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Gallotannins are higher plant secondary metabolites 
composed of a carbohydrate core, typically p-D-glucopy- 
ranose, to which either gallic acid or oligomers of dep- 
sidically-linked gallic acids are esterified.' The inherent 
affinity of these polyphenols for proteins render it 
plausible that (1) they contribute to the chemical defense 
of plants against pathogenic microbes and herbivores via 
protein-binding and enzyme inactivation,las2 and (2) they 
may also play an important role in limiting the infectivity 
of viral pathogens against insect  herbivore^.^ In par- 
ticular, oak gallotannins reduce the infectivity of natu- 
rally occurring nuclear polyhedrosis viruses in gypsy 
moth  caterpillar^.^ The molecular mechanism(s1 of this 
inhibition is far from clear, but an intriguing hypothesis 
built on the observations that the larval midgut is highly 
basic (pH = 8-1114 and very oxidizing (Et, = f200-250 
mV)4 has been proposed.2a Thus, it is possible that these 
chemical conditions are conducive to  oxidative activation 
of the polyphenolic substrates to furnish reactive, elec- 
trophilic o-quinones which can then covalently trap 
nucleophilic sites on viral proteins and mediate reduction 
of infectivity, eq 1, R = ,8-D-glucopyranose. A study aimed 
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at  modeling the chemistry of these putative covalent 
interactions between gallotannins and viral proteins has 
been initiated. This information may ultimately impact 
on the design and selection of more efficient microbial 
pesticides for controlling plant predation by insect her- 
biv0res.j 
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Conjugate and/or direct addition of various heteroatom- 
nucleophiles to simple o-quinones has been extensively 
investigated because of the relevancy of this reaction type 
to many biological processes: but galloyl-derived o- 
quinones have received little attention. This communi- 
cation reports preliminary results concerning the reac- 
tivity profile of galloyl-derived o-quinones in addition 
reactions with representative nucleophiles such as amino 
acids and organometallic reagents. 

The readily available o-quinones 4 and 5 (see support- 
ing information) were exposed to amine- and thiol-based 
nucleophiles. The biologically relevant nucleophile mod- 
els lysine and cysteine were chosen based upon literature 
precedents which implicate lysyl and cystyl residues as 
possible primary sites of protein attachment to catechol- 
derived  quinone^.^ All reactions were performed by 
slowly adding a 0.05-0.1 M solution of quinone in THF 
to an equimolar 0.05-0.1 M solution of nucleophile in 
THF or THF:H20 in order to minimize subsequent 
oxidation of initial adducts by unreacted o-quinones 
which may yield further potent electrophilic o-quinones. 
Selected examples of successful nucleophilic capture of 
both 4 and 5 are shown in Scheme 1. Thiophenol gave 
rise to the rearomatized adducts 6 and 78 as the sole 
regioisomers shown in 47% and 69% yields, respectively. 
Similarly, addition of cy~ te ine~g ,~  to both 4 and 5 in ca. 
4:l THF-HzO delivered the 2-S-cysteinylgallate deriva- 
tives 8 and 9,8 respectively, in 67% and 62% yields. 
Hydrogenolysis of 9 cleanly furnished the fully depro- 
tected 2-(S-cysteinyl)gallic acid 10 (Scheme 1). 

This successful addition of thiol-based nucleophiles is 
in marked contrast to the case of lysine which, under the 
same conditions, did not react with 5. Addition of Na- 
(carbobenzy1oxy)lysine to 4, performed in alkaline me- 
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could be isolated as the predominant product in 17% 
yield. Its formation can be rationalized by citing con- 
densation of aniline at  the C-1 carbonyl carbon of 5 to 
give the corresponding quinone imine 11 followed by in 
situ reduction of this species with some hydroquinone 
moiety produced in the reaction medium (Scheme 1).l1 
Thus, the preliminary evidence in hand supports a 
scenario wherein cystyl residues may be responsible for 
attachment of proteins to galloyl-derived o-quinones. 

