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Abstract: Synthesis of the titled tetrahydropyrimidoazepine-based folate (6a) is described using a
regiospecific y-alkylation reaction between the dienolate generated from 3-carboethoxy-N-2,4-
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key step. The isoxazolinopyrimidoazepine and isoxazolopyrimidoazepine-based folates (7a and 8a
respectively) were also prepared (via intramolecular 1,3-dipolar cycloaddition chemistry) as
conformationaliy-restricted analogs of 6a. All three compounds werc prepared as potential
antitumor agents based on the known, structurally related, antitumor agent 5,10-dideaza-5,6,7,8-
tetrahydrofolic acid (DDATHF). Both 7a and 8a were inactive in the human colon carcinoma
(GC3cl) cell culture assay. Compound 6a, however, was weakly active (IC, = 2.0 uM) in the
above assay. © 1998 Elsevier Science Ltd. All rights reserved.

Dihydrofolate reductase (DHFR), thymidylate synthase (TS), and glycinamide ribonucleotide
formyltransferase (GARFT) are three folate requiring enzymes which play important roles in the biosynthesis
of nucleotides. All three of these enzymes are attractive target sites for the development of anticancer agents.'

The design and synthesis of folic a ) base es as potential inhibitors of the above enzymes
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For example, 10-ethyl-10-deazaaminopterin (Edatrexate, 2)° is an inhibitor of DHFR,
while the pyrrolopyrimidine [.Y231514 (3) ®inhibits TS and Lometrexol ’ [(5, the (6R)-diastereomer of 5,10-
dideaza-5,6,7 8-tetrahydrofolic acid (DDATHF; 4)] is known to exert its ¢cytotoxic effect vig inhibition of
GARFT.

clinical development.

Fax: (901) 678-3447; Email: psray @mempbhis.edu
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Over the last few years we have reported on our efforts to prepare pyrimidoazepine-based folates as
potential antitumor agents vig inhibition of GARFT and/or TS. *'° In this paper we report the synthesis of the
title compound (6a) as well as two of its conformationally-restricted analogs (7a and 8a; Scheme 1).

Recently we have developed an intramolecular nitrile oxide cycloaddition method, as a key step, to

access the pyrlmldoazepme system We have reported using this method to prepare the
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from intermediate 13. We anticipated that 13 would become available from intermediate 12 (which we had
prepared previously)'’ via removal of the N-benzyl group. Unfortunately, we were unable to convert 12 to
13."? Consequently, we revised our synthetic plan to include a N-para-methoxybenzyl (PMB) group in place

of the offending N-benzyl group.
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we envisioned the synthesis of the parent pyrlmmoazepme -based folates 6a-6¢c, as well as the
conformationally-restricted isoxazolino- and isoxazolopyrimidoazepine-based folates (7a-7¢ and 8a-8¢
respectively; Scheme 1).
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Scheme 1

Using similar chemisiry used to prepare the isoxazolopyrimidoazepine derivative 12, we made the N-
PMB derivative 22a (Scheme 2). Thus, reductive alkylation of 4-amino-1-butyne (14) with 4-
methoxybenzaldehyde gave the N-PMB protected amine 15 in 97% yield (Scheme 2). This reacted with 2-
amino-4,6-dichloro-5-formylpyrimidine to give 16 in 98% yield as a colorless solid. Reaction of 16 with
sodium methoxide in refluxing methanol led to the formation of the methyl ether 17 in 80% yield. We knew
from previous experience that it would be advantageous to derivatize the 2-amino functionality of 17 as a

pivaloylamino group to improve its solubility properties. Thus, reaction of 17 with trimethylacetic anhydride

in refluxing toluene in the presenc

*
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pivaloylamino derivative 18a, our common intermediate, from which we planned to prepare all of the targets
6-8. A palladium catalyzed coupling reaction of 18a with dicthyl 4-iodobenzoyl-L-glutamate (19) ?, provided
the alkyne 2Z0a in 78% yield, after purification by chromatography on silica gel. Reaction of 20a with
hydroxylamine in ethanol at room temperature afforded the expected oxime 21a in 97% yield, as a colorless

solid. Treatment of this oxime with NCS in methylene chloride at room temperature followed by treatment

with triethylamine led to the desired intramolecular 1,3-dipolar cycloaddition reaction (between the
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COrrEsponaing nitrue oxiac, gcncratcu in situ, and the teth alk 1IKyne) 1o gIVc the cycioadduct 22a, which was
isolated in 66% yield after chromatography on silica gel. Exposure of 22a with neat TFA resulted in cleavage
of the N-PMB group to give the corresponding N-H compound (13) in 83% yield. Reaction of 13 with
iodotrimethylsilanc in refluxing methylene chloride followed by quenching with methanol, led to cleavage of
the methyl ether and gave the pyrimidin-4-one derivative 24a in 80% yield. Finally, treatment of 24a with 1%
NaOH, followed by treatment with hydrochloric acid gave the desired isoxazolopyrimidoazepine-based folate
(8a) in 61% yield.

We also wanted to prepare the isoxazolinopyrimidoazepine-based folate 7a, as another
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pyndme gave the corresponding alkene (18b) in 94% yield (Scheme 2). This was converted to the desired
target 7a using similar chemistry as described above and is summarized in Scheme 2. Reaction of 18b with
diethyl 4-iodo-benzoyl-L-glutamate (19)"’ under Heck reaction conditions with a catalytic amount of Pd(0)
gave the (E)-styrcne derivative 20b in 65% yield. We assigned the (E) stereochemistry for the double bond
based on the observed coupling constant of 15.7 Hz for the olefinic protons. The aldehyde 20b was smoothly
converted to the oxime 21b by reaction with hydroxylamine in ethanol at room temperature. The 1,3-dipolar
cvc]naddmnn chemi stry gave the (*vcl adduct 22b in 76% v1 eld, as a mixture of two diastereomers which were
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not separatcd. Treatment of 22b with TFA followed by treatment with iodotrimethy]silane gave the
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the desired target 7a as a mixture of two diasteromers.

We had envisioned that we would be able to convert the isoxazoline intermediate 23 to the parent
pyrimidoazepine target 6a as shown in Scheme 3. Thus, we hoped that treatment of 23 with Pearlman's
calalyst in acetic acid under 50 psi of hydrogen would result in the formation of the pyrimidoazepine

reduction of the imine to the con@spgndl_-g amine '* and (iii) hydrogenolysis of the benzylic hyd_roxy and
amino groups. In the event, however, we isolated the imino alcohol 25 in 30% yield after purification by
Aalizems Ahecmantaaennhey WA txramsa 110va e era Talo don T Doonan wa;bemin szoon szocnrd s cdeat bl et s
column chromatography. We were unable to convert this to 27. Even when we used a stoichiomeiric amouni

of palladium hydroxide in warm acetic acid with hydrogen at 50 psi for two weeks, we recovered 25
unchanged! We also attempted to further reduce the imino alcohol 25 using hydrogen and Adam's catalyst or
10% Pd/C in different solvents (ethyl acetate, ethanol and acetic acid). In each case the starting imino alcohol
was recovered. We had also hoped that cleavage of the isoxazoline N-O bond of 22b would result in the

<—

isolation of the B-hydroxy

myuiy

cetone 28 (Scheme 3) which, in principle, could be converted to the desired target

6a. With this in mind, we ireaied ihe isoxazoline 2Zb with molybdenum hexacarbonyi in agueous acetonitriie,
3 but we were disappointed to isolate the ketone 29 and aldehyde 30 which clearly result from a reto-aldol

reaction from the desired B-hydroxy ketone 28. We had also attempted to prepare 28 from the treatment of

formation of several products, as evidenced by TLC, from which we were unable to isolate the desired B-

hydroxy ketone 28.



378 M. W. Read er al. / Tetrahedron 55 (1999) 373-392

Ei b A i buh b 54

oMl > H gom
H,, PO{OH),/C l_——_ tBuCONH’JNn H CHQCHzco,Eg —I.

