FULL PAPER

Concave Reagents. 3%

A Merrifield Bound Concave Pyridine for the Selective Acylation of Polyols

Ulrich Luning * and Wolfgang Hacker
Kiel, Christian-Albrechts-Universitét, Institut fir Organische Chemie
Received August 9th, 1999

Keywords: Acylation, Macrocycle, Polymer, Catalysis, Ketene, Selectivity

Abstract. The concave pyridin2a has been synthesized in droxypropyl diphenylacetaté3g) (selectivityl3a/13b: 11:1)

61% yield in the two macrocyclization steps. After deprotec-and methyl 4,@-benzylidene-2-diphenylacetyl-D-gluco-

tion to give2b, the concave pyridine has been attached to @yranoside 14b), (selectivity 14b/13c 29:1), respectively.
Merrifield resin, and the resulting polym#&0 containing  After successful applications in batch reactions, the selective
0.3 mmol2/g has been used as a selective acylation catalystddition ofl1to12has also been carried out in a flow reactor
for the addition of propane-1,2-didll) and the glucose de- filled with the polymeric catalystO.

rivative 14ato diphenylketenel) to form selectively 2-hy-

The enhancement of selectivity is a major goal in the deveand over again, and the synthetic effort in synthesizing the
lopment of new reagents and catalysts, and continuously neweatalyst or reagent pays off. Therefore, many reagents and
answers are found for questions of chemo-, regio-, diastere@atalysts have been attached to polymers [5]. In addition with
and enantioselectivity. But in many cases, the price for inpolymer bound catalysts, continuous flow set-ups can easily
creased selectivities is a costly synthesis of the reagent die realized, which will be shown here for a concave reagent.
catalyst. _ Concave reagents [6] possess a lamp-shade like geo-
While catalysts leave a reaction sequence unaltered regnetry with a reactive group (light bulb) on theideof
gents are consumed. However, many reagents can also be usg@ molecule. As with enzymes where the high selec-

over and over again, if a method has been established Whi(‘tﬂ/ity is largely caused by a concave environment, the
"recharges” the reagent. For example a protonation or depro- '

tonation can reestablish an acid or a base, respectively, goneave geom_etry (Iamp_—shade) enhances the selectiv-
redox-active reagents can be "recharged” after the reactioly Of the reactive ce_n'ter In a concave reaggnt.
by the use of an appropriate oxidizing or reducing process. With concave pyridines [7] a class of basic catalysts
Therefore, the following considerations are valid for bothhas been developed which can be used in selective acyla-
classes, for catalysts and for reagents which can be regendions [8, 9]e.g. of polyols with diphenylketene [10] (see
ated, although only one of the classes may be mentioned. Scheme 1). In a two step reaction, the concave pyridine
A multistep synthesis of a new catalyst (or reagent) willfirst forms a hydrogen bond to an alcohol thus increas-
only pay off if it can be recovered and purified easily. Theseing the nucleophilicity of its oxygen atom. In the sec-
requirements are fulfilled by polymer bound catalysts. ond step this complex is attacked by a diarylketene, and

__Since the pioneering work of Merrifield [1], polymeric res- o o is formed between the sp-hybridized carbon atom
ins play an important role in organic synthesis [2]. Their use

as a platform for the synthesis of larger molecules has ena-
bled the chemist to construct automatic machines for the syn-
thesis of oligopeptides or oligonucleotides [3]. In these reac-

tions, the growing oligomer is covalently bound to the poly- Ar,C=C=0 ANCYS A
mer, and the reactions are carried out by alternating turns c . RN — Ar
dipping the resin into the reagent solutions and washing. The 7R )

same principle is used in combinatorial chemistry which uses H

several different reagents in parallel reactions to generate li- Ar o
braries of oligomers [4]. In the final reaction step of these HH
reactions, the products must be cleaved off the polymer. Ar O-R

A second use of polymers in organic chemistry exchanges ]
the positions of substrate and reagent: the reagent is bound&heme 1By the formation of a hydrogen bond between an
a polymer, the substrate is dissolved. After the reaction, proclcohol and a concave pyridine the nucleophilicity of the al-
uct and reagent can again be easily separated by filtratio§0hol oxygen atom is increased facilitating the addition of
with the reagent remaining on the polymer. If the reagent is he alkoxy group OR to a diarylketene. Protonation and de-

catalyst or can easily be regenerated it can thus be used owotonation form the acylation product, a diaryl acetate, and
regenerate the catalyst, the concave pyridine.

