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6.3 O-Ethyl xanthate

S-glycosyl xanthates!’! are versatile synthetic carbohydrate
derivatives!72. This family of compounds have recently gained
interest because oi their use as efficient and stereoseiective
glycosyl donors in cases where the usual glycosyl halides and
thioglycosides gave modest results!?3. S-glycosyl xanthates are also
useful precursors to reducing sugars, 1-deoxy- and 1-thio-sugars,
as well as 1-thioglycosides!6sa. 1664,

Scheme 29 PTC synthesis of O -ethyl 3-D-glycosyl dithiocarbonates

Rz OAc o ] CHoCl, or EtOAc/ RZ OAc
R b s )Loc T PMNa;C0; or sat g, NaHCOs Ay %N s oom
R, 2% gy,NHSO,,25°C, s45min  AcO NP
X R? g
X R, R: Rj R, R Rj
58 Cl NHAc OAc H 131 NHAc OAc H
110 Br QAc H OAc 132 CAc H QAc
111 Br OAc OAc H 133 OAc OQAc H
112 8r OAc H  -D-Gal(OAc), 134 OAc H o-D-Gal{OAc),

Although previous syntheses of S-glycosyl xanthates have been
relatively efficient, the success of PTC methodology encountered so
far prompted the attempt at extending its use as an entry to this
class of compounds24t, It was hypothesized that the soft nature of a
xanthate nucleophile could provide good yields of the desired
glycosides under mild conditions. This was truly justified, as a

171 4) Wark previously presented in: F.D. Tropper, F.O. Andersson, S. Cao and R.
Ruoy. J. Curbolvdr. Chem. , 11, 741 (1992), See also: b) M. Sakata, M. Haga and S.
Tejima, Curbohvdr. Res.. 13, 379 (1970); ¢) H. Paulsen, R, Rauwald and U.
Weichert, Liebigs Ann. Chem., 75 (1988); d) A. Marra, L.K. Shi Shun, F

Gauffeny and P, Sinay, Syaletr., 445 (1990}

172 4) A. Marra and P, Sinay, Curbohiydr. Kes., 187 , 35 (1989); b) A. Marra and P,
Sinay, Curbolivdr. Res., 195, 303 (199); ¢} W. Birberg and H. Loan,

Tetrahedron Lett, 33, 118 (1992) und references withing d) D. Horton and D.H.
Hutson, Adv. Carbolvdr. Chem., 18 123 (1Y63),

178 ko Okamoto and T, Gowo, Tetrahedron, 46 . 8835 (1990).
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variety of O-ethyl p-D-glycosyl dithiocarbonates (131 - 134) were
prepared in high yields (> 90%) under mild conditions using O-ethyl
xanthic acid potassium salt (Scheme 29). Again, the reactions were
highly stereoselective with only 1,2-trans f-D-S-glycosyl xanthates
being detected. No mixture of anomers or glycosidic by-products
could be detected from the crude reaction mixture by TLC, 'H- and
13C-NMR spectroscopy. No competitive dehydrohalogenation was
detected as in the case of nucleophiles of high basicities seen
earlier. The reactions were slightly faster in ethyl acetate than in
methylene chloride. Control experiments revealed that the O-ethyl
S-potassium dithiocarbonate was consumed by reacting with
methylene chloride when used as the organic phase. When the
reaction was conducted in the absence of a glycosyl halide in CH2Clo,
methylene bis-(O-ethyl xanthate) (EtO-C(S)S).CH, was obtained!74,
Product yields were virtually unchanged when using either ethyl
acetate or methylene chioride as solvent. However, at least 2
equivalents of the nucleophile were necessary for complete
consumption of the glycosyl halide in CH,Cly; while 1.2 equivalents
was sufficient for transformations performed in ethyl acetate. Most
of the S-glycosyl xanthates prepared were previously known
compounds and their physical data (m.p., [¢]p) are in good agreement
with reported values. Physical properties are given in Table 40. The
fully assigned (2D 'H-'H COSY and 'H-13C HETCOR) 'H- and '3C-NMR
speciicscopic data are given in Tables 40 and 41.

In conclusion, a mild, highly stereospecific and high yielding entry
into useful S-glycosyl xanthates has been achieved with PTC
methodology. Readily available reagents were used. The reactions
occurred with complete inversion of configuration at the anomeric
centres. This method has also proven successful in preparing an

analogous sialic acid derivative?4¢ and has potential use for other
glycosyl halides.

174 fdemitied by CI-MS. HH- and P3C-NMR  spectroscopy.
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Table 40 Physical properties of S-glycosyl xanthales 131-134,
Elemental Analysis
Calculated (%) Found (%)

Product ‘((LZI)d Meili;go)lDoint (c{:ﬁ!:?a) Formula c Hi N S c T Y S
131 | 91 |139.0-140.22 | +33.3° | C;7HxNOgS, | 45.22 5.68 3.10 14.20]|45.02 5.68 3.04 14,12
132 | 98 | 64.8-86.9 | +30.2° | Ci7H24040S2 | 45.13 5.35 _ 141714516 534 _ 14.29
133 | 91 | 79.5-80.3% | +49.7° | Cy7H24010S2 | 45.13 535 _ 1417|4488 512 _ 14,40
134 | 96 amorphous +2.3° | CogHap018S2 | 47.07 5.44 B.66 : . .

a) ether/diisopropyl/ether; b)crystallized on standing without solvent; ¢) CHaClo/ether/hexane
* Although pure by TLC and NMR, 133, twice failed to give an acceptable anaiysis. CI-MS (ether)
gave m/e: 740.8 (1,1%, M+1), 680.9 (4.4%, M-CUS+1), 619.1 (46.3%, M-EtOCS3).

Table 41  'H-NMR data of S-glycosyl xanthates 131-134 (CDClz, 300 MHz)3,
Compoung? H-1 H-2 H-3 H-4 H-5 H-6a H-6b
d (Jyp)dd (Jopa)]|dd (Jaa)]ldd (Jas)|ddd (J56a) | dd (Jeasn ) | dd (J5en )
131 5.42 4.36 506 - 522 ° 3.78 4.22 4.09
(10.9) - (- , 9.4) (4.9) {12.5) {2.3)
132 5.40 511 5.27 5.04 3.78 4.19 4.05
(10.4) (9.0} {9.3) {9.9) (4.9) (12.5) (2.2)
133 5.43 5.33 512 5.38 3.96 - 4.07 muit
(9.7) (9.2) (3.4) (3.3}
134 Gle 5.41 5.07 5.28 3.80 3.72 4.43 4.03-4.14
(10.8) (9.1} (68.4) {10.0) (1.9) (11.8)
Gal 4.44 5.09 4.92 5.33 3.85 403 - 4.14
{7.9) (10.4) (3.5) {(1.2) (6.8) (- , 6.8)

a) Assignments are based on HETCOR and COSY experiments. Chemical shifts are
relerenced to internal CHCIl3 at 7.24 ppm and are given in ppm relative to TMS.
Coupling constants (J) are given in Hz.

b) OAc, NAc: 1.85 - 2.13 ppm; singlets.

c) Ethyl: CHp : 4.567 - 4.62 (g, J = 7.1 Hz), CH3 : 1.35-1.40 (t, J=7.1 Hz).

d) NH: 5.69 (d. J2 NH = 9.4 Hz).

* AB multiptet




Tabie 42 13C.NMR data? of compounds 130-133 (CDCl3, 75.4 MHz)

Compound® C-1lcz2lc3jca|cC5[C-8fCH | CHy
131 87.5|51.5|73.9]67.9|76.5|61.8}70.7|13.5
132 85.3167.8|73.5|66.2|76.1161.4]705]13.2
133 86.0 |65.8171.8]|67.2|75.0|61.3]70.6|13.6
134 Glc| 85.6 | 68.7| 73.8|75.9|77.2162.0}70.7 | 13.6

Gal]101.0]68.0170.9|66.6]70.7 | 60.8

a} Assignments based on HETCOR and COSY experiments. Chemical
shifts (ppm) are referenced to internal CDCl3 at 77.0 ppm.

b) C=S: 209.8 - 210.5 ppm; C=0 (Ac}): 169.1 - 170.3 ppm; CH3
(OAc): 20.1 - 21.1 ppm; CH3(NAc): 23.0.

6.4 Dibenzyl phosphate

Carbohydrate phosphates are important intermediates in a wide
variety of biosynthetic processes!’S. They constitute integral
compounds of the core and lipid A region of lipopolysaccharides,
bacterial polysaccharides, teichoic acids, sugar nucleotides,
glycophospholipids and phosphoinositides. The occurrence and
methods for their preparation have been reviewed!7?. Previous
methods for the synthesis of glycosyl 1-phosphates are based
essentially on two concepts. In the first one, phosphoric acid,
dialkyl phosphates or their salts were used as nucleophiles on
glycose peracetates, 1,2-orthoesters, halogenoses, 1,2-oxazolines
or trichloroacetimidates. in a second approach, anomeric hydroxyl
groups were activated as lithium or thalium salts and reacted with
electrophilic dialkyl phosphorochloridates.

From the previous observations that soft nucleophiles, generated

175 H. Kikaido und W.7Z. Hussid, Adv, Carbohvdr. Chem, Biochem., 20 , 351 (1971).
170 1 Thiem und M. Frunzkowiuk, £ Carbolvdr. Chent, 8 . 1 (1YRY),
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from weak acids (pKa < 8), appear to be well suited for nucleophilic
displacement of halide in glycosyl halides, an attempt at preparing
glycosyl phosphates by PTC was tried. If successful, this procedure
would give access to carbohydrate phosphotriesters from readily

available reagents. In fact, such a procedure was found to give high
yields of glycosyl- and glycobiosyl-dibenzyl phosphotriesters from
various peracetylated glycosyl bromides, and has been published24d,

Scheme 30 1,2-trans -}-D-Lactosyl phosphate synthesis by PTC

OAc OAc 0
AcQO AcO
A0 0 K Ao TN 0- P00 O
o AcO 0  AcO f 2
AcO

AO OAc . AO OAC OAc o-cm;@
112 135
| 2 HOP(O)(OCH,Ph), + 83 % yield
[alp = -7.5 © (CHCla)

CHQCIg /sat, aq. NaH003 + NaZCO;; (pH 9.0)
Buy NHSO, , 25 °C, 34 hrs.

Treatment of acetobromo «-D-lactose 112 in methylene chloride
and saturated sodium bicarbonate with dibenzyl phosphate (2 equiv.)
and TBAHS (1 equiv.) at room temperature for 1.5 days, gave the
phosphate 135 in 83% yield after chromatographic separation. By-
products included the lactal 122 (4%) and products of anomeric
hydrolysis {(C1-OH, =10%).

Obviously, the reaction was much slower than those using
phenoxides, thiophenoxides or O-ethyl xanthate. Increasing the
basicity of the aqueous phase with either 1M or 2M Na;CO3 or 1M
NaOH did increase the rate of consumption for the lactosyl halide
112 but at the expense of lower product yield and higher yields of
anomeric hydrolysis (TLC). The use of different organic solvents
(EtOAc or toluene) or phase transfer catalyst resuited in slower
reactions and lower yields.

Unlike the previous and later glycosylations, 2-acetamido-3,4,6-tri-
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O-acetyl-2-deoxy-a-D-glucopyanosyl chloride 58 was incapable of
producing the analogous B-D-glycosy! phosphate. The oxazoline 60
was the major product of all attempts and was formed at a higher
rate (TLC) in the presence of dibenzyl phosphate than without. Thus,
it is believed that the nucleophilic displacement of the «-chloride
by dibenzyl phosphate might have occurred, followed by rapid
intramolecular displacement of the phosphate agilycon by the amide
function to provide the oxazoline 60. This could be rationalized by a
favoured anchimeric participation from the acetamido group in 58
over the acetyl group in the 2-position ot 112.

The B-D-lactosyl phosphate 135 was fully characterized by high
field H- and 13C-NMR spectroscopy with the help of 2D 'H-'H COSY
and 'H-13C HETCOR experiments. The anomeric carbon of 134
appeared at 96.2 ppm as a doublet (2Jcp = 4.9 Hz) as well as the C-2
signal found at 71.5 ppm (3J¢,p = 9.0 Hz). The anomeric proton
appeared as a doublet of doublets at 5.30 ppm (8J12=7.5,3Jyp =7.5
Hz). A fully assigned 'H-NMR spectrum and 2D 'H-'H COSY spectrum
of 134 is shown in Figures 27 and 28.
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Figure 28  Expanded 20D

'H-TH COSY contour plot of the sugar ring proton region of
134.
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In conclusion, 1,2-trans -D-glycosyl phosphotriesters can be
synthesized in good yield with complete stereocontrol by PTC
methodology?#!. PTC presents clear advantages over previous
methodologies because all reagents are stable, nontoxic and readily
available. In addition, B-glycosyl phosphates can give access to a-
glycosyl phosphates by Lewis acid catalyzed anomerization!’?, and
have been shown to act as useful glycosyl donors!78,

6.5 Azide

Glycosyl azides make up an important family of carbohydrate
derivatives!??, They have been widely used as precursors of
glycopeptides!3V and heterocyclic N-glycosides!8!. The
corresponding glycosylamines, which can be obtained by reduction of
the azide group!82, can be used as monomeric precursors to
glycopolymers after suitable N-acryloylation45a.183, Recent
applications of solid-phase peptide synthesis methodologies to
glycopeptide preparations!®* have reactivated interest in glycosyl
azides!®%, This is particularily true in light of their use as protected
glycosyl acceptors!®6,

Previous syntheses of glycosyl azides from glycosyl halides were

177 ) R.R. Schmidt, M. Swnpp and J. Michel, Tetrahedron Len., 23, 405 (1982);
hy R.R. Schmidt and M. Swumpp, Liehigs Ann. Chem. , 680 (1984).

178 4) S.I. Hashimoto, T. Honda and S. Tkegame, J. Chem. Soc. Chem. Commun. ,
685 (1989) by M. Michulska, Hereroeveles, 28 , 1244 (1989); ¢} R.R. Schmidt, H.
Gaden and H. Juzke, Tetraliedron Letr., 31, 327 (1990%d) R.R. Schmidt, M.
Behrendt and A, Toepler, Svalerr. |, 694 (1990).

179 K. Micheel and A. Klemer, Adv., Carbohydr. Chem. Biochen., 16 , 85 (1961).
IR0 H G, Gurg and RW. Jeanloz, Adv. Carbolivdr. Chem. Biochem., 43 , 135 (1985).
181 (5. Baum and F. Micheel, Chem. Ber., 90 , 1595 (1957).

182 R, Roy and W.K.C. Park unpublished results.

183 R, Roy und C.A. Laferriere, J. Chem. Soc. Chem. Commun. , 1709 (1990).

184 4) H. Kuaz and B. Dombo, Angew. Chem. Int Ed. Engl., 27 , 711 (1988):b) M.
Hollési, E. Kollidl, 1. Laczkd, K.F. Medzihradsky, I. Thurie and L. Ouwrds,
Tetrahedron Len., 32 | 1831 (199]),

XS ST Anificd and P.T. Ir. Lansbury, J, Ore. Chemt., 55 . 5560 (1990).
ISOCH, Kunz, Angew. Chem, Int Ed. Engl.. 26, 294 (1987),
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accomplished under homogeneous one-phase conditions with silver
or sodium azides in chloroform or formamide respectively!73.187,
More recently, they have been prepared from 1-O-acyl glycosides
with trimethylsilyl azide and a Lewis acid catalyst!3%. Reports by
Kunz and coworkers!®?, then by Thiem and Wiemann!%}, on the use of
PTC for the synthesis of 138 or its corresponding chitobiosyl
analogue with Aliquot 336 or TBAHS in chloroform prompted the
application of the PTC conditions described earlier to the synthesis
of a range of glycosyl azides to demonstrate the generality of this
methodology. Under the very mild conditions reported here and
already published with coworkers2¥¢, glycosyl azides 136-138 and
disaccharides 139, 140 as well as an analogous sialic acid
derivative (not shown) have been prepared in excellent yields (93-
98%, Table 43).

Scheme 31 1.2-trans jj-D-glycosyl azides by PTC

R, OAc R, o
o CH,Cl, /sat. aq. NaHCO; , 2 JOAc
Rs 5 NaN3 —— o)
AcO + BUqNHSOd . 25 *C, 90 min 3 N.
R1 ACO K
X R,
X Ry Ry Rj Ry R; R,
58 Cl NHAc H OAc 136 NHAc H OAc
110 Br CAc H OAc 137 OAc H OAc
111 Br OAc OAc H 138 OAc OAc H
112 Br OAc H [}-D-Gal(DAc), 139 OAc H [}-D-Gal(OAc),
113 Br OAc H r-D-Gal(OAc), 140 OAc H u-D-Gal(OAc),

Thus, treatment of 1,2-cis-peracetylated a-D-glycosyl- and

187 A. Bertho and H. Nissel, Ber., 63 , 836 (1930

188 4) H. Kunz, W. Suger, D), Schanzenbuch and M. Decker, Liebigs ann. Chem. |
649 (1991).b) H. Paulsgn, Z. Gyirgydeak and M. Friedman, Chem, Ber., 107 , 1568
{1974},

189 H. Kunz, H. Waldmann and 1. Miirz, Liebigs Ann. Chem. . 45 (1989,
P90 1 Thiem and T. Wicmann, Angew. Chem. Int. Ed. Enel., 29 . 80 (1990),
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glycobiosyl halides (58, 110-113) with TBAHS (1 equiv.}) and
sodium azide (3-5 equiv.) in a liquid two phase system (CHaCla/sat.
NaHCO,) for 2 hours at room temperature gave almost quantitative
yields of the corresponding 1,2-trans B-D-glycosyl azides (136-
140). All reactions occurred with complete anomeric inversions. No
mixture of anomers or elimination by-products could be detected
from the crude reaction mixtures by 'H- and 13C-NMR spectroscopy.
No adverse solvent effects were noticed. Using ethyl acetate instead
of methylene chloride gave identical resuits. Changing the aqueous
phase from saturated NaHCO3 to 1M or 2M Na,CO3 had no adverse
effect either. A slight increase in reaction rate was observed,
however,

Table 43 PTC synthesis of peracetylated 1,2-trans B-D-glycosyl azides and their
physical constants!?!,

Elemental Analysis

Calculated (%) Found (%)
Yield | Melting Point

Product [ o <G * (3]} Formula c H N Cc H N

136 | 93 [138.2-130.0| -31.0° | C4H N3O [ 45.04 5.13 11.26]44.93 532 11.21

137 | 96 |103.3-104.0| -14.0° | CyqHigN3Og | 45.04 5.13 11.26|45.19 522 11.43

166-167

138 | 98 (doc) -47.7° | CiaHaoNsOs | 45.16 5.41 15.05|45.34 5.44 14.99

139 98 | amorphous | -20.4° | CpgHasN30Oy7147.20 5.33 6.35 |46.93 5.31 6.07

140 | 97 |105.6-106.6] +51.8° | CpeHaeN:O7]47.20 5.33  6.35 | 47.15 5.40  6.28

# crystallized from ethanol; * C=1, CHCl3

Most of the above glycosyl azides were known compounds!7? and the
physical data {m.p., [a]p) obtained are in good agreement with

reported values (see experimental section). The fully assigned

1) . R . X . . N . .
90 Physical constants were in good agreement with values reviewed in ref.
#i73,
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(HETCOR, COSY) 'H- and '3C-NMR spectroscopic data (Tables 43 and
44) of 136-140 confirmed the 1,2-trans-p-D-anomeric
configuration (J12 = 8.7 £ 0.2 Hz; C-1, § = 87.4-88.3 ppm). The
infrared spectra of 136-140 gave vn-n = 2120 £ 1 cm-! for solutions
in CHCIl3. Mass spectra of all giycosides Cl (ether) or (+)FAB
(glycerol) all gave clear molecular ion peaks (M + 1) with
concomitant losses of N3 or Nz followed by HCN followed by
sequential losses of HOAc. A representative spectrum is given for
the peracetylated 2-acetamido-2-deoxy-p-D-glucopyranosyl azide
138 in Figure 29.

Table 44 'H-NMR data’ of peracetylated glycosyl azides 136-140.
Compound H-1 H-2 H-3 H-4 H-5 H-6a H-6b
d(Jy2)1dd (Jo5)1dd (Jgq)|dd (Jos)]ddd (Jsga) ] dd (Jgagp)]dd (sep)
136 4.65 4.96 5.22 5.1 3.79 4.28 4.17
8.9) { (9.3) | (9.5 | (0.9) (4.7) (12.5) (2.4)
137 4.58 5.15 5.01 5.40 3.99 413 - 4.17 AB
(8.5) (10.4) (3.3) (1.1) (5.9) {-) (7.1)
138 * 475 | 389 | s.23 | s.07 3.77 4.25 4.13
(9.3) (10.3) (9.5) {9.7) (4.7) {(12.5) (2.4)
139 Glc 4.61 4.85 5.19 3.79 3.68 4.49 4.02-
4.14
8.8) | (9.8 | (5.0) | (10.0) | (4.9) (12.5) (2.1)
Gal 4.46 5.09 4.93 5.33 3.85 402 - 4.14
(7.9) (10.4) (3.4) (1.1) (7.2) (-) (-
140 Glc 4.69 4.77 5.24 4.00 3.76 4.49 4,02
8.7) | (9.0) | (8.9) | (9.6) (4.5) (12.3) (2.6)
Gal 5.39 4.84 5.33 5.03 3.92 419 - 426 AB
(4.1) {10.5) {9.5) (10.2) (3.6) ( -} {2.2)

* Assignments are based on 2D 1H-1H COSY and 'H-13C HETCOR experiments. Chemical
shifts are in ppm relative to TMS and coupling constants {J) are in Hz for solutions in
CDCl3 (300 MHz); OAc¢ and NAc CHj; signals all appear as singlets 1.95 - 2.14 ppm.

# NH: 5.79 (J2,NH = 9.2 Hz).




Table 45 13C-NMR data? of peracetylated glycosyl azides 136-140 (CDCl3,

75.4 MHz).
Compound c-1 |C-2]C-3]C-4}C-5]C-6 C=0 Ac(Me)
136 87.9 1706|726 |67.8|74.0|61.6]169.2-170.6 20.5
{4s) 20.7 (3s)
137 88.2 | 68.0[70.7|66.8|72.8|61.2]160.3-170.3] 20.5, 20.6
{4s) 20.7 (2s)
138 88.3 | 53.9|72.0|68.1|73.8|61.8]|169.5-170.3| 20.3, 20.4,
(4s) 20.5, 23.0°
139 Gal | 87.7 |70.9172.5|75.8|74.8161.7|169.0-170.3| 20.5, 20.6
(3s)
Glc | 101.1]69.0| 71.0| 66.5 | 70.7 | 60.8 (7s) 20.7 (2s),
20.8
140 Glc| 87.4 | 71.5]|75.1]72.3|74.2]|62.5]|169.4-170.5] 20.5, 20.6
(3s)
Glc'| 95.7 | 69.9| 69.2|67.9|€68.6|61.4 (7s) 20.7 {(2s),
20.8

a) Assignments are based on 2D 'H-'H COSY and 'H-'3C HETCOR experiments.
Chemical shifts (§) are given in ppm relative to TMS. -
* NHAc

Figure 29 C!-MS (ether) spectrum of 138,
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6.6 Thiocyanate

The successful application of PTC methodology to the preparation of
1,2-trans-B-D-glycosyl and -glycobiosyl halides trom respective «-
D-halogenoses with sodium azide prompted the attempt at preparing
1,2-trans-B-D-glycosyl thiocyanates using the same strategy.
Glycosyl thiocyanates have recently been shown to act as good
glycosy! donors in oligosaccharide synthesis!“2in a catalytic
process involving triphenylmethylium cations. Very tew glycosyl
thiocyanates have been reported in the literature!®0.193 Applications
other than as glycosyl donors have not yet heen elaborated upon.
They do have potential as hydrolysis-resistant ligands in
glycoconjugate preparations. Reduction of the nitrile function (with
LiAlH4 for example) should give a thioglycoside with a short spacer
terminated by an amine. As discussed throughout this dissertation,
the amine can then be used for conjugation to various supports or
carriers by a variety of methods .

Kotchetkov and coworkers!8¢ were able to prepare five dilterent
glycosyl thiocyanates in yields of 55 to 70% from 1,2-cis bromides
in dry acetone, with potassium thiocyanate in the presence of 18-
crown-6 ether. Glycosyl thiocyanates were isolated as kinetic
products since, ir: solution, they can isomerize into isothiocyanates

by an intramolecular rearrangement with inversion of anomeric
configuration!se,

By applying a PTC strategy towards the synthesis of B-D-glucosy!
thiocyanate, similar results to Kotchetkov and coworkers were
obtained. Mixing acetobromoglucose 110 with an excess of
potassium thiocyanate in a liquid two-phase system comprised of
ethyl acetate and 1M NaCO3; with TBAHS at room temperature for
one hour gave an 82% vyield of a 10:1 mixture (*H-NMR) of B-D-
glucosy! thiocyanate 141 and isothiocyanate isomer 142,

192 N.K. Kotchetkov, EM. Klimov, N.N. Malysacva and A.V. Demchesko,
Carbolvdr. Res., 212, 77 (1991).

193 4) 7. Witzak, Adv. Curbalvdr, Chem. Riochem., 44 , 91 {1YR6)h) A, Muller
amb AL Wilhielms, Ber., 74, 6495 1194]),
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Scheme 32 PTC glycosylation of thiocyanate anion

QOAc QAc

o) o
AcO . 10 KSCN EtOAc/sat. aq. NaHCO; , - A?m X 75 o
AcO AcO Bu NHSO, , 25 °C, 80 min C

OAc
8r

110 X = -5-CaN (141) / -N=C=S (142)

10/ 1

The reaction did not proceed in CH2Cl,, and gave poor results when
the alkalinity of the aqueous phase was decreased. A large excess of
KSCN (10 equiv} was required to effect the transformation cleanly
and in reasonable time. The products were isolated by silica gel
chromatography. The nature of the products were confirmed by IR
spectroscopy. The thiocyanate 141 had a sharp vs.can absorption at

2167 cm-!, while the isothiocyanate 142 had a relatively strong and
broad Vn-c=s absorption at 2025 cm-1 146,

Table 46  PTC synthesis of 141 and 142 with some physical constants

Elemental Analysis

Calculated (%) Found (%)
Yield | Melting Poinl Formula

Product| oo [ gy | (#10° c|H|N|sSs]|]c|[H]|N]S

141° | 68 |114.5-114.8| - 18.5° | Cy5H1s0S | 46.27 4.92 3.60 8.23[46.33 5.02 3.49 8.39

142 | 7 (113.6-115.7| + 4.7° | CysHioOsS |46.27 4.92 3.60 8.23|46.32 5.03 3.56 8.37
a) Isolated by silica gel chromatography.
b) Crystallized from ethyl acetate/hexane.

c) Lit.1®® yield 62%, [a]p = -21° (CHCl3), mp = 132-133.5°C (benzene/hexans).
* C=1, CHCI3

Unlike Kotchetkov's synthesis, the isothiocyanate 142 produced by
PTC had a 1.2-trans B-D configuration (J1 2= 8.5 Hz). Thus, it must

have been produced by nucleophilic displacement of bromide by
isothiocyanate, which exists as a resonance form of thiocyanate
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(-S-C=N & 8=C=N-), and not by a rearrangement process as
previously determined.

Table 47 TH-NMR data* (300 MHz, CDCl3) for glycosides 141 and 142.
Product H-1 H-2 H-3 H-4 H-5 H-6a H-6b
d(Ji2))|dd (as)]|dd (Jaa)|dd (Jss) | ddd (Jsg a) | dd (Jgaep) | dd (Jsen )
141 4.87 512 5.25 5.13 3.81 4.28 4.17
(9.6) (9.3) 9.2) | (10.0) (4.8) (12.6) (2.4)
142 5.00 5.09 5.18 5.12 3.73 4,22 4,12
(8.5} {3.5) (9.2) (10.0) {4.7) {12.5) {(2.3)

* Assignments are based on 2D 'H-H COSY and H-13C HETCOR experiments.

Chemical shifts are in ppm relative to TMS and coupling constants (J) are in Hz
for solutions in CDCla (300 MHz); OAc group CH3 signals all appear as singlets
1.95 - 2.10 ppm.

Table 48  '3C-NMR chemical shifts data® (CDCla, 75.4 MHz) for 141 and 142.

Product| C-1 | c-2jc-a|cafcs5]ce]c=0] cH, | Aglycon
169.1

141 83.4 70.6 73.0 67.4 77.0 61.4 1869.2 20.4 107.8
169.9 20.5 (2C) -S-C=N
170.5 20.7
169.0

142 |83.5 71.8 72.5 67.6 74.0 61.5 169.2 20.5 {3C) 144.2
170.1 20.7 ~N=C=8
170.5

* Assignments are based on 2D 'H-'H COSY and H-13C HETCOR
experiments. Chemical shifts () are given in ppm relative to TMS.
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6.7 Carboxylates

From the observation that glycosyl phosphates2#d and xanthates2+:
can be produced very efficiently and in a completely stereospecific
manner by PTC from dialkyl phosphates or O-ethyl xanthic acid salts
and glycosyl halides24d, an analogous strategy was attempted to
produce 1,2-;r=:.s B-D-glycosyl esters form carboxylic acid
nucleophiles. Glycosyl esters are often encountered in carbohydrate
chemistry as synthetic intermediates. They are also found in natural
products in such compounds as the antitumor agent
(+)-Phyllanthoside!"4 for example. Apant from being used as glycosyl
donors for the synthesis of glycosyl azides!83, glycosides 195,
thioglycosides!961 and nucleosides!?6, some B-D-glycosyl esters
have recently been shown to be useful glycosyl donors in
oligosaccharide synthesis!97. The a-D-glycosyl esters appear to be
less suitable as glycosyl donors than the B-anomers. Glycosyl esters
are usually obtained as anomeric mixtures by acylation of
anomerically unprotected sugars or by acidolysis of simple
glycosides!’®. Recentiy!?!P, a method involving the addition of
carboxylic acid cesium salts to glycosyl halides in dimethyl
formamide stereospecifically gave B-1-O-acyl glycosides in
moderate to good yields (66-85%).

The application of PTC to the preparation of B-1-O-acyl glycosides
has proven to be an effective synthetic method. Yields are high and
conditions are mild with the few examples investigated. Sy

194 AB. Smith 1T and R.A. Rivero, J Am. Chem Soc.. 109 , 1272 (1987) and
references  cited  within.

95 4) T. Ogawu, K. Beppa and S. Nukubayashi, Curbohydr. Res., 93, C6 (1981):b)
[..F, Tictze, R Fisher, Angew, Chem., 95 , 902 (1983),

Y90 4) H. Vorbriggen, K. Krolikiewicz and B. Blunuf, Chem. Ber., 114
I’M(I‘)‘il)h) U. Nicdballa and H. Vorbriigeen, J. Org. Chem., 41 , 2084 (1976).
197 4y K. Nicotra, L. Panza, A. Romuno and . Russo, J. Carbohydr. Chem., 11 , 397
(1992); b) H. Kunz, R. Kullman, P. Wernig and J. Zimmer, Tetrahedron Len., 33 .
1968 (1992} und references cited  within,

9% ) 1. Coxon and A.G. Fletcher, . Oryg. Chem., 26, 2892 (1961):h) K. Takeo,
Curbolnvdr  Res., 77 . 235 (197w,
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be performed in 80 minutes using a combination of CH2Clz and1M
Na,COs3 as the reaction medium and TBAHS as phase transfer agent.

Scheme 33  Preparation of 1,2-trans j-D-glycosyl esters by PTC

QAc . QAc

0 CHzCl, /sat. ag. NaHCO3 , 'é :-‘O
AcO + 3 R,CO0OH 22 J 3 - AcO o R
AcO BusNHSOQ, , 25 °C, 90 min AcO Y 1
R

O
X R R,
R X 143 NHAc 'CGHb
58 NHAc Cl 144 NHAc -CH=CH,
110 OAc Br 145 OAc -CeHs

146 OAc -CH{CHyNHOC(O)CH,CgHs

Best results were achieved with an excess of carboxylic acid at
mildly alkaline pH. It is suggested that the acidic phase transter
catalyst (BusNHSO4, TBAHS) and the carboxylic acid be carefully
premixed in 1M NaxCOj3, and then added to the glycosyl halide
dissolved in CHyCls. In this way, possible effervescence due to CO;
evolution can be controlled without any losses of reagents. In this
fashion, 1,2-trans-B-D-glycosyl esters were synthesized with
acrylic and benzoic acids as well as a carbobenzyloxy (CBZ)
protected amino acid, N-CBZ-L-alanine. Transformations were
carried out with acetobromoglucose 110 and acetochloro N-
acetylglucosamine 58 (Scheme 33). Yields and physical constants
are given in Table 49.
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Table 49 Synthesis and physical properties of 1,2-trans [3-D-glycosyl esters.
Elemental Analysis
Calculated (%) Found (%)

Praduct TL:')d M(‘f'g."gtgﬂ)m (c[ﬁtlctl)a) Formula 1 ¢ | | N | c | H| N
143 | 94 |159.5-160.4| -68.3° | CoyHsNOyo | 55.87 5.58 3.10 |55.92 5.61 3.00
144 | 76 |145.8-147.4| -3.8° | C;;HxNOg |50.87 5.78 3.49 |50.79 5.8t 3.53
145 | 92 [146.7-147.2| -25.6° | CpHpeOyy |55.75 5.35 - |55.82 5.51 -
146 84 |140.8-141.6] -4.1° | CysHyyNOy3|54.25 5.65 2.53 |54.29 5.70 2.58

Reaction with N-CBZ-L-alanine was performed as a model entry to
glycoconjugate of amino acids containing a reactive anomeric ester
bond!¥Y, Kunz and coworkers produced the allyloxycarbonyl protected
analogue of 146 along with other similar B-D-glucosyl amino acids
esters for this purposel?!d, The method described here, however, is
faster, much simpler and does not require impractical DMF as
solvent. This method is also compatible with both 2-O-acyl and 2-

deoxy-N-acety! sugars.

6.8

Nitrogen nucleophiles

N-glycosides constitute an important class of carbohydrate
derivatives. For example, nucleosides and many glycopeptides are N-
linked glycosides. A PTC synthesis of N-linked glycosides was
envisaged to further elaborate the usefulness of PTC glycosylations
and potentially give access to these types of derivatives. The choice
of nucleophiles was restricted to compounds of relatively acidic N-H

bonds.

At first, attention was directed to imidazole (144, pKa = 6.9) as a
nucleophile for a model entry into purine nucleoside synthesis.

P9 4y b, Keglevie und 8. Valentekovie, Carbohvdr. Res., 38

. 133

Horvia d 1Y Keglevie, Carbolivdr, Res., 10X . 89 (1982),
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Attempts at glycosylating imidazole with various peracetylated
glycosyl halides under PTC conditions failed to give synthetically
useful results. With 1M NaOH as the aqueous base, no consumption of
the halides could be observed with either ethyl acetate or benzene
as the organic phase, even after 45 hours. Obviously, the imidazole
anion/tetrabutylammonium couple is not very soluble in these
organic solvents. Increasing the aikalinity with 2M NaOH had no
effect. Conversely, when glycosylations were attempted with CH,Cl;
as the organic phase, the glycosyl halide was slowly consumed to
give an excessive amount of unknown products (by TLC). Decreasing
the alkalinity. of the aqueous phase did not remedy the problem. Thus,

these reactions were deemed synthetically useless and the strategy
discontinued for the time being.

R, oac Bty oF! Ety LBt
Ry fo O%ro BusNHSO, R, OR Oﬁxro =To) R,
+
Acotﬁ P NYN‘H CH,Cl, /1M Na,COy4 Rﬁm“‘ N m\ga
1 X o 25°C, 4 hrs. R I OR
58 !
111 148 R R, R, Ry

149 Ac OAc OAc H
150 Ac NHAc H OAc

CH,O'Na'/ CH,OH C
151 H NHAc H H

Scheme 34 PTC synthesis of bis N-glycosylated Barbital

The PTC synthesis of an N-glycoside was successful, however, when
barbital (5,5-diethyl barbituric acid, 148, pKa = 7.4} was used as a
nucleophile and serves as a model entry into pyrimidine base-like
aglycons. However, glycosylation of barbital could not be limited to
one site only. Bisglycosylation of barbital was observed in all
reactions (scheme 34). Monoglycosylation products could be observed
by TLC when an excess (1.5 equiv.) of barbital was used but seemed
to disappear over the extended reaction time (-4 hours) required for
complete consumption of the glycosyl halide. Presumably,
monoglycosylated barbita! derivatives are soluble in the aqueous
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phase since removal of a second acidic proton is required to form bis
glycosylated products. While the remaining glycosyl halide becomes
depleted, de-O-acetylation of the monoglycosylated product in the
aqueous phase (1M NaxCOs3) becomes important and causes the
disappearance of this product from the organic phase (CHzClz). The
only product remaining being the bis glycosylated compound which
cannot be de-O-acetylated easily in the organic phase. Good yields
(54-69%, purified by chromatography) of the bis glycosylated
barbitals could be easily achieved when a 2.5 molar ratio of glycosyl
halide (58, 111) to barbital was used with TBAHS in a CH2Ci2/2M
NaoCO3 solvent couple (scheme 34).

Table 50 PTC synthesis of bis N-glycosylated Barbital derivatives.
Elemental Analysis
Calculated (%) Found (%}
Yield | Melting Point [alp H c H N
Product (%) (°C) (C.solvent) Formula C N
149 | 54 | 182.4-183.7| -21.1° |CygHaaN20p1] 51.19 5.73 3.32|51.20 5.96 3.41
(CH,CI/E1,0) | (1.1,CHCI)
150 69 190.1-191.4 -32.5° CagHsoN4O19] 51.31 65.98 6.65|51.36 6.02 6.44
(CHLCI/E,0) | (1.2,CHCIy)
151 |quant| 219.0-219.6 -37.3° CogHagN4Oy3] 48.81 6.49 9.49]48.85 6.64 9.21
{i-prOH) {1.7, H,0)

Bis glycosylation was shown by 'H-NMR, mass spectrometry as well
as elemental analysis. The nature of the N-glycoside linkage was
confirmed by '3C-NMR spectroscopy (3c.1 = 80.3 - 81.4 ppm). 1,2-
trans diaxal coupling constants (J12 = 10.0 £ 1 H2z) in the 'H-NMR
spectra also contirmed the B-D-anomeric configuration of each
sugar. The two glycosyl substituents are not equivalent by NMR,
however. Two distinct sets of equally intense sugar resonances are
observed in the 'H- and '3C-NMR spectra of 14¢% and 150 for
solutions in either CDCI; or DMSQOdg. Spectra become more
complicated in the case of the de-O-acetylated version, 151,
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|
Figure 30 a) 'H- and b) '3C-NMR spectra of 150
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Figure 31

In the case of the per-O-acetylated glycosides 149 and 151, there
is a doubling of sugar resonances observed in the NMR spectra taken
at 23 and 60 °C. This observation is difficult to explain considering
generally accepted notions. Considering that the barbital exists as a
planar and symmetric heterocyclic ring, by extension, derivatives
149-151 should also possess C, group symmetry (Figure 31). If free
rotation about the C4-N bond is permitted, chemical equivalence is
expected for twin nuclei. A single set of resonances is expected.
However, the existence of rotamers due to possible restricted
rotation about the C¢-N bond could result in three possible isomers.
But in this case, more than two sets of peaks would be expected. The
suggestion that strong internal hydrogen bonding between the NHAc
group and either of the two carbonyls of the barbital ring in 150
could contribute to the existence of inequivalent nuclei is made
invalid by considering the identical NMR behaviour observed with the
analogue 149. The glucosyl analogue 149 cannot undergo such
hydrogen bonding as it lacks a hydrogen bond donating group at C-2.

The adoption of a non-planar barbital ring conformation for barbital
derivatives appears to be unlikely. However, if repulsive steric or
electronic forces did exist in these derivatives such that the
barbital ring was forced to adopt a puckered conformation, twn
different environments could be envisaged for the two halves of
these derivatives as symmetry would be lost (Figure 32). With the
considerations outlined above, a satisfactory explanation for the
NMR behaviour of these derivatives cannot be provided at this time.
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CH Puckered barbital ring conformation lsading to the
| 2 inequivalence of the two carbohydrate rings and twin nuclei
CH,

In the case of the de-O- acetylated bis glycosylated barbital 151,
the NMR spectra revealed multiple sets of resonances. In D20, three
sets of resonances were observed for each carbon of the glycosyl
residues in both the 'H- and 13C-NMR spectra . Multiple sets of peaks
were also observed for the ethyl substituents. In addition, two of
the three sets were of equal and low intensity while the third is of
much higher intensity. When recorded at 70°C (D0), some of the
multiple peak sets collapsed to one signal. When the NMR spectra of
151 was recorded in DMSQOdg at ambient temperature, three
identically intense sets of resonances were observed in both the
13C- and TH-NMR spectra. When recorded at 150°C in DMSOds ,
resonances in the proton spectrum collapsed to give a single set of
sharp resonances. However, multiple sets of resonances were still
observed in the 13C-NMR spectrum at this elevated temperature.
These resonances were no longer of equal intensity, and chemical
shift clusters appeared to be more spread out. These observations
suggests that, unlike the peracetylated derivative 150, the de-O-
acetylated derivative 151 exists in solution as a more compiex
combination of different conformers. In addition, the possible
existence of charge separated resonance structures such as those
depicted in Figure 33 might be important contributors within the
polar medium (D20, DMSO) in which they were observed.

The existence of muitiple resonances in the NMR spectra are not due
to impurities. Resonance intensities and patterns are different
between D,O and DMSQdg solutions. Compound 151 was a
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recrystallized product shown to be pure by TLC and elemental
analysis. 'H-NMR integrations confirm the bis glycosylated nature of
151. A truly satisfactory explanation for the NMR behaviour of 151
cannot be provided at this time.

