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antibacterial drugs. The epimerase is present in both Gram positive and Gram negative organisms and a two base
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Our recent development of a versatile synthesis of glutamate agonists and antagonists, using a strategy in
which a pyroglutamate system is “switched” with a heterocyclic system (Scheme 3A).° has afforded useful entry
to an important class of drugs. It seemed that simple modification of the pyroglutamate precursor (10) to a
carboxyl derivative (13) might expand this useful and versatile methodology and allow the preparation of
libraries of inhibitors (14) of DAP epimerase and other late enzymes in the bacterial pathway to lysine (Scheme
3B).

one H H o H i
B - Bhe Ty
TN Mo 0N o oH o Neorn
CO,R CO,R
(10) (1) (12)
RO H

8/ N B NG NN H
'il O0,R \ _/ N COH
CO2R X Scheme 3
(13) (14

The simplest approach to precursors (13) would be by direct alkylation of the protected pyroglutamate (15)
with a bromopyruvate ester, but we were unable to effect this reaction, in spite of the well known alkylation of
protected pyroglutamate anions with bromoacetate esters.™

We therefore reacted the pyroglutamate (15) with LIHMDS and allyl bromide at -78 °C as shown in Scheme
4 to obtain the trans alkylated product (16a) and its cis epimer (16b) in a ratio of 3 : 2. These were separated,
the stereochemistry was confirmed by nOe measurements, and an attempt was made to prepare the diols (17)
from them. Reaction with OsO/K,Fe(CN), gave an excellent yield of a product which was evidently not the diol
(17a). A 2D COSY spectrum indicated coupling between an NH proton and the o-proton and an intact CH,0H
group, and a y-lactone was indicated by the infrared spectrum. This suggested that the lactone (18a) had been
formed by premature “ring switching” of the diol (17). To prevent this, we selectively deprotected the Boc
urethane in (16a) to obtain (19a) with the less electrophilic pyroglutamate amide group. This was then
dihydroxylated to give the diol (20a) in good yield. Protection of the primary alcohol in (20a) gave the ether
(21a) which could then be oxidised to the ketone (22a). Reinstatement of the urethane gave the product (23a),
which on treatment with hydrazine, underwent “ring switching” to yield a mixture of two ‘“ring switched”
products with a characteristic CH-NHBoc grouping. One proved to be the carbinolamine (24a) with spectra
similar to the cis isomer (24b) and the other was the pyridazine (25a). The products were in the ratio of 4: 1
ratio. The five membered carbinolamine rearranged on acid catalysed dehydration to yield the pyridazine as the
sole product in 42 % yield.

The reaction sequence in Scheme 4 could also be effected on the cis series, giving the cis isomers (18b) and
(19b) to (25b). The structure of the five membered carbinolamine was finally assigned on the basis of the °N
NMR spectrum which showed one NH and one NH, group.
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We had therefore achieved the required “ring switching” reaction, albeit by a route which required wasteful
deprotection/reprotection steps to prevent premature “ring switching”. Further, the protected primary alcohol
function still required deprotection/oxidation to yield the desired inhibitors (14). We therefore investigated a
series of more direct approaches to the inhibitors. We were able to prepare the cis- and frans- acetylenes (26)
and verify the stereochcmistry by nOe measurements but could not oxidise these to the pyruvates using the
method of Bulman Page and Rosenthal.” Reactions of the aldehyde (28) with either the azlactone (27) or the
lactone (29) were also unsuccessful as was use of protected bromopyruvates such as compound (30).

P SiMe,
? A
H N— Y N-Q N _C0eE
oA o M X nsL e LX) \
|\IJ ~COOBuU P "o CO0OBu O s Etd ORt
Boc boc
(26) @7 (28) 29) (30)

Eventually, we were able to achieve our goal by the method outlined in Scheme 5 below. This involved use
of methyl bromomethylacrylate to obtain the rrans : cis isomers (32, R'=Ph CH,, R? = Me) in a ratio of § :
1. The protection was chosen so that intermediates might be selectively deprotected for attachment to Wang resin
to access libraries by solid phase combinatorial synthesis. The diastereoisomers were separated and ozonised to
yield the trans-compound (33a, R' = PhCH,, R* = Me). Reaction with hydrazine then Ied to a successtul
“ring switching” reaction yielding a 12 : 1 mixture of the carbinolamine (34, R'= PhCH,, R? = Me) and the
pyrazine (35, R' = PhCH,, R? = Me). The carbinolamine was converted to the pyridazine in an acid

catalysed process but some epimerisation occurred at the y-carbon atom.
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tert-Butyl 2-bromomethylacrylate was prepared by a modification of the method of Haynes'® and this was
used in a similar reaction sequence to that described in Scheme 5 above to prepare (33, R' = R* = 'Bu).
Reaction with hydrazine gave a 9 : 1 ratio of the carbinolamine (34, R' = R’ = 'Bu) to the pyrazoline (35, R'
= R*="Bu). Dehydration of the carbinolamine using acetic acid and 3 A molecular sieves gave the pyridazine
(35, R! = R* = ‘Bu) with epimerisation at C-5 which was deprotected to the free amino acid inhibitor (36) and

its epimer. A library of (37), (38) and (39) was also prepared by using the appropriate hydrazines in these
reactions. The “ring switching” reaction could not be achieved in several instances and the aromatic hydrazones

(40, X = H) and (40, X= OMe), (41), (42) were obtained but could not be reacted further. The aliphatic
hydrazone (44), the oxime (43) and the aicohoi (45) were also prepared but again could not be converted inio

the desired heterocyclic compounds.
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n an attempt to investigate solid phase combinatorial chemistry, the benzyl ester (47) was prepared and
9 1 mixture of the carhmolamme (48) and the Dvrldamne ( 49). A vanety of

yields and with varying degrees of epimerisation at the y—carbon atom as shown in Table 1 below. It was
noticeable that the presence of a conjugating ester function improved the yield of the dehydrative rearrangement
into the pyridazine (49).
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Scheme 6
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Table 1 : Conversion of the carbinolamine (48) to the pyridazine (49)
reagent 3A molecular | 3A molecular | 3A molecular sieves/ HC(OMe),
sieves/ AcOH. | sieves/ TsOH. 2,4,6- 60 °C
CH,CN at CH,.CN at trimethylbenzenesulfonic
reflux reflux acid. CH,CN at reflux
yield 85% 67% 65% 97%
retention of 5% 86% 92% 60%
stercochemistry
Use of deuteriated carbinolamine indicated that epimerisation was accompanied by deuteriation at the y-carbon
tom in these reactions from the ahearntion in tha 2H NMR cnactrum 2t § 2 2 nn
s R AN l wuvllu AEZNSEAE SARWS uuwlyule A%L Wiiw AKX LVNAYARN ﬂiMuulLl QAL W L. VlJ'lll.

For solid phase combinatorial chemistrv. hvdrocenolvsis of the ectar (47) oave the acid (80) which wac
r WA WL R LS IBAVATA ARAS Vllvlulu“}, AAJ ULU&UJIVIJ\JIU Wi WiV WVAIWL \'I'I ’ 6“'\/ WMIWw WiV \-’v, Yillwil YW QO
attached to Wane resin nsineg EDCI. DMAP and dichloromeathana aacrtion of the recin hound comnannd with
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determined by MALDI-tof mass spectrometry in the presence of .l .FA This also indicated that the carbinolamine
could be converted to the pyrazine on resin, using para-toluenesuifonic acid in acetonitrile at 80 °C. Deprotectior

and removal from the resin was achieve

3 CiH Cr & (44 A A
—— o
inhibitor (36) and thus indicated that our versatile ethodology is apphcabl to solid phase combinatorial
methods.

Y A A 0/ -
[/
Scheme 7 Nl\ | Lo - I “H Y
A NHp N, HN
~
0 N/§O Boc
h (53)
(36)
Tt __a_1
nxperlmeﬂlal
'V PRI PAPSRIUN. A RIS / JNY . AU TUNPIRRIREE RGP URpE B o GRPLII RPN SPNY S SN PUNIY . I a ' S PRI SIS 0N
Ivi PS> WCIT UUICTIIIHICA U1 d MOLKCT NO-SLAEC dIIA dIC uncormecicd.  upucdl 1 uons { unus o1 1v gcm g o)
wors moagnred oan a Dt:lrln'n=n]mnr an)A1 nalarimatoar neinag a 1 dm nathlanath ~all TR enanten 1wara racnedad An o
ILELADUIVAL Uit ERAMTLAIOUVE 1AL pUldliiiivivl Udilig a 1 ulll pauiiviigul Lo, UN SpRiiia wUIL 1Ituiucu Vit a

Perkin-Elmer 1720 Fourier-transform (FT) instrument. Microanalyses were carried out by Medac Lid. Low
solution mass spectra were recorded by Dr. A. Abdul Sada on a Kratos MS-80RF and MS25 double focusing
spectrometers and MALDI-tof spectra by Mr C. R. Kowalczyk on a Micromass TofSpec E using a few beads of
resin in the presence of TFA. Accuratc mass measurements were obtained from the EPSRC Central Mass
Spectrometry Service, Swansea. UV spectra were recorded on a ATI Unicam UV2-100 FT scanning
spectrophotometer and 'H-NMR and COSY spectra on a Bruker DPX 300 FT instrument (300 MHz). NOE and
BN spectra (150.7 MHz, INEPT) were recorded by Dr. A. G. Avent on a Bruker AMX 500 FT instrument and
BC-NMR spectra (‘H decoupled) on a Bruker DPX 300 (75.48 MHz) FT instrument. DEPT experiments were
used to help assign "*C resonances where necessary. “H-NMR spectra were recorded on a Bruker AC-P 250
(38.4 MHz) FT instrument by Mr. C. M. Dadswell. J values are given in Hz. Tlc was carried out on Merck
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tert-Butyl (28, 4S)-N-tert-bu tvx ggrbgny!-4-(});99-2.-@1!37!\-nvrng!ntama;e (16a) and tert-Butyl
(28, 4R)-N-tert-butoxycarbonyl-4-(prop-2-enyl)-pyroglutamate (16b).

Lithium hexamethyldisilazide (1 M in THF 50.9 ml, 50. 9 mmol) was added to a stirred solution of terr-butyl
(2S)-N-tert-butoxycarbonylpyroglutamate (15)'' (13.2 g, 46.26 mmol) in THF (100 ml) at -78 °C under
nitrogen. The mixture was stirred at -78 °C for 1h and allyl bromide (4.8 ml, 55.51 mmol) was added. Stirring
was continued for 2h at -78 °C and saturated aqueous NH,Cl (120 ml) was added. The mixture was extracted
with diethyl ether (3x100 ml). The organic phases were dried (Na,SO,) and the solvents were removed in vacuo.
The product was isolated as a brown oil. Purification and separation of the two stereoisomers was achieved by
column chromatography using petroleum ecther / ethyl acetate (4:1) as eluent. rert-Butyl (2S, 4S)-N-tert-
butoxycarbonyl-4-{prop-2- enyi)—pyrogiutamate (16a) (6.573 g, 44%) was obtained as white crystais, m.p. 64-

LR O TA~1 193 28 8 (-~ N1& T M Erannd- £9A. 0T QAN AL O I NN 9 QA
OO L, |G)p ~J30.0\C Uiy, \,112\,:2; Cound. ©, V.4, 11, 0.9, IN, 5.0, U 101,18 U; lcgUllwh b, 0L 7, rl, 0.4, m,

4.3%; m/z [EI]: 325 [M]’; vimax (KBr) / cm™ 1781, 1745 and 1709 (C=0) and 1646 (C=C); 8, (C*HCl,) 5.72-
5.69 (1H, m, H-7), 5.03 (lﬂ,d,_l 17, H-8), 5.01 (IH, 4, ] s 10, H-8), 4.36 (1H, dd,J " 1 4,_123394, H-
2), 2.67-2.53 (2H, m, H-4 and H-6A) 2.15-2.03 (2H, m, H-6B and H-3R), 1.92 (1H, ddd Y5, 9.4, Tisa
11.3, Jyg 55 13.2, H-3S) and 1.44 and 1.41 (2x9H, 2xs, 2xC(CH,),); 8. (C2HCl3) 172.76 (lactam)), 168. 51
(ester), 147.56 (urethane) 132.61 (C-7), 115.84 (C-8), 81.45 and 80.43 (2x OC(CHy,),), 55.92 (C-2), 39.26 (C-
4), 32.66 (C-6), 26.07 (C-3) and 26.01 (OC(CH,),). Irradiation of H-2 at § 4.36 led to an nOe in H-3S at 8 1.92
which on irradiation gave nOe in the H-6 protons at 8 2.55 and 2.11. tert-Butyl (28, 4R)-N-tert-butoxycarbony!-
4-(prop-2-enyl)-pyroglutamate (16b) (4.432 g, 29.5%) was obtained as a colourless oil; [(x]l)u‘5 -12.8 (¢ 3.13,
CH,Cl,); Found: C, 62.5; H, 8.4; N, 4.6. C,;H,,NO; requires C, 62.7; H, 8.4; N, 4.3%; m/z [EI}: 325 [M]*;
Ve (NUjol) / em-1 3080 (C—C) 1792, 1745 and 1724 (C=0) and 1641 (C=C); &, (C*HCI,) 5.70-5.62 (1H, m,
H-7), 5.05-4.98 (2H, m, 5.6, J,, 9.3, H-2), 2.62-2.53
240 (1H, ddd, ] 4.2, }235 (1H, m, H-6B), 1.71-
2 (C=0 (lactam)), 170.99 (ester) 149 84 (urethane),
58.49 (C-2), 42.49 (C-4), 35.81 (C-6), 28.31

uuuuu A\~ T gy 7 N\ [SLS2L¢ D Y

(23(()(‘((‘]-1 \ ) and 26.70 (C-3). Irradiation of H- 2 at 84 '%5 g;_i e an nQe in H-38 at 8 2.39 whereas irradiation of

"] Allallla wacas

H-3R at 3 1.68 gave an nOe in H-6 at 5 2.57 and § 2.17.

tert-Butyl (3§, 5RS, 75)-[(2-0x0-5-hydroxymethyltetrahydrofuran-3-yl)methyl]-N-tert-

butoxycarbonylglycinate (18a).

tert-Butyl (28, 48)-N-tert-butoxycarbonyl-4-(prop-2-enyl)-pyroglutamate (16a) (566 mg, 1.74 mmol) was

dissoived in +-BuOH (20 mi) and H,0 (20 mi) with stirring. K;Fe(CN), (5.690 g; 17.28 mmoi) and K,CO,

(2.387 g, 17.27 mmol) were added Aftcr stlmng at room tcmpcrature for 10 min, OsO, (2 5 wt.% int-BuQOH)
: N M .

