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Abstract:
The paper describes the synthesis of two epimeric tripeptides 6-(I.-a-aminoadipoyl)-L-cysteinyl-D-(O-
methyl)-D-threonine (13) and 8-(L-o-aminoadipoyl)-L-cysteinyl-D-(O-methyl)-D-allothreonine (14),
modified substrates for the isopenicillin-N synthase enzyme. The D-allothreonine tripeptide (14) has been
shown to be an excellent substrate for the enzyme whereas the D-threonine epimer did not react at all.

The compound formed by the enzyme with the D-allothreonine tripeptide is a new 2-a-
methoxypeniciilin. @ 1998 Published by Elsevier Science Ltd. All rights reserved.
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Isopenicillin-N synthase (IPNS) is an enzyme which catalyses the formation of the penicillin nucleus, the

bicyclic f-lactam-thiazolidine unit. This enzyme has been found in Penicillium Chrysogenum, in Streptomyces
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species and in Cephalosporium Acremonium.
available in large amounts in a cell free system a large research cffort has been devoted to the study of the

substrate specificity of the enzyme and to its mechanism of action.! The natural substrate of the enzyme is -(L-
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a-aminoadipoyl)-L-cysteinyl-D-valine (LLD-ACV) (1).2
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It has been shown that the enzyme will tolerate certain modifications of any of the three amino acid

residues of the tripeptide. Thus, by substituting either phenylacetic acid or phenoxyacetic acid for the L-o-
aminoadipoic acid residue, Penicillin G and Penicillin V were formed respectively, albeit with reduced
efficiency.? Modifications of the central cysteine moiety have also been show

Thus, tripeptides with both o-S-methylcysteine and B-S-methylcysteine as the central amino acid residue. were
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eood substrates for the enzyme whereas the f-R-methylcysteine was not.* Modifications of the terminal D-

valine residue give the most interesting possibilities and a large number of such tripeptides have been made and

tripeptides containing the epimeric O-methyl-D-threonine and O-methyl-D-allothreonine as the terminal residue
in place of D-valine.
ISCUSSION

AFELY INFERZIN

Several authors have reported the synthesis of O-alkyl derivatives of the hydroxyamino acids. Slitz and Carter
prepared racemic O-methyl serine via mercuration of methyl acrylate and methoxylation. Resolution of the

N

obtain both serine and threonine via the O-methyl compounds were later reported by Carter in Organic

Synthesis.” Chimiak and Rudinger prepared N-benzyloxycarbonyl-O-methyl-L-threonine methyl ester by
" L i T R L . . . : . 8 1y ' : . . .

methylation with methyi iodide using silver oxide as a catalyst.® Hodges and Merrifield. used diazomethane to

methylate the alcohol group in serine with fluoroboric acid as a catalyst. Their synthesis was done in six steps in

about 33% overall vield. using phthalimido protection of the amino group and p-nitrobenzyl protection of the

carboxyl function.” Chen and Benoiton aiso used direct base catalysed O-methylation with methyl iodide to

prepare  both O-methyl-L-serine and O-methyl-L-thrconinc. Th¢ amine was  protected as  N-ferl-

synthesis of O-alkyl derivatives of hydroxyamino acids is that reported by Barlos and coworkers who
synthesized both O-mcthyl and O-ethyl derivatives of L-serine, L-homoserine and L-threonine in good yields
ion and sodium hydride to produce the disodium salt and subsequent alkylation with
methyl and cthyl iodides.!! In the present work the N-benzyloxycarbonyl benzyl esters of both D-threonine and
D-allothreonine were methylated with diazomethane in dichloromethane at low temperature with boron
of N-benzyloxycarbonyl-O-methyl-D-allothreonine benzyl ester (3) was 50% and N-benzyloxycarbonyl-O-
methyl-D-threonine benzyl ester (6) was obtained in 68% yield. The yicld of the N-deprotected compounds after
satment with hydrobromic acid in acetic acid was 75 and 68% respectively (Scheme 1). The benzyl ester of
threonine (2) has been made in modest yield by acid catalyscd esterification with benzyl alcohol in benzene.!?
This method was used here to give the benzyl ester in 45% yield which was N-protected with
vicld was obtained in the case of allothreonine (5) by using cxcess
phenyldiazomethane 13.14 The N-benzyloxycarbonyl derivative (3) was prepared directly

chromatographically homogeneous benzyl ¢ster and isolated in 68% yield overall.
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Scheme 1. Preparation of the 3-epimeric O-methyl D-threonine and D-allothreonine.

