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A new method of synthesis of 3-amino-1-alkenylphosphonates is described. It involves the addition of imines to the alkynylphosphonate
titanium(ll) complexes 2, which are prepared in situ from 1-alkynylphosphonates and Ti(O-i-Pr)4/2 equiv of i-PrMgCl. Compounds 4a—i were
obtained regio- and stereoselectivily in high yields.

Vinylphosphonates are compounds that have a wide range The presence of a nitrogen atom at any position of
of applications in many areas such as copolymerslymer phosphonates in the carbon skeleton enhances the potential
additives? flame retardant?jntermediates for drugsagro- of these types of compounds. Generally, aminophosphonates
chemicals, in further transformation%,and other applica-  are an important class of compounds because of their unique
tions’ Due to their importance, their preparation methods utilities as antibiotic$, herbicided? antifungal*' enzyme
are varied® inhibitors? and pharmacological agerifsAmong the vari-

ous types of aminophosphonates, the 3-aminophosphonates

(1) (@) Jin, 3., I; Hua, J. C. H. U.S. Patent 3925506, 1975. (b) Fujimatsu, Originally were isolated from microorganisiisand subse-
g"éilzf'k'ma' M. Japanese Patent 86-250155, 198Bem. Abstr1989,110, guently synthesized to confirm the structures. They were also

(2) (a) Spak, A. J.; Yu, A. J. U.S. Patent 4088710, 1978. (b) Fuller, B. Prepared from (1-hydroxy-2-alkyl)phosphonates by the reac-
S.; Ellis, W. D.; Rowell, R. M. U.S. Patent 5683820, 1997.

(3) (@) Shukla, J. R. U.S. Patent 4241125, 1980 (b) Welch, C. M,;
Gonzalez, E. J.; Guthrie, J. D. Org. Chem1961,26, 3270. (6) For a review: (a) Minami, T.; Motoyoshiya, $ynlett1992, 333.

(4) (@) Harnden, M. R.; Parkin, A.; Parratt, M. J.; Perkin, R.MMed. Selective recent transformations. Aminohydroxylations: (b) Thomas, A.
Chem. 1993, 36, 1343. (b) Smeyers, Y. G.; Romero-Sanchez, F. J.; A.; Sharpless, K. BJ. Org. Chem1999 64, 8379. Cycloaddition: (c) Lee,
Hernandez-Laguna, A.; Fernandez-lbanez, N.; Galvez-Ruano, E.; Arias- S. Y.; Lee, B. S.; Lee, C. W.; Oh, D. YSynth. Commuril999,29, 3621.
Perez, SJ. Pharm. Sci1987,76, 753. (c) Megati, S.; Phadtare, S.; Zemlicka, Mukaiyama—Michael Reaction: (d) Telan, L. A.; Poon, C.-D.; Evans, S.
J.J. Org. Chem1992,57, 2320. (d) Lazrek, H. B.; Rochdi, A.; Khaider,  A., Jr. J. Org. Chem 1996, 61, 7455. lodocyclization: (e) Zhao, Y. F;
H.; Barascut, J. L.; Imbach, J. L.; Balzarini, J.; Witvrouw, M.; Pannecouque, Pei, C. X.; Wong, Z. Y.; Xi, S. KPhosphor Sulfur Silicoi992,66, 115.

C.; De Clerq, ETetrahedron1998,54, 3807. (e) Smith, P. W.; Chamiec,  Aziridines: (f) Kim, D. Y.; Rhie, D. Y.Tetrahedron1997 53, 13603.
A. J.; Chung-G.; Cobley, K. N.; Duncan, K.; Howes, P. D.; Whittington, Baylis—Hillman: (g) Nagaoka, Y.; Tomioka, Kl. Org. Chem1998,63,

A. R.; Wood, M. R.J. Antibiot. Tokyo1995,48, 73. (f) Holstein, S. A,; 6428. (h) Diels—Alder: Defacqz, N.; Touillaux, R.; Marchand-Brynaert,

Cermak, D. M.; Wiemer, D. F.; Lewis, K.; Hohl, R. Bioorg. Med. Chem. J.J. Chem. Res., Synop998, 512.