1) Part 30: B. Meynhardt, U. Lining, C. Wolff, C. Nather, Eur. I. Org. Chem., in press
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of the ketene and the alcohol oxygen atom. Protonation Analogously to the synthesis of other 4-substituted
and deprotonation yield an ester and regenerate the catasncave pyridines [7R was built up by a two step bis-
lyst. macrocyclization starting from the pyridine-2,6-dicarb-
In alcohol mixtures or when polyols are acylated, thealdehyde5 [11]. In general, 4-substituted dialdehydes
selectivity of this reaction arises from the differencesare accessible in a few synthetic steps from chelidamic
of the interactions of the macrocycle chains of the conacid (4-hydroxypyridine-2,6-dicarboxylic acidia the
cave catalyst with the residues of the different alcoholkey compound 4-chloropyridine-2,6-bismethan®) (
and the arene rings of the ketenes. The catalysts, tH&b]. By nucleophilic aromatic substitution, a 2-benzyl-
ketenes and the alcohols have widely been varied [8, 9xy-ethoxy substituent can be introduced. Oxidation
and with catalysts lik@€d, high selectivities have been with SeQ gives 4-(2-benzyloxyethoxy)-pyridine-2,6-
found, for instance for the preferred acylation of a pri-dicarbaldehyde5) [11].
mary hydroxyl group in the presence of a secondary The first macrocyclization exploits the metal ion tem-
one, or for the selective @-acylation of 4,60-ben-  plate effect [7, 12]in the presence of @aions a mac-
zylidene protectedr-methylglucosidel4a [8] (see  rocyclic bis-Schiff base forms with tleew-diamine6
Scheme 4). in excellent yield as a @acomplex. Without isolation
this complex can be reduced by NaBbigive the mac-
rocyclic diamine7 in almost quantitative yield.
Q n=0 1 The second macrocyclization is carried out obeying
n=12a  R=CHCHOBn  the high dilution principle [7, 13]. Solutions of the di-

OR

N N N gg E N gggnigna amine7 and dodecane diacid dichlorid) (vere slow-
OZQJO_LO),”O?:O 2d  R=Me ly and synchronically dropped into a solution of triethyl-
(CH) T amine in THF. The desired bimacrocycha could be

isolated in 61% yield.

The synthesis of concave pyridines is well established In the last two reaction steps, first the protective ben-
[7—9] but nevertheless the multistep syntheses of thayl group in2a was removed by catalytic hydrogena-
concave pyridines ask for a multiple use of these catdion (Pd/C, 91%). Then the OH-group of the 2-hydroxy-
lysts. Therefore, a concave pyridihbas already been €thoxy spacer was deprotonated by sodium hydride in
attached to a Merrifield polymer resin [11]. But the se-the presence of the Merrifield polymer (scheme 3) re-
lectivity of a concave pyridin& containing a dioxaoc- sulting in the fixation o on the Merrifield polymer by
tane chain in the base catalyzed addition of alcohols tBucleophilic substitution of chloride. Excess chlo-
ketenes is small. Therefore, a larger concave pyrizline romethylene functions were quenched with methanol.
with a trioxaundecane chain has been modified in 4Excess sodium hydride formed sodium methoxide which
position of the pyridine ring and has been attached to gubstituted the chloride. The resulting polyrhémwas
chloromethyl substituted crosslinked polystyrene (Mer-2nalyzed by titrations, elemental analyses and (qualita-
rifield resin). Scheme 2 summarizes the synthesis of Hvely) by NMR (CP-MAS technique).
concave pyridin€ with a linker in 4-position.