22b: R = PMB
23 :R=H

~-—

OH —
Moomn 17 /™\ 2P com

f o |
] ]

:
£

JEp— Li ) H CH,CH,CO,Et

.

MQ‘OH N OH O
2 COzEt
. \ 7/ N OMeQ o
' / H cmcmcma Nék)\ 4 OHC {4 com
¥
+BUCONH™ Ny oK) e
H 26 #BUCONH™ "N™ ™y H GH LCH,COEt
PMB
29 30

- n

+BuCONH

27

-

Scheme 3

While we were working on the above chemistry, we were also exploring alternative methods to access
the parent tetrahydropyrimidoazepine targets 6a-6¢. The key step in one such strategy involves a regiospecific

y-alkylation of the dienolate generated from the azepinone derivative 33 to give 32 (Scheme 4). A ring
annulation reaction of 32 with guanidine was expected to give the pyrimidoazepine derivative 31 and peptide

coupling chemistry with L-glutamic acid diethyl ester followed by saponification was expected to provide the
desired parent targets (6a-6c¢).
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e common intermediate 33 as shown in Scheme 5. Thus, reductive alkylation of
hyde diethyl acetal (34) with 2,4-dimethoxybenzaldehyde

> gave the 2.4-dimethoxvbenz vl

LAY Rt i R 3

derivaiive 36 in 98% yield. When this was cxposed o wet acetic acid, the azepinone derivative 33 was
produced in good yield (65%) via an intramolecular acid catalyzed aldol reaction, followed by dehydration.
Thebtaranonth and Yenjai have reported that the dienolate generated from $5,5-diphenyl-3-methyl-2-

cyclopenteneone undergoes regiospecific y-alkylation with aldehydes in the presence of zinc chloride.”

Following their lead, we treated 33 with LDA followed by methyl 4-formylbenzoate in the presence of zinc

8 2

cmorme anu aier a mu(uy dLl(lIC W()I'Kllp WE Were grduneu i0 ISOId[e me alene JD, ameu 1n Ollly moaesr YlClﬂ
(40%; as a mixture of (E) and (Z) isomers). No evidence of o.-alkylation was observed. Reduction to the

saturated system 39 was achieved easily in near quantitative yield with hydrogen and a catalytic amount of

109, PAICC The hMR oun was cleaved ecmonthlv hv ctirring at 40 °C in TFA far 0S8 h w tt‘h aaue tha
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96% yield. Treatment of 41 with 5 equivalents of hot guanidine (in a manner similar to that reported by
Barnett et. al.'*), followed by acidification gave the acyl guanidine hydrochloride salt 42. Basic hydrolysis of
42 gave, after acidification, the free carboxylic acid derivative 43. Activation of the carboxylic acid group
with 2-chloro-4,6-dimethoxy-1,3,5-triazine ' followed by coupling with the diethyl ester of L-glutamic acid
gave the tetrahydropyrimidoazepine-based folate 44 in 40% yield after purification by chromatography on
silica gel. Finally, saponification in 1N sodium hydroxide, followed by acidification with hydrochloric acid

gave the desired parent target 6ain 61% vleld as a mixture of two diastereo
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activity (IC,, = 2.0 uM) and will be further evaluated in other human tumor cell lines. It is noteworthy that
Taylor and Dowling have recently reported the synthesis of 6b (as a mixture of two diastereomers, via
ceunthetic etrateov involvino a Reckmann rearranoement ac a kev cton) and found 1t to have ciognificant activity
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virtually equipotent to DDATHF as an inhibitor of GARFT isolated from murine 1.1210 leukemia cells. We

are currently investigating the regiospecific y-alkylation reaction of 33 with the one and two carbon extended
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Melting points were determined in open capillary tubes using a Thomas-Hoover apparatus and are
uncorrected. All NMR spectra were recorded on either a Varian VXR-300 (proton: 300 MHz; and carbon: 75
MHz) or a JEOL JNM GSX270 (proton: 270 MHz; carbon: 67.5 MHz) spectrometer. Chemical shifts are
expressed in parts per million (ppm) downfield from internal tetramethylsilane. Column chromatography was
performed on Merck silica gel 60 (240-400) mesh; silica gel plates were routinely used for TLC
determinations. Elemental analyses were performed by Desert Analytics, Tucson, AZ, and were within +0.4%

nectra were obtained by ugine electrognrav ionization
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spectral data [either fast atom bombardment (FAB) or electron ionization (EI)] were obtained from the

Nebraska Center for Mass Spectrometry.

N-4-Methoxybenzyl-4-amino-1-butyne (15). To a mixture of 4-amino-1-butyne hydrochloride ** (9.0g,
0.0857 mole) and anhydrous methanol (300 mL), triethylamine (11.92 mL, 0.0857 mole) was added dropwise.
The resulting solution was allowed to stir at room temperature for 1 h. 4-Methoxybenzaldehyde (10.42 mL,
0.0857 mole) was added and the mixture was stirred at rt for an additional 1 h. The solution was then cooled

in an ice bath and sodium borohydride (6.51g, 0.1714 mole) was added in small portions over 1 h, and the

1 1h ‘x,ofarf‘<nmt\\x nc]
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solvent was removed by rotary evaporation to yield 15.8 g (97.5%) of a coloriess 01l which was used without

further purification. 'HN (CDCL,): 62.00(t, 1 H,J=2.6 Hz), 2.38 (d, 2 H, J = 2.6, 6.6 Hz), 2.75 (t, 2 H,

(s,3H), 6.85(d, 2 H,J=8.7 Hz), 7.23 (d, 2 H, J = 8.7 Hz); *C NMR (CDCL):

dasy VeUul \oy & 22y v ARii), Liid Mg & J Radij, e ANIVARN NS Nay.
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2-Amino-6-(N-3-butynylamino-N-4-methoxybenzyl)-4-chloro-5-formyl-pyrimidine (16). A mixture of 2-
amino-4,6-dichloro-5-formylpyrimidine n (13, 09 0.0681 mole), 15 (12. 864g, 0.0681 mole), triethylamine

AlIRRRIL) GILIIY a1 LR 11881888 L LTy Y L &£ 0% VLU0 L AR RNyl

(9.50 mL, 0.0681 mole) and ethanol (300 mL) was heated at reflux for 6 h under a nitrogen atmosphere. After

< ox eren A sun Al piessure Tha tem e smmn: dira xxrno

Luuuug to i, the ethanol was removed b'y €vapora tion under reduced a pic €. 1 u:muuug IeS1Guc was
pariitioned between methyiene chioride and water. The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was removed by evaporation under reduced pressure to yield 22.88 g (98%) of a

colorless solid. An analytical sample was obtained by choromatography on silica gel, eluting with 35% ethyl
acetate in hexane to give a colorless solid: mp 135-137 °C. 'H NMR (CDCl,): § 1.97 (t, 1 H, J = 2.6 Hz), 2.47

(dt,2H,/=2.6,73Hz),3.58(,2H,J=73Hz),3.79(s,3H),4.65(s,2H),5.90 (brs,2 H),6.85(d,2H, J
=8.7 Hz), 7.11 (d, 2 H, J = 8.7 Hz), 10.10 (s, 1 H); °C NMR (CDCl,): 8 17.41, 48.64, 53.98, 55.18, 70.11,