HO OH HO OH H
HO,
AcNH AcNH
AcNH

AcNH N

M
(EN)2 (E‘)z

Figure 33

In this author's opinion, the existence of multiple resonances in the
NMR spectra of these bis glycosylated barbital derivatives 149-151
cannot yet be satisfactorily explained. A complete rationalization of
these NMR observations is beyond the scope of the dissertation and
will have to wait for a later date when more elaborate experiments,
including X-ray crystallography and molecular mechanics
calculations, can be performed.
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6.9 Enolates and other carbon nucleophiles

In recent years, there has been considerable attention paid to the
synthesis of C-glycosides?!!. The interest in such compounds stems
from the fact that, unlike O-, S- and N-glycosides, C-glycosides
have a non-hydrolysable glycosidic linkage. They are highly resistant
to chemical and enzymatic degradation202, C-glycosides also occur
as subunits of a variety of important natural products203. Usual
synthetic approaches to C-glycosides either involve carbanion or
radical coupling methodologies. It was anticipated that, with the
choice of a sufficiently strong carbon acid, PTC could also be used to
provide a very simple access to 1,2-trans 8-D-C-glycosides. In the
first attempts, peracetylated glycosyl halides were treated with the
following simple nucleophiles: KCN, CH3NO2, and CH3CN. Reactions
were attempted under a variety of different reaction concitions but
all proved to be synthetically useless. A considerable amourii of de-
O-acetylated and other degradation products were obtained (TLC)
when TBAHS in 1M NaOH and various organic solvents were tried. For
such small and hard nucleophiles, perbenzylated glycosyl halides
may prove to be more suitable. Softer nucleophiles such as the
conjugate bases of CH(NO3), or CH2(CN)2 should be considered for
future attempts.

201 3) 1.0, Nagy and M.D. Bednarsky, Tetrahedron Let., 32 , 3953 (1991) and
relerences cited thereing b) 1. Crich and L.B. Lim, Tetrahedron Lett., 31 , 1897
(1990) and refences cited therein; ¢) G. Stork, H.S. Suh and C. Kim, ). Am. Chem.
Soc.. 13, 7054 (1991) and references cited therein; d) F. Nicotra, L. Panza and
(i. Russo, J. Org. Chem., 52, 5627 (1987); A, Hosomi, Y. Sakata and H. Sakurai,
Tetrahedrem Lent., 25 , 2174 (1987 ¢) M.D. Lewis, 1K, Cha and Y. Kishi, J. Am.
Chem. Soc.. 104 , 4976 (1982),

202 4) M.L. Shulman, S.1). Shiyan ans A.Y. Khorlin, Carbohvdr. Res., 33, 229
(1974); by M. Chmiclewski, J.N, BeMiller and D.P. Cerretti, Carbohydr. Res., 97 ,
Cl (1981 ¢) DB Cerretti, Carboltydr. Res., 94 , CH0 (1981).

203 4) F.J. MucDonatd, D.C. Camphell, D.J. Vanderah, D.M. Washecheck, J.E. Burks
amd 1. ovan der Helm, L Ore. Chem., 460, 665 (1975); b) D. T. Connor, R.C.

Greenvugh amd M. von Swranduman, J. Org. Chem,, 42 , 3664 (1977) and 43 , 5027
H1VTR).
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Scheme 35

PTC synthesis of CICH,CH,Cl/ 1M NaOH,

O -enol glycosides BuyNHSOQ, , 25 °C, 6-11 hrs.
45 % (2/1: cis/trans}

AcO
OAcO oH AO  OAc
AcO 0 ’ + K CHa
or: N-n Ao O—S\—.‘R
E 0 4 H W o
R
U n.0.e. = 16%
152 R =CHjy 183 R=CHj,
154 R= CH;Ph 155 R=CHyPh

After the failed attempts mentioned above, softer, enolate type
carbanions were envisaged as potentially more appropriate carbon
nucieophiles for the goal of preparing C-glycosides from
peracetylated glycosyl halides. However, no detectable C-glycosides
could be produced with enolizable carbon acids. Instead, these
nucleophiles gave modest yields (45%) of O-glycosylation of the
generated enolates, wih poor Z/E selectivity in the resulting
aglycon (scheme 35). These glycosylations were best performed at
ambient temperature using TBAHS as phase transfer catalyst in a
heterogeneous blend of 1,2-dichlorcethane and 1M NaOH. Under these
conditions complete consumption of the halide was effected in 6 to
11 hours. Much slower reaction rates were observed when toluene
was used as the organic phase. As examples, PTC glycosylation of
2,4-pentanedione with acetobromogalactose 111 gave 47% O-
alkylation product (152/153 Z/E = 2/1) while benzyl 3-keto
propanoate gave 45% O-alkylation (154/155 Z/E = 2/1) after silica
gel chromatography. The nature of the 1,2-trans B-D-anomeric
configuration for all the O-enol-glycosides was confirmed from the
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anomeric proton coupling constants (J12 = 7.9 + 0.1 Hz). Anomeric
carbon resonances were found at 96.3-100.4 ppm.

The alkene stereochemistry in the aglycons was determined from
nuclear Overhauser enhancement (n.0.e.) experiments. Thus,

irradiation of the olefinic proton in the aglycon gave an n.O.e. of 16%
for the anomeric proton in both Z-O-enol glycosides (153 and 155)
while no such n.O.e. could be observed in the E-O-enol glycosides
(152 and 154). Crystals suitable for X-ray crystallographic analysis
could not be obtained to confirm the determined stereochemistries.
Only very delicate twin needles could be obtained for the four
different O-enol glycosides presented here.

Although the PTC methodology used thus far for preparing various
1,2-trans p-D-glycosides has so far not proven to be useful in
preparing C-glycosides, it can be used to prepare O-enol glycosides
in modest yields. Such compounds may have potential application in
the future for assymetric synthesis with or without enzymatic
catalysis. One can also envisage the preparation of disaccharides by
Diels-Alder type chemistry performed on the aglycon. Clearly more
experiments shouid be conducted to improve the yields and
investigate the potential usefulness of such QO-enol glycosides.

Table 51 Physical data for peracetylated O-enol B-D-galactopyranosides.

Elemental Analysis
Calculated (%)} Found (%)

Yield | Melting Point] [alp

Product] (g, (°C) (CHCly)

Formula C H C H

152 | 32 [125.4.126.6| -3.2° | CygHuOyy | 53.02 6.09 | 53.23 6.12
153 | 15 [125.6-126.3| -7.3° | CygHogOyy | 53.02 6.09 | 53.25 6.13

154 30 oil +11.4° C25H30012 * * " *

155 15 oil -16.1° 025H30012 o v d *

' not performed.



Table 52 TH-NMR data’ for O- enol B-D-galactopyranosides 152-165.
Product H1 H2 Ha H4 H5 HSEIHBb =CH- CH3 R
d(Jy o) ]dd (Jog)]|dd (Jga)]dd (Jas)|ddd (Jsgq)| M (Jsep )| s* | s*
152 5.08 5.40 5.06 5.41 3.98 4.13 5.20 2.07 2.29
(7.9)  (10.3)  (3.5) (1.0) (5.6) (7.2) (S,CHag)
1583 4,97 65.37 5.05 5.41% 4.03 4.14 5.69 2.24 2.15
(8.0}  {10.5)  (3.4) (1.0} (5.5) (7.3) (S.CH3)
5.03
154 5.10 5.43 5.02 5.39 3.94 4.11 509 2,13 (S,CHy)
(7.8)  (10.5)  (3.4) (1.0) (5.5) (7.2) 7.29
(m.CgHs)
5.09
155 4.91 5.32 5.02 5.39 3.97 4.11 5.30 2.25 (S.CHz)
(7.9)  (10.5)  (3.8) (1.0) (5.6) (7.3) 7.32
{m,CgHs)

* Chemica! shifts are given in ppm for solutions in CDClz {300 MHz). Coupling

constants are given in Hertz. Assignments are based on 2D H-1H COSY and 1H-13C
HETCOR experiments. Resonances for the acetate methyls appear as singlets 1.97-
2.14 ppm.

# Signals can be resolved into doublets (J,uy,c € 0.5 Hz)under high resolution
conditions.




Table 53  '3C-NMR chemical shift data® for peracetylated O-enol §-D-
galactopyranosides 152 - 155,

Product] Gy G, Cq Cq Cs Ce | =CH- | 0-c=| C=0 | CHy | C=0(Ac) [ CHalAc)

152 96.3 68.1 70.5 66.6 71.2 61.2 112.6 161.4 197.7 18.3 168.9 20.4
169.3 20.5
170.0 {2C)
170.1 20.6

153 96.7 67.9 70.4 66.7 71.4 61.5 103.8 168.7 197.0 18.5 169.1 20.5
169.9 20.6
170.0 (3C)
170.2

154 2 |100.4 68.1 70.6 66.8 71.1 61.3 97.7 163.5 163.7 19.9 169.2 20.4
170.1 20.5
170.2 20.6
170.3 20.7

155 b 7.0 68.0 70.5 66.8 71.5 61.5 957 166.8 169.1 18.3 169.9 20.3
170.0 20.4
170.1 20.5
170.4 20.6

* Chemical shift values are in ppm and are for solutions in CDCl3 (75.4 MHz).

Assignments are based on 2D 'H-H COSY and 'H-13C HETCOR experiments.
a) CipSO: 136.6; Coriho: 128.3; Cmeta: 128.0; Cpara: 127.8; CHz: 65.2.
b) C|p50' 136.0; Corthof 128.5; Cmeta: 128.4, Cpara: 128.1; CH2: 65.7.

6.10 N-Hydroxysuccinimide

D-amino glycosides are relatively rare in nature. They have so far
only been discovered in calicheamicin2t4 and esperamicin205

antibiotics. Thus, no formal synthesis of O-oxamino glycosides has

yet been reported in the literature. Very recently, Anderson and
coworkers29t reported the synthesis of two glycosides of
N-hydroxysuccinimide from peracetylated sugars with Lewis acid
catalysts in 75% vyields. Other methods of preparing N-O linked

204 1, Yung, S.H Kim and D. Kahne, J. Am. Chem. Soc., 113 , 4715 (1991) and
references  cited  within.

205 R.1.. Halcomb, M.DD. Wittiman, S.H. Olson and S.J. Dunishefsky, J. Am. Chem.
Soc., 113, S0R0 (1991) und references cited within,

s
B0 M. Andersson and S, Oscarson, 16th International  Carbohivdrate
Canference, Paris, July 19920 Abstract # AORY, M. Anderson and S, Oscarson,
Giveoconfngate J . Y0 122 (1992),
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urethane glycosides include the addition of protected
hydroxylamines to 2-deoxy glycals with triphenylphosphine
hydrobromide as promoter, and glycosylation of
N-hydroxyiphthalimide by Mitsunobu reaction. These methods were
employed in calicheamicin24 and esperamicin2’s syntheses but
suffer from poor yields and stereoselectivity.

The fair acidity (pKa = 6)207 of N-hydroxysuccinimide prompted the
attempt at preparing glycosides thereof by PTC in order to
investigate the generality of this glycosylation methodology, and
describe a formal synthesis of O-oxamino glycosides with a 1.2,-
trans p-D-anomeric configuration. N-oxysuccinimidyl glycosides
glycosides can be easily transformed by mild hydrazinolysis into O-
oxamino glycosides useful in antibiotic syntheses, or converted into
glycosyl hydroxamic esters with a terminally functionalized aglycon
spacer suitable for glycoconjugate preparations. The latter
derivatives could prove useful in determining the unknown effects of
anomeric O-oxamino linkages in biological systems.

R, OAc Q R 0
q o CH4Cl, / 2M Na,COy 1 OAc
20 + HON BusNHSO; , 25 °C, 16 s, 92’&/0— N
AcO 59.78 % AcO
Br o) ’ OAc
O
R, R
156 H OAc
157 OAc H
Scheme 36 PTC glycosylation of N-hydroxysuccinimide 158 H o-D-Gle(OAc),

1,2-trans B-D-glycosides and -glycobiosides of N-hydroxy
succinimide were prepared with relative ease using mild PTC
conditions (Scheme 36). Glycosylations weie performed easily at
room temperature using 2 equivalents of N-hydroxysuccinimide and
TBAHS as catalyst. The best results were obtained with methylene
chioride as the organic phase (1 mL/50-100 mg of glycosyl halide)

207 K. Ames and T.E, Grey, L. Chem. Soc.. 631 (1955).
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and 2M NaxCO3 (1 mL/1 mL CH,Cly) as the aqueous phase. Under these
conditions, good yields (59 - 78%, isolated} of N-oxysuccinimidyl
glycosides couls be obtained in 2 to 4 hours from peracetylated «-D-
glycosyl bromides. The analogous glycosylation reaction could not be
performed effectively with acetochioro N-acetylglucosamine 58.
With this glycosyl halide, the oxazoline 60 was the major product
obtained (= 50%). The use of ethyl acetate instead of methylene
chloride greatly reduced the reaction rate. Reactions could only be
completed in two days when ethyl acetate was used. Decreasing the
alkalinity of the aqueous phase by using 1M NazCO3 or saturated
NaHCO4 also reduced the reaction rate. In this case, however,
reactions could be effectively completed by stirring overnight. The
only major side reaction in the PTC synthesis of N-oxysuccinimidyl
glycosides was the dehydrobromination of the glycosyl halides. The
extent of dehydrobromination was, however, less severe than with
phenoxide nucleophiles (section 6.1).

Glycosylations were again judged to be stereospecific. Only 1,2-
trans-p-D-glycosides could be detected by TLC and NMR spectra of
the crude products. Glycosides 156 - 158 had anomeric proton
resonances from 4.84 to 5.16 ppm with J; o values of 6.3 Hz for the
glucosyl and maltosyl derivatives 156 and 158, and a J; > value of
8.1 Hz for the galactosyl derivative 157. Anomeric carbon chemical
shifts were found between 102.3 and 103.7 ppm. Yields and physical
data for these N-oxysuccinimidyl glycosides are given in Table 54,
Complete NMR chemical shift data are given in tables 55 and 56.
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Table 54 Isolated yields and physical data of peracetylated
N-oxysuccinimidyl 3-D-glycosides produced by PTC.

Elemental Analysis
Calculated (%) fFound (%)

Yield mp (°C) [e]p

Product (%) | (EtOAc/hex) (CHCI3) Formula C H N C H N

156 | 59 |182.4-183.7| -43.0° | C;gH,aNOy2 | 48.54 5.21 3.14|48.51 5.26 3.09

157 | 78 190.1-191.4| +52.1° | CigHgNOy [ 48.54 5.21 3.14|48.53 5.41 3,16

158 60 |219.0-219.6] +36.5° Cang_gNOzo 49.12 5.36 1.91|49.36 5.50 1.86

Table 55 TH-NMR data’ for peracetylated N-oxysuccinimidyl -D-glycosides

156-158.

Product H-1 H-2 H-3 H-4 H-5 H-6a H-6b CH,

d (Jy2) jdd (Jog)|dd (J3a)]|dd (Jas)]|ddd (Jsea) | 9 (Jeaep) | dd (Jsen)| S

156 5.04 5.18 - 527 3.73 4.27 4.13 2.72
(6.3) { mult } {4.9) (12.5) (2.5)

157 4.84 5.38 5.04 5.36 3.88 4,22 4.11 2.72
(8.2) (10.4) (3.4)  (1.0) (6.2) (11.3) (7.4)

158 Glc 5.16 5.08 5.19 4,34 3.80 4.43 4.28 2.72
6.3) (7.1} (8.3)  (9.6) (3.5) (12.2)  (4.6)
Gle' 5.41 4.82 5.35 5.03 3.97 4.26 4.06
(3.9)  (10.5) (9.5}  (10.0) (4.3) (12.4) (2.0)

* Chemical shifts are in ppm relative to TMS by referencing to internal CHCI3
(7.24)ppm for solutions in CDCl3z (300 MHz). Coupling constants (J) are in Hertz,
Acetate methyl resonances appeared as singlets 1.92 - 2.14 ppm. Assignments are based
on 2D 'H-TH COSY and 'H-13C HETCOR experiments.




Table 56  '3C-NMR chemical shifts data* for peracetylated
N-oxysuccinimidyl [i-D-glycosides 156 - 158.

Product C-1tjC-2|calc-a|cC-5]C-8 CH,
166 103.7 69.6 72.2 68.1 72.2 61.7 25.3
157 105.2 66.8 70.4 66.1 71.2 60.6 25.3

158 Gle|102.3 70.4 749 72.3 72.5 62.6 25.4

Glc'] 956.5 70.1 69.2 68.0 68.5 61.6

* Chemical shifts are in ppm relative to TMS by referencing
to internal CDCl3 (77.0 ppm) for solutions in CDClz (75.4
MHz). Assignments are based on 2D 'H-'H COSY and 'H-13C
HETCOR experiments. Acetate methyl resonances were always
found in the 20.5 to 20.8 ppm region. All carbonyl
resonances could be resolved in the 169.2 to 170.6 ppm

region.
o)
R . R, OH
o ’ OACO CHy0'Na"/ CHyOH o ! o o)
Azcgm/ O=N 25 °C, quantitaliveb ﬁo Ol NJ\/YO-CHS
OAc K OH i!l g
R4 Ry
NaH4 159 CH H
EtOH 160 H o-D-Glc(OH),4 0.1 M NaOH
25 °C 25 °C
HO
HO OH OH o 0
-— HO -
Homo NH, é ;OA’H N
OH A o
162 161

Scheme 37 Synthetic transformations of N-oxysuccinimidyl B-D-glycosides

In addition to de-O-acetylation, treatment of peracetylated N-
oxysuccinimidyl B-D-glycosides 157 and 158 under Zempién de-O-

acetylation conditions with sodium methoxide in methanol resulted
in the ring opening of the succinimidyl aglycon to give the
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in the ring opening of the succinimidyl aglycon to give the
corresponding B-D-glycosyl hydroxamic esters 159 and 160 bearing
a terminal methyl ester function, in quantitative yields (Scheme 37).
Although only the galactosyl and maltosyl derivatives 159 and 160
were isolated and fully characterized, the formation of the glucosyl
derivative was verified by fast atom bombardment mass
spectrometry (m/e: 928.2 (2.1%), 3M+1; 619.1 (10.0%), 2M+1; 310.1
(97%), M+1 for Cy11H1gNOg) and 13C-NMR, however. In addition,
saponification of 159 with 0.1 M NaOH gave the corresponding
terminal carboxylic acid 161 in very good yield. Physical data for
the above compounds are given in Table 57. The corresponding NMR
data can be found in Tables 58 and 59.

Table 57 Physical data for O-B-D-glycosyl hydroxamic esters 1589 - 161.

Product] Yield []p Formula {+) FAB-MS data
(MeOH) mie | % | ion
159 |quant. -41.8° CyHigNOg  1237.2 0.6 4M+1
928.2 2.1 IM+1
619.1 10.6 2M+1
3101 96.8 M+t
148.1 10.0 aglycon + 2H
115.0 58.1 aglycon - OCH,
160 |quant. +42.6° GCy7HxgNOy 14158 1.8 3M+1
994.1 10.1 2M+1
472.3 70.1 M+1
148.1 74.8 aglycon + 2H
115.0 64.8 aglycon - OCH,
161 |quant. -35.3° CyoH7NOs 1181.4 0.5 4M+1
886.3 1.1 IM+1
591.2 8.2 2M+1
296.1 83.7 M+1
134.1 94.5 aglycon + 2H

* Intensity relaltive to base peak in spectrum (glycero! + 1).

# All products were obtained as amorphous solids which resisted all attempts
at crystallization

o
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Table 58 TH-NMR data’ for O- 3-D-glycosyl hydroxamic esters 159-161.

Product H, H, Hy Ha Hs | Hega | Hep |CH,CO, [ CH,0ON| CHy
d (J1.2) [dd (V23) | dd (J3.4}| dd (Ja.5) (mult) ticHa) [t ora) | S

159 4.66 .62 3.86 3.84 3.62 - 3.86 2.73 2.52 3.71
(7.3) {(mult) {2.4) (mult) {6.6) (6.6)

160 Glc| 4.73 2.72 2.50 3N
(8.1) 3.39 to 3.97 {6.6) (6.6)

Gle'| 5.42 (mult)

{(3.9)

161 4.67 363 - 385 3.94 3.63 - 3.85 2.7 2.50 _
{7.3) {mull) (2.4) {mult) {6.6) {6.7)

* Chemical shifts are given in ppm for solutions in DO (300 MHz). Coupling constants

are given in Hertz. Assignments are based on 2D 1H-1H COSY and 1H-12C HETCOR
experiments.

Table 59  13C-NMR data* for O- B-D-glycosyl hydroxamic esters 159 - 161.
Product Cy C Ca Cs Cs Cs | CH, | CHa | CO
159 108.3 70.7 74.9 71,3 77.9 63,3 29,5 54,7 173.9
31.1 177.5
160 Glc|107.5 74,0 78.2 77.2 78.6 62.8 29.5 547 174.0
Gle'| 102.1 71,6 75.0 73.5 75.2 62.8 31.1 177.5
161 108.2 70.7 74,8 71.2 77.8 63,3 29.5 - 1741
31.1 178.8

* Chemical shift values are in ppm and are for solutions in D2O (300
MHz) with acetone as internal reference (§cHz = 31.07 ppm).

Assignments are based on 2D 1H-'H COSY and 'H-13C HETCOR
experiments.

The de-O-acetylation with concomitant ring opening of the

succinimidyl aglycon under Zemplén conditions is conceptually
similar to reactions performed very recently by Andersson and
coworkers?®® where N-oxysuccinimidyl glycosides w~re treated
with hydrazine to give the corresponding glycosy

236

« “roxamic esters




bearing a terminal hydrazide function. In this study, hydrazinolysis
of N-oxysuccinimidyl glycosides with an excess of hydrazine was
performed to determine it O-oxamino glycosides, useful in antibiotic
synthesis, could be accessed from the succinimidyl glycosides
(Scheme 37). Such glycosides also have potential in glycoconjugate
synthesis after acryloylation of the amine. Indeed, the anticipated
O-oxamino glycosides were produced smoothly with an excess (7
equiv.) of hydrazine in ethanol at room temperature (TLC). However,
the polar and and hygroscopic nature of these O-oxamino glycosides
in addition to the production of acetyl hydrazide and butanedioic
dihydrazide2V® complicated the purification steps on large scales.
Due to time constraints, this part of the study was left incomplete.
The formation of O-oxamino B-D-galactopyranoside 162 was
identified by mass spectrometry, 'H- and '3C-NMR spectroscopy
only209,

To conclude, PTC is a mild, simple and effective strategy for
preparing novel N-O-linked glycosides having a 1,2-trans-p-D
configuration. In addition, glycosides of N-hydroxysuccinimide are
versatile reagents which can easily be derivatized to give potential
precursors to glycoconjugates2t® or calicheamicin2®4 and
esperamicin2?® synthesis.

6.11 Benzeneselenol

Selenyl glycosides are non-natural compounds which have just
recently attracted interest. Their synthesis and use as glycosyl
donors in oligosaccharide synthesis was introduced shortly after
this investigation into their synthesis by PTC. In comparison to
phenol and thiophenol which have been demonstrated to be good

208 Igentiticd by mass spectrometry, 'H- and '3C-NMR. Butanedioic hydrazide
crystallizes  from ethanol and can be removed by filtration,
209 CLI-MS for CeH13NOg gave m/e (relative intensity, ion): 391.1 (8%, 2M+1),

196.0 (SK%. M+1). 13C-NMR 8 (ppm, D0y 105.2 (C(), 74.1 (Cs), 72.4 (C3), 69.0 (C4),
682 (), 60.6 Uy
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nucleophiles in PTC glycosylation strategies, benzeneselenol was
also identified as a potentially very good nucleophile for Sy,
displacement of anomeric halides. Its acidity is comparable to
thiophenol. Selenium's position below sulfur in column VI A of the
periodic table also suggested that benzeneselenol would behave as a
good, soft nucleophile. The hypothesis that benzeneselenol would
serve as a good nucleophile for PTC glycosylation was justified.
Indeed, benzeneselenol did prove to be an excellent nucleophile
during PTC glycosylation with acetochloro N-acetylglucosamine §58.
Phenyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-1-seleno-p-D-
glucopyranoside163 was prepared in a 95% isolated yield in less
than 10 minutes when 1.5 equivalents of benzeneselenol was stirred
at room temperature with chloride 58 in the presence of TBAHS (1
equiv.) in a CHxCla/1M NazCOg3 solvent couple (Scheme 38). By-
products of the reaction were identified as being
bis(phenylseleno)methane from nucleophilic attack of the solvent,
and oxidation of the benzeneselenol to the corresponding diselenide.
These secondary reactions pathways mirror the observations
described earlier for the thiophenol nucleophiles.

OAc OAc

0
AcO S& \ BuyNHSO, o
+ 1.5 H Aco‘é :
e AcNH SGO CHC M NazCO3 . AcO Se'@
58 cl 25 °C, < 15 min, NHAc

mp = 189.4-190.4 °C

163 [alp = - 30.9 ° (CHCy)

Scheme 38 PTC glycosylation of benzeneselenol

Snz hucleophilic displacement of chloride by the benzeneselenide
anion occurred with complete stereochemical inversion as with all
nucleophiles investigated so far. The 1,2-trans B-D-configuration of
163 was confirmed by the anomeric proton resonance which
appeared as a doublet at 4.97 ppm (CDCl3) with a 1,2-trans diaxal
coupling constant of 10.6 Hz. The anomeric carbon was found, shifted
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considerably upfield, at 82.7 ppm (CDCla).

Glycosylation of benzeneselenol by PTC was also observed to be
compatible with acetobromogiucose 110 and acetobromogalactose.
TLC analysis of benzeneselenol glycosylation with these glycosyl
halides proceeded with the same effectiveness as did the N-
acetylglucosamine analogue 163. These glycosides were not fully
characterized, however. Their formation was confirmed by mass
spectrometry only. The same PTC procedure described above also
proved successful for colleagues?!?! when performed with
acetochloroneuraminic acid methy! ester 114. This method should be

applicable to other glycosyl halides as demonstrated with other
nucleophiles.

Phase transfer catalysis has been shown to be a very useful
glycosylating methodology for the preparation of 1,2-trans 8-D-
glycosides. Mild reaction conditions, using various peracetylated
glycosyl halides (chlorides and bromides) as glycosyl donors,
including 2-deoxy-, 2-acetamido-2-deoxy sugars and disaccharides,
have been developed which allow quick and facile glycosylations of a
wide range of nucleophiles. Aromatic alcohols, aryl and alkyl thiols,
phenyiselenol, carboxylic acids, dibenzyl phosphate, O-ethyl
xanthate, azide, thiocyanate, N-hydroxysuccinimide, a diimide
(Barbital) and enolates have all been successfully glycosylated by a
phase transfer catalysis strategy. Glycosylations were shown to be
completely stereospecific . and proceeded by an Sy, mechanism with
inversion of configuration at the anomeric center. Derivatization of
many glycosides has been performed to extend the usefulness of
many PTC products. In particular, p-nitro and p-formylphenyl
glycosides, prepared by phase transfer catalysed glycosylation of
substituted phenols, have been derivatized into useful

neoglycoprotein and glycopolymer conjugates and are discussed in
the foliowing chapters.

210§ Meunier and R.Roy, unpublished  results,
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6.12 Experimental methods

General methods

General methods are as described in previous chapters.

Glycosy! halides

Glycosyl halides used were synthesized according to known standard
procedures. Preparation of 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy
glucopyranosyl chloride was described earlier in Chapter 5.

Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycerol-B-D-galacto-2-nonulopyranosyljonate chloride 114
(acetochloroneuraminic acid methyl ester)3¢ and 2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-a-D-galactopyranosyl chloride 109 were
prepared by stirring sealed, anhydrous solutions of the free sugars
in acetyl chloride for 24-48 hours at room temperature. Evaporation
of the acetyl chloride followed by several coevaporations with
toluene gave 114 and 119 as glassy solids which were used without
further purification. 2,3,4,6-Tetra-O-acetyl a-D-glucopyranosyi
bromide 110 (acetobromoglucose) and 2,3,4,6-tetra-O-acetyl-o-D-
galactosyl bromide 111 (acetobromogalactose) were prepared by the
usual HBI/HOAc (35% w/w) treatment of the peracetates2!! and
puritied by recrystallization with EtOAc/hexane or ether/hexane.
2,2',3,3',4',6,6'-Hepta-O-acetyl a-D-lactosyl and maltosyl bromides
(acetobromo-lactose, 112 and -maltose, 113) were also prepared by
treatment of the corresponding octaacetates with 35% HBr/HOAc
(w/w)(1 hour, room temperature) and purified by flash
chromatography using a hexane/EtOAc gradient. All peracetylated
glycosyl bromides were of excellent purity when used in PTC

UL RW. Jeanlos and DI Stoltyn, Methods Carbolivdr. Chen., 1, 221 (1962).
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glycosylations. 2,3.4,6-Tetra-O-acetyl o-D-glucopyranosyl chlcride
was prepared according to Lemieux?!: by TiCl, treatment ot (-D-
glucose pentaacetate in chloroform. Crystallization from
ether/hexane gave the chloride as a very pure microcrystalline solid.

7-Q-(2-Acetamido-2-deoxy-B-D-galactopyranosyl) 3-methyl
coumarin 115

N-acetyl D-galactosamine (100.1 mg , 0.453 mmol, Sigma) was
dissolved in 1.0 ml of freshly distilled acetyl chloride at 0°C. After
stirring for one hour at 0°C, the solution was allowed to react at
room temperature overnight. Evaporation of the acetyl chloride under
reduced pressure followed by multiple coevaporations with toluene
gave the impure chloride 109 (80% by TLC) as a clear oil. After
adding 153.6 mg (0.453 mmol) of TBAHS, 159.5 mg (0.905 mmol) of
7-hydroxy 4-methyl coumarin 101, 2 mL of CHzClz and 2 mL of 1M
NaOH the resulting solution was stirred at room temperature for 50
min.. The reaction was then worked up by adding 20 mL EtOAc and
successively washing the organic phase with 20 ml 1M NaOH, 20 mL
H20 (2X) and 10 ml sat. brine. The organic phase was then dried with
NazSQy,, fitered and evaporated to a clear oil. Purification by
preparative TLC (25/5/3 CHCIl3/EtOAc/n-prOH) gave, after overnight

extraction of the silica in 40 mL 2/1 EtOAc/CH,Cl,, filtration and
evapaoration, 61.0 mg (27%) of 115.

Compound 115 could be crystallized from ether/hexane to give
white needtes mp=219.3-220.2 °C. [a]p = -5.5° (c= 0.73, CHCl3)

{lit.149 amorphous, [a]p = -3.0° (c= 0.4, CHCI3)}. CI-MS (ether) gave
(ion, relative intensity): 506 (M + 1, 3), 330 (M - aglycon, 100), 177
(7-hydroxy 4-methyl coumarin + 1, 100). 'H-NMR & (CDClg3): 7.48 (dd,
Jss = 1.7, Js,6 = 7.6 Hz, Hs coumarin), 6.49 (mult, 2H, remaining
aromatic H), 6.15 (d, 1H, Jaiyic = 1.2 Hz, C(O) - CH=), 5.64 (d, 1H J2, NH
= 8.7 Hz, NH), 5.38 - 5.45 (AB mult, 2H, Hi + Hy), 5.39 (d, 1H, Jy2 =

212 R U. lemicux, Methods in Carbohvdr. Chenm., 11 , 223 (197)).
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8.3 Hz, Hy), 4.28 (ddd, 1H, Jz.3 = 10.5 Hz, Hz), 4.11 - 4.18 (mult, 3H,
Hs+ He + Hg'), 2.38 (d, 3H, Jallylic = 1.2 Hz, CH3 coumarin}, 2.16 (s, 3H,
CHa, Ac), 2.09 (s, 3H, CHj, Ac), 2.03 (s, 3H, CHa, Ac), 1.96 (s, 3H, CHs,
Ac). 13C-NMR & (CDCI3): 170.2 - 170.6 (4 C=0, Ac), 160.9 (C=0,
coumarin), 159.6 (C7, coumarin), 154.7 (Cg, coumarin), 152.4 (Ca,
coumarin), 125.6 (Cs, coumarin), 115.2 (Cz, coumarin), 114.0 (Cs,
coumarin), 112.9 (Cs, coumarin), 103.9 (C(O)-CH= ), 98.5 (C4), 71.4
(Cs), 69.7 (Ca), 66.6 (C4), 61.6 (Cg), 51.2 (Cp), 23.4 (CH3z, NHAc), 20.6
(3 x CH3, OAc), 18.€ (CHa, coumarin).

7-0-(B-D-Glucopyranosyl) 3-methyl coumarin 116

7-Hydroxy 4-methyl coumarin 101 (260 mg, 1.48 mmol}, 260 mg
(0.766 mmol) of TBAHS and acetobromo a«-D-glucose 110 were
stirred in 1.5 mL of CH;Cl; and 1.5 mL of 1M NaOH at room
temperature for 40 min., until TLC (1/1 EtOAc/hexane +1% n-
propanol) indicated complete consumption of the bromide. The
reaction was worked up as described for 115. Purification by
preparative TLC gave 60.0 mg (49%) of the known 2-acetoxy glucal
119 (Rf = 0.52) and 88.0 mg (48%) of 116 (Rf = 0.26). The glycoside
could be crystallized from hot ether and a few drops of hexane. See
table 35 for physical data.

CI-MS (ether) gave (ion, relative intensity): 507 (M + 1, 74), 331 (M -
aglycon), 271 (331 - HOAg, 18), 177 (7-hydroxy 4-methyl coumarin +
1, 52), 169 (177 - Hz0, 100). 'H-NMR & (CDCl3): 7.47 (d, 1H, J = 8.6
Hz, Hs coumarin),6.88 (mult, 2H, remaining aromatic H), 6.13 (d, 1H,
Jaiiylic = 1.1 Hz, C(O) - CH=), 5.07 - 5.34 (muit, 4H, Hy + Ha + Ha + Ha),
4.25 (dd, Js 6 = 5.8, Js& = 12.4 Hz, Hg), 4.12 (dd, 1H, Js ¢ = 2.3 Hz,
He), 3.89 (ddd, Ja s = 10.5 Hz, Hs), 2.35 (d, 3H, Janyiic = 0.8 Hz, CHg
coumarin), 1.99 - 206 (4s, CHj, Ac). 13C-NMR § (CDCls): 170.7, 170.3,
169.5, 169.4 (C=0, Ac), 160.8 (C=0, coumarin), 159.2 (C7, coumarin),
154.9 (Co, coumarin), 152.3 (C4, coumarin), 125.8 (Cs, coumarin),
115.5 (C3, coumarin), 113.9 (Cs, coumarin), 113.1 (Cg, coumarin),
103.9 (C(O)-CH=), 98.2 (C4), 72.4 (Cs), 72.2 (C3), 70.8 (C3), 67.9 (Ca),
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61.6 (Cg), 20.3 - 20.5 (4CHj, Ac), 18.4 (CH3, coumarin).

7-O-(B-D-Glucopyranosy!) 3-methy! coumarin 116a

Compound 116 was deprotected by Zemplén de-O-acetylation under
conditions already described to a quantitative yield of 116a. The

product was recrystallized from EtOH/ether. See table 36 for
physical data.

CI-MS (ether) gave (ion, relative intensity): 339 (M + 1, 47)}.177 (7-
hydroxy 4-methyl coumarin + 1, 100). "H-NMR § (D20): 7.57 (d, 1H,
Js.g= 8.8 Hz, Hs coumarin), 7.04 (dd, 1H, Jge= 2.5 Hz, Hg coumarin),
6.93 (d,1H, Hg coumarin), 6.10 (d, 1H, Jauylic= 1 Hz, C(O) - CH=), 5.17
(d, 1H, Jy 2 = 7.2 Hz, H,), 3.50 - 4.02 {mult, 6H, remaining glucose
H),5.6, 2.32 (d, 1H, Jayiic S 1 Hz, CHz). 13C-NMR & (DMSOde): 160.4
(C=0, Ac),159.7 (C7, coumarin), 153.6 (Cg, coumarin), 126.6 (Cs,
coumarin), 114.3 (C3 + C4 coumarin}, 113.6 (Ca, coumarin), 111.9 (Ce,
coumarin), 103.4 {Cz coumarin), 100.2 (C4), 77.3 (Cs), 76.6 (Cz), 73.3
(Cz), 67.7 (C4), 60.7 (Cg),18.1 (CHy).

p-Formylphenyl 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosice 117

Acetobromoglucose 110 (250 mg, 0.61 mmol), 150 mg (2 equiv.) of
p-hydroxy benzaldehyde (Aldrich) and 204 mg (1 equiv.) of TBAHS
were stirred vigourously in methylene chloride (2.5 mL) and 1M NaOH
(2.5 mL). After 40 min., the reaction mixture was processed as usual
(see 115). The residue obtained after evaporation of the organic
phase was further purified by column chromatography using
EtOH/hexane (1/1 by vol) as eluent to give pure 117 (104 mg, 38%)
eluted after the product of elimination, 2,3,4,6-tetra-O-acetyl-D-
glucal 119 (90.4 mg, 45%): mp = 64.9 - 66.2 °C, [a]p = -33° (c=1,
CHCIl3) {lit213 mp 65 - 66 °C, [a]p = -32°}. Compound 117 crystailized

213 R.1. Ferrier and G.H. Sunkey, £ Chem. Soc. C., 2339 (1966),
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from ethanol to give white needles. See table 35 for physical data.

1H-NMR & (CDCl3}: 9.90 (s, 1H CHO), 7.83 (d, 2H, Jm,o = 8.7 Hz, Hmeta)s
7.07 (d, 2H, Jm.o = 8.7 Hz, Hortno), 5.10 to 5.31 (mult, 4H, H; to Hs),
4.27 (dd, 1H, Js ¢ = 5.3 Hz, Hg), 4.15 (dd, 1H, Jse = 2.5 Hz, He, Jg 5 =
12.4 Hz, Hg), .90 (ddd, Js4s5 = 9.6 Hz, Hs), 2.02 - 2.04 (4s, CH3). 13C-
NMR & (CDCl3): 190.9 (CHO), 170.6, 170.3, 169.5, 169.4 (C=0, Ac),
161.3 (Cipso), 131.9 (Cmeta and Cpara), 116.8 (Cortho), 97.9 (C4), 72.4
(C3a), 72.2 (Cs), 70.9 {C3z), 68.0 (Cs), 61.7 (Cg), 20.4 - 20.5 {4 CHag).

n-Formypheny! B-D-glupyranoside 117a

De-O-acetylation of 117 under the usual Zemplén conditions,
neutralization with H+ resin, filtration and evaporation always gave
a quantitative yield of 117a. The product was crystallized from
MeOH/ether. See table 36 for physical data.

TH-NMR 8§ (DMSOQds): 9.89 (s, 1H, CHO), 7.87 (d, 2H, Jn 0 = 8.8 Hz,
Hmeta), 7.20 (d, 2H, Honno). 5.05 (d, 1H, J12 = 7.5 Hz, Hy), 3.17 - 3.70
(mult, 8H, remaining sugar H). 13C-NMR & {(DMSOdg): 191.2 (CHO),161.%
(Cipso)' 131.5 (Cmeta)r 130.3 (Cpara)- 116.3 (Cortho)- 99.6 (C1)n 774 (CS).
76.4 (Cg), 73.1 (Cy), 69.5 (C4), 60.5 (Cs).

p-Nitropheny! 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosiuc 118

Acetobromoglucose 110 (10.0 g, 24.3 mmol), 6.7 g (2 equiv.) of p-
nitrophenol and 8.2 g (1 equiv.) of TBAHS were vigourously stirred in
a combination of 150 mL CH2Cl2 and 150 mL 1M NaOH. The phenoxide
precipitated from solution ans was redissolved with gentie
warming. After complete consumption of the bromide, the aqueous
phase was separated. After exhaustive washing with 1M NaOH, sat.
brine, the organic phase was dried with Na;SOy, filtered and
evaporated to a yellow oi' which crystallized upon the addition of
ethanol. Recrystallization from ethanol gave pure 118 (4.65 g, 41%)]).
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An additionz! 550 mg was obtained after silica gel chromatography
of thc mother ligquor (total yield = 5.20 g, 46%). mp = 178.8-179.8°C,
[a]p = -40.5° (C=1.16, CHCIl3) {lit.2!4 mp = 172-174 °C, [a]p = -48.3°}.

CI-NS (ether) gave m/e (ion, relative intensity): 440 (M + 1 - NO,
24), 331 (M - aglycon, 100), 271 (331 - HOAG). TH-NMR & (CDCla):
8.20 {d, 2H, Jm,o = 9.3 Hz, Hmeta), 7.05 (d, 2H, Hortho), 5.11 to 5.32
(mult, 4H, Hy to Ha), 4.27 (dd, 1H, Js,6 = 5.4 Hz, Hg), 4.15 (dd, 1H, Js. 6"
= 12.4 Hz, Hg), 3.91 (ddd, Js¢ = 9.6 Hz, Hs), 2.06, 2.05, 2.04, 2.03 {4,
CHa). 13C-NMR 3§ (CDCl3): 170.5, 170.2, 169.5, 169.3 {4 C=0), 161.2
(Cipso)- 143.2 (Cpara)- 125.8 (Cmela)n 116.6 (Cortho)- 97.9 (01)- 72.3 (CS
+ C3), 70.7 (Cz), 67.8 (C4), 61.6 (Cg), 20.3 (3 CH3).

p-Formylphenyl 2,2'3,3',4,4',6,6'-hepta-O-acetyl-B-D-lactoside
120

Acetobromolactose 112 (274 mg, .39 mmol), 96 mg (0.79 mg, 2
equiv.) of p-hydroxy benzaldhyde and 134 mg (0.40 mmol, 1 equiv.) of
TBAHS were stirred vigourously in 2 mL. CH,Cl, and 2 mL 1M NaOH.
After 45 min. at room temperature, the reaction was worked up as
usual. Purification of the crude residue using EtOAc/hexane (1/1,
v/v) containing 0.5% isopropyl alcohol gave 131 mg (45%) of pure
120 followed by the peracetylated-2-acetoxy-D-lactal (118 mg,
49%): mp 152.7 - 153.7 °C (S*QH), [o]p = -19.7° (c=1, CHCly) {lit.3 mp
= 168 - 170 °C, [a]p = -1 ;. The pure solid 120 which failed
recrystallization had mp = 89.7 - 91.8 °C (slow evaporation of
CHClp), [a]p = -28.5° (c=1.12, CHClI3).

