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Conjugate Addition of Amino Acid Side Chains to Dyes Containing Alkynone

Alkynoic Ester and Alkynoic Amide Linker Arms

Geoffrey T. Crisp* and Michael J. Milian

Department of Chemsitry, University of Adelaide, Adelaide, 5005, S.A. Australia

Abstract: Derivatives of fluorescein, 7-hydroxycoumarin, Sudan 1 and dansyl chloride with
linker arms containing a conjugated terminal alkyne have been prepared. The Michael addition
of the c“'lfnnvl group of nmfpr-tpd mdpn’g, the hydp\xyl group o of nrnipr\tpd serine and the e-amino

group of pmtected lysme to the conjugated alkyne gave the expected heterosubstituted vinyl producs.
© 1997 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Conjugate addition of the nucleophilic groups present in the side chains of amino acids in proteins to
o.,B-unsaturated carbonyls and sulfones has been used as an analytical tool12 for the elucidation of enzyme

mechanisms by providing information on the microenvironment of the active site!® and for structure
datarmination in nraoteine by analveino conformational chanoeclC and the snatial relationshin hetween lahelled
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Conjugate addition of protein-derived nucleophiles to reactive dyes has also been used for the
covalent attachment of colorfast dyes to wool as alternatives to the use of chromium-based mordant dyes 3.
Previous studies have identified the reactive sites in keratin and their relative reactivities as cysteine thiol >
lysine e-amino > serine hydroxyl4 Although the cysteine thiol group has the greatest reactivity in this
series, lysine is more important for the formation of covalent bonds because of its greater abundance in

keratin.

nsaturate PR 5

model o,p-unsaturated alkynes.” I
containing o, 3-unsaturated carbonyls and suifones we have mvestigated, and report herein, on the reactions
between suitably protected serine, cysteine and lysine derivatives and a variety of dyes containing alkynes
which can act as Michael acceptors.

Fluorescent labels and reactive dyes usually consist of three sections: the dye, a spacer unit and a
reactive functional group. We required the functionalisation of the dyes with a linker arm terminating in a

ves were chosen to act as models. Fluorescein 1a, 1bis a

coniueated alkvne and so four representative d ch

njugated alxyne and so 1our represent Y

vanthana dva which hao frimd avtanciva nes in hath wanl dveing and ac a fluarecscent nrohe for bhioloocical
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: 6 N -~ o RN, don svhiak 1o amimacen mualer sioad tm fliiaracarant lalhallins

sysiems® -rly(lroxycuumdnn 2 is a fluorescent dye whicCh iS COMITIONIY USEd in {1UCTESCeNt 1aveuing

experiments®. Sudan 1 3 is a member of the family of azo derivatives which are used extensively in wool
dyeing? and dansyl chloride 4 is used as a fluorescent label to probe the local environment of the label in
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biological systems. Fluorescein 1a, 1b, 7-hydroxycoumarin 2 and Sudan 1 3 contain the reactive hydroxyl

groups for the attachment of the linker arm while dansyl chloride 4 contains a reactive sulfonyl chloride.
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1a is needed for labelling experiments, basic conditions were chosen for the alkylation. Accordingly 1a,
2-bromoethanol and K,CO3 were heated in DMF to give the expected disubstituted fluorescein 5 as the
major product in 54%, Scheme 1. Unfortunately, diol 5 proved to be very polar and difficult to purify, so
the THP adduct of 2-bromoethanol was used for the alkylation of 1a and gave the readily purified 6 in 95%
yield. Subsequent removal of the THP protecting groups by treatment with PPTS? in ethanol gave § as an
orange solid in 63%, Scheme 1. In order to prepare a monoalkylated fluorescein derivative, methyl ester 7
was alkylated with 2-bromoethanol to produce 8 in 52%, Scheme 1.
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were alkylated with the THP derivative of 2-bromoethanol and K2CO3 to form the expected products 9 and
10, which were subsequently deprotected by PPTS in ethanol to give 11 (99%) and 12 (99%), Scheme 2.

~ QOTHP
Bl_/ N
THP PPTS H
Dye— OH ———— Dye— 0/\/0 —- Dye—0O /\/O
K,CO;, EtOH
2,3 9,10 11,12

2,9,11 Dye-OH = 7-hydroxy coumarin
3,10, 12 Dye-OH = Sudan 1

Scheme 2
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Dansy! chloride 4 was reacted with an excess of ethylenediamine to produce 13, Scheme 3. As this
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I : S N N
Dye—$—Cl ——————3  Dye—S$—N~
Il i H
O 0]
4 13
4,13 Dyc = 5-dimcthylamino-1-naphthy!
Scheme 3
The attachment of the Michael acceptor, propiolic acid, to the dye-linker complex was achieved by

~ . —

an esterification using DCC as the coupling agent. Addition of DMAP and DCC to propiolic acid at room
temperature caused polymerisation of the alkyne. Cooling a solution of propiolic acid and 11 to -20°C prior
to the addition of DCC and DMAP gave the alkynyl ester derivative 14 in a modest 31% yield. At this
temperature the coupling was relatively slow and polymerization of propiolic acid occurred. The coupling
between 12 and propiolic acid was more rapid and gave the expected product 15 in a respectable 73% yield,
along with a 14% recovery of the starting alcohol 12, Scheme 4.

o]

~ DCC / DMAP - Il
Dye)‘\/\oH H—==—CO,H —— DyM)\
H

18, 32 14,18

11, 14 Dye = 7-substitutcd coumarin

Scheme 4

The DCC mediated coupling reactions of the di- and mono-alkylated fluorescein derivatives, 5 and 8,
with propiolic acid gave none of the expected products as the reactions were relatively slow and
polymerization of the alkyne occurred. Attempted coupling of § with the acid chloride derivative of
propiolic acid also produced none of the required esters.

Dansyl derivative 13 was reacted with the mixed anhydride formed from propiolic acid and ethyl
chloroformate and gave the required conjugated amide 16 in 58%, Scheme 5

i NH 'R i iy
N—l—==—H
Dye-ﬁ—g/\/ ? + H===—C-0-C-CHCH; — Dye—§-N" "
0 H
13 16
13,16 Dye = S-dimethylamino-1-naphthyl
Scheme 5

in order io prepare an alkynylketone linker arm a difunctional compound was required which

contained both a conjugated, non-terminal acetyienic ketone and a carboxylic acid capable of forming an
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o
carboxybenzaldehyde gave the benzy! alcohol 17 in 40-60%. Jones oxidation of 17 produced 18 as a cream

coloured solid in 80%, Scheme 6.

Li—==—C4Hy OH CrO3 /H* O
_— = C o, —= }Ol_-,—_—_c“ﬂg
H H H H aly H
17 18

Scheme 6

Acid 18 was coupled to both 7-hydroxycoumarin derivative 11 and the Sudani derivative 12 using a
standard Mitsunobu coupling.9 The corresponding products, 19 and 20, were isolated in a 54% and 58%
yield respectively, Scheme 7. In an attempt to increase the yields of the couplings, the reaction of the Sudan
1 derivative 12 and the acid 18 was also performed under standard DCC / DMAP conditions, resulting in a
similar yield of the alkynyl ketone 20, (51%).

Q = 9 AN DEAD / PPh; B T~ ¥ _ Cis
i (HUH_——C4H9 + Dy¢ OH Dy(u o 7/
18 ii, 12 19, 20
H, }9 Byc = :/:sut?sd}uled coumarin
12, 20 Dye = O-substituted Sudan 1
Scheme 7

DCC mediated coupling of dialkylated fluorescein § and conjugated alkyne 18 for 18h gave only
decomposition products. Isolating the product after only 2h at room temperature, however, gave the
expected coupling product 21 in 50%, Scheme 8. When the mono-alkylated fluorescein methyl ester 8 and
carboxylic acid 18 were subjected to the DCC mediated coupling conditions described above, only
decomposition resulted.

0 - 0
N Ry ~ 0/ N I L
O /O_/—Un DCC IUT;L4HQ
=—C4Hy + Dy -_— Dye<o
HO - 0— DMAP 0— Q = 0
OH \—Q—H }——IL—T-:‘_—-C4H9
N_7
18 5 21
5, 21 Dye = O, CO;-substituted fluorescein
Scheme 8

Dansy derivative 13 was reacted with the N-hydroxy succinimde ester of 18 in the presence of DCC
and DMAP and gave the expected coupled product 22 in a modest 30%, Scheme 9. This compound was

unstable and decomposed within one week at room temperature.
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methyl ester 24, and N,-Cbz lysine methyl ester 25, were examined. Our previous model reactions
indicated that a catalytic quantity of NEt3 was required to initiate the Michael additions. The addition of the
cysteine 23 to coumarin 14 in CHCl3 with a catalytic quantity of NEt3 at 0°C (Procedure A) gave
predominantly the £ isomer 26 (66% isolated yield), the stereochemistry indicated by a vicinal coupling
constant of J = 15 Hz for the two vinylic protons. Traces of a second isomer were observed by 'H NMR in
the crude reaction mixtures. Similarly, the addition of cysteine 23 to Sudan 1 15 using Procedure A gave only
the £ isomer (vicinal coupling constant of J = 15 Hz) of 27 in 73%, Scheme 10. Again traces of the Z isomer
were observed by 'H NMR in the crude reaction mixtures. The isomeric ratio observed in the products was

unevnected ac in the model reactinne renarted nrevionclvd additian of 22 to athvl nraninlate oave hath the F
unexpected, as in the model reactions reported previously” addition of 23 to ethy! propiclate gave both the £
and tha Zicnmare 11 o A $- ratin Thio ciigaoacts that tha hiill; Auva mvnintr to ofFfonting tha ralaticra ctahilisias
allu UIv L IDULIICID 111 4 T LU 1 1aliv LD DU, Cald Liial uic vul y uyc llUlCl.y i auc\,uus LT 1C1Aallv O SLAuiiiLicd
of the two intermediate anions, such that the £ anion is greatly preferred over the iess stable Z anion.
Py 0
( —
H_>_'H'—=—C4Hg 3
NHS /DCC H (@]
18 _ ? —
+ —— Dy N AL M — o
(ﬁ . DMAP i H \_7/
Dyc—ﬁ-—N\ N\ 22
1] A NH;
13
13,22 Dye = 5-dimethylamino-1-naphthyl
Scheme 9
O H NHCbz
Dy V- F— CO,CH
I
A Qa o NEi3 H
l ] +
CbzNH” ~CO,CHy ¥ Dy’ N0 -C—=1 0
Rans CHC o A ? Y
vye ~© U‘b—\—
a4 tm H
23,24, 25 14, 15 1
o Y. ,NHCbz
14,26 Y =S, Dye = 7-substituted coumarin N\ CO,CH
15,27 Y =S, Dye = O-substituted Sudan 1 3
14,28 Y =, Dye = 7-substituted conmarin 26, 27, 28, 29, 30, 31