81.12, 105.45, 113.99, 128.07, 128.99, 158.96, 160.74, 163.61, 167.27, 185.12. Anal. Calcd. for
C..H,,CIN,O,: C, 59.22;: H, 493; N, 16.25. Found: C, 59.13; H, 4.75; N, 16.07.
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{ sodium in 200 mL anhydrous methanol) was
added 16 (22.2 g, 0.0645 moie) and the mixture was heated at refiux under nitrogen for 3.5 h. After cooling

the mixture to rt, the solvent was removed by evaporation under reduced pressure. The resulting residue was
partitioned between methylene chloride and water and the organic layer was separated, dried over magnesium

sulfate, and the solvent removed under reduced pressure. The oily residue was chromatographed on silica gel,
eluting with 50% ethyl acetate in hexane to give 17.33 g (80%) of a light yellow oil. 'H NMR (CDCL,): § 1.94

prepared solution of s

(t 1H,J=2.6Hz),2.45(dt,2H,J=2.6,7.4Hz),3.58 (t, 2H,J =7.4 Hz), 3.78 (s, 3 H), 3.94 (s, 3 H), 4.68
(s,2H),5.27 (brs, 2H), 6.83 (d, 2 H, J=8.7 Hz), 7.13 (d, 2 H, J = 8.7 Hz), 9.92 (s, 1 H); *C NMR (CDCl,): §
17.58, 48.41, 53.96, 54.11, 55.17, 69.71, 81.70, 95.83, 113.86, 128.92, 129.22, 158.75, 162.14, 164.59,

174 A2 102 74 LIDAC /T nnln,l Fae ™ LT N « 2AN 12K rRATY sz A AAN 1:’11
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6-(N-3-Butynylamino-N-4-methoxybenzyl)-5-formyl-4-methoxy-2-pivaloylamino pyrimidine (18a). A
mixture of 17 (16.75 g, 0.0493 mole), trimethylacetic anhydride (50 mL, 0.246 mole),
4-dimethylaminopyridine (100 mg, 8.2 mmole), and toluene (500 mL) was heated at reflux for 2 days. The
reaction mixture was cooled to rt, and the toluene and excess trimethylacetic anhydride were removed under
reduced pressure. The residue was dissolved in methylene chloride and washed with a saturated solution of
sodium bicarbonate, dried over anhydrous magnesium sulfate, and the solvent was removed by evaporation
under reduced pressure. The residue was chromato

hexane to afford 17.4 g (83%) of a colorless solid: mp 42-45 °C. *"H NMR (CDCl,): & 1.31 (s, 9 H), 1.93 (¢, 1H,
J=2.6Hz),2.50(dt,2H,J=2.7,7.1Hz),3.65 (1,2 H,J=7.1Hz), 3.77 (s, 3 H), 4.03 (s, 3 H), 4.76 (s, 2 H),

£Q1(d T T -7\ 711 (d "TH T—27H 72 (hre 1 HY 1001 (e 1IN B3O NMB (T Y R 17 §4
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Diethyl N-[4-[4-(5-formyl-4-methoxy-2-pivaloylaminopyrimidin-4-yl)-N-4-methoxybenzylamino]-1-

butynyllbenzoyl-L-glutamate (20a). A mixture of 18a (1.15 g, 2.70 mmoles), diethyl 4-iodobenzoyl-L-

olitamata 3 (1 94 o D Q2 mmanlec) nalladinm acatata (NS ¢ N 11 mmaolece) trinhanvinhaenhina () 187 o
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(.22 mmoles), copper(l) iodide (0,021 g, .11 mmoies), and irieihylamine (1 mL) was stirred in aceioniiriie
(40 mL) at rt for 36 h. The solution was passed through a pad of celite and the solvent was removed by
evaporation under reduced pressure. The resulting residue was partitioned between methylene chloride and
water. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was removed under
pressure. The reddish-brown residue was chromatographed on silica gel, eluting with 50 % ethyl acetate in
hexane to yield 1.41 g (78% based on the recovery of 0.10g of starting material) of a colorless solid: mp 61-64

°C. 1ILF NMR (N -8§1.22

LR ANIVERN (LA 3 UV L.k

g
2.29 (m, 1 H), 2.46 (m, 2 H), 2.75 (t, 2H, J= 6.9 Hz), 3.76 (t, 2 H, J = 7.0 Hz), 3.78 (s, 3 H), 4.03 (s, 3 H),
411(dq,2H,J=1.7,7.1Hz),4.23(q,2 H,J=7.1Hz),4.77 (m, 1 H), 4.83 (s, 2 H), 6.83 (d, 2 H,J = 8.2 Hz),
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7.1 (d, L H, J=7.2 Hz),7.15 (d, 2 H, J = 8.2 Hz),7.39 (d, 2 H, J = 8.5 Hz), 7.73 (d, 2 H, J = 8.5 Hz), 7.86
(s, 1 H), 10.05 (s, 1 H); “C NMR (CDCL):  14.04, 14.06, 18.64, 27.02, 27.30, 30.40, 40.35, 48.70, 52.34,

54.16, 54.69, 55.14, 60.75, 61.64, 81.46, 90.02, 97.87, 113.87, 126.86, 127.11, 128.52, 129.08, 131.58,
132.42, 156.61, 158.84, 163.46, 166.38, 171.79, 173.17, 174.19, 175.48, 184.62. Anal. Calcd. for C,;H,,N;O,:
C,64.18; H, 6.49; N, 9.59. Found: C, 63.91; H, 6.29; N, 9.74.

Diethyl N-[4-[4-(4-methoxy-5-oximinomethyl-2-pivaloylaminopyrimidin-4-yl)-N-4-methoxybenzyl-

o 3 o s
aminol-1.butvnvllhenzovl-I.-clutamate (21a). A mixture of 20a (2 ( , 0.00274 mole), hvdroxvlamine
ynyljbenzoyi-L-glutamate (Z1a). A mixture of Zva (L.u , Aygroxylaming
hudrachlasida (121 o 0N mala) and avridine (025 mT . 0 ()21 male) wag etirred in ahenhita athanal (&0
nyGaroCiuonae (V.21 g, U.UUS mMOoic), and pyriaine (U.<J mi, U.UU5 1 moiC) Was SUITea in avsoiule ctnanol \(OuU

mL) for 5 h at rt under nitrogen. The solvent was removed under reduced pressure and the residue was
partitioned in methylene chloride and water. The organic layer was separated, dried over anhydrous
magnesium sulfate, and removed under reduced pressure. The yellow residue was chromatographed on silica
gel, eluting with 50% ethyl acetate in hexane to give 1.98g (97%) of a colorless solid: mp 64-67 °C. 'H NMR

(CDCL): 8 1.22 (t, 3H, J =7.1 Hz), 1.30 (t, with overlapping s, 12 H, /= 7.1 Hz), 2.15 (m, 1 H), 2.30 (m,

i H), 2.46 (m, 2 H), 2.76 (t, 2 H, /= 6.9 Hz), 3.71 (1, 2H, /= 6.9 Hz), 3.77 (s, 3 H), 3.95 (5, 3 H), 4.10 (dq,
2H,J=1.7,7.1Hz),4.24 (q,2 H,J=7.1 Hz),4.74 (s, 2 H), 4.77 (m, 1 H), 6.82 (d, 2 H,J = 8.7 Hz), 7.09 (d,
1H,/=89Hz),7.14(d,2H,/=84Hz),737(d,2H,/=84Hz),7.70(d,2 H, J= 8.4 Hz),7.82 (5, 1 H),

8.06 (brs, 1 H), 9.20 (br s, 1 H); “C NMR (CDCl,): § 14.07, 14.09, 18.58, 27.07, 27.42, 30.44, 40.25, 48.78,
52.36, 54.01, 54.47, 55.18, 60.80, 61.73, 81.38, 90.55, 91.21, 113.90, 126.93, 127.19, 128.78, 129.22, 131.56,

132.36, 144.46, 154.81, 158.79, 164.02, 166.46, 169.32, 171.95, 173.21, 175.61. Anal. Calcd. for C,,H,N¢O,:
C, 62.89; H, 6.49; N, 11.28. Found: C, 62.52; H, 6.63; N, 11.14.

