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0-Alkyl-p-glucopyranosylamines are prepared by aikylation of
glucose and subsequent exchange of the 1-hydroxy group by an
amino group. The title compounds are being tested as chiral
templates, in particular for peptide syntheses by asymmetric four-
component condensations.

The four-component condensation (4CC, Ugi reac-
tion)! 73 is a widely usable principle of synthesis. The
4CC permits the preparation of a great variety of com-
pounds by a simple one-pot reaction. In the synthesis of
peptides the 4CC offers particular advantages. Since the
discovery of the 4CC’s,' methods for the synthesis of
peptides via this reaction have been developed, and
particular attention is devoted to the synthesis of peptide
segments by asymmetrically induced 4CC’s. %5

In this endeavor the main attention is devoted to the
asymmetrically inducing chiral amine component,
because the success of the synthesis depends largely on the
choice of the latter. A chiral amine component of peptide
syntheses by asymmetric 4CC must have good asym-
metricinducing power under suitable reaction conditions,
it must yield 4CC products with a cleavable auxiliary
group, and it must be readily available 4

Until recently the a-ferrocenyl alkylamines were the only
amine components that met these requirements.3 "¢ In
1988 Kunz and Pfrengle” reported that 2,3,4,6-tetra-O-
pivaloyl-f-p-galactopyranosylamine undergoes 4CC in
excellent yield and with a high degree of stereoselectivity
in tetrahydrofuran at — 78 to 0°C in the presence of
anhydrous zinc chloride. In a later communication, the
use of the complementary arabinose derivative as amine
component in such 4CC is described.®

The resulting 4CC products can be cleaved to yield a-
amino acids. This synthesis is restricted to a-amino acids,
because under the required cleavage conditions
(HCI/MeOH/H,0, 0°C, 1 h, then, r.t., 15 h) peptides are
destroyed.

The amine components of Kunz and Pfrengle correspond
to “disarmed” carbohydrate derivatives. In order to
facilitate the cleavage of the 4CC products, we introduce
the O-alkyl-1-amino-D-glucoses as “armed” amine com-
ponents.® In this article we describe the synthesis of the
2,3,4,6-tetra-0-alkyl-ﬁ-D-glucopyranosylamines S5a-¢
that are tested as amine components for peptide
syntheses.
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The glucose derivatives Sa—c are new compounds. The
only known close analog of 5a—c is 5d.'°

2,3,4,6-Tetra-O-methyl-$-p-glucopyranosylamine (5a) is
obtained in 62 % yield from the readily available 2,3.4,6-
tetra-O-methyl-D-glucopyranose''* (4a) by mesylation
and subsequent treatment with gaseous ammonia in a
one-pot reaction, in analogy to the procedure of Vasella
et. al.1?
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The glucopyranosides 2b and 2¢ are prepared from
methyl o-D-glucopyranoside (1) by alkylation; the proce-
dure of Brimacombe et. al.’? serves well. Subsequent
acetolysis of 2 to yield 3, followed by ammonolysis, leads
to 4b and 4¢ respectively. The yields of compounds 2b
and 4b are thus quite improved compared to the only

previously known synthetic route (94 vs. 39% for
2b).11®

The amines 5b and 5¢ are prepared in analogy to the
procedure for 4a to 5a, and have a pronounced tendency
to undergo self-condensation yielding secondary amines
of the type 6.
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Table 1. Fgrmation of a-Acylamino Acid Derivatives 10 by 4CC
with Isobutyraldehyde (8) and ters-Butyl Isocyanide (9a) or
Ethyl 2-Isocyanoacetate (9b)

