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The acetylaryldipeptides (4a) - (4b) have been synthesised in high yield, and found to be 

converted to the corresponding penicillins (5a) -(5d) by Isopenicillin N Synthetase (IPNS). 

Of these, the c-substituted analogue (1(c) was converted most efficiently. The synthesis of 

a potential photoaffinity label for IPNS which incorporates this molecular framework, 

2-[~-(~-trifluoromethyl-3H_diazirin-~-yl)phenoxy~acetyl-S-carbomethoxysulfenyl-L-cysteinyl- 

D-valine (21). is described. 

During studies of the mechanism of penicillin biosynthesis’, it has been shown that phenoxy- 

acetyl-L-cysteinyl-D-valine and phenylacetyl-L-cystelnyl-D-valine were converted by IPNS to 

Penicillin V and C in 0.04 and 0.12s conversion yield respectively’. The Michaelis constant (Km) 

and maximum velocity (V,,) parameters determined for these substrate conversions, indicated that 

the Km values were comparable to that of the natural substrate L,L,D-ACV, while the V,, values 

were considerably smaller, implying that the substrates were binding to the enzyme active site, 

but that the catalytic events leading to the formation of the 8-lactam products were retarded. 

Recent work in these laboratories’ has demonstrated that E-carboxyphenylacetyl-L-cysteinyl-D- 

valine is converted by IPNS to a bioactive’ penicillin in a significantly higher yield. We were 

lnterested in gaining more information concerning the effect of substituents of the aromatic ring 

on bioconversion efficiencies, and undertook the synthesis of m- and p-acetyl analogues of both 

phenoxyacetyl- and phenylacetylcysteinylvaline. 
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The acetyldipeptides 4(a) - (d) (Scheme 1) were readily obtained by EEDQ coupling of the 

protected dipeptide (1)’ with the appropriately substituted phenylacetic acid or phenoxyacetic 

acid (2(a) - (d)), followed by trifluoroacetic acid (TFA) deprotection. Incubations of 4(a) - 

(d) with IPNS‘ indicated that bioactive’ products were formed (Scheme 2). Assuming similar 

bioactivities to Penicillin V. the ;-acetyl analogues (4a) and (1(c) were converted in 

approximately 5.5 times greater yield (0.11 and 0.17%) than the e-acetyldipeptides (4b) and (r(d) 

(0.02 and 0.03% respectively), and the conversion yields of both Penicillin V analogues (5~) and 

(5d) were 1.5 times greater than those of the Penicillin C analogues (5a) and (5b). Thus, an 

aromatic side chain bearing a two-carbon non-acidic substltuent could be converted to the 

corresponding penicillin by IPNS, but without the rate enhancement seen with a m-carboxyl group. 

The greatest conversion was obtained with dipeptide (1(c) having the m-acetylphenoxyacetyl side 

chain. 
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Although the low conversions of these arylcysteinylvaline analogues limited any potential 

synthetic applications, the small V,, p arameters determined for the conversions yielding Pen V 

and G indicated that these analogues could be useful in enzyme inhibition studies. An 

appropriately modified substrate, which contains a functional group capable of forming a covalent 

bond with a residue at the enzyme active site, would be useful for the ldentificatlon of the 

region of IPNS in contact with the side chain, and, consequently, give some understanding to 

those factors affecting side-chain binding and specificity. Although simple alkylating agents 

have been used to identify active site residues (e.g. of chymotrypsin’), the application of such 

chemical affinity labels to studies of IPNS was precluded by the existence of free sulfhydryl 

groups in the substrate. However, photoaffinity labeling. in which a chemically reactive species 

is generated at the enzyme active site by irradiation of a suitable substrate, was a viable 

option. 

Photoaffinity labeling has been used to probe interactions between biological ligands and 

their receptors’, and in particular, it has found extensive application to the identification Of 

the active site of enzymes, and to those regions of enzymes required for substrate binding’. 

Diazirines” are finding increasing application as photoaffinity labels because of their 

synthetic accessibility, and chemical and thermal inertness. Trifluoromethyldiazirines’c~l’ have 

been found to be particularly useful, since photolysis by near-011 radiation is efficient, leading 

to reactive carbenes, without the possibility of internal rearrangements of hydrogena B- to the 

carbene centre. We therefore undertook the synthesis of 2-C3-(3-trifluoromethyl-3H_diazirin-3- 

yl)phenoxyacetyl]-L-cysteinyl-D-valine (6) to evaluate its potential as a photoaffinity label for 

IPNS. 
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The synthesis of the dipeptide (6) is outlined in Schemes 3 and 4. We chose as the key step 

a phenollc displacement on the iodoacetyldipeptide (7) because this allowed an independent 

synthesis of the diaxirine-bearing aromatic side chain, and also to allow the ready incorporation 

of a lbC label (from iodo-l*C-acetic acid) which will ultimately be required in any photoaffinity 

labeling experiments. Although several methods of preparation of aryl dlazirines have been 

reported in the literature’, we used a modification of the methods of Brunner”a, Nassall’c and 

Bayley’le. Thus, trlfluoroketone (9) was readily obtained in 70% yield by treatment of 

bromoacetal (8) with ;-butyllfthlum. followed by methyl trlfluoroacetate”. Formation of OXime 

(lo), toayl oxime (11). diaziridlne (12) and diazlrine (13) proceeded as described’le. and 

deprotection” gave ~-(3-hydroxyphenyl)-3-trlfluoromethyl-~~-diazir~ne (14) in 108 overall yield 

from m-bromophenol. 
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Treatment of iodoacetyldipeptide (7) and phenol (14) with potassium carbonate/acetone gave 

dipeptide (15), which could be deprotected in only low yield (161) with refluxing TtWanisole. 

Although suitable for the acetyl compounds (3a) - (3d), this method of deprotection proved to be 

troublesome with (15) due to the limited stability of the diazirlne functionality under the 

reaction conditions, and we began a search for a milder, higher-yielding method which was 

compatible with the diazlrine group. 
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Initial attempts concentrated on a more acid-labile S-protecting group, since refluxlng TFA 

is required to remove the S-e-methoxybenzyl group”. The S-bls(l-methoxyphenyl)methyldlpeptide 

(16a) (Scheme 5) was found to be too acid sensitive to be useful. The S-benzhydryl cmpound 

(16b) was sufficiently stable to allow conversion to dipeptlde (19) using the same methods 

already described. Treatment of (19) with cold TFA/anisole gave complete benzhydryl ester 

cleavage, but no S-deprotection. Ye were able to effect S-deprotection in the following manner. 