Cl O  OBn o  OBn
NaO  OBn Seq,
—_— b 2
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Scheme 2Synthesis of the benzyl protected concave pyridae
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Scheme 3Attachment of the concave pyridi2e (i.e. deprotonate@b) to a Merrifield polyme® to give the polymer bound
catalyst10.

By titration with p-toluenesulfonic acid the content  Then acylations of propane-1,2-dialj with diphe-
of basic centres (pyridines) i was determined to be nylketene {2) were carried out by injecting aliquots of
0.28 mmol/g. The content of concave pyridines was alsa 57 mM solution ofl.2 in dichloromethane. The mass
calculated from the nitrogen content of the elementabalance was >97%, the yieldI8aand13bwas >92%
analyses varying from 0.28 to 0.34 mmol/g for variouswith a selectivityl 3a/13b of 10.8. The same selectivity

samples which were treated differently (directly after o
synthesis, recycled from titration experiments, recycled OH IR
from acylation experiments). Remaining chlorine con- OH 0~ “CHPh,
tent may either arise from unreacted chloromethylene PhC=C=0 (2) +
groups or from solvent inclusion (dichloromethane). cat. O__-CHPh

The catalytic activity and the selectivity of the poly- ©H \[or OH
mer bound concave pyridii®was tested in acylations 15 L3

of propane-1,2-diol 1) and the glucosidé4a with
diphenylketene 12), which were carried out as batch
reactions. By the fixation to the Merrifield polymer, the R2 R3

selectivity of the bimacrocyclic concave pyridbhwas ph/\o e H m
not altered as table 1 shows. o 14b  (CO)CHPh  H
With insoluble catalysts, reactions can be carried out ldac  H (CO)CHPHR

continuously when the catalysts are placed in a flow 14d  (CO)CHPh  (CO)CHPh

reactor. To check this option, a stainless steel column

for HPLC chromatography was filled with poly . Scheme 4The base-catalyzed addition of the dibisand
The column was conditioned with a 50 mM solution of 14ato diphenylketene gives the produt8a—b and14b—d,
propane-1,2-diolX1) in dichloromethane. respectively

Table 1 Selectivities of the acylations of propane-1,2-didl) (and glycoside4a by diphenylketenel) in the presence of
different pyridine catalysts.

catalyst 13a/13b?) 14aP) 14b") 14ch) 14d")
pyridine 6.3 26 50 12 12
2,6-dimethylpyridine 6.9

2d 11.29) 214 7649) 39 09
10 (batch) 10.6 11 86 3 0
10 (column) 10.8

a) 50 mM catalyst, 50 mM1, 4 mM12 [8]. Selectivities determined by GC) 20 mM catalyst, 200 mNI4a, 200 mM12 [8]. Selectivities
determined by 200 MH#H NMR. ©) In the direct comparison experiment 11.2 was found. Other sets of experiments resulted in selectivities
up to 13 [8]. For general procedures and acylation procedures see [8] and ref)ditedther experimentg,4b was found as the only
product,e.g. when the reaction was carried out to 85% conversion (15% remauen§lo].
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was found with an analogous run with a 5.7 mM solu-mained which was purified by chromatography [1.6 kg of
tion of diphenylketene in dichloromethane, proving thatsilica gel, dichloromethane/ethanol (158)2a) = 0.5-0.6,

iviti i i iR (impurities) = 0, 0.2—-0.3] yielding 13.35 g (61%) of a slight-
the selectivities found in batch reactions are reprodu0|Iy yellow oil. — IR (fim): s /e 1= 1640 (G=0). 1595, 1570

