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Article history: Starting from phthalimidoalkanoylamin&gamino-protected derivatives of glycirfealanine
Received y-amino butyric,8-amino valeric, and-amino caproicacids), a facile synthetic method
Received in revised form been developed to obtain diethyl 5-alkyl(dialkyl)amino-2-aminoalkyl-1,3-oxazol-4
Accepted ylphosphonates7 which have been further used in the preparation obsphorylate
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1. Introduction phosphoryl residue in these compounds is inserted into the
. ) ) peptide chain or terminates it. Phosphono peptides containing the
Currently aminophosphonic acids as structural analogues ofosphoryl group in the side chain of peptides have been less
the corresponding amino carboxylic derivatives, where the; died due to their synthetic complexityTo synthesize
tetrahedral phosphonic acid functionality replaces the plangfompounds with the phosphonoglycine residue, we have recently
carboxylic group, have found a wide range of practicalynyjieq regioselective acid-assisted opening of the 4-
applications in the areas of biological, medicinal, and syntheti hosphorylated oxazole rif§. Though 4-phosphoryl-5-
chemistry: Phosphonic acids represent the “simplest” group ohmingoxazole derivatives are easily accessible and well sttdied,
phosphate isosteres. These molecules with C-P bond in place ghst of them bear only alkyl or aryl residues at position 2 of the
O-P bond are structurally similar to phosphate esters angyazole ring. Here we focus on the synthesis of diethyl 5-amino-
anhydrides, but are quite stable under typical chemical andl 3 ya;0|-4-ylphosphonates substituted at position 2 with
physiological  conditionS. Because of the tetrahedral aminoalkyl chains of varying length. Such compounds, when
configuration at phosphorus, aminophosphonic acids mimic thF‘egioseIectively ring-opened, may be particularly useful in the

tetrahedral transition state of peptide hydrolysis and therefore C%’%nthesis of phosphorylated peptidomimetics.
act as inhibitors of peptidases or esterases. As a consequence, the

biological properties of aminophosphonic acids have beef. Resultsand discussions
studied extensively. However, limited cell permeability of highly ) ) )
polar aminophosphonic acids and their derivatives leads to We have synthesized 5-amino-2-aminoalkyl-1,3-oxazol-4-

intense search for new biologically active synthetic analogues ¢fPhosphonic acids by the reaction chain—8 (see Schemes 1
aminophosphorus compounds. and 2) starting from the condensation ofo,w-

phthalimidoalkanamidega-e with chloral hydrate. Conversions

From the biochemical point of view, phosphorylated peptides ang,2—,3 were studied previousiyith phthalimidopropionamide
peptidomimetics are an area of special intéfesas a rule, the (n=2) and phthalimidobutyramide (n=3), whereas
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phthalimidoacetamide (n=1), phthalimidovaleramide (n=4), andR,S)-9 was prepared under similar conditions, followed by
phthalimidohexanamide (n=5) have been reacted with chlordiPLC analysis of (S)-9 and (R,S)-9 on a chiral column
hydrate for the first time. Compoun@®s-e were treated with (CHIRALPAK® IA). Phosphorylated peptidomimeticslO
thionyl chloride to produce highly reactive tetrachloroethyl-resulting from the ring opening {i%)-9 under mild conditions (in
substituted amides which were then condensed with triethydn AcOH-HO mixture at 75°C} were analyzed likewise. It is
phosphite by the Arbuzov reaction thus affording hithertoevident from HPLC data (see Experimental section) that no

unknown  diethyl 1-(phthalimidoalkanoylamino)-2,2,2- racemisation occurs during the oxazole ring opening as well as in
trichloroethylphosphonatet-e. peptide synthesis.
On treatment with triethylamine, produeta-e readily eliminate A phosphorylated peptidomimetic of more complex structure

HCI to give 2,2-dichloro-1-(phthalimidoalkanoylamino)- was obtained by the above procedure from oxaZoie It was
ethenylphosphonatesba-e (see Scheme 2). Heating of reacted with Z-protected optically activ€){glutamine to give
trichloroethylphosphonatega-e or dichloroethenylphosphonates amide (S)-11 (see Scheme 5) which yielded, on ring opening,
5a-e with benzylamide or secondary amines in the presence gfeptidomimetic(S,R),(S,5)-12 containing the residues of four
excess triethylamine leads to oxazole condensatiith the  amino acids §-glutamine, glycine, phosphorylated glycine, and
substitution of all chlorine atoms. As a result, we haveisonipecoticacid). Compounds of this type may be involved in
synthesized a number of novel derivatives of diethyl 5-amino-2biological studies on enzyme-dependent systems.
phthalimidoalkyl-1,3-oxazol-4-ylphosphonates 6a-n.
Phthalimidoalkyloxazole§a-n appear as crystals or viscous oils

- ; ere established by elemental analysis as well as by IR and
stable on prolonged storage, sparingly soluble in hexane, 1) 13 31
petroleum ether, and water, and highly soluble in ::1Icohols‘:'\f\\1'v|FZ (H, ™C, ”'P) spectroscopy and LC/MS method. The latter

tetrahydrofuran, and dichloromethane. When treated witfl>’ however, uninformafiye for’ compounds-e, 3a-e, (S)-11,

hydrazine hydrate in a THF,® mixture at room temperature, ag?&SéR;,rEZ,SQiZ, Pffee they decompose under the conditions of
these compounds are smoothly hydrazinolyzed to diethyl 5L ysIS.
amino-2-aminoalkyl-1,3-oxazol-4-ylphosphonatés-n in high 3 conclusions

yields.

The structures of the compounds obtained (see Schemes 1-5)

We have developed a preparative method to obtain diethyl 5-
alkyl(dialkyl)amino-2-aminoalkyl-1,3-oxazol-4-ylphosphonates
7. It implies the successive treatment of phthalimido amides
with chloral hydrate, thionyl chloride, triethyl phosphite, amines,
and hydrazine hydrate. The resulting aminooxazoles have been
Acylation of oxazole7k with Z-(S-Ala-OH under standard further used in the preparation of optically active phosphorylated
conditions of peptide synthesis, i.e. in a THF solution in thePeptidomimeticslO and 12 in which the introduced amino acid
presence of 1-hydroxybenzotriazole (HOBt) and 1-ethyl-3-(3residues are not racemized.
dimethylaminopropyl)carbodiimide (EDCI), also leads only to
amide (9)-9 (see Scheme 4). We used compou®}9 to
ascertain whether racemization at the chiral centre could occur
during the oxazole ring opening. To this end, racemic amide

The primary aliphatic amino group of produ@tsn is readily
acylated with acyl chlorides to provide corresponding antides
e, as exemplified by the reaction of compouiiflg with 4-tert-
butylbenzoyl chloride (see Scheme 3).
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4. Experimental section 3279, 3036, 2985, 2943, 1778, 1730, 1537, 1416 o
(DMSO-dy) 9.24 (H, d, J 8.8 Hz, NH), 7.95-7.85 {5, m,
4.1 General aromatic, OH), 5.72 (H, m, CH), 4.38 (H, d, J 17.1 Hz,

The NMR spectra were obtained on a Bruker Avance DRX-C"laﬂb)’ldég% (H_' d, Jl;lggé H1232%u_|]ti)236§ (?OMZS;}C%) }gzg
500 instrument’H (500 MHz),*'P (202 MHz),°C (125 MHz)]  (€=0), 167.0 €=0), 135.2, 132.0, 123.7, 102.7 (GJ-181.

in a solution of DMSQd;, CDCk relative to internal TMS or (CH), 40.4 (CH).

external 85% phosphoric acid. The IR spectra were recorded on a4.3.2.  5-(1,3-Dioxo-2,3-dihydro-1H-isoindol-2-yl)-N-(2,2,2-
Vertex 70 spectrometer from KBr pellets, or dichloromethanerichloro-1-hydroxyethyl)pentanamidad).

solution, or adaptor ATR. The melting points were determined on _

a Fisher-Johns instrument. Elemental analysis was carried out jn Yi€ld 123.98 g, 63% as colorless crystals; mp 109-0H¥c;
the analytical laboratory of IBOPC NASU. The LC/MS spectral-ound: C, 45.63; H, 3.97; Cl, 27.21; N, 7.01.88:5ClN,0,
were recorded on an Agilent 1100 Series high-performance liquigauiresC, 45.77; H, 3.84; Cl, 27.02; N, 7.12%¥ina (KB)
chromatograph equipped with a diode matrix with an Agilen13313’ 1771, 1708, 1656 Cl'ml{ (BMSO-d) 8.65 (H, d,J 9.1
LC\WMSD SL mass selective detector allowing fast switching2: NH), 7.86 (#, m, aromatic), 7.61 {1, d, J 5.7 Hz, OH),
between positive and negative ionization modes. The Lc/MS:73 (H, dd,J 9.1, 5.7 HzCH), 3.57 (H, m, CH), 2.24 (2, m,
parameters were set as follows: column, Zorbax SBC1@rh,8 CHy), 1.59 (2, m, CH), 1.52 (H, m, CH); & (DMSO-d)
4.6x15 mm (PN 821975-932); solvents A, acetonitrile—waterL/2:9 €=0), 168.4 C=0), 134.9, 132.1, 123.5, 103.0 (G
mixture (95:5), 0.1% trifluoroacetic acid and B, 0.1% aqueou§0-8 (CH), 37.7,35.1, 28.1, 23.0.

trifluoroacetic acid; eluent flow rate, 3 ml/min; injection volume, 433,  6-(1,3-Dioxo-2,3-dihydro-1H-isoindol-2-yl)-N-(2,2,2-
1 pl; UV detection, 215, 254, 265 nm; atmospheric-pressurgichioro-1-hydroxyethyl)hexanamid@e).

chemical ionization (APCI) was used; scanning ramyea,80— ]

1000. Optical purity was measured on the Agilent 1100 system Yield 130.46 g, 64% as a colorless crystals; mp 105407°
with diode array detector on a CHIRALPAK® IA columny, ~ dec; [Found: C, 47.03; H, 4.33; Cl, 26.24; N, 6.70.
4.6x250 mm); mobile phase, hexane:2-propanol. The reactidrisH17ClN2O, requiresC, 47.14; H, 4.20; Cl, 26.09; N, 6.87%];

progress was TLC-monitored on Silica gel 68, EMerck). Vmax (KBr) 3256, 1771, 1711, 1665 cnd,, (DMSO-d;) 8.64
o ) (1H, m, NH), 7.83 (#, m, aromatic), 7.68 L, m, OH), 5.72

4.2. Phthalimido amides (1H, m, CH), 3.55 (B, m, CH;), 2.18 (21, m, CH), 1.61 (&,
Commercially unavailable compounds-c? and 1d° were ™M, CH), 1.46 (21, m, CH), 1.25 (21, m, CH); & (DMSO-d)
obtained by known methods. 173.1 C=0), 168.4 (C=0), 134.8, 132.0, 123.4, 103.0 (GEI