Certain thioethers have been reported ‘I to be converted to the S-sulfenylthlocarbonate 

derivatives in good yield on treatment with methoxycarbonylsulfenylchlorlde in chloroform/- 

methanol at room temperature, and in separate experiments we found that the trlfluorcmethyl- 

diazirlne group was stable to this reagent. Reaction of dipeptide (20) under similar conditions 

gave the desired disulfide (21), which could be readily purified by chromatography in 771 yield. 

Under the reductive conditions of the enzyme incubation (dithiothreltol present), S-sulfenyl- 

thiocarbonates react to give the free thlol”. so that the conversion of thioether (20) to 

disulPide (21) is equivalent to a deprotection. 

Scheme 5 
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Incubation of this dipeptlde (21) with IPNS‘ gave a bioactive’. B-lactamase sensitive 

product in 0.261 yield. We are currently investigating the applicability of dipeptide (21) to 

the photoaffinity labeling of IPNS, and will report the details of this work in due course. 
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EXPERIMWTAL 

Melting points were determlned with a Buchi 510 capillary apparatus and are uncorrected. 
Optical rotations were recorded on a Perkin-Elmer 241 Polarimeter. I.R. spectra were obtained in 
CHCl, solution, or as Nujol mulls, and were recorded on a Perkln-Elmer 681 spectrophotcxrieter; 
broad (br), weak (w). medium (m). and strong (s) bands are reported. U.V. spectra were recorded 
on a PerkinrElmer 555 UV-Vis spectrophotometer, and solution solvents are stated in parenthesis. 
‘H n.m.r. spectra were recorded on Bruker NH 300 MHz. AH 250 MHz or Varian 60 MHz NMR 
spectrometers using tetramethylsilane as internal standard. “C n.m.r. spectra were recorded at 
62.85 MHz on a Bruker AM 250 spectrometer using CDCl, - 77.0 p.p.m. as internal reference. Only 
selected “C n.m.r. signals are assigned. Hultlpllcities are recorded as b (broad peak), 
s (singlet), d (doublet). t (triplet). q (quartet), and m (multiplet). Mass spectra were recorded 
on VC Analytical Ltd. ZABlF or MH30F Mass spectrometers [for Ammonia Desorption Chemical 
Ionisation (NH, DCI). positive argon Fast Atom Bombardment (FAB), Electron Impact (EI) or Field 
Desorption (FD)l. Microanalyses were performed by Mrs. V. Lamburn, Dyson Perrins Laboratory, 
University of Oxford. All starting materials, reagents and solvents were purified and dried 
unless otherwise stated. 

m-Acetylphenylacetic acid (2a) was obtained by the method of Papa et.al.‘” as a white solid 
from water, m.p. lOlo (lit. “ 106O). 6(CDCl,/(CD,),SO) 2.55 (3H, s, CH,).2 (2H. s, CHa), 
7.35 -7.48 and 7.79 - 7.83 (4H, m, ArH). 

k-Acetylphenylacetic acid (2b) was obtained by the method of Papa et.al.“ as a white solid 
from benzene, q .p. 116-7O (lit.” 119O). 6(CDCl,/(CD,),SO) 2.51 (3H, s, CH,), 3.58 (2H, a, CHI), 
7.32 (2H, AA’BB’ system, JAB+JnBt 
8.2 Hz, ArH g-to COCH,). 

-8.2 Hz, ArH m- to COCH,), 7.83 (2H, AA’BB’ system, *B+JABI - 

I-Acetylphenoxyacetic acid (2~) was obtained by the method of Hayes and Branchi’ as a white 
solid from benzene/light petroleum, m.p. 115-6O (lit.” 117“). 6(CDCl,/(CD,),SO) 2.40 (3H, s, 
CH,). 4.45 (2H, a, OCH,), 6.95 (1H. m. ArH). 7.15 - 7.43 (3H, m, ArH). 

z-Acetylphenoxyacetic acid (2d) was purchased from Lancaster Synthesis Ltd. 

Oeneral Method for the Synthesis of Dipeptides (3a) - (3d). The peptides were obtained by 
stirrina the acnrocriate acid ((2a) - (2d)) (1 eauivalent) and S-(o-methoxvbenzvl)-L- 
cystein;l-D-valine’benzhydryl ester’ (1) i1 equivalent) in dichlor&ethane-with_EEDQ 
(1 equivalent) at room temperature overnight. The solvent was removed, the residue dissolved in 
ethyl acetate, washed with saturated sodium bicarbonate solution, 10; citric acid solution, and 
dried over sodium sulfate. The solvent was removed, and the product purified by flash 
chromatography’9 (10% ethyl acetate/dichloromethane). 

The following compounds were prepared according to the above general method: 

N-(m-Acetylphenyl)acetyl-L-(S-p-methoxybenzylcysteinyl)-D-valine benzhydryl SSter (3a) was 
obtained in 931 yield as a colourless foam, m.p. 55-7O. C,,H,,N,O$ requires C, 70.2; H, 6.35; 
N, 4.20%. Found: C, 70.2; H, 6.5; N, 4.0s. calfi’ - -5.6” (c 0.7, CHCl,). Rf - 0.3 (10% 
EtOAc/CH,Cl,). 6(CDCl,) 0.74 (3H, d, 2 - 6.9 Hz, Me), 0.86 (3H, d, J - 6.9 Hz, Me), 2.20 - 2.24 
(lH, m, CH Me,), 2.57 (3H, s, COCK,), 2.63 - 2.86 (2H, q , AB of ABX), 3.58 (2H. 8, CHICO), 3.69 
(2H, s, SCHIPh), 3.76 (3H, s, One), 4.55 - 4.66 (2H, m. c Cys and c Val), 6.50 (1H. d, J - 7.5 
Hz, CONH), 6.77 -6.83 (3H, m, AA’BB’ system, AB + &Bl 
(lH, s, Ph,CE), 7.22 (2H, AA’BB’ system, +B + ABI 

- 8.5 Hz, ArH c- to OMe, and CO%), 6.88 
- 8.5 Hz, ArH m- to OMe), 7.27 - 7.52 (12H. 

m, ArH), 7.85 (2H, m, ArH g- to COCH,). ‘C nmr 6(CDCl,) 17.2 (q.-Me), 19.0 (9. Me), 26.6 (9. 
COHe), 31.1 (d, FC Val), 33.4 (t, 6C Cys), 35.8 (t, SCH,Ph). 43.0 (t, CHICO), 52.4 (d, cc). 55.2 
(q, OCH,), 57.3 (d, WC). 78.0 (d, Ph,CH), 114.0 (d, ATC), 126.9. 127.2, 127.3. 128.0, 128.1, 
128.5, 128.8, 129.0, 129.1, 129.5, 123.7, 130.0, 133.9, 135.0, 137.6, 139.3, 139.6 (Arc), 158.7 
(a, 4OC of ArOMe), 170.0 and 170.4 (3 x s. 2 x CONH and C(O)O), 197.7 (9, CH&O). v(CHCl,) 34OOm, 
3010m. 174Om. 16808, 1610m. 15109, 1490m, 1250s. m/z (FD) 666 (I@). - 

