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Some of N-substituted aminomethylphosphonic acids and 
their esters are known to have herbicidal and fire-proofing 
applications.1 Synthesis of their acids has been developed in 
a wide variety of methods.2'3 However, synthetic methology 
of their esters is r이ativ이y rare. Only two methods were re
ported for the preparation of their esters: (1) substitution of 
chloromethylphosphonates3 or phosphonomethyltnflates 
with primary amines ⑵ rearrangement of P-(halomethyl)-N- 
phenylphosphonoamidates.3 These are not generally ap
plicable for diverse N-substit나ted aminomethylphosp- 
honates.

We recently described that condensation of 나bstitut-
ed \-methoxymethylamines (1) with trialkylphosphites af
fords N-substituted aminomethylphosphonates (3,4).b The 
reaction of、一substituted amine with paraformaldehyde and 
sodium methoxide in methanol yields either니bstituted 
N-methoxymethylamine (1) or l,3,5-trisubstutut^d-hex- 
ahydro-l,3,5-triazine7 (2) depending on the substituent R1.8 
The heating of 1 니nder red니ced pressure results in a quan
titative transformation into the corresponding 2. In this com
munication we present a new route to the synthesis of 3 and 4 
involving the reaction of 2 with tialkylphosphites in the pre

sence of TiCl4.9 (Scheme 1)
Typical reaction procedure is as follows. To a stirred solu

tion of t3,5-trisubstituted-hexahydro-l,3,5-triazine (2) (6 
mmol) in 100 m/ of CH2C12 imder nitrogen was slowly added 
TiCl4 (21 mmol) at 0°C. After being stirred for 10 min. 
trialkylphosphite (18 mmol) was added. The resulting solu
tion was stirred at 0°C for 1-2 hr. After being observed that 
all starting material was consumed on TLC the reaction mix- 
ture was poured into water. The resulting solution was 
neutralized with sat. NaHCO3 solution. The reaction product 
was extracted with CH2C12- Organic layer was washed 
successively with water and brine, dried over anhydrous 
MgSO4, filtered, and concentrated 나nder red니« " pressure. 
The reaction product was further purified by c시umn chro
matography or short—path distillation. Results are summariz
ed in the Table 1 . ,

This methods is widely applicable to the various N-sub
stituted aminomethylphosphonates including simple alkyl 
(entry 1,2,3), bulky t-butyl (entry 4), allyl (entry 5). cyclohex
yl (entry 6,7), phenyKentry 8), benzyl (entry 9) 거s sub
stituents. Furthermore, a commericial herbicide N~phospho- 
nomethylglycine10 is also accessed by this method9 as its cor
responding trialkylesters (entry 10J1).11,12

The mechanism of this reaction is not clear. But, a-meth- 
yleneamine peaks in 'H and l3C NMR were observed by mix
ing l,3,5—trisubstituted-hexahydro-L3,5—ti^*ine and 
TiCiL" The observed peaks were close to those of free 
N-substituted methyleneamine14 generated by flash vacuum 
thermolysis of the corresponding N-substit 니 ted 
aminoacetonitrile. Moreover, the color of this mixture 
became clccp wine-red, which indicated that formation of 
a -methyleneamine complex with TiCl4. On the basis of the 
observations we predict that this reaction is proceeded by

Table 1. N-Substituted Aminomethylphosphonates Prepared from the Reaction of 1,3,5-Trisubstitutedhexahydr。-1,3,5-Triazines with

Trialkylphosphites in the Presence of Titanium Tetrachloride 
一詬; 订 話 Yields面

1
2
3
4
5
6
7
8
9

10
11

CH3CH2 C2H5 出

CH3(CH2)2CH2 CH3 65
CH3(CH2)2CH2 C2H5 69
(CH3)C C2H5 45
CH2CHCH2 c2h5 60
Cyclo-CfiHn CH3 45
Cyclo-CgHn C2H5 48
Ph C2H5 80
PhCH2 C2H5 35
C2H5O2CCH2 CH3 92
C2H5O2CCH2 C2H5 65

“Yield of isolated pure product, not optimized except entry 10.。Satisfactory microanalyses obtained.「Chemical shift of two methylene pro- 
tons between nitrogen and phosphorus, referenced by TMS.