Amine Acid 7 Iso- Temp. (°C)/ Prod- Yield de®
R*NH,R!CO,H cyanide Time (h) uct (%)* (%)
Sa CICH,CO,H 9a 0/4 10a 78 74
52 CF,CO-Gly-OH 92  —5048 10b 70 69
5a  Phi—Gly—OH 9 04 10c 64 66
S5a PhCO,H 9a 0/4 10d 70 59
5b PhCO,H 9a 0/4 10e 77 74
—50/72 80 68
Sb  CF,CO-Gly—OH 9%  0/4 10f 87 74
—50/72 79 85
5b CF,CO—-Gly—OH 9b 0/4 10g 76 71
5b PhSCH,CO,H 9a 0/4 10h 8 72
Sc¢ CF,CO-Gly—OH 9a 0/4 10i 80° 98

Total yield of all diastereomers.

b (B,R)%-(B,S)%-isomer, the J refers to the configuration at
C-atom 1 of the glucose moiety and R to the configuration of the
valine unit. The relative amounts of the diastercomers were
determined by GC/MS with a Carlo Erba 4160 capillary (25 m)
GC/Varian MAT 112 coupled instrument.

¢ Yield of pure (Glc-B-D, R-Val) diastereomer was 35 %, not optimi-

zed.

The amines 5a—c have been tested as chiral amine
components in various model 4CCs (see Scheme 2 and
Table 1).

RICOM + R*NH, + i-PICHO + CE=NR?
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Scheme 2

According to their high resolution "H-NMR spectra
(Table 3), the major diastereomers of the 4CC products
10b,e,f,i have the (Glc-fp,R-Val) configuration; the ob-
served double septets of the side-chain methine protons
in the valine residue are thus best explained. The spectra
of the other compounds of type 10 have similar essential
features; accordingly these probably also have the (Glc-
B.,D,R-Val)-configuration.

The 4CC products 10 were used as model compounds for
acidolytic cleavages to form 11. Trifluoroacetic acid in
combination with a soft base gave the best results (see
Table 2). A “push-pull” mechanism as described by
Yajima et. al.'? is likely.

thioanisole/m-cresol/ TFA
or thiourea /TFA

10e,f 750,
0] 9]
RN RN
OO% ONHRZ + Y NHR?
Q H Pr-/ Oi-Pr H
(R)-11 (S)-11

Scheme 3
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Table 2. The Acidolytic Cleavage of 10 into 11

Sub- Solvent/ Temp. (°C)/ % Re- Prod- Yield Major
strate Reagent* Time acted® uct (%)  Isomer
10e A 90/1 h - 11e 10 Rf

10e A 50/23h = 11e 7 Rf

10f A 50/3h =S 111 11 R

10f A 70/2 h 40¢ 1f 20 R

10f A 70/1h 364 11f 11 R®
10f B 80/20 h 50¢ 11f  50° R

10f B 20/6d 33¢ 11f  33* R

80/4h

® Solvent/reagent were as follows: A: 10 (1.0 g) in a solution of
thioanisole (12 mL), m-cresol (2.0 mL) and TFA (20 mL). B: 10
(0.5 g) in solution of thiourea (3.16 g) and TFA (40 mL).

b After evaporation of TFA under reduced pressure, neutralization
(NaHCO,) and extraction (EtOAc).

¢ Not determined.

4 Determined by 'H-NMR (360 MHz) after silica gel gradient
filtration (hexane — Et,0).

¢ Determined by *H-NMR (360 MHz) after evaporation of the
solvent.

€ Checked by chiral TLC; comparison with an authentic sample.'®

¢ Determined by chiral TLC; comparison of cleaved diastereomer
mixture vs. cleaved pure (Glc--D, R-Val) diastereomer (obtained
by destructively selective!® precleavage of the diastereomer mixtu-
re); eluent MeOH/H,O0/MeCN (5:5:3); R([(R)-11f] = 0.25;
R,[(S)-11f] = 0.37.

The present results indicate that as chiral amine compo-
nents of asymmetric 4CC’s, the 2,3,4,6-tetra-O-alkyl-f-
p-glucopyranosylamines 5 are as favorable as the O-
acyl-aldopyranosylamides of Kunz et. al.”® The yields
as well as the degree of stereoselectivity are comparable.
The O-i-Am derivatives seem to be particularly well
suited for peptide syntheses by stereoselective 4CC’s. As
expected, the acidolysis of the O-alkyl compounds pro-
ceeds under much milder conditions than the corre-
sponding cleavage of the O-acyl products. The presence
of the thio-compounds as soft bases facilitates the acid-
olysis greatly.

