 (54). Found: m/z 171.0336
(M*+H). Caled for CsH13ClO:P: M, 171.0341.
2-Chloroethyl Methyl(3-oxopropyl)phosphinate (3). Bp
150-180°C/0.4 mmHg; IR (neat) 1730 cm™ (CO); 'H NMR
(CDCls) 6=1.56 (d, /=14 Hz, 3H, CH3P), 2.10 (dt, /=14 and
8 Hz, 2H, CH,P), 2.7-3.0 (m, 2H, CH,CHO), 3.71 (t, /=5 Hz,
2H, CH,Cl), 4.1-4.3 (m, 2H, OCH2), 9.83 (s, 1H, CHO);
BCNMR (CDCly) 6=14.5 (d, /=92 Hz, CHsP), 21.8 (d,
J=96 Hz, CH,P), 36.1 (d, J=3Hz, CH,CHO), 433
(d, J=7 Hz, CH,Cl), 64.0 (d, /=6 Hz, OCH,), 199.1 (d, J=
13Hz, CHO); MS m/z (%) 201 (M*(’CD+H, 0.3), 199
(M*(*CDH+H, 1.0), 163 (M*—Cl, 21), 144 (17), 142 (48), 135
(100), 127 (24), 119 (86), 107 (100). Found: m/z 199.0279
(M*+H). Caled for CsH13ClOsP: M, 199.0289.
2-Chloroethyl Methyl(1-methyl-2-oxoethyl)phosphinate (4).
Bp 140-160°C/0.35mmHg; IR (neat) 1720cm™ (CO);
"H NMR (CDCl;) (diastereomer) §=1.407 and 1.423 (dd, /=16
and 7 Hz, 3H, PCHCH3;), 1.547 and 1.569 (d, /=14 Hz, 3H,
CH;P), 3.0-3.5(m, 1H, CHCHO), 3.73 (t, /=5 Hz, 2H, CH.Cl),
4.2-4.4 (m, 2H, OCH>), 9.80 and 9.87 (d, /=2 Hz, 1H, CHO);
BC NMR (CDCls) (diastereomer) 6=7.61 (s, CHCH3), 7.67 (d,
J=1.5 Hz, CHCH3), 12.77 and 12.94 (d, /=93 Hz, CH;P), 43.06
and 43.10 (d, /=7 Hz, CHCl), 50.33 and 50.39 (d, /=79 Hz,
CHCH3), 64.51 and 64.63 (d, J=6 Hz, OCH,), 197.77 (d,
J=3 Hz, CHO), 197.89 (s, CHO); MS m/z(%) 200 (M*(*'Cl), 3),
198 (M*(®*CD, 11), 163 (M*—Cl, 55), 149 (M*—CH.(C], 15), 137
(15), 136 (26), 135 (100), 119 (59), 117 (13), 115 (17), 109 (42),
107 (61), 97 (24), 91 (44). Found: m/z 198.0222 (M*). Caled
for CsHi,ClOsP: M, 198.0212.
2-Chloroethyl (3,3-Dimethoxypropyl)methylphosphinate (5).
Bp 100°C/5.6X10*mmHg; 'HNMR (CDCls) 6=1.52 (d,
J=14 Hz, 3H, CH;P), 1.7-2.0 (m, 4H, PCH,CH.), 3.34 (s, 6H,
OCHy3), 3.70 (t, J=6 Hz, 2H, CH,Cl), 4.1-4.3 (m, 2H, OCH>),
4345 (m, 1H, CH,CH); B“"CNMR (CDCl5) 6=14.0 (d,
J=92 Hz, CHsP), 24.4 (d, /=70 Hz, CH,P), 25.4 (d, J=21 Hz,
PCH:CHa>), 43.3 (d, /=6 Hz, CH:Cl), 53.4 (d, /=3 Hz, CH30),
63.8 (d, J=6 Hz, OCH,), 104.0 (d, /=17 Hz, CH); MS m/z (%)
245 (M*("Cl)—H, 0.3), 243 (M*(’C1)—H, 1.0), 231 M*C’CD)—
CH;, 6), 229 (M*(*C)—CHs, 18), 215 (M*(*’Cl)—~OCH;, 52),
214 (17), 213 (M*(3C)—OCH;, 100), 199 (16), 197 (38), 193
(11), 177 (28), 165 (35), 161 (10), 151 (11), 149 (39), 141 (12), 135
(44), 133 (39), 131 (20), 121 (36), 119 (59), 107 (17), 101 (15), 93
(17). Found: m/z 243.0566 (M*—H). Calcd for CsHis-
Cl04P: M, 243.0553; Found: m/z229.0398 (M*—CHj3). Caled



May, 1991]

for C;H15C104P: M, 229.0396.

