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Abdmct: Several methods have been assayed for the anchoring of chiral fragments derived from tartaric acid 
to polystynme/divinylbe.nzeae. resins. In order to further mcdify the initially anchored chiral groups, binding to 
the polymer backbone through an ether linkage is preferred to the usual acetalic linkage. Resins containing 
different chin4 groups have been prepared with degrees of functionalization ranging from 0.5 to 0.8 meq/g 
(DF - 0.05-0.11). The use of the 0monobenzyl ether of dimethyl tartrate gives the best results for the initial 
anchoring reaction. 

Reactive polymers have received much attention in recent ~ears.~~ Preparation of novel fimctionalixed 

polymers designed to act as polymer-supported reagents or catalysts, as well as starting materials for solid phase 

synthesis and other applications continues being a very active area of research. Introduction of chirality in 

polymers is of great importance in order to develop reactive polymers for asymmetric synthesis,*~~ 

chromatographic separation of enantiomers7 and molecular recognition.* This can he accomplished via main- 

chain chiralityg or, more often, by anchoring chiral fragments in the polymeric backbone.596 Chiral groups 

derived from tartaric acid are very fresuently found in chiral auxiliaries, enantioselective catalysts, etc.10 A 

limited number of polymer-supported tartaric acid derivatives have been described. In fact, some of the earlier 

polymeric chiral phosphines used as ligands for asymmetric catalytic reduction with transition metals were 

prepared from the supported tartaric acid derivative 1. tlJ2 The anchoring of the tartaric fragment through the 

formation of an acetalic group is easily accomplished by reaction of a diol with a polymeric aldehyde but is 

expected to present the important drawback of the low stability of that group to strongly acidic conditions. An 

alternative reported procedure for the introduction of tartaric acid fragments in polystyrenedivinylbenxene resins 

is the formation of a polymeric ester as shown in 2. 13J4 In this case, the anchoring bond is more stable but it has 

heen shown that monoesterification is not easily achieved and, for most groups, both carhoxyl groups ate hound 

to the polymeric backbone (2, R = polystyrenedivinylbenxene). Thus, functionalixation is accompanied hy 

additional crosslinking which can affect to the activity of the polymeric species formed. 
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In order to avoid these problems, we have developed some novel methods which allow to functionalixe 

polystyrene resins with chiral fragment.. derived from tartaric acid. In the work with functionalixed polymers, 

reagents and experimental conditions have to be selected carefully, as polymer-bound speciea cannot be purified 

and polymer-supported by-products have to be avoided. In the case of the functionalixation with chiral 

fragments, additional care needs to be taken and only reactions which proceed cleanly in solution without loss of 

chiral integrity can be selected. 

According to the above mentioned literature data, in an initial series of experiments we attempted to 

prepare a polymer-bound dioi derived from tartaric acid using the procedure shown in scheme 1. This procedure 

represents only a minor modification of the general route used in solution for the preparation of these 

compounds.15 
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5 Scheme 1 

Starting from a Merrifield resin (1 meq. of Chlorine&, 1% divinylbenxene, DP = O.ll), the polymeric 

benxaldehyde 3 was prepared as described by Fr&he@ (1.006 meq./g, DF = 0.11) by oxidation of the 

chloromethyl groups with DMSO. This polymer was then reacted with an excess of the dimethyl ester of tartaric 

acid in refluxing benzene containing a catalytic amount of p-tohrenesulfonic acid.11 The IR spectrum of the 

resulting resin 4 showed the complete disappearance of the carbonyl band corresponding to the aldehyde, 

supporting that quantitative acetalixation had taken place. However, when this polymer was treated with 

phenyhnagneaium chloride to afford polymeric diol 5, attempts to remove magnesium salts iiom inside of the 

polymer beads resulted in a partial or total loss of the chiral fragment by hydrolysis of the acetalic group. 
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In view of these results, a different approach was considered. The genera1 procedure studied is presented in 

scheme 2. Reaction of the alkoxylate of a ~-rno~~n~~ali~~ tartaric acid derivative (7 and 8) with a 

chloromethylated resin would afford an ether anchoring bond which should be much less affected by the usual 

acidic and basic conditions used for the next steps. 

