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Abstract: The synthesis of 6-L-a-aminoadipoyl-I-cysteinyl-Q-allylglycine (la) from fts component amino acids is 
described, along with the synthesis of eight analogues (1 b-i) specifically deuterated at C-9 and/or C-5 of the allylglycine 
residue 

The enzyme lsopenicrllin N synthase (IPNS)1,2 converts the modified substrate tripeptide 5-L-a-aminoadfpoyl-l_ 

cysteinyl-R-allylglycine (LLR-ACAllylglycine) (1) into 2S- and PR-vinylpenam (2 and 3), homm_xph-$em (4). 

hydroxymethylcepham (5). and 4R- and 4S-hydroxyhomocepham (6 and 7) type productss.4. Herein we report full 

eXperImental details of the synthesis of the original )_)&ACAllylglycine tripeptide (la), and in addkfn we report the 

synthesis of the eight deuterated tripepides (1 b-i) that were required in order to further investigate the stereochemistry 

and mechanism of the closure of the second nng w of the /3-lactam containing metabolftes from this analogue of the 

natural substrate 
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The tnpeptrde (la) was obtarned as shown in scheme 1 Thus P-Allylglycine was refluxed with benzyl alcohol, 

benzene, and toluene-4-sulphonrc acid, with azeotropic removal of water, to give the benzyl protected amino acid, 

toluene-4-sulphonc acrd salt (8) Thus was coupled to benzyl protected ‘I.).- AC” dipeptide7 (9) using l-ethoxycarbonyl- 

2-ethoxy-I ,2-dihydroqurnokne (EEDQ) and trrethylamine according to the literature procedures7, to give the fully 

protected tripeptrde (IO) Deprotectton (Na/NHs(l)), followed by a modified Hopkins work up’, gave the tripeptide (la) in 
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thiol form Thii was oxidffed to the diiulphii (Os, pH9, Zhrs), then purified by reverse phase hpk. 
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(i) GH~CHZOH, TsOH, Benzene, reflux (azeotropic removal of water). (ii) EEDQ. EtsN. 
DCM. (iii) Na, NH3 (1). followed by modified Hopkins’ workup. (iv) 02, pH 9 (NH&H), 
2 h. 

Scheme 1 

The racemic deuterated tripeptide (1 b) was synthesised as shown in scheme 2, 3 and 4. Acid labile protecting 

groups (4-methoxybenzyl, and benzhydryl) were used for the final protected tripeptide instead of the previously 

reported benzyl protecting groups, as this allowed more facile separation of the diastereotopic protected )JJ- and u- 

tripeptides. Thus acrolein was reduced with lithium aluminium deuteride in tetrahydrofuran to give the racemically 

deuterated alfyl alcohol (11). This was tosylated with tosylchkride and NaOH in Et208 , and the resulting ally1 tosylate 

(12) reacted with the O’Donnell synthons (N.N-diphenylmethylene aminoacetonitrile) and sodium hydroxide under 

phase transfer conditions (no S$’ attack of the synthon anion on the ally1 tosylate was observed by high field NMR 

using this procedure). The resultant crude Schiis base was hydrolysed with hydrochloric acid (1M) and the nitrile 

hydrolysed to the corresponding carboxylic acid with HCI (refluxing 6M) to give the amino acid, HCI saft (13) The amino 

acid was N-protected using BOC-ON1a, then carboxyl protected by treatment with diphenyldiazomethanell, to grve the 

diprotected amino acid (14) This was Ndebfocked wfth toluene-Csufpftonfc acid 12, followed by a basic work up, to give 

the benzhydryl ester free amine (15) This was coupled to the “l.L- AC” dipeptide protected with acid labile groups (16) 

usrng EEDQ and triethylamine to give the fully protected, diastereotopic j.f.Q- and u-tripeptides (17a and 17b) 

Separation of the isomers by column chromatography on silica gel followed by deprotection with trifluoroacetic acrd and 

anisole (10 1, reflux, 30min) of the less polar component gave the crude UQ-tripepttde (1 b) as its frifloroacetate salt 

Oxidahon of the tripeptide to the disulphide (Or+ pH 9-10) and purification by reverse phase hplc gave the M-AC- 

3RS[3-*H,]Allylglycine disulphide (lb). (Unlabelled LLR-ACAQ tripeptide prepared in an analogous manner gave 

material identical In all respects to that of (1 a) prepared as in scheme l[see scheme 61). 

The tripeptides (lc,d) stereospecifically deuterated at C-3 of the allylglycine residue were then synthesised The 

key step in the synthesis was the use of the Ireland-Claisen rearrangement on the deuterated N-Woe-glycine ally1 esters 

(l&19)13 to give the specifically deuterated N-tBoc allytglycines (20,21)(see scheme 5) The deuterated N-‘Boc-glycine 

ally1 esters were prepared as shown In scheme 2,4 and 5. The deuterated alcohols (22.23) were obtained vra the 

reduction of propargyl alcohol with LiAIH, followed by a DsO quench l4 for (22), or for (23) from the methyl 

proprolate/anthracene Diels-Afder adduct (24) which was reduced with D2(g) (1atm)lPd on CaCOs to give the adduct 

(25), further reduced with LiAIH,/Et,O, to alcohol (26) and pyrolysed (35OOC) to give the ally1 alcohol (23) via a retro 

Drefs-Alder processl5.‘6,‘7 The deuterated ally1 alcohols were coupled to N-tBoc-glycine using dicyclohexyl- 

carbodrrmide (DCC) with drmethylaminopyndine (DMAP) catalysts to give the deuterated N-tBoc-glycrne ally1 esters 
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Scheme 2 
(23) R’ = H, R* = D, R’ = H 
(441 R’ = H. R* = H. R’ = D 
(45j R’=D;R*=H;R’=D 
(46) R’=H,RZ=D,R3=D 

(25) R’ = H, Rx = D 
(48) R’ = H, R* = H 
(49) R’ = D, R* = H 

(26) R’ = H, RZ = D, R3 = H 
(50) R’ = H, RZ = H, R’ = D 
(51) R’ = D, Rz = H, R’ = D 
(52) R’ = H, R* = D, R3 = D 

(iv) 

for compounda 
(13) and (5547) 
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(44) H H D (60) H H D (63) H H D 

(45) D H D (61) D H D (64) D H D 

(46) H D D (62) H D D (65) H D D 

(I) TsCl, NaOH, EbO. (ii) (C6H&C=NCH&!N, NaOH, CsH&H3, H&X BTEAC. (ii) 1M HCI, 2h, then 6M HCl (reflux), 

12h, followed by Ion-exchange chromatography when nccesaary. (iv) BOC-ON, EhN, Dioxao, followed by 

H30+ workup. (v) (Q,H&CN,, EtOAc (VI) TsOH, EtOH. EbO, followed by aq NxHC03 workup. (vil) TsOH. H@, 

Acetone, followed by (C6H&CNz Aq. NaHC& workup. 

Scheme 3 

R’ R* R’ R’ Rx R3 
(13) H H (*) H/D (66) H Y D 
(53) D H H (67) D H D 

(54) H D H (68) H D D 

(55) H H D 
(56) D H D 
(57) H D D I (v) 
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(22) R’-D,R*-H (18) R’ - D, R* - H 

(23) R’ - H, R* - D (19) R’ - H, R* - D 
(20) R’-D.R’-H 
(21) R’-H,R’-D 
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I w 

(i) N-‘BOC glycme, DCC, DMAF’, EbO (II) 2 eq. LIHMDS, -78”C, THF, 2h, then 2 e-q. t 

TMSCI, -78°C. (iii) Reflux, THF, then MeOH quench. (IV) (CeH&C!N> EtOAc. R*R2 

(v) TsOH, EtOWEbO, aq. NaHCt& workup R’.W 
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Scheme 5 
(29) R’ - D. R* - H 
(30) R’ - H, R* - D 

Scheme 6 
(38) 

CO?.CHPh2 
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Tripeptide 

(lc) 

(ld) 

% deuterium incorperatbn diastereomerk excess at C-3 

(by mass spectmmetry) (by nmr) 

2H, < 5%, k, > 8%, *Hs = 6%, 2Hs=Cl 90% 

+io < 5%, *H, = O%, *Hs >94%, ‘H&l 90% 

Molecular ion cluster (MNH4+) 

No Observed Calculated 

(39) 230 (4) 230 (0) 
231 (100) 231 (100) 
232 (34) 232 (13) 

(40) 231 (15) 231 (0) 
232 (100) 232 (100) 

’ 233 (13) ’ 233 (13) 
(41) 231 (1) 231 (0) 

232 (100) 232 (100) 
233 (9) 233 (13) 

(42) 232 (11) 232 (0) 
233 (100) 233 (100) 
234 (10) 234 (13) 

(43) 233 (5) 233 (0) 
234 (100) 234 (100) 
235 (6) 235 (13) 

Amino acid 

No 

(53) 

(54) 

(55) 

(56) 

(57) 

Molecular ion cluster (MH+) 

Observed Calculated 

116 (4) 116 (0) 
117 (100) 117 (100) 
116 (23) 116 (5) 
117 (14) 117 (0) 
116 (100) 116 (100) 
119 (6) 
117 (2) 
116 (160) 
119 (7) 
116 (10) 
119 (100) 
120 (6) 
119 (5) 
120 (100) 
121 (6) 

119(5) 
117 (0) 
116 (100) 
119 (5) 
118 (0) 
119 (GO) 
120 151 
ii9 ioj 
120 (100) 
121 (5) 

Tabk 1 

Toeytates 

% deuteration 

4% fully protio 
79% monodeuterated 
17% dkfeuterated 
13% monodeuterated 
87% dideuterated 

99% dtteuterated 

10% dideuterated 
90% trideuterated 

4% trideuterated 
96% tetradeuterated 

% deuteration 

4% fuliy protio 
78% monodeuterated 
16% dideuterated 
14% monodeuterated 
85% dideuterated 

1% trideuterated 
96% dideuterated 

10% dideuterated 
87% trideuterated 

5% trideuterated 
94% tetradeuterated 

Stereochemistry* 

EZ ratio 
approx. 1:12 

EZ ratio 
approx. 15:l 

no evidence of any 
proton background at C-l 

only Z-isomer detectable, 
Z:E ratb 
z-16.1 
EZ ratio 
> 25:l by ‘H-nmr 

Stereochemistry* 

EZ ratio 
approx. 1 :l 0 

EZ ratio 
approx. 15.1 

no evidence of any 
proton background at C-5 

only Z-isomer detectable 
Z:E> 15:l 

EL ratio 
> 25:l 

l obtained from analysis of the olefinic region of the lH-nmr spectra. 