ble ina continuous process under pressure. arom.). —'H NMR (300 MHz, CDCJ): dlppm = 0.90-1.30
The descrlbeo_l experiments now open the door to m, 12H, (CH)g), 1.24, 1.64 (2 m 4H, (H,-(CH,~CO)),
large scale application of concave reagents, awarding 10_» 35, 2.50 (m, m4H, N-CH:-polyether), 2.96—4.00
the multistep synthesis of the concave reagents with eagy 16H, CH-CO-N, polyether, CHOBn), 4.14 (m 2H,
recovery or continuous flow reactions combined withCH,—O-Py), 4.62 (s, 2H, CHPh), 4.63, 4.68 (2d,= 12.9
improved selectivities in comparison to ‘cheap’ cata-Hz andJ = 8.9 Hz, ca. 0.5H), 4.72 (d= 4.3 Hz, 2.4H), 4.86
lysts as pyridine. (d,23=17 Hz, 0.22H), 5.18 (dJ) = 15.3 Hz, 0.23H), 5.40 (d,
23 =13.0 Hz, 0.09H), 6.51 (4] = 2.0 Hz, 0.26HEZ-Py—H),
We thank Dr. G. Peters for the solid state NMR experiments8-58 (s, 1.37HZZ-Py-H), 6.70 (d;4J = 2.1 Hz, 0.26HEZ-
Py—H), 6.99 (s, 0.11HEE-Py-H), 7.37 (mg, 5H, GH.). — MS
(70 eV): m/A%): 639 (M, 32), 257 (14), 91 (100). —
HR-MS: calcd.: 639.3884, found: 639.3898.
CaeHsaN;O; Calcd.: C67.58 H8.34 N6.56
Found: C67.60 H8.28 NG6.31.

Experimental

For general procedures and acylation procedures see [8] ak@38.83)

ref. cited. . : :
29-(2-Hydroxyethoxy)-17,20,23-trioxa-1,14,33-triazatricy-

19-(2-Benzyloxyethoxy)-6,9,12-trioxa-3,15,21-triazabicyclo-C¢l0[12.11.7. B #]-tritriaconta-27(33),28,30-triene-2,13-di-
[15.3.1]-heneicosa-1(21),17,19-triei{@) one(2b)

13.05 g (67.9 mmol) of 1,11-diamino-3,6,9-trioxaundecane” Suspension of ca. 0.8 g of Pd/C (10%) in 800 ml of ethyl
[7a] (6) was added to a solution of 19.37 g (67.9 mmol) of 4-2cetate was saturated with,tand 13.30 g (20.79 mmol) of
(2-benzyloxyethoxy)-pyridine-2,6-dicarbaldehyde [15) ( the concave pyridin@a was added. Further hygroger) was
and 7.53 g (67.9 mmol) of dry Ca@h 1.8 | of dry methanol. ~ Pubbled in, and the mixture was warmed to 50 °C while stir-
Under N, the solution was heated to reflux until the reactioning until TLC control showed almost complete conversion
was completed [ca. 5—6 h, TLC contr&:(5) = 0.76,R,  butyetonly slight amounts of by-products. TLC-conditions:
(7 -CaCl) = 0]. At 0 °C, 12.86 g (340 mmol) of NaBias  dichloromethane/ethanol (15:1]; (2b): 0.2-0.25R; (24):
added. After no more hydrogen was produced the mixtur®-5—0-6R(by-products): 0—0.05. The reaction time depend-
was stirred for 15 h at room temp. After addition of ca. 500€d on the quality of the catalyst: 5-30 h. The less reactive the
ml of water and 1 h of stirring the mixture was extracted withc@talyst, the better was the yieldif: 68-91%. When the
six portions of 100 — 200 ml of dichloromethane. The com-eaction slow_e_d down (TI__C), further catalyst was added. Pri-
bined organic layer was dried with Mg§Q\fter evapora-  ©F to j[he addltlc_m of portions of new catalyst hydrogen was
tion of the solvent, 30.35 g (quant.) of a brown, clear oil re_substltl_Jted by nltroge.n., and the hydrogen flow was only turned
mained. — IR (KBr):v/cml = 3500—-3100 (N—H), 1595, On agairafterthe addition of Pd/C. The total amount of Pd/C
1565 (arom.). *H NMR (250 MHz, CDC)): dppm =2.84 Wwas 1.5-2g. , .
(m. 4H, NCH,CH,0), 3.65 (m, 8H, OH,CH,0), 3.72 (t, The catalyst was filtered off, and the solution was concen-
4H, 3 = 7 Hz, OG,CH,N), 3.81 (s, 4H, Py—CiN), 3.82  trated to drynes2b was purified by chromatography [1.2 kg
(m,, 2H, CI—&—OBrﬁ, 4.18 (g 2H, CH~OPy), 4.62 (s, 2H, of silica gel, 2—3 | of dichloromethane/ethanol (15:1) for the
CI—?Z—Ph), 6.62 (s, 2H, Py-H), 7.30-7.38 (m, 5HHQ. — elution of2a, ca. 4 | of dichloromethane/ethanol (10:1) for
MS (70 eV):m/4%): 445 (M, 4), 298 (15), 257 (12), 91 (100). 2b] yielding 0.47 g (4%) oRa and 10.38 g (91%) of white
crystalline2b, m.p.105.5-110.5 °C. — IR (KBr)y/cml=
29-(2-Benzyloxyethoxy)-17,20,23-trioxa-1,14,33-triazatricy-3600-3100 (O—H), 1630 (C=0), 1595, 1570 (arom.). —
clo[12.11.7.273F-tritriaconta-27(33),28,30-triene-2,13-di- 14 NMR (300 MHz, CDCJ): dppm = 0.91-1.37 (m, 12H,
one(2a) CH,)e), 1.37-1.87 (2 m, 4H, I&,CH,—CO), 2.07-2.40
2/6