80.8 (CH), 37.7, 35.4, 28.1, 26.2, 25.1.
4.2.1. 6-(1,3-Dioxo-2,3-dihydro-1H-isoindol-2-yl)hexanamide .
(1) 44. Genera pr_ocedure for the preparation of 3a-e
Tetrachloroethylamides.
A mixture of 6-(1,3-dioxo-2,3-dihydroH-isoindol-2- ) o
yl)hexanoic acit (156.77 g, 0.60 mol), thionyl chloride (55 mL, ~ Compounds3a, 3d, and 3e were obtained similarly to
0.75 mol), and dry benzene (400 mL) was refluxed for 2 h an8reviously describédb and3c.

evaporated in vacuo; the residue was dissolved in dry A mixture of one of compoundga-e (0.30 mol), thionyl
dichloromethane (800 mL). Through the solution stirred anchioride (33 mL, 0.45 mol), and dry dioxane (150 mL) was
cooled at 20°C, a current of dry ammonia was passed t@fluxed with stirring until no more gas was evolved and another
saturation, followed by washing with water (3x100 mL), drying30 min. After evaporation under reduced pressure to dryness, the
over sodium sulfate, and evaporation to drynessacuoto give  resulting residue was heated to boiling with stirring in the
the analytically pure product (151.48 g, 97%) as a colorlesginimum amount of dry benzene and cooled. The crystalline
crystals; mp 154-158% [Found: C, 64.49; H, 6.34; N, 11.24. precipitate was filtered, washed on the filter with the minimum
Ci3H1N,0; requiresC, 64.60; H, 6.20; N, 11.38%}imax (KBr)  amount of dry benzene, and drigd vacuo to give the
3387, 3195, 2931, 2852, 1775, 1720, 16491,@ (DMSO'Q;) ana'yﬂca“y pure productl

7.85 (4H, m, aromatic), 7.21 (1H, br s, NH), 6.67 (1H, br s, NH), ) ) o

3.56 (2H, m, Ch), 2.03 (2H, m, Ch), 1.59 (2H, m, Ch), 1.50 4.4.1. 2-(1,3-D|0x0-2_,3-d|hydro-lH-|somdo|-2-y|)-N-(1,2,2,2-
(2H, m,CH), 1.25 (2H, m, Ch); 3. (DMSO-d) 175.0 (=0), tetrachloroethyl)acetamide3g).

168.4 (=0), 134.9, 132.0, 1234, 37.8, 35.4, 282, 26.4, 25.1; yield 104.41 g, 99% as a colorless crystals; mp 152153°

LCMS: foundm/z261.2, MH. [Found: C, 38.88; H, 2.25; Cl, 38.51; N, 7.49.,85Cl,N;Os
43. General procedure for the preparation of 2a-e  requiresC, 38.95 H, 2.18; Cl, 38.33; N, 7.57%}na (KBr)
Condensation of amides 1a-e with chloral hydrate. 3278, 1730, 1692 ¢, (CDCk) 7.91 (H, m, aromatic), 7.78

) (2H, m, aromatic), 7.30 {1, br s, NH), 6.53 (#, d,J 10.5 Hz,
Compoundb,c were obtained by known methots. CHN), 4.51 (2, s, CH); 8¢ (CDCk) 167.6 (=0), 165.6 ¢=0),

A mixture of one of compoundsa, 1d, or le (0.50 mol), 134.6,131.8,123.9, 99.2 (GEI73.6 (CHCI), 40.8
chloral hydrate (165.40 g, 1.00 mol), and conc. sulfuric acid (1 4.4.2. 5-(1,3-Dioxo-2,3-dihydro-1H-isoindol-2-yl)-N-(1,2,2,2-
mL) was kept at a temperature of 95-100°C for 8h, cooled, anfétrachloroethyl)pentanamideol).
ground in water (500 mL). The crystalline precipitate was

filtered, washed on the filter with water to pH 7, and Yield 122.39 g, 99% as a cream crystals; mp 9697°
recrysta”ized from 2_pr0pan0|. [Found:C, 4359, H, 353, Cl, 3458, N, 6.69.15514C|4N203

) ] o requiresC, 43.72; H, 3.42; Cl, 34.41; N, 6.80%}.x (ATR)
_ 4.3.1. 2-(1,3-DIOXO-2,3-dIhydI‘O-lH-ISOInd0|-2-y|)-N-(2,2,2- 3305, 1770, 1701 c¢hdy (CDCL) 7.84 (2H, m, aromatic), 7.73
trichloro-1-hydroxyethyl)acetamided). (2H, m, aromatic), 6.89 (1H, d,10.4 Hz, NH), 6.55 (1H, dJ
Yield 144.14 g, 82% as a colorless crystals; mp >a@sc; ~ 10-4 Hz, CH), 3.74 (2H, m, G} 2.44 (2H, m, Ch), 1.67 (4H,
[Found: C, 40.91: H, 2.67; Cl, 30.41; N, 7.89,8,Cl.N,0, M 2CH); & (CDCk) 171.8 (=0), 168.6 (C=0), 134.1, 132.0,
requiresC, 41.00; H, 2.58; Cl, 30.25: N, 11.38%}.. (KBr)  123:3,99.5(CG), 73.8 (CHCI), 36.8, 35.4, 27.7, 22.3
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4.4.2. 6-(1,3-Dioxo-2,3-dihydro-1H-isoindol-2-yl)-N-
(1,2,2,2-tetrachloroethyl)hexanamidege).

Yield 126.55 g, 99% as a yellowish crystals; mp 159-C60°
[Found: C, 45.02; H, 3.87; Cl, 33.46; N, 6.39,48;6Cl,N,O;
requiresC, 45.10; H, 3.78; Cl, 33.28; N, 6.57%};.x (KBr)
3257, 1771, 1712, 1666, 1529 &md; (CDCL) 7.80 (&, m,
aromatic), 7.68 (&, m, aromatic), 6.53 {2 m, CHNH), 3.65
(2H, m, CHy), 2.31 (21, m, CH,), 1.78-1.62 (#, m, 2CH), 1.37
(2H, m, CH); & (CDCk) 171.7 (C=0), 134.0, 168.4 (=0),
132.1, 123.2, 99.5 (C¢)| 73.7 (CHCI), 37.6, 36.2, 28.2, 26.2,
24.5

45. General procedure for the preparation of 4a-e
Arbuzov rearrangement.

A mixture of one of compoundsa-e (0.20 mol), triethyl

phosphite (42 mL, 0.24 mol), and dry dioxane (200 mL) wa

refluxed for 3 h under argon and evaporated to dryimegscug
the residue was recrystallized from dioxar8a, (3b) or 2-
propanol 8c-¢€).

4.5.1. Diethyl [2,2,2-trichloro-1-[2-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)acetamido]ethyl]phosphonatsy.

Yield 83.95 g, 89% as a colorless crystals; mp 195196°
[Found: C, 40.63; H, 3.96; CI, 22.71; N, 5.78; P, 6.73.
C16H1sCIsNL,O6P requiresC, 40.74; H, 3.85; Cl, 22.55; N, 5.94; P,
6.57%]; Vmax (KBr) 3213, 1777, 1724, 1261, 1026 tmd,
(DMSO-d;) 9.68 (H, d,J 10.2 Hz, NH), 7.92 (2, m, aromatic),
7.89 (H, m, aromatic), 5.19 @, dd,J 19.2, 10.2 HzCHP),
4.44 (H, s, CH), 4.22-4.10 (&, m, 2CH,), 1.38-1.24 (6H, m,
20CH,CHy); 6: (DMSO-d;) 167.8 (C=0), 167.6 C=0), 135.2,
132.0, 123.8, 97.3 (d,14.0 Hz, CG)), 64.0 OCH,CHs), 61.8 (d,

J 159.0 Hz, CP), 16.70CH,CHy); & (DMSO-d) 14.2; LCMS:
foundm/z471.0 M. C;gH15CIsN,OgP requires 471.7.

4.5.2. Diethyl [2,2,2-trichloro-1-[3-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)propanamido]ethyl]phosphonatby.

Yield 68.96 g, 71% as a colorless crystals; mp 166Q167°
[Found: C, 41.95; H, 4.26; CI, 22.02; N, 5.63; P, 6.49.
C17H20ClsN,OgP requiresC, 42.04; H, 4.15; ClI, 21.90; N, 5.77; P,
6.38%];Vimax (KBr) 3234, 1774, 1719, 1676, 1263, 11307,
(DMSO-d;) 9.32 (H, d,J 10.3 Hz, NH), 7.85 (41, m, aromatic),
5.23 (H, dd,J 19.3, 10.3 HzCHP), 4.14-4.00 (#, m, 20CH,),
3.83 (2H, m, Ch), 2.79 (2H, m, Ch), 1.21 (6H, m, DCH,CH,);

Oc (DMSO-dj) 170.8 (C=0), 168.0 C=0), 134.9, 132.1, 123.4,
97.6 (d,J 14.5 Hz, CGJ), 63.7 OCH,CH3), 61.3 (d,J 159.0 Hz,
CP), 34.4, 33.3, 16.600CH,CH,); & (DMSO-d) 14.7; LCMS:
foundm/z487.0 MH. C,-H,,CIsN,O4P requires 485.7.

4.5.3. Diethyl [2,2,2-trichloro-1-[4-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)butanamido]ethyl]phosphonat).

Yield 65.96 g, 66% as a colorless crystals; mp 133Q34°
[Found: C, 43.18; H, 4.54; CI, 21.33; N, 551; P, 6.38.
C1gH2.CIsN,O6P requiresC, 43.26; H, 4.44; Cl, 21.25; N, 5.61; P,
6.20%]; Vimax (KBF) 3240, 1769, 1710, 1680, 1246, 10197,
(DMSO-d;) 9.13 (H, d,J 10.2 Hz, M), 7.85 (m, #, aromatic),
5.24 (H, dd, J 19.31, 10.2 Hz,CHP), 4.18-4.01 (#, m,
20CH,), 3.62 (2H, m, Ck), 2.38 (2H, m, Ch), 1.87 (2H, m,
CH,), 1.24 (6H, m, OCH,CHs); 6 (DMSO-d) 172.6 (C=0),
168.4 C=0), 134.8, 132.2, 123.5, 97.7 @14.9 Hz, CCJ), 63.6
(OCH,CH,), 61.3 (d,J 159.0 Hz, CP), 37.7, 32.9, 24.8, 16.6
(OCH,CH,); 8 (DMSO-d;) 14.9; LCMS: foundn/z501.0 MH.
C1gH2,ClsN,OgP requires 499.7.

4.5.4. Diethyl [2,2,2-trichloro-1-[5-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)pentanamido]ethyl] phosphonatel).