N-(p-Acetylphenyl)acetyl-L-(S-p-methoxybenzylcysteinyl)-D-valine benzhydryl ester (3b) was 
obtained in 62s yield as a colourless foam, m.p. 120-2OC. 
6.35: 

C,,H,,N,O,S requires C, 70.2; H, 
N, 4.21. Found: C. 70.4: H, 6.3; N, 4.21. Calb” - -4.4O (c 1.6. CHCl,). Rf - 0.3 (105 

EtOAc/CH,Cl,). G(CDC1,) 0.74 (3H, d, J - 6.8 Hz, Me), 0.86 (3H. d, J - 6.8 Hz, Me), 2.20 - 2.23 
(lH, m, Me,C;), 2.57 (3H, s, CH,CO), -2.62 - 2.86 (2H, m, AB of ABX), 3.56 (2H, s, Cl&CO), 3.70 
(2H, s, SC&Ph), 3.76 (3H, s, OCH.), 4.54 - 4.66 (2H, m. a Cys and a Val), 6.48 (lH, d, J - 7Hz, 
CONH), 6.75 - 6.85 (3H, AA’BB’ system, 3B + &Bl - 8.5 Hz, ArH g- to OMe. and CONH), 6.88 (lH, 
a. Ph,Cfi), 7.18 - 7.40 (14H, m, ArH), 7.88 (2H, AA’BB’ system. JAB + *B’ - 7.5 Hz, ArH o- to 
COCH, ) . “C nmr (CDCl,) 17.2 (q, Me), 19.0 (q, Me), 26.5 (9, COMe). 31.1 (d, f3C Val), 37.5 
(t, BC Cys), 35.8 (t. SsH,Ph), 43.1 (t, CH*CO), 52.3 (d, aC), 55.2 (q, OCH-), 57.3 (d, aC), 78.0 
(d, Ph&H), 114.0 (d. Arc), 126.9, 127.3: 128.0. 128.2, 128.5. 128.8. 129.5, 129.7, 130.0, 136.1. 
139.3, 139.5, 139.8 (Arc). 158.8 (s, 40 Arc). 170.0 and 170.4 (3 x a, 2 x CONH and C(O)O), 197.5 
(a, COCH,). v(CHC1,) 34OOw, 30OCe1, 2960m, 1740m, 1680.9, 16lOm, 1570s. 1490s. 136Om, 13OCm, 
1270x, 1250s. 1180 cm-'. m/z (FAB) 667 (M++l, <lS), 499(l), 168(20), 167(100), 121(65). - 

N-~m-Acetylphenoxy)acetyl-L-(S-p-methoxybenzylcysteinyl)-D-valine benzhydryl ester (3~) was 
obtained as a colourless oil in 271 yield. C,,H,,N,O,S requires C, 68.6, H, 6.2; N. 4.15. 
Found : C, 68.9; H, 6.2: N, 4.71. [ala’ - +13.3O (c 0.8, CHCl,). Rf - 0.3 (10s EtOAc/CH,Cl,). 
6(CDCl,) 0.80 (3H. d, J - 6.8 Hz, Me), 0.91 (3H, d. J - 6.8 HZ, Me), 2.26 -2.28 (1H. m, CEMe*), 
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2.59 f3H. se COCH,), 2.69 - 2.92 (2H, m, AB of ABX), 3.76 (5H, s, OMe and SCg*Ph), 4.47 (lH, d, E 
= 14.8 Hz, OCH,), 4.56 (lH, 6, J = 14.8 HZ, 
(lH, d, CONH), 6.83 (2H. AA' BBT systea, &B 

OCHg), 4.61 - 4.71 (2H, m, e Cys and a Val). 6.80 

7.10 - 7.63 (17H. m, ArH and CONH). 
+ %s = 7.5 Hz. ArH o-to One). 6.90 (lH, s;Ph,CH), 

'*c MU‘ (cDC1,) 17.3 fq. Me),>9.1 (q. Me), 26.6 (q, COMeT, 
31.2 (d, 8C Val). 33.4 (t, gC Cys), 35.9 (t. SCH,Ph), 52.0 (6, aC), 55.2 (q, OCH,). 57.4 (d,'aC). 
67.3 (t, OCH,CO), 78.0 (d, Ph,Ci), 113.9, 114.1, 119.8. 122.3, 126.9, 127.3, 128.0. 128.1, 128.5, 
129.7, 129.9, 130.1 (Arc), 138.8, 139.3 and 139.5 (4O Arc). 157.3 and 158.8 (4* ArC) 167.8, 169.7 
and.170.5 (3 x s, 2 x CONH and C(O)O), 197.3 (s, COMe). v(CflCl,) 34OOm. 3ooOm, 1735m. 168Os, 
1605m, 1585m, 1510s. 1435m, 136Om. 1270s cm-'. rnTa (FD) 683 CM* + 1). - 