40 °C in vacuo (599 mg, 96%); m.p. 42-45 °C; m/z [CI}: Found. 360.2022 [M+H]", C,;H,NO, requires
360.2021; m/z [+ve FAB (3-NBA)] 382 [M+Nal*, 360 ((M+H]"); v,... (KBr) / cm™ 3386 (N-H and O-H), 1768
and 1714 (C=0); 8, (C?HCl,) 5.24 (1H, d, J 8.0, -NH), 4.61-4.58 (1/2H, m, H-5), 4.53-4.48 (1/2H, m, H-5),
4.27-4.26 (1H, m, H-7), 3.87 (1H, dddd, J, 2.1, J, 127, 1, 2.9, ], 12.2, HOCH,). 3.67-3.62 (1H, m,
HOCH,), 2.98-2.91 (1/2H, m, H-3), 2.87-2.80 (1/2H, m, H-3), 2.56 (1H, br.s, -OH), 2.42-2.34 (2H, m, H-
4), 1.99-1.78 (2H, m, H-6) and 1.47 and 1.44 (2x9H, 2xs, 2x C(CH,),); 5. (C’HCl,) 178.56 (lactone), 171.46

(ester), 156.01 (urethane), 83.01 (2x OC(CH,),), 79.45 and 78.85 (C-5), 64.92 and 63.84 (HOCH,), 52.81 (C-
7), 34.51 and 33.86 (C-4), 31.61 (C-3), 29.80 (C-6), 28.80 and 28.72 (2x OC(CH,),).

tert-Butyl (25, 45)-4-(prop-2-enyl)-pyroglutamate (19a).

tert—Butvl (2S 45)-N-tert-butoxycarbonyl-4-(prop-2-enyl)-pyroglutamate (16a) (3.440g, 10.57 mmol) was
dissolved in 1 M HCl in EtOAc (150 ml, prepared by passing dry HCl into dry EtOAc and diluting, after titration,
to 1 M with additional EtOAc). The mixture was stirred at room temperature until loss of starting material was
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h). The solvent was removed in the cold to vield tert- 45 )-4
pyroghuamate (19a) as a yellow oil (2381 g, 100%); [al* 4 7 (¢ 1 CHACL): m/: e
(PEGH/NOBA)]: Found: 226.145065 [M+H]", C,,H,,NO, requires 226. 144319 m/z [+ve FAB (3- NBA)] 226
[M +HY"; v, (Nujol) / em™ 3371 (N-H), 1735 and 1707 (C=0); &, (C’H,0’H) 5.73-5.64 (1H, m, H-7), 5.05-
4.96 (2H, m, H-8), 3.97 (1H, dd, J,;, 2.6, ], ,; 8.8, H-2), 2.47-2.37 (2H, m, H-4 and H-6), 2.17-2.02 (3H,
m, H-6 and H-3) and 1.38 (9H, s, C(CH,),); & (C*HCl,) 179.69 (lactam), 171.65 (ester), 135.30 (C-7),
117.71 (C-8), 82.60 (OC(CH,),), 54.80 (C-2), 39.69 (C-4), 35.28 (C-6), 30.77 (C-3) and 27.28 (OC(CH,),).
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tert-Butyl (2S5, 4S, 7RS)-4-(2,3-dihydroxypropyl)-pyroglutamate (20a).

tert-Butyl (25, 45)-4-(prop-2-enyl)-pyroglutamate (19a) (5.328 g, 23.65 mmol) was dissolved in 1:1 r-BuQH/
water (150 ml) under nitrogen at room temperature. To this solution K sFe(CN), (77.87 g, 0.237 mmol), K,CO,

(32.686 g, 0.237 mmol) and OsO, were added as a solution in t—BuOH (2,5 wt% 14. 8 ml, 300.6 m (;sO,.
1.18 mmol) After stirring 15h at room temperature, sodium sulfite was added until the colour changed from
orange to brown. The mixture was extracted with diethyl ether (3x300 ml). The combined organic extracts were
dried (MgSO,) and the solvent was removed in vacuo to yield tert-butyl (25, 4S, 7RS)-4-(2,3-dihydroxypropyl)-
pyroglutamate (20a) as a yellow oil (5.30 g, 87%); m/z [CI]: Found: 260.1498 [M+H]*, C,,H,,NO; requires
260.1497; m/z [+ve FAB (3-NBA)] 282 [M+Na]’, 260 [M+H]"; v, (Nujol)/ cm” 3371 (NH), 1735 and 1686

385 (uzn m, H-7), 3 ‘.'izs 3 /5 (l/' H, m, -7), 3.55 (IH. aa. J8 7 j.'3, JMBB 11.1, H-SA), 3.42 (iH, dd,
Jep; 6.3, JSMB 11.1, H-8B), 2.72-2.59 (1H, m, H-4), 2.45-2.34 (1H, m, H-3A), 2.17-1.98 (iH, m, H-3B),
1 QN 1 AOQ LI LN and 1 A1 (OLT o YOI YY) & 70200\ 101 7Q 4o 10N &L Moo=\ 171 £1 -4
1,0U-1.97 \l.ﬂ, i, -u) alu .91 (71, 9, WiLlly)y), O \L IIly) 101./0 dliU 10U.00 (iaf )y, 171.01 4l
180.84 (ester), 83.04 and 82.89 (OC(CH,),), 71.59 and 70.60 (C-7), 67.22 and 66.70 (C-8), 55.44 and 55.16
(C-2), 39.10 and 37.30 (C-4), 35.16 and 34.86 (C-6), 32.79 and 32.67 (C-3) and 28.36 (OC(CH,),).

t-Butyl (25,45,7RS)-4-(2-hydroxy-3-O-tert-butyldiphenylsilyloxypropyl)-pyroglutamate (21a)
tert-Butyl (28, 4S5, 7RS)-4-(2,3-dihydroxypropyl)-pyroglutamate (20a) (350 mg, 1.35 mmol) was dissolved in
CH,Cl, (25 ml) under nitrogen. The solution was cooled to 0 °C and 4-dimethylaminopyridine (33 mg, 0.27
mmol), triethylamine (0.47 ml, 3.37 mmol) and further CH,Cl, (5 ml) were added. After stirring for 15 min. at
0 °C, tert-butyichlorodiphenyisilane (0.42 ml, 1.62 mmol) was added and the solution was stirred at room

temperature for 44 h. 0.05 N Aqueous HCI (6 ml) was added and the organic layer was separated. The aqueous
layer was extracted with CH,Cl, (3x10 ml). The organic layers were combined, washed with water (15 ml) and

Aeiad MIa CY ) Tha onluvvams wrno manerad se. amzan bt nffned o hense Al wxchinkh sxrnoa msaeifad L PR Iy
ULICA \l‘dzou‘). I dULVvLIIL [« * lClllUVW ini vacuwo W auitorad a orowi Ull, WILHILVIH Wdd pUlLuW Uy LUIUIL
chromatnoranhv an cilica ael neinag natrnlenm athar / athul acstate (1:1) ac aluant tn vield the nrndiiqct (3 1a) ac a
\tluuxuuwa‘“yll] WJ1E OLiaIwiA &Ul uﬂllls }Nu\]luwll Wwilivi /7 Wil Y1 G \l.l} [+5% ] \Ilu\/ll" s AVANL RN P' L/ \“‘ “} a> a
yellow oil (350 mg, 63%); m/z [+ve FAB (PEGH/NOBA)]: Found: 498.266144 [M+H]J", C,;H, NO,Si requires

498.267577; m/z [+ve FAB (3-NBA)] 536 [M+K]", 520 [M+Na]*, 498 ((M+HJ"; v, (Nujol) / cm” 3252 (NH),
1736 and 1701 (C=0) and 1590 (C=C); 8, (C’HCL,) 7.59-7.55 (4H, m, ArH), 7.38-7.22 (6H, m, ArH), 6.31
(1/2H, s, NH), 6.17 (1/2H, s, NH), 4.03-3.95 (1H, m, H-2), 3.87-3.80 (1/2H, m, H-7), 3.73-3.67 (1/2H, m,
H-7), 3.59-3.43 (2H, m, H-8), 3.18 (1H, br.s, -OH), 2.65-2.52 (1H, m, H-4), 2.39 (1H, ddd, 1,,, 2.4, J,,,
8.8, J,, 5 12.2, H-3A), 2.17-1.96 (1H, m, H-3B), 1.83-1.48 (2H, m, H-6), 1.40 (9/2H, 5, OC(CH,),), 1.38
(9/2H, s, OC(CH,),), 0.98 (9/2H, s, SiC(CH,),) and 0.97(9/2H, s, Si C(CH,),); 8. (C’HCl,) 180.24 and
179.78 (lactam)), 170.73 and 170.57 (ester), 135.09-125.39 (Ar), 82.09 and 81.93 (OC(CH,),), 70.35 and
70.14 (C-7), 67.45 and 66.93 (C-8), 54.32 and 54.18 (C-2), 37.59 and 36.67 (C-4), 34.24 and 33.42 (C-6),

ST N Ar Am T alla: tl A arlati

41 (OC(CH,),), 26.37 and 26.19 (SiC(CH,),) and 18.79 (SiC(CH,),).

A NN e I 42 )

32.00 and 31.66 (C-3), 27.50 and 26.4

;_-

tert-Butyl (2§, 45)-4-(2-0x0-3-O-tert-butyldiphenylsilyloxypropyl)-py rog glutamate (22a).
Solid tetrapropylammonium perruthenate (TPAP, 12.7 mg, (0.036 mmol) was added in one portion to a stirred
mixture of terr-butyl (25, 48, 7RS)—4-(2—h_ydroxy-3-0-tert—butyldiphenylsilyloxypropyl)-pyroglutamate (21a)
(360 mg, 0.72 mmol), 4-methylmorpholine-N-oxide (127 mg, 1.08mmol) and powdered 4A molecular sieves
(360 mg) in CH,Cl, (3.5 ml) at room temperaturc under nitrogen. After 3h the reaction mixture was filtered

through a short path of silica, eluting with CH,Cl, and ethyl acetate. The filtrate was evaporated to yield an oily
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residue, which was purified by column chromatography on silica gel using petroleum ether / ethyl acetate (3:2) as
cluent to give the ketone (22a) as a clear, yellow oil (251 mg, 70%); [al, - 9.8 (¢ 1.00, CH,CL); m/z {+ve FAB
(PEGH/NOBA)]: Found: 496.249947 [M+H]*, C,,H,;NO,Si requires 496.251927; m/z [+ve FAB (3-NBA)]
518 [M+Na]*, 496 [M+H]"; v,., (Nujol) / cm™ 3233 (NH), 1737 and 1708 (C=0) and 1590 (C=C); &, (C*HCL,)
7.58-7.55 (4H, m, ArH), 7.40-7.29 (6H, m, ArH), 6.17 (1H, br.s, NH), 4.13 (2H, s, H-8), 3.98 (1H, dd,
Lisn 2.4, Jy 55 9.3, H-2), 3.03 (1H, dd, J 5, 3.2, J, 4 18.4, H-6), 2.77 (1H, ddddd, 3,5, 3.2, ¥, 5 Josn Vusn
J,ep 9-1, H-4), 2.58 (IH, dd, J5, 9.2, J, o 18.4, H-6B), 2.43 (1H, ddd, J,,, 2.4, J,, , 9.1 J,, ,, 132, H-
3A), 190 (IH, ddd, J5, 9.1, Ji5, 9.3, Jipa, 13.2, H-3B), 1.40 (9H, s, OC(CH,),) and 1.02 (9H, s,

au,u,njh), 8. (C°*HCl,) 20745 (ketone), 178.16 (lactam)), 170.56 (ester), 134.84-127.23 (Ar), 81.74

20
N NEL (M ON £ 1 7MY AN AON"T Y £ QA 100 7Y AN N ON F AY AL NO
\\J}.‘\\,n3}3}, 69.06 (C-8), 53.71 (C-2), 39.07 (C-6), 34.19 (C-4), 30.80 (C-3), 27.29 \\A,\;.‘ns)_,,), 20.uo

(SiC(CH,},) and 18.53
tert-Butyl (25, 45)-N-tert-butoxycarbonyl-4-(2-oxo-3-O-tert-butyldiphenylsilyloxypropyl)-
pyroglutamate (23a),

A mixture of fert-butyl (2S, 45)-4-(2-0x0-3-O-rert-butyldiphenylsilyloxypropyl)-pyroglutamate (22a) (72 mg,
0.145 mmol), 4-dimethylaminopyridine (5 mg, 0.041 mmol) and triethylamine (22 mg, 0.22 mmol) in dioxane
(2.5 ml) was heated under nitrogen to 85 °C. Di-rerr-butyl dicarbonate ((Boc),0) (793 mg, 3.63 mmol) in
dioxane (0.5 ml) was added dropwise over 25 minutes. At this time the reaction was complete as shown by tlc.
and was aiiowed to cool to room temperature. The soivent was removed in vacuo 10 yield a brown oil which was
purified by column chromatography on silica gel using petroleum ether / ethyl acetate (7 1) as eluent to afford the

product {23a) as a vellow oil (67 me. 77%): [al 3t _14 7 {c 1.00. CH O TAD /2 NDAY £10
leu\.«l léwJdaa)] ad a . Ul lllE, r/w), [ JD -1 LU, L112L12}, IIII.(, l'T'VC jaia ¥ \J

:
-
[ST

3.3, J,, 5 18.8, H-6A), 2.94 (1H, m, To 62,1, 887, 11.8, H-4), 2.60 (1H, dd, J,5, 8.8,
Jsns 18.8, H-6B), 2.24 (1H, dd, J,,, 9.0, J., 13.1, H-3A), 178 (1H, ddd, Ty, L1, T, 118, Ty, 1301,
H-3B), 1.44 and 1.42 (2x9H, 2xs, 2xOC(CH,),) and 1.02 (9H, s, SiC(CH,),); 6. (C’HCL,) 206.79 (ketone),
173.59 (C=0 (lactam)), 169.09 (ester), 148.24 (urethane), 134.45-126.86 (Ar), 82.31 and 81.32 (2x
OC(CH,),), 68.63 (C-8), 56.89 (C-2), 38.40 (C-6), 35.92 (C-4), 27.61 (C-3), 26.87 and 26.85 (2xOC(CH,),),

25.68 (SiC(CH,),) and 18.11 (SiC(CH,),).
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butoxycarhonyl-glycinate (252a).

Hydrazine hvdratc (N H 64-65%) (19 mg, (.24 mmol) was added to a solution of terr-butyl (2, 45)-N-tert-
butoxycarbonyl-4-(2- oxo—3 -O-tert-butyldiphenylsilyloxypropyl)-pyroglutamate (23a) (62 mg, 0.10 mmol) in
methanol (1 ml) under nitrogen. After stirring at room temperature for 3h, the solvent was removed in vacuo to
yield a white foam. Purification of the two products was achieved by flash column chromatography on silica gel
using petroleum ether / ethyl acetate (1:1) as eluent. tert-Butyl (3S,5RS,7S)-[(1-amino-2-oxo-5-hydroxy-5-0-
tert-butyldiphenylsilyloxymethylpyrrolidin 3-yl) methyl]~N~tert~butoxycarbonyl-glycinate (24:) was obtained as

A1 sEY 3 RYTT\ 1L 1r1 n\ o

(U ana INm), ana /50

41 [\
AP 4 7 90 NUHRAY €7 (179 A
(it/enn, @, 4 6., NnIBOC), 2./ (i/in, 4,

TBDPSOCH,), 2.61-2.46 (1H, m, H-3),
(2x9H, 2xs, 2xOC(CH,),) and 0.8 (Q

334

r&;.,
SRR
n 8
=~
~—
Dﬂ

~

Q

jus)

@)

5), s (TBDPSOCH.), 52.73 (C-7), 37.63 (C-3), 34.50 (C-4), 29.50 and 29.09 (ZxOC(ﬁQHs)g),V :i7:§7
(SiC(CH,),), 20.31 (C-6) and 18.23 (SiC(CH,),). tert-Butyl (55, 8S)-[(3-O-tert-butyldiphenylsilyloxymethyl-
4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonyl-glycinate (25a) was obtained as a
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colourless oil (10 mg, 16%); [ ']i‘)z -17.0 (¢ 0.80, CH C_ m/z [+ve FAB (PEGH / NOBA)l: Found:
610.329312 [M+H]*, C,,H N, O Si requires 610.331240 ; m/z [+ve FAB (3-NBA)] 632 [M+Nal*, 610 [MI";
Vome (Nu;ol)/cm 3342 (N-H), 3072 (=C-H) and 1718 (C=0); 3, (C2HC13) 8.17 (1H, s, =N-NH-), 7.59-7.31
(10H, m, ArH), 5.35 (1H, 4, J 7.3, NHBoc), 4.21-4.17 (3H, m, H-8 and TBDPSOCH,), 2.71 (1H, dd, J,
6.1, 1, 16.0, H-5), 2.47-2.18 (3H, m, H-4 and H-7A), 1.83-1.77 (1H, m, H-7B), 1.39 and 1.36 (2x9H, 2xs,
2xOC(CH,),) and 1.00 (9H, s, SiC(CH,)); 8¢ (CZHC13) 171.61 (lactam)), 170.27 (ester), 155.86 (urethane),
154.85 (C=N), 135.98-128.28 (Ar), 82.54 (2xOC(CH,),), 66.28 (TBDPSOCH,), 52. 70 (C-8), 33.12 (C-5),