1H-NMR § (CDCla): 9.90 (s, CHO), 7.82 (d, 2H, Jm,c = 8.9 Hz, Hmea),
7.C8 (d, 2H, Hortho), 5.34 (dd, 1H, J3 4 = Jag = 1.1 Hz, Hg), 5.28
(ddd,1H, Hs), 5.11 (dd, 1H, Jy: 2 = 7.8 Hz, Hp), 4.95 (dd, 1H, J2 3 =
i0.4 Hz, Hay), 4.49 (d, Hy), 3.84 - 4.15 (mult, 9H, remaining H), 1.58 -
2.14 (7s, CHz). 13C-NMR 3 (CDCl3): 190.5 (CHO), 170.2, 170.0, 169.9,
169.8, 166.3, 168.9 (C=0), 161.0 (Cipso). 131.7 (Cpara and Crmeta), 116.6

214 R.S. Sidiw, Svathesis . BRI (1981,
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(Cortho). 101.1 (Cy), 97.6 (C1), 76.0 (C4), 73.0 (Ca). 72.6 \Cs}, 71.2
(Ca), 70.9 (Cs). 70.7 (C2), 69.1 (C2), 66.6 (Cq), 61.9 (Ce), 60.8 (Cg)-

EENOPET KNP SRR e sl

p-Formylphenyl B-D-lactoside 120a

The heptaacetate 120 (187 mg, 0.25 mmol) was suspended in
methanol (15 mL). Methanolic sodium methoxide (1M, 20 ul) was then
added and the mixture was stirred overnight at room temperature
followed by reflux for 10 min. to ensure complete de-O- acetylation.
Ether (15 mL) was added to the cooled solution. After 40 min. at 0°C,
the product was fitered and dried to give pure 120a (111 mg,
quant.) mp = 044.2 - 245.9 °C (decomp.), [e]o = -11.7° (C = 0.98,
DMSO).

Analytical data: calculated for C1gH26012: C, 561.12; H, 5.87. Found: C,
50.89: H, 6.10. H-NMR 5 (D,0): 9.83 (s, CHO), 7.97 (d, 2H, Jm,o = 8.9
Hz, Hmeta). 7-28 (d. 2H, Hortho), 5.32 (d, 1H, Jy 2 = 7.7 Hz, Hy), 4.49 (d,
1H, Jy2 = 7.7 Hz, H,), 3.55 - 4.03 (mult, remaining). 12C-NMR 3
(CDCla): 191..2 (CHO), 161.8 {Cipso): 131.5 (Cmeta), 130.4 (Cpara), 116.3
(Cortho)r 103.7 (Cy), 99.1 (C4), 79.9, 75.5, 75.0, 74.7, 73.2, 72.8, 70.5,
8.1 (ring-C). 60.0, 60.4 (Ce.Cs).

p-Nitropheny! 2.2‘.3.3'.4',6,6’-hepta-0-acetyl-ﬁ-D-Iac?oside 121

Acetobromolactose 112 (1.50 g, 2.14 mmol), 0.72 g (1 equiv.) of
TBAHS and 0.60 g (2 equiv.) of p-nitrophenol were stirred

vigourously in 10 mL CHoCl, and 10 mL 1M NaOH at room temperature
for one hour. The reaction was worked up as usual.

Recrystallizations of the crude residue from ethanol gave 0.79 g of
121 as white urchins of analytical quality. Silica gel
chromatography of the remaining mother liquor gave an additional
134 mg of pure material. Total yield, 57%. (+) FAB-MS (glycerol)
gave m/e (ion, realtive intensity): 727 (1.4, M - NO), 711 (1.3, M -
NO,). 619 (5.3. M-OPhNO), 559 (16, 619-HOAc), 331 (72, M - O-
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Glc(OAc)s-O-PhNO3). NMR data can be found in Table 63 in Chapter 8.

p-Nitrophenyl [-D-lactoside 121a

Typical procedure: 1.21 g (1.60 mmol) of pure 121 was dissolved in
25 mL of warm methanol. 40 uL of 1M CH3O-Na+/CH30H was then
added and the reaction brought to a gentle reflux and left overnight.
After adding 10 mL of ether and cooling, 733 mg (99%) of 121a were
fitered as a white microcrystaliine powder of analyticai purity.
FAB-MS (glycerol) gave m/e (ion, relative intensity): 556 (1.0,
M+Gly+1). 464 (1.4, M+1), 325 (6, M-OPhNO2). NMR data can be found
in Table 63 in Chapter 8.

Methy!l (p-nitrophenyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-a-D-galacto-2-nonulopyranosidjonate 123

Crude acetochloroneuraminic acid methyl ester 114 {72.4 mg, 0.155
mmol) (95% pure by TLC), 33.0 mg (0.1 mmol) of TBAHS and 41 mg
(0.3 mmol) of p -nitrophenyl were stirred in 0.6 mL of CHCl2 and 0.3
mL of 1.5M NaOH at room temperature for 20 min.. After the usual
extractive work up, the product was isolated by preparative TLC
using CHCIg/EtOAc/n-prOH (25/5/1, v/v/v) as eluent and EtOAc/i-
prOH (4/1, v/v) to extract the product from the scrapped silica.
Filtration and evaporation gave 61.4 mg (64%) of 123 of anaiyiical
purity. The product was recrystallized from ether/pentane and had
physical constants which agreed with those already published!3.

Generalized PTC procedure for preparing peracetylated aryl 1,2-
trans- 1-thio-8-D-glycosides and glycobiosides 124-128

To solutions of the appropriate glycosyl halides 58, 112 or 113 (1
equiv.) and TBAHS (1 equiv.) in CH,Cl, or EtOAc (1mL/100 mg of the
halide) is added 1M aq Na,CO; (1 mL/100 mg of the halide) and
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‘hiophenol or p-nitrophenol (3 equiv.). The two phase reaction
mixiure was stirred vigourously at room temperature and monitored
by TLC (25/5/1 CHCI3/EtOAc/n-prOH for 124: Rf = 0.35; 1/1
hex/EtOAc including 0.5% i-prOH for 125: Rf = 0.40,, 126: Rf = 0.42,
127: Rf = 0.37, 128: Rf = 0.42). Reactions were complete within 30
min. for 124 - 126 and within 5.5 hours for 127 and 128. After
complete consumption of the halide, EtOAc was added and the
organic phase washed successively with 2 portiors of 1M NaOH,
water and sat. NaCl. The organic extracts were then dried (Nax;S04),
fitered and concentrated under reduced pressure the afford the
crude glycosides. 124, 125, 127 and 128 were purified by
crystallization from warm ethanol while 126 resisied all
crystallization attempts and had to be purified by column
chromotography on silica gel using a gradient of CH2Cl2/EtOAc (1/0,
1/1). Physical constants are given in Table 37 and agreed with those
from the literature where applicable!ss. 161,215, NMR data given in
Tables 38 and 39.

Ethy! 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-1-thio--D-
glucopyranoside 129

The glycosyl chloride 58 (100 mg, 0.273 mmol) and 93 mg (1 equiv,)
of TBAHS were dissolved in 1 mL of CH2Clz. 500 ul of a 10% (v/v)
solution of ethanethiol (2.2 equiv.) in 2M NaOH was injected and the
reaction stirred vigourously at room temperature for 25 min.. The
reaction was *hen diluted with 10 mL EtOAc and washed with three
10 mL portions of water and 5 .nL of sat. NaCl. The organic phase
was dried (Na;S0O4), filtered and concentrated under reduced
pressure to give 67 mg of a white solid. Crystallization from ethanol
gave 47 mg (44%) of pure 129. See Tables 37, 38 and 39 for physical
constants and NMR data.

215 (5. Wagner and R, Metzner, Pharmazie, 24 . 245 (1969); Chem. Abst.. 72,
SN2 (1T,
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O-Ethyl-S-(2,3,4,6-tetra-0 -acetyl-3-D-glucopyranosyl!)
dithiocarbonate 132

The following represents a typical general procedure. To a solution
of the appropriate glycosyl halide 58,110 - 112 (1 equiv.), TBAHS
(1 equiv.) and O-ethyl xanthic acid potassium salt (Aldrich, 1.2 or 2
equiv.) in methylene chloride (2 equiv.; 1 mL/100 mg halide) or ethyi
acetate (1.2 equiv., 1TmL/100 mg halide) was added 2M sodium
carbonate (1 mL/100 mg halide) (or sat. sodium hydrogen carbonate).
The two phase reaction was mixed vigourously stirred at room
temperature until TLC showed disappearance of the starting halide
(< 45 min.). Ethyl acetate (10 times the reaction volume) or
methylene chloride was then added. The organic phase was separated
and successively washed with saturated sodium hydrogen carbonate,
water and brine. The combined organic extracts were dried (NaxSQ4),
filtered and evaporated under reduced pressure to afford pure S-
glycosyl xanthates 131 - 135. Compound 132 crystallized in the
flask on standing at 4 °C and was obtained in 98% vyield; mp = 64.8 -
66.9 °C (prisms); [a)p = +30.8° (c=1.0, CHCI3); {lit.2'®* mp = 88 - 89 °C
(needles); [a]p = +30.8° {c=3.20, CHCI3).

O-Ethyl- 8-(2,3,4,6-tetra-O-acetyl-p-D-galactopyranosyl)
dithiocarbonate 133

The residue obtained after evaporation of the organic extracts was
chromatographed on a silica gel column using ethyl acetate/hexane
(3/5, viv) as eluent. The homogeneous fractions were evaporated to
dryness to give pure 133 which crystallized on standing, 91% vyield;
mp = 79.5 - 80.4 °C (CHyCl;, ether/hexanes); [a]p = +49.7° (c=0.95,
CHCI3); {lit.217 79 - 80 °C; [e]p = +51.6° (c=1.0, CHCI5).

216 W, Schaeider, R. Gille and K, Eisfeld, Rer., 61, 528 (1928); Chem. Abst., 22 ,
4107 (1928).

217 M. Sakatu. M. Haga and S, Tejima, Carbohvdr. Res., 13, 379 (1970),
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O-Ethyl S-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-
glucopyranosyl) dithiocarbonate 131

The oily residue obtained upon evaporation of the organic extracts
crystallized from ether-diisopropyl ether to give 131 in 91% yield;
mp = 139.0 - 140.2 °C; [a]p = +33.3° (c=1.1, CHCI3).

O-Ethyl S-(2,2',3,3',4',6,6'-hepta-O-acetyl-B-D-lactosyl)
dithiocarbonate 134

The oily residue obtained upon evaporation of the organic extracts
was purified on a silica gel column eluted with CH,CIlo/EtOAc (6/1,
v/v) to provide pure 134 in 96% yield. Compound 134 was obtained
as a white foam and failed all crystallization attempts.

Dibenzy! (2,2'3,3'4',6,6"-hepta-O-acetyl-p-D-lactosyl)phosphate
135

Acetobromolactose 112 (50 mg, 0.36 mmol), dibenzyl phosphate
(149 mg, 0.54 mmol), 1.5 equiv.) and TBAHS (120 mg, 0.35 mmol), 1
equiv.) were dissolved in methylene chioride (2 mL). Saturated
sodium hydrogen carbonate (2 mL) containing sodium carbonate (70
mg. pH 9.0) was then added to the organic solution. The two phase
reaction mixture was vigourously stirred at room temperature for
34 hours until TLC (1/1, v/v, 0.1% EtaN in hexane/ethylacetate)
indicated complete conversion of 112 (Rf = 0.38) into the glycosyl
phosphate 135 (Rf = 0.27). Addition of ethyl acetate (20 mL),
washing the organic phase with sat. NaHCO3, water and sat. NaCl,
followed by drying (NazS0Q,), filtration and evaporation of the
organic phase furnished a glassy solid. Purification on silica gel
column chromatography using chloroform/isopropanol as eluent
(4071, v/v) afforded 12 mg of the 2-acetoxylactal 122 resuiting
from o dehydrobromination side-reaction, followed by 135 (266 mg,
83%) as a glassy solid; [a]p = -7.5° (¢ = 0.97, CHCl3). Anal. calc. for
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CuoHag02:P : C 53.57, H 5.51, P 3.45; found: C 53.45, H 5.62, P 3.71.

(-)FAB-MS m/e 808 (M--benzyl, 13%). 'H-NMR (500 MHz) § (CDCls):
7.20 - 7.36 (mult, 10H, Ph), 5.33 (dd, 1H, Ja.q = 3.5, Ja,5 < 1 Hz, Hg?),
5.30 (dd, 1H, J1.2 = 7.5, 3J1.p = 7.5 Hz, Hy), 6.19 (dd, 1H, J34 = 9.2,
Jg.a = 9.3 Hz, H3). 5.09 (dd, 1H, J1_2 = 7.8, J2_3 = 10.4 Hz, Hg'). 5.01
(dd, 1H, Hp), 4.99 (app.d, 2H, 2Jcp = 7.3, Jgem <1Hz, CHzPh), 4.94 (dd,
1H, Ha), 5.03 {dd, 2H, 2Jcp = 7.3, Jgem = 2.8 Hz, CH2Ph), 4.48 (dd, 1H,
Jsg =21, Jse = 12.2 Hz, HgGlc), 4.47 (d, 1H, J,2=7.8 Hz, Hy), 4.11
(dd, 1H, Js6 = 6.9, Je,e = 11.2 Hz, HgGal), 4.06 (dd, 1H, HeGlc), 4.02
(dd, 1H, Js& = 5.1 Hz, HeGle), 3.85 (app.d, 1H, Js,¢ = 6.3 Hz, Hs), 3.84
(dd, 1H, Jas = 10.0 Hz, Ha), 3.71 (ddd, 1H, Hs), 2.13, 2.02, 2.02 (2x),
2.00, 1.94, 1.88 (7s, 21H, OAc). 13C-NMR & (CDCl3): 170.3, 170.1 (2x),
170.0,169.5, 169.0 (OAc), 135.3 (d, 3Jcp = 23.3 Hz, Cjpso Ph), 128.6
(Cpara), 128.6, 128.5 (Cmeta), 127.8, 127.7 (Cortno), 101.1 (Cy?), 96.1 (d,
2Jc.p = 4.9 Hz, C4), 75.6 (C4), 73.4 (Cs), 72.3 {C3), 71.5 (d, 3Jcp = 8.0
Hz, C), 70.9 (C3), 70.7 (Cs), 69.6 (d, 2Jc.p = 6.2 Hz, CHzPh), 69.5 (d.
2Jc.p = 6.3 Hz, CH2Ph), 69.0 (Cy2), 66.5 (C4), 61.5 (Cs), 20.7 (2x), 20.6
(3x), 20.5, 20.4 (OAc).

PTC synthesis of glycosyl azides 136 - 140

General procedure: To a solution of the appropriate glycosyl halides
58, 110 - 113 (1 equiv.), TBAHS (1 equiv.) and sodium azide (3-5
equiv.) in methylene chloride (1mL/100mg of the halides) was added
saturated aqueous NaHCO; (1 mlL/100 mg of the halides). The two
phase reaction mixtures were vigourously stirred at room
temperature for 1-2 hours, after which time TLC indicated complete
transformation of the halides. EtOAc (10 times the volume of
CH,Clz) was added, the organic phase separated and successively
washed with sat. NaHCOg3, water (2x) and brine. The combined
extracts were dried (NaxS0Qy), filtered and evaporated under reduced
pressure to afford pure glycosyl azides 136 - 140. The dried azides
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136 - 140 were homogeneous by TLC, 'H- and 3C-NMR
spectroscopy. They were, however, crystallized for combustion
analyses, mp and {«]p measurements (see Table 43). The yields of

136 - 140 varied from 93-98% (Table 43).

PTC synthesis with thiocyanate as nucleophile: 2,3,4,6-tetra-O -
acetyl-B-D-glucopyranosyl thiocyanate 141 and 2,3,4,6-tetra-O-
acetyl-B-D-glucopyranosy! isothiocyanate 142

Acetobromoglucose 110 (600 mg), 405 mg (1 equiv.) of TBAHS and
1.42 g (10 equiv.) of KSCN were stirred vigourously for one hour at
room temperature in 3 mL ETOAc and 3 mL 1M Na>COa. The reaction
was worked up by adding 30 mL of EtOAc and washing the organic
phase with sat. NaHCOQj;, water (3x) and sat. brine. The organic phase
was dried (NazSO,), filtered and evaporated to an oil that
crystallized upon standing. 'H-NMR of the crude product mixture
indicated a 10:1 ration of 141:142. Silica gel chromatography with
2/1 hex/EtOAc containing 0.5% i-prOH gave 27 mg (7%) of the
isothiocyanate 142 (vn=c=s = 2025 cm-!) followed by 386 mg (68%)
of the desired thiocyanate 141 (vs.c=n = 2167 cm-'). Both products
were crystallized from EtOAc/hexane. Physical properties and NMR
data are given in Tables 46 - 48.

2-Acetamido-3,4,6-tri-O -acetyl-1-benzoyl-2-deoxy-B-D-
glucopyranose 143

Acetochloro N-acetylglucosamine 58 (153.7 mg, 0.421 mmol), 154.0
mg (3 equiv.) of benzoic acid and 140.2 mg {1 equiv.) of TBAHS were
stirred vigourously at room temperature in 2 mL CH,Cl, and 2 mL
sat. NaHCOs3. After 5 min., the pH was adjusted to 7.5 with 2M
NaCQj;. The reaction was shown to be complete adter a total of 40
min. TLC (25/5/3, CHCla/EtOAc/n-propOH) indicated a complete and
clean conversion of the halide 58 (Rf = 0.51) to the new product 143
(Rf = 0.47). Thus, the reaction was worked up by adding 20 mL of

(RS}
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EtOAc and washing the organic phase with 5 portions of 15-20 mL of
sat. NaHCOg3, water and sat. brine. After drying (NazS0O,). filtration
and evaporation to a solid, a crude yield >100% was obtained. TLC
analysis indicated an incomplete removal of excess benzoic acid. The
crude material was redissolved in CH>Ci2 and washed once with
concentrated (>2M) NapyCOg, water, and sat. NaCl. Drying (NazSQO4),
filtration and evaporation gave a white crystalline mass (183.7 mg,
97%) of essentially pure 143 (TLC, NMR). The product was
recrystallized from EtOH/ether for clemental analysis, mp and [a]p
measurements (see Table 49).

1H-NMR 8 (CDClg): 8.03 (mult, 2H, Hortno), 7.56 (mult, 1H, Hpara), 7.41
(mult, 2H, Hmeta), 5.97 (d, 1H, Janw = 9.4 Hz, NH), 5.86 (d, 1H, Jy2 =
8.8 Hz, Hy), 5.12 - 5.26 (AB mult, 2H, Hg and Hs), £.54 (ddd, Jo3 = 9.6
Hz), 4.28 (ddd, Jsea = 4.5 Hz, Hga), 4.11 (dd, Js.6p = 12.4 Hz, Hep), 3.90
(ddd, Js 6 = 2.3 Hz, Hs), 2.03 (s, 3H, CHs), 1.83 (s, 3H, CHa). '3C-NMR &
(CDClg): 171.5, 170.9, 170.3 and 169.5 (4 C=0, Ac), 165.3 (C=0,
benzoyl), 134.0 {Cpara), 130.3 (Cortho), 128.7 (Crmeta). 128.5 (Cipso). 93.2
(C1), 72.8 (Cs), 72.6 (C3), 67.9 (C4). 61.6 (Cg), 52.3 (C2), 23.0 (CHa,
NAc). 20.5 (2CH3, OAc), 20.4 (CHa, OAc).

2-Acetamido-3.4.6-tri-O -acetyl-2-deoxy-1-(prop-2-enoyi)-f-D-
glucopyranose 144

Acetochloro N-acetylglucosamine 58 (138.1 mg, 0.378 mmol),127.3
mg (1 equiv.) of TBAHS, and 60 pl (68 mg, 2.5 equiv.) of acrylic acid
were vigourously stirred at room temperature in 1.5 mL CH2Cly and
1.5 mL sat. NaCO3; was added to keep the pH slightly above 7. The
reaction was allowed to proceed for 70 min. after which time it was
diluted with 20 mL EtOAc. The organic phase was washed twice with
1M NaOH (15 mL), sat. NaHCOQ3, water and sat. NaCl. Drying (Na,S0Q,),
filtration and evaporation of the organic phase gave 126.7 mg of
crude semi-solid material, impure by TLC (25/5/3, CHCI3/EtOAc/n-
prOH). Silica gel chromatography with a gradient of hexane/EtOAc
(171, 2/3, 1/2) gave 115.1 mg (76%) of pure 144. The product could
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be crystallized slowly from EtOH/ether and a drop of hexane to give
small, white cubes. Physical data are given in table 49.

1H-NMR 5 (CDCl3): 6.50 (dd, 1H, Jyans = 17.0 Hz, Jgem = 1.6 Hz, =CH>
trans), 6.10 (dd, 1H, Jcis = 10.4 Hz, -CH=), 5.93 dd, 1H, =CHa cis), 5.72
(d, 1H, Jy 2 = 8.8 Hz, Hy), 5.59 (d, 1H, J2,nH = 9.7 Hz, NH), 4.37 (ddd,
1H, J2,3 = 9.9 Hz, Hz), 4.26 (dd,1H, Jsea = 4.5 Hz, Hea), 4.10 (dd,1H,
Jea.6p = 12.4 Hz, Hep), 3.82 (ddd, Js,en = 2.3 Hz, Hs), 2.07, 2.03, 2.02
and1.88 (4s, CHa).

2,3,4,6-Tetra-O -acetyl-1-benzoyl--D-glucopyranose 145

Acetobromoglucose 110 (150 mg, 0.365 mmol),125 mg (1 equiv.) of
TBAHS and 130 mg (3 equiv.) of benzoic acid were stirred overnight
at room temperature in 2 mL CH,Cl, and 3 mL of sat. NaHCO3. TLC
(1/1, hexane/EtOAc + 0.5% i-prOH) showed a complete consumption
of the halide (Rf = 0.63) to cleanly give 145 (Rf = 0.56). Work up as
above gave 160 mg (97%) of essentially pure 145. Recrystallization
was performed easily from warm etha..ol. Physical data are given in
table 49.

TH-NMR & (CDClI3): 8.03 (mult, 2H, Hortho), 7.59 {(mult, 1H, Hpara), 7.43
(mult, 2H, Hpmeta), 5.90 (mult, 1H, H4, J1 2 = 8.1 Hz, with virtual
couplings from Hz/Ha AB signal), 5.33 (mult, 2H, Hz/Hs AB system),
5.18 (mult, 1H, Hs, Jas = 10.0 Hz and virtual couplings from Hy/Hz AB
signal), 4.31 (dd, Js6a = 4.5 Hz, Hga), 4.12 (dd, 1H, Jga,ep = 12.5 Hz,
Hgpb), 3.92 (ddd, 1H, Jsep = 2.3 Hz, Hs), 2.06, 2.04, 2.03, 1.97 (4s,
CHs). 3C-NMR 3 (CDCl3): 170.3, 169.8, 169.2 and 169.1 (4 C=0, Ac),
164.2 (C=0, benzoyl), 133.8 (Cpara), 129.9 (Cortho), 128.4 (Cmeta), 128.2
(Cipso), 92.1 {C4), 72.5 (Cs), 72.4 (C3), 69.9 (C4), 67.7 (C2), 61.2 (Cg),
20.5 (CH3), 20.4 (2CHg), 20.3 (CH3).



2.3,4,6-Tetra-O -acetyl-p-D-glucopyranosy! N-carbobenzyloxy-L-
alanine ester 146

Acetobromo «-D-glucose 110 (411 mg, 1.00 mmol), 513 mg (2.3
equiv.) of N-CZB-L-alanine (Sigma) and 340 mg (1 equiv.) of TBAHS
were stirred at room temperature in 4 mL CH»>Clz and 4 mL of 1M
Na,COjz for 5 hours. TLC (1/1 EtOAc/hexane + 0.5% i-prOH) showed a
complet and clean conversion of the halide 110 (Rf = 0.68) to the
ester 146 (Rf = 0.62). Work up as above gave 464.5 mg (84%) of
essentially pure 146 (TLC, 'H- and '3C-NMR). The product was
recrystallized eadily from abs. ethanol. Physical data are given in
table 49.

1H-NMR 5 (CDCl3): 7.33 (mult, 5H, aromatic), 5.72 (d, 1H, JcH,nH = 8.1
Hz, NH), 5.08 - 5.27 (mult, 4H, Hy, Hz, Ha), 5.08 (s, 2H, CH. Ala), 4.32
(dq, 1H, JcH, cHs = 7.4 Hz CH Ala), 4.26 (dd, Js 6a = 4.5 Hz, Hga), 4.08
(dd, 1H, Jea,eb = 12.5 Hz, Hgp), 3.82 (ddd, 1H, Js,60 = 2.2 Hz, Hep), 2.06,
2.01, 2.00 {3s, 12H, 4CH; OAc). 13C-NMR 3 (CDCla): 171.1, 1704,
169.8, 169.2 and 169.1 (5 C=0), 155.4 (C=0), 136.0 (Cipso). 128.3
(Cortno), 128.0 (Cpara), 127.8 (Cmeta), 92.1 (C4), 72.5 (Cs), 72.3 (Ca),
69.8 (C4), 67.6 (Cz), 66.7 (CHz Ala), 61.2 (Cg), 49.4 (CH, Ala), 20.4
(CHa, OAc), 20.3 (3CHa, OAc), 17.4 (CHg, Ala).

1,3-N,N‘-Bis(2,3,4,6-tetra-O -acetyi-B-D-galactosyl) 5,5-diethy!
barbiturate 149

Acetobromogalactose 111 (1.07 g, 2.60 mmol, 2.5 equiv.), 0.19 g
(1.04 mmol, 1 equiv.) of barbital 148 and 0.35 g (1.56 mmol, 1.5
equiv.) of TBAHS were vigourously stirred at room temperature
overnight in a combination of 15 mL CH,Cl; and 15 mL 2M Na;COas.
TLC (1/1 EtOAc/CHCI3) showed a complete consumption of the
bromide 111 (Rf = 0.79) to give 149 (Rf = 0.47) as the major
product. The reaction was worked up by adding EtOAc, removing the
aqueous phase and then washing the organic phase successively with
sat. NaHCO; (2x), water (2x) and sat. NaCl. After drying (Na;SOg),
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fiitration and evaporation, a yellow, oily residue was obtained which
resisted crystallization. Purification of 149 was performed by
column silica gel chromatography with a gradient of CHCI3/EtOAc
(5/1, 4/1, 3/1). 472 mg (54%) of pure 149 was obtained after
pcoling and evaporation of the product fractions. 149 was
crystallized from CHzClo/ether. Pnysical data are given in table 50.

CI-MS (ether) gave m/e (ion, relative intensity): 845 (M+1, 50), 515
(M+2-Gal(OAc)4, 67), 331 (Gal(OAc)s*,100). TH-NMR & (CDClg): 6.36
(dd, 1H, J2.3= 9.9 Hz, Hp), 6.07 (dd, 1H, Jz,3= 9.9 Hz, Hz), 5.96 (d, 1H,
Ji2= 9.4 Hz, Hy), 5.95 (d, 1H, J1,2= 9.4 Hz, Hy), 546 (dd, 1H, Js5=
1.0 Hz, Hy), 5.44 (dd, 1H, J45= 1.0 Hz, Hy4), 5.12 (dd, 1H, J34= 3.5 Hz,
Hs), 5.08 (dd, 1H, J3 4 = 3.5 Hz, Hz), 3.99 - 4.19 (mult, 6H, 2hs + 4Hg),
2.33, 2.20, 2.07, 2.02, 2.01, 1.99, 1.98, 1.90 (8s, 24H, CH3 OAc), 2.0
(mult, 4H, CH> barbital obscured by acetate resonances), 0.87 (t, 2H,
J = 7.5 Hz, CH: barbital), 0.81 (t, 2H, J = 7.5 Hz, CH3 barbital). 13C-
NMR & (CDCls: 171.6, 170.5, 170.3 (2C), 170.2, 170.0 (2C), 169.9,
169.7, 169.5 (10 C=0), 148.7 (N2 C=C", 81.4, 80.3 (2C,), 73.4. 72.9
(2Cs), 72.4, 71.8 (2C3), 66.7, 66.6. ~6.4, 66.2 (2C4and 2Cyp), 61.0
(2C¢). 58.9 (C(Et)2), 35.1, 31.1, (2CH; barbital), 20.4 - 20.8 (CHa,Ac),
9.0, 8.7 (2CH3 barbital).

1,3-N,N'-Bis(2-acetamido-3,4,6-tri-O -acetyl-2-deoxy-8-D-
glucopyranosyl) 5,5-diethyl barbiturate 150

Acetochloro N-acetylglucosamine 58 (2.00 g, 5.47 mmol, 2.5 equiv.),
0.41 g (2.23 mmol, 1 equiv.) of barbital 148, 1.13 g (3.33 mmol, 1.5
equiv.) of TBAHS were stirred vigourously overnight at room
temperature in a blend of 25 mL CH2Cl» and 25 mL 2M NayCO3. TLC
(EtOAc/CHCI,, 2/1, viv) showed a complete consumption of the
halide 58 (Rf = 0.56) to give 150 (Rf = 0.18) and secondary products.
Crystallization from CH,Cly/ether gave 1.12 g of pure 150. Silica
gel chromatography (2/1, EtOAc/CHCI3) of the mother liquor gave an
additional 185 mg of product. Total yield, 1.50 g (69%). Physical data
are given in table 50.



(+)FAB-MS (glycerol) gave m/e (ion, relative intensity): 843.3 (M+1,
5), 513.9 (M+2 - Gal(OAc}4, 17), 330 (Gal(OAc)4+,30). 'H-NMR &
(CDCl3): 6.00 {d, 1H, J2 nH = 9.0 Hz, NH), 5.87 (d, 1H, JanH = 7.9 Hz,
NH'), 5.82 (d, 1H, J1,2= 9.5 Hz, Hy), 5.81 (d, 1H, J1 2= 9.1 Hz, Hy), 5.34
(ddd, 1H, J2 3= 9.0 Hz, Hy), 5.26 (dd, 1H, Js 5= 9.8 Hz, Hs4), 5.22 (dd,
1H, Ja,4 = 9.3 Hz, Ha), 5.09 (dd, 1H, Ja s = 9.7 Hz, Hz), 5.08 (dd, 1H,
Jas= 9.8 Hz, Hy), 5.02 (ddd, 1H, Jz3= 10.1 Hz, Hz), 4.29 (dd, 1H,
Js.6a= 5.4, Jeaeb= 12.5 Mz, Hea), 4.27 (dd, 1H, Js6a = 2.6, Jgasb= 12.2
Hz, Hga), 4.13 (dd, 1H, Jsgb= 2.2, Jeaeb = 12.5 Hz, Hgp), 4.11 (dd, 1H,
Js.ob = 4.5, Jeaeb= 12.2 Hz, Hgp), 3.74 - 3.80 (mult, 2H, 2Hs, Hg), 2.01
- 2.06 (6s, CHx OAc), 1.88 - 1.99 {mult obscured by OAc signals, 4H,
CHa barbital), 0.82 (t, 3H, J = 7.4 Hz, CH;3 barbital), 0.65 (t, 3H, J =
7.2 Mz, CHa barbital). 13C-NMR & (CDCl3s): 171.8, 171.7, 171.0, 170.7,
170.6, 170.5, 170.3, 169.3, 169.2, 169.1 (C=0), 149.0 (N, C=0), 81.5,
81.1 (2C4), 75.0, 74.9, 74.7, 73.3 (2Cs, 2C3), 68.1, 67.7 (2C4), 62.0,
61.8 (2Cg), 58.9 (C(Et)2), 50.3, 50.2 (2C;), 34.0, 30.6 (2CHg, barbital),
23.3, 23.0 (CHs, NHAc), 20.5 - 20.7 (CH3, OAc), 9.1, 8.8 (2CHs,
barbital).

1,3-N,N'-Bis(2-acetamido-2-deoxy-p-D-glucopyranosyl) 5,5-diethyl
barbiturate 151

Compound150 (850 mg, 1.01 mmol) was dissolved in 45 mL of warm
methanol. 1M CH3ONa was added to pH 9-10. The solution was left
stirring at room temperature for a few hours. TLC (30/10/1.
CHCI/MeOH/HZ0, viviv) showed one homogeneous spot (Rf = 0.13)
when charred after spraying with ethanolic H;SQO4 (5%). The solution
was neutralized with (H+) resin, filtered and evaporated to a
constant weight of 597 mg (quant.). A white microcrystalline
powder was obtained after recrystailization from isopropanol (first
crop, 545 mg). Physical data are given in table 50.

CI-MS (ether) gave m/e (ion, relative intensity): 590.9 (M+1, 2),
387.9 (M+2- GIcNAc, 90), 359.9 (338 - CO, 21), 262.0 (338 -
(Et)2C(CO)2, 25), 204 (GIcNAc - OH, 100), 186 (204 - H,O, 100), 168
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(186 - Ho0, 94), 150 (168 - HoO, 100). TH-NMR & (DMSOqe, 150 °C):
7.12 {(broad s, 2H, NH), 5.72 (d, 2H, J12= 9.8 Hz, H1), 4.64 (mult, 2H,
H»2), 3.75 (dd, 2H, Jsga = 2.4, Jgaeb = 11.7 Hz, Hga), 3.56 (dd, 2H, Jseb =
5.2 Hz, Hgp), 3.55 (mult obscured by Hgn, 2H, Hs), 3.33 (muit, 4H, Hj
and Hs), 1.88 (q, 2H, J = 7.3 Hz, CHp), 1.87 (q, 2H, J = 7.3 Hz, CHy),
1.81 (s, 6H, CH3 ,NAc), 0.78 (1, 6H, J = 7.3 Hz, CHa). 13C-NMR 3§
(DMSQOge, 23 °C): 171.1, 170.9, 170.2, 169.9, 169.8, 169.3 (N-C=0),
148.3 (2 NoC=0), 145.7 (NoC=0Q), 82.0, 81.6, 81.0, 80.4, 80.3, 79.8
(3C, and 3Cs), 76.1, 75.2, 74.8 (3C3z), 70.7, 70.4, 70.1 {3C4), 61.6,
61.1, 6C.9 (3Cg), 57.9, 57.3 (2 C(En2), 51.7, 51.5, 50.9 (3C2), 32.5,
31.3, 30.9, 29.8 (4 CH2, barbital), 23.3, 23.0, 22.9 (3 CHa, NAc), 9.4,
8.9, 8.6 (3CHas, barbital).

PTC galactosylation of 2,4-pentanedione. Preparation of enolate
glycosides 152 and 153

Acetobromogalactose 111 (2.00 g, 4.86 mmol} and 1.65 g (1 equiv.)
of TBAHS were dissolved in 20 mL of 1,2-dichloroethane. 20 mL of
1M NaOH were then added followed by 750 ul (1.5 equiv.) of 2,4-
pentanedione. The reaction was stirred for a total of 11 hours at
room temperature, after which TLC (1/1 EtOAc/hexane + 0.5%
i-prOH) showed complete consump.don of the halide (Rf = 0.17, E-O-
enol-p-D-galactopyranoside 152; Rf = 0.30, Z-O-enol-pB-D-
galactopyranoside 153). The reaction was worked up by separating
the aqueous phase, diluting the organic phase with EtOAc then
successively washing it with sat. NaHCOg3, water (2x), and sat. brine.
Drying (NazS0a4), filtration and evaporation under reduced pressure
gave an oil. After dissolving in a minimum of CHzClz, the crude
material was applied to silica gel column then eluted with a
gradient of EtOAc/hexane (3/4, 1/1, 4/3; v/v) including 0.5% i-prOH.
0.31 g (15%0 of Z-enol galactoside 153 was recovered, followed by
0.67g (32%) of the E-enol galactoside 153. Physical data for 152
and 153 are tabulated in section 6.10.
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PTC galactosylatiori of benzyl 3-keto-butanoate. Preparation of
enolate glycosides 1584 and 158,

Acetobromogalactose 111 (200 mg, 0.486 mm~al), 165 mg (1 equiv.),
and 140 pL of benzyl 3-keta butancate (acetobenzy! acetate, Aldrich)
were stirred vigourously at room temperature in 2.5 mbL of 1.2-
dichloroethane and 5 mL of 2M Na,CO3. After 6 hours, TLC (1/1,
EtOAc/hexane + 0.5% i-prOH) showed a complete consumption of the
halide 111, to give two major products (Rf = 0.25, E -O-enol-3-D-
galactopyranoside 154; Rf = 0.39, Z -O-enol-B-D-galactopyranoside
155). The reaction was worked up as described for 152/153. The
products were simplified by preparative TLC using CHCIl3/MeOH
(30/1, v/v) as eluent. Extraction of the u.v. active bands with EtOAc
gave 73 mg (30%) of 154 and 38 mg (15%) of {55. All attempts at
crystallization failed for both compounds. Physical data for 154 and
155 are tabulated in section 6.10.

N -Oxysuccinimidyl 2,3,4,6-tetra-O-acetyl-f-D-glucopyranoside 156

Acetobromoglucose 110 (200 mg, 0.487 mmol), 170 mg (3 equiv.) of
N-hydroxy succinimide (Aldrich) and 165 mg (1 equiv.) of TBAHS
were stirred vigourously at room temperature in 3 mL of CH,Cl; and
3 mlLof 2M Na,CO3. After 2 hours, TLC (35/1, CHCIa/i-prOH, v/v)
showed a complete consumpiicn of the bromide 110 (Rf = 0.64) to
give 156 (Rf = 0.26) as the major product. The reaction was worked
up by adding ethyl acetate (20 mi) and washing with sat. NaHCO,
(2x), followed by distilled water and sat. NaCl. The organic extracts
were dried (NazSOy), filtered and evaporated under pressure to give a
clear oil. The product156 crystallized as a white, microcrystalline
powder, pure by TLC, NMR and elemental analysis, upon addition of
CH,Cl, (85.4 mg). Crystallization of the mother liquor from
CHyCly/ether gave an addtitional 42.4 mg of material. Total
combined yield was thus 127.8 mg (59%). NMR and physical
properties including elemental analysis is given in Tables 54, 55 and
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56.

N-Cxysuccinimidyl  2,3,4,6-tetra-O-acetyl-3-D-galactopyranoside 157

Acetobromogalactose 111 (1.00 g, 2.43 mmol), 0.56 g (2 equiv.) of
N-hydrosuccinimide and 0,80 g (1 equiv.) of TBAHS wre stirred
vigourously at room temperature in a combination of of 15 mL of
CH,Cl, and 15 mL of 2M Na;CO,. After 3 hous, the reaction was
worked up in the same fashion as 156. The crude 157 was then
purified by silica gel chromaiography using a grodient of
EtOAc/hexane (1/1, 2/1, 3/1, v/v) containing 0.5% i-prOH. Pooled
product fractions werz evaporated under reduced pressure to give an
oil which crystallized overnight upon standing under high vaccum.
The product 157 was obtained in a yicl! of 846 mg (78%), pure by
TLC (35/1 CHCIl3/MeOH, Rf = 0.36) and NMR. A small guantity of
material was recrystallized from CtiClz/ether/hexane to give small,
white needles. NMR and physiza! data are given in Tables 54, 55 and
36.

N-Oxysuccinimidyl 2,2'3,3'4',6,6"-hepta-0 -acetyl-p-D-maltoside
158

Acetobromomaltose 112 (620 mg, 0.886 mrnol), 300 mg (1 equiv.) of
TBAHS and 204 mg (2 equiv.) of N-hydroxysuccinimide were
vigourously stirred at room temperature overriight in 7 mL CHCl;
and 7 mL of sat. NaHCO;. After a similar work up to that described
for 156, the crude maltoside 158 was purified by silica gel
chromatography using EtOAc/hex (1/1, v/v) containing 0.5% i-prOH.
A 394 mg (60%) yield of pure 158 was obtained after complete
solvent removal. A portion of the product was crystallized rom
ethanol. NMR and physical data can be found in Table 54, 55 and 56.
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Zemplén de-0O -acetylation of peractylated N-oxysuccinimidyl B-D-
glycosides. Preparation of 1-O-§-D-glycosy! 3-carboxymethyl
propylhydroxamic esters 159 and 160.

Glycosides 159 and 160 were both prepared by the same general
procedure, conducted at room temperature. The N-oxysuccinimidy!
glycosides 157 and 158 were dissolved in methanol (20 mg/mL}).
Solutions were treated with sodium methoxide by a dropwise
addition of a solution of 1M CH30ONa in CH3zOH until pH 8.5 - 9. Over
time, the pH gradually decreased to near neutrality. Additional
sodium methoxide was added until pH 8.5 - 9. After repeated
additions of sodium methoxide, the pH of the solution stayed
constant, and reaction products collapsed to one single homogeneous
spot on TLC (CHCIl3/MeOH/H20, 30/10/1, v/vi/v; Rf = 0.2 for 159 and
160). Transformations were carried out slowly over a few days.
After complete reaction, the solutions were then neutralized with
(H+) resin (Amberlite IR 120) filtered and evaporated to complete
dryness under vacuum. Both giycosides 159 and 160 were obtained
as glassy solids in quantitative yields and were pure by TLC and NMR.
Both compounds failed all attempts at crystallization from a variety
of solvents and solvent blends. NMR and physical data for 159 and
160 are given in Tables 57, 58 and 59.