N-(p-Acetylphenoxy)acetyl-L-~S-p-methoxybenzylcystelnyl~-D-Valine benxhydryl ester (36) Was 
obtained as a colourlesa oil in 73% yield. C,,H,,N&S requires C, 68 6 . i H, 6.2; N, 4.1%. 
Found: C, 68.9; H, 6.2; N, 4.3%. Calfi' = + 16.6" (c 1.2, CHCl,). Bf = 0.3 (10% gtOAc/CH,CI,). 
6fCDC1,) 0.79 (3H, d. J - 6.8 Hz, Me), 0.91 (3H, d, J = 6.8 Hz, Me), 2.24 (1H. m, Me,Cfl), 2.57 
(3H, s, CH,CO), 2.66 --2.91 (2H, m. A8 of ABXt. 3.7'1'~(5H, s, OMe and SC&Ph), 4.51 flH. d, J. = 
14.8 HZ, OCHo), 4.55 (lH, d, J = 14.8 Hz OCHg). 4.60 - 4.64 (iii, m, a Val), 4.69 (lH, m, aCYs), 
6.72 (lH, d, CONH), 6.83 (2H, AA'BB' system, &B + &Bt = 7.5 HZ, ArH g- to We), 6.89 (lH, s, 
Ph,Ci), 6.96 (2H, AA'BB' system, JAB + AJAB' = 8.0 Hz, ArH g- to OCH,), 7.23 -8.23 (13H. m, ArH 
and CONH); 7.93 (2H, AA'BB' system, u l ~BI = 8.0 Hz, ArH c- to COMe). "C ilmr 6(CDCI,) 17.2 
(q, Me), 19.0 (q, Me). 26.2 (q, CHICO), 31.2 (d. BC Val), 33.5 (t, 6C CY~), 35.8 (t, SCHaPh). 
51.9 (d, aCf, 55.1 (q. OCH,), 57T'I (d, aC), 67.0 (t, OCH,), 78.0 (d, Ph&Hf, 114.0 (d, Arc). 
114.4 fd. Arc). 120.9. 126.4. 126.8. 127.3. 127.7. 128.0. 128.1. 128.4. 129.4. 129.6. 130.0, 
130.6, 131.5, i35.9 (Arc), 139.3 and 139.5fs, 4°-ArC), i50.3 (9, Arc); 158.7 (5, 4~ArC). 160.6 
(s, 40 Arc). 167.5. 169.6 and 170.4 (3 x s, 2 x CONH and C(O)O), 196.4 (9. CH,CO). v(CHCI,) 
34oou, 3oOOw, 1735m, 16759, 16009, 15iOs, 12509, 11759, 1145w, 1030~ cm-'. rnjz (NH, DCI) 
684(!4++2. 1X), 683(M++l,2), 547(3), 473(4). 321(10), 167(65). 154(10). 137(lm, 121(25). 

General Method For The Deprotection of Compounds (3a) - (36) 

The protected peptfdes (2a). (2b), (2cf and (2d) (35 - 50 mg) were dissolved in redfstilled 
TFA (2 - 5 ml) and anisole (40 mg), and gently refIuxed for 15 min. under an argon atmosphere. 
The solution was cooled, and the solvent removed, and any remaining TFA azeotroped out using 
toluene. The product was dissolved in ethyl acetate, extracted into a saturated aqueous f$OlUtiOn 
of sodium blcarbonats, which was acidified with hydrochloric acid (1M). and extracted with ethyl 
acetate. The solution was dried over sodium sulfate, and the solvent removed. The crude material 
was purified by flash chromatography (10% MeOH/CHCI1), and used directly in incubation 
experiments with IPNS'. 

The following compounds were prepared by the above general method: 

(m-Acetylphenyl)acetyl-L-cysteinyl-D-vallne (4a) was obtafned In 88% yield as a colourless solid, 
m.p. 165=, [a]~' = -30.90 (c 0.2, MeOH). 6(CDCl*/CD,OD) 0.81 f3H, d. J = 6.9 Hz, Me), 0.87 f3H. 

= 6.9 Hz, Me) 1.49 (1H t, J = 10 Hz, SH), 2.08 
2d:7g - 2.81 (2H m' AB of AB;) 

- 2.15 (IH, m CHMe,), 2.53 f3H, s. COCH,), 
3-59 (2H s CH CO) 4 35 (1H m ai) -4 60 (1H t J = 5.8 Hz. 

aH). 7.34 - 7.36 (iH, m, ArH).'7.45 - 7.48 ilH,'m, LrHi, 7.76'- i.82 i2H: m, A&.' Ymax (Nujol) 
1735m. 1680m, 1650s. 16109, 1600s cm-'. m/z (FAB) 381 (M++l, 8%). 133(85), 118(35), 117(18). 
115(16), 91(35), 76(55), 72(100), 57(20).3(40), 44(30f, 43(100), 41(50). 39(55), 31(25). 

(p-Acetylphenyl)acetyl-L-cysteinyl-D-valine (l(b) was obtatned in 96% yield as a coIourIeSS solid, 
[a]fi' = -35.8O (c 0.4, MeOH). 6(CDCl,/CD,OD) 0.73 (3H. d. J = 6.9 HZ, Me), 0.79 (3H. d. i = 6.9 
Hz, Me). 2.00 - 2.07 (lH, m, Me,Cz), 2.45 (3H. s, COCH,). 2.69 (2H, d, J - 6.1 Hz, AB of ABX), 
3.51 (2H, a, OCH,). 4.24 (lH, m, aH), 4.46 (lH, t, J = 6.0 Hz, aH), 7.2x (2H, AA'BB' system, 
AB + &Bl = 8.3 HZ, ArH i- to COCH,), 7.77 (2H, AATBB1 system. JAB + hB* = 8.3 Ha. ArH 0" to 
COCH,). 
(M+ 

vmx (NUJO~) 33oOm, 17309, 16809, 16509, 16109, 153Om, 1260m, 1200~ cm". m/z (FABf 381 
+ lf, 38O(M+). 

(m-Acetylphanoxy)acetyl-L-cysteinyl-D-VaIine (4~) was obtained in 77% yield a* a CoIourIess 
solid, [alag = -5.03“ (c 1.0, MeOH). 6(CDCl,/CD,OD) 1.07 (3H, d, J. = 6.8 Hz. Me), 1.09 (3H, d, i 
= 6.8 Hz, Me), 1.67 (lH, t, J = 9.0 Hz. SH), 2.22 - 2.28 (1H. q , Cyel), 2.66 (3H, s. COCN,), 
2.73 - 2.97 (2H, m, AB of ABX), 3.30 (lH, d, J = 14.5 Hz, O&j, 4.15 (1H. d, J = 14.5 Ha, OCHg). 
4.47 - 4.52 flH. m. aH). 4.71 - 4.78 (lH, m, aHI, 6.74 flH, dd, CONH), 7.39 (lH, dd. ArH), 7.59 
(1H. d, J = 7.4-Hx; ArH), 7.75 (lH, m, ArH), 7.90 (lli, d. J = 8.1 Hz, ArH), 8.47 (1H. d, J = 
8.2 Hz, CONH). vmax (Nu.jol) 33oow. 173Om, 1690s. 16609, 1x45s. 1540s. 129Om. 1270m. 12lOw cm-'. 
m/z (~0) 397W+l, 4%). 396 (~21, 252(15), 149(18), 121(25), 118(22), 91(25),'88(20), 77(20), 
76iiO,, 72(90), 57(22), 56(25), 44(20), 43(100), 42(25), 41(70), 39(90); 31(45). 