Tabk 2. 
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(1819) which were subjected to the slightly modified conditiins for the IrelandClaisen rearrangement to give the 

stereospecifically deuterated N-Qoc alfylglycines (20,21) in low yield but with high stereoselectivity. The N-tBoc 

allylglycines (20,21) were then protected as their benzhydryl esters (27.28). The stereochemical purity of the assumed 

5&B_B and m enantiomerc pairs (20) and (21) was determined by tH n.m.r. to be greater than 90%, the major 

impurities being the opposite epimers at C-3. These were then Ndebbcked with toluene-Csulphontc acid to give the 

benzhydryl ester free amines (29, 30) and coupled to the dipeptide “jJ.-AC” protected with acid labile protecting 

groups (18) as described earlier. The diastereomedc protected tdpeptides (31,32) and (33,34) were separated, and 

the j_j.R diastereoisomers were deprotected, oxidised to the disulphides (lc and Id) and purified as previously 

described (scheme 4). The stereochemical purity and deuterium incorperatton were determined by ‘H-nmr and mass 

spectral analysts and are shown in table 1. 

The five tripeptides containing deuterium labels in the altylglycine residue (le-i) were prepared as illustrated in 

scheme 2,3 and 4. The synthesis was developed initially with unlabelled allyftosylate (35) (scheme 8) via alkylation of 

the CYDonnel synthon under phase transfer conditions as described above to give a final trtpeptkfe Mentical in all 

respects to (la) derived as in scheme 1. The deuterated ally1 tosylates (39,40,41,42,43) were prepared from the 

deuterated ally1 alcohols (22,23,44,45,46) using tosyl chloride and powdered NaOH. The five deuterated altyl alcohols 

required were prepared as in scheme 2. The alcohols (22) and (23) were prepared as described earlier. Altyl alcohols 

(44,45,48) were prepared via the anthracene-methyl pmpiolate Die&Alder adducts (24,47) in a similar fashion to that 

described above which were reduced either wlth deuterium (25) or hydrogen gas (48,49) using Pd on CaCOs The 

reduced adduct esters were reduced to the corresponding deuterated alcohols with LtAID, (50,51,52) and the free ally1 

alcohols (44,45,48) released by a retro Diils-Alder reaction at 350 oC on the reduced adducts. The deuterated amino 

acids (53,54,55,58,57) were prepared by the alkylation of the O’Donnell synthon by reaction with the deuterated 

tosylates (39,40,41,42,43). This alkylated Schiis’ base was hydrotysed with HCI (1 M), and the nitrile group hydrolysed 

by reflux in HCI (8M) (Scheme 3) to give the amino acids. The levels of deuteration and stereochemical purity of the ally1 

tosylates and amino acids are presented in table 2. The amino acids (5x54) were protected directly with 

diphenyldiazomethane to give the benzhydryl esters, free amines (58.59), while the amino acids (55,58,57) were 

converted to the benzhydryl ester amines (80,81,82) via the N-‘BCC amino acids (88,87,68) and N-tBCC amino acid 

benzhydryl esters (63,84,85). 

The amino acid free amines were coupled to the “L-AC” dipeptide protected with acid labile protecting groups 

(18) as described earlier, the j.j_R-diastereoisomem (89,70,71,72,73) separated by column chromatography on silica 

gel, and then deprotected with trifluomacetic acid-anisole to gtve the free thiil tripeptides (le-i). The trfpepttdes were 

then oxidised to the diiulphide with 0, if purification by h.p.1.c. was necessary. 

Experimental: 

General Experimental. 

Meking points were determined using a Gallenkamp capilliary apparatus and are uncorrected 

lnfra red spectra were recorded on a Perkin-Elmer 681 spectophotometer. Spectra are reported in wavenumbem (cm“) 

and are calibrated against polystyrene (II,,,, 1802 cm-‘). Relevant strong (s), medium (m), and weak (w) absorbances are 

quoted. 

Proton nuclear magnetic resonance spectra were recorded on Brucker WH 300 (3OOMHz), Baker AM 250 (250MHz), 

Brucker AM 500 (500MHz), or Vartan Gemini 200 (200MHz) spectrometers. Chemical shifts (8) are expressed in parts 

per million (ppm.). Spectra were referenced internally to residual proton in the solvent for chloroform (6 7 27) 

acetonitrile (6 1.95) or methanol (63.31), or for aqueous spectra 3-(trimethylsilyl)-[2,2,3,3-zH&ropionic acid, sodium salt 

(TSP) (6 0.00) unless otherwise stated. Carbon nuclear magnetic resonance spectra were recorded on a Bruker AM 

500 (126 MHz, multiplicities assigned by off resonsance proton decoupling or DEPT spectrum editing), Bruker AM 250 
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(63 MHz, multiplicities assigned by off resonance decoupling), or a Varian Gemini 200 (5OMHz. multipliies assigned by 

DEPT spectrum editing). Spectra were referenced internally to d,-chbroform (8 77.0) or d,-methanol-Cd (6 49.0), or for 

aqueous samples, to added diixan (8 67.0). Unless otherwise quoted the pH of aqueous solutions was 6-6 All ‘H-nmr 

spectra in D,O are HOD supressed unless otherwise stated. 

Mass spectra were recorded on a ZAB-1 F machine for fast atom bombardment (FAB), field desorption (FD), direct 

ammonia chemical ionisation (Cl), and ammonia desorption chemical ionisation (NH, DCI). Gas chromatography-mass 

spectroscopy (GCMS) was performed on a VG Lab Base Trio 1 GC/MS system, DB5 column, ammonia direct chemical 

ionisation detection. 

Microanalysis was performed on a Carlo Erba Strumentazone Elemental Analyser, model 1106 interfaced to a 

Commodore 8296-D computer. 

Optical rotations were measured on a Perkin-Elmer 241 polarfmeter. 

Flash chromatography was performed using Merck silica gel 60 (40-63pm, 230-400 mesh). Preparative thin layer 

chromatography (plc) was carried out on glass plates using a 1 .Omm layer of silica gel Merck blend 41 Thin layer 

chromatography was carried out on aluminium plates coated with 0.2mm Merck silica gel 60 FW 

High pressure liquid chromatography (HPLC) was perfomed on two Gilson model 303 pumps, a Rheodyne 7125 

injector, a Gilson HM Holochrome variable wavelength detector (220 nm) and a 250 x 9.4mm i d. column packed with 

Zorbax hypersil ODS, pump control from an Apple IIC computer and Gilson 702 gradient manager program. Stationary 

phase Zorbax Hypersil ODS, mobile phase 20% methanol.80% 5OmM ammonium bicarbonate. 

Q-2-Aminopent-4-enolc acid, benzyl eeter (toluene-4-sulphonate salt) (8). 

Q-2-Aminopent-4-enoic acid (0.4Og, 3 5 mmol), benzyl alcohol (10 ml), toluened-sulphonic acid (0.799, 4.2 mmol) and 

benzene (30 ml) were refluxed for 24h in a Deans’-Stark apparatus. After cooling the benzene and excess benzyl 

alcohol were removed in and the gummy residue triturated with ether (3xlOOml). Recrystalisation from 

dlchloromethanelether gave the title compound (0.87g, 87%), M.pt. 118-120°C; [a],m +16.0° (~~2.0 in methanol); 

urnar (nUiOl) 1750 Cm-’ (C=O); 6, (300MHz, CDCI,), 2.30 (3H, s, Me-), 2.55 to 2.99 (2H, m, CJ&-CH=), 4 08 to 4.12 (lH, 

m, Ca-H), 4 94 to 5.13 (4H, m, OCHzAr, and CH=Cl-&), 5.49 to 5.63 (lH, m, CH=CHz), 7.07 and 7.74 (4H, A,B,, J,, 

8Hz, -C&Me), 7 25 to 7 35 (5H, m, Ar). 

~(N-benzytoxycarbonyI)-(a-benzyl)-6-(l-a-amlnoadlpoyl)]-S-benzyl-~-cystelnyl-~-2-Amtnopent-4- 

enoic acid, benzyl ester (10). 

[(N-benzyloxycarbonyl)-(a-benzyl)-6-(l-a-aminoadipoyl)]-S-benzyl-~-cysteine~ (9) (0 2680, 0 46mmol), triethylamine 

(0 46mmol, 46.5mg, 64pl), 1 -ethoxycarbanyl-2-ethoxy-1,2dihydroquinoline (EEDQ) (0 1139, 0.46mmol). and p-2- 

aminopent-4-enoic acid, benzyl ester toluene-4-sulphonate salt (8) (O.l73g, 0.46mmol) were stirred for 24 h at room 

temperature under argon in dry dichloromethane (1Oml). The solvent was removed in and the oily residue re- 

dissolved in ethyl acetate (40ml), and sequentially washed with sodium bicarbonate (saturated solution, 3Oml), HCl (IM, 

30ml), NaCl (saturated solution, 30ml), dried (Na,SO,), filtered, and the solvent removed in vacuq Purification by 

column chromatography on silica gel [eluant dichloromethane:ethyI acetate 7:3], and crystalisation from 

dichloromethane gave the title compound (27Omg, 77%). M.pt. 128-13O’C. [al020 -loo (c=l 0 in chloroform) urnax 

(chloroform), 1740 s.1680 m, 1500 m. &U (chloroform), 257 nm (E 1430 dm3mot1cm-l). 6, (300 MHZ, CDsCN), 1.59 to 

1 85 (4H, m, CH2CH.$H2CO), 2.17 to 2.19 (2H, m, C&CO), 2.42 to 2.57 (2H, m, C&-CH=), 2.59 to 2.81 (2H, 8 lines, 

AB of ABX, Ctl,S), 3.72 (2H, S, SCH.& 4 17 to 4.23 (lH, m, Ca-H), 4.43 to 4.53 (2H, m, 2x&-H), 5.03 to 5.16 (8H, m, 

3xOCH!,Ar and CH=CH2), 5.62 to 5.74 (lH, m, CH=CH,), 6.13, 6.67 and 7.02 (3H, 3xd, J 8 Hz, 3xN&), 7 23 to 7 41 

(20H, complex m, ArH). 8, (62 9 MHz, CDCI,), 21.4 (1, v_G of L-a-AA), 31.7,33.2,35 3,36.2, and 36 5 (5xt, CH2), 51 9 

(d, 2&a), 53.7 (d, Ga). 67 0, 67.2, and 67 3 (3xt, OcH2Ar), 119.6 (t, CH=L;H2), 131.7 (d, GH=CH,), 127.2 to 138 0 

(complex, Ar-a), 156 1, 170 0, 170.2, 172 0, 172.3 (5xs, 5xGO). nVz (F.D) 765 (M+). Found: C, 67.53%, H, 6.19%; N, 

5 51%; C,H,,N,O,S requires: C, 67 42%, H, 6.19%; N, 5.51%. 
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6-(~-a-aminoadipoyi)-l_cyclteinyi-~-2-aminopent-4-enoic acid disuiphide (la). 