32.29 (C-4), 28.73 and 28.43 (2xOC(CH,),), 27.61 (C-7), 27.23 (SiC(CH,),) and 19.66 (SiC(CH,),).

ort.Rutvl (§€ RQ).[(3.0.-fert -hutvldinhenvlgilvloxvmethvl.4. 8.dihvdrao-1H-6-0xonvridazine.
PUT FTAPWLYS Wiy Ui T W TR TeR s p T Y AR AR AR Y ASE AR y AR AR Y AT Ny TR YRR U R TUTVURY Y S R reSSInS
S-yl)methyl]-N-fert-butoxyecarbonylglycinate (25a).

tert-Butyl (38, SRS, 75)-[(1-amino-2-0xo0-5-hydroxy-5-methyl-O-zert-butyldiphenylsilyloxymethylpyrrolidin-3-
yDmethyl]-N-zert-butoxycarbonylglycinate (24a) (32 mg, 0.05 mmol) was dissolved in acetonitrile (1 ml). The
solution was heated to reflux in the presence of 3A molecular sieves (70 mg) and acetic acid (3 drops) for 2 days.
The solvents were removed in vacuo and the resultant oil was purified by flash column chromatography on silica
gel using petroleum ether / ethyl acetate (2:1) as eluent to yield the pyridazine (25a) as a clear, colourless oil (13
mg, 42 %). Spectra were identical with those of the sample above.

tert-Butyl (25, 4R)-4-(prop-2-enyl)-pyroglutamate (19b).
tert-Butyl (2S, 4R)-N-tert-butoxycarbonyl-4-(prop-2-enyl)-pyroglutamate (16b) (500 mg, 1.54 mmol) was
stirred at room temperature in a 1M solation of HCl in thl acetate (30 m1) under nitrogen. After 4h the reaction

was complete. The solvent was removed in vacuo and the crude product was purified by column
chromatography on silica gel using petroleum ether / ethyl acetate (1:1) as eluent to yield tert-butyl (25, 4R)-4-
(prop-2-enyl)-pyroglutamate (19b) as a clear, yellow oil (216 mg, 62%); [o],** +17.7 (c 1.00, CH,CL,); m/z
[+ve FAB (PEGH/NOBA)]: Found: 226.143474 [M+H]", C,,H,NQ, requires 226.144319 ; m/z [+ve FAB (3-
NBA)] 248 [M+Na]*, 226 [M+H]*; v_, (Nujol) / cm™ 3229 (NH), 1737 and 1707 (C=0); &, (C’HCl,) 6.46
(1H, br.s, -NH), 5.74-5.63 (1H, m, H-7), 5.05-4.98 (2H, m, H-8), 4.04-3.99 (1H, m, H-2), 2.56-2.44 (3H,
m, H-4, H-6A and H-3B), 2.12-2.07 (1H, m, H-6B), 1.78-1.75 (1H, m, H-3A) and 1.41 (9H, s, C(CH,),); 8.
(C*HCl,) 178.85 (lactam)), 171.30 (ester), 135.60 (C-7), 117.55 (C-8), 82.78 (OC(CH,),), 54.74 (C-2), 41.03

L Ya e A L ONPNNTT NN

(C-4), 35.42 (L 6), 30.94 (C- .5) and 28.37 (UL(L‘H3)3)

tert-Butyl (28, 4R, 7RS)-4-(2,3-dihydroxypropyl)-pyroglutamate (20b).

A mixture of tert-butyl (25, 4R)-4-(prop-2-enyl)-pyroglutamate (19b) (1.202 g, 5.34 mmol), K,Fe(CN),
(10.540 g, 32.01 mmol), K,CO, (4.424 g, 32.01 mmol) and OsO, as a solution in +-BuOH (2.5 wt%, 1.5 ml,
30.4 mg, 0.12 mmol Os0Q,) in 1:1 ~-BuOH / H,0 (40 ml) was stirred at room temperature for 24 h. The reaction
was guenched with sodium sulfite until the orange colour disappeared. The solvents were removed in vacuo and
the resulting solid was extracted with diethyl ether using a soxhlet apparatus for 48 h. The solvent was removed
in vacuo to yield tert-butyl (2S, 4R, 7RS)-4-(2,3-dihydroxypropyl)-pyroglutamate (20b) as a mixture of

enantiomers as a colourless oil (1.230 g, 89%), which crystallised on standing; m.p. 63-67 °C; m/z [CI]: Found
260.1498 [M+H] , C,2H22N05 requires 260.1497; m/z [+ve FAB (3-NBA)] 282 [M+Na]*, 260 [M+H]"; v,

FO2T T N AA 71
(C'nllL) 6.44 (1
1

n
=,
NN
[
’II
'E

‘3
1

1.62-1.51 (1H, m, B) and 1.41 (9H S, C(CH3)3) 5 (CZHC13) 80. 71 and 18() 33 (lactam) 171 322 and
170.89 (ester), 83.20 and 83.05 (OC(CH,),), 71.45 and 70.59 (C-7), 67.26 and 66.74 (C-8), 55.42 and 55.21
(C-2), 40.65 and 38.64 (C-4), 35.07 and 34.70 (C-6), 33.15 and 32.99 (C-3) and 28.37 and 28.18 (OC(CH,),).

t-Butyl (2S,4R,7RS)-4-(2-hydroxy-3-0-¢-butyldiphenylsilyloxypropyl)-pyroglutamate (21b).
tert-Butyl (25, 4R, 7RS)-4-(2,3-dihydroxypropyl)-pyroglutamate (20b) (63 mg, 0.24 mmol) was dissolved in

CH,CI, (1 mi) with stirring under nitrogen. The solution was cooled to 0 °C and 4-dimethylaminopyridine
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(DMAP, 3 mg, 0.024 mmol) and triethylamine (61.5 mg, 0.61 mmol) were added. After 15 min fert-
butylchlorodiphenylsilane (TBDPSCI, 100 mg, 0.36 mmol) was added at 0 °C and the reaction mixture was
stirred for 19 h at room temperatore. The white precipitate was filtered off and the solvent was removed in
vacuo. Purification of the crude product by column chromatography on silica gel using petroleum ether / ethyl
acetate (2:3) as eluent afforded rerr-butyl (25, 4R, 7RS)-4-(2-hydroxy-3-O-tert-butyl diphenylsilyloxypropyl)-
pyroglutamate (21b) as a colourless oil (91 mg, 75%) m/z [+ve FAB (PEGH/NOBA)}: Found: 498.266242
[M+H]+ C,sH ,oNOSi requires 498.267577; m/z [+ve FAB (3-NBA)] 520 [M+Na]", 498 [M+H]’; v, (Nujol) /
cm” 3244 (NH and OH), 3071 and 3050 (=C-H), 1740 and 1697 (C=0) and 1590 (C=C); su(C HC13) 7.59-
7.57 (4H, m, ArH), 7.39-7.28 (6H, m, ArH), 6.26 (1/2 H, s, NH), 6.17 (1/2 H, s, NH), 4.09-398 (1H, m,

AS (1DLT e LI TV 2 80 2 AL (MHLT e X © 0")(1 LY I A
VI \ L LXd,y ITEy 131 )y, 3,070 \&X1, 1T, o O-2.J1 (&n1, AL, I1-%
d

(N -

‘_35), !.64 1.47 (1H, m, Hé , 1.41 (9724, s, OC(CH,),), 1.40
;8.
A\

s SIAN-R43/3) LU

170.77 and 170,54 (este), 1357112601 (A, 82. 78 ‘and 82.67 (OC(CH3)3) 70.95 and 70.80 (C-7), 68.09
and 67.45 (C-8), 54.89 and 54.80 (C-2), 39.98 and 38.90 (C-4), 34.73 and 34.05 (C- 6), 33.22 and 32.67 (C-
3), 28.49 and 28.13 (OC(CH,),), 27.04 (SiC(CH,),) and 19.42 (SiC(CH,),).

tert-Butyl (25, 4R)-4-(2-0x0-3-O-tert-butyldiphenylsilyloxypropyl)-pyroglutamate (22b)._
Solid tetrapropylammonium perruthenate(VII) (TPAP, 47 mg, 0.13 mmol) was added in one portion to a stirred

l-‘l

mixture of teri-butyl u 4R, 7RS5)-4-(2-hydroxy-3-O-terr-butyldiphenyisilyloxypropyl)-pyrogiutamate (Zib)
T las

£f1 VL & ) L v ~IN nathol b Al N Avida FALQ vaer A MMY smaemAlY nnAd smasrdassd manlannlos oiasean A X

\l-J‘rU 5 & UR TRV ), 1 lculyllllulplluull TINTUAIUC \FUO0 HIE, 4.UU 1HHIVUL) aliu WWW‘ HIVICAULAL JICYOD (v My,
1A CH O (18 m]) at ranm tamneratnire nndar nitraoen  The raactinn mivfnm was ctirrad far 2 h  filtemd
F e b E} AXE Wk ‘2‘/.2 \lJ ‘l.l} QL 11UV Wlllp\/l“‘-ulv SRV ING 3 llluue\.ﬁll A LIV EWRIVHIVULL 1LILALULWY YYD le\/“ AR “ LHEW/AVAS

through a short path of silica and purified by column chromatography on silica gel using petroleum ether / ethyl
acetate (1:1) as eluent to afford tert-butyl (25, 4R)-4-(2-0x0-3-O-tert-butyldiphenylsilyloxypropyl)-pyroglutamate
(22b) as a yellow oil (1.255 g, 95%); [al,” +9.4 (¢ 1.00, CH,CL,); m/z [CI]: Found: 496.2519 [M+H]",
C,;H,NOSi requires 496.2518; m/z [+ve FAB (3-NBA)] 518 [M+Na]*, 496 [M+H]"; v, (Nujol) / cm™ 3212
(NH), 3072 and 3049 (=C-H), 1737 and 1718 (C=0) and 1590 (C=C); &, (C’'HCL,) 7.58-7.55 (4H, m, ArH),
7.40-7.29 (6H, m, ArH), 6.20 (1H, br.s, NH), 4.13 (2H, s, H-8), 4.04 (1H, ¢, J 8.0, H-2), 3.11 (1H, dd,
Jeas 2.7, Jopes 18.7, H-6A), 2.82 (1H, dq, J, 54 2.7, o5 Ju3a Jazs 9-1, H-4), 2.69 (1H, dd, J,,, 8.0, J,, 5
12.7, H-3A), 2.53 (1H, dd, I3 4 9.1, Tz 18.7, H-6B), 1.51 (1H, ddd, J, .5 8.0, Jo5, 9.1, J5, 5 12.7, H-
3B), 1.40 (9H, s, OC(CH;);) and 1.02 (9H, s, SiC(CH,);; 8¢ (CWHCls) 208.18 (ketone), 177.78 (lactam),
170.52 (ester), 135.50-127.85 (Ar), 82.47 (OC(CH,),), 69.67 (C 8), 54.33 (C-2), 40.06 (C-6), 36.41 (C-4),

‘\/‘Wi/ﬁf‘/f‘l"’\\».l1l\1 C f‘f“"l\\

32.20 (C-3), 27.82 (OC(CH,),), 26.71 (SiC(CH,),) and 15.17 (SiC(CH,),).

tert-Butyl (28, 4R)-N-tert-butoxycarbonyl-4-(2-0x0-3-O-fert-butyldiphenylsilyloxypropyl)-
pyroglutamate (23b). ‘

A mixture of tert-butyl (25, 4R)-4-(2-ox0-3-O-tert-butyldiphenylsilyloxypropyl)-pyroglutamate (22b) (1.255 g,
2.53 mmol), 4-dimethylaminopyridine (DMAP) (62 mg, 0.51 mmol) and triethylamine (384 mg, 3.80 mmol) in
dioxane (40 ml) was heated under nitrogen to 85 °C. Di-tert-butyl dicarbonate (5.526 g, 25.32 mmol) in dioxane
(5 ml) was added dropwise over a period of 45 min. At this time the reaction was complete as shown by tc. The
reaction mixture was allowed to cool to room temperature. The solvent was removed in vacuo to yield a brown
oil, which was purified by column chromatography on silica gel using petroleum ether / ethyi acetate (3:2) as
ciueni to afford t’en‘—but‘yi ( 28,  4R)-N-tert-butoxycarbonyl-4-(2-oxo-3-O-teri-buiyldiphenyisilyi-propyi}-

PO, v, a1 31 - oy
pyroglutamaie {23b) as a yellow oil (920 mg, 61%); [al, -1.5 (¢ 1.00, CH,CL); m/z [+ve FAB

(PEGH/NOBA)}. Found: 618.290557 [M+Na] C,;HNO;NaSi requires 618.286301; m/z [+ve FAB (3-
NBA)] 619 [M+Na]*, 597 [M+H]; (Nujol) / em™ 1793, 1743 and 1724 (C=Q) and 1590 (C=C); §,

(C?HCL,) 7.51-7.47 (4H, m, ArH), 72@722 mn m, ArH), 4.24 (1H, dd, J,, 1.3, J,, 8.5, H-2), 404(2H

22, N £l12) 0 \VIE Wil B.e® (11L, U6, L1&7,

s H-8), 3.08 (1H, dd, J,,, 3.1, J,,  18.8, H-6A), 2.87-2.80 (1H, m, H4) 2.60-2.45 (2H, m, H-6B and

6A,4 6A,6B

-3B), 1.44-1.39 (1H, m, H-3A), 1.37 and 1.32 (2x9H, 2xs, 2xOC(CH,),) and 0.95 (9H, s, SiC(CH,),); 8.
(C2HC13) 208.28 (ketone), 175.09 (lactam), 170.81 (ester), 149.76 (urcthane), 135.95-126.28 (Ar), 84.05 and
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tert-Butyl (3R,5RS,75)-[(1-amino-2-0x0-5-hydroxy-5-O-tert-butyldiphenylsilyloxymethyl
pyrrolidin-3-yl)methyl]-N-tert-butoxycarbonylglycinate (24b) and tert-Butyl (SR, 8S5)-[(3-O-
tert-butyldiphenylsilyloxymethyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-zert-
butoxycarbonylglycinate (25b).