B-D-Galactosy! 3-carboxypropylhydroxamic ester 161

The methyl ester 159 (120 mg. 0.407 mmol), was stirred in 10 mL
of 0.05M NaOH at room temperature overnight. The solution was then
neutralized with strong (H+*) resin (Dowex 50W), filtered and
lyophilized to give 161 as a white amorphous solid. A quantitative
yield of pure 161 was obtained after drying the lyophilized product
over P,0s5 under vacuum for 3 days. All attempts at crystallization
failed. NMR and physical data are given in Tables 57, 58 and 59.
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Pheny! 2-acetamido-3.4,6-tri-O-acetyl-2-deoxy-1-seleno-f3-D-
glucopyranoside 163

Acetochloro N-acetylglycosamine 58 (202.0 mg, 0.553 mmol), and
187.3 mg (1 equiv.) of TBAHS were stirred in 2 mL CH2Clz and 2 mL
1M NayCOj; at room temperature for a moment. 100 pL (1.5 equiv.) of
benzeneselenol (Aldrich) was then added to the mixture by syringe. A
TLC analysis (25/5/1, CHCI3/EtOAc/n-prOH) of the reaction mixture
showed a complete and clean conversion of the halide 58 (Rf = 0.45)
had occured within 10 min. The reaction was worked up by diluting
with EtQAc (20 mL) and washing the organic phase with 0.5M NaOH,
water and sat. NaCl. After drying (Na;SQy), filtration and evaporation
of the organic extracts a yellow oil was obtained. The product 162
was purified by filtration through a short bed of silica gel. Elution
with CH,Cl, retained the product and liberated bis(phenylseleno)
methane and diphenyl selenide. The product 162 was then eluted
from the silica bed with EtOAc. A 258 mg (95%) yield of pure 162
was obtained after solvent removal. The amorphous white solid was
then crystallized form warm ethanol. Physical data: mp = 189.4 -
190.4 “C, [u]p = -30.9° (c=1.18, CHCI3).

CI-MS (ether) for C20H25NOgSe gave m/e (ion, relative intensity):
490.9 (M+5, 2.8), 489.8 (M+4, 12.8), 488.8 (M+3, 13.1), 486.6 (M+1,
59.4), 330 (M - SeCgHs, 100), 270 (330 - HOAc, 11), 210 (270 -
HOAc, 18), 150 (210 - HOAc, 50). 'H-NMR § (CDCl3): 7.59 (mult, 2H,
Hmeta), 7.29 {mult, 3H, Hoptho + Hpara), 5.57 (d, 1H, J2,nH = 9.3 Hz, NH),
5.12 (dd, 1H, J3 4 = 9.4 Hz, H,), 5.03 (dd, 1H, J3 4 = 9.4 Hz, H3), 4.97
(d. TH, J12 = 10.6 Hz, Hy), 4.06 - 4.21 (mult, 3H, Hy + Hga +Hgp), 3.64
(ddd, 1H, Jssa = 3.0, J5. 60 = 4.9 Hz, Hs), 2.05, 2.00, 1.99 and 1.95 (4s,
CHaj, acetates). '3C-NMR 3 (CDCl3): 171.2, 170.6, 170.0 and 169.3 (4
C=0), 134.7 (Cmeta), 129.0 (Cortno), 128.3 (Cpara), 127.9 (Cipso). 82.7,
(C1), 76.9 (Cs), 73.6 (C3), 68.3 (C4), 62.4 (Cs), 54.1 (C2), 23.3 (CHa,
NAc), 20.6 - 20.7 (4 CHga, OAc).
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7. p-Formylphenyl glycosides as precursors to
neoglycoproteins!¥

it is well established that artificial carbohvdrate protein
conjugates constitute useful antigens and immunogens from which
immunodiagnostic reagents as well as animal and human vaccines
can be derived?!?. They are also important tools for receptor
studies, for the inhibition of adherence of bacteria and viruses, and
for cell targetted drug delivery!S. Existing methods for
neoglycoprotein syntheses have been discussed earlier (Chapters 1
and 4). Of the existing methodologies, reductive amination of free
amine residues on proteins (L-lysine €-amino groups in particular)
with suitable aldehyde containing carbohydrates offers certain
advantages. These advantages include ease and mildness of the
conjugation procedure, as well as an unchanged ionic character of
the conjugate with respect to the native protein carrier. Protein
conjugation by reductive amination, including the coupling
mechanism has been discussed earlier (Chapter 1).

The interest in evaluating the threshold sugar densities on
glycoproteins for the expression of antigenicity (avidity effect),
coupled with the success of phase transfer catalysis (PTC) in
preparing subsituted aryl glycosides, prompted the attempt at
preparing neoglycoproteins with defined sugar densities by
reductive amination of various p-formyphenyl glycosides as a
general strategy (Scheme 39). There have been no prior reports of
the direct incorporation of an aldehyde functionality by

218 previously described in part at the 15th International Carbohydrate
synposium, Yokohama, Jupan, August 12-17, 1990; and within R. Roy, F..
Tropper, A. Romunowsky, M. Letellier, L. Cousincay, S.J. Meunier and L
Boratynski, Giveoconj. J, & , 75 (1991).

219 R, Bell and G. Torrigiani in Towards Better Carbohydrate Vaccines , R. Bell
and G. Torrigiani (eds), John Wiley, London, 1987, W.E. Dick and M. Beurret in
Contributions o Microbivlogy and  Immunology, Conjugate Vaccines , Karger,
Basel, vol, 10,
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glycosylation of p-hydroxybenzaldehyde. The use of this aromatic
aglycon has the advantage that the unprotected aldehyde function is
compatible with a quick and mild PTC glycosylation procedure yet
very reactive to amines to form reducible Schiff bases. Also, many
carbohydrate binding proteins show enhanced binding affinities for
aryl glycosides over non-aromatic analogues (Chapter 4).

OH H2 X
HO O_Q' CHO  “Reductive amination ’,
R, CH,

NaBH;ON 59 - n
85.117a, 120a PBS pH 7, 37 °C
Ry R;
OH 164 NHac H
1. PTC (gzoto 165 H H
2. de-O-acetylation HO o 166 OH B-D-Gal

A
- | halid ! X = H or second glycoside
'yoosyl halidas

Scheme 39  Neoglycoprotein synthesis by reductive amination with p-formylpheny| glycosides

Protein conjugations weic performed at 37°C in PBS220 with sodium
cyanoborohydride (NaBH3CN) as the reducing agent. p-Formylphenyl
B-D-glycosides of N-acetylglucosamine (85), glucose (117a) and
lactose {(120a) were described earlier (Chapters 5 and 6). With
these glycosides in hand, reductive amination of bovine serum
albumin (BSA) was performed under different sets of molar reactant
ratios (RCHO: NH,: NaBH3CN). Conjugation reactions were monitored
as a function of time and aliquots were withdrawn at time intervals
in order to chtain a series of neoglycoproteins having a wide
distribution of sugar contents with different levels of antigenic
expression. Carbohydrate contents were determined by the
colorimetric phenol/sulfuric acid assay of Dubois and coworkers22!

220 pBS is used as abreviation for 0.2M Phosphate Buffered Saline pH 7.0 as
described  earlier,

221 M. Dubnis, KA. Gilles, 1K, Hamilton, P.A. Rebers and F. Smith, Anal. Chen.,
2N, 380 [ 1YSH)
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for the glucose and lactose conjugates 165 and 166. In the case of
the N-acetylglucosamine conjugates 164, carbohydrate content was
inferred from the number of modified L-lysine residues determined
by amino acid analysis (Figure 35) BSA contains 59 L-lysine
residues. It should be noted that the number of glucosamines coupled
to BSA might be higher than the number of modified lysine groups
since two aldehydes can react on each primary amine of the lysines.
No other amino acids were modified by the conjugation procedure,
and no protein denaturation was observed in the isolated conjugates.

50 = / 'y
40 -
304 a
Modified L-lysine
residues / BSA
20 =
10
0 M | ¥ 11 v L 1
0 1 2 3 4
Time (days)

Figure 35 Time course of reductive amination of 85 with BSA in 0.2M PBS pH 7.0,
37°C. Ratio of 85: L-lysine: NaBH3CN at 5:1:6 (4) and at 2:1:2 ().

Initial observations of the glucosaminide-BSA conjugates 164
clearly illustrate the effect of sugar content on the antigenicity of
the neoglycoprotein conjugates. This was demonstrated by the
graded intensities of the precipitin bands obtained with 164 and
wheat germ agglutinin (WGA) by double radial diffusion in agarose
gel (Figure 36). Conjugates obtained after 20 min., 1,2,4 and 6 hours,
although known to contain some conjugated N-acetylglucosamine

[0 ]
>
v )



residues (GIcNAc/ BSA < 10), were not antigenic in these assays. At
a concentration of 1 mg/mL, the GlcNAc-BSA conjugate 164
obtained after 12 hours (58: L-lysine : NabBHaCN, 2:1:2, 18
GlcNAc/BSA) showed a weak precipitin band. However, the bands
were very distinct at a GIcNAc/BSA ratio 2 20 (= 1 day).
Interestingly, ELLA (not shown) appeared to be more sensitive in
these assays since conjugates having low GIcNAc/BSA ratios (8
to12) still showed the capacity to bind to WGA. Further studies are
in progress to evaluate the serological properties and extent of
antigenicities of the conjugates by colleagues (Dr. A. Romanowska,
Dr. R. Roy). ) '

Figure 36 Agarose double radial diffusion of 164. Middle wel; WGA: wells 1 to 5:
conjugates (GIcNAc/BSA) obtained after 6 hrs. (15}, 12 hrs. (18), 1
day (20), 2 days (24) and 3 days (26) respectively; well 6; BSA
control.,

In the case of the glucosyl and lactosyl conjugates 145 and 166, the
conjugation reaction was not monitored over time for hapten
incorporation. In each of these two cases, two sets of different
reactant ratios were used and the conjugates assayed for
carbohydrate content after 90 hours at 37 °C. Molar ratios ~f 5:1:2
and 1:1:2 (glycoside : lysine : NaBH3CN) were used o prepare
conjugates 165 and 166 in PBS (10 mg BSA/mL PBS) at pH 7.0. The
assayed carbohydrate hapten incorporations are given in Table 60.
Hapten incorporations for trials performed under identical reaction
conditions gave similar results for two different carbohydrate
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derivatives. These results suggest that the general method and
conditions described here should give similar results for other

carbohydrate derivatives.

Table 60  Glycoside incorporation by reductive amination in BSA conjugates.

Reaction conditions* Conjugates#
glycoside : Ilysme : NaBHscN 165 166
(molar ratio) GIc/BSA Lac/BSA
5:1:2 47 41
1:1:2 15 6

* 90 hrs., 37 °C, 10 mg BSA/mL PBS pH 7.0.
# Sugar/BSA ratios were determined colorimetrically by phenol/H2SO4

assay of Dubois et aR2!,

The B-D-lactoside conjugates 166 showed similar behaviour to the
GIcNAc-BSA conjugates during double diffusions assays performed
against the Ricinus Communis and Arachis Hypogea lectins. A low
amount of lactosyl residues (6) per BSA carrier was insufficient to
agglutinate these lectins, when lectins and conjugates were used at
concentrations of 1 and 2 mg/mL PBS in agar gel diffusion assays.
Only the highly laden (Lac/BSA = 41) lactosyl conjugate 16€ could

agglutinate the lectins when BSA, a negative control, and an aryl
lactoside-copolyacrylamide glycopolymer (185a), a positive
control, acted accordingly in the assays (Figure 37).
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Figure 37 Scaled representation of a double radial diffusion assay for lactosyl
conjugates 166. Well 1: Ricinus Communis : well 2: Arachis Hypogea ;
well 3: BSA, (-) control; well 4: 166, LacIBSA = 6; well 5; 166,
Lac/BSA = 41; well 6: p-D-Lac-@-CPA 185, (+) control.

The glucosyl conjugates 165 were not tested by immunodiffusion.
Their preparation serve mainiy to demonstrate the generality of the
glycoconjugation strategy by reductive amination of p-tormylphenyl
glycosides prepared by PTC. The synthesis of 165 helped identify
reaction condition limits for the reductive amination step. Thus, PTC
represents an effective route toward the synthesis of p-
formyiphenyl glycosides which can then be efficiently coupled to
proteins by reductive amination under neutral conditions. The
strategy allows for the quick and easy preparation of
neoglycoproteins which are antigenic toward lectins.



7.1 Experimental methods

General methods

Generai methods including protocols for double radial diffusion
assays are as described earlier in previous chapters.

Direct conjugation of p-formyiphenyl glycosides to BSA to
reductive amination

Preparation of 164

In two sets of experiments, bovine serum albumin (BSA, Sigma,
Fraction V, 214 mg), the aldehyde 85 (300 mg) and sodium
cyanoborohydride (66 mg) were homogenized and incubated at 37 °C
in 0.2M sodium phosphate saline (PES) pH 7.0 (10 mL). The molar
ration of 85:lysine-NH2:NaBH3;CN was therefore 5:1:6. Aliquots (1
miL) were withdrawn at time intervals and the reaction mixtures
exhaustively dialyzed against distilled water, then freeze dried.
Analysis of muodified lysine residues was performed by amino acid
analysis using the phenylisothiocyanate method (Mrs. C. Boucher,
Bio-Mega Inc. Laval, Quebec). The reaction was repeated with a 2:1:2
molar ratio of 85:lysine-NH2:NaBH3CN at a BSA concentration ot 10
mg/mL. in this case, GICNAc/BSA ratios in the conjugates 164 were
determined from UV absorbances measured at 271 nm and 280 nm,
and standardized against analogous sialic acid conjugates
characterized by the colorimetric resorcinol method?22,

222 L. Sveanchlom, Biochim. Biophvs. Acta., 24 . 601 (1957). Sce reference 218
for a complete description of the sialic acid neoglycoprotein  conjugates
prepared by the same method.
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Preparation of 165 and 166

In each of these two cases, two different reactant ratios were used,
aliquots were however not taken at time intervals. For the
conjugation of 117a, the first molar ratio of 117a:NH2:NaBH3CN was
5:1:2 corresponding to 23 mg of 117a, BSA (25 mg) and NaBH;CN
(11.2 mg) in PBS (2.5 mL). In the second experiment, this ratio
was1:1:2 (4.5 mg 117a, 25 mg BSA, 11.2 mg NaBH3CN). The
conjugates were processed as before after 90 hours at 37 °C. The
sugar content of 117a in the first conjugate was 47 as measured by
the phenol/sulphuric acid method, as described earlier. The second
conjugate has 15 residues of 117a per mole of BSA.

For the lactoside 120a at a similar ratio of 5:1:2 and 1:1:2, the
reaction mixtures contained 35.5 mg of 120a, 25 mg BSA and 11.2
mg NaBHzCN, and 7.1 mg of 120a, 25 mg BSA and 11.2 mg NaBH3;CN
respectively in PBS (2.5 mL) at pH 7.0. The content of 120a in the
first conjugate was 41/BSA while it was 6/BSA in the second as
determined by the colorimetric method described above.
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8. Nitrophenyl glycosides as precursors to
glycoconjugates::

Nitrophenyl glycosides have long been known to be useful
chromogenic glycohydrolase substrates. Here, the value of
nitrophenyl glycosides has been extended to their use as precursors
for the synthesis of neoglycoprotein and glycopolyrner conjugates.
The strategy developed is of considerable value since many
nitrophenyl glycosides are commercially availaole or accessed
easily by phase transter catalysed (PTC) glycosylation using
peracetylated giycosyl halides. The strategy (Scheme 40) involves
conversion of the aromatic nitro group mto an acrylamide function
followed either by copolymerizatich with suitable comonomers to
give glycopolymers 167, or conjugation to proteins and synthetic
polypeptides by Michael addition of free amine residues to the
acrylamide function to give neoglycoproteins 168 and poly-L-lysine
polypeptide glycopolymers (Chapter 9). This strategy was used with
great success to prepare a wide range of useful glycoconjugates
ranging from mono- to tetra-saccharide derivatives with the
corresponding nitrophenyl glycosides as precursors. Thus,
immunogens as well as diagnostic antigens can be accessed from one
compound, in this case, an acrylamidopheny! glycoside. The
acrylamide to glycoconjugates strategy allows for glycopolymer
mediated diagnosis and potential isolation of antibodies raised by
the analogous immunogen. The implied vaccination/diagnosis
strategy allows one to focus attention on antibodies which are
directed solely against the carbohydrate hapten.

223 previously introduced in part in u) R. Roy, ED. Tropper, T. Morrison and J.
Boratynski, J. Chem. Sovc. Chem. Commun. , 536 (1991); b) R. Roy, F.). Tropper
and A. Romunowska, Bioconjugate J., 3, 256 (1992); ¢) R. Roy, F.D. Tropper, A.
Romanowska, R.K. Jain, C.F. Piskorz and K.L. Mauta, Bicorg. Med. Chem. Lett. (in
press); d) R. Roy und F.D. Tropper, 15th International Carbohydrate
Symposium, Yokohama, Jupan, August 1992; ¢) F.ID. Tropper and R. Roy, 74th
Canadiun  Chemical Conference, Hamilton, Canada, August 1991,
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Scheme 4f; General scheme for preparing diagnostic and immunogenic glycoconjugates
from nitrophenyl-glycosides

Various different acrylate-type comonomers have proven to be
compatible witn N-acrylamidophenyl glycoside moriomers for
preparing aryl glycoside glycopolymers (abreviated hereon as sugar-
©@-CPA). The incorporation of a phenolic aglycon in this strategy has
given access to glycopolymers with a spacer of intermediate length
between those prepared earlier from allyl- and 3-(2-N-
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acrylamidoethylthio) propyl-glycosides (Chapters 2 and 4). Thus,
glycopolymers ot varying spacer lengths, useful in studying binding
site depths in carbohydrate receptor proteins. have been made
available from popular carbohydrate precursors (Table 61).

Table 61 Glycopolymer spacers and associated extendsd lengths
" Spacer Lenghth (A)
A - CH,- 2.4
O
| O
i
C AN N N\l‘/ 11

0] 0]
D _@_NH)\/\,},/\/\/ 23
a e
E /\/\s/\/Nj(\/N\/\/\ 28
o)

* Spacers A-C are associated with copolyacrylamide glycopolymers
encountered thus tar. Spacers D and E result in glycopolymers
prei.ared by Michael addition of e-amine groups of poly-L-lysine lo
the appropriale N-acrylamide-subslituted-glycosides.

Neoglycoprotein conjugates prepared by Michael addition
methodology (previously discussed in Chapter 4) have been prepared
from various natural as well as synthetic protein carriers. Bovine
serum albumin (BSA) and tetanus toxoid (TT) proteins have been used
to prepare potentially useful immunogens. These two natural
proteins were chosen as they are known to exhibit a large difference
in immunogenic properties when injected in model animals. The
oroperties and advantages of these immunogenic carriers have
already been discussed in the first chapter (Section 1.5). Synthetic
poly-L-lysine has also been employed as hapten carrier to provide a
diiferent type of glycopolymer with respect to the copolyacrylamide
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versions. Poly-L-lysine conjugates and their properties vill be
discussed later in a separate chapter (Chapter 9).

The first part of this chapter will introduce the strategy as a
general method with glycosyl, N-acetylglucosamine and lactosyl
derivatives as models. The first section (8.1) will deal with the
synthetic transformation of all nitrophenyl glycosides to
acrylamidophenyl glycosides with specific emphasis on model
carbohydrates. Following a description of the glycoconjugation work
performed with model carbohydrates (section 8.2), work done with
more complex derivatives will be discussed (section 8.3).

8.1 General conversion of nitrophenyi glycosides to
corresponding acrylamides

The conversion of nitrophenyl glycosides into acrylamidophenyl
glycosides has already been discussed for B-D-N-acetylglucosamine
derivatives (Section 5.2.2). The procedure has been extended here to
more carbohydrate derivatives to demonstrate the generality of the
method.

The aromatic nitro group of aryl glycosides can be reduced quickly
and easily to an amino group by mild catalytic transfer
hydrogenation22* in methanol using 5 or 10% palladium on charcoal
(Pd/C), and ammonium formate as the hydrogen transfer agent.
Reductions were usually compiete within 10 minutes after mild
heating. Conversions were usually quantitative by TLC, and hiyn
yields (94-98%) of pure isolated products were recovered.
Complications, presumably in the form of incomplete reduction to
give nitroso or hydroxylamine derivatives, have been observed in
some trials and may be due to catalyst poisoning or an increase in pH

224 4 Rum and RE, Ehrenkaufer, Svathesis . 91 (1988).
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due to liberated ammonia. Using a generous amount of Pd/C and an
excess (5 equiv.) ammonium formate or the addition of 0.05% formic
acid was shown to alleviate any complications. Once complete,
filtration and evaporatior: of the reaction solution are the only
necessary steps to obtain pure aminophenyl glycosides. Residual
ammonium formate, it present, could be removed either by treatment
with anion (HO-) exchange resin to remove formate ions while
ammonia is removed under vacuum, or by performing muitiple treeze
drying cycles from aqueous solutions of the non-acetylated products.
A simple liquid/liquid extraction could be performed with
acetylated versions. The reduction procedure was effective for both

acetylated or unprotected glycosides and was successful on scales
of a few milligrams to more than a gram.

NH4HCC)2 Pd/C '@ EtaN, 0°C (HO') resin
CH,OH, A NH, CHClz  or CH,OM, 0°C
15 min N= Ac) (R=H)
A o >
O-O -0 0
I_)w G\ NO, _@ )‘j
N

Scheme 41 General synthetic scheme for preparing N-acrylamidophenyl
glycosides from nitrophenyl glycosides.

R=HorAc

Ortho- and para- nitrophenyl glycosides were reduced by this
transfer hydrogenation procedure with the same ease. The reductions
could be monitored effectively by TLC. All unprotected mono- and
oligu-saccharide derivatives could be resolved effectively by TLC
with CHCl3/MeQH/H20 (30/10/1, v/viv) or MeCN/acetone/5% HOQAC
(5/3/2) which are very polar yet relatively rapid systems.
Acetylated derivatives could be resolved with blends of ethyl
acetate and hexane. In all cases, the amines were of lower Rf and
became brightly coloured almost instantly after being wetted with




acidic cerium molybdate?”S when used as TLC developing reagent.
This developing agent was found to be very sensitive to aminophenyl
glycosides. Ortho-substituted derivatives turned bright orange while
para-substituted produced a bright reddish-purple colour. In some
trials, the glycosylated anilines were found to be sensitive to
impurities and oxydation. When working on smalil scales or with
complex oligosaccharides, it is suggested that the amines be
acryloylated soon after they are prepared in order to minimize any
possible losses.

N-Acryloylation of aminophenyl glycosides was performed with
acryloyl chloride in the presence of a base at 0°C. Near quantitative
yields of acrylamidophenyl glycosides were isolated when N-
acryloylation of peracetylated derivatives were performed in CH; l;
with triethylamine as base, or in methanol with anion exchange
resin (HO*, Amberlite IRA-400) for unprotected glycosides. A slow,
dropwise addition of acryloyl chloride is necessary to ensure a clean
transformation. In this way, only one equivalent of acylating agent
was necessary and no side products were obtained. These resuits
mirror those observed during the synthesis of the analogous N-
acetylglucosamine derivatives discussed previously (Section 5.2.2).

The tranformation of nitro- to N-acrylamido-phenyl glycosides using
peracetylated glycosides offered practical advantages over the
unprotected counterparts. Simple liquid-liquid extractions using
volatile organic solvents could be used during work up steps while
ion exchange processes had to be used in the case of non-acetylated
derivatives. The first procedure proved to be manipulatively more
facile for obtaining very pure compounds. Zemplén de-O-acetylation
always gave the corresponding deprotected glycosides in
quantitative vyields.

225 1.G. Kirchner, Thin Layer Chromatography , Interscience, NY, 1976, p. 151
0.0IM (NH1)aMo7024, "M (NH4)Ce(SO4)3 in 10% H2S04. Used routinely as TLC

developing  agent during  svnthesis, See experimental  section,
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OR R X
121 Ac NG,
R X 173 Ac NH,

118 Ac NO, 174  Ac NHOOCH=CH,
170 Ac N 121a H NO,
171 Ac NHCOCH=CH, 175 H N

In the case of the lactosyl series, as in the case of N-
acetylglucosaminides described earlier (5.2.), derivatizations were
performed on both the acetylated and unprotected glycoside
derivatives. High yields were obtained through both series (2 92%,
Table 62). For the glucosides, the key conjugate precursor, p-N-
acrylamidophenyl B-D-glucopyranoside 171, was obtained via the
peracetylated series due to the overall greater manipulative ease
which protected derivatives offer. Yields, physical and NMR data
(assigned by 'H-1H COSY and 'H-'3C HETCOR experiments) for the
new glucosyl and lactosyl derivatives are given in Tables 62 through
65. As an example, 2-dimensional 1H-1H COSY and 'H-13C HETCOR
spectra of 173 are also given in Figure 38.



Table 62 Synthesis and physical data for p-amino and p-N-acrylamido-pheny!
-D-glucosides and -lactosides 170 - 175
Elemental Analysis
Calculated (%) Found (%)
Product ‘('Lj")" M““’("o%)" M felp” | Formua | ¢ | H | N| c | u | N
acetylated  glycosides
135.4-136.1| -19.5°
170 | 97 (E1OH) (CHCly | CeoHesNOro [ 54.67 573 3.19 | 54.74 583 3.05
165.5-166.2 -18.5° .
171 | 82 (EI10H) (CHCl,) CogHayNOy, | 55.98 5.52 2.84 {56.06 5.65 2.58
242.9-244.2| -30.2°
172 | 95 (E1OH) (DMSO) CisHigNO; | 55.38 5.89 4.31 |55.29 5.87 4.10
183.2-185.2]-15.0 °C
173 | 98 (EIOHMeOH) | (CHCIg) CHulNOw | 52.82 s5.68 1.92 |52.73 5.50 1.75
117.8-118.7|-18.8 °C
174 | 95 (CH2Clp) | (CHC),) | CoeHeaNOw |53.78 5.54 1.79 |53.64 558 1.68
unprotected glycosides
237.0-238.5 . FAB MS: M+Na +Gly 1.2%
175 | 99 (E1OH) (SI\:S%) C1aHa7NOy, M +Na 1u.2%
270.2-271.5 M +H 53%
(H20)
252.6-254.8| -26.7°
176 | 94 (MaOH) (DMSo) | CzHaoNiz [51.74  6.00 2.37_51.97 5.99 2.76

* measured for 1% solutions
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Table 64 H-NMR data® for p-amino and p-acrylamido-phenyl [3-D-glucosides and
[i-D-lactosides,
P:oduct H, Hy - Hgp Honho | Hmela -CH= =CHztrans | =CH; cis
d ((12) (mult) d (Jo,m) d dd (Jyrans) | 99 (Jgem ) | dd (Jeis )
172 513 }3.51 - 398 7.17 7.46 6.44 6.33 5.88
(7.5) (9.0) {17.1) (1.7) (9.8)
Glc| 4.99 ]3.53 - 4.00] 6.81 7.00
175 {7.9) (9.0) - - “
Gal | 4.47
(7.7}
Gic| 5.14 }3.52 - 4.01] 7.15 7.45 6.52 6.31 5.86
176 (7.8) (9.1) (17.0) (1.7) (9.1)
Gal | 4.48
(7.8)

* Chemical shifts & are given in ppm relative to TMS and coupling constants (J) are
given in Hertz for solutions in D20 (referenced to internal acetone & = 2,216 ppm).

Table 65  '3C-NMR data‘ for p-amino and p-acrylamido-phenyl B-D-glucosides
and -lactosides.
Product C, C, Gy Cy Cs Cg Cinso Coﬂ_hg Cm Cpgra X
Acetylated glycosides & CDCl3

170 100.4 71.0 71.6 _68.1 725 61.7 149.6 115.7 118.8 1427 -
171 99.4 71.0 71.9 681 72.6 61.8 153.6 117.6 121.6 133.6 163.8 C=0
131.1 -CH=
127.8 =CH,

173 Glc|100.2 71.6 72.8 76.2 72,7 62.0 149.6 1157 118.8 142.4 -

Gal]101.0 69.1 70.9 66.6 70.7 60.8
174 Glc] 89.1 71.4 72,8 76.2 72,7 62.0 153.4 117.5 121.3 133.2 163.2 C=0
Gal|101.0 69.1 70.9 67.0 70.7 60.8 130.9 -CH=
127.8 =CH,
Free glycosides & DMSOdg

172 100.7 73.2 76.6 69.7 76.9 60,7 153.3 116.4 120.4 133.1 1625 C=0
131.9 -CH=
127.8 =CH,»

175 Gic|101.6 74,8 756 B0.4 74.9 60.3 148.6 1145 117.7 142.5 -

Gal] 103.8 70.6 73.3 68.2 73.1 60.5

176 Glc|100.2 74.8 755 80.1 74.8 60.4 173.2 116.4 120.4 133.2 162.6 C=0
Gal|103.7 70.5 73.2 68.1 72.9 60.1 131.8 -CH=
126.3 =CH,

* Chemical shifts are in ppm relative to TMS and were recorded at 75.4 MHz for solutions in
COCl3 (ret.77.00 ppm) for 170 - 174 : C=0 @ 168.9 - 170.7 ppm, CHz @ 20.2 - 20.5
ppm; or for solutions in DMSQdg (ref. 39.50 ppm) for 172, 175 and 176.



Figure 38 2-Dimensional correlation spectra of 173 performed for CDCl3

solutions (Varian XL-300). a)'H-13C HETCOR b} full scale 'H-'H COSY
¢) COSY expansion (3.5-5.5 ppm region).
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8.2 General glycosylation strategies employing N-
acrylamidophenyl glycosides

The use of N-acryloylated carbohydrates as precursors to
glycoconjugates has distinct advantages over previously reviewed
methodologies since the conjugated acrylamide function offers two
synthetic possibilities as originally proposed by this author and
coworkers222, First, they can be efficiently copolymerized with
acrylate-type monomers to give randomly alternating water-soluble
glycopolymers and second, amine groups of proteins or

functionalized polymers can be used as nucleophiles to give
glycoconjugates by Michael addition (Scheme 40). A general
description of giycopolymer and neoglycoprotein conjugate synthesis
will be discussed separately with emphasis on work done with p-N-
acrylamidopheny! B-D-glucoside, -N-acetylglucosaminide and
lactoside models.

8.2.1 Glycopolymers from N-acrylamidophenyl glycosides.
B-D-glucose, -N-acetyiglucosamine and -lactose
models.

The copolymerization of N-acrylamidophenyl glycosides with
acrylate-type comonomers occurs with the same level of
effectiveness as described earlier for 3-(2-N-acrylamidoethylthio)
propyl glycosides (Chapter 4). Good yields (50-95%) of aryl-
glycoside glycopoiymers were obtained with a minimal investment
of time and effot. As before, the polyvalent antigens produced here
were purified and isolated easily by dialysis and freeze drying to
give white, spongy solids containing typically between 9 and 15% of
retained water. The randomly alternating glycopolymers were shown
to have molecular weights of the same order as those described
earlier (-100 kDa) when measured by gel permeation chromatography
or by diffusion rates through agarose gels relative to known protein
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and glycopolymer standards. Radical initiated polymerizations were
effected using ammonium persulfate ((NH4)28,0g) with heat (100°C,
15 min.) or N,N,N',N',-tetramethylethylenediamine (TMEDA) at room
temperature for a few hours. In both cases, polymerizations
proceeded smoothly and gave identical monomer incorporation ratios
in the isolated glycopolymers. To properly remove TMEDA from
glycopolymers, an initial dialysis in 5 mM acetic acid was required.

(NH4)28,0g H;0

100 °C, 15 min.
Qr
R, Ry TMEDA, 25 °C, hrs.
94 NHAc H o
172 G4 H
Q Xy
177 4 B-D-Gal nzgmo enaii
Fql
Rz Ry Rs Ra
B-D-GlcNAc-@-CPA 181 NHAc  H NHj H
3-D-GicNAc-O-CPMA 182 NHAc  H NH; CHa
B-D-GIcNAc-@-CPHEMA 183 NHAc H OCHCHCH CHy
B-D-Glc-0-CPA 184 O H NH; H
B-D-Lac-@-CPA 185 CH #-D-Gal NHp H

Scheme 42  Synthesis of aryl glycoside glycopolymers

As described earlier for other glycopolymers gernerated form N-
acryloylated carbohydrate derivatives, the monomer ratios
incorporated within the glycopolymers were found to be almost
identical to the load ratio. In fact, glycoside incorporation was
sometimes found to be slightly superior than expected when lower
amounts of co-acrylate monomers were used (Table 66;
glycoside/co-acrylate:1/5, 1/10). This could suggest that N-aryl
acrylamides might be slightly more reactive than the other, simpler
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non-aromatic comonomers. Glycopolymer compositions were
determined by elemental analysis and/or 'H-NMR spectroscopy as
described earlier. in these aryl glycoside glycopolymers however,
the aromatic proton resonances in the 'H-NMR spectra (D,Q) provide
a second reporter group removed downfield (7.0 ppm, br, Hortho! 7.5
ppm, br, Hneta) from the sugar resonances (~5 ppm, anomeric; 3.4 -
4.0 ppm, ring H) and the backbone signal (1.4 - 2.4 ppm). N-Acetyl
groups were again found as relatively sharp singlets (2.0 ppm) white
much of the remaining 'H-NMR spectrum was composed of broadened
signals similar to those encountered earlier with glycopolymers
prepared from allyl glycosides (Chapter 2). To demonstrate the
generality of the glycopolymerization strategy beginning from
popular nitrophenyl glycosides, p-N-acrylamidophenyl glycosides of
B-D-glucose 172, B-D-N-acetylglucosamine 94 and B-D-lactose 176

were used to generate a wide range of glycopolymers (Scheme 42,
Table 63).

Glycopolymers with varying sugar densities were prepared with
various acrylate-type comonomers to study the serological
properties of these new glycoconjugates. The ability to synthesize
antigenic glycopolymers from ditferent acrylate comonomers could
potentially prove useful in the custom design of glycopolymers
having certain desired properties predetermined by the comonomer
chosen. The comonomers chosen for this study are given below.

NH,
Y /k,(””? )\N/O\/\OH
O 0 o

177 178 179
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Copolyacrylate glycopulymers of B-D-N-acetylglucosamine (B-D-
GIcNAc-@-copolyacrylate 181-183) were synthesized using
acrylamide 177 (p-D-GIcNAc-@-CPA, 181), methacrylamide 178 (-
D-GicNAc-@-CPMA, 182), and hydroxyethyl methacrylate, HEMA, 179
(B-D-GicNAc-@-CPHEMA, 183). HEMA was chosen as a model
comonomer because it gives water-soluble polymers, and has been
approved to prepare human compatible surfaces for use in dentistry,
opthamology and implants?26, The copolyacrylamide (CPA) and
copolymethacrylamide (CPMA) glycopolymers were produced without
any difficulty. In the case of CPHEMA glycopolymers however,
insoluble, crosslinked material was produced in addition to soluble
B-D-GlcNAc-@-CPHEMA. This crosslinking is most likely due to the
presence of bifunctional 2-methacryloxy ethyl methacrylate 180
present in the commercial sample (Aldrich). This by-product is
formed by transesterification and can be difficuit to remove
properly prior to use. Soluble CPHEMA glycopolymer183 was
separated from insoluble material by simple filtration of the
aqueous solution obtained after dialysis of the crude glycopolymers.

9]
2 )\ro\/\OH ———— /k'(OV\O)Y + HO\/\OH

0
179 © 180

226 0) M. Stol, S Bioact, Compat. Polvm. 6, 308 (1991).;6) G.W. Shaw, D.J.
Claremont and LC. Pickup, Biosens. Bivelectron., 6, 401 (1991); c¢) J.M. Anderson
and Q.H. Zhao, MRS Bull.,, 16 0 75 (1991 and references cited within cach.
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Table 65 Aryl glycoside copolyacrylate glycopolymers.

Product Glycopolymer % Y.'i.eld Molar ratic H20 content
name {lyophilized)}# | Sugar / co-acrylate} (% by wit
Load Found *
181a 6 1:5 1:3 .
181b 25 110 1:6.2 14.0
181¢ B-D-GicNAc-0-CPA 20 1:10 1:7.2 14.9
181d 97 1:20 1:20 11.8
181e 54 1:20 1:18 9.8
181t 81 1:40 1.38 8.6
1822 | B-D-GIcNAc-0-CPMA 58 1:10 1:9 19.5
182b 54 1:20 1:20 10.2
183a | B-D-GlcNAc-G-CPHEMA 70 1:10 1:9.3 -0
183b 41 1:20 1:17.6 ~0
184 $-D-Glc-@-CPA 76 1:10 1:8 2.9
185a p-D-Lac-@-CPA 65 1:10 1:10 8.6
185b 65 # 1:10 1:10 -

* Determined by elemental analysis and/or TH-NMR.
1 Determinad by elemental analysis.

# Polymerized in H20 with (NH4)2S20g as initiator at 100"C for 15-20 min, except

for 185b which was performed at 25°C in the presence of TMEDA. Total monomer
concentration used was always 0.8M.

The polymerization conditions used produced glycopolymers with
molecular weights comparable to those of lectins when considering
their relative mobilities through agarose gel during immunodiffusion
assays. Gel permeation chromatography (GPC) was performed on B-D-
Lac-@-CPA 185a to establish the true molecular weight and
polydipersity of an average aryl glycoside glycopolymer. An HPLC
chromatogram of 185a performed on a TSK G4000 SWXL column

(Figure 39) showed a rather narrow molecular weight distribution
centered at around 120 kDa.



Q2r

150K 90K 50 K

AU 280 nm
o

Time (min)

Figure 39 HPLC profile of 185a on a TSK G4000 SWXL column in 0.1M phosphate

buffer, pH 7.0. Bars indicate the molecular weight of polyacrylamide
standards.

The homogeneity of the glycopolymer structures was established by
13C-NMR spectroscopy. Giycopolymer spectra showed a single set of
relatively sharp resonances for most of the carbohydrate hapten
residues. The aromatic ortho carbon as well as the anomeric carbon
attached to the phenyl ring were sharp but slightly broadened when
compared to the other carbohydrate resonances. The carbohydrate
hapten resonances all appeared at positions similar to those found in
the analogous p-aminophenyl glycosides. The backbone methine and
methylene resonances appeared in their usual positions as multiple

broad peaks near 43 and 35 ppm., respectively. As an example, the
'3C-NMR spectrum of B-D-Lac-@-CPA 185a is given in Figure 40.
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200 180 160 140 120 100 [} 8 L 0 PPU 0

Figure 40 '3C-NMR spectrum (75.4 MHz) of 3-D-Lac-@-CPA 185a in D20 at

37°C. Resonances for internal acetone standard appear at 31.1 ppm
(CH3) and 217 ppm (C =0).

Double radial diffusion assays through agarose gel were performed
with lectins to test the antigenicity of the new glycopolymers
derived from aryl glycosides. Except for the glucose glycopolymers
(184) which could not be tested for lack of an appropriate lectin, all
glycopolymers proved to be antigenic towards specific lectins. For
the B-D-N-acetylglucosamine glycopolymers 181-183, sharp and
intense precipitin bands were formed when assayed against Wheat
Germ Agglutinin. Bands of graded intensities reflecting sugar
content on the glycopolymers were clearly observed when assays
were performed using sample concentrations of 0.5 and 1 mg/mL
(Figure 41). No difference was perceptible by radial diffusion
between similar laden glycopolymers made from different
comonomers (B-D-GIcNAc-B-CPA, -CPMA, -CPHEMA). A photograph of
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this assay is given in Figure 42.

These glycopolymers were also found to be good coating antigens
during ELLA experiments with WGA. The B-D-GlcNAc-@-CPA
glycopolymers were found to be as sensitive as the analagous B-D-
GIcNAc-8-CPA glycopalymers introduced earlier (50-53). These
results are discussed later in Chapter 11. A complete evaluation of
all aryl B-D-N-acetylglucosamine glycosides is in progress22? and
results will be presented elsewhere in due course.

Figure 41 Agar gel diffusion assay of WGA (wells 1 and 2) against B-D-GlcNAc-@-
CPA glycopolymers 181. Well 3: B-D-GlcNAc-S-CPA 52, (+) control:
wells 4 and 12; 1813 (1:3); wells 5 and 11: 181¢ (1:7); wells 6 and
10: 181e; wells 7 and 9:181f (1:38); well 8: B-D-Lac-O-CPA 185a,
(-) control. Wells 2-8 {right): 1 mg;mL, wells 1, 9-12 (left): 0.5
mg/mL.

227 Dr. A, Romanowska and Dr. R, Roy, Department of Chemistry, University of
Ottawa,
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Figure 42 Agar gel ditfusion assay of WGA (wells 1 and 2) against p-D-GlcNAc-@-
glycopolymers 181-183. B-D-GlcNAc-@-CPHEMA: well 3: 183a
(1:10); well 8: 183b (1:20); B-D-GlcNAc-@-CPMA: well 5: 182a
(1:10); well 10: 182b (1:20); B-D-GlcNAc-O-CPA: well 6: 181¢c
(1:7); well 11: 181e (1:18). Wells 4 and 9: (+) control, wells 7 and
12 : (-) controls (see Figure 41).