The literature method’ for the deprotection of the tripeptide (10) was essentially followed. Liquid ammonia (approx. 

30ml) was distilled under argon from sodium, into a flask containing a solution of the tripeptlde (0.22g, 0.29mmol) in dry 

tetrahydrofuran (10mi) Freshly cut sodium metal was added in small pieces to the stirred solution at -33OC, until the blue 

colour persisted for 10 minutes. The mixture was decoiourised with ground, solid ammonium sutphate (approx. iOn+@, 

and the ammonia allowed to evaporate under a stream of argon. The residue was redissolved in HSO, (O.O5M, 5Oml), 

filtered, the solid washed with further HzSO, and to the combined filtrates was added Hopkins reagentle, dropwise until 

no more precipitate formed. The white precipitate was collected by centrifugation and washed with water (3xlOOml). 

The washed solid was suspended in water and H,S gas passed through the suspension for 30 minutes, after which 

time the resultant black mixture was centrifuged, the supernatant decanted and filtered through ceiite. The clear 

aqueous solution was degassed in, and freeze dried to give the crude tripeptide in the thioi form (88mg, 81%) 

The crude thiol was oxidised by bubbling oxygen gas through an aqueous solution of the free thioi (pH 9-10) for 2 

hours then the solution freeze dried. Preparative reverse phase HPLC (Gilson system, mobile phase 50mM ammonium 

bicarbonate:methanol, 8:2, flow rate 4 mUmin, retention time 8 minutes) followed by freeze drying gave the title 

compound in the disulphide form (80mg, 57%). 6, (500 MHz, DzO), 1.63 to 1.81 and 1.81 to 1.96 (4H, m, 

CH,C!&CH,CO), 2.36 to 2 47 (3H, m, CHzCO and HCHC=), 2.53 to 2 59 (lH, m, HCJjC=), 2.94 and 3.20 (2H, AB of 

ABX. J 5,9,14 Hz, CJ&S). 3.73 (lH, overlapping dd, J 6,6 Hz, Ca-H of I-a-aminoadipoyl), 4.25 (lH, dd, J 5,8 Hz, Co-E 

of allylglycine), 4 81 (lH, dd, J 5,9 Hz, Co-Hof cysteine) 5 09 to 5 13 (2H, m, CH=CHa), 5.68 to 5.78 (lH, m, CJ+CH,). 

6, (125.7 MHz, DzO), 21 6, 30 8, 35.5, 36.8, and 39.2 (5x1, 5xZ;Hz), 53.5 and 55 3 (2xd, 3x&), 118 8 (1, CH=cH,), 

134 4 (d, GH=CH,), 160.8, 171.5, 176.5, 178.2 (4~s 4&O). mlz (positive argon FAB), 721 (MH+). 

9,10-Dihydro-9,10-ethenoanthracene-12.carboxyiic acid, methyl ester (24). 

The published procedures15a16 for the preparation of the methyl propioiate adduct was followed. A mixture of 

anthracene (16.9g, 95mmoi) and methyl propioiate (9 3g, 0.106mol) in anhydrous xylene (45mi) was refiuxed under 

nitrogen for 6 days it was slowly cooled to room temperature and the excess anthracene removed by filtration. Addttion 

of petrol to the mother liqueur precipitated the crude title compound, which was removed by filtration and dried to a 

yellow crystaiine solid. Purification by column chromatography on silica gel (eluant dichloromethane:petroi, 1 :l to 1 0) 

gave the trtle compound as a white crystaline solid (17.lg, 89%). MPt 171-174OC. Rf 0.5 (petrol.dichloromethane 1 1). 

6, (300MHz. CDCI,), 3.75 (3H, S, CO,CH& 5.26 (lH, d, J 6Hz, H-10), 5.72 (iH, d, J 2Hz, H-9). 6.91 to 7.53 (6H, m, 

ArH), 7 90 (lH, dd, J 2Hz, 6Hz, H-11) mlz (NH,, DCI), 280 (MNH,+, 100) 281 (18) 

9,10-Dihydro-9,10-ethenoanthracene-ll-deutero-l2-carboxyiic acid, methyl ester (47). 

The adduct was prepared as above from anthracene and 3deuteromethyi proploiate15 5,, (300 MHz, CDCla), 3.77 (3H, 

s, COzC!$.), 5 27 (1 H, br s, H-lo), 5.70 (1 H, br s, H-9), 7.04 to 7.52 (8H, m, A&!) m/z (NH, DCI), 280 (11). 281 (MNH,+, 

loo), 282 (22) 

9,10-Dihydro-9,10-ethanoanthracene-12.carboxyiic acid methyl ester (48). 

The literature proceedure17 was essentially followed. A solution of the adduct (24) (4 Og. 15mmoi) was dissolved in 

ethyl acetate (lOOmI) and stirred with 5% palladium on calcium carbonate (O.lg) under an atmosphere of hydrogen gas. 

The reaction was initiated by raising the temperature to 60°C for a few minutes, then stirred for 46 h at room temperature 

until no trace of the starting material remained by tic. The catalyst was removed by filtration through celite, and the 

solvent removed in to give the title compound in quantitative yield, Rf 0.4 (petroi:dichioromethane 1’1). 6, (300 

MHz, CDCI,), 2.03 (lH, dd, J 12,3 Hz, H-11), 2 17 (lH, dd, J 3,3 Hz, H-11), 2 89 (lH, m, H-12). 3 61 (3H, s, COzCJ&), 

4 35 (lH, d, J 3Hz, H-10). 4 70 (lH, d, J 3 Hz, H-9), 7.05 to 7.15 and 7.22 to 7.40 (8H, m, Am mlz (NH, DCI), 282 (MH+, 

100). 283 (18) 
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9,10-Dihydro-9,10-[cis-(11 ,12-2H2)]ethanoanthracene-12-carboxylic acid, methyl ester(25). 

This was prepared in an analagous manner to that above for (48) using the adduct (24) and deuterium gas, in 93% yield 

6, (300 MHz, CDCI,), 2.15 (lH, brd, J 3 Hz, H-11), 3.60 (3H, s, C02CHs), 4.34 (lH, d, J 3 Hz, H-lo), 4.68 (lH, s, H-9), 

7 10 to 7.33 (6H, m, Ar&. m/z (NH, DCI), 266 (4), 265 (21), 284 (MNH,+, loo), 283 (4). 

9,10-Dihydro-9,10-[(Z)-(ll-*H,)]ethanoanthracene-l2-carboxylic acid, methyl ester(49). 

This was prepared in an analagous manner to that for (48) above using the adduct (47) and hydrogen gas, in 

quantitative yield 6, (300 MHz, CDCI,), 2.00 (lH, br dd, J 3,12 Hz, H-11). 2.90 (lH, dd, J 3,12 Hz, H-12). 3.62 (3H, s, 

CO,C&.), 4 37 (lH, d, J 3 Hz, H-lo), 4.70 (lH, d, J 3 Hz&g), 7.15 to 7 37 (8H, m, Ad-l). m/z (NH, DCI), 285 (4), 284 

(21), 283 (MNH4+, 100). 

9,10-Dihydro-9,10-ethanoanthracene-12-(*H2-methanol) (50). 

The literature proceduresl6~17 were broadly followed. Thus the adduci (48) (3.4g. 13mmol) was dissolved in dry ether 

(lOOmI) and added dropwise to a refluxing suspension of liihium aluminium deuteride (0.5g, 12mmol) in ether (lOOmI), 

over two hours with vigorous stirring. The solution was then refluxed for 4 hours, at which time the reaction was 

complete. The reaction was quenched with 10% aqueous H,SO, until effervescence ceased The layers were 

separated and the aqueous layer extracted with ether (2x40ml). The combined organic layers were washed with 10% 

H,SO, (50ml), saturated NaHCO, solution (50ml), dried (Na$O,), filtered, and the solvent removed jn vagLQ to give the 

title compound (2 9g, 95%). M.P1 107-108°C (lit. l&l7 108-11O’C). Rf. 0.8 [petrol:ethyl acetate 1.11. 6, (300 MHz, 

CDCI,),i 06to1.10(1H,m,~-l1),150(brs,O~,1.90to1.97(1H,m,~-l1),2.10to2.15(1H,m,~-l2).428(1H,dd, 

J 3,13 Hz, H-lo), 4 43 (lH, d, J 3 Hz, H-9), 7.13 to 7.30 (8H, m, Arli). m/z (NH, DCI), 255 (3), 256 (MNH,+, loo), 257 

(20) 

9,10-Dihydro-9,10-[cis-(11,12-*H2)]ethanoanthracene-12-methanol (26). 

This was prepared from adduct (25) and liihium aluminium hydride in an analagous manner to that above for (50) in 92% 

yield. M.Pt. 109-llO°C (lit.16.17 lOS-11O’C). 6, (300MHz, CDCls), 1.01 (lH, brd, J3Hz, H-11), 148 (lH, brs, Oj$2.99 

and 3 33 (2H, ABq, J llHz, C&OH), 4.27 (lH, d, J 3Hz, H-lo), 4.42 (lH, br s, H-9), 7.10 lo 7.32 (8H, m, ArH). m/z 

(GCMS), 257 (13), 256 (MNHI’, 95). 255 (0), 254 (5), 179 (75), 178 (100%) 

9,10-Dihydro-9,l0-[(Z)-(11-2H,)]ethanoanthracene-l2-(2H2-methanol) (51). 

This was prepared from the adduct (49) with lithium aluminium deuteride in an analagous manner to that for (50) above in 

99% yield. 6, (300 MHz, CDCI,), 1.50 (iH, brs, OH), 1 92 (lH, dd, J 3,13 Hz, H-11), 2.15 (lH, brdd, J 3,13 Hz, H-12), 

4 27 (lH, d,J 3 Hz, H-lo), 4 43 (lH, d, J 3 Hz, H-9), 7 13 to 7.30 (8H, m, A&i). m/z (NH,, DCI) 256 (12). 257 (MNH,+, 

loo), 258 (19) 

9,10-Dihydro-9,10-[cis-(11,12-*H2)]ethanoanthracene-12-(*H2-methanol) (52). 

This was prepared from adduct (25) and lithium aluminium deuteride in an analagous manner to that above in 

quantitative yield. 6, (300 MHz, CDCI,). 1 07 (lH, br d, J 3 Hz, H-1 1). 1.46 (lH, br s, OH), 4 28 (lH, d, J 3 Hz, 

!-&lo), 4 43 (1 H, br s, H-9), 7 10 to 7.32 (8H, m, A&$ mlz (NH,, DCI) 257 (a), 258 (MNH,+, loo), 259 (19) 

[l,l-2H2]prop-2-en-l-ol (44). 