Diethyl 4-[(10-methoxy-6-(4-methoxybenzyl)-8- pivaloylamino)-4,5-dihydroisoxazolo{3,4-d}-
pyrimido[4,5-b]azepin-3-yl] benzoyl-L-glutamate (22a). A mixture of 21a (3.2 g, 0.0043 mole), N-
chlorosuccinimide (0.633 g, 0.0047), and anhydrous methylene chloride (40 mL) was stirred at rt under

additinnal Y h Watar no addad tn tha ronntinn mivhira and tha nv-nnru lavar wac camarntad Amad Awvoe
AUUILIVIIAL & 1L YY AUl vWwad QUMILU LU ULV TUAGvLUIURL THITALULY Allu Ly Ulsa«l Laybl Wad t)byalaw“‘ ullDu vUyLl
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anhydrous magnesium sulfaie, and the solvent was removed via evaporation under reduced pressure. The

residue was chromatographed gel, eluting with 75% ethyl acetate in hexane to give 2.1 g (66%) of a
6

on silica
colorless solid: mp 84-87 °C. '"H NMR (CDCl,): § 1.26 (t, 3 H, J = 7.2 Hz), 1.31 (t, with overlapping s, 12 H,
J=72Hz

i &2

2.
2H,J=7.0Hz),4.17 (s, 3
7 -~y

o

H) 343 (m, ZH) R82 (s 3HY 412 (a

Uk \ Oy J ARJy Tl (M

48 285
J=7.0Hz), 479 (m, 1 H), 4.99 (s, 2 H), 6.87 (d, 2 H, J = 8.5 Hz),
6 T

Q AT

.6Hz),7.75(d,2H,J=8.4Hz), 7.84 (brs, 1 H),7.92 (d, 2 H,

J =8.3 Hz); °C NMR (CDCL,): 5 14.08, 14.13, 26.02, 26.96, 27.46, 30.47, 40.30, 49.62, 52.53, 54.01, 54.89,
55.23, 60.90, 61.78, 87.36, 113.61, 113.88, 126.62, 127.65, 129.75, 129.88, 131.07, 134.11, 153.76, 157.54,
158.96, 162.37, 164.82, 166.17, 170.22, 171.79, 173.38, 175.73. Anal. Caled. for C,,H,N,O,: C, 63.06; H,
6.24; N, 11.31. Found: C, 63.20; H, 6.22; N, 11.19.
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Diethyi 4-{(10-methoxy-8-pivaloyiamino)-4,5-dihydro-(6 H)-isoxazoio[ 3,4-d]pyrimidof 4,5-b jazepin-3-yi]-
benzoyl-L-glutamate (13). I[soxazole 22a (0.615 g, 0.83 mmoles) was dissolved in TFA (7 mL) and the
mixture stirred at room temperature for five days under a calcium chloride drying tube. The TFA was
removed by evaporation under reduced pressure, and the residue was chormatographed on silica gel eluting

with ethyl acetate to yield 0.425 g (83%) of product as mp 132-135°C" 'H NMR (CDCl,): &

1 et O ¢ 1

olo
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less plates:
r

oy - ¥ ~ e ra—_—

1.25 (¢, 3H, J=7.15 Hz), 1.32 (t, with overiapping s, 12 H, /=7.1 Hz),2.32(m,2H), 256 , 2 H,/=7.4
Hz), 2.98 (m, 2 H), 3.46 (m, 2 H), 4.10 (s, 3H), 4.14(q,2H, J=7.1 Hz), 426 (q, 2 H, J = 7.1 Hz), 4.79 (m,
1H),6.80( 1H,J=50Hz),7.65(d,2H,/=84Hz),7.82(,1H,/=7.5Hz),79(s,1 H),792(d, 2 H,

J=8.5Hz). PCNMR (CDCL,): 8 13.96, 26.00, 26.47, 27.20, 30.53, 40.09, 43.49, 52.52, 54.58, 60.60, 61.56,

85.98, 114.76, 126.75, 127.59, 130.38, 134.35, 154.48, 156.96, 162.22, 163.10, 166.55, 169.31, 172.14,

173.03, 176.13. HRMS (FAB) calcd. for C;,H;,N,O, m/z: 623.2751 (MH"). Found : 623.2831.

Diethyl 4-[(10(9H)-ox0-8-pivaloylamino)-4,5-dihydro-(6H)-isoxazolo[ 3,4-d]pyrimido[4,5-b]azepin-3-yl]-
benzoyl-L-glutamate (24a). To a solution of 13 (300 mg, 0.48 mmoles) in 5§ mL anhydrous methylene
chloride was added iodotrimethylsilane (0.138 mL, 0.96 mmoles) and the resulting mixture was refluxed under
nitrogen for 2 h. The reaction was cooled to rt, quenched with 5 mL of methanol, and stirred for an additional

0.5 h. The dark brown solution was then passed through a pad of celite and the solvents were removed in

Ths th 7O cmathanal 1o o -
1uu115 wu.u /%0 mewmano: in metn Y151

~ o idvia
Yasuv., LI IUoL

give 0.235 g (80%) of pale orange plates: mp 198-201°C. 'H NMR (CD,OD): 8 1.25 (two overlapping t and
one s, 15 H, J=7.1Hz), 2.13 (m, 1 H), 2.30 (m, 1 H), 2.52 (m, 2 H), 3.00 (m, 2 H), 3.40 (m, 2 H), 4.13 (q,

2H,J=7.1Hz),423(q,2H,J="7.1Hz),466 (m, 1 H),765(d,2H,J=82Hz),792(d,2H, J=82 Hz),
11.87 (brs, | H). HRMS (FAB) caled. for C,H N, O, m/z: 609.2594 (MH"). Found : 609.2664.

4-[(8-Amino-10(9H)-0x0)-4,5-dihydro-(6H)-isoxazolo[3,4-d]pyrimido{4,5-F ]azepin-3-yl ]benzoyl-L-
glutamic Acid (8a). A suspension of 24a (85 mg, 0.14 mmoles) in 3 mL of 1% NaOH was stirred at rt for 7
days. The solution was filtered and the filtrate was cooled in ice-water and acidified by the dropwise addition
of conc. HC1. The colorless precipitate was filtered at the pump, and washed with a small portion of ice cold
water, and dried under reduced pressure 1o yield 40 mg (61%) of a colorless solid: mp >230°C. 'H NMR

(DMSO-d,):  1.96 (m, 1 H),2.09 (m, 1 H),2.36 (,2H, J=7.5 Hz)
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1H), 6.82 (br's, 2 H), 7.45 (brs, 1 H), 7.78 (d, 2 H, J = 8.1 Hz), 8.03 (d, 2 H, J = 8.4 Hz), 8.77 (d, 1 H,
=8.1 Hz), 10.54 (br s, 1 H). HRMS (FAB) calcd. for C,H,,N,O, m/z: 469.1393 (MH"*). Found: 469.1466.

6-(N-3-Butenylamino-N-4-methoxybenzyl)-5-formyl-4-methoxy-2-pivaloylamino pyrimidine (18b). A
100 mL 3-necked flask was charged with 18a (5.60g, 0.0132 mole), pyridine (50 mL), and Pd/BaSQ, (50 mg).

red at rt under 1 atm of hydrogen for 5 h. The solution was passed throu
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small pad o te and th pyndme was removed in vacuo. The residue was partitioned between methylene
Ahlaeida and ntnar tha Aroanin nhaon ng Aeind Avar anhodeniio mangnaoiiam 02 1fnta and tha onlornet warno
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removed in vacuo. The residue was chromatographed on silica gel, eluting with 50% ethyl acetate in hexane
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, 113.82, 116.69, 128.79, 129.03, 135.03, 156.56, 158.79, 163.38,
IN,O,: C, 64.77; H, 7.09; N, 13.17. Found: C, 64.42; H,

