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Abstract

A base 1labile urethane (Bnpeoc) group derived from 2,2-bis(4'~
nitrophenyl)ethan~1-ol has been developed as an amine protecting

group. This protecting group may be cleaved using the reagents DBN,
DBU, DBU/HOAc and piperidine. The preparations of N®-Bnpeoc amino
acids and applications to peptide/glycopeptide synthesis are
described.

In recent years the Merrifield Solid Phase Peptide Synthesis (SPPS)
conceptl has been modified by introduction of the N®Fmoc protecting
group2 for a-amino acids. This base labile protecting group allows the
side chain functionality to be labile to mild acid such as trifluoroacetic
acid (TFA) in order to obtain the required orthogonality between NO- and
side chain functionality. In addition the design of a linker unit which
can finally release the assembled peptide by TFA means that the crude
peptide may be obtained at the end of SPPS using a single treatment by
TFA, thus minimising exposure of the synthetic peptide to strong acid. A
further degree of orthogonality may be obtained by using extremely
acid-labile3 or fluoride-cleavable 1linkers4 which allows the SPPS of
protected peptides for subsequent fragment coupling.
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In addition to the chemical benefits accruing to the N®Fmoc/But
strategy® there is another advantage in that the deprotection mechanism
(Scheme 1) produces the olefin (1) and the piperidine adduct (2), both of
which can be monitored by real time UV spectroscopic measurement.
However it must be remembered that for SPPS using automated instruments,
all reagents must be soluble in the chosen solvent in a prescribed, short
time at room temperature. Some N2%-Fmoc a~-amino acid derivatives are not
sufficiently soluble in dichloromethane, which is used 1n the Merrifield
Boc/Bzl protocol, and hence require the more polar solvent dimethyl-
formamide (DMF). Furthermore the Fmoc/But approach 1s rendered more
expensive because of the cost of N®-Fmoc «-~amino acaids. Thus we sought
to design an alternative base-labile protecting group which would be
capable of UV monitoring, give soluble derivatives and be less expensive.
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Scheme 2

The design concept, 1llustrated in Scheme 2, started from the Fmoc
group (3) by cleaving the biphenyl bond to give the diphenylethoxycarbonyl
system (4) and then introducing NO; groups to regain, and 1increase, the
acidaty of the  hydrogen according to the pKa values for the parent
systens. The target, 2,2-bis(4'-nitrophenyl)ethan-l1-oxycarbonyl
(Bnpeoc), protecting group (5) was independently investigated by K¥nig et
al,® and reported briefly 1n a conference proceedings. However, only
five o-amino acid derivatives were prepared of which only Bnpeoc.Phe.OH
was obtained as a crystalline solad. Of various options, the route
selected for large scale (1 kg) synthesis of 2,2-bis(4'-nitrophenyl)-
ethan-1-o0l (8) 1s shown in Scheme 3.
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Synthesis of 2,2-bis(4'-nitrophenyl)ethan-1-ol (8)

The first step in the synthesis of (8) involves the reaction of
phenylmagnesium bromide with styrene oxide (6) which could produce two
products. However, it had been shown by Kharash and Clapp7 that the
desired product (7) was produced when styrene oxide was added to the
Grignard reagent, presumably due to Lewis acid-induced opening of the
epoxide favouring the more stable benzylic carbocation intermediate.
After acetylation, the nitration of 2,2~diphenylethyl acetate proceeded 1in
66% yield. The temperature of the reaction mixture proved to be critical
since below 0°C the nitration was too slow whereas 1f the temperature was
allowed to rise above 0°C the yield of desired 4',4'- dinitro-product was
reduced, probably due to decreased selectivity of the natration.
Subsequent acid-catalysed methanolysis of the acetate then gave the
required alcohol (8).

Treatment of the 2,2-bis(4'-nitrophenyl)ethan-1-ol (8) with phosgene
(used as a toluene solution) and N-methylmorpholine (NMM) afforded the
corresponding chloroformate (9) as a white crystalline solid. In
practice, however, (9) was not isolated usually and the NMM hydrochloride
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(1) PhMgBr (60%); (11) Acy0/Ht (cat.) (>95%);
(111) HpSO4/HNO3 (66%); (1v) HY/MeOH (>95%); (V) COCl,/NMM,
(vi) HONSu/NMM (82%); (vii) Et3N/a—amino acid (65-90%)

Scheme 3
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salt formed in the preparation of (9) was removed by filtration, whereupon
the crude chloroformate solution was converted directly to the
N-succinimidyl carbonate (10) by the addition of a further equivalent each
of NMM and N-hydroxysuccinimide. The required product, Bnpeoc-~ONSu (10)
was 1solated as a white solid in 82% yield.
Preparation of N®-Bnpeoc amino acid derivatives

The general methods for the preparation of N@-Bnpeoc amino acids from
(10) were adaptations of the methods of Lapatsanis® and Rich.? A
solution of (10) in DMF was added slowly to the a—-amino acid in aqueous
10% NasC03 (2 equiv) and in the case of serine, threonine and tyrosine the
yield of product could be improved with the addition of aqueous 5% NaHCO;
(1 equiv). Alternatively the o-amino acid was suspended 1n dioxan/water
(1:1) before addition of triethylamine (1.5 equiv) after which solid
Bnpeoc-ONSu (10) was added and the reaction followed by tlc until
completion (4-16 h). For the Bnpeoc derivatisation of hindered amino
acids such as oa-aminoisobutyric acid this was best achieved by using the
chloroformate (9). The N®-Bnpeoc amino acid deraivatives were isolated by
acidifying the reaction mixture followed by solvent extraction. In the
case of derivatives which proved difficult to purify, these were converted
into the cyclohexylamine (Cha) or dicyclohexylamine (Dcha) salts. These
salts were recrystallised and reconverted to the pure N®-Bnpeoc amino
acids an near quantitative yields by partitioning the salt between an
organic solvent and aqueous 2.0 M KHSO4 solution. The free acids were
obtained either as a foam or as a precipitate from chloroform/petroleum
ether. The experimental section collates the N2®-Bnpeoc amino acids of
which Bnpeoc.Ala.OH was subjected to X-ray crystal structure determination
and the result 1s shown in Figure 1.

Figure 1 View of the asymmetric unit showing the
Bnpeoc.Ala.0H linked carboxylic acid dimeric system
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Ccrystal Data:- C,,H,,N,0,, M = 403.31, monoclinic, space group P2,, a =
9.658(7), b = 12.057(6), ¢ = 16.302(8)A, B = 91.93(5)°, V = 1897A3 [from
20 values of 25 centred reflections with 20 = 10-25°, X = 0.71073A)], 2 =
4, Dcalc = 1.412 g cm™3, T = 295K, colourless column, 0.35 x 0.35 x 0.62
mm, p = 0.106 mm~', F(000) = 840.

Data Collection and Processing:- Sto& STADI-4 four-circle diffractometer,
graphite-monochromated Mo-K, X-radiation, T = 295K, w-6 scans with « scan
width (2.10 + 0.347tane)°, 2733 data collected (26phay 45°, h -10 » 10, kK O
5 12, 1 0 » 17), 2422 unique (Rjnt 0.047), giving 1915 reflections with F
s 20 (F) for use in all calculations. Linear isotropic crystal decay (ca.
2%) corrected for during data reduction.

Structure Solution and Refinement:- Automatic direct methodsl® located the
positions of all non-H atoms which were then refined (by least-squares on
Flly ywith anisotropic thermal parameters, with O-H and N-H distances
constrained to be 1.00A and the remaining H atoms included at fixed,
calculated posaitions. At final convergence R, Ry = 0.0546, 0.0534
respectively, § = 1.227 for 523 refined parameters and the final AF
synthesis showed no Ap outside the range :0.27 eA™3. The weighting scheme
w-l = g2(F) + 0.00133F? gave satisfactory agreement analyses and 1n the
final cycle (4/¢)pax was 0.29.

Atomic scattering factors were inlaidll, molecular geometry calculations
utilised CALC1l2 and the Figure was produced by ORTEPII13.

Deprotection of Bnpeoc derivatives

The Bnpeoc group was found to be very stable to acids with no
modification being detected in TFA over 24 h or in 3 M HCl in methanol
after 18 h. Not surprisingly, catalytic hydrogenation (for 2 h using
P4d/C) gave two major products, plus starting material, which were shown to
be the result of reduction of one or both nitro groups.
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In a study of the stability of N®-Fmoc- and Bnpeoc-Ser.OBzl 1n
several solvents (DMF, DMA and NMP) 1t was observed that prolonged
solution in the solvents could lead to partial deprotection. However the
free acids, N9-Fmoc- and Bnpeoc-Thr.OH, were found to be stable over an
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extended period (48 h). Bnpeoc derivatives (5) were found to be stable
to treatment by pyridine or 2,6-lutidine but the Bnpeoc group may be
cleaved by the addition of strong amidine bases such as DBU or DBN with
rapid formation of 1,1-bis-(4'-nitrophenyl)ethene (12). A transient
blue colour is observed during such a deprotection, characteristic of
anions of the type (11), which fades as the reaction approaches completion
(Scheme 4). During SPPS this phenomenon can be used as a self-indicator
of deprotection since pulsed DBU treatment (5,3,3,1 min) of the N%-Bnpeoc
peptide bound to the resin gives an initial deep blue colouration to the
resin followed by successive lessening of the colour until the last DBU
treatment has no effect on the resin colour. This indicates when the NO
Bnpeoc group is fully deprotected. There is a solvent dependency in the
deprotection with a slower rate in CH;Cl; compared to DMF. In addition
DBU in the presence of acetic acid (1 equiv), using DMF as solvent, also
effects a smooth elimination to give (12) although it was found that the
pKa of the added acid must be ca 4.5 since stronger acids depressed the
rate of deprotection.

The Fmoc group is usually cleaved during SPPS by using a solution of
20% piperidine (v/v) in DMF and results in the formation of the piperidine
adduct (2), although wvariaple small amounts of the fulvene (1) may be
present in the synthesis of longer peptides. Addition of 20% piperidine
in DMF to Bnpeoc derivatives (5) resulted in a comparable rate of cleavage
to give the corresponding amine and the piperidine adduct (13). This
method was, in fact, the method of choice for SPPS. The olefin (12)14
was prepared separately and treated with 20% piperidine in DMF to give
(13). Monitoring of this addition by UV indicated that the olefin (\pax
304 nm) was converted quickly to the piperidine adduct (i payx 270 nm).

The deprotection of the Bnpeoc group was found to be dependent upon
solvent polarity, substrate concentration, amount and nature of base,
temperature, however a detailed interpretation of the kinetics did not
give a clear distinction between Elg, and E2. We sought to test the
relative stabilities of the N®-Bnpeoc group and the COOMe group towards
alkaline hydrolysis using Bnpeoc.Ala.Phe.Gly.OMe (14) as substrate. The
best conditions found for the preferential hydrolysisl5 of the ester
function were aqueous NaOH (0.1 M, 1 equiv), aqueous Hy05 (2 equiv) in 20%
aqueous acetone at room temperature which afforded Bnpeoc.Ala.Phe.Gly. OH
(15) in 55% yield. A standard sample of (15) was synthesised by SPPS
using the Wang resin.l6

Application of N@®-Bnpeoc amino acids to SPPS

An important consideration when selecting a-amino acid derivatives for
SPPS using an automated instrument, such as the ABI 430A used in these
studies, is the solubility of each of these derivatives and reagents in
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the chosen solvents. We sought to improve upon the range of solubilities
that N2®-Fmoc amino acids exhibit 1in 1less polar solvent systems which
increase the swelling of polystyrene resins. In general we found the
Na-Bnpeoc derivatives to have 1ncreased solubilaty 1in CH3Cl; and
CHpCly/dioxan mixtures compared with the N®-Fmoc counterparts.

