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Abstract: A general procedure for the asymmetric synthesis of Y,G-unsaturated 
a-amino acids (7) from the Y-anion derived from (S)-glutamic acid is described. 

Many naturally occurring non-proteinogenic a-amino acids possess unsaturation within 

their side chains, and those having general structure (11, with a double bond between the Y 

and 6 positions are common. ’ In addition, double bonds can be converted into many other 

types of functionality,3 making the asymmetric synthesis of these amino acids of considerable 

value. 

In the preceding paper,’ we described the preparation of a-L-butyl Y-methyl !J-trityl-(S)- 

glutamate (21, and its use in asymmetric amino acid synthesis, by deprotonation to give ester 

enolate (3 1. Thus the reaction of dlester (2) with LICA followed by carbonyl compounds gave 

hydroxydiesters (Aa-i). In this paper, the conversion of these hydroxydiesters (4) into 

Y,B-unsaturated amino acids (7) is described. 

Our methodology, shown in Scheme 1, involved reaction of hydroxydiesters (4) with 

lithium hydroxide in aqueous methanol/THF, * to give hydroxyacids (5) in good yield. Only in 

the case of acetone adduct (AC) was this reaction found to be problematic, since without THF 

present the reaction was very slow and gave only 17% of (5~1 after 4 weeks. When THF was 

added to the reaction mixture, a homogeneous solution was obtained, but the only isolated 

product was a-t-butyl E-trityl-(S)-glutamate (81, resulting from a retro-aldol reaction. 

These hydroxyacids could not be purified by silica chromatography, and were used directly. 

Of the various procedures for converting hydroxyacids into alkenes,‘*‘*’ the 

most promising appeared to be reaction with triphenylphosphine and diethyl asodicarboxylate.’ 

Although this reaction was reported to be stereospecific, and to occur under mild conditions, 

when hydroxyacid (5a) was treated with these reagents, none of the desired reaction occurred, 

and only starting material was recovered. 

An alternative procedure’ involves reaction of the hydroxyacid with benxenesulphonyl 

chloride and pyrldine to give a g-lactone, followed by heating to give the alkene. Again 

this process was reported to be stereospecific. Treatment of hydroxyacid (5a) with benzene- 
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?$;B”= ?$J=~ 
2 2 

TrHN C02-t-Bu 

(4) (5) 
(6) 

SCHEME 1 I 
l)TFA 

2)HCl 

a R-Et R'- H 
b R = Ph R' = H 
o R-Me R' - Me 
d R-iPr R' = H 
e R - p-O,N-C,H, R' = H 
f R=H R' = H 
g R = "Pr R' = H CO3 
h R-Me R' - H 
iR - p-MeO-C,H, R' = H (7) 

sulphonyl chloride and pyridine gave a product, the lH and "C nmr and mass spectrum of 

which were consistent with the required g-la&one (9). However, the structure was assigned 

as pyroglutamate derivative (101, since the i.r. spectrum showed no R-la&one carbonyl stretch 

(1810-1840 cm-'), and heating to 140DC gave no olefinic products. 

TrHN C02-t-Bu 

(10) 

A third procedure for converting hydroxyacids into alkenes is heating with dimethyl 

formamide dimethyl acetal (DMFDMA),' which has been shown'-' not to be stereospecific. 

When hydroxyacid (5a) was treated with DMFDMA at 100°C in toluene, alkene (6a) was formed 

in 60% yield, as a mixture of (E)- and (Z)-isomers. The results obtained when this reaction 

was extended to other hydroxyaclds are shown in Table 1. These results provide support 

for Mulzer's proposed mechanisms for this reaction' for the following reasons. Firstly, 

comparison of the diastereomeric ratio of the hydroxyacids (5) and the isomer ratio of the 

alksnes (6) show that the reaction cannot be stereospecific. This is particularly clear in 

the case of (5i) where a single diastereomer of the hydroxyacid gave both (E)- and (Z)-alkenes. 

Also, the two diastereomers of hydroxyester (4b) were separated by HPLC as previously 

described.' Each diastereomer of (4b) was saponified without epimerisation of any chiral 

centre as detected by 'H nmr, and subjected to the elimination conditions. In both cases 

the same ratio of (El- and (Z)-alkenes was obtained. 
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Table 1. Formation of Alkenes (6) by traatmant of hydroxyacids (5) with DMFDMA. 
_________^111^^__-_______________1_1_^11_______~~~~~_~~_~~~~~~~~___________________~__________ 

RYDROXYACID DIASTRNOMERIC YIELD (Z) ISOMER RATIOa 

RATIO of 16) 

5a 3:3:2:2 60 

5b 5:2:0:0 50 

5c 2:l 40 

56 3:3:3:2 30 
5e 6:4:2:1 9 
5P 3:2 0 

5g 3:3:1:1 52 

5h 6:3:3:; 38 

51. 1:o:o:o 48 

3:2 

11:5 

a. In the case of aromatic alkenes (5b,e,i), the major isomer was identified as the (Ef-isomer 
on the basis of the ‘H coupling constant between the 2 vinyl protons. The isomer ratio was 
determined by integration of suitable peaks in the ‘H nmr spectrum. 

Secondly, the failure of the reaction with formaldehyde adduct (5f) and the very low 

yield obtained with 4-nitrobenzaldehyde adduct (5e), is consistent with a cationic 

contribution, as proposed by Mulzer.* 

Protected alkenes (6a-cl were deprotected with trifluoroacetic acid (TFA) to give the 

Pree amino acids (‘ia-c), completing a total synthesis of these amino acids, and an investigation 

of the optical purity of these products was made. It bad previously been established that no 

racemisation occurred during the hydroxyalkylation.’ To show that in principle no racemisation 

should occur during the saponification or elimination steps, the following procedure was 

adopted. Saponification of diester (2) under the conditions used for hydroxydiesters (4) gave 

acid (8). Treatment of acid (8) with DMFDMA under the conditions used for the elimination 

reactions, resulted in re-esterification,” giving recovered diester (2), Scheme 2. The optical 

rotation of recovered (2) (+ 22.5O) was identical to that recorded before the saponification. 

