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maee spectrum, calcd for C A I F e N  331.1023, found 331.1023; 
m/z (relative intensity) 331 (M+, loo), 266 (30), 250 (12), 209 (12), 
165 (7). Anal. Calcd for C&Z1FeN C, 72.52; H, 6.39; N, 4.23. 
Found C, 72.69; H, 6.20; N, 3.92. 

Acetylation of trans-l-Ferrocenyl-2-(4-nitrophenyl)- 
ethylene (3a). Reaction of 0.0906 g (0.272 "01) of 3a under 
the acetylation conditions (method A) resulted in recovery of 
starting material only. 

Acetylation of trans - 1 -Ferroceny l-2- (4-bromophenyl)- 
ethylene (3b). Acetylation (method A) of 3b (98.9 mg, 0.270 
"01) gave an orange solid residue. Column chromatography 
(alumina/CHzClz followed by alumina/2l CH2C12-hexane) 
permitted the isolation of two major products: monoacetylated 
product 4b (23%) and diacetylated product 6b (10%). 

For ab, an orangered crystdine solid mp 117.0-119.0 OC; 'H 
NMR (CDClJ 6 7.59 and 7.06 (2 d, 4 H), 7.55 (8, 1 H), 4.30 and 
3.85 (2 m, 4 H), 4.11 (s,5 HI, 2.27 (s ,3  H); 'Q('H) NMR (CDClJ 
6 197.3,141.7,136.9,135.9,132.0,131.4,121.8,77.2,71.4,71.3,69.7, 
27.5; IR (CHZClz) 1656 (M) cm-'; mass spectrum, calcd for 
Cdl ,BrFe  409.9748,407.9812, found 409.9789,407.9813; mlz 
(relative intensity) 410,408 (M+, 99, 100), 345,343 (30,34), 165 
(23). 

For 6b, an orange crystalline solid 'H NMR (CD2C12) 6 7.50 
and 6.98 (2 d, 4 H), 7.26 (8, 1 H), 4.62,4.35,4.22, and 3.82 (4 m, 

spectrum, calcd for CnHl&Fe02 451.9898, 449.9918, found 
451.9882,449.9910; m/z (relative intensity) 452,450 (M+, 93, 100), 
345 (a), 165 (47). 

The monoacetylation product 5b wae also observed in an in- 
termediate column fraction: 'H NMR (CDC13) 6 7.45 and 7.31 
(2 d, 4 H), 6.74 and 6.69 (2 d, 2 H), 4.75 and 4.31 (2 m, 4 H), 4.47 
(m, 4 H), 2.27 (8, 3 H). 

Acetylation of t ram -l-Ferrocenyl-2-(4-(dimethyl- 
amino)phenyl)ethylene (34. Acetylation (method A) of 3c (90.1 
mg, 0.272 m o l )  and separation of the product mixture by column 
chromatography (alumina/CH2C12) followed by preparative TLC 
(alumina/81 ethephexane) permitted isolation of monoacetylated 
products 4c (15%) and 5c (25%), an well ae diacetylated product 
6c (10%). 

8 H), 2.25 and 2.20 (2 ~ $ 6  H); IR (CH2Cl.J 1669 (M) M 

For 4c, an orangered crystalline solid mp 152.0-154.0 "C; 'H 

3.93 (2 m, 4 H), 4.10 (8,  5 H), 3.02 (s ,6  H), 2.21 (8, 3 H); 13C('H) 
NMR (CDCld 6 199.1,149.9,140.0,137.3,130.3,125.7,112.6,87.5, 
71.3,70.8,69.6,40.6,29.7; m888 spectrum, calcd for CBH$eNO 
373.1129, found 373.1129. 

For Sc, an orange cryetalline solid mp 114.5-115.5 O C ;  'H NMR 

(%JmC-) = 15.5 Hz)), 4.73 and 4.25 (2 m, 4 H), 4.45 (m, 4 H), 

128.3, 127.1, 125.8, 119.8, 112.6, 86.4,79.9,73.3, 70.5, 70.2,67.7, 
40.5,27.8; masa spedrum, calcd for CnHdeNO 373.1129, found 
373.1135, m/z (relative intensity) 373 (M', loo), 266 (72), 250 (19), 
165 (20). AnaL Calcd for CaH$eNO C, 70.79; H, 6.21; N, 3.75. 
Found C, 70.76; H, 6.01; N, 3.76. 

For 6c: 'H NMFt (CDC13) 6 7.32 (8,  1 H), 7.00 and 6.78 (2 d, 
4 H), 4.69, 4.41, 4.24, and 3.96 (4 m, 8 HI, 3.01 (s ,6  HI, 2.32 (8, 
3 H), 2.25 (8, 3 H). 