Tetrahedron

Yield 63.70 g, 62% as a colorless crystals; mp 132Q33°
[Found: C, 44.34; H, 4.82; CI, 20.84; N, 5.26; P, 6.25.
C1gH24CIsNL,OP requiresC, 44.42; H, 4.71; Cl, 20.70; N, 5.45; P,
6.03%]; Vinax (KBF) 3248, 1769, 1715, 1677, 1236, 1032 ¢,
(DMSO-d;) 9.07 (H, d,J 10.1 Hz, NH), 7.85 (41, m, aromatic),
5.24 (H, dd,J 19.5, 10.1 HzCHP), 4.16-3.99 (#, m, 20CH,),
3.58 (2H, m, CH), 2.36 (2H, m, Ck), 1.68-1.49 (4H, m, 2CHj,
1.23 (6H, m, BCH,CHz3); & (DMSO-d;) 172.6 (C=0), 168.4
(C=0), 134.8, 132.2, 123.5, 97.7 (d,14.9 Hz, CCJ), 63.6
(OCH,CH,3), 61.3 (d,J 159.0 Hz, CP), 37.7, 32.9, 24.8, 16.6
(OCH,CH3); 8 (DMSO-d) 15.0; LCMS: foundn/z515.0 MH.
C1gH24CI3N,OgP requires 513.7.

45.5. Diethyl [2,2,2-trichloro-1-[6-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)hexanamido]ethyl]phosphonatke)

Yield 62.27 g, 59% as a colorless crystals; mp 152Q53°

JFound: C, 46.46; H, 5.33; Cl, 20.34; N, 5.18; P, 6.03.

Co0H26CIsNL,O6P requiresC, 46.55; H, 5.21; Cl, 20.15; N, 5.31; P,
5.87%]; Vmax (KBr) 3248, 1773, 1685, 1241, 1030 ¢mdy
(DMSO-d;) 9.05 (H, d,J 10.4 Hz, NH), 7.85 (41, m, aromatic),
5.24 (H, dd,J 19.3, 10.4 HzCHP), 4.16-4.02 (#, m, 20CH,),
3.56 (2H, m, CH), 2.32 (2H, m, Ch), 1.58 (4H, m, 2C}), 1.32-
1.19 (8H, m, CH, 20CH,CH3); & (DMSO-d) 173.2 (C=0),
168.4 C=0), 134.9, 132.1, 123.5, 97.8 @14.5 Hz, CC)), 63.6
(OCH,CH,3), 61.3 (d,J 159.0 Hz, CP), 37.8, 34.9, 28.2, 26.3,
25.2, 16.7 QCH,CHz3); & (DMSO-d) 15.0; LCMS: foundm/z
527.0 M. C,gH26ClsN,OgP requires 527.8.

46. General procedure for the preparation of 5a-e.
Dichlor oenamides.

A mixture of one of compoundéa-e (0.01 mol), EIN (4.2
mL, 0.03 mol), and dry THF (50 mL) was stirred at 20-25°C for
18 h. The precipitate was filtered and washed on the filter with
dry THF, and the combined filtrates were evaporated to dryness
in vacuoto give the analytically pure product.

4.6.1. Diethyl [2,2-dichloro-1-[2-(1,3-diox0-2,3-dihydro-1H-
isoindol-2-yl)acetamido]ethenyl]phosphonafay

Yield 4.31 g, 99% as a colorless crystals; mp 159-060°
[Found: C, 44.08; H, 4.05; CI, 16.44; N, 6.27; P, 7.25.
C16H17,CILN,O6P requiresC, 44.16; H, 3.94; Cl, 16.29; N, 6.44; P,
7.12%]; Vmax (KBF) 3198, 1775, 1724, 1261, 1023, 984 ¢rd,
(CDCl,) 8.32 (H, br s, NH), 7.88 (H, m, aromatic), 7.75 (2H,
m, aromatic), 4.52 (2H, s, GH 4.16 (41, m, 2CH,), 1.36 (6H,
m, 20CH,CHa,); &: (CDCk) 167.6 C=0), 164.8 (C=0), 136.5 (d,

J 33.7 Hz, CGJ), 134.0, 132.2, 124.8 (d,217.8 Hz, CP), 123.5,
63.8 (OCH,CH3), 40.5, 16.1QCH,CHs); & (CDCl) 8.7; LCMS:
foundm/z435.0 M. C,¢H,,CLLN,OgP requires 435.2.

4.6.2. Diethyl [2,2-dichloro-1-[3-(1,3-dioxo-2,3-dihydro-1H-
isoindol-2-yl)propanamido]ethenyl] phosphonafiby.

Yield 4.44 g, 99% as a colorless crystals; mp 148-049°
[Found: C, 45.37; H, 4.39; CI, 15.91; N, 6.05; P, 6.98.
C17H1CILN,O6P require<C, 45.45; H, 4.26; Cl, 15.78; N, 6.24; P,
6.89%]; Vimax (KBr) 3234, 1773, 1721, 1683, 1246, 1037, 1001
cm®; &y (CDCL) 8.20 (H, br s, NH), 7.74 (H, m, aromatic),
7.64 (2H, m, aromatic), 4.08 ¥4 m, 20CH,), 3.97 (2H, m,
CH,), 2.74 (2H, m, Ch), 1.26 (6H, tJ 7.0 Hz, DCH,CH,); 0c
(CDCly) 168.0 =0), 135.5 (d,J 27.3 Hz, CC)), 134.0, 132.1,
125.0 (d,J 208.5 Hz, CP), 123.2, 63.DCH,CHs;), 34.1 (TH,),
16.1 OCH,CHs); & (CDCk) 9.1; LCMS: foundm/z 449.0 M.
C17H1CIoN,OgP requires 449.2.

4.6.3. Diethyl [2,2-dichloro-1-[4-(1,3-dioxo-2,3-dihydro-1H-
isoindol-2-yl)butanamido]ethenyl]phosphona&e)



Yield 4.58 g, 99% as a colorless crystals; mp 6970°

7
Yield 3.755 g, 40% (by method A), 4.037 g, 43% (by

[Found: C, 46.59; H, 4.68; CI, 15.50; N, 5.88; P, 6.82. method B) as a yellowish crystals; mp 174-17.5[Found: C,

Ci18H21CILN,O6P requiresC, 46.67; H, 4.57; Cl, 15.31; N, 6.05; P,

58.76; H, 5.24; N, 8.76; P, 6.778,/JN;0sP requiresC, 58.85;

6.69%];Vimax (KBF) 3208, 1775, 1722, 1665, 1242, 1011, 964 cmH, 5.15; N, 8.95; P, 6.60%¥;nax (KBr) 3302, 1722, 1639, 1600,

L o (CDCL) 7.94 (H, br, NH), 7.79 (H, m, aromatic), 7.68
(2H, m, aromatic), 4.13 &, m, 20CH,), 3.76 (2H, tJ 7.0 Hz,
CH,), 2.32 (2H, tJ 7.5 Hz, CH), 2.01 (2H, m, Ck), 1.30 (6H, t,
J 7.0 Hz, DCH,CHj3); &c (CDCL) 170.1 C=0), 168.6 (C=0),
135.3 (d,J 29.6 Hz, CQ)), 134.1, 132.0, 125.2 (d,213.6 Hz,
CP), 123.3, 63.5({CH,CH3), 37.1, 33.5, 25.0, 16.D(CH,CH,);
& (CDCL) 9.3; LCMS: foundm/z 463.0 M. C;gH,,Cl,N,O¢P
requires 463.3.

4.6.4. Diethyl [2,2-dichloro-1-[5-(1,3-dioxo-2,3-dihydro-1H-
isoindol-2-yl)pentanamido]ethenyl]phosphonabe)(

Yield 4.73 g, 99% as a colorless crystals; mp 108-@09°

[Found: C, 47.72; H, 4.96; CI, 14.99; N, 5.69; P, 6.65.
C1gH25CILN,O6P requiresC, 47.81; H, 4.86; Cl, 14.86; N, 5.87; P,

1224, 1031, 972 cih 8, (CDClk) 7.89 (H, m, aromatic), 7.77
(2H, m, aromatic), 7.26-7.15 X m, C¢Hs), 6.39 (H, t, J 6.2
Hz, CHNH), 4.85 (2, s, CH), 4.39 (21, d,J 6.2 Hz, CHNH),
4.11-3.95 (81, m, 20CH,), 1.28 (6H, tJ 7.0 Hz, DCH,CHs); 8¢
(CDCly) 167.1 C=0), 163.9 (dJ 39.4 Hz,0-C=C-P), 148.1 (dJ
21.9 Hz, O-C=N), 137.9, 134.3, 132.0, 128.6, 127.5, 127.4,
123.6, 95.9 (dJ 255.3 Hz, CP), 62.30CH,CHa), 47.4, 34.5,16.2
(OCH,CHs3); 8 (CDClk) 13.9; LCMS: foundm/z 470.0 MH.
C,3H24N306P requires 469.4.

4.7.2. Diethyl [5-(benzylamino)-2-[2-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)ethyl]-1,3-oxazol-4-yl]phosphonatby.

Yield 3.674 g, 38% (by method A), 3.964 g, 41% (by method
B) as a colorless crystals; mp 133-134fFound:C, 59.52; H,

6.49%]; Vimax (KBr) 3206, 1769, 1705, 1675, 1574, 1243, 1008,5.54; N, 8.53; P, 6.55. H,6N:O0sP requiresC, 59.62; H, 5.42;

972 cm’; 3y, (CDCL) 7.81 (H, m, aromatic), 7.70 {2 m,

aromatic), 7.64 (H, br, NH), 4.16 (4, m, 20CH,), 3.70 (2H, m,
CH,), 2.37 (2H, m, CH, 1.73 (4H, m, 2Ch), 1.34 (6H, m,
20CH,CHj3); & NMR (CDCk) 170.6 C=0), 168.3 C=0), 135.4
(d, J 28.7 Hz, CQ)), 133.9, 132.1, 125.1 (d, 210.4 Hz, CP),
123.2, 63.5QCH,CHs3), 37.3, 35.4, 27.9, 22.6, 16.2CH,CHy);

O (CDCL) 9.3; LCMS: foundm/z 477.0 M. CigH,3ClLN,OP

requires 477.3.

4.6.5. Diethyl [2,2-dichloro-1-[6-(1,3-dioxo-2,3-dihydro-1H-
isoindol-2-yl)hexanamido]ethenyl]phosphonaie)(

Yield 4.86 g, 99% as a colorless crystals; mp 119-@20°

[Found: C, 48.80; H, 5.24; CI, 14.56; N, 552; P, 6.45
CooH25CILNLO6P requiresC, 48.89; H, 5.13; Cl, 14.43; N, 5.70; P,

N, 8.69; P, 6.41%]ynax (KBr) 3393, 1713, 1641, 1597, 1222,
1024, 957 cnl; 3y (CDCL) 7.81 (H, m, aromatic), 7.70 { m,
aromatic), 7.34-7.23 & m, C¢Hs), 6.28 (H, t, J 6.5 Hz,
CH;NH), 4.38 (21, d, J 6.5 Hz, CHNH), 4.07-3.90 (B, m,
20CH,, CH,), 3.02 (2H, tJ 6.7 Hz, CH), 1.25 (6H, tJ 7.0 Hz,
20CH,CHy); &: (CDChkL) 167.7 (C=0), 164.0 (d,J 39.4 Hz,O-
C=C-P), 151.3 (d,J 21.9 Hz, O-C=N), 138.1, 134.0, 132.0,
128.6, 127.5, 127.3, 123.3, 95.4 (@,254.8 Hz, CP), 62.1
(OCH,CH,), 47.3, 35.4, 27.1, 16.DCH,CH,); & (CDCl) 14.4;
LCMS: foundm/z484.0 MH. C,4H,sNsOgP requires 483.5.

