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enone (1.18 mmol). The mixture was stirred for 5 min, and boron 
trifluoride etherate (0.21 mL, 1.71 “01) was added. The reaction 
mixture was stirred at -78 “C for 15 min followed by the addition 
of 50 mL of a 1:l concentrated NH40H/saturated NH4Cl solution. 
The mixture was extracted with methylene chloride, and the 
combined organic extracts were washed with brine and dried over 
anhydrous sodium sulfate. The solvent was removed in vacuo 
to  give the crude product, which was purified by flash chroma- 
tography. 
6-[ (Methoxymethoxy)methyl]-2,2-dimethyl-3aP,5,6a,6ap- 

tetrahydro-4H-cyclopenta-1,3-dioxol-4-one: ‘H NMR (CDC13) 
6 1.27 (5, 3 H), 1.35 (5, 3 H), 2.04 and 2.69 (ABX, JAB = 18.02 Hz, 
J m  = 9.25 Hz, JBx = 1.71 Hz, 2 H), 2.53 (m, 1 H), 3.22 (s, 3 H), 
3.55 (ABX, J A B  = 9.30 Hz, Jm = 2.87 Hz, Jex = 3.24 Hz, 2 H), 
4.18 (d, J = 5.20 Hz, 1 H), 4.46 (AB 9, J = 6.61 Hz, A u ~  = 11.4 
Hz, 2 H), 4.60 (d, J = 5.33 Hz, 1 H); 13C NMR (CDCl,) 6 24.40, 
26.52,36.98, 37.24, 55.27,68.99, 78.70,81.32,96.26, 111.10, 212.74. 
Anal. Calcd for CllH1805: C, 57.38; H, 7.88. Found: C, 57.22; 
H, 8.07. 
3-[ (Methoxymethoxy)methyl]cyclohexanone: lH NMR 

(CDCl,) 6 1.30-1.64 (m, 2 H), 1.75-2.34 (m, 7 H), 3.22 (s, 3 H), 
3.32 (d, J = 5.45 Hz, 2 H), 4.48 (s, 2 H); 13C NMR (CDCl,) 6 24.61, 
27.80, 38.84, 41.05, 44.45, 54.18, 71.27, 96.18, 210.6. Anal. Calcd 
for C9H1603: C, 62.77; H, 9.36. Found: C, 62.92; H, 9.18. 

trans - 1-Acetyl-2-[ (methoxymet hoxy)methyl]cyclohexane: 
‘H NMR (CDCl,) 6 1.20-1.88 (m, 8 H), 2.11 (s, 3 H), 2.28 (m, 1 
H), 2.61 (m, 1 H), 3.27 (s, 3 H), 3.44 (d, J = 7.26 Hz, 2 H), 4.48 
(s, 2 H); 13C NMR (CDC13) 6 22.47, 24.04,24.09,27.35,28.78,37.45, 
50.76, 55.14,67.93, 96.48, 210.93. Anal. Calcd for CllH2003: C, 
65.97; H, 10.06. Found: C, 66.18; H, 10.20. 

Acknowledgment. This work was supported by a grant 
(CHE 86-07956) from the National Science Foundation 
and a graduate assistantship award from the office of the 
Vice-president for Research, Wayne State University. 

Registry No. 1,27490-33-1; 5,100045-83-8; Bu3SnH, 688-73-3; 
CH2(COH3),, 109-87-5; CH30CH20CH20CH&3nBu3, 115384-51-5; 
PhC(O)CH(CH,)Z, 611-70-1; PhCHzC(O)CHZCH3, 1007-32-5; 
PhCHO, 100-52-7; PhC(OH)(CH20CH20CH3)CH(CH3)2, 
115384-54-8; PhCH2C(OH)(CH20CH2OCH3)CHzCH3, 115384- 
55-9; PhCH(OH)CH20CH20CH3, 115384-56-0; CuBrMe2S, 
54678-23-8; LiCH20CH20CH3, 115384-62-8; cycloheptanone, 
502-42-1; 2-methylcyclohexanone, 583-60-8; cis-3a,6a-dihydro- 
2,2-dimethyl-4H-cyclopenta-l,3-dioxol-4-one, 40269-54-3; 2- 
cyclohexene-1-one, 930-68-7; 1-(1-cyclohexen-1-yl)ethanone, 
932-66-1; 1-[ (methoxymethoxy)methyl]cycloheptanol, 115384-52-6; 
1-[ (methoxymethoxy)methyl]-2-methylcyclohexanol (isomer l), 
115384-53-7; 2,2-dimethyl-4- [ (methoxymethoxy)methyl] - 
3a~,6a~-dihydro-4H-cyclopenta-1,3-dioxol-4a-01, 115384-57-1; 
6- [ (methoxymethoxy)methyl]-2,2-dimethyl-3a~,5,6a,6aP-tetra- 
hydro-4H-cyclopenta-1,3-dioxol-4-one, 115384-58-2; 3-[ (meth- 
oxymethoxy)methyl]cyclohexanone, 115384-59-3; t rans - l -  
acetyl-2-[(methoxymethoxy)methyl]cyclohexane, 115384-60-6; 
1- [ (methoxymethoxy)methyl] -2-methylcyclohexanol (isomer 2), 
115384-61-7. 