15.12 g (33.9 mmol) of the diamiifan 500 ml of dry THF (2 m, 4H, N-CH-Polyether), 2.52, 3.06 (240.7H), 3.20—
and 9.07 g (33.9 mmol) of the diacid dichloride [B4in  4.02 (m, 22H, CB-CO-N, OH, polyether), 3.99 (m2H,
500 ml of dry THF were filled into two identical dropping CHy~OH), 4.11 (g, 2H, CH~OPYy), 4.27 (g 0.4H), 4.66
funnels. Synchronically, and over 8 h, these two solutiondd, 2] = 21 Hz, 0.41H), 4.74 (s, 2.85H), 4.89 td= 17 Hz,
were slowly added to a solution of 20.60 g (203.6 mmol) 0f0.27H), 5.18 (d2J = 15 Hz, 0.28H), 5.40 (&) = 15 Hz,
dry NEg in 2.5 | of dry THF, which was stirred at 1200 rpm 0.13H), 6.50 (d}J = 2.2 Hz, 0.27HEZ-Py—H), 6.59 (s, 1.35H,
under N. After additional stirring for 1 h the solution was ZZ-Py-H), 6.71 (d}J = 2.2 Hz, 0.27THEZ-Py-H), 7.00 (s,
filtered to remove triethylammonium hydrochloride. THF was 0.12H, EE-Py—H). —13C NMR (50 MHz, CDC}): dppm =
evaporated, the residue was dissolved in ca. 250 ml of dichld24.38, 24.90, 25.57 (G} 26.97, 27.49—-28.47 (GH 32.09,
romethane and washed twice with 100 ml efNlaOH. The  32.18, 33.89, 45.07, 47.06; 47.94 ({HH), 50.18, 53.42,
layers separated badly, the water layer was washed five timé#.93; 55.48 (CKOpy); 60.63; 68.62, 69.32, 69.42, 70.02,
with 100 ml of a chloroform/dichloromethane mixture. The 70.62, 70.74, 70.89, 70.97, 71.08, 72.30 (Py»)CH04.81
combined organic layer was dried with MgS@nd the sol- (4.7 %,ZZ-Py-C-3,5); 105.51, 106.10 (1.1 and 1.(&4; and
vents were evaporated. 27.5 g of a red brown crude oil reZE-Py-C-3,5), 109.42 (0.3%E-Py-C-3,5); 158.17, 158.25
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(Py—C-4), 159.99 (Pye-2,6); 166.37, 166.55 (P&-2,6);
173.05, 173.41 (C=0); 174.61, 174.63 (By2,6). —13C CP-
MAS-NMR (5 kHz): dppm = 22 QAv,, = 210 Hz, CH), 29
(Av,, = 285 Hz, CH), 47, 51, 57, 61 (CH), 71 (\v,, = 240 Hz,
CH,CO, ArCHN, CH,0), 101 Qv,, = 265 Hz, Py€-3,5),
108 Qv,, = 265 Hz, Py€-3,5), 159 4Av,, = 360 Hz, Pyc-4,
Py-C-2,6), 167 Qv,, = 160 Hz, Py€-2,6), 175 fAv,, =
230 Hz, C=0, PyE-2,6). — MS (70 eV)m/4%): 549 (M,