1998,6, 687. (7) For a complete list, see the IBM patent database on the Internet at:
(5) Chance, L. H.; Moreau, J. P. U.S. Patent 3910886, 1975. www.delphion.com.

10.1021/0l027429a CCC: $25.00  © 2003 American Chemical Society
Published on Web 01/16/2003



tion with triphenylphosphine, diethylazidodicarboxylate, and (O-i-Pr), and 2 equiv of-RrMgX (X = CI, Br). It has been
hydrogen azide, followed by 1,3 rearangement of the allylic used to synthesize cyclopropanols from edfeaad shown
o-azidophosphonat&sor by the addition of diethyl meth-  to add to alkynes or alkenes, which in turn react with various
ylphosphonite to 2-cyclohexenone followed by amino acid electrophiles to produce many useful and interesting prod-
formation?* Another method involves a seven-stage process ucts?® Herein, we extend our work to prepare 3-amino-1-
starting from Michael addition of dimethyl methylphospho- alkenyl-phosphonates by addition of imine to the alkynyl-
nate to 4-chlorgs-nitrostyrene and catalytic reduction of the phosphonate titanium(ll) (Scheme 2).

nitro group, followed by hydrolysis of the resulting amifie.

Recently, we reported some interesting reactions of alkyny!- || | | | 8 I

phosphonates with divalent titanium isopropoxides to produce Scheme 2
various types of di- and trisubstituted vinylphosphonates R POOEY,
(Scheme 1}/ The in situ-generated divalent titanium com- 1eq TiO-iPr), = e,
R-C=C-PO)}OEt) ————o—>  \/ —BHC=NHR
2eq FPrMgCl T\
| k 0500 yerd oipr 70T
2
Scheme 1
4 R P(O}OEt
1eq Ti(O-£Pr)g R POk BN (O)OEL) R P(ONOE,
R—C=C~P(OEY), v/ R TicO-Pr Ho0 R
2eq r'-PrI\ggCl s\ N \O " > TN
-30--50°C,3h PO O-iPr R2 --Pr v
3 4
1eq i-PrivigCl ) PhMgBr
R2C(O)C] 10%CuBrSMe R°C(O)CI
R'MgCI RZC(O)CI -50-25°C . . - .
-78°C -50- -25°C Various types of imines efficiently reacted with the
l alkynylphosphonate titanium(ll) compleX prepared from
1-alkynylphosphonates, and ©j-Pr)y/2 equiv of i-PrMgCl
RSO0 R pOXOEY, R>_<P‘°’<°E"2 R__ PIONOEY, to produce the desired 3-amino-1-alkenylphosphonates in
R RHO e H Pr ¢=0 P XH high yields as shown in Table 1. This one-pot reaction is
R R" on

plex was initially discovered by KulinkovicK.It is prepared ~ Table 1. 3-Amino-1-alkenylphosphonatéa—i Obtained from
from available and inexpensive starting materials, i.e., Ti- Addition of Imines to the Alkynylphosphonate Titanacycles

