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Abstract

The Staudinger reaction was applied to the facile synthetic generation of a series of mono-6-alkylcarbamido-6-
deoxy-perfunctionalised cyclodextrins and monoéalkenylcarbamido-6-deoxy-perfunctionalised cyclodextrins.
The latter compound witlw-alkenyl pendants was shown to be amenable to further reactive transformations as
exemplified by a facile hydrosilylation with (ReBiH in the presence of platinum catalysts to afford reactive
siloxane intermediates which can be immobilised onto silica gel for application as an efficient chiral stationary
phase for enantioseparation applications. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Chromatographic enantioseparation on chiral stationary phases (CSP) represents one of the most
direct and facile approaches for the determination of enantiomeric pwrithh strong potential for
development into convenient bulk-phase industrial enantioseparation processes as exemplified in their
application in the simulated counter-current production of enantiomerically pure @iigshe basis of
previous work by the research groups of Okamand Armstrond’, cyclodextrin has been successfully
introduced into the chiral separation field with unique chiral separation ability. With a view of deriving
a facile synthetic generation of novel CSP so as to afford low cost chiral packing materials, we
have previously communicated on a straightforward immobilisation strategy for mono-6-azido-6-deoxy-
perfunctionalised cyclodextrins onto aminised silica gel by application of a Staudinger retaktitis
manuscript, we report our efforts to extend the Staudinger approach to the synthetic generation of mono-
6-alkylcarbamido-6-deoxy-perfunctionalised cyclodextrins and mone-dkenylcarbamido-6-deoxy-
perfunctionalised cyclodextrins. Whilst the former compounds were used mainly in optimisation studies
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for the synthesis route, the latter with-alkenyl pendants are anticipated to lend themselves to further
reactive transformations into other useful functionalities. In particular, hydrosilylation withz@&Q)
readily afforded reactive siloxanes which can be used for immobilisation onto polysiloxane for GC
or onto silica gel for HPLC applications. Incidentally, the current approach afforded a facile entry
into mono-6-functionalised-6-deoxy-perfunctionalised cyclodextrin, which is complementary to other
somewhat more circuitous approacBddzurthermore, the relatively mild reaction conditions used in the
current synthetic route are tolerated by a wider range of the perfunctional moieties.

2. Results and discussion

Scheme 1 depicts the synthetic route used. The starting material mono-6-dgwxghgs@ifonyl)-B-
cyclodextrinl was synthesised as reported previod8I¥his was converted to mono-6-azido-6-deoxy-
B-cyclodextrin2 by Sy2 reaction ofl with excess sodium azide in DMF followed by purification by
complex formatiori!
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Scheme 1. Synthetic route to mono-alkylwralkenyl-substituted perfunctionalised cyclodextrins via urethane linkage

The key intermediate2 was converted intd3-cyclodextrin derivatives with different substituted
groups at the remaining ©®; 2-O and 3O positions in the following manner. Acetylation &fwith
acetic anhydride in pyridine afforded peracetylated mono-6-azido-6-dgaygiodextrin 3a in 82%
yield. Methylation of2 with sodium hydride and iodomethane in DMF gave permethylated 6-azido-6-
deoxyf-cyclodextrin 3b with 82% yield. Treatment o2 with phenyl isocyanate in pyridine afforded
perphenylcarbamoylated mono-6-azido-6-de@x@D 3c with 57% yield®

Thereafter, attachment of the alkyl/alkenyl pendant via the azido moiety was readily accomplished
under very mild conditions by constant bubbling of £@to a THF solution oin-decanylamine ot-
undecenylamine and the mono-azido-perfunctionalig€dD 3a—c. The Staudinger reaction was then
initiated by injection of a solution of triphenylphosphine into the above mixture. The final products
4af were obtained as white powders after purification by column chromatography in excellent yields
(Table 1). The formation of the carbamido moiety in these compounds was evident frdACthevIR
resonance band at ca.157 ppm. The NMR, FT-IR spectra for all products were consistent with the
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Table 1
6*-Mono-decanyl- or undecenylcarbamidb-8eoxy-perfunctionalised cyclodextrida—f from 3