4.7.3. Diethyl [5-(benzylamino)-2-[3-(1,3-dioxo-2,3-dihydro-

1H-isoindol-2-yl)propyl]-1,3-oxazol-4-yl]phosphonatéc].

Yield 4.577 g, 46% (by method A), 4.875 g, 49% (by method

6.30%];Vmax (KBr) 3170, 1770, 1708, 1678, 1245, 1016, 973 cmB) as a colorless crystals; mp 104-105fFound: C, 60.25; H,

L5y (CDCL) 7.84 (H, m, aromatic), 7.71 {2 m, aromatic),
7.27 (H, br, NH), 4.17 (4, m, 2CH,), 3.69 (2H, tJ 7.0 Hz,
CH,), 2.32 (2H, tJ 7.5 Hz, CH), 1.72 (4H, m, 2C}), 1.41 (2H,
m, CH,), 1.35 (6H, t,J 7.0 Hz, DCH,CHj;); dc (CDCkL) 170.4
(C=0), 168.3 (C=0), 134.5 (d,J 29.4 Hz, CCJ), 133.8, 132.1,
124.8 (d,J 209.4 Hz, CP), 123.1, 63.9CH,CH3), 37.7, 36.1,
28.6, 26.3, 24.8, 16.DCH,CHj3); & (CDCEL) 9.4; LCMS: found
m/z491.0 M. CyoH,sCl,N,OgP requires 491.3.

4.7. General procedure for the preparation of 6a-n.
Oxazole cyclization.

Method A. A mixture of one of compounds-e (20 mmol),
the corresponding amine (21 mmol), andNE{16.7 mL, 120

mmol) in dry dioxane (100 mL) was refluxed for 24 h and
cooled. The precipitate was filtered and washed on the filter wit

dry dioxane; the combined filtrates were evaporatedacuoto

5.79; N, 8.29; P, 6.39. H,gNs;0P requiresC, 60.36; H, 5.67;
N, 8.45; P, 6.23%]ynax (KBr) 3331, 1773, 1720, 1650, 1599,
1222, 1250, 964 cih &, (CDClk) 7.84 (H, m, aromatic), 7.71
(2H, m, aromatic), 7.34-7.22 X m, C¢Hs), 6.28 (H, t, J 6.5
Hz, NH), 4.44 (2H, d)) 6.5Hz, CHNH), 4.04 (41, m, 20CH,),
3.75 (H,t,J7.0 Hz, CH), 2.69 (H, t,J 7.7 Hz, CH), 2.10 (4,
m, CH,), 1.30 (6H, t,J 7.0 Hz, DCH,CH,); d: (CDCL) 168.2
(C=0), 163.5 (d,J 39.4 Hz,0-C=C-P), 153.8 (d,J 22.4 Hz,0O-
C=N), 138.3, 134.0, 128.6, 127.5, 127.4, 127.3, 123.2, 95.5 (d,
254.8 Hz, CP), 62.1QCH,CH,), 47.4, 37.2, 25.8, 25.4, 16.2
(OCH,CH3); & (CDCk) 14.5; LCMS: foundm/z 498.2 MH.
CosH2eN3O6P requires 497.5.

4.7.4. Diethyl [5-(benzylamino)-2-[4-(1,3-dioxo-2,3-dihydro-
%H-isoindol-2-yl)butyl]-l,S-oxazoI-4-yI]phosphonaﬁdi.

Yield 4.706 g, 46% (by method A), 5.013 g, 49% (by method

dryness. Compoundif-n were thus obtained in the analytically B) as a yellow crystals; mp 99-1@0)°[Found:C, 60.96; H, 6.02;

pure state without further purification. To purify compoubéds

N, 8.02; P, 6.21. £H3N3OsP requiresC, 61.05; H, 5.91; N,

e, the residue after evaporation was recrystallized from th8.21; P, 6.06%]v.x (KBr) 3303, 1770, 1720, 1707, 1636, 1238,
minimum amount of 2-propanol. If necessary, the reactiori016, 968 cil; 3, (CDCL) 7.85 (H, m, aromatic), 7.73 {2, m,
products can be purified by extraction with boiling petroleumaromatic), 7.34-7.23 {, m, C¢Hs), 6.29 (H, t, J 6.5 Hz, NH),
ether (bp 80-110°C), followed by evaporation of the combined.44 (2H, dJ 6.5 Hz, CHNH), 4.05 (41, m, 20CH,), 3.70 (&,

extractsin vacuo

Method B. The above procedure was performed starting fro

compound$a-e andusing less EN (13.9 mL, 100 mmol).

m, CHy), 2.68 (21, m, CHy), 1.73 (41, m, 2CH), 1.31 (6H, tJ
7.0 Hz, DCH,CHy); 5 (CDCl) 168.2 (=0), 163.6 (d,J 38.9

Mz, 0-c=C-P), 154.5 (d,J 21.4 Hz, O-C=N), 138.4, 133.9,

132.1, 128.6, 127.3, 123.2, 95.4 (@,255.8 Hz, CP), 62.2

Compounds6a-n produced by methods A and B provided (OCH,CHs), 47.4, 37.4, 27.9, 27.2, 24.1, 16QAC(H,CH;); &

identical characterization data.

4.7.1. Diethyl
1H-isoindol-2-yl)methyl]-1,3-oxazol-4-yl|phosphonaéay;

[5-(benzylamino)-2-[(1,3-dioxo-2,3-dihydro-

(CDCl) 14.5; LCMS: foundm/z 512.4 MH. C,gH3NsOP
requires 511.5.

4.7.5. Diethyl [5-(benzylamino)-2-[5-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yl)pentyl]-1,3-oxazol-4-yl[phosphonage),
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Yield 4.414 g, 42% (by method A), 4.625 g, 44% (by6.51. G/H3,N;OsP requiresC, 58.89; H, 6.59; N, 8.58; P,

method B) as a yellow crystals; mp 96-97{Found:C, 61.60;
H, 6.23; N, 7.84; P, 6.03. ,@13,N3OsP requiresC, 61.71; H,
6.14; N, 8.00; P, 5.89%max (KBr) 3293, 1773, 1715, 1644,
1594, 1228, 1024, 961 ¢md, (CDCL) 7.83 (3, m, aromatic),
7.71 (H, m, aromatic), 7.35-7.23 ¥ m, CgHs), 6.29 (H, t, J
6.5 Hz, NH), 4.44 (2H, dJ 6.5 Hz, CHNH), 4.12-3.97 (#, m,
20CH,), 3.66 (2, t,J 7.3 Hz, CH), 2.62 (21, t,J 7.5 Hz, CH),
1.71 (41, m, 2CH), 1.36 (H, m, CH), 1.30 (6H, t.J 7.0 Hz,
20CH,CH); 8: (CDCk) 168.4 (=0), 163.6 (d,J 38.9 Hz,O-
C=C-P), 154.9 (d,J 21.9 Hz, O-C=N), 138.4, 133.9, 132.1,
128.6, 127.5, 127.3, 123.2, 95.3 @,255.8 Hz, CP), 62.2
(OCH,CHsy), 47.5, 37.5, 28.2, 27.7, 26.4, 26.2, 180 H,CH,);
& (CDCl) 14.7; LCMS: foundm/z 526.2 MH. CyH;N;OP
requires 525.5.

4.7.6. Diethyl [2-[(1,3-diox0-2,3-dihydro-1H-isoindol-2-
yl)methyl]-5-(piperidin-1-yl)-1,3-oxazol-4-yl|phosphona#)(

6.33%]; Vimax (CH,Cl,) 1771, 1708, 1617, 1572, 1257, 1020, 958
cm’; 8 (CDCL) 7.83 (2, m, aromatic), 7.71 {2, m, aromatic),
4.10 (#H, m, DCH,), 3.70 (2H, m, Ch), 3.45 (4H, m, 2CH),
2.65 (2H, m, Ch), 1.74 (4H, m, 2Ch), 1.62 (6H, m, 3CH,
1.32 (6H, t,J 7.0 Hz, DCH,CH,); d: (CDCL) 168.3 (=0),
161.9 (d,J 36.9 Hz,0-C=C-P), 153.9 (d,J 21.9 Hz,0-C=N),
133.9, 132.1, 123.2, 99.8 (@256.8 Hz, CP), 62.10CH,CH,),
49.5, 37.5, 28.0, 27.3, 25.4, 24.3, 24.0, 18X€H,CH,); &
(CDCly) 14.5; LCMS: foundm/z 490.4 MH. C,H3N;OP
requires 489.5.

4.7.10. Diethyl [2-[5-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-
yl)pentyl]-5-(piperidin-1-yl)-1,3-oxazol-4-yl|phosphona})(

Yield 8.560 g, 85% (by method A), 9.064 g, 90% (by method
B) as a brown viscous oil; [Foun@; 59.54; H, 6.92; N, 8.17; P,
6.31. GsH3N;OsP requiresC, 59.63; H, 6.81; N, 8.35; P,
6.15%].vmax (CH2Cly) 1772, 1709, 1617, 1571, 1256, 1021, 953

Yield 8.769 g, 98% (by method A), 8.859 g, 99% (by methoctm™; 3, (CDCl) 7.82 (2, m, aromatic), 7.70 {2, m, aromatic),

B) as a yellowish crystals mp 57-€0°[Found: C, 56.28; H,
5.97; N, 9.22; P, 7.10. 8H,6N306P requiresC, 56.37; H, 5.86;
N, 9.39; P, 6.92%max (CH,Cl,) 1777, 1724, 1620, 1284, 1025,
961 cm’; 3y, (CDCL) 7.89 (H, m, aromatic), 7.76 {2 m,
aromatic), 4.84 (2H, s, G 4.08 (41, m, 20CH,), 3.46 (4H, m,
2CH,), 1.61 (6H, m, 3Ch, 1.29 (6H, m, @CH,CHs); 6c
(CDCl) 167.2 C=0), 162.2 (dJ 36.9 Hz,0-C=C-P), 147.4 (dJ
21.9 Hz,0-C=N), 134.2, 132.0, 123.6, 100.1 (255.8 Hz, CP),
62.3 OCH,CH3), 49.4, 34.5, 25.3, 23.9, 16.DCH,CHs); &
(CDCl) 13.7; LCMS: foundm/z 448.2 MH. C,H,gN;OP
requires 447.4.

4.7.7. Diethyl [2-[2-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-
yl)ethyl]-5-(piperidin-1-yl)-1,3-oxazol-4-yl[phosphonatggyj.