(p-Acetylphenoxy)acetyl-L-oysteinyl-D-valine (44) was obtained in 93% yield as a CoIourIess 
solid. [a]f,o = -4.4O (c - 0.8. MeOH). 6(CDCl,/CD,OD) 0.97 f3H. d, J = 6.9 Hz, Me), 1.00 (3H, dr 
J - 6.8 HZ, Me), 1.63 (tH, t, J = 8.0 Hz, SH). 2.22 - 2.28 (lH, m, CFeI), 2.55 (3H. s, COW). 
r.86 - 3.02 (2H, q , AB of ABX), 4.52 - 4.63 (3H, m, aH and OCHp), 4.90 - 4.97 (1H. m. aH), 6.95 
(2H, AA'BB' system, AB * &B* = 8.9, ArH g- to 0CH2), 7.36 (lH, d, J = 8.5 Hz, CONH), 7.71 (1H. 
d. J - 8.2 HZ, CONH), 7.93 (2H. AA'BB' system, JAB + JJB* = 8.9 Hz, ArH 0~ to COCH,). vmax 
(Nu.jol) 1730m, 16509, 1600s cm-l. 





2512 J. E. BALDWIN et al. 

by Plash chromatography (52 EtOAc/light petroleum) to give (13) as a yellow liquid. 6(CDCl,) 3.48 
(3H, s, OCH,), 5.19 (2H, s, OCH,O), 6.84 - 6.87 (2H, m, ArH), 7.07 - 7.13 (lH, m, ArH), 7.27 - 
7.35 (lH, m, ArH). “C nmr B(CDC1,) 56.1 (q, OCH,), 94.5 (t, OCHIO), 114.8 (d). 117.4 cd), 119.9 
cd), 119.9 (s), 124.3 (s), 130.0 (d), 130.2 (s), 157.6 (8. dlazirine C). u(CHC1,) 1605s. 15809, 
14909, 145014. 13409, 1250s. 1200s. 1150.3, 10809, 10209, 960s cm-‘. Amax (cyclohexane) 220 MI 
(log ~3.87), 274 (2.69), 352 (2.40). m/z (El) 246 CM+, 21)s 218(6), 215(2), 45(100). 

3-~3-Hydroxyphenyl)-3-triPluoromethyl-3H-diazirine (14). 
Dlazirine (13) (500 mg. 2.0 mmol) was stirred with a mixture of glacial acetic acid (8 ml) 

and HCl (2H, 2 ml)” in the dark Por 3h. The solution was diluted with ether, washed with water, 
saturated aqueous sodium bicarbonate solution, water and dried over sodium suliate. The crude 
material was purified by flash chromatography (751 CH,Cl,/light p?trOhd. to give a pale yellow 

liquid (14) (220 mg, 541) that crystallised at O°C. Upon exposure to air/light this canpound 
rapidly turned a deeper yellow in cOlOur. 6(CDCl,) 5.17 (lH, s, OH), 6.67 (lH, bs. H2). 6.73 
(lH, ‘,_~8-18,; H;;)H4), 6.87 (lH, dd, ,'I' - 2.5 Hz. J’ - 8.1 Hz, H6). 7.27 (lH, dd. J - 8.0 
Hz. J “C nmr 6(CDCl,) 113.6 cd), 116.8 cd), 118.9 cd). 124.3 (s), 130.3 cd), 
130.9 (s),‘155.i (s,‘diazirine C). v(CHC1,) 359Om. 161Om, 16OOm, 15909, 1495u. 145Om, 135Om. 
1275s. 1160s. 98Om. 84Om cm-‘. 
m/z (El) 202 (M+. 

Amax (cyolohexane) 220 nm (log E 3.83), 276c3.30) 352 (2.46). 
5%). 175(g), 174(100), 173(23). 146(10), 145(60), 127(13), 126(g), 125(g), 

105(12), 96(25), 95(7), 77(g), 75(8). 51(16), 50(8). 

Iodoacetyl-L-(S-p-methoxybenzyl)cysteinyl-D-valine benzhydryl ester (7). 
A mixture oP lodoacetic acid (150 mg. 0.81 q mol) and S- n-methoxybenzyl-L-cystelnyl-D-valine 

benzhydryl ester’ (1) (370 ~llg, 0.73 mmolj-in dlchloromethane >lO ml) was stirred-overnight with 
EEDQ (200 q g, 0.81 mmol). The solvent was removed, the residue dissolved in ethyl acetate, 
washed with saturated sodium bicarbonate solution, 10; citric acid solution, and water, and dried 
over sodium suliate. and the solvent removed. The crude product was purllied by Plash 
chromatography (10% EtOAc/CH,Cl,) to give (7) as a white solid. C,,H,IINpO,S requires C. 55.2; 
H, 5.23; N. 4.15%. Found: C, 55.2; H, 5.26: 3.951. 6(CDCl,) 0.80 (3H, d, J - 6.9 Hz. Me), 
0.90 (3H, d, J - 6.9 Hz, Me), 2.27 (lH, q , +a,). 2.64 - 2.71 and 2.85 - 2.95 (2H, m, AB of 
ABX), 3.63 (2Ti, d, ICI&), 3.75 (2H, s. SC&Ph), 3.78 (3H, s, One), 4.49 (1H, m, aH), 4.68 (1H, q . 
aH), 6.71 (lH, d, J - 8.8 Hz, CONH), 6.80 (lH, d, 2 - 6.1 Hz, CONH), 6.85 (2H, d, AA*BB’ system, 
hB+hl - 8.7 Hz. ArH g- to We), 6.91 (lH, s, CiFh,), 7.25 - 7.38 (12H. m, ArH). “C nmr 
6(CDCl,) -1.54 (t, ICH,), 17.4 (q, Me), 19.1 (q. Me), 31.2 (d, 6C Val), 33.4 (t. 6C CYS), 35.9 
(t, SCH,Ph). 52.9 (d, aC), 55.2 (q, OMe), 57.4 (d, aC), 78.0 (d, Fh&H), 114.0 (d, Arc). 126.9. 
127.3, 128.0, 128.1, 128.5, 130.0, 130.1 (all Arc). 139.3 (s, Arc), 139.4 (s, Arc), 158.7 (s, 
Arc). 167.5, 169.8 and 170.4 (3 x s, 2 x CONH and C(O)O). V(CHC~,) 34OOm. 33OOm. 30109, 296Os, 
17409, 1670.3, 1610m. 151Os, 1465m, 1455m,-137Om, 1300.9, 11809, 103Om. m/z (FD) 674 (M*). 

C3-(3-TriPluoromethyl-3H-diazirin-3-yl)phenoxylacetyl-L-~S-p-methoxybenzyl)cysteinyl-D-val~ne 
benzhydryl ester (15). 