For the synthesis of peptide C-terminal carboxylic acids 1initial
loading of the N®-protected amino acid involves the formation of an ester
with the 1linker unat; in these studies the polystyrene p-alkoxybenzyl
alcohol system designed by Wang16 was selected. Due to the depressed
nucleophilicity of the OH function, compared with NH,, 1t 1s important to
avoid extreme conditions 1n the reaction of the carboxyl activated,
N@-protected amino acid with the OH function, since this can lead to
racemisation at the C&-chiral centre. Although this particular
consideration does not occur when glycine 1s 1loaded under forcing
conditions there 1s the additional problem 1n the possibility of double
incorporation of glycine 1ie formation of Gly-Gly C-terminus. It has been
found that these problems can be overcome for N®-Fmoc amino acids 1f a
catalytic amount of DMAP i1s included in the loading of N®-Fmoc amino acid
symmetrical anhdyrides. We therefore studied the loading process using
Bnpeoc.Val.OH and Bnpeoc.Gly.OH by varying the methods of agitation,
solvents and types of activation. Using the acid chloride method of
carpinol?7 1t was found that sonication was greatly superior to
conventional shaking (2 X 1incorporation) and 1t was also observed that
CH,Cl, and DMF gave similar results. It was found that good 1locading
(75%) was achieved with Bnpeoc. Val.Cl (1.1 equiv) using (a) CH3Cly/
pyridine (1:2) as solvent or using (b) DMAP (0.05 mole/mole acid chloraide)
with NMM (2 equiv) as base with CH3;Cl,; as solvent and employilng mixing by
a sonic bath at room temperature for both conditions. The N%-Bnpeoc
group was then cleaved by DBU/HOAc in DMA over 10 mins. Al- though
racemisation should not occur on activation of the N%-urethane Bnpeoc
protected amino acids, by analogy with Fmoc and other N@®-urethane
protection groups, the question was addressed by coupling (DCC) Boc(L)Ala.
OH to the HjN.Val-resin prepared by method (a) described above. Treat-
ment of the Boc.Ala.Val-resin with TFA afforded the free dipeptide which
was analysed by 1on-exchange (LKB 4151 alpha plus amino acid analyser,
column 24 x 0.6 cm, 75°9C, 0.2 M sodium citrate pH 3.49) according to the
modified Manning and Moore method. Samples of D,L- and L,L-dipeptide
diastereomers were prepared and used as standards, however only the
L,L-diastereomer could be 1dentified from the above reaction sequence.
The pentapeptides, H.Leu.Ile.Phe.Ala.Gly.OH and H.Thr.Leu.Ser.Ile.Gly.OH
were synthesised by conventional N%-Fmoc/ DCC-HOBt and N®-Bnpeoc/DCC-HOBt
SPPS methods and 1t was found that the products were identical 1in every
respect with no allo-Ile observed by amino acid analysis.
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Loading of Bnpeoc.Gly.OH (2.5 equiv) or Fmoc.Gly.OH (2.5 equiv) to the
p-alkoxybenzyl alcohol polystyrene resin using DMAP (0.05 mole/mole amino
acid) by the DCC method afforded 6 and 5% Gly.Gly incorporation
respectively. It was found that the 1loading efficiency could be
increased to ca 80% with <0.2% Gly.Gly content if Bnpeoc.Gly.OH or
Fmoc.Gly.OH were incorporated as the acid chlorides using pyridine in
CH;Cl, without the necessity of adding DMAP. The acid chloride method of
synthesis is limited largely to aliphatic o«-amino acids. However, we
have found that N@-Bnpeoc and N®-Fmoc amino acid carboxylic-phosphinic
mixed anhydridesl® are very efficient for the initial loading reaction.

Bnpeoc.Ser.0Bzl —— Bnpeoc.NHLH.L OBz
a/B- D-(le)Lglucosyl-O{Hz

16

_ NH; £HCO0BzI
L - a/B-D-(Bzl), glucosyl-0-CHy 17
H EH3
Z.NHCH CO.NH HCO.NH.EH.COOBZI
a/8-0-(Bzl), glucosyl-0-LHy 18

(i) (CF3803)20, a=D-(Bzl)4 glucose; (ii) DBU/HOAC,DMF;
(1ii) Dcc/HOBt, Z.Ala.Ala.CH

Scheme 5

The synthesis of glycopeptides poses a great challenge for protecting
group strategies and we tested the Bnpeoc protocol in the synthesis of
Bnpeoc.Ser[a/f-D-(Bzl)4Gluc]).0Bzl (16) and Z.Ala.Ala.Ser{a/Bf-D-(B2l)4~
Gluc].0OBzl (18) (Scheme 5). The reaction of Bnpeoc.Ser.0Bzl (1 edquiv)
and «-D-(Bzl)s-glucose (1 equiv) mediated by triflic anhydride and
performed 1n a solvent mixture of CH3CN/CH,Cl; afforded (16) in 34% yield
as a 1:1 ratio of o and § anomeric products after a difficult purification
procedure. Selective deprotection of the N®-Bnpeoc group of (16) was
investigated using DBU/HOAc (1.2 equiv) in either CH;Cl, (3 h) or DMF (20
min) . The latter conditions afforded a quantitative yield of (17).
Z.Ala.Ala.OH was prepared by the method of Rich? from Z.Ala.ONSu and
alanine. The coupling of (17) and Z.Ala.Ala.OH was achieved using
DCC/HOBt together with Et;N to adjust the pH of the reaction mixture to
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9.0. Purification of (18) was performed by preparative hplc thus it can
be concluded that N®-Bnpeoc amino acid derivatives are compatible with
glycopeptide synthesis.

EXPERIMENTAL
All L-amino acids used were purchased from the SAS group of
companies; protected derivatives were purchased from Applied Biosystems
Inc., Bachem or Novabiochem and were used as supplied. Melting points

were taken in open capillaries on an electrically heated Buchi 510 melting
point apparatus, or on microscope slides on an electrically heated
Reichart 7905 melting point apparatus and are uncorrected. Thin layer
chromatography (tlc) was carried out on plastic sheets coated with silica
gel 60GF-254 (Merck 5735) in the following systems:

1/5, ethyl acetate/light petroleum
1/4, ethyl acetate/light petroleum
30/70, ethyl acetate/light petroleum
40/60, ethyl acetate/light petroleum
18/2/1, chloroform/methanol/acetic acid
16/4/1, chloroform/methanol/acetic acid
19/1, ethyl acetate/acetic acad
2/1/1/1, ethyl acetate/n-butancl/acetic acid/water
3/1/1, n-butanol/acetic acid/water
1/1/1, cyclohexane/ethyl acetate/methanol
3/1, ethyl acetate/chloroform
4/6, methanol/chloroform
1/4, methanol/chloroform

ethyl acetate

ZRPORUHIZIOQOEIEBOOQOW®

Visualisation of the compounds was achieved by using the following
methods as appropriate: iodine vapour, ultra-violet absorbtion at 254 nm,
Mary's reagent [4,4'-bis(dimethylamino)diphenylcarbinol], acidified
potassium permanganate and ninhydrin. Hplc was carried out using
Applied Biosystems equipment (2 x 1406 A solvent delivery systems, a 1480
A 1njector mixer and a 1783 A detector controller), or its equivalent.
The gradients that were used are summarised in Table 1. The sample was
injected, followed by the isocratic and then the gradient phases. The
elution of the sample was monitored at 214 or 229 nm.

Gradient Flow Isocratic Gradient Column Size
ml/min %A Time %A Time mm
(Min) (1) (2) (Man)

A 1.0 10 4 10 90 25 ABI RP18 220 x 4.6
B 3.6 30 5 30 50 20 ABI RP18 100 x 10
C 1.0 (o] 4 0 100 30 ABI RP18 100 x 4.6
D 4.0 5 4 5 15 15 ABI RP18 250 x 10
E 1.0 5 4 5 25 20 ABI RP18 220 x 4.6
F 5.0 5 4 5 35 20 ABI RP18 250 x 10
G 1.0 5 4 5 35 20 ABI RP18 220 x 4.6
H 1.0 5 4 5 40 30 Capital ODS-SB5 250 x 10
I 3.0 5 4 5 15 15 ABI RP8 250 x 10
J 4.0 10 4 10 50 20 ABI RP18 250 x 10
K 3.5 5 5 5 40 30 ABI RP18 250 x 10
L 1.0 5 5 5 50 20 Capital ODS-SB5 250 x 4.5
M 1.0 5 4 5 20 20 ABI RPS8 220 x 4.6
N 1.0 - - 20 100 28 Spherisorb 8 300 x 2.6
o] 1.0 - - 50 100 25 Spherisorb 18 300 x 2.6
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Table 1. The conditions used for reverse phase h.p.l.c. buffer A was
0.1% TFA in water. Buffer B was 0.1% TFA in acetonitrile. (1) gives

the percentage of A at the start of the gradient and (2) gives the
percentage of A at the end of the gradient.

Amino acid analyses were carried out on a LKB 4151A alpha plus amino
acid analyser, following hydrolysis in constant boiling hydrochloric acid
at 110°C for an appropriate length of time (24-72 hours). Infra-red
spectra were recorded on a Perkin Elmer 781 spectrophotometer in the
solvent stated or as a nujol mull, using polystyrene (1603 en~l) as a
standard. Ultra-violet spectra were recorded on a Varian Cary 210
spectrophotometer and wavelengths are quoted in nanometers and extinction
coefficients are quoted in dm3 mol-1 cm~1l. Optical rotations were
measured using an Optical Activity AA1000 polarimeter. Optical rotation
measurements of known compounds were performed under identical conditions
(concentration and solvent) to those stated in the 1literature, unless
otherwise noted. Mass spectra (FAB) were measured on a Kratos MS 50TC
spectrometer. Proton nuclear magnetic resonance spectra were recorded on
Bruker WP80 (80 MHz), WP200 (200 MHz) or WH360 (360 MHz) instruments using
tetramethylsilane as the standard (é = 0.00), or on the Varian VXR600S
(600 mHz) . Spectra recorded on this instrument were referenced either to
H,0 (at 4.8 p.p.m. at 25°C) or to CD3HOH (at 3.325 p.p.m. in CD30H).
Elemental analyses were carried out on a Carlo Erba model 1106 elemental
analyser. The following solvents were distilled before use and were
dried using the reagents given in parentheses: chloroform (phosphorus
pentoxide), dichloromethane (calcium hydride), diethyl ether (sodium
wire), ethyl acetate, tetrahydrofuran (benzophenone/sodium), ethanol
(magenesium ethoxide). Light petroleum refers to the fraction which
boils between 40° and 60°cC.

2,2-Diphenylethanol (7).

This compound was prepared by the method of Kharash and Clapp’ using a
10 litre five necked flask. A single crystal of iodine was added to a
suspension of magnesium (88.25 g, 3.63 mol) in dry diethyl ether (400 ml)
under an atmosphere of argon, then bromobenzene (345.5 g, 3.3 mol) in dry
diethyl ether (800 ml) was added cautiously dropwise at a rate sufficient

to maintain the reaction at reflux. When the addition was complete the
mxiture was heated under reflux for 30 min with stirring to produce the
Grignard reagent, phenylmagnesium bromide. The stirred Grignard reagent

was then cooled to between 0 and 5°C in an ice bath and a solution of
styrene oxide (352.3 g, 3.0 mol) in dry diethyl ether (800 ml) was added
dropwise over 30 min. The solution was stirred for a further 30 min
after which the solution was poured cautiously onto a mixture of ice (1 1)
and water (1 1) and treated with sulphuric acid (4.0 M, ie pH1). The
organic phase was separated and the aqueous phase extracted with diethyl
ether (2 1). The combined organic phase was washed with saturated sodium
bicarbonate solution (2 x 500 ml), water (3 x 500 ml) and brine (1 x 500
ml), then dried {MgSO,) and the solvent removed in vacuo. The title
compound was then crystallised from_light petroleum as a white solid
(286.6 g, 48%): m.p. 60-61°C) (lit.,” 56°C); (Found: C, 84.8; H, 7.1.
Calc for Cy4Hy40: C, 84.8; H, 7.1%); tlc -A,Rf, 0.61.

2,2-Diphenylethyl acetate.

2,2-Diphenylethanol (200.1 g, 1 mol) was added in small portions as a
fine solid to acetic anhydride (189.2 g 2 mol) and then sulphuric acid
(98%, 15 drops) was added and the mixture was stirred. The solid
dissolved after 25 min and the solution became warm. After a further 30
min the products were poured onto crushed ice (800 ml) and then filtered,
washed with water (1 1) then dried to constant weight to give the title
compound as a solid (243.0 g, quantitative) m.p. 54°C, which could be
recrystallised from diethyl ether to give 2,2-diphenylethyl acetate as
crystalline product (m.p. 54-559C); tlc -B,Rf 0.31.



Base labile protecting group for peptide synthesis 8011

2,2-Bis-(4'-nitrophenyl)ethyl acetate.

A carefully prepared mixture of sulphuric (98%; 169 ml) and nitrac
(63%: 169 ml) acids were cooled, with vigorous stirring, to between -5
and 0°C in an 1ice/salt bath and 2,2-diphenylethyl acetate (183.0 g, 0.55
mol) was added cautiously in small portions to the mixture, over a period
of one and a half hours, whilst the temperature was carefully maintained
between -5 and 0°C by periodic addition of salt to the 1ice/salt bath.
The mixture was then stirred for a further two hours and then poured
cautiously onto crushed 1ce (1 1) and extracted with ethyl acetate (3 x 1
1). The combined organic phase was washed with saturated sodium
bicarbonate solution until the pH of the aqueous layer was neutral. The
organic phase was then washed with water (3 x 500 ml) and brine (1 x 500
ml) and dried (MgSOQOy4). The ethyl acetate was removed 1in vacuo, leaving a
yellow o1l which was crystallised from diethyl ether to afford the title
compound (121.1 g, 66%) as a pale yellow solid: m.p. 110-111°C; (Found:
Cc, 58.0; H, 4.2; N, 8.4; C1gH14N20g requires C, 58.2; H, 4.4; N,
8.4%); tlc -C, Rf 0.31.