tonated polymer fractions, resulting from 237.0 and 207.6 mg
of unprotonatedlO, were combined and washed ten times
with ca. 5 ml of 0.4 NaOH in ethanol/water (1:1). Before
filtration, the mixture was allowed to stand for 5 min. Fol-
lowing this procedurel0 was then washed ten times with
10 ml of dry ethanol, ten times with 10 ml of ethanol/dichlo-
romethane (dry, 1:1) and 20 times with 10 ml of dry dichlo-
romethane. After dryinn vacuo(0.05-0.10 Torr) 423.4 mg

100), 519 (37), 460 (33), 444 (24), 431 (36), 236 (21), 20995%) remained. Elemental analyses (carried out three times):
(20), 208 (21), 207 (25), 193 (25), 123 (22), 122 (21). — MSC 78.98 + 0.09, H 7.54 + 0.03, N 1.22 + 0.03, CI not deter-

(ClI, isobutane)m/4%): 550 (Mr+ 1, 100). — HR-MS: cal-
cd.: 549.3414, found: 549.3401.

CygH47N;O;, Calcd.: C63.36 H861 N7.64
(549.71) Found: C63.40 H8.44 N 7.50.

Polymer bound Concave Pyridiri®

To allow swelling 8.00 g of Merrifield polymé&rcontaining
31.1 mmol Cl/g was added to 300 ml of dry THF undgr N

mined,i.e. 0.291 + 0.007 mmol dt/g.

Recycling from catalysis experiments: The polyd@was
isolated by filtration, washed thoroughly with dichlorometh-
ane and drieth vacuo(0.05-0.1 Torr). Elemental analyses
(carried out three times): C 78.71 + 0.42, H 7.57 £ 0.01, N
1.42 +0.02, Cl not determineidg. 0.338 + 0.05 mmol ¢t/g.

Base-catalyzed Addition of Propane-1,2-ditl) to Diphe-

After 73 h a solution of 2.92 g (5.31 mmol) of the concavenylketeng12), Batch Reaction: Synthesis of 2-Hydroxypro-

pyridine 2b in 50 ml of dry THF was added. Against 3 N

pyl Diphenylacetat€13a) and 2-Hydroxy-1-methylethyl

flow, 1.3 g (54 mmol) NaH was added in portions, and theDiphenylacetat€13b)

mixture was then heated to reflux. The progress of the rea

romethane [TLC: silica gel, dichloromethane/ethanol (15:1)
R: (2b) = 0.2-0.3]. After 87 Zb was not detected anymore.

70 ml of dry methanol was added, and the mixture was hea
ed to reflux for 26 h. The mixture was filtered, and the yellow
residue was washed several times with distilled water result-

ing in a discoloration. For purification and drying a five step
washing-filtering sequence was used three times usin
= 100 ml of the following solvents each time:

1. dry methanol, 2. dry dichloromethane, 3. distilled water
4. dry THF, 5. dry dichloromethane. After the third cycle the

polymer was dried for 24 h at 0.01-0.05 Torr, giving 9.26 g

of a slightly beige powder. Elemental analysis (carried ou
five times): C 79.58 £ 0.28, H 7.59 £ 0.04, N 1.32 + 0.08, CI
2.04 £ 0.05, other: 9.72 £ 0.0i7e. 0.3141 + 0.0190 mmol
2/g, 0.5754 mmol Cl/g, ca. 2.36 mmol OMe/g. — IR (KBr):
v/iem1= 2819 (OCH), 1647 (C=0), 1598 (arom.), 1096
(C-0-C), 816 (arom.). 13C CP-MAS-NMR (Bruker AM
400, 7 mm BB-probe, rotation: 5 kHz)ppm = 28 fv,, =
470 Hz, CH), 40 @v,, = 345 Hz, ArCKCH,), 46 Qwv,, =
390 Hz, ACHCH,, ArCH,CI), 58 @wv,, = 390 Hz, OCH),