Diazirlnophenol (14) (90 mg, 0.45 mmol) and dipeptide (7) (300 mg, 0.45 mmol) and potassium 
carbonate (170_mg, 1.23 mmol) were stirred in acetone (6 ml) in the dark overnight. The solvent 
was removed and the crude material purified by flash chromatography (75% CH,Cla/light Petroleum 
then 10% EtOAc/CH,Cl,) to give (15) as a colourleSS oil (320 mg, 95%). [c3fi0 - + 7.7’ (c 0.9. 
HeOH). 6(cDCi,) 0.81 (3H. d, J - 6.9 Hz, Me), 0.93 (3H, d, J - 6.9 Hz, Me), 2.28 (1H, m, Me,C!). 
2.70 -2.91 (2H, m, AB oP ABX). 3.77 (5H, s, OMe and SCHIFh). 4.43 (1H, d, J - 14.7 Hz, OCHa), 
4.49 (lH, d, J - m-eCys and aVa1) 6.66 -6.98 and 7.18 - 7.45 
(2lH, m. ArH and 2 x CONH and Ph,CH). 14’7 Hz’ OcHg)’ 4.66 -1?C7~d2~{CDC; ) 17.3 (q Me)’ 19.1 (q Me) 3k+21(;1 SC 
Val), 33.5 (t, gC Cys). 35.8 (t, ScH,Ph). 51.9 (d, aCi, 55.1 (9: OMe;. 57.3 (i, oCjt . 
OCH,), 78.0 (d. Ph,CH_), 113.4. 114.0, 115.0, 115.7, 119.7. 120.7, 124.1, 126.8, 127.3. 128.0: 
128.1. 128.4, 129.6, 130.0, 130.3, 130.8, 139.3, 139.5 (all Arc, and CF.), 157.2 (9). 158.7 (9). 
167.6. 169.7 and 170.5 (3 x s, 2 x CONH and C(O)O). v(CHC1,) 3400m, 3010m. 296Om, 17409, 16709, 
161Os, 1585m, 15109, 1475m, 1455m. 144Om. 13OOm. 12509, 1180s. 11609, 103Om Cm-‘. &ax (MeOH) 
276 nm (log ~3.64), 348 (2.4). 

~3-~3-TriPluoromethyl-3H-diazirin-3-yl)phenoxy]acetyl-L-cysteinyl-D-valine (6). 
To dipeptide (15) (100 mg. 0.13 q mol) was added anisole (50 mg) and freshly distilled TFA 

(5 ml), and the solution purged with argon for 15 q in, and then gently relluxed Por 15 min. Tha 
mixture was cooled, the solvent removed in vacua and dried at high vacuum. The residue was 
dissolved in ethyl acetate, and extracted with saturated sodium bicarbonate. The aqueous layer 
was acidified, and extracted with ethyl acetate. The organic phase uas dried over sodium 
sulfate. and the solvent removed. The crude material was purified by Plash chromatography (51 
MeOH/CH,Cl, then 30% MeOH/CH,Cl,) to give (6) as a white solid (12.4 mg, 161). 6(CDCl,/CD,OD) 
0.86 (3H, d. J - 6.8 Hz, Me), 0.92 (3H, d. J - 6.8 HZ, Me), 1.30 (lH, m, SH), 2.13 (1H. m, 
CHMe,), 2.87 -2.90 (2H, m, AB oP ABX), 4.17 (d, aH), 4.50 (2H. s, OCH,), 4.64 (1H, q , aH), 6.71 
(TH, s, H2), 6.81 (lH, d, J - 8.0 Hz, H4), 6.96 (lH, dd, ,“I - 2.2 Hz, J’ ; 8.2 Hz. H6). 7.30 
(lH, dd. J - 8.0 Hz, J’ - 8.2 Hz, H5). 

N-(t-Butyloxycarbonyl)-S-(diphenylmethyl)-L-cysteine. 
TO S-(diohenvlmethvl)-L-cvsteinel’ (1.0 R. 3.5 mmol) in water (10 ml) and dioxan (5 ml) and 

aqueous sodium hydroxide (1M. 35 ml), was added with stirring and cooling di-t-butyldicarbonate 
(0.89 g, 4.1 mm~l)~=. The mixture was stirred overnight at room temperature,and the dloxan 
removed in vacua. The aqueous solution was diluted with water, and extracted with ethyl acetate. 
The aqueous phase was acidiiled with 51 citric acid solution, and extracted with ethyl acetate. 
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The combined extracts were dried over sodium sulfate, and the solvent rBpK)ved, to give a 
colourless oil, which was purified by converelon to the dlcyclohexylamine salt” (calfi” - +6.7’ 
(c 1. CHCl.), lit.” [aJfie - +6.4O (c 0.9, CHCl,)). N-~-Butyloxycarbonyl-S-(dlphenylmethyl)- 
L-cystelne was obtained as a colourless 011 by washing the above salt in ethyl acetate solution 
with citric acid solution”(1.2 g, 881). CalE” - -6.6O (c 1.7. MeOH) (lit.” [alfj” - -6.6’ (C 1, 
EtOH)). 6(CDCl,) 1.50 (9H, s, 3 x Me), 2.81 - 2.94 (2H. q , CH,S). 4.60 (1H. m, aHI, 5.30 (lH, s. 
CHPh,), 5.41 (lH, d. CONH), 6.78 (lH, bs, COOH), 7.17 - 7.37 (6H, m, AM). 7.40 - 7.48 (4H. m, 
ArH). m/z (FAB) 388 (M+ + 1, 0%). 387 (M+, <1), 386 (cl), 332(l). 330(l), 288(l). 286(l), 
210(2),68(23), 167(100), 165(10), 57(50). 

N-(t-Butyloxycarbonyl)-S-(diphenylmethyl~-L-cystelnyl-D-valine benshydryl ester (ldb). 
A mixture of the above diorOteCted cysteine (0.35 8. 0.90 mmcl) and vallne benxhydryl ester 