2,2-Bis(4'-nitrophenyl)ethan-1-o0l (8).
2,2-Bis(4'-nitrophenyl)ethyl acetate (141.3 g, 0.43 mol) was dissolved
in methanol (500 ml) and conc. hydrochloric acid (16.9 ml) was added

dropwise. The mixture was then heated under reflux for five hours. The
mixture was then poured onto crushed 1ce (500 ml) and the solid product
was extracted into ethyl acetate (250 ml). The organic phase was

separated and the agqueous phase extracted with ethyl acetate (2 x 250 ml).
The combined organic phase was then washed with water (2 x 500 ml) and
brine (1 x 500 ml), dried (MgSO4) and the solvent removed 1in vacuo. The
crude product was crystallised from chloroform/diethyl ether to afford the
title compound (122.5 g, 99%) as a white solid: m.p. 109-110°C; (Found:
Cc, 58.4; H, 4.2; N, 9.7; C14H9205N,; requires C, 58.5; H, 4.2; N,
9.7%); tlc -D, Rg 0.25.

2,2-Bis(4'-nitrophenyl)ethyl chloroformate (9).

2,2-B1s(4'-nitrophenyl)ethan-1-0l (8) (14.4 g, 50 mmol) was dissolved
in toluene (200 ml) at 60°C. To this solution, maintained at 40°C, was
added phosgene (64.4 mol, 1.5 eq., 12.5% w/w toluene) followed by
N-methylmorpholine (6 ml). After 30 mins the precipitated N-methyl-
morpholine hydrochloride was removed via filtration through a grade 3
sintered funnel to leave a clear green solution. The solvent was removed
1n vacuo to produce an o1l which was crystallised from chloroform/diethyl-
ether to give 2,2-bis(4'-nitrophenyl)ethyl chloroformate (7) as a white
solad (17.5 g, gquantitative) which was recrystallised from chloroform/
diethyl ether, m.p. 97-980C; (Found: C, 51.4; H, 3.11; N, 8.01;
C15H11N304Cl requires C, 51.4; H, 3.14; N, 7.99%); rpayx (CHpCly) 1770
(CO) 1605, 1595, (C-C, aromatic), 1520, 1350 (NOy), 1160, 1145, 860 and
820 cm~1; ‘max 274 (¢ 20400); sy (CDCly, 200 MHz) 8.19 (4H, d, Jpp 8.7
Hz), 7.42 (4H, d, Jap 8.7 Hz), 4.91 (2H, 4, Jap, 7.1 Hz, CHy), 4.70 (1H,
t, Jap, 7.0 Hz, CH); &é¢c (CDCly, 50 MHz) 150.4 (CO), 147.4 (quat. aromatic
C's), 129.0, 124.1 (aromatic C's), 71.6 (CHp), 48.9 CH); HRMS 351.03839,
C315H12N»04C1l requires 351.03838.

2,2-Bis(4'-nitrophenyl)ethyl-N-succinimidyl carbonate (10).

2,2-B1s(4'-nitrophenyl)ethan-1-ol (64.77 g, 0.225 mol) was dissolved
in dichloromethane (800 ml) and a solution of phosgene in toluene (1.93 M,
176 ml, 1.5 equivs) was added. N-methylmorpholine (25 ml) was added
dropwlise to this mixture over a period of one hour, with stirring, under
an atmosphere of dry nitrogen and then the N-methylmorpholine hydro-
chloride salt, which had precipitated, was removed by filtration. The
solvents were removed in vacuoc and the residue was redissolved in dry 1,4
dioxan (300 ml). The solution was stirred under an atmosphere of dry
nitrogen and N-hydroxysuccinimide (29.35 g, 0.255 mol), was added in small
portions. To this mixture was added N-methylmorpholine (25 ml) and more
hydrochloride salt was then observed to precipitate. The solution was
stirred for 16 hours and then the N-methylmorpholine hydrochloride was
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removed by filtration and the dioxan removed in vacuo to leave a pale
yellow crystalline solid which was recrystallised from acetone/light
petroleum to afford the title compound (79.15 g, 82%) as a white solid:
m.p. 183-186°C; (Found: C, 53.4; H, 3.5; N, 9.85; Cq9H15N309 requires
c, 53.2; H, 3.5; N, 9.8%); tlc -E, Rf 0.65. »pay (nujol) 1829, 1800,
1745, 1610, 1600, 1515, 1350, 835, 820 cm-1; oy [(CD3)CO, 200 MHz] 8.3
(4h, d Jag 9 H2), 7.7 (4H, 4, JTap 9 H2), 5.2 (3H, m, CHyCH; Bnpeoc), 2.8
(4H, s); &c [(CD3)CO, 50 MHz] 168.24(CO), 150.54(CO), 146.54, 145.86
(aromatic C), 128.77(CH), 123.06(CH), 70.37(CHy), 48.11(CH), 24.14(CHj);
HRMS 430.08866, CjgH;gN309 requires 430.08864.

1,1-Bis(4'-nitrophenyl)ethene (12).

2,2-Bis(4'-nitrophenyl)ethyl acetate (1.82 g, 5.53 mmol) was dissolved
in chloroform (18 ml) and to this was added DBN (1.37 ml. 11.1 mmol). on
addition of the base, the initially pale yellow solution turned dark blue
and a white precipitate formed. After 15 minutes the reaction mixture
was diluted with further chloroform (12 ml) and washed with 2 M HCl (2 x
30 ml), water (1 x 30 ml), 1 M NaOH (2 x 30 ml) and brine (2 x 30 ml).
After drying over Na;SO4 the solvent was removed in vacuo to yield a
yellow solid which was recrystallised from chloroform/ light petroleum to
afford the title compound (1.03 g, 69%) as a yellow solid: tlc -K, Rf
0.75; m.p. 174-175°C (1lit.l4 175-1769C); (Found: C, 61.8; H, 3.73; N,
10.3; Calc. for Cy4H1gNp04 C, 62.2; H, 3.70; N, 10.4%); »rpax (CHCly)
1605, 1520, 1350 (NO,), 870 cm—1; Amax 304 nm; 6y (200 mHz, CDClj3) 8.22
(4H, d, JTpap 8.0 Hz, Bnpe aromatic CH's), 7.46 (4H, d, Jap 9.0 Hz, Bnpe
aromatic CH's), 5.77 (2H, s, CHy): 6¢ (50 mHz, CDCl3) 147.6, 146.4 (3 x
quaternary C's), 128.8, 123.7 (aromatic CH's), 120.0 (CHjp): m/z (FAB),
271 (MHY), 255, 240, 176; hplc Rg¢ (Bl) 16.8 minutes.

N-[2,2-Bis(4'-nitrophenyl)ethyl J-piperidine (13).

1,1-Bis(4'-nitrophenyl)ethene (12) (0.105 g, 0.39 mmol) was dissolved
in DMF (3.0 ml) at room temperature. on addition of piperidine (1.0 ml),
the initially pale yellow solution turned dark blue. After 20 minutes
the soution had returned to a pale yellow colour. The removal of the
solvent in vacuo co-evaporating with methylene chloride (twice), afforded
an orange oily residue; J\Apay 275 nm; sy (200 mHz, CDCl3) 8.12 (4H, d,
Jap 8.9 Hz, Bnpe aromatic CH's), 7.37 (4H, d, Jap 8.9 Hz, Bnpe aromatic
CH's), 4.41 (1H, t, J 7.7 Hz, Bnpe CH), 2.89 (2H, 4, J 7.7 Hz, Bnpe CHy),
2.40 (4H, m, 2 x CHy), 1.41 (6H, m, 3 x CHy); &c (50 MHz, CDClj) 149.8,
146.5 (quaternary aromatic C's), 129.0, 123.5 (aromatic CH's), 63.3 (Bnpe
CH,), 54.5 (CHy), 48.3 (Bnpe CH), 25.7, 24.0 (CHy).

Preparation of N©®-[2,2,-Bis(4'=-nitrophenyl)ethoxycarbonyl]amino acid
derivatives.

Two methods were used for the preparation of the Bnpeoc amino acid
derivatives:
Method 1: is an adaption of the general method of Shute and Rich? and was
used to prepare compounds which could be readily crystallised.
Bnpeoc.Tyr (But).0H is given in full as an example.
Method 2: was used for the Bnpeoc derivatives which could not be readily
crystallised, in which case they were isolated as their crystalline Cha or
Dcha salts. The free acid was then liberated to give a foam or an
amorphous powder. Bnpeoc.Lys (Boc) .0OH and its Dcha salt are given in full
as examples.

N@-r2,2-Bis(4'-nitrophenyl)ethoxycarbonyl]-(O-tertbutyl)-tyrosine.
Bnpeoc.Tyr (But) .oH

The title compound was obtained by method 1 as follows: a solution of
triethylamine (0.42 ml, 3 mmol, 1.5 equivs) in dioxan (10 ml) was added to
a stirred suspension of H.Tyr(But).0H. 0.75 HyO (502 mg, 2 mmol) in water
(10 ml). Bnpeoc.ONSu (860 mg, 2 mmol) was then added and the mixture
stirred for 16 hours at room temperature. The resultant solution was
then diluted with water (20 ml) and the pH adjusted to 3.0 by the addition
of KHSO, (2.0 M). The solution was extracted with ethyl acetate (3 x 100
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ml) and the combined organic phase washed with water (3 x 300 ml) and
brine (1 x 200 ml), dried (MgSO4) and the solvent removed in vacuo to give
a clear oil which was crystallised from diethyl ether/light petroleum to
give the title compound (823 mg, 75%) as a white solid: m.p. 73-76°C;
(Found: €, 60.8; H, 5.3; N, 7.6; CygNygN30g requires C, 61.0; H, 5.3;
N, 7.6%); tlc -E,R¢ 0.65; hplc -A,Rs 24.2 min; [a]f2 -20.0° (c 0.8 1in
DMF); »max (CH2Cl) 3420 (NH), 2985, 1760 (sh, carboxylic acid), 1720 (s,
urethane), 1610, 1525, 1505, 1390, 1370, 1350 (NO,), 1160, 1110, 1040,
860, 830; Apayx (MeOH) 276 (e 25000); sy (80 MHz, CDCl3) 1.30 (9H, s, 3 x
CH;, But), 3.02 (2H, m, FCHy, Tyr), 4.4-4.8 (4H, m, CHCH,;, Bnpeoc and oCH,
Tyr), 5.07 (1H, d, oNH, Tyr), 6.75-7.05 (4H, m, Ar-H, tyr), 7.35 (4H, 4,
Ar-H, Bnpeoc), 8.15 (4H, d, Ar-H, Bnpeoc); &¢c (50 MHz, CDClj) 28.65 (3 x
CH3, But), 36.71 (aCHy, Tyr), 49.65 (aCH, tyr), 54.52 (CH, Bnpeoc), 65.86
(CH,, Bnpeoc), 78.65 (C(CH3)3), 123.93, 124.13, 129.09, 129.53 (ArCH's,
Bnpeoc and tyr), 130.09, 146.70, 147.07, 154.36 (quaternary C's, Bnpeoc
and Tyr), 155.22 (urethane), 175.52 (carboxylic acid), m/z 551 (MHY,
0.6%), 536(1.2), 496 (M*-But, 12.1), 450(4.80), 271(13), 225(20), 180(25),
136(38), 107(100), 89(23), 77(24), 48(200); HRMS 550.18257 CygHyg0gN3
requires 550.18254.

N®-[2,2-Bis (4'-nitrophenyl)ethoxycarbonyl ]-N€¢-(tert.butyloxycarbonyl) -
lysine dicyclohexylammonium salt. Bnpeoc.Lys (Boc) .OH, Dcha

The title compound was prepared by method 2 as follows: Triethyl-
amine (0.76 ml, 5.5 mmol, 1.5 equivs) 1n dioxane (10 ml) was added to a
stirred suspension of H.Lys(Boc).OH (0.9 g, 3.65 mmol) in water (10 ml).
To this mixture was added solid Bnpeoc.ONSu (1.56 g, 3.65 mmol) and the
mixture was stirred for 16 hours at room temperature. The solution was
then diluted with water (30 ml) and the pH adusted to 3.0 with KHSO4 (2.0
M). This suspension was then extracted with ethyl acetate (3 x 150 ml)
and the combined organic phase washed with water (3 x 250 ml) and brine (1
X 250 ml), dried (MgSO4) and the solvent remobved in vacuo to give a pale
green gum. This was redissolved in dichloromethane (20 ml) and cooled to
0°C. Dicyclohexylamine (1.19 ml, 1 equiv) was then added and the solution
stirred for 15 min, after which diethyl ether (100 ml) was added to afford
the title compound (4.12 g, 93%) as a white solid; m.p. 146-149°C (dec):;
(Found: C, 61.2; H, 7.4; N, 9.4 C3gHg5N5019 requires €, 61.2; H,
7.4; N, 9.4%); [«]fp? +2.9° (1.0 1n DMF); tlc -E, Rg 0.55; hplc -A,Rg
24.8 min; vpay (CH3Cly) 3440 (NH), 2970, 2840, 1720, 1635, 1610, 1600,
1525, 1395, 1365, 1350; Apay (MeOH) 275 (e 21300); sy (80 MHz; CDClj)
0.8-2.2 (37H, br m, CH; x 3, Lys, 10 x CH,, Dcha, 2 x CH, Dcha, 3 x CHj,
Boc), 3.0 (2H, m, eCHp, Lys), 3.85 (1H, m, oCH, Lys),4.55 (3H, m, CHCH,,
Bnpeoc), 4.65 (1H, oNH, Lys), 7.40 (4H, @, Ar-H, Bnpeoc), 8.10 (4H, 4,
Ar-H, Bnpeoc); &c (50 MHz, CDClz) 22.3( CH, Lys), 24.53 (2 x CHy, Dcha),
25.00 (CHp, Lys), 28.26 (CH3 x 3, Boc), 29.23 (CHp, Dcha), 31.99 (CH,,
Lys), 40.42 (CHp, Lys), 49.79 (oCH, Lys), 52.44 (CH, Dcha), 55.52 (CH,
Bnpeoc), 65.19 (CHp, Bnpeoc), 78.84 (C(CH3)3), Boc), 123.85, 129.40
(Bnpeoc aromatic CH's), 146.92, 147.12 (Bnpeoc gquaternary C's), 154.96,
155.78 (urethanes), 178.65 (carboxylate):; m/z (MHY, 0.3%), 741 (0.76),
560 (0.21), 504 (0.4), 460 (2.1), 306 (3.1), 182 (100), 154 (23); HRMS
742.40266 C3gHggN5019 requires 742.40269.