237730~ nndennhatd

(E)-Diethyi N-{d-{4-(5-formyi-4-methoxy-2-pivaloyiaminopyrimidin-4-yi)-V-d4-methoxybenzyiaminoj-i-
butenyl]benzoyl-L-glutamate (20b). A mixture of 18b (4.0 g, 0.0094 mole), diethyl 4-iodobenzoyl-L-
glutamate " (4.25 g, 0.0098 mole), palladium acetate (0.025 g, 0.11 mmoles), triphenylphosphine (0.057 g,
0.22 mmoles), copper(l) iodide (0.021 g, 0.11 mmoles), and triethylamine (20 mL) was stirred in acetonitrile
(200 mL) heated at sandbath temperature of S5°C for 4 days. The solution was cooled to room temperature
and passed through a pad of celite. The solvent was removed in vacuo, and the resulting residue was
partitioned in methylene chloride and water. The organic layer was dried over anhydrous magnesium sulfate,

o
and the solvent was removed under reduced nressure
1C seivent was remo ger re

Th 9 rnmﬁtnoranhpd on cilica apl elutine
VvEQ UnCor reCucea prossure. 1016 résiud was enromatogra) on suic

“ Swiy \au\.uls

with 50 % ethyl acetate in hexane to yield 3.60 g (65% based on the recovery of 0.725 g starting material) of a
pale yellow solid: mp 62-64 °C '"H NMR (CDCL,): 8 1.22 (t, 3 H, J = 7.1 Hz), 1.31 (t, with overlapping s,

12H,J=7.1 Hz), 2.14 (m, 1 H), 2.2-2.58 (m, 5 H), 3.68 (t, 2H, /=7.1 Hz), 3.79 (s, 3H),4.02 (s, 3 H), 4.11
(dq,2H,J=1.5,70Hz),4.23(q,2H,J=7.0Hz),4.72 (s, 2 H), 478 (m, 1 H), 6.12 (m, 1 H), 6.39 (d, 1 H,
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72 (d, 2 H, J = 8.4 Hz), 7.80 (br s, 1 H), 10.02 (s, 1 H); °C NMR (CDCL,): § 14.08, 14.11,

.33, 40.38, 49.27, 52.29, 54.26, 54.66, 55.19, 60.74, 61.64, 97.73, 113.89, 126.02,
129.60, 130.93, 131.84, 140.92, 156.53, 158.89, 163.48, 166.73, 171,95, 173.18,

1R AB) caled. for C, H, N,Q, m/z: 7323530 (MH"). Found : 732.3611,
(E)-Diethyl N-[4-[4-(4-methoxy-5-oximinomethyl-2-pivaloylaminopyrimidin-4-yl)-N-4-
methoxybenzylamino]-1-butenyl]benzoyl-L-glutamate (21b). A mixture of 20b (2.70 g, 0.0037 mole),
hydroxylamine hydrochloride (0.285 g, 0.0041 mole), pyridine (0.40 mL, 0.005 mole) and absolute ethanol
(45 mL) was stirred at rt under a nitrogen atmosphere for 3 h. The ethanol was removed under reduced
pressure and the residue was partitioned between methylene chloride water. The organic layer was dried over
anhydrous magnesium sulfate and removed in vacuo to yield 2.74 g (99%) of a colorless solid. An analytical
sample was prepared using column chromatography on silica gel, eluting with 50% ethyl acetate in hexane,

o lry mrna

which gave a colorless solid: mp 72-74°C. '"H NMR (CDCL): 6 1.26 (t, 3 H, J = 7.2 Hz), 1.31 (i, with

overlapping s, 12 H, J=7.2 Hz), 2.14 (m, 1 H), 2.25-2.6 (m, 5 H), 3.58 (t, 2 H, /= 7.4 Hz), 3.78 (s, 3 H), 3.95
(s,3H),4.12(q,2H,J=70Hz),423(q,2H,J=7.0Hz), 468 (s, 2 H), 4.78 (m, 1 H), 6.26 (m, 1 H), 6.39
d,1H,J=160Hz),682(d,2H,J=87Hz),7.04 (d,1H,J=7.6Hz),7.14(d, 2 H, J = 8.7 Hz), 7.31 (d,
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2H,J=84Hz),7.71(d,2H, J=84Hz),7.77 (s, 1 H), 8.1 (s, L H), 8.71 (br s, 1 H); °C NMR (CDCL): §
14.11, 14.13, 27.24, 27.47, 30.49, 31.35, 40.27, 49.77, 52.31, 53.51, 54.41, 55.21, 60.77, 61.70, 90.77, 113.88,

126.00, 127.34, 128.90, 129.50, 129.74, 130.95, 131.83, 140.94, 14481, 154.83, 158.79, 164.10, 166.76,
16941, 172.06, 173.20, 175.55. Anal. Calcd. for C,,H; N,O,: C, 62.72; H, 6.75; N, 11.25. Found: C, 62.71;
H, 6.53; N, 10.93.

Diethyl 4-[(10-methoxy-6-(4-methoxybenzyl)-8-pivaloylamino)-3,4,5,6-tetrahydroisoxazolino{ 3,4-d]-

lutamate (22b). To a well stirred solution of 21b

nido[4,5-b] in-3-yl] m stirred solution (2.5 g,0.00335
3 M ALQ n MYV1IK 1a) AA~Ad 5
mole) in anhydrous methylene chloride (60 mL), N-chlorosuccinimide (0.469 g, 0.0035 mole) was added in

small portions over a fifteen minute period. The solution was stirred at rt under nitrogen for 3 h.
Triethylamine (0.60 mL, 0.0043 mole) was added and the solution was allowed to stir an additional 3 h.
Water was added to the reaction mixture and the organic layer was separated, dried over anhydrous
magnesium sulfate, and the solvent was removed via rotary evaporation. The residue was chromatographed
on silica gel, eluting with 70% ethyl acetate in hexane to give 1.89g (76%) of a colorless solid: mp 85-87 °C.

1” NMR ((‘W‘ ﬁ 125¢ overlanni

n m 2H) 2 31
ot @ D I“PF AL

9 v BAJy deuT s

(m, 1 H),2.44 (m, 2 H),3.26(dd, 1 H,J=4.2,15.0Hz),3.36 (dt, 1 H, 7 =3.0,9.1 Hz), 3.63 (dt, 1 H, /= 4.7,
14.0 Hz), 3.82 (s,3H),4.04 (s,3H),4.12(q,2H,/=6.7Hz),4.23 (q,2H,J=7.1Hz),447(d, 1 H,J = 145
Hz),4.77 (m, 1 H),5.18 d, 1 H,J=2.8 Hz),5.25(d, 1 H, /=144 Hz),6.85(d,2H,/=8.4Hz),7.05(d, | H,
J=713Hz),7.23(,2H,J=8.6Hz),7.32(d, 2 H,J=8.4Hz),7.75 (brs, 1 H), 7.78 (d, 2 H,J = 8.4 Hz); °C

NMR (CDCL,): 5 14.10, 14.12, 27.15, 27.42, 30.45, 34.55, 40.26, 48.88, 52.36, 52.72, 54.83

14y J5v.

W
W
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60.80, 61.70, 86.16, 87.35, 113.92, 125.25, 127.43, 129.74, 130.12, 133.21, 144.78, 153.29, 154.97, 159.10,
165.75, 166.59, 168.19, 171.88, 173.22, 175.58. Anal. Calcd. for C;,)H4N,O,: C, 62.89; H, 6.49; N, 11.28.
Found: C, 63.26; H, 6.44; N, 11.25.