(0.25 g, 0.88 mmol) and EEDQ (6.3 g, 1.2 &ol) in dlchloromethane (10 ml) was sttrred-overnight. 
The solvent was removed, the residue dissolved in ethyl acetate, washed with saturated sodium 
bicarbonate solution, 10s citric acid solution, dried over sodium sulfate, and the solvent 
removed. The crude material was purlPied by Plash chromatography (2% ethyl acetate/dichlorc- 
methane) to give (16b) as a colourless Poam (600 ng, 1001). C,,H.,N,O,S requires C, 71.7, H, 
6.8: N, 4.31. Found: C, 71.1; H, 7.0; N, 4.2%. Calfi - l 3.6O (c 0.8, CHCl,). 6(CDCl,) 0.76 
(3H, d, J - 6.7 Hz, Me), 0.89 (3H, d, J - 6.7 Hz, Me). 1.45 (9H, s, 3 x Mel, 2.24 (1H. q , Me&i), 
2.77 (2HT d. AB oP ABX), 4.27 (lH, bs,-aVal), 4.65 - 4.69 (1H. m, aCys), 5.23 (1H. bs, COHH). 
5.24 (1H. s. SCHPh?), 6.68 (lH, d, J - 8.8 Hz, CONH), 6.92 (lH, s. Ph.CHpocl. 7.2 -7.52 (2OH. III. 
ArH). I’C nmr T(CDc1,) 17.2 (q, MeT, 19.0 (q, Me), 28.2 (q, 3 x Mel, 31.2 (d, 6C Val). 31.4 (9, 
He&), 34.3 (t. 6C Cys), 53.8 and 54.2 and 57.1 (all d, 2 x aC and SgHFh,). 77.9 (d, Fh&H), 
126.5, 126.9, 127.3, 128.0, 128.1, 128.3, 128.4, 128.5, 128.6 (Arc), 139.4. 139.6, 140.79 and 
140.83 (all s, 4 x 40 Arc), 155.3, 170.4 and 170.6 (3 x s, 3 x Carbonyl Carbons). v(CHC1,) 
3420~. 3OlOw, 297Ow, 173Os, 17109, 1680s. 1500.9, 137Om, 1160s cm-*. m/z 653 (M++l, 111, 
652(M+,l), 596(l). 484(2), 429(4), 387(3), 385(3), 190(2), 183(3), 16m8). 167(100), 144(16). 

S-(Diphenylmethylj-L-cysteinyl-D-vallne benzhydryl ester (17). 
The above protected dlpeptide (16) (300 mg, 0.46 mmol) was treated with E-toluenesulPonic 

acid (158 rag. 0.92 mmol) In ether (1 ml) and ethanol (1 ml)“. The solution was stirred at room 
temperature for 15 min., the solvent removed in vacua, and the residue kept under water pump 
vacuum Por 30 min. The residue was redissolved in ether/ethanol, and the process repeated until 
t.1.c (10% ethyl acetate/dichloromethane) indicated that no starting material (16) remained. 

The residue was dissolved in dlchlorcmethane. washed with saturated sodium bicarbonate, 
dried over sodium suliate, and the solvent removed, to give a colourless 011, S-(dlphenylrcethyl)- 
L-cysteinyl-D-valine benzhydryl ester (17) (270 ng, 100%). 6(CDCl,) 0.80 (3H. d, L - 6.8 HZ. 
He), 0.90 (3H, d, J - 6.8 Hz, Me). 2.21 - 2.32 (lH, m, Me,CH). 2.55 -2.63 and 2.92 - 2.98 (2H, AB 
of ABX), 3.42 - 3.n (lH, m, a Val), 4.59 - 4.64 (lH, q , a Fys). 5.17 (lH, S, SCEPh,). 6.88 (lH, 
s, Ph@, 7.18 
(M+, 

- 7.37 (22H. m. ArH and NHx), 7.78 (lH, d, J - 7.5 Hz, CONH). m/z (NH, DCI) 553 
5%). 415(20), 168(20), 167(100), 144(10). The amine (17) was used immedia=y without 

Purther purification. 

Iodoacetyl-L-(S-diphenylmethyl)cysteinyl-D-valine benzhydryl ester (18). 
Amine (17) (270 mg. 0.49 mmcl) was treated with iodoacetic acid (110 mg. 0.59 mmol) and EEDP 

(181 mg, 0.73 nmol) in-dichloromethane (10 ml) and stirred overnight at room temperature. The 
solvent was removed, the residue dissolved in ethyl acetate, washed with saturated sodium 
bicarbonate, 105 citric acid solution, dried over sodium sulPate and the SOlVent rSmovSd. ThS 

crude product was puriiied by flash chromatography (CH,Cl, then 52 EtOAc/CH,Cl,) to give (18) as 
a colourless oil. which solldiiied on standing (217 mg, 6211, m.p. 129-30°. C,.H,,IN,O,S 
requires C, 60.0; H, 5.2; N, 3.91. Found: C, 59.9; H, 5.0; N, 3.7%. Calb” - -9.2’ (C 1.4, 
CHCl,). 6(CDCl,) 0.78 (3H, d. J - 6.8 HZ, Me), 0.89 (3H, d, J - 6.8 H2. Me), 2.20 - 2.28 (1H. m, 
CHMe,), 2.69 - 2.90 (2H, III, AB-of ABX). 3.60 (2H, s, ICtiz), t.48 - 4.54 (lH, q , aVal), 4.63 - 
4T68 (lH, m, aCys), 5.30 (lH, s, SCHPh,), 6.59 (1H. d, J - 8.8 Hz. CONH), 6.79 (1H. d, J - 7.5 
Hz, CONH_), 6.91 (1H. s. Ph,CiOOC). 7.21 - 7.47 (20H. m.-ArH). “C nmr-b(CDCl,) -1.6 (t; ICH,), 
17.4 (q, Me), 19.1 (q, He), 31.3 (d, gC Val), 34.4 (t. BC Cys). 52.9 and 54.6 and 57.4 (all d, 2 
x aC and SsHPh,), 78.0 (d, Ph&H), 127.0, 127.4, 128.1, 128.2, 128.3, 128.4, 128.5, 128.7 (Arc). 
139.3 and 139.5 and 140.86 and 140.93 (all s, 4 x rCO Arc). 167.4 and 169.7 and 170.4 (3 x s, 2 x 
CONH and C(O)O). V(CHC1,) 34OOw, 30001s. 296Om. 17409, 1670s. 1590 cm-‘. m/z 721 (<5%, M*I, 553 
(<5), 533 (<6). 167(100), 166(8), 165(25). 152(12). 

- 

2-[3-(3-TriPluoromethyl-3H-diazirln-3-yl)phenoxy~acetyl-L-(S-diphenylmethyl~cystelnyl-D-valine 
benxhydryl ester (19). 