N-benzyloxycarbonyl-u-benzyl-8-(L-a-aminoadipoyl)-S-benzyl-L-cysteine.!> The threonine isomer (11) was

obtained analytically pure after chromatography on silica gel in 77% yicld and the allothreonine (12) isomer
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by sodium in liquid ammonia (Scheme 2). For testing the tripcptides as substrates for the enzyme a portion of

the isolated material was purified by preparative clectrophoresis and isolated as the disulphide after oxidation

with oxvgen.
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Scheme 2. Preparation of §-(L-o-aminoadipoyl)-L-cysteinyl-D-(O-methyl)-D-threonine (13) and of &-(L-a-

aminoadipoyl)-L-cySteinyl-D-(O-methyl)-D—allot.hreoninc (14).
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TESTING THE TRIPEPTIDES (13) AND (i4) AS SUBSTRATES FOR IPNS AND THE FORMATION
OF A NEW ANTIBIOTIC
When the tripeptides were incubated with the IPNS enzyme a striking difference was observed between

the two isomers. &-(L-a-Aminoadipoyl)-L-cysteinyl-D-(O-methyl)-D-threonine (13) was shown not be a
substrate at all and the tripeptide was recovered unchanged from the incubation mixture. In sharp contrast 8-(L-
a-aminoadipoyl)-L-cysteinyl-D-(O-methyl)-D-allothreonine (14) was an cxcellent substrate for the cnzyr
producing a single penicillin with antibiotic activity against S. aureus. Mass spectra and NMR studies showed

the new penicillin to be (28, 38, 5R, 6R)-6-(5S-5-amino-5-carboxypentamido)-3-methoxy-3-methyl-7-oxo-1-

aza_A_thishicvelal? 2 NlhentaneYecarhaxvlic acid ar 2-a-methovviconenicillin N (158) 16
AZA-T=uilldUILyUIU] 5. 2.0 HCpdliv=4=Cdl UVA Y U abil Ul 4=U-HICUWIVA Y 15O PCTICHIL 1IN (10 ).
“0,C
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give a compound equivalent to 6-amino-2-a-methoxypenicilloic acid, a compound similar to 6-

aminopenicilloic acid (6-APA) (16).!7 When phenylacetyl and penoxyacetyl sidechains were introduced into

Comparison of the antimicrobial activity of the phenoxyacetyi-2-o-methoxypeniciilin with Penicillin V showed

it to have similar and better activities against a number of bacterial® as shown in Table 1.

0 0N
NH,” /\:/\_CH5(II3‘NII [\:/\“J‘”‘Hg&‘\NH
\ s CH, NN g CH, 7 ©\___«S_CH,
/I:r £ ”oc O/]/‘—I“J:E)/’ocm J:Il\l z ‘OCH,
Coor COOT COOH
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Tabie 1. Comparison of antibacterial activity of phenoxyacetyl-2-a-methoxypeniciiiin compared with

Penicillin V.16

Relative Antimicrobial Activity

Organism Penicillin V Phenoxyacetyl-2-o-methoxypenicillin
Staphylococcus aureus 1 0.95
Bacillus subtilis 1 1.05

s

- 1 . 1. 1 1
LCACFISCALA COLL (1) - -

Echerischia coli (-) 1 1.2
Salmonella typhi (-) - -
Pseudomonas aerugenosa - -
Sarchina lutea | 1.2

Alcaligenes faecalis - -

Acinetobacter Sp - -

Klebsiella aerogenes - -

EXPERIMENTAL

Melting points were determined in capilliary tubes and are uncorrected. Optical rotations were determined

~ ~ "
’

on a Perkin Elmer 241 Polarimeter. Proton nuc

et

ear magnetic resonance spectra at 300 MHz were recorded on a
Bruker WH 300 spectrometer. All chemical shifts, 8, arc expressed in parts per million. Spectra run in CDCl,
use residual CHCI, shift of 7.27 ppm as an internal reference and those run in D,0 use TSP as an internal

reference.

p-Threonine benzyl ester (Based on Gutmann and Chang!!).