6 ?a:R=H, X=N(cIFt3)2 
&b:R=Bn,X=N(CIfj~ 

9: R=H, X=N(Gh& 
l&R=H, X=ocfkj 

IlruR=H, X=OCH3 
gbzR=Bn,X=OCH3 

UR=Bn,R’=H 
15:R=Bn,R’=W 

Direct monoalkylation of N,N,N’,N’-tetrametbyl tartaramide, 74 and dimethyi tartrate, s9, with polymeric 

henzyl chloride 6 to give resins 9 and 10 was attempted using different reagents and conditions. However, only 

very low degrees of ~c~n~i~tion were always obtained. 

The monobenxylated N,N,N’,N’-tetramethyl tartaramide 7b (R = Bn, X = N(CH3);z) has been prepared in 

fair yields by Fyles as a key intermediate in the preparation of some polycarboxylate crown ethers derived from 

tartaric acid.17 Monoprotection of the tartaramide 7a was accomplished by the use of one equivalent of sodium 

hydride in dry DMP and subsequent addition of an excess of benzyi bromide. We obtained slightly improved 

results using one equivalent of sodium hydride, ~tmbu~l~o~~ iodide and a catalytic amount of l&crown- 

6 in similar conditions to the ones described by Yamamoto for the synthesis of optically active dietbyl tartrate 

dihenxyl ether.18 From this monobenxylated derivative 7b, attachment to the polymeric backbone was carried 

out by alkylation of its alkoxylate with a chlotomethylated polymer 6. Anchoring of the tartaramide moiety can 

be easily monitored by IR spectroscopy through the disappearance of the C-Cl band at ca. 1260 cm-1 and the 

appearance of tbe amide carbonyl band at 1635 cm-l, as well as by elemental analysis for N that allowed a 

quantitative analysis of polymer 11. Binding was first attempted by the use of the method of Pyles, but better 

results were again obtained by the method devised by Yamamoto. Phase transfer reagents and specially 

tetrabutylammonium iodide were essential for good yiekls, but even in the presence of these catalysts conversion 

of the c~~rne~yl groups into the desired colic was never complete (see table 1). No clear 

improvement was observed when THF was changed by dioxane, a solvent that is known to better swell the resin. 
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Table l.- Results Obtained in the Attachment of Tartaramide 7b to the Merr#ield’s Polymer 6. 

Ratio 7b.6 reaction Method Catalyst load&’ DFC conversion 

time (hr) (meqlgj yield (95) 

1:l 24 A ---- -__-- --___ _____ 

3:l 24 A ___- 0.12 0.013 1.5 

3:l 24 B ___- 0.18 0.020 23 

3:l 48 B 18C6 0.18 0.020 23 

3:l 48 B 18C6/INBu4 0.42 0.051 53 

3:l 72 B 18C6/INBu4 0.42 0.051 53 

a) Method A: reaction in DMP, acconiing tc Fyles17; Method B: reaction in THF, according to 
Yamam~to~~. b) Calculated from elemental analysis for nitrogen. Maximum loading capacity 
for 100% functional conversion was 0.8 tneq/g c) The DF of a polystyrene-bound reagent is a 
measute of the proportion of aromatic styrene rings that carry the desired functionality. For 
instance, for a Men-Geld’s resin containing 1 meq Cl/g, 11% of the stytene units are 
functionahxed and DF = 0.11. 

Complete conversion of the tartaramide 11 into the polymeric diacid 12 was not easily accomplished. The 

highly acidic conditions described for the hydrolysis of several soluble tartaramidesl~ seem to be not fully 

compatible with the hydrophobic nature of the polymeric backbone. However, hydrolysis of 11 with a 2.5 M HCI 

solution in H2O/dioxane l/l afforded the expected resin 12 (0.43 meq/g, DF = 0.051) which showed the 

complete disappearance of the amide carbonyl band and the presence of the C=O band characteristic of the acid 

above 1700 cm-l. The polymeric benxyl ether derivative of tartaric acid 12 was then efficiently converted into 

diols 14 and 15 having structural units which are found in a number of asymmetric catalysts. Reduction of the 