Pyrolysis of the alcohol (50) (2 9g, 12mmol) was carried out in a Woods metal bath (290-300°C) at atmospheric pressure 

under argon according to the literature procedure 17. The volatile ally1 alcohol was slowly distilled off over a period of 30 

minutes, and was colected in a receiver cooled to -78’C The colourless distillate alcohol (0 7169, 98%) was used 

directly wIthout spectroscopic examination for the subsequent tosylation. 
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(E)-[2,3-*H2]prop-2-en-l-o1 (23). 

This was prepared from the alcohol (26) in an analogous manner to mat for (44) above (71%) 

(Z)-[1,1,3-*H,]prop-2-en-l-o1 (45). 

This was prepared from the alcohol (51) in an analogous manner to that for (44) above (5%). 

(E)-[1,1,2,3-*H,]prop-2-en-l-01 (46). 

This was prepared from the alcohol (52) in an analogous manner to that for (44) above (67%). 

Prop-2-en-1-(toluene-4-sulphonate) (35). 

The title compound was prepared according to the literature procedures. Ally1 alcohol (l.lOg, 19.0mmol) was dissolved 

In dry ether (12ml) to which was added powdered NaOH (2.2Og, 55mmol) and toluene-4-sulphonyl chloride (3.6Og, 

20mmol). The solution was stirred at O°C for 1 hour then overnight at room temperature. The reaction mixture was 

poured onto ice and the product extracted into ether (3x50ml), the organic phase dried (Na,SO,), fittered and the 

solvent removed in. The crude product was purified by column chromatography on silica gel [eluant 

petrol:dichloromethane 1 :l] to give the title compound as a clear oil (3.57g, 66%). 5, (500 MHz. CDCI,). 2.45 (3H, s. 

ArCJ&), 454 (2H, d, J 6 Hz, CH2), 5.26 (lH, d, J 10 Hz, CH=CJ$), 5.33 (lH, d, J 17 Hz, CH=C&), 5.79 to5.66 (lH, m, 

CH=CH,). 7.35 and 7.60 (4H, A,B,, J 6 Hz, AriJ). m/z (NH,, DCI), 230 (MNH,+, 1001, 231 (12), 232 (6). 

1RS-[1-*H,]prop-2-en-1-(toluene-4-sulphonate) (12). 

To a suspension of lithium aluminium deuteride (2.9mmol, 0.12g) in dry tetrahydrofuran (5ml) was added dropwise a 

solution of acrolein (0.56g, 10mmol) in dry tetrahydrofuran (2ml) over 30 minutes. Stirring was continued for 3 hours 

then the reaction quenched with water (approx 3ml), dried (Na2S04), filtered, and the solvent volume adjusted to 20ml 

with dry ether to give a solution of 1 RS-[1 -2H,]pmp-2-en-l-ol (11). This solution was then stirred with powdered NaOH 

(1 29, 30mmol) and toluene-Csulphonyl chloride (2 16g, llmmol) as described for (35) above, to give the title 

compound (1.46g, 70%) 6, (500 MHz, CDCI,), 2.45 (3H, s, AK&), 4.52 to 4.60 (lH, br m, H-l), 5.24 (lH, d, J 10 Hz, 

CH=CH2), 5 31 (lH, d, J 17 Hz, CH=CH2), 5 79 to 5.64 (lH, m, H-2) 7.35 and 7.60 (4H, A2B2, J 6 Hz, ArY). m/z (NH,, 

DCI), 232 (14). 231 (MNHd+, 100). 230 (0) 229 (2) 215 (2), 214 (MH+, 15). 

(Z)-[3-*H,]Prop-2-en-l-(toluene-4-sulphonate) (39). 

A solution of propargyl alcohol (3.Og, 54mmol) in 1,2dimethoxy ethane (60 ml) was added dropwtse to a stirred 

suspension of lithium aluminium hydride (3.Og, 60mmol) in 1,2_dimethoxyethane (50ml) at 0°C. The solution was 

allowed to warm to room temperature, and stirred for 3 hours The reaction was then cooled to OOC and D,C (99.6%, 

20ml) carefully added The reaction was dried (Na,SO,) and filtered through celfte to give a clear solution of (Z)-[3- 

2H,]Prop-2-en-l-ol (22).The solution was stirred with powdered NaOH (6.43g, O.l6mol), and toluene-4-sulphonyl 

chloride (10 2g, 54mmol) according to the method described for (35) above, to give the title compound (4.61g, 42%), 

6, (500 MHz, CDCI,), 2 45 (3H, s, ArC!j.s), 4 54 (2H, d, J 6 Hz, H-l), 5 24 (lH, d, J lOHz, CH=CH2), 5.79 to 5.64 (lH, m, 

H-2) 7.35 and 7.60 (4H, A,B,, J 6 Hz, Ark!) m/z (NH,, DCI), 230 (4), 231 (MNH,+, 100) 232 (34) 233 (6) 

(E)-[2,3-*H2]Prop-2-en-1-(toluene-4-sulphomate) (40). 

This was prepared from alcohol (23) as described for (35) above (75%) 6, (500 MHz, CDCls), 2.45 (3H, s, An&.), 4.53 

(2H, s, CH2), 5 29 to 5 31 (lH, m, H-S), 7 35 and 7.60 (4H, A,B,, J 6 Hz, ArJ$ m/z (NH,, DCI), 231 (15),232 (MNH,+, 

100) 233 (13), 234 (6). 

[l,l-*H2]Prop-2-en-1-(toluene-4-sulphonate) (41). 

This was prepared from alcohol (44) as described above for (35) ( 58%) Rf. 0.44 [petrol dthloromethane 1 l] 6, (500 
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MHz, CDCfs), 2.45 (3H, s, ArCI&), 5.26 (lH, d, J 10 HZ, CH=Cl&),5.30 (lH, J 17Hz, CH=C&), 5.83 (lH, brdd, J lo,17 

Hz, f-i-2) 7.35 and 7.81 (4H, AzB2, J 6 Hz, ArH). mlz (NHs, DCI), 231 (l), 232 (MNH,,+, loo), 233 (9). 

(Z)-[t,l,3-2Hs]Prop-2-en-l-(toluene-4-sulphonate) (42). 

This was prepared horn alcohol (45) as described above for (35) ( 48%). SH (500 MHZ, cm,), 2.45 (3~, 6, kai,), 5 26 
(1 I-L ck J 1 OHz. CH=CHs), 5.83 (lH, br d, J 10 Hz, H-2) ,7.35 and 7.80 (4H, AzB2, J 8 Hz, Ar& mlz (NH~, DCI), 232 (1 l), 

233 (MNH,+, 100) 234 (10). 

(E)-[1,1,2,3-2H,]Prop-2-en-l-(toluene-4-sulphonate) (43). 

This was prepared from alcohol (46) as described above for (35) (65%). 6,., (500 MHz, CDCI,), 2.46 (3H, s, ArCH,), 5 30 

to 5.32 (lH, br s, H-3), 7.34 and 7.81 (4H, AsB2, J 8 Hz, Ark8 rrVz (NH,, DCI), 233 (5) 234 (MNH,+, loo), 235 (8) 

2RS-2-Amlnopent-4-enoic acid (36). 

The tosylated ally1 alcohol (35) (1 05g, 5 Ommol, 1.2eq.) was added dropwise over a period of 2 hours to a stirred 

solution of N-(diphenylmethylene) aminoacetonitrile (0.9lg, 4mmol), benzyltriethylammonium chloride (0.159, 

0.7mmol), toluene (3ml) and 50% aqueous sodium hydroxkie (3.2g) at 0°C. The mixture was slowly warmed to room 

temperature and stirred overnight. The resultant red solution was partitioned between dichloromethane (25ml) and 

water (25ml), the layers separated and the aqueous layer extracted with dichloromethane (3x25ml). The combined 

organic layers were washed with water (25ml), saturated brine (25ml), dried with Na,SO,, filtered and the solvent 

removed in to give the crude Schiis base as a thick orange oil This was diisotved in ether (25ml), cooled to O°C, 

and HCI (lN,40ml) added with stirring over 30 minutes. Stirring was continued overnight at room temperature, then the 

layers separated and the aqueous layer washed with ether (2x30ml). Cone HCI (11 N, 40ml) was added and the mixture 

refluxed for 4 hours. After cooling the water was removed in and the residue applied to an ion-exchange resin 

(Dowex@-1 50W-X8(H)).The resin was washed with water (400ml) then elution with pyridine (lM,800ml) and removal of 

the solvent gave the title compound (0.27g, 59%). M.pt. 157 ‘C (lit.te 158-159’C). d,, (500 MHz, D,O), 2 57 to 2 68 

(2H,m,CH2), 3.79 to 3.82 (lH,m&-H), 5 26 to 5 28 (2H,m,CH=CH2), 5.73 to 5 81 (lH,m,CJj=CH,). rtVz (NH,, DCI), 116 

(MH+, 100%). 117 (6) 

Amino acids (13) and (53 to 57). 

These were prepared from their respective allyltosylates (12) and (39 to 43 respectively) in an analogous manner to 

that for (36) above. 

2RS, 3RS-2-Amino-[3-2H,]pent-4-enolc acid (13). 

Prepared from (12) (63%). M.Pt 155-1570C (tii. lo 158-1590C) 6, (300 MHz, D20), 2.58 and 2.64 (lH, br t and br s, R 

and S H-3), 3 79 (lH, m, H-2), 5.24 to 5.30 (2H, m, H-5), 5.70 to 5.80 (lH, m, H-4). m/z (NH, DCI), 118 (7) 117 (MH+, 

lOO%), 116 (3) 71 (23). 

2RS-2-Amlno-(Z)-[5-2H,]pent-4-enolc acid (53). 

Prepared from (39) (54%) 6, (500 MHz, D,O), 2 57 t0 2.68 (2H, m, CHJ, 3.80 to 3 83 (1 H, m, H-2), 5 26 (lo, d, J lo 

Hz, CH=CHD), 5.74 to 5.80 (lH, m, CH=CHD). mlz (NH,, DCI), 116 (4) 117 (MH+, 100%). 118 (23), 119 (1) 

2RS-2-Amino-(E)-[4,5-2H2]pent-4-enolc acid (54). 

