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placed in an oven-dried, 500-mL flask fitted with a side arm and 
a bent adaptor connected to a Hg bubbler. The flask was im- 
mersed in an ice-water bath, and to this was added 196 mL of 
precooled 2,3-dimethyl-2-butene (1.65 mol) dropwise over a period 
of 1 h via a double-ended needle. The reaction mixture was stirred 
for an additional 2 h at 0 "C, followed by stirring overnight at 
room temperature. The resulting CHzClz solution was found to 
be 3.34 M in ThxBHBr-SMe,, and llB NMR showed a clean 
doublet centered at S 5.16 (JBH = 123 Hz). 

Reduction of Carboxylic Acids and Isolation of Products. 
The following procedure for the reduction of cyclohexane- 
carboxylic acid is illustrative. An oven-dried, 100-mL flask, fitted 
with a side arm and a bent adaptor connected to a Hg bubbler, 
was charged with 6.79 g (53 mmol) of cyclohexanecarboxylic acid 
and 35 mL of CS,.9 The flask was immersed in a cold bath and 
maintained at  -20 "C. A precooled 3.2 M solution of 
ThxBHBr-SMe, in CHzClz (16.6 mL, 53.1 mmol) was added 
dropwise with stirring. After complete evolution of the Hz, the 
cold bath was removed, and the reaction mixture was warmed 
to room temperature. An additional 1.1 eqiv of the reagent (18.3 
mL, 58.3 mmol, 10% excess) was added, and the reaction mixture 
was stirred for 1 h at room temperature. Analysis of an aliquot 
with (2,4-dinitrophenyl)hydrazine indicated a yield of 99 % . 

The rest of the reaction mixture (50 mmol) was transferred via 
a double-ended needle to a flask containing 50 mL of cold water 
in an ice-water bath and was then hydrolyzed with vigorous 
stirring for 1 h at room temperature. The mixture was saturated 
with NaCl, and the separated organic layer was subjected to the 
NaHSO, isolation procedure., The yield of pure distilled cy- 
clohexanecarboxaldehyde was 5.0 g (89%): bp 160-161 "C (761 
mm); nDZo 1.4498. 

Reduction of Carboxylic Acid Salts and Isolation of 
Products. The following procedure is for the larger scale reaction. 
In the assembly previously described were placed 10.9 g of lithium 
diphenylacetate (50 m o l )  and 17 mL of CH2C12 Into the reaction 
mixture was injected 33.3 mL of the 3 M reagent solution (100 
mmol), and the slurry was stirred for 3 h at room temperature. 
The reaction mixture was then hydrolyzed with 50 mL of cold 
water by stirring vigorously for 1 h at room temperature. The 
mixture was saturated with NaC1. After neutralization with a 
small amount of NaHCO,, the separated organic layer was poured 
into 75 mL of a saturated aqueous NaHS03 solution, and 70 mL 
of THF was added. The mixture was stirred for 1 h, by which 
time the crystalline bisulfite adduct of diphenylacetaldehyde had 
precipitated. The solution was cooled in an ice-water bath to 
ensure complete crystallization of the adduct, which was then 
collected by filtration and washed with 3 X 25 mL of pentane. 
The adduct was placed in 40 mL of water, and then 50 mL of THF 
and 8 mL of a 37% CHzO solution were added. The mixture was 
stirred for 1 h and saturated with MgS04.7Hz0. The organic layer 
was separated and dried. Evaporation of volatiles gave 8.93 g of 
analytically pure diphenylacetaldehyde (91% ), nZoD 1.5892. 
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The antijuvenile hormones precocenes I (1) and I1 (2) 
have been shown to induce precocious metamorphosis 
when applied to larval stages of As a conse- 
quence of this effect several analogues of both compounds 
have been synthesized in a search for compounds with 
better a ~ t i v i t y . ~ , ~  We have prepared several dimeq5g6 the 
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most representative being dimers B (3) and C (4), which 
have been obtained by treatment of precocene I1 (2) with 
Lewis acids.5 
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Continuing with this work, we describe here the prep- 
aration of the 3,3'-dimer (5) of precocene I1 (2), obtained 
in one step and with good yield. This compound has not 
been previously obtained and may prove to be of potential 
interest as an antijuvenile hormone. 