diacid with LiAQ afforded a novel resin 14 (R = Bn, R’ = H) containing no carbonyl bands in the IR (0.44 

mm01 of dial/g, DF = 0.051).19 The quantitative conversion 12-14 was also determined by conversion of the 

hydroxy groups into their 3,Sdinitrobenxoate.s and elemental analysis for N of the resulting polymer.20 On the 

other hand, treatment of 12 with a mixture of MeOH and SOCl2 gave polymer 13 in quantitative yields for 

conversion of the functional groups. Reaction of 13 with an excess of phenyl magnesium chloride finally afforded 

resin 15 (R = Bn, R’ = Ph) quantitatively as shown by the absence of any carhonyl band (0.39 mmol of dial/g, DF 

= 0.051).21 

Thus, starting from tartaramide 7b, the less efficient step in the synthetic procedure depicted in acheme 2 

seems to be the anchoring to the polymer to form 11. Hydrolysis of 11 to 12 is also a process which is not easily 

accomplished. In order to overcome these difficulties a similar synthetic scheme but starting from a different 

monoprotected tartaric acid derivative (Sb) was studied. 

Several methods have been described for the selective monoalkylation of dialkyl tartrates. In our hands, 

monobenxylation of dimethyl tartrate by means of dibutyltin oxide, ccsium fluoride and an excess of benxyl 

bromide gave only moderate yields for large-scale preparations. 22 Much better yields of the benxyloxy derivative 

8b were obtained by reductive opening of the 0-benxylidene tartrate 16 with sodium cyanoborohydride in 

acetonitrile in presence of hydrogen chloride in diethyl ether, under the conditions described by Barton and 

G&o.23 
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Anchoring of 8b by reaction of its alkoxylate with the chloromethylated resin 6 directly affotded polymer 

13. A sutvey of bases and conditions was carried out to optimize this step and revealed that the use of ceaium 

fluoride in dioxane and 18crown-6 and tetrabutylammonium iodide as catalysts gave an essentially quantitative 

conversion of 6 to 13 (0.75 meq of tartaric derivative/g, DF = 0.10). Direct conversion of resin 13 to polymeric 

diol 14 was achieved by reduction with LiAiH4 in similar conditions to that used for reduction of diacid 12. 

Complete reduction was monitored by the absence of carbonyl bands in 14 and by transformation of hydroxy 

groups into their 3,Sdinitrobenxoate.s. The same procedure described earlier was used for the quantitative 

transformation of 13 to 15. Polymers 14 and 15 synthesized in this way were similar to the ones prepared in the 

procedure starting form tartaramide 7h except that higher functionaIiition degrees were obtained according to 

the increased efficiency of the anchoring step. For resin-bound diol 14 a loading of ca. 0.8 meq/g (DF = 0.10) 

was calculated, and for 15 the loading was ca. 0.65 meq/g (DF = 0.10). 

In summary, different synthetic procedures for the functionalixation of polystyrenedivinylbenxene resins 

with a variety of chiral fragments derived horn tartaric acid have been developed and evaluated. The best results 

have been obtained from the resin synthesized by reaction of a chloromethylated resin with the monobenxyl ether 

of dimethyl tartrate, 8b. The use of the O-monobenxylated tartaramide 7b is less convenient as the anchoring 

step is leas efficient and produce polymers with lower functionalixation degrees, and also because the synthesis of 

dials from the tartaramide requires more steps than the use of the diester. Direct monoalkylation of diester 7a 

and tartaramide 8a is not efftcient, and, additionally, dialkylation accompanied by an increase in crosshnking 

cannot be avoided when using this procedure. 

ExperimentaIsefticm 

(2~R)-N~,N’~-Tetrametnyl-2-benzylox (7b). A solution of tartaramide 7a (10 

g, 49 mmol) in dry THF (150 mL) was added dropwise to a suspension of NaH (1.56 g, 80% in mineral oil, 52 

mmol) in dry THP (50 mL) with stirring at room temperature under an Ar atmosphere. The mixture was then 

stirred at room temperature for 1 h until a clear solution was obtained and tetrabutylammonium iodide (201 g, 

5.5 mmol), 18crown-6 (16 mg. 5.9x10-2 mmol) and benxyl bromide (8.38 g, 49 mmol) were added. The 

resulting mixture was refluxed for 8 h and then the solvent was vacuum evaporated. The residue was disaoIved in 

water (200 mL) and the aqueous solution was extracted with hexanes (3x), ether (3x) and dichloromethane (3x). 

