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ABSTRACT 

The synthesis and properties of 4-audo-2-mtrophenyl c+D-mannopyranoside, 
N-diazoacetyl-&D-glucopyranosylamme, and 4-dlazoacetanudophenyl cc-D-manno- 
pyranoslde are described These compounds are potential reagents for photo-af%inlty * 
labeIhng of carbohydrate-bmdmg sites in protems 

INTRODUCTION 

Photo-a5ty labelhng of hgand-bmdmg sites m protems mvolves the phetolytic 
generation of a chenucally reactive, radical specxes from a sultable precursor function 
attached to the hgand; the radical then undergoes covalent reactlon with an ammo 
acid sxde-cham at the bmdmg site’. It represents an extension of the usual affinity- 
labelhng method to those bmdmg sites which do not contam nucleophlhc sxde-chams 
hable to attack by alkylatmg functions 4-Audo-2-mtrophenyl c+D-mannopyranoslde 
(11, N-dlazoacetyl-P-D-glucopyranosylamme (2), and 4-dlazoacetanudophenyl CC-D- 

mannopyranoslde (3) were accordingly selected as potential, specific labels for 
concanavahn A, smce attempts to atilty-label ths protem by a range of conventlonal 
reagents had ftied2 The aryl cw-D-mannoades 1 and 3 could be expected to bmd 
strongly to concanavahn A, and the substituted fl-D-glucoqlamme 2 was consIdered 
as a compound which could bmd, but m wbch the potential carbene function was 
closer to the pyranold rmg Avdo and dlazoacetyl groups are known to gve mtrene 
and carbenold species on photolysls3. 
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RESULTS AND DLSCUSSION 

Compound I proved to be accessible by a route whrch could easily be adapted 
to a ra&ochemrcal synthesis usmg D-mannose-t. Condensatron of P(benzyloxy- 
carbonylannno)-2-nttrophenol with tetra-O-a&y&-D-mannopyranosyl chlonde 
under alkahne eonchttons gave the U-D-mannosrde 4 as expected4. Removal of the 
benzyloxycarbonyl group wrth hydrogen bromrde m acetrc acid was accompamed by 
patial O-deacetylatron Acetylation of the resultmg amme 5 gave 4-acetamrdo-2- 
nitrophenyl cr-D-mannopyranosxde tetra-acetate (6), which was also synthesrsed by 
an independent route mvolvmg zmc chloride-catalysed fusron of Pacetanndo-2- 
nrtrophenol and a-D-mannopyranose Treatment of drazoused 5 with sodmm azrde 
gave the 4-azldo denvabve, deacetylation of whch gave 1 

4 R=CO OCH2Ph 5 
6 R=Ac 

The absorptton maximum (355 nm) of 1 enables photolysls to be effected by 
radration (N 350 nm) whrch should not damage the protem Aqueous solutions of 1 
rapidly developed a brown colour on n-radratton at 360 nm wfuch was lscharged by 
dithromte and was presumably due to the azo compound Pl Addttion of coneanavalin 
A to rrradrated solutrons of 1 gave a brown precrprtate which redtssolved nnmedrately 
on addmg methyl a-D-marmopyranosrde Prenprtatron probably involves the forma- 
tron of a hnear, insoluble aggregate between concanavahn A @below pH 6, the con- 
canavahn molecule (mol wt. -55 x 103) IS composed of two sub-umts, each with a 
drscrete, carbohydrate-bmdmg site] and 11, which IS brfimctronal wrth respect to the 
cc-D-mannopyranosyl morety Photolytrc conversion of aromatic azides mto azo 
compounds IS well documented5, and IS presumed to mvolve xntrene species Expen- 
ments are m progress with 3H-labelled 1 m order to detect any covalent bmdmg to 
concanavahn A on photolysts Preferenttal formatton of azo compounds may limit 
the usefulness of aromatic aztdo compounds in photo-aEmty labelhng, parttcuhuly 
in the case of weaker complexes 