Prepared from (40) (27%) 5, (300 MHz, D,O). 2.59 to2.66 (2H, m, H-3). 3 80 to 3.84 (lH, m, H-2), 5.22 to 5.24 (lH, m, 

H-5) rn!z (NH, DCI), 117 (14). 118 (MH+, lOO%), 119 (6). 
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m, N!& 4.55 to 4.59 (lH, br m, H-2), 5.13 to 5.17 (2H, m, CH=C4), 5.70 to 5.75 (lH, m, CJ+CH& 6, (125W-k. CDC$) 

28.2 (9, CW,),), 35.9 (d oft. J;HDCH=CH,), 58.0 (d, NHGHCO,), 80.2 (8, G(CH,)$, 119.2 (t, f&=CH), 132.0 (d, 

CH=CH,), 155.5 (s, GO,H), 176.4 (s,CGONH). I+.,,, (dichbmmethane) 3445 (m), 3085 (w), 2985 (m), 2940 (w), 1720 

(s) 1505 (s), 1370 (m), 1165 (m), 1080 (m), 925 (m). mh (NH,, DCI), 235 (4) 234 (MNH,+,I~%), 218 (8). 217 (~~+,28), 

179 (35) 176 (100) 161 (55) 117 (78) 71 (47). CtOH16N0,D requires C 55.54%, H 7.920/o, N 6.48%; found C 55.6196, 

H 8.25%, N 6.42%. 

N-tertbutyioxycarbonyi-(2R3S/2S3R)-2-amino-[3,4-2H2]pent-4-enoic acid, benzhydryi ester (21). 

This was prepared from N-tE3ocglycine (E)-[2,3-sH2]aiiyI ester (19) in an analogous manner to that described above for 

(20). Thus treatment of N-tertbutyloxycarbonyl glycine (E)-[2,3-2Hajprop2-en-1-yl ester (19) (0.25g, 1.2mrrtoi) wtth 2 

equivalents of LiHMDS and TMSCI, followed by reflux, quenching with methanol, and purification gave the title 

compound as an off white solid (0.1 lg. 42%). MPt. 109-l 10°C (itL20 109-l 1 l°C). U_ (dichloromethane) 3450 (m), 

3085 (w), 2985 (m), 2940 (w), 1720 (s). 1500 (s), 1360 (m), 1160 (m), 1060 (m), 930 (m). 5,, (500MHz, CDCI,), 1.45 (9H, 

s, C(CH.&,), 2.41 to2.62 (lH, brd, J 7 Hz,J+3), 4.10to4.19(1H, brd, J 6Hz, NLI),4.55to4.59 (lH, brm,H-2),5 13to 

5.18 (2H, br s, CD&&) 6, (5OMHz, CDCi3) 28.3 (q, C(GH&), 36.0 (d of t, GHD-CD=CH,), 56.0 (d, NHGHC02), 80.1 (s, 

G(CH&), 119.0 (1. GH2=CD), 131 7 (1, GD=CH2), 155.5 (s, Q02H). 176.4 (s, OGONH). m/z (NH3 DCI) 235 

(MNH,+,15%), 219 (7) 218 (MH+,25), 160 (20) 179 (100) 161 (48) 118 (65) 71 (46). CtoHtsNO,D, requires C 

55 28%, H 7.87%, N 6.44%; found C 55.449/o, H 6.12%. N 6.22%. 

N-tertbutyioxycarbonyi-(2R3R/2S3S)-2-amino-[3-2H,]pent-4-enoic acid, benrhydryi ester (27). 

The N-tertbutyloxyca~onyl-(2R3R,2S3S)-2-amino-[3-2H,]pent-4-eroic a&f (20) (0.21g, 098mmol) was dtsolved in 

EtOAc (lOmi), to which was added diphenyldiazomethane (1 eq, 0.98 mrnol, 0.16g) in EtOAc (2mi) dropwise with 

stirring at room temperature over 30 minutes. The reaction was stirred for two hours, the solvent removed under 

reduced pressure, and the residue purified by column chromatography [eiuant dtchbromethane, Rf 0 4 ] to give the 

title compound, which was recrystaiitted from dichioromethanelpetroi (0.28g, 76%). The relative stereochemistry of the 

deuterium iabeiiing was inferred from the synthetic route. MPt 79-80°C. 6, (500MHz. CDCI,), 1.43 (9H, s, C(CJ&),), 

2.50 to 2 54 (0.9H, br m, 2R3R/2S3S, H-3) 2.57 to 2.59 (O.lH, br m, 2S3R/2R3S. H-3) 4.46 to 4.52 (lH, br m, H-2) 

5 39 to 5.43 (3H. m, CJ&=CH and NH), 5.54 to 5.60 (lH, m, CHz=CJ$, 6.92 (lH, s, CHPh2), 7.25 to 7.42 (lOH, m, Artl). 

6c (125MHz, CDCI,) 28.3 (q, C(GHs)s), 36.1 (br d, GHDCH=), 52.9 (d, NHCHCOz), 76.7 (d, GHPh2), 60.1 (s, C(CH&), 

119.2 (1, GHz=CH), 127.0, 127.2, 128 1, and 128 5 (4xd, 4x aromatic CJ$ 132.3 (d, GH=CH2), 139.6 (s, ipsoQ 155.5 

(s, OCONH), 176 1 (s, CHC02). II,,,,, (dichbromethane) 3440 (w), 3060 (w), 2980 (w), 1745 (m), 1715 (s), 1500 (s), 

1370 (m), 1165 (s). mlz (FD), 362 (Mr. CzabN04D requires C 72.22%, H 7.12%, N 3.66%; found C 72.56%. H 

7 15%, N 3.41% 

N-tertbutyioxycarbonyi-(2R3S12S3R)-2-amino-[3,4-2H2]pent-4-enoic acid, benzhydryi ester (28). 

This was prepared from the treatment of N-tertbutyloxycarbonyi-(2R3S/2S3R)-2-amino-[3,4-2H2]pent-4-enoic acid (21) 

(0 1 lg. 0 5mmoi) with diphenyldiazomethane as described above (68%). The stereochemistry of the deutenum 

iabeliing was inferred from the synthetic route. 6, (500MHz, CDCls), 1 45 (9H, s, C(C&)a), 2.47 to 2.50 (O.lH, m, 

2R3R12S3S H-3) 2 56 to 2.60 (0 9H, m, 2R3S/2S3R H-3) 4.50 to 4.55 (lH, br m, H-2) 5.40 to 5 46 (3H, m, C4&D 

and NM, 6.93 (lH, s, CHPh2), 7 27 to 7.40 (lOH, m, A&f). &. (125MHz, CDCis) 28.1 (q, C&H.&), 36 0 (br d, CHDCD=), 

53 0 (d. NHCHCOd, 76 8 (d, CHPh2), 80 0 (s, G(CHs)a), 119.2 (t, GHz=CD), 127.0, 127.2. 128.1, and 128.5 (4xd, 4x 

aromatic Cl& 132 0 (1. CD=CH,), 139 8 (s, ipso a;), 155.7 (s, CY;ONH), 176.4 (s, CHGO,) II_ (dkhloromethane) 3440 

(m), 3066 (m) 2960 (m), 1745 (m), 1720 (s), 1500 (s), 1370 (m), 1185 (s). mlz (FD), 383 (M’). r&HssN04D2 requires C 

72 04%, H 7 09%, N 3.65%; found C 72 09%, H 7.02%. N 3.49%. 
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N-tertbutyloxycarbonyl-2RS-2-amino-[3,3-2H2]pent-4-~noic acid, benrhydryl ester (63). 

The literature proceciures10 were followed with slight modification. The amino acid (55) (7Omg, 0.6mmoi) was dissolved 

in water (lmi), dioxan (lmi), and TEA (1.5 eq, O.Smmoi, O.l3mi), and BOC-ON (1 2eq, O.ilmmol, 0.16g) added. The 

solution was stirred overnight, after which time it became yellow and homogeneous. The reaction was partitioned 

between water (2mi) and EtOAc (2mi), the aqueous layer separated and washed with EtOAc @ml), ackiiiied to pH 3-4 

with citric acid (10% aq.), and extracted with EtDAc (4x20mi). The organic phases were combined, dried (Na2B0,), 

filtered and the soivent removed invacua, to give the N-tertbutybxycarbonyi-2RS-2-amino-[3,3-2H2]pent-4-enoic acid 

(66) as acrystaiine solid (O.lZg, 95%). $, (GOMHz, CDCi& 1.45 (SH, s, &C-), 4.0 to 4.2 (IH, br d, J 6 Hz, NH), 4.2 to 

4.5(lH, brd, J 6Hz,H-2),5.2(2H, brm,&5),5.7(lH,m,H-4).Thesoiid(O.12g) wasdiiivedin EtOAc(IOmi),anda 

solution of diphenyldiazomethane (1.2eq, 0.13g) in EtOAc (2mi) added dropwlse over 1 hour. The reaction was stirred 

overnight, quenched with a little acetic acid, and the soivent removed in. Purification of the product by column 

chromatography (eiuant dichioromethane, Bf. 0.4) gave the title compound as a white solid that was recrystaiiiied from 

dichiommethane:petmi (O.llg, 48%). 8,., (GOMHz, CDCQ, 1.45 (SH, 8, M&C-), 4.2 (IH, d, J 6 Hz, Ntt), 4.5 (IH, br d, J 6 

Hz, H-2), 5.2 (2H, m, CH=C&), 5.6 (IH, m, H-4), 70 (IH, s, -CHPhe), 7.1 to 7.4 (lOH, m, Arf$. 

The amino acids (13,56,57) were treated in an anaiogous manner to give: 

N-tertbutyloxycarbonyl-2RS13RS-2-amlno-[3-~H,]pent-~enolc acid, benzhydryl ester (14). 

Prepared from (13) (72%) 6, (500 MHz, CDCI,), 1.46 (SH, slid&C-), 2.45 and 2.80 (IH, 2xbr s, R and s H-3), 4.51 to 

4 59 (Ii-i, br m, H-2) 5 00 to 5.10 (2H, br m, 2xH-5) 5.54 to 5.64 (IH, m, H-4), 6.93 (lH,s, CHPh,), 7.18 to 7.38 (IOH, 

m, Ati. 

N-tertbutyloxycarbonyl-2RS-2-amlno-[(Z)-3,3,6-~H~]pent-4-enolc acid, benzhydryl ester (64). 

Prepared from (56) (43%). 8,, (500 MHz, CDCI,), 1.50 (SH, s, M&C-), 4.25 (IH, br d, J 6 Hz, NM, 4.60 (lH, brd, J 6 HZ. 

H-2), 5 10 (lH,d, J 11 Hz, H-5),5.60 (IH, brd, J 11 Hz, H4),6.95(1H,s,CHPh& 7.2t07.5 (IOH, m, A&o. 