5 

Treatment of precocene I1 (2) with dry ferric trichloride 
in acetic acid afforded 5. Its structure was given on the 
basis of the following considerations: Its high-resolution 
mass spectrum was in accordance with the formula CZS- 
H3006, and the UV spectrum had bands at  236,286, and 
337 nm. Its 'H NMR spectrum showed that it was a 
substance of symmetrical structure. The aromatic protons 
(6 6.45 and 6.55, each 2 H, s) were assigned to the C-8 and 
C-5 hydrogens, respectively, while the vinylic hydrogens 
were assigned to the 6 6.19 (2 H) singlet. Other signals 
observed in this spectrum were two pairs of methoxyls and 
four methyl groups. 

When the dimer C (4) was treated with FeCl,/AcOH 
under the same conditions as precocene I1 (2), only the 
starting material was recovered, while the action of this 
reagent on dimer B (3) afforded dimer C (4,80%) and the 
3,3'-dimer (5, 10%). The dimeric compound 5 was also 
obtained in good yield (80%) by treatment of dimer C (4) 
in benzene with a mixture of acetic acid, acetic anhydride, 
and perchloric acid. The formation of 5, from 3 or 4, also 
indicated that the dimeric structure 5 is the correct one 
and not an alternative one with a 4,4'-bond. 

The proposed mechanism for the formation of dimers 
B (3) and C (4) by reaction of 2 with Si02/AgNOs or 
Si02/FeC1, is shown in Scheme I.5 The formation of the 
3,3'-dimer in the treatment of precocene I1 with ferric 
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Chem. Res., Miniprint 1986, 933. 
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trichloride/acetic acid now vouches for route a. 
Ferric chloride on silica gel has been used in the dehy- 

dration and rearrangement of  alcohol^,^-^ in the cleavage 
of acetals and ketals,l0 and in the coupling of phenol 
ethers.l'J2 On the other hand, the ether cleavage with 
ferric chloride/acetic anhydride has been noted,13 while 
the vinylic coupling with ferric chloride via a Diels-Alder 
adduct has also been 0b~erved.l~ 

In addition, we prepared the compound 7, an isomer of 
5, by dehydrogenation with DDQ of the 3,4'-dimer 6 of 
precocene .I1 (2), obtained from acid dimerization5J5 of 
precocene I1 (2). 

OM0 OMe 

6 

OM0 OMe 
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Experimental Section 
Melting points are uncorrected. NMR spectra were taken of 

solutions in CDC1, on a Bruker WP 200SY or AC 80 and IR 
spectra of solutions in CHCl, on a Perkin-Elmer 681. A UV 
spectrum in ethanol was taken on a Perkin-Elmer 550 SE. Mass 
spectra were determined on a VG ZAB-2F. 

Reaction of Precocene I1 (2) with Iron(II1) Chloride/ 
Acetic Acid. Precocene I1 (2, 40 mg) was treated with ferric 
trichloride (80 mg) in acetic acid (0.5 mL) at room temperature 
for 4 h. The usual workup and chromatography of the residue 
eluting with light petroleum ether/ethyl acetate (4:l) afforded 
5: 26 mg; Et 3010,3000,2920,2820,1610,1500,1460,1450,1440, 
1270,1130,1010 cm-'; UV, 236 nm, 286,337; 'H NMR (200 MHz) 
6 1.52 (12 H, s), 3.82 and 3.84 (each 6 H, s), 6.19, 6.45, and 6.55 
(each 2 H, s); MS, m / z  (re1 intens) 438 (M', 60), 423 (loo), 219.5 
(2), 219 (9), 211.5 (2), 211 (l), 204.5 (lo), 204 (38), 196.5 (2), 196 
(6); mass spectrum, exact mass calcd for CEHB06 438.2034, found 
m f z 438.2042. 

Reaction of Dimer B (3) with Iron(II1) Chloride/Acetic 
Acid. Dimer B (3,23 mg) was treated with ferric trichloride/acetic 
acid as above. Chromatography of the mixture of products ob- 
tained eluting with light petroleum ether/ethyl acetate (4:l) 
afforded dimer C (4, 20 mg) and the 3,3'-dimer (5, 3 mg). 

Treatment of Dimer C (4) with Acetic Anhydride/Per- 
chloric Acid. The dimer C (4, 300 mg) in benzene (1 mL) was 
treated with acetic acid (1 mL), acetic anhydride (1 mL), and 
perchloric acid (one drop) for 2 h. Usual workup and chroma- 
tography gave 5 (217 mg). 