Acetylation by method B and separation of the resulting 
product mixture by chromatography yields monoacetylated 
products 4c (5%) and Sc (15%) along with start ing material 
(75%). The monoacetylation product 7c wan also detected in one 
of the preparative TLC bands (6%) by 'H NMFt spectroscopy, 
but wae not isolated 'H NMR (CDC13) 6 7.61 (e, 1 H), 7.57 and 
6.99 (2 d, 4 H), 5.03 and 4.79 (2 m, 4 HI, 4.15 (8, 5 H), 2.98 (e, 
6 H), 2.41 (e, 3 H). 
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NMR (CDC13) 6 7.51 (8, l  H), 7.03 and 6.81 (2 d, 4 H), 4.24 and 

(CD2C12) 6 7.34 and 6.70 (2 d, 4 H), 6.68 and 6.51 (2 d, 2 H 

2.97 (8,6 H), 2.29 (8,  3 H); 13C{'H) NMR (CDCl3) 6 202.1, 149.9, 
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The behavior of several protected derivatives of 3,4,5-trimethoxybenzaldehyde has been investigated under 
conditions of electron transfer from alkali metals in aprotic solvents. The 4methosy group can be regioselectively 
removed in good to high yield under such conditions, and an appropriate choice of the protecting group, metal, 
and solvent allows its substitution with a variety of electrophiles. 3,4,5-"rimethoxybeddehyde dimethyl acetal, 
1, is the starting material of choice for a new general synthetic approach to several polysubstituted resorcinol 
dimethyl ethers. Inveatigation of the m e d "  of demethoxylation, with the aid of labeling experiments, showed 
that reductive demethoxylation is strongly influenced by the nature of the aldehyde protective group employed. 

As polysubstituted resorcinols are an important class of 
natural products with significant biological and pharma- 
cological properties,' there is a continuous search for new 
approaches to their We have recently re- 
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"Key: P = aldehyde protecting group = (OCH,),, (OC2Ha)2, 
(oc,%),, OCH&H@, (CH3)NCH2CH2N(CH3); M = Na, K; EX = 
electrophilic reagent. 

methoxy group of 1,2,3-trimethoxybenzene and its 5-al- 
kyl-substituted homologues under electron-transfer con- 
ditions from alkali metals,12 leading to the synthesis of 
several substituted resorcinol dimethyl ethers. The syn- 
thetic usefulness of such a procedure relies upon the 
quantitative formation, in the reductive demethoxylation 
step, of 2,6-dimethoxy-substituted arylmetal compounds, 
according to a two-electron reduction process, and is re- 
stricted to 1,2,3-trimethoxybenzene and to 3,4,5-trimeth- 
oxytoluene. We have therefore examined the possibility 
of extending our research on this type of reductive elec- 
trophilic substitution to suitable derivatives of the inex- 
pensive reagent 3,4,5-trimethoxybenzaldehyde, with the 
carbonyl group appropriately protected toward reduction 
by the alkali metal, and wish to report here a more general 
approach to the synthesis of 2,5-disubstituted resorcinols, 
according to Scheme I. 

A preliminary report concerning the regioselective re- 
ductive alkylation of 3,4,54rimethoxybenzaldehyde di- 
methyl acetal, 1, as well as a new synthetic approach to 
the natural antibiotics 1,3-dihydroxy-2-butyl-5-pentyl- 
benzene (stemphol) and 1,3-dihydroxy-2-hexyl-5-propyl- 
benzene (DB2073) has already appeared.13 

Results 
Reduction of Acetals with Na Metal. The regiose- 

lective demethoxylation in the 4-position of compounds 
1 (P = (OCH,),), 2 (P = (OC,H&), and 4 (P = 
OCH2CH20) can be conveniently performed by the action 
of Na metal (3 equiv) in anhydrous THF at room tem- 
perature for 24 h. At this stage, quenching of the reaction 
mixtures with water or with anhydrous EtOH (caution!) 
afforded compounds 11,12, and 13, respectively (Table I, 
entries 1-3), according to Scheme 11, together with dif- 
ferent, low amounts of phenolic products, formed by 
competitive demethylation reactions,12 which were easily 
removed from the reaction mixture during workup. Acidic 
hydrolysis of compounds 11-13 afforded the benzaldehyde 
25, a known compound. In any case, no products of de- 

(9) Hitchcock, s. A.; Patenden, G. Tetrahedron Lett. 1990,31,3641. 
(10) Stsaley, M. A.; Shone, R. L.; Miyano, M. Synth. Commun. 1990, 

(11) Sa& J. M.; Dopico, M.; Martorell, G.; Garcia-bo, A. J. Org. 

(12) Azzena, U.; Denurra, T.; Melloni, G.; Piroddi, A. M. J. Org. Chem. 

(13) Azzena, U.; Connu, S.; Denurra, T.; Melloni, G.; Piroddi, A. M. 

20, 1869. 

Chem. 1990,55,991. 

1990,55,6386. 

Synthesis 1990, 313. 

Table I. Reductive Cleavage of thmpoundr 1,2,4, and 5" 
entry compd metal solvent product yield) % 

1 1 Na THF 11 90 
2 2 Na THF 12 93 
3 4 Na THF IS 54 
4 1 Na Eta0 11 8oe 
5 1 Na isooctane 11 4' 
6 2 Na E 0 0  12 76' 
7 2 Na isooctane 12 41' 
8 1 K THF 11 32d 
9 1 K THF 11 77e 

10 1 K i e o o d a n  e 11 13' 
11 5 K THF 14 80 
12 5 Na THF 14 27' 

"All reactions run at room temperature for 24 h, except entry 9. 
bIsolated yield, unleee otherwise indicated. 'Determined by lH 
NMR, no other product, unless starting material, waa evidenced to 
a considerable extent. "43% of 21 also formed. eAt -20 OC for 6 
h, 2% of 21 also formed. 

Scheme I1 
hf 

H3coTx, H$J 
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4: P - cChCH$J 
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methoxylation in the 3-position were formed. 
While good yields were obtained in the reductive de- 

methoxylation of compounds l and 2, reduction of 4 af- 
forded compound 13 in only 54% yield; careful examina- 
tion of the acidic fraction obtained in the reductive 
cleavage of 4 led to the recovery of 3,5-dimethoxybenzoic 
acid in 22% yield; no 3,4,5-trimethoxybenzoic acid was 
detected. This finding strongly supporta a competitive 
deprotonation of acetal 1314 in the highly basic reaction 
medium, followed by the known fragmentation to the 
corresponding carboxylate anion and ethylenex6 according 
to eq 1. 