entry R R RZ  31pyijeld® isolated yield

(8) Wittig-type: (a) Gupta, A.; Sacks, K.; Khan, S.; Tropp, B. E.; Engel,
R. Synth. Commun1980, 10, 299. (b) Aboujaoude, E. E.; Lietje, S.; 4a  Ph p-tolyl Me 97% 79%
Collingnon, N.Tetrahedron Lett1985,26, 4435. (c) Degenhardt, C. R. 4b Ph p-MeO-Ph  i-Pr 95% 78%
Synth. Commurl982,12, 415. (d) Yamshita, M.; Kojima, M.; Yoshida, _ 9 0
H.: Ogata, T.; Inokawa, SBull. Soc. Chem. Jpri980,53, 1625. (€) Xu, 23 n g” E:} EZ 95;’ 80;’
Y. B.; Flavin, M. T.: Xu, Z. Q.J. Org. Chem1996,61, 7697. (f) Shen, Y. n-Bu z 98% 85%
C.; Yang, B. Z.Synth. Commurl993,23, 3081. (g) Liu, R.-q.; Schlosser, 4e  n-Bu Ph Ph 95% 75%
M. Synlett1966, 1197. Dehydration: (h) Semmelhack, M. F.; Tomesch, J.  4f n-Bu Ph i-Pr 98% 79%
C.; Czarney, M.; Boettger, S. Org. Chem1978 43, 1259. (i) Degenhardt, _ _ i i 0 0
C.R.; Burdsall, D. CJ. Org. Chem1986 51, 3488. (j) Flitsch, W.. Lubisch, jﬂ ;‘ EIUP E:"eo Ph ::Er gg;’ 3(1);’
W. Chem. Ber.1984, 117, 1424. (k) Minami, T.; Yamanouchi, T.; ! -Cier 0 0
Tokumasu, S.; Hirao, Tetrahedron Lett1983,24, 767. (I) Reetz, M. T.; 4i 1-CIPr  Ph Bz 90% 71%
Peter, R.; von Itzstein, MChem. Ber1987,120, 121. Oxidative elimina- a ) " ) )
tion: (m) Minami, T.; Suganuma, H.; Agawa, Them. Lett1978, 285. Determined by?'P NMR of the reaction mixture.

(n) Kleschick, W. A.; Heathcock, C. H.. Org. Chem1978,43, 1256. (0)
Venugopalan, B.; Hamlet, A. B.; Durst, Tetrahedron Lett1981 22, 191.
Allylic rearrangements: (p) Principato, B.; Maffei, M.; Siv, C.; Buono, . . . . .
G.; Peiffer, G. Tetrahedron1996, 52, 2087. Peterson olefination: (q) ~9&neral and proceeds with aliphatic and aromatic substituents
Mikolajczyk, M.; Balczewski, PSynthesisl989, 101. (r) Ahlbrecht, H.; on both the vinylic carbon and the nitrogen atom of the imine,
Farnung, W.; Simon, HChem. Ber1984,117, 2622. (s) Waschbusch, R.; in hiah vields
Carran, J.; Savignac, Fetrahedron1996,52, 14199. ghy )
(9) (@) Kuroda, Y.; Okuhara, T.; Goto, T.; Okamoto, M.; Terano, H.;
Kohaska, M.; Aoki, H.; Imanaka, Hl. Antibiot.1980,33, 29. (b) Allen, J. (13) (a) Athreton, F. R.; Hassel, C. H.; Lambert, R. WMed. Chem.
G.; Atherton, F. R.; Hassel, C. H.; Holmes, S. W.; Nisbet, L. J.; Ringrose, 1986,29, 29. (b) Neda, I.; Melnicky, C.; Vollbrecht, A.; Schmutzler, R.
P. S.Nature1978,272, 56. (c) Athreton, F. R.; Hassel, C. H.; Lambert, R.  Synthesid998, 473.

W.; Ringrose, P. SAntimicrob. Agent Chemothet979,15, 684. (14) (a) Kamiya, T.; Hemmi, K.; Takeno, H.; Hashimoto, Metrahedron
(10) (a) Emsley, J.; Hall, E. DThe Chemistry of Phosphorularper Lett. 1980,21, 95. (b) Hashimoto, M.; Hemmi, K.; Takeno, H.; Kamiya,
and Row: London, 1976. (b) Barder, Aldrichimica. Actal988,21, 15. T. Tetrahedron Lett1980,21, 99.
(11) (a)Edmundson, R. S. lithe Chemistry of Organophosphorus (15) German Ohler, E.; Kotzinger, 8iebigs Ann. Chem1993, 269.
Compounds; Hartley, F. R., Ed.; Wiley & Sons: 1996; Vol. 4, pp-293 (16) Hall, R. G.Synthesisl989, 442.
369. (b) Yuan, C. Y.; Li, C. Z.; Chen, S. J.; Huang, W. S.; Wang, G. Q.; (17) Quntar, A. A.; Srebnik, MChem. Comm2003,1, 58.
Pan, C.; Zhang, Y. XHeteoatom Chenl997,8, 103—122.(c) Redmore, (18) (a) Kulinkovich, O. G.; Sviridov, S. V.; Vasilevskii, D. A,;
D. Phosphorus Sulfut987,32, 119—144. Pritytskaya, T. SZh. Org. Khim.1989,25, 2244. (b) Klinkovitch, O. G;