Treatment of the Dimer 6 with DDQ. The dimer 6 (150 
mg)16 in benzene (50 mL) was treated with DDQ (150 mg) at reflux 
for 5 h. The solution was filtered, washed with 2 M sodium 
hydroxide solution, and evaporated. The residue was crystallized 
from methanol affording 7 90 mg; mp 150-152 "C, IR 3000,2980, 
2960,2810,1610,1500,1460,1450, 1440, 1400,1380,1350, 1290, 
1270,1240,1190,1130,1080,1010,950,900,840 cm-l; 'NMR (200 
MHz) 6 1.39 (3 H, s), 1.41 (9 H, s), 3.73, 3.81, 3.83, and 3.84 (each 
3 H, s), 5.34 (1 H, s, H-4), 6.20 (1 H, s, H-39, 6.44, 6.47, 6.57, and 
6.72 (each 1 H, s, Ph-H); MS, m/z (re1 intens) 438 (Mt, 70), 423 
(loo), 269 (13), 243 (33), 232 (14), 219 (9), 211.5 (5) ,  204 (52); mass 
spectrum, exact mass calcd for C26H3006 438.2042, found m / t  
438.2029. 
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Directed asymmetric synthesis via a-chloro boronic es- 
ters is a powerful new synthetic The original chiral 
director used was pinanediol derived from a-pinene, and 
i t  was noted tha t  oxygenated chiral directors such as di- 
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acetone mannitol or tartrate esters failed.' Pinanediol 
boronic esters are sterically hindered and difficult to  hy- 
drolyze.' 

(R,R)-2,3-Butanediol boronic esters can be hydrolyzed 
and have desirable C2 symmetry, though limited diaster- 
eoselectivity (20:l).4 More recently we have reported 30:l 
diastereomeric ratios from the  use of (3S,4S)-2,5-di- 
methyl-3,4-hexanediol (diisopropylethanediol, DIPED, 7) 
as chiral d i r e ~ t o r . ~  The reagent was made efficiently by 
our previous diol synthesis,2 but prior preparation of pi- 
nanediol was required. In view of the potential utility of 
DIPED in the a-chloro boronic ester synthesis, as well as 
in other syntheses which utilize simple chiral diols as di- 
r e c t o r ~ , ~ , ~  we undertook the synthesis of DIPED from 
tartaric acid. 

The  quantitative conversion of L-tartaric acid to the 
methyl ester acetonides (1) was followed by straightforward 
methylation with methylmagnesium bromide to yield the 
bis(tertiary diol) 2.9 After brief attempts to convert 2 to 
diolefin 5 via a methanesulfonate,'O we undertook the 
acetate pyrolysis route. 

Attempted acetylation of the very hindered diol 2 by 
standard means yielded mixtures containing substantial 
amounts of monoacetylated diol. Thus, acetyl chloride and 
dimethylaniline with 2 in ether refluxed overnight, con- 
ditions which convert tert-butyl alcohol to  the acetate,'l 
yielded the monoacetate of 2. Acetic anhydride, 4-(di- 
methy1amino)pyridine (1 equiv), and triethylamine (1.7 
equiv) with 2 a t  25 "C for 48 h12 yielded a 2:l  mixture of 
the diacetate 3 and the monoacetate, but an at tempt  to 
improve the conversion to  3 by refluxing failed. 

Trimethylsilyl chloride in acetic anhydride has been 
reported to be an efficient acetylating agent.13 This 
combination with 2 a t  25 "C overnight yielded a 3:2 mix- 
ture of monoacetate to diacetate 3 but gave exclusively 3 
within a few hours a t  85 "C. The original rationale for this 
process was a postulated formation of acetylium ion, 
CH3CO+,13 and our results are perhaps consistent with the 
formation of a low equilibrium concentration of this in- 
termediate. However, the large excess of reactants origi- 
nally ~pec i f i ed '~  is not necessary, and trimethylsilyl chlo- 
ride is not consumed in the reaction. Nearly quantitative 
diacetylation was achieved with only a catalytic amount 
(10 mol %) of trimethylsilyl chloride. Without tri- 
methylsilyl chloride, acetic anhydride reacted very slowly 
with 2 to form a small amount of monoacetate barely de- 
tectable by TLC. 

Ester pyrolysis of 3 proved efficient a t  the optimum 
temperature and flow rate, but as the temperature rose 
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