TrHN C02-t-Bu 

(2) 
SCHEME2 

TrHN’ ‘CO+-Bu 

(8) 

This showed that in principle, no racemisation should occur, and further evidence that no 

racemisation occurred during the basic saponification was obtained by re-esterification of 

hydroxyacid (5b) with diazomethane,” giving hydroxydiester (4b). We had previously shown 

that the chirel shift reagent tris C3-~triPLuoromethylhydroxymethylene~-~+~-camphoratol europium 

(1111 EEU(TFC);~‘~ would resolve both dfastereomers OP racemio dfester (lib).’ when the ‘H nmr 

spectrum of dtester (4bf obtained by re-esterification of hydroxyacid (5bf was obtainsd in the 

presence of Eu(TFC), , there was no evidence of the presence of any fRf-isomer. The minimum 

enantiomerfc excess was calculated as 99% based on the observed signal to noise ratio. 

It remained to show that no racemisation occurred during the acidic deprotection. 

Initially it was hoped to achieve this by synthesising allylglycine (7f), and comparing its’ 
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optical rotation with that reported in the literature. However the failure of hydroxyacid 

(5f) to undergo elimination to protected alkene (6f) under any of the literature conditions 

prevented this. Z-~~no-5-methyl-(S)-4-hexenoio acid (70) is also a known amino acid,” 

however the facile retro-aldol reaction observed in the conversion of hydroxyacid (5~) to 

alkene (6~) prevented the synthesis of sufficient (7~) to obtain an accurate optical 

rotation. 

Schollkopf et al.‘” had reported that the chiral shift reagents Eu(TFC), and Pr(TFC), -- 
would resolve the methyl esters of a range of unsaturated amino acids, including methyl Z- 

amino-5-phenyl-4-pentenoate. Thus amino acid (7b) was re-esterified with methanolic hydrogen 

chloride, giving methyl Z-amino-5-phenyl-(S)-4-pantenoate (11). This work also required the 

corresponding race&c amino acid (12). which was prepared from ~-benzylidene-gly~ine methyl 

ester (13f.‘5 Treatment of (13) with one equivalent of LDA in THF/HMPA followed by addition 

of cinnamyl bromide (I eq, or excess), gave, after acidic workup, dialkylated amino acid (14) 

as the major product, and just 1% of the required mono-alkylated amino acid (12) (Scheme 3). 

Racemic amino ester (12) prepared s both routes was used in the following work. 

Ph 

> 
N/ 

leLDA 

> 
2. PhCH=CHCH2Br 

COzMe 

When the ‘H nmr spectrum of (12) was recorded in the presence of either Eu(TFC),, or 

PrlTFC),. line broadening occurred, masking any resolution of the two enantiomeric methyl e8tWS. 

Mosher et a1.16 had reported that f+) or (-)-2-methoxy-2-phenyl-3,3,3-trifluoropropanoic 

acid (Masher’s acid) could be used to resolve chiral amines by formation of diastereomeric 

amides, which could be distinguish~ by ‘H or 19F nmr HPLC, or Cc.” Treatment of amino l 

esters (11) and (12) with Masher’s acid chlorfde,‘6 gave amides (15) and (16) respectively. 

The ‘H nmr spectra of (15) and (16) were too complex to interpret, but the “F nmr spectra 

showed that the diaatereomers were being distinguished, and that in the case of (151, the 

enantiomeric excess was at least 96%. This was confirmed by HPLC, which gave an enantiomeric 

excess of greater than 958. It is possible that at least some of this racemisation occurs 

during the acidic re-esterification, and during the prolonged exposure of the amides to 

pyridine whilst the anantiomeric excess was detf?rnined.X8 
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In conclusion, a stereospecific synthesis of Y,6-unsaturated (Sl-amino acids 

(S)-glutamic acid has been achieved, and the low cost of (II)-glutamic acid should 

this a viable synthesis of unsaturated (Ill-amino acids. Also, evidence in support 

mechanism for the DMFDMA induced elimination of B-hydroxyacids has been obtained. 

EXPERIMENTAL 
Melting points were determined with a Buchi 510 capillary apparatus and are _... 
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from 

also make 

of Mulzer’s 

uncorrected. Optical rotations were recorded on a Perkin-Elmer 241 Polarimeter. Ir spectra 
were recorded on a Perkin-Elmer 681 spectrophotometer; only selected resonances are reported, 
and are reported as (5) strong, (III) medium, (w) weak, or (br) broad. ‘H nmr spectra were 
recorded on a Bruker WH300 (300 MHz), AM 250 (250 MHz), or when stated AM 500 (500 MHz) 
spectrometer. The residual solvent peak was used as an internal standard, spectra were 
recorded in CDCl, unless otherwise stated, for compounds (5a-i) only selected resonances are 
reported. Multiplicities are reported as (br) broad, (s) singlet, (d) doublet, (t) triplet, 
(9) quartet, (m) multiplet, (dt.1 double triplet etc. “C nmr spectra were recorded at 62.85 
MHz on a Bruker AM 250 spectrometer unless otherwise stated, using the residual solvent peak 
as an internal reference. For compounds (51, (61, and (101, the DEPT sequence” was used, but 
spectra are reported as if they had been recorded as off-resonance spectra. lPF nmr spectra 
were recorded at 235.2 MHz on a Bruker AM 250 spectrometer and are externally referenced to 
CFCl,. Mass spectra were recorded on VG analytical Ltd. ZABlF, or MM30F mass spectrometers 
using the techniques of (DCI) ammonia desorption chemical impact, (FAB) positive argon fast 
atom bombardment, or (FD) field desorption. Microanalyses were performed by Mrs. V. Lamburn, 
Dyson Perrins Laboratory, University of Oxford. All solvents were distilled before use, THF 
was distilled over sodium/ benzophenone. Flash chromatography,a0 and dry flask chromatographyzl 
were performed on silica. Chiral HPLC was performed on a Waters M-6000A pump, Rheodyne 7125 
injector, Pye Unicam lC3 UV detector set at 254nm. and a semi-preparative column (250 x llmm 
internal diameter) packed with E-(3,5-dlnitrobenzoyl)-(RI-phenylglycine ionically bound to a 
silicon polymer. A flow rate of 1 ml per minute was used. 

t-Butyl 2-tritylamino-Ccarboxy-5-hydroxy-(2S)-heptanoate (5a) 
To diester (4a) (5.0 g, 10.0 mMol1 in MeOH (200 ml) was added a saturated solution of 

lithium hydroxide in MeOH/H,O (9:l) (100 ml). The solution was stirred at RT for 5 days, and 
the MeOH evaporated in vacua. The residue was acidified with aqueous citric acid and 
extracted with ether73 x 100 ml). The combined organic phases were dried (MgSO,) and 
evaporated to give (5a) as a white foam which was used without further purification. An 
analytical sample was obtained by flash chromatography (1:l Et,O/CH,Cl,). Yield 4.0 g (80%); 
(Found: C, 73.8; H, 7.3; N, 3.0. 
3370 br, 1730 m, 1600 m, 