Compounds R R’ Yields (%) Mp(°C) [alp® (c 1.0, CHCL)
4a Acetyl n-decanyl 98 127-129 +107.7
4b Methyl n-decanyl 96 78-80 +126.0
4c Phenylcarbamate n-decanyl 96 206-209 +5.6
4d Acetyl 10-undecenyl 97 115-117 +106.1
4e Methyl 10-undecenyl 95 72-74 +132.9
4f Phenylcarbamate  10-undecenyl 97 198-200 +8.5

proposed structures. The mild reaction conditions used in this approach are tolerated by the normally
base- and acid- labil®-acetyl moiety in compoundéa andd which remained intact at the end of the
Staudinger reaction.

We also investigated the possible hydrosilylation of the alkenyl-substitgregtclodextrins using a
representative compound. Hendéwas reacted with triethoxysilane in the presence of catalytic amounts
of tetrakis(triphenylphosphine)platinum(0) and the labile reactive intermediate was further immobilised
without further purification onto the surface of silica gel to directly afford the 68Fcheme 2).

|
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Scheme 2. Synthetic route to the chiral stationary phase (CSP)

A successful immobilisation was evident from the weak but characteristic FT-IR vibrational bands
in the derivatised silica, particularly in the 1800-1400"&megion, reminiscent of those present in the
precursor compoundf. The higher carbon content in elemental analysesbfas of the presence of
determined surface concentration of CD derivatives on the silica gel to the extent of can@oBen2,
further corroborated the success of the immobilisation approach.

After compound5 was packed into a stainless HPLC colunth 4.6x250 mm) as a CSP, the
chromatographic properties were tested with a wide range of structurally diverse racemic compounds
and drugs, with representative chromatograms depicted in Fig. 1. Details of these analytical results will
be reported elsewhere.

3. Experimental

Structures of all compounds were assignedByNMR and3C NMR spectra obtained on a Bruker
ACF300 FT-NMR spectrometer. FT-IR spectra were performed on a Bio-Rad TFS156 instrument using
KBr pellets. Elemental microanalyses were determined on a Perkin—Elmer 2400 CHN analyser. The
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Figure 1. HPLC separation of the enantiomers on a stainless col@nth6250 mm) packed wittb. Mobile phase:
hexane:isopropanol (90:10). Flow rate: 1 ml/min. UV detecke254 nm

optical rotations of new compounds were measured on a Perkin—Elmer 241 polarimeter. The chromato-
graphic system used consisted of a Perkin—EImer series 200 LC pump under the control of a computer
equipped with Turbochrom software, and eluted compounds were detected by a 785A UV-vis detector
at A=254 nm. CSP packaging was accomplished using an Alltech pneumatic HPLC pump (Alltech
Associates Inc.). Standard empty stainless steel columns from Phenorfieh6xZ50 mm) were used.
B-Cyclodextrin was purchased from Fluka. The silica gel used was Hypersilisa gel (pore size 120

A, surface area 170 ffg). CO, (99.9% pure) was purchased from National Oxygen Pte Ltd, Singapore.
Mono-6-(p-tolysulfonyl)-6-deoxyB-cyclodextrinl,1® mono-6-azido-6-deoxg-cyclodextrin2,' mono-
6-azido-6-deoxy-perfunctionalisef-cyclodextrin 3a-¢c®> and 10-undecenylamifte were prepared as
reported in the literature as referenced.