IR (cm-1, P = O)1H NMRCDCly

3.16(d, 10 Hz) 1256

3.17(d, 12 Hz) 1249

3.0(Xd, 12 Hz) 1239

3.83(dd, 10 Hz, 5 Hz) 1239

2.94(d. 10 Hz) 1255

3.06(d, 10 Hz) 1255

3.10(d, 10 Hz) 1253

3.54(dd, 12 Hz, 6 Hz) 1212

3.15(d, 10 Hz) 1257

3.17(d, 12 Hz) 1239

3.05(d, 12 Hz) 1238
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nucleophilic addition of phosphites to a-position of 
N-substituted methyleneamine (5) or its equivalent (6,7) 
generated from hexahydro-1,3,5-triazine with TiCl4.

卩아4 TiCk
, : <1

미 _N=C 너 2 R1—N=CH2 R1—N=CH2

cr

5 6 7

Akmg with the earlier result6 N-substituted aminomethyb 
phosphonates can be generally synthesized by the reaction of 
N - methoxymethylamines or hexahydro-15-triazines with 
trialkylphosphites in the pres은nee of TiCl*

References

1-(砂 L. Maier, Ger. Offen, No. 2,848,869 (Chcm. Abstr 
93, 39529z (1980)); (b) V. M. Balakin, V.S. lalankin, Y：
I. Litvinets, A. N. Vasil'eva, V. I. Biryukov, M. p. 
Gavrilov, M. S. Lashchaver, N. V. Zhukova and X. L. 
Malyavkina, U.S.S.R. SU 1,074,886 (顷初.Abstr., 100： 
193874c (1984)); (c) R. E. Hoagland, In Biologicallvactive 
A初Products H. G. Culter Ed; ACS Symposium 
Series 380, American Chemical Society, Wa아lington, 
DC, pp. 182-210. (1988); (d) A. D. F. Toyand and E. N. 
Walsh, "Phosphorus Chemistry in Everyday Living'' 
American Chemical Society, Wa아】ington, DC, pp. 33：— 
342(1987).

2. (a) K. Moedritzer and R. R. Irani,/. (Mg Chem., 31, 1603 
(1966); (b) G. Schwarzenbach, A. Ackermann and P.

Ruckstuhl, Heir. Chim. Acta, 32, 1175 (1949); (c) R. 
r Tyka and (；. Hagele, Synthesis, 218 (1984).
3. P. M. Fredericks and L. A. Summers, Z. Naturforsch 

36侦 242 (1981). ‘‘
4- P・ Phillion and S. S. Andrew, Tetrahedron Lett 27 

1477(1986). "
5' M •丄 P. Harger and A. Williams, J. Chcm. S()c. Perkin 

Trans. T, 1681 (1986).
6- 巨-丄 Ha, G.-S. Nam, and K. P. Park, Tetrahedron Lett

31, 1567(1990). •'
7- t3,5-Trisubstituted-hexahydro-l,3,5-triazines can be 

prepared by the conventional method with amines and 
formaldehyde.

& J. Barluenga, A. M. Bayon, P. Campos, (；. Asensio, E. 
Gonzalez-Nunez, and Y. Molina, J. Chcm. Perkin 
Trans, I, 1631 (1988).

9, Reactions of 1,3,5-tricarboethoxymethylhexahydro- 
1,3,5-triazine with 이:her Lewis acids such as BF3 OEt2, 
AICI3, and SnCl4 were tried to g;vc 比e same product in 
r이atively lower yield.

10- J- E- Franz, Ger. Offen. No 2,1 沱,826 (Chem. Abstr., 77, 
165079k (1972)).

11. N-Phosphonomethylglycine triesters were also synthe- 
sized 的1。1,3,5-tricarboethoxymethylhexahydro- 
1,3,5-triazine with diarylphosphite. G. A. Dutra, Ger. 
Offen. No 2,700, 017 (Chem. Abstr., 88, 74538v (1977)).

12 I riesters also have herbicidal activities, G. A. Dutra, U. 
$ Pat. No. 4,120,689 (Chem. Abstr.t 88, 62612b (1977)).

13. Unpublished result
14. J. C. Guillemin and J. M. Denis, J.顷m. &(、. Chem. 

Commim., 951 (1985).