4.10 (41, m, 20CH,), 3.66 (2H, tJ 7.3 Hz, CH), 3.45 (4H, m,
2CH,), 2.59 (2H, t,J 7.5 Hz, CH), 1.77-1.55 (10H, m, 5Ci
1.40 (2H, m, CH), 1.31 (6H, m, @CH,CH,); 5: (CDCl) 168.4
(C=0), 161.8 (d,J 36.9 Hz,0-C=C-P), 154.3 (d,J 21.9 Hz,0-
C=N), 133.9, 132.1, 123.2, 99.7 (d, 257.3 Hz, CP), 62.1
(OCH,CH,3), 49.6, 37.8, 28.2, 27.7, 26.5, 26.3, 25.4, 24.0,16.3
(OCH,CH3); & (CDCL) 14.5; LCMS: foundm/z 504.2 MH.
CysH34N306P requires 503.5.

4.7.11. Diethyl [2-[(1,3-dioxo-2,3-dihydro-1H-isoindol-2-
yl)methyl]-5-(morpholin-4-yl)-1,3-oxazol-4-yl|phosphona)(
Yield 8.808 g, 98% (by method A), 8.898 g, 99% (by method

B) as a yellow viscous oil; [Foun@;, 53.37; H, 5.48; N, 9.18; P,
6.98. GoH24N:0,P requiresC, 53.45; H, 5.38; N, 9.35; P,

Yield 9.044 g, 98% (by method A), 9.137 g, 99% (by methods.89%]. Vpay (CH,Cl,) 1777, 1724, 1618, 1280, 1026, 969cm

B) as a yellowish crystals mp 76-TZ°[Found: C, 57.15; H,
6.23; N, 8.95; P, 6.84.8H,gN305P requiresC, 57.26; H, 6.12;
N, 9.11; P, 6.71%Vmax (CH,Cl,) 1774, 1717, 1620, 1240, 1027,
967 cm’; 3, (CDCL) 7.81 (H, m, aromatic), 7.70 {2 m,
aromatic), 4.08-3.93 {6 m, 20CH,, CH,), 3.41 (4H, m, 2Ch),
3.00 (2H, t,J 6.6 Hz, CH), 1.58 (6H, m, 3Ch), 1.24 (6H, t,J
7.0 Hz, DCH,CHs,); 6¢c (CDCly) 167.7 =0), 162.3 (d,J 36.9
Hz, O-C=C-P), 150.9 (d,J 22.4 Hz, O-C=N), 134.0, 132.1,
123.3, 100.1 (dJ 255.8 Hz, CP), 62.10CH,CH3), 49.6, 35.4,
27.1, 25.4, 24.0,16.DCH,CH3); &> (CDCl) 14.0; LCMS: found
m/z462.2 MH. C,,H,5N;OgP requires 461.5.

4.7.8. Diethyl [2-[3-(1,3-diox0-2,3-dihydro-1H-isoindol-2-
yl)propyl]-5-(piperidin-1-yl)-1,3-oxazol-4-yl|phosphonatghj.

oy (CDCL) 7.85 (H, m, aromatic), 7.73 {2, m, aromatic), 4.81
(2H, s, 2CH), 4.05 (41, m, 2CH,), 3.72 (4H, m, 2C}), 3.49
(4H, m, 2CH), 1.25 (6H, t,J 7.0 Hz, DCH,CHj;); dc (CDCl)
167.2 C=0), 161.6 (d,J 36.9 Hz,0-C=C-P), 148.2 (d,J 21.9
Hz, O-C=N), 134.3, 131.9, 123.6, 101.6 (@,252.3 Hz, CP),
66.2, 62.5 QCH,CH,), 48.3, 34.5, 16.2qCH,CH3); &> (CDCl)
12.5; LCMS: foundn/z450.2 MH. C,oH,.N;O-P requires 449.4.

4.7.12. Diethyl [2-[2-(1,3-diox0-2,3-dihydro-1H-isoindol-2-
yl)ethyl]-5-(morpholin-4-yl)-1,3-oxazol-4-yl|phosphonagt)(

Yield 9.083 g, 98% (by method A), 9.176 g, 99% (by method
B) as a yellow viscous oil; [Found;, 54.35; H, 5.76; N, 8.92; P,
6.74. GiH2¢N:O,P requiresC, 54.43; H, 5.65; N, 9.07; P,
6.68%]; Vmax (CH,Cl,) 1774, 1717, 1618, 1284, 1026, 969 cm

Yield 8.654 g, 91% (by method A), 9.034 g, 95% (by method, (CDCL) 7.79 (H, m, aromatic), 7.69 {2, m, aromatic), 4.09-

B) as a brown viscous oil; [Foun@; 58.02; H, 6.47; N, 8.69; P,
6.67. GsH3oN:OsP requiresC, 58.10; H, 6.36; N, 8.84; P,

3.90 (61, m, 2CH,, CHy), 3.71 (4H, m, 2Cb), 3.46 (4H, m,
2CH,), 3.00 (2H, t,J 6.6 Hz, CH), 1.22 (6H, t,J 7.0 Hz,

6.519]; Vimax (CH,Cl,) 1772, 1709, 1618, 1572, 1257, 1019, 95620CH,CHy); &c (CDCk) 167.7 (=0), 161.8 (d,J 36.9 Hz,0-

cm?; &y (CDCL) 7.80 (H, m, aromatic), 7.69 {2, m, aromatic),
4.08 (41, m, 20CH,), 3.73 (2H, tJ 7.0 Hz, CH), 3.43 (4H, m,
2CH,), 2.65 (2H, tJ 7.5 Hz, CH), 2.07 (2H, m, Ck), 1.60 (6H,
m, 3CH), 1.29 (6H, t,J 7.0 Hz, DCH,CH,); d: (CDCL) 168.2
(C=0), 161.9 (d,J 36.9 Hz,0-C=C-P), 153.1 (d,J 21.9 Hz,0-
C=N), 134.0, 132.0, 123.2, 99.7 (d, 255.8 Hz, CP), 62.1
(OCH,CH,), 49.5, 37.3, 25.8, 25.4, 25.3, 24.0, 1808 H,CH,);
O (CDCl) 14.3; LCMS: foundm/z 476.2 MH. CyHsgN;OP
requires 475.5.

4.7.9. Diethyl [2-[4-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-
yl)butyl]-5-(piperidin-1-yl)-1,3-oxazol-4-yl|phosphonat@ )

C=C-P), 151.7 (dJ 21.9 Hz,0-C=N), 134.1, 132.0, 123.3, 101.7
(d,J 253.3 Hz, CP), 66.3, 62.®CH,CH3), 48.5, 35.3, 27.0, 16.2
(OCH,CH,); & (CDCL) 12.8; LCMS: foundm/z 464.2 MH.
C,1H26N30;P requires 463.4.

4.7.13. Methyl 1-[4-(diethoxyphosphoryl)-2-[(1,3-dioxo-2,3-
dihydro-1H-isoindol-2-yl)methyl]-1,3-oxazol-5-yl]piperidine-4-
carboxylate §m).

Yield 9.806 g, 97% (by method A), 10.008 g, 99% (by method
B) as a yellow viscous oil; [Foun@;, 54.57; H, 5.67; N, 8.13; P,
6.23. G3HusN;OgP requiresC, 54.65; H, 5.58; N, 8.31; P,
6.13%]; Vmax (KBF) 1774, 1731, 1620, 1257, 1019, 970¢cr,

Yield 9.105 g, 93% (by method A), 9.301 g, 95% (by method CDCl;) 7.88 (H, m, aromatic), 7.75 {2, m, aromatic), 4.83

B) as a brown viscous oil; [Foun@; 58.78; H, 6.70; N, 8.39; P,

(2H, m, CH,), 4.08 (41, m, 20CH,), 3.94 (21, m, CH,), 3.67



(3H, s,0CH,), 3.11 (2H, m, Ck), 2.47 (H, m, CH), 1.94 (21,
m, CH,), 1.78 (2, m, CH,), 1.28 (61, m, 20CH,CHs); 0c
(CDCl,) 174.6 (=0), 167.2 C=0), 161.7 (dJ 36.9 Hz,0-C=C-
P), 147.9 (d,J 21.9 Hz,0-C=N), 134.3, 132.0, 123.6, 101.2 (1,
258.8 Hz, CP), 62.40CH,CH,), 51.8, 47.9, 40.4, 34.5, 27.5,
16.2 OCH,CH,); & (CDCk) 13.0; LCMS: foundm/z 506.2
MH?. C,3H2sN;O5P requires 505.5.

4.7.14. Methyl 1-[4-(diethoxyphosphoryl)-2-[2-(1,3-dioxo-2,3-
dihydro-1H-isoindol-2-yl)ethyl]-1,3-oxazol-5-yl]piperidine-4-
carboxylate ¢n).

9
39.4, 32.1, 16.2(CH,CH,); & (CDCl) 14.5; LCMS: found
m/z354.2 MH. C,¢H,4N;O,P requires 353.4.

4.8.3. Diethyl [2-(3-aminopropyl)-5-(benzylamino)-1,3-
oxazol-4-yllphosphonat€€).

Yield 2.461 g, 67% as a yellow viscous oil; [Foufg:55.49;
H, 7.24; N, 11.29; P, 8.51.,1,(N;O,P requiresC, 55.58; H,
7.13; N, 11.44; P, 8.43%V.max (ATR) 2931, 1633, 1589, 1216,
1019, 961 cnt; 3, (CDCly) 7.35-7.23 (B, m,CgHs), 6.31 (H, t,

J 6.3 Hz, NH), 4.44 (2H, d) 6.3 Hz, CH), 4.13-3.96 (#, m,
20CH,), 2.68 (41, m, H,), 1.80 (2H, m, Ck), 1.56 (H, br,

Yield 10.182 g, 98% (by method A), 10.286 g, 99% (byNH,), 1.30 (61, t, J 7.0 Hz, DCH,CH;); 5 (CDCL) 163.5 (d,J

method B) as a yellow viscous oil; [Fourt@: 55.40; H, 5.94; N,
7.91; P, 6.08. &H3N3OgP requireC, 55.49; H, 5.82; N, 8.09; P,
5.96%]; Vmax (CHCl,) 1774, 1717, 1620, 1234, 1028, 968 tm
Oy (CDCL) 7.82 (H, m, aromatic), 7.72 {&, m, aromatic), 4.03-
3.92 (&1, m, 20CH,, CH,), 3.91 (2, m, CH,), 3.70 (31, s,
OCHsy), 3.08 (2H, m, CH), 3.03 (2H, tJ 6.7 Hz, CH), 2.48 (H,
m, CH), 1.94 (2, m, CH,), 1.78 (H, m, CH,), 1.26 (61, m,
20CH,CH,); &: (CDCl) 174.7 C=0), 167.7 C=0), 161.9 (dJ
36.9Hz,0-C=C-P), 151.4 (d,J 21.9 Hz,0-C=N), 134.0, 132.0,
123.3, 101.3 (dJ 254.8 Hz, CP), 62.20CH,CH3), 51.8, 48.1,
40.5, 35.4, 27.6, 27.1, 16.0CH,CHs); & (CDCl) 13.3; LCMS:
foundm/z520.2 MH. C,4H3oN;OsP requires 519.5.