The reactivity of o-quinones 4 and 5 toward aryl- 
bearing organometallic reagents was next investigated, 
notably because of an interest in total synthesis of biaryl- 
and diaryl ether-containing ellagitannins. Biaryl moi- 
eties would result if conjugate addition is followed, but 
diaryl ether units might be accessible if heterophilic 
addition to the quinonoid carbonyl is 0perationa1.l~ The 
results of these studies are summarized in Table 1. 
Addition of PhMgBr to  o-quinone 5 at  room temperature 
afforded the regioisomeric diaryl ethers 13a and 14a in 
a 2:l ratio and 23% yield (entry 1). This modest yield 
was increased to 55% by simply performing the reaction 
at  -78 "C (entry 2). Diaryl ethers 13b and 14b were 
obtained in a 3:l ratio and 66% yield when CUI was 
included in the reaction medium (entries 3 and 4), and 
the regioselectivity was further improved at  -90 "C 
(entry 5). It is noteworthy that utilization of cuprate 
reagents of the general form PhRCuM (R = Ph, Br and 
M = MgBr, Li) was unsuccessful, the major product being 
in every case the hydroquinone formed from simple 
reduction of 4 or 5. The highest yield was obtained by 
utilizing the Grignard reagent in concert with cerium- 
(111) chloride, a reagent known for its oxophilic charac- 
ter14 (entries 6 and 8). Addition of the Grignard reagent 
derived from 2-bromoanisole to o-quinone 4 gave rise to 
an equimolar mixture of diaryl ethers 13c and 14c in 
only moderate yields (entries 7 and 8). Further develop- 
ment of this promising methodology as an alternative to  
the Ullmann condensation for accessing ellagitannin 
diaryl ether@ is currently in progress. 

In summary, important characteristics of galloyl- 
derived o-quinone reactivity revealed by this preliminary 
study include (1) the efficient capture of these electro- 
philic species by thiol-based nucleophiles, notably the 
amino acid cysteine which may play a key role in the 
antiviral activity of gallotannins in insect herbivores, and 
(2) the propensity of the quinonoid carbonyls to undergo 
oxophilic attack by aryl-bearing organometallic reagents 
to furnish diaryl ethers, which may be a useful alterna- 
tive to the Ullmann coupling procedure. 

Acknowledgment. This work was supported by the 
NSF under the auspices of IBN-9407308. 

Supporting Information Available: Experimental pro- 
cedures and full spectral characterization for 4-10 and 12- 
14 (11 pages). 
J0950983W 

Scheme 1 

o;$oR 7: 6: R R = = Bn Me (69 (47 %) %) b4Fo, C02R 

Q OH 

THF-HpO s 
.ooR cysteine . 

COzR I H z N q  b 0 2 R  

4 : R = M e  cod  8: R = Me (67 Yo) 
5: R = Bn 9: R = Bn (62 %) H2 

10: R = H (100 %a pd black 
aniline I THF 

CO2R 

11 12: R = Bn (17 Yo) 
1 

Table 1. Diaryl Ethers via Oxophilic Addition to 
Quinonoid Carbonyls 

O ~ O R  0 A~O,@,OR OH + HO@R OAr 

/ / 
ArM 

\ -  
I 

C02R 13 C02R 14 LOpR 
a: R =  Bn, A r =  Ph 
b: R = Me, Ar = Ph 
c: R = Me, Ar = 2-MeOPh 

4: R = Me 
5: R = Bn 

I 5 PhMgBr, RT 2: I 23 
2 5 3: 1 55 PhMgBr, -78°C 
3 4 PhMgBr, -78°C '3 : '  50 

66 4 PhMgBr, CUI cat./-78"C 3:1 

60 PhMgBr, CUI cat./-9O0C 5.5:1 5 

1 6  PhMgBr. CeCW90"C 5.2: 75 I 
7 4 2-MeOPhMgBr, CUI cat./-9O0C 1: 1 37 
8 4 2-MeOPhMgBr, CeC13/-9O0C 1 : 1 47 

Q Reactions were performed in THF or THF-Et20 using 1.5- 
2.0 equiv of Grignard reagent; best results were obtained by adding 
the Grignard reagent to a solution of o-quinone, containing the 
metallic additive; see supporting information. Regiochemistry 
was determined by methylation and lHP3C NMR analyses. 

dium (THF-1 M aqueous NaOH, pH apparent = 10) to 
ensure participation of the nonionized +amino 
gave a complex mixture; no pure adduct could be 
isolated.6bJ0 Aniline gave a complex product mixture 
upon reaction with 5,  but the monoanilino-adduct 128 
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