Hydrazine hydrate (64-65%) (26 mg, (.34 mmol) was added to a solution of rert-butyl (25, 4R)-N-tert-

A A r10N

butox ’Cdrbonyi—qwu—oxo-3-u~tert~Dmymenenylsuyloxypropyu -pyroglutamate (23b) (100 mg, 0.17 mmol) in
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chromatography on silica gel using petroleum ether / ethyl acetate (1:1) as eluent. tert-Butyl (3R,5RS,75)-[(1-
amino-2-oxo-5-hydroxy-5-0-tert-butyldiphenylsilyloxymethylpyrrolidin-3-yl)methyl ]-N-tert-butoxycarbonyl

glycinate (24b) was obtained as a colourless oil (63 mg, 60%); m/z [+ve FAB (PEGH/NOBA)): Found:
628.345300 [M+H]*, C;;H,,N;O,Si requires 628.341805; m/z [+ve FAB (3-NBA)}: 650 [M+Na]*, 628 [M+H]"
and 610 [M-H,OJ"; v, (film) / cm” 3338 (OH and NH), 1735 and 1702 (C=0), 1618 and 1590 (C=C); 3y
(C*HCL,) 7.57-7.53 (4H, m, ArH), 7.40-7.30 (6H, m, ArH), 5.28-5.25 (1H, m, NHBoc), 4.15-4.08 (1H, m,
H-7), 3.73-3.28 (4H, m, TBDPSOCH, and NH,), 2.61-2.60 (1H, m, H-3), 2.30-1.56 (4H, m, H-6 and H-4),
1.37, 1.36 (2x9H, 2xs, 2xOC(CH,),) and 0.95 (9H, s, SiC(CH,),); 8. (C’HCl,) 174.86 and 174.71 (lactam),
171.67 (ester), 155.88 (urethane), 135.62-127.90 (Ar), 89.61 and 89.30 (SiC(CH,),), 82.21 and 80.61

(2xOC(CH,),), 79.87 (C-5), 65.91 and 65.51 (TBDPSOCH,), 52.36 (C-7), 36.40 (C-3), 35.51 and 35.19 (C-
AN MO £0 0 2”77 O NO —el MO N\ D MVOTT VD YL O QN TT YN\ N1 1Y Ly 1 1TDNAY .1 1O 1 E
“4), £0.07, 406.0/, 20.U0 diIild L0.\N) \LK\,I\.\L‘ns)3), FAVR B | \DIL,\L‘._HE) 3), Zi.14 \\_."D} did 17.2L5 dbld 19.10
CICIT V) & (TNEDT _DON) o CALIM Y _NOK (2 1-:.1 A TO1T D NI nnd 220N 1.0 1 T 12Q NI\ Doae e ]
WAL )3), Oy WNLDD 1, ~4U U U 1IUly) 270 \Ti,71, U, 0 Jl.g, 1IN0 a0l 53U \T1,U,-1, , J 100, INKL ). DENLY
(5R,8S)-[(3-O-tert-butyldiphenylsilyloxymethyl-4,5-dihydro-1 H-6-oxopyridazine-5-yl)methyl]-N-tert-

butoxycarbonyl-glycinate (25h) was obtained as a colourless oil (7 mg, 7%), [al,” +22.5 (¢ 1.00, CH,CL);

m/; [+ve FAB (PEGH/NOBA)J: Found: 610.320018 [M+HJ", C,H,N,0,Si requires 610.331240; m/z [+ve
FAB (3-NBA)] 632 [M+Na]*, 610 [MJ'; v, (Nujol) / cm” 3299 (NH), 3072 and 3051 (=C-H), 1794, 1719
(C=0), 1648 (C=N) and 1590 (C=C); 8, (C*HCL,) 8.38 (1H, 5, =N-NH), 7.59-7.33 (10H, m, ArH), 5.18 (1H,
d,J 8.5, NHBoc), 4.27-4.13 (3H, m, H-8 and TBDPSOCH,), 2.87 (IH, d, J 10.7, H-4A), 2.31-2.13 (3H,
m, H-4B, H-5 and H-7B), 1.83-1.77 (1H, m, H-7A, 1H), 1.38 and 1.35 (2x9H, 2xs, 2xOC(CH,),) and 1.00
(9H, s, SiC(CH,),); 8. (C2HCl,) 171.72 (lactam), 170.24 (ester), 156.22 (urethane), 154.83 (C=N), 136.02-
128.27 (Ar), 82.67 and 82.25 (2xOC(CH,),), 66.31 (TBDPSOCH,), 52.14 (C-8), 33.21 (C-4), 32.89 (C-5),
28.70 and 28.36 (2xOC(CH,),), 27.39 (C-7), 27.23 (SiC(CH,),) and 19.64 (SiC(CH,),).

tert-Butyl (5R, 885)-[(3-O-tert-butyldiphenylsilyloxymethyl-4,
S-yl)methyl]-N-rtert-butoxycarbonylglycinate (25b).

tert-Butyl (3R, SRS,  7S)-[(1-amino-2-0xo-5-hydroxy-5-O-tert-butyldiphenylsilyloxymethylpyrrolidin-3-
yl)methyl]-N-ters-butoxycarbonylglycinate (24b) (60 mg, 0.095 mmol) was dissolved in acetonitrile (1 ml).
The solution was heated to reflux in the presence of 3A molecular sieves (120 mg) and acetic acid (4 drops) for 2
days. The solvents were removed in vacuo and the resultant oil was purified by flash column chromatography on
silica gel using petroleum ether / ethyl acetate (2:1) as eluent to yield the pyridazine (25b) as a clear, colourless

oil (32 mg, 55 %). Spectra were identical with those of the sample prepared above.

tert-Butyl (28,48)-N-tert-butoxycarbonyi-4-(3-trimethyisilyi-prop-2-ynyi)-pyrogiutamate
(26a) and tert-Butyl (25,4R)-N-tert-butoxycarbonyl-4-(3-trimethylsilylprop-2-ynyl)-
pyroglutamate (26b).

Lithium hexamethyldisilazide (1 M in THF, 1.3 m], 1.3 mmol) was added to a stirred solution of ferr-butyl (25)-
N—.ert—butmvcmh nyl-pyroglutamate (15) (340 mg, 1.19 mmol) in THF (4 ml) at -78 °C under nitro gf‘n The
mixture was stirred at -78 °C for 1 h and 3-bromo-1-(trimethylsilyl)-1-propyne (0.20 ml, 1.43 mmol) was added.

Stirring was conunued for further 2 h at -78 °C and saturated aqueous NH,C1 (7 ml) was added. The mixture
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was extracted with diethyl ether (3x10 ml). The organic phases were dried (Na,SQ,) and the solvents were
removed in vacuo to give a yellow oil. Purification of the two stereoisomers by column chromatography using
petroleum ether / ethyl acetate (5:1) as eluent gave the trans and cis epimers in ca. 20% yield each and the bis-
alkylated product in 17% yield. tert-Butyl (25, 45)-N-tert-butoxycarbonyl-4-(3-trimethylsilyl-prop-2-ynyl)-
pyroghaamate (26a) was obtained as white crystals (83 mg, 18%), m.p. 58-62 °C; [a],” -32.8 (c 1.00,
CH,CL,); m/z [CI): Found: 396.2206 [M+H]*, C,;H,,NO,Si requires 396.2205; m/z [+ve FAB (3-NBA)] 418
[M+Na]*, 396 [M+H]"; v, (KBr) / cm™ 2177 (alkyne), 1795, 1743 and 1723 (C=0); §, (C*HCl,) 4.47 (1H,
dd, J,;, 34,1, 82, H- 2) 2.83-2.77 (1H, m, H-4), 2.70 (1H, dd, J,, , 4.5, Jsaes 17.2, H-6A), 2.47 (1H,

7 an ¥ T A XX TN A A A g Ty Ty AnM T re mww 4 1orT oy

dd, Jg 8.0, Jg o 17.2, H-6B), 2.26-2.18 (2H, m, H-3S and H-3R), 1.52 and 1. 49 (18H, 2xs, zxuut,us),)
am AN 1Y FOTT . O VET v\, © 700205 F0N N\ 1717 AA fMova N 1AM AM o\ T AN

ana u.13 {(¥n, §, 3i{lLn,),); oc (C'nlly) 175.44 (lactam), 170.27 (ester), 149 (urcm.mc), 102.67 (C-7),
Q7 D ({"_Q\ Q2L AT and 87 Aﬂ (Ve MIOLTYY K702 /0 A AN QA (Y AN DT Q1 fOWVOLT N 1 £ (LY N1 11
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.00 (Si (CH,),). tert-Butyl (2S, 4R)-N-tert-butoxycarbonyl-4-(3-trimethylsilyl-prop-2-ynyl)-
pyroglutamate (26b) was obtained as white crystals (89 mg, 19%), m.p. 82-84 °C: Inl 34265 (¢ 1.00,
CH,Cl,); m/z [CI]: Found: 396.2206 [M+H]", C,,H,,NO,Si requires 396. 2205, m/z [+ve FAB (3-NBA)] 418
[M+Na]", 395 [M]"; v, (KBr)/cm™ 2178 (alkyne), 1791 and 1741 (C=0); &, (C*HCL,) 4.47 (1H, dd, ], ,, 6.4,
Jy3s 9.0, H-2), 277 (1H, dd, Jg s 4.4, J 45 16.7, H-6A) 2.69 (1H, m, H-4), 2.56 (1H, ddd, J,;, 4.3, J;5,
9.0, J,5,¢ 13.5, H-3S), 2.44 (1H, dd, J 5, 9.9, Jz 16.7, H-6B), 1.95 (1H, ddd, J, 6.4, Jyz, 7.4, Jyp s
13.5, H-3R), 1.51 and 1.50 (18H, 2xs, 2xOC(CH,),) and 0.14 (9H, s, SiC(CH,),); 8. (C’HCl,) 173.40
(lactam), 170.27 (ester), 149.43 (urethane), 102.99 (C-7), 86.96 (C-8), 83.64 and 82.30 (2xOC(CH,),), 58.04
(C-2), 41.97 (C-4), 27.90 (OC(CH,),), 26.80 (C-6), 21.68 (C-3) and 0.02 (Si(CH,),). Irradiation of H-2 at &
4.47 led to an nOe in H-38 at § 2.55 and irradiation of H-3R at § 1.95 caused nOe in H-6 at 3 2.72 and § 2.43.
Benzyl (28, 45)-N-tert-butoxycarbonyl-4-(2-carboxymethyl-prop-2-enyl)-pyroglutamate (32a,
R'=PhCH,, R’—Me) and Benzyl (25, 4RS)-N-tert-butoxycarbonyl-4-(2-carboxymethyl-prop-2-
enyl)-pyroglutamate (32b, R'=PhCH,, R’=Me).

Lithium hexamethyldisilazide (1 M in THF, 2.30 ml, 2.30 mmol) was added to a solution of benzyl (25)-N-zert-
butoxycarbonylpyroglutamate (31, R'=PhCH,)"! (611 mg, 1.91 mmol) in THF (7 ml) stirred at -78 °C under
nitrogen. The mixture was stirred at -78 °C for 1 h and methyl 2-(bromomethyl)acrylate (411 mg, 2.30 mmol)
was added. Stirring was continued for further 2 h at -78 °C. The mixture was quenched with saturated aqueous
ammonium chloride (15 ml) at -78 °C and extracted with diethyl ether (3x15 ml). The organic phases were dried
(Na,SO,) and the solvent was removed in vacuo. The crude product was isolated as a yellow oil which was
purified by column chromatography on silica gel using petroileum ether / ethyi acetate (2:1) as eluent. Benzyi (25,
4RS)-N-tert-butoxycarbonyl-4-(2- carboxymethyl-prop -2- enyl)-pyro glutamate (32, R'=PhCH,, R’=Me) was

isolated in 54% vield. The maior. frans isomer (2S. 4S) was pa Alatad ne nna ctaranicnmiar oo hira onlid
WULALCAL 111 U= /U y ICIU. 11U 1HafuL, 7 Ui DULIICL \ o0, I Wad yaxu_y lbU { as Onc SICréGiSomier a8 a wiliie SGi1id
Tha minar ~ic ctaranicamar (7€ AR canld not he canaratad from the franc icamer The ratin wace ~2 21 in favenr
A LRWy ARARRIN/LE LD JWUIWA/AOVUARIVWE \ﬁ\,, 'Tl\, WAL LIVLV Uw autlmuwu ALN/RAL UIENs E7 LAF 4 RONJRRRN/A A LI ACALAV YYELDY LUs JJ. 1 121 AQAY UL
of the 1trans stereoisomer, benzvl (2S5, 45)-N- rprf-humxyvnrbgnyl 4-(2- carhnrympthyl-prgp-Z-nny_)-

pyroglutamate (32a, R'=PhCH,, R’=Me) m.p. 93-95 °C; [a],* -11.4 (¢ 1.00, CH,CL,); Found: C 62.9; H,
6.5; N, 3.2. C,,H,,NO, requires C, 63.3; H, 6.5; N, 3.3%; m/z [EI]: 417 [M+H]}*; v_,, (KBr)/ cm™ 3037 (=C-
H), 1779, 1737 and 1716 (C=0) and 1629 (C=C); &, (C*HCl,) 7.20 (5H, s, ArH), 6.09 (1H, s, olefinic), 5.48
(1H, s, olefinic), 5.04 (2H, s, CH,Ph), 4.43 (1H, dd, J, ;; 1.0, J, 4 9.6, H-2), 3.59 (3H, s, OCH3), 2.86 (1H,
dd, J,, , 4.4, 7,y 5 14.3, H-6A), 2.75-2.69 (1H, m, H-4), 2.13 (1H, dd, J5, 19.5, J,; . 14.3, H-6B), 2.0 (1H,
dd, Ty, 8.6, I s 13.3, H-3R), 1.83 (IH, ddd, J,5, 9.6, T, 12.0, Ty, 13.3, H-3S) and 1.23 (9H, s,
C(CH,),); 8- (C*HCl,) 172.33 (lactam), 169.27 (ester), 165.35 (ester), 147.62 (urethane) 135.42 (C-7), 133.32-
126.79 (Ar), 126.06 (C-8), 81.45 (OC(CH,),), 65. 68 (CH,Ph), 55. 27 (C-2), 50.35 (()CH) 39.33 (C-4),
31.03 (C-6), 26.63 (C-3) and 26.09 (OC(CH,), ) 8y for benzyl (25, 4R)- N-tert—butoxycarbonyl 4-(2-
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The (25,45) Pyruvylpyroglutamate derivative (33, R'=PhCH,, R’=Me).

A solution of benzyl (25, 45)-N-tert-butoxycarbonyl-4-(2-carboxymethyl-prop-2-enyl)-pyroglutamate (32a,
R'=PhCH,, R’=Me) (400 mg, 0.96 mmol) in dichloromethane (15 ml) was cooled to -78 °C and oxygen was
passed for 20 min. Ozone was passed through the solution for 15 min, during which time it turned blue. The
reaction was quenched by adding triphenylphosphine (277 mg, 1.05 mmol) at -78 °C. The solution was allowed
to warm slowly to room temperature. The solvent was removed in vacuo and the crude product, isolated as an
oil, was purified by flash column chromatography on silica gel using petroleum ether / ethyl acetate (1:1) as eluent

to yield the pyruvate derivative (33, R'=PhCH,, R’=Me) as an oil (338 mg, 84%); [o],” -13.8 (c 1.00,
CH,CL); Found: C, 59.9; H, 6.0; N, 3.2 CZIHQSNO requu'es C, 60.1; H, 6.0; N, 3.3%; m/z [+ve FAB (3-
2 an
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T, 8.6, 1,05 13.0, H-3A), 201 (1H, ddd, J3“97 Jipa 120, 1, 13.0, H-3B) and
1.46 (9H, s, C(cus)g 8 (C*HCl,) 191.89 (ketone), 173.97 (lactam), 171.17 (ester), 161.00 (ester), 149.49
(urethane), 135.37-128.93 (Ar), 84.30 (OC(CH,),), 67.95 (CH,Ph), 57.67 (C-2), 53.63 (OCH,), 40.42 (C-6),
37.73 (C-4), 28.65 (C-3) and 28.18 (OC(CH,),).
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Benzyl (3§, SRS, 78)-[(1-amino-2-oxo0-5-hydroxy-5- methoxycarbonylpyrrolidin-3-
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Hydrazine hydrate (64-65%) (29 mg, 0.38 mmol) was added to a solution of the derivative (33, R'=PhCH,,

R’=Me) (144 mg, 0.34 mmol) in methanol (1.5 ml) under nitrogen. After stirring at room temperature for 1 h,
the solvent was removed in vacuo to yield a white foam. Purification and separation of the two products was
achieved on silica gel using petroleum ether / ethyl acetate (1:3) as eluent. Benzyl (3S, 5RS, 75)-{(1-amino-2-
oxo-5-hydroxy-5-methoxycarbonylpyrrolidin-3-yl)methyl]-N-tert-butoxycarbonyiglycinate (34, R'=PhCH,,
R’=Me) (93 mg, 61%) was obtained as a white solid; m.p. 156-159 °C; Found: C, 55.9; H, 6.5; N, 9.0.
C,,H,)N,O, requires C, 55.9; H, 6.5; N, 9.3%; m/z [+ve FAB (3-NBA)]: 474 [M+Na]*, 452 [M+H]J"; v

