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Abstrack me tkst synthf!aii and optical activity measurement of homocbii. monodisperse &ndrimcrs 
is reported Optically active @R. MhatWic acid is used to construct the zero and fust-generatioo 
optically acti% homocbirai dcndrimcrs 1 sod 2 in good yields. The relatkmsbip between the optical 
mtaticm of all these molecules end the number of chii tartark acid units resided in them is explomd. 

Dendrimer macromolecules an? highly branched polymers with a dendtitic. tmelike structum and defined 

thre&imensional morphologyt. This type of polymer has found potential applications as novel materials for 

engineering plastics2, molecular devices3, and biological mimics * % 4. Since the publication of the review article 

by Tomalia*a. new types of dendrimers with different branching skeletons, connectivity units and novel 

topological structures have been tepotteds. Apart from several reports6 describing tbe use of biomoleeules such 

as nucleotid~ or amino acids as building blocks for the construction chiral nucleic acid or peptide dendrimers, no 

other optically active, homochiral dendrimer has ever been disclosed. However, these papers put most emphasis 

on tbe automated synthesis and the biological roles of these biopolymers rather than on their chin&y nature. In 

fact., no optical activity and spectroscopic data was reported for any of these compounds in these papers. We am 

interested in the optical activity relationship and the use of chii dendtimers in chiral msolution and recognition 

applications. In this paper, we report the successful synthesis and characterixation of some optically active, 

homoehiral, monodisperse dendrimers. in which the chiml unit is derived from optically active tartatic acid, 

which is relatively inexpensive and is available both in (+) and (-) forms. 

OH 

HO d OH 
brancbimg junctufc 

Our chiral dendrimer utilizes phloroglucinol skeletons as the branching junctures, (2R. 3R)-tart& acid deri- 

vatives as the chiral connectivity units and 4-terr-butylphenoxy moieties as the end groups_ The convergent ap- 

proach pioneered by FnZchet7 was employed for the synthesis of chiral dendrimem of generation zero 1 and 

generation one 2. Treatment of (2s. 3S)-(-)-1,4-di-O-tosyl-2,3-0-isopropylidene-L-threitol* 3 with 0.5 equi- 

valent of 4-tert-butylphenol in the pn~~nce of potassium carbonate in DMF gave the mono-&uylatiou product 4 

(m.p. 65 - 67%) in 74% yield together with a small amount (9%) of the bii-0-arylation compound. Bis-O-alky- 

lation of 5-benzyloxy-n?sorcinol @ with 2.1 equivalent of 4 under similar condition (IQC~ in DMF, loooc) 

afforded the C2 symmetric product 6 in 65% yield. Hydrogenolysis of 6 in the presence of 10% palladium on 
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Ar = rdtert-butylphenyl OAr 

charcoal gave the phenol 7 in 94% yield. Coupling of 7 with 1 equivalent of 4 (K2CO3 in DMF, 12OW) gave 

the 00 dendrimer 1x0 in 80% yield. On the other hand, direct as-ablation of phlo~gluc~ol with an excess 

of 4 gave 1 in relatively poor yield (26%). This could be de to the poor solubility of the phIomglucino1 anion in 

DW. 

The Go dendrimer 1 contains three chini tartarate units and has a C3 symmetry. The high symmetry of this 

compound allowed its structural identification relative simple. There are five regions of in-t in the 1H-NMR 

spectrum~0: (1) The aromatic protons of Cterr-butylphenoxy moiety at 6 7.3 - 6.8, (2) the aromatic protons (8 

6.18) of phloroglucinol, (3) the aliphatic protons on the tartarate units (6 4.4 - 4.0), (4) the isopropylidene groups 

(8 t l-49) and (5) the fert-butyl groups (8 = 1.28). The relative integration of these five regions has a ratio of 

12.0: 29: 18.2: 17.8: 27.2, which is very close to the calculated value of 12: 3: 18: 18: 27. In contrast to 

compounds 6 and 7, when: the aromatic protons of phloroglucinol are non-equivalent (1 doublet and 1 triplet 

with relative intensity of 2: I), the ~~~n~rng protons in 00 appear as a sharp singlet (S = 6.18), thus con- 

firming the pnxence of a C3 rotational axis. 

The synthesis of the first generation dendrimer 2 could be accomplished by using the reaction sequences des- 

cribed above. Thus, mono-0-alkyhtion of the phenol 7 with the di-O-tosylate 3 (3 eq., &CC& DMF) gave 8 in 

82% yield. Tmtment of 8 (2.1 eq.) with 5 gave the dendritic ‘wedge’ 9 in 70% yieId. Subsequent debenzy- 

lation and 0-akylation with 8 afforded the Gl dendsimer 2 10 as an oil in overall 50% yield. The relative integ- 

ration of the above-mentioned protons is 24.0: 11.1: 52.9: 50.4: 54.4 (calculated: 24: 12: 54: 54: 54). The 

~o~~~nic proto& appear as sharp singlets at slightly diffmnt places (6 = 6.15 and 6.16, ml. intensity = 

1:3). These correspond to the protons on the central and periphmal pblorogtucinol rings. The peripheral 

isopropylidene groups also appear at slightly different positions compared with the internal isopropylidew groups 

(S at 1.48 and 1.47 qxctively, LX& intensity - 2 : 1). ~te~~gly, the 13C-NMR of Gl is almost i&nticaI D 

that of GO, except that the relative intensities of each peak is different. Thii suggested that the central 

phloroglucinol ring has nearly the same micro-environment as that of the peripheral phloroglucinol rings. 

Reaction of 10 with 1 equivalent of 3 gave 11. in 71% yield. Unfortunately, compound If could not be 



3549 

0% 3 R=Ts 

,_z’i, 4 R=h 

6 RrBn 

OTa 

9 R=Bn 

0 

4 A- 
RO 

10 R=H 
I 

Ar = 4-terz-butylphenyl 

arylated with phenol 5 because of steric and solubility problems. 

Preliminary investigation of the optical rotation of these compounds reveals that the molar rotation is 

proportional to the number of tartarate units Gable 1). In conclusion, we have synthesized and studied the optical 

activity of a series of homochiral, monodiiperse dendrimer. We are continuing to modify this synthetic strategy 

in order to synthesize higher generation dendrimers and layer-block dendrimersll with alternating D- and L 

tartarate units, The relationship between the optical rotation and the number and absolute configuration of the 

tartarate unit will he disclosed in due course. 

Table 1. Optical activity of selected compounds (20°C in CHC13) 

ampolmd Specific Molar Molar marion 
mtion [a]D rotalion per-Ullit 

1 -59.6’ (c = 2.60) -W -l!XP 

2 -69-P (c = 0.37) -17w -1970 

6 -55.3O (c = 0.38) -425O -2120 

7 -524o (c = 0.53) -355O -1780 

8 -56.0” (c = 0.41) -54P -182” 

9 -60.1° (c = 0.38) -m@ -183’ 

10 -57.30 (c = 0.47) -994O -1660 
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