&2 , Y

15,29 Y =0, Dye = O-substituted Sudan 1
14,30 Y = CH,CH,CH)NH;, Dye = 7-substituted coumarin
15,31 Y = CHCH;CH;NH;, Dye = O-substituted Sudan 1 + Dye/o\/\OH

Scheme 10

In an analogous manner serine 24 was reacted with 14 under Procedure A and produced the expected
1,4-addition product 28 (29%) and the unexpected alcohol 11 (30%), Scheme 10. The vinylic protons of 28
were observed as two doublets at 8 5.26 and at & 7.55, (J = 12.5 Hz), similar to the model reactions reported
for the addition of serine 24 and ethyl propiolate (/ = 12 Hz)>, confirming that 28 had £ stereochemistry.
Addition of 24 to Sudan 1 derivative 15 also gave two products after purification, the major product 29
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addition sufficiently to cause base induced h drolysis to occur. As the nucleophile is postulated to
approach the B-carbon of the alkyne along a carbon-carbon-nucleophile angle of 60° 1€ it is likely that the
large buik of the dye is partially blocking this route, thus making the normally less accessible 1,2-addition
possible. This was not seen for the reactions of the cysteine derivative 23 discussed above since the sulfanyl
group has a higher reactivity compared to the hydroxyl group.

The reactions of N,-Cbz lysine methyl ester 25 with the two alkynyl esters 14 and 15 in chloroform
(without the addition of NEt3) produced almost identical results to the model reaction between ethyl
propiolate and 25, In each case the addition reaction produced both the E and Z isomers as an inseparable
ing J = 8 Hz) from the

W © 22Ly ALV RN

\viuium qupl ngv = 13 Hzjan
1 derivative 15 were produced in a ratio of

The reaction of the compound where a dansyl group was attached to a terminal acetylenic amide 16
was only carried out with the N-Cbz cysteine methyl ester 23, as the model reactions> had demonstrated that
serine and lysine were unreactive under these conditions. Cysteine 23 was added to amide 16 using
Procedure A and, as expected, two products 32E (vicinal coupling J = 15 Hz) and 32Z (vicinal coupling J=
10 Hz), were recovered, in 55% overall yield, in a 1.6:1 ratio, Scheme 11. Addition of 23-25 to 22 using

Procedure A gave no isolable products and only decomposition of the alkynone was observed.

At ; 0 NE 3 O 1 NHCbz
b ] H
,»I: + Dye-’N‘v/\ N . Dye’N\/\Z;!-C—l - CO,CHy
CbzNH” ~CO,CH; : CH,Cl, T Y—s—
n !
H
3R2E
23 16 l;l O 1
"’ 11
16,32 Dye = S-dimeihylamino-1-naphinyl Dye’ \/\‘.. -c—4
" N-H
S\_\}NHCbz
327
CO,CHj3;
Scheme 11

The reaction of between 19 and 23 using Procedure A gave the two isomers 33E and 33Z in a ratio of

2:1 and in 66% isolated yield, Scheme 12. The vinylic protons of 33E and 33Z were observed as singlets at §
£74 and & 7 NN recnoctively rancictant with the crhamical chifie rennrtad far tha mnadal reactinaned The
LS Y e SR« SUIVER VN RV AV l\ablj\,\lll LAY S » WULIDLOLGLIL VVIRLL LIV viiviliival JikiLw l\rl.l\ll Wil AV ULy 1LIVUAUVL Tvaviuiviio . L LI
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addition of 23 to Sudan 1 20 using Procedure A also produced two isomers 34E and 34Z, in a 2.5:1 ratio and

78% isolated yield, Scheme 12. This ratiois in contrast to the model studies which showed a 1:2 E:Z ratio.?

This reversal in stability is almost certainly due to steric interactions by the bulky dye destabilizing the

intermediate Z anion. The stereochemistry of the isomers was assigned by comparison with the 'H NMR

spectra from the products of the model reaction reported previously>.

The reaction of serine 24 with 19 did not take place using Procedure A, as anticipated from the model
so Procedure B in which a 20% molar ratio of tributylphosphinel! catalyses the addition was used,

=
.
IFD
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Scheme 12. The reaction produced the expected Michael addition product 35 which had an almost identical
R, to the starting amino acid 24, and hence could isolated in pure form. Sudan 1 derivative 20 and serine 24
’ o ] Ll . R T s PR, h. L . | U RS I Ui Iy RS S o NNV o SRGUS S S |- Yy
ireacted using Procedure B and gave 36 in 43% yield. In both cases the chemical shift for the vinylic proton

was used to assign stereochemistry by analogy with the model studies.> Lysine 25 did not react with Sudan
1 20 at room temperature using Procedure A however heating the mixture to 60°C did produce a low yield of
the expected addition product 37.

Q@ o
A 1l — W NHCh:
CbzNH” “CO,CH; Dy VM N0-c— D&, _ LaHo¥ C,(;’ -
23,24 = B L u: Y—/_ 2
’ Procedurc A or B 7
+ . + NHCbz

Tr . H.
C4Hy
19,20
19,33 Y =8, Dye = 7-substituted coumarin 33, 34, 35, 36, 37
20,34 Y=3S, Dye=Sudan 1
19,35 Y = O, Dye = 7-substituted coumarin
20,36 Y=0, Dye=Sudan1
20,37 Y = CHoCH,CH,NH3, Dye = Sudan 1
Procedure A: NEt3 in CH,Cl
Procedure B: PPh; in CHCl3

Qabigan 17
OCNCINC 14

The addition of cysteine 23 to the dialkylated fluorescein 21 was undertaken using Procedure A and
tic and hpic analysis of the crude mixture indicated that all of the four possibie isomers of the addition
product 38 had formed in a 48% combined yield, Scheme 13. The structure of compound 38 was confirmed
by LSIMS where a molecular ion at 1382 was observed. The complexity of the 'H NMR spectrum of the
mixture prevented the identification of the individual isomers. The reaction of fluorescein 21 with serine 24
using Procedure B produced a single isomer 39 in only 12% isolated yield, Scheme 13. Tlc analysis of the
crude reaction mixture showed large amounts of material at low Ry, possibly from the further reaction of the
initially formed phosphine-alkyne adduct. The structure of 39 was confirmed by a molecular ion at 1352 by

LSIMS. Vinylic resonances were observed as singlets at § 6.07 and § 6.16 in the "H NMR spectrum. This

€re ODservead 4 at Q i Spocirum.
1rte 28 Aand
ClS Jo alid

~1 ~ey maw
21 38, 39

S, Dye = 0, CO,-substituted fluorescein, Procedure A
0, Dye = O, COj-substituted fluorescein, Procedure B
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The studies described in this paper illustrate the applicability of conjugated alkynes as Michael
arnrantare far tha attasrhmant nf lahale tn tha n:r‘nan aing nf aminn aride nuimher Af lahallad amina aride
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caleinm hvudrida ninder nitraocen and ctarad aver 48 mnlepular sieves THFE wae fra ietillad fram andingm
CarClulll nydilGe undiaor midrogen ana storca Gver &4 moCCUiar SiICVEsS. 100 'Was 11esiry GiSuned rom S0Gium
PR B Ao | Ry - n ~ — Mat -~ e £3 U LUV PRI VI R l A1l
aiia o< 1aing 10 Hicrature proceaur All

1 ’\ Py

orgamc exiracts were dried o r annyarous magnesmm suifate uniess otnerwxse specmea 2-(4 “-Bromo

r—\<

ethoxy)tetrahydro-2H-pyran N—carbobenzyloxycysteme methyl ester(7) ,N—carbobenzyloxyserme
methyl ester(8)"~ and N-carbobenzyloxy lysine methyl ester(9)14 and were all prepared by literature
methods. When a reaction produced more than one stereoisomer, the mass spectrum and analytical data were

determined on the mixture.