(KBr) / cm™ 3334 (OH), 3268 (NH), 1754, 1736, 1708 and 1688 (C=0); &, (C*HCl,) 7.28 (5H, s, ArH), 5.74
(1H, m, NHBoc), 5.23-5.03 (2H, m, CH,Ph), 4.36 (3H, br.s, H-7 and NH,), 3.76 and 3.71 (2x1.5H, 2xs,
2xOCHsj), 2.77-2.72 and 2.63-2.58 (2x0.5H, 2xm, 2xH-3), 2.49-2.41 (0.5H, m, H-4), 2.32-2.17 (1.5H, m,

H-4 and H-6A), 2.05-1.98 (0.5H, m, H-4), 1.89-1.74 (1.5H, m, H-4, H-6B), and 1.36 (9H, s, C(CH,),): 5
2 agtar A Agtas cathana ¢
(CHCL,) 174.42 (C-2), 172.33 (ester), 171.73 and 171.56 (ester), 155.84 (urethane), 135.66-126.26 (A),
88.84 and 88.45 (2xOC(CH.).), 80.16 (C-5), 67.67 (CH,Ph), 54.38 and 54.26 (C-7), 52.58 (OCH)), 36.62
88.84 and 88.45 (2xOC(CH,),), 80.16 (C-5), 67.67 (CH,Ph), 54.38 and 54.26 (C-7), 52.58 (OCH,), 36.62

(C-3), 36.16 (C-4), 34.22 (C-6) and 28.74 (OC(CHj;);). Benzyl (5S, 8S)-[(3-methoxycarbonyl-4,5-dihydro-
1H-6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonyl-glycinate (35, R’-PhCH- R’=Me) was obtained as
a white solid (11 mg, 7.5%); m.p. 125-132 °C; [on],)36 -110.7 (c 1.00, CH,ClL,); A ., (MeOH) / nm 268 (e 6,662);
Found: C, 57.8; H, 6.2; N, 9.3. C,/H,,N,O, requires C, 58.2; H, 6.3; N, 9.7%; m/z [+ve FAB (3-NBA)] 456
[M+Na]*, 434 [M+H]"; v, (KBr) / cm™ 3350 (NH), 1730, 1697 and 1678 (C=0) and 1617 (C=N); §;, (C’HCl,)
9.16 (1H, d,J 6.2, =N-NH-), 7.28 (5H, s, ArH), 5.37 (1H, 4, J 8.0, NHBoc), 5.23-5.04 (2H, m, CH,Ph),
4.43-4.41 (1H, m, H-8), 3.82 (3H, s, OCH,), 3.06 (1H, 4, J 10.4, H-3A), 2.43-2.39 (2H, m, H-3B and H-5)
2.34 - 2.25 (1H, m, H-7A), 1.98-1.85 (I1H, m, H-7B) and 1.35 (9H, s, C(CH,),); 5. (C2HC13) 173.77 (C-6),

171.46 (ester), 165.16 (ester), 157.64 (urethane), 144.87 (C=N), 137.18-130.35 (Ar), 84.30 (OC(CH,),),
69.42 (CH,Ph), 55.00 (C-8), 53.68 (OCH,), 34.15 (C-5), 33.73 (C-4), 30.23 (OC(CH,),) and 28.26 (C-7).

Benzyl (SRS, 85)-[(3-mgt--gxym bonyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-tert-
butoxycarbonylglycinate (35, R'=PhCH,, R’=Me).
Benzyl (35S, SRS, 78)- [(1 -amino-2-0x0-5-hydroxy-5-methoxycarbonyl-pyrrolidin-3-yl)methyl]-N-zert-
butoxycarbonylglycinate (34, R'=PhCH,, R>=Me) (118 mg, 0.26 mmol) was dissolved in acetonitrile (2 ml).

The solution was heated to reflux in the presence of 3A molecular sieves (400 mg) and acetic acid (8 drops) for 2
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days. The molecular sieves were filtered off, the solvents removed in vacuo and the resultant oil was purified by
flash column chromatography on silica gel, eluting with a 1:1 mixture of petroleum ether and ethyl acetate, 0
yield the pyridazine (35, R'=PhCH,, R’=Me) (90 mg, 79%) as a mixture of stereoisomers, as a white solid.
The mixture of stereoisomers contained absorptions due to (35, R'=PhCH,, R’=Me) above; &, (C’HCL,)
9.16 (1H, d, J 8.4, =N-NH-), 7.28 (5H, s, ArH), 542 (0.5H, d, J 7.7, NHBoc), 5.28 (0.5H, d, J 8.2,
NHBoc), 5.18-5.03 (2H, m, CH,Ph), 4.43-4.35 (IH, m, H-8), 3.81 (3H, s, OCH,), 3.21 (0.5H, 4, J 10.9,
H-3), 3.06 (0.5H, 4, J 10.4, H-4A), 2.48-2.38 (2H, m, H-4A and H-5); 2.34-2.25 (1H, m, H-7R), 1.84 (1H,
m, H-7S) and 1.35 (9H, s, C(CH,),).

tert-Butyl 2. (brnmnmethvnnorvlate

3-Bromo-2- (bromomethyl)proplomc acid (5.0 g, 20.33 mmol) was added to a suspension of
dibromotriphenylphosphorane, prepared from Ph,P (12.0 g, 45.75 mmol) and Br, (7.3 g, 45.75 mmol) in
benzene (100 ml) containing hexamethylphosphoramide (HMPA, 9.1 g, 50.83 mmol) under nitrogen at room
temperature. tert-Butanol (10 ml) was added after 24 h and the mixture was stirred for another 24 h. The mixture
was diluted with diethyl ether (250 ml) and quenched with ice-cooled saturated aqueous hydrogen carbonate (200
ml). The organic layer was washed consecutively with aqueous sodium sulfite, dilute sulfuric acid (0.8 M),
water and aqueous sodium hydrogen carbonate. It was dried (Na,SO,) and the solvent removed in vacuo. The
white, crystalline by-product was filtered off and washed with ice-cold diethyl ether to yield tert-buryl 2-
(bromomethyijacryiate (3.4 g, 76%) as a clear, yellow oil. Specira were identical with those in the literature. '

tert-Butyl (28, 4S)-N-tert-butoxycarbonyl-4-(2-tert-butyl-oxycarbonyl-prop-2.enyl)-
pyroglutamate (32, R'=R*=‘Bu).

Lithium hexamethyldisilazide (1 M in THF 10.0 ml, 10.0 mmol) was added to a solution of tert-butyl (25)-N-
tert-butoxycarbonylpyroglutamate (31, R'=Bu) (2.58 g, 9.05 mmol) in THF (25 ml) stirred at -78 °C under
nitrogen. The reaction was stirred at -78 °C for 1 h and fert-butyl 2-(bromomethyl)acrylate (3.00 g, 13.57 mmol)
was added dropwise. Stirring was continued for further 2 h at -78 °C. The mixture was quenched with saturated
aqueous NH,Cl (80 mi) at -78 °C and extracted with diethyl ether (3x100 ml). The combined organic phases
were dried (Na,SO,) and the solvents were removed in vacuo. The crude product was isolated as a yellow oil
which was purified by column chromatography on silica gel using petroleum ether / ethyl acetate (2:1) as eluent.

ieri-Buiyl (2§, 48 )-N-teri-butoxycarbonyl-4-(2-ieri-butyi-oxycarbonyi-prop-2-enylj-pyrogiuiamaie ~ (32,
nl_DZ_.tn..\ ...... heninad ao o whita onlid ) AN 5 &V 1A 117 0% 1.1 24 190 K& (. 1 0 LY £\
I\ = IPU )] Wdd UUWaLICU ad> d Wiiiie S0110 &7V » V& /0), I, 4117 v LuJD “10.0 L 1.UuJ, \,n2\,12},

A= 1
22 'mf-vr_l_l
Te TV

Uy IF

Found: C. 618 H 83-N. 22 C _H NO regui

Found: C, 61.8; H, 8.3, N, 3.3. \,22;,35“\, requires C, 62.1; H, /7 |

[M+Na]*, 426 [M+H]"; v__ (KBr)/cm™ 1781, 1733 and 1701 (C =O) and 1632 (C=C); 8, (C’HCl,) 6.00 (1H,
s, olefinic), 5.40 (1H, s oleﬁmc\ 426 (1H,d,J 94, H-2), 2.84-2.79 (1H, m, H-6A), 2.75-2.72 (1H, m, H-
4),2.09 (1H, dd, I, 9.5, Jpea 13.5, H-6B), 1.99-1.91 (1H, m, H-3A), 1.83-1.72 (1H, m, H-3B) and 1.36,
1.33 and 1.32 (3x9H, 3xs, 3x C(CH,),); 8. (C’HCl,) 173.06 (lactam), 168.86 (ester), 164.53 (ester), 148.06
(urethane), 137.53 (C-7), 125.24 (C-8), 81.93, 80.94 and 79.68 (3xOC(CH,),), 56.34 (C-2), 39.67 (C-4),

31.36 (C-6), 27.13 (C-3) and 26.66-26.56 (3xOC(CH,),).

FAB (3-NBA)] 448

AAD \J=INGO ] 990

-
-
r

-
~

1~ Ve 5 ) nl 2 Y

The (25,48) Pyruvyipyrogiutamate derivative (33, R’ =R°=‘Bu),
A solution of tert-butyl (2S5, 48)-N-tert-butoxycarbonyl-4- (2-Ldrb0xymcthyl prop-2-enyl)-pyroglutamate (32

f‘ MNAVIIGOM 1820 f\‘)c“ﬂd Fﬁ' 7"
U UAYEUGI Wads passti iUl ou min.

s ‘4
o co
e

me the solution turned blue, The reaction was
ne sowution wrneg il

n'lnnp wac uiion ur 0i1Ue, reacuon was
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6.20 mmol) at -78 °C. The solution was allowed to warm

quenched b
slowly to room temperature. The solvent was removed in vacuo and the crude product, an oil, was purified by
flash column chromatography on silica gel using petroleum ether/ ethyl acetate (2:1) as eluent. The pyruvate (33,
R'=R’=Bu) was obtained as white crystals (2.11 g, 87%); mp 109-112 °C; [a],”” -17.3 (¢ 1.00, CH,CL);
Found: C, 58.9; H, 7.7; N, 3.2. C, H,,NO, requires C, 59.0; H, 7.8; N, 3.3%; m/z [+ve FAB (3-NBA)] 450
[M+Na]*, 428 [M+H]*; v, (KBr) / cm" 1782, 1732 and 1726 (C=0); 8, (C*HCl,) 4.26 (1H, d, J, ;; 9.4, H-2),
3.27 (1H, dd, J,, 4 3.2, J 4, 55 19.2, H-6A), 291 (1H, dq, J ¢, 3.2, J, 65 J43a 8.7, J. 55 11.8, H-4), 2.78 (1H,
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dd, 5, 8.7, Jgg, 19.2, H-6B), 2.20 (1H, dd, I,,, 8.7, J,, ,; 129, H-3A), 178 (IH, ddd, J,;, 9.4, J,,.,
11.8, Iy, 12.9, H-3B) and 1.38, 1.35 and 1.33 (3x9H, 3xs, 3x C(CH,),); & (C*HCL,) 193.41 (ketonc),
174.41 (lactam), 170.43 (ester), 159.90 (ester), 149.61 (urcthanc), 84.88, 83.92 and 82.92 (3xOC(CH,),),

58.35 (C-2), 40.37 (C-6), 37.64 (C-4), 28.89 (C-3) and 28.32, 28.31 and 28.15 (3xOC(CH,),).

ieri-Butyl (35, 5KS, 785)-[(i-amino-2-oxo-5-hydroxy-5-tert-butoxycarbonyl-pyrrolidin-3-
BN ah BT MY s B Ao __ R ___ B _F___ % __._ IAA wal_w2_ s\ 3 L. WM. N v ooy rs
yymewunyij-in-ieri-putoxycaroonyi-giycinate (04, K =K ='DU) ana rer-outyt (5o, 85)- [[J-tcl't-
butoxycarbonyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonyl-

Hydrazine hydrate (64-65%) (49 mg, 0.64 mmol) was added to a solution of the pyruvate (33, Riz=R2=/Ru)
(250 mg, 0.59 mmol) in methanol (3 ml) under nitrogen. After stirring at room temperature for 2 h, the solvent
was removed in vacuo 10 yield the crude product as a yellow oil. Purification and separation of the two products
was achieved on silica gel using petroleum ether / cthyl acetate (1:1) as eluent. tert-Butyl (3S, SRS, 7S)-[(1-
amino-2-oxo-5-hydroxy-5-tert-butoxycarbonyl-pyrrolidin-3-yl)methyl ]-N-tert-butoxycarbonyl-glycinate (34,
R'=R’=‘Bu) was obtained as a white solid (197 mg, 68%); mp 156-159 °C; m/z [+ve FAB (PEGH/NOBA)]:
Found: 460.267762 [M+H]* C,,H;iN,O, requires 460.265891; m/z [+ve FAB (3-NBA)]: 482 [M+Na]*, 460

[M+H]"; v, (KBr) / cm™ 3334 (OH), 3268 (NH), 1754, 1736, 1708 and 1688 (C=0); &, (C*HCl,) 5.54 (1H,

d,J 1.1, HBoc),454 (1H, br.s, OH), 4.23 (1H, m, H-7), 3.86 (2H, br.s, NH,), 2.64-2.62 (1H, m, H-3),

2.54-2.47 (1H, m, H-4), 2.32-2.24 (iH, m, H-6A), 1.83-1.69 (2ZH, m, H-6B and H-4), and 1.40-1.37 (3x9H,
3xs, 3x C(CH,),): 8. (C*HCL,) 174.52 (lactam), 171.64 (ester), 170. 74 (ester), 155.84 (urethane), 88.81-82.59
(3xOC(CH,),), 80.16 (C-5), 53.27 (C-7), 37.47 (C-3), 36.24 (C-4), 35.10 (C-6) and 28.74, 28.42 and 28.20
(3xOC(CH,),). tert-Butyl (5S, 8S)-[(3-tert-butoxycarbonyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-

tert-butoxycarbonyl-glycinate (38, R'_Rz—‘Bn) was obtained as a colourless oil (20 mg, 8%); [ [n] 21 _gR § (c
1.00, CH,CL); Amax(MeOH) / nm 269 (¢ 7462); m/z [+ve FAB (PEGH/NOBA)]: Found: 442. 256660 [ M+HV
C, Hy,N,0, requires 442.255326; m/z [+ve FAB (3-NBA)] 464 [M+Nal*, 442 [M+H]"; v_. (Nujol) / cm™ 3312
(NH), 1713 (C=0) and 1619 (C=N); &, (C’HCL,) 8.51 (1H, s, =N-NH), 5.07 (1H, d, J 7.9, NHBoc), 4.15-
4.13 (1H, m, H-8), 3.01 (1H, dd, J,, 5 5.1, J,;, 45 15.6, H-4A), 2.45-2.39 (2H, m, H-4B and H-5), 2.27-2.14
(1H, m, H-7A), 1.98-1.85 (1H, m, H-7B) and 1.38, 1.30 and 1.26 (3x9H, 3xs, 3xC(CH,),); 8. (CIHCI,A)
171.48 (C-6), 169.96 (ester), 162.22 (ester), 156.32 (urethane), 144.28 (C=N), 83.63 - 82.88 (3xOC(CH,),),

52.52 (C-8), 32.93 (C-5), 32.36 (C-4), 28.72, 28.42 and 28.40 (3xOC(CH,),) and 26.66 (C-7).

tert-Butyl (SRS, 8S5)-[(3-tert-butoxycarbonyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-
N-tert-butoxycarbonylglycinate (35, R'=R*=/Bu).

tert-Butyl (35, 5RS, 75)-[(1-amino-2-oxo0-5-hydroxy-5-tert-butoxycarbonylpyrrolidin-3-yl)methyl]-N-tert-
butoxycarbonylglycinate (34, R'=R*=/Bu) (197 mg, 0.43 mmol) was dissolved in acetonitrile (5 ml). The
solution was heated to reflux in the presence of 3A molecular sieves (400 mg) and acetic acid (514 mg, 8.6
mmol) for 2 days. The molecular sieves were filtered off, the solvent was removed in vacuo and the resultant oil
was purified on silica gel, eluting with a 1:1 mixture of petroleum ether and ethyl acetate, to yield the pyridazine
(35, R'=R*=Bu) (190 mg, 100 %) as a mixture of stereoisomers, as a colourless oil. Spectra were identical

with those above.