reports have involved four types of triorganozincate 
reagents5-R3ZnLi,’ RR’zZnLi,2y3 R3ZnMgX,3p4 and 
RR’zZnMgX.3 Methyl has been shown to be especially 
effective as the nontransferring or “dummy ligand” (R’) 
in ”mixed” (RR’,) t r i o rganoz in~a te s .~~~  

We describe herein the results of our study of the 1,4- 
addition reactions with Grignard-derived mixed tri- 
organozincate reagents. Although RMezZnMgX type 
reagents were reported by Oshima and co-workers3 during 
the course of our study, we are now prompted to  publish 
our findings in view of the following differences. Our 
experiments were carried out a t  0 “C rather than -78 “C, 
thus demonstrating one of the advantages of these 
reagents-thermal convenience. Also, our report includes 
enones other than 2-cyclohexene-l-one, and the yields of 
1,2-addition products are given. Furthermore, the Gig- 
nard-derived mixed triorganozincates in the Oshima report 
were prepared by a procedure that involves two volumetric 
measurements (hexane/MezZn solution6 and Grignard 
solution) and which consequently requires prior knowledge 
of two concentrations. The Grignard-derived mixed tri- 
organozincates reported herein were prepared from crys- 
talline ZnC1,qTMEDA (TMEDA = Me2NCH,CH2NMe2) 
by a procedure that  involves only one volumetric mea- 
surement (the Grignard solution) and which consequently 
requires prior knowledge of only one concentration. 

T o  further clarify this last point, it had been previously 
shown that triphenylmethane can be used to signal the end 
point in the formation of lithium triorganozincates 
(R3ZnLi) by the addition of RLi to  ZnC1, or ZnCl,.TME- 
DA.’ Disappointly, we had found that, when a Grignard 
reagent is used in place of an alkyllithium (i.e. in the 
preparation of R3ZnMgX type reagents), the color change 
appears gradually during the addition of the 3 equiv of 
RMgX rather than sharply a t  the end of the addition of 
the third e q ~ i v a l e n t . ~  When preparing the Grignard-de- 
rived mixed triorganozincate reagents, we again faced this 
gradual color change. In order to take advantage of a t  least 
part of the convenience and accuracy of using an indicator, 
we arrived a t  the following procedure. An indicator (tri- 
phenylmethane) was used to prepare 2/3 mmol of Me3ZnLi, 
which was then converted to  1 mmol of MezZn by adding 
1/3 mmol of ZnC1,BTMEDA. This was followed by the 
addition of 1 mmol of RMgCl to give 1 mmol of the desired 
reagent (eq 2). 

2MeLi ‘/,ZnCl,.TMEDA 
2/3ZnC1z.TMEDA - 2/3Me3ZnLi * 

RMgCl 
MezZn - RMezZnM (M = MgCl/Li) (2) 
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I t  has been previously reported that  “triorganozincate” 
type reagents are convenient and synthetically useful 
reagents for transferring various organic moieties in a 
1,Cfashion to  a,P-unsaturated ketones (eq l).1-4 These 
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Table I. Reactions of a,B-Unsaturated Ketones with Mixed Triorganozincates (RMe2ZnM, M = Metal) Derived from 
ZnCL TMEDA, CHsLi, and RMgCl 

products (compound number, % yield") 
entry a,p-unsaturated ketone R 1,4-addn of R 1,2-addn of R 1,4-addn of CH, 1,2-addn of CH, 

1 
2 
3 

4 
5 
6 

6 s., 
n-butyl 1, 89 
isopropyl 5 ,  85 
phenyl 7, 18 

n-butyl 9, 62 
isopropyl 13, 83 
phenyl 15, 20 

7 
8 

n-butyl 17, 70 
isopropyl 21,93 

Determined by GC. 