C,lH,,NO, requires: C, 74.0; H, 7.35; N, 2.8%); vmax (nujol) 
and 1155 cm-’ S; 6H (500 MHz) 0.9-1.0 (3H, CIi,CH,), 1.24, m, 1.22, 

1.26, and 1.30 (4 x 9H, s, CC(CIi,),), 1.4-1.6 (2H, q , MeCE*), 2.5-2.7 (3H, m, C&C&CO,), 
3.4-3.5 (lH, m, NC$, 3.5-3.8 (lH, m, CPI-O), 7.1-7.6 (15H, m, ArH); 6C (125 MHZ) (DEPT) 10.04, 
10.19, 10.43, and 10.49 
27.76, and 27.84 (2 x q, 

(4 x q, CH,CH,), 26.24, 26.96, 27.87, an: 28.09 (4 x CHCH,CH), t, 
OC(CH,)T), 30.28, 32.85, 33.60, and 34.41, (4 x MeCH,); 45.80, t, 

46.26, 46.73, and 46.93 (4 x-d, CHCO,H), 55.19, 55.39, 55.40, and 55.51 (4 x dT NCH), 71.52, 
71.60, 72.31, and 72.51, (4 x s,-NCPh,), 73.60, 73.64, 73.74, and 74.64 (4 x d FH-01, 

(4 x s, Locke,), 126.53, 126.56, 126.80, 127.82,‘127.86 
81.53, 

81.65, 82.04, and 82.84 127.76, 
127.98, 128.10, 128.23, 128.66, 178.75, and 128.79 (12 x d, ArCH), 144.30, 145150, 144.85, 
and 145.63 (4 x Arc), s, 172.94, 173.07. 173.77, 173.82, 177.65, 177.69, 177.76, 178.20 and 
(8 x s, CO,,; m/z (FD) 504 (MH+), 485. 

t-Butyl 2-tritylamlno-4-carboxy-5-hydroxy-5-phenyl-(ES)-pentanoate (5b). 
The method was as described for (5a1 using diester (4b) (3.5 g, 6.0 mMol1. The reaction 

was complete in 2 days. Acidic work up gave (5b) as a white solid-which was used without 
further purification. 
1600 w, and 1154 cm-’ 

Yield 2.9 g (88%); umax (CHCl,) 3600-2400 br, 3060 w, 3000 q , 1728 s, 
s; 6H 1.23, and 1.28 (2 x 9H, s, OC(C&),), 3.0-3.5 (lH, m, NCHCOI), 

4.0-4.3 (lH, m, PhC&O), 7.0-7.6 (20H, m, ArKI; 6C (DEPT) 27.83, and 27.92 (2 x q, O??(CH,),), 
30.03, and 31.06 (2 x t, CH2), 48.85, and 48.91 (2 x d, CHCO,H), 55.63, and 57.18 (2 x-d, 
NCHCO,), 72.85, and 73.26 (2 x d, PhCH-01, 74.27, and 74T70 (2 x s, NCPh,), 82.17, and 83.06 
(2 x s, OgMe,), 126.59, 126.93, 127.73, 127.37, 127.76, 127.90, 127.98, 128.10, 128.28, 
128.61, 128.70, and 128.87 (12 x d, ArCH), 143.56, 144.61, 146.38, and 146.85 (4 x s, Arc), 
172.46, 174.23, 174.36, and 179.10 (4 ‘j; S, CO,); m/z (FD) 552 (MH+). 

t-Butyl 2-tritylamino-bcarboxy-5-hydroxy-5-methyl-(2S)-hexanoate (5~). 
The method was as described for (5a) using diester (4~) (1.5 g, 3.0 mMol1. The reaction 

mixture remained hetrogenous, and the reaction was worked up after 4 weeks. Flash 
chromatography (10% Et,O/CH,Cl,) gave recovered dlester (4~) (1.2 g, 80%) and (5~) as a 
white foam. Yield 250 mg (171, 86% based on recovered starting material); (Found: C, 74.05; 
H, 7.4; N, 2.7. C,,H,,NO, requires: 
w, 2980 w, 1720 s, and 1154 cm-’ 

C, 74.0; H, 7.4; N, 2.8%); v,,,~~ (CHCl,) 3600-3300 br, 3020 
5; 6H 1.13. 1.19, 1.22, and 1.25 (2 x 9H + 2 x 3H, S, OC(CE,l, 

+ (C&)&l. 1.7-2.1 (2H, m, CI121, 2.2-2.6 (2H, m, CHCO,H + NH), 3.4-3.6 (2H, m, NCIJO* + OH), 
7.1-7.5 (15H, m, Arti); m/z (DC11 504 (MH+, 2.11, 247 (lOO%).- 

t-Butyl 2-tritylamino-ll-carboxy-5-hydroxy-6-methyl-(2S)-heptanoate (56). 
The method was as described for (5a) using diester (4d) (250 mg, 0.5 mMo1). The reaction 

took 5 days and gave (56) as a white foam. 
1.15, 1.23, 1.25, and 1.28 (4 

Yield 190 mg (74%); 6H 0.8-1.1 (6H, m, (CFi,),), 
x 9H, s, OC(C&),), 7.0-7.7 (15H, q , Ar&); 6C (DEPT) 18.67, 
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19.36, 19.81, and 20.99 (4 x q, (CH,),CH), 24.53, 25.33, 30.28, and 30.79 (4 x t, CHI), 27.89 
(q, OC(CH,),), 32.31, 32.87, 33.88, and 35.20 (4 x d, Me,cH), 42.25, 43.47, and 44.92 (3 x d, 
CHCO,H)T 54.86, 55.21, and 55.57 (3 x d, NCHCO,), 71.10, 71.33, 72.28, and 73.14 (4 x 3, 
%Ph,), 77.07, 77.26, 78.35, and 79.37 (4 ‘j; d, CH-0), 81.86, 82.05, 82.17, and 82.43 (4 x 3, 
OFMe,), 126.38, 126.76, 127.23, 127.79, 127.92, 128.03, 128.80, and 130.41 (8 x d, ArcH), 
lTjg.99, 146.47, 146.90, and 147.33 (4 x 3, Arc), 173.52, and 174.38 (2 x 3, CO,); m/z (FD) 517 
(M+). 