0-(2°-Hydroxy)ethyl fluorescein (2°'-hydroxy)ethyl ester 5

The tetrahydropyranyl protected alcohol 6 was dissolved in ethanol (100 ml) with PPTS (50 mg, 0.2 mmol)
and warmed to 50°C for 3 hours. Removal of the solvent and flash chromatography (10% methanol / 90%
dichloromethane) produced the title compound in 63% (0.72g) yield from 6. 'H NMR & (dé—DMSO) 3.76
(m, 2H, 2xCH-0), 3.97 (t, J = 5 Hz, 2H, 2xCH-0), 4.16 (m, 2H, 2xCH-0), 4.73 (1, J = 5.5 Hz, 1H, CH-

2 £I1R85 LA E .20 T4 L)

0), 497 (1, J =5 Hz, 1H, CH-0), 6.23 (d, J = 1.5 Hz, 1H, Ar), 6.38 (d, J = 9.5 Hz, 1H, Ar), 6.86 (m,
_ A o\ QN -~

LT Aey 7Y 4A F— 1 QLI 11T AwY "M ENIA T _ T Lde 11T Ay 7 QN foa OIT £73 T 7 LY,
ari, ATy, 7.2z \Q, v = 1.0 NZ, 101, Afj, 1.9V 04,y =7 ni, 1n, Afj, /.0uU (i, <20, AT), 6.204,s =/ niz,
11T A ) 131"‘ AIRATD & /,16 TYRACO M) &0 £ 46 el £LL L ~Nn -7 1NN O 1NA &£ 1172 ) 'I‘IA o} 11£ 77 1IN0 N
1, Af); C NIVIR 0 (0 -UMDU)  36.0, 3¥.3, 00.0, /U./, 1UUY, 1U4.), 11D.Y, 4.5, 110.7., 128.9,
129.3, 129.8, 129.9, 130.4, 130.6, 130.7, 125.1, 125.8, 150.1, 153.6, 158.4, 163 4, 1649, 1839; IR

Vmax (CDCls) 2500(br), 2950, 2920, 2850, 1715, 1600, 1500, 1460, 1415 cm™'; UV An., (EtOH) 204
(50590), 225 (70490), 256 (29430), 439 (35315), 460 (49250), 488 (40640) nm; MS (EI) m/z 420 (M",
50), 377 (10), 253 (15), 305 (15), 287 (20), 259 (20), 203 (12), 105 (100); HRMS Caled for C,4H3,0;
420.12090. Found 420.12212.
2-(tetrahydro-2H-2-pyranyloxy)ethyl 2-{3-o0x0-6-[2-(tetrahydro-2H-2-pyranyloxy)ethoxy]-3H-9-

xanthenvithenzoate 6

thenvitbenzoate &
Y100 Beamanthavoltatrahovden Y _auran o A mmal) wne addad ta fliiaragerain {1 Na 201 mmal)
~-{4 -DTOMOCINOXY JICIranyaro- L4 -pyran { £, O. i) Was aaald WO Lusrescein (1.vg, 5.v1 mindi)

a
and the solution heated to 60°C for 12 hours.
After this period the mixture was cooled and water (150 mi) was added. The solution was extracted with ethyl

\J

acetate (5x30 ml) and the combined organic layers washed with water (4x30 ml) and brine (30 ml). Drying,
removal of the solvent and flash chromatography (5% EtOAc / 95% hexane) on the residue yielded the THP
protected alcohol 6, (1.61g, 91%). "H NMR & 1.45-1.75 (m, 12H, 12xCH,), 3.4-3.6 (m, 3H, 3xCH-0),
3.70 (m, 2H, CH,0), 3.87 (m, 2H, CH;0), 4.1-4.3 (m, 5H, CH-0), 4.43 (m, 1H, OCHO), 4.71 (m, 1H,
OCHO), 6.45 (d, J =2 Hz, 1H, Ar), 6.54 (dd, J = 2, 10 Hz, 1H, Ar), 6.7-6.9 (m, 2H, Ar), 7.0, J=2

Hz, 1H, Ar), 7.31(d, J =7 Hz, I1H, Ar), 7.68-7.75 (m, 2H, Ar), 8.01 (s, 1H, Ar), 829 (dd,J=1,75
I, 1TH A«

nZ, ixri, nij.

7-(2-hydroxyethoxy)-2H-2-chromenone 11
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0
acetate (4x30 mi). The organic layer was washed with water (3x30 mi) and brine (30 ml), dried and the
solvent removed on a rotary evaporator. Flash chromatography (30% EtOAc / hexane) gave 7-[2-(tetrahydro-
2H-2-pyranyloxy)ethoxy]-2H-2-chromenone 9 as a white solid (1.78 g, 99%). 'HNMR & 1.5-1.8 (m, 6H,
3xCH,), 3.58 (m, 1H, CH-O), 3.87 (m, 2H, OCH;), 4.1-4.3 (m, 3H, 3xCH-0), 4.72 (m, 2H, OCHQ),
6.26 (d, J =9.5 Hz, 1H, =CH), 6.87 (m, 2H, Ar), 7.39 (d, J = 8.5 Hz, 1H, Ar), 7.65 (d, J = 9.5 Hz, IH,

=CH). Compound 9 (1.78 g, 6.1 mmol) was dissolved in dichloromethane (10 ml) and added to a solution of

mal‘eﬁal remainine At thic time the ¢ astmm 2 e rocnltino matarial narified hy

LAdAx Alvl-‘l“u]lll&. £ AL LRLLOD LELAENY LAEW OV/R VWAL YY €O LWLl 1R VAL UUIEE QL s LS l\loululls ALECA LIS Pullll\au UJ

ool Al s o o L TN TN A 1 L ANOE Lin oann N e la 1.3 by s34 mrmenasnmanin oo B TE YU T S P ST

11d>11 CHTVHIALOURLIapily ( /U70 DWJAC T D070 1ICAAIIC) W YICIU O 1uc COmpound 4> 4 IC SOI1U 11 Judiiutaive

211 sl A hY s DA o NN 0 l"' ATR ATy © A NN s ATY  MAINET N A 1 & £ AYTY SNINTY N IS Y4 r n oo

yicld (1.£40 g). P JL.0-53.0Y NVIK O 4.UZ (m, 2ZH, (A H3), 4.10 (M, ZH, W H3), 0.0 4,/ =YD
1

Hz, 1H, =CH), 6.85 (m, 2H, Ar), 7.35(d, J = 8.5 Hz, 1H, Ar), 7.64 (d, J = 9.5 Hz, 1H, =CH); "C
NMR & 58.3, 68.6, 99.8, 1109, 111.0, 111.1, 127.6, 142.4, 154.0, 159.0. 160.6; IR v, (CDCl;) 3600,
3430, 3010, 2940, 2875, 1710, 1620, 1560, 1510, 1405 cm™"; UV A, (CH,Cly) 232 (23801), 323 (21476)
nm; MS (EI) m/z 206 (M™, 50), 162 (40), 134 (100), 105 (15), 89 (15), 69 (12), 43 (8); HRMS Calcd for

C1H,004 206.05791. Found 206.05872.

2-({1-I{F)-2-nhenvl.l-diazenvll-2-nanhthvlloxv)-1-gethanol 12
2-({1-{(E)-2-phenyl-1-diazenyl]-2-naphthyl}oxy)-1-ethanol 1

Cisdnem 1 11 N o~ n “—.mnl\ D (Y hhentman thAaveoltateanlerden ’)U nnnnnn QN MM/\‘\ ned mAtaooii
Sa2UudIl 1 \ U 5, A 111111 11}, 4'\L “ULUILLLIW LllU y}L uau_yun L llylﬂ.ll \1 l 57 0O.U ILllIL } aliu pumsaluxu
carbonate (1.1 g, 8.0 mmol) were heated to 80°C in DMF (50 mi) for twelve hours. After cooling, water (150

ml) was added and the solution extracted with ether (4x40 ml). The organic layer was washed with water
(3x30 ml), dried and the solvent removed. Flash chromatography (20% EtOAc / 80% hexane) on the crude
material yielded 1.51 g (99.5%) of 1-phenyl-2-{2-[2-(tetrahydro-2H-2-pyranyloxy)ethoxy]-1-naphthyl}-1-
diazene as a red oil. 'H NMR & 1.3-1.8 (m, 6H, 3xCH,), 3.38 (m, 1H, CH-O), 3.75 (m, 2H, 2xCH-0),
4.00 (m, 1H, CH-O), 4.31 (t, J =5 Hz, 2H, OCH,), 4.62 (m, 1H, OCHO), 6.9-7.1 (m, 1H, Ar), 7.35-
= 8, 8 Hz, 2H, Ar), 8.32 (d, J =7 Hz, 1H, Ar). PPTS

\
)

1
removal of the solvent under vacuum. Purification by chromatography (40% EtOA
expected alcohol in 9% yield (1.17 g) as a red oil. 'HNMR § 3.88 (m, 2H, CH,0), 4.35 (m, 2H, CH;0),
7.35-7.6 (m, 6H, Ar), 7.84 (m, 2H, Ar), 8.01 (m, 2H, Ar), 8.45 (d, J = 8 Hz, 1H, Ar); °C NMR & 60.9,
72.7, 117.5, 122.5, 123.1, 124.9, 127.5, 127.8, 129.2, 129.6, 130.4, 131.2, 131.5, 136.6, 145.8, 153.1;

IR Voax (CHC13) 3400, 3015, 2950, 2840, 1620, 1600, 1590, 1500, 1450, 1430 cm™; UV Amax (CH,Cl)

236 (30695), 282 (11985), 378 (7855) nm; MS (EI) m/z 292 (M", 22), 248 (17), 246 (13), 170(13), 159
(17, 143 (20), 136 (25), 115 (59), 106 (40), 103 (68), 85 (100); HRMS Calcd for C..H..N.(0, 202 12177
AL 7 Jy £70J \&UJy LU (el jy 1 4 A\~ s )y AN Al ‘Vv' MRSy Med (AT Sy ARARATALS RRRAVS AR RAIBRTIOM VLML o S -
Found 292.12074.