Compounds 2 and 3 are potent& carbene precursors Compound 2 was 
obtamed by the followmg reactron sequence Condensatron of N-benzyloxycarbonyl- 
glycme w&h B-D-glucopyranosylae, followed by acetylatron, gave 7 Hydrogenolysis 
of 7 gave the glycyl derivative 8, which, on treatment wnh sodnnn mtrrte followed 
by ZemplCn deacetylation, was converted mto the drazoaceel compound 2 

Acetylation of Cnitrophenyl cc-D-mannopyranoside was followed by catalyttc 
reductron. Couphng of the resulting amme with IGbenzyloxycarbonylglycine and 
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9-120Ac 

7 R=CO 0CH2Ph 
8 R=H HCI 

9 R=CH2NH2-HCI 
10 R=CHN2 

02ti ‘NO, 

11 

hydrogenolysrs of the product gave 9 Treatment of 9 with sodium nitrite, followed by 
deacetylatron of the product 10, gave the dmzoacetyl compound 3 

Compounds 2 and 3 were stable m aqueous solution at 23” for at least 24 h. 
Decompositron occurred withm 15 nun at 253 7 nm, and wrthm 3 h when u-rachated 
at 350 nm Hence, unless unusually susceptible to Wolff rearrangement (giving the 
corresponding N-carboxymethyl compounds), 2 and 3 seem to be smtable reagents 
for photo-afhmty labellmg and, being dnuoketones, they could also be useful as 
conventional afhmty-labelhng reagents 

That compounds l-3 bound reversrbly and spectically to concanavalm A was 
shown quahtatrvely by the fact that they all redissolved the msoluble aggregate 
formed from concanavahn -4 and l&S-trislp-(B-D-glucopyranosyloxy)phenylazo]- 
2,4,6-tnhydroxybenzene6 Only carbohydrates which bmd to concanavalin A can 
chssociate and thereby solubillze the aggregate Although the bmclmg constants of 
l-3 were not measured, they can be expected’ to range from lo3 to 5 x 104. In the 
labelhng experrments, an appreciable molar excess of protem over hgand can be used 
m order to ensure sign&ant bmdmg of hgand. 

4-Ammo-2-mtrophenol and 4-mtrophenyl ct-D-mannopyranosrde were obtamed 
from Aldnch and Koch-L&t Chenncals, respectrvely j?-D-Glucopyranosylamme 
was prepared by a hterature procedure’. 

Reacttons were followed by t 1 c on silica gel G (Merck), using either ethyl 
acetate-acetone (for acetates) or methanol-acetone (for free sugars) Column chroma- 
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tography was performed with Kreselgel (0 05-O 2 mm, Merck) or neutral alurnma 
(Woelm) 

Meltmg pomts are uncorrected 
Photolyses were effected wrth either a Mazda 250W ME/D lamp fitted wrth a 

2-cm filter of 10% aqueous sodmm mtrrte, or drrectly (m quartz curvettes) wrth a 
Hanovra “ Mmerahte” source 

1,3,5-tns[p-(P-D-~ucopyranosyloxy)phenyl~o]-2,4,6-~hydroxybe~ene was 
prepared by the procedure of Yanv et al 6, and used as a saturated solution in 
0 05M sodrum acetate-O 2~ sodmm chlonde (pH 5 2) On addrtron of concanavalm A 
(m saturated, aqueous sodmm chloride, available from Miles-Yeda Chemrcals), 
immediate precrprtatron of the red aggregate took place, thrs was centnfuged and 
washed free of azo dye by repeated resuspensron in pH 5 2 buffer and centrifugatron 
Sohd sugars were added to 1 ml of aggregate suspensions prepared 1x1 pH 5 2 btier, 
followed by vibratory mrxmg Only those sugars which speclficalIy bound to con- 
canavahn A drssolved the aggregate, grvmg a clear, red solutron 

4-(N-BezzzyZoxycarbo~zyZaznzno)-2-nztroplzerzoZ - To a solution of Pammo-2- 

mtrophenoi (4 5 g, 30 mmoles) m p-droxane (150 ml) was added potassmm hydrogen 
carbonate (120 mmoles) lssolved m water (50 ml) With strmng at 5”, benzyloxy- 
carbonyl chlonde (5 ml) was added dropwrse over 30 mm After strmng at 23” for 
2 h, the mrxtLre was poured mto water (250 ml) and acrdrfied with hr sulphurrc acrd 
The product was extracted wrth ethyl acetate (3 portrons), and then back-extracted 
mto M potassmm hydroxrde Acrdrficatron and coohng of the aqueous phase gave the 
crystahme phenol, whrch was recrystalhsed from ether-hexane to grve matenal 
(5 8 g, 64%) havmg m p 103”. 

