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Ab6bwt Selective pmtecbu of the secouflary side of @@odextrin by reztion wilh S-buIyldbneXbylsily1 chloride in 
the presence of NaH in dry DMF, is rcpr&d. Ahbough, atl (be bydmxyl groups are wt silylated in this reaction, 
these grow offer steak protection and dii the incoming elecwphik to the primary side of the molecule. 

!k!lective mocMcatinns of cyclodextrins,’ although important in fiekls of enzynE mimks. compkx 

formations, catal~is~ molecular recognition and self assembly? am diffidt to contrd because this tndede 

can operztte under rules of normal nudoep~it~ or ruks of complex formation in which the orientation of the 

complex with the reagent dictate4 the regiosekct.ivity.4 For example, we reported’ a reversal of nucloephikity 

between pritruuy and secondary hydroxyl groups by dqmmwion of the hydroxyl group at the 2-potin using 

NaH. Under &se conditions, &qdodextrin reacts with N-ndqrWdommethyl-2-ti~ (3) to give the 

corresponding 2-substituted product. However, this electrophik dots not exclusively afford the kd&ih%d 

product utder coditions where the normal nuclec8phikity would be reM* but alway give5 a mixture of both 

the 2- and 6-substituted products. We can explain this only by suggesting that it fotms a compkx with 2 such that 

the cblorom&yI group of the reagent is oriented towards the secondary side of the host as 
a 

shownbdowasA. 
\ 

A recently reportedg method for protection of the prhnary side overcomes 

complications due to corn+++ formation as well as nucbmphikky and allows rxdifkbn 

of the secoIldary side of c~l&~io This Ineahcd has IWolutionized cyclodextrin 

chemistry” and has stimulated stud& leading to several secondary side mo~tions.~* 
I!!zF!I 

/ 

HCHQ 

A 

However, a similar swgy for selective reactions on the primary side of cyclodextrin is not avklabk. We now 

report our attempts to produce a method for selective protection of cyclodextrins on the secondary side which 

ak~ws modikadnns of its primary side. 

Our strategy, as shown in scheme 1, involves m&on of cyclodextrms with t-butwthyw chloride, 

usingNaHasabase,indryDIW. TheTBDMSgmupisexpectedtoreactwiththehydroxylgroupson~ 

secondary side because we have shown’ that u&r similar conditions, only these hydroxyl groups are sulfonated 
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Once the hydmxyl groups on the secondary side are thus protected, cbemkal manipulations on the prhnary side 

should be less com@icated. 

Scheme 1 

jhyclode~trin’~ (1) (5.0 g, 4.41 mmol) is stirred with 7.3 eq. of NaH (1.29 g of 60% dispersion in oil, 

31 S mmol) in 250 mL dryl JMF llnder argon atmosphere until a gel is formed (48 hours). r-Butyldimethylsilyl 

chloride (4.99 g, 33.1 mmol, 7.5 es.1 in 50 mL dry DMF is added to the above gel drop wise for 4 hours.‘4 The 

reaCtiOn mixture is cooled to room tempemture and approximately two thirds of the DMF is removed by a 

rotavap. The residue is poured into 500 ml ice-water, the precipitate is fdtered, washed with water and dried in a 

vacuum oven at 90” C o&night to give 6.7 gtns (79% yiekl” ) of the foal product. The Tu3 of the product 

suggests that it is a mixtutk of prcducts with varying degrees of substitution and its ‘H and 13C NMR spectra 

indicate that the silylation has predominantly taken place on the secondary side. From a closer examination of 

the data it can be estimated/ that on an averageI six out of the seven hydroxyl groups are hydroxylated. 

Although this is not an ideal situation, it can be rationalized that the complete silylation on the secondary 

side is prevented presturtably because of the stork hinderance caused by the presence of bulky r- 

butyldimetbylsilyl groups. ~ If this assumptions is correct_ then it stands to reason that any fur&r elecuophilic 

reaction on the secondary xi& would be ink&d and this would enhance the possibility of s&&e chemical 

modifiians on the priniaty side. This assumption can be teskxi by reacting the protected @q&dextrin 2 with 

the electronbile 3 which aS described earlier fails to give exclusively 6-substituted product_ A solution of 3 (12 1 

mg, 0.6 mmol) in 40 mL $,6-Iutidiue ia stirred at 120 “C for 2 hours uuder an argon atmosphere and cooled to 

room temperature. The obmpound 2 (1 g, 0.52 mmol) is added to the reaction mixture in ‘one portion and 

refluxcd for 8 hours.” The depmtection step is camied out, without is~lati~n~* of the intermediate 4, by 

addition of excess tetrab~lammonium fluoride (4 mL, 1N). The reaction mixture is allowed to react at 80°C 

overnight, cooled to 0°C artd maintained at that temperahue for one hour when the product crystagizcs out The 

product is filtered and its ‘TLC analysi~‘~ indicates that it cousists of the desired product 5 (Rf = 0.491, 8- 

cyclodextrm (IL = 0.32) alld its higher substituted derivatives C& = 0.61). product in which the secondary side 

of ~cyclodextrin is mod’ & R = 0.53) is not observed. The product is purified by ion exchange followed by 

gepb&x cbromatograph~ (G-15) to give 201 mg (23.8% yield from cyclodextrin) of the cksitud product20 
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Proton NMR of 5 (DMSCL&) S 2.95 (3H, d, J=4.8wZ. -CH& 3.17 - 3.8 (42 H, m, carbohydrate region), 4.30 

- 4.55 (8H. m, &OH, benzylic -CH& 4.80 (7H, d. 5=2.7 Hz, anomeric H), 5.58 - 5.82 (14H, m, 14 OH), 

6.98 (lH,d,& =9Hz), 7.51 (lH, dd,Jz,, =9Hz,Js &.9Hz). 7.99 (LH, d, &=1.9Hz), 8.14 (lH, m, NH). 

