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STUDIES OF METHOXYMETHYL-DIRECTED METALATION' 
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Abstract: To explore the use of metkoxymetkyl groups to elaborate simple bensenoid precursors 
to more complex polyketide-derived natural products, the reaction of pkenolmetkoxymetky2 ether 
ortko-anion was investigated with a number of electropkiles. 

Stern, English and Cassidy' appear to have been the first to recognize and apply methoxy- 

methyl groups both as an easily removed phenol protecting group and as a functionality to 

direct ortho-metalation3 and subsequent reaction with an electrophile; i.e_. 1_+2 (85% yield). 

In the intervening years isolated examples have appeared wherein simply substituted aryl me- 

thoxymethyl ethers have been metalated and reacted with dimethylformamide4 or carbon dioxide5 

0 -0’ 0 -0’ to give the corresponding aldehydes or carboxylic 

3 

1 n-BuL1/Et2@ 

cr- 

OH 

0 *O 
acids, respectively. In the past year conceptual 

2 ethylene oxide extentions of these earlier observations have been 

o-0, 0 
WOl, 

reported in syntheses of 11-deoxyanthracyclinones6 
7 

1 2 
and (-)-aplysin. 

Apart from ethylene oxide, however, the elec- 

trophile in all of these reactions has been a carbonyl derivative. In thecourse of work to de- 

velop a total synthesis of averufin 3, 
8 

a key intermediate in aflatoxin biosynthesis,' we have 

been led to explore the scope of methoxymethyl-directed aryl metalation. He report herein our 

findings using methoxymethylphenol as a simple model system and, as detailed in Table 1, the 

reactions of its ortho-lithiated species with the indicated electrophiles under constant con- 

ditions of anion formation." 

Table 1. Methoxymethylphenol or-ho-anion and reactions with electrophiles. 

Electrophl le Cl Ftrophr 1 e 

1 76% 

2 76% 
co2/excess 

r t ,5 Ill,” 

3 67% * 
n-C4H9CHO/I 2 eq n-C4Hg1/l 5 eq ,r t 

r t 130 “f” -* 
51% 

20% HrfPA,S hr 

4b 66% 

OR 0 

Ac20/3 0 eq BrCN/l 0 eq 

0011 5 hr 7RZ 
r t 15 mm 

5= 73% 

OR 0 

PhNCO/l 3 eq I?/1 2 eq 

r t ,30 
732 

P,” r t ,I nil” 

Entry 
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(cda;;ld~e~ctm on tic anal~sls showed clean conversion of starting mater141 to product ,exceot entr,e5 6, 7 and 8 - see 
6lven are the Isolated y+elds of chromatographically homogeneous product5 havlng rat~rfactory spectral propertaer 

ohtalned after Conventional work up ,n ether and Kegelrohr d,st,,,at,on 
and purity (c) TIC an;;r;;s6;ndlcated four products. 

(bl Acetylchlorlde gave prnduct I” ~nfern~r yield 

Ilzed on work up, n, p (dl After work up. 
the ma.,or ~~n~ponent berns the derlred an,I?de vh,ch readily crvrtal- 

lnaterral by plc (5111ca. hexane ether 4 1, 
both alkylatlon prod”cts were separated from ““reacted rtart,ng 
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As a class, polyketide-derived natural products 
11 

are frequently characterized by poly- 

hydroxylated aromatic rings. A direct and versatile strategy for their synthesis is the 

elaboration of properly oxygenated benzenoids to more complex systems. Although notable ex- 

ceptions exist, in general, avoidance of steps requiring the introduction or removal of aryl 

oxygen is normally observed. Methoxymethyl, therefore, provides at once a phenol protecting 

group easily removed for ultimate liberation of the target natural product; and, as indicated 

by the reactions in Table 1, allows the synthetic elaboration of simple oxygenated benzenoid 

precursors in a variety of ways. Entries l-4 show the formation of new C-C bonds at a range 

of oxidation states at the benzylic position in the biogenetically correct relation to the 

ring oxygen. Particularly useful is the direct synthesis of an anilide (entry 5) employing 

phenylisocyanate as electrophile. Secondary and tertiary amides, usually obtained from the 

corresponding acids, are excellent ortho-metalation directors3 and have been used extensively 

in recent years. 
12 

Entries 6-8 indicate simple alkylation reactions in good yields and entries 

9 and 10 show that in our hands cyanogen bromide and iodine 
13 

were the best means to introduce 

bromine and iodine, respectively. In a similar fashion bicyclic ketal bromide 4 has been syn- 

thesized and its in situ-generated benzyne trapped by the anion of 5,7_dimethoxymethyl -- 

phthalide 5 (R=CH20CH3) to afford, after oxidation and deprotection, (f)-averufin 3.8 

3 4 5 

Acknowledgements: We thank S. B. Christensen for his help and advice and the National Insti- 

tutes of Health for generous financial support (5-ROl ES 01670). 

References: 

1. Presented at the 18lst National Meeting of the American Chemical Society, Atlanta, GA, 
March-April 1981, ORGN-17. L.M.B. is an undergraduate research participant. 
2. R. Stern, J. English, Jr. and H.G. Cassidy, J.mer. Chem. Sot., 79_, 5792 (1957). 
3. Review: H.W. Gschwend and H.R. Rodriguez, Org. React%s, 1 (i979). 
4. H. Christensen, S nth. Corrm 
Synthesis, 

5, 65 (1975);-N.S. Narasimhan,R.S. Mali and M.V. Barve, 
906 (1979+ - 

5.-TCxonald, Tetrahedron Lett 3973 (1975). 
6. J. Yadav, P. C~e~.-T.;'K. Perlman and C.J. Sih, ibid,, 811 (1981). 

R.C. Ronald, M.B. Gewali and B.P. Ronald, J. Org. Chem 
aetrahedron Lett 4413 (1976). 

--* 3 45, 2224 (1980); R.C. Ronald, 

__-__. 3 

9: 
C.A. Townsend, S.G. Davis, S.B. Christensen, J.C. Link and C.P. Lewis, unpublished results. 
J.G. Heathcote and J.R. Hibbert, "Developments in Food Science, Vol. 1; Aflatoxin: 

Chemical and Biological Aspects"; Elsevier: New York, 1978, pp. 151-172. 
10. Methoxymethylphenol (138 mg, 1.0 nnnole) in 5mL of dry ether was treated under an inert 
atmosphere with 1.2 equiv. of n-butyllithium in hexane and the mixture was stirred 2 hr at 
room temperature to give a cloudy white suspension. Freshly distilled electrophile (or 
solution in dry ether if solid) was added neat as indicated in Table 1 and reaction carried 
out for the duration shown. 
11. T.K. Devon and A.I. Scott, "Handbook of Naturally Occurring Compounds"; Vol. 1, Academic 
Press: New York, 1975. 
12. Selected references since 1979: S.O. de Silva, M. Watanabe and V. Snieckus, J.Drg_l Chem., 
44, 4802 (1979); W. Fuhrer and H.W. Gschwend, ibj_d_., 
md., 

44, 1133 (1979); P.A. Beak and R.A. Brown, 
44, 4463 (1979); A.I. Meyers and K. Lutomski, ibid /, 44_, 4464 (1979); A.S. Kende and 

J.P. RiGi, Tetrahedron Lett., 1779 (1981). See also reference 3. 
13. K.-H. Boltze, H.-D. Dell and H. Janzen, AnA. 7DB, 63 (1967); see also reference 7. 

(Received in USA 9 June 1981) 