*

Diethy 4-[(10-methoxy-8-pivaloylamino)-3,4,5,6-tetrahydro-(6 H)-isoxazolino{ 3,4-dpyrimidoi4,5-b]-
azepin-3-yl] benzoyl-L- glutamate (23). Isoxazoline 22b (0.530 g, 0.711 mmoles) was dissolved in TFA (10

colorless solid: mp 105-108 °C '"H NMR (DMSO-4 ): 8 1.
m,

17 (
1.87 (m, 1 H), 1.99 (m, 1 H), 2.08 (m, 1 H), 2.35(m, 1 H), 242 (1,2 H, J =17.1
1H),3.59(q, 1H,/=72Hz),387(s,3H),4.03(q,2H,J=7.0Hz),409(q,2H, J=7.3 Hz

L A3y ST + XXy - 2187, 2.0 EELVERL AN
1H),5.32(d, 1 H,J=7.1 Hz), 7.46 (d, with overlappingm,3H,J=82Hz),7.87(d,2H,J= 82Hz) 8.72
(d, 1 H, J=17.5Hz), 9.50 (br s, 1 H); *C NMR (DMSO-d;): 3 14.00, 25.63, 26.72, 30.10, 32.72, 40.72, 51.94,

54.03, 58.02, 59.86, 60.51, 85.52, 86.47, 125.76, 127.71, 133.31, 143.45, 153.15, 155.86, 164.66, 166.21,

167.62, 171.64, 172.12, 175.81. HRMS (FAB) calcd. for C,,H,,N,O, m/z: 625.2907 (MH"). Found :
625.2985.
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memyl Q-[tin>¥na )-uxo-o-plvamylammo )-a,‘i,:,o-tetranyaro-\uﬂ )-lsoxazonnola,a-a jpynmmow,:-oj-
azepin-3-yi] benzoyl-L-glutamate (24b). To a solution of 23 (381 mg, 0.61 mmoles) in 6 mL anhydrous
methylene chloride was added iodotrimethylsilane (0.173 mL, 1.22 mmoles) and the resulting mixture was
refluxed under nitrogen for 1.5 h. The reaction was cooled to rt and quenched with 5 mL of methanol and
stirred for 0.5 h. The solution was then passed through a pad of celite and the solvents were removed by
evaporation under reduced pressure. The residue was chromatographed on silica gel, eluting with 7%

methanol in methylene chloride, to give 0.302 g (82%) of a pale orange solid: mp 163-167°C. 'H NMR

2l a W ata R . 1 L & O 4 MI\Y'I’ A Nn= s ~r s 4 wwy

(CD,0OD): & 1.25 (two overlapping t, and one s, 15 H, J = 7.0 Hz), 2.05 (m, 2 H), 2.26 (m, 1 H), 2.47 (m,

3 H), 2.75-3.30 (m, 3 H), 4.09 (q, 2H, 7= 7.0 Hz), 4.19 (q, 2 H, J = 7.0 Hz), 4.60 (m, 1 H), 5.26 (two
overlapping d, 1 H, J = 6.8 Hz), 7.42 (two overlapping d, 2 H, J = 7.8 Hz), 7.76 (two overlapping d, 2 H,
J =17.5Hz). HRMS (FAB) calcd. for C,,H,,N.O, m/z: 611.2751 (MH"). Found : 611.2849.

4-[(8-Amino-10(9 H)-0x0)-3,4,5,6-tetrahydro-(6H)-isoxazolino[3,4-d]pyrimido{4,5-b] azepin-3-y1] benzoyl-
L-glutamic Acid (7a). A suspension of 24b (100 mg, 0.164 mmoles) in 3 ml. of 1% NaOH was stirred at 1t
for 14 days. The solution was filtered and cooled in an ice bath. The filtrate was acidified by the dropwise
addition of conc. HCI. The precipitate was collected by filtration at the pump, washed with a small portion of

ice cold water, and dried under vacuum to yield 35 mg (46%) of a colorless solid: mp >230°C. 'H NMR
(DMSO-d,): 81.92 (m, 2 H), 2.06 (m, 1 H), 2.33 (m, 3 H), 3.23 (m, 1 H), 3.36 (m, 1 H), 3.52 (m, 1 H), 4.38

1 t]’ T ~ oo o & 2.

(m, 1 s, 2 H), 7.30 (two overlapping d, 2 H,J=7.5
Hz), 7.8 overlapping d, 2 H, J=7.4 Hz), 8.61 (brd, 1 H, J=7.4 Hz), 10.75 (br s, 1 H). HRMS (FAB)
calcd. for CZ,HHN(,(‘)7 m/z: 471.1550 (MH*). Found: 471.1624.
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Diethyl 4-[(5-imino-4-methoxy-2-pivaloylamino-5,6,7,8-tetrahydropyrimido{ 4,5-b Jazepin-6-yl)-
hydroxymethyl-benzoyl]-L-glutamate (25). A mixture of the isoxazoline 23 (100 mg, 0.16 mmoles), 20%
palladium hydroxide on carbon (100 mg), and acetic acid (10 ml) was shaken in a Parr apparatus with 50 psi

of hydrogen for 10 days. The reaction mixture was filtered through a pad of Celite which was washed well

i iy 22 A2 g liin AT WNVG QRS S LR $51938

with methanol. The filtrate was evaporated under reduced pressure d e residue was partitioned between

atholaca Vst dn nemd cntiiwntad ondcelm 6 oo ’T‘L P il L. 2

methylene chloride and saturated solution of sodium bicarbonate. Tt organic iayer was dried with annyarous
sodium suifate, filiered and the solveni was removed in vacuo. The residue was chromatographed on silica gel
eluting with 10% methanol in methylene chloride. The fractions containing the pure product were combined

and the solvent was removed in vacuo to give 30 mg (34%) of a colorless solid; mp 106-108 °C; 'H NMR

(nMQ(\.dz\Sl .16 (two overla

ASIVAORS

nd one ¢ I’i” J=71HD. 155(m 1HH 1833 (m. 1 H
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2 H), 2.42 (m, 2 H), 2.60 (m, 1 H), 2.80 (m, 1 H), 3.09 (m, 2 H), 3.72 (s, 3H), 4.03 (4, 2 H, J =7.1 Hz, with
overlapping proton), 4.09(q, 2 H, J=7.1Hz),4.22 (m, 1 H), 7.16 (m, 1 H), 7.25 (d, 2 H, 7= 8.1 Hz), 7.76 (d,

2H,J=8.1Hz),8.64 (d, | H,J=6.7 Hz),9.31 (br s, 1 H), 11.0 (s, 1 H). 13C NMR (CDCl3)5 14.11, 14.13,

1 o N o 1
27 7.39 1.68, 90.83, 127.05, 129.04,

54,5 1 6
.84, 172.20, 173.15, 176.05. LRMS (electrospray) m/z:

10 77 20 2N g1 2
A0, 27,37, JUD1, 5

131.46, 143.80, 155.
627 (MH™).

387
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4-Methoxy-9-(4-methoxybenzyl)-2-pivaloylamino-6,7,8,9-tetrahydropyrimido-{ 4,5-b]azepine-5-one (29)
and Diethyi 4-formylbenzoyigiutamate (30). A mixture of the isoxazoline 22b (50 mg, (0.067 mmol),
molybdenum hexacarbonyl (10 mg, 0.0335 mmol), water (5 drops), and acetonitrile (2.5 mL) was heated at
reflux for 1 h. The solvents were removed by evaporation under reduced pressure, and the residue was
chromatographed on silica gel eluting with 50% ethyl acetate in hexane to give 7 mg of 29: 'H NMR (CDCl,):

81.34(s,9H),2.03 (m,2 H), 2.62 (t, J=7.3 Hz, 2 H), 3.35 (t, J = 6.4 Hz, 2 H), 3.81 (s, 3 H), 4.0 (s, 3 H), 5.0

&2 £ I3 Feot 124y & X2/, L ¢ REliy & RAyy o APy o7 SR)y T \Oy oF Aa)y

(s,2H), 6.85(d, J=8.7Hz, 2 H), 7.29 (d, J = 8.7 Hz, 2 H), 7.8 (s, 1 H); HRMS (EI) calicd. for C,H,,N,O,:
412.2110 (M"). Found: 412.2117; and 5 mg of 30: '"H NMR (CDCL): & 1.23 (t,J = 7.2 Hz, 3 H), 1.31 (4,

J=72Hz,3H),2.17(m, 1 H), 231 (m,lH‘,249(m,2H) 4.12(q,J=7.1Hz,2H),424 (g, J=7.1 Hz,
2H),4.78 (m, 1H),7.29(d,/J=7.2Hz 1H),795(d, J=8.8Hz,2 H), 799 (d, /= 8.8 Hz, 2 H), 10.08 (s, 1
H); HRMS (EI) calcd. for C;H, NO,: 3“55 i369 (M*). Found: 335. ‘3"