t-Butyl 2-tritylamino-4-carboxy-5-hydroxy-5-(4-nitrophenyl)-(2S)-pentanoate (5e). 
The method was as described for (5a) Using diester (4e) (300 mg, 0.5 mMo1). The reaction 

took 24 hours and gave (5e) as a white foam. Yield 250 mg (85%). This crude material was used 
immediately without further purification. 

t-Butyl 2-tritylamino-4-carboxy-5-hydroxy-(PS)-pentanoate (5f). 
The method was as described for (5a) using diester (4f) (500 mg, 1.0 mMo1). The reaction 

took 24 hours and gave (5f) as a white solid, which was used without further purification 
Yield 450 q g (95%); (Found: C, 73.5; H, 7.0; , 2.7. C,,H,,NO, requires: C, 73.3; H, 6.9; 
N, 2.9%); vmax (nujol) 3600-2400 br, 1725 3, 1600 3, and 1150 cm-’ 3; 6H 1.28, and 1.40 (2 x 9H, 
3, OC(C&),), 1.3-1.7 (2H. m, GIL,), 2.2-2.5 (lH, m, C$O,H), 3.5-3.9 (3H, m, NC&O, + CE*-O), 
7.1-7.5 (15H, m, APH); 6c (DEPT) 27.86, (q, OC(cH,),), 30.87, and 33.59 (2 x t, CHCH,CH), 42.76, 
and 43.92 (2 x d, C?%O,H), 55.63, and 55.74 (2 x d, NCHCO,), 63.40, and 64.27 (2 x t, CH,OH), 
71.97, and 72.94 (7 X 3, NCPh,), 82.33, and 83.51 (2 X 3, EMMe,), 127.23, 127.91, 128.14, 
128.38, 128.64, and 128.88-(6 x d, ArCH), 143.52, and 144.84 (2 x 3 Arc), 172.48, 173.92, 
176.19, and 177.31 (4 x 3, CO,); m/z TFD) 476 (MH+). 

t-Butyl 2-tritylamino-4-carboxy-5-hydroxr(2S)octanoate (5g). 
The method was as described for (5a) using diester (4 9) (160 mg, 0.3 mMol). The 

reaction took 2 weeks and gave (5g) as a COloUrleSS oil, which was used without further 
purification. Yield 150 mg (97%); 6H 0.8-1.0 (3H, m, C$CH,CH,), 1.11, 1.17, 1.24, and 1.29 
(4 x 9H, 3, oC_(C$),), 1.3-1.5 (2H, m, MeCliz), 3.3-3.5 (lH, m, NCECO,), 3.7-3.9 (lH, m, CE-O), 
7.1-7.6 (15H, m, Ar!); m/z (FD) 518 (MH+). 

t-Butyl 2-tritylamino-4-carboxy-5-hydroxy-(ZS)-hexanoate (5h). 
The method was as described for (5a) using dlester (4h) (250 mg, 0.5 mMo1). The reaction 

took 2 weeks and gave (5h) as a colourless oil, which was used without further purification. 
Yield 170 mg (70%); 6H 1.10, 1.12, 1.23, and 1.28 (4 X 9H, 3, 1.2-1.4 (3H, m, 
CtJ,CH-01, 7.1-7.6 (15H, m, ArI$; m/z (FD) 490 (MH+). 

oC(C&,),), 

t-Butyl 2-tritylamino-Il-carboxy-5-hydroxy-5-(4-methoxyphenyl)-(2S)-pentanoate (51). 
The method was as described for (5a) using diester (4i) (340 mg, 0.6 mMo1). The reaction 

took 3 days and gave (51) as a white solid, which was used without further purification. 
Yield 310 mg (89%); vmax (c~cl,) 3100 br, 3002 m, 1720 3, 1248 s, 1152 3, and 708 cm-' 9: 6H 
1.17 (gH, S, OC(CEJ,),), 3.5-3.6 (lo, m, NCHCO,), 3.76 (3H, 3, ArOCH,) 4.6-4.7 (lH, m, ArCL-O), 
6.7-6.9 (2H, m, Arc, ortho OMe), 7.1-7.5 (T7H, m, ArH); 6C 27.69 (4, OC(cH,),), 32.45 (t, cH2), 
48.58 (d, CHCO,), 55.23 (d, NCHCO,), 55.30 (q, ArOcH,), 72.53.(s, NCPh,), 75.21 (dv Ar:H-0)s 
82.36 (3, ECMe,) 107.94 (d, A%H ortho OMe), 113.80 (ArCH meta OMe), 127.66, 127.88, and 128.73 
(3 x d, A&E), 133.82, 144.51,-&d 159.19 (3 x 3, Arc),T72.63, and 177.64 (2 x 9, CO,); m/z 
(DCI) 599TM + NH,+), 582 (kH+), 564, 243. 

t-Butyl 2-tritylamino-4-carbxy-5-hydroxy-(2S)-heptanoate Y-lactam (10). 
To hydroxyacid (5a) (250 mg, 0.5 mMo1) in pyridine (0.5 ml) at O°C was added benzene- 

sulphonyl chloride (380 mg, excess). The solution was shaken, kept at 4’C for 18 hours, and 
poured into water (10 ml). The products were extracted with ether, dried (MgSO,), and the 
solvents evaporated in vacua. Flash chromatography (CH,Cl,) gave (10) as a white foam. -- 
Yield 200 mg (82%); vmax (nujol) 1740 (m, lactam C-O), and 1710 cm-’ (3, ester C-O); 6fi 0.61, 
0.63, 0.82, and 0.85 (4 x 3H, t, CHICHI), 1.22, 1.30, and 1.36 (3 x 9H, s, CC(C&),), 1.4-1.8 
(2~, m, MACH*), 1.9-2.9 (2H, m, CHCk&CH), 3.0-3.6 (lH, m, CHcOz), 4.0-4.4 (lH, m, NCK), 4.4-5.2 
(iH, m, CHZO), 7.25 (15H, s, ArH); 6C (125 MHz) (DEPT) 7.67, 8.88, 9.65, and 10.14 (4 x q, 
CH,CH,), F2.94, 23.07, 23.80, a?id 25.01 (4 x t, Ct&), 25.69, 27.09, 27.35, and 27.46 (4 x t, 
CH,), 27.63, 27.67, 27.70, and 27.77 (4 x q. OC(cH,),), 43.77, 44.43, 45.36, and 45.71 (4 x d, 
FHCON), 60.12, 60.21, 60.40, and 60.80 (4 x d, NCH), 75.02, 75.12, 75.15, and 75.18 (4 x 3, 
kPh,), 81.66, 81.69, 81.89, and 82.28 (4 x s, K-Me,), 83.17, 83.83, 84.33, and 84.69 (4 x d, 
C&O), 127.03, 127.11, 127.38, 127.42, 128.89, 128.99, 129.09, 129.17, 130.29, 130.36. 130.39, 
and 131.44 (12 x d, A&H), 142.17, 142.22, and 142.35 (3 x 3, Arc), 171.22, 171.48, 171.88, 
172.41, 172.77, 173.00; 173.13, and 173.39 (8 x s, CO, + C(O)N); m/z (FD) 485 (M+), 467. 