RS} ORI,
i

D-Threonine (2.00 g. 16.8 mmol) and ;
dissolved in benzyl alcohol (25 mL) and dry benzene (150 mL). The flask was fitted with a Dean and Stark

collector and the solution refluxed for 25 h. At the end of this time the benzene was evaporated on a rotary

evaporator and the

separated and the organic layer extracted with more water (4 x 100 mL). Sodium bicarbonate (3.5 g, 42 mmoi)
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was added to the combined aqueous extracts and the free amine back-exiracied into ethyl acetate 5 x 100 mL,
dried (MgS0O,) and evaporated to dryness. The residue was dissolved in ether (50 mL) and on addition of s

light petroleum (bp. 40/60) crystallisation started which was left to proceed for 3 h at 4°C, The white crysta

1 dt Iyatd X

material was isolated by filtration and dried. Yicld 1.6 g, 45%, mp 65-66°C, [O,]ZD“ = +4.0° (¢ 0.98, methanol).

\J

"TH-NMR (CDCL): 8 1.22. 3H d. J,. 5
L) 0 s, C. Cenaen ©-

=5

Hz

L V4

%)

CH.; 2.0, 3H broad, NH, and

i1, an

Q

- 3720
ik, Joi”

H 1Hd4. I 62 Uz -
4 4 o 1LIX \a "aH»lSH V.l 117.4 W&

H: 3.89. ITH multiplet. B-H; 5.19. 2H s, Ph-CH,; 7.37, 5H s, aromatic. Signal at 2.0 disappears on D,O shake.

M™ 210. Found: C 63.26, H 7.13. N 6.77; C,,H ;NO, requires: C 63.14, H 7.23, N 6.70.

N-Benzyloxycarbonyl-D-allothreonine benzyl ester (6)
D-Allothreonine (180 mg, 1.50 mmol) and p-toluenesulfonic acid monohydrate (285 mg, 1.30 mmol)

were
Woiw

in water (15 mlI) Acetone (227 ml) wa
1 watelr (12> mu). celione (<< ML) wa

Phenyldiazomethane (prepared’ from benzaldehyde p-toluenesulfonyl hydrazone?. 3.3 g 12 mmol) was dissolve

in acetone (7.5 mL) and added portionwise to the above solution while cooling on ice. The mixture was allowed

+
L

=]

mL) was added and the aqueous solution washed with ether. Sodium bicarbonate (495 mg, 6 mmol) was added

w
and the free amine extracted into cthyl acetate (6 x 30 mL). The combined ethyl acetate extracts were dried

CH,OH 9:1. R; 0.35). The chromatographically homogeneous product was dissolved in dry THF (10 mL,

>

triethylamine (0.200 mL. 1.40 mmol) added followed by benzyl chloroformate (0.210 mL, 1.40 mmol).

precipitate of Et;N-HCI formed almost instantly and after 30 minutes the rection mixture was filtered and
evaporated. The product was purified on a column of silica gel giving an oil (350 mg, 68%) which crystaliized
on standing. mp 75-76°C: [&]7) = -12.3° (¢ 2.0, CHCL); M 344; '"H-NMR (CDCL): 8 1.16. 3H d. Joypy.ci5 6.5

11z. C-CH;; 2.8, IHb. OH; 4.17, IH m, «-H: 4.49, 1H m. B-H; 5.12, 2H s, CH,-Ph; 5.21, 2H
6. 6

ester CH,-Ph: 5.71, 1H d. J;,., 6.5 Hz, NH; 7.36, 10H m, aromatic. Found: C 66.26; H 5.96;
requires: C 66.46; 1 6.17. N 4,08.