N1-(2-aminoethyi)-5-(dimethylamino)-i-naphthaienesuifonamide i3

A solution of dansyl chloride (1.0 g, 3.7 mmol) in dichloromethane (10 ml) was siowly added to ethylene
diamine (0.99 ml, 1.5 mmol) in dichloromethane (50 ml). After stirring for 30 minutes the solvent and the
cxcess ethylene diamine were removed to yield the title compound as a pale green solid along with a small
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DCC (1.0 g, 4.9 mmol) and DMAP (25 mg, 0.2 mmol) were added slowly to a solution of the coumarin
derivative 11 (1.0 g, 4.9 mmol) and propiolic acid (0.30 ml, 4.9 mmol) in dichloromethane (50 ml) at -200C.
After stirring at room temperature overnight the solution was filtered, the solvent removed and the resultant
material purified by chromatography (60% EtOAc / 40% hexane) to yield 0.39 g (31%) of the title compound
as a white solid. Mp 84-86°C; '"H NMR & 2.96 (s, 1H, J-H), 4.28 (m, 2H, CH;0), 4.58 (m, 2H, CH;0),

(66), 43 (10); HRMS Caled for C4H ;005 258.05282. Found 258.05247.
2-({1-[(E)-2-phenyl-1-diazenyl]-2-naphthyl}oxy)ethyl propiolate 15
DCC (0.72 g, 3.5 mmol) and 4-dimethylaminopyridine (50 mg, 0.4 mmol) were added to a solution of the

.22 (d, /=9 Hz, 1H, Ar),
7.53 (m, 5H, Ar), 7.30 (m, ZH, Ar), 8.00 (d, /=7 Hz, 2H, Ar), 8.36 (d, J =8 Hz, iH, Ar); C
64.4, 69.1, 74.2, 117.8, 122.5, 122.7, 123.4, 125.0, 127.5, 127.8, 128.6, 128.9, 129.1, 129.9, 130.7,
131.0, 138.0, 146.6, 152.4, 153.3; IR v, (CHCl3) 2500, 3030, 2125, 1720, 1600, 1515, 1460, 1230,
1090 cm™'; UV Amax (CH,CL) 236 (30155), 278 (13495), 372 (8155), 466 (1600) nm; MS (FAB) m/z 345
(MH?, 6), 154 (10), 136 (6), 109 (13), 107 (14), 97 (53), 83 (38), 81 (40), 69 (75), 57 (87), 55 (100);
HRMS Calcd for C;H N5 344.11609. Found 344.11566.

N4 N0L 7o 1L N AN
NIVRIN O 4.00 S, 111, J-I1), 4.4
~

m

1_ 1V IR {dimathvlaminal-l_nanhthvilenlfanvilaminalathvll.?_anranvnamide 16
AVNA l‘ “lu"ulul‘l“)l“llllllu’ x llﬁ‘)ll[ll.’ l]ﬂ“llvll: KySuRNERSR U’UUIIJ Ry .ll NFRT Y EESRRESANAN AV
Denininlin nmid 0V A ol 2 Q s 1V wiac ad 1 b ket 3o 70 N2 AN ey and THE 760 1
FTOPIOIIC @Clud (V. £4 T11L, J3.0 MIUL) Wi U (VUD g, 4.V iHIHULj dill L 010 (I 1Ly

ded slowly to lithium ny rid
at ~5°C. After stirring for three hours the solution was cooled to -10°C and ethyichloroformate (0.38 mi, 4.0
mmol) added. The mixture was allowed to warm to room temperature and stirred for a further hour before the
addition of the amine 13 (3.7 mmol, see above for preparation). The solution was stirred overnight, the
solvent removed and the resulting oil chromatographed (60% EtOAc / 40% hexane) to yield 0.74 g (58%) of
the conjugated alkynyl amide 16 as a pale green oil. 'H NMR § 2.81 (s, 1H, C=CH), 2.82 (s, 6H, 2xCH),
3.05 (m, 2H, CH,;N), 3.25 (m, 2H, CH,N), 6.40 (t, J = 6 Hz, 1H, NH), 7.10 (d, J = 8 Hz, 1H, Ar), 7.24
, 1H, N 7.47 (m, 2H, Ar), 8.18 (dd, J =1, 7 Hz, 1H, Ar), 8.27 (d, J = 8 Hz, 1H, Ar),
1
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(32), 83 (32), 81 (41), 69 (80), 67 (41), 57 (74), 55 (100).
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atvnacilihanaaia aad 4 1@
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E
Butyl lithium (5.46 ml, 2.5 M, 13.7 mmol) was added slowly to a solution of 1-hexyne (1.54 ml, 13.3 mmol)

and DMPU (1.6 ml, 13.3 mmol) in THF (50 ml) at -78°C. The solution was stirred for 20 minutes before the
addition of 4-carboxy benzaldehyde (1.0 g, 6.66 mmol). After stirring for 3 more hours the excess
butyllithium was quenched by the careful addition of water (5 ml) and the THF removed under vacuum. The
resulting aqueous solution was acidified with 10% sulfuric acid (as indicated by pH paper), followed by
extraction with ethyl acetate (4x40 ml). The organic layer was washed with water (2x40 ml) and brine (40 ml)
and then dried. After removal of the solvent the resulting yellow solid was chromatographed (1% AcOH /
icld between 064 and 0.96 g (40-60%) of 4-(1 hvdran-') hgp ynyn
H

ail - =7

Hz, 3H, CH.). 1.38-1.57 (m. 2H. 2xCH

i 134y 22y 123, 2. e 7 \dEdy dwdli,

2.28 (t, J =7 Hz, 2H, CHz), 5.52 (s, 1H, CH-0), 7.63 (
A 'fal ols] :n ANLEN ANNN AQLEN NLEn AL 10N 1NN 1200 1:1\{\ 148 1 AN
Ar); IR vg.x (CHCI3) 3250, 2950, 2900, 2850, 2650, 2535, 1690, 1600, 1570, 1500, 1455, 1420 cm’ .

Jones reagent was added to a solution of 17 (1.0 g, 4.3 mmol) in acetone (125 ml) at 0°C until the reaction
remained orange in colour for more than 10 minutes. The solution was then filtered and the acetone removed.
The solution was extracted with ethyl acetate (3x40 ml) and the organic layer washed with 10% sulfuric acid
(40 ml) and saturated ammonium chloride (40 ml). After removal of the ethyl acetate the resulting material was
purified by flash chromatography (1% AcOH / 35% EtOAc / 64% hexane) to yield 0.79 g (80%) of the title
compound as a white solid. Mp 146-149°C; '"H NMR § 0.98 (t, J =7 Hz, 3H, CH;), 1.51 (m, 2H, CH,),

1.69 (m, 2H, CH,), 2.54 (t,J =7 Hz, 2H, CH,), 8.17, 8.21 (AB pattern, J = 9 Hz, 4H, Ar); C NMR &
124 100 2272 208 ‘707 QR A 1206 17 1257 140 177 4- TR v (CHC1.Y 2080 28KN
1.1.\1, K Ta\Jy budatsdmy du? oDy [ 741 SOy AdeleUy R IUely Ldeely ATUal gy X1 1.77, AN Vmax \“rivai3y T Ty m Uy
~rONn s ¥ F4AY 1o YATAY 1 L0 1L L0 11N 1 NN 1T AN 1T AN 1 MAC /ITTADMN alo I | Ill"+ i Ko Y 10 AN
2680, 2560, 2200, 1690, 16060, 161U, 1504, 1470, 14530 cm *; MS (FAB) my/z 231 (MH ', 12), 185 (30),

149 (30), 105 (10), 93 (100), 75 (30), 57 (30).

2-[(2-0x0-2H-7-chromenyl)oxy]ethyl 4-(2-heptynoyl)benzoate 19

Diethylazodicarboxylate (0.38 ml, 2.4 mmol) was added slowly to a solution of triphenylphosphine (0.76 g,
2.9 mmol) in THF (25 m1). When the yellow colour of the DEAD reagent had disappeared, the coumarin 11
(0.5 g, 2.4 mmol) was added in a THF solution (5 ml) and the mixture stirred for a further 20 minutes. At this
time the acid 18 (0.55 g, 2.4 mmol) was added to the reaction. The reaction was stirred for 60 minutes, the
aphed (40% EtOAc/ 60% hexane) to

06- ()8°C '"HNMR & 0.95 (t, J = 7 Hz,
5

fv 1T - A& LI,
i, v = 4.0 ni,
-
/.

nder vacuum and the resulting orange oil chrom

1
(i 341 v A Al U (53

o o
cted ester 19 as a white solid. Mp

0. 7.66 (d, J =
.4, 98.2, 101.5,
112.7, 112.8, 113.2, 128.8, 129.2, 129.7, 125.8, 140.0, 143.2, 155.6, 160.9, 1614 165.4, 177.2; IR
Vmax (CHCl3) 3030, 2990, 2960, 2940, 2200, 1730, 1640, 1615, 1505, 1405 em™; UV Apax (CH.CLy) 263
(25260), 311 (16608) nm; MS (ED) m/z 418 (M, 43), 257 (40), 257 (100), 213 (23), 104 (12), 43 (8);
HRMS Calcd for CosHyO6 418.14164. Found 418.14147.