t-Butyl 2-tritylamino(S)-4-heptenoate (6a). 
To hydroxyacid (5a) (3.0 g, 6.0 mMo1) in toluene (60 ml) was added DMFDMA (12.0 ml, 

excess). -The solution was stirred at RT for 1 hour, then heated at 100°C for 18 hours. The 
solvent was evaporated in vacua and the residue subjected to flash chromatography (40% hexane/ -- 
CH,Cl,) to give (6a) as a colourless oil. Yield 1.6 g (60%); Found: C, 81.6; H, 7.9; N, 3.2. 
C,,H,,NO, requires C, 81.6; H, 7.9; N, 3.2%); vmax (neat) 3320 w, 3060 m, 3020 m, 2970 m, 
1730 3, 1600 m, and 1150 cm-’ 3; 6H 1.00, and 1.01 (2 x 3H, t, CQH,), 1.18, and 1 .19 (2 x 9H, 
3, CC(Ci&),), 1.9-2.2 (2H, m, MeCE2), 2.2-2.5 (2H, m, CHClI,CH), 2.71 (lH, br, NK);3.2-3.4 (1H, 
m, NCE), 5.3-5.6 (2H, m, Cll_CE), 7.1-7.6 (15H, m, AI’!); 6C 13.71, and 14.19 (2 x Cl, CH,CH,) 
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24.72, and 25.62 (2 x t, M&-Hz), 27.92, and 27.98 (2 x 9, CC(cH,),), 33.51, and 39.06 (2 x t, 

NCHCH,), 56.27, and 56.44 (2 x d, NCH), 71.21 (9, NCPh,), 80.19, and 80.31 (2 x s, OC_Me,), 

123T93, and 124.14 (2 x d, C-CH), 126.26, 127.73, and 128.81 (3 x d, ArCHI, 134.02, and 135.34 

(2 X d, C.CH), 146.40 (s, ArcT, 173.64, and 173.75 (2 X s, CO,,; m/z (FE) 441 CM+). 

t-Butyl 2-tritylamino-5-phenyl-(S)-4-pentenoate (6b). 

The method was as described for alkene (6a) using (5b) (950 me, 1.7 mMo1). Flash 

chromatography (15% hexane/CH,Cl,) gave (6b) as a colourless oil. Yield 420 mg (50%); (Found: 

C, 83.5; H, 7.4; N, 2.6. C,,H*,NO, requires: C, 83.4; H, 7.2; N, 2.9%); vmax (neat) 3310 w, 
3030 m, 2980 m, 1725 s, 1598 m, and 1150 cm-’ s; 6H 1.11, and 1.18 (2 x 9H, s, OC(C&),), 
2.5-3.0 (2H, m, C&l, 3.4-3.5 (lH, m; NCECO,), 5.76 (lH, dt, J 11.7, and 6.8 HZ , -CKCH, 

(Z)-isomer), 6.21 (lH, dt, J 15.8, and 7.3 Hz, =CHCH, (El-isomer), 6.42 (lH, d, J 15.8 Ha, 

PhCH- (El-isomer). 6.58 (1H: d, J 11.8 HZ, PhCH= TZ)-isomer), 7.1-7.6 (20H, m, GH); 6C (DEPT) 

27.86, and 27.98 (2 x q, OC(CH,)T), 39.72 (t, -I&), 56.40, and 56.73 (2 x d. NCHCT,), 71.33 

(s, NCPh,), 80.58 (s, CCMe,); 126.05, 126.13, 126.37, 126.67, 127.09, 127.82, 728.13, 128.47, 

and 178.86 (9 x d, ArCHTC-CHCH,), 131.15, and 132.60 (2 x d, PhCH-0). 137.68, and 138.21 (2 x 

s, Arc), 146.32, and T46.37-(2 x s, ArC_), 173.63 (9, CO,); m/z @D) 489 CM*). 

t-Butyl 2-tritylamino-5-methyl-(S)-4-hexenoate (6~). 

The method was as described for alkene (6a) using (5~) (200 mg, 0.4 mMo1). Flash 

chromatography Cl:1 hexane/CH,Cl,) gave (6~) as a white oil. Yield-70 mg (40%); (Found: C, 

81.8; H, 7.7; N, 3.1. c,,H,,No, requires: C, 81.6; H. 7.9;.N, 3.2%); CalflO + 28.9’ (C 2.14 

in CHCl,); v,,, s, (neat) 3315 br, 3030 w, 2980 m, 2930 m, 1730 1598 W, and 1150 cm-’ 9; 6H 
1.14 (9H, s, OC(C&,),), 1.64, and 1.71 (2 x 3H, s, (C&)&-), 2.36 (2H, t, J 6.6 Ha, C&CH-1. 
3.29 (lo, t, J 5.9 HZ, NCHCO,), 5.13 (lo, t, J 7.4 HZ, c-m), 7.1-7.6 (15H, m, ArKI; 6C (DEPT) 
18.08, and 25T97 (2 x q, TCH,),C=), 27.96 (q,-OC(CH,),), 3x.85 (t, CH,), 56.75 (d, NCHCO,), 
71.31 (s, NCPh,), 80.19 (~7 OCMe,), 120.08 (d,CsK), 126.35, 127.837 and 128.94 (3 x-d, ArCH), 
133.73 (s, i+, 146.56 (s, AFG,, 174.14 (s, CO,); m/z (FD) 441 CM+). 

t-Butyl 2-tritylamino-6-methyl-(S)-4-heptenoate (6d). 

