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Abstract: Lewis acids or ultrasound catalyze the condensation of imines with Wang resin bound
H-phosphonates to give high yields of the corresponding a—amino phosphonates or phosphonic
acids. Copyright © 1996 Elsevier Science Ltd

Recent synthetic and technological advances in the field of combinatorial chemistry have inspired the
design of a variety of small molecule libraries on solid support." High speed synthesis*® of chemical libraries'*
promises to dramatically shorten the time required for lead discovery and optimization. In general, a-Amino
phosphonates and phosphonic acids exhibit a wide range of biological activities. For example, many of these
compounds are potent antibiotics™ and enzyme inhibitors.™* As part of our continuing effort to generate
diverse chemical libraries, we now describe an efficient method for the synthesis of o-amino phosphonate and
phosphonic acid derivatives on solid support via condensation of imine 4 with polymer bound H-phosphonates
3 (Figure 1).
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Treatment of Wang resin® (1) with 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one followed by
NaHCO,-TEA hydrolysis provided Wang resin bound H-phosphonate salt 2 (Figure 1).” Esterification of 2 with
benzyl alcohol or p-nitrophenylethanol (NPE) (1.0 M in CH,CN, 5.0 equiv) and pivaloyl chloride (1.0 M in 1:1
CH,CN-pyridine, 5.0 equiv),” gave H-phosphonate esters 3a and 3b in 60% overall yield.* DBU or t-BuOK
promoted condensation of H-phosphonate esters with electrophiles are well precedented.” However, these
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conditions proved to be either inefficient or incompatible with these polymers. Since Wang resin is relatively
stable to mild acidic conditions,*" we surveyed a series of Lewis acid catalysts for the condensation of resin 3
with imine 4."° For example, the reaction of 3a with imine 4a (R, = 4-MeO-Ph, R, = H, R,=n-Bu)" failed to
give any desired product in the presence of LiCl, LiBF,, (i-PrO),Ti, TMSCI and bis-trimethylsilylacetamide.
However, ZnCl, (0.05M in THF) did catalyze the condensation of 3a and 4a (0.5 M in THF) to provide polymer
bound a-amino phosphonate Sa. Treatment of 5a with 10% TFA-CH,CI, followed by preparative TLC
purification provided the corresponding o-amino phosphonate 6a in 38% yield. Further studies showed
La(OTH), and YB(OTT)," to be superior to ZnCl,. Under identical conditions, La(OTf), and Yb(OTY), provided
6a in 58 and 86% yield respectively.

We also found that sonication®® of resin 3a in the presence of imine 4a (0.5M in toluene)'! for 3 h at 50-
55°C gave a 46% yield of 6a (Table 1, entry 1). Longer reaction times (up to 7.5 h) did not increase the product
yield. Further studies revealed that after sonicating for 2.5 h and in the absence of imine 4a, more than 50% of
the H-phosphonate ester linker was cleaved off resin 3a. The fact that prolonged sonication time (2.5 h vs. 7.5
h) did not decrease the yield of the resin bound a-amino phosphonate suggested that the low yield of 6a in the
above experiments was due to decomposition of resin 3a and not resin 5a. Increasing the concentration of the
imine from 0.5 M to 2.0 M improved the yield of 6a to 56% (Table 1, entries 1 and 2). In both instances, the 'H
NMR spectra of crude material indicated partial loss of the benzyl group as a result of phosphonate ester
cleavage during sonication. In fact, re-esterification after the sonication step improved the yields significantly
(Table 1, entries 3 and 4). The choice of solvent had very little effect on the outcome of the reaction. Except
tfor CH,CN, sonication in 1,2-dichloroethane (1,2-DCE), toluene, THF, and DMF followed by re-esterification
gave 6a in high yield (87-90%, Table 1, entries 4 to 8).

Table 1.
Entry {4a]  Solvents Method® 6a° I Entry [4a] Solvents  Method® 62"
1 0.5M toluene A 46% 5 20M 1,2-DCE B 87%
2 2.0M toluene A 56% 6 20M CH,CN B 66%
3 0.5M toluene B 70% 7 20M THF B 87%
4 20M toluene B 90% 8 20M DMF B 90%

(a) Method A: resin sonicated at 50-55°C for 3 h. Method B; resin sonicated at 50-55°C for 3 h, filtered, washed with CH,Cl,, and
treated with R,OH (1.0 M in CH,CN) and (CH,),COC! (1.0 M in 1:1 CH,CN-pyridine) for 15 min. (b)Yields of preparative TLC
purified material based on the loading of 3a.