The iodoacetyldipeptlde (18) (220 mg. 0.31 mm011 and 3-(3-hydroxyphenvl-3-trlPluorcmethvl)- 
3E-diazlrine (14)- (84-mg. 0.42 mmol) were stirred with potasslum~carbbnate- (115 q g, 0.83 mmol) in 
acetone (5 ml) overnight at room temperature with protection Prom light. The solvent was 
removed, and the crude product purlPled by Plash chromatography (l-25 ethyl acetate/dichlcro- 
methane), the give the dipeptide (19) as a colourless oil (250 4x1, 1OOgl. Cclb” - -3.0’ (c 1. 
CHCl,). 6(CDCl,) 0.82 (3H, d, J - 6.8 Hz, He), 0.93 (3H, d, J - 6.8 Hz, Me), 2.25 - 2.34 (1H, m, 
Me,CH). 2.81 -2.89 (2H, m. AB 07 ABX), 4.32 (1H. d, J - 14.8 Hz, OC&), 4.48 (lH, d, J - 14.8 Hz, 
OC%r, 4.70 - 4.81 (2H, m, aCys and oval), 5.33 (lH.8, SCHPh,), 6.70 - 6.73 and 6.89-- 6.95 and 
7.19 -7.48 and 7.62 (27H. m. 24 x ArH and 2 x CONH and Ph,~HOOCl. “C nmr 6(CDCl,l 17.3 (q, Me), 
19.0 (q, He) 31.2 (d, gC Val), 34.4 (t. 6C Cys), 72.0 and 5T.6 and 57.6 (all d, 2 x aC and 
.SCHPha), 67.1 (t. W_HH?CO), 78.2 (d, Ph&H), 113.6, 115.8, 116.9, 118.2, 119.9, 120.4, 124.2, 
126.9, 127.4, 127.5, 128.1, 128.2, 128.3, 128.5, 128.6, 128.7. 130.1, 130.4, 130.6, 131.0. 139.3, 
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139.5, 140.7, 140.8, 156.7, 157.2 (Arc and diazirine Carbon and CF,), 168.2 and 169.9 and 170.5 
(3 x s, 2 x CONH and C(O)O). u(CHC1,) 3400s. 3OOOm. 28OOm. 1740s. 1670s. 16lOm, 1590s. 14103, 
13909, 135Om. 1260s. 1200s. 1150.9, 700s cm-‘. Amax (MeOH) 274 nm (log c 3.681, 352 (2.39). 

2-[3-(3-Trifluoromethyl-3H-diazlrln-3-yl)phenoxy]acatyl-L-~S-diphenylmethyl~cystelnyl-D-valine 
(20). 

To the above tripeptide (19) (100 ug, 0.13 ~1) was added anlsole (8.4 mg, 0.078 mm011 and 
TFA (2 ml), and the mixture stirred until all the starting material had been consumed (10 min.), 
as indicated by t.1.c. (CH,Cl,). The solvent was removed in vacua. and the residue treated tbtiCS 

with toluene. The crude product was dried at high vacuum, and then purified by flash 
chromatography (5 - 10% t4eOH/CHzCla), to give the acid (20) as a colourless oil (53 mg, 651). 
d(CDC1,) 0.89 (3H, s. Me), 0.92 (3H, s, Me), 2.09 - 2.27 (lH, m, MeICfi), 2.65 - 2.83 (2H, q , AB 
of ABX), 4.27 - 4.57 (4H, m.OC& and aCys and aVal), 5.09 (lH, bs, CONH). 5.33 (lH, S, SCiPh,). 
6.65 (lH, s, H2). 6.83 (lH, 4, J - 7.5 Hz, H4). 6.90 (1H. bd, i - 7.5 Hz. H6), 7iO6 - 7.81 (13H. 
m, ArH and COOH and CONH). "C nmr 6(CDCl,) 17.7 (q. Me), 19.1 (q, Me). 31.1 (d. 6C Val), 34.8 
(t, 6C Cys), 52.3 and 53.9 and 58.0 (all d. 2 x aC and S;HPh;), 67.3 (t, oC_H&O), 113.5 (d). 
116.0 cd), 119.8 (s), 120.4 (d),124.1 (.%I. 127.4, 128.3, 128.4, 128.5, 128.6, 130.3, 130.9, 
140.6, 140.7, 157.2 (Arc and dlazirfne Carbon and CF.), 168.9, 170.2 and 175.9 (3 x 9, 2 X CONH 
and C(O)). v(CHC1,) 34OOb, 1725m. 16659, 161Om, 1585m. 153010. 1490m, 1435m. 1285m. 1260s. 1160s 
cm-‘. Amax (HeOH) 268 nm (log c 3.26), 350 (2.70). m/z (FAB) 651 (M**Na, 2311, 623 (M**Na-Nz, 
11, 168(17), 167(100), 166(10), 165(22). 152(15). 

2-[3- (3-Trifluoromethyl-3H-dlazirln-3-yl)phenoxy]acetyl-S-car~methoxysulfenyl-L-cysteinyl- 
D-valine (21) . 

A solutlon of the above acid (20) (250 leg, 0.40 mmol) in chloroform (5 ml) and methanol 
(2.5 ml) at O°C was treated with redistilled methoxycarbonylsulfenyl chloride (69 mg, 0.54 mm~l), 
and the mixture stirred for 2 h. The solvent was removed in vacua, and dried under hlgh vacuum. 
The crude product was purified by flash chromatography (5-m/CH,Cla). to give the acid (21) 
as a colourless oil (170 mg, 772). Calfi’ - -54.1° (c 1, CHCl,). 6(CDCl,) 0.96 (3H, d, He), 0.99 
(3H. d. Me). 2.23 (lH, m, Cye,), 3.14 - 3.37 (2H, q , BCys), 3.89 (3H, s, OMe), 4.26 - 4.53 (3H. 
m, OCif, and aH), 4.92 (lH, bs. aH). 6.65 (lH, bs, H2), 6.83 (lH, d, J - 8.0 HZ, H4), 6.90 (lH, 
dd, 2”’ - 2.2 Hz, J’ - 8.2 Hz, H6), 7.29 (lH, dd, J - 8.0 Hz, J’ - 8.2 Hz, 7.84 (lH, bs, COHH_ 
(slow exch. D.0)). 7.98 (lH, bs, COOH (fast exch. DTO)). “C nir 6(CDcl,) 17.6 (4, Me), 19.3 (q, 
Me), 30.7 (d. 6C Val), 41.8 (t, 6C Cys), 52.5 (d, aC), 55.8 (9, OCH,), 58.6 (d, aC), 67.4 (t. 
OCHz), 113.6 (d). 116.0 (d), 119.8 (s) 120.4 cd). 124.1 ($1, 130.3 cd). 130.9 (s), 157.4 (9). 
1x9.2 and 169.6 and 170.9 and 176.2 (4 x s, 2 x CONH and 2 x C(O)O). u(CHC1,) 3400~. 33OoV, 
2980w. 17203, 1665s. 1610111, 158Om. 1530m, 143Om, 134Om, 129Om, 1260s. 1160s cm-'. Amax (CHCl,) 
228 nm (log t 3.77), 274 (3.20), 358 (2.67). 
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