(5RS, 85)-[(3-carboxy-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]l-glycine (36)
6 N Aqu us HCl (2 ml) was added to rert-butyl (SRS, &S)-[(3-tert-butox ygarbnnyl A5-dl!"yd“{)—l"!6

oxopyridazine-5-yl)methyl]-N-terr-butoxycarbonylglycinate (35) (220 mg, 0.50 mmol) dissolved in
tetrahydrofuran (2 ml). The solution was stirred at room temperature for 3 h. The solvents were removed in
vacuo to yield the potential inhibitor (36) as a white foam (115 mg, 100%); A, (H,0) / nm 261 (g 8071); m/z
[+ve FAB (PEGH/NOBA}] Found 230.079260 [M+H]*. C{H,,N,O, requires 230.077696; m/z [+ve FAB
(glycerol)] 230 [M+H]*; v, (Nujol)/ cm™ 3435-2800 (acid) 1720 and 1664 (C=0); &, (20% *HCV/ *H,0) epimer
1-4.47 (1H, ¢, J 6.23, H-8), 3.30 -3.24 (1H,m), 3.01-2.96 (1H, m ), 2.69 (1H, ¢, J 16.2), 2.57 - 2.52 (1H,
m), and 2.23 (1H, 1, J 6.1); epimer 2 - 439 (1H, t, J 6.3, H-8), 3.68 (1H, dt, J 6.6, J 13.3), 3.08 - 3.06 (1H,

Nel



m), 2.42 - 2.36 (1H,m), 2.31 (1H, dt, J 5.2, J 10.1) and 2.20 (1H, t, J 5.9); 8. ("H,0) 172.48 and 172.11
(C=0), 171.69 and 171.44 (C=0), 166.0 and 158.78 (C=0), 146.0 and 145.80 (C-3), 52.71 and 52.04 (C-8),
33.84 and 32.69 (C-5), 30.99 and 30.57 (C-4) and 29.47 and 27.31 (C-7).

j-{{i-meinyi-3- tert-nutoxycarnonyl- 4,5-dihydro-6-oxopyridazine-5-
y utoxycarbonylglycinate.
Memylhydranne (35 mg, 0.75 mmol) was added to a solution of th e pyruvate (33, R'=R*='Bu) (215 mg,

0.50 mmol) dissolved in methanol (2.5 ml) under nitrogen. After stirring at room temperature for 4 h, the solvent

in methanol (2.5 ml) under nitrog \fter stirring at room temperature fo vent
was removed in vacuo to yield the crude product as a yellow oil. Purification was achieved by flash column
chromatography on silica gel using petroleum ether / ethyl acetate (5 : 2) as eluent. ters-Butyl (58, 8S)-[(1-
methyl-3-tert-butoxycarbonyl-4,5-dihydro-1 H-6-oxopyridazine-5-yl)methyl ]-N-tert-butoxycarbonylglycinate was
obtained as a colourless oil (190 mg, 83%); [a],” -135.1 (¢ 1.00, CH,CL); A_,, (MeOH) / nm 280 (¢ 6706); m/z
[+ve FAB (PEGNa/NOBA)]: Found: 456.269244 [M+HJ*, C,,H,,N,0, requires 456.270976; m/z [+ve FAB (3-
NBA)] 478 [M+Na]*, 456 [M+H]"; v_,. (Nujol) / cm™ 3367 (NH), 1735 and 1718 (C=0) and 1618 (C=N); §,
(C*HCl,) 5.23 (1H, 4, J 7.9, NH-Boc), 4.22-4.20 (1H, m, H-8), 3.38 (3H, s, NCH,), 3.04 (1H, d, J 10.8,
H-4A), 2.49-2.40 (2H, m, H-4B and H-5), 229 2.24 (1H, m, H-7A), 1.80-1.77 (1H, m, H-7B) and 1.49,

1.40 and 1.36 (3x9H, 3xs, 3x C(CH,),); 8. (C° uu;) 171.53 (L 6), 168.89 (ester), 162.14 (ester), i55.75
________ LY AA NN LV NI O3 AL o "IN A ON NE M. rarfalsi & EA Y O O N 7/ RTMTY ) AN AN s O
(UICHANC ), 199.L4 (=1 ), 0)2.40, 04./VU ana ou.Lo L.‘)X U_,l'l3 3 s 2L.I04 (L-0), J30.U/ \-1“,1'13), D3.LT (L~D),
2T M _AY D2 TT VIQ AT and M1Q 2L MM YOI YN and V7 19 710
JLT& (o), £0.7 1, £0.91 dlIQ £0.50 \JX U \Nd1y)y) dlll 27,12 (-7

(55, 85)-[(1-methyl-3-carboxy-4,5-dihydro-6-oxopyridazine-5-yl)methyl]-glycine (37).
6 N Aqueous HCI (1.5 ml) was added to terr-butyl (55, 85)-[(1-methyl-3-tert-butoxycarbonyl-4,5-dihydro-1H-
6-oxopyridazine-5-yl)methyl}-N-tert-butoxycarbonyl-glycinate (185 mg, 0.41 mmol) dissolved in THF (1.5 ml).
The solution was stirred at room temperature for 3 h. The solvents were removed in vacuo to yield the potential
inhibitor (37) as a white foam (100 mg, 100%); [a],”* -99.8 (¢ 1.00, H,0); A, (H,0) / nm 273 (¢ 3800); m/z
[+ve FAB (PEGH/NOBA)]: Found: 244, 093625 [M+H]", C,H,,N,0O, requires 244.093346; m/z [+ve FAB
(glycerol)] 244 [M+H]"; v, (Nujol) / cm™ 3435-2800 (acid) 1726 and 1652 (C=0); 8, (‘H,0) 4.21 (iH, ¢, J
6.2, H-8), 3.34 (3H s, NCH3) 3.14 (IH, dd, J .5 6.8, J, ;5 17.1, H-4A) 2.81 (1H, dq, J5;, 6.8, J5.5 J57a
2 J7A575 Joass 132, H-

(C_§ 0 Qs {m«‘ﬂl\ 165.61
N~
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tert-Butyl (55, 85)-[(1-cyanoethyl-3-tert-butoxycarbonyl-4,5-dihydro-6-oxopyridazine-5-
yl)methyl]-N-tert-butoxycarbonylglycinate

Cyanoethylthydrazine (160 mg, 1.88 mmol) was added to a solution of the pyruvate (33, R'=R’='Bu) (254
mg, 0.59 mmol) in methanol (3 ml) under nitrogen. After stirring at room temperature for 4 h, the solvent was
removed in vacuo to yield the crude product as a yellow oil. Purification by flash column chromatography on
silica gel using petrolcum ether / ethyl acetate (1:2) as elucm gavc tert-butyl (58, 8S)-[(1-cyanoethyl-3-tert-

| AR A 1 I & Y SIS Y S PO Sy PYIPRY RPN ey iy S R S T T T 131 U ey

Duwkycart)onyt-‘f J-alnyaru 1 H1-0-0Xi pyrmuzme J-yumemyu -iért-outoxXycaroonyigryCirnigié as a wnii€ 1oam
(MY o TTWEN TA1 18 Q22 (~ 100 OCHT 1) A AeOH) / nm 274 (¢ 11.029): m/ [+ve FAR
\LVo g, J/U76), [U]p ZJ.0 \& 1.UU, Vi), A, (WVILULL) 7 1L &75F & 11,U&7F ), Wi [TV
(PEGH/NORA): Found: 495.280353 IM+H1". C, H..N.O._ reguires 495.281875: m/z [+ve FAB (3-NBA)] 517
JJ» AV VS iV Tt el T T [AVATRAY y Nwngd A3gi N gANSg ARAfURILG VS ~y WL VYN R RS NAFLRJY &

(PEGH/! )
[M+Nal*, 494 [M+HT*; v__ (Nujol) / cm™ 3367 (NH), 2253 (CN), 1788 and 1711 (C=0) and 1618 (C=N); 5,
(C’HCL,) 5.21 (1H, d,J 7.8, NHBoc), 4.30-4.27 (1H, m, H-8), 4.23-4.08 (2H, m, NCH,CH,CN), 3.13 (1H,
dd, J,,; 4.6, 1,, 5 15.2, H-4A), 2.76 (2H, 1,J 7.0, NCH,CH,CN), 2.62-2.51 (2H, m, H-4B and H-5), 2.38-
2.29 (1H, m, H-7A), 1.88-1.83 (1H, m, H-7B) and 1.56, 1.47 and 1.43 (3x9H, 3xs, 3x C(CH,),); 8. (C*HCI,)
171.38 (C-6), 168.89 (ester), 161.77 (ester), 155.76 (urethane), 145.71 (C=N), 117.48 (CN), 83.76, 82.89
and 80.40 (3xOC(CHS,),), 52.54 (C-8), 45.18 (NCH,CH,CN), 33.37 (C-5), 32.71 (C-4), 28.71, 28.55 and
28.41 (3xOC(CH,),), 27.14 (C-7) and 17.20 (NCH,CH,CN).
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(58, 85)-[(1-cyanoethyl-3-carboxy-4,5-dihydro-6-oxopyridazine-S-yl)methyll-glycine (38).

6 N Aqueous HCI (2 ml) was added to terr-butyl (5S, 8S)-[(1-cyanoethyl-3-tert-butoxycarbonyl-4,5-dihydro-6-
oxopyridazine-5-yl)methy!]-N-tert-butoxycarbonylglycinate (203 mg, 0.41 mmol) dissolved in THF (2 ml). The
solution was stirred at room temperature for 3 h. The solvents were removed in vacuo to yield the potential
inhibitor (38) as a white foam (116 mg, 100%); [al,™ -75.6 (¢ 1.00, H,0); A, (H,0) / nm 269 (¢ 5708); m/z
[+ve FAB (glycerol)] 283 [M+H]"; v, (Nujol) / cm™ 3434-2800 (acid) 1727 and 1668 (C=0); &y (2H20) 4.09-
4.07 (1H, m, H-8), 3.95-3.84 (2H, m, NCH,CH,CN), 3.02-2.94 (1H, m, H-4A), 2.68-2.66 (1H, m, H-5,

2.54-2.50 (2H, m, NCH,CH,CN), 2.44-2.40 (iH, m, H-4B), 2.28-2.26 (iH, m, H-7A) and 1.88-1.86 (iH,
H-7B); 8, (C’HCl,) 171.32 (C-6), 169.36 (acid), 165.41 (acid), 145.43 (C=N), 117.48 (CN), 50.99 (C-8),

12 (NCH CH.CN). 3396 (C-4). 32.55 (C-5). 30.17 (C-7) and 26.51 (NCH.CH.CN)
L1 NI UIERUIN ], 33,570 (-4, 524,03 (-0, JU.17 \L-7) and 20.01 (U Vx,nzs‘n L\ J

I
& ,5

tert-Butyl (55, 8S)-[(1-hydroxyethyl-3-tert-butoxycarbonyl-4,5-dihydro-6-oxopyridazine-5-
yl)methyl]-N-tert-butoxycarbonylglycinate

Hydroxyethylhydrazine (55 mg, 0.72 mmol) was added to a solution of the pyruvate (33, R'=R*='Bu) (55
mg, 0.13 mmol) dissolved in methanol (1.5 ml) under nitrogen. After stirring at room temperature for 4 h, the
solvent was removed in vacuo to yield the crude product as a yellow oil. Purification was achieved by flash
column chromatography on silica gel using petroleum ether / ethyl acetate (1:2) as eluent. tert-Butyl (5S, 8S)-[(1-
hydroxyethyl 3-tert-butoxycarbonyl-4,5-dihydro-6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonylglycinate

N +

sna Ak a Alans Aanlasswlace ~11 730 e AOOZN. .1 26 QAL N 7.1 NN AIT M . IAAINTYIN . NON s
was Qotaifnea as a cicai, COI0uriess ou \ov Hig, 40 /O), |_(X._|D ~J0.U (€ .U, Wy ), A.max[ VICUI‘I} / O 23U (€
QRE1 7\ 2t Tiwra TAR (DEMAII/AIND AV EnnanAde AQRL 709288 IRALLTIE M LY AT Y e lune AOL NOI1EAT — I
OJFL/7 ), ITWL | TYC 1'OAD (FLASIVINUDAYY]. PPUULIUL, F00V.L04000 llVlTﬂj ’ bzsn 113\]3 I ULLTS 400.L010441, <
r.um FAR (3-NBA)! 508 TM+Nal* AQR IM+HT" v (Nuioh / ml 28560 (OYHY U422 (NHY 1712 (C—0)) and

A o LRy MUV L u] OV [AVATRR} g Vipay \AYUULJ 7 VI JJIVUT \NJELJy, JHLT \INT1), 2710 V=N j aila
2
1611 (C=N); §; (C HCl) ( H, d, J 7.9, NHBoc), 4.23-4.21 (1H, m, H-8), 3.97-3.93 (2H,

NCH,CH,OH), 3.82-3.81 (2H m, NCH,CH,0H), 3.06 (1H, dd, J,, ; 5.3, J,;, 515.8, H-4A), 2.56-2.43 (2H
m, H-4B and H-5), 2.30-2.23 (1H, m, H-7A), 1.82-1.77 (1H, m, H-TB) and 1.48, 1.40 and 1.36 (3x9H, 3xs,
3x C(CH,),); 8. (CHCL,) 171.49 (C-6), 169.36 (ester), 161.90 (ester), 155.61 (urethane), 144.49 (C=N),
83.53, 82.82 and 80.40 (3xOC(CH,),), 61.90 (NCH,CH,OH), 52.55 (C-8), 51.78 (NCH,CH,OH), 33.37

(C-5), 32.76 (C-4), 28.71, 28.41 and 28.34 (3xOC(CH,),) and 26.84 (C-7).

{55, 85)-{(1- nyaroxyemyl 3- caruoxy 4,5-dihydro- o-oxopyrmazme- -y)methyij-giycine (39).
£ N A uiansio IXO 1 & el iinn reQ oo\ rs1 t.. . B BPURPL S, R
U iN ﬂunUub iy (1. J llll} wdd dUUCU LU teri- Uulyl \Ja, 0Ov)- L\L-llyuu)xycu I=3- Ier[‘DulUKyLdeUnyl"l' J'

dihydro-6-oxopyridazine-5-yl)methyl}-N-fert-butoxycarbonylglycinate (140 mg, 0.29 mmol) dissolved in THF
(1.5 ml). The solution was stirred at room temperature for 5 h. The solvents were removed in vacuo to yield the
potential inhibitor (39) as a white foam (79 mg, 100%); [a];* -70.5 (¢ 1.00, H,0); A,, (H,0) / nm 271 (e
4,614); m/z [+ve FAB (glycerol)] 274 [M+H]'; v, (Nujol) / cm™ 3434-2800 (acid), 1728 and 1669 (C=0); &,
(*H,0) 4.23-4.21 (1H, 1,J 6.3, H-8), 3.89-3.44 (4H, m, NCH,CH,0H), 3.06 (1H, dd, J,,; 6.7, J,5,, 17.3,
H-4A), 2.73 (1H, dq, Js 45 Js34 Is28 6.7, Y54 13.3, H-5), 2.52 (1H, dd, J 55 13.3, J;,, 17.1, H-4B), 2.34
(1H,ddd, 1,,46.3,1,,5 6.7, J,,,5 14.4, H-7A) and 191 (1H, ddd, 1,5, 6.3, 1,5, 6.7, I,, 5 14.4, H-TB); &,
(*H,0) 171.44 (C-6), 169.97 (acid), 163.55 (acid), 143.19 (C=N), 59.22 (NCH,CH,0OH), 52.55 (C-8), 51.06
(NCH,CH,0H), 32.62 (C-5), 30.23 (C-4) and 26.54 (C-7).