4.8. General procedure for the preparation of 7a-n.
Removal of the phthalimido protecting group by
hydrazinolysis.

A mixture of one of compoundga-n (10 mmol), hydrazine
hydrate (2.5 mL, 50 mmol), THF (60 mL), and water (20 mL)
was stirred at 20-25°C for 48 h with TLC monitoring. After
addition of EtOAc (100 mL) to the reaction mixture, it was
washed with saturated aqueougCK; (5x10 ml) and dried over
K,CO;; the resulting precipitate was filtered and washed on th

39.4 Hz,0-C=C-P), 154.8 (d,J 21.9 Hz,0-C=N), 138.3, 128.6,
127.4, 127.2, 95.4 (d} 256.3 Hz, CP), 62.10CH,CH3), 47.5,
41.3, 30.7, 25.3,16.DCH,CH); 8- (CDCk) 14.5; LCMS: found
m/z368.2 MH. C,-H,sN;O,P requires 367.4.

4.8.4. Diethyl [2-(4-aminobutyl)-5-(benzylamino)-1,3-oxazol-
4-ylphosphonateqd).

Yield 2.517 g, 66% as a yellow viscous oil; [Foufgd:56.59;
H, 7.51; N, 10.89; P, 8.26.,£1,sN:O,P requiresC, 56.68; H,
7.40; N, 11.02; P, 8.12%Ym.x (ATR) 2931, 1630, 1589, 1220,
1020, 959 cnt; 8y (CDCL) 7.35-7.23 (B, m, CeHs), 6.33 (H, t,

J 6.3 Hz, NH), 4.45 (2H, d) 6.3 Hz, CH), 4.13-3.97 (#, m,
20CHy,), 2.67 (2, m, CHy), 2.63 (2H, m, CH, 1.70 (2H, m,
CH,), 1.56 (H, br, NH,), 1.45 (2H, m, CH), 1.30 (61, t,J 7.0
Hz, 20CH,CHz;); & (CDCL) 163.5 (d,J 39.4 Hz,O-C=C-P),
154.8 (dJ 21.9 Hz,0-C=N), 138.3, 128.6, 127.4, 127.2, 95.4 (d,
J 256.3 Hz, CP), 62.10CH,CHa), 47.4, 41.7, 33.0, 27.7, 24.2,
16.2 (OCH,CH3); & (CDCl) 14.7; LCMS: foundm/z 382.2
MH". C,gH,sN;O,P requires 381.4.

4.8.5. Diethyl [2-(5-aminopentyl)-5-(benzylamino)-1,3-oxazol-
é-yl]phosphonate?(e).

filter with EtOAc. The combined filtrates were evaporated to Yield 2.610 g, 66% as a yellow viscous oil; [Foud:57.63;
drynessin vacuoat a temperature above 35°C and the residuei, 7.76; N, 10.47; P, 7.99.,6;N;O,P requiresC, 57.71; H,
was dissolved in absolute @El, (50 mL). The solution was 7.65; N, 10.63; P, 7.83%}max (ATR) 2930, 1632, 1589, 1223,

filtered through activated carbon and evaporatedsacuo to
dryness to give the analytically pure product.

4.8.1. Diethyl [2-(aminomethyl)-5-(benzylamino)-1,3-oxazo
4-yllphosphonate7a).

Yield 2.749 g, 81% as a yellow viscous oil; [Foufg:52.99;
H, 6.60; N, 12.20; P, 9.22.,£,,N;O,P requiresC, 53.09; H,
6.53; N, 12.38; P, 9.13%ma (KBr) 2982, 1647, 1591, 1209,
1025, 964 cit; 8y (CDCL) 7.37-7.24 (B, m, C¢Hs), 6.35 (H, t,

J 6.5 Hz, NH), 4.47 (2H, d) 6.5 Hz, CH), 4.15-3.99 (#, m,
20CHy), 3.80 (2, s,CHy), 1.65 (2, br, NH,), 1.32 (61,1,J 7.0
Hz, 20CH,CHj3); & (CDCL) 163.7 (d,J 39.4 Hz,O-C=C-P),
155.3 (d,J 20.9 Hz,0-C=N), 138.2, 128.7, 127.6, 127.3, 95.5 (d,
J 256.8 Hz, CP), 62.20CH,CH,), 47.4, 39.3, 16.20CH,CHy);

Op (CDCl) 14.5; LCMS: foundm/z 338.2 M-H. C;sH2N3O0,P
requires 339.3.

4.8.2. Diethyl [2-(2-aminoethyl)-5-(benzylamino)-1,3-oxazol-
4-yllphosphonate ).

Yield 2.473 g, 70% as a yellow viscous oil; [Foufg:54.29;
H, 6.93; N, 11.78; P, 8.87.,£1,.N;O,P requiresC, 54.38; H,
6.85; N, 11.89; P, 8.77%¥m. (ATR) 2926, 1632, 1218, 1019,
959 cm'; 3y (CDCly) 7.35-7.20 (B, m, C¢Hs), 6.33 (H, t,J 6.5
Hz, NH), 4.43 (2H, dJ 6.5 Hz, CH), 4.04 (41, m, 2CH,), 3.00
(2H, t,J 6.5 Hz, CH), 2.73 (2H, tJ 6.5 Hz, CH), 1.66 (21, br,
NH,), 1.28 (61, t, J 7.0 Hz, DCH,CHs); 6c (CDCk) 163.6 (d,J
39.4 Hz,0-C=C-P), 153.5 (d,J 21.9 Hz,0-C=N), 138.3, 128.6,
127.5, 127.2, 95.7 (d] 256.8 Hz, CP), 62.10CH,CH,), 47.5,

1021, 960 crl; 8, (CDClL) 7.30-7.18 (B, m, C¢Hs), 6.26 (H,

br, NH), 4.40 (2H, m, C}J, 4.09-3.91 (#, m, 20CH,), 3.33
(2H, br, NH,), 2.64 (2H, m, CH), 2.57 (2H, m, Ck), 1.64 (&,

m, 2CH,), 1.45 (2H, m, CH), 1.26 (81, m, 20CH,CHj3, CH,); o¢c
(CDCl,) 163.5 (d,J 39.4 Hz,0-C=C-P), 155.1 (dJ 22.4 Hz,0-
C=N), 138.4, 128.6, 127.5, 127.3, 95.4 J&56.3 Hz, CP), 62.1
(OCH,CH3), 47.5, 42.40, 33.3, 27.8, 26.7, 26.3, 16.2
(OCH,CH,); & (CDCL) 14.8; LCMS: foundm/z 396.2 MH.
C1gH30N3O,4P requires 395.4.

4.8.6. Diethyl [2-(aminomethyl)-5-(piperidin-1-yl)-1,3-oxazol-
4-ylphosphonate).

Yield 3.141 g, 99% as a yellow viscous oil; [Foufg:49.12;
H, 7.71; N, 13.05; P, 9.87..£1,,N;O,P requiresC, 49.21; H,
7.62; N, 13.24; P, 9.76%Vima (ATR) 2926, 1615, 1572, 1222,
1017, 951 cnf; 84 (CDCk) 4.10 (41, m, 20CH,), 3.76 (H, s,
CH,), 3.46 (4, m, ZH,), 2.07 (2H, br, NH), 1.62 (6H, m,
3CH,), 1.31 (61, m, 2CH,CH,); &: (CDCl) 161.8 (d,J 36.9
Hz, O-C=C-P), 154.7 (d,J 20.9 Hz,0-C=N), 100.0 (d,J 256.8
Hz, CP), 62.1 QCH,CHj), 49.5, 39.2, 25.4, 23.9, 16.3
(OCH,CH,); & (CDCL) 13.6; LCMS: foundm/z 318.2 MH.
C13H24N30,4P requires 317.3.

4.8.7. Diethyl [2-(2-aminoethyl)-5-(piperidin-1-yl)-1,3-oxazol-
4-yl[phosphonate?g).
Yield 3.280 g, 99% as a yellow viscous oil; [Foufg:50.64;

H, 8.00; N, 12.56; P, 9.43.,1,6N;O,P requiresC, 50.75; H,
7.91; N, 12.68; P, 9.35%¥imax (ATR) 2926, 1618, 1572, 1256,
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1019, 954 cil; &, (CDCL) 4.09 (4, m, 2DCH,), 3.43 (4,
m, 2CH,), 3.01 (2H, m, CH), 2.71 (2H, m, Ch), 1.60 (8H, m,

3CH,, NH,), 1.30 (61, m, 20CH,CH;); & (CDCk) 161.8 (d,J
36.0 Hz,0-C=C-P), 152.8 (d,J 21.9 Hz,0-C=N), 100.0 (d,J
256.8 Hz, CP), 62.10CH,CH,), 49.5, 39.5, 32.0, 25.4, 23.9,
16.2 (OCH,CHs); 8 (CDCL) 13.6; LCMS: foundm/z 332.2
MH". C,sH26N;O,P requires 331.4.

4.8.8. Diethyl [2-(3-aminopropyl)-5-(piperidin-1-yl)-1,3-
oxazol-4-yllphosphonatelf).

Yield 3.212 g, 93% as a yellow viscous oil; [Foufg:52.02;
H, 8.25; N, 12.01; P, 9.11.,£1,sN;O,P requiresC, 52.16; H,
8.17; N, 12.17; P, 8.97%¥ma (ATR) 2977, 1620, 1572, 1256,
1019, 956 cni; 3y (CDCL) 4.08 (4, m, DCH,), 3.43 (4, m,
2CH,), 2.71 (2H, m, Ck), 2.63 (2H, m, ChH, 1.79 (2H, m,
CH,), 1.60 (8H, m, 3CH NH,), 1.30 (61, m, 20CH,CH3); oc
(CDCl,) 161.8 (d,J 36.9 Hz,0-C=C-P), 154.1 (d,J 21.9 Hz,O-
C=N), 99.8 (d,J 256.8 Hz, CP), 62.10CH,CHs), 49.5, 41.4,
30.8, 25.4, 25.2, 24.0, 16.80CH,CH3); & (CDCl) 14.5; LCMS:
foundm/z346.2 MH. C;sH,gN;O,4P requires 345.4.