4 = = = = = 7 T = il i 7
Mothad A: Tha DEAD reacant (027 ml 17 mmol) wag added to tnnhanvlnh_n.cnh;mn (0.70 . 2.7 mmol)
IVAG SICUE [ %s LRI RJALINMAS l\/ﬂé\/ll\ \WVedw I 2RELy Lo RLIIVIJ VWA&AS RUULLL IV WApIVII Y LpRiUOE O iy 31 . A
— TIID /Y€ 1\ Afia. ctiining simtil tha vallag: ~nlane Fadad 12 M8 o0 17 mmanl)lwae addad ta tha enlntinn
in 10 (LJ mij. ALCT SUITIHIE Uil Uio yClUw LULUUL 1alll, 14 (V.0 £, 1.7 HILUL) Wad aUuLu WU UiV SUIULIUL,
followed by after a further 20 minutes the acid 18 (0.39 g, 1.7 mmol). The solvent was removed under
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vacinm and the residue purified bv chromatosranhv (209% EtOAc / R0% hexane) to nroduce the title comnound
acuum ang the resigue purified by caromatography (Z0% EIOAC S 3U% hexang) 1o produce (he titie compound

M i KQOL vinld (N KN ) ng o vad Al

«u ifi 3070 Yi€iG (u.Ju g) @S 4 i€a OiL.

Method B: Dicyclohexylcarbodiimide (0.35 g, 1.7 mmol) and DMAP (25 mg, (0.2 mmol) were added to a
solution of 12 (0.5 g, 1.7 mmol) and the acid 18 (0.39 g, 1.7 mmol) in chloroform (25 ml) and the mixture
was stirred overnight. Filtration of the reaction followed by removal of the solvent and chromatography (as
above) yielded 0.44 g (51%) of the expected product 20. 'H NMR § 0.97 (t, J =7 Hz, 3H, CHj3), 1.50 (m,
2H, CHy), 1.67 (m, 2H, CHy), 2.53 (t, J = 7 Hz, 2H, CH;), 4.50 (m, 2H, CH,0), 4.65 (m, 2H, CH,0),
7.01 (m, 1H, Ar), 7.45 (m, 5H, Ar), 7.8-8.3 (m, 8H, Ar), 8.32 (d, J=9 Hz, 1H, Ar); '°C NMR & 13.4,
18.9, 22.0, 29.7, 63.9, 69.5, 79.6, 97.9, 117.7, 122.6, 123.3, 1249, 127.5, 127.8, 128.6, 129.0, 129.1,

129.2, 1294, 129.5, 129.6, 129.8, 130.6, 131.0, 134.0, 138.2, 139.8, 146.5, 1532 165.4, 177.3; IR
) 3025, 2960, 2935, 2875, 2200, 1720, 1640, 1595, 1505, 1455, 1410 cm™; UV A_
-~
/

Jy KLU (V233

,

C3;H,3N204 504.20491. Found 504.20536.

2-{[4-(2-heptynoyl)benzoyl]oxy}ethyl 2-[6-(2-{[4-(2-heptynoyl)benzoyl]oxy}ethoxy)-3-0x0-3H-9-
xanthenyl]benzoate 21

A solution of the dialkylated fluorescein derivative 5 (0.5 g, 1.2 mmol), the alkynyl acid 18 (0.82 g, 3.6
mmol), DCC (0.74 g, 3.6 mmol), and DMAP (25 mg, 0.1 mmol) in chloroform (50 ml) was stirred for 2
hours at room temperature. The reaction was then filtered and the organic layer washed with 10%
hydrochloric acid (30 ml) and 10% potassium hicarhonate (30 ml), before the solution was dried and the

LU AV

solvent removed. Purification by flash chromatography (100% EtOAc) of the residue yielded 0.51g (50%) of

NG o P ~li A lLl NMD & NO& (e VLI 1 &8N 4H YoM 1 £Q (v AT
’

+h 1 ar Aranon o ‘LU
(834 1 ad all Vid IED SULIU. L1 INIVIIN U U 70 1L oL, LA\_/.llS) L.V 1L, Ln\\/nz\)}; 1.0 \1il, <11,

[¢]
g)

~ ey ~r T

2.53 (m, 4H, 2xCH,), 4.30 (m, 2H, 2xCH-0), 4.40 (m, 4H, 4xCH-0), 4.74 (m, 2H, 2xCH-0),
636(d J 2 Hz, 1H, Ar), 6.50 (dd, J =2, 10 Hz, 1H, Ar), 6.72 (dd, J = 2, 9 Hz, 1H, Ar), 6.90 (m, 3H,
Ar), 7.32 (dd, J =1, 7.5 Hz, 1H, Ar), 7.73 (m, 2H, Ar), 8.00 (d, J = 8 Hz, 2H, Ar), 8.17 (m, 6H, Ar),
8.29 (dd, J = 1, 7THz, 1H, Ar); BCNMR & 13.4, 18.8, 22.0, 24.8, 25.5, 29.7, 25.6, 49.2, 62.9, 63.0,
63.1, 66.5, 79.5, 98.3, 98.4, 101.0, 105.5, 114.0, 115.1, 117.6, 129.1, 129.3, 129.4, 129.6, 129.7,
129.9, 130.5, 131.4, 125.0, 125.7, 125.8, 134.1, 134.2, 140.1, 151.6, 154.2, 157.6, 158.9, 163.1, 164.8,
165.1, 165.4, 168.1, 177.2, 185.3; IR v, (CHCl:) 3010, 2935, 2860, 2340, 2200, 1720, 1640, 1600,

1530, 1500, 1410 rml- UV Aax (CHCLy) 234 (47650), 262 (417395), 434 (13690) nm; MS (FAB) m/z

846 (MH", 9), 431 (25), 257 (53), 213 (30), 149 (44), 83 (39), 81 (40), 71 (48), 69 (62), 57 (96), 55 (100).

Ni-[{2-({{S-(dimeihyiamino)-i-naphthyijsuifonyi}amino)ethyij-4-(Z-heptynoyi)benzamide 22

DCC (0.38 g, 1.9 mmol) and DMAP (25 mg, 0.1 mmol) were slowly added to a solution of N-hydroxy
succinimide (0.21 g, 1.9 mmol) and the acid 18 (0.42 g, 1.9 mmol) in chloroform (25 ml) at -20°C and the
reaction allowed to stir for 5 hours while warming to room temperature. At this stage the mixture was filtered
and added to the previously prepared dansyl amine derivative 13 (1.9 mmol). After stirring overnight the
solvent was removed and the residue purified by flash chromatography (55% EtOAc / 45% hexane) to produce
the title compound as a pale green oil in 30% overall yield (0.27g) from dansyl chloride 22. 'HNMR & 0.97

(t, J =7 Hz 3H, CH;), 1.51 (m, 2H, CH,), 1.69 (m, 2H, CH;), 2.53 (t, J =7 Hz, 2H, CH,), 2.86 (s
Aty J /i d, 33, .il3), 1.202 1N, 203, LR22), 2)s s 2/ \

LIT ALY 2 17 (e O LI NY 282 (m 27H CHNY ANQ (¢t T=—FH> 1 NHY 700 (¢ 1H )
O, <Xwr13), J.17 \ill, &5, UIIIN), 5.J0 \Ull, £01, LI21N)y, UUT \Ly v — U K14, 111, INX1), 7.U7 (O, 111, 131,
PR LA ¥ ~ rr 1YY RYTY: - AN S ANYT A\ le N R RS T _ QL& I1., ALY A\ O NA 74 7 _ O &£ 1T ATT AN
/.13 (t,J =0 HzZ, 1K, NR), /.47 (m, ZQ, Ar), /./1 (4, J = 0.0 11Z, 211, Al), 6.U4 (Q,J = 0.0 N1z, <1, Al),
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8.24 (m, 2H, Ar), 8.50 (d, J = 8.5 Hz, 1H, Ar); IR v, (CHCl;) 2590, 3030, 3010, 2960, 2935, 2200,
1 7AN n 2N ANE A...'l. TIWV N (OLT M1 A D21 727000 AA 9 7 £ 12NN e enn ARAC [ TADNY
1740, 1610, 1530, 1405 cm ; UV ALl (CHXCLy) 231 (37920) <55 (15UWJ) D, MO (FAD)

Y
m/z 506 (MH", 27), 505 (24), 213 (15), 17
54 (38).
General Procedure for the base catalysed reactions between the protected amino acids and the dyes
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attached to conjugated alkynes, Procedure A
Triethylamine (catalytic) was added to the protected amino acid (25 mg) and the conjugated alkyne (1.0
molar equivalent) dissolved in chloroform at either room temperature or 0°C, as stated. The reaction was

stirred until tlc analysis revealed none of the derivatised dve remaining, at which time the solvent was

removed. Purification of the crude material by flash chromatography then yielded the addition product(s).