The B-D-Lac-@-CPA glycopolymers (185) behaved as expected during
double diffusion assays with lectins. Glycopolymers 185a and b
showed intense precipitin bands with the galactose specific lectin
from Ricinus Communis (castor bean) and the lactose-specific
lectin from Arachis Hypogaea (peanut) while no binding interaction
could be observed with WGA which is specific for sialic acid and N-
acetylglucosamine. The strong affinity of B-D-Lac-@-CPA for the
peanut lectin was demonstrated in a quantitiative precipitation
experiment (Figure 43). In this assay, close to 30 pg of 185b was
sufficient for maximum agglutination of only 20 pg of lectin from a
solution volume of 300 uL (see experimental).
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Figure 43 Quantitative precipitin curve of B-D-Lac-@-CPA 185b with the Arachis
Hypogaea lectin 20 ug in 300 ul PBS, pH 7.0.

The ability of aryl glycoside glycopolymers to serve as coating
antigens in solid phase enzyme binding assays was also investigated
for B-D-Lac-@-CPA 185b. Two-fold serial dilutions of 185b in PBS
were used to coat the wells of microtiter plates. After standard
manipulations, direct binding of horseradish peroxidase (HRP) -
labeled peanut lectin was demonstrated using ABTS/H,05 as enzyme
substrates as described earlier (Chapters 4 and 5). With a pre-
established lectin concentration, the optical density (O.D,) of the
oxidized enzyme substrate at 410 nm could be directly correlated
with antigen-polymer concentrations. The §-D-Lac-@-CPA
glycopolymer 185b at1 pg/well in the above ELLA assay was shown
to be as sensitive as protein conjugates could be in similar assays.
The high affinity of the multivalent glycopolymer 186b towards
peanut lectin was demonstrated by requiring as little as 12 ng/well

for detection (O.D. = 0.4) of the peanut lectin-HRP conjugate (Figure
44),
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Figure 44 Enzyme linked lectin assay (ELLA) of 3-D-@-CPA 185b with HRP-
labeled Arachis Hypogaea using ABTS as enzyme substrate.

Lactose was chosen as a good ligand model because it is an
important hepatocyte22f and human colorectal carcinoma lectin229
receptors. The glucose and N-acetylglucosamine glycopolymers have
primary uses in lectin binding studies. In conclusion, water-soluble
aryl glycoside glycopolymers have shown to be very selective
antigens in lectin model studies. The method is general and begins
from popular or commercially available nitrophenyl glycoside
precursors. The application of this strategy has been applied to

other biologically relevent carbohydrates and will be presented later
in this chapter.

228 4) R.L. Hudgin, W.E. Pricer Ir. and G. Ashwell, J. Biol. Chem.. 2497 . 5336
(1974); b) R.T. Lee and Y.C. Lee, Glycoconjugate J., 4 , 317 (1987).

229R. Lotan, Y. Matsushita, D. Ohnaesian, D. Carralero, D.M. Ota, K.R. Cleary, G.1.
Nicolson and T. Imura, Carbohydr. Kes. . 213 , 47 (1991).
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8.2.2 Neoglycoproteins from N-acrylamidophenyt
glycosides. [-D-Glucose, -N-acetylglucosamine and
-lactose models.

N-acrylamidophenyl glycosides have been shown to be effective
precursors to neoglycoproteins through coupling by Michael addition
of protein-amine functions (e-lysine group in particular) to the
conjugated acryloyl function. The method has been used to attach a
variety of glycosides to various proteins. The method has many
advantages over existing methologies. As described earlier (Chapter
4), the method of Michael addition of protein-amine groups to
acryloylated carbohydrate derivatives is mild, selective and
efficient. The acryloylated carbohydrate precursors are stable
reagents and require no additional reagents for coupling.

Raoﬁ:o NHJ\I {L-lysine),, . S
H ) © O I H0 B
1 pH 8.5 - 10.5 59-n
R, Ry 26°-37°C O

$4 NHAc H NH

X = H or 2™ glycoside
172 H
177 o4 j-D-Gal oH R, Rq
Hao (o] 186 NHAc H
Hmo 187 H H

Ay 188 CH pB-D-Gal

Scheme 43

BSA glycoconjugation by Michael addition
(1.4-conjugate addition, see scheme 21
tor general mechanism).

The covalent attachment of p-N-acrylamidophenyl B-D-glucoside

172, -N-acetylglucosaminide 94 and -lactoside 175 to BSA was
tested under various reaction conditions to optimize the reaction.
Coupling to BSA (10 mg/mL) by the lactosyl derivative 176 was
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tested under a reactant molar ratio of 2:1 sugar:amine in different
butfers (phosphate, borate and carbonate), pH (8.5, 9.5 and 10.5) as
well as temperatures (30 and 37°C). Reactions were followed over
time by analyzing dialyzed aliquots of each reaction for lactose by
the colorimetric phenol/H,S0O, assay. The results shown below in
Figures 46 and 47 demonstrate clearly that conjugations are more
rapid in a 0.2M carbonate buffer followed by 0.2M borate and
phosphate buffers. As expected, the rate of lactose incorporation
also increased with pH and temperature. The best results were
achieved in 0.2M carbonate buffer, pH 10.5 at 30°C. At 37°C, protein
degradation seemed to be occuring. No protein degradation could be
observed for the plotted reaction conditions when the lactose-BSA
conjugates were analysed by SDS-PAGE electrophoresis (figure 45).

As shown in figure 45, mobilities during electrophoresis were
clearly dependant on hapten density.

Figure 45 SDS-PAGE electrophoresis of Lac-

) BSA conjugates prepared by Michael
addition. Lanes 1,7 and 8 (standards): myosine, 200 kDa; -
galactosidase, 111 kDa; phosphorylase 6, 97.4 kDa; BSA, 67 kDa;
ovalbumin, 42.7 kDa. Lane 2: BSA; lane 3: BSA + Lac-BSA (45/1); lane
4: Lac-BSA (45/1); lane 5: Lac-BSA {23/1); lane 6: Lac-BSA (6/1).
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Lactose /BSA

A4

Time (days)

Figure 46 Time course of Michael addition of BSA to p-N-acrylamidophenyl B-D-

lactoside 176 in 0.2M phosphate buffer, pH 8.5 (), pH 9.5(®) and
borate buffer pH 8.5 (A), pH 9.5 (O).

Lactose/BSA

Time (days)

Figure 47 Time course of Michael addition of BSA 1o p-N-acrylamidophenyl B-D-

lactoside 176 in 0.2M carbonate buffer, pH 8.5 , 30°C(0), 37°C (¢);
pH 9.5, 30°C (4), 37°C (a); pH 10.5, 30°C (o).
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Similar experiments were carried out with glucosyl and N-
acetylglucosaminyi derivatives 172 and 94 and confirmed the
results demonstrated for lactoside. When tested under different sets
of reactant molar ratios, (2 or 4 :1, sugar : amine; BSA at 2 mg/mL),
buffers (phosphate, borate and carbonate) and pH (8.0 and 9.0) for 3
days at 37°C, Michael addition did not furnish appreciable
conjugation in the phosphate buffers while conjugations proceeded
smoothly in both borate and carbonate buffers. The carbonate buffer
was found to be more efficient than borate, and reactions were more
effective at pH 9.0. In this case, the levels of incorporation were
measured by comparing absorbances at 250 nm and 280 nm using
HPLC purified conjugates and p-N-acetamidophenyl 2-acetamido-2-
deoxy-B-D-glucopyranoside 93 as a standard. The HLPC separations
were performed on & TSK G4000 SWXL column using NaCl (0.07M) and
phosphate buffer (0.02M, pH 6.7) as the mobile phase while
absorbances at 250 and 280 nm were measured simultaneously with
a diode-array detector. The sugar contents of the conjugates varied
from 6 to 10 (borate, pH 9.0) to 30 to 60 (carbonate, pH 9.0).

As a general procedure, N-acrylamidophenyl glycosides are mixed
with a protein (5-10 mg/mL} using a 2:1 molar ratio of sugar to
lysine residues in 0.2M carbonate and left at room temperature for
three days. These conditions give neoglycoproteins with high sugar
incorporations with BSA (= 40 sugars/BSA). When performed with
poly-L-lysine under the same conditions with a 6 :1 lysine : sugar
ratio (poly-L-lysine at 6 mg/mL), p-N-acrylamidophenyl pB-D-
lactoside could be quantitatively coupled to the carrier (see Chapter
12). Glycoconjugates prepared this way were always very antigenic
when assayed by agar gel diffusion with the appropriate lectins.



8.3 Glycoconjugates of biologically relevant
carbohydrate haptens

Nitrophenyl glycosides of four important immunodominant
carbohydrate haptens have been efficiently converted to N-
acrylamidophenyl glycosides by acryloylation of aminophenyl
glycosides produced by catalytic transfer hydrogenation of the
parent nitro derivatives. All synthetic transformations were carried
out on unprotected derivatives in methanol as described in Section
8.1. The acrylamidophenyl glycosides were subsequently used to
prepare glycopolymers by radical initiated copolymerization with
acrylamide and neoglycoprotein immunogens by Michael addtion to
TT proteins as described in Section 8.2. The glycoconjugates were
prepared as part of an immunization/diagnosis strategy to raise and
isolate carbohydrate specific antibodies raised in rabbits to be used
in cancer research. The derivatives described were prepared as part
of a collaboration with researchers headed by Dr. K.L. Matta in the
Department of Gynecologic Oncology at the Roswell Park Cancer
Institute (Buffalo, N.Y.).

Some carbohydrate sequences?3? and the cryptic Thomsen-
Friedenreich (T) antigen in particular (B-D-Gal-(1-3)x-D-GalNac-0O-
serine/threonine)?3! have been well established as tumor-
associated markers. Advances in mapping these carbohydrate
determinants have been made through the synthesis of well defined
conjugates. Aithough there have been numerous syntheses of the T-
antigen containing a wide variety of aglycons232, there has been no

230 0y T, Feizi, Nuature (London), 53 , 314 (1985); b) S. Hakomori, Ann. Rev.
o, 2, 103 (1984).

I3GF. Springer, Science 224, 1198 (1984),

332 4) HM. Flowers and D. Shapiro, J. Org. Chem., 36, 2041 (1965); b) K.L. Maua
and L1 Barlow, Carbohydr. Res., 48 , 65 (1976); ¢) R. Kaifu and T. Osawa,
Carholivdr, Res.. 69 . 19 (1979); d) J-C. Jaquinet and H. Paulsen, Tetrahedron
Lert. . 1387 (1981} ¢) RM. Ratcliffe, DA, Baker and R.U. Lemicux, Carbohvdr.
Rex., Y3 035 (1981 1) H. Paulson and M. Paal, Carbolivdr, Res., 113, 203 (1983);
2y B Kunzo SO Birnbach amd P Wernig, Carbolivdr. Res.. 202, 207 (1990).
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systematic study on the involvement of the aglycon regions
(Serine/threonine) in the antibody combining sites. It is possible
that the epitope density, more than the exact nature of the peptide
sequences anchoring the T-antigen (and others) might be responsible
for the high antigenic expression. Therefore, efficient access to
immunogenic neoglycoproteins for which antibodies can be raised,
coupled with the synthesis of antigenic glycopolymers useful for
screening anti-carbohydrate antibodies are still valuable goals tor
this and other immunodominant epitopes.

Table 67 Immunodeminant carbohydrate antigens and their associated significance.

Product Antigen Significance References
189 | Galp1-3)GalNAcal- "T-antigen” tumor associated cell 229,233
marker.

190 | Galp~hGlcNACS ABH type 2 blood group antigen. 234
(1-mGalNAca -

191 Galj}t1-3)1GlcNAcf - segment of ABH type 1 blood group 215
(I-2)Galf(1-3) antigen involved in the expression of

GicNAc1- Lewis blood group activity

- found on ovarian cyst Le® glycoproteins.

192 | Galp1-3)GleNACS “Lactose-N-tetraose" found on Le® 236
(1-3)Galp(1-4) glycosphingolipids present in human
Glef- tumors , meconium, and erythrocytes.

233 4) T.A. Beyer and R.C. Hill, J. Biol. Chem., 255 , 5373 (1980},
234 R.U Lemicux and M.H. Burzynska, Can. J. Chenr, 60 , 76 (1982).

235 4y .. Rovis, B. Anderson, A. Kabut, F. Gruezo and 1. Liaw, Bivchemistry 12,
5340 (1973 by W.M. Watkins, Glveoproteins , A, Gouschalk (ed.), Elsevier 1972,
p. 830-891: ¢ T.B. Kublenschmidt and Y.C. Lee, Biochemistry 23, 3569 (1984),
2360 ¢ Suto. Y. ho and T Ovawy Carbedivdr. Res., 1585, C) (1YK6).
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of immunodominant oligosaccharide 211 NHC(O)CH,CHy-),-tetanus toxoid

antigens.
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The T-antigen (189) and the D-lactosamine-trisaccharide {(190)
were supplied as their ortho-nitrophenyl glycosides 193 and 198
respectively, while the ABH iype 1 determinant (191) and lacto-N-
tetraose were supplied as para-nitrophenyl glycosides 203 and 208
respectively. Reduction of the aromatic nitro groups by catalytic
transfer hydrogenation, using 5 or 10% Pd/C and ammonium formate
as the transfer agent, proceeded smoothly to give the amines 194,
199, 204 and 209 in essentially quantitative yields. The reductions
were carried out in methanol contaning 0.05% formic acid, by gently
warming the reagents in a stoppered flask for a few minutes (< 5
min.). Filtration through Celite and treatment with anion (HO-)
exchange resin to neutralize formic acid, followed by evaporation
gave the aniline derivatives. Except for 209, the amine
intermediates were never completely characterized for fear of
decomposition. They were immediately converted to the
corresponding N-acrylamidophenyl derivatives. The case of the p-
aminophenyl glycoside 209 is noteworthy as it appears to have been
isolated as its formate salt. The 'H-NMR spetrum (D20, Figure 48) of
209 revealed a sharp singlet integrating for one proton at 8.45 ppm
(HCOy7). Conversely, the 13C-NMR spectum (D,0, Figure 49) of the
same sample revealed a superfluous carbonyl resonance at 171.1
ppm. Isolation of the formate salts of aniline derivatives were never

observed for the analogous model glucose, N-acetylglucosamine and
lactose derivatives discussed earlier.
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N-Acryloylations were performed as discussed previously. Cooled
(0°C) methanolic solutions of the amines 194, 199, 204 and 209
were each treated with anion (HO") exchange resin to which was
added in a slow, dropwise fashion a siight excess of acryloyl
chloride as dilute chloroform or 1,4-dioxane solutions. Products
195, 200, 205 and 210 were then isolated after filtration and
evaporation. The acrylamide 200 was obtained pure in 98% overall
yield from the parent nitro derivative 198 without any need for
chromatography. The acrylamict-s 195 and 205 were slightly
contaminated with acrylamide and an unknown acrylate containing
compound, respectively. They were purified by size exclusion
chromatography on a Sephadex LH-20 column using aqueous methanol
as eluent. Compounds 195 and 205 were isolated in 95% and 55%
overall yields, respectively. In the case of 205, the lower yield is
unexplainable except through unnoticed losses from excessive
manipulations, as the parent amine 204 was isolated in quantitative
yield and TLC analysis of the acryloylation reaction did not reveal
any unexpected behaviour. In the case of the acrylamide 210, which
was produced quantitatively by TLC, a manipulative accident caused
the loss and heavy contamination of the final product. Purification
of recuperated product extracts on Sephadex LH-20 resulted in only
a 10% overall yield isolation of 210 form the parent nitro derivative
208.

All N-acrylamidophenyl glycosides 195, 199, 205 and 210 were
used to prepare glycopolymer and neoglycoprotein conjugates by the
methods elaborated upon earlier in this chapter. Copolyacrylamide
glycopolymers 197, 202, 207 and 212 were obtained by radical
initiated copolymerization of the respective N-acrylamidophenyi
glycosides with acrylamide in deoxygenated water using ammonium
persultate and TMEDA at room temperature overnight.

305



o °‘©“H/\

HO 5
OH
NHAc
(NH4)2520¢
0 TMEDA
/tk HoO/DMSO
+ 25 °C, 2.5 hrs.
Hﬁ}-{ O (o) "
NH. NH,
W’\NH/\/\/\H, NH)\/ 15 /\rr
S 0 0
213
Y
Scheme 45
General structure and synthaesis of a
heterobifunctional biotinylated o 15
lacto-N-tetraose-@-CPA NH

glycopolymer by terpolymerization. HN' :
O

H.NAN.H - DGIcO

H-i—S-H 0
" B-D- Gal(1 -4)
.« \/\/u\NH T

B-D-GlcNAc(1-3)
T

212 B-D-Gal(1-3)

In the case of the lacto-N-tetraose antigen, the glycopolymer
conjugate was prepared by terpolymerization of acrylamide, 210,
and N-acryloylated biotinamidocaproylhydrazide 213 (see later).
This heterobifunctional glycopolymer was prepared as useful
diagnostic antigen for the study of lacto-N-tetraose specific
antibodies. The presence of a biotin effector allows for additional
monitoring of the binding interaction between carbohydrate specific
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antibodies and the glycopolymer by any number of existing avidin or
streptavidin mediated labelling techniques such as immunogold
staining for direct visualization by electron microscopy for
example2}’. All glycopolymers were isolated in high yields (> 80%)
by dialysis and freeze drying. 'H-NMR spectroscopy was used to
determine the monomer composition of each glycopolymer.
Glycopolymers 197, 202, and 207 were shown to contain hapten to
acrylamide molar ratios of 1:23 (21% by wt), 1:40 (18% by wt) and
1:20 (63% by wt) respectively. Glycopolymer 212 was shown to have
a biotin to carbohydrate hapten to acrylamide molar ratio of 1:1:15.

Tetanus toxoid (TT) neoglycoprotein conjugates were prepared from
each N-acryloylated carbohydrate hapten precursors by Michael
addition, as described earlier. The immunogens 196, 201, 206 and
211 were prepared by simply mixing the corresponding
N-acrylamidophenyl glycosides with purified tetanus toxoid
protein238 (5§ mg/mL) in 0.2M carbonate buffer pH 10.0 at room
temperature for three days. A molar ratio of acrylamide to TT
L-lysine residues of 2:1 was used in each case. The neoglycoproteins
so produced were purified and isolated by centrifugation, dialysis
and freeze drying. The homogeneous reaction mixtures did not show
any substantial protein degradation when analyzed by SDS-PAGE gel
electrophoresis (not shown). Because of the highly valuable nature of
the TT neoglycoprotein conjugates and the relatively small scale of
the preparations ( 5-10 mg), the hapten content of each
glycoconjugate was not directly evaluated. Previous work with
model systems (Section 8.2.2), and the lactosyl analogues in
particular, have shown that the conditions used here result in high
incorporations of carbohydrate hapten. In the case of conjugate 206,
half of the acrylamide precursor 205 used during the conjugation
procedure was recovered after dialysis of the crude neoglycoprotein.

237 4) G.R. Bullock and P. Petrusz (eds.), Techniques in  Immunocytochemistry
Vol 2 and Vol 3, Academic Press, Sun Dicgo, CA, 1982 and 1985; b) D. Brada and J.
Roth, Anal. Biochem.. 42 .79 (1984); ¢) R.E. Morris and C.B. Saelinger, J.
Hystochem, Cytochem., 32, 124 (1984); ¢) J. E. Beesley, Proc. Roy. Microscop.
Soc., 200, 187 (19RS),

W MW = 150 KDa, =60 free Telysines  per protein.
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This suggests that as many as 60 carbohydrate haptens were

conjugated to TT. In other words, all of the free L-lysine residues on
TT had been modified.

The antigenicity of the neoglycoproteins produced was demonstrated
with the T-antigen neoglycoprotein 196 as an example. Agar gel
diffusion of 196 against the peanut lectin from Arachis Hypogaea
produced an intense precipitin band while no interaction was
observed with non-galactose-specific lectins such as WGA when
used as controls (not shown). The antigenicity of 196 was also
quantitated by enzyme linked lectin assays (ELLA) with horseradish
peroxidase labeled peanut lectin (100 pg/well of two-fold serial
dilutions from 1 mg/mL). Figure 50 shows a typical binding assay
using 196 as coating antigen in microtiter plates (1 and 0.1
pg/well). Enzyme activity in the wells containing adsorbed lectin-
antigen complexes was measured with ABTS as chromogenic enzyme

substrate with optical densities measured at 410 nm after 15
minutes.
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Figure 50 Enzyme linked lectin assay (ELLA) of neoglycoprotein 196 as coating

antigen at 1 ug (*) and 0.1 pug (A) per well using horseradish
peroxidase labeled peanut lectin.
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All glycopolymer and TT neoglycoprotein conjugates have been
forwarded to collaborators at the Roswell Park Cancer Institute
(Buffalo, USA) for immunological study. The immunogenicities of the
neoglycoprotein conjugates 196, 201, 206 and 211 are presently
being evaluated in rabbits. Results of this collaborative research
effort will be presented in due course.

8.4 Experimental methods

General methods

General methods are as described in the previous chapters.

p-Aminophenyl 2,3,4,6-tetra-O-acetyl $-D-glucopyranoside 170

p-Nitrophenyl 2,3,4,6-tetra-O-acetyl B-D-glucopyranoside 118 (224
mg, 0.476 mmol), 150 mg (2.4 mmol, 5 equiv.) of ammonium formate
and 50 mg of 10% palladium on charcoal (Pd/C, Aldrich) were
warmed in 25 mL of CH3OH for two minutes and left to cool to room
temperature. A TLC analysis (1/1, CHCI3/EtOAc, v/v) showed that
conversion of 118 (Rf = 0.60) to the amine 170 (Rf = 0.35) was
clean and complete after the first minute of heating. The reaction
was filtered through Celite with warm methanol used for rinsing.
Evaporation (25 °C) of the methanol under reduced pressure gave a
white solid mass which was taken up in CHxClz, and washed with
sat. NaHCO; followed by water. The organic phase was dried
(Na280,), filtered and evaporated to a white crystalline solid, pure
by TLC and NMR. The product 170 was obtained in 210.7 mg (quant.)
yield. The product was crystallized from ethanol to give fine, white
needles. Physical and NMR data for this compound can be found in
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Tables 62, 63 and 65 of this chapter. This compound could also be
prepared effectively on a t g scale under the same conditions.

p-N-Acrylamidopheny! 2,3,4,6-tetra-O-acety! -D-glucopyianoside
171

The amine 170 (200 mg, 0.454 mmol) and 500 pL of triethylamine
were dissolved in 30 mL CH,Cl; and then cooled in an ice bath. A
slow, dropwise addition of acryloyl chloride (43 pL in 5 mL CH2C);,
1.1 equiv.) was then performed over 45 minutes. TLC (1/1,
EtOAc/CHCI3) showed a clean and complete conversion of the amine
170 (Rf = 0.35) to the acrylamide 171 (Rf = 0.42). The reaction was
worked by successively washing the mixture with 0.5M HC! (2x), sat.
NaHCOj; (2x), water and sat. NaCl. The combined organic extracts
were dried (NaxSQ,), filtered and evaporated under reduced pressure
to give a yellow ocil. Filtration through a short silica gel plug using
CHCI3/MeQH (15/1, v/v) gave 21i mg (94% yield) of pure 171 atter
solvent removal. The product was crystallized from warm ethanol to

give white needles. NMR and physical data are given in Tables 62, 63
and 65.

p-N-Acrylamidopheny! B-D-glucopyranoside 172

Zemplén de-O-acetylation of 171 (310 mg) was performed in
methanol (25 mL) at room temperature using a catalytic amount of
1M CH3ONa/CH30H. A quantitative yield of 172 was obtained after
neutralization with (H+) resin, filtration and evaporation. The
product could be crystallized from ethanol for physical data

measurements. NMR and physical data are given in Tables 62, 63 and
65.
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p-Aminophenyl 2,2'.3,3',4',6,6'-hepta-O-acetyl f-D-lactoside 173

A solution of p-nitrophenyl 2,2',3,3',4',6,6'-hepta-O-acetyi B-D-
lactoside 121 (483 mg, 0.638 mmol} and ammonium formate (200
mg, 5 equiv) in 80 mL of methanol containing 100 mg 10% Pd/C was
gently warmed for 5 minutes in a stoppered flask. After cooling, the
reaction mixture was filtered through Celite which was rinsed with
methanol. The methanol was evaporated and the crude product taken
up in CHaClz. The organic phase was washed successively with sat.
NaHCOj3 and water. After drying (NaxS0,4), evaporation and complete
solvent removal, 456 mg (98%) of pure 173 was obtained. The
product could be crystallized from ethanol/methanol to give small
needles suitable for elemental analysis and other physical
measurements. NMR and physical data for this compound are given in
Tables 62, 63 and 65.

p-N-Acrylamidophenyl 2,2'.3,3',4',6,6'-hepta-O-acetyl -D-lactoside
174

A solution of the amine 173 (419 mg, 0.576 mmol) and

triethylamine (350 ul) in 40 mL of CH,Cl, was cooled to 0 °C. A
solution of 60 pL (1.25 equiv.) acryloyl chloride in 15 mL CH,Cl> was
slowly added dropwise until complete consumption of the amine was
inferred from the disappearance of a purple colouration when a drop
of the reaction solution on a piece of TLC plate was wetted with the
acidic cerium/molybdate TLC developing solution (see text). The
reaction mixture was then allowed to reach room temperature while
stirring for 30 minutes. The organic phase was then successively
washed with 0.5M HCI (2x), sat. NaHCO3, water and brine. The
combined organic extracts were dried (Na;SO4), filtered and
evaporated under reduced pressure (< 30 °C). The residue was
purified by silica gel column chromatography with CHCI:/EtOAc
(1/1, v/v). The product 174 was thus obtained in a 426 mg (95%)
yield as a white solid after complete removal of the solvent, and
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was pure by TLC. NMR and elemental analysis (Tables 62, 63 and 65).
The product failed all crystallization attempts with decomposition
being the result when solvents such as ethanol were warmed.

However, crystals were obtained from slow evaporation of CHxCl5,
mp = 117.8-118.7°C.

p-Aminopheny! B-D-lactoside 175

The catalytic transfer hydrogenation method described for 173 was
applied to p-nitrophenyl B-D-lactoside 121a. Compound 121a (178
mg, 0.384 mmol), ammonium formate (120 mg, 5 equiv.) and 25 mg of
10% Pd/C were warmed in 25 mL of CH3;OH for a few minutes inside
a stoppered flask. TLC in CHCI3/MeOH/H,0 (30/10/1) indicated
complete conversion within 15 minutes of initial warming. The
reaction mixture was filtered through Celite and rinsed with
methanol. The filtrate was evaporated to dryness to give 175 still
containing ammonium formate. The salt was removed by repeated
freezedrying from water. The homogeneous product (quantitative)
was crystallized from warm (not het) ethanol (mp = 237.0-238.5 °C)
or water (mp = 270.2 - 271.5 °C) and had physical properties
consistent with those previously published23?. The amine 175 could
also be obtained in a quantitative yield by Zemplén de-O-acetylation
of the peracetylated analogue 173 without ditficulty. Physical and
NMR data are given in Tables 62, 63 and 65.

p-N-Acrylamidophenyi B-D-lactoside 176 , Method A:

The peracetylated N-acryloyl derivative 174 (350 mg, 0.448 mmol)
was treated with methanolic sodium methoxide as described above
for 172. Analytically pure 176 was obtained in 441 mg (98%) yield

after crystallizations from ethanol. NMR and physical data are given
in Tables 62, 63 and 65.

239 FH. Bubers and W.E. Goehel, J. Biof. Chem.. 105 . 473 (1934).
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Method B: N-Acryloylation of the unprotected lactoside 1786

Compound 173 (141 mg, 0.326 mmol} was treated with triethyl
amine (200 pul) in cold meth~.u! (20 mL, 0°C). Acryloylation was
performed by a slow, dropwise addition of 35 ulL acryloyl chloride in
4 mL CHCls. After complete addition, the reaction mixture was
stirred at room temperature for an additional hour. lons were
removed from solution by successive treatments with anionic resin
(OH-) followed by cationic resin (H*) until the solution reached
neutrality. Compound 176 was obtained in 94% yield after freeze
drying the methanolic residue. The product was homogeneous by TLC
in CHCIl3/MeOH/H20 (30/10/1) and had physical constants consistent
with the product obtained from method A.

Copolymerization of p-N-acrylamidophenyl B-D-glycosides (94,
172 and 176) with various acrylate-type comonomers (177-179)

General preparation : Glycopolymers 181a - 185a were prepared by
heating solutions of the appropriate monomers in deoxygenated
water under a nitrogen atmosphere. Polymerizations were carried
out at 100 °C by submerging reaction flasks in a boiling water bath.
Solutions were vigourously stirred during polymerizations. Total
inonomer concentrations were kept constant at 0.8M. Polymers were
initiated with 0.4% (NH4)2S2038 by injection of an appropriate volume
of a 50 mg/mL solution in deoxygenated water. Polymerizations
were carried out over 12-15 minutes at 100 °C. Monomer uptake was
monitored by TLC (CHCly/MeOH/water, 30/10/1 or MeCN/acetone/5%
aqueous HOAc, 5/3/1). In some cases, initiation appeared (TLC) to be
unsuccessful after the first 12 minutes. In these cases, initiation
was repeated and reactions heated an additional 12 minutes.
Polymers were processed by exhaustive dialysis (10 kDa MW cutoff)
in distilled water followed by freezedrying. They were all obtained
as white, spongy solids and were usually produced on scales of 30 -
100 mg. Monomer incorporations in the glycopolymers were
determined by 'H-NMR (D20) by comparing integrations from the
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aromatic protons (7 - 7.5 ppm) and sugar ring protons (3.5 - 5 ppm)
to the backbone methine and methylene signals (1.4 - 2.4 ppm). The
N-acetyl methyl signal at 2.0 npm for the GIcNAc polymers was also
used as reporter group. In most cases, the composition, including
water content, of the glycopolymers was also verified by elemental
anaiysis according to equation 1 and the steps outlined in Chapter 2.
Values derived from 'H-NMR and elemental analysis were always
consistent, well within 10% of each other. See Table 66 for
products, yields and associated calculated glycopolymer
compositions including retained water content. Results of elemental
analyses for most of the aryl glycoside glycopolymers are given
below in a tabular fashion (Table 68).

Table 68 Elemental analysis of lyophilized aryl glycoside glycopolymers.

Glycopolymer |  %C Y% H %N
181b 4562 | 595 | 12.12
161c 45.15 | 6.01 12.01
181d 4552 | 6.36 | 15.36
181e 46.97 | 6.51 14.92
181f 46,89 | 6.59 ] 16.70
182a 4527 | 6.28 | 11.46
182b 50.59 | 6.39 | 13.41
183a 51.63 | 6.75 0.69
183b 54.08 | 7.16 1.20
184 4963 | 7.05 | 13.15
185a 46.71 | 6.19 | 11.78

Molecular weight determination of 185b

Molecular weight determination was performed on a Waters Model
991/625LC HPLC system equiped with a multiple diode-array
detector. Calibration was done with protein standards (Boehringer
Mannheim, cat. no. 1213-776) and polyacrylamide standards
(Polysciences) in 0.1M phosphate buffer (pH 7.0) on a TSK G4000
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SWLX column (7.5 mm x 3.0 cm) at a flow rate of 1 mL/min.
Absorbances were measured at 205 nm (polyacrylamides) or 280 nm
(proteins and glycopolymer).

Agar gel diffusion assays

Assays were performed as described earlier in Chapter 2
experimental section (2.3) with lectins purchased from Sigma.

Quantitative precipitation with lectin

The lectin from Arachis Hypogaea (Peanut, Sigma No. L-0811) was
diluted to 200 pg/mL in PBS and 100 pL solutions were added to 1.5
mL Eppendorf microcentrifuge tubes (Brinkmann Instruments Co.,
Westbury, NY). Aliquots of 1.0 to 200 uL of a stock solution of the
polymer 185b (1.0 mg/mL) in PBS were added to the tubes. The final
volume of all the tubes were then adjusted to 300 uL. The reactions
were run in triplicate. The solutions were gently agitated and
allowed to incubate for 2 hours at 37 °C, then 4 days at 4 °C. The
tubes were centrifuged for 15 minutes at 14,000 g in a Fisher
Microcentrifuge model 235 B. The precipitin pellets were washed
three times with 100 uL of cold PBS with centrifugation between
;washes. The protein content of the pellets was determined using the
7’:ﬁbicinchoninic acid (BCA) protein assay reagents of Pierce (ll, USA)
following the enhanced protocol described in the instruction manual.
The absorbances were measured at 562 nm on a Gilford instrument.

Enzyme linked lectin assay (ELLA)

The wells of Limbro EIA microtiter plates (Flow Laboratories,

Mississauga, ON, Canada) were coated at room temperature overnight
by using 100 pL of two-fold dilutions of polymer 185b or the
glycoprotein 196 (16 ng/mL) in PBS. The plates were blocked with
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300 pL of 0.2% BSA in PBS for 1 hour at room temperature. After
washing (4x) with PBS, the wells were filled with 100 pul of 300 x
diluted (PBS) horseradish peroxidase labeled peanut lectin (1
mg/mL, Sigma No. L7759). The plates were incubated at room
temperature for 3 hours and then washed 5 times with PBS. The
enzyme substrate 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS, 250 pg/mL, 50 uL/well) in citrate-phosphate buffer
(0.2M, pH 4.0 with 0.01% H05) was added. After 15 minutes the

opucal density was measured at 410 nm on a Dynatech MR 600
spectrophotometer.

Conjugation of p-N-acrylamidopheny! lactoside (176) to BSA by
Michael addition (Figures 44 and 45).

To 5.0 mL volumes of 0.2M phosphate and borate buffers of pH 8.5
and 9.5 were added 50 mg of BSA (45 umol lysine-NH;) and 44 mg
(80 pmol) of 176. The four separate solutions were homogenized on
a Vortex mixer then incubated in a thermostated water bath at 37°C.
To 10.0 mL volumes of 0.2M carbonate buffers of pH 8.5, 9.5 and 10.5
were added 100 mg of BSA (90 umol lysine-NHz) and 88 mg (180
umol) of 176. Each of these solutions were homogenized on a Vortex
mixer then separated into two 5 mL portions. One set of solutions
was incubated at 30 °C while the other was incubated at 37°C. After
6, 12, 24, 48, 72 and 96 hours, 500 pL aliquots of each solution were
removed from each reaction and dialyzed exhaustively against
distilled water. The dialyzed samples were then diluted to 5.0 mL
and analyzed spectrophotometrically for protein and carbohydrate
content. Protein content was determined at 280 nm while
carbohydrate content was assayed by the phenol/H,SO, micro method
of Fox and Robyt24? in wells of microtiter plates using a Dynatech
MR 600 spectrophotometer. All analyses were performed in
triplicate.

240 313, Fox and LE. Robyt, Anal. Biochem., 195 , 93 (1991),
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ortho-N-Acrylamidophenyl O-(8-D-galactopyranosyl)-(1-3)-2-
acetamido-2-deoxy-a-D-galactopyranoside 195

The nitrophenyl derivative 193 (7.1 mg, 14.1 pmol), 5 mg (5 equiv.)
of ammonium formate and 5 mg of 5% Pd/c were mixed in 2 mL MeOH
containing 0.05% formic acid, in a small round-bottom flask. The
flask was stoppered and warmed briefly (-2 min.) over a heat gun.
While cooling to rcom temperature TLC (MeCN/acetone/10% HOAC in
water, 5/3/1) showed only a partial reduction of 193 (Rf = 0.32) to
the amine 194 (Rf = 0.23) which turned bright orange on contact
with the acidic cerium molybdate developing solution. The reaction
was warmed briefly and allowed to cool a second time. TLC then
showed that a clean and complete conversion to the amine had been
achieved. The product solution was filtered through a small bed of
Celite using warm methanol for rinsing. After evaporation (< 30 °C),
the resulting clear oil was dissolved in water and repeatedly
lyophilized to remove any remaining ammonium formate or formic
acid. The lyophilized amine 194 was then dissolved in 2 mL MeOH.
Wet anion (HO-) exchange resin (Amberlite IRA-400) was added and
the solution cooled to 0°C. A dilute solution of acryloyl chloride in
1.4-dioxane (< 1%) was slowly added dropwise to the cool, stirring
solution until TLC indicated a complete and clean conversion of the
amine to the acrylamide 195 (Rf = 0.33). After warming to room
temperature, the resin was filtered, rinsed with warm methanol and
evaporated to a clear oil. The oil was dissolved in water and
lyophilized to a white, fluffy solid (8.5 mg). An 'H-NMR spectrum of
this sample revealed the presence of a 2.5 molar excess of
acrylamide to the product 195. The acrylamide contaminant,
produced most likely from acryloylation of incompletely removed
ammonium formate in the previous stage, was removed by size
exclusion chromatography on a ceiumn of Sephadex LH20 (1.5 x 85
cm) using MeOH/water (9/1, v/iv) as eluent (flow rate = 32 mbl/hr).
The separation was iollowed with a Waters 700 series refractive
index monitor, and recorded. An excellent separation was achieved.
The product fractions (eluted first) were pooled and evaporated. The
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product 195 was recovered in 95% overall yield (7.1 mg) as a white,
lyophilized powder.

'H-NMR data for 195, 3 (D,0, referenced to HOD at 4.828 ppm): 7.15 -
7.44 (mult, 4H, aromatic), 7.57 (dd, 1H, Jgis = 10.2, Jirans = 17.0 Hz,
C(O)CH=), 6.40 (dd, tH Jgem = 1.2 Hz, C=CHz trans), 5.96 (dd, 1H, C=CH,
cis), 5.71 (d, 1H, J12 = 3.5 Hz, Hy), 4.53 (d, 1H, J2.3 = 11.1 Hz, Hz),
4.43 (d, 1H, J1,2 = 7.5 Hz, H¢), 4.30 (d, 1H, J3.4 = 2.4 Hz, Hg), 4.03 -
4.11 (mult, 2H), 3.92 (dd, 1H, J34 = 3.0, Ja s = < 1 Hz, Hy), 3.77 - 3.51
(mult, 7H), 2.05 (s, 3H, NAc).

ortho-N-Acrylamidophenyl OQ-(B-D-galactopyranosyl)-(1-3)-O-(2-
acetamido-2-deoxy-f-D-glucopyranosyl)-(1-6)-2-acetamido-2-
deoxy-a-D-galactopyranoside 200

The nitro derivative 198 (6.2 mg, 8.8 umol), 3 mg (5 equiv.) of
ammonium formate and 10 mg of 10% Pd/C were mixed and briefly
warmed in 2 mL MeOH containing 0.05% HCOOH in a stoppered flask.
TLC using MeCN/acetone/10% HOAc in water (5/3/1) indicated a
clean and complete conversion of 198 (Rf = 0.15) to the amine 199
(Rt = 0.09) which turned bright orange on contact with the acidic
cerium molybdate developing solution. After processing as above, 6.0
mg (quant.) of the amine 199 was obtained as a white solid. The
amine was dissolved in 2 mL MeOH, treated with anion (HO-)
exchange resin, and cooled to 0°C. Acryloyl chloride was slowly
added dropwise as a 1% solution in CHCIla until a complete and clean
conversion to the desired acrylamide 200 (Rf = 0.12) was achieved.
After warming to room temperature, the resin was filtered and
rinsed with warm methanol. Complete solvent removal gave an
almost quantitative yield (6.3 mg) of the desired product 200 as a
white solid, pure by TLC and 'H-NMR.

'H-NMR data for 200, 5 (D,0): 7.16 - 7.47 (muit, 4H, aromatic), 6.55
(dd, 1H, Jeis = 10.1, Jirans = 16.8 Hz, C(O)CH=), 6.37 (dd, 1H Jgem = 1
Hz, C=CHz trans), 5.94 (dd, 1H, C=CH, cis), 5.69 (d, 1H, J; 2 = 3.6 Hz,
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Hy). 4.47 (d, 1H, J12 = 7.4 Hz, Hy), 4.43 (d, 1H. J1.2 = 7.6 Hz, H¢»), 3.5
- 4.3 (mult, 18H), 2.04, 1.84 (2s, 2 x 3H, NAc).

para-N-Acrylamidophenyl O-(B-D-galactopyranosyl)-(1-3)-0O-(2-
acetamido-2-deoxy-B-D-glucopyranosyl)-(1-3)-O-(8-D-
galactopyranosyl)-(1-3)-2-acetamido-2-deoxy-B-D-glucopyranoside
205

The nitrophenyl derivative 203 (35.0 mg, 40.2 pmol), 12.5 mg (5
equiv.) of ammonium formate and 20 mg of 10% Pd/C, in 20 mL MeOH
containing 0.05% HCO,H, were gently warmed over a heat gun in a
stoppered flask until dissolution of the giycoside 203 was deemed
complete. The reaction mixture was then left to cool to room
temperature while a TLC analysis (MeCN/acetone/5% HOAc in water,
5/3/2) indicated a clean and complete conversion of 203 (Rf = 0.17)
to the desired amine 204 (Rf = 0.10). The amine produced a bright,
reddish-purple colouration on contact with the acidic cerium
molybdate developing solution. The product solution was filtered
through Celite, using wet methanol for rinsing, and collected in a
flask containing anion (HO-) exchange resin to neutralize the formic
acid. This solution was stirred at 30°C while being bubbled with
nitrogen to remove any remaining amonia. The resin was filtered and
rinsed with wet methanol. The solution volume was reduced to 10
mL. New anion (HO") exchange resin was added, and the solution
cooled to 0°C. In a slow, dropwise fashion from a syringe was added
90 pL of 5% acryloyl chloride in 1,4-dioxane over the course of 3
hours. TLC then indicated a clean and complete conversion of the
amine 204 to the desired acrylamide 205 (Rf = 0.14). The product
solution was filtered and rinsed with warm, wet (5%) methanol.
Evaporation of the methanol and lyophilization of the crude oil from
water gave a white, flufty solid. During weighing preparations, the
flask containing 205 was dropped and shattered on the floor and
bench. A benchtop extraction with water was performed. The
lyophilized extract was then purified on Sephadex LH20 as described
for 200 using MeOH/water (4/1) as eluent. Only 3.9 mg (10%) of pure
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205 could be recovered after solvent removal.