2-Chloroethyl (2,2-Dimethoxy-1-methylethyl)methylphos-
phinate (6). This minor product formed in hydroformylation
in methanol was identified only by GCMS. MS m/z (%) 245
M*(C1)—H, 0.6), 243 M*(**C)—H, 1.5), 231 M*(*’Cl)—CHs;,
8), 229 (M*(**C1)—CHs, 24), 215 M*(*’C)—OCHs, 24), 213
(M*(**C)—OCH;3, 67), 199 (14), 197 (31), 177 (11), 173 (17), 165
(27), 149 (64), 143 (29), 141 (82), 135 (30), 133 (13), 125(17), 123
(11), 117 (19), 115 (35), 111 (16), 107 (15), 102 (69), 93 (55), 79
(67),76 (18), 75 (100). Found: m/z243.0560 (M*-H). Calcd
for CsH,7Cl1O4P: M, 243.0553. Found: m/z 229.0413 (M*—
CHs). Caled for C7H15C104P: M, 229.0396.

2-Chloroethyl [3-Benzoylamino-3-(methoxycarbonyl)pro-
pyllmethylphosphinate (2b). IR (neat) 3450 cm™ (NH), 1740
cm™ (CO:Me), 1660 cm™ (PhCO); 'H NMR (CDCl) (dia-
stereomer) 6=1.525 and 1.546 (d, /=14 Hz, 3H, CH;P), 1.75-
2.05 (m, 2H, PCH>), 2.05-2.4 (m, 2H, CH,CH), 3.6-3.75 (m,
2H, CHxCl), 3.79 (s, 3H, CO.CH3), 4.1-4.3 (m, 2H, OCH)),
4.75-5.0 (m, 1H, NCH), 7.35-8.0 (m, 6H, Ph and NH);
13C NMR (CDCl;) (diastereomer) 6=14.2 (d, /=94 Hz, CH;P),
24.5 (s, CH,CH), 26.01 and 26.11 (d, J=93 Hz, PCH.,), 43.27
and 43.32 (d, J=7 Hz, CHxCl), 52.8 (s, CO,CH3), 52.8 (d,
J=21 Hz, CH), 64.1 (d, /=7 Hz, OCH,), 127.4 (s, Ph, meta),
128.6 (s, Ph, ortho), 129.9 (s, Ph, para), 133.4 (s, Ph, C)), 1674
(d, J=2.5 Hz, COy), 172.3 (s, PhCO); *'P NMR (CDCl3) §=55
(s); MS m/z (%) 363 M*('C), 0.5), 361 (M*(*Q), 1.4), 304
(M'(C’C)—CO,CHj, 19), 302 (M*(**C)—~CO,CHj, 48), 284 (8),
256 (12), 105 (100),. Found: m/z 361.0865 (M*). Calcd for
CisH2CINOsP: M, 361.0845. Anal. (CisH2:CINOsP) C, H,
N, CL

Hydrolysis of 2b. The methyl ester 2b (182 mg) was
dissolved in 6 mol dm~2 hydrochloric acid (4 ml) and refluxed
overnight. The resulting mixture was washed with benzene to
remove benzoic acid. The water layer was concentrated to
dryness in vacuo to give pure glufosinate (2a) (96 mg, 100%).
"H NMR% (D;0) 6=1.42 (d, /=14 Hz, 3H, CH;P), 1.7-2.2 (m,
4H, PCH,CHa), 4.06 (t, J=6 Hz, 1H, CHCOy); *C NMR2:)
(D,0) 6=14.4 (d, J=92Hz, CHs3P), 23.5 (d, J=2Hz,
PCH,CH>), 26.0 (d, J=93 Hz, PCH>), 53.6 (d, /=17 Hz, CH),
172.0 (s, CO.H).

The authors thank Messrs.  Shinichiro Takigawa and
Shuzo Shinke (Nissan Chemical Industries, Ltd.) for the
generous gift of the phosphinate (1a) and for useful
discussions.

References

1) “New Syntheses with Carbon Monoxide,” ed by J.
Falbe, Springer-Verlag, Berlin (1980); C. Botteghi, R.
Gauzerla, M. Lenarda, and G. Moretti, J. Mol. Catal., 40, 129
(1987).