N-Benzyloxycarbonyl-O-methyl-D-allothreonine benzyl ester

CNZAVIOXYCAlDONYI-1=-A10UITCOIING  DENZYD €50

N-Benzyloxycarbonyl-D-allothreonine benzyl ester (250 mg, 0.728 mmol) was

/n

dichloromethane (10 mL). cooled on a dry ice/acetone bath and boron trifluoride etherate (50 microliters) was

added. Diazomethane (15 mmol) in 10 mL dichloromethane was added slowly. After a few minutes t.l.c.

o~

CILC

[e—

'1./FtOAc. 95:5) showed that most of the starting material had reacted giving a single product (R; 0.55).

Rea S S22 L RAAEL 2 il * « i<} p=4 S e I

The solvent was evaporated under reduced pressure and the product purified on a column of
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oily compound, 130 mg, 5%, {a},) =-3.8" (¢ 2.0, CHCL); "H-NMR (CDCL) o 117, 3H d, Jiyn4 6.3 Hz, C-
CH:: 3.35. 3H s, OCH;: 3.68, IH m, $-H; 4.59. 1H dd. J,,. on 3.7 Lo 8.8 Hz, a-H 2H s, CH,-Ph: 5.21
2H AB q. I, 12.4 Uz, ester CH,-Ph; 5.54. IH d, J,,,; 8.3 Hz, NH; 7.3, 10H s, aromatic.

(-Methyl-D-allothreonine benzyl ester (7)
N-Benzyloxycarbonyl-O-methyl-D-allothreonine ber

hydrogen bromide/acetic acid (0.5 mL) and dichioromethane (0.5 mL) for 30 minutes at room temperature.

Toluene (3 mL) was added and the reaction mixturc evaporated to dryness under high vacuum. The solid

mL) a

'wJ
o

residue was dissolved in dichloromethane (

ind extracted with saturated sodium bicarbonate (3 mL). The

A

organic layer was dried (MgSO,) and evaporated to dryness. The free amine was isolated as a vellowish oil, 48
- ~ pe 2 Ie N 2l N ~
mg. 75%. after chromatography on silica gel, [0{][“)O =-10.5° (¢ 2.0, CHCL,); "H-NMR (CDCl.): § 1.03, 3H d.

ey 0.3 Hzo C-CHi: 1.60, 3H s, NH, + residual 11,0; 3.26. 3H s, OCH;; 3.54, 1TH m. B-H; 3.67, IHd. J,, 4.4

Hz. «-H: 5.11. 2H s. CH,-Ph; 7.3. 5H m, aromatic.

$ N4

N-Benzyloxycarbonyi-O-methyi-D-threonine benzyl ester

N-Benzyloxycarbonyl-D-threonine benzyl ester (687 mg. 2.00 mmol) (prepared from the benzyl ester as

described for the allothreonine derivative, m.p. 75-76°C, [a]zn +10.3 (¢ 2.0, EtOH), Gutman & Chang!!, L-

nantiomer: m.p. 79-80°C. [l = -10.5 (c 2.0, EtOH)) was dissolved in dry dichloromethane (20 mI) cooled

10D J.J < dd v I ULy QICIHITOIOINCUIANC (L8 THE .

(5]

on dry ice/acetone and boron trifluoride etherate (0.100 mL) added. Diazomethane (30 mmol in 20 mL CH,Cl,)
was added portionwise. After about 30 min. the reaction mixture was filtered and evaporated to give an oily

of silica gel. 486 mg 68%: R, 0.55 (CH,CL. 95:3);

P | purtf a n 1 g 6 mg, 68%:. R (CH,Cl, :
(4] -

[oc]n +194° (¢ 4.0, CHICly); M™ 358; '"H-NMR (CDCl,): & 1.2, 3H d, Jop30q 6.2 Hz, C-CH.; 3.18,3H

s, OCH: 394 1H dq. Jy, 2.5, 0,3 6.3 Hz, B-H: 439, 1H dd, J 5 2.3, 7y 9.5 Hz, o-H: 5.14. 2H s, CH,-Ph:

5.22.2H AB q. J,; 12.3 Hz. ester CH,-Ph; 5.49, 1H d. Jy,, 9.6 Hz, NH; 7.36, 10H m, aromatic.