The dichloromethane solution was dried over MgSO4, concentrated in vacua and dried overnight in a vacuum 

oven to give the monobenxyl ether 7b as a slightly yellowish oil (10.1 g, 34 mmol, 69%). [a]D25= +527” (c = 

0.35, ethanol) (iit17b +53.2”). IR (cm-l) 3100-3500, 1647, 1498, 1455, 1400, 1H NMR (200 MI&) (CDCI3, S) 

2.79 (s, 3H), 2.88 (s, 3H), 2.96 (s, 3H), 3.20 (s, 3I-Q 3.97 (d, lH), 4.32 (d, lH), 4.36 (d, U-I), 4.74 (d, U-I), 

4.75 (dd, lH), 7.29 (m, 5H). MS @I, m/z) 295 (M+l)+. 
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~puWio~I of polymer-bound tartaramide 11. A solution of O-monobenxylated tartaramide 7b (3.1 g, 10.5 

mmol) in dry THP (40 mL) was added to a suspension of NaH (0.315 g, 80% in mineral oil, 10.5 mmol) at room 

temperature under an Ar atmosphere. The mixture was stirred at room temperature for 1 h and then 

tetrabutylammonium iodide (0.427 g, 1.2 mmol), 18crown-6 (3.3 mg, 1.2x10-2 mmol) and a Merrifield’s resin 

(3 g, 1% crosslinked, 1 meq Cl/g, DF = 0.11, 3 meq)[(Cl~lO)O.Ol(C8H8)O.&9H9Cl~~ll] were added. 

The resulting mixture was refluxed for 48 h under an Ar atmosphere, and then the resin was filtered, washed 

with THP (3x), THP/H20 (2~1) (3x), THF/H20 (1:l) (3x), IT-IF/H20 (1:2) (3x), THF (3x), acetone (3x) and 

CH2c12 (3x) and vacuum dried at 60°C to afford polymer 11, containing 0.42 meq of tartaramide/g of polymer 

(DF10.051). IR (cm-l): 3025,291s. 2844, 1635,1594,1483,1105, 1085,1024, 751, 691, 524. Anal. C&d 

for (C~OI-I~O)~.O~(C~I-I~)~.&C~~H~ON~O~)O.~~: N, 2.23; Found: N, 1.18. C&d for 

(cld-IlO)O.Ol(C~8)o.88(C9HlO)O.O59(c24H3ON2~4)O.O5l~ Np 1.18. 

Frepmntion of polymer-bound tartark acid dibenzyl ether 12. Polymer-bound tartaramide 11 (3 g, 0.42 

meq/g, 1.26 meq of tartaramide) was suspended in a 2.5 M solution of HCl in H2O/dioxane (1:1x60 mL) and 

the mixture was refluxed with stirring, under an Ar atmosphere, for 48 h. The resin was filtered, washed with 

H2O/dioxane (1:l) (3x), H20 (3x), MeOH (3x) and CH2Q2 (3x) and vacuum dried to give polymer 12 

containing 0.43 meq of functional group/g of polymer (DF m 0.051). IR (cm-l): peak absent at 1630-1645, peaks 

observed at 2400-3500, 1743, 1596, 1481, 1437, 1053. Anal Calcd for 

(C1~10kl.01(CsHg)0.88(~H10)o.059(C2~20°6)o.051: N absent; Found: N absent. 

Preparation of polymer-bound dimethyl tartrate dibenzyl ether 13. 