4-(N-2,4-Dimethoxybenzyl)aminobutanal diethylacetal (35). A mixture of 4-aminobutanal diethylacetal
(10 mL, 0.0579 mol), 2,4-dimethoxybenzaldehyde (9.710 g, 0.0584 mol) and benzene (150 mL) was heated at
reflux for 3 h, using a Dean-Stark trap. The solvent was removed by evaporation under reduced pressure and
the residue was dissolved in anhydrous methanol (100 mL). Sodium borohydride (2.909 g, 0.0769 mol) was

added in portions to the stirred solution at 10 °C. The reaction was warmed to rt, stirred for a further 0.5 h,

and quenched with saturated ammonium chloride solution. The solvents were removed by evaporation under
reduced pressure and the residue was partitioned between water (50 mL) and ethyl acetate (100 mL). The
phases were separated and the aqueous phase was extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was dried with anhydrous magnesium sulfate and concentrated under reduced pressure to give

13.49 g (75%) of a pale yellow liguid, which was used in the next step without further cation 'H NMR

..... sed in th tep urther purification. '"H NMR
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(CDC1,): 8 1.15 (t, J =7.3 Hz, 6 H), 1.59 (m, 4 H), 2.58 (1, / = 7.3 Hz, 2 H), 3.05 (br s, 1 H), 3.46 (two
overlapping q, / = 7.3 Hz, 2 H), 58 (two overlapping q, J = 7.3 Hz, 2 H), 3.71 (s, 2 H), 3.75 (s, 3 H), 3.77 (s,

3 H), 4.43 (t, J = 5.4 Hz, 1 H), 6.39 (m, with overlapping s, 2 H), 7.11 (d, J = 8.0 Hz, 1 H). ®C NMR (CDCL):
8 15.19, 24.70, 31.28, 48.25, 48.36, 55.14, 55.20, 60.90, 98.36, 102.69, 103.63, 119.73, 130.55, 158.51,

160.12. HRMS (FAB) calcd. for C,,;H,)NO, m/z: 312.2096 (MH"). Found: 312.2166.

Ethyl ester of [N-2,4-dimethoxy-N-(4,4-diethoxy)butyl malonamide (36). Ethylmalonyl chloride (5.40 mL,
0.0422 mol) was added dropwise to a stirred mixture of 35 (13.108 g , 0.0421 mol), tricthylamine (7.0 ml,

1NoM L artian srac atiemard ot @ ~asmsebhs aad sk

ai ri overmight, and then
guenched with saturated ammonium chloride solution, and extracted with ethyl acetate (3 x 200 ml). The
combined organic layer was dried over anhydrous magnesium sulfate and the solvent was removed by
evaporation under reduced pressure. The residual oil was purified by chromatography on silica gel, eluting
with 50% ethyl acetate in hexanes, to give 17.06g (98%) of an orange oil. '"H NMR (CDCL,): 1.17 (two
overlapping t, J = 7.2 Hz, 6 H), 1.25 (two overlapping t, / = 7.2 Hz, 3 H), 1.60 (m, 4 H), 3.15-3.70 (m, 7H
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(m, with overlapping s, 2 H), 6.9 . H )
caled. for C,,H,\NO, m/z: 426 (MH"). Found 426. Anal. Calcd. for C,,H,\NO,: C, 62,12; H, 8.23; N, 3.30.
Found: C, 62.04; H, 7.96; N, 3.17.

3-Carboethoxy-N-2,4-dimethoxybenzyl-1,5,6,7-tetrahydro-(1H)-azepin-2-one (33): A mixture of 36

My m } wac bonhatl ten AN O foe K Manoct nf aratic

Y AD HLIVHBIWAL W 70 N 1VI VJ 1ie AVAUDL Vi AWV UV

acid was removed by evaporation under reduced pressure. The residue was partitioned between ethyl acetate
and a saturated solution of sodium bicarbonate. The layers were seperated and the aqueous layer was
extracted with ethy! acetate (3 x 200 ml). The combined organic layer was dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residual oil was purified by column chromatography on
silica gel, eluting with 50% ethyl acetate in hexanes, to give 9.385 (65.4 %) of an orange oil. 'H NMR

(CDCL): 61.24 (t,J=7.3 Hz, 3 H), 1.58 (quintet, J =7.3 Hz, 2 H), 2.12 (g, J= 7.3, 2 H), 3.23 (t, J = 6.6 Hz,
2 H), 3.70 (s, 3 H), 3.74 (s, 3 H), 4.19 (g, J = 7.3 Hz, 2 H), 4.61 (s, 2 H), 6.37 (m, 2 H), 7.17 (m, 2 H). “C
NMR (CDCL): 514.08, 2330, 27.92, 43.48,45.02, 55.17, 55.22, 60.90, 98.18, 104.25, 118.24, 131.23,

A Y VO SO0 LESRAEP=T O 50 F 3 110. & 1J1. £

132.82, 142.73, 158.40, 160.39, 164.43, 166.13. HRMS (EI) calcd. for C,;H,,NO; m/z: 333.1576 (M").
Found: 333.1571.

3-Carboethoxy-5-(4-carbomethoxybenzylidenyl)-N-2,4-dimethoxybenzyl-6,7-dihydro-(1H)-azepin-2-one
(38; Mixture of (E) and (Z) isomers): A 2M solution of lithium diisopropylamide (in
heptane/THF/ethylbenzene; 12.0 mL, 24 mmol) was added dropwise to a mixture of 33 (7.082 g, 21.2 mmol),

°C for a further 0.5 h, and then allowed to
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warmed to rt, and then heated at 40 °C for 6 h. The reaction was quenched with saturated ammonium chloride

solution and extracted with ethyl acetate (3 x 250 mL). The combined organic

magnesium sulfate and the solvent was removed under reduced pressure, The residue was chromatographed
an ciling aal falnting firct t MO, than KRNI athyl anatata in hovanae) tn aiva A 1 o (AN Af o vallawy il
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NMR (CDCl,): 8 1.38 (two overlapping t, J = 7.3 Hz, 3 H), 2.65 (m, 2 H), 3.40 (m, 2 H), 3.72 (s, 3 H),

3.75 (s, 3 H), 3.87 (s, 3 H), 4.25 (two overlapping q, J = 7.3 Hz, 2 H), 4.63 (s, 2 H), 6.38 (m, 2 H), 6.62 (brs,
0.3 H), 6.80 (br. s, 0.7 H), 7.22 (m, 3 H), 7.32 (s, 0.7 H), 7.50 (s, 0.3 H), 7.95 (d, J = 8.6 Hz, 2 H). HRMS (EI)
calcd. for C,,H,,NO, m/z: 479.1944 (M"). Found: 479.1943.
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of enantiomers): A mixture of 38 (4.102g, 8.57 mmol), ethyl acetate (40 mL), and 10% paiiadium on carbon
(0.200g) was shaken under 50 psi of hydrogen for 48 h. The mixture was filtered through a pad of celite and
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sure to sive 4,057g (98 %) of a colorless gum, 'H NMR (CDCL.):

~ e ~ ~ s ~ ~

overlapping t, /= 7.3 Hz, 3 H), 1.5 (m, 2 H), 1.75 (m, 1 H), 2.0 (m, 2 H), 2.5 (m, 2 H), 3.21 (m, 2H), 3.50 (d,
J=10.6 Hz, 1 H), 3.72 (s, 3 H), 3.74 (s, 3 H), 3.85 (s, 3 H), 4.15 (two overlapping q, J = 7.3 Hz, 2 H), 4.30-
4.70 (m, 2 H), 6.33 (m, 2 H), 7.10 (m, 3 H), 7.85 (d, J = 8.6 Hz, 2 H). HRMS (EI) calcd. for C,,H,,NO, m/z:
483.2257 (M*). Found: 483.2268.