N-tertbutyloxycarbonyl-2RS-2-amlno-[(E)-3,3,4,5-~H,]pent-4-enolc acid, benzhydryl eater (65). 

Prepared fmm (57) (80%). 8, (60MH2, CDCis), 1.45 (SH, s, t&C-), 4.4 to 4 5 (IH, br d, J 6 Hz, H-2), 4.9 to 5.1 (2H, br 

m, NH and H-5), 6.9 (IH. s, CHPh,), 7.2 to 7.5 (IOH, m, Ad& 

2RS-2-amlnopent-4.enolc acid, benzhydryl ester (37). 

2RS-2-aminopent-4-enoic acid (36) (O.lOg, 0 Smmoi) and toiuene-Csuiphonic acid (O.l7g, OSmmol), were dissolved 

in a mixture of water (20mi) and acetone (20mi). Solid diphenykiiazomethane (0.3g, 1.7mmoi) was added in portions 

and the solution stirred at room temperature for 2 hours. The acetone was removed in, the pH adjusted to 3 with 

HCI (IM) and the solution washed with EtOAc (IOmi). The aqueous phase was then basified to pH 6-9 (saturated 

NaHCOe) and extracted with EtOAc (3x25mi). The organic phases were combined, dried (Na,SC,), and the solvent 

removed in vacua to give the title compound (0 17g, 70%). 8, (500 MHz, CDCI,), 2.41 to 2.62 (2H, m, H-3), 3 64 to 3 68 

(IH, m, H-2), 5 06 to 5 14 (2H, m, H-5). 5.64 to 5.72 (IH, m, H-4), 6.91 (lH, s, CHPh2), 7 26 to 7.40 (IOH, m, Ar& m/z 

(NH,, DCI), 262 (MH+, 8%), 167 (100) 70 (23) 

The amino acids (53) and (54) respectively were treated in an identical manner to give. 

2RS-2-amlno-[(Z)-5-2Ht]pent-4-snoic acid, benrhydryl ester (58). 

(60%). 6, (500 MHz, CDCis), 2 41 to 2.61 (2H, m, H-3), 3.64 to 3.68 (IH, m, H-2). 5.08 (IH, d, 

J 10 Hz, H-5), 5 84 to 5.67 (IH, m, H-4) 6.93 (IH, s, CHPh2), 7.26 to 7.40 (IOH, m, Ad-i). m/z (NH,, DCI), 283 (MH+.3%), 

167 (loo), 71 (15). 
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2RS-2-amino-[(E)-4,5-*H2]psnt-4-enoic acid, benzhydryl ester (59). 

(65%). 6, (500 MHz, CDCI,), 2.43 to 2.61 (2H, m, H-3), 3.64 to 3 66 (lH, m, H-2), 5 09 (lH, br s, H-5) 6.94 (lH, s, 

CHPh.J, 7.30 to 7.42 (lOH, m, ArH). m/z (NH,, DCI), 264 (MH+,7%), 167 (loo), 72 (30). 

2RS-2-amino-[3,3-*H2]pent-4-enoic acid, benzhydryl ester (60). 

The literature procedure12 was followed with minor modifications. The tBoc-amino acid benzhydryl ester (63) (50mg, 

0 13mmol), was dissolved in ether and cooled to -5OC. Toluene-Gsulphonic acid (leq, 25rng) in ethanol (3ml) was 

added over 30 minutes and the reaction stirred for a further 3 hours at room temperature. The solvent was removed ju 

y6gug at 40°C, more ethanol (10ml) added and again removed in. The resultant toluene+sulphonate salt was 

recrystallised from dichloromethane to give a solid which was dissofved in EtOAc (10ml) and extracted with HCI (IO%, 

10ml) The aqueous layer was basified with saturated NaHCOs solution to pH 9-10, extracted with EtOAc (3x25ml), the 

organic phases combined, dried (NasSO,), filtered and the solvent removed in vacuq to give the title compound (3Omg, 

61%) 6, (300 MHz. CDCI,), 3 65 (lH, br s, H-2), 5 02 to 5 15 (2H, 2xbr d, J 10.17 Hz, CH=CJ&), 5 62 (lH, br dd, J 

10,17Hz,H-4),6.95(1H,s,CHPh,),722to7.42(10H,m,Ar~. 

The diprotected amino acids (14, 27, 26,64,65) were deprotecled to their respective free amines in an analogous 

manner to give. 

2RS,3RS-2-amino-[3-*H,]pent-4-enoic acid, benzhydryl ester (15). 

Prepared from (14) (75%). 6, (500 MHz, CDCQ, 2 42 to 2.50 and 2.51 to 2 56 (lH, hbr m, CHD), 3.60 to 3 66 (lH, m, 

H-2), 5.00 to 5 15 (2H, m, C&=CH), 5.60 to 5.70 (lH, m, CH=CH,), 6.95 (lH, s, CHPhs), 7 15 to 7 40 (lOH, m, Ad-f) 

2R3R12S3S-2-amino-[3-*H,]pent-4-enoic acid, benzhydryl ester (29). 

Prepared from (27) (76%). 6, (500 MHz, CDCI,), 2.47 (0 9H, overlapping dd, J 4 Hz, 2R3R/2S3S H-3) 2 50 to 2.53 

(0 lH, m, 2R3S/2S3R H-3). 3 66 (lH, d, J 4 Hz, H-2), 5.10 to 5 15 (2H, m, CH=Cj&), 5.64 to 5 70 (lH, m, C&CH,), 

693(1H,s, CHPh,), 7.25to745(10H, m,ArJ$. 

2R3S/2S3R-2-amino-[3,4-*H2]pent-4-enoic acid, benzhydryl ester (30). 

Prepared from (26) (64%). 6, (500 MHz, CDCI,), 2 46 to 2 50 (approx 0 lH, br m, 2S3S/2R3R CHD), 2 51 to 2 56 

(approx 0 9H, br m, 2S3W2R3S CHD), 3 66 (lH, m, C&f), 4 96 to 5.06 (2H, m, CD&&), 6 92 (lH, s, CHPh,), 7 27 to 

7.40 (1 OH, m, Arjj) 

2RS-2-amino-[(Z)-3,3,5-*Halpent-4-enoic acid, benzhydryl ester (61). 

Prepared from (64)s (95%) 6, (300 MHz, CDCIJ, 3.66 (lH, br s, H-2), 4.90 to 5 00 (lH, d, J 11 Hz, H-5), 5 56 (lH, br d, J 

11 Hz, H-4), 6 95 (1 H, s, CHPh,), 7 25 to 7 45 (lOH, m, Art-f). 

2RS-2-amino-[(E)-3,3,4,5-*HJpent-4-enoic acid, benzhydryl ester (62). 

Prepared from (65) (96%) 6, (300 MHz, CDCI,), 3.61 (1 H, br s, H-2), 5 01 (lH, br s, H-5), 6.65 (lH, s, CHPh,), 7 25 to 

7 45 (lOH, m, ArH) 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(~-a-aminoadipoyl)]-S-(4- 

methoxybenzyl)-L-cysteine (16). 

This was prepared via a modification of the literature procedure7. Dry triethylamine (1.67 mmol, 190 mg, 260 ul) was 

added to a solution of (N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)b(l-a-aminoadipic acid)21 (0 63g, 1 67 

mmol) in dry tetrahydrofuran (20ml) under argon and the solution cooled to -15oC After stirring for 15 min, isobutyl 

chloroformate (0 24mL 1.67 mmol) was added and the mixture stirred at -150C for 30 min A solution of S-(4- 
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chloroformate (0.24ml, 1.87 mmol) was added and the mixture stirred at -15oC for 30 min. A solution of S-(4- 

methoxybenzyl)-L-cysteine22 (O&g, 1.87 mrnol) in water (20ml) and triethylamine (0 38ml, 2.57 mmol) was cooled to 

OoC and added in one portion to the cold vigorously stirring reaction. The mixture was stirred at room temperature for 50 

min then diluted with water (30ml) and washed with ether (3x30ml). The aqueous layer was acidified to pH 3 (1M HCI), 

and extracted with ethyl acetate (2x30ml). The combined organic extracts were washed wlth brine (30ml) dried 

(NazSO& filtered, and the solvent removed i8y6gug to give the crude title compound as a white foam (1.079,86%) 

This was used without further purification. 6, (500 MHz, CDC$) 1.60 to 1 95 (4H, m, C&CH2CH2CO), 2.15 to 2.33 (2H, 

m, C&CO), 2.81 to 2 92 (2H, AB of ABX, C&S), 3.64 (2H, s, SCl&Ar), 3.85, 3.86 and 3.88 (3x3H, 3xs, OMe), 4.35 to 

4 41 (1H. m, Co-y), 4.85 to 4.90 (lH, m, Co-H, 4 98 to 5 08 (4H, m, PxOC&Ph), 5 71 (lH, d, J 8 Hz, NJ-& 6 76 (lH,.d, 

J 8 Hz, NH), 6.97 to 7.31 (12H, m, ArH) 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(~a-aminoedipoyi)]-S-(4- 

methoxybenzyl)-L-cystefnyl-Q-2-amlnopent-4.enoic acid, benzhydryl ester (38). 