The method was as described for alkene (6a) using (56) (115 mg, 0.22 mMo1). Flash 

chromatography (1:l hexane/CH,Cl,) gave (6d) as a colourless oil. Yield 30 mg (30%); (Found: 

C, 81.6; H, 8.4; N, 2.85. C,IH,,NO, requires: C, 81.8; H, 8.1; N, 3.1%); vmax (CHCl,) 3320 

w, 3060 w, 3004 m, 2964 s, 1725 s, 1598 m, 1155 s, and 708 cm-’ s; 6H 0.87 and 0.91 (2 x 6H, 

d, J 6.7, and 6.6 Hz, (W,),CH), 1.08 (9H, s, OC(CE,),), 2.2-2.8 (4H, m, CHMe, + Cl& + NH), 

3.2=3.4 (lH, m, NCHCO,), 5.1-5.6 (2H, m, CH-CH), 7.0-7.8 (15H, m, ArH); 6C-(125 MHZ) (DEFT) - - 
22.53, and 23.10 (1 x q, (CH,)&H), 26.59 (d, Me&H), 27.98 (4, OC(@.n,)I), 31.15, and 33.71 

(2 x t, Cl&), 56.35, and 55.41 (2 x d, NCHCO,), 71.24 (s, NCPh,), 80.20, and 80.38 (2 x s, 

OCMe,), 122.08, and 122.20 (2 x d,C-C_HH), 126.30, 127.76, and 127.87 (3 x d, ArCH), 139.87, and 

17i1.00 (2 x s, Arc), 146.43, and 146.48 (2 x d, C-CH), 173.63, and 173.84 (2 x s, cOl); m/a (FD) 

455 CM+). 

t-Butyl 2-tritylamino-5-(cl-nitrophenyl)-(S)-4-pentenoate (6e). 

The method was as described for alkene (6a) usinn (5e) (250 ma. 0.4 mMo1). Flash 

chromatography (20% hexane/CH,Cl,) gave (6e) as a col&rless oil. Yield 20 mg (9%); 6H 1.10, 

and 1.14 (2 x 9H, s, OC(Ctll)p), 2.4-2.7 (2H, m, CII,), 3.3-3.5 (lH, m, NCI&O,), 5.9-6.1, and 

6.3-6.6 (2 x lH, m, -CHCH,), 6.3-6.4 (lH, m, ArCH_C), 7.1-8.2 (19H, in, APE); m/z (FD) 534 CM+). 

t-Butyl 2-tritylamino-(S)-4-octenoate (6g). 

The method was described for alkene (6a) using (5g) (180 mg, 0.4 mMo1). Flash 

chromatography Cl:1 hexane/CHCl,) gave (6g) as a colourless oil. Yield 95 mg (52%); (Found: 
C, 81.3; H, 8.0: N; 3.1. C,IH,,NO, requires: C, 81.8; H, 8.1; N, 3.1%); vmax (CHCl,) 3410 w, 

2980 s, 2965 s, 1722 s, 1152 s, and 706 cm-’ s; 6H 0.8-1.0 (3H, m, CE,CHICH,), 1.17, and 1.27 

(2 x 9H, 9. oC(ClI,),), 1.3-1.5 (2H, m, MeC&), 1.9-2.1, and 2.2-2.4 (2 x ZH, m, CF&CH-CHC&), 

2.68 (lH, br, NE), 3.2-3.4 (lH, m, NCECOz), 5.3-5.6 (ZH, m, CH-CH), 7.1-7.6 (15H, in, Arfl); 6C -- 
(DEPT) (major diastereomer only, peaks for minor diastereomer of lower intensity than the 

signal to noise ratio) 13.72 (q, CH,CH,CH,), 22.60 (t, MecH.1. 28.01 (q, OC(cH,),), 34.77, and 

39.03 (2 x t, CH,CH=), 56.44 (d, 

126.28, 127.76; and 128.85 (3 x 

NCHCO,), 71.25 (s. NCPhl), 80.21 (s, OCMe,), 125.21 

d,-ArcH), 133.73 (d, CH_C), 146.49 (s, Arc,, 173.66 

(d, 2H-C)) 

m/z (FD) 455 CM+). 

(s, CO,,; 

t-Butyl 2-tritylamino-(S)-4-hexenoate (6h). 

The method was as described for alkene (6a) usinu (5h) (150 OK. 0.3 mMo1). Flash 

chromatography (1:l hexane/CH,Cl,) gave (6h) as a colourless oil. -Yield 50 mg (38%); (Found: 

C, 81.2; H, 8.0; N; 3.1. C,,H,,NO, requires C, 81.5; H, 7.7; N, 3.3%); umax (CHCl,) 3320 w, 
3000 m, 2990 m, 1722 s, 1151 s, and 706 cm-’ s; 6H 1.67, and 1.77 (2 x 9H, s, OC(CH.),), 1.66, 
and 1.68 (2 x 3H, s, Cl&CH-C). 2.2-2.5 (2H, m, C$CH-Cl, 2.69 (lH, br, NH) 3.2-3.4 (1H. m, 

NCK), 5.3-5.7 (2H, m. CE-C$, 7.1-7.7 (15H, m, ArE); 6C (125 MHZ) (DEPT) 13.06, and 15.22 (2 x 

q. CH,CH-), 27.87, and 27.94 (2 x q. CC(cH,),), 33.23, and 39.07 (2 x t, cH2), 56.29, and 56.44 

(d, NCHCO*), 71.29, and 71.31 (2 x s, NCPh,), 80.19, and 80.27 (2 x s, OCMe,), 126.25, 126.43, 

127.77, 127.89. 128.07, and 128.80 (6 x-d, ArCHI, 133.92 (5, Arc), 174.57 (s, CO,); m/z (FD) 

427.(M+). 

t-Butyl 2-tritylamino-5-(4-methoxyphenyl)-(S)-Gpentenoate (61). 
The method was as described for alkene (6a) using (5i) (220 mg, 0.4 mMo1). Flash 

chromatography (40% CH,Cl,/hexane) gave (61) as a colourless 011. Yield 100 mg (48%); 
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(Found: C, 81.1; H. 7.05; N, 2.8. C,,H,,NO, requires C, 80.9; H, 7.1; N, 2.7%); %ax (CHCl,) 
3001 w, 1725 m, 1510 s, 1245 s, 1152 s, and 704 cm-’ s; 6H 1.11, and 1.16 (2 x 9H, 5, 
OC(C&),), 2.4-2.9 (3H, m, CH, + NH), 3.3-3.5 (lH, m, NCHC02), 3.81, and 3.83 (2 x s, C&OAr), 
5.66 (lH, dt, J 11.7, and 7.8 Hz,CyCHCH, (Z)-isomer), 6.55 (lH, dt, J 15.7, and 7.6 Hz, C=CHCH, 
(El-isomer), 6T36 (lH, d, J 15.7 Hz,ArCH-C (El-isomer), 6.50 (lH, dy J 11.6 Hz, ArCH=C (Z)- 
isomer), 6.8-7.6 (19H, m, xr!), 6C (DEPTH 27.87, and 27.98 (2 x q. OC(cHH,),), 33.95.and 39.71 
(2 x t, Cl&), 55.27 (q, OCH,), 56.48, and 56.82 (2 x d, NCH). 71.31 (s, NCPh,), 80.48 (3, 
OCMe,), 113.62, and 113.95 (2 x d, C=CHCH,), 123.79, 126.33, 127.23, 127.79, 127.93, 128.87, 
130.03, 130.45, and 131.98 (9 x d, ArFH + ArCH-1; 146.40, 146.93, and 158.92 (3 x s, Arc), 
173.71 (s, CO,,; m/z (DCI) 520 (MH+, 7x1, 247 (100%). 