3.1. (8*-Decanylcarbamido/-deoxy) heptakis(2,3-dD-acetyl)-&,6%,6°,65,67,6°-hexakisO-acetyl-
B-cyclodextrinda

A solution of n-decanylamine (0.08 g, 0.50 mmol) anfi-iono-azido-6-deoxy-peracetylated-
CD 3a (0.90 g, 0.45 mmol) in 5 ml dry THF was stirred under a constant passage of dsyaCO
room temperature. After 2 min, a solution of BRB.12 g, 0.45 mmol) in 5 ml dry THF was added.
The mixture was allowed to react until TLC revealed that the starting magaiahd been consumed.
After evaporation of the solvent, the product was purified by column chromatography using:&Hg!
acetate (4:1) as the mobile phase to afford the title compound as a white powder (0.95 g, 98%). Mp:
127-129°C; &]p +107.7 € 1.0, CHCB); IR (cmY): 3431 (N-H str), 2937, 2856 (C—H str), 175240
str, acetyl), 1663 (€0 str, urea), 1235, 1045 (C—O—C sty NMR (CDCls, TMS) 6 (ppm): 5.33-5.27
(m, 7H, H3), 5.15-5.06 (m, 7H, H1), 5.02-4.79 (m, 2HiN 4.82-4.79 (m, 7H, H2), 4.55-4.51 (d,
6H, J=10.8 Hz, Hb6), 4.35-4.26 (m, 6H, J=12.6 Hz, HbB.20-4.05 (m, 7H, H5), 3.75-3.70 (m, 7H,
H4), 3.57-3.51 (m, 1H, Ha6), 3.49-3.32 (m, 1H, Hai.30-3.16 (m, 1H, NH2R), 3.11-3.00 (m,
1H, NCH>'R), 2.18-2.00 (several s, 60HHGCO), 1.46-1.26 (m, 16H, (g>);), 0.88 (t, 3H, J=6.6 Hz,
CH3); 13C NMR (CDCk, 25°C) 6 (ppm): 171.2-169.2 (C¥CO), 158.0 (NHCO-NH), 97.1-96.4 (C1),
78.3-75.9 (C4), 70.7-69.5 (C2, C3, C4), 62.4 (Ch6), 41.3 (Cab), 40.ZHYR), 31.7-22.4 ((Ch)sg),
20.5 CH3CO), 13.9 (RCH3). Microanalysis for @sH132N20s5: caled C, 51.76%; H, 6.12%; N, 1.30%.
Found C, 51.22%; H, 6.10%; N, 1.30%.
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3.2. (8-Decanylcarbamido/-deoxy) heptakis(2,3-dd-methyl)-& 6%,6°,65,6",6°-hexakisO-
methyl$-cyclodextrindb

A similar procedure to the one used for the synthesis of compdangsing w-decanylamine (0.08
g, 0.500 mmol) and &-mono-azido-6-deoxy-permethylate@-CD 3b (0.65 g, 0.45 mmol) afforded
4b (0.69 g, 96%). Mp: 78-80°Cof]p +126.0 € 1.0, CHC}); IR (cm™): 3400 (N—H str), 2928 (C-H
str), 1651 (G=0 str, urea), 1038 (C—O—C stdH NMR (CDCl;, TMS) § (ppm): 5.13-5.03 (m, 9H),
3.95-3.05 (m, 104H), 1.50-1.20 (m, 16H), 0.92 (t, 3K NMR (CDCk, 25°C)§ (ppm): 158.5, 98.6,
81.6, 80.8, 70.6, 63.0, 61.2, 58.9, 58.4, 41.4, 40.4, 31.0, 30.5, 29.6, 28.0, 22.2, 14.0. Microanalysis for
C73H132N2035: caled C, 54.89%; H, 8.33%; N, 1.75%. Found C, 54.91%:; H, 8.21%; N, 1.69%.