Tha Pumnnlntamatanuvenwvnta nhanvihvdrasnana Aamivativa /A0 Y -1
ANICU 1 luslulalllﬂlcpll UMVYyare yucll_ylu.yulanuuc ULLIVaGLIYL \"V, A-l.l.’o
Phenylhydrazine hydrochloride (30 mg, 0.21 mmol) and sodium acetate (23 mg, 0.28 mmol) were added to a
solution of the pyruvate (33, R=R*= Bu) (80 mg, 0.19 mmol) dissolved in methanol (1.5 ml) under nitrogen

After stirring at room temperature for 1 h, the solvent was removed in vacuo to yield a brown oil. Purification
was achieved by flash column chromatography on silica gel using petroleum ether/ ethyl acetate (3:1) as eluent.
The phenylhydrazone (40, X=H) was obtained as the syn and anti isomers as a yellow oil (97 mg, 100%). The
syn isomer was the thermodynamically more stable product and after 12 h the colour of the oil changed from
yellow to red and the '"H-NMR spectrum showed only one isomer, the syn, to be present; [a],* -9.2 (¢ 1.00,
CH,CL,); A,,, (MeOH)/nm 341 (e 3206); m/z [+ve FAB (PEGH/NOBA)]: Found: 517.281929 [M]*, C,,;H,,)N,0,
requires 517.278801; and 518.285984 [M+H)", C,,H,N,0, requires 518.286626; m/z [+ve FAB (3-NBA)]:
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540 [M+Na]*, 517 [MI’; v, (KBr) / cm" 3296 (N-H), 3056 (=C-H), 1790, 1741 and 1692 (C=0), 1649
(C=N) and 1604 (C=C); 8, (C*HCL,) (syn) 12.09 (1H, 5, =N-NH-Ph), 7.20-6.83 (5H, m, ArH), 4.26 (1H, d,
J 9.6, H-2), 3.15-3.06 (2H, m, H-6 and H-4), 2.45-2.28 (2H, m, H-6 and H-3A), 1.98-1.94 (1H, m, H-3B),
and 1.46-1.45 (3x9H, 3xs, 3x C(CH,),); 8. (C’HCL,) 175.62 (lactam), 170.94 (ester), 163.51 (ester), 149.98
(urethane), 143.98 (C-7), 129.70-113.69 (Ar), 83.66, 82.98 and 82.58 (3xOC(CH,),), 58.36 (C-2), 39.86 (C-
4), 34.17 (C-6), 29.47 (C-3) and 28.57-28.36 (3xOC(CH,),). 8, (C*HCL,) (anti, "H-nmr data from the syn / anti
mixture) 9.53 (1H, s, =N-NH-Ph), 7.21-6.86 (5H, m, ArH), 4.37 (1H, d, J 9.0, H-2), 2.93-2.79 (3H, m, H-
6 and H-4), 2.28 (1H, dd, J,,, 9.0, J3“B 12.6, H-3A), 2.05-1.93 (1H, m, H-3B), and 1.49-1.40 (3x9H, 3xs,

2w W~ + .~

3xt-Bu); 8. (C'HCly) 177.74 (lactam), 170.17 (ester), 165.27 (ester), 149.11 (urethane), 144.02 (C-7), 132.97-
113.62 (Ar), 84.26, 83.14 and 81.48 (37(0\2((2}13)3) 58.49 (C-2), 41.42 (C-4), 29.39 (C-6), 28.61, 28.35 and
12 V7 (A MY N Y and YA AD (2N
LULf \IASAJ el Ry )3) AllU LU \(L7D ).

The Pyroglutamatepyruvate phenylhydrazone derivative (40, X=0OMe).

4-Methoxyphenylhydrazine hydrochloride (33 mg, 0.19 mmol) and sodium acetate (21 mg, 0.26 mmol) were
added to a solution of the pyruvate (33, R'=R’=*Bu) (74 mg, 0.17 mmol) in methanol (1 ml) under nitrogen.
After stirring at room temperature for 4 h, the solvent was removed in vacuo to yield the crude product, which
was purified by flash column chromatography on silica gel using petroleum ether / ethyl acetate (3:1) as eluent.
The hydrazone (40, X=OMe) (72 mg, 78%) was obtained as a clear, yellow oil; [a],”” -8.0 (¢ 1.00, CH,CL,);
A (MeOH)/nm 357 (e 8487); m/z [+ve FAB (PEGNa/NOBA)]: Found: 547. 284214 [M]*, C,;H,,N,0O, requires

£ A7 AON TTATY 7% RTIY ANY, &/ fL 8 g A A A A, w e o~ .

547.289366; m/z [+ve FAB (3-NBA)]: 570 [M+Na]*, 547 LM} Vi (film) / cm’ 3257 (NH), 3056 (=C-H),

1793, 1741 and 1720 (C=0), 1638 (C=N), 1594 (C=C); 8, (C*HCl,) 6.95 2H, d,J 9.0, ArH), 6.74 (2H, d, J

9.0, ArH), 4.39 (IH, 4, J 8.7, H-2), 3.70 (3H, s, OCH,), 3.14-3.03 (2H, m, H-6A and H-4), 2.40 (1H, dd,

Jepa 99, Jepea 16.5, H-6B), 2.28 (1H, dd, J,,, 9.0, J,, 55 13.2, H-3A), 2.02-1.95 (1H, m, H-3B), and 1.45-

1.44 (3x9H, 3xs, 3x C(CH,).); 8. (C’HCL) 175.66 (lactam), 170.97 (ester), 163.71 (ester), 155.24 (C-D,

150.01 (urethane) 379 -114.82 (Ar, 3.63, 82.68 and 82.55 (3xOC(CH,),), 58.37 (C-2), 56.02 (OCH,),
28.60-2 ;

The Pyroglutamatepyruvate hydrazone derivative (41).

Benzylhydrazine hydrochloride (23 mg, 0.12 mmol) and sodium acetate (27 mg, 0.32 mmol) were added to a
solution of the pyruvate (33, R'=R’='Bu) (46 mg, 0.11 mmol) in methanol (1.2 ml) under nitrogen. After
stirring at room temperature for 2 h, the solvent was removed in vacuo to yield an oil. Purification by flash
mn gel usmg petrcneum ether / emyi acetate (3:1 ) as eluent afforded the hydrazone
mg, 65%); ]_(XJD24 -28.5 (¢ 1.00, Lﬂzblz), 1nax (MeOH) / nm 285 (e 10,622);
5 G,

¢H4 N0, requu‘es 531. 2945, Voae (film) / cm™ 3422 (N—H) 3065 (=C-H),

column chromatography on silica
nr Anlasielaoco A2l 7 7

~Ala 2
vicdl, CO10Uriess oii \.)
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4 7> Y3B3A *

3xs 3x C(CH_3)3) 8 (CZHCIS) 176 5() (lactam) 170 29 (ester), 164 87 (ester), (u:ethane) 1 8.71
7), 132.10-127.82 (Ar), 84.02, 82.98 and 81.31 (3xOC(CH,),), 58.36 (C-2), 55 82 (CH,Ph), 40.24 (C-4),
29.33 (C-6), 28.61, 28.34 and 28.29 (3xOC(CH,),) and 24.57 (C-3).

The Pyroglutamatepyruvate hydrazone derivative (42).
Phenylethylhydrazine sulfate (27 mg, 0.12 mmol) and NaOAc (27 mg, 0.32 mmol) were added to a solution of
the pyruvate (33, R!=RZ2=/Bu) (45 mg, 0.11 mmoi) in methanoi (1.2 mi) under nitrogen. Afier stirring at

i L

s faresieyen ity Fas Y L abe aalissiid siine messeronsescd Son s e 1D ot | 5 LY . ST P TS T
TOOUH WIHPCTatuice 101 £ 11, ine soivent was removed in vacuo o ylt:lu dil Ul T111C: llUﬂ Dy 11' n Column
chromatography on silica gel using petroleum ether / ethy! acetate (3:1) as eluent afforded ’ze hydrazone (42) asa

clear, colourless oil (40 mg, 70%); [(x]D2 -21 9 {c 1.00, CH,CL); Amax(MeOH)
FAB (PEGNa/NOBA)]: Found: 546.317409 [M+H] , C,oH, N.O, requires 546,%17926 m/7 r+ve FAB (3-
NBA)]: 568 [M+Na]*, 546 [M+H]*; v_, (film)/cm’ 3483 (NH), 3088, 3065 and 3028 (=C-H), 1792 and 1741
(C=0), 1638 (C=N) and 1604 (C=C); 8, (C’HCl,) 7.24-6.97 (5H, m, ArH), 4.34 (1H, d, J,: 8.5, H-2),
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3.63-3.56 (2H, m, CH,CH,Ph), 2.85 (2H, ¢, J 7.6, CH,CH,Ph), 2.74-2.66 (2H, m, H-6 and H-4), 2.60-2.55
(1H, m, H-6), 2.13 (1H, dd, 1,, , 8.5, I,, .5 13.4, H-3A), 2.00-1.91 (1H, m, H-3B) and 1.45, 1.43 and 1.40
(3x9H, 3xs, 3x C(CH,),); 3. (C*HCL,) 175.26 (lactam), 168.91 (ester), 163.46 (ester), 147.95 (urethane),
137.99 (C-7), 130.06-124.87 (Ar), 82.64, 81.58 and 79.81 (3xOC(CH,),), 56.96 (C-2), 51.36 (CH,CH,Ph),
38.84 (C-4), 35.22 (CH,CH,Ph) 28.01 (C-6), 27.22, 26.95 and 26.89 (3xOC(CH,),) and 23.18 (C-3).

'@ (9 me 012 mol) and sodium acetate (14 me. 0.1 mmol) ware added th a

m
523 n)awlAuw 27 WA wEL iy Vel ILLLIVI) Al SCCIUM acciac VAT 11g, V.l LHUUL) WL auuvu WJ @

solutxon of the pyruvate (33, R'=R’=‘Bu) (48 mg, 0.11 mmol) in methanol (1 ml) under nitrogen. After
stirring at room temperature for 1 h, the solvent was removed in vacuo to yield a yellow oil which was purified
by flash column chromatography on silica gel using petroleum ether / ethyl acetate (2:1) as eluent. The oxime
(43) was obtained as a clear, colourless oil (40 mg, 82%); [a]D3° -1.1 (¢ 1.00, CH,CL,), A, MeOH) / nm 215
(e 10,116); m/z [+ve FAB (PEGNa/NOBA)]: Found: 465223321 [M+Na]*, C,H,N,0;Na requires
465.221286; m/z [+ve FAB (3-NBA)]: 465 [M+Na]*, 443 [M+H]*; v_, (film) / cm™ 3338 (O-H) , 1791 and
1720 (C=0) and 1637 (C=N); 8, (C’HCl;) 4.26 (1H, dd, J 53 3.4, J 53 7.4, H-2), 2.94-2 87 (2H, m, H-6A and
H-4),2.78 (1H, dd, J , 11.5, 16”414‘6 H-6B), 1.95-1.89 (2H, m, H-3A and H-3B) and 1.35, 1.33 and 1.29
(3x9H, 3xs, 3x C(CH,),); & (C"HC13) 193.41 (ketone), 174.19 (lactam), 170.52 (ester), 162.50 (ester), 151.09
(C=N), 149.79 (urethane), 83.80, 83.47 and 82.80 (3xOC(CH,),), 58.09 (C-2), 39.30 (C-4), 28.91 (C-6),

28.36-28.32 (3xOC(CH,),) and 25.77 (C-3).
The Pyroglutamatepyruvate hydrazone (44).

tert-Butylhydrazine hydrochloride (39 mg, (.31 mmol) and sodium acetate (200 mg, 2.48 mmol) were added to a
solution of the pyruvate (33, R'=R’=/Bu) (53 mg, 0.124 mmol) in methanol (1.2 ml) under nitrogen. After
stirring at room temperature for 3 h the solvent was removed in vacuo to yield an oil. Purification by flash
column chromatography on silica gel using petroleum ether / ethyl acetate (2:1) as eluent gave the hydrazone
(44), a syn and anti mixture, as a clear, colourless oil (43 mg, 70%); [ocJD27 -20.8 (¢ 1.00, CH,CL); A, (MeOH)
/ nm 302 (s 761); m/z [+ve FAB (PEGH/NOBA)] Found: 498.316583 [M+H]*, C25H N,O, requires
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2.29-2.20 (0.5H, m, H-6B) ) .
1.08 and 1.03 (2x4.5H, 2xs, Nt-Bu); 8¢ ((“ZHCU ]76 6‘i and |7"§ RQ (]m'mm\ 171 03 and

170.42 (ester), 165.20-163. 44 (ester) 150.08 and 149.50 (urethane) 130.40 and 122.58 (C=N), 83.93-80.62

(3xOC(CH,),), 58.37 (C-2), 55.26 and 54.50 (NC(CH,),), 40.37 and 40.02 (C-4), 33.57 (C-6), 29.26-28.15

(3xOC(CH,), and N(CH,),) and 24.23 (C-3).

The alcohol (45).
The pyruvate (33, R'=R*=/Bu) (50 mg, 0.12 mmol) and a trace of bromocresol green were dissolved in
methanol (1 ml) and sodium cyanoborohydride (8 mg, 0.13 mmol) was added The solution immediately turned
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m/z [+ve FAB (3-NBA)]: 4 [M+Na] 43() [M+H] Ve (flm) / e 3483 (OH), 1789 and 1740 (C=0); &
(C*HCl1,) 4.45 (1H, ¢, J 96 H-2), 4.22 (0.5H, d,J 7.3, H7) 4.07 (0.5H, d,J 9.0, H-7), 3.21 (0.5H, br.s,
-OH), 3.16 (0.5H, br.s, -OH), 2.87-2.76 (1H, m, H-6), 2.43-2.22 (2H, m, H4 and H-6), 2.12-2.00 (1H, m,
H-3A), 1.81-1.71 (1H, m, H-3B) and 1.48, 1.45 and 1.44 (3x9H, 3xs, 3x C(CH,),); §. (C’HCl,) 175.55
(lactam), 174.34 and 174.16 (ester), 170.62 and 170.54 (ester), 149.77 and 147.97 (urethane), 83.78-82.77
(3xOC(CH,),), 69.86 and 69.02 (C-7), 58.38 (C-2), 39.70 and 39.03 (C-4), 35.71 and 35.44 (C-6), 29.86 and

29.49 (C-3) and 28.41-28.33 (3xOC(CH,),).



Benzyl (2S, 4S)-N-tert-butoxycarbonyl-4-(2-tert-butoxycarbonyl-prop-2-enyl)-pyroglutamate
(46a) and Benzyl (25, 4RS)-N-tert-butoxycarbonyl-4-(2-tert-butoxycarbonyl-prop-2-enyl)-
pyroglutamate (46b).