+ ethylene (1)  

I 
C G  

Besides THF, other solvents, such as EbO and 2,2,4- 
trimethylpentane (isooctane), were tested as solvents for 
the reductive demethoxylation of Compounds 1 and 2 with 
Na metal; in the case of 1, a moderate conversion to 11 took 
place after 24 h at room temperature in EbO whereas, 
under similar conditions, 1 was almost unreactive in iso- 
octane (Table I, entries 4 and 5). Interestingly, 2 was more 

(14) D20 quenching experimenta showed 20% deuteration in the 4- 
position of recovered 3,S-dimethoxybenzoic acid. In a separate experi- 
ment, under similar reaction conditions, potassium $4,5-trimethoxy- 
benzoate did not suffer demethoxylation or reduction. 

(16) Meyern, A. I.; Campbell, A. L. Tetrahedron Lett. 1979, 4166. 
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Table 11, Reductive Electrophilic Substitution of Compounds 1,2,4, and 5 
entry compd metal electrophile (equiv) T, OC t ,  h product, E = yield: % 

1 1 Na Me1 (1.5) 0 24 16a, Me 71b 
2 1 Na EtBr (1.5) . 0 24 16b, Et 756 
3 1 Na n-BuBr (1.5) 0 24 16c, n-Bu 8 6 b  
4 1 Na n-hexylBr (1.5) 0 24 16d, n-hexyl 8 4 b  
5 1 Na i-PrI (1.5) 0 24 ob' 

6 4 Na n-BuBr (1.5) 0 24 19, n-Bu 25d 
7 5 K n-BuBr (1.5) 0 24 w 
8 1 Na Me3SiC1 (1.5) -40 6 16E, SiMe3 83 
9 1 Na EtCHO -78 6 oc 
10 1 Na t-BuCHO (1.5) 0 24 16h, CHOH-t-Bu 74 
11 1 Na PhCOCl (3) -40 2 161, COPh 72 
12 1 Na ClCOOMe (3) -40 3 161, COOMe 75 
13 2 Na ClCOOMe (3) -40 3 17, COOMe 85 
14 5 K ClCOOMe (3) -40 3 w 
15 1 Na NMF' (1.5)e 0 4 16m, CHOHAr' 67 
16 1 Na NMF (3)e8 0 3 16x1, CHO 45 

"Determined on isolated products. bFrom ref 13. COnly the product of reductive demethoxylation was obtained. d27% of 13 WBB also 
formed. e NMF = N-methylformanilide. 'Ar = 2,6-dimethoxy-4-benzaldehyde dimethyl acetal. #Inverse addition. 

reactive than 1 in both solvents, indeed, 12 was obtained 
in 76 and 41% yield in Ego and isooctane, respectively 
(Table I, entries 6 and 7). 

Reduction of Acetals with K Metal. Reduction of 
compound 1 with K metal gave more complex results. 
Indeed, when the reaction was performed at room tem- 
perature in the presence of 3 equiv of finely divided K 
metal in anhydrous THF, complete conversion of the 
starting material could not be achieved even after 24 h, 
and 11 was obtained in 32% yield (Table I, entry 8)) to- 
gether with 43 % yield of 1-(3,5-dimethoxyphenyl)ethanol, 
21 (Scheme 111). Lowering the reaction temperature to 
-20 "C yielded 11 in 77% yield (Table I, entry 9)) together 
with a small amount (2%) of 21. On the contrary, 21 was 
obtained in 68% yield when the reaction was performed 
at 45 "C in the presence of 4.5 equiv of K. 

21 is the product 
of demethoxylation of 1 in the 4-position followed by 
Wittig rearrangement of the acetal function induced by 
reductive electron transfer. The overall reaction involves 
cleavage of the three C-0 bonds and formation of one C-C 
bond. 

Although more complex results are possible in the case 
of other acetals of 3,4,5-trimethoxybenzaldehyde due to 
competition between reductive elimination (leading to 
3,4,5-trimethoxybenzylic alcohol, 23) and Wittig rear- 
rangement,16 we have nonetheless investigated the syn- 
thesis of 1-(3,5-dimethoxyphenyl)-l-pentanol 22 by re- 
duction of 3,4,5-trimethoxybenzaldehyde dibutyl acetal, 
3 (P = (OC,H&. Subsequent oxidation of 22 would lead 
to (3,5-dimethoxyphenyl)-l-pentanone, 24, a known in- 
termediate in the synthesis of olivetol dimethyl ether." 
Accordingly, reduction of 3 with 4.5 equiv of K in THF 
at 45 "C for 24 h led to a complex reaction mixture con- 
taining 22 as the main product. Oxidation of the crude 
product with CrOs in glacial acetic acid according to eq 
2, followed by NaHC03 workup to separate acidic prod- 
ucts, afforded 24 in 19% overall yield. 

According to our previous 

CQ CH&XOH H3c0v0cH3 
CHOH 
I 
C4H9 

22 24 

(16) h n a ,  U.; Denurra, T.; Melloni, G.; Piroddi, A. M. J. Org. Chem. 

(17) Suter, C .  M.; Weston, A. W. J.  Am. Chem. SOC. 1939, 61, 232. 
1990,55,5532. 