In order to determine the scope of the reaction, a series of imines (4a-g)'' were screened at two different
concentrations (0.5 and 2.0 M) using sonication or Yb(OTf),. The results are summarized in Table 2." Both
methods worked equally well at 2.0 M with yields of purified products ranging from 70 to 99%. Sonication was
superior to Yb(OT(), if imines of aniline were employed (Table 2, entries 4 to 6). On the other hand, when the
amine and the aldehyde were not preincubated overnight, Yb(OTf), gave 94% yield of the product versus a
sonication yield of 37% (Table 2, entry 3). In this case, a small amount (~5%) of the corresponding o-hydroxy
phosphonate was also isolated from the sonication reaction. As shown in Table 2, this method is suitable for a
variety of aldehydes and amines. Preliminary results indicate that ketimines should aiso be good substrates
under these reaction conditions (Table 2, entry 11).
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Our initial attempts at synthesizing o-amino phosphonic acids directly from resin 2 were not successtul.
However, treatment of resin bound a-amino phosphonate Sh (R, = NPE) with DBU" followed by TFA cleavage
gave the corresponding a-amino phosphonic acid 6i in good yield (Table 2, entry 13).

Table 2.
R4
A H
PN Y
.— 0/ r\ H da-g cleave HO/ ll)v< TRy
0 — 0
W e S
Jaor3b 6a-i
Entry 6 R, R, R, R, [4] (M)  Sonication*®  Yb(OTf),*

1 6a Bn 4-MeO-Ph H n-C,H, 0.5 70% 86%
2 6a Bn 4-MeO-Ph H n-C,H, 20 90% 99%
3 6a Bn 4-MeO-Ph H n-C,H, 2.0° 37%* 94%
4 6b Bn 4-F-Ph H Ph 2.0 70% 25%
5 6¢c Bn 4-MeO-Ph H Ph 0.5 51% 0

6 6¢c Bn 4-MeO-Ph H Ph 20 83% 31%
7 6d Bn Ph H 2-F-Bn 05 70% 31%
8 6d Bn Ph H 2-F-Bn 20 95% 88%
9 6e Bn Ph H Bn 2.0 92% 94%
10 of Bn n-C,H, H 4-MeO-Bn 20 81% quant
11 6g Bn Ph CH, n-C,H, 20 96% quant
12 6h  NPE 4-MeO-Ph H Ph 2.0 87% -2
13 6i H 4-MeO-Ph H Ph 2.0 89%' --&

(a) Yields of preparative TLC purified material based on the loading of 3a. (b) Reactions run in toluene using method B in Table 1.
(c) Reactions run in THF: Resin 3a was stirred with YB(OTY), (0.05M) and imine at 23°C for S h, filtered, washed and cleaved with
10% TFA-CH,Cl, (23°C, 10 min.). (d) Aldehyde and amine were not preincubated. (e) 5% of o-hydroxy phosphonate was also
isolated. (f) Resin 5 was treated with DBU (1.0 M in CH,CN, 1 h) before cleavage. (g) Reaction not done.

In summary, we have developed a versatile three input combinatorial method for the synthesis of o~
amino phosphonates and phosphonic acids on solid support. Either Yb(OTY), catalysis or sonication provided
the desired products in high yield and purity. The two methods are complementary and allow direct access to a

highly diverse library of a-amino phosphonates and phosphonic acids.

Acknowledgments: We thank Dr. Liling Fang, Brett Ching and Sonja Krane for the mass spectral analyses of
all compounds, Dr. Xiaodong Cao for supplying resins 3a and 3b, Dr. Sepehr Sarshar and Dr. Edmund Moran
for their helpful discussions.



5460

References and Notes

10.

11

12.

13.
14.

Part of the present work was presented at the Western Biotechnology Conference (31st Annual American Chemical
Society, Western Regional Meeting), San Diego, CA; October 1995, presentation #105.

Thompson, L. A.; Ellman, J. A. Chem. Rev. 1996, 96, 555, and references therein.

For examples of radio frequency encoded libraries see: (a) Mjalli, A. M. M.; Toyonaga, B. E. Net. Sci. 1995, 1,
hup://www.awod.com/netsci. (b) Moran, E. J.; Sarshar, S.; Cargill, J. F.; Shabaz; M.; Lio, A.; Mjalli, A. M. M,;
Armstrong, R. W_ J. Am. Chem. Soc. 1995, 117, 10787. (c) Nicolaou, K. C.; Xiao, Y.; Parandoosh, Z.; Senyei, A.;
Nove, M. P. Angew. Chem. 1995, 107, 2476.