N@-[Bis(4'-nitrophenyl)ethoxycarbonyl]-N¢-(tert.butyloxycarbonyl)-
lysine. Bnpeoc.Lys (Boc) .OH

Bnpeoc.Lys (Boc-OH.Dcha (4.30 g, 6.75 mmol) was suspended 1n KHSO4 (2.0
M, 500 ml) and extracted with ethyl acetate (3 x 300 ml). The combined
organic phase was washed with water (3 x 500 ml) and brine (1 x 500 ml)
and then dried (MgSOy). The solvent was removed in vacuo and the
residual o1l redissolved 1in dichloromethane and evaporated 1in vacuo to
give the title compound (3.36 g, 89%) as a yellow foam. A small quantaty
of the material was precipitated from chloroform/light petroleum as a
white amorphous powder; m.p. 76-69°C (Found: ¢, 55.8; H, 5.8; N, 9.9
CagH32N40;7 requires C, 55.6; H, 6.1; N, 10.0%); tlc -E,Rf 0.55; hplc
-A,Rf 24.8 min; [e]f2 + 7.6° (c 1.0 1n C HCl3): rpax (CHpCls) 3440 (NH),
2960, 1720, 1605, 1600, 1520, 1350, 1240, 1170, 1080, 870; Apax (CHClj)



8014 R. RAMAGE et al.

275 (e 19500); &y (80 MHz, CDClz) 1.5 (15H, m, 3 x CH3, Boc, B, y and §
CH,, Lys), 3.05 (2H, m, eCH;, Lys), 4.25 (1H, m, oCH, Lys), 4.63 (3H, m,
CHCH,, Bnpeoc), 5.53 (1H, 4, aNH, Llys), 7.37 (4H, d, Ar-H, Bnpeoc), 8.15
(5H, m, ¢NH, Lys and Ar-H, Bnpeoc):; sc (50 MHz, CDCli) 22.06 (CHy; x 2,
Lys), 28.04 (CH3z x 3, Boc), 31.24 (CHp, Lys), 39.71 (CH,, Lys), 49.48
(aCH, Lys), 53.47 (CH, Bnpeoc), 65.66 (CHy, Bnpeoc), 79.30 (C(CH3)3, Boc),
123.77, 129.04 (Bnpeoc aromatic CH's, 146.81 (Bnpeoc quaternary C's),
156.19 (urethanes), 175.52 (carboxylic acid): m/z 561 (MHY, 0.3%), 506
(Mt -But, 2), 254(10), 178(8), 128(17), 92(17), 85(25), 58(100); HRMS
561.21966 C;gH33N301p requires 561.21965.

Ne@-[2,2-Bis (4 'nitrophenyl)ethoxycarbonyl ]-a—aminoisobutyric acid.
Bnpeoc.Aib.OH

The title compound was prepared using Bnpeoc.Cl (9) in an aqueous
Na;CO03 solution diluted with DMF (1:1). The required derivative was
isolated in 50% yield as a crystalline compound; m.p. 166=-99C, after
crystallisation from diethyl ether/chloroform followed by ethyl
acetate/light petroleum: (Found: C, 54.7; H, 4.59; N, 10.1.
C19H1gN30g requires C, 55.0; H, 4.77; N, 9.90%); vmax (CH2Clj)
3420(NH), 2980, 1720, 1605, 1595, 1520, 1350, 860 cm~1l; Amax (MeOH) 275
(¢ 19850); sy [(CD3)pCO, 200 MHz] 8.22 (4H, 4, Jap 8.8 Hz), 7.69 (4H, d,
Jap 8.8 Hz), 4.77 (3H, m, CHCH, Bnpeoc), 1.45 (6H, s, 2 x CH3): ¢
[(CD3)2CO, 50 MHz] 174.2, 153.9, 147.3, 146.5, 128.9, 122.8, 64.5
(CHpBnpeoc), 54.9 («aCH), 49.1 (CH Bnpeoc), 23.9 (2 x CHj3): HRMS
418.12499.  Cj9HpN30g requires 418.125.

No-r2,2-Bis(4'-nitrophenyl)ethoxycarbonyl J-alanine. Bnpeoc.Ala.OH

The title compound was prepared by method 1 and crystallised from
chloroform/diethylether to afford a white solid (8.97 g, 89%); m.p.
148-99C; (Found: C, 53.5; H, 4.2; N, 10.4. C31gH17N30g requires C,
53.5; H, 4.2; N, 10.4%); [a]f2 + 0.8° (C 1.0 in DMF); tlc-E, Rg 0.60;
"maf (CH;Cl,) 3425, 3040, 2980, 1730, 1605, 1595, 1520, 1350, 890, 860
em~L;  Apax (MeOH) 274 (e 32400); &y [(CD3),0; 200 MHz] 1.36 (3H, d,
ACHp), 4.20 (1H, ¢, oCH), 4.70-4.82 (3H, m, Bnpeoc CHCH;), 7.70, 8.22 (2 x
4H, 2 x d, Bnpeoc Ar-H):; m/z 404 (MHY*, 10%), 257(4), 62(100); HRMS
404.1094. C3gH1gN30g (MHY) requires 404.10940.

N%-[2,2-Bis(4'-nitrophenyl)ethoxycarbonyl ]JNG~(2,2,5,7,8-pentamethyl-~
chroman-6-sulphonyl)arginine cyclohexylamine salt. Bnpeoc.Arg(Pmc).OH,Cha

The title compound was prepared by method 2 and crystallised from
dichloromethane/diethylether as a pale yellow solid (79%); m.p. 136-
137°¢; (Found: C, 57.8; H, 6.73; N, 1l1.6. C41H55N70115 requires C,
57.7; N, 6.5; N, 11.6%); tlc =E, Rf 0.4; »pay (CHnCly) 3440 (NH), 1720
(urethane), 1610 (phenyl), 1525 (NOy);: ‘max (MeOH) 435 (e1200), 320
(e13600), 282 (¢53000), 256 (e48000); sy (80 mHz, CDCli) 1.0-1.9 (22H, br
m, Pmc x x CH3, Argf and vy CHy's, Cha 5 x CHy), 2.03 (3H, s, Pmc CH3),
2.55 (2H, m, Pmc CHy), 3.05 (3H, m, sCHy, Arg and CH, Cha), 3.89 (1H, m
Arg oCH, 4.5-4.7 (3H, m, CHCH;, Bnpeoc), 6.0-7.0 (7H, br m, Arg oNH,
guanadino NH's, Cha NH3%), 7.32 (4H, 4, Ar-H, Bnpeoc), 8.10 (4H, d, ArH,
Bnpeoc) ; m/z 754 [Bnpeoc.Arg(Pmc).OH, 7.6%], 366 (29), 326 (2.7), 219
(18), 203 (36), 147 (67), 100 (ChaHt. 100).

No-[2, 2-Bis(4'-nitrophenyl)ethoxycarbonyl JNG-(2,2,5,7,8-pentamethyl~

chroman—-6-sulphonyl)arginine. Bnpeoc.Arqg(Pmc) . OH
The title compound was prepared by method 2 and precipitated from
chloroform with 1light petroleum as a pale yellow solid: [75% from

H.Arg(Pmc) .OH] ; m.p. ca 140°C: (Found: C, 55.6; H, 5.8; N, 10.8.
C35H43Ng011S requires €, 55.7; H, 5.6; N, 11.1%); [«]p? + 3.6°9 (c 1.0
in CHCl3); m/z 755 (MHY, 9%), 499 (5), 219 (2), 203 (50), 147 (100);
HRMS 755.27104.  C35H43Ng011S (MHY) requires 755.27103.

No[2,2-Bis(4'-nitrophenyl)ethoxcarbonyl]-asparagine. Bnpeoc.Asn.OH
The title compound was prepared in 75% yield by method 1 and
recrystallised from acetone/light petroleum ether to give a solid, m.p.
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177-8°C; (Found: ¢, 50.9; H, _4.05; N, 12.6. Cy19H1gN409 requires C,
51.1; H, 4.04; N, 12.5%); ({e]f2 + 0.5° (C 1.0 in DMF); tlc -E, Rg 0.2;
vmax (CHBrs mull), 3430, 3140, 1750 (COOH), 1705, 1675, 1520, 1350, 860
and 840 cm™l; Apax (MeOH) 274 nm (e 23,200); &y [(CD3)2CO, 200 MHz) 215
(2H, m, Asn BCHy), 4.26 (1H, q, Asn aCH), 4.7 (3H, m, Bnpeoc CH and CHj),
6.90 (1H, 4, NH), 7.30 (2H, m, NHy), 7.7- and 8.14 (8H, 2 x d, Bnpeoc
aromatic CH); HRMS 447.11522. C19H19Ny40g (MHY) requires 447.1152.

NG-[2,2-B1s(4'-nitrophenyl)ethoxycarbonyl ]-NY-[bis (4'-methoxyphenyl)-
methylasparagine. Bnpeoc.Asn(Mbh) .OH

The title compound was prepared by method 1 and was crystallised from
dichloromethane/diethyl ether as a white solid (87%); m.p. 114-115°cC;
(Found: C, 60.7; H, 4.8; N, 8.3. C34H34N4077 requires C, 60.7; H,
5.05; N, 8.3%); tlc -E,Rf 0.68; hplc -A, Rf 24.8 min; ([alf? -2.1° (c
1.0 1n DMF); »vpax (CH3Cl;) 3420, 2840, 1750 (sh), 1725, 1685, 1610, 1525,
1515, 1350, 1160, 1035, 860, 835; Apax (CHaoCly) 277 (e 20500); &y (200
MHz, CDClz) 2.83 (2H, q, BCHy, Asn), 3.72 (3H, s, CH30, Mbg), 3.74 (3H, s,
CH30, Mbh), 4.44 (1H, m, oCH, Asn), 4.5-4.8 (3H, br m, CHCH,, Bnpeoc),
6.00 (1H, 4 CH, Mbh), 6.08 (1H, d, ex, oNH, Asn), 6.64 (1H, d, BCH,, Asn),
6.7806.82 (4H, m, Ar-H, Mbh), 7.02-7.08 (4H, m, Ar-H, Mbh), 7.34 (4H, 4, J
8.78 Hz, Ar-H, Bnpeoc), 8.12 (4H, d, 7 8.71 Hz, Ar-H, Bnpeoc):; sc (50
MHz, CDCl,y) 32.1 (BCHy, Asn), 49.4 (aoCH, Asn), 53.4 (CH, Bnpeoc), 55.1
(CH30 x 2, Mbh), 56.0 (CH, Mbh), 65.9 (CHy, Bnpeoc), 113.8, 123.9, 128.3,
129.1 (aromatic CH's, Bnpeoc and Mbh), 133.2, 146.8, 158.6 (quat. C's,
Bnpeoc and Mbh), 155.8 (urethane), 172.1 (amide), 173.8 (COgH): m/z 673
(MH*, 0.7%), 671(1.0), 656(1.4), 268(7.0), 255(10), 242(50), 227(100),
213(19); HRMS 673.21453. C34H35N4077 requires 673.21456.