Scheme 111 
?CH3 

K, THF H3c0wcH3 
I 

CHP 

1: P = (OCH,), 
3: P = (OC4Hg)Z 

I 
CHP CHOH CH,OH 

I 
R 

11. P = (OCH& 21 : R = CH3 23 
15: P = (OC4Hg)Z 22: R = C ~ H V  

As aromatic acetals were found to be inert toward re- 
ductive Wittig rearrangement with alkali metals in hy- 
drocarbon solvents,16 we attempted to achieve reductive 
demethoxylation of 1 with K in isooctane. However, this 
reaction was very sluggish, affording 11 in only 13% yield 
after 24 h at room temperature (Table I, entry 10). 

Reduction of the Aminal. The search for an aldehyde 
protecting group stable toward reduction with K metal led 
us to test the reactivity under our reaction conditions of 
1,3-dimethyl-2-(3,4,5-trimethoxyphenyl)imidazolidine, 5. 
Demethoxylation of 5 in the 4-position was carried out by 
reaction with 3 equiv of K metal in THF at room tem- 
perature for 24 h. After aqueous workup l,&dimethyl- 
2-(3,5-dimethoxyphenyl)imidazolidine, 14, was isolated in 
80% yield, thereby demonstrating the stability of the am- 
inal moiety to the reaction conditions (Table I, entry 11). 
14 was converted by acidic hydrolysis into 25. When 5 was 
reduced with 3 equiv of Na metal in THF 14 was formed 
in 27% yield in 24 h (Table I, entry 12). 

Reductive Electrophilic Substitution. Due to the 
good yields obtained in the reductive demethoxylation 
reaction, compound 1 was used as a model to investigate 
the reductive electrophilic substitution reaction. The re- 
activity of 1 was checked using Na in THF as the reducing 
agent and several electrophiles. Some reactions were also 
carried out on compounds 2, 4, and 5. The results are 
reported in Table 11. Alkylation of 6 with primary alkyl 
halides was achieved under mild reaction conditions: an 
excess (1.5 equiv) of the alkyl halide was added at 0 "C 
to the reaction mixture obtained by the action of Na metal 
on 1 under the conditions reported above; after 24 h of 



3104 J. Org. Chem., Vol. 57, No. 11, 1992 

stirring at room temperature, standard workup afforded 
good yields of the alkylated products 16a-d (Table 11, 
entries 1-4) together with minor amounts of the product 
of reductive demetho~y1ation.l~ By contrast, reductive 
alkylation with a secondary alkyl halide, Le., 2-iodo- 
propane, did not afford a substitution product (Table 11, 
entry 5); only the product of demethoxylation was ob- 
tained. A similar result was previously observed during 
attempted reductive electrophilic substitution of 1,2,3- 
trimethoxybenzene with secondary alkyl halides.12J3 

Interestingly, under similar conditions, reductive elec- 
trophilic substitution of 4 with Na metal and l-bromo- 
butane afforded an almost equal amount of 19 (the product 
of alkylation) and of 13 (the product of reductive de- 
methoxylation) (Table 11, entry 6). An even worse result 
was obtained in the K metal-promoted reductive electro- 
philic substitution of 5 with 1-bromobutane. Indeed, no 
product of alkylation was formed under such reaction 
conditions (Table 11, entry 7); only 14 (the product of 
reductive demethoxylation) was obtained. 

Silylation of 6 was easily achieved by reduction of 1 with 
Na metal, followed by addition of 1.5 equiv of Me3SiC1 at 
-40 "C, to give the trimethylsilyl derivative 16f in good 
yield (Table 11, entry 8). 

Several carbonyl derivatives were also tested as elec- 
trophiles. Reaction of 6 with propanal did not afford 
carbinol 16g even at -78 "C (Table 11, entry 9). However, 
the addition reaction of 6 to the carbonyl group of a no- 
nenolizable aldehyde, namely 2,2-dimethylpropanal, 
readily occurred within 24 h at 0 "C (Table 11, entry 10). 
Good results were also obtained employing acyl chlorides 
as electrophiles: reaction of 6 with 1.5 equiv of PhCOCl 
or C1COOCH3 at -40 "C afforded good yields of ketone 16i 
and of methyl ester 161, respectively (Table 11, entries 11 
and 12). Under similar conditions, the methyl eater 17 was 
obtained in 65% yield starting from compound 2 (Table 
11, entry 13). No product of substitution was formed in 
the reaction of C1COOCH3 with the product of the K 
metal-promoted demethoxylation of 5 (Table II, entry 14); 
only 14 was recovered. As a note of caution it is stressed 
that where acyl chlorides are employed as electrophiles 
immediate workup of the reaction mixtures is required in 
order to prevent acidic cleavage of the aldehyde protecting 
group. 

Reaction of 6 with N-methylformanilide (NMF) led to 
the formation of two different products, 16m and 16n, 
depending on the reaction conditions; direct addition of 
1.5 equiv of NMF to the reduction mixture chilled to 0 "C 
afforded the symmetric carbinol 16m (Table 11, entry 15), 
whereas inverse addition of the reduction mixture to a 
solution of 3 equiv of NMF in THF, at 0 "C, afforded 
aldehyde 16n (Table 11, entry 16). It is noteworthy that 
under inverse addition conditione the excess metal can be 
conveniently filtered off. 