"H-NMR data for 205, & (D20, referenced to HOD at 4.828 ppm): 7.44
(d, 2H, Jom = 9.0 Hz, Hmeta), 7.11 (d, 2H, Hortho), 6.42 (dd, 1H, Jeis =
9.8, Jirans = 17.1 Hz, C(O)CH=), 6.32 (dd, 1H Jgem = 1.5 Hz, C=CH
trans), 5.87 (dd, 1H, C=CH> cis}, 5.24 (d, 1H, J;» = 8.5 Hz, anomeric),
5.01 (d, 1H, J = 8.0, J = 9.7 Hz), 4.75 (d, 1H, J;» = 7.7 Hz, anomeric),
3.4 - 4.2 (mult, 24H), 2.02, 2,03 (2s, 2 x 3H, NAc).

para-N-Acrylamidophenyl O-(B-D-galactopyranosyl)-(1-3)-O-(2-
acetamido-2-deoxy-p-D-glucopyranosyl)-(1-3)-8-D-
galactopyranosyl)-(1-4)-B-D-glucopyranoside 210

The nitrophenyl derivative 208 (38.0 mg, 45.9 umol), 40 mg (5
equiv.) of ammonium formate and 40 mg of 10% Pd/c were mixed in
20 mL MeOH containing 10 uL HCO,H. This solution was then warmed
gently in a stoppered flask over a heat gun until 208 seemed to be
completely dissolved. The solution was left to coocl to room
temperature while TLC using MeCN/acetone/5% HOAc in water
(5/3/2) indicated a clean and complete conversion of 208 (Rf =
0.50) to the desired amine 209 (Rf = 0.31). The amine turned bright
purple on contact with the acidic cerium molybdate developing
solution. The product solution was filtered through Celite, using wet
(5%) methanol for rinsing, into a flask containing anion (HO")
exchange resin. After 30 minutes at room temperature and 90
minutes at 4°C, the resin was filtered and the methanol evaporated.
The resulting wet product was lyophilized to give 209 as a white
powder (38.9 mg ), pure by TLC. 'H- and 13C-NMR analysis of the
product confirmed the high purity of the amine but suggested that it
was isolated as its formate salt (see NMR data below). Nonetheless,
this product was dissolved in wet (6%) methanol and then cooled to
0°C in the presence of anion (HO") exchange resin. A 60 puL volume
of10% acryloyl chloride in 1,4-dioxane was added portionwise to
the stirring solution over a 30 minute period. After stirring for a
total of one hour at 0°C, the solution was warmed to room
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temperature after which the resin was filtered and the methanol
evaporated. The resulting wet product was lyophilized to a white
powder which appeared to be homogenous by TLC. However, an TH-
NMR spectrum of the crude product indicated the presence of a
second unknown acryloylated compound. The crude product was
therefore purified on Sephadex LH20 resin as described above, using
MeOH/water (2/1) as eluent. The desired compound 210 was
obtained in only 21.5 mg (55%) overall yield after complete
evaporation of the solvents. This product was homogeneous by NMR
and TLC (Rf = 0.40) and had [a]p = -7.3° (C = 0.6, H50).

NMR data for the amine 209 : TH-NMR data & (D0, referenced to HOD
at 4.828 ppm): 8.45 (s, 1H, HCOy*), 7.01 (d, 2H, Jom = 9.0 Hz, Hmeta),
6.83 (d, 2H, Hortho), 5.01 (d, 1H, Jy 2 = 7.8 Hz, anomeric), 4.74 (d, 1H,
J1,2 = 7.7 Hz, anomeric), 4.47 (d, 1H, J; 2 = 7.3 Hz, anomeric), 4.45
(d. 1H, J1,2 = 7.6 Hz, anomeric), 4.17 (dd, 1H, Ja.4 = 3.0, Ja,5< 1 Hz, H,
Gal), 3.5 - 4.0 (mult, 23H), 2.03 (s, 3H, NAc). 13C-NMR & (D,0,
referenced to MeOH at 48.97 ppm): 175.1 (C=0, NHAc), 171.1 {C=0,
HCOz7), 161.1 (Cipso), 142.0 (Cpara), 118.3 (Cmeta): 117.6 (Cortho).
103.6, 103.1, 102.7 and 101.3 (4 C,), 82.2, 78.3, 75.4, 74.3, 75.0
(2C), 74.4, 72.8, 72.8, 70.8, 70.2, 68.6, 68.5, 61.1 {2C), 60.7, 60.6 and
60.0 (4 Ce including one at 61.1), 54.8 (C, GlcNAc), 22.4 (NAc).

NMR data for the acrylamide 210: 'H-NMR & (D,0): 7.45 (d, 2H, Jo.m =
9.1 Hz, Hmeta). 7.15 (d, 2H, Hortho), 6.43 (dd, 1H, Jeis = 9.7, Jirans = 17.0
Hz, C(O)CH=), 6.33 (dd, 1H, Jgem = 1.7 Hz, C=CHj trans), 5.88 (dd, 1H,
C=CHz cis), 5.15 (d, 1H, J; > = 8.0 Hz, anomeric), 4.74 (d, 1H, J; 5 =
8.3 Hz, anomeric), 4.48 (d, 1H, J;2 = 8.3 Hz, anomeric), 4.45 (d, 1H,
J12 = 7.8 Hz, anomeric), 4.17 (dd, 1H, Ja 4 = 3.0, Js5< 1 Hz, H4 Gal),
3.4 - 4.0 (mult, 23H), 2.04 (s, 3H, NAc). 13C-NMR § (D,0): 175.9 (C=0,
NAc), 167.8 (C=0, acrylamide), 154.9 (Cipso), 131.1 (Cpara), 129.2 (-
CH=), 127.3 (=CH), 124.6 (Cmeta). 118.0 (Cortho), 104.3, 103.8, 103.4
and 101.1 (4 C,), 82.9 (2C), 78.9, 76.1 (2C), 75.8 (2C), 75.1, 73.4

(2C). 71.6, 70.9, 64.4, 69.3, 69.2, 61.9 (2C), 61.4, 60.8 (4 C¢), 55.6
(C2 GICNAC), 23.1 (CHg, NHAG).
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T-antigen glycopolymer 197: The N-acryloylated precursor 195 (5.0
mg, 9.5 umol) and acrylamide {(10.4 mg, 146 umol) were dissolved in
200 pL of deoxygenated water under a nitrogen atmosphere. TMEDA
(2 pL) followed by 5 uL of ammonium persulfate (50mg/mL) were
then added and the reaction mixture was left to stir overnight at
room temperature. Dilution, and dialysis, first from 0.5mM to
remove TMEDA followed by distilled water, gave 3.0 mg {19%) of
197 after Iyophilization. 'TH-NMR spectroscopy indicated a 1:23

molar ratio of hapten to acrylamide in the isolated glycopolymer
(see text).

ABH type 2 antigen glycopolymer 202: Following the identical
procedure as described for 187, 3.4 mg (4.65 pmol) of 200 and 6.5

mg (91.5 umol) of acrylamide gave 9.9 mg (quant.) of lyophilized
202. Hapten content was assayed by 'H-NMR spectroscopy and

indicated a 1:40 molar incorporation ratio of 200 to acrylamide (see
text).

ABH type 1 antigen glycopolymer 207: Following the identical
procedure as above, 2.0 mg (2.2 umol) of 205 and 3.9 mg (55 umol)

of acrylamide were used to generate 5.1 mg (86%) of 207. 'H-NMR

analysis indicated a 1:20 molar incorporation ratio of 205 to
acrylamide (see text).

biotin /Lacto-N-tetraose-g-CPA glycopolymer 212: The Lacto- N-
tetraose tetrasaccharide derivative 210 (12.4, mg, 14.5 umol) and
15.5 mg (220 pmol) of acrylamide were partially dissolved in 250 plL

of deoxygenated water. The biotin monomer 213 was then added as
125 uL volume of a 24.5 mg/mL solution in DMSO. To the now
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homogeneous solution was added 4 pL of TMEDA followed by 5 uL of
ammonium persulfate (60 mg/mL). The terpolymerization reaction
was left stirring for 2.5 hours after which it was processed as
above. The glycopolymer 212 was obtained in 26.1 mg yield (94%).
'H-NMR (D20) analysis of the giycopolymer indicated a 1:1:15 molar
incorporation ratio of biotin:Lacto- N-tetraose:acrylamide
incorporation in 212,

Tetanus Toxoid (TT) protein purification

A 4.0 mL aliquot of a prepurified tetanus toxoid preparation of
unknown concentration (IAF-Biovac, lot AT-18) was diluted to 10 mL
with distilled water and dialyzed twice against 5L volumes of
distilled water overnight. After the second dialysis, the precipitated
material 27 mg (lyophilized) was removed by centrifugation. The
combined supernatants were lyophilized and gave 46 mg of soluble
TT. The soluble TT fraction was assayed by SDS gel electrophoresis
ana was shown to contain mainly monomeric TT (150kDa) with
aimost no higher weight aggregates present. It was kept as a
lyophilized solid at 4 °C prior to conjugations. This material was
always soluble in water and did not denature or aggregate even after
4 days in 0.2M carbonate buffer pH 10.0 at room temperature.

T : . 1
T-antigen-TT conjugate 196 : To 2.0 mg (4 umol) of 193 was added
5.1 mg of purified tetanus toxoid (2 pmol L-lysine) in 500 pL of
0.2M carbonate buffer pH 10.0. The suspension was homogenized by
mixing on a Vortex mixer and left at room temperature for 72 hours.
The reaction mixture was diluted to 2.5 mL and then centrifuged at
14,000 g in a Fischer Microcentrifuge Model 235B for 5§ minutes. The
homogeneous mixture was then dialysed against distilled water (4 x
1L) and lyophilized to give 5.8 mg of protein conjugate 196.



ABH type 2 antigen-TT conjugate 201: Conjugate 201 was prepared
as described above for 196. In this case however, 5.1 mg of purified
TT (2umol L-lysine) and 2.9 mg (4 pmol) of 200, homogenized in 100
uL of buffer, was used. Lyophilization gave 7.9 mg of conjugate 201.

ABH type 1 antigen-TT conjugate 206 : Conjugate 206 was
prepared using the same procedure as above. In this case, 6.0 mg of
purified TT (2.4 umol L-lysine) was treated with 3.9 mg (4.4 pmol)
of 205 in 750 pL of buffer for 96 hours. Processing as above gave
8.3 mg of 206. Lyophilization of a primary dialysate (50 miL, 10
hours), after treatment with an excess of Amberlite mixed bed
resin (H*/OH"; 30 min, 25 °C} to remove salts, gave 2.0 mg of
recuperated 205, pure by TLC.

Lacto- N-tetraose-TT conjugate 207: Conjugate 207 was prepared
as described above for the other TT conjugates. In this case, 3.1 mg
(3.6 umol) of 210 and 7.6 mg of purified TT (3.1 pmol L-lysine)
homogenized in 750 pl of buffer was used. After 72 hours, the

conjugate was processed as usual. Lyophilization gave 10.3 mg of
207.
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9, Poly-L-lysine as a macromolecular carrier. Lactose
and colominic acid glycoconjugates by Michael
addition.

Until this point, the synthesis of new water-soluble glycoconjugates
has focussed on the use of natural proteins (neoglycoproteins) and
synthetic polymers (glycopolymers) as carriers for carbohydrate
haptens of interest. This chapter presents the use of semisynthetic
poly-L-lysine as a water-soluble, macromolecular carrier. As a
carrier, poly-L-lysine has properties intermediate to those of
natural proteins and synthetic polymers. Unlike natural proteins
which are comprised of various combinations of up to 20 different
amino acids, poly-L-lysine is a homopolymer. The homogeneous
composition of poly-L-lysine allows for the preparation of
glycoconjugates for which structural compositions can be
determined with relative ease with methods such as NMR
spectroscopy. Yet. unlike synthetic copolyacrylamide glycopolymers,
poly-L-lysine is easily metabolized by humans24!. It is also poorly
immunogenic. Thus, glycopolymers of poly-L-lysine have potential
use as targetted drug delivery vehicles if one were to attach a drug
to such a glycopolymer. Poly-L-lysine has already proven effective
as a drug carrier to combat tumor cells simply because it is more
quickly absorbed by these cells through endocytocis242. An additional
advantage of using poly-L-lysine as carrier molecule is its
commercial availability in a wide range of molecular weight
fractions ranging from 1 kDa to more than 300 kDa (Sigma). This
allows for the preparation of glycoconjugates of known and
predetermined molecular weights to suit desired needs243, Another

24116, Donamura and O. Vogl, Polymeric Drugs. Academic Press , New York,
1974,

242 w) H. IR, and W.C. Shen Proc. Natl. Acad. Sci. USA, 75 , 3867 (1978); 78 . 7589
{1981); b} B.C.F. Chu and $.B. Howell, Biochent. Pharmacol., 30, 2545 (1981), 37 ,
3513 (19R2); ¢) A, Rotowsky, R.A. Forsch, J. Galivan, S.5. Susten and J.H.
Freicheim, Mol Pharmacol., 27 , 141 (1985).

243 In this study, the poly-L-lysine used was purchased (Sigma) as 2
hydrobromide salt preparation of low polydispersity (Mw/Mn = 1.1) and of
mtermediate: molecular weight (Mw = 70 kDa, degree of polymerization = 330)
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advantage poly-L-Lysine may have over natural proteins, but which
was not evaluated, is the potential for performing conjugations by
Michael addition or even reductive amination (Chapter 7} at more
elevated temperatures than commonly used for proteins, in order to
increase reaction rates. Unlike proteins, poly-L-lysine does not
possess a folded structure which can be denatured with heat.

Poly-L-lysine (214) is well suited for the preparation of
glycopolymers. It has, as reactive sites, primary amine groups which
are found, unhindered, at the end of the carbon chain (e-amino
groups). Thus, poly-L-lysine aiready contains within its structure a
spacer of moderate length which separates any attached hapten from
the polymer backbone. In this study, two different poly-L-lysine
glycopolymers have been prepared by Michael addition of lysine
terminal g-amino groups to acrylamide containing carbohydrate and
biotin derivatives. In addition to providing a new type of
glycopolymer system, this work brings aditional evidence that
acrylamide containing carbohydrates are conjugated to natural
proteins such as BSA or TT in a covalent manner by a 1,4-conjugate
addition (Michael addition) of lysine g-amino groups to the
acrylamide function when mixed under alkaline conditions.

so that the new  giycoconjugates could resemble the glycopolymers and BSA
neoglycoprotein  conjugates  prepared  so o fuar.
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The ground work for developing poly-L-lysine based glycopolymers
has been performed with the p-N-acrylamidophenyl B-D-lactoside
precursor 176, as weil as a suitable pentadecamer of «-(2-8)-
linked sialic acid (Neu5Ac) 215. Conjugates were prepared easily by
mixing N-acryloylated derivatives (176,213 and 215) with poly-L-
lysine at room (emperature in 0.2M carbonate buffer at pH 10.0. The
presence of DMSC (20%) as cosolvent for 176 and 213 had no
adverse effect on the conjugation reactions. With simple haptens
such as lactose, purification and isolation of poly-L-lysine

conjugates can be performed with ease by simple dialysis and freeze
drying.

The Lac-@-PLL glycopolymer 216 was synthesized as a general
entry to the use of poly-L-lysine as glycoconjugate carrier. The
(Neu5Ac),s/biotin-PLL glycoconjugate 218 was synthesized as part
of a collaborative etfort for work directed towards the development
of a Group B menningoccocal vaccine. The biotinylated glycopolymer
218 was prepared as a diagnostic research tool for the

identification and study of antibodies (IgG as well as IgM) that have
been successfully raised for the first time against the colominic
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acid oligomer which represents the cell surface capsular
polysaccharide of the pathogenic Escherichia coli (K1 antigen) and
group B Neissera meningitidis 4.

o 0.2 M carbonate pH 10.0
NH\/ux)\ DMSO (20%)
215 + ‘( s 330 25 °C, 4.5 days ?*

214
Oi éOH
216
Scheme 46
Synthesis of an aryl -lactose-poly-L-lysine glycopolymer Lac-@-PLL

by Michael addition. (average structures shown)

In preparing the Lac-@-PLL conjugate (Scheme 46), it was the
intention to modify one of every six existing lysine residues on
poly-L-lysine by mixing appropriate amounts of 176 and poly-L-
lysine hydrobromide and assuming a quantitative conjugation of the
added !actoside 176. A quantitative uptake of 17¢ seemed feasible
considering the results obtained earlier with folded, heterogeneous
proteins such as BSA, the large excess of amine groups present
during conjugation and the use of an extended reaction time (4.5
days) in a concentrated reaction medium (50 mg PLUmL 0.2M
carbonate pH 10.0 wiih 20% DMSO). Under these conditions however,

243 Y 1. fennings, Adv. Cubolivdr. Chem. Biochem. 41, 155 (1983),
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the isoilated product revealed that one out of every 5.4 lysine
residues was capped with the lactoside 176, a sugar density higher
than predicted possible. The lactoside incorporation was determined
by 'H-NMR spectroscopy by comparing the relative integration
intensities of the lactoside's aromatic signals (6.9 - 7.5 ppm) and
sugar ring resonanaces (3.5 - 4.0 ppm, Hz - Hg) to peaks belonging to
poly-L-lysine (4.3, 2.9 and 1.2 - 2.0 ppm). The hapten's new
propanamide signals were found at 2.85 (CHz"N) and 2.0 ppm
(CH2-C(O)N). The two anomeric protons remain unchanged in their
positions with respect to the precursor 176 and are found at 5.15
ppm (H) and 4.48 ppm (H;-). The 'H-NMR (D20) spectrum of the Lac-
@-PLL conjugate 216 is shown below in Figure 51.

Assuming a quantitative uptake of 176 during conjugation (no
unreacted 176 was recovered after [yophilization of the crude
conjugate's dialysate), the higher than predicted lactose content in
216 suggests that commercial poly-L-lysine hydrobromide is
supplied as a moderately hydrated preparation. This is not specified
by the supplier. This material also appears to be hygroscopic. Thus,
care should be taken in the future when similar conjugates of
specific hapten densities are required. The Lac-@-PLL conjugate
216 was found to be very antigenic by a double diffusion assay in
agarose gel against both Ricinus Communis and Arachis Hypogaea
lectins while unmodified poly-L-lysine was not (not shown).
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Figure 51 'H-NMR spectrum (D,0, 300 MHz) of Lac-@-PLL 216.

The (Neu5Ac)s/biotin-PLL conjugate 218 was prepared in two steps
(Scheme 47). In the first step, the reductively aminated then
acryloylated reducing end?45 of the sialic acid pentadecamer 215 246
from a GPC fractionated agid digest of colominic acid247 was
conjugated to poly-L-lysine in the hope of modifying 1 of every 50
lysine residues, assuming a quantitative uptake of the acrylamide
215 to give the (NeuS5Ac);s-PLL conjugate 217. A 1:50 ratio of

245 R, Roy, E. Katzenellenbogen and H.J. Jennings, Can. J. Chem. Cell Biol 62,
270 (1984).

246 R, Roy and R. Pon, unpublished results. R, Pon, M.Sc. Thesis, Department of
Chemistry, University of Ouawa, 1992,

247 R, Roy and R. Pon, Glycoconjugate J., 7 .3 (1990).
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modified:unmodified lysine residues was envisaged for several
reasons. First, the conjugate was to be used with purified 1gG and
IgM antibodies which have much higher binding affinities for
oligosaccharide haptens than do lectins (typically > 102 times
stronger). Second, only a limited amount (5 mg, ~1 umol) of 215 was
available to produce a maximum amount of conjugate. Finally,
because of possible anionic repulsion of the highly charged hapten
residues, a high hapten loading may not be possible anyway. This last
reason is based on previous observations that, unlike neutral sugars,
high density sialic acid glycoconjugates are difficult to prepare2+s,

0 1. 215 , 5 days
2. 213 , 4 days
_GNH\./Q\ s
s 330 0.2 M carbonate
pH 10.0, 25 *C
214
H,N
HN HN
HQ o COH[SHOM, coH\ SHOHy,  coH =0 Lo
HO - o ot " o ot > OH NG NH
AcNH AcNH AcNH |
HO RO ha HO HN
o
218
NeubAc/biotin - PLL
O
Scheme 47 )'\
Synthesis of a heterobifunctional poly-L-lysine based HN” TNH
glycopolymer having an «-(2-8)-linked sialic acid H H NH
pentadecamer as antigenic determinant and (+)-biotin .,.n\/\/k
as effector. {(average structure shown) s °

48 R Roy and C. Laterricre, Can. J. Chem., 68 , 2045 (1990); h) R. Roy and C.
Laterricre, Lo Chem.Soc., Chem. Commun., 1709 (1990).
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In fact, only one of every 70 lysine residues could be modified after
9 days of reaction time when the finai heterofunctional
(Neu5Ac)ss/biotin-PLL conjugate 218 was analyzed by 'H-NMR
spectroscopy. In this case, the loading density was determined by
comparing the N-acetyl methyl resonance (2.10 ppm, 15 NAc) to the
e-methylene group of lysine (3.0 ppm) after removing unconjugated
215 from 218 by ion exchange chromatography on Sephadex DEAE-
A25 (acetate form) with 0.01M NaCl as eluent. The purification was
monitored by HPLC on TSK 4000 SWXL column (7.5 mm x 30 cm) using
PBS (0.02M, pH 7.0) containing 0.02% NaNj3; as the mobile phase (1.0
mL/min). Under these conditions, 215 had a retention time of 11.0
min. while the desired conjugate was eluted after 12.0 min. The
biotin content on the final conjugate 218 could not be assayed by
TH-NMR spectroscopy due to the low amount of 213 used during
preparation (biotin:lysine = 1:100) and the absence of any reporter
groups uncbstructed by the remaining glycopolymer resonances.
Biotin conjugation was performed for 4 days, which has previously
been shown to be sufficient for a high conjugation yield. Any
unconjugated biotin, possibly present in the crude 218, was removed
by dialysis prior to the anion exchange chromatography purification.
The presence of conjugated biotin was confirmed by ELISA using
peroxidase labeled avidin (not shown, performed by collaborators)
and by the appearance of a pink colouration when a sample was
treated with 0.2% acidified ethanolic dimethylamino
cinnamaldehyde?253, The heterobifunctional (Neu5Ac)is/biotin-PLL
conjugate 218 has been forwarded to colleagues for further

investigations. Results of further studies will be presented in due
course.

In conclusion, poly-L-lysine has been used to prepare glycopolymers
which have potential use in diagnostic applications and as useful
non-immunogenic, biocompatible glycoconjugates. Poly-L-lysine
glycopolymers have the added advantage over copolyacrylamide-type
glycopolymers that secondary effectors, such as biotin for example,
can be grafted onto the glycoconjugates after they have been
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prepared and have undergone preliminary testing for antigenicity.
Poly-L-lysine glycoconjugates could have future potential as cell
directed drug delivery vehicles by using carbohydrate haptens
specific for existing ceil surface receptors and therapeutic drug
effectors. The multivalent nature of such conjugates should provide
a high affinity toward the targetted cells. Such a strategy could be
applied to invasive microorganisms or affected cells in the body
(Scheme 48).
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Scheme 48  Representation of proposed possible use of biodegradable poly-L-lysine glycoconjugates
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Experimental methods

General Methods

The general methods used were as described in previous chapters.

Lac-@-PLL conjugate 216

To a small vial, containing a micro stir bar was added 24.8 mg (118
umol NHz) of poly-L-lysine hydrobromide (Sigma, P-2636, lot
81H5541, Mwvis) = 69,000, DP(vis) = 333, MW/Mn(sac-LALLS) = 1.1),
8.7 mg (20 umol) of p-N-acrylamidophenyl B-D-lactoside 176 and
2000 ul of 0.2M carbonate buffer pH 10.0. After stirring for 15
minutes, the lactoside 176 could not be properly dissolved. The
solution quickly became homogeneous after adding 500 pL of DMSO.
The reaction was left gently stirring for 4.5 days after which a
primary dialysis in 25 mL of distilled water was performed.
Treatment of this dialysate with mixed bed resin (H*/HO-) followed
by lyophilization did not provide any detectable, unconjugated 176.
The crude glycopolymer 216 was then exhaustively dialyzed against
two 5L volumes of distilled water, and freeze dried. The
glycopolymer 216 was isolated as a white, spongy solid in 25.0 mg
yieid. 'H-NMR (D20) analysis (see text and Figure 47) of 216
revealed that glycopolymer 216 contained a 1:5.4 ratio of lactose to
unmodified lysine residues.

13C-NMR data 8 D0 (referenced o internal CHzOH at 48.97 ppm):
173.8 (C=0), 169.9 (Cipso), 132.1 (Cpara). 123.7 (Cmeta), 117.2 (Cortho),
103.2 (Cy Gic), 100.4 (Cy Gal), 78.3, 75.6, 75.1, 74.4, 72.8 (2C), 71.1,
68.7 (C2 to Cs Glc and Gal), 61.2, 60.1 (2Cs), 53.6 (Cq lysine), 41.2 (-
CH2-N lactoside), 39.4 (C; lysine), 30.7 (CH; lysine), 27.3 (CH2-C(O)N
lactoside), 26.8 and 22.5 (2CH, lysine).
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(Neu5Ac)s /biotin-PLL conjugate 218

In a small vial was dissolved 5.0 mg (1umol) of 214 (Mw = 5 kDa)3+r
and 11.8 mg (56 umol) of poly-L-lysine hydrobromide {Sigma, P-
2636) in a combination of 50 uL 2M NaCH and 150 uL 0.2M carbonate
buffer pH 10.0. This solution was stirred gently for 5.5 days at room
temperature, then diluted with 3 mL of water, dialyzed and
lyophilized to give crude 217 as a white, spongy solid. At this point
a decision was made to incorporate a biotin effector into the
glycoconjugate. Thus, 217 was redissolved in 50 pL. 2M NaOH and
150 pL 0.2M carbonate buffer pH 10.0. A 30 uL volume of N-
acryloylated biotinamidocaproyl hydrazide 213 (see next chapter) in
DMSO (8.2 mg/mL, 0.58 pmol) was then added, and the solution (pH
10-10.5) gently stirred for 4.0 days. After dilution, dialysis and
freeze drying, crude 218 was obtained as a white, spongy solid.
HPLC analysis of the crude conjugate 218 on a TSK 4000 SWXL
column (7.5 mm x 30 cm) using PBS (0.2M, pH 7.0) containing 0.02%
NaNjz as the mobile phase (1.0 mL/min.) revealed two peaks at 11.0
and 12.0 min. The peak centered at 11.0 min. was identified as
unreacted poly sialic acid acrylamide 214 by comparison to an
authentic sample. The crude conjugate 218 was therefore purified
on Sephadex DEAE-A25 resin (acetate form) on a small column (0.5 x
10 cm). The purified (NeuSAc);s/biotin-PLL conjugate 218 was
obtained after eluting with 5 mM NaCl, pH 7.2. The purity of 218
was assessed by the complete disappearance of the peak at 11.0 min,
in the HPLC profile. Salt free 218 (10.1 mg) was obtained after
dialysis and freeze drying.

The poly a-(2-8)-NeuSAc content in 218 was assayed by 'H-NMR
spectroscopy in D20 by comparing integration intensities for the N-
acetyl methyl resonance of NeuSAc at 2.10 ppm and the lysine's
unobstructed £ methylene resonance found at 3.00 ppm. The biotin
content could not be assayed by 'H-NMR spectroscopy due to the low
amount of 213 used (1% by mol) and the absence of a clearly
resolved reporter group signal. Biotin conjugation was however
demonstrated by ELISA using peroxidase labeled avidin (not shown,
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performed by Dr. Anna Romanowska) as well by reacting a smalil
aqueous sample of 218 with 0.2% ethanolic dimethylamino
cinnamaldehyde?25}, This last test proved positive by giving a pink
colour when a small aqueous sample of 218 was adsorbed to a piece
of TLC plate, sprayed with the above reagent then heated. Poly-L-
lysine or 214 failed to give any reaction under the same conditions.
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10. Custom designed glycopolymer synthesis by
terpolymerization2+y

The strategy of copolymerizing acrylamides with various
acryloylated carbohydrate derivatives to produce water-soluble
glycopolymers has been extended to the production of
heterobifunctional glycopolymers by the addition of acryloylated
effector molecules as tertiary monomers during polymerization.
Such a three component copolymerization (terpolymerizaiion)
strategy has been successfully used for the first time to produce
various glycofter)polymers possessing a variety of interesting and
useful properties (Figure 52). Different tertiary effector monomers
have been synthesized and copolymerized to confer diverse and
desirable immuno- and physico-chemical properties to synthetic
polymer glycoconjugates. In particular, carbohydrate and biotin
effectors have been added as biochemical probes, while a phenolated
effector has been added as a radioiodinatable tracer probe. The
addition of a long chain aliphatic hydrocarbon effector has provided
a glycopolymer with lipophilic character which has enhanced
properties as a coating antigen during solid phase enzyme assays.

/_‘ ~—— Spacer

carbohydrate
ligand

e
e

effactor glycopolymer

backbone

Figure 52 Schematic representation of heterobifunctional glycopolymers.

249 presented in part at the 16th Internationad Carbohydrate Symposium, July
§ - 10, 1992, Paris, France und in R. Roy, F. Tropper and A, Romanowska, J,
Chem. Soc. Chem. Contmun., (in press),
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10.1 Effector comonomer preparation

The first example of a terpolymerized heterobifunctional
glycopolymer was demonstrated in section 8.3 when (+)-biotin was
incorporated into a lacto-N-tetraose copolyacrylamide glycopolymer
(212). An analogous heterobifunctional poly-L-lysine glycopolymer
(Neu5Ac)s/biotin-PLL (218), produced by Michael addition, was also
discussed in Chapter 9. Other biotinylated glycopolymers have also
baen synthesized and are discussed in this chapter. Biotin was
chosen as an obvious candidate for making heterobifunctional
glycopolymers since many useful avidin or streptavidin-labeled
conjugates are commerciaily available250, The affinity of these
proteins to biotin are among the highest known (Kp=10-15)251,
Therefore, these couples represent powerful diagnostic potential.
Other effectors such as N-acryloylated stearylamine and N-
acryloylated tyramine have been synthesized and incorporated into
glycopolymers. The N-acryloylated stearylamine device 222 was
incorporated in order to provide improved lipophilic properties
which make glycopolymers more effective as coating antigens in
enzyme linked immunosorbent assays (ELISA or ELLA). The N-
acryloylated tyramine monomer 223 was introduced to provide
glycopolymers on which radioactive iodine labeling can be
accomplished under usual conditionsss by mimicking tyrosine
residues of proteins. A glyco(ter)polymer has also been synthesized
in which the effector is a second carbohydrate hapten.

230 M. Wilchek und E.A. Bayer, Anal. Biochem.. 171 . 1 (1988).
ISL) Green. Advan. Protein Chem, . 29 . R85 (1975),
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Scheme 49 N -Acryloyiation of new effectors
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The syntheis of new copolymerizable effector monomers was
straightforward. Suitable amine (219, 220) or hydrazide (221)
derivatives were N-acryloylated with acryloyl chloride as acylating
agent in the presence of a base (Scheme 49). N-acryloylated
effectors were chosen since they would have similar polymerization
reactivities to acrylamides already used in glycopolymer syntheses
and thereby permit greater flexibility in generating glycopolymers
_ of desired compositions simply through the choice of a monomer
f load formulation. The N-stearyl acrylamide derivative 222 was
produced in essentially quantitative yield without need for
chromatographic purification by performing the acryloylation in
methylene chloride in the presence of triethylamine, at 0°C, The N-
2-(p-hydroxyphenyl)ethyl acrylamide derivative 223 was isolated in
only 64% yield after acryloylation of tyramine (220) in methanol at
0°C. Obvious side reactions such as O-acylation and/or ring
acylation were the most likely sources of product loss, in this case.
Acryloylation of the commercially available
biotinamidocaproylhydrazide 221 was peiformed in methanol at 0°C
in the presence of anion (HO-) exchange resin and gave 213 in a total
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yield of 78% after partial crystallization and preparative TLC
purification. In this case, the impure hydrazide (only 80-95% pure by
TLC) and the poor solubility of 221 and 213 in common solvents2s?2
could be blamed for lowering the yield. The N-acryloylated biotin
monomer 213 was fully characterized by NMR spectroscopy. Two-
dimensional 'H-'H COSY as well as 1-, 2- and 3-bond 'H-13C HETCOR
experiments were used to fully assign all resonances (see
experimental section). A COSY and partial 1-bond 'H-13C RETCOR
spectrum of 213 is shown below in Figure 53.

232Biotin hus poor solubility properties in most solvents at 25 °C (22mg/100mL
water, R0mg/l00ml. alcohoh). M. Windholz (ed.), The Merck Index, 10ih Edition,
Moerek & O, Rahway, N, TYR3,
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Figure 53

a) 'H-H COSY spectrum of 213 {connectiviies have been omitted for
clarity).

b) 1-bond 'H-'3C HETCOR spectrum of 213.
{performed on a Varian XL-300 spectrometer for solutions in DMSOdg).
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10.2 Glyco(ter)polymer preparation.

Glyco(ter)polymers were prepared in the same fashion as simple
glycopolymers discussed previously. Selected monomer ratios of the
three components: acrylamide, effector and carbohydrate reagents
were subjected to radical initiated polymerizations in deoxygenated
water using ammonium persulfate at 100 °C or at room temperature
with added TMEDA. Except for the stearylated glycoconjugate, the
composition of the isolated glyco(ter)polymers were always found
to be identical to the monomer load ratios used when analyzed by
'H-NMR spectroscopy. As with previous conjugates, simple dialysis
against water foliowed by freeze drying gave glyco(ter)polymers as
spongy, white solids.

10.2.1 Dual carbohydrate glycopolymer.

With a wide range of N-acryloylated carbohydrate derivatives in
hand, a glyco(ter)polymer containing two different carbohydrate
haptens was an obvious choice for the first attempt at preparing
bifunctional glycopolymers. Thus, the bispecific a-L-Rha/p-D-
GIlcNAc-S-CPA  glyco(ter)polymer 224 was synthesized from 3-(2-
N-acrylamidoethylthio)propyl glycoside precursors 43 ( o-L-Rha)
and 45 (B-D-GIcNAc) in 59% yield by heat (100 °C) catalyzed
initiation with ammonium persulfate in water. A monomer
incorporation of 1:1.8:5.2 of 43:45:acrlyamide was shown by 'H-NMR
to make up the new glycoconjugate's structural composition. This
determination was easily carried out by comparing integration
intensities of methyl reporter groups belonging to each hapten
(2.0ppm, s, NAc, GlcNAc ar4 1.3 ppm, d, J5¢ = 6 Hz, CH3 Rha) to the
backbone methylene and methine signals (1.6 and 2.2 ppm, broad). A
correction for the obscured spacer methylene (Hp) found within the
backbone methylene resonances was made, as described previously
in Chapter 4.
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(NH4)28,0
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+
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Scheme 50 HO

Average structure and synthesis of HO

a-L-Rha/ B-D-GicNAc-S-CPA 224 OH
by terpolymerization

The bispecificity of the dual a-L-Rha/p-D-GicNAc-S-CPA
glyco(ter)polymer 224 was demonstrated with various lectins and
antibodies, each specific for either of the two carbohydrate haptens
during double radial diffusion assays in agarose gel. The behaviour of
224 towards the lectins of Triticum Vulgaris (WGA) and Ricinus
communis , or rabbit-raised IgG against the capsular polysaccharide
of the B-hemolytic Group A streptococci and the serotype 23
capsular polysaccharide of Streptococcus pneumoniae (Pn23) was as
described earlier for the individual o-L-Rha-S-CPA (46) and B-D-
GlcNAc-S-CPA (52) glycopolymers (Chapter 4). The new bifunctional
glyco(ter)polymer 224 gave sharp and intense precipitin bands with
all these carbohydrate binding proteins while showing no recognition
by the N-acetylgalactosamine specific lectin from Dolichus biflorus
(assays not shown). The affinity of 224 for WGA and the Pn23
antibcdies was quantitated by immunoprecipitation experiments
(Figures 54 and 55). The results show that the presence of a
secondary carbohydrate hapten on the glycopolymer does not
adversely affect the binding interaction of the other. Thus, only 10
ug of 224 was required to effectively precipitate 20 ng of WGA in
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300 pL of PBS while only 20 pg of 224 were required for maximum
agglutination of 100 pg of Pn23 rabbit antibody serum diluted to 300
nL with PBS. These values are very similar to those found earlier for
the individual and analogous o-L-Rha-$-CPA and B-D-GIcNAc-S-CPA
glycopolymers (see Figures 15 and 17, Chapter 4).

0.D. 562 nm
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Figure 54 Quantitative precipitation of WGA (20 pg/300 pl) PBS by 224.

Figure 55
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Quantitative precipitation of rhamnose specific antibodies from 100 uL of
Pn23 rabbit-raised IgG antibody serum in 300 pL in PBS.
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The strategy of incorporating two different carbohydrate haptens
within a single glycopolymer by terpolymerization (or by Michael
addition to poly-L-lysine, Chapter 9) has proven successful in
producing a model biospecific antigen. The strategy described here
has potential as a method for preparing carbohydrate pased
multivalent, bispecific immunoadhesins. As in this case, one
carbohydrate ligand can be directed to lectins on a cell surface
while the other carbohydrate hapten can be recognized by an
antibody.

10.2.2 Biotinylated glyco(ter)polymers.

Glycopolymers contining an additional {+)-biotin ligand have been
discussed previously in the case of a lacto-N-tetraose glycopolymer
antigen 212. As model studies previous to the synthesis of 212,
glyco(ter)polymers containing (+) biotin were synthesized with p-
D-lactoside and pB-D-N-acetylgiucosaminide haptens. For such
glyco(ter)polymers, the addition of DMSQO to the polymerization
solution was required to properly dissolve the biotin monomer 213.
The presence of DMSO did not adversely affect the outcome of the
polymerization when performed at room temperature after initiation
with ammonium persulfate and TMEDA. In all cases where 213 was
used as comonomer in terpolymerization, the relative amount of 213
to the other monomers within the isolated glycoconjugate was
always identical to what was loaded into the reactions. Thus,
N-acryloylation of hydrazides provides monomers having
polymerization reactivities very similar or identical to acrylamides.
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\/U\ (NH4)25,04
NH, TMEDA
+ H,0/OMSO
176 25 °C, 3 hrs.
HO OH
o) HO

Scheme 51

i
Average structure and synthesis of
biotin/Lac-@-CPA 225 by o

terpolymerization.

A dual B-D-lactose/biotin containing glyco(ter)polymer, biotin/Lac-
@-CPA 225 was synthesized in 57% yield (Mw > 12 kDa) by
terpolymerizing acrylamide with the acryloylated biotin monomer
213 and the p-N-acrylamidophenyl B-D-lactoside 176 (Scheme 51).
The polymerization was carried out in a 2/1 blend of deoxygenated
water/DMSO for 3 hours. 'H-NMR spectroscopy was used to evaluate
the glyco(ter)polymer's structural composition. Analysis of the
proton spectrum, given in Figure 53, indicated a 1:2:10 molar
incorporation ratio of biotin:lactose:acrylamide monomers. The
glyco(ter)polymer's composition was identical to the reaction
formulation. This determination was carried out by comparing
characteristic resonances of 213 found unobstructed betweer: 2.6
and 3.4 ppm (see experimental for 213) to the aromatic resonances
of the lactoside hapten (7.0 - 7.5 ppm) as well as the anomeric
signals found at 5.14 ppm (br, H-1 Gic) and 4.50 (d, J12= 7.5 Hz, H-1
Gal) to the glycopolymer backbone resonances near 2.3 and 1.7 ppm
(methines and methylenes). Corrections were made for 8 biotin
methylene resonances found hidden under the backbone signal. The
presence of biotin in this and similar terpolymers can also be
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confirmed quickly by reacting a small sample of purified
glycopolymer, either as an aqueous drop on a piece of TLC plate or in
solution in a test tube, with 0.1-0.2% dimethylamino cinnamaldehyde
in acidified ethanol. After heating briefly, the presence of biotin is
indicated by the appearance of a bright pink colouration.
Glycopolymers deficient in biotin do not react with this commercial

reagent.
L
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Figure 56 'H-NMR spectrum (D20, 300 MHz) of the biotin/Lac-@-CPA
glyco(ter)polymer 225
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The biotin/Lac-@-CPA glyco(ter)polymer 225 was assayed for dual
antigenicity by radial diffusion through agarose gel against
streptavidin (specific for (+)-biotin) and peanut lectin (specific for
lactose). Conjugate 225 showed sharp precipitin bands with both
proteins. The use of 2% as immunoadhesin between the above
binding protein failed to give conclusive results as it appears that
streptavidin is a glycoprotein which is also recognized by the peanut
lectin from Arachis Hypogaea . This was confirmed by an agarose ge!
diffusion assay between both proteins. A scaled representation of a
radial diffusion assay demonstrating all the above interactions is
shown in Figure 57.

L
® Ole
®

Figure 57 Scaled representation of an agarose gel diffusion assay of 225 (center
wel!) against streptavidin (well 1, and peanut lectin (well 2). Well 3 and

4 contain (-D-Lac-@-CPA 185b. All materials were assayed at 1
mg/mL in PBS.