13C NMR (DMSO-4 ) of S (Rr = 0.49) showed peaks at S 68.4 (C’-6), 70.2 (C-5), 81.9 (C’-4) and 102.3 

(C-1) for the substituted glucose unit besides the normal six peaks for cyclodextrin clearly indicating that the 

substitution has taken place at the B-position. 

This method is superior to the earlier one2’ in which the protection of the secondary side of b 

cyclodextrin is effected by first protection of the primary side, followed by protection of the secon&y side with 

adifferent reagent and then fmally deprotition of the primary side. The method described herein is appropriate 

for obtaining mono-substitutions on the primary side of I)-cyclcdex&ins with reagents that form complexes and 

tend to react with its secondary side. However, our attempts to use this method to react all the hydroxyl groups 

on the primary side with any electrophile (e.g. tosyl chloride) gave a mixture of products with varying dew of 

substitution on the primilry side leading to the conclusion that some of the hydroxyl groups on the primary side 

react with TBDMsCl under these conditions, Although this has little effect on reactions attempting to produce 

mono-substituted Pcyclodexti, its per-modification of the primary side is not possible by this method. 

In an attempt to extend this method. a-oyclodextrin (5 g, 5.1 mmol) is stirred with 6 eq. NaH (1.2.4g 

60% dispersion in oil, 30.8 mmol) in 250 mL anhydrous DMF in Argon atmosphctc for 7 days. The gel that 

farms under similar conditions with ~yclodextrin is not observ&_ TBDMSCl(7 q, 4&g, 38.3 mrnol) in 50 

mL dry DMF was added dropwise to the above mixture and allowed to react for 4 hours. Examination of the 

product by “C and ‘H NMR spectra after appropriate work up indicates that it is a mixture of pmducts with 

silylation of the primary side as the major component. A reasonable explanation of this observation is that, given 

the smaller ring size of a-cyclakxtrin, it is not possible to form six anions (which are probably .sok&ed) and 

thus a gel like substance is not formed. When the electropbilic reagent is introduced, it reacts with its normal 

reactivity and primary hydroxyl groups are predominantly silylakd. 

In conclusion, selective pnxection of the secondary side of cyclcukxtrin is available for mono- 

functionalizabion of its primary sick. This method is useful for reactions with reagents that form complexes with 

cyclodexti and orient the reactive group towards its secondary side. This mehd has limitations and cannot be 

used for per fimctionakation or with the smaller sized a-cyclodextrin. 

Ac&mmhd~: Authors gratefully acknowledge tbe financial support from MalJinclaudt Specialty 

Chemicals Company, the University of Missouri Research Board, the Petroleum Research Fund, the U&X&Q 

of Missouri-St Louis and American Maize Products (AMAE0) for generous donations of cychdextrins. 
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Freshly dried in a ’ 

During the initial 1’y’” 
g pistol at 117°C [under n-butanol) under vacuum for 24 hours. 

, hours of the addition, the temperature is raised from 25°C (rt) to 90°C. 

Calculated ass&& all seven hydroxyl groups are substituted. 

We suggest that th# substitution pattern is a range from 4-7 with an average of approximately six. 

Udix idenrtical cm&ions, native cyddextrin yields a mixtum of 2- and 6-suhsthutcd cyclodcxtrins. This 

reaction presumablj pmcazds vti formation of quammary salt between the suhstitutcd henzyl chloride and 

lutidine which then #e&s, w&h the hydroxyl group of fl-cyclodexttiu 

In a sepamte exper$nnt, the intern&am 4 was isolated by rotary evaporation of the &on mixtrue to 

remove most of theputidine, poured into iced water, filtered, washed with water, and dried in the vacuum 

oven for ovemi&t sit ‘WC. The ‘H and L3NMR of the crude product hulkate that the &nethyl4methyl- 

2-nitroattilinemoiet~isattachedto~ptimarysideofthec~~. Siucetbisisamixhueofvarying 

degrees of silylakn/dn the secondary side of cyclodcxtrin as indicated by TLC, a complete 

characterization of product is not possible. This intermediate, when dhxed with 8 equivalents of 
TBAFiuTHFove . & gives the same final product after appropriate work up. 

Solvent is n-butan& 95% ethanol, water (5:4:3 by volume) 
E&mental analysist Calcd for CsoHr~N&&.6Hz0: C, 42.68: H, 6.45; N, 1.99. Found: C. 42.72: H, 
6.50; N, 1.87. 
Takeo, K.; hI&oh, H. and Uemura, K Carhhydrute Res., l!MW, 187,203. 
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