Deuterium Incorporation Studies. A comparison of 
the results obtained in the reductive electrophilic substi- 
tutions suggests that either the formation and/or the re- 
activity of the arylsodium compounds is affected by the 
different protective group employed. This hypothesis was 
confiied by D20 quenching experiments (Table III). By 
monitoring the percentage of deuterium incorporation in 
the 4-position of compounds 11-14 by *H NMR spec- 
troscopy at 300 MHz it was possible to ascertain the almoet 
quantitative formation of the corresponding 2,6-dimeth- 
oxy-substituted arylmetal compounds in the reductive 
cleavage of 1 and 2 with Na metal in THF (Table 111, 
entries 1 and 2). Formation of a similar intermediate was 
found to occur to a much lower extent in the reductive 
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Table 111. Product Distribution in Deuterium Labeling 
Experiments 

starting 
entry material metal solvent quencher ArD/ArHaib 

1 1 Na THF DZO 9218 
2 2 Na THF DaO 78/22 
3 4 Na THF D;O 66j& 
4 5 K THF Do0 C 
5 1 Na EBO DiO 58/42 
6 2 Na Eta0 D2O 31/69 
7 2 Na isooctane D20 21/79 
8 4 Na THF-I, H20 C 
9 5 K THF-d, H20 C 

ODetermined by 'H NMR at 300 MHz in CDC13 by monitoring 
the percentage of deuterium incorporation in the 4-position (see 
Experimental Section). Ar = 3,5-dimethoxybenzaldehyde acetal 
or aminal. No deuterium incorporation wae detected. 

cleavage of the ethylene acetal 4 under similar conditions 
(Table 111, entry 3), as well as in the reduction of com- 
pounds 1 and 2 in solvents of low polarity (Table 111, 
entries 5-7). Finally, it was not possible to detect the 
formation of any deuteriated product of demethoxylation 
in the reductive cleavage of the aminal6 with K metal 
(Table 111, entry 4). This seems to rule out the formation 
of the arylpotassium compound 10. 

A possible explanation of this behavior is the formation 
of intermediate aryl radicals, which may abstract hydrogen 
atoms from components of the reaction medium, according 
to what has been reported in the literature for the re- 
ductive cleavage of several diary118JB and aryl alkyl eth- 
ers.lW Involvement of the solvent as a donor of hydrogen 
atoms toward aryl radicals has been suggested, inter alia, 
in the K metal-promoted aromatic &l reactions in liquid 
ammonia21.22 and in the reductive cleavage of aromatic 
ethers and esters with K metal/l&~rown-6/THF.~~ Con- 
trary to this expectation, under our reaction conditions no 
incorporation of deuterium was detected in the products 
of reductive cleavage of 4 with Na and of 5 with K in 
THF-d8, followed by quenching with H20 (Table 111, en- 
tries 8 and 9). 

Discussion 
The synthetic procedure described overcomes some of 

the limits encountered in the reductive electrophilic sub- 
stitution of 5akyl-substituted 1,2,3-tzhetho~ybe~nes.~~ 
The regioselective substitution of 1 leads to a new and 
efficient way of synthesis of various 2,Bdisubstituted 
resorcinol dimethyl ethers, starting from a readily available 
material. Versatile functionalities were introduced in the 
4position that can be further mauipdated in the preeence 
of the 1-aldehyde group, protected as an acetal. Futher- 
more, the 1-carbonyl function, when protected as acetal,29 
aminal,= or a-amino alkoxide,26 can be used to direct 
substitution on the aromatic nucleus via ortho lithiation 
and subsequent reaction with electrophilic reagents.% 

From a practical standpoint, our reaction can be com- 
pared with a directed ortho metalation reaction of suitable 

(18) "homton, T. k, Woolsey, N. F.; Bartak, D. E. J. Am. Chem. SOC. 

(19) Fish, R. H.; Dupon, J. W. J. Org. Chem. 1989,53, 5230. 
(20) Az", U.; Denurra, T.; Melloni, G.; Fenude, E.; Raeeu, G. J. Org. 

(21) h i ,  R. A.; Bunnett, J. F. J.  Am. Chem. SOC. 1974, M, 112. 
(22) Bard, R. R.; Bunnett, J. F.; Creary, X.; Tremelling, M. J. J. Am. 

(23) Plaumann, H. P.; Keay, B. A.; Rodrigo, R. Tetrahedron Lett. 

(24) Harris, T. D.; Roth, G. P. J. Org. Chem. 1979,44, 2004. 
(26) Comh,  D. L.; Brown, J. J. Org. Chem. 1989,54,3730. 
(26) For a recent authoritative review on directed ortho metalation 

1986,108,6497. 

Chem. 1992,57,1444. 

Chem. SOC. 1980,102, 2852. 

1979,4921. 

reactions, see: Snieckus, V. Chem. Reu. 1990,90,879. 



Derivatives of 3,4,5-Trimethoxybenzaldehyde 

derivatives of 3,5-dimethoxybenzaldehyde or 3,5-dimeth- 
oxybenzoic acid, followed by reaction with electrophiles.2s 
Although no systematic study has been reported, the 
metalation of 3,5dimethoxybenzaldehyde dimethyl acetal 
with BuLi, followed by reaction with an aliphatic aldehyde, 
affords good yield of the product of substitution in the 
4positi0n.~ On the other hand, a detailed investigation 
of the metalation of the diethyl amide of 3,5-dimethoxy- 
benzoic acid28 and of 2-(3,5-dimethoxyphenyl)-4,4-di- 
methyl-2-oxazoline6 has been reported. The regioselec- 
tivity of such reactions varies dramatically when the al- 
kyllithium derivative or the solvent is varied, but high 
regioeelectivity is possible in the metalation at C2, not at 

It should also be pointed out that the reductive elec- 
trophilic substitution described here was performed using 
Na metal as the reducing agent and not K, as in the case 
of the 5-alkyl-substituted derivatives;12 furthermore, we 
have reported reaction conditions for the introduction of 
several functionalities which are, in principle, not stable 
to reduction with alkali metals. The excess metal can be 
filtered off as shown for the synthesis of 16n. 