O-Methyl-D-threonine benzyl ester (4)

N-Benzyloxycarbonyl-O-methyl-D-threonine benzyl ester (480 mg, 1.3 mmol) was treated with 45%

hydrogen bromide in glacial acetic acid (I mL) in dichloromethane (1 mL) at room temperature for 30 minutes.

reevaporated. Xylene was then added and reevaporated using an oil pump (2 x 10 mL). The residue was

dissolved in dichloromethane (5 mL and triethylamine (0.5 ml.) was added and evaporated. Morc



dichloromethane was added and reevaporated (2 x 5 mL). Ether (10 mL) was added and the solution filtered.

After evaporation of the ether the product was purified on a coulumn of silica gel (CHCL,/CH,OH, 95:5) to give

wmnszrmich ~il ING an oy Q .1 — LIV A0 YN MITT N AAE AL ] ATY 77T/ N, @ 1 m=a ATy 10T
a DIOWILISH Ol <UD Mg, 0670, [T ] T4 AL LU LV, M Laa TH-NVIR (LDUL ) 0 Las, OH A Jeyag
2 Hz. C-CH.: 1.64. 3H s. NH,/H,0: 3.24, 3H s, OCH,: 3.42, 1H d. 1(1,‘34117, o-H: 3.76, IH dq. J,, 3.6. J,

N-Benzyloxycarbonyl-c-benzyl-5-(L-c-aminoadipoyl)-S-benzyl-L-cysteinyl-(O-methyl)-D-threonine
benzyl ester (11)

N-Benzyloxycarbonyl-a-benzyl-6-(L-a-aminoadipoyl)-S-benzyl-L-cysteine (332 mg. 0.574 mmol) and O-
methyl-D-threonine benzyl ester (127 mg, 0.568 mmol) were placed in a flask and dissolved in dry
dichloromethane (4 mL). 2-Ethoxy-N-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) (140 mg, 0.574 mmol)
was added and the reaction lcfi at room temperature overnight. The solvent was evaporated to dryness and the
crude product redissolved in chloroform (20 mL) and washed with 0.10 M hydrochloric acid (20 mL) and

saturated sodium bicarbonate solution (20 mL), dried (MgSO,) and evaporated to dryness. The product was
purified on a column of silica gel to give the chromatographically homogeneous product, 345 mg., 77%: [a]f'){)

=0.00° (¢ 4.0. CHC1,); M* 783/4; 'H-NMR (CDCl,): § 1.13, 3H

d, Jeyion 0.2 Hz, C-CH;; 1.6-2.3, 7THm
CH3-CH g

—

[3- and
v-protons of aAA + residual H,O; 2.8, 2H o, AB part of ABX systems, J,,,, 6.8, J,; 14.0. Ju, 6.0 Hz. Cys B-
protons: 3.18. 1H s. O-CH: 3.75, 2H s, S-CH,Ph; 3.93. TH dq, J;, 2.3, Jy 3 6.3 Hz, Thr 3-H: 4.41. 4.51. 4.61.
3x IH m. a-protons; 5.04-5.27. 6H m, 3xO-CH,-Ph; 5.6,6.3. 6.8, 3x1Hd, J8.1.7.4,9.0 Hz, 3xNiI;: 7.3, 20 H

oIl 1 s 2.0, VD V.0, 198

m. aromatic. Found: C 65.70, H 6.14, N 5.37; C,;H,,N;0,S requires: C 65.88, H 6.30, N 5.36.