Na—[2,2-Bis(4'—nltrophenyl)ethoxycarbongl]-ﬁ-(tert.butyl)aspartlc acad
dicyclohexylammonium salt. Bnpeoc.Asp (OBut) .0H, Dcha

The title compound was prepared by method 2. The crude product
formed a gel from dichloromethane/diethyl ether (69%); m.p. 160-164°C;
(Found: ¢, 61.2; H, 7.0l N, 8.2. Ca5HygN4O10 requires C, 61.4; H,
7.1; N, 8.2%); tlc -E, Rg¢ 0.66; hplc -A,Rg¢ 23.6 min; [a]f2 +17.8° (c
1.0 1n CHCl3); w»payx 3440, 2830, 2730, 1725, 1640, 1605, 1600, 1525, 1395,
1365, 1350, 1150, 1080, 870, 830; ‘max (MeOH), 274 (¢ 14600); sy (80
MHz, €DClz) 0.9-1.2 (20H, br m, 10 xCH,, Dcha), 1.38 (9H, x 3 x CHj, tert.
butyl), 2.73 (2H, m, 2 x CH, Dcha), 2.85 (2H, m, BCH, Asp), 4.05 (1H, m,
oCH, Asp), 4.85 (3H, m, CHCH,, Bnpeoc), 5.83 (1H, d aoNH, Asp), 7.38 (4H,
d, Ar-H, Bnpeoc), 8.15 (4H, 4, Ar-H, Bnpeoc):; sc (50 MHz, CDClg) 24.39,
29.92 (CHy's, Dcha), 27.64 (3 x CHj, tert. butyl), 37.63 (BCH,, Asp),
49.26 (aCH, Asp), 51.24 (2 x CH, Dcha), 53.03 (CH, Bnpeoc), 65.60 (CHj,
Bnpeoc), 80.95 [C(CH3)3]1, 123.77, 129.50 (aromatic CH's, Bnpeoc), 146.81,
146.90 (gquat. C's, Bnpeoc), 155.16 (urethane), 170.24 (CozBut), 174.43
(COpH): myz 685 (MHY, 1.2%), 670 (1.3), 491 (21), 426 (100), 399 (56),
288 (37), 271 (39), 255 (40); HRMS 685.34482. C35H4gNz010 (MHT)
requires 685.34484.

N®-r2,2~Bis (4 '-nitrophenyl)ethoxycarbonyl ]-f-(tert. butyl)aspartic
acid. Bnpeoc.Asp(OBut).OH.

The title compound was prepared by method 2 and precipitated as white
solid from chloroform/light petroleum (95%); m.p. 75-79°C; (Found: ¢,
57.9; H, 6.50; N, 7.55. C53H35N4019 requires €, 54.9; H, 5.01; N,
8.35%); tlc -E, Rf 0.66; hple ~A, Rg 23.6 min; rmax (CH2Cly) 3440,
2960, 2860, 1725, 1610, 1600, 1525, 1390, 1375, 1350, 1230, 1150, 1079,
870, 830; Apax (MeOH) 277 (e 9700); sy (80 MHz, CDClj) 1.36 (9H, tert.
butyl), 2.75 (2H, m, BCHp, Asp), 4.32 (1H, m, oCH, Asp), 4.63 (3H, CHCHjp,
Bnpeoc), 5.73 (1H, 4@ oNH, Asp), 7.37, 8.15 (4H x 2, d x 2, Ar-H, Bnpeoc):;
6c (50 MHz, CDCl;) 27.66 (CH3 x 3, But), 37.09 (BCHy, Asp), 49.47 (o«CH,
Asp), 52.53 (CH, Bnpeoc), 65.92 (CHp, Bnpeoc), 82.05 (C(CH3)3), 123.82,
129.04 (ArCH's, Bnpeoc), 146.72, 146.87 (quat. C's, Bnpeoc), 155.45
(urethane), 169.96 (COZBut, Asp), 174.86 (COH, Asp): m/z 502 (0.17%),
448(1.67), 426(1.34), 271(8), 186(16), 182(100), 138(5), 134(7): HRMS
504.16177.  Cp3HpgN3079 (MHY) requires 504.16180.
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N@-72,2-Bis(4'-nitrophenyl)ethoxycarbonyl]-glutamine. Bnpeoc.Gln.OH.

The title compound was prepared in 94% yield by method 1 and
crystallised from acetone/light petroleum ether to give a white solidqd,
m.p. 189-190°C; (Found: C, 52.4; H, 4.5; N, 11.9. 0H20N409
requires €, 52.2; H, 4.4; N, 12.2%); tlc -F, R¢ 0.6; [c]h? 29329 (c
1.0 in DMF); »pay (CHBrs mull) 3420, 3340, 1750 (COOH), 1705 (urethane),
1675 (amide), 1520, 1350, 830 ecm~1; rpay (MeOH) 274 nm (e 20000), 215
(22000); &y [(CD3)280, 200 MHz)] 1.80 (2H, m, glu SCHy), 2.08 (2H, m, Gln
vyCHp), 3.91 (1H, m, aCH), 4.77 (3H, m, Bnpeoc CH and CHy), 7.68 and 8.19
(8H, 2 x d, Bnpeoc aromatic H's); ¢ (50 MHz, [(CD3)S0] 26.5 (BCHp, Gln),
31.3 (4CHy, gln), 48.9 (oCH, Gln), 53.46 (CH, Bnpeoc), 65.05 (CHj,
Bnpeoc), 123.6, 129.5 (Bnpeoc, Ar CH's), 146.4, 148.1 (Bnpeoc, quaternary
C's), 255.77 (urethane), 182.4 (carboxylic acid):; HRMS 461.13083.
CyoHagN409 requires 461.1308.

No-r2,2-Bis (4 '-nitrophenyl)ethoxycarbonyl]~NY-[bis (4 '-methoxyphenyl)-
methylglutamine. Bnpeoc.Gln(Mbh) .OH.

The title compound was prepared by method 1 and was crystallised from
THF light petroleum (b.p. 40-60°C) as a white solid (62%). m.p. 97-107°C;
(Found: ¢, 60.5; H, 5.1; N, 7.9. C35H34N4011 requires C, 61.2; H,
5.0; N, 8.2%); tlc -E, Rg 0.66; hplc -A Re 24.9 min; ([«]f2 +5.8° (c
1.0 in DMF): rpax (CHpClp) 3420, 2740, 1740, 1670, 1610, 1525, 1350;
*max (MeOH) 277 (e 23000); sy (80 MHz, CDCl3) 2.00 (2H, m, BCH, Gln),
2.25 (2H, m, 4CH;, Gln), 3.71 (6H, s, 2 x OCH3, Mbh), 4.20 (1H, m, oCH,
Gln), 5.5 (3H, br m, CHCH;, Bnpeoc), 5.99 (2H, m, oNH, Gln and CH, Mbh),
6.74 (4H, d, Jpp 8.7 Hz, Mbh Ar-H), 7.05 (4H, d, Jpp 8.7 Hz, Mbh Ar-H),
7.30 (4H, 4, Jap 7.7 Hz, Bnpeoc Ar-H), 8.10 (4H, 4, Jag 7.7 Hz): &c (50
MHz, CDClz) 27.72 (Gln BCHy), 32.08 (Gln 4CHp), 49.45 (Gln oCH), 53.40
(Bnpeoc CH), 55.04 (2 x OCH3, Mbh), 55.96 (Mbh CH), 65.93 (Bnpeoc CHj),
118.00, 127.88, 128.29, 129.05 (aromatic CH's, Bnpeoc and Mbh), 133.25
(Mbh Ar v-C), 146.87 (Bnpeoc Ar 1-C and 4-C), 155.74 (urethane), 158.64
(Mbh Ar 4-C), 172.64 (amide), 173.8 (carboxylic acid); m/z 686 (MH',
73%), 669(100), 578 (MH* -PhOMe), 506(42); HRMS 687.23023. C35H34N4071
requires 687.23021.

Na—[2,2-Bis(4'-nltrophenyl)ethoxycarbon¥l]-y-(tert butyl)glutamic acid
dicyclohexylammonium salt. Bnpeoc.Glu(OBu*) .0OH, Dcha

The title compound was prepared by method 2. The crude product
formed a gel from chloroform/diethyl ether which was dried in vacuo to
give a white solid which was then recrystallised from dichloromethane/
diethyl ether (88%); m.p. 129-132°0C; (Found: €, 62.20; H, 7.30; N,
8.10.  C3gHggN4010 requires C, 61.9; H, 7.2; N, 8.05%) [a]éz + 5.39 (c
1.0 1in DMF); tlc -E, Rg¢ 0.61, -G, Rf 0.41; rpay (CHoCloy) 3420, 2920,
2870 (CH), 1625, 1640, 1620, 1595, 1525, 1490, 1350 (NO,), 1160, 860, 830;
m/z 699 (MHt, 1.7%), 670(1.4), 491(25), 462(30), 426(100), 254(58); HRMS
699.36050. C3gHg1N401¢9 (MHY) requires 699.36049.

NQ-2,2-Bis(4'-nitrophenyl)ethoxycarbonyl]-(y-tert.butyl)glutamic acid.
Bnpeoc.Glu(OBu‘) .OH.

The title compound was prepared in 82% yield by method 2 and
precipitated from chloroform/light petroleum ether as a white amorphous

solid; (Found: ¢, 55.4; H, 5.25; N, 8.1. £4H 27N3030 requires C,
55.7; H, 5.2; N, 8.1%); tlc -E, Rg 0.61; [c]p? +6.2 (¢ 1.0 in DMF),
rmax (CHaCl,) 3920, 1720, 1605, 1595, 1520, 880 and 860 cm™; Apay (MeOH)

275 (¢18900); sy (100 MHz, CDCly) 1.40 (9H, s, tert. butyl), 2.10 (2H, m,
Glu BCH3), 2.25 (2H, m, Glu yCHp), 4.29 (1H, m, Glu aCH), 4.5-5.0 (3H, m,
CHCH», Bnpeoc), 5.5 (1H, d, oNH, Glu), 7.35 (4H, d, Bnpeoc Ar-H), 8.16
(4H, d, Bnpeoc Ar-H); m/z 462 (40%), 416(20), 271(60), 254(100), 225(60),
179(67): HRMS 518.17745.  Cp4HpgN3019 (MH') requires 518.17745.

NQ=-r2,2~- Bls(4'-nitrophenyl)etboxycarbonyl]-glyc1ne. Bnpeoc.Gly.OH.

The title compound was obtained in 90% yield by method 1 and
crystallised from ethyl acetate/petroleum ether to give a white solid,
m.p. 156-8°C; (Found: ¢, 52.4; H, 3.9; N, 10.8. C17H15N30g requires
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C, 52.4; H, 3.9; N, 10.8%); tlc -D, Rf 0.23; vrpayxy (CHCly) 3470, 1730,
1605, 1520, 1350 cm~1; ‘max (MeOH) 275 nm (e 19500):; g (200 MHz,
(CD3)2C0) 3.86 (2H, m, Gly CH3), 4.77 (3H, m, Bnpeoc CHCH3), 6.63 (1H, 4,
NH), 7.70 and 8.22 (8H, 2d, Bnpeoc aromatic H's): HRMS 390.09372.
C17H1gN30g requires 390.09370.

N®-12,2-Bis(4'-nitrophenyl)ethoxycarbonyl]-NT-trityl-histidine.
Bnpeoc.His(Trt) .OH.

The title compound was prepared by method 1 and was then precipitated
from chloroform/diethyl ether as a white powder (85%); m.p. 134-138°C;
(Found: C, 65.5; H, 4.5; N, 9.6. C40H33N50g.H20 requires C, 65.8; H,
4.8; N, 9.6%); tlc -E, Rf 0.65; [a] +4.49 (¢ 1.0 in DMF); »ypax
(CH,Cl,) 3420, 1760, 1720, 1610, 1525, 1495, 1350, 1130, 865, 850, 830;
‘max (MeOH) 274 (e 23900); &y (80 MHz, cDCls) 3.1 (2H, m, BCHy, His),
4.1-4.7 (4H, m, CHCH,, Bnpeoc and «cH, His), 6.05 (1H, d oNH, His), 6.66
(1H, s), 6.9-7.5 (19H, m, Ar-H, Trt and Bnpeoc), 7.88 (1H, s), 8.10 (4H,
d, Ar-H, Bnpeoc), 9.75 (1H, br s, carboxylic acid): sc (50 MHz, CDClj)
28.71 (BCH,, His), 49.58 (aCH, His), 53.73 (CH, Bnpeoc), 65.66 (CHZ,
Bnpeoc), 120.7-137.3 (9 peaks, trityl, His imidazole and Bnpeoc CH's),
146.75, 146.92 (Bnpeoc quaternary C's), 154.99 (urethane), 173.12
(carboxylic acid); m/z 712 (MH', 2.5%), 470 (MH*-Trt, 2.3), 243 (Trtt,

100), 165(52), 136(47), 77(30); HRMS 712.24071. C40H34N50g requires
712.24072.

N&-[2,2-B1s (4 '-nitrophenyl)ethoxycarbonyl ]-1soleucine dicyclohexyl-
ammonium salt. Bnpeoc.Ile.OH, Dcha.

The title compound was prepared 1n 91% yield by method 2 and
crystallised from CH,Cly/diethylether as a white solid, m.p. 160-2°C;
(Found: C, 63.3; H, 7.4; N, 8.9. C 3H46N4°8 requires C, 63.3; H,
T7.4; N, 8.9%); tle -E, Rf 0.6; [a] +7.7 (¢ 1.0 1n DMF); vmax
(CH,Cl,) 3420, 3040, 1730, 1720, 1605, 1595, 1520, 1350, 860 cm -1, M
(MeOH) 276 nm (e 20300); HRMS 627.33937. C33H47N408 requires 627.33936.