In our future work in this field we shall primarily
concentrate on systems that enable to remove the au-
xiliary group from the peptides effectively and under mild
conditions.

Alkylated Glucopyranosides 2; General Procedure:

A solution of methyl a-D-glucopyranoside (1, 15 g, 77.2 mmol) in
dry DMF (360 mL) is stirred vigorously at r.t. under an inert gas
blanket. NaH (12 g, 500 mmol, 1.6 equiv.) is carefully added, and
after 20 min at r.t. the suspension is cooled to 0°C. After another
20 min of continued stirring, the alkylating agent, i~AmBr or EtBr,
(310 mmol, 2.0 equiv) is added dropwise to the now pasty suspen-
sion that is shaken periodically. After adding all of the alkyl
bromide, the paste is slowly allowed to warm to r.t., resulting in a
stirrable, usually clear solution (~ 22 h). In the case of 2¢, stirring
is continued at 40°C for 14 d. The reaction is quenched by addition
of MeOH (50 mL). The solution is evaporated in vacuo to yield a
syrup. This is diluted with H,O (150 mL) and extracted with either
CHCI, (4 x 120 mL, 2b) or hexane (3 x 150 mL, 2¢). The combined
organic layers are washed with H,0 (2 x 100 mL), dried (Na,S0,),
and evaporated in vacuo. The residue is either distilled, 2b, or used
directly for acetolysis.

Compound 2Vb: yield 94%; bp 146-8°C/0.45 Torr (Lit.''®
94-6°C/0.15 Torr); [#]2° + 116.9° (¢ = 2.6, CHCl;) (Lit."® [a],
+76.5° (¢ = 5, EtOH)).
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Table 3. Compounds 10 and 11 Prepared
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IH-NMR (CDCl,)*
8, J (Hz)

Com-  Molecular IR® MS (70 eV)©
pound Formula® v (cm™1) mjz (%)
102 C, H,CIN,0, 1660, 1540 366 (M —100, 6),
(467.1) 88 (100)
10b  C,,H, F,N,0, 1650, 1510 453 (M —100, 1),
(543.7) 88 (100), 544 M
+1, 100)
10c  C,H,N;0, 1770, 1715, 477 (M —100, 6),
(577.7) 1660, 1540 88 (100), 578 (M
+1, 100)
104 C,H,N,0, 1630, 1510 394 (M — 100, 20),
(494.7) 187 (100;, 495 M
+1, 100
106  CyHyN,0, 1655 1510 450 (M —100, 8),
(550.8) 116 (100)
10f  C,,H,FiN,0, 1720, 1655, 499 (M —100, 1),
(599.8) 1540 116 (100), 600 (M
+1, 100)
10g  C,,H,F,N;0,, 1720, 1660, 584 (M —46, 0.2),
(629.7) 1530 116 (100), 630 (M
+1, 59), 229 (100)
10h C;,H;,N,0,8 1665, 1540 (519060()M+, 1.4), 116
(596.2)
10i°  C,oH,,FiN;0, 3290, 1730, 680 (M — 88, 0.4),
(768.1) 1665, 1550 71 (100), 768 (M
+1, 100)
11ff C,3H,,F3N,0, 3310, 1710, 226 (M —99, 22),
3442243 3
(325.49) 1640, 1545 72 (100), 326 (M
+1, 100)
(R)-11e — 1630, 1510 176 (M — 100, 17),

105 (100), 277 (M
+1, 100)

0.83(d, 3H, J = 6.6, Me—Val), 0.95 (d, 3H, J= 6.6, Me—Val), 2.73 (m, 1 H,
CH-Val), 4.08 (d, 1 H, J= 12.9, CHCI), 4.32 (d, 1 H, J = 12.9, CHCl), 4.58
d, 1H, J= 88, p-H,)