3-Carboethoxy-5-(4-carbomethoxybenzyl)azepan-2-one (40; mixture of 2 pairs of enantiomers):
) was dissolved in TFA (20 mL) and the mixture was heaied o 40 °C for
by evaporation under reduced pressure and the residue was coevaporated

0
in. The solvent was removed
). The residue was chromatographed on silica gel (eluting with 10%

mi
with absolute ethanol (4 x 50 mL
i h

um. ' HNMR (CDCL)Y: §124
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(two overlapping t, J = 7.3 Hz, 3 H), 1.45-2.25 (m, 5 H), 2.63 (m, 2 H), 3.17 (m, 2 H), 3.47 (d, J = 10.6 Hz,
1 H), 3.90 (s, 3 H), 4.20 (two overlapping q, J =7.3 Hz, 2 H), 6.12 (br s, 1 H), 7.29 (d, J = 8.6 Hz, 2 H), 7.94
(d, J = 8.0 Hz, 2 H). HRMS (EI) calcd. for C,;H,;NO, m/z: 333.1576 (M*). Found: 333.1572.

3-Carboethoxy-5-(4-carbomethoxybenzyl)azepan-2-thione (41; mixture of 2 pairs of enantiomers):
Phosphorous pentasulfide (3.914g, 8.80 mmol) was added in portions to a mixture of 40 (2.666 g, 8.0 mmol)

and anhydrous THF (100 mL) heated to 40 °C. The slurry was stirred for 2 hours uniii a red colored solution

was observed. The reaction mixture was cooled to rt, filtered at the pump, and the solvent was removed by
evaporation under reduced pressure. The residue was partitioned between water (50 mL) and ethyl acetate (50
mL). Afier separation of the layers, the aqueous phase was extracted with ethyl acetate (3 x 50 mL). The
combined organic layer was dried over anhydrous magnesium sulfate, and the solvent was removed by
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acetate in hexanes) to give 2.68g (95 %) of a yellow gum. 'H NMR (CDCL,): 8 1.30 (two overlapping t,

J=7.3Hz, 3 H), 1.45-2.1 (m, 5 H), 2.60 (m, 2 H), 3.35 (m, 2 H), 3.75 (m, 1 H), 3.90 (s, 3 H), 4.20 (two
overlapping q, J =7.3 Hz, 2 H), 7.19 (d, J = 8.0 Hz, 2 H), 7.95 (d, J = 8.0 Hz, 2 H), 8.52 (br s, 0.6 H), 8.65
(br s, 0.4 H). HRMS (EI) caled. for C;H,,NO,S m/z: 349.1348 (M*). Found: 349.1345.
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2-Amino-6-(4-carboxybenzyl)-4(3H)-o0xo0-5,6,7,8-tetrahydro-(9H)-pyrimido-[4,5-b]azepine (4% mixture
of enantiomers): A solution of guanidine in ethanol was prepared by the addition of sodium ethoxide
(1.77M, 21.8 mL, 38.6 mmol) to guanidine hydrochloride (3.677 g, 38.5 mmol) in absolute ethanol (10 mL).
After stirring for 15 min, the mixture was filtered through a pad of celite and the guanidine/ethanol solution
was added to 41 (2.682g, 7.67 mmol) dissolved in anhydrous ethanol (5 mL). After allowing the mixture to

stir f the solvent removed under redn ressure and the reaction mixture was heated to 90 °C

or 15 min, the solvent was removed under reduced pressure

under vacuum (4 mm Hg) for 3 h. After cooling to rt, the solid was ground to a fine powder which was
suspended in water (25 mL). This mixture was boiled for 10 min, allowed to cool to rt, and acidified to pH 3
with conc. HCl and then filtered. The filtered solid was suspended in 1N sodium hydroxide solution (30 mL),
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vacuum at 70° C to give 1.23g (52 %) of a yellow solid: mp > 250°C. 'H NMR (DMSO-d,): 8 1.30 (m,

1 H), 1.78 (m, 1 H), 1.95 (m, 1 H), 2.20 (m, 1 H), 2.6 (m, 2 H), 3.0 (m, 1 H), 3.30 (m, 2 H), 5.80 (brs, 1 H),
5.95 (brs, 2 H), 7.35 (d, /= 8.0 Hz, 2 H), 7.90 (d, J = 8.6 Hz, 2 H). HRMS (FAB) calcd. for C,.H,,N,O, m/z:
315.1379 (MH"). Found: 315.1446.
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Diethyl N-{{4-(2-amino-4(3H)-0x0-5,6,7,8-tetrahydro-(9H )-pyrimido{4,5-6 Jazepin-6-yi) methyijbenzoyi}-
L-giutamate (44; mixture of 2 diastereomers): The carboxyiic acid 43 (0.200g, 0.636 mmoi) was added to
a mixture of 2-chloro-4,6-dimethoxy-1,3,5-triazine (1.117g, 6.36 mmol), triethylamine (1.77 mL,, 12.7 mmol),
and anhydrous DMF (4 mL). After stirring at rt for 12 h, L-glutamic acid diethyl ester hydrochloride (0.183g,
0.763 mmol) was added. The reaction mixture was stirred at rt for a further 12 h, and then filtered at the
pump. The filtrate was concentrated under reduced pressure, and the residue was triturated with saturated
NaHCOQ, solution followed by water and the resulting solid was filtered at the pump. This material was

gel (eluting with 10% methanol in methylene chloride) to give 0.128g (40%) of a

MR U B [t

chrom atngmphe‘d on silica g
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colorless solid: mp > 250°C. ‘H nmr (DMSO-d,): 8 1.15 (two overlapping t, J = 7.3 Hz, 6 H), 1.30 (m, 1 H),

1.72 (m, 1 H), 2.02 (m, 4 H), 2.30-2.78 (m, 5 H), 2.98 (m, 1 H), 3.30 (m, with overlapping H,0, 1H), 4.02
(two overlapping q, / = 7.3 Hz, 4 H), 4.40 (m, 1 H), 5.70 (br t, 1H), 5.88 (br s, 2 H), 7.30 (d, J = 8.0 Hz, 2 H),
7.78 (d, J=8.6 Hz, 2 H), 8.62 (d, J= 8.0 Hz, 1 H), 9.80 (br s, 1 H). HRMS (FAB) calcd. fnr("‘A,H-,N,() m/z:

- I T ONT T IR I ETE 5573377556

500.2431 (MH"). Found: 500.2496. Anal. Calcd. for C,JH,,N,O,: C, 60.12; H, 6.61; N, 14.03. Found:

" S0 Q1. I A(") N IQQQ
oy JFT.0T, 11, U.JL, 1N, 13.00.

N-{[4-(2-Amino-4(3H)-0x0-5,6,7,8-tetrahydro-(9H)-pyrimido[ 4,5-b Jazepin-6-yl)-methyl]benzoyl}-L-
glutamic Acid (6a; mixture of 2 diastereomers). The diester 44 (0.114 g, 0.228 mmol) was suspended in IN
sodium hydroxide solution (1 mL), and the mixture was stirred at rt for 3 days. The resulting solution was
acidified to pH 4 with 1IN HCl, and the precipitate was collected by filtration at the pump. The solid was
washed well with water and dried under vacuum at 70 °C to give 0.062 g (61%) of a colorless solid: mp > 250

[ 1
l’" 1T NAAD (TYRA SO

K Q7.7 1Q n 22N
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6) 1. \1 1, 1 H), 1.82-2.18 {m, 4 i}, &.0u (m, 2 H),
3 H), 2.95 (m, 1 H), 3.40 (m, 1 H), 4.35 (m, 1 H), 5.72 (brt, 1 H), 5.88 (brs, 2 H), 7.28 (d, J=8.0 Hz, 2 H),
7.78(d,J=8.6Hz,2H),85(d,/=80Hz, 1 H),9.82 (brs, 1 H), 12.4 (br s, 2 H). HRMS (FAB) calcd. for
C, H,sN;O4 m/z: 444.1805 (MH"). Found: 444.1889. Anal. Calcd. for C,;H,iN,O,: C, 56.88; H, 5.64; N,

15.80. Found: C, 56.57; H, 5.87; N, 15.63.
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