71 (Avy, = 390 Hz, CHO), 74 (ACH,OCH,, ArCH,O-Py),
128 Qv,, = 470 Hz, Ar€-2,3,5,6), 1364v,, = 260 Hz, Ar—
C-1), 145 Qv,, = 470 Hz, Ar€-4), 164, 173 (PyG); the Py—

tion was controlled: 1 ml aliquots of the reaction mixture Werecl67'4 mg of the polymexOwas driedn vacuo Under nitro-

quenched with little water and were extracted with dichlo-

gen, 90Qul of a 55.6 mM solution of propane-1,2-di&lf in
dichloromethane was added and the mixture was stirred for
ca. 45 min. Then, 100 of a 45 mM solution of diphenylket-
gne (2) in dichloromethane was added and the mixture was
stirred for ca. 18 h. After filtration and washing of the poly-

er 10 with dichloromethane, the combined organic layer
as concentrated to dryness. To allow GC analysis this resi-
ue was silylated by adding 1.0 ml of dry pyridine, 0.2 ml of
,1,1,3,3,3-hexamethyldisilazane and 0.1 ml of freshly dis-
tilled chlorotrimethylsilane and heating to 70—80 °C for ca.

'5 min. Then the turbide mixture was filtered throughGh|

which was washed with dry dichloromethane. After concen-
ration to 1—1.5 ml, the mixture was analyzed by GC (SE 30,
5 m, split injector, starting temp 130 °C for 5 min, heating
with 5 °C/min until 220 °C were reached, then further heat-
ing to 250 °C with 20 °C/mir, (13b): 25.6 min,r, (138):
26.1 min). Analytical data for 2-hydroxypropy! diphenylace-
tate (138) and 2-hydroxy-1-methylethyl diphenylacetate
(13by): [9a].

Base-catalyzed Addition of Methyl 4,6-O-Benzylidene-a-D-
glucopyranosid€14a) to Diphenylketenél?), Batch Reac-
tion: Synthesis of 4,6-0O-Benzylidene-a-D-glucopyranosides
14b—d

C-signals had extremely low intensities, and were only ob-

served after recalculation [15]. The B3,5 signals at ca.
105-110 ppm were not observed.

Titration (carried out twice): 5.000 ml (481 pmol) of a
96.2 mM solution op-TsOH in ethanol was treated with 237.0

335 mg of the polymet0 and 281.3 mg (1.000 mmol) of
methyl 4,60-benzylidenea-D-glucopyranoside were dried
in vacuo Under nitrogen, 5 ml of dichloromethane was add-
ed first followed by 18Ql (200 mg, 1.00 mmol) of diphe-

(2076) mg oﬂ_o in 5 mli Of dry EtOH. After 1h the mixture nylketene aftel’ 30 min. The miXture was Stil’red fOI’ 285 h.
was filtered, and the polymer was washed with 35 ml of dryAfter filtration and washing of the polymer with 0.5 ml of
ethanol. Ethanol solutions were combined, and dry ethandlichloromethane, the combined organic layer was concen-
was added to 50.00 ml. 10 ml aliquots were mixed with 20 mirated to dryness and the residue was analyzét blYMR.

of water, and the-TsOH contents were determined by titra-
tion with 0.0IN NaOH.p-TsOH in ethanol: 0.4125 (0.4235)
mmol. Basic centres (concave pyridine) on polytte0.289
(0.277) mmol of2/g.