(12) (a) Allen, M. C.; Tuck, B.; Wade, R.; Wood, J. M. Med. Chem. Sviridov, S. V.; Vasilevskii, D. ASynthesis1991, 234.
1989,32. 1652. (b) Logusch, E. W.; Walker, D. M.; McDonald, J. F.; Leo, (19) (a) Kulinkovich, O. G.; Savchgenko, A. I.; Sviridov, S. V,;
G. C.; Grang, J. EJ. Org. Chem1988,53, 4069. (c) Giannousis, P. P.;  Vasilevskii, D. A.Mendelee:2Commun1993, 192. (b) Klinkovitch, O. G;
Bartlett, P. A.J. Med. Chem1987,30, 1603. de Meijere, A.Chem. Re»2000,100, 2789.
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We found that 3 equiv of the freshly distilled imine is || NNk

essential for reaching the maximum yield. However, the 156 2. Selected NMR Data of
excess imine was recovered by silica gel chromatography

. . . g . R P(O)YOEY)
during the isolation of the reaction mixture. The course of —[ONOR

R1

the reaction was followed b¥P NMR on aliquots prepared Hone

by quenching with distilled water and extraction with ethyl :;:

acetate. Changing the reaction sequence, i.e., adding the

alkynylphosphonate to imine titanium(ll) complex, produced 33pc (H2) 33pc (H2)

the 3-amino-1-alkenylphosphonate in much lower yields entry allylic amino carbon allylic carbon of R 3P NMR  2Jpy
(<50%) in addition to many other nonidentified side

i e 4a 19.2 8.1 17.98 186

products. Only one isomer of the 3-aminovinylphosphonate 4, 21.2 71 1949 18.9
was produced, in which carbeitarbon bond formation 4c 19.2 7.5 18.15 18.15
occurred on C2 of the titanacycle. This regioselectivity seems 4d 20.3 6.9 19.59 186
to be controlled by steric factors. The regiochemistry was 4€ 21.4 6.2 19.59  18.0
determined by'H NMR spectroscopy, which showed a af 204 6.9 2001 18.9
4g 23.8 7.1 18.10 186

doublet in the region (5:066.3 ppm) for the hydrogen on 4h 299 71 18.00 185
C1 split by phosphorus, witlpy values (18.0—19.9 Hz). i 20.3 6.9 2011  19.9
The stereochemistry @fwas determined by NMR analysis
of the carbon-phosphorus coupling constant. The lafd&:  \ork all attempts to add imines to alkynylphosphonate

of the amino carbon (19-223.8 Hz) compared to the smaller  zjrconacycles did not succeét.

values ofJec of the vinylic carbon of R (6.28.1 Hz) is In summary, we have developed a new synthetic route
consistent with trans arrangement of the amino group to for the preparation of 3-amino-1-alkenylphosphonates by
phosphorus and cis configuration of the vinylic carbon of R addition of the imines to the alkynylphosphonate titanacycles.
with respect to phosphorus, as shown in Table 2. PreviousThis methodology has the advantages of being one-pot,
methods for the synthesis of 3-aminophosphonates aregeneral, and regio- and stereoselective. In addition, it is done
multistep, are not general, and suffer from overall low yield. under mild conditions using inexpensive and available

Finally, the present alkynylphosphonate titanium(ll) com- reagents.

plexes have proven to be complementary with our work with L
phosphonate zirconocene complexes, since in our previous_ Acknowledgment. The authors thank the Israeli Science
Foundation and MECC for support of this work.
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