0.79 (d, 3H, J = 6.6, Me—Val), 0.95 (d, 3H, J = 6.6, Me—Val), 2.71 (d sept
1H, J, =63, J, =113, CH=Val), 421 (dd, 1H, Jy;z = 4.4, J, = 17,6,
CH-Gly), 4.29 (dd, 1 H, Jyp = 3.5, J, = 17.6), 442 (d, 1 H, J= 8.7, p-H,)
0.85(d, 3H, J = 6.6, Me—Val), 0.92 (d, 3H, J = 6.6, Me—Val), 2.70 (m, 1 H,
CH-Val), 4.51 (d, 1H, J= 16.2, CH-Gly), 4.63 (d, 1H, /= 8.6, 8-H,, 4.81
(d, 1H, J=16.2, CH-Gly)

0.97(d, 3H, J = 6.6, Me—Val), 1.04 (d, 3H, J = 6.6, Me—Val), 2.45 (m, 1H,
CH-Val), 4.52 (d, 1 H, J=8.91, -H,)

0.91(d, 3H, J = 6.6, Me—Val), 0.97 (d, 3H, J = 6.6, Me—Val), 2.76 (d sept,
1H,J, = 6.6,J, = 11.0, CH—Val), 3.37(d, 1 H, J= 11.0, NCHCO), 4.5 (d,
1H, J=89, f-H,)

0.80 (d, 3H, J= 6.6, Me—Val), 0.98 (d, 3H, J = 6.6, Me—Val), 2.68 (d sept,
1H, J, = 6.7, J, = 11.2, CH-Val), 424 (dd, 1H, Jup = 3.9, J, = 17.4,
CH-Gly), 4.38 (dd, 1 H, Jy = 3.1, J, = 17.4, CH—Gly), 4.46 (d, 1 H, J =
8.8, p-H,)

0.84(d, 3H, J = 6.6, Me—Val), 2.89 (m, 1 H, CH—Val), 4.27 (dd, 1 H, Jy;p =
5.2,J, = 17.3), 437 (dd, 1 H, Jyy = 3.5, J, = 17.3), 2x CH~Gly), 4.46 (d,
1H, j=8.6, f-H,)

0.68 (d, 3H, J = 6.6, Me—Val), 0.84 (d, 3H, J = 6.6, Me—Val), 2.65 (m, 1 H,
CH-Val), 3.82(d, 1 H, J = 14.8, CHS), 3.94 (d, 1 H, J = 14.8, CHS), 4.65 (d,
1H, J=8.9, p-H,)

0.84(d, 3H, J= 6.6, Me—Val), 0.96 (d, 3H, J= 6.6, Me—Val), 2.69 (d sept,
1H, J, = 64, J, =11.3), 420 (dd, 1H, J;yz = 39, J, = 17.6, CH-Gly),
439 (dd, 1 H, Jup = 3.7, J, = 17.6, CH—Gly), 4.44 (d, 1 H, J= 8.7, §-H,)
0.81 (d, 3H, J= 6.9, Me—Val), 0.83 (d, 3H, /= 6.9, Me—Val), 1.88 (oct.
1H, J= 6.8, CH—Val), 3.85 (dd, 1H, Ju = 5.9, J, = 16.5), 3.91 (dd, 1H,
Jup = 5.9, J, = 16.5, 2 x GlyH)

all other compounds as Nujol mulls.

request.
¢ mp 118-120°C; [«]3% —11.9° (¢ = 0.94, MeOH).
 NMR experiment recorded in DMSO-d,.
¥ mp of amorphons material (purified by preparative TLC) 226-228 °C (Lit.'? mp 228-231°C); [a]2° + 60.3° (¢ = 2.1, ACOH/CHCI 31:1)
(Lit.'* [a]3* +61.4° (c = 2.1, ACOH/CHCI, 1:1)).