N@~[2,2-Bis(4'-nitrophenyl)ethoxycarbonyl ]-isoleucine. Bnpeoc.Ile.OH.

The title compound was prepared by method 2 and precipitated from
chloroform/petroleum ether as a white amorphous solid, m.p. 59-62°C;
(Found: C, 56.7; H, 5.3: N, 9.4. C31H23N308 requires C, 56.6; H,
5.2; N, 9.4%); tlc -E, Rg¢ 0.6; [alf? +7.9° (¢ 1.0 1in DMF); ?X
(CH3Cly) 3420, 3040, 2980, 1730, 1725, 1605, 1595, 1520, 1350, 860 cm
‘max (MeOH) 274 nm (e 23200); oy (200 MHz, CDCl ) 0.88 (6H, m, Ile 2 x
CH3), 1.23 (2H, m, Ile 4CH;), 1.9 (1H, m, Ile 6CH), 4.27 (1H, m, Ile aCH),
4.67 (3H, m, Bnpeoc CH and CHj), 7.39 and 8.16 (8H, 2 x d, Bnpeoc aromatic
H); HRMS 446.15634. Cy1H4N30g requires 446.15632.

N®-[2,2-Bis(4'-nitrophenyl)ethoxycarbonylj-leucine. Bnpeoc.lLeu.OH.

The title compound was prepared 1in 91% yield by method 1 and
crystallised from chloroform/diethylether to give a solid, m.p. 68-70°C;
(Found: €, 56.9; H, 5.5; N, 9.1. c%1H23N308 requires C, 56.9; H,
5.2; N, 9.4%); tlc -E, R¢ 0.5; [e] -4.1° (¢ 1.0 a1n DMF), " max
(CHyCl,) 3420, 3030, 2880, 1720, 1605, 1595, 1520, 1350, 870 cm~1; Ama
(MeOH) 275 nm (e 17400); &y (80 MHz, CDCl3) 0.87 (6H, d 2 x §CH3,Leu),
1.58 (3H, m, BCH; and 4CH,Leu), 4.30 (1H, m, «oCH,Leu), 7.38 (4H, d, Ar-H,
Bnpeoc), 8.13 (4H, d, Ar-H, Bnpeoc); m/z 446 (MH*, 2%), 271(2), 225(27),

178(30), 86(37), 42(90), 28(100); HRMS 446.15629. C51Hy4N30g requires
446.15632.

N&-[2,2~B1s (4 '-nitrophenyl)ethoxcarbonyl ]-methionine dicyclohexyl-
ammonium salt. Bnpeoc.Met.OH, Dcha.

The title compound was prepared by method 2 under an atmosphere of N,
and crystallised from methanol/diethylether as a pale yellow solid (81%);
m.p. 186-189°C; (Found: ¢, 59.3; H, 6.8; N, 8.7. C3oH44N40gS
requires C, 59.6; H, 6.8; N, 8.7%); tlc -F, Rg 0.60; »rpay (CHyClj)
3440, 2840, 2860, 1720, 1640, 1610, 1600, 1525, 1350, 860, 830; N\ pax
(MeOH) 278 (c 17700); sy (360 MHz, CDClj) 1.0-1.9 (20H, 10 x cHy, Dcha),
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2.0 (5H, BCH; and CH3, Met), 2.43 (2H, m, yCH,, Met), 2.73 (2H, m, CH x 2,
Dcha), 4.07 (1H, m, «CH, Met), 4.5-4.7 (3H, m, CHCH,, Bnpeoc), 5.67 (1H,
d, oNH, Met), 7.38 (4H, 4, Ar-H, Bnpeoc), 8.15 (4H, 4, Ar-H, Bnpeoc); m/z
399(10), 182(100), 98(30), 83(43), 56(70), 42(62); HRMS 645.29577.
C32H,5N40gS requires 645.29579.

N@-r2,2~Bis (4'-nitrophenyl)ethoxycarbonylj-methionine. Bnpeoc-Met-OH

The title compound was prepared by route 2 and was obtained in 79%
yield as a foam from dichloromethane - all operations under Nj; tle -7,
Re 0.6; [a]f2 +8.1 (c 1.0 in DMF); »pax (CH3Cly) 3420, 3020, 2970, 2860,
1720, 1520, 1350, 860 cm™1; ‘max 274 nm (e 15500); (sg (100 MHz,
(CD3)52C0) 2.0 (S5H, m, ¢CH3 and yCH;, Met), 2.5 (2H, m, BChp, Met), 4.30
(1H, m, aCH, Met), 4.77 (3H, m, CHCH,, Bnpeoc), 7.70 (4H, 4, Ar-H,
Bnpeoc), 8.22 (4H, d, Ar-H, Bnpeoc); m/z 464 (11%), 257(30), 217(100),
199(40), 181(90).

NO®-r2,2-Bis(4'-nitrophenyl)ethoxycarbonyl j-L-norvaline. Bnpeoc.Nva.OH.

The required compound was prepared by method 1 in 75% yield as an
amorphous powder; (Found: Cc, 55.3; H, 5.12; N, 9.75. CaoH21N30g
requires C, 55.7; H, 4.87; N, 9.70%); [alf’ -1.3° (c 1.0 in DMF); tlc
-D, Rf 0.5; »rpax (CHnCly) 3425, 2970, 1720, 1605, 1595, 1520, 1350, 860
em™1; " Apayx (MeOH) 274 (e 19840); &y (CDClz, 200 MHz) 0.87 (3H, m, &CH3),
1.30 (2H, m, yCHp), 1.70 (2H, m, BCHp), 4.25 (1H, m, oCH), 4.70 (3H, mpp,,
CHCH,-Bnpeoc), 7.39 (4H, d, Jpp 8.6 Hz), 8.15 (4H, d, Jpp 8.6 Hz): s
(cbcl;, 50 MHz) 13.3 (5CH3), 18.4 (yCHp), 34.0 (BCHp), 49.8 (CH, Bnpeoc),
53.6 (aCh), 65.9 (CHp, Bnpeoc), 123.9, 129.1 (aromatic CH's), 146.8, 147.1
(quat. aromatic C's), 155.5 (€O, wurethane), 176.6 (CO, acid): HRMS
432.14069, CygHyN30g requires 432.14068.

NG=-[2,2-Bis (4'-nitrophenyl)ethoxycarbonyl]-phenylalanine.
Bnpeoc.Phe.OH

The title compound was prepared by route 1 and was recrystallised from
diethyl ether to afford a white crystalline solid (93%); m.p. 77-80°C;
(Found: C, 57.8; H, 4.5; N, 8.3. Cy4H31N30g.H;0 requires C, 57.9: H,
4.6; N, 8.4%); tlc -F, Ry 0.8; [a] -16.5° (¢ 1.0 in DMF); ¥ max
(CH;C1,) 3420, 3020, 2980, 1730, 1605, 1520, 1350, 860 cm~1l; g,y (MeOH)
274 nm (e 22000); sy (200 MHz, CDCly) 3.12 (2H, m, Phe @CHy), 4.61 (4H,
m, Phe «CH, Bnpeoc CH and CHjy), 7.15-7.26 (5H, m, Phe, aromatic H), 7.41
and 8.17 (8H, 2 x d, Bnpeoc aromatic H); é¢ (50 MHz, CDCly) 37.24 (BCHj,
Phe), 49.52 (oCH, Phe), 54.41 (CH, Bnpeoc), 65.73 (CH,, Bnpeoc), 123.56,
127.11, 128.47, 129.01 (Ar CH's, Bnpeoc and Phe), 135.23 (Ar quat. C,
Phe), 146.64, 146.90 (Ar quat. C's, Bnpeoc), 155.18 (urethane), 175.59
(carboxylic acid); HRMS 480.14071. Co4H50gN3 requires 480.14068.

NQ~-r2,2-Bis(4'-nitrophenyl)ethoxycarbonyl]-proline. Bnpeoc.Pro.0OH

The title compound was prepared by method 1 and precipitated from
chloroform/petroleum ether, m.p. 78-9°C; (Found: C, 55.9; H, 4.81; N,
9.1. CooH1gN30g requires C, 55.9; H, 4.4; N, 9.8%); tlc -E, Re 0.4;
[@]f2 -18.70 (c 1.0 in DMF); »pay (CH3Cly) 3040, 2960, 1760, 1705, 1605,
1595, 1520, 1350, 860 cm™1l; Apay (EtOH) 272 nm (e 22700); &y (200 MHz,
CDCl3) 2.0 (4H, m, Pro # and <CH), 3.4 (2H, m, 6CHy), 4.12 (0.5 H, m,
oCH), 4.37 (0.5 H, m, aCh), 4.60 (3H, m, Bnpeoc CH and CHy), 7.40 and 8.20
(8H, 2 x d, Bnpeoc aromatic H); HRMS 430.12500. CooHogN30g requires
430.12500.

N®-r2,2-Bis (4 '-nitrophenyl)ethoxycarbonyl ]-serine. Bnpeoc.Ser.OH

The title compound was prepared in 71% yield by method 1 and
recrystallised from acetone/light petroleum to give a white solid: tlc
-L, Ry 0.27 (A2) 0.27; m.p. 171-173°9C; [«]f? +2.99 (c = 1 DMF); (Found:
¢, 51.2; H, 4.03; N, 9.87. C1gH17N30g9 requires C, 51.6; H, 4.05; N,
10.0%); »vpax (bromoform null) 1730, 1670, 1520, 1350, 1155 cm—1; sy (200
MHz, CD3COCD3) 8.21 (4H, d, Jap 8.8 Hz, Bnpeoc aromatic CH's), 7.69 (4H, d
Jap 8.8 Hz, Bnpeoc aromatic CH's), 6.43 (1H, bd, NH), 4.77 (3H, m, Bnpeoc
CH,CH,), 4.28 (1H, m, Ser oCH), 3.88 (2H, m, Ser BCHy); &c (50 MHz,
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CD3COCD3) 170.3 (acid €=0), 154.9 (urethane C=0), 147.1, 146.3 (Bnpeoc
quat. aromatic C's), 128.8, 122.8 (Bnpeoc aromatic CH's), 64.9 (Bnpeoc
CH,), 61.0 (Ser BCHp), 55.3 (Ser oCH), 48.8 (Bnpeoc CH); m/z (FAB), 420
(MH*), 325, 307; HRMS found 420.10427. Cj;gH1gN30g9 requires 420.10429.

Na-r2,2-Bis(4'-nitrophenyl)ethoxycarbonyl ]-(O-tertbutyl)serine.
Bnpeoc.Ser(tBu).OH

The title compound was prepared in 93% yield by method 2 and isolated
as a yellow foam; tlc Rg -I 0.77; [alf’ +13.7° (c = 1, methanol); »pax
(CHyCl,) 3430, 1770, 1730, 1605, 1595, 1525, 1350, 860 cm—1; Apax 274 nnm
(e = 19811); sy (200 MHz, CD3COCD3) 8.25 (4H, d, Jagp 8.9 Hz, Bnpeoc
aromatic CH's), 7.73 (4H, d, Jap 8.9 Hz, Bnpeoc aromatic CH's), 4.80 (3H,
m, Bnpeoc CH,CH), 4.32 (1H, m, Ser oCH), 3.71 (2H, m, Ser EBCHy), 1.10
(9H, s, 3 x CH3); &c (50 MHz, CD3COCD3) 170.1 (acid C=0), 154.8 (urethane
C=0), 147.2, 146.3 (Bnpeoc quat. aromatic C's), 128.8, 122.8 (Bnpeoc
aromatic CH's), 72.0 (tBu quat. C), 64.8 (Bnpeoc CHp), 60.8 (Ser BCHy),
53.6 (Ser «CH), 48.8 (Bnpeoc CH), 25.8 (CH3); m/z (FAB), 476 (MHY), 420,
254, 225; hplc Re (B2) 17.8 minutes. Bnpeoc. Ser(tBu).OH, Cha salt:
m.p. 182-59C; (Found: ¢, 57.8; H, 6.7; N, 9.4. C2gH3gN409 requires
c, 57.9; H, 6.5; N, 9.6%); tlc -E, Rg¢ 0.6; [a]f2 +11° (c 1.0 1n DMF);
»max (CH2Clp) 3440, 1720, 1595, 1525, 1350, 860 cm~1; Apax (MeOH) 274 nm
(e 17900); HRMS 575.271687.  CpgH3gN4Og requires 575.271680.