2-Amino-(S)-4-heptenoic acid hydrochloride (7a)“. 
To alkene (6a) (400 mg, 1.0 mMo1) in CH,Cl, ~(5 ml) was added 90% aqueous TFA (5 ml, 

excess), the yellow solution was stirred at RT for 1 hour, diluted with CH,Cl,, and the 
products extracted into 1M hydrochloric acid. The aqueous layer was thoroughly washed with 
CH,Cl, and evaporated in vacua as an azeotrope with ethanol to give (7a) as a white powder. -- 
Yield 155 mg (95%) urnax (K&) 3500-2300 br, 1730 9, 1680 m, and 1475 cm-’ 5; 6H (D,O) 0.74, 
and 0.75 (2 x 3H, t, J 7.5 Hz, C$CH,), 1.7-1.9 (2H, m, MeCl&), 2.3-2.5 (2H. m, CHC&CH), 
3.7-3.9 (lH, m, NC$O,), 5.0-5.2 (lH, m, CH-C), 5.4-5.6 (lH, m, U&C); m/z (DC11 144 (MH+, 
100X), 98 (66). 

2-Amino-5-phenyl-(S)-4-pentenoic acid hydrochloride (7b)“. 
The method was as described for alkene (7a) using protected amino acid (6b) (250 mg. 0.5 

mMo1). Yield 110 mg (95%); 6H (D,O) 2.6-2.9 (2H, m, C$), 3.8-4.1 (lH, m, NCHCO,), 5.49(1H. 
dt, J 10.7, and 5.8 Hz,&CHCH,, (Z)-isomer), 6.02 (lH, dt, J 16.4, and 6.8 Hz: C=CHCH, (El- 
isomer), 6.48 (lH, d, J 16T4 Hz, PhCH-C, (E)-isomer), 6.60 TlH, d, J 10.8 Hz, PhcHyC (Z)-isomer); 
III/Z (DCI) 192 (MH+, lo?i%,, 148 (43): 

2-Amino-5-methyl-(S)-4-hexenoic acid hydrochloride (7~)‘“. 

The method was as described for alkene (7a) using protected amino acid (6~) (30 mg, 
0.05 mMo1). Yield 6 mg (49%); 6H (D,O) 1.50, and 1.59 (2 x 3H, s, (C&),C=C), 2.4-2.6 (2H, 
m, cE2), 3.8-3.9 (in, m, NCECO,), 4.9-5.0 (1H, m, C=CE); m/z (DCI) 144 (MH+). 

a-t-B&y1 Y-methyl N-trityl-(S)-glutamate (2) from o-t-butyl N-trityl-(S)-glutamate (8). 
To acid (8)’ (150 mg, 0.3 mMo1) in toluene (5 ml) was added DMFDMA (0.5 ml, excess). 

The solution was heated at 100°C for 18 hours, the solvents were evaporated in vacua and the -- 
residue subjected to flash chromatography (CH,Cl,), to give (2) as a white solid. Yield 
50 mg (30%); Calm” + 22.5° (c 7.5 in CHCl,). This product was identical to an authentic 
sample of (2)’ as shown by t.1.c. (CH,Cl,) and ‘H n.m.r. spectroscopy. 

t-Butyl 2-tritylamino-4-carbomethoxy-5-hydroxy-5-phenyl-(2S)-pentanoate (4b) from 
t-butyl f-tritylamino-4-carboxy-5-hydroxy-5-phenyl-(S)-pentanoate (5b). 

Diazomethane dissolved in ether” (excess) was added to a flask containing hydroxy-acid 
(5b) (170 mg, 0.3 mMo1) dissolved in ether (10 ml) and cooled to OOC. The yellow solution was 
allowed to stand for 30 minutes at OOC, then acetic acid was added dropwise until the yellow 
colour was quenched. The solvents were evaporated in vacua and the residue subjected to flash 
chromatography (2% Et,O/CH,Cl,) to give (4b) as a whit-foam. Yield 30 rag (16%). This product 
was identical to an authentic sample of (4b)‘, as shown by t.1.c. and ‘H n.m.r. spectroscopy. 

Methyl 2-amino-5-phenyl-(S)-4-pentenoate (ll)lV1 
Amino acid (7b) (80 mg, 0.4 mMo1) was added to a saturated solution of hydrogen chloride 

in methanol (5 ml). The solution was stirred at RT for 18 hours, the MeOH was evaporated 
in vacua, and the residue redissolved in Et,0 and washed with saturated aqueous sodium -- 
carbonate. The organic phase was dried (MgSO,), and evaporated in vacua to give (11) as a 
colourless oil. Yield 40 mg (50%); 6H 2.02 (2H, br, Nt&), 2.5-2.9 (2H, in, C&j, 3.5-3.8 (lH, 
m, NCHCO,), 3.70, and 3.78 (2 x 3H, s, OCt&), 5.69 (lH, dt, J 11.4, and 5.9 Hz, C-CECH, 
IZ)-izomer), 6.15 (lH, dt, J 16.2, and 6.5 Hz, C=Cl$H,, (El-isomer), 6.52 (lH, d, J 16.2 Hz, 
PhCH-C, (El-isomer), 6.61 (TH, d, J 11.4 Hz, PhcH-C, (Z)-isomer), 7.2-7.5 (5H, m, ArK); m/z 
(CT) 206 (MH+). 

Methyl 2-amino-5-phenyl-(RS)-(El-4-pentenoate (11) from N-bensylidene glycine methyl ester 
(13). 