Our results are summarized in Table I. We found that 
4-methyl-3-penten-2-one (not in the table) failed to  give 
much, if any, of the 1,4-addition products. Thus it appears 
that P-disubstitution strongly discourages 1,Caddition with 
these reagents. 

Although the mixed triorganozincates in this report are 
"Grignard-derived, both lithium(1) and magnesium(I1) are 
present. Thus, i t  is not known if our reagents are lithium 
or magnesium triorganozincates or a mixture of t he  two. 
One observation, however, does merit attention. The 
magnesium phenyl zincates PhMezZnMgBr3 and 
Ph3ZnMgC14 react with 2-cyclohexen-1-one to  give 3- 
phenylcyclohexanone in 62%3 and 64% yield, respectively, 
whereas the Grignard-derived mixed reagent PhMe,ZnM 
(M = metal) (entries 3 and 6) and the lithium phenyl 
zincates PhMe2ZnLi2 and Ph3ZnLi' give only very low 
yields of that same 1,4-addition That is, the 
reactivity of the PhMgCl/MeLi derived reagent mimics 
the reactivity of the lithium phenyl zincates rather than 
tha t  of the magnesium phenyl zincates. Even when the 
temperature and reaction times were varied, the phenyl 
group failed to transfer efficiently (entries 3 and 6). 

Experimental Section 
'H NMR spectra were recorded on a Varian T-60. A Varian 

Aerograph 90-P with a 1/4 in. X 6 ft column packed with 3% SE-30 
on 100/120 Varapact No. 30 was used for preparative GC. 
Analytical GC was performed on a Varian 3300 equipped with 
a stainless steep in. X 6 ft column packed with 10% OV-1 on 
WHP 80/100. Recording and integration were done with a 
Shimadzu C-R3A Chromatopac. 

Chemicals. Tetrahydrofuran (THF) was stored under reflux 
with sodium and benzophenone. The a,@-unsaturated ketones 
were obtained commercially and, except for 2-cyclopenten-l-one, 
were distilled prior to use. The Grignard reagents were prepared 
in diethyl ether by standard methods from the corresponding 
organohalides and magnesium. The concentration of each 
Grignard reaent was determined by the procedure described in 
the R,ZnMgX paper.4 

ZnCl,-TMEDA was prepared by Isobe's method,' i.e. 19 mL 
of saturated ZnCl2/THF solution and 5 mL of TMEDA were 
mixed and allowed to stand several hours at 25 "C. The crude 
crystals were separated and recrystallized from THF: white 
needles, mp 176-177 OC. 

General Procedure. To a stirring solution of 0.667 mmol(l68 
mg) of ZnC12.TMEDA and 2 mg of triphenylmethane in 5 mL of 