N-Benzyloxycarbonyl-a-benzyl-3-(L-a-aminoadipoyl)-S-benzyl-1.-cysteinyl-(O-methyl)-D-threonine
benzyl ester (230 mg, 0.294 mmol) was dissoved in about | mL THF and treated with sodium in dry liquid
ammonia until the blue colour persisted. The excess sodium was destroyed with ammonium sulphate and the
ammonia allowed to evaporate at room temperature. The product was dissolved in water (20 ml.), the pH
adjusted to 8 and a stream of oxygen passed through the solution for about 1 h to convert it to the disulphide.
The solvent was freeze dried to give a crude yield of 250 mg containing some salt. A portion of the crude
material (10 mg) was purified by electrophoresis on a 3 MM electrophoresis paper at pH 3.5, 3 KV for 2 hrs.
The tripeptide was located by ninhydrin, eluted off the paper with water, the volume reduced on the rotary
evaporator and then freeze dried to give 5.3 mg of pure material, M* 757 (disulfide): H-NMR (D,0): 3 0.96.
3H d. Jyg 6.3 Uz, Thr C-CH,: 1.5-1.8, 4H m, a-AA B- and y- protonb 223, 2H t, J;, 7.0 Hz, a-AA &-
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protons: 2.94. 2H o, AB part of ABX, J, 9.1, J, 14.1. Ty 5.1 1iz, Cys B-protons; 3.14, 3H s, OCH,: 3.56, IH
t.J,; 6.0 Hz, Cys a-protons: 3.77. 1H m, Thr-B-protons; 4.09. 11Td. J,; 3.2 Hz, Thr B-proton.
N-Benzyloxycarbonyi-a-benzyl-o-(L-oi-aminoadipoyl)-S-benzyl-L-cysteinyi-(O-methyi)-D-aliothreonine
benzyl ester (12)

The protected tripeptide was made by EEDQ activation of the protected dipeptide in 68% vield as

CHCL): M™ 783/4: "TH-NMR (CDCL): 8 1.15.3H d. ] 64 Hz C-CH.- 1623 8H m Lo to S-nrotons of
17 - "} ~m AR Ny -J(}"{(l{ T L Ab, \M_" L2V bwr/a LR 111 }l wr v JIAJANTLLD A7)
aAA + residual H,0O: 2.77. 2H o. AB part of ABX systems, J,x 7.1, J, 14.0, I3 5.7 Hz, Cys B-protons: 3.30.

3 s. O-CH;: 3.64. 1H m, allothr 3-H: 3.76. 2H s, S-CH,Ph; 4.4, 4.5, 4.6, 3x |H m, a.-protons; 5.1, 6H m, 3 x O-

CI1,-Ph: 5.59.6.24, 7.00, 3x 111 d, T 8.1, 7.2, 8.3 Hz, 3xNH: 7.3, 20 H m, aromatic. Found: C 65.80. H6.16, N
5.38: C,I1,,N;O,S requires: C 65.88, 116.30. N 5.36
d-(L-ci-Aminoadipoyl)-L-cysteinyl-D-(0-methyl)-D-allothreonine (14

| & J 7 J o \ J 7 s

N-Benzyioxycarbonyi-a-benzyi-8-(1.-oi-aminoadipoyi)-S-benzyi-1.-cysteinyi-(O-methyi)-D-aliothreonine
benzyl ester was deprotected by sodium in liquid ammonia as described for the threonine tripeptide. After
converting the free thiol to the disulfide, the product was purified by preparative electrophoresis in 48% yield;

"H-NMR (D,0): 6 0.99. 3H d. J 3.4 6.5 Hz. allothr C-CHy; 1.5-1.7, 4H m, o-AA B
I, 6.9 Hz. a-AA S-protons; 2.94, 2H o, AB part of ABX. J, 9.8, J,5 14.1, Jpy 5.3

s. OCH;: 3.62. 1H t. I, 6.0 Hz, Cys a-protons; 3.70, 1H m, allothr-B-protons; 4.50. 1H d, J ; 4.3 Hz
allothreonine o-proton.
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