N®-[2,2~Bis(4'-nitrophenyl)ethoxycarbonyl J-threonine. Bnpeoc.Thr.OH

The required compound was prepared 1n 85% yield by method 1 and
crystallised from acetone/petroleum ether:; (Found: C, 53.0; N, 4.41;
N, 9.78. C19H19N309 requires C, 52.7; H, 4.39; N, 9.70%); [a«]B’
+3.8°9; tlc -D, Rf 0.1; »pay (CHBrs mull) 3620, 3405, 1765, 1750, 1670,
1660, 1605, 1595, 1520, 1350, 1550, 1325, 870, 860 and 835 cm~1; Amax 275
(¢ 20000); &y [(CD3)2CO, 200 MHz] 8.21 (4H, d, Jpp 8.8 Hz), 7.70 (4H, 4,
Jap 8.8 Hz), 6.15 (1H, m, NH), 4.78 (3H, m, CHCH, Bnpeoc), 4.30 (1H, m,
aCH), 4.19 (1H, m, Thr BCH), 1.15 (3H, 4, J 6.4 Hz, Thr yCH3) ; ic
[(CD3)CO, 50 MHz] 170.61 (CO, acid), 155.4 (CO, urethane), 147.2, 146.5
(quat. aromatic C's), 128.9, 122.9 (aromatic CH's), 66.2 (Thr BCH), 65.0
(CHp, Bnpeoc), 58.7 (aCH), 49.0 (Thr, yCH3): HRMS 434.11991. C19HooN30g
requires 434.1199.

N®-[2,2-B1s(4'-nitrophenyl)ethoxycarbonyl]-(O~tertbutyl) threonine.
Bnpeoc.Thr(tBu).OH

The title compound was prepared 1in 78% yield by method 2 which gave
crude product which was purified by dry flash chromatography on silica
(eluting with_chloroform) to yield the product as a yellow foam; tlc -A4,
Rf 0.48; [alp’ +9.7° (¢ = 1 MeOH); »pay (CH3Clp) 3420, 1770, 1730, 1525,
1350, 860 cm-1; sy (100 MHz, CDOCD3) 8.22 (4H, d Jpp 8.8 Hz, Bnpeoc
aromatic CH's), 7.71 (4H, d, Jpap 8.8 Hz Bnpeoc aromatic CH's), 4.80 (3H,
m, Bnpeoc CH,CHy), 4.22, 4.12 (2H, m, Thr o/f), 1.12 (12H, m, Thr CH3, 3 x
tBu CH3); &¢ (50 MHz, CD3COCD;) 170.5 (acid C=0), 155.2 (urethane C=0),
147.3, 147.2, 146.3 (Bnpeoc quat. aromatic C's), 128.8, 122.8 (Bnpeoc
aromatic CH's), 72.8 (tBu quat. C), 64.8 (Bnpeoc CHjy), 66.3, 58.6 (Thr
a/BCH), 48.9 (Bnpeoc CH), 26.9 (tBu CH3), 19.1 (Thr CH3):; hplc Rg -N 12.0
minutes. Bnpeoc.Thr (tBu).OH, CHA salt: m.p. 153-6°C; (Found: c,
59.5; H, 7.0; N, 9.4. CogHyoNyOg requires C, 59.2; H, 6.9; N, 9.5%);
tlc -E, Rf¢ 0.5; ([alf2 +11.0° (¢ 1.0 1n DMF); »payx (nujol) 3410, 1720,
1525, 1530, 860 cm™1; Amax (MeOH) 276 nm (¢ 19800); m/z (RAB) 599 (MH',
0.2%), 434(1.0), 254(1.9), 100(ChaH*, 90), 83 (20), 58(100).

N®-12,2-Bis (4'-nitrophenyl)ethoxycarbonyl]-valine. Bnpeoc.Val.OH

The required compound was prepared in 73% yield by method 1 and
crystallised from ethyl acetate/petroleum ether; m.p. 142-5°C; (Found:
C, 55.8; H, 4.7; N, 9.7. Cy0H21N30g requires C, 55.8; H, 4.9; N,
9.6%); [a]B’ +7.5° (¢ 1.0 1n DMF); »rpax (CHaCl,) 3430, 2970, 1725, 1610,
1520, 1350, 860 cm~1; ‘max (MeOH) 274 nm (¢ 23000); 5y [200 MHz,
(CD3)C0] 0.9 (6H, m, Val CH3), 2.1 (1H, m, Val BCH), 4.1 (1H, m, Val
aCH), 4.8 (3H, m, Bnpeoc CH and CHy), 7.69 (4H, d, Jpp 8.7 Hz), 8.21 (4H,
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d, Jap 8.7 Hz); &¢c [50 MHz, (CD3)2C0] 16.4 and 17.7 (CH3 x 2), 29.6 (Val
BCH), 49.0 (Bnpeoc CH), 58.5 (Val aCH), 64.9 (CH; Bnpeoc), 122.8 and 128.9
(aromatic CH), 147.3 and 146.4 (quat. C, aromatics), 155.2 (CO, methane),
171.5 (€O, acid); HRMS 432.14069. Co0H22N30g requires 432.14068.

N®-r2,2-Bis (4'-nitrophenyl)ethoxycarbonyl ]-tryptophan. Bnpeoc.Trp.OH.

The required compound was prepared by route 1 as for the Met
derivative in 60% yield and the product crystallised from chloroform;
m.p. 92-7°9C; (Found: ¢, 60.4; H, 4.4; N, 10.6. CygH22N40g requires
c, 60.2; H, 4.3; N, 10.8%); [ca]f® ~24.0° (¢ 1.0 in DMF); »pax (nujol)
3450, 1730, 1670, 1605, 1595, 1520, 1350, 860 and 830 cm~1; pay 274 (e
27000); &y [(CD3)5CO, 200 MHz] 3.26 (2H, m, Trp CHy), 4.6 (1H, m, Trp
oCH), 4.68 (3H, m, CH and CH, Bnpeoc), 7.10 (3H, m, Trp), 7.40 (1H, 4, J =
8.1 Hz, Trp 2-CH), 7.65 (S5H, m, 4H Bnpeoc and 1lH Trp), 8.18 (4H, 4, Jpp
8.6 Hz); HRMS 519.15155. CpgHy3N40g requires 519.1515.

N®-Bnpeoc amino acid chlorides.

These were prepared by the following general method and, in the cases
of Pro, Val and Trp these were 1solated as rather unstable solids; mnm.p.
54-63°9, 140~160° and 97-105° respectively. The acid chlorides were used
immediately after preparation.

Bnpeoc.Gly.Cl

Thionyl chloride (1.61 ml, 22.0 mmol) was added to Bnpeoc.Gly.OH
(0.857 g, 2.20 mmol) ain DCM (100 ml) and heated under reflux for 90
minutes under nitrogen. The solvent and excess thionyl chloride were
removed in vacuo, re-evaporating three times with dichloromethane to
ensure complete removal of the thionyl chlorade. The resulting foam was
used without further manipulation: vmax (CH2Cly) 3425 (NH), 1805 (acid
chloride €=0), 1740 (urethane C=0), 1525, 1350 (NO,) cm~l.

N&=-r2,2~B1s (4 'nitrophenyl)ethoxycarbonyl ]J-glycyl-p-alkoxybenzyl
alcohol resain. Bnpeoc.Gly (OCH3CgHy4-OR)

To p-alkoxybenzyl resin (Bachem, 1.01 mmol/qg) was added sufficient
dichloromethane (1 ml} to dry swell the resin, sufficient pyridine (2 ml)
to obtain a slurry and Bnpeoc.Gly.Cl (0.14 mmol in 1 ml dichloromethane).
This mixture was allowed to stand in a sonic bath for 90 minutes after
which the resin was filtered off and washed thoroughly with dichloro-
methane (5 x 5 ml). The resin and filtrate were analysed by i.r. and
CHN; resin, vrpayxy (KBr) 3420 (NH), 1740 (CO, urethane, ester), 1520 and
1350 cm~l (NO,); filtrate, rpay (CHpClp) 2500-1950 (pyridinium salt),
1720 (C), urethane), 1520 and 1350 cm™ (NO5) ¢ (Found: N, 2.04.
C17H13N307-resin requires N, 2.25); esterification = 88%. Both
Fmoc.Gly.OH and Bnpeoc.Gly.OH 1loading in this way showed no Gly.Gly
1ncorporation by amino acid analysis at pH 3.49.

N@-r2,2~Bis (4 '-nitrophenyl)ethoxycarbonyl J-valyl-p-alkoxybenzyl
alcohol resin. Bnpeoc.Val. (0.CH5CgHy . OR)

(1) To p-alkoxybenzyl alcohol resin (0.93 g, 0.94 mmol) was added
dichloromethane (2 ml), pyridine (4 ml) and Bnpeoc.Val.Cl (0.94 mmol in
1.5 ml dichloromethane). The mixture was allowed to stand i1n a sonic
bath for 2 hours and worked-up as for Bnpeoc.Gly.resin; rpay (KBr) 3570
(OH), 3454 (NH), 1730 (CO, urethane, ester), 1520 and 1350 em~1 (NO3) ;
(Found: N, 2.06. CyoH19N307-resin requires N, 3.0%); esterification =
60%.

(11) The above experiment was repeated with p-alkoxybenzyl alcchol
resin (1.49 g, 1.51 mmol) 1n dichloromethane (3 ml) and pyridine (6 ml) to
which was added Bnpeoc.Val.Cl (1.65 mmol, 1.1 eq) 1in 2 ml dichloro-
methane. Work-up after 2 hours in a sonic bath was as described before
to give the loaded resin (1.8 g); ”WPX (KBr) 3420 (NH), 1730 (cCoO,
urethane, ester), 1520 and 1350 cm~+(NOj3): (Found: N, 2.45.
Cy1H19N307-resin requires N, 3.0%); esterification = 75%.

Racemisation study on Bnpeoc.Val-resin [prepared by method (11) above]
Bnpeoc.Val-resin (1.8 g, 1.15 mmol) was swollen in dichloromethane (4
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ml) and pyridine (10 ml) to which was added acetic anhydride (0.71 ml, 5
mmol) . The resin was filtered and washed with dichloromethane after 1
hour in a sonic bath. Treatment with a solution of DBU/acetic acid (15
mmole) 1n dimethylacetamide afforded the valine benzyl ester resin.

To the above resin (0.129 g, 0.084 mmol) in dichloromethane (1.5 ml)
was added Boc.Ala.OH (49 mg, 0.25 mmol) in dichloromethane (2 ml) and
dicyclohexylcarbodiimide (54 mg, 0.25 mmol). The mixture was stirred
under argon for 2 hours after which the resin was washed thoroughly with
dichloromethane. The resin was treated with a trifluorocacetic acaid/
dichloromethane mixture (5 ml, 1:1) for 1 hour in a sonic bath. The
resin was then filtered off and washed thoroughly. The residue obtained
on removal of the solvent from the filtrate was dissolved in 100 ml 0.2M
sodium citrate buffer (pH 3.49), and from which was taken 120 gl and
placed on an ion-exchange column at 75°C for amino acid analysis. There
was only one peak observed due to the L,L-diastereoisomer by comparison
with authentic samples of the two diastereoisomers.

NO-r2,2=-B1s(4'-nitrophenyl)ethoxycarbonyl ]-alanylphenylalanylglycine.
Bnpeoc.Ala.Phe.Gly.OH (15)

(1) The synthesis of (15) was accomplished using the functionalised
resin, Bnpeoc.Gly.(0-CH3CgH4-OR), and employing a repetitive solid-phase
cycle on a manual shaker which involved (1) washing the functionalised
resin - dichloromethane (2 x 1 minute), (2) capping of any unreacted sites
- acetic anhydride (2.08 ml, 22.0 mmol) and pyridine (1.78 m., 22.0 mmol)
in dichloromethane (35 ml) (1 hour), (3) washing - dichloromethane (2 x 1
minute), DMF (2 x 1 minute), dichloromethane (2 x 1 minute), (4) removal
of N®-protecting group - DBU (600 pxl, 4.02 mmol) and acetic acid (230 pl,
4.02 mmol) in DMF (35 ml)} (1 hour), (5) washing - DMF (2 x 1 minute),
dichloromethane (2 x 1 minute), (6a) coupling of Bnpeoc.Phe.Cl (2.40 mmol)
in N-methylmorpholine (6.60 ml, 60.0 mmol) and DCM (35 ml) (2 hours)
(double couple), (6b) coupling of Bnpeoc.Ala.Cl (2.40 mmol) in
N-methylmorpholine (6.60 ml, 60.0 mmol) and dichloromethane (35 ml) (2
hours) (single couple), (7) washing - dichloromethane (2 x 1 minute), DMF
(2 x 1 minute), dichloromethane (2 x 1 minute). Samples of the resin
were removed after steps (6a) and (6b) and subjected to the Kaiser test to
determine the extent of coupling.