Anai Calc for C14H12Nz05 N, 9 7 Found N, 9 6 
4-Acetamzdo-2-nztrophenyl a-D-mannopyranoszd$ - 4-Acetamrdo-2-mtrophenol 

(2 6 g), a-D-mannopyranose penta-acetate (3 5 g), and anhydrous zmc chionde 
(1 3 g) were fused and stirred at 160”/20 mmHg @ter 30 mm, the reaction mrxture 
was cooled and dxssolved m chloroform, and the solutron was twrce extracted wrth 
water, followed by hi potassmm hydroxrde untrl the extracts were colourless The materr- 
al remainmg m the chloroform crystalhsed from I-propanol to grve 6 (0 6 g, 13%), m p 
230” (dec), [cY]~~ t85 5” (c 0 67, chloroform), which was homogeneous by t I c 

Conventional deacetylatron of 6 gave the title product, m p 211 o (from ethanol), 
[a];’ +68” (c 0 43, water) 

Anal Calc for C14H1sNZ09 C, 46 9, H, 5 0 Found C, 46 7; H, 5 2 
4-(BenzyZoxycarbonyZamzno)-2-nztrophenyZ a-D-mannopyz anoszde tetra-acetate 

(4) - 4-(Benzyloxycarbonylammo)-2-mtrophenol (3 3 g) was drssolved m M sodnun 

hydroxide (17 ml) and acetone (30 ml) at 5” Tetra-O-acetyl-a-D-mannopyranosyl 
chloride (3 7 g) drssolved m acetone (20 ml) was added, and the mrxture was left at 
5” for 12 h The mrxture was then poured mto water (200 ml) and extracted five tunes 
wrth chloroform Unreacted phenol was recovered from the chloroform extracts by 
six extractrons wrth M potassmm hydroxrde The chloroform layer was then washed 
wrth drlute acrd, dried, and evaporated to grve a nuxture of the desired mannosrde 
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and mannosyl chlonde Elulon of the mixture from neutral alumma with chloroform 
gave the mannosyl chloride, and then with chloroform-ethyl acetate (1 1) gave 4 
(0 7 g, 11% based on the mannosyl chloride),, m p 188” (from I-propanol), [a]:: 
+68” (c 0 2, chloroform) 

Anal Calc for C2sH3,,NZO14 C, 54.4, H, 4 85 Found C, 54 8, H, 4 9 
4-Azrdo-2-nrtlophenyi a-mmannopyranoslde (1) - To a suspension of 4 (2 3 gb 

m dry chloroform (10 ml), a 45% solution (30 ml) of hydrogen brormde in glaclai 
acetic acid was added After storage at 23” \wth vigorous stu-rmg for 15 mm, the 
yellow solution was poured mto chloroform (200 ml) whch was m turn poured on to 
crushed Ice (200 ml) The chloroform layer was separated, washed \mth Ice-cold, 
aqueous sodmm hydrogen carbonate until neutral, dried, and evaporated The 
resultmg, orange sohd was freed from benzyl brormde by tnturatlon urlth a small 
volume of Ice-cold chloroform The yellow residue (1 3 g) was almost homogeneous 
by t 1 c , and gave a positive dlazo reactlon for aromatlc ammes Acetylatlon (pyndme- 
acetlc anhydnde) gave 6, which was ldentlfied by m p and RF value IV-Acetylatlon 
of the amme with acetlc anhydnde ID. methanol gave a substance of shghtly lower 
mobihty than 6 on t 1 c , which gave a negative diazo reaction, and was presumably a 
trM&acetyl denvatlve 