Method A: (From polymer-bound tarturic acid 12). A solution of SOCI2 (7 mL) in dry benzene (2 mL) was 

added dropwise to a suspension of polymer-bound tartaric acid 12 (2 g, 0.43 meq/g, 0.86 meq of tartaric group) 

in dry MeOH (15 mL) with stirring at 0°C under an Ar atmosphere. Tbe mixture was then refluxed for 24 h and 

the resulting resin was filtered and washed with MeOH (3x), MeOH/H20 (2:1)(3x), MeOH/I-I20 (1:1)(3x), 

MeOH/H20 (2:1)(3x), acetone and CH2Ci2 (3x). The polymer was vacuum dried at 60°C to give resin 13 

containing 0.43 meq of tartaric ester/g @F - 0.051). IR (cm-l) absence of acid bands in the 2400-3500 region, 

peaks at 1716,1595,1483,1438,1201,1192,1173,1026,1016. 

Method B: (From dimethyl 2-0-be&-L-tartrate 8b). A mixture of dimethyl 2-O-benzyl-L-tar&ate (8.5 g, 32 

mmol) and CsF (4.8 g, 32 mmol) was vacimm dried and a solution of tetrabutylammonium iodide (1.18 g, 3.2 

mmol) and 18crown-6 (0.84 g, 3.2 mmol) in dry dioxane was added under an Ar atmosphere. After stirring at 

room temperature for a few minutes, a Merrifield’s resin (11 g, 1% crosslinking, 1 meq U/g, DF = 0.11, 11 meq) 

~~~~~~o~o.o~~~s~~~o.8goo.~~1 was added and the resulticg mixture was refluxed for 24 h. The 

polymer was then filtered, washed with dioxane (3x), THF (3x), THF/H20 (2:1)(3x), ‘II-E/H20 (1:1)(3x), 

THP/H20 (2:1)(3x), THP (3x), MeOH (3x), CH2CI2 (3x) and acetone (3x) and vacuum dried to give resin 13 

containing 0.75 meq of tartrate/g @F - 0.10). Anal. Calcd for (Cl0I-Ild)o~Ol(C8Hg)O~jg(C22H~O6)o.11 : 

C, 84.98; H, 7.23; 0, 7.81. Found: C, 85.5; H, 7.22; 0, 7.28. Calcd for 

(C1~1o)o.o1(C~8)o.88(~9CI)o.o1(C22H2406)0.10: Cv 85.3; 9 7.25; Q7.23. 
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Prepmatioa of polymer-bound (zs~-2~-Bis(phenyImetaoxu)-lp_bnQnedi (14). A suspension of 

polymer 13 (obtained by method B, 3 g, 0.75 meq/g, DF = 0.10,225 meq) and LiAlH4 (0.342 g, 9 mmol) in dry 

THF (50 mL) was refluxed for 24 h under an Ar atmosphere. After cooling, the mixture was quenched by the 

successive addition of H20 (3 mL), a 15% aqueous solution of NaOH (3 mL) and H20 (7 mL). The resulting 

polymer was filtered, washed with a 3 M aqueous solution of HCl(3x), cont. HCl(3x), H20 (3x), THP (3x), 

CH2Cl2 (3x) and MeOH (3x) and vacuum dried to give resin 14 containing Q78 meq of butanediol group/g (DF 

- 0.10). IR (cm-l) peak absent in the 1708 region, peaks at 3100-3600, 3024, 2920, 2849, 1600, 1492, 1452, 

1028,1019,758,697,540. 

Preparation of polymer-bound (2~~-2~-BLP(phenylmetboxy)-l,l,q4-t (15). 

A 2 M solution of PhMgCl in THF (10 mL, 20 mmol) was added dropwise over 30 mitt to a suspension of 

polymer 13 (obtained by method B, 1 g, 0.75 meq/g, DF = 0.10, 0.75 meq) in dry THF (60 mL) with stirring at 

room temperature under an Ar atmosphere. The mixture was then slowly heated and then kept under reflex for 

12 h. The resin was then filtered, washed with 1 M HCI (3x), THF (3x), MeOH (3x) and acetone (3x) and 

vacuum dried to give polymer 15 containing 0.65 meq of tetraphenyl butanediol/g (DF m 0.10). IR (cm-l) peak 

absent in the 1700 region, peaks at 3100-3500,3024,2920,2850,1601,1493,1451,1028,1019,757,697,538. 
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