Analytical data for methyl 4,&-benzylidene-2-diphenyl-
acetyla-D-glucopyranoside 14b), methyl 4,60-benzyli-
dene-3-diphenylacetyd-D-glucopyranoside 14¢) and me-
thyl 4,6-O-benzylidene-2,3-bis(diphenylacetyl}D-glucop-

Deprotonation and repeated elemental analysis: The pro/anoside {4d): [8a].
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Base-Catalyzed Addition of Propane-1,2-ditd) to Diphe-
nylketeng12), Continous Flow Reaction

[6]

A stainless steel column for HPLC chromatography (volume [7]
3.14 ml) was filled with 1.42 g (0.43 mmol) of polynis.
The column was conditioned with a 50 mM solution of pro-
pane-1,2-diol 11) in dichloromethane (5 h, 0.1 ml/min,
70 bar). Then acylations of propane-1,2-did) fvith diphe-
nylketene {2) were carried out by injecting 1000 pl of a
57.2 mM solution ofL2 in dichloromethane in 20 pl shots.
The mass balance was >97%, the yield3dand13b was
>092% with a selectivityl3a/13b of 10.8 (for analysis: see
above). The same selectivity was found with an analogougi0]
run with 1000 pl of a 5.7 mM solution of diphenylketene in
dichloromethane.

(8]

9]

[11]
[12]
References [13]
[14]
[1] a) R. B. Merrifield, J. Am. Chem. S0d963 85, 2149;
b) R. B. Merrifield, Angew. Cheni985 97, 801; Int. Ed.
Engl.24, 799 (Nobellecture)
S. J. Shuttleworth, S. M. Allin, P. K. Sharma, Synth&8i87,
1217, and ref. cited
Market survey: a) M. Kroger, Nachr. Chem. Tech. LE393
41, M2; b) F. Hammer, ibidl997 45, S101 (supplement)

[15]
(2]
(3]
[4]

[16]

a) U. Lining, J. Mater. Chem.997, 7, 175; b) U. Lining,
Top. Curr. Chem1995 175 57; c) U. Luning, Liebigs Ann.
Chem.1987 949

a) U. Lining, R. Baumstark, K. Peters, H. G. von Schnering,
Liebigs Ann. Chem199Q 129; b) U. Luning, R. Baumstark,
M. Miller, Liebigs Ann. Chem1991, 987

a) U. Lining, S. Petersen, W. Schyja, W. Hacker, T. Mar-
quardt, K. Wagner, M. Bolte, Eur. J. Org. Chdrd98 1077;

b) S. Petersen, U. Lining, Eur. J. Org. Che®®91847, and

ref. cited

a) W. Schyja, S. Petersen, U. Lining, Liebigs Ann. Chem.
1996 2099; b) U. Lining, R. Baumstark, W. Schyja, Liebigs
Ann. Chem1991, 999

Also other research groups use the base catalyzed addition
of alcohols to ketenes. See: B. L. Hodous, J. C. Ruble, G. C.
Fu, J. Am. Chem. S0d999 121, 2637, and ref. cited

U. Luning, M. Gerst, J. Prakt. Ched92 334, 656

D. H. Cook, D. E. Fenton, M. G. B. Drew, S. G. McFall, S.
M. Nelson, J. Chem. Soc., Dalton Trah877, 446

Seee.g. F. Vogtle, Chem.-Ztgl972 96, 396

Beilsteins Handbuch der Organischen Chemie, 4. ed., 4.
Ergénzungswerk, vol. 2, p. 2127, Springer, Berlin 1976
‘Power-Calculation’ implemented in the program WIN-
NMR, Bruker

S. Petersen, Ph. D. thesis, Universitat Kiel 1998

Reviews: a) S. R. Wilson, A. W. Czarnik, (eds), Combinato- Address for correspondence:

rial Chemistry, Synthesis and Application, 1. ed., Wiley, New Prof. Dr. Ulrich Luning
York 1997; b) L. A. Thompson, J. A. Ellman, Chem. Rev. Christian-Albrechts-Universitat zu Kiel

1996 96, 555
[5]

Institut fir Organische Chemie
Recent examples: a) D. A. Annis, E. N. Jacobsen, J. AmOlshausenstr. 40

Chem. Soc1999 121, 4147; b) H. Sellner, D. Seebach, An- D-24098 Kiel

gew. Chem1999 111, 2039; Int. Ed38, 1918; ¢) N. Krause,
M. Mackenstedt, Tetrahedron Let998 39, 9649

J. Prakt. Cheni999 341, No. 7

Fax: Internat. code (0)431 880 1558
e-Mail: luening@oc.uni-kiel.de

667