Alkylated Glucopyranoses 4; General Procedure:

Conc. H,80, (1 mL) is added to a solution of 2b or 2¢ (65.3 mmol)

* All new compounds gave satisfactory microanalytical data: C +0.40, H +0.30, N +0.36; except 10d: N —0.64, 10g: C—0.55.
Recorded on a Perkin-Elmer 257 spectrophotometer; compounds 10f, 10k and 11 were recorded as K Br discs, 10¢ in CHC, solution and

Recorded on a Varian MAT 112 instrument, chemical ionization with isobutane.
Selected data, recorded on a Bruker AM 360 spectrometer (360 MHz); full *H- and **C-NMR data is available from the authors on

Compound 4b: yield (4 fractions) 60 %; mp 80.5-82°C (Lit.!'* mp
80-82°C); [@]3® + 79.1° (¢ = 0.5, CHCl,) (Lit.*® [a]p +95.9°

in Ac,0 (150mL) under an inert gas blanket, and the flask is
allowed to stand for 3d at —20°C. The resulting dark olive
solution is poured into a vigorously stirred ice-cold mixture of
either CH,Cl, (400 mL, 4b) or hexane (400 mL, 4¢) and H,O
(200mL); it is stirred for 5 min. The layers are separated; the
organic layer is washed first with H,0 (5 x 400 mL), then sat. aq
NaHCO; solution (2x 250 mL). Evaporation of the solvent con-
taining NaHCO, powder (~ 2 g) leads to a sirupy residue which is
taken up in MeOH (150 mL). Conc. aq NH, (150 mL) is added
gradually to this cooled and stirred solution; the clear solution is
stirred for another 30 min. Then H,0O (200 mL) is added and the
mixture extracted with either CH,Cl, (4 x 200 mL, 4b) or hexane
(4%x200mL, 4c). The combined organic layers are washed with
H,0 (200 mL), dried (Na,S0,), and the solvent is evaporated in
vacuo. The oily residue is either used directly for amination, 4¢, or
crystallized by addition of pentane (50 mL) and subsequent cooling

to — 20°C, 4b. Three to four fractions of crystalline 4b can thus be
obtained.

(c = 2, EtOH)).

Alkylated Glucopyranosylamines 5; General Procedure:

Mesyl chloride (6.5 mL, 1.9 equiv) in dry CH,Cl, (50 mL) is added
dropwise to a stirred solution of 4 (44.3 mmol) and dry Et,N
(16 mL, 2.6 equiv) in dry CH,Cl, (260 mL) at — 20°C within 15
min. After continued stirring (30 min) the mixture is cooled to
—30°C. Dry gaseous NH; is bubbled through the solution for 1 h.
The suspension is gradually allowed to warm to r.t. and stirred for
23 h. After this time, the precipitate is removed by filtration. The
solution is washed with H,O (3 x 40 mL), dried (Na,SO,), and the
solvent is evaporated in vacuo. The crystalline residue is either
recrystallized from hexane, S5ab, or reprecipitated from
MeOH/H,0.