Equimolar quantities of [(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(L-a-aminoadipoyl)]-S-(4-methoxy- 

benzyl)-L-cysteine, (protected & (16) (1OOmg, O.lSmrnol), 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (38mg, 

0 15 mmOl), and PL-2-aminopent-4-enoic acid, benzhydryl ester (37) (43mg, 0.15 mmol) were dissolved in dry 

dichloromethane (1Oml) and stirred for 24 hours at room temperature under argon The dichloromethane was removed 

In vacua and the residue dissolved in EtOAc (20ml). This was washed sequentially with saturated aqueous NaHCO, 

(20ml). dilute aqueous HCI (1 M, 20ml) and saturated brine (20ml), dried (NanSOd), filtered and the solvent removed in 

vacua to give a residue that was purified by column chromatography on silica gel [eluant EtOAcldichloromethane (1.4)], 

to give a 1 .l mixture of the two diastereomeric fully protected tripeptides (IlL and 1l9) These couid be separated by 

preparative tic (or column chromatography) [eluant EtOAc petrol 1 .l, Rf 0.4 and 0.351, the less polar band being 

tdenhfted as the U- isomer by comparison to authentic material. Removal of the solvent in vacua gave the title 

compound (35mg, 25%). Mpt 141 to 142OC. 6, (500 MHz, CDCI,), 1.64 to 1.83 (4H, m, C&CH2CH2CO), 2 05 to 2.18 

(2H, m, C.&CO), 2.50 to 2.61 (2H, m, W&H=), 2 61 to 2.83 (2H, AB of ABX, C&S), 3.70 (2H, s, SC&Ar), 3 76,3.77 

and 3 79 (3x3H, 3~s OMe), 4 34 to 4 37 (1 H, m, Co-H), 4 46 to 4 50 (1 H. m, Co-& 4 66 to 4.71 (1 H, m, Co-H), 4.97 to 

5 09 (6H, m, 2xOC&Ph and CH=CH,), 5.47 (lH, d, J 8 Hz, NJ& 5.49 to 5 57 (iH, m, CJ+CHz), 6 26 (lH, d,J 7 Hz,NH), 

6 80 to 6 89 and 7 23 to 7 34 (24H, m, NH, CHPh, and A&l) 3c (125.7 MHz, CDCI,), 21.2 (t, rG of a-aminoadipoyl), 

31 7, 33.1, 35 2, 35 7 and 36 1 (5xt, CH2), 51 9, 52 2, and 53.5 (3xd, 3xZ;a), 55.2 (3xq, OMe), 66 8 and 66 9 (2xt, 

0GH2Ph), 78 1 (d, 0GHPh2), 1138, 1139 and 114.0 (3xd, Ar-Q, 119.6 (t, CH=QH,), 126.9 to 130.1 (llxd, Ar-Q, 

139 3, 139 4, 158 7, 159 5 and 159 7 (5~s Ar-Q, 1315 (d, W=CH2), 156.1 (s, NHc02), and 169 9, 176 1,172 0, 

and 172 3 (4xs, 5;O) m/z (FD ) 931 (M+) 

The protected tripeptides (17) (31) (33). and (69 to 73) were prepared in an analagous manner 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(~-a-aminoadlpoyf)].S-(4- 

methoxybenzyl)-L-cysteinyl-P-3RS-2-amlno-[3-2H,]pent-4-enoio acid, benzhydryt ester (f7a). 

Prepared from (15) (33%) MPt 140-142OC .6N (500 MHz, CDCI,), 1.63 to 1.88 (4H, 2xm, C&CJ$CHzCO), 2.06 to 

2 25 (2H m, CH,CO), 2 46 (0 5H, t, J 6 HZ, 3R CHDCH=), 2.59 (0 5H, m, 3s CHDCH=), 2 61 t0 2 83 (2~, ~i3 of ABX, 

CHzS), 3 70 (2H, s, SC&V, 3 76 and 3 77 (6H, 2xs, 2xOC&), 3 79 (3H, s, OC&), 4.34 to 4.40 (1H, m, C,-J$4 42 to 

447(1H, m,C,-~,468to4.73(1H,m,Ca-~.497to5.O9(6H,m,2xOC~~PhandCH=C4),5.46(1H,d, J~H~,NY), 

5 49 to 5 58 (1 H, m, CH=CH,), 6 27 (1 H, d, J 7 Hz, NH), 6.80 to 6 92 and 7.20 to 7 34 (24H, m, NH, CHPh, and ArH). & 

(125MHz, CDCl,), 21 3 (1, -& of a-aminoadipoyl), 31.7, 33.0,35 1, and 36 1 (4xt, 4xC4), 36.2 (br d, CHD), 52 0, 52 1 

and 53 5 (3xd, 3xc,), 55 0 to 55 2 (3xq SxOMe), 66.7 and 66 8 (2xt, PxOcHzPh), 78.1 (d, OS;HPh,), 113 8, 113.9 

and 114 0 (3xd, Ar-GH), 119 5 (t, CH=GH,), 126.8 to 130.1 (llxd, Ar-QH), 139 3, 139.5, 158.7, 159 4 and 159 7 (5xs, 

k-Q 131 5 (d, CH=CH,), 1564 (s, NHGO,), and 169 9 to 172.3 (~xs, 4xGO) 
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[(N-4-methoxybenzyloxycarbonyl)-(cr-4-methoxybenzyl)-6-(L-a-amlnoadlpoyl)]-S-(4- 

methoxYbenzyl)-L-cyatelnyl-R-~-2-amlno-[3-zH,]pent-~enolc acid, benzhydryl eater (31). 

Prepared from (29). (42%) 6, (500 MHz, CDcl& 1.61 to 1.67 (4H, 2zm, C&.CJ&CH,CO). 2.06 to 2 22 (2H, m, c4cq, 
2 50 (0.W t, J 6 Hz, SR-CHD), 2.57 to 2 59 (O.lH, m, SS-CHD), 2.61 to 2.63 (2~, AB of ABX, ~453)~ 3.70 (2H, s, 

SC4ArL 3 77, 3.76 and 3.60 (9H, 3x% SxOCH& 4.32 to 4.40 and 4.47 to 4 49 (2~. 2xrn, a~,+&, 4.70 to 4.73 (lH, 

m, CIX a-AA), 4 96 to 5.09 (6H, m, PxOCl&Ph and CH=CH*), 5.45 (lH, d, J 6 Hz, NJ& 5 51 to 5.55 (II-I, m, CH=CH,), 

6 23 and 6.76 (2l-k Sxbr d, 2xNH), 6.60 to 6.91 and 7.20 107.42 (23~. m. CHPh, and AM. m/Z (FD) 932 (M+). 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(L-a-amlnoadlpoyl)]-S-(4- 

methoxybenzyl)-L-cystelnyl-R-~-2-amlno-[3,4-*H~]pent-4-enolc acid, benzhydryl ester (33). 

Prepared from (30), (34%). 6, (500 MHz, CDCI,), 1.60 to 1.69 (4H, m, C4C4CH2CO), 2 05 to 2.23 (2H, m, C~CO), 

2 50 to 2 52 (0 1 H. m, 3!+CHD), 2.56 to 2 60 (0.9H, m, SS-CHD), 2.60 to 2.82 (2H, AB of ABX, c4s), 3 70 (2~. s, 

SC&Ar), 3 78 and 3.80 (9H, 3x% 3X0!&), 4 32 to 4.35 and 4.46 to 4 50 (2H, 2xm, 2xCa-jj), 4 69 to 4.72 (lH, m, C, cf 

CHCH,S), 4 95 to 5 10 (6H, m, 2xOC&Ph and CD=C4), 5.45 (lH, d, J 8 Hz, NJ& 6.20 and 6.77 (2H, Pxbr d, PxNJj), 

6 81 to 6.91 and 7.17 to 7.43 (23H, m, CHPh, and Arj$ m/z (FD), 933 (M+) 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-~-(L-a-amlnoadlpoyl)]-S-(4- 

methoxybenzyl)-L-cystelnyl-Q-2-amlno-(Z)-[5-*H,]pent-4-enolc acid, benzhydryl ester (69). 

Prepared from (58), (45%). 6, (500 MHz, CDCI,), 1.64 to 1.82 (4H, m, CJ&Cj&CHc,CO), 2.05 to 2.17 (2H, m, c&,co), 

2 52 to 2.60 (2H, m, C&&H=), 2.61 to 2.83 (2H, AB of ABX, C&S), 3.70 (2H, s, SCj-&Ar), 3.76,3.77, and 3.79 (9H, 

3xs, OMe), 4 35 to 4.38 and 4.48 to 4.52 (2H, 2xm, 2x&-H), 4.73 to 4 76 (lH, m, Ca of CHCH,CH=). 4 99 to 5.09 (5H, 

m, PxOCH,Ph and CH=CHD), 5 47 (lH, d, J 8 Hz, NH), 5 50 to 5 55 (lH, m, CH=CHD), 6 26 (lH, d, J 7 Hz, NJ-& 6.82 to 

6 90 and 7.24 to 7 34 (24H, m, NH, CHPh, and Aru m/z (FD ) 932 (M+). 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(L-a-amlnoadlpoyl)]-S-(4- 

methoxybenzyl)-L-cystelnyl-R-2-amlno-(E)-[4,5-*H2] pent-Genolc acid, benzhydryl ester (70). 

Prepared from (59), (48%). 8, (500 MHz, CDCI,), 1.62 to 1.80 (4H, m, C4C4CHsCO), 2.05 to 2.18 (2H, m, C~CO), 

2.50 to 2.60 (2H, m, C4CD=), 2 62 to 2.85 (2H, AB of ABX, C4S), 3.71 (2H, s, SC4Ar), 3.77,3 78 and 3.80 (9H, 3xs, 

OMe), 4.34 to 4.38 and 4 48 to 4 52 (2H, 2xm, 2x&H, 4.73 to 4.76 (lH, m, Ca of CHCH,CD=), 4.97 to 5 10 (5H, m, 

2xOCHzPh and CD=CHD), 5.48 (lH, d, J 8 Hz, NH), 6.23 (lH, d, J 8 Hz, NH), 6.82 to 7.36 (24H, m, NH, CHPh, and 
Arjj) rrVz (FD ) 933 (M+) 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(L-a-amlnoadlpoyl)]-S-(4- 

meth0xybenzyl)-L-cy8teinyl-R-2-amlno-[3,3-*H2]pent-4-enolc acid, benzhydryl ester (71). 

Prepared from @I), (48%). 6, (500 MHz, CDCI,), 1.61 to 1.85 (4H, m, C4C4CH2CO), 2.08 to 2.22 (2~, m, C~CO), 

2 61 to 2 85 (2H, AS of AW CHpS), 3.70 (2H, SCH2Ar), S, 3.76,3.77 and 3.79 (9H, 3x.s. OMe), 4.34 4.39 and 4.48 to 

to 4.53 (2H, 2xm, 2xCa-fl), 4 73 (lH, d, J 8 Hz, NHCHCD,), 4.96 to 5 10 (6H, m, 2xOCJ&Ph and CH=C4), 5.48 (lH, d, 

J 6 Hz, NM, 5 52 (lH, dd, J l&l7 Hz, CH=CH&, 6.28 (lH, d, J 7 Hz, NY), 6.79 to 6.91 and 7.24 to 7.34 (24H, NH, m, 

CHPh, and ArJj) m/z (FD.) 933 (M+) 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxybenzyl)-6-(L-~-amlnoadlpoyl)].S-(4. 

meth0xybenzyl)-L-cystelnyl-R-2-amlno-(2)-[3,3,5-*H~] pent-4-enolc acid, benzhydryl ester (72). 

Prepared from (61), (62%). 6, (300 MHz, CDCI,), 1 62 to 1.80 (4H, m, C4C4CH2CO), 2.05 to 2 18 (2~, m, C~CO), 

2 62 to 2 85 (2H, AB of ABX C4S), 3.71 (2H, SCJ&Ar), 3 76,3.77 and 3.79 (9H, 3xs, S, OMe), 4 36 and 4 50 (2H, 
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2xm PxCa-Hh 4.72 (1l-L d, Caof CHCDs), 4.97 to 5 10 (5H, m. PxOC&Ph and CHPCHD), 5.48 (lH, br d, J loHz, 

CH=CHD), 6.01 and 6 34 (2)-f, 2xd, J 7,8 Hz, 2xNJ$, 6.77 to 6.93 and 7.21 to7.41 (24H, m, NH, CHPh, and Ar&. mlz 

(FD ) 934 (M+). 