To E-bensylidene glycine methyl ester” (13) (2.0 g. 11.0 mMo1) in THF (10 ml) under 
argon at -78V was added a solution of LDA cl,3 g, 12.1 mMo1) in THF (10 ml) followed by HMPA 
(2 ml). The resulting red solution was stirred at -78°C for 1 hour, then cinnamyl bromide 
(2.3 g, 12 mMo1) dissolved in THF (10 ml) was added and the sclution allowed to warm to RT 
over a period of three hours. The THF was evaporated in vacua, and the residue dissolved in -- 
Et,0 and washed with 1M hydrochloric acid. The organic phase was dried (MgSO,), and the 
solvent evaporated in vacua. The resulting oil was absorbed onto a silica column and allowed -- 
to stand for 1 hour, in order to hydrolyse the imine, and then subjected to flash chromatography 
(CH,Cl, then Et,O, then 5% MeOH/Et,O) to give (E,E)-dicinnamyl-glycine methyl ester (14) 
(500 mg, 14%), and (11) as a colourless oil. Yield 16 mg (1%); 6H (500 MHz) 1.79 (2H, br, NE,), 
2.5-2.6, and 2.6-2.7 (2 x lH, m, Cliz), 3.64 (lH, dd, J 6.9, and 5.4 Hz, NC&CO,), 3.76 (3H, 9, 
OCH,), 6.15 (lH, dt, J 15.7, and 7.5 Hz, C-CECH,), 6.50 (lH, d, J 15.7 Hz. PhC&-C), 7.2-7.4 
(5H, In, AI-E); m/z (CIT 206 (MH+). 
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Methyl N-((R)-2-methoxy-2-phenyl-3,3,3-trifluoropropiOnOyl~-2-amino-5-phenyl-~S~-4-pentenoate 
(15). 

fo (S)-amino ester (11) (8 mg, 0.03 mMo1) in CDCl, (0.5 ml) was added CR)-Masher's acid 
chloride" (11 mg, 0.04 mMc1) and pyridine (1 drop, excess). The resulting solution was 
analysed by *'F nmr. The solvents were evaporated in vacua and the residue analysed by -- 
chiral HPLC using a solvent system of 10% iPrOH/hexane. The enantiomeric excess of the amino 
ester was found to be at least 96%; 6F -70.96; retention time 30.5 min. 

Methyl N-((R)-Z-methoxy-2-phenyl-3,3,3-trifluoropropionoyl)-2-amino-5-phenyl-(RS)-4-pentenoate 
(16) 

The method was as described for amino ester (15) using (12) (8 mg, 0.03 mMo1). The 
product was analysed as for (15). 6F -70.74, and -70.96; retention time 30.5 min, and 
32.3 min. 

Acknowledgements 

We thank the S.E.R.C. for a quota award to M.N., Glaxo Group (U.K.) Ltd. for financial 
support to M.G.M., Dr. A.E. Derome for help with the nmr work, Dr. W.J. Norris for help with 
the HPLC work and Miss J. Bryant for typing this manuscript. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Part 2 in this series is: J.E. Baldwin, M. North, A. Flinn and M.G. Maloney, preceding 
paper. 

For example: S.J. Norton, M.C. Maung, C.G. Skinner and W. Shive, Archives of 
Biochemistry and Biophysics, 1962, 96, 287; S. Hatanaka and H. Katayama, Phytochemistry, 
1975, 2, 1434 and references therein. 

J. March, 'Advanced Organic Chemistry: Reactions, Mechanisms and Structure', McGraw-Hill, 
London, 1983. 

T.W. Greene, 'Protective Groups in Organic Chemistry'. Wiley, London, 1981. 

J. Mulzer, A. Pointer, A. Churcholowski and G. Bruntrup, J.Chem.Soc.,Chem.Commun., 1979, 
52; J. Mulzer and G. Bruntrup, 

W. Adam, J. Baeza and J. Liu, J.Am.Chem.Soc., 1972, 2, 2000; A.P. Krapcho and 
E.G.E. Jahngen, Jr., J.Org.Chem., 1974, 2, 1322; A.P. Krapcho and E.G.E. Jahngen, Jr., 
J.Org.Chem., 1974, 2, 1650; S. Mageswaran and M.U.S. Sultanbawa, J.Chem.Soc., Perkin 
Trans. 1, 1976, 884. 

S. Hara, H. Taguchi, H. Yamamoto and H. Nozaki, Tetrahedron Lett., 1975, 16, 1545. 

J. Mulzer and G. Bruntrup, Tetrahedron Lett., 1979, 21, 1909. 

J. Mulzer and G. Bruntrup, Chem.Ber., 1982, 115, 2057. 

R.F. Abdulla and R.S. Brinkmeyer, Tetrahedron, 1979, 3, 1675 and 
references therein. 

T.H. Black, Aldrichimica Acta, 1983, 16, 3. 

K.A. Kime and R.E. Sievers, Aldrichimica Acta, 1977, lo, 54. 

G. Dardenne and J. Casimir, Phytochemistry, 1968, 1, 1401. 

U. Schollkopf. W. Hartwig, K.H. Popischil and H. Kehne, Synthesis, 1981, 966. 

G. Stork, A.Y.W. Leong and A.M. Touxin, J.Org.Chem., 1976, 41, 3493; M. Geze, 
P. Blanchard, J.L. Fourrey and M.R. Gero, J.Am.Chem.Soc., lg3, 105, 7638. 

J.A. Dale, D.L. Dull and H.S. Masher, J.Org.Chem., 1969, 2, 2543. 

T.F. Buckley and H. Rapport, J.Am.Chem.Soc., 1981, 103, 6157; Y. Nagao, T. Kumagai, 
S. Yamada, E. Fujita. Y. Inoue, Y. Nagase, S. Aoyagi and T. Abe, J.Chem.Soc.,Perkin 
Trans. 1, 1985, 2361; J.E. Norlander. F.G. Njoroge, M.J. Payne and D. Warman, 
J.Org.Chem., 1985, 50, 3481. 

D.S. Kemp, 'The Peptides, Analysis, Synthesis, Biology', E. Gross and J. Meienhofer 
(Eds.1, Academic, London, 1979, l_, Ch.7. 



1474 J. E. BALDWIN et al. 

19. A.E. Derome, 'Modern NMR Techniques for Chemistry Research, Pergamon, Oxford, 1987 
Chapter 6. 

20. W.C. Still, M. Khan and A. Mitra, J.Org.Chem., 1978, 2, 2923. 

21. L.M. Harwood, Aldrichimica Acta, 1985, 3, 25. 

22. 0. Achmatowicz and M. Pietrazhiewicz, J.Chem.Soc., Perkin Trans. 1, 1981, 2680. 

23. A.W. Coulter, J.B. Lambardini and P. Talalay, Mol.Pharmacol., 1974, 10, 305. 