In addition to 225, a biotin containing glyco(ter)polymer was also
prepared with the B-D-N-acetylglucosaminide monomer 45 {Scheme
52}. In this case, the biotin/B-D-GlcNAc-S-CPA 226 was prepared in
96% vyield. The terpolymerization was carried out and DMSO with a
total monomer concentration of 1M. After initiation with 0.2% (by
mol) of ammonium persulfate, the polymerization gave clear and
very viscous solution after only 1.5 hours. 'TH-NMR analysis of the
purified biotin/B-D-GICNAc-S-CPA (226) conjugate revealed a
1:5:50 molar incorporation ratio of biotin:3-D-GlcNAc:acrylamide

350



monomers, an identical ratio to the reaction ioad. This

determination was performed b'y comparing relative integration
intensities from the sharp N-acetyl methyl signal (2.03 ppm) of the
sugar resonances as described for the analogous biotin deficient
B-D-GIcNAc-S-CPA 52 (Figure 13, Chapter 4}. Biotin content

relative to the sugar was determined in the anomeric proton region
of the 'H-NMR spectrim where the biotin's bridgehead proton signals
are also visible.

o
(NH4)28,0g
A NH, TMEDA
+ H,0MSO o o) n
213 25 °C, 2 hrs. NH, N
NH y
HN

+
45
o}
S
OH g
A
HO
NHAC

HN NH NH

Scheme 52 M H\/\)\
Average siructure and synthesis of o \O

biotin/ B-D-GlcNAc-S-CPA 226 s
by terpolymerization,

The antigenicity of 226 was tested by a double radial diffusion
assay in agarose gel against streptavidin (for biotin) and WGA (for
GlcNAc). The glyco(ter)polymer 226 produced sharp precipitin bands
with both proteins when diffused at original concentrations of 1
mg/mL. The simple B-D-GlcNAc-S-CPA 53 did not aggiutinate
streptavidin. The serological properties of the biotinylated
glyco(ter)polymers are still being evaluated and results will be
presented by colleagues in due course.
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10.2.3 Phenolated glycopolymers

Radioiodinated protein conjugates have long been used in
immunochemical studies®®, Radioactive labeling techniques are
popular because of their great sensitivity. To demonstrate that
suitably functionalized giycopolymer conjugates can also be
prepared for potential use in radicimmunoassays®®, a phenolated
glycopolymer 227 was synthesized (Scheme 53).

{(NH4}25,05
\)'\ NH, TMEDA
+ H,O/DMSO
223 25 °C, 2 hrs.
+ NH
45 S
s
HO
HO 0
HO 0
NHAc 227
Scheme 53

Average structure and synthesis of
N-tyramide/ 3-D-GIlcNAc-S-CPA 227
by terpolymerization.

Thus, the glucosaminide 45 and the N-acryloylated tyramine 223
were terpolymerized with acrylamide to give an N-tyramide
containing glycopolymer 227. The N-tyramide/B-D-GIcNAc-S-CPA
glyco(ter)polymer 223 was prepared with a 1:10:100 molar ratio of
223:45:acrylamide monomers. It was isolated in 53% vyield as a
white and somewhat brittle solid, and was shown to have the same
composition as the formulation described for its synthesis. The
structural composition of 227 was determined by 'H-NMR
spectroscopy. The N-tyramide:GIcNAc ratio was judged from the two
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aromatic signals appearing as doublets (Jom = 8 Hz) at 6.87 and 7.20
ppm, and the anomeric proton signal at 4.53 ppm. Because of the
small amount of N-acryloylated tyramine 223 used in the synthesis,
the spectrum intensity must be elavated for this step. The
GlcNAc:acrylamide ratio was determined in the usual fashion for any
B-D-GIcNAC-S-CPA (see for example Chapter 4, Figure 13), A
GlcNAc:acrylamide value of 1:10 was obtained by comparing
integration intensities of signals from the anomeric proton, the
remaining sugar ring resonances and the spacer's methylene groups
(3.3 - 4.2 ppm, 8H; 2.6, 2.7 and 3.0 ppm, 2H each), as well as the N-
acetyl methyl singlet at 2..05 ppm, to the typical polymer backbone
methine and methylene resonances (2.3 and 1.7 ppm).

The antigenicity of the N-tyramide/B-D-GICNArR-2 T+A
glyco(ter)polymer 227 was verified by an agarose gel diffusion
assay. WGA gave a sharp precipitin band when diffused toward 227,
just as it did earlier for the B-D-GlIcNAc-S-CPA 53. The new
phenolated glycopolymer 227 was also shown to behave as a good
coating antigen during ELLA with horseradish peroxidase labeled
WGA (HRP-WGA) and ABTS/H;0, as enzyme substrate (Figure 58).
During ELLA, the use of 1 ng of 227 as coating antigen was
sufficient to detect (O.D.410 nm = 0.6) 1 ng of HRP-WGA in solution.
With similar sugar densities, the behaviour of 227 during ELLA was
the same as the analogous, N-tyramide deficient B-D-GIcNAc-S-CPA
(63) (compare Figures 59 and 60).
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Figure 58 Enzyme linked lectin assay (ELLA) of 227 used as coating ntigen with
HRP-WGA and ABTS/H202 as enzyme substrate.

The use of 227 as a radioiodinated glycoconjugate probe could not
be tested due to limited access to the radioassay facilities required
for such a study. However, there is no reason to believe that the N -
tyramide probe could not be radioiodinated using standard
techniques®s. The phenolic nature of the N-tyramide probe is
structurally very similar to tyrosine amino acid residues found on
proteins which are labeled readily. Therefore, the synthesis of 277
by terpolymerization serves more as a demonstration for the
concept of preparing potentially useful heterobifunctional synthetic

glycoconjugates by tarpolymerization of suitable acrylamide
monomers.
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10.2.4 Stearylated glycopolymers

Copolyacrylate and copolyacrylamide glycopolymers in particular
have proven to be excellent glycoconjugates useful in diagnostic
applications. They have proven to be very well suited as coating
antigens in solid phase ELISA and ELLA studies. As described
previously (Section 1.6), the mechanism by which glycoconjugates
are adsorbed to wells of microtiter plates is by simple hydrophobic
interaction with the piastic surface. The polyacrylamide backbone of
such glycopolymers has a rather poor lipophilic character. The
polyamide structure of copolyacrylamides such as 53 is actually
rather hydrophilic and gives the glycopolymer its excelient water
solubility. Thus, attempts were made at modifying the carrier
backbrre by increasing its lipophilic structure to possibly improve
its adsorption to lipophilic surfaces.

R R? S
53 H H
56 CH3 H 0 S
227 H CHCH,CeHOH 0.1 OH g
228 H  n-Cy7H 0.025
HO o

NHAc

Scheme 54 Alkylated polyacrylamide glycopolymers

An initial attempt to demonstrate the concept was made earlier
(Sections 4.2 and 7.2.1) by preparing glycopolymers with a
copolymethacrylamide backbone such as B-D-GIcNAc-S-CPMA 56,
for example. Cupolymethacrylamide glycopolymers appeared to
exhibit a more lipophilic character than copolyacrylamide analogues
by requiring longer to solubilize properly and by giving seemingly
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more viscous aqueous solutions. Thes adsorbtion prop~riies during
ELLA with WGA appeared to be slightly improved over analogous
copolyacrylamide antigens {Figures 59 and 60). In a second attempt
at incorperating lipophilic sites on giycopolymers, a
terpoiymerization strategy was atiempted for the incorporation of a
iwong, lipophilic effector in the form of a long hydrocarbon side chain
(*v-octadecyl, CygHa7). Thus, stearyl amine was N-acryloylated and
terpolymerized in water with 45 and acrylamide to give the
stearylated copolyacrylamide glyco(ter)polymer stearyl/p-o
GlcNAc-S-CPA 228 in a 59% vyield (Scheme 55). Terpolymerization
to give 228 was performed under standard conditions at 100°C for
15 minutes using ammonium persulfate as the radical initiator.

(NH4)2S,04
\)\NHz TMEDA g
+ H,O/DMSO 10 n
176 o C
25 °C, 2 hrs. o NH -
+ NH 2
45 s
S
OH
< o i
Ho,m/
RO 0
NHAc
228
Scheme 55

Average structure and synthesis of
stearyl/}-D-GIcNAc-S-CPA 228
by terpolymerization.

The stearyl/B-D-GICNAc-S-CPA conjugate 228 was formulated to

give a 1:10:100 ratio of stearyl:GlcNAc:acrylamide composition. The
desired 1:10 incorporation ratio of GlcNAcC: acrylamide in the
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isolated glyco(ter}polymer was clearly observed by 'H-NMR
spectroscopy. However, the stearyl effector content proved difficult
to accurately assess. A conservative estimate of a 1:23 ratio of
stearyl:GIcNAc was made from what appears to be the stearyl
group's terminal methyl signal at 0.80 ppm (t, J=7Hz), and by
comparing the integration of the backbone methine and methylene
signals near 2.2 and 1.7 ppm and assigning the increased integration
area in the large methylene signal the methylenes Lelonging to the
stearyl effector (15 CHz) which appear in this region.

The lover than desired amount of N-stearyl acrylamide (222)
incorporation in the glyco(ter)polymer 228 was no! totally
unexpected based on the poor solubility of 222 in water. It is for
it~ Jeason that the terpolymerization was performed at 100°C with
vigourous agitation. Under these conditions, 222 (mp = 78°C), if not
fully disso.ved, could at least be present as a meited suspension
during the polymerization and thus have a better chance of reacting.
No organic cosolvent was found to be suitable for solubilizing 222
under the polymerization conditions used. The incorporation of
stearyl side chains to the glycopolymer was revealed by the cloudy
appearance of the aquecus solutions of the new glyco(ter)polymer
228. Unlike simple copolyacrylamide glycopolymers which give
clear solutions when dissolved in water, the new stearylated
glycopolymer 228 appears as a mildly foggy solution which may be
caused by the increased hydrophobicity of the glycoconjugate. The
cloudy appearance of 228 in solution was not due to suspended
insoluble particulates since centrifugation at 14,000 g did not yield
any precipitate or change in the solution's appearance.

The effect of incorporating lipophilic groups in copolyacrylamide
GlcNAc-glycopolymers on the capacity of being better adsorbed to
the surface of plastic microtiter well surfaces was assayed by ELLA
using HRP-WGA and ABTS/H,0; as enzyme substrates. The
stearylated copolyacrylamide glycopolymer 228 did not appear to be
much better than the B-D-GicNAc-S-CPMA glycopolymer 56 as a
coating antigen when assayed at 10 ng/100 ul/well. However, both
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228 and 56 appeared to be better then a simple -D-GicNAc-S-CPA
53 (Figure 59) at an HRP-WGA working concentration of 1 ug/100
uL/well. A clear distinction between these glycopolymers and the
N-tyramide/B-D-GIcNAc-S-CPA 227 could be observed when used at
a coating concentration of 10 ng/100 pb/well (Figure 60). Under
these conditions, the immobilization and detection of 0.5 ng of HRP-
WGA by glycopolymers of similar hapten densities was found to be in
the decreasing order : stearylated CPA > CPMA > tyraminylated CPA >
regular CPA glycopolymers. The stearylated glycopolymer 228 was
twice as efficent as the version without the stearyl chain effector
(53).

Figure 59 (Below) ELLA of glycopolymers having similar hapten densities (10% by
mol) but different lipophilic character as coating antigens with HRP-
WGA using ABTS/H202 as enzyme substrate.
Coating antigens: a) B-D-GIcNAc-S-CPA 53
b) 3-D-GlcNAc-S-CPMA 56
c) stearyl/3-D-GIcNAc-S-CPA 228
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b) -D-GlcNAc-S-CPMA 56
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Figure 60 (Below) Comparative ELLA of glycopolymer coating antigens §3 (A), 56

(*, one point), 227 (0), and 228 (O) with HRP-WGA (0.5 mg/100
ml/well) using ABTS/H20; as enzyme substrate.

In conclusion, custom designed glycopolymers can be prepared by
terpolymerization of acrylamide monomers to improve or impart
desired bio- or physico-chemical properties to glycopolymer
antigens. The incorporation of secondary carbohydrate or biotin
ligands gives novel multivalent heterobifunctional glycoconjugates
with potential use as immunoadhesins or specialized diagnostic
agents. By incorporating a phenolated effector, glycopolymers can be
made to serve in radioimmunoassays while increasing the lipophilic
character with hydrophobic effectors can give rise to more effective
coating antigens for use in solid phase enzyme linked assays. The
work discussed in this chapter describes more the teasibility and
intrinsic properties of the concept rather then provide an exhaustive
evaluation of each glycopolymer's potential application. In closing,
it must be noted that the strategy of incorporating specialized
effectors or probes in glycopolymer antigens is not limited to the
terpolymerization of acrylamides. The strategy is also adaptable to
poly-L-lysine conjugates as described in the previous chapter with
the biotin/(NeuSAc)is-PLL conjugate 218.
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10.3 Experimental methods

General methods

General methods were as described in earlier chapters.

Acryloylation of biotinamidocaproylhydrazide , 213

Biotinamidocaproylhydrazide 221 (45.0 mg, 0.121 mmol, Sigma,
-95% pure by "LC) was dissolved in warm methanol (85 mL)231,
Anion (HO-) exchange resin was added and the solution placed in an
ice bath. To this stirring solution was added, in a slow dropwise
fashion, a solution of 11 uL (0.135 mmol) acryloyl chloride in 500 pL
of 1,4-dioxane. The reaction was monitored by TLC (CHCIls/MeOH,
4/1) and showed a complete and clean conversion of 221 (Rf = 0.20)
to 213 (Rf = 0.40) after 3 hours. The impurity (Rf = 0.50, presumably
biotinamidocaproyl methyl ester) in the starting material was not
affected. The reaction was then wzrmed to near 50°C, the resin was
filtered and washed with warm methanol. Evaporation of the
methanol gave a white solid which could not be redissolved very
well in most solvents. It was redissolved in a minimum of hot
methanol ( ~20 mL), allowed to cool at room temperature then stored
in the freezer compartment of a refrigerator (-15°C). After two
weeks, a white, cottony mass was filtered, washed with cold
ethanol then dried under vaccum to yield 22 mg (43%) of 213, pure
by TLC and NMR. The product had mp = 185.7-187.1°C and [a]p =
+35.4° (c=0.82, DMSQ). The mother liquor was concentrated and 200
uL of DMSO was added to completely solubilize the remaining crude
material. This solution was applied to a half-size preperatory TLC
plate. The resulting wide and doubled application band was
concentrated to single thin band by multiple short elutions with pure
ethanol. The TLC plate was then eluted with CHCla/MeOH (4/1, viv).
The band corresponding to the desired product 213 was scraped
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from the glass and then extracted with EtOAc/EtOH (4/1). The silica
was filtered and the solvent evaporated. An additional 18 mg (35%)
of pure 213 was thus obtained, giving a total yield of 78% for 213.

2 4
H H o) O Ham

th. 1 5 .-"wo s 2 2 N}-L 17 - 213
19 H,

H g7 H 7 5 NH 3 3 016 NH 1aH

(-) FAB-MS for Cy19H31NsO4S gave m/e (ion, relative intensity): 424.2
(M-1, 50), 199.0 (M - C(O)NH(CH_)sC(O)NHNHC(O)CH=CHg, 57). 'H-NMR
5 (DMSOdg): 10.02 and 9.84 (2s, 2x1H, hydrazide NH), 7.68 (t, J = 5.6
Hz, amide NH), 6.38 and 6.32 (2s, 2x1H, urea NH), 6.27 (dd, 1H, J¢is =
9.9, Jyrans = 17.1 Hz, H13), 6.19 (dd, 1H, Jgem = 2.5, Jirans = 17.1 Hz,
H1g trans), 5.68 (dd, 1H, Jcis = 9.9, Jgem = 2.5 Hz, Hyg cis), 4.30 (dd,
J2,4 = 7.7, J1a2 = 5.0 Hz, Hp), 4.12 (dd, Js,5 = 5.0 Hz, Hs), 3.09 (mult, 6
lines, 1H, Hs), 3.00 (dt, 2H, Jy1,12 = 6.4, Jy1.nH = 5.6 Hz, Hyy), 2.81 (dd,
TH, Jgem = 12.4, J1a 2 = 5.0 Hz, Hia), 2.57 (d, 1H, Hip), 2.13 (t, 2H, Jg o
= 7.3 Hz, Hg), 2.04 (t, 2H, J14,15 = 7.3 Hz, Hys), 1.43 - 1.62 (mult, 6H,
methylenes 6, 8 and 14), 1.37 (mult, 6 lines, 2H, H¢2), 1.21 - 1,34
(muit, 4H, methylenes 7 and 13).

'H-NMR & (D20/DMSOds, 5/1, referenced to HCOD at 4.828 ppm): 6.33,
6.34, 6.35 (3 line AB mult, intensity 2:1:1, J = 4.0 and 3.6 Hz, 2H, -
CH=C and =CH; trans}, 5.92 (dd, 1H, J = 4.0 and J = 7.6 Hz, =CHy cis),
4.61 (dd, 1H, J2.4 = 8.0, J152 = 4.2 and J1p2 = 0 Hz, Hp), 4.42 (dd, 1H,
Jas = 4.4 Hz, Ha), 3.34 (symetrical mult, 1H, Hs), 3.20 (t, 2H, Jy1 2 =
6.8 Hz, Hiy,), 2.99 (dd, 1H, J1a2 = 4.9, J1a.1p = 13.0 Hz, Hy,), 2.78 (d,
1H, J1a,1p = 13.0 Hz, Hyp), 2.36 (1, 2H, Jg o = 7.3 Hz, Hg), 2.26 (t, 2H,
Jis,15 = 7.3 Hz, Hys), 1.50 - 1.78 (mult, 8H, methylenes 6, 8, 12 and
14), 1.35 - 1.50 (mult, 4H, methylenes 7 and 13).

13C-NMR & (DMSOdg): 171.8 (C1e), 170.8 (C17), 163.2 (C3), 162.7 (C10),
129.3 (C1g), 126.6 (C1g), 61.0 (C4), 59.2 (Cz), 55.4 (Cs), 40.0 (C4),
38.3 (C11), 35.2 (C1s), 33.1 (Co), 28.9 (C12), 28.2 (Ce), 28.0 (C7), 25.9

362



(C13). 25.3 (C14), 24.8 (Cg).

N-Stearyl acrylamide 222

Stearyl amine (250 mg, 0.928 mmol) was dissolved in 25 mL of
CH,Cl, containing 400 pL of triethyl amine. The stirring solution was
cooled to 0°C and a solution of acrytoyl chioride 100 uL in CH2Clz (8
mL) was added dropwise over a 40 min. period. The precipitated
triethylammonium chloride was filtered and washed with ice cold
CH2Cl, . The CH2Cl2 was evaporated and the resulting solid
redissolved in hot ethanol. the product (Rf = 0.58 in EtOAc/Hex
containing 0.5% i-prOH) was left t¢ crystallize at room temperature.
Three crops gave 289.5 mgqg (96%) of 222 as a white microcrystalline
powder which had mp = 74.5-75.1°C.

Elemental analysis for C21H44NO gave: % calc'd C, 77.95; H, 12.77; N,
4.33; % found: C, 77.74; H, 12.56; N, 4.36. CI-MS (ether) gave m/e
(ion, relative intensity): 647 (2M+1, 29), 324 (M+1, 100). 'H-NMR §
(CDClI3): 6.25 {dd, 1H, Jirans = 17.0, Jgem = 1.6 Hz, =CH; trans}, 6.05
(dd, 1H, Jeis = 10.2, Jeis = 10.2 Hz, C(O}CH=C}), 5.60 (dd, 1H, Jis = 10.2,
Jgem = 1.6 Hz, =CHg cis), 5.55 (broad, 1H, NH), 3.30 (dt, 2H, JNH,CHz =
5.9, JcHz,cHz2 = 7.1 Hz, N-CH; ),1.51 (app dt, 2H, J = 7.1, J = §.9 Hz,
CHgz), 1.17 - 1.27 (br. s, 30H, methylenes), 0.85 (t, 3H, JcH2,cH2 = 6.8
Hz, CH3). 13C-NMR & (CDCly): 165.5 (C=0), 131.0 (-CH=), 126.0 (=CH),
40.0 (-CH2-N}, 31.9, 29.7 (7C), 29.6 (3C), 29.5, 29.4, 29.3, 26.9, 26.7
(16 methylenes), 14.1 (CHa).

N-2-(p-Hydroxyphenyl)ethyl acrylamide 223

Tyramine hydrochloride (0.32 g, 1.84 mmol, Aldrich) was dissolved
in 10 mL of methanol and 1 mL of triethylamine. The solution was
cooled to 0 °C and a slow, dropwise addition of acryloy! chloride
(200puL in 5 mL 1,4-dioxane) was made until TLC (CHCIls/MeOH, 10/1)
indicated a complete consumption of tyramine (Rf = 0) to give 223
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as the major product (Rf = 0.52). The reaction was worked up by
evaporating to a crystalline mass and redissolving the crude
product mixture in 30 mL of EtOAc. The organic phase was washed
with 0.5M HCI to remove excess triethylamine followed by sat.
NaHCOj3;, water and brine. The organic extracts were dried {NaxSQ,),
filtered and evaporated to an oil. Attempts at crystallizing the
product from various solvent systems proved fruitless. The product
223 was isolated by silica gel chromatography using CHCla/MeQH
(15/1) as eluent. The desired product was isolated in a 225 mg (64%)
yield as a glassy solid which could not be crystallized.

Physical data for 223: CI-MS (ether) gave m/e (ion, relative
intensity): 382.9 (2M + 1, 9), 191.9 (M + 1, 100). 'H-NMR & (CDCl5):
7.00 {(d, 2H, Jo,m = 8.3 Hz, Hortho), 6.78 (d, 2H, Hmeta), 6.40 (br, 1H, OH),
6.26 (dd, 1H, Jirans = 17.0, Jgem = 1.5 Hz, =CH trans), 6.02 (dd, 1H,
Jeis = 10.1, Jirans = 17.0 Hz, C(O)CH=), 5.75 (br, 1H, NH), 5.61 (dd, 1H,
Jeis = 10.1, Jgem = 1.5 Hz, =CH> cis), 3.54 (dt, 2H, JNH,CH2 = 6.2,
JCHz2,cH2 = 7.0 Hz, -CH3-N), 2.75 (t, 2H, JoH2,cH2 = 7.0 Hz, -CH3-Ph).
13C-NMR & (DMSOdg): 156.3 (Cpara). 132.4 (-CH=), 130.6 (Cipso). 130.1
(Cortho), 124.9 (=CHy), 115.7 {Cmeta), 41.5 (-CHz-N}, 35.2 (-CH,-Ph).

a-L-Rha/B-D-GIcNAc-§-CPA 224

Acrylamide (110 mg, 1.55 mmol), the a-L-rhamnosyl monomer 43
{174 mg, 0.537 mmol) and the B-D-N-acetylglucosaminide 45 (117
mg, 0.298 mmol) were dissolved in 8.0 mL of deoxygenated water in
a flask filled with nitrogen. The flask was immersed in a boiling
water bath and after a few minutes, initiated with 40 pL of
(NH4)28208 (100 mg/ml., 0.4% by mol). The polymerization reaction
was stirred vigourously at 100 °C for 15 minutes before being
diluted and exhaustively dialyzed against distilled water.
Lyophilization gave 401 mg (59%) of 224 as a white, spongy solid.
'H-NMR analysis of 224 revealed a monomer incorporation ratio
identical to the reaction load ratio (x-L-Rha:B-D-GlcNAc:acrylamide
= 1:1:6).
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'H-NMR data for 224 . 8 (D,0 referenced to HOD at 4.84 ppm). 4.52
(d, 1H, J1 2 = 8.4 Hz, Hy GIcNAc), 4.97 (d, 1H, J12 = 1.6 Hz, Hy Rha),
3.2 - 3.8 (mults, br, 15H), 2.6 {br, 8H, CH;-S-CH spacer), 2.2 (br,
12H, backbone methines), 2.0 ppm (s, 3H, CHj3 GlcNAc), 1.6 (br, 28H,
backbone methylenes and Hy spacer), 1.33 (d, 3H, Jss = 6.0 Hz, CH3z
Rha).

Biotin/g-D-Lac-0@-CPA 225

Acrylamide (27.4 mg, 385 umol), 8.2 mg (19.3 umol} of the biotin
monomer 213 and 18.8 n.g (36.8 umol} of the lactoside 176 were
dissolved in 400 uL of deoxygenated water and 200 uL of DMSO in a
small stoppered test tube, under a nitrogen atmosphere. The solution
was warmed to 65°C and stirred vigourously to properly dissolve all
the monomers. On~2 homogeneous, 5 ul. of TMEDA followed by 50 uL
of ammonium persulfate (50 mg/mL) were injected. After stirring at
room temperature for 3 hours, the clear, viscous solution was
diluted with water, and dialyzed. A primary dialysis was performed
in 5L of 0.5mM HOACc followed by two other dialyses in 5L of
distilled water. Lyophilization gave 31.0 mg (57%) of 225 as a
white, spongy solid. Biotin incorporation was verified by treating a
small sample of 225 with 0.2% 4-dimethylamino cinnamaldehyde in
acidified ethanol (Sigma, a reagent specific for detecting biotin253)
and by observing the generation of a pink to red colouration. The
analogous B-D-Lac-@-CPA 185 did not react with 4-dimethylamino
cinnamaldehyde. 'H-NMR (D,0) analysis of 225 confirmed the
presence of biotin from the characteristic resonance of 213 found
unobstructed between 2.6 and 3.4 ppm. The aromatic resonances of
the lactoside hapten (7.0 - 7.5 ppm) as well as the anomeric signals
found at 5.14 (br, Glc) and 4.50 (d, J1» = 7.5 Hz, Gal) were clear
indications of lactose content in 225. Comparison of intensities for
various reporter groups of the biotin and lactoside monomers to the

83 p, Gyirgy, The Vitamins , vol. VI, P. Gyirgy and W.N. Pearson (eds.),
Aciklemic Presse New York, 1967, p. 303-313,
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polymer backbone's characteristic methine and methylene
resonances at 2.3 and 1.7 ppm indicated a 1:2:10 molar incorporation
ratio of biotin:lactose:acrylamide in 225. Corrections for the 8
methylene resonances of biotin, found under the backbone methylene
signal, were made for this determination.

Biotin/B-D-GIcNAc-S-CPA 226

Acrylamide (71.1 mg, 1.00 mmol), 39.0 mg (0.10 mmol) of the 3-(2-
N-acrylamidoethylthio)propyl B-D-N-acetylglucosaminide 45, and a
small magnetic stir bar were placed in a test tube. The test tube
was sealed with a septum, evacuated and filled wiith a nitrogen
atmosphere. Deoxygenated water (800uL) and DMSO (300uL) were
then added using a syringe followed by 15 uL of TMEDA. The solution
was homogenized at 65°C for a few moments, then injected with 50
uL of ammonium persulfate (100 mg/mL). The polymerization was
allowed to stir vigourously for 2 hours at room temperature. The
resulting clear viscous solution was diluted with 10 mL of hot
water then dialyzed once against 5 L of 0.5mM HOAc followed by two
Sl. volumes of distilled water. Lyophilization gave 118.8 mg (97%) of
226 as a white, spongy solid. '"H-NMR (D20) indicated a 1:5:50 molar
incorporation ratio of 213:45:acrylamide. Biotin content in the
glyco(ter)polymer was confirmed by treating a small sample of 226
with 0.2% ethanolic dimethylamino cinnamaldehyde which resulted
in & pink colouration. The analogous but biotin deficient p-D-GIcNAc-
S-CPA glycopolymer 53, as expected, failed to give a positive resuit
for biotin when treated in the same manner.

The 'H-NMR spectrum of 226 appeared, as did the spectrum of the
B-D-GlcNAc-S-CPA glycopolymer 52 (see Figure 13, Section 4.2),
with most biotin resonances being obscured by resonances from the
two more dominant monomers. Partially obstructed by the anomeric
proton doublet at 4.53 ppm, signals from H, and Hs of biotin could be

measured relative to the anomeric proton by expanding and
intensifying this region.
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N-Tyramide/f}-D-GIcNAc-S-CPA 227

2-N-p -Hydroxyphenylethyl acrylamide 223 (100 pL of 20 mg/mL
0.1M NaOH, 0.01 mmol), acrylamide (71.1 mg, 1.00 mmol) and the
B-D-acetylglucosaminide 45 (39.2 mg, 0.1 mmol) were boiled in 1.0
mL of deoxygenated water under a nitrogen atmosphere for a few
moments before 3.5 mg (1.4 mol%) of solid ammonium persulfate
were added. After 15 min. of vigourous stirring at 100°C, the clear
viscous solution was diluted with 12 mL of water and dialyzed
against three 5L volumes of distilled water. Lyophilization gave 59.4
mg (53%) of dry, white solid. TH-NMR confirmed the 1:10:100
222:43:acrylamide composition of 227.

'H-NMR & (D20): 7.20 (d, Jom = 8 Hz, Hortho), 6.88 (d, Jo,m = U Hz,
Hmeta), 4.53 (app t, J = 7.9 Hz, Hanomeric), 3.3 - 4.2 (mult, Hz - Hg and
Ha spacer, GicNAc), 3.0 (br, He spacer), 2.75 (Hc spacer), 2.65 (Hqg
spacer), 2.1 - 2.4 (br, backbone methines), 2.06 (s, CHz NAc), 1.4 -
2.4 (br, backbone methylenes and Hp spacer).

Stearyl/p-D-GIcNAc-S-CPA 228

N-Stearyl acrylamide 222 (3.2 mg, 0.01 mmol), acrylamide (71.1 mg,
1.00 mmol), and the N-acryloylated B-D-N-acetylglucosaminide 45
{39.2 mg, 1 mmol) were vigourously stirred in 1.1 mL cr
deoxygenated water at 100 °C, under a nitrogen atr:ospiere. After
10 min., 5 mg (2% by mol) of solid ammonium persulfate was added,
the test tube was refilled with a nitrogen atmosphere and fitted
with a septum. The polymerization was left stirring at high speed
for 12 min. at 100°C. The resulting viscous solution was diluted
with 12 mL of water and dialyzed against 5 volumes of water (5L)
over the course of 3 days. The slightly foggy solution was
centrifuged at 14, 000 g for 15 min. No sedimentation or change in
the the solution's appearance was observed. The dialyzed solution
was then lyophitized to yield 66.5 mg (59%) of 228 as a white,

367



spongy solid. 'H-NMR (D;0) analysis (see text of Section 10.2.4) of
228's structural composition indicated a 1:10 ratio of

GlcNAc:acrylamide, while a 1:23 estimate of stearyl:GicNAc ratio
was made (see text).

Serological assays

The serological assays performed were as described in earlier
chapters. Avidin, streptavidin and peroxidase labeled streptavidin
were purchased from Sigma (A9390, S4762 and $5512). HRP-WGA
and affinity purified antibodies to Pn23 and Group A Streptoccoci
capsular polysaccharides have been described in earlier chapters.
Procedures for double radial diffusion assays were as described in
earlier chapters as well as for the enzyme linked assays.
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11, Design and synthesis of drug conjugates for
diagnosis and study of immune hypersensitivity
toward sulfamethoxazole in persons with AIDS.

People with acquired immune deficiency syndrome (AIDS) usually
succumb to opportunistic infections common in the the late stages
of HIV (human immunodeficiency virus) infection. Pneumocystis
carinii pneumonia (PCP) is a lethal bacterial infection which is one
of the most frequent opportunistic infections in HIV-seropositive
patients24. Cotrimoxazole, a combination of trimethoprim (TMP) and
sulfamethoxazole (SMX) is widely used for treating a variety of
bacterial and parasitic infections including PCP. In HIV-seropositive
patier*s, 40-80% may show or develop adverse reactions to
cotrimoxazole whereas only 1-3% of the general population show any
adverse reaction2ss,

CH,O (I:i)
CH,0O N NH
= 2 NH—S NH
| \Nr = I < > 2
= 0
CH,O CH, N
NH, 0
trimethoprim (TMP) sulfamethoxazole (SMX)
5-[(3.4,5-trimathoxyphenyljmethyl] 4-amino-N-(5-methyl-3-isoxazolyl)
-2.4-pyrimidinediamine benzenesulfonamide

It has been shown that SMX is the cause of most of the idiosyncratic
reactions towards cotrimoxazole2*6. The high frequency of adverse
reactions to SMX in HIV-seropositive patients may be due to several

254 ).A. Levy, AIDS Puathogenesis and Treatment , Dekker, New York, 1989,

255 AJA. van Der Ven, PP, Koopmans, TB. Vree and JW.M. van der Meer, The
Lancer, 138 , 431 (1991).

256 EM. Gordin, Gi.1.. Simon. C.B. Waolsy and J. Mills, Ann. Int. Med., 100, 495
(1UNd).
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factors®™0.237, In particular, it was hypothesized thai adverse
reactions could result from the immune dysfunction seen in HIV-
seropositive patients. The polyclonal B cell activation, polyclonal
gammopathy, and decreased T-supressor cell functions seen in these
individuals could lead to an exagerated immune response to SMX or
its metabolites!. Thus, a collaborative study was undertaken to
analyse the antibody response to SMX in HIV-seropositive patients
using a rational enzyme immunoassay strategy2s®,

This chapter will focus mainly on the development of SMX drug
immunoconjugates prepared for the study. and some of the assay
results obtained. All serological assays were performed by Mr. P.
Daftarian258 and are presented here for clarity. The SMX drug
conjugates developed for this study have so far helped to
demonstrate increased levels of igM, IgG, and IgGz antibodies to SMX
in HIV-seropositive patients. A diagnostic test capable of
identifying patients at risk of developing adverse drug reaction to

SMX by detecting the presence of specific anti-SMX antibodies could
be a potential outcome of this work.

257 y) J. Uetrecht, Reviews in Toxicology, 20 , 213 (1990); b) B.K. Purk, J.W,
Coleman and D. Kitteringham, Biochem. Pharmacol,, 36 , 581 (1978).

258 This work was presented in part at the Annual Meeting of the Association
of Medical Laboratory Immunologists, August, 1991, Chicago. The overall study
was approved by 1the Human Experimentation Committee at the Ottawa General
Hospital. Members of the collaborative research effort include Mr. Pirouz
Daftarian, Prof. Lionel Filion from the Departments of Microbiology,
Immunology and Chemistry at the University of Outawa, as well as Dr. F. Diaz-
Mitoma (M.D.) and Dr. Brian Conway from the Division of Virology, Children's
Hospital of Eustern Ontario (Ouawa, Canada).
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in serum or tissues
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hypersensitivity
reaction

l presentation to the immune system

l immune response, anti-SMX antibody production

anti-SMX antibodies

?; z ; patient serum incubation with
developed SMX conjugates

ELISA s, antibody detection
¥ and classilicatiom

TTr7777

Scheme 56 Proposed pathways for idiosyncratic drug reactions to
sulfamethoxazole (SMX) in AIDS patients and study goal.
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11.1 Drug conjugate development

Sulfamethoxazole (SMX) drug conjugates were developed following
the same strategies outlined earlier with carbohydrates. The
aromatic amino group of SMX was an obvious choice for an N-
acryloylation and conjugation strategy as a first attempt. The choice
of using the amine terminus as the linkage position to the
conjugates was, in part, due to the obvious ease of applying an
acrylamide conjugation while providing generally unaltered
structure in which presentation from any conjugate would be the
least hindered. This strategy had proven successful with
carbohydrate derivatives. Also, when SMX is metabolized, the only
terminal reactive site in SMX, the amine group is converted to
reactive nitrogen species such as nitroso and hydroxylamine
derivatives which can then be conjugated to carrier
proteins200.261.259 N-Acetylation is also a known metabolic pathway
for arylamines but leads to unreactive species?57+. Reactivity of the
amine group in vivo suggests that altering the potential charge of
this centre by acylation might not effect binding to SMX specific
antibodies particularily if presentation of SMX to the immune
system by attachement to a carrier was also provided this way.

N-Acryloylation of SMX to provide the acrylamide precursor to SMX-
immunoconjugates was performed with acryloyl chloride in
methanol using triethylamine as base (Scheme 57). The acrylamide
229 was isolated in 76% vyield in a first attempt. Reactivity of the
sulfonamide nitrogen and poor solubility of SMX derivatives appeared

to be contributing factors to the less than quantitative yield of this
transformation.

259A K. Cribb, M. Miller, J.S. Leeder, J. Hill and S.P. Spiclberg, Drug Metab.
Dispos. 19, 900 11990,
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mp = 259 - 261 °C

) Amax = 293 nm (CHaCN)
Scheme 57 N-Acryloylation of sulfamethoxazole (SMX)

The first SMX drug conjugate was prepared by the copolymerization
of acrylamide and the N-acryloylated SMX derivative 229 (Scheme
58). Acrylamide (10 equiv.) and 229 were refluxed under a nitrogen
atmosphere for 45 min. in a blend of deoxygenated water and DMSO
(4/1, viv). These conditions were used to compensate for the poor
solubility of 229 in water. The polymerization was initiated with
ammonium persulfate (0.3% by mol} and gave a 90% yield of
lyophilized sulfamethoxazole-copolyacrylamide conjugate 230
(SMX-CPA). Purification prior to final isolation was performed by
dialysis {10 kDa MW cutoff).

0
0 © 10
m ™. 12.5
NH- §—©—NHH _\}NHz - w
\ 0 NH4)25,0
CH, Z/ N (NH4)25208 NH, NH
O 229 H,O/DMSO
A, 45 min 230
SMX-CPA
O=8=0
Scheme 60 Synthesis of a sulfamethoxazole-copolyacrylamide I
(SMX-CPA) drug conjugate by radical polymerization. NH
\

The water soluble SMX-CPA 230 was shown to contain a 1:12.5
molar ratio of 229:acrylamide by 'H-NMR spectroscopy. The slightly
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lower than anticipated incorporation of SMX in the isolated polymer
conjugate may have been due to the poor solubility of the
sulfamethoxazole monomer 229. The composition analysis of SMX-
CPA 230 was performed by comparing integration intensities of SMX
aromatic protons (br, 7.4 - 7.9 ppm} and the oxazole ring proton (br,
5.8 ppm) to the polymer backbone methine and methylene signals (br,
2.0 - 2.5 ppm and 1.4 - 2.0 ppm). Corrections for the SMX methyi
signal also appearing as part of the methine signal at 2.0 - 2.5 ppm
was performed. Elemental analysis of the Iyophilized SMX-CPA
conjugate indicated a 1:12.4 composition ratio of 229:acrylamide as
well as a 13.6% (by wt) water content. Thus a true polymer mass
conversion yield of 78% was achieved for SMX-CPA 230. The '3C-
NMR spectrum (D;0) of SMX-CPA 230 confirmed the homogeneous
nature of the polymer. Single sharp resonances were observed for
SMX carbon nuclei while the backbone methine and methylene
resonances gave the usual broadened signals near 43 and 36 ppm,
respectively.

Serological evaluation of the SMX-CPA drug conjugate with serum of
AIDS patients diagnosed with SMX hypersensitivity showed only a
very modest ability to detect anti-SMX antibodies during solid phase
ELISA when compared to an SMX-BSA conjugate prepared by Michael
addition. The lack of any spacer between the SMX hapten and the
copolyacrylamide backbone in the SMX-CPA conjugate appears to be
the most obvious reason for the poor recognition of antibodies. As
discussed previously with carbohydrate systems, antibodies have
relatively deep binding sites within their structure which may not
be accessible without a spacer. However, the presence of anti-SMX
antibodies in the serum of AIDS patients was clearly observed by
ELISA when different sulfameihoxazole-bovine serum albumin
conjugates were employed as coating antigens. This confirmed the
need for a spacer to properly present the SMX hapten to the antibody
binding site, as well as reinforcing the belief that linking SMX to a
carrier by the amine terminus was a good method for the
presentation of SMX haptens .
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in 0.2 M carbonate, pH 10, 25 °C 232
o . . soluble SMX-BSA
2. dialysis, centrifugation

Scheme 61 @

Preparation of bovine serum albumin-sulfamethoxazole conjugates
by glutaraldehyde condensation and Michael addition.

HN

BSA conjugates of SMX were prepared by a glutaraldehyde
condensation strategy as well as by Michael addition of 229 to L-
lysine €-amino groups, and thus have a spacer arm inherent in their
structure. SMX-glutaraldehyde-BSA antigens 231 were prepared in
ELISA microtiter plates as an integral part of the immunoassay. The
variable and ill-defined nature of 231 produced a high background
signal during ELISA. This interference could have been due to the
reaction of immunoglobulins with uncapped aldehyde groups to form
Schiff base linkages, or by non-SMX-specific interaction with the
BSA carrier. The synthesis of a SMX-BSA conjugate 232 by Michael
addition with 229 was performed to provide better defined protein
conjugates free of any possibic chemically reactive sites. Mixing a 2
mole ratio of the N-acryloylated SMX derivative 229 to BSA lysine
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residues in 0.2M carbonate buifer (pH 10.0, [BSA] = 10 mg/mL) for 5
days at room temperature gave the SMX-BSA conjugate 232 as a
material which precipitated partially upon dialysis. Centrifugation
and lyophilization of the supernatant gave a 50% yield of soiuble
conjugate. ‘Tne precipitated material was identified as proteins
having high amounts of SMX incorporation. Presumably, SMX imparts
hydrophobic character to BSA which then precipitates beyond a
threshold leve! of SMX incorporation. The soluble fraction described
above was used in enzyme assays for the reasoning that such a
preparation contained a maximum amount of SMX which did not
precipitate BSA. Decreasing reagent concentrations and the reaction
time to 3 days did not substantially improve the yield of soluble
conjugate. Insoluble fractions could be rendered soluble by adding
HCI to increase the ionic character of the prctein. However, such
conjugates were not considered to be suitable for our assay.