[(N-4-methoxybenzyloxycarbonyl)-(a-4-methoxy~nzyl)-6-(~u-amlnosdlpoyl)].S.(4. 

methoxybenryl)-l-cystelnyl-~2.amino-(E)nolc acid, benzhydryl ester (73). 

Prepared from (62), (49%). 5, (300 MHz, CDCI,), 1.62 to 1.65 (4H, m, CH&l&CHzCO), 2.08 to 2.22 (2~, m, c)j.$o), 

2 61 to 2.85 (2H, AD of ASK CHzS), 3.70 (2H, S, SCl&Ar), 3.76, 3.77 and 3.79 (9H, 3xs, OMe), 4.34 to 4.39 and 4.48 

to 4.53 (2H, 2xm. 2xCa-kt), 4.73 (1 H, d, J 8 HZ, Ca of C&De), 4.96 to 5.10 (5H, m, 2xOC&Ph and CD&HD), 5.48 

(1H, d, J 6 Hz, NH), 6.26 (lH, d, J 8 Hz, NH), 6.79 to 6.91 and 7.24 107.37 (24H, m, NH, CHPh, arrd ArLI). m/z (FD ) 935 

(M+) 

General procedure for the Deprotectlon of Trlpeptldes with Acid Lablle Protectlon: Preparation of 

6-(~-a-amlnoadlpoyl)-L_cystelnyl-P_2-AmInopent-4-enolc acid dlsulphlde (la). 

The fully protected tripeptide (38), (35mg) was thoroughly dried, dtssotved in freshly distilled TFA (1 ml), and dry anisole 

(lOOpI) and the solution refluxed for 30 minutes under argon. The reaction mtxture was allowed to cool, and the TFA 

removed by azeotroping with toluene (3x5ml) in. The gummy residue was partitioned between Hz0 (10ml) and 

EtOAc (5ml). the aqueous layer separated, washed wtth EtOAc then freeze dried to give the crude tripeptide in the free 

thiol form.Where further purification was neccessary the crude trfpeptide was oxidised to the diiulphide by bubbling 0.z 

through an aqueous solution of the tdpeptide at pH 9-10 (dilute NH, sotution) for 2 hours. Preparative HPLC (Gilson 

system 50mM NH,HCOs:MeOH, 8’2, flow rate 4mVmin, retention time 6.1 mins), gave the title compound, identical in all 

respects (lH,13C nmr, FAB mass spectrometry) to the compound derrived fmm the benzyl protected tripeptide (10). 

Protected tripeptides (17a), (31) (33) and (69 to 73) were treated in an identical manner to give: 

~-(h-a-amlnoadlpoyl)-I_cystelnyl-P_3RS-2-Amlno-[3-*H,]pent-4-enolc acid (dlsulphlde) (lb). 

Prepared from (17a), (61%). 8, (500 MHz, DzO), 1.67 to 1.84 and 1.84 to 1 91 (4H, m, Ctqc&?,H,co), 2.38 to 2.45 

(2 5H m, C&&O and CHDCH=CHz), 2.55 (0.5H, overlapping dd, J 6,8 Hz, CHDCH-CH,), 2 95 and 3.21 (2~. AB of 

AM J 5,9,14 Hz, CJ&S), 3.74 (lH, overlapping dd, J 6,6 Hz, Co-flof L-a-AA), 4.25 (lH, m, Co-H of p-Ag), 4.73 (lH, 

dd, J 5,9 Hz, Ca-H of Cys), 5.10 to 5.16 (2H, m, CH=C&.), 5 71 to 5.78 (lH, m, C&CH,). m/z (+ve Ar FAB) 723 (k&l+) 

6-(~-a-amlnoadlpoyl)-~-cystelnyl-P_2-Amlno-[3R-*H,]pent-~enolc acid (dlsulphlde) (1~). 

Prepared from (31) (75%). 6, (500 MHz, DzO), 1.68 to 1.80 and 1.80 to 1.91 (4H, m, Cj&C&&H,CO), 2.38 to 2.43 (3H, 

m, C&CO and 3R CHDCH=CH,), 2.55 (O.lH, br m, 35 CHDCH=CH,), 2.95 and 3.19 (2H, AB of ABX, J 5,9,14 Hz, 

C&S), 3.74 (1 H, overlapping dd, J 6,6 Hz, Co-H of L-a-AA), 4.26 (1 H, d, J 8 Hz, Co-H of Q-Ag), 4.72 (1 H, dd, J 5.9 Hz, 

C&of L-cys), 5.11 to 5.16 (2H, m, C4=CH), 5.70 to 5.80 (lH, m, C)+CH3 m/z (+ve Argon FAB) 722 (3). 723 (MH+, 

100) 724 (20) 725 (5) 755 (MNa+). 

6-(~-a-amlnoadlpoyl)-~-cystelnyl-~3S-2-Amlno-[3,4-*H2]pent-4-enolc acid (dlsulphlde) (Id). 

Prepared from (33) (75%). 6, (500 MHz. CDCI,), 1 63 to 1 78 and 1.78 to 1.94 (4H, m, CJ&C&CHzCO), 2 38 to 2.45 

(2H, m, CH&O), 2.45 to 2.50 (O.lH, m, 3R-CHD), 2.57 (0.9H, d, J 5 Hz, 3S-CHD), 2.95 and 3.18 (2H, AB of ABX, J 

5,9,14 Hz, C&S), 3.75 (lH, overlapping dd, J 6,6 Hz, Co-H of L-a-AA), 4.32 (lH, d, J 5 Hz, Cd-H of p-Ag), 4.72 (lH, 

dd, J 5,9 Hz, Co-H of L-cys), 5 13 (2H, br s, C&=CD). mlz (+ve Ar FAB), 723 (3) 724 (0) 725 (MH+, 100) 726 (15) 
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6-(L-a-emin0adlp0yi)-L-cy8trinyl-R-2-Amino-(2)-[5-*H,]pent-4-eno1c acid (free thioi) (le). 

PraPared fmm (661, (75%). 5, (500 MHz, D,O), 1.61 to 1.76 and 1.78 to 1.94 (4H, m, c4c4cH,co), 2 27 to 2 34 (31-i, 

m, CH&O and HCHCH=), 2.39 to 2 43 (lH, m, HCHCH=), 2.76 and 2.82 (2H, AB of ABX, J 5.5.7.14 HZ, c4s),3.w 
(1 f-t OW@Ping dd, CCZ-H Of L-a-AA), 4.39 (1 H, dd. J 6,9 Hz, C&i of R-AS), 4.44 (1 H, dd, J 5.5,7 HZ, &-H of L-Q@, 

5 07 (lH, d, J 10 Hz, CH=CHD), 5.68 (lH, m, CJ+CHD). n-dz (+ve Ar FAB) 363 (MH+). 

5-(1-a-amin0adip0yi)-L-cy8teinyi-R-2-Amino-(E)-[4,5-*H2]pent-4-enoic acid (disuiphide) (If). 

Prepared from (70), (55%). 6, (500 MHz, D*O), 1.65 to 1.80 and 1.80 to 1.97 (4H, m, C4C4CH2CO), 2.26 to 2 35 (3H, 

m, CH&O and HCHCD=), 2.56 (lH, A of ABX, J 514 Hz, HCHCD=), 2.96 and 3.20 (2H, AB of ABX, J 5,9,14 HZ, c~s), 
3 73 (1 H, OVerlapping dd, J 6,6 HZ, Ca-H of L-a-AA), 4.26 (1 H, dd, J 5,8 Hz, Cc&( of D-Ag), 4.72 (1 H, dd, J 5,9 Hz, Ca- 

H of L-cys), 5.13 (lH,br s,CD=CHD) rWz (+ve Ar FAB) 725 (MH+). 

6-(L-a-amin0adip0yi)-L-cy8teinyl-R-2-Amino-[3,3-*H2]pent-4-enoic acid, (free thioi) (lg). 

Prepared from (71), (50%). 5+, (500 MHz, D,O), 1.57 to 1.73 and 1.73 to 1.94 (4H, m, C4C4CH&O), 2.25 to 2 34 (2~, 

m, C&CO), 2 75 and 2.82 (2H, AB of ABX, J 5.5,7,14 Hz, C&S), 3.93 (lH, overlapping dd, J 6.6 Hz, Ca-Hof L-a-AA), 

4 37 (1H, s, Ca-Hoof P-Ag), 4.41 (IH, dd, J 5.5,7 HZ, Ca-Hof L-cys), 5.04 to 5.08 (2H, m, CH=C4), 6.66 (IH, m, 
CH=CHz). m/z (+ve Ar FAB) 364 (MH+) 

6-(L-a-aminoadipoyi)-L-cy8teinyi-R-2-Amino-[3,3,5-*H~]pent-4-enoic acid (free thiol) (lh). 

Prepared from (W (77%) 5, (500 MHz, D,O), 1.59 to 1.77 and 1.77 to 1.95 (4H, m, C&CJ&CH,CO), 2 26 to 2.35 (2~, 

m, C&&C), 2 78 and 2 84 (2H, AB of ABX, J 5 5,7.14 Hz, C4S), 3.95 (lH, overlapping dd, J 6.6 Hz, Ca-H of L-a- 

mh4.40 (1H, S, Ca-Hof R-Ag), 446 (1H, dd, J 5.5,7 Hz, Ca-Hof L-cys), 5.07 (lH, d, J 10 Hz, CH=CHD), 5.69 (lH, br 

d,J 10 Hz, CH=CHD) mlz (+ve Ar FAB) 365 (MH+). 

6-(L-a-aminoadipoyi)-L-cysteinyi-R-2-Amino-(E)-[3,3,4,5-*H~]pent-4-enoic acid (free thioi) (li). 

Prepared from (73), (80%) 5+, (500 MHz. D,O), 1 56 to 1.75 and 1.75 to 1.92 (4H, m, C~C&.cH2CO),2 28 to 2 35 (2~, 

m, C&CO), 2.77 and 2.83 (2H, AB of ABX, J 5 5,7,14 Hz, r&S), 3.85 (lH, overiapping dd, J 6.6 HZ, r&Hot L-a-AA), 

4.37 (1H, s, Ca-Hoof P-Ag), 4 43 (lH, dd, J 5.5,7 HZ, Ca-Hof L-cys), 5 06 (lH, br s, CD&k(D). mlz (+ve Ar FAB) 366 

(MH+). 
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