A solution of the amme tri-acetate (500 mg) m methanol-acetlc acid (1 1, 
10 ml) was cooled to 0” and Isopentyl mtnte (0 5 ml) was added After 30 mm, M 

hydrochlonc acid (2 ml) was added, followed by sodmm azlde (1 mol ) portlonwlse 
After stn-rmg for 60 mm, the rmxture was poured mto excess water and extracted 
urlth chloroform 

The extract was washed, dried, and evaporated to yield a cream-coloured 
sohd, which was homogeneous by t 1 c and had v,,, 2120 cm-’ (N3) Conventional 
deacetylatlon of thus product gave l(lO0 mg, 26%) after recrystalhsation from water) 
as pale-yellow, hght-senative needles, m p 132-135”, [a];’ + 130” (c 0 22, water), 
AH+” 355 nm (E 1900), v,,, 2100 cm-l (N,) 

Anal Calc for C12HIaN40s C, 42 1, H, 4 1. Calc for C12H14Nh08 Hz0 
C,4O.O,H,44 Found C, 40.3, H,46 

2,3,4,6-Tetra-O-ace~yI-N-(N-benzyZoxycarbony~gIycyl)-~-~-g~ucopyranosy~amzne 

0 - To an Ice-cold solution of Wbenzyloxycarbonylglycme (420 mg) m dry iV,N- 
dimethylformanude (3 ml), re-dlstdied tnethylamme (0 28 ml) was added, followed 
by lsobutyl chloroformate (0 26 ml) wxth stlrrmg After storage at 0” for 30 mm, the 
preclpltated tnethylamme hydrochlonde was collected and washed urlth cold N,N- 
dlmethylformarmde (1 ml) j?-D-Glucopyranosylamme (360 mg) was added to the 
filtrate and washings, It dissolved completely wthm 30 mm, with evolution of gas 
After storage at 23” for 12 h, excess of dry ether was added, and the mixture was left 
at 4” for 12 h The ether pas then decanted, and the residue was acetylated conven- 
tionally with pyndme-acetlc anhydrIde to @ve 7 (740 mg, 68% ; after crystalhsatlon 
from ethyl acetate-hexane), m p 123-125”. The optical rot&Ion (c 0.53, water) was 
too low for accurate measurement. 

Anal Calc for C24H30N2012 C, 53 5; H, 5 6 Found C, 53.4; H, 5 7. 
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2,3,4,6-Tetru-O-acetyZ-N-gZycyi-~-~-gZuco~yr~o~yZami~~e hydrochZoride (8) - 

Hydrogenolysrs of 7 (540 mg) drssolved m methanol (20 ml) contammg M hydro- 
chlonc acid (1 ml) and 5% palladmm/charcoal (100 mg) as catalyst gave 8 m quantr- 
tatrve yreld, wrth m p 136” (from methanol-ether), [or]k3 i-1 7O (c 1.17, water) 

Anal Calc for C16Hz5C1N&, -Hz0 C, 41 9, H, 5 9 Found C, 41 4; H, 5 7 
2,3,4,6-Tetra-(a-acetyZ-N-dzazoacetyZ-~-D-gZucopyr~zosyZamz~ze - A solutron 

of 8 (100 mg) m 2~ sodmm acetate (2 ml) at 0” was treated wrth sodmm mtnte 
(50 mg) and glacial acetrc acrd (0 5 ml) After storage at 0” for 5 h, the product 
(49 mg, 52%) precrprtated as fine needles, which were collected, washed with cold 
water, and drred zn vacua over phosphorus pentaoxrde It appeared homogeneous on 
t 1 c, and had m p X3-154” Recrystalhsatron from ethyl acetate-hexane gave 
the tttle compound, m p. 160-161 O, [LX]~ - 32” (c 1, chloroform), JEH 253 nm 
(& 14 2 x 103) 

Anal Calc for C,&f,,N30,0 C,463,H,51 Found C,466;H,50. 
N-DiazoacetyZ+D-gZzzcopyranosyZamz?ze (2) - The foregoing tetra-acetate 

(0 5 g) was suspended m dry methanol (10 ml), and a small clup of sodmm was added 
After chssolutxon, the yellow solution was kept at 4” for 2 h and then neutrahsed wrth 
sohd carbon droxlde After evaporation to a small volume, I-propanol (25 ml) was 
added, and the precipitate was collected and washed wrth a httle 1-propanol T 1 c 
of the filtrate (acetone-methanol, 4 1) showed one component, and concentratron to 
a small volume resulted in the precipltatron of 2, which was collected, washed wrth 
me-cold 1-propanol and ether, and finally dned in vacua The product (150 mg, 60%) 
had m p 60-65” (dec ), [IX]:’ -27.5” (c 0.44, methanol), %E” 252 nm (s 16 x 103) 
which disappeared on acidficatron, v,,, 2060 (CHN,) and 1660 cm-’ (armde I); 
there was no absorptron for ester GO. 