Using soluble SMX-BSA 232 in ELISA did improve background
interference slightly when compared to the SMX-glutaraldehyde-BSA
conjugate 231. However, the ill-defined nature of BSA conjugates in
general and possible problems of non-SMX-specific interaction
associated to using natural proteins as hapten carriers in
immunochemical experiments, prompted the synthesis of
sulfamethoxazole-poly-L-lysine conjugates (SMX-PLL). The
homogeneous and non-natural character of poly-L-lysine (PLL)
reduces the chance of any non-SMX-specific antibody detection as
well as provide other advantages. Unlike BSA conjugates, an
accurate determination of immobilized SMX could be made with
relative ease using a non-destructive technique such as 'H-NMR
spectroscopy. Accurate SMX content determinations for the SMX-BSA
conjugate 232 would require more involved techniques such as
amino acid analysis, for example. Although SMX and the analogous
N4-acetylated derivative 233 (not shown; prepared by acetylation of
SMX with AcyO/pyridine) has a UV absorption band at 260nm, the
intensity is highly dependant on pH (hyperchromic effect with
increasing pH) and is obscured by BSA absorptions appearing in the
same region. The homogeneous polyamine structure of PLL and PLL
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conjugates prepared by Michael addition allows for a more random
and greater incorporation of SMX while retaining water solubility,
Increases in hydrophobicity from conjugated SMX haptens can be
offset by lowering the pH to increase protonation of the amino
groups. Increasing the ionic character of SMX-PLL this way ensures
water solubility. In one trial, a SMX-PLL conjugate was prepared
where 42% of available lysine residues had been modified with an
SMX ligand, and was easily solubilized by titration with a small
amount of HCI.

1. 0.2 M carbonate buffer

3 "0 229 pH 10 with DMSO, 25 °C
2. 1mM Hcl
+ O
‘GNH\)Q\ H,N HN «HCI
. oHCl
330
(") O
NH—ﬁ—@—NH
HoN _(_\( 0
? CH, [ N
Scheme 62 233
SMX-PLL

Preparation of a sulfamethoxazole - poly-L-lysine
conjugate (SMX-PLL) 233 by Michael addition.

An SMX-PLL conjugate 233 was prepared with a high SMX hapten
content (33% by mol) for the ELISA studies of AIDS patient serum.
High amounts of immobilized SMX ligands were desired in order to
maximize the sensitivity of any ELISA experiment through avidity
effects. The SMX-PLL conjugate 233 was prepared by a Michael
addition methodology by mixing the N-acryloylated SMX derivative
229 and poly-L-lysine (MW = 69 kDa) in a blend of 0.2M carbonate
buffer pH 10.0 and DMSO (9/1, v/v) at room temperature for 4.5 days.
The addition of DMSO was necessary to ensure a good solubility of
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229 and did not adversely affect the reaction. In conjugation trials,
NN -dimethyiformamide (DMF) instead of DMSQO was also used
without adverse effects. DMSO was prefered over DMF as a general
cosolvent because amines are commonly found in commercial DMF
samples?’s and could compete for acryloylated derivatives. Dialysis
of the crude SMX-PLL conjugate 233 in distilled water resulted in
precipitation of the polymer conjugate. After dialysis, the SMX-PLL
conjugate was easily resolubilized by slow titration with a small
quantity of dilute HCI. To provide a more general method, and to give
better defined and reproducible conjugates, dialysis was performed
in 1 mM HCI which inhibited any precipitation. Lyophilization then
gave 233 as a white, spongy solid which could be completely
redissoived in water without any difficulty (= 40 mg/mL). A 33% by
mol incorporation of SMX hapten in the conjugate 233 was
determined by 'H-NMR (D,0) spectroscopy (Figure 61) while only a
31% by mol equivalent of N-acryloylated SMX (229) to lysine was
provided for the reaction. The slightly higher than quantitative
uptake of SMX in the new SMX-PLL conjugate 233 is explained again
by the presence of water in the commercial poly-L-lysine sample
used. The 1:2 SMX:ree lysine ratio determination was made by
comparing integration intensities of the aromatic and oxazole ring
protons found at 7.4 - 7.7 ppm (br, 4H) and 5.7 ppm (br, 1H)
respectively to the lysine resonances described earlier. The
backbone methine resonance appearing as a relatively sharp signal at
4.35 ppm (H,) serves as a good reporter for total lysines (conjugated
and unconjugated). The remaining signals at 3.35 and 3.15 ppm
(-CH2-N-CHg-, SMX-lys), 3.00 (H¢), 2.0 {br, CH,-C(O), SMX-lys), 1.70
(Hg + Hg), 1.45 (Hy + CH3 of SMX) can also be used in the SMX content
determination and gave the same result as above. The '3C-NMR
spectrum (D20) of SMX-PLL 233 confirmed the homogeneity of the
polymer drug conjugate by providing a single set of relatively sharp
resona:.ces for poly-L-lysine and somewhat broadened lines for
many of the SMX ligand nuclei.
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Figure 61: 'H-NMR (300 MHz, D20) of SMX-PLL 233

As suspected, the SMX-PLL conjugate 233 proved to be a superior
antigen in enzyme linked immunoassays. It was found to be more
sensitive than any BSA conjugate while providing very little
background interference during ELISA experiments. Increased
sensitivity is most likely due to the higher density of immobilized
SMX hapten found in the poly-L-lysine conjugate over BSA
conjugates. Increased background interference observed with BSA
conjugates may be due to the presence of anti-albumin type
antibodies present in blood serum which recognize the BSA carrier.
The non-immunogenic nature of poly-L-lysine reduces ihe likelihood
of antibody recognition of the poly-L-lysine carrier.
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11.2 Assays and results

For the study. ELISA experiments were performed by coating
microtiter plate wells with SMX conjugates followed by an
incubation period with blood serum from various patients. Single
serum samples were obtained from 40 HIV-seropositive individuals,
20 with a history of adverse reactions following 5-10 days of
therapy with cotrimoxazole, and 20 individuals who had taken sulfa
drugs without adverse reactions. A control population of 20 infants
(age 9 = 3 months), and 18 healthy adults with no history of adverse
reactions to cotrimoxazole was used in the study. Detection of any
anti-SMX antibodies bound to SMX conjugates was made using
peroxidase labeled anti-IgM, anti-lgG, anti-IgE, anti-lgG,, anti-1gG,,
anti-lgGs and anti-lgG4 antibodies using o-phenylenediamine (OPD)
as enzyme substrate. Colour development was measured at 450 nm
after 40 min with an automated microtiter plate reader. Optical
density (O.D) values more than two standard deviations above the
mean O.D. measurement of infant and adult volunteers was used as
criteria to define the presence of SMX directed antibodies in
patient's sera. Infants were chosen as negative controls as they
were less likely to have received cotrimoxazole and were less likely
to have detectable levels of maternal antibodies against SMX.

Table €8 Detection of SMX specific antibodies in AIDS patients having
adverse reactions to cotrimoxazole treatments by ELISA using
BSA-gluteraldehyde-SMX 231 as coating antigen.

Mean optical densities

i
Immunoglobutin with standard deviations

classes Patients® (n=9) | ControlsP (n=8)
IgG 0.86 + 0.12 0.25 + 0.22
IgM 1.46 + 0.39 0.32 + 0.23

a) HIV-seropositive patients with a history of adverse rezctions to
cotrimoxazole.

b) HIV-seronegative patients with no history ../ adverse reaction to
cotrimoxazole.
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Initial results with SMX-glutaraldehyde-BSA conjugates 231 (Table
68) showed increased levels of anti-SMX 1gG and IgM antibodies in
HIV-seropositive patients (8) having a previous reaction to
cotrimoxazole when compared to HIV-seronegative patients (9). in
addition, antibody levels were shown to be higher in HIV-
seropositive patients with adverse reaction to cotrimoxazole than in
HIV-seropositive patients not expressing any adverse effects to the
drug when the SMX-PLL conjugate 233 was used in the assays (Table
69). Significantly increased levels of anti-SMX IgM antibodies over
other antibody classes was observed in all HIV-seropositive
patients. However, levels were higher in patients showing adverse
reactions to cotrimoxazuie (Figure 62). Although 85% of HIV-
seropositive patients had detectable anti-SMX IgG antibodies in
circulation, the levels were again higher in those patients
experiencing hypersensitivity to cotrimoxazole. Further study
demonstrated that the anti-SMX IgG antibodies were exclusively of
the IgG; and IgG3 subclasses (Table 70, Figure 63). No IgE antibodies
directed against SMX could be detected in any patient.

Figure 62 Measured (ELISA) optical densities (O.D.) representing IgM and total IgG
anti-SMX antibodiy levels in patients treated with SMX. No significant
levels of igE antibodies were detected.
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Tabie 69

Frequency and mean O.D. value
blood sera of normal aduits, inf
measured by ELISA using SM

s# representing anti-SMX antibodies in

ants and HIV-seropositive patients
X-PLL 233 as coating antigen (1 nal.

Subject Sample IgM IgG
size 0.D. frequency oD, frequency
HIV{-) 10 0.17 0 0.1 0
adults (£0.05) (10.02)
HIVE) withl o0 | 108 20 0.72 19
(10.24) (£0.07)
Hr']g(r‘;)acri‘g;h 20 0.71 9 0.52 17
(£0.05) (+0.08)
infants 20 0.09 0 0.09 0
"1 (+0.02) (+0,03)

# Standard deviations are given in parentheses.

Figure 63
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Table 70 Frequency (F) and mean O.D. values representing anti-SMX 1gG
subclasses in blood sera of infants, normal adults and HiV-seropositive
patients with and without adverse reactions to cotrimoxazole using SMX-
PLL 233 as coaling antigen in ELISA.

Subject Sample 1gG1 1gG2 1gG3 1gG4
size OD. O.D. 0.D. F 0.D.
HIV(-) 10 0.10 0.10 0.0 0 0.0
adults {(£0.03) (£0.02)
HIV(+) with 20 0.50 19 0.10 0.41 19 0.0
reaction (+0.08) (£0.01) {£0.03)
HIV{+) with 20 0.40 17 0.10 0.26 17 0.0
no reaction (£0.07) (10.02) (£0.03)
infants 20 0.00 0 ¢.02 0 0.0 0 0.0 0
(+0.02)

The SMX-PLL conjugate 233 was also useful in studying the

potential development of an immune response against SMX in HIV
infected individuals To monitor the development of anti-SMX
antibodies prospectively, 3 additional patients (2 HIV-seropositive,
and 1 HIV-seronegative) were studied with serum samples taken
prior, during and after cotrimoxazole therapy. The two HIV-
seropositive patients received cotrimoxazole intravenously (100 mg
SMX and 20 mg TMP per kg/day) ior the treatment of Pneumocystis
carinii pneumonia. Cotrimoxazole treatment had to be discontinued
in both patients at days 8 and 10 of therapy due to adverse reaction
(rash and fever). The HIV-seronegative patient was treated with oral
cotrimoxazoie (1600 mg SMX and 320 mg TMP per day) for a
respiratory infection. No anti-SMX antibodies could be detected in
any of the subjects prior to treatment, or at any time for the HIV-
seronegative patient. In contrast, anti-SMX I1gG and igM were present
after treatment began in the 2 HiV-seropositive subjects, and
remained elevated 3-4 weeks after therapy was discontinued.
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Table 71

Detection of anti-3SMX IgM in blood sera of patients undergoing

cotrimoxazole therapy. Optical densities measured by ELISA using SMX-

PLL 233 as coating antigen.

Time Patient A Patient B Patient C
(in weeks) HIV (-} HIV (+) HIV (+)
0 0.31 0.43 0.54
2 0.36 1.05 1.29
5 0.36 0,93 1.03

Treatment in patients B and C was discontinued after 8 and 10 duys
respectively due to hypersensitivity symptoms.

The ELISA strategy using BSA and, in particular, PLL conjugates of
SMX has helped to demonstrate the evolution of an immune response
to SMX in HIV infected individuals. The results obtained show that
anti-SMX antibodies are present in the majority of HIV-seropositive
patients treated with SMX whether they have experienced side
effects to SMX or not. However, higher antibody levels were observed
in patients who could not tolerate cotrimoxazole therapy than in
those who did. A humoral response to SMX was characterized by the
detection of increased levels of SMX specific igM, 1gGy and IgGa
antibodies. The high presence of IgGs antibodies, the most efficient
subclasses to initiate complement cascade26?, suggest that
complement activation could be involved in hypersensitivity to SMX.
Additional evidence for the role of humoral immunity to SMX in AIDS
patients comes from patients studied before, during and after SMX
treatment (Table 71). An immune response to SMX treatment was
only detected in HIV-seropositive patients .

With both the bovine serum albumin (BSA) and poly-L-lysine (PLL)
sulfamethoxazole (SMX) immunoconjugates, the detection of anti-
SMX IgM antibodies identified patients with adverse reaction to SMX
better than 1gG antibodies. Antibodies against SMX have previously
been observed260.261 but not fully studied in patients with adverse

260 . Ressler, M.D. Greaney, G. J. Tatake, L.R. Breuman and M. Ballow, J,
Altergy Clin. Immunol.. 85 , 156 (1990),

260 4y T. L Sullivan, R. Davidson, R, Budens and S, Nightingale, Clin,
Pharmacol,, 9, 136 (1990). by C. Ressler, M. Knapp. G. 1. Tatake, M. Ballow and P.
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reactions to this drug. in both HIV-seronegative and seropositive
populations. In one caselt?, a less effective poly-L-lysine conjugate
and conjugation procedure to that described here was used. In the
study described here, many individuals with detectable anti-SMX
antibodies had undergone treatment without adverse side effects.
This suggests that a low-level of antibodies to SMX can be tolerated
without overt symptoms, and that there might be a critical level of
antibodies to SMX necessary to develop a reaction (rash and fever).
The mechanism for the developm:nt of side effects to SMX

treatment is likely complex, involving toxic and immunologic
components. A more indepth rationalization of SMX toxicology in
infected individuals is beyond the scope of this dissertation and this
author's direct involvement. A more detailed look at the development
of immune hypersensitivity to sulfamethoxazole based on
observations described here and elsewhere?63, has already been
presented258. A full description of the study is forthcoming2o4,

11.3 Inhibition studies

Binding inhibition studies were performed to confirm the specificity
of our assays as well as to evaluate structural features required for
the antigenic determinant of anti-SMX antibodies. Sulfamethoxazole
(SMX) and other structurally related compounds were used in the
inhibition assays. The structures of the inhibitors are shown below
and include popular sulfa drugs.

Rapacz, J. Allergy Clin. Immunol., 79 , 198 (1987).

262 3. Tatke, M. Knapp and C. Ressler, Bioconjugate Chem., 2, 124 (1991).

263 p. Daftarian, Ph.D. thesis, Department of Immunology, University of Ollawa,
Ottawa, Cuanada, submitted September s, 1992,

264 4y P.Daftarian, B. Conway, F.D. Tropper, R, Roy, L. Filion and F. Diaz-Mitona.
Classes and Subclusses ol Antibudies 1o Sulfumethoxazole in AIDS patients.
Manuscript in final stage of preparation. To be submitted 1o J. Allergy Clin,
Immunel. : b) E.D. Tropper, P. Daftarian, B. Conway, L. Filion, F. Diaz-Mitoma, R.
Roy. Design and Synthesis of Drug Conjugates for the Diagnosis and Study of
Immune  Hypersensitivity towards  Sulfumethoxazole.  Munuscript in
preparation, o he submitted o Med. Chem. Lett.
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The specificity of our assay for detecting anti-SMX antibodies from
the blood serum of HIV infected individuals treated with
cotrimoxazole was confirmed during ELISA inhibition studies. The
blood serum of 4 HIV-seropositive patients having high levels of
anti-SMX IgM antibodies was used for the study. The serum was
diluted 80 fold with PBS and then incubated for one hour at 37 °C
with varying amounts of different inhibitors before being assayed.
The BSA-gluteraldehyde-SMX conjugate 231 was used as coating
antigen for the assay of 100 uL volumes of preincubated sera
samples.
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Figure 64 Binding inhibition curves for the anti-SMX ELISA with selected
inhibitors.

The results (Figure 64) clearly indicate that SMX is the best
inhibitor for the assay and demonstrates the specificity of the
assay. Trimethoprim did not inhibit the ELISA, nor did the two half-
components of SMX, 3-amino 5-methyl isoxazole (AMI) or
sultanilamide (SM). The requirement of a full two ring structure of
SMX was also demonstrated with the SMX analogue sulfasoxazole
(SXZ) which was only 10 times less effective as inhibitor.
Sulfadiazine (SDZ) and NT-acetyl sulfanilamide (ASM) could also
inhibit binding but to a much lesser extent. The ability of ASM to
inhibit binding and not simple sulfanilamide suggests that an acidic
sulfonamide N-H group is required, and that an ionic interaction at
this site may be involved. Inihibition data from, and structural
differences in, sulfisoxazole (SFZ) and sulfathiazole (STZ) when
compared to SMX suggest that the presence of heteroatoms (N,O) in
the isoxazole ring ot SMX are necessary and may be involved in a
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polar interaction such as hydrogen bonding within the binding site.
This is also supported by inhibition data of suifadiazine (SDZ) which
contains a nitrogen centre in the same relative position as SMX.

More work is required and is presently underway to better
characterize the antigenic determinant responsible. Results will be
presented in due course. The inhibition results presented here
suggest that sulfa drugs not recognized by the anti-SMX antibodies
could be alternative drugs for the therapy of Pneumocystis carinii
pneumonia (PCP) for individuals who exhibit hypersensitivity
towards sulfamethoxazole.

114 Outlook to future studies

The effect of HIV infection on the human immune system is a
complex chain of events which is not clearly understood. Individuals
afflicted with AIDS suffer a viral invasion and subsequent
breakdown of the immune system which leaves them incapable of
effectively combatting infectious agents. It has been demonstrated
that sulfamethoxazole stimulates an immune response in HIV-
seropositive patients which often results in hypersensitivity
reactions. For this reason, reaction to SMX may be a good model to
study immunoregulation in AIDS patients.

Preliminary work by collaborators on this project has recently
shown a high incorporation of SMX-PLL conjugate 233 into T-cells
of HIV-seropositive treated with SMX. As a tool for more elaborate
research of this and other immunoregulation processes, a
biotinylated SMX-PLL conjugate (234) was prepared. (+)-Biotin
haptens were incorporated as immunochemical probes to monitor the
uptake of poly-L-lysine-sulfamethoxazole conjugates within
immune processes. Biotinylation of SMX-PLL 233 was accomplished
by the same procedure described previously for the

(NeubSAc) s/biotin-PLL conjugate 218. Briefly, a sample of the SMX-
PLL conjugate 233 and the N-acryloylated biotin monomer 213 were
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stirred in 0.2M carbonate buffer (pH 10.0) containing 15% DMSO for
4.5 days to give the biotinylated conjugate SMX/biotin-PLL 234.

SMX/biotin-PLL HN «HCl

(average structure) HNeHCI  H,N «HCl
i=0
8] O
0 IilH
NH=S
malk —< >— NH "
CH, '(O’ N o

T
)2
O

Incorporation of biotin by Michael addition was performed in a way
designed to give a 1:5 molar ratio of biotin:SMX. Biotin incorporation
in 234 could not be assayed accurately by 'H-NMR spectroscopy due
to interference from the poly-L-lysine signals. Observations from
all other Michael addition conjugation reactions performed under
identical conditions suggest that a quantitative or near quantitative
uptake of 213 should have been realized in this case also. However,
the presence of covalently bound biotin in 234 was verified with
0.2% cinnamaldehyde in acidified ethanol. Treating a small sample of
234 with this reagent gave a bright pink colouration when heated
briefly, while the biotin deficient conjugate 233 did not react. The
SMX/biotin-PLL conjugate 234 has been forwarded to collaborators
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for further investigation of the immune response to SMX in AIDS
patients. Results of these investigations will be presented in due
course.

11.5 Experimental methods
Acryloylation of sulfamethoxazole 229

Sulfamethoxazole (402.1 mg, 1.59 mmol, Aldrich) was dissolved in
250 mL of methano! containing 1.1 mL of triethylamine. After
cooling to 0 “C, a 4% soiution of acryloyl chloride in CH2Cl> was
added in a very slow, dropwise fashion until TLC (16/1/1,
CHCI3/CH3OH/CH3CN) showed a complete consumption of the amine
(Rf = 0.35) to give the acrylamide 229 (Rt = 0.55) as the major
product. After evaporation of the methanol, the residue was taken up
in EtOAc and 0.1M HCI. The aqueous phase was quickly separated and
the organic phase washed with sat. NaHCO3. During this extractive
work up, while floculent crystals appeared in the aqueous phase.
These were filtered and washed with copious amounts of water. This
material {260 mg, dried under vaccum over P;Qs) was identified by
'"H-NMR and CI-MS to be the desired pure product (TLC and elemental
analysis). Evaporation of the ethyl acetate phase, after washing with
water then drying over NapSQ4, gave a slightly vellow, crystalline
mass which contained more of the desired product (TLC). This
product was crystallized from acetone/water after being
chromatographically purified through a short silica gel plug using
CHC13/CH30OH/CHaCN (14/1/1, viviv) as eluent. An additional 110 mg
of 229 was recovered for a total yield of 370 mg (76%). The melting
point of both isolates were identical (mp= 258.8-261.4 °C).
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CI-MS (ether) gave only the molecular ion (M+1) at m/e = 308 (100%).
iH-NMR 3 (DMSOdg): 7.78 - 7.85 (symmetrical mult, 4H, Hs and Hg).
6.43 (dd, 1H. Jcis = 9.9, Jirans = 17.0 Hz, Hg), 6.29 (dd, 1H, Jgem = 2.1
Hz, Hio, trans), 6.12 (d, 1H. Jalyiic = 0.9 Hz, Hy), 5.81 (dd, 1H, Hig,
cis), 2.28 (d, 3H, Jalylic = 0.9 Hz, CHg). '3C-NMR 3 (DMSOdg): 170.3
(Cg), 163.7 (C1), 157.6 (C3), 143.3 and 133.4 (C4 and C7), 131.3 (Ca),
128.1 (Cs and Cyq), 119.2 (Cg), 95.4 (C5), 12.1 (CH3). Amax = 293 nm
(CHaCN) or 278.5 nm (0.01M NaOH).

SMX-CPA conjugate 230

The N-acryloylated sulfamethoxazole derivative 229 (50.0 mg,
0.1€3 mmol) and acrylamide (115.1 mg, 1.62 mmol) were refiuxed in
2.5 mL of water and DMSO (4/1, v/v) under a nitrogen atmosphere.
After a few minutes (<5), the polymerization was initiated by
injecting 25 uL of ammonium persulfate (50 mg/mL). The initially
turbid solution turned to a clear viscous one after continued reflux
for 45 min. The resuiting solution was diltuted with water then
dialyzed exhaustively against distilled water. Lyophilization gave
148.3 mg (90%) of white spongy SMX-CPA 230 polymer which had
Amax = 263.5 nm (H2O). Elemental analysis of this material gave
C:44.97%, H:6.22%, N:15.80% and S:2.42% which corresponds to a
1:12.4 molar incorporation ratio of 229:acrylamide and a retained

water content of 13.6% (by weight) according to the procedure
outlined in Chapter 2 (equation 1).

TH-NMR § (D20): 7.4 - 7.9 (broad mult, 4H, phenyl}, 5.8 (broad, 1H,
oxazole =CH-), 2.0 - 2.5 (broad, 13.5H, backbone methine + 3H from
the SMX methyl), 1.4 - 2.0 (broad, 27H, backbone methylene).
Integration ratios indicated a 1:12.5 molar ratio of 229:acrylamide,
consistent with the elemental analysis resuits. 13C-NMR 5 (D20):
180.3 (C=0), 176.3 (Cy, SMX), 172.2 (C3, SMX), 141.5 and 137.1 (C,
and C;, SMX), 128.8 (Cs, SMX), 42.5 (broad, backbone methine), 36.6
and 35.8 (broad, backbone methylene), 12.6 {CH3, SMX).
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SMX-glutaraldehyde BSA conjugate 231

The conjugate 231 was prepared as described by Saunders2¢3 in
polystyrene flat-bottom 96-well microtiter plates (NUNC, Gibco,
Montreal, Canada). Briefly, 100 uL of BSA dissolved in distilled
water (30 pg/mL) was deposited in each well. The plates were
alowed to dry for 1 hour at 37 °C after which 100 pL of 0.2%
glutaraldehyde, pH 7.2 (JBS Supplies, EM Services, Toronto, Canada)
was added. The plates were incubated at 37°C for 30 min. then
washed five times with distilled water (300 uL). Sulfamethoxazole
(100 pL of a 10 ug/mL solution in PBS pH 8.0) was added to each
well, and the plates incubated for 2 hours at room temperature. Any
remaining unreacted aldehyde groups were capped with 200 uL of 1M
glycine (Sigma) in PBS pH 7.2 with a 1 hour incubation period at 37
°C. Finally, the plates were washed 5 times with PBS pH 7.2
containing 0.5% Tween 20 (Sigma) and blocked with 1% gelatin (Bio
Rad, Montreal, Canada) in PBS pH 7.2 for 2 hours at room
temperature. Plates were then stored at 4 °C for later use.

SMX-BSA conjugate 232

BSA (20.0 mg, 18 pmol lysines) and 229 (10.8 mg, 35 umol) were
homogenized in 2 mL of 0.2M carbonate buffer pH 10.0 using a Vortex
mixer. After 5 days at room temperature, the clear solution was
dialyzed against three & L volumes of distilled water. During
dialysis, a precipitate was formed. The precipitate was sedimented
by centrifugation at 14, 000 g. The supernatant was lyoghilized and
gave 9.9 mg (50%) of SMX-BSA 232 which redissolved readily in
water. The precipitate protein could be redissolved by titration with
dilute HC! or NaOH. The sulfamethoxazole content could not be
assayed by UV spectroscopy due to overlapping tyrosine and

265 (3.C. Suunders, The art of solid phase enzyme immunoassay including
sefected protocols, v Immunoassay in the Clinical Laboratory, R.M. Nakamura,
W.R. Dio and ES. Tucker teds), Alan R. Liss, New York, 1979, p, 100 - 118,
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tryptophane bands in the 260-270 nm region containing the
siilfamethoxazole absorption. This SMX-BSA 232 conjugate was
found to be only slightly better as coating antigen than 231
prepared by glutaraldehyde condensation.

SMX-PLL conjugate 233

Poly-L-lysine hydrobromide {110 mg, 0.523 mmol of lysine) and 229
(50 mg, 0.163 mmol) was dissolved in 9 mL of 0.2M carbonate buffer
pH 10.0 and 1 mL of DMSO. The reaction was stirred gently at room
for 4.5 days. After 1 day, 1000 uL of this solution was removed and
treated with 213 to give the SMX/biotin-PLL conjugates (see next).
The solution was dialyzed against distilled water (5 L) which caused
the poly-L-lysine conjugate to precipitate after roughly 10 min.
Dialysis was then carried out against 1mM HCI (5 i) which caused
the conjugate to resolubilize. Lyophilization gave 125.1 mg of 233
as a white, spongy solid. '"H-NMR spectroscopy analysis indicated
that on average, one of every three lysine residues had been modified
(33% by mol). The determination was carried out by comparing
integration intensities of the oxazole ring proton signal to the
backbone methine signal.

TH-NMR (D20): all peaks are broad with no fine structure. Centered
positions are reported. d: 7.7 (2H, Hs SMX), 7.4 (2H, Hg SMX)}, 5.7 {1H,
=CH-, oxazole), 4.35 (3H, backbone methine), 3.35 (H, C(O)CH2-SMX),
3.8 - 3.2 (8H, CHx"N SMX and Hg lys), 1.7 (11H, H + Hg lys and CHj
SMX), 1.45 (6H, Hy lys). 13C-NMR & (D20, referenced to internal
methanol at 48.97 ppm): 173.3 (C=0 lys), 170.1 (C=0 SMX), 161.5 (C,
SMX), 158.3 (C3 SMX), 141.0 and 135.5 (C4 and C7 SMX), 127.5 (Cs
SMX), 119.8 (Cs SMX), 95.8 (Cy SMX), 53.2 (Cy, lys), 42.7 (CH2'N SMX),
39.0 (Cg lys), 31.7 (CH,C(O) SMX), 30.3 (CH; lys), 26.1 (CH; lys), 21.9
(CHz lys), 11.4 (CHa SMX),

SMX/biotin-PLL conjugate 234
The 1000 pL aliquot (52.3 umol lysine and 16.3 umol 229) was
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treated with 180 uL of 213 (8.2 mg/mL DMSO 3.5 umol) and left to
stir at room temperature for 4.5 days. Dialysis in 1mM HCI (5 L)
followed Jy lyophilization gave 12.5 mg of 234 as a white, spongy
solid. The 'H-NMR spectrum appeared as described for 233 with no
truly discernible biotin resonances unobstructed lysine signals.
Biotin content was demonstrated by reacting a small sample of 234
(~100 pg) with 0.2% cinnamaldehyde in acidified ethanol (Sigma).
Gentle warming resulted in a pink colour generation while the biotin
deficient conjugate 233 did not react under identical conditions.

Enzyme linked immunoassays.
SMX coating anitgens.

When SMX-PLL 233 or SMX-BSA 232 were used as coating antigens
(1 ug/well), 100 pl of each antigen (10 pg/mL) were deposited in
wells of flat-bottom polystyrene microtiter plates (NUNC) which
were then allowed to dry at 17°C (1hr.). Plates were then blocked
with 1% gelatin in PBS pH 7.2 (200uL, 2 hrs. rt) and washed (5x)
with PBS pH 7.2 containing 0.5% Tween 20.

Evaluation of study samples

Subject sera (100 pL, diluted 1:40 in PBS pH 7.2) were added to each
well. After incubation (1hr. at 37°C) the plates were washed with
PBS pH 7.2 containing 0.5% Tween 20 (3x 200 pL). Antibody classes
and subclasses were evaluated with 100 puL of appropriately diluted
peroxidase labeled anti-IgM (1:4000), anti-IgG (1:2000), anti-IlgE
(1:45000). anti-lgG, (1:160), anti-IgG, (1:160), anti-igGs (1:160),
anti-1gG4 (1:160). Peroxidase labeled anti-lgE and anti-IgG
subclasses were purchased from Active Site (Birmingham, England}.
Peroxidase labeled anti-lgM and anti-lgG were purchased from Taco
Inc. (Burlingame, CA, USA). After a 1 hr. incubation period at 37°C,
the plates were washed (3x 200uL) with PBS pH 7.2 containing 0.5%
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Tween 20. Plates were developed by adding the peroxidase substrate
ortho-phenyldiamine (100 uL. 2 mg/mL)., and after 40 min.,
measuring the colour development at 450 nm with an automated
plate reader (Dynatech MR 600).

Hapten inhibition assays

For this analysis, 50 uL of serum from 4 subjects having high anti-
SMX IgM leveis were diluted 1:40 in PBS pH 7.2 and preincubated
with 50 puL of inhibitors (purchased from Sigma and Aldrich) of
appropriate concentrations (1nM to 1 uM) for one hour at 37 °C. All
samples were processed for ELISA testing as described above using
plates coated with SMX-glutaraldehyde BSA 231. The reduction in
measured antibody levels was taken as an indication of inhibition
using the following equation:

O/O |nh|b|t|on = (1 - O'D'mhubimd /O'D'unmhiblled) X 100
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Conclusion

The general object of the research undertaken for this Ph.D.
dissertation was the development of new glycoconjugates useful as
tools for studying carbohydrate-protein recognition and binding
interactions. The primary focus was directed towards a rational
strategy for developing well-defined and superior water-soluble
polymers bearing pendant carbohydrate residues. These so-called
"glycopolymers" were designed to act as multivalent antigens
specific for selected lectins and antibodies. This goal in mind,
coupled with particular interest in wheat germ agglutinin binding
site requirements, has led to a better understanding of both
systems. During research, different new avenues were opened and
capitalized upon to provide maximum product diversity and
usefulness from each step. Born out of this research has been the
development of a wide variety of improved glycoconjugation
strategies as well as an important and general phase transfer
catalyzed glycosylation methodology. All new methods and
strategies were developed and shown to be general, then applied to
more complex or important examples.

A variety of glycopolymer systems, having different structures,
functions and properties were created. A general copolyacrylate-
type (copolyacrylamide in particular} glycopolymer design and
synthesis strategy has provided multivalent carbohydrate antigens
having many superior or desirable properties. As antigens,
glycopolymers have many desirable properties and are superior in
every way to popular neoglycoprotein conjugates. Unlike
neoglycoproteins however, copolyacrylamide glycopolymers are non-
immunogenic and resistant to metabolism. Of the many desirable
properties they possess, they are inexpensive to prepare and isolate
in excellent purity on a wide scale range (10 mg - grams). They are
chemically and enzymatically very resistant and can be stored at
room temperature for seemingly indefinite periods without any
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degradation or loss in activity!. They are well-defined, homogeneous
macromolecules which can be fully characterized by simple methods
such as NMR. The sugar content and molecular weight can be
controlled at will by a simple choice of reagent concentrations to
provide glycopolymers which exist in water as dynamic random coils
with randomly alternating monomer compositions. Although not
requiring the use of any buffers, solubility is unaffected by even
highly ionic solutions. Because of their synthetic nature and poor
immunogenicity, they do not provoke any non-hapten-specific
binding and do not interfere in quantitative protein assays. A simple
extension to a terpolymerization strategy provides
heterobiiunctional glyco(ter)polymers with specialized features.

The conversion of carbohydrates and terpolymerizable effectors to
the necessary N-substituted acrylamide monomers, is accomplished
by mild acryloylation of a terminal amino or hydrazide group. Such
amine groups are easiiy introduced to carbohydrate haptens by mild
reduction of popular nitrophenyl glycosides or by a light catalyzed
cysteamine addition to allyl glycosides. In this way, both aromatic
and aliphatic spacer arms are provided in high yields. In addition to
being better monomers for aqueous radical copolymerization with
acrylate-type comonomers such as acrylamide, the acrylamide
function also serves very well in a new glycoprotein synthesis
methodology. Michael addition of amino (or thiol) groups of proteins
(e-amines of L-lysine in particular) is a simple, mild and effective
way of covalently attaching carbohydrates to proteins. The dual
reactivity of the acrylamide function allows for the simuitaneous
access to both glycopolymers and neogiycoprotein conjugates. Thus,
immunogens and antigens can be produced which share only the
features of the hapten of interest. The new Michael addition
procedure for preparing neoglycoproteins is superior in other ways
such as that it requires no additional reagents beyond the desired
protein carrier and th2 N-acryloylated hapten. High levels of hapten
incorporation can be achieved without altering the overall net ionic

I Some glycopolymers are now as old as five yeurs,
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charge of the protein or degrading it.

Poly-L-lysine based giycopolymers have also been produced which
bridge the gap between natural protein carriers and synthetic
copolyacrylate-type glycopolymers. The natural composition of poly-
L-lysine allows its use in vivo while being poorly immunogenic. It
also provides well-defined homogeneous multivalent antigens with
excellent serological properties (immunodiffusion, quantitative
precipitation and ELISA). As a carrier, poly-L-lysine provides a
water-soluble structure having built-in aliphatic spacer arms
terminated by reactive amino groups to which carbohydrates,
effectors or other haptens may be grafted to by various methods.

The strategies developed for preparing glycoconjugates as tools for
orotein receptor studies has been extended to the preparation of
therapeutic drug conjugates. Immunodiagnostic sulfamethoxazole
conjugates have been prepared to study and diagnose immune
hypersensitivity to sulfamethoxazole in HIV seropositive patients.
From this, it follows that the same strategies could be performed
for peptide antigens after N-acryloylation of the N-terminus or the
C-terminus if this one is converted to a hydrazide group, for
example.

Beyond the antigenic and immunogenic conjugate design strategies, a
general phase transfer catalyzed glycosylation methodology has also
been developed. Born out of observations made during synthesis of
aryl glycoside inhibitors, phase tranfer catalysis has proven very
useful as a method for preparing a wide range of glycosyl

derivatives. It is a simple and effective procedure which is
completely stereospecific and applicable to relatively soft and
acidic nucleophiles. Using peracetylated glycosyl halides,
glycosylation occurs by Snp displacement of axially disposed halides
to give equatorially disposed aglycons. The method is very general. It
has been successfully applied to a wide range of nucleophiles and
carbohydrates. Monosaccharides ranging from glucose and galactose
to their corresponding 2-acetamido-2-deoxy analogues, to sialic
acid have proven to be compatible with this methodology, as well as
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numerous disaccharides.
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Claims to original research

The work described in this dissertation includes new ideas,
strategies and methodologies which have contributed to
advancements in the field of carbohydrate chemistry and
immunochemistry. Some of the new strategies and methodologies
that have already been published have generated interest in the
scientific community in the form of collaborations and adaptations
of this work by well-respected, international research labarotories.

For example, Hans Paulsen (Hamburg, Germany) and coworkers have
been successfully applying the strategy of radical addition of
cysteamine to allyl glycosides folowed by N-acryloylation of the
amine and copolymerization with acrylamide to produce water-
soluble glycopolymers of complex and biologically relevant
oligosaccharide antigens!®3hc, The strategy of preparing
glycopolymer and neoglycoprotein conjugates from nitrophenyl
glycoside precursors attracted the attention of Kushi L. Matta
(Buftalo, NY) which resulted in a collaboration to produce conjugates
of biologically relevant oligosaccharide antigens for use in cancer
research (Section 8.3). Expertise acquired in preparing
glycoconjugates from N-acrylcylated carbohydrate derivatives
sparked an interdisciplinary collaboration with physicians and
researchers from the Virology Division of the Children's Hospital of
Eastern Ontario and the Departments of Immunology and Microbiology
at the University of Ottawa to develop sulfamethoxazole conjugates
for the study and diagnosis of immune hypersensitivity in HIV
seropositive patients. Glycopolymers of N-acetylglucosamine have
been requested by Dr. Kenneth Lloyd of the Sloan Kettering Cancer
Institute in New York City for testing in cancer research.

To summarize the major contributions brought forth through the
work presented in this dissertation, a list of strategies,
methodologies and results is described below in a general manner.
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New compounds are not listed.

1. A method for preparing glycosides having an extended flexible
spacer arm bearing reactive terminal groups has been provided
through an aqueous light-catalyzed addition of functionalized thiols
to allyl glycosides. The method has allowed for the preparation of
carbohydrate derivatives which can then be coupled to proteins,
polymers or solid supports. For example, with cysteamine as the
thiol, 3-(2-aminoethylthio)propyl glycosides were produced as
precursors to glycopolymers through various strategies.

2. Methods and strategies have been discussed for the coupling of 3-
(2-aminoethylthio)propyl glycosides to carboxylated particles
(polymers, latex particles) for the preparation of defined research
and diagnostic agents.

3. The N-acrylyolation of terminal amino groups of aglycon spacer
arms has been demonstrated as an effective method for preparing
carbohydrate derivatives which can be copolymerized with acrylate

type comonomers or coupled to proteins by a Michael addition
process.

4. The use of N-acryloylated carbohydrate derivatives as monomers
in copolyacrylamide glycopolymer syntheses has been demonstrated
as being superior to allyl glycosides previously employed. The use of
an all-acrylamide monomer based strategy for preparing
glycopolymers allows for the preparation of materials in which
exact carbohydrate content can be controlled at will through the
choice of comonomer load ratio, while the incorporation of a spacer
arm between the hapten and polymer backbone has given
glycopolymers with enhanced binding affinities.

5. The use of different acrylate type comonomers to prepare
glycopolymers has shown to be compatible with the glycopolymer
strategy and provides materials having slightly different physico-
chemica! properties to simple acrylamide based systems.
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6. Glycopolymers have been shown to be very effective and useful
antigens in simple serological assays such as immunodiffusion,
quantitative precipitation and solid phase enzyme linked assays.
These glycoconjugates appear to be more sensitive than
neoglycoprotein conjugates. The use of synthetic copolyacrylamide
glycopolymers allows, for the precise determination of agglutinated
lectin or antibody from solution during quantitative precipitation
experiments. Glycopolymers have been effective as coating antigens
during enzyme linked assays when used in amounts as low as 0.1
ng/well,

7. A terpolymerization of acrylamide monomers strategy has given
access to heterobifunctional glycopolymers which, depending on the
effector chosen, can be useful as immoadhesins or specialized
glycoconjugate probes.

8. A new method for preparing neoglycoproteins has been developed
which involves the 1,4-conjugate addition (Michael addition) of
lysine & amines to N-acryloylated carbohydrates. This method is very
efficient and mild. it has the advantage of using the same
carbohydrate derivatives used to prepare glycopolymers.

8. The use of poly-L-lysine as a biodegradable glycopolymer
backbone has been introduced. Poly-L-lysine glycopolymers and drug
conjugates have also been shown to be excellent diagnostic agents in
serological assays.

10. Sulfamethoxazole protein and copolymer conjugates have been
developed to study the immune response against the drug '
sulfamethoxazole in HIV seropositive patients. The conjugates
produced have proved useful in diagnosing HIV seropositive patients
susceptible to adverse reaction to sulfamethoxazole and in
identifying immunoglobulin classes and subclasses directed against
sulfamethoxazole .

11. Phase tranfer catalysis has been demonstrated as being a simple
and efficient glycosylation methodology adaptable to a wide range of
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I T PR AT ST B T

nucleophiies. The method has the advantage of requiring relatively
benign reagents under mild conditions. It is adaptable to a variety of
different sugars and is completely stereospecific. It provides the
first entry into the hydroxylamino glycoside family found in
esperamycin and calicheamycin antibiotics.

12. The hypothesis of electron donor-acceptor complexe formation
between aryl 2-acetamido-2-deoxy-p-D-glucopyranosides and

tyrosine residues within wheat germ agglutinin's binding sites has
been given support through a linear free energy relationship study.

13. A strong correlation has been shown to exist between chemical
shifts of anomeric carbon and hydrogen nuclei in p-substituted
phenyl B-D-glycosides of N-acetylglucosamine to Hammett
substituent constants. Correlations were found to be structure and
solvent independent.
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