2) a) E. Bayer, K. H. Gugel, K. Higele, H. Hagenmaier, S.
Jessipow, W. A. Kdnig, and H. Zihner, Helv. Chim. Acta, 55,
224 (1972). b) E. Gruszecka, P. Mastalerz, and M. Soroka,
Rocz. Chem., 49, 2127 (1975). c¢) E. Gruszecka, M. Soroka,

NOTES

1709

and P. Mastalerz, Pol. J. Chem., 53,937 (1979). d) A. Suzuki,
T. Tsuruoka, K. Mizutani, and S. Inouye, Meiji Seika Kenkyu
Nempo, No. 20,33 (1981). e)H. Gross and T. Gnauk, J. Prakt.
Chem., 318,157 (1976). f) L. Maier and P. J. Lea, Phosphorus
Sulfur, 17, 1 (1983). g) L. Maier, G. Rist, and P. J. Lea,
ibid., 18, 349 (1983). h) N. Minowa, S. Fukatu, T. Niida, M.
Takada, and K. Sato, Tetrahedron Lett., 24, 2391 (1983). 1) N.
Minowa, M. Hirayama, and S. Fukatsu, ibid., 25, 1147 (1984).
j) N. Minowa, M. Hirayama, and S. Fukatsu, Bull. Chem. Soc.
Jpn., 60, 1761 (1987). k) C. Wasielewski and K. Antczak,
Synthesis, 1981, 540. 1) E. W. Logusch, Tetrahedron Lett., 217,
5935 (1986). m) H.-J. Zeiss, ibid., 28, 1255 (1987). n) L. A.
Natchev, Bull. Chem. Soc. Jpn., 61, 3699 (1988).

3) The synthesis of glufosinate via one-pot hydroformyla-
tion-amidocarbonylation of the methylvinylphosphinate has
been preliminary published by one of the authors and others; S.
Takigawa, S. Shinke, and M. Tanaka, Chem. Lett., 1990, 1415.

4) 1. A.Rogachevaand E. L. Gefter, Zh. Obshch. Khim., 41,
2634 (1971).

5) J. Kato, H. Wakamatsu, R. Iwanaga, and T. Yoshida,
Kogyo Kagaku Zasshi, 64, 2139 (1931).

6) Y. Takegami, C. Yokokawa, and Y. Watanabe, Bull
Chem. Soc. Jpn., 39, 2430 (1966); Y. Takegami, Y. Watanabe,
and H. Masada, ibid., 40, 1459 (1967).

7) A.M. Trzeciak and J. J. Ziolkowski, J. Mol. Catal., 43, 15
(1987).

8) Factors to control regioselectivity and reaction rate in
the hydroformylation by the Rh-P(OR); system were inves-
tigated by the authors using ethyl acrylate as a substrate. The
results will be published separately.

9) For recent developments in amidocarbonylation, see .
Ojima, M. Okabe, K. Kato, H. B. Kwon, and 1. T. Horvath, J.
Am. Chem. Soc., 110, 150 (1988); I. Ojima, K. Hirai, M. Fujita,
and T. Fuchikami, J. Organomet. Chem., 279, 203 (1985); J.-J.
Parnaud, G. Campari, and P. Pino, J. Mol. Catal, 6,341 (1979);
K. Izawa, Yuki Gosei Kagaku Kyokaishi, 46, 218 (1988).

10) K. Izawa and S. Nishi, Jpn. Patent Kokai. 60-142948
(1985).

11) Formation of a free carboxylic acid as a byproduct has
been found in amidocarbonylation of an acetal.'® Although
convincing evidence to support the structure of 2¢ is not
available in the present experiment, the following observations
are in agreement with the proposed structure. (1) The com-
pound appeared sooner than the ester in the reversed phase
HPLC. This indicates the compound is more polar than the
ester. (2) Upon methylation with trimethylsilyldiazomethane,
the compound disappeared and the yield of the ester con-
sistently increased.

12) S. Mori, 1. Sakai, T. Aoyama, and T. Shioiri, Chem.
Pharm. Bull., 30, 3380 (1982); N. Hashimoto, T. Aoyama, and
T. Shioiri, ibid., 29, 1475 (1981).

13) a) Hoechst A.-G., Ger. Offen. DE 3048612 (1982); Chem.
Abstr., 97, 125725z (1982). b) Hoechst A.-G., Ger. Offen. DE
3334849 (1985); Chem. Abstr., 104, P19809h (1986).

14) A. M. Trzeciak and J. J. Ziolkowski, Inorg. Chem. Acta,
64, 1.267 (1982).