The cleavage of the peptide from the support was performed by reaction
with trifluorocacetic acid (25 ml) in dichloromethane (25 ml). The
reaction mixture was shaken for 1 hour under nitrogen at room temperature,
before the resin was filtered off and washed with DMF (3 x 1 minute) and

dichloromethane (3 x 1 minute). The combined filtrates were concentrated
in vacuo to give a yellow o1l, which was triturated with ethyl acetate/
light petroleum to give a yellow solid. This material was purified by

gel filtration on Sephadex LH20, eluting with methanol to afford the title
compound (0.458 g, 38%) as a white solid: tlc -M, Rf¢ 0.10, -I, Rg 0.80;
m.p. 113- 115°9C; »payx (CHpCly) 1725, 1670, 1525, 1350 cm~1! oy (200 MHz,
CD3COCD3) 8.20 (4H, d, Jap 8.8 Hz, Bnpeoc aromatic CH's), 7.68 (4H, d, Jpp
8.8 Hz, Bnpeoc aromatic CH's), 7.23 (5H, m, Phe aromatic CH's), 4.75 (4H,
m, Phe «CH, Bnpeoc CH,CH;), 4.06 (1H, m, Ala «CH), 3.99 (2H, 4, J 3.0 Hz,
Gly CHy), 3.07 (2H, m, Phe B8CHy), 1.21 (3H, 4, J 7.2 Hz, Ala CH3): ¢ (50
MHz, CD3COCD3) 171.4, 170.4, 169.7, (2 x amide C=0, acid C=0), 154.8
(urethane C=0), 147.3, 146.6 (Bnpeoc quat. aromatic C's), 136.8 (Phe quat.
aromatic €0, 129.0-122.9 (aromatic CH's), 65.2 (Bnpeoc CHy), 53.2, 50.2,
49.1 (Bnpeoc CH, 2 x «CH), 40.0, 37.0 (Phe aCHy, Gly CHp), 16.7 (Ala CH3):
m/z (FAB), 608 (M+), 592, 323, 307, 271; HRMS 608.19921 Cy9H30Ng501¢
requires 608.19925; amino acid analysis, Gly; 0.99, Ala; 1.02, Phej; 0.99;
hplc -B4, Re 22.8 minutes.

(11) The synthesis of (15) was accomplished by hydrolysis of the
corresponding methyl ester (14).

Bnpeoc.Ala.OH (1.0 g, 1.5 mmol) was suspended 1n dry dichloromethane
at -10°c. To this was added Dpp.Cl (2.5 mmol, 8.6 ml of 0.7 g Dpp.Cl 1in
10 ml dichloromethane) and NMM (0.24 ml, 2.5 mmol). After 5 nins,
H.Phe.Gly.OMe TFA salt (0.75 g, 1.15 mmol) in DMF (5 ml) was added to the
reaction mixture keeping the temperature at -59C, then NMM (0.16 ml, 2.25
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mmol) and 2,6-lutidine (0.26 ml, 2.25 mmol) were added and the reaction
left for 1 h at 0°C followed by 1 h at 12°cC. After the usual work-up the
titled compound was isolated (1 g, 75%) as a crystalline product m.p.
159-162°; (Found: C, 57.7; H, 4.92; N, 11.2; C30H31N5070 requires C,
58.0; H, 5.03; N, 11.3%); ¥ max (CH,Cl,) 3420 (NH), 1750, 1730, 1680,
1525, 1350 em~l; 4§y (200 mHz, CD3COCD3) 8.22 (4H, 4, Jap 8.8 Hz, Bnpeoc
aromatic CH's), 7.69 (4H, d, Jpp 8.8 Hz, Bnpeoc aromatic CH's), 7.25 (5H,
m, Phe aromatic CH's), 6.68 (1H, bd, urethane NH), 4.74 (4H, m, Phe oCH,
Bnpeoc CH,CHp), 4.10 (1H, m, Ala oCH), 3.95 (2H, m, Gly CHy), 3.65 (3H, s,
OCH3), 3.10 (2H, m, Phe BCHp), 1.22 (3H, 4, J 7.7 Hz, Ala CH3); &c (50
MHz, CD3COCD3) 171.2, 170.4, 169.1 (2 x amide C=0, ester C=0), 154.8
(urethane C=0), 147.3, 146.5 (Bnpeoc quat. aromatic C's), 136.7 (Phe quat.
aromatic C), 129.3-122.9 (aromatic CH's), 65.0 (Bnpeoc CHj), 53.1, 50.5,
50.2, 48.9 (Bnpeoc CH, OCH3, 2 x oCH), 39.5, 37.0 (Phe BCH3;, Gly CHz),
16.6 (Ala CH3); m/z (FAB), 622 (Mt), 254, 237, 167; amino acid analysis,
Gly; 1.03, Alaj; 0.99, Phe; 0.98; hplc -0, Rf 17.0 minutes.

Bnpeoc.Ala.Phe.Gly.OMe (14) (0.117 g, 0.91 mmol) was dissolved in
acetone/water (8.2) (8 ml), and to this was added 0.1M ageous NaOH (1.92
ml, 0.19 mmol) and H50 (3% solution in water, 216 1, 0.19 mmol). The
reaction mixture was stirred for 40 minutes at room temperature. The pH
of the solution was adjsuted to 1.5 by the addition of conc. HC1,
extracted with ethyl acetate (3 x 40 ml), and dried over Na;SOg4.
Concentration of the reaction mixture in vacuo afforded a yellow oil,
which was purified by preparative hplc, employing an Aquapore Cj;g reverse
phase prep. column with water/acetonitrile (+0.05% TFA) as the eluent and
monitoring at 254 nm. The removal of the solvents by lyophilisation gave
the title compound (0.063 g, 55%) as a white solid: tlc Rfg -M 0.19, R¢ -I
0.80; m.p. 110-1139°C; &g (200 MHz, dg-DMSO) 8.32 (1H, bt, amide NH),
8.19 (4H, d, Jpp 8.7 Hz, Bnpeoc aromatic CH's), 7.87 (1H, bd, NH), 7.68
(4H, 4, Jap 8.7 Hz, Bnpeoc aromatic CH's), 7.33 (1H, d, NH), 7.21 (5H, s,
Phe aromatic CH's), 4.64 (4H, m, Phe «CH, Bnpeoc CH,CHj), 3.95 (1H, m, Ala
«CH), 3.77 (2H, d, Gly CHy), 2.97 (2H, m, Phe gCHp), 1.07 (3H, 4, J 7.0
Hz, Ala CHj); m/z (FAB), 608 (MH+), 585, 329, 176; HRMS 608.19921
Cyg9H3gN501g requires 608.19925; amino acid analysis, Glyj; 1.02, Ala;
0.98, Phe; 1.00; hplc -B4, Re 22.8 minutes

N%-[2,2-Bis(4'-nitrophenyl)ethoxycarbonyl ]-serine-(0-2,3,4,6-tetra-
O-benzyl-oa/B-D-glucopyranosyl)benzyl ester (16). Bnpeoc.Ser[a/f-D-
(Bzl) 4Gluc])-0Bzl

Trifluoromethanesulphonic anhydride (0.175 ml, 1.05 mmol) was added to
a solution of Bnpeoc.Ser.0Bzl (1.07 g, 2.10 mmol) in acetonitrile/

dichloromethane (1:1) (10 ml) at -=-15°cC. 2,3,4,6-Tetra~O-benzyl-a-D-
glucopyranose (0.65 g, 1.20 mmol) in dichloromethane (12 ml) was added,
maintaining the temperature at -15°C. The reaction mixture was then

allowed to warm to room temperature and stirred for a further 90 minutes.
Water (30 ml) was added and the aqueous solution was extracted with
dichloromethane (3 x 30 ml). The combined organic phases were washed
with a saturated aqueous solution of NaHCO3 (2 x 50 ml), water (1 x 50 ml)
and dried over NajS04. The removal of the solvent in vacuo gave a yellow
0il, an aliquot of which was purified by, firstly, flash chromatography on
silica (employing a gradient of 1light petroleum/diethyl ether), and
secondly, preparative hplc, using an Aquapore Cg reverse phase prep.
column with acetonitrile/ water (+0.05% TFA) as the eluent and monitoring
at 254 nm. Removal of the solvents by lyophilisation afforded the title
compound (0.145 g, calculated yield = 34%) as a yellow solid: tlc R¢ -K
0.78, 0.80; sy (360 MHz, CDCl3) 8.12 (4H, m, Bnpeoc aromatic CH's), 7.21
(29H, m, Bnpeoc aromatic CH's, benzyl CH's), 5.94 + 5.67 (1H, d + 4, J
8.6, 8.0 Hz, NH), 5.15 (2H, m, benzyl ester CHj), 4.91-4.27 (13H, m,
anomeric CH, 4 x benzyl ether CH, Ser «CH, Bnpeoc CH,CHy), 4.12-3.29 (8H,
m, Ser BCHy, 4 x glucose CH, glucose CHy); m/z (FAB), 1032, (MHt) , 1002,
558, 423, 325; HRMS 1032.39184 CsgHggN30q4 requires 1032.39185;  hplc
-B5, Rf 21.8, 22.6 minutes.
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(0-2,3,5,6~tetra-O-benzyl-a/f~D-glucopyranosyl)-serine benzyl ester
(17). H.Ser[a/f-D-(Bzl) 4Gluc]-0Bzl

Bnpeoc.Ser[a/f-D-(Bzl) 4Gluc]-0Bzl (18) (0.194 g, 0.19 mmol) was
dissolved in DMF (8 ml), and to this was added DBU [1.57 ml of a solution
of 0.219 g in 10 ml DMF (0.22 mmol)] and glacial acetic acid [(0.72 ml of
a solution of 0.187 g in 10 ml DMF (0.22 mmol)]. The reaction was
stirred for 45 minutes, monitoring by tlc. Ethyl acetate (150 ml) and
water (150 ml) were added, and the separated organic layer washed waith
water (1 x 100 ml), an aqueous solution of 5% citraic acid (1 x 100 ml),
water (1 x 100 ml) and brine (1 x 100 ml), and dried over Na;S0O4. The
removal of the solvent in vacuo afforded a yellow oil which was purified
by flash chromatography on silica (employing a gradient of 1light
petroleum/ethyl acetate/methanol). The removal of the solvent in vacuo
gave the title compound (0.126 g, 93%) as a yellow oil: tlc Rg -N 0.54;
6y (360 MHz, CDCl3) 7.28 (25H, m, benzyl CH's), 5.15 (2H, m, benzyl ester
CHz), 4.94-4.27 (10H, m, Ser oCH, anomeric CH, 4 x benzyl ether CH,),
4.14-3.34 (8H, m, Ser @CHy, glucose CHy, 4 X glucose CH); m/z (FAB), 718
(MH%), 628; HRMS 718.33801 C44H4gNOg requires 718.33797.

N&-(Benzyloxycarbonyl)-alanylalanyl (0-2,3,4,6-tetra-0O-benzyl-o/f~D-
glucopyranosyl)-serine benzyl ester (18).
Z.Ala.Ala.Ser[«o/B-D-(B2l)4Gluc]}-0Bzl

Bnpeoc.Ser([«a/f-D-(Bzl) 4Gluc]-0Bzl (16) (0.100 g, 0.097 mmol) was
dissolved in DMF (4.0 ml) and to this was added DBU [2.78 ml of a solution
of 0.062 g in DMF (10 ml), (0.11 mmol)] and glacial acetic acid [0.60 ml
of a solution of 0.096 in DMF (10 ml), (0.11 mmol)]. The reaction
mixture was stirred for 40 minutes, monitoring by tlec. Ethyl acetate (50
ml) and water (50 ml) were added, and the separated organic layer was
washed with water (2 x 50 ml) and dried over Na;SO4. The removal of the
solvent 1in vacuo afforded (17) as a yellow o0il which was used without
further manipulation.

Z2.Ala.Ala.OH (0.057 g, 0.19 mmol) was dissolved in DMF (2.0 ml) and to

this was added HOBt (0.026 g, 0.19 mmol) in DMF (0.5 ml). After stairring
for 2 minutes 1,3-dicyclohexylcarbodiimide (0.040 g, 0.19 mmol) was added
and the reaction mixture stirred for a further 2 minutes. The

N¢~-deprotected glyco-amino acid above was dissolved in DMF (1.0 ml), added
to the reaction mixture and the pH of the resulting solution adjusted to
9.0 by the addition of triethylamine. The reaction mixture was stirred
for 18 hours at room temperature, before filtering and 1isolating the
desired product by preparative hplc, employing an Aquapore Cjg reverse
phase prep. column, with water/acetonitrile (+0.05% TFA) as eluent and
monitoring at 229 nm. The removal of the hplc solvents by lyophilisation
afforded the title compound (0.015 g, 15%) as a white solid: tlc Rg -N
0.71; éy (360 MHz, D,0/CD3COCD3) 7.27 (30H, m, Z-, benzyl ether, benzyl
ester aromatic CH's), 5.16-4.40 (14H, m, 4 x benzyl ether CH,, benzyl
ester CH,, anomeric CH, Ser oCH, 2 x Ala oCH), 4.10-3.68 (6H, m, 4 Xx
glucose CH, glucose CHp), 3.55 (2H, m, Ser BCH3), 1.25 (6H, m, 2 x Ala
CH3) ; m/z (FAB), 994 (M*), 610, 562, 454, 367; HRMS 994.44904
CsgHg3N301; requires 994.44896; hplc -Bl3, Rg 28.2, 28.4 minutes.
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