3.3. (8*-Decanylcarbamido/-deoxy) heptakis(2,3-dd-phenylcarbamate)®6°,6°,65,67,6°-
hexakis©-phenylcarbamatgs-cyclodextrindc

A similar procedure to the one used for the synthesis of compdangsing w-decanylamine (0.08
g, 0.500 mmol) and %-mono-azido-6-deoxy-perphenylcarbamoylat#CD 3c (1.59 g, 0.45 mmol)
afforded4c (1.60 g, 96%). Mp: 206—-209°Cxp +5.6 (€ 1.0, CHC}); IR (cm1): 3400, 3319 (N-H
str); 3145, 3064 (arom£C ring str); 2936, 2862 (C—H str); 1732 £0 str); 1604, 1537, 1443 (arom
C=C ring str); 1227, 1053 (C—O—C str); 750 (C—H arom op betH)NMR (CDCls, TMS) § (ppm):
7.70-6.60 (m, 120H), 5.65-3.00 (m, 53H), 1.25-1.15 (m, 16H), 0.9 (t, 88)NMR (CDCk, 25°C)d
(ppm): 153.9-152.7, 137.6-136.9, 128.7-128.4, 123.4, 119.8-118.9, 98.8, 78.8, 73.5, 69.7, 67.8, 62.0,
60.3, 31.8, 29.5-29.3, 25.5, 22.6, 20.9, 14.1. Microanalysis fesHz9oN220s5: calcd C, 62.66%; H,
5.23%; N, 8.33%. Found C, 61.94%; H, 5.38%; N, 7.89%.

3.4. (8'-(10'-Undecenylcarbamido)®6deoxy)heptakis (2,3-dd-acetyl)-&,6%,6°,6%,6",6°-hexakis-
O-acetyl$-cyclodextrindd

A similar procedure to the one used for the synthesis of compdandingw-undecenylamine (0.086
g, 0.50 mmol) and B-mono-azido-6-deoxy-peracetylate@-CD 3a (0.90 g, 0.45 mmol) affordedd
(0.95 g, 97%). Mp: 115-117°Cpflp +106.1 € 1.0, CHC}); IR (cm™1): 3427 (N-H str), 2937, 2859
(C—H str), 1744, 1663 (€0 str), 1227, 1042 (C—O—-C stAd NMR (CDClz, TMS) § (ppm): 5.85-5.76
(m, 1H, G=CHR), 5.38-5.21 (m, 7H, H3), 5.16-5.05 (m, 7H, H1), 5.02—4.94 (m, 4HCB> and NH),
4.84-4.68 (m, 7H, H2), 4.58-4.50 (d, 6H, J=12 Hz, Hb6), 4.35-4.26 (d, 6H, J=12.7 H2, HIl28—4.05
(m, 7H, Ha5), 3.78-3.64 (m, 7H, H4), 3.57-3.51 (m, 1H, Ha6), 3.49-3.35 (m, 1H)H&AB80-3.18
(m, 1H, NCH2R), 3.11-3.00 (m, 1H, NB>'R), 2.18-2.00 (several s, 60HHGCO), 1.46-1.19 (m,
16H, (CH>)g); 3C NMR (CDCk, 25°C)§ (ppm): 170.6-169.3 (C¥CO), 158.0 (NHCO-NH), 139.1
(CH,=CR), 113.9 CH,=CR), 96.6-96.4 (C1), 77.4-76.5 (C4), 70.7-69.5 (C2, C3, C4), 62.4 (Cb6),
41.2 (Cab), 40.3 (NBH2R), 33.7-26.8 ((Chbs), 20.62 CH3CO). Microanalysis for G4H13)N20ss:
calcd C, 52.01%; H, 6.13%; N, 1.29%. Found C, 51.72%; H, 6.30%; N, 1.20%.

3.5. (8*-(10-Undecenylcarbamido)f6deoxy) heptakis(2,3-dd-methyl)-&,6%,6°,65,6,65-hexakis-
O-methylB-cyclodextrinde

A similar procedure to the one used for the synthesis of compdandingw-undecenylamine (0.086
g, 0.50 mmol) and B-mono-azido-6 -deoxy-permethylate-CD 3b (0.65 g, 0.45 mmol) affordede
(0.69 g, 95%). Mp 72—-74°Cof]p +132.9 € 1.0, CHC}); IR (cm™): 3406 (N—H str), 3084 (€C str),
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2976, 2922, 2855 (C—H str), 1651 4O str, urea), 1160, 1032 (C—O-C sttd NMR (CDClz, TMS)