2-[{(2-0x0-2H-7-chrom ethyl (E)-3-[(2-{[(benzyloxy)car

"l
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4]
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)
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IIA

propyi)suifanyij-2-propenoate 26

The reaction between the coumarin derivative 14 and the protected cysteine 23 was carried out at 0°C
following Procedure A. Flash chromatography (50% EtOAc / 50% hexane) produced 66% (32 mg) of the £
alkene. '"H NMR & 3.25 (m, 2H, CH,S), 3.78 (s, 3H, OCH;), 4.24 (m, 2H, CH,0), 4.51 (m, 2H, CH,0),
4.70 (m, 1H, o-CH), 5.10, 5.13 (AB pattern, J = 12 Hz, 2H, OCH,Ph), 5.68 (d, /= 7.5 Hz, 1H, NH), 5.88
(d, J =15 Hz, 1H, =CH), 6.26 (d, J = 9 Hz, 1H, =CH (Coumarin)), 6.85 (m, 2H, Ar), 7.25 (m, 6H, Ar),
7.63 (d, J =15 Hz, 1H, =CH), 7.64 (d, J = 9 Hz, 1H, =CH (Coumarin)); IR V,y (CHCI3) 3420, 2930,
1715, 1605, 1590, 1490, 1450, 1395, 1340, 1300, 1115, 1050, 985, 940, 890, 830 cm™: ; UV Amax (CH,Cy)

=y SNV “inax

290 (8§5A085) 2722 (2ON28) nm: MS (T CIMS) m/7 S28 n\m 100) 484 {7m 276 {’)Q\ 266 (26 07 (2 )
2

LOU \JIVTZIT ], J&ke \TTIITJIJ luu, IVIL) (A VD ) I 4 J&0 \uviil AUV, TUT 1V )y, JIV \adj, JUV (LU ), JVUT (&

286 (70), 225 (86), 216 (69), 189 (43), HRMS Calcd for C26H25N098 527.12500. Found 527.12419.
2-({1-[(Z)-2-phenyi-i-diazenyij-2-naphthyi}oxy)ethyi 4-{(E)-3-{(2Z-{{(benzyioxy)carbonyljamino}-3-
methoxy-3-oxopropyl)sulfanyl]-2-propenoyl}benzoate 27
The reaction between the alkynyl ester 15 and the thiol 23 was undertaken at 0°C following Procedure A.
Flash chromatography (40% EtOAc / 60% hexane) produced 73% (48 mg) of 27. '"HNMR § 3.20 (m, 2H,
CH,S), 3.72 (s, 3H, OCH;), 4.36 (m, 2H, CH,0), 4.42 (m, 2H, CH,0), 4.65 (m, 1H, a-CH), 5.09, 5.12
(AB pattern, J = 12 Hz, 2H, OCH,Ph), 5.62 (d, /= 7.5 Hz, 1H, NH), 5.79 (d, J = 15 Hz, 1H, =CH), 6.89
(m, 1H, Ar), 7.08 (m, 1H, Ar), 7.3-7.6 (m, 9H, Ar), 7.35(d, J= 15 Hz, 1H, =CH), 7.82 (m, 2H, Ar), 7.99

(m, 2H, Ar), 8.25(d,J=8 Hz, 1H, Ar); IR v« (CHCl3) 3430, 2950, 1720, 1590, 1500, 1460, 1350, 1310,
-1 +
1155, 1070, 995, 955 cm™"; UV Amax (CHCly) 230 (43660), 272 (34890) nm; MS (FAB) m/z 614 (MH

YA

18), 366 (23), 307 (12), 154 (100), 137 (58), 136 (78), 91 (98), 87 (40);
(MH") 614.19610. Found 614.19782,
2-[(2-0x0-2H-7-chromenyl)oxy|ethyl (E)-3-(2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxo prop
oxy)-2-propenoate 28

The addition of the alkyne 14 and the alcohol 24 was undertaken at 0°C using Procedure A. Purification of
the crude material by flash chromatography on silica (60% EtOAc / 40% hexane) yielded 15 mg, (29%) of 28.
'"HNMR § 3.79 (s, 3H, OCH3), 4.13 (m, 1H, CH-0), 4.28 (m, 3H, 3xCH-0), 4.50 (m, 2H, CH,0), 4.66
(m, 1H, ¢-CH), 5.13 (s, 2H, OCH,Ph), 526 (d, /=125 Hz, 1H, =CH), 5.65 (m, 1H, NH), 627 (d, J=

\iei, 243, ~ii LI, WL gl s o

9.5 Hz, 1H, =CH (Coumarin)), 6.85 (m, 2H, Ar), 735 (s, SH, Ph), 7.55 (d, J = 12.5 Hz, 1H, =CH), 7.6
(d,J = 9.5 Hz, 1H, =CH (Coumarm,) IR Vamax (CHCL;) 3430, 3000, 2950, 1725, 1610, 1500, 1275, 1230,
1210, 1120, 1060, 790, 740 cm’’; UV A (CHoCly) 236 (30100), 322 (27318) nm; MS (FAB) m/z 512
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(MHT 100). 468 (50) 391 (20) 307 (37) 280 (43) 250 (60Y 225 (65) 207 (60 HRMS Caled for

\4ivaxra 3 LV Jy TYU \wVJfy 72 \ﬁvl, S P T Jy =TS \Y—l,, pa g \UU,’ Lt St S \\JJI, s NS ¥ \\I\II’ AARNIVINT S/QIWAL RN
MALINY £19 18847 Teriind £19 18495

\4261126“\’10 \;vu JI14.132307. FOuUnd J1c.13923.

2-({1-[(Z)-2-phenyl-1-diazenyl]-2-naphthyl}oxy)ethyl 4-{(E)-3-(2-{[(benzyloxy)carbonyl]amino}-3-
methoxy-3-oxopropoxy)-2-propenoyijbenzoate 29
The addition reaction between 15 and 24 was undertaken using Procedure A at 0°C. Purification of the crude
material by flash chromatography (40% EtOAc / 60% hexane) yielded 26 mg, (44%) of the expected addition
product. '"HNMR & 3.77 (s, 3H, OCH;), 3.89 (m, 2H, OCH,), 4.26 (m, 2H, OCH,), 4.40 (m, 2H,
OCH,), 4.66 (m, 1H, a-CH), 5.07 (d, /= 12 Hz, 1H, =CH), 5.20 (m, 2H, OCH,Ph), 5.75 (m, 1H, NH),
6.9-7.15 (m, 2H, Ar), 7.3-7.65 (m, 9H, Ar), 7.25(d, /=12 Hz, 1H, =CH), 7.91 (m, 2H, Ar), 8.05 (m, 2H,
Ar), 846 (d, J= 8.5 Hz, 1H, Ar); IR v, (CHCl;) 3450, 2950, 1725, 1630, 1600, 1510, 1465, 1345, 1250,
1280, 1140, 1090, 1070, 980 cm™; UV A, (CH,Cl,) 234 (90255), 279 (29324), 368 (17790) nm; MS (ED)

“ Yy s 1 2oV LIl o, ¥ fvmax \(~r AR a2l LII& AV o] gy

\O

10). 48
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2-[(2-0x0-2H-7-chromenyl)oxy]ethyl (E)-3- [(5—{[(benzyloxy)carbonyl]ammo}-6-methoxy-6-oxo hexyl)
amino]-2-propenoate 30E and 30Z

The hydrochloride salt of the protected lysine 25 was removed prior to the reaction by washing with 10%
sodium bicarbonate solution, and the reaction of the lysine derivative 25 with the alkyne 14 was undertaken
without added base at room temperature. Purification of the crude material by flash chromatography (60%
EtOAc / 40% hexane) yielded 27 mg, (55%) of the two alkenes, 105E and 105Z, in a 1.5:1 ratio, as an
inseparable mixture. 'HNMR § 1.38 (m, 2H, CH;), 1.5-1.8 (m, 4H, 2xCH,), 3.02 (m, 2H, CH,N (F)),

PISL(m 27H CHNAY 2TTIS e 6H 2wOOCHNY A8 (m 27H CHIMON AA2(enm 21T CH.ON 481464 T=9Q
PO g \lll, "Al, \/1121.‘ \b}}’ oy e \B, Vi, & \.l\/ll3], i PPy \lll, hLl, \1112\}[, i Pan V41 \lll, Lll’ \/Alz\lj, .J1 \U, J o
TY 1LY /LY 772\ A ™y 71 F— 17 ITT- 1TY —MIT T\ 1N 7. ATT A_MNMATT DL 2 3N 71 ¥y __ O YTT_ 1T
nz, in, =l {£)), 4./504,J = 15 0z, i, =Un (£)), 2.1V (§, 40, ZXulhoyrn), J5.0¥ (d,J = 8 Hz, 10,
NH), 6.25 (d, J =9.5 Hz, 1H, =CH (Coumann)), 6.63 (dd, ./ =8, 13 Hz, 1H, =CH (2)), 6.86 (m, 2H, Ar),

7.35 (m, 6H, Ar), 7.54 (dd, J =8, 13 Hz, 1H, =CH (F)), 7.63 (d,.J = 9.5 Hz, 1H, =CH (Coumarin)), 7.7
(m, 1H, NH); IR v, (CHCl3) 3440, 2950, 1725, 1615, 1600, 1555, 1500, 1450, 1395, 1380, 1125, 1060,
995, 835 cm™'; UV Anax (CH,Cly) 277 (40810), 321 (31120) nm; MS (LSIMS) m/z 553 (MH", 60), 391
(21), 347 (100), 295 (51); HRMS Calcd for C,6H3,N,09 552.21078, Found 552.20958.