4.8.9. Diethyl [2-(4-aminobutyl)-5-(piperidin-1-yl)-1,3-
oxazol-4-ylphosphonat€i).

Yield 3.306 g, 92% as a yellow viscous oil; [Foufg:53.39;
H, 8.50; N, 11.52; P, 8.76.,£13,N;O,P requiresC, 53.47; H,
8.41; N, 11.69; P, 8.62%Vm.x (ATR) 2934, 1619, 1573, 1258,
1018, 963 cni; 3y (CDCL) 4.11 (4, m, 2DCH,), 3.46 (4, m,
2CH,), 2.71 (2H, m, Ck), 2.62 (2H, m, ChH, 1.73 (2H, m,
CH,), 1.64 (8H, m, 3CH NH,), 1.50 (H, m,CH,), 1.33 (61, m,
20CH,CHa,); &c (CDCl) 161.8 (d,J 36.9 Hz,0-C=C-P), 154.4
(d, J 21.9 Hz, O-C=N), 99.8 (d,J 256.8 Hz, CP), 62.1

Tetrahedron

Yield 3.167 g, 95% as a yellow viscous oil; [Foufd:46.73;
H, 7.35; N, 12.43; P, 9.41.,61,,N;OsP requiresC, 46.84; H,
7.26; N, 12.61; P, 9.29%max (ATR) 2972, 1615, 1570, 1233,
1017, 948 cni; 8, (CDCL) 4.11 (41, m, 20CH,), 3.76 (4, m,
2CH,), 3.51 (4, m, TH,), 3.29 (&, br, NH,), 3.08 (2H, m,
CH,), 2.79 (2H, m, CH), 1.32 (61, m, 22CH,CHa); &: (CDCls)
161.3 (d,J 36.9 Hz,0-C=C-P), 153.4 (d,J 21.9 Hz,0-C=N),
101.0 (d,J 255.8 Hz, CP), 66.3, 62.2CH,CH,), 48.5, 39.1,
31.3, 16.3 OCH,CH,); 3» (CDCl) 13.3; LCMS: foundn/z334.0
MH". C;3H,4N3OsP requires 333.3.

4.8.13. Methyl 1-[2-(aminomethyl)-4-(diethoxyphosphoryl)-
1,3-oxazol-5-yl]piperidine-4-carboxylat&rf).

Yield 2.590 g, 69% as a yellow viscous oil; [Foufg:47.93;
H, 7.10; N, 11.03; P, 8.38.,£1,6N:OsP requiresC, 48.00; H,
6.98; N, 11.19; P, 8.25%V;..x (ATR) 2953, 1731, 1635, 1255,
1018, 958 cri; 8y (CDCL) 4.14 (41, m, 20CH,), 4.01 (H, m,
CH,), 3.96 (H, br, NH,), 3.81 (&, s,CH,), 3.70 (31, s,0CH,),
3.14 (2H, m, CK), 2.52 (H, m, CH), 1.99 (2, m, CH,), 1.82
(24, m, CHy), 1.35 (81, m, 20CH,CH,); 5. (CDCL) 174.6
(C=0), 161.4 (d,J 36.9 Hz,0-C=C-P), 155.3 (d,J 20.9 Hz,0-
C=N), 101.0 (d,J 255.8 Hz, CP), 62.20CH,CH,), 51.8, 40.2,
39.3, 27.6, 16.3({CH,CH;); & (CDClL) 13.7; LCMS: foundn/z
376.2 MH". CisH,6N;OsP requires 375.4.

4.8.14. Methyl 1-[2-(2-aminoethyl)-4-(diethoxyphosphoryl)-
1,3-oxazol-5-yl]piperidine-4-carboxylat&r).

Yield 2.609 g, 67% as a yellow viscous oil; [Foufg:49.26;
H, 7.36; N, 10.62; P, 8.12.,£1,sN:O¢P requiresC, 49.35; H,
7.25; N, 10.79; P, 7.95%V.x (ATR) 2949, 1732, 1619, 1568,
1290, 1018, 958 cih 3, (CDCh) 4.11 (41, m, 20CH,), 3.95

(OCH,CH,), 49.6, 41.7, 33.1, 27.7, 25.4, 24.3, 24.0, 16.32H, m,CH,), 3.68 (31, s,0CH,), 3.11 (21, m, CH,), 3.04 (2H,

(OCH,CH3); & (CDCl) 14.6; LCMS: foundm/z 360.2 MH.
C16H30N30O,4P requires 359.4.

4.8.10. Diethyl [2-(5-aminopentyl)-5-(piperidin-1-yl)-1,3-
oxazol-4-ylphosphonat€j).

Yield 3.585 g, 96% as a yellow viscous oil; [Foufg:54.60;
H, 8.72; N, 11.08; P, 8.38.,1:,N;0,P requiresC, 54.68; H,
8.64; N, 11.25; P, 8.29%}.x (ATR) 2933, 1619, 1571, 1256,
1019, 955 cm; &y (CDCl) 4.32 (H, br, NH,), 4.08 (41, m,
20CH,), 3.42 (4, m, H,), 2.71 (2H, m, Ch), 2.55 (2H, m,
CH,), 1.61 (8H, m, 4CH, 1.49 (H, m, CH,), 1.30 (&1, m,
20CH,CH;, CH,); 8 (CDCL) 161.7 (d,J 36.9 Hz,0-C=C-P),
154.5 (d,J 21.9 Hz,0-C=N), 99.7 (d,J 256.8 Hz, CP), 62.1

t,J 7.5 Hz, CH), 2.74 (2H, tJ 7.5 Hz, CH), 2.49 (H, m, CH),
1.97 (H, m,CH,), 1.80 (H, m, CH,), 1.53 (H, br, NH,), 1.32
(6H, m, 20CH,CHy); &c (CDCk) 174.7 C=0), 161.5 (d,J 36.9
Hz, O-C=C-P), 153.3 (d,J 21.9 Hz,0-C=N), 101.1 (d,J=256.3
Hz, CP), 62.2(0CH,CH3), 51.8, 48.1, 40.5, 39.4, 32.0, 27.6, 16.3
(OCH,CHs3); 8 (CDCl) 13.8; LCMS: foundm/z 390.2 MH.
C16H2aN306P requires 389.4.

4.9. General procedurefor the preparation of 8a-e.

To a mixture of one of compound§-j (1.0 mmol), pyridine
(1 mL), and dry CHECl, (20 mL), a solution of 4ert-
butylbenzoylchloride (216 mg, 1.1 mmol) in dry &H, (2 mL)
was added dropwise at 0°C. After stirring at 20-25°C for 1 h and

(OCH,CH,), 49.5, 41.4, 32.1, 27.7, 26.6, 26.4, 25.4, 24.0, 16.&ddition of E{N (1 mL), the reaction mixture was left overnight

(OCH,CH3); 8 (CDCl) 14.7, LCMS: foundm/z 374.2 MH.
C17H3,N30,4P requires 373.4.

4.8.11. Diethyl [2-(aminomethyl)-5-(morpholin-4-yl)-1,3-
oxazol-4-yllphosphonaté&k).

Yield 3.033 g, 95% as a yellow viscous oil; [Foufg:45.03;
H, 7.02; N, 13.00; P, 9.85.,€1,,N;O:P requiresC, 45.14; H,
6.94; N, 13.16; P, 9.70%¥imax (ATR) 2975, 1610, 1571, 1263,
1016, 955 cnf; 84 (CDCL) 4.12 (41, m, 22CH,), 3.79 (H, s,
CH,), 3.77 (2H, m, CK), 3.54 (2H, m, CH, 1.71 (H, br s,
NH,), 1.33 (61, m, 22CH,CH,); 6: (CDCkL) 161.4 (dJ 36.9 Hz,
0O-C=C-P), 155.5 (d,J 20.9 Hz,0-C=N), 101.5 (d,J 255.8 Hz,
CP), 66.3, 62.3CH,CH,3), 48.5, 39.2, 16.3(CH,CHs); &
(CDCl) 13.2; LCMS: foundm/z 320.0 MH. C;,H,,N;OsP
requires 319.3.

4.8.12. Diethyl [2-(2-aminoethyl)-5-(morpholin-4-yl)-1,3-
oxazol-4-yl]phosphonat€).

and then washed successively with water, saturated aqueous
NaHCGQ;,, 5% aqueous citric acid, and brine. Further drying over
anhydrous N850, followed by evaporation of the solveit
vacuoprovided the analytically pure product.

4.9.1. Diethyl (2-[[(4-tert-butylphenyl)formamido]methyl]-5-
(piperidin-1-yl)-1,3-oxazol-4-yl)phosphona@sj.

Yield 420 mg, 88% as a yellow viscous oil; [Foufg:60.23;
H, 7.69; N, 8.61; P, 6.61. ,8H3N3OsP requiresC, 60.36; H,
7.60; N, 8.80; P, 6.49%Nmax (ATR) 3288, 1615, 1574, 1265,
1020, 961 cnt; 3, (CDCL) 7.71 (2H, dJ 8.3 Hz, aromatic), 7.41
(2H, d,J 8.3 Hz, aromatic), 6.78 H, br, NH), 4.60 (#, d,J 5.2
Hz, NHCH,), 4.10 (4, m, 20CH,), 3.46 (4, m, LH,), 1.60
(6H, m, CH,), 1.30 (131, m, 20CH,CHs, C(CH,)s); 8¢ (CDCL)
167.2 (=0), 161.6 (d,J 36.9 Hz,0-C=C-P), 155.3, 150.4 (d)
21.9 Hz,0-C=N), 130.9, 127.0, 125.5, 100.0 (256.8 Hz, CP),
62.2 OCH,CH3), 49.4, 36.8, 34.9((CHs)3), 31.1 C(CHs)s),
25.3, 23.9, 16.2(GCH,CH;); & (CDCL) 14.1; LCMS: foundn/z
478.4 MH. C,sH3N;OsP requires 477.5.



4.9.2. Diethyl (2-[2-[(4-tert-butylphenyl)formamido]ethyl]-5-
(piperidin-1-yl)-1,3-oxazol-4-yl)phosphonai@by.

Yield 452 mg, 92% as a yellow viscous oil; [Foufg:61.00;
H, 7.88; N, 8.37; P, 6.48.,H3sN;OsP: C, 61.08; H, 7.79; N,
8.55; P, 6.30%]vmax (ATR) 3309, 1616, 1573, 1259, 1021, 963
cm’; 3y (CDCL) 7.70 (A, d, J 8.3 Hz, aromatic), 7.36 B m,
NH, aromatic), 4.05 @&, m, 20CH,), 3.77 (4, m, CH,), 3.41
(4H, m, ZH,), 2.88 (21, m, CH,), 1.56 (61, m, H,), 1.27
(15H, m, 20CH,CHa;, C(CHa)3); 6¢c (CDCL) 167.2 C=0), 161.8
(d, J 36.5 Hz,0-C=C-P), 154.8, 152.6 (dJ 21.7 Hz,0-C=N),
131.6, 126.8, 125.3, 100.0 (dJ=256.8 Hz, CP), 62.1
(OCH,CH,3), 49.5, 36.5, 34.8((CHs)s), 31.1 C(CHa)s), 27.7,
25.3, 23.9, 16.2qCH,CHj3); & (CDCh) 14.3; LCMS: foundm/z
492.2 MH. C,sH3N;0sP requires 491.6.