Diastereoselective Model 4CC’s; General Procedure:
Under an inert gas blanket a solution of the amine 5 (20.6 mmol) in
dry THF (90 mL) is added dropwise in the course of 20 min to a
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Table 4. Compounds 2¢, 4¢, Sa—c Prepared
Com- Yield mp (°C) [2]3° Molecular*  IR® 'H-NMR (CDCl,/TMS)¢ MS (70 eV)?
pound (%) bp (°C)/Torr (c, CHCl,) Formula  v(em™Y) 4,7 (Hz) m)z (%)
2¢ 50 234-236/0.9 +70.8 C,;,H;5,0¢ 2950, 2920, 0.79 (m, 24H, 8xMe), 1.37 (m, 8H, 355 (M —119, 0.6),
0.43) (474.8) 2870, 1465, 4xCH,), 1.58 (m, 4H, 4x CH), 4.67 (d, 71 (100), 443 (M +
1370, 1100 1H, J=3.5H)) 1-32,15), 355 (100)
4 81 - +359  C,gHy,0, 3400, 2950, 090 (m, 24H, 8xMe), 147 (m, 8H, 442 (M—18, 0.4),
(0.43) (466.8) 2920, 2870, 4xCH,), 1.67 (m, 4H, 4x CH), 4.56 (d, 71 (100)
1465, 1370, 1H, J=17.7, p-H,), 5.27 (d, 1H, J=13.3,
1100 a-H,), (a/f=2:1)
5a 62  72-73f +83.3 C,oH,;NOs 3390, 3360, 3.41(s,3H, MeO),3.53 (s, 3H, Me0), 3.62 203 (M — 32, 4), 88
(0.25) (235.3) 1625, 1460, (s, 3H, MeO), 3.66 (s, 3H, Me0), 3.95(d,  (100), 236 (M +1,
1390, 1100 1H, J=8.7, p-H,), 5.04 (d, 1H, J=4.7, 100)
«H,), (@/f = 12:88)
5b 79 92-938 +36.5 C,.H,,NO, 3370, 3340, 1.20 (m, 12H, 4xMe), 1.88 (brs, 2H, 216 (M—175, 3),
(45)8 0.4) (291.4) 1480, 1440, NH,),3.97(d, 1H,J=8.7, -H,),500(d, 116 (100), 292
) 1375, 1100 1H, J=4.8, a-H,), (¢ < 10%) M +1, 100)
Se 92 50-51" +17.8 C,6Hs3NO; 3370, 3330, 0.83 (m, 24H, 8xMe), 1.41 (m, 8H, 460 (M +1, 100)
(37)¢ (0.14) (459.8) 1460, 1370, 4xCH,), 1.61 (m, 4H, 4CH), 1.82 (bs,

1100

2H,NH,),3.88(d, 1H,J= 8.7, §-H,),4.94
(d, 1H, J=4.7, a-H,), (2 < 10%)

* Satisfactory microanalysis obtained: C +0.31, H £0.29, N +0.40;

except 4¢c: C —0.64, 5¢: N —0.75.

Sec Table 3 for instrument details; compounds 5a, b were recorded

as KBr discs, Sc as a Nujol mull, and 2¢, 4c¢ as films.

¢ Gee Table 3 for instrument details; full *H- and !*C-NMR is
available from the authors on request.

4 Gee Table 3 for instrument details, chemical ionization with
isobutane.

stirred solution of isobutyraldehyde (8, 1.9 mL, 20.9 mmol, 1.02
equiv) and anhydrous ZnCl, (1M solution in Et,0, 21 mL,
21 mmol, 1.02 e&uiv) in dry THF (150 mL), containing molecular
sieves (11.4 g, 3 A, 1.7-2.4 mm beads). Stirring is continued at r.t.
for another 20 h. Then the suspension is cooled to the temperature
given in Table 1. The respective isocyanide 9 (21.2 mmol, 1.03
equiv) is added, and stirring is continued for another 15 min. A
solution of the respective acid 7 (21.0 mmol, 1.02 equiv) in THF
(90mL) is added dropwise. Stirring is continued for the time
indicated in Table 1; the reaction is monitored by TLC
(CHCly/MeOH 9:1, ninhydrine). After the starting material has
disappeared, the suspension is filtered over a Celite bed and
evaporated in vacuo. The oily residue is taken up in CH,Cl,
(100 mL), washed with 3.5% aq tartaric acid (100 mL) and sat. aq.
NaHCO, solution (100 mL). The organic phase is then stirred for
15h (r.t.) with a sat. aq NaHSOj solution (200 mL), washed with
H,O (75mL), dried (Na,SO,), and evaporated in vacuo. The
product 9i is obtained as a crystalline solid, 9b,¢,f as amorphous
foams and the others as gums. The (Gle-fp,R-Val) diastereomers of
9e,i are purified by either recrystallization from MeOH/H,0, 9i,
or prep TLC (EtOAc/hexane 3:7), 9e, the other compounds 9 are
characterized as mixtures of diastereomers (Tables 1 and 3).
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