Anal Calc. for CsH,sNs06- C, 38 9; H, 5 3; N, 17 0 Found C, 38 3, H, 5 5; 
N, 168 

4-N-GZycyZammophenyZ 2,3,4,6-terra-0-acetyZ-a-D-mannopyranoszde hydro- 

chlorzde (9) - 4-Nttrophenyl u-D-mannopyranostde was conventronally acetylated 
wrth sodmm acetate-acetrc anhydnde, and a methanohc solutron of the product was 
hydrogenated urlth platinum oxide as a catalyst. The resulting Cammophenyl2,3,4,6- 
tetra-O-acetyl-cr-D-mannopyranoside was coupled wrth N-benzyloxycarbonylglycine 
as described for 7, but usmg dichloromethane as solvent Hydrogenolysis (using 5% 
palladmm on charcoal as catalyst) of the resultmg, neutral product gave 9 as a 
hygroscopic powder, m p. 205” (dec ), [aJr + 56 5” (c 0 95, water), winch was homoge- 
neous by t 1-c (methanol), gave a posrttve mnhydrm test, and had v,, 1750 (ester 
GO) and 1690 cm-’ (anude I) 

Anal Calc. for C22H2&lNz012_ C, 47 95; H, 5 3 Found. C, 48 2, H, 5.4. 
4-Dzazoacetamidophenyl 2,3,4,6-terra-0-acetyZ-a-D-mannopyranoslde (10) - A 

solution of 9 (1 g) m 2~ sodmm acetate (50 ml) was treated dropwise with glacial 
acetic acid until a clear solution was obtained After coohng to O”, sodmm rut&e 
(1 g) was added wrth strrrmg, and the solutron was left at 4” for 15 h. Extractron wrth 
ethyl acetate gave the crude product (0.9 g), whrch was eluted from Kreselgel G with 
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chloroform to grve 10 Crystallisatron from ethyl acetate-hexane gave material 
(200 mg, 20%), m p 155” (dec ), [&’ +75” (c 0 66, chloroform), AZ” 275 run 
(.s 2 35 x 104) replaced by A,, 248 nm (e 1 54 x 104) on acuhficcitron 

Anal CaIc for C22H25N3011 C,521,H,49 Found C,518,H,515 
4DzazoacetamzdophenyZ ct-D-mannopyroroszde (3) - A solution of 10 (100 mg) 

m methanol (3 ml) was treated wrth a small chrp of sodmm After drssolutron, the 
yellow solution was left at 4” for 3 h, then neutrahsed with sohd carbon dloxlde, and 
evaporated to a small volume Sufficient I-propanol was added, with vigorous 
strmng, so that a definite, colourless, gelatmous precrprtate remamed m the solutron, 
which was then stored at 4”. Complete precrpltatron of gelatmous material then 
occurred, leaving a greemsh-yellow supematant T 1 c (methanol-acetone 14) at 
thrs pomt showed the precrprtate to contam matenal of low R, value which drd not 
have a diazo functron (u v ) The supematant, which contamed the desired product, 
was essentially homogeneous; rt was concentrated and stored at 4” to give 3 as 
greemsh-yellow prisms (38 mg, 55%), m p 160-163” (dec ), [ai];’ +82” (c 1 02, 
I-propanol), AK:” 275 nm (E 1 5 x 104); v,, 2100 (CHN,), 1640 cm-l (armde I) 

AnaZ Calc for C,,H,,NJO, C, 49.6, H, 5 0, N, 12 4 Found. C, 49 2; H, 5 4, 
N, 120 
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