2, 0 
6, 0 
8, 48 

x 
Y 

10, trace 
14, 0 
16, 4 

18, 0 
22, 0 

-CHs 

3, 3 
3,o-2 
3, 7 

5 CH3 

11, trace 
11, trace 
11, trace 

kH3 19, 4 

19, trace 

HO CH3 

5 
4, 5 
4,0-2 
4, 11 
HO CH3 

5 

6 
12, trace 
12, trace 
12, trace 
HO CH3 

20, 1 
20, trace 

THF at 0 "C under an atmosphere of dry Nz was added enough 
methyllithium (Alfa) to produce a persistent light red color. This 
was followed by the addition of 0.333 mmol (84.0 mg) of 
ZnC1,mTMEDA. The ice bath was removed, and the solution was 
allowed to stir for about 15 min. The solution was once again 
cooled with the ice bath, and then 1.00 mmol of Grignard reagent 
was added via syringe followed immediately by 1.00 mmol of 
a,@-unsaturated ketone. After 15 min, the ice bath was removed 
and stirring was continued for another 15 min. The reaction 
mixture was diluted with 5 mL of diethyl ether and 5 mL of 10% 
aqueous NH4Cl. The layers were separated, the aqueous phase 
was extracted with 5 mL of ether, and the combined organic phase 
was washed with 5 mL of H20, dried with NaZSO4, and then 
evaporated to give the crude product, sometimes contaminated 
with a small amount of ZnCl2.TMEDA. When the yields were 
determined by GC, an internal standard was added after the 
aqueous NH4Cl, and the organic phase was not evaporated. Since 
the GC retention times of compounds 11 and 12 were very close 
to that of THF, it was necessary to employ the following minor 
modifications in the workup procedure when determining the yield 
of these two compounds: prior to the addition of ether and 
aqueous NH4Cl, the reaction mixture was cooled with an ice water 
bath and the solvent was completely removed under vacuum. 

Identification of Products. The identity of each of the 1,4- 
and 1,2-addition products listed in the table was confirmed by 
comparing the GC retention time (coinjection) and, for compounds 
1,3-5,7-9,13, 15, 17, and 21, the 'H NMR spectrum with that 
of authentic material. The sources of the authentic materials are 
as follows: compounds 3, 9, 11-13, 15, and 19 were obtained 
commercially; allylic alcohols 10, 14, and 16 were prepared from 
vinylmagnesium bromide and the corresponding methyl ketone; 
1,4-addition products 1, 5, 7, 17, and 21 were prepared by the 
reaction of a triorganozincate or diorganocuprate with the ap- 
propriate a,P-unsaturated ketone; 1,2-addition products 2,4, 8, 
18, and 20 were prepared by the reaction of n-butyllithium, 
methyllithium, or phenyllithium with the appropriate cu,p-un- 
saturated ketone; 1,2-addition products 6 and 22 were prepared 
by the reaction of isopropylmagnesium bromide with an a,@- 
unsaturated ketone and purified by preparative GC. 
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We recently described a novel series of 6-substituted 
2,3-dihydro-5-benzofuranols as antioxidant based inhib- 
itors of 5-1ipo~ygenase.l~~ As part of an effort to improve 
the systemic activity of these agents, we required a con- 
venient synthesis of 4-tert-butyl-5-benzofuran01 (1) and 
4-tert-butyl-2,3-dihydro-5-benzofuranol (2). The only 
previously described tert-butyl-2,3-dihydro-5-benzo- 
furanols were the 2,2-dimethyl compounds 3 and 4,3 minor 
products of the photolysis of 2,5-di-tert-butylbenoquinone 
and 2,6-di-tert-butylbenzoquinone, respectively. In our 
hands, direct tert-butylation (H2S04, t-BuOH, benzene) 
of 2,3-dihydro-5-benzofuranol (51, afforded a mixture of 
6 and 7 with no trace of the desired 4-tert-butyl isomer 
2. Attempted tert-butylation (t-BuC1, TiC14, methylene 
chloride) of the benzofuran 8, a compound known to un- 
dergo electrophilic substitution at the 4-p0sition,~ was 
completely unsuccessful. We would now like to report a 
convenient synthesis of 1 and 2, along with the corre- 
sponding 6-aldehyde 9, allowing synthetic access to a va- 
riety of 4-tert-butyl-5-benzofuranols and dihydrobenzo- 
furanols. 4-Bu 1% 2 5 R p t - B u  R , = R 6 = R 7 = H  R 6 = R 7 = H  

6 R6=1-Bu R , = R 7 = H  

R7= 1-Bu R4= R6= H l o  0- 

3 R6=1-Bu R7= H (q 
I C02CH, 

The  synthesis of 1 makes use of an alkylative 1,2- 
carbonyl transposition5g6 on ketone 10 followed by dehy- 

(1) Bonney, R. J.; Davies, P.; Dougherty, H.; Egan, R.; Gale, P.; Chang, 
M.; Hammond, M. L.; Jensen, N.; MacDonald, J.; Thompson, K.; Zam- 
bias, R.; Opas, E.; Meurer, R.; Pacholok, S.; Humes, J. J. Biochem. 
Pharm. 1987, 36, 3885. 