Lithium hexamethyldisilazide (1 M in THF, 1.88 ml, 1.88 mmol) was added to a solution of benzyl (25)-N-zerr-
butoxycarbonylpyroglutamate (31, R'=PhCH,) (499 mg, 1.56 mmol) in THF (5 ml) stirred at -78 °C under
nitrogen. The mixture was stirred at -78 °C for 1 h and tert-butyl 2-(bromomethyl)acrylate (380 mg, 1.72 mmol)

~ey O

was added. bumng was continued for further 2 h at -78 °C and saturated aqueous ammonium chloride (is ml)

PR 22 AT o

was added. The solution was exiracied with CllCUlyl ether \JXID mi ) The orgam(, pna.scs were dned [NIQDUJ

and the solvent was removed in vacuo. The crude product was isolated as a yellow oil which was purified by
hvy acetate {A ]\ ag nlnont Dnm-nx' /')(‘ ADK\ ”_
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major, trans isomer (25/45) was isolated as one sterecisomer 1 lid cis stereoisomer
(25/4R) could not be separated from the trans isomer. The ratio was ca. 24 l in favour of the trans stereoisomer.
Benzyl (28, 4S)-N-tert-butoxycarbonyl-4-(2-carboxymethyl-prop-2-enyl)-pyroglutamate (46a) m.p. 82-84 °C;
[aly* -15.2 (¢ 1.00, CH,CL,); Found: C, 65.3; H, 7.3; N, 3.0. C,;H,,NO, requires C, 65.3; H, 7.2; N, 3.1%;
m/z [+ve FAB (3-NBA)]: 482 [M+Na]*, 460 [M+H]*; v, (KBr) / cm™ 3120, 3037 and 3005 (=C-H), 1778,
1736 and 1710 (C=0) and 1630 (C=C); 8, (C’HCl,) 7.19 (5H, s, ArH), 5.98 (1H, s, olefinic), 5.37 (1H, s,
olefinic), 5.04 (2H, dd, J, 12.2, J,; 15.6, CH,Ph), 4.43 (1H, 4, J,,, 8.7, H-2), 2.82-2.68 (2H, m, H-6A and
H-4), 2.11 (IH, dd, J 3, 9.2, Jg, 4 14.0, H-6B), 1.99 (1H, dd, 1,,, 8.7, 1, ;5 12.9, H-3A), 1.87-1.80 (iH,

27 ("x"H, 2xs, 2x C({CH,),); 8, (C*HCIl,) 174.55 (lactam), 171.44 (ester), 166.29
{ester), 149.79 (urethane -8), 84.03 and 81.48 (2xOC(CH,),),

67.78 (CH,Ph), 57.43 (C 2), 161 C-4), 33.00 (C-6), 28.74 (C-3) and 28.44 and 28.22 (2xOC(CH3)3)
Ranvv] /7(.' AP) N-tert-butoxvearbonyl-4-(2-tert-butoxvearbonvl-prop-2-eny m.
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m, n»«ab) and 1.31 and

\.z -

p-2-¢
data from_ the cis / trans mixture) 8, 8y (fHCIQ 7.28 (5H, s, ArH), 6.06 (1H, s, ole

5.18-5.08 (2H, m, CH,Ph), 4.53-4.46 (1H, m, 5) 2.90-2.85 (éI:I , H-6 and H-4
6), 2.23-2.15 (1H, m, H-3A), 1.95-1.84 (1H, m, H-3B) and 1.39 and 1.36 (2x9H, 2xs, 2x C(CH3)3)

The (25,4S) Pyroglutamtepyruvate (47).
A solution of benzyl (2S5, 45)-N-tert-butoxycarbonyl-4-(2-carboxymethyi-prop-2-enyl)-pyroglutamate (46a)

(1.635 g, 3.56 mmol) in CH,Cl, (40 mi) was cooled to -78 °C and oxygen was passed through for 20 min.
Ozone was then passed through the solution for 15 min, during which time it turned blue. The reaction was

aaaaaa Lo mhacnhina £1 N)T7 o Tha onlitiam waooe allarad 4 wernen
11 I uwiu

e 1 YA Q
quenched by adding triphenylphosphine (1.027 g, 3.91 mmol) at -78 °C. The solution was all to warm
slowly to room temperature. The solvent was removed in vacuo and the oil was purified by flash colemn
AA. A/LIL VY AAOD AERIV YA W L4% 2" & 15 WA ARA.
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=202 SORIGY QL Al < pwt Boll WALl LURA 7 LAY L

7 a2 LAUCIL, vieel (=7 ) waa

obtained as a clear oil (1.607 g, 98%), which crystallised to give a white sohd m.p. 86 89 "C [al,* -20.3 (¢
1.00, CH,CL); m/z [CD)]: Found: 462.2128 [M+H]*, C,,H,,NO, requires 462.2127; m/z [+ve FAB (3-NBA)}:
484 [M+Nal*, 462 [M+H]"; v,,,, (KBr)/ cm™ 1793, 1747 and 1724 (C=0); 8, (C*HCl,) 7.29 (5H, s, ArH), 5.15
(2H, 2xd, J,; 12.2, -CH,Ph), 4.58 (1H, 4, J 9.7, H-2), 3.35 (1H, dd, J 4, , 3.0, J s 19.3, H-6A), 3.03-2.96
(1H, m, H-4), 2.88 (1H, dd, J 3, 8.6, J, 3 19.3, H-6B), 2.33 (1H, dd, J, ;, 8.8, J;, ;5 13.2, H-3A), 1.92-1.88
(1H, m, H-3B) and 1.47 and 1.35 (2x9H, 2xs, 2x C(CH,),); 8. (C’HCL,) 192.67 (ketone), 173.56 (lactam),
170.65 (ester), 159.25 (ester), 148.96 (urethane), 134.78-128.31 (Ar), 84.36 and 83.65 (2x OC(CH,),), 67.32

(CH,Ph), 57.06 (C-2), 39.75 (C-6), 37.01 (C-4), 28.02 (C-3) and 27.58 and 27.56 (2xOC(CH,),).

Benzyl (38, 5RS, 7S)-[(1-amino-2-oxo0-5-hydroxy-5-tert-butyloxycarbonyl-pyrrelidin-3-
yl)methyl]-N-tert-butoxycarbonylglycinate (48) and Benzyl (5S, 8S5)-[(3-tert-butoxycarbonyl-
4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonylglycinate (49).

Hydrazine hydrate (64-65%) (45 mg, 0.58 mmol) was added to a solution of the pyruvate (47) (243 mg, 0.53
mmol) in methanol (3 ml) under nitrogen. After stirring at room temperature for 1 h, the solvent was removed in
vacuo 10 yield the crude product as a white foam. Purification of the products was achieved on silica gel using
petroleum ether / ethyl acetate (1:2) as eluent. Benzyl (35, 5RS, 75)-[(1-amino-2-oxo-5-hydroxy-5-tert-
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butoxycarbonyl-pyrrolidin-3-yl)methyl ]-N-tert-butoxycarbonylglycinate (48) was obtained as a white solid (214
mg, 82%); m.p. 137-139 °C; Found: C, 58.5; H, 7.2; N, 8.4. C,,H,\N,O, requires C, 58.4; H, 7.2; N, 8.5%;
m/z [+ve FAB (3-NBA)]: 516 [M+Na]", 494 [M+H]"; v, (KBr) / cm™ 3343 (NH), 3291 (OH), 3064 and 3035
(=C-H), 1742, 1705 and 1688 (C=0) and 1631 (C=C); &, (C’HCl,) 7.49 (5H, s, ArH), 6.05 (1H, d, J 7.9,
NHBoc), 5.23-5.03 (2H, 2xd, J, 12.3, CH,Ph), 4.77 and 4.74 (1H, 2xs, 2xOH), 4.65-4.63 (1H, m, H-7),
4.07 and 4.01 (2H, 2xs, NH,), 2.91-2.75 (1H, m, H-3), 2.65-2.34 (2H, m, H-4 and H-6A), 2.25-2.00 (2H,

m, H-4 and H6B) and 1.58 (2x9H, s, 2x C(CH,),); 8. (C’HCl,) 175.41 and 174.47 (C-2), 172.34 and 172.26
(ester), 170.57 (ester), 155.87 (urethane), 135.71-128.63 (Ar), 88.79, 88.39, 85.03 and 84.91 (2xOC(CH,),),

QN YA 14 EN £7 £E L7 £EL 5 MNIT NDLY £ QA 707 My A7 1L 1 AL L™ 18N A\ AL AL A NL VL SN AN A Y
80.34 (C-5), 67.65 and 67.55 (-CH,Ph), 52.84 (C-7), 37.15 and 35.57 (C-3), 36.46 and 36.16 (C-4), 34.79
ne A ns a'e | o P 1/78C OC) /2 spws Lvotnai ] 4 & 1oL 1 __ TLJ
and 34.55 (C-6) and 28.73 and 28.17 (2xOC(CH,),). Benzyl (5S, 8S)-[(3-tert-butoxycarbonyl-4,5-dihydro-1H-
6-oxopyridazine-5-yl)methyl]-N-tert-butoxycarbonyl glycinate (49) was obtained as a colourless oil (21 mg,

b P
i J
8.4%); [alp™ -95.5 (¢ 1.00, CH,CL); A, (MeOHYnm 267 (¢ 5668); m/z [CI]: Found: 476.2397 IM+HI,
C,.H,,N,0, requires 476.2396; m/z [+ve FAB (3-NBA)] 498 [M+Nal*, 476 [M+H]*; v___ (film) / cm” 3314
(NH), 1744 and 1713 (C=0) and 1620 (C=N); 8, (C*HCL,) 8.67 (1H, br.s, =N-NH-), 7.31-7.22 (5H, s, ArH),
5.37 (1H, d, J 7.8, NHBoc), 5.11 (2H, 2xd, J 12.2, CH,Ph), 4.43-4.41 (1H, m, H-8), 3.00 (1H, d, J 10.6,
H-4A), 2.38-2.24 (3H, m, H-4B, H-5 and H-7A), 1.89-1.87 (1H, m, H-7B) and 1.49 and 1.35 (2x9H, 2xs, 2x
C(CH,),); 8 (CHCL,) 172.22 (C-6), 169.91 (ester), 162.18 (ester), 155.88 (urethane), 145.12 (C=N), 135.65-
126.26 (Ar), 83.61 and 80.54 (2xOC(CH,),), 67.70 (-CH,Ph), 52.14 (C-8), 32.72 (C-5), 32.11 (C-4), 28.69

and 28.40 (2xOC(CH,),) and 26.87 (C-7).

Benzyl (SRS, 8&S)-[(3-tert-butoxycarbonyl-4,5-dihydro-1H-6-oxopyridazine-5-yl)methyl]-N-
tert-butoxycarbonylglycinate (49).

Benzyl (35S, SRS,  75)-[(1-amino-2-0x0-5-hydroxy-5-tert-butoxycarbonyl-pyrrolidin-3-yl)methyl]-N-tert-
butoxycarbonylglycinate (48) (247 mg, 0.50 mmol) was dissolved in acetonitrile (3 ml). The solution was
heated to reflux in the presence of 3A molecular sieves ( 500 mg) and acetic acid (300 mg, 5.00 mmol) for 2
days. The molecular sieves were filtered off, the solvents removed in vacuo and the resultant oil was purified by
flash column chromatography on silica gel, eluting with a 1:1 mixtre of petroleum ether and ethyl acetate, o
yield the pyridazine (49) as a mixture of stereoisomers, as a clear, colourless oil (230 mg, 97 %); (‘H-NMR data
asa mixture of stereoisomers - other data see 49 trans above) &, (C’'HCL,) 9.03 (1H, br.s, =N-NH-), 7.27 (5H,
) 5.43 (()SH d,J 74, NHBoc) 526 (OSH d J 78 NHBoc) 5.18-5.03 (2H, m, —CHPh) 4.63-

Ao TY Ay - e =

, H-3), 2.43-2.25 (3H, m, H-3 -d
h §

The (28,4S) Pyruvylpyroglutamate (50).

The pyruvate (47) (1.75 g, 3.8 mmol) and 5% Pd on carbon catalyst (170 mg) were stirred together in ethyl
acetate (20 ml) in an atmosphere of hydrogen for 30 h at room temperature. The catalyst was removed by
filtration over Celite and the solvent was removed in vacuo to yield the pyruvate (50) as a colourless oil (1.41 g,
100%), which formed a white foam in vacuo; [a]D” -17.3 (¢ 1.00, CH,Cl,); Found: C, 54.3; H, 6.9; N, 3.6.
C,,H,(NO; requires C, 54.9; H, 6.8; N, 3.8%; m/z [+ve FAB (PEGH/NOBA)] Found 394.145778 [M +Na]*
C,,H,sNO;Na requires 394.147787; m/z [+ve FAB (3 NBA)]: 394 [M+Na]*, 372 [M+H]"; v, (Nujol) / cm’

3201-2800 (aClG), 1/95 1735 and 1724 (L"'U), OH (L ubls) 8.96 U.l'l br. 5, -LWH), 4.60 (lﬂ d J 9. I H-
2) 336 (1H. . Ly, 30. Ty 192, H6A), 307300 (15, m, Bd), 295 (L, dd, Ty, 8.3, Joys 192 B
6B), 2.41 (1H, dd, J, ,, 8.8, I, 5 13.2, H-3A), 2.04-1.93 (1H, m, H-3B) and 1.47 and 1.44 (2x9H, 2xs, 2x
CICHY: §. (CPHCI \ 192 .26 (](n 1) 175.6R (lactam). 1 ’l 1R (acid) 188 85 (ecter) 148 74 (urethane)
SANdly )3y O (& HRiy) 1J&L4 RO/, 17J.U0 \daviuiuail), 177,00 \GVvildy, 1J0.00 \LoWwiyy 150.777 \UCuUiaui g,
84.11 and 83.68 (2xOC(CH.),), 56 31 (C-2). 39,30 (C.6). 36.66 (C-4). 27,31 (C.3) and 27.19 (2xOC(CH,),)

Wang-Resin Bound Pyruvate (51).

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) (80 mg, 0.42 mmol) dissolved in dichloromethane (3
ml) was added at 0 °C to a solution of the pyruvate (50) (155 mg, 0.42 mmol) in CH,Cl, (4 ml) under nitrogen.
The mixture was stirred at 0 °C for 30 min. Wang-resin, which was washed with dimethyl formamide,
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dichloromethane, methanol and allowed to swell for 40 min in dichloromethane was added, followed by DMAP
and the reaction mixture was shaken for 2 h at room temperaturc under nitrogen. The resin was washed with
dichloromethane and diethyl ether and dried in vacuo: m/z [MALDI-tof in TFA]: 216.2 [M-Boc-¢-Bu]".

Wang-Resin Bound Products (52) and (53).

Wang-resin bound pyruvate (51) (0.14 mmoi) was swolien in CH,CI, (1.5 mi) for 10 min, before methanol (1
ml) and hydrazine hydrate (35 mg, 0.7 mmol) were added under nitrogen. The reaction mixture was shaken for 4
h at room temperature. The resin was washed with CH,Cl, and dicthyl ether and dned in vacuo. 53: m/z
{MALDI-tof in TFA]: 229.99 {M-Boc-+-Bu]'; 52: m/z [MALDI-tof in TFA}: 247.97 {M-Boc-#-Bu]”.
Wang-Resin Bound Product (53).

Wang-resin bound products (52) and (5§3) (0.14 mmol) were suspended in acetonitrile. The mixture was
heated to reflux in the presence of pTSA (133 mg, 0.7 mmol) for 24 h. MALDI-tof analysis in the presence of
TFA showed that the mass-peak relating to (52) had disappeared, but the peak for (8§3) was still present.
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Wang-resin bound product (§3) (0.14 mmol) wa

was added and the reaction mixture was sh aken
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and the solvents were removed in vacuo. The spec_:t_ra of the product were iden

prepared above by solution phase methods.
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