THF appears to be the solvent of choice for the synthetic 
protocol we have described, as solvents of lower polarity 
reduce the reactivity of the substrates investigated toward 
the reductive demethoxylation reaction, as well as the 
amount of the arylmetal compound formed. Similar sol- 
vent effede have been observed in the reductive cleavage 
of alkyl aryl ethersMsm and of aromatic acetals.16 

The contrasting results obtained with different aldehyde 
protecting groups suggest that, as already observed in the 
reductive demethoxylation of 5-alkyl-substituted 1,2,3- 
trimethoxybenzenes,12 the nature of the substituent para 
to the leaving methoxy group strongly influences the 
mechanism(s) of the C-O bond cleavage. The reaction 
pathway usually considered for the cleavage of aryl-0 
bonds of aryl ethers under reductive electron transfer 
conditions is depicted in eqs 2-7.18J9 

ArOR + e- - Ar0R'- (3) 

c4.5,= 
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diethyl phosphates.3o Further work is in progress to 
elucidate this point. 

A final remark concerns the observed behavior of the 
aldehyde protecting groups toward reduction with alkali 
metals under aprotic conditions. The acyclic acetale 
proved to be resistant to the reduction with Na metal, but 
underwent cleavage and Wittig rearrangement in the 
presence of K. Synthetic exploitation of the latter re- 
activity was proposed (compound 24). The dioxolane 
protecting group, while resistant to reductive electron 
transfer from Na, is not stable to the highly basic reaction 
medium and undergoes deprotonation and fragmentation 
(eq 1). Finally, the dimethylimidazolidine protecting 
group, though not useful in the reductive electrophilic 
substitution reaction, proved to be resistant both to Na 
and K metal. 

Experimental Section 
General P d u r e ~ .  All products and reagents were of the 

highest commercial quality from freshly opened containers and 
were further purified by distillation or recrystallization. 3,4,5- 
Trimethoxybenzaldehyde was purchased from Jamsen. Solventa 
were distilled from Na under Nz immediately prior to use. 
Deuterium oxide (minimum isotopic purity 99.8% deuterium) 
was purchased from Aldrich. Boiling and melting points are 
uncorrected. 'H NMR spectra were recorded on a Varian T-60 
(60-MHz) or on a Varian VXR 300 (300-MHz) spectrometer in 
CDCI, solution with Mersi as internal stan- coupling conatanfa 
are reported in hertz. Deuterium incorporation was calculated 
by monitoring the 'H NMFt spectra recorded at 300 MHz of the 
producta of reductive demethoxylation and comparing the inte- 
gration of the signal corrmponding to the proton in the Cpaeition 
with the integral of the protons in the 2- and &position. The IR 
spectra were recorded on a Perkin-Elmer 983 spectrophotometer. 
Elemental analyses were performed by the Microanalytical 
Laboratory of the Dipartimento di Chimica, Univereia di saeaari. 

Preparation of Starting Materials. Compound 1 was pre- 
pared as described in ref 13. All other acetals were prepared 
according to a standard procedure?l Compound 5 was prepared 
according to a known procedure.u 

3,4,bTrimethoxybenzaldehyde dimethyl acetal (1): bp 180 
O C  (10 Torr); 'H NMR (300 MHz) 6 2.98 (s,6 H, CH(OCH&, 
3.80 (8,3 H, OCHS), 3.87 (E, 6 H, 2 OCHJ, 5.29 (8, 1 H, CH), 6.73 
(8, 2 H, phenyl). 

3,4,&Trimethoxybenzdehyde diethyl acetal (2): bp 170 

3.50-3.65 (m, 4 H, 2 CHJ, 3.84 (8, 3 H, OCH3), 3.88 (8, 6 H, 2 
OCH& 5.40 (8,  1 H, CH), 6.71 (8, 2 H, phenyl). 

3,4P-Trimethoxybenzadehyde dibutyl acetal (3): bp 
155-157 O C  (1 Torr); 'H NMR (300 MHz) 6 0.92 (t, J = 7,6 H, 
2 CHS), 1.36-1.49 (m, 4 H, 2 CH,), 1.55-1.66 (m, 4 H, 2 CH&, 
3.42-3.60 (m,4 H, 2 CHzO), 3.82 (e, 3 H, OCHS), 3.87 (a, 6 H, 2 
OCH& 5.40 (e, 1 H, CH), 6.70 (8,  2 H, phenyl). 
3,4,S-Trimethoxybenzaldehyde ethylene acetal (4): bp 

3.88 (a, 6 H, 2 OCHS), 4.10-4.16 (m, 4 H, 2 CHd, 5.74 (e, 1 H, CH), 
6.72 (e, 2 H, phenyl). 