4.9.3. Diethyl (2-[3-[(4-tert-butylphenyl)formamido]propyl]-
5-(piperidin-1-yl)-1,3-oxazol-4-yl)phosphonage).

Yield 460 mg, 91% as a yellow viscous oil; [Foufig:61.69;
H, 8.09; N, 8.14; P, 6.31. ,6H,0N:OsP requiresC, 61.77; H,
7.97; N, 8.31; P, 6.13%Nms (ATR) 3309, 1618, 1572, 1259,
1021, 961 cnt; 8, (CDCk) 7.70 (H, d,J 8.3 Hz, aromatic), 7.32
(24, d, J 8.3 Hz, aromatic), 7.25 @, br, NH), 4.02 (8, m,
20CH,), 3.42 (M, m, CHy), 3.34 (4, m, H,), 2.63 (A, m,
CH,), 1.95 (H, m, CH,), 1.50 (81, m, 3CH,), 1.23 (15, m,
20CH,CH3, C(CHz)s); 8¢ (CDCl) 167.4 €=0), 161.7 (d,J 36.5
Hz, O-C=C-P), 154.6, 154.0 (dJ 21.7 Hz, O-C=N), 131.5,
126.9, 125.2, 99.8 (dl 256.8 Hz, CP), 62.00CH,CH;), 49.4
(CH,), 39.3, 34.7 ¢(CHs)s), 31.1 C(CHa);), 26.4, 25.5, 25.3,
23.8, 16.2 OCH,CH,); 3, (CDCL) 14.5; LCMS: foundn/z506.2
MH". CygHaoN3OsP requires 505.6.

4.9.4. Diethyl (2-[4-[(4-tert-butylphenyl)formamido]butyl]-5-
(piperidin-1-yl)-1,3-oxazol-4-yl)phosphonady.

Yield 483 mg, 93% as a yellow viscous oil; [Found62.33,
H 8.26, N 7.91, P 6.12.,¢H,,N;0sP require 62.41, H 8.15, N
8.09, P 5.96%]vmax (ATR) 3316, 1618, 1572, 1260, 1022, 962
cm™: 3y, (CDCk) 7.73 (H, d,J 8.3 Hz, aromatic), 7.36 k2 d, J
8.3 Hz, aromatic), 6.94 , br, NH), 4.05 (#, m, 2CH,), 3.40
(6H, m, IH,), 2.60 (A, m,CH,), 1.73 (H, m,CH,), 1.67-1.52
(8H, m, 4CH,), 1.27 (1%1, m, 2CH,CHs;, C(CHs)3); dc (CDCly)
167.5 (C=0), 161.8 (d,J 37.0 Hz,0-C=C-P), 154.6, 154.2 (dJ
21.7 Hz,0-C=N), 131.8, 126.9, 125.2, 99.8 (#256.8 Hz, CP),
62.0 OCH,CH,), 49.6, 39.3, 34.8((CHz)3), 31.1 (C(CHs)y),
30.3, 29.4, 29.0, 27.4, 25.4, 24.0, 23.9, 18 H,CHs); &
(CDCL) 14.5; LCMS: foundm/z 520.4 MH. C,/H,N;OsP
requires 519.6.

4.9.5. Diethyl (2-[5-[(4-tert-butylphenyl)formamido]pentyl]-5-
(piperidin-1-yl)-1,3-oxazol-4-yl)phosphonai@e).

Yield 507 mg, 95% as a yellow viscous oil; [Foufg:62.95;
H, 8.42; N, 7.69; P, 5.96. ,81,,N3;OsP requiresC, 63.02; H,
8.31; N, 7.87; P, 5.80%pMmax (ATR) 3315, 1619, 1572, 1260,
1023, 960 cnt; 3, (CDCk) 7.70 (H, d,J 8.3 Hz, aromatic), 7.38
(2H, d, J 8.3 Hz, aromatic), 6.60 M, br, NH), 4.07 (®, m,
20CHy), 3.40 (&1, m, H,), 2.57 (2, m, CH,), 1.69 (2, m,
CH,), 1.59 (&1, m, 4CH,), 1.39 (H, m, CH,), 1.28 (1%, m,
20CH,CHjs;, C(CHs)3); 0c (CDCL) 167.4 C=0), 161.8 (dJ 37.0
Hz, O-C=C-P), 154.6, 154.4 (dJ 21.7 Hz, O-C=N), 131.9,
126.8, 125.3, 99.7 (d] 256.8 Hz, CP), 62.10CH,CH3), 49.5,
39.7, 34.8 C(CHs)3), 31.2 C(CHz3)3), 29.3, 27.7, 26.5, 25.4, 23.9,
16.2 OCH,CH3); & (CDClk) 14.6; LCMS: foundm/z 534.4
MH". C,gH44N;OsP requires 533.6.

4.10. General procedure for the preparation of (S)-9,
(R,9)-9, and (9)-11.

11

To a solution of the appropriate protected amino acid [Z-
(9-alanine, or ZR,9-alanine, or Z-H-glutamine] (5 mmol) and
HOBt (675 mg, 5 mmol) in dry THF (20 mL), EDCI (846 mg, 5
mmol) was added at -20°C and the mixture was stirred at this
temperature for 12 h. After addition of the appropriate
aminomethyloxazole7k or 7m) (5 mmol), stirring continued for
another 12h at 0°C, followed by addition of EtOAc (50 mL) and
successive washing with 20 ml of brine, 10% AcOH, brine, and
saturated aqueous ,®O;. Further drying over MgSQOand
evaporation of the solveirt vacuoprovided the analytically pure
product.

4.10.1. Benzyl N-[(1S)-1-([[4- (diethoxyphosphoryl)-5-
(morpholin-4-yl)-1,3-oxazol-2-yllmethyl]carbamoyl)ethyl]carba-
mate [S)-9].

Obtained from Z-H-Ala and oxazolgk. Yield 1.704 g, 65%
as a yellow viscous oil; [Found:, 52.60; H, 6.44; N, 10.55; P,
6.06. G3H33N,OgP requiresC, 52.67; H, 6.34; N, 10.68; P,
5.91%]; [ah® -6.7 € 1.5, EtOH);vma (ATR) 3282, 1718, 1675,
1617, 1574, 1528, 1230, 1018, 962¢m, (CDCL) 7.30 (6H,
m, NH, aromatic), 5.78 (1H, br, NH), 5.08 (1H, H11.9 Hz,
CH,H,OPh), 5.03 (1H, dJ 11.9 Hz, CHH,OPh), 4.40 (2H, m,
CH,NH), 4.30 (1H, m,_CI&H,), 4.08 (4H, m, 20CHCH;,), 3.73
(4H, m, 2CH), 3.48 (4H, m, 2CH, 1.37 (3H, d,J 7.0 Hz,
CHCHs), 1.30 (6H, t,J 7.0 Hz, 20CHCH;); 8¢ (CDCL) 172.7
(C=0), 161.3 (dJ 37.0 Hz, O-GC-P), 156.0 (C=0), 150.9 (d,
J=21.7 Hz, O-GN), 136.2, 128.5, 128.2, 128.0, 101.2J@54.8
Hz, CP), 67.0 (OCHPh), 66.2, 62.4 (OCILH;), 50.6 (CHCH),
48.3 (NHCH), 36.3, 18.6 (CHCH, 16.3 (OCHCHs); o
(CDCl;) 13.0; LCMS: found m/z 525.2 MH CyH3sN,OgP
requires 524.5. Chiral HPLC: 100%, eluent: hexane-2-propanol
(80:20, v:v), flow rate 0.6 mil/min.

4.10.2. Benzyl N-[1-([[4-(diethoxyphosphoryl)-5-(morpholin-
4-yl)-1,3-oxazol-2-yllmethyl]carbamoyl)ethyl]carbamatéR][S)-
9.

Obtained from Z4R,9-Ala and oxazole7k. Yield 1.626 g,
62% as a yellow viscous oil. All spectral and analytical data for
compoundR,S)-9 are identical to those f¢f)-9. Chiral HPLC,

2 peaks of equal intensity; eluent, hexane-2-propanol (80:20,
v:v); flow rate, 0.6 ml/min.

4.10.3. Methyl 1-(2-[[(2S)-2-[[(benzyloxy)carbonyl]amino]-4-
carbamoylbutanamido]methyl]-4-(diethoxyphosphoryl)-1,3-oxa-
zol-5-yl)piperidine-4-carboxylatg§)-11].

Obtained from Z-9-GIn and oxazol@m. Yield 1.435 g, 45%
as a yellow viscous oil; [Found:, 52.62; H, 6.49; N, 10.81; P,
4.99. GgHsoNsO,0P requiresC, 52.74; H, 6.32; N, 10.98; P,
4.86%)];Vimax (CH.Cl,) 3423-3305, 1727, 1679, 1624, 1580, 1233,
1029, 970 cr; &, (CDCk) 7.71 (1H, br, NH), 7.38 (5H, m,
aromatic), 7.13 (1H, br, NH), 6.31 (1H, br, NH), 5.89 (1H, br,
NH), 5.10 (1H, d,J 12.2 Hz, CEH,OPh), 5.06 (1H, d] 12.2 Hz,
CH,H,OPh), 4.41 (2H, m, Ci\H), 4.31 (1H, m, CH), 4.08 (4H,
m, 20CHCH;,), 3.90 (2H, m, Ch), 3.70 (3H, s, OCH, 3.10
(2H, m, CH), 2.51 (2H, m, CH), 2.38 (1H, m, CH), 2.09 (2H,
m, CHy), 1.97 (2H, m, Ch), 1.79 (2H, m, CH), 1.31 (6H, tJ 7.0
Hz, 20CHCHs); &: (CDCL) 175.7 (C=0), 174.6 (C=0), 171.9
(C=0), 161.2 (dJ 36.0 Hz, O-&C-P), 155.7 (C=0), 151.0 (d,
21.7 Hz, O-GN), 136.3, 128.5, 128.1, 128.0, 100.9 J256.2
Hz, CP), 67.0 (OCHPh), 62.3 (OCHKCH;), 51.8 (CHCO,Me),
48.0 (N(CH),), 40.3 (OCH), 36.3 (CHNH), 31.2, 31.0, 27.6
[(CH,),CHCO:Me], 16.3 (d,J 6.9 Hz, OCHCHs); &> (CDCl)
12.8.
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411. General procedure for the preparation of (CDCly) 174.8, 174.3, 173.4, 172.5, 169.0, 164.2, 156.4, 137.5,
peptidomimetics. Oxazole ring opening. 128.3, 128.2, 128.1, 66.9, 66.0, 65.9, 63.6, 63.3, 54.9, 52.0, 51.4,
48.2, 47.7 (dJ 147.1 Hz, CP), 45.9, 45.4, 42.3, 41.9, 41.6, 41.0,

The compounds were obtained as described in the Iiteféturenfojy 33.8, 32.0, 31.4, 28.7, 28.3. 28.2, 27.9, 25.8. 24.9, 24.8,

Heating one of oxazoleg9)-9, (R,S)-9 or (S)-11] (1 mmol) in a

5:1 AcOH-HO mixture (20 mL) for 8 h at 75°C followed by
evaporation to drynessn vacuo yielded analytically pure
products.

21.5, 16.7 (ddJ 12.0, 5.0 Hz, OCKCH,); 8 (DMSO-dk) 18.3.
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