(2) For a recent review on lipoxygenase inhibitors, see: Cashman, J. 
R. Pharm. Res. 1985, 253. 

(3) Orlando, C. M.; Mark, H.; Bose, A. K.; Manhas, M. S. J. Am. 
Chem. SOC. 1967,89,6527. 

(4) Rene, L.; Buisson, J.; Royer, R. Bull. Chem. SOC. Fr. 1975, 2763. 
(5) For recent reviews of 1,2-carbonyl transpositions, see: (a) Kane, 

V. V.; Singh, V.; Martin, A.; Tetrahedron 1983,39, 345. (b) Morris, D. 
G. Chem. SOC. Rev. 1982,1I, 397. 

I f  
?H 

Scheme In 

0 

I-Bu d Q? 
I g,h 

OH 

1 1  

I C  

'Reagents: (a) CICHzCHO, NaOH, KI, HzO, 25 "C, 58%; (b) 
t-BuLi, ether/hexane, -78 to 5 "C, 47%; (c) BH3, THF, 4 "C, then 
NaOH, H202, 50 "C, 82%; (d) (COC1)2, DMSO, Et3N, -78 to 25 "C, 
82%; (e) S8, 225 "C, 2 h, 52%; (f) Hz, 40 psi, 10% Pd/C,  HOAc, 25 
"C, 77%; (g) NaH, ethyl formate, toluene, 90 min, 25 "C; (h) DDQ, 
benzene, 25 "C, 45 min, 66%. 

drogenation (Scheme I). Addition of chloroacetaldehyde 
to 1,3-cyclohexanedione by the method of Tochtermann 
and Kohn' afforded ketone 10 in 30-35% yield. The yield 
of 10 was increased to 58% by the addition of 20 mol % 
potassium iodide to the reaction mixture.8 Introduction 
of the tert-butyl group was achieved by the addition of 10 
in 4:l hexane/ether solution to a solution of tert-butyl- 
lithium in pentane a t  -78 0C.9 The minimum amount of 
ether necessary to keep the reaction mixture homogeneous 
was used. The reaction mixture was then quenched and 
allowed to stir with dilute HC1 until disappearance of the 
intermediate carbinol was complete (TLC). Vacuum 
distillation gave a constant boiling fraction which proved 
to be a 2:l mixture (NMR) of 11 and 10. Chromatographic 
purification afforded 11 (47%). 

Hydroboration/oxidation of 11 using 1 equiv of borane 
in tetrahydrofuranlo proceeded uneventfully to afford the 
trans-carbinol 12 as a crystalline solid in 82% yield. The 
NMR spectrum of 12 was initially surprising. If the 
tert-butyl substituent in 12 adopts a pseudoequatorial 
orientation, then the hydrogen a t  carbon 5 should be axial 
and its NMR resonance should be broadened due to the 
presence of two large (approximately 11 Hz) trans-diaxial 
coup1ings.l' In fact, the observed resonance is multiplet 
with a peak width of only 8.8 Hz, suggesting that  only 
equatorial-equatorial and equatorial-axial couplings are 
present. Since the stereochemical outcome of the hydro- 
boration/oxidation sequence leading to 12 is well-known,12 
we must conclude that  the tert-butyl substituent in 12 

(6) A related carbonyl transposition has been described: Brown, H. 
C.; Garg, C. P. J. Am. Chem. SOC. 1961,83, 2951. 

(7) Tochtermann, W.; Kohn, H. Chem. Ber. 1980,113, 3249. 
(8) The mechanism of this transformation and therefore the role of 

iodide is unclear. For a discussion of the mechanistic aspects of this 
cyclization, see: Stetter, H.; Lauterbach, R. Chem. Ber. 1962, 652, 40. 

(9) Buhler, J. D. J .  Org. Chem. 1973, 38, 904. 
(10) (a) Brown, H. C.; Zweifel, G. J .  Am. Chem. SOC. 1961,83, 2544. 

(b) Brown, H. C.; Snyder, C.; Rao, B. C. S.; Zweifel, G. Tetrahedron 1986, 
42, 5505. 

(11) Anet, F. A. L. J .  Am. Chem. SOC. 1962, 84, 1053. 
(12) Brown, H. C.; Zweifel, G. J .  Am. Chem. SOC. 1959, 81, 247. 
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