For examples of spatially dispersed libraries see: (a) Armstrong, R. W. WO 95192566, 1995. (b) Hobbs Dewitt, S.;
Kiely, 1. S.; Stankovic, C. J.; Schroeder, M. C.; Reynolds Cody, D. M.; Pavia, M. R. Proc. Natl. Acad. Sci. USA
1993, 90, 6909.

(a) Sarshar, S.; Siev, D.; Mjalli, A. M. M. Tetrahedron Lett. 1996, 37, 835. (b) Zhang, C.; Moran, E. J.; Woiwode,
T. F.; Short, K. M.; Mjalli, A. M. M. Tetrahedron Lett. 1996, 37, 751. (c) Mjalli, A. M. M; Sarshar, S.; Baiga, T. J.
Tetrahedron Lett. 1996, 37, 2943. (d) Steele, J.; Gordon, D. W. Bioorg. & Med. Chem. Let. 1995, 5, 47. (e)
Keating, T. A.; Armstrong, R. W. J. Am. Chem. Soc. 1996, 118, 2574.

(a) Atherton, F. R.; Hassall, C. H.; Lambert, R. W. J. Med. Chem. 1986, 29, 29. (b) EPSP synthase: Sikorski, J. A.
et. al. Phosphorus, Sulfur and Silicon 1993, 76, 115. (c) HIV protease: Stowasser, B.; Budt, K-H.; Jian-Qi, L;
Peyman, A_; Ruppert, D. Tetrahedron Lett. 1989, 33, 6625. (d) PTPases: Burke, T. R., Jr;; Barchi, J. 1., Jr.; George,
C.; Wolf, G.; Shoelson, S. E.; Yan, X. J. Med. Chem. 1995, 38, 1386.

Wang, S. S. J. Am. Chem. Soc. 1973, 95, 1328.

(a) Cao, X.; Mjalli, A. M. M. Terrahedron Lett. 1996, submitted. Polymers 2 and 3 are stable for up to 6 months at
23°C when kept in a vacuum dessicator, (b) Froehler, B. C.; Matteucci, M. D. Tetrahedron Lett. 1986, 27, 469. (¢)
Marugg, J. E. Tromp, M.; Kuyl-Yeheskiely, E.; van der Marel, G. A.; van Boom, I. H. Tetrahedron Lett. 1986, 27,
2661.

Resin loading was determined by two separate methods: (a) the mass balance of isolated material after TFA
cleavage and (b) 'H NMR using an internal standard (Methy} 4-bromobenzoate).

Blazis, V. J.; Koeller, K. J.; Spilling, C. D. J. Org. Chem. 1995, 60, 931.

(a) Yager, K. M,; Taylor C. M.; Smith, III, A. B. J. Am. Chem. Soc. 1994, 116, 9377. (b) Evans, D. A.; Hurst, K.
M.; Takacs, J. M. J. Am. Chem. Soc. 1978, 100, 3467.

Solutions of imines were prepared by incubating the aldehyde and the amine in the indicated solvent
overnight at 23°C in the presence of 4 A molecular sieves (activated at 100°C).

For Yb(OTY), catalysed addition of silyl enol ethers to imines see: Kobayashi, S.; Araki, M.; Yasuda, M.
Tetrahedron Let. 1995, 36, 5773.

Hubert, C.; Munoz, A. J. Org. Chem. 1995, 60, 1488.

All compounds gave satisfactory 'H NMR and mass spectral data. Compound 6a: 'H NMR (400 MHz, CD,0OD) 8
0.84 (t, J = 7.2 Hz, 3 H), 1.24 (m, 2 H), 1.48-1.68 (m, 2 H), 2.78-2.84 (m, 1 H), 2.90-2.98 (m, 1 H), 3.76 (s, 3 H),
4.16 (d. J = 15.6 Hz, 1 H), 4.62-4.77 (m, 2 H), 6.91 (d, J = 8.0 Hz, 2 H), 7.18-7.29 (m, J = 6.0 Hz, 5 H), 7.43 (4, J=
8.0 Hz, 2 H); ESIMS, m/z for C,;H,;O,PN [M-H] : 362.

Himmelsbach, F.; Schultz, B. S.; Trichtinger, T.; Charubala, R.,Pfleiderer, W. Tetrahedron Lett. 1984, 40, 59.

(Received in USA 7 May 1996; revised 11 June 1996; accepted 12 June 1996)