2-({1-[(Z)-2-Phenyl-1-diazenyl]-2-naphthyl}oxy)ethyl 4-{(E)-3-[(5-{[(benzyloxy)carbonyllamino}-6-

temperature after the initial removal of the hydrochloride salt by washing the protected lysine with 10%
sodium bicarbonate solution. Purification of the crude material by flash chromatography (50% EtOAc / 50%
hexane) yielded 51% (30 mg) of the two isomers 31E and 31Z (1.1:1) as an inseparabie mixture. 'H NMR &
1.3-1.85 (m, 6H, 3xCH,), 2.90 (m, 2H, CH;N (£)), 3.10 (m, 2H, CH,N (Z)), 3.72 (s, 3H, OCH,), 3.73 (s,
3H, OCH,), 4.21 (m, 1H, o-CH), 4.38 (m, 4H, 2xCH,), 4.49 (d, J =8 Hz, 1H, =CH (2)), 4.60 (d, J=13
Hz, 1H, =CH (F)), 5.10 (s, 4H, 2xOCH,Ph), 525 (m, 1H, NH), 6.54 (dd, J =8, 13 Hz, 1H, =CH (2)),
6.9-7.1 (m, 2H, Ar), 7.25-7.6 (m, 9H, Ar), 7.62 (dd, J =8, 13 Hz, 1H, =CH (£)), 7.83 (m, 2H, Ar), 8.00
(m, 2H, Ar), 8.36 (d,J=8 Hz, IH, Ar)' IR V., (CHCIy) 3440, 2940, 1720, 1665, 1615, 1500, 1455, 1345,
1305, 1275, 1140, 1065, 980, 900 cm™; UV A, (CH;Cl;) 225 (56110), 278 (45910) nm; MS (FAB) m/z

] s * ] Py T TTHIAX NV T TA TR TET AT TS
£30 MATTY 18y €€1 71QY €112 71Q) AA& 710 ANS (12 201 22 207 {1 n\ 184 /100Y 1337 {60 136 ({0
03> (ivir1 , 10}, DJ1 { ), DL 10, A0 {1V, FUI 1D ), 71 \&D), SV 1V], 1JT\1VUV), 1I7 (VU ), 1IU OV},
107 (32), 91 (52), 77 (48), 38 (46); HRMS Calcd for C35H;39N,0 (MH") 639.28187. Found 639.28251.
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Methyl 2-{[(benzyloxy)carbonyl]amino}-3-[((E)-3-{[2-({[5-(dimethylamino)-1-naphthyl]sulfonyl}
amino)ethyljamino}-3-oxo-1-propenyl)sulfanyljpropanoate 32F and 327

The addition reaction between the conjugated alkynyl amide 16 and the protected cysteine 23 was
undertaken at room temperature using Procedure A. Purification of the crude material by flash
chromatography (40% EtOAc / 60% hexane) yielded 31 mg, (55%) of the expected addition products in a
ratio of 1.6:1 favouring the £ isomer. 32E /32Z MS (FAB) m/z 615 (MH", 22), 614 (21), 506 (10), 446
(22), 170 (45), 154 (95), 137 (53), 136 (74), 91 (100), 57 (37); HRMS Calcd for C,0H3,N,0,S; 614.18689.
Found 614.18611. 32E '"H NMR & 2.89 (s, 6H, 2xNCH;), 3.03 (m, 2H, CH,N), 3.27 (m, 4H,
CH,N+CH,S), 3.79 (s, 3H, OCH3), 4.69 (m, 1H, a-CH), 5.13 (s, 2H, OCH,Ph), 5.66 (d, J = 15 Hz, 2H,
=CH+NH), 5.79 (d, /=8 Hz, 1H, NH), 5.93 (t, /=6 Hz, 1H, NH), 7.18 (d, /= 8 Hz, 1H, Ar), 7.36 (m,
Ar), 823 (m, 2H, Ar), 854 (d, J=8.5Hz, 1H, Ar);

[
4
E
|.

(d, J= 10 Hz, 1H, =CH), 5.73 (t, J=6 Hz, IH, NH), 583 (d,J =75 Hz, 1H, NH), 603 (t,J=55 Hz,
1H, NH), 6.67 (d, /=10 Hz, 1H, =CH), 7.18 (d, J= 7.5 Hz, 1H, Ar), 7.25 (s, 5SH, Ph), 7.51 (m, 2H, Ar),
8.21 (m. 2H, Ar), 8.53 (d, J = 8.5 Hz, 1H, Ar); IR Vga, (CHCL,) 3430, 3030, 2945, 2930, 2870, 1720,
1650, 1575, 1510, 1410, 1340, 1320, 1260, 1230, 1145, 1060, 795, 775, 740, 720 cm™; UV Apa (CHCl,)
263 (46576), 342 (11260) nm.
ll‘Z-ntn-2“-7-rhrnmpnvnnxv hvl 4- {(F\ 3-1(2- {[(h 'n

LU LV oy 2 1§ LR E ...-J' = EIEINE

propyl)sulfanyl]-z-heptenoyl}benzoate 33E and 3372

yielded 66% (42 mg) of the expected addition products in a 2:1 ratio in favour of the £ isomer. 33E /33Z
MS (FAB) m/z 688 (MH", 8), 644 (5), 552 (8), 526 (9), 451 (14), 257 (100), 257 (15), 219 (28), 149 (83),
105 (76); HRMS Calcd for C3/H3sNO,,S (MH") 688.22164. Found 688.22096. 33E 'HNMR & 0.94 (t,.J
=7 Hz, 3H, CH,3), 1.43 (m, 2H, CH;), 1.61 (m, 2H, CH;), 2.87 (m, 2H, CH;), 3.37 (m, 2H, CH,S), 3.78
(s, 3H, OCH3), 4.39 (m, 2H, CH;0), 4.73 (m, 3H, CH,0+a-CH), 5.08 (m, 2H, OCH,Ph), 5.68 (d,/=175

Hz, 1H, NH), 6.27 (d, J= 9.5 Hz, 1H, =CH (Coumarin)), 6.74 (s, 1H, =CH), 6.88 (m, 2H, Ar), 7.32 (m,
6H, Ar), 7.64 (d, J=9.5 Hz, 1H, =CH (Coumarin)), 8.00 (d, /=8 Hz, 2H, Ar), 813 (d, /=8 Hz, 2H, Ar),
IR v (CHCl3) 3430, 3040, 2960, 1720, 1620, 1555, 1508, 1410, 1255, 1270, 1230, 1200, 1125, 1103,
1060, 840, 800 cm™; UV Amax (CH,Cly) 230 (34840), 254 (25810), 324(4996 ynm. 33Z '"HNMR & 0.96
(t,J=7Hz, 3H, CH;), 143 (m, 2H, CH,), 1.60 (m, 2H, CH,), 2.59 (t, /=7 Hz, 2H, CHy), 3.40 (m, 2H,
CH,S), 3.79 (s, 3H, OCHj;), 4.38 (m, 2H, CH,0), 4.70 (m, 3H, CH,0+a-CH), 5.11 (s, 2H, OCH,Ph),

5.65 (d, J = 7.5 Hz, 1H, NH), 6.27 (d, J = 9.5 Hz, 1H, =CH (Coumarin)), 6.88 (m, 2H, Ar), 7.00 (s, 1H,
—CH), 7.34 (m, 6H, Ar), 7.65 (d,J = 9.5 Hz, 1H, =CH (Coumarin)), 7.97 (d, J = 8 Hz, 2H, Ar), 8.12(d,J
= 8 Hz, 2H Ar); TR Vmex (CHCl3) 3430, 3020, 2950, 1725, 1610, 1500, 1270, 1230, 1200, 1105, 910, 840,
800 cm™: UV Ay (CH,Cly) 231 (12880), 254 (13550), 324 (16660) nm.

-----

2-({1- [(E) -2- Phenyl 1- dmzenyl] 2-naphthyl}oxy)ethyl 4-{(E)-3-[(2-{[(benzyloxy)carbonyl]amino}-3-

T h tannvilhanznate I4F and 347
V4 L [Pl W o

anzna
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e Do

g
s =g

graphy o
%) O alkenes in a 2.5:1 ratio for 34E : 34Z. 34E / 34Z
MS (FAB) m/z 774 (MH', 65), 526 (100), 436 (27), 358 (5), 291 (15), 289 (15), 257 (36), 213 (15); HRMS
Calcd for CaqHN30gS (MH') 774.28491. Found 774.28507. 34E 'HNMR § 0.95 (t, J = 7 Hz, 3H,
CH,), 1.45 (m, 2H, CH,), 1.62 (m, 2H, CH,), 2.87 (m, 2H, CH,), 3.37 (m, 2H, CH,S), 3.76 (s, 3H,
OCH;), 4.51 (m, 2H, CH;0), 4.66 (m, 2H, CH,0), 4.77 (m, 1H, a-CH), 5.07 (m, 2H, OCH,Ph), 5.62 (d,
J=17.5Hz 1H, NH), 6.69 (s, 1H, =CH), 7.04 (m, 1H, Ar), 7.05-7.50 (m, 10H, Ar), 7.82 (m, 4H, Ar),
7.96 (m, 4H, Ar), 8.30 (d, /=8 Hz, 1H, Ar); IR v, (CHCl;) 3420, 3030 3015, 2950, 2930, 2870, 1720,

1650, 1550, 1505, 1340, 1280, 1270, 1250, 1245, 1230, 1060, 800 cm’ ; UV Amax (CH,CL) 236 (47925),

“max \'~- = 27

256 (36385), 328 (24835) nm. 34Z 'H NMR § 0.97 (t,J= 7 Hz, 3H, CH;), 1.42 (m, 2H, CH,), 1.59 (m,

ALY MLT N N EQ fine NIT LT ) 2 AN L DHLT MNILY O 2IO o LT MNOTT N A L1 Fn ALT MNLT NN A L& (.
I, Urlp), £.07 \Ill, 211, LIy, 2.4V \Ill, 41, LI1DY), J3./7 (8, o1, Ul rly), 4.01 ({01, 2, LyVU), 4.00 {1,
~NYT AT T MV A "1 L 1TTY P al 6 Y £ 11 £ ~IT ANATT YL £ £ . | R B - ) g 1YY AITTY £ O " N 1 ~YT
Zrl, UHpU), 4./1 (M, 1H, O-UH), 311 (8, ZH, UL,Fn), 3.063(a,J = 7.5 HZ, 10, NH), 0.83-/.U3 (m, ZH,
Ar), 695 (s, 1H, =CH), 7.3-7.5 (m, 9H, Ar), 7. 8.25 (d H i IR

8-7.95 (m, 8H, Ar), 8.25(d, J=8 Hz, 1H, Ar); IR vy,
(CHCl3) 3430, 3020, 2500, 2960, 1720, 1650, 1505, 1270, 1235, 1230, 1200, 800 cm™; UV Apax (CH;Cl,)
238 (469060), 260 (35065), 342 (25925) nm.