& (ppm): 5.82-5.76 (m, 1H), 5.14-5.01 (m, 11H), 3.85-3.15 (M, 104H), 1.28-1.24 (m, FEHIMR
(CDCl3, 25°C) 6 (ppm): 159.0, 139.0, 114.0, 99.2-98.8, 81.9-79.8, 71.4-70.85, 61.4-61.2, 59.1-58.3,
42.1, 42.0, 40.4, 33.6-26.9. Microanalysis foiy8132N203s: calcd C, 55.22%; H, 8.26%; N, 1.74%.
Found C, 55.15%; H, 8.26%; N, 1.66%.

3.6. (8'-(10-Undecenylcarbamido)®6deoxy) heptakis(2,3-dd-phenylcarbamate)f6°,6°,6%,6",6°-
hexakis©-phenylcarbamatg-cyclodextrin4f

A similar procedure to the one used for the synthesis of compdandingw-undecenylamine (0.086
g, 0.50 mmol) and B-mono-azido-6-deoxy-perphenylcarbamoylatg+CD 3c (1.59 g, 0.45 mmol)
afforded4f (1.61 g, 97%). Mp: 198—200°Cefp +8.5 (€ 1.0, CHCB); IR (cm™1): 3401, 3315 (N—H str);
3145, 3059 (arom &€C ring str); 2930, 2862 (C—H str); 1733 L0 str); 1598, 1533, 1447 (arom=£L
ring str); 1227, 1049 (C—O-C str); 749 (C—H arom op befH)NMR (CDCls) § (ppm): 7.38-6.56 (m,
120H), 5.90-5.80 (m, 1H), 5.56-3.60 (M, 55H), 1.30-1.20 (m, 16 @NMR (CDCk, 25°C)& (ppm):
153.7-152.7, 137.0-136.8, 128.7-128.4, 123.6, 119.7-118.8, 114.0, 98.8, 78.8, 73.5, 69.7, 67.8, 62.0,
60.3, 33.7-20.9. Microanalysis for;63H192N220s5 (3711.77): calcd C, 62.78%; H, 5.21%; N, 8.31%.
Found C, 61.94%; H, 5.38%; N, 7.89%.

3.7. Hydrosilylation and immobilisation procedure #ir

(6*-(10'-Undecenylcarbamido)®6deoxy) heptakis(2,3-dB-phenylcarbamate)f66“,6°,6%,6",6°-
hexakis©O-phenylcarbamat@-cyclodextrin4f (1.5 g) was stirred with 5 ml triethoxysilane and 10 mg
of tetra(triphenylphosphine)platinum(0) at 70°C. After 72 h, the mixture was adsorbed onto silica gel in
a Buchner funnel and eluted out quickly by addition of 100 ml of diethyl ether. After removal of solvent,
the residue was dissolved in 50 ml of anhydrous toluene and 20 ml of THF, followed by addition of 4.0
g of silica gel (dried at 180°C/0.5 mmHg for 6 h). The mixture was then stirred for 8 h, whence 1 ml of
water was added, and the mixture was stirred at 80°C for an additional 3 h. After filtration, the residue
was heated to 200°C for 5 h. The final prodGetas purified by continuous extraction with acetone in a
Soxhlet apparatus for 24 h. Microanalysis $01C, 14.60%; H, 1.85%; N, 1.91%.

According to the microanalysis data, the surface concentration of CD derivatives on the silica gel was
about 0.39umol m™.

3.8. Preparation of HPLC column

The slurry method (using C@tioxane) was employed for column preparation with acetone as the
packing solvent. After the silica gel was suspended ins&itixane and sonicated for 0.5 h, the silica
gel was packed into the stainless steel colufhd.6x250 mm) with standing at the maximum pressure
of 7500 psi for 10 min before a gradual release of pressure. The column was conditioned with the mobile
phase before use.
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