1~3-Mmethyl-2-(3PPtrimethoxyphenyl)imid (a): 
bp 112-115 O C  (1 Torr); 'H NMR (300 MHz) 6 2.20 (e, 6 H, 2 
NCHS), 2.52-2.59 (m,2 H, CHz), 3.18 (s,1 H,CH),3.38-3.44 (m, 

H, phenyl). 
Compounda 1 6  were further characterized by acidic hydrolysis 

(CHSCOOH:HzO = 5:1, reflux, 5 h) to 3,4,5-trimethoxybenz- 

General Procedure for the Reductive Demethoxylation. 
A solution of the appropriate 3,4,5-trimethoxybenzaldehyde de- 
rivative (4 "01) in anhydrous THF (5 mL) was added dropwise 

"C (3 TOIT); 'H NMR (300 MHz) 6 1.25 (t, J = 7, 6 H, 2 CHs), 

145-146 "C (1 Torr); 'H NMR (300 MHz) 6 3.84 (8,3 H, OCHg), 

2 H, CHZ), 3.85 (s, 3 H, OCHa), 3.89 (8,  6 H, 2 OCHs), 6.69 (8, 2 

Ar0R'- - Ar' + RO- (4) 
Ar'+e-+Ar-  (5 )  

(6) 

(7) 
Ar' + SH - ArH + S' 
ArOR- + e- - ArORZ- 
ArOR2- - Ar- + RO- 

The decay of the aryl radicals according to eq 6 competes 
with their reduction to aryl anions (eq 5) and therefore 
with the formation of the species able to suffer eledrophilic 
attack. Indeed, the results of D20-quenching experiments 
strongly suggest that decay of aryl radicals by hydrogen 
atom abstraction (eq 6) is a major reaction pathway both 
in the reductive demethoxylation of compound 5 in THF 
and in the reductive cleavage of acetals 1 and 2 in solvents 
of lower polarity. Such a reaction cannot be excluded also 
for compound 4 in THF, though in this case deprotonation 
of the acetal moiety according to eq 1 was evidenced. The 
results obtained in THF-dE, argue against the solvent as 
the source of the hydrogen atoms. The source of hydrogen 
atoms could be the substrate itself, as shown in the re- 
ductive cleavage of anisole with K metal in hydrocarbon 
solventsM and in the electrochemical reduction of aryl 

(27) Morrison, G. A.: Sammes, P. G.: Simmonds, J. P. Heterocycles 
1989,28,1037. 

(28) Meyers, A. I.; Avila, W. B. Tetrahedron Lett. 1980, 21, 3335. 
(29) Maercker, A. Angew. Chem., Znt. Ed. Engl. 1987,26, 972. 

(30) Shono, T.; Matsamura, Y.; Tsubata, K.; Sugihara, Y. J. Org. 

(31) Wagner, R. B.; Zook, H. D. Synthetic Organic Chemistry; J. 

(32) Sonn, A.; Meyer, W. Chem. Ber. 1925,58, 1096. 

Chem. 1979,44,4508. 

Wiley & Sons: New York, 1965; p 261. 
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to a suspension of the freshly cut metal (0.012 g-atom) in an- 
hydrous THF (30 mL) under dry N2 or Ar. The mixture was 
stirred at room temperature for 24 h and then chilled to 0 OC, 
quenched by slow dropwise addition of H20 (10 mL) (caution!), 
and extracted with EhO (3 X 20 mL). The organic phase was 
washed with saturated aqueous NaHC03 (2 X 30 mL), dried 
(KZCOS), and evaporated to afford the crude liquid products. 
Deuterium oxide quenching was performed by slow dropwise 
addition of 2 mL of D20 to the reaction mixture chilled to 0 OC 
followed by stimng of the mixture for 2 h at room temperature 
and workup as above. 

Compounds 11-14 were further characterized by acidic hy- 
drolysis (CHnCOOHHzO = 51, reflux, 5 h) to 3,bdimethoxy- 

Azzena et ai. 

benzaldehyde.% 
Qeneral Procedure for the Reductive Electrophilic Sub- 

stitution. A solution of the appropriate 3,4,5-trimethoxybenz- 
aldehyde derivative (4 mmol) in anhydrous THF (5 mL) was 
added dropwise to a suspension of the freshly cut metal (0.012 
g-atom) in anhydrous THF (30 mL) under dry N2 or Ar. The 
mixture was stirred at room temperature for !24 h and then chilled 
to the reported temperature. The appropriate amount of elec- 
trophile dissolved in anhydrous THF (5 mL) was slowly added, 
and the resulting mixture was stirred for several hours (Table II). 
The reaction was quenched by slow dropwise addition of H20 or 
1 N NaOH in the case of compounds 16i, 161, and 17 (10 mL) 
(caution!) and extracted with EhO (3 X 20 mL). The organic 
phase was washed with saturated aqueous NaHC03 (2 X 30 mL), 
dried (K2C09), and evaporated to afford the crude product which 
was purified by distillation, flash chromatography, or recrystal- 
lization, Several producta were recovered contaminated with smell 
amounts of the corresponding aldehydes (<5%); complete 
characterization was therefore obtained by hydrolysis 
(CH3COOHH20 = 5:1,10 mL, reflux, 5 h) to the corresponding 
aldehydes. The producta were characterized as follows. 
3,6-Dimethoxy-4-(trimethylsilyl)benzaldehyde (30). Pu- 

rified by flash chromatography (AcOEthexane = 1:Q): colorless 
liquid which solidiflea upon standing; 'H NMR (300 MHz) 6 0.31 
(8, 9 H, 3 SEHS), 3.84 (8, 6 H, 2 OCHS), 6.99 (8, 2 H, phenyl), 9.94 
(e, 1 H, CHO). Anal. Calcd for C12H1803Si: C, 60.46; H, 7.63. 
Found: C, 60.15; H, 7.81. 
1-(2,~Mmetho4Ncformylphenrl)-2~~hyl- 1-propanol 