General Procedure for the tri-n-butylphosphine catalysed reactions between the protected amino
acids and the dyes attached to conjugated alkynes. Procedure B

"o

"':

chromatographed to yield the addition product.

2-[(2-0x0-2H-7-chromenyi)oxy]jethyl 4-[(E)-3-(2-{[(benzyloxy)carbonyijamino}-3-methoxy-3-oxo prop
oxy)-2-heptenoyljbenzoate 35

This reaction between the alkyne 19 and the alcohol 24 was carried using Procedure B. Flash
chromatography (55% EtOAc / 45% hexane) allowed the recovery of the addition product as an inseparable
mixture with the starting 24. The yield of the reaction was calculated to be 31% from the integration in the
'H NMR spectrum. 'HNMR § 0.90 (t,J = 7 Hz, 3H, CHs), 1.25 (m, 2H, CH,), 1.54 (m, 2H, CH,), 2.70

(m 1H, CHC=), 2.95 (m, IH, CHC=), 3.78 (s, 3H, OCH,), 4.01 (m, 2H, CH,0), 4.30 (m, 2H, CH,0),
(m 1H - (‘I—I\ 474 {m 2H CH-,Q). 5.13 (c, ?H OFH.Ph\ 573(d. J=8 Hz IH NH). 607 (s

n, in, L) n, 23, 1,U), i, UL nat q, J Z, INF1), s,
1H =CHD. 6.27(d. .J=95Hz 1H. =CH (Coumarin)). 6.89 (in, 2H. Ar). 7.36 (m, 6H. Ar), 7.64(d, J=95
i, =in), 0.4/Q4,J = 7.0 nZ, i, —un \Louimariilj), 0.07 (i, <11, Alj, /.00 (1, v, Al), /7.094U,J= >0
T 1YY nrt 'Zal ASY ~ N1 £ T _— O £ YY_ AIYT A\ n 1 1 71 1__ O £ IT_ AIT A_\. TD 7l 8 el BN

z, 1, =Ln u,oumarm)), Y1 Q,J=0D y L ATl), 8.11{Q,J = 0.5 NZ, 2, AT);, 1IN vmax (Lriclis)
3430, 3025, 2960, 1725, 1615, 1580, 1510, 1270, 1235, 1200, 1180, 1120, 1105, 1060 em™; UV Amax

(CH,Cl1,) 230 (13420), 253 (15620), 293 (17505) nm; MS (FAB) m/z 672(MH", 31), 637 (6), 595 (8), 257
(43), 321 (35), 254 (57), 219 (100); HRMS Calcd for C37H;3sNO; (MH") 672.24448. Found 672.24386.
2-({1-[(E)-2-phenyl-1-diazenyl]-2-naphthyl}oxy)ethyl 4-[(E)-3-(2-{[(benzyloxy)carbonyl]amino}-3-
methoxy-3-oxopropoxy)-2-heptenoyl]benzoate 36

This reaction of the non terminal alkynyl ketone 20 and the protected serine derivative 24 was undertaken

» Was p_;‘_f_g_ by y flash chromatography on silica (35%

ildalbgiapil il o

itle compound, 35. "HNMR & 0.97 (t,J =7 Hz, 3H,
Q
[+]

(e 11T
> {m, 1

-
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OCH;), 4.27 (m, 2H, CH,0), 4.53 (m, 2H, CH;0), 4.65 (m, 2H, CH,0), 4.77 (m, 1H, a-CH), 5.16 (m,
2H, OCH.Ph), 5.73 (d,/ = 8 Hz, 1H, NH), 6.04 (s, 1H, =CH), 7.00 (m, 1H, Ar), 7.35-7.55 (m, 10H, Ar),
7.75-8.00 (m, 8H, Ar), 8.32 (d, /=8 Hz, 1H, Ar); IR Vp (CHCl3) 3430, 3030, 2960, 1720, 1660, 1580,
1510, 1280, 1265, 1245, 1235, 1230, 1180, 1105, 800 cm™; UV Amay (CH,Cly) 232 (127050), 285 (75070),

303 (14130) nm; MS (FAB) m/z 758 (MH', 55), 510 (100), 420 (20), 275 (45), 267 (25), 230 (18), 219
(20); HRMS Calcd for C4H44N;0y (MH") 758.30775. Found 758.30826.
2-({1-[{(E)-2-phenyl-1-diazenyl]-2-naphthyl}oxy)ethyl 4-{(E)-3-[(5-{|(benzyloxy)carbonyl]amino}-6-
methoxy-6-oxohexyl)amino|-2-heptenoyl}benzoate 37

The addition reaction of the amine 25 to the conjugated alkyne 21 was undertaken using Procedure B. The
solution was stirred for 48 hours followed by heating at reflux for a further 48 hours. The reaction mixture

was allowed to cool and the solvent removed. Purification of the crude material by flash chromatography

(4004 FtO A~ / 60% havane) nraducad the avnactad additian nraduet in verv lnw viald (>504) Ly nivm &
\_’V /U AdWNIIANY ] VUV /Y ‘lvﬂ“llv} H‘V“UVV“ i UAP‘J\J‘UU AL LE VLR l.ll\.l\.luvl. 131 VUIJ 1YY Jl\dlu \ ~ /“I. AL 1NiViAN w
N Nno fa T _ " IY_ LT MNIT \ 1 AN 1 ML /£ ___ ATY A__MYY N\ ~ AN L T __ ™ YY_ AIY MAYTY \ N AE s MAYTY WTATY )
098 (t, /=7 Hz, 3H, CH;), 1.40-1.75 (m, 4H, 2xCH,), 2.29 (1, /=7 Hz, 2H, CH,), 3.25 (m, 2H, NCH,),
3.75 (s, 3H, OCH;), 4.45 (m, iH, a-CH), 4.50 (m, 2H, CH,0), 4.62 (m, 2H, CH,0), 5.11 (s, 2H,
OCH,Ph), 546 (d,.J =8 Hz, 1H, NH), 5.63 (s, 1H, =CH), 6.91 (m, 1H, Ar), 7.02 (m, 2H, Ar), 7.3-7.5

(m, 7H, Ar), 7.7-8.0 (m, 9H, Ar), 8.30 (d, /=7 Hz, 1H, Ar), 11.67 (m, 1H, enamine NH).
2-[(4-{(E)-3-[(2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl)suifanyl]-2-heptenoyl}
benzoyl)oxylethyl 2-(6-{2-[(4-{(E)-3-[(2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl)
sulfanyl]-2-heptenoyl}benzoyl)oxylethoxy}-3-0x0-3H-9-xanthenyl)benzoate 38

The addition reaction between the alkyne 21 and the thiol 23 was undert
/

alkyy
ial by flash chromatoeranhy (30% EtQAc
i U A1QAOI1l will Vil NALAV

Purification of the crude material by atography (30% Et 70% ,.exane) yielded 48% of the
four alkenes. MS (LSIMS) m/z 1382 (MH", 50), 526 (85), 291 (57), 257 (100), 225 (70). The 'H NMR

spectrum of the mixture was too complicated for individual assignments to be made.
2-({4-[(E)-3-(2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropoxy)-2-heptenoyl]benzoyl} oxy)
ethyl 2-{6-[2-({4-[(E)-3-(2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropoxy)-2-heptenoyl]
benzoyl}oxy)ethoxy]-3-0xo0-3H-9-xanthenyl}benzoate 39

The addition of the dialkylated fluorescein derivative 21 and the protected serine 24 was undertaken by
Procedure B. The crude material was purified by flash chromatography on silica (25% EtOAc / 75% hexane)
to give 39 in 12% yield. "H NMR & 0.95 (m, 6H, 2xCH3), 1.1-2.0 (m, 8H, 4xCH,), 2.70 (m, 2H, CH,),

292 {(m, 2H, CH,), 347 (m, 4H 2xCH,S), 3.79 (s, 6H, 2xOCH;), 4.0-4 5 (m, 10H, 5xCH,0Q), 4.72 (m
A\, L4353, Axgy, 257 Ui, SX%, LAAIS )y, J. 07 \S, VI, LARVNEL]), V.o \iil, 32VER, JARIRIN ) L
AH CH. O vy CHY S 14 (¢ 4 2xOCH,PhY §78 fm 1H Y S87(d J=7Hz 1H NH) 607 (s
LA, UIINI T LAARASULL), V1T (9, Til, LA s g303 11y, J. 70 111, 138, 1VLi], .07 (M, v §OXR4, X3, INALj, V.V D,
1T Y T T Falllo 3 BNV 88 TIY AN L 51 1.3 y_ " 0L YT TY A sms  TXX
), 631 (m, 1H, Arj, 0.51 (aga,s=2,95

1 . ‘
@, J—le 1H, Ar), 6.87 (m, 3H, Ar), 7.37 (m, 10H, Ar), 7.69 (m, 2H Ar) 791 (m H, Ar), 8 ll(m
2H, Ar), 8.30 (dd, J=1, 9 Hz, 1H, Ar), MS (LSIMS) m/z 1352 (MH", 60), 1144 (85), 510 (15), 494 (10),
390 (60), 349 (13), 303 (20), 275 (17), 273 (15), 225 (85), 219 (100).
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