(31): mp 125-126 OC (from CH&&-pentane); IR (CCW 3566 (OH) 
cm-'; lH NMR (300 M H z )  6 0.94 (8, 9 H, 3 CHs), 3.87 (br s,3 H, 
OCH3), 3.93 (br s,3 H, OCH3), 4.24 (a, J = 12, 1 H, OH), 4.98 
(d, J = 12, 1 H, CH), 7.08-7.12 (m, 2 H, phenyl), 9.93 (e, 1 H, 
CHO). Anal. Calcd for C14HmO4: C, 66.63; H, 8.01. Found C, 
67.06; H, 8.31. 
3,S-Dimethoxy-4-formylbenzophenone (32): purified by 

flash chromatography (AcOEthexane = 37); mp 127-128 OC (hm 
CH2C12-pentane); IR (CCW 1701,1683 (CO) cm-'; 'H NMR (300 
MHz)  6 3.80 (e, 6 H, 2 OCH3), 7.16 (8, 2 H, phenyl), 7.42-7.48 (m, 
2 H, phenyl), 7.56-7.62 (m, 1 H, phenyl), 7.80-7.84 (m, 2 H, 
phenyl). Anal. Calcd for CleH1404: C, 71.09; H, 5.23. Found 
C, 70.66; H, 5.02. 
Methyl 2,6-dimetholy-4-formylbenzoat.e (33): mp 107-109 

OC (from CH3COOH/H20); IR (CCW 1742 (COOCHS), 1707 
(CHO) cm-'; 'H NMR (300 MHz) 6 3.93 (8, 6 H, 2 OCH3), 3.95 
(8, 3 H, CH30CO), 7.14 (8, 2 H, phenyl), 9.88 (a, 1 H, CHO). Anal. 
Calcd for Ci1Hl2OS: C, 58.92; H, 5.40. Found C, 59.05; H, 5.78. 
2,2',6,6'-Tetramethoxy-4,4'-bis[ (dimethoxymethy1)- 

phenyl]methanol(l6m): mp 131-132 "C (from CH30H/H20); 
IR (CCL) 3551 (OH) cm-'; 'H NMR (300 MHz) 6 1.61 (br 8, 1 H, 

OH), 3.31 (8, 6 H, CH(OCH&), 3.76 (s,3 H, CH3OCO), 5.31 (8, 
1 H, CH acetal), 5.61 (d, J = 3, 1 H, CH alcohol), 6.61 (8, 2 H, 
phenyl). And. Calcd for CzsH320B.1/2H20: C, 59.85; H, 7.22. 
Found: C, 60.16; H, 6.90. 
3P-Dimethoxy-4-formylbenzaldehyde Dimethyl Acetal 

(16n). Purified by flash-chromatography (AcOJkhexane = 28): 
colorlesa liquid which solidifies upon standing; IR (CClJ 1689 
(CO) cm-'; 'H NMR (300 MHz)  6 3.35 (s,6 H, CH(OCH9)2), 3.92 
(s,3 H, CHSOCO), 5.35 (8, 1 H, CH acetal), 6.69 (8, 2 H, phenyl), 
10.49 (8, 1 H, CHO). Anal. Calcd for Cl2Hl6OB: C, 59.98: H, 6.73. 
Found: C, 59.60; H, 6.85. 
1-(3,6-Mmethoxyphenyl)ethanol(21). A solution of 1 (3 g, 

12.4 "01) in anhydrous THF (10 mL) was added dropwise to 
a suspension of freshly cut K metal (1.45 g, 0.037 g-atom) in 
anhydrous THF (90 mL) under dry Ar. The mixture was stirred 
at 45 OC for 24 h and then chilled to 0 OC, quenched by slow 
dropwise addition of H20 (10 mL) (caution!), and extracted with 
EhO (3 X 20 mL). The organic phase was washed with H20 (2 
X 30 mL), dried (CaCl,), and evaporated to afford the crude 
product which was purified by column chromatography 
(AcOEkhexane = 3.7): bp 130-132 OC (5 Torr) (lit." bp 92.5 OC 
(0.3 Torr). 
1-(3P-Dimethoxyphenyl)-l-pentanone (24). A solution of 

3 (3.4 g 10.1 "01) in anhydrous THF (10 mL) was added 
dropwise to a suspension of freshly cut K metal (1.8 g, 0.047 
g-atom) in anhydrous THF (90 mL) under dry Ar. The mixture 
was stirred at  45 OC for 24 h and then chilled to 0 OC, quenched 
by slow dropwise addition of H20 (10 mL) (caution!), and ex- 
tracted with EgO (3 X 20 mL). The organic phase was washed 
with H2O (2 X 30 mL), dried (CaC12), and evaporated to afford 
the crude product, which, without further purification, was added 
at room temperature to a suspension of CrOS (0.5 g, 8.2 "01) 

for 2 h, the d o n  mixture was poured into a satauated aqueous 
solution of NaHS03 (30 mL) and extzacted with petroleum ether 
(3 X 30 mL). The organic phase was washed with saturated 
aqueous NaHS03 (2 X 30 mL), saturated aqueous NaHCOq (2 
X 30 mL), and H2O (2 x 30 mL) and dried (CaCh). Evagorahon 
of the solvent and flash chromatography (AcOEthexane = 1:Q) 
afforded pure 24 (0.45 g, 2 mmol,19%): bp le142 OC (3 Torr) 
(lit." bp 175-177 OC (11 Torr)). 
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