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suggest that in all reports on nitration of reactive aro- 
matics, a description of the method of removal of lower 
NO, species should be included. For nitronium salt ni- 
trations the method of Elsenbaumer8 is recommended 
whereas with the HN03-based reagents NaN3 may be the 
scavenger of choice.24 Note that urea normally is not 
powerful enough as NO, scavenger under these circum- 
stances. 

Finally, it may be noted that the present catalytic system 
in principle can be used for other applications, e.g. ac- 
cording to the scheme 

NO+ 
2ArH + O2 + 2HX - 2ArX + 2H20 

We are presently investigating the scope and utility of 
these reactions. 
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Optically Enriched Alkyltrimethylsilanes by 
Haller-Bauer Cleavage of Optically Active, 
Nonenolizable a-Silyl Phenyl Ketones 
Summary:  Conversion of 1-menthyl ester 5 to phenyl 
ketones 7 and Haller-Bauer cleavage (MNH2, C6H6, A) 
delivers the tertiary silanes 8 with 88-92% retention of 
configuration. The intermediate a-silyl carbanions are 
therefore generated in chiral condition and protonated 
almost exclusively on that surface from which benzamide 
is departing. The cyclic phenyl ketone (-)-12 also un- 
dergoes C-C bond cleavage with excellent (96-98%) levels 
of configurational retention. 

Sir: Optically active C-centered organosilanesl are rapidly 
gaining interest in their own right2 and as important 
mechanistic  probe^.^ However, progress in this area has 
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b, CH2CH=C(CH3)2 55 45 82% de 38 62 10:90 
C, CHzCHZPh 55* 45 >99% de 25 75 8:92 
d, (CHz),CH3 50 50 89% de 38 62 10:90 

"Obtained as colorless crystals, m p  68 "C, [a]23D -56.6" (c 1.4, 
CHC1,). *Obtained as colorless crystals, mp  60.5 "C, +3.1" 
(c 2.2, CHC13). CThese figures apply to  40-50% mass return of the 
starting mixture after one chromatographic separation. 
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"(a)  Dibal, CHZC12, 0 "C; (b) AgzC03, Celite; (c) PhLi; (d) 
CrOrPYz. 

been hampered by the unavailability of a general synthetic 
method capable of reliably delivering silanes of known 
absolute configuration. Herein, we outline a relatively 
simple protocol capable of realizing this objective. 

The cleavage of nonenolizable ketones by amide ion (e.g., 
1 - 2, the Haller-Bauer r e a ~ t i o n ) ~  is recognized to fail if 
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at least one of the R groups cannot assist in stabilization 
of the intermediate carbanion. Thus, while the reaction 
works well when R = phenyl6 or cyclopropyl,6 alkyl sub- 
stitution alone curtails debenz~ylat ion.~~ Since Mes% 
substituents stabilize carbanions quite effe~tively,~ we have 
proceeded to examine the fate of optically active a-silyl 
ketones under Haller-Bauer conditions. Relevantly, bond 
scission i n  these systems proceeds invariably with high 
levels of configurational retention. These observations, 
when coupled with a new asymmetric synthesis of func- 
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Table I. Haller-Bauer Cleavage of Optically Active 7a-d and 12 (C6H6 solution at the reflux temperature)" 
optical course substr (% ee) ~3~ (c, c~H,) base product ee, % 

Open-Chain Series 
7d (89) +67.7O (7.3) NaNH, 74 92% ret 8% inv 

KNH, 68 88% ret 12% inv 
7c (99) 

7b (46) 

7a (99) 

12 (40) 

+135.3' (2.6) 

+10.10 (2.1) 

+66.1' (4.6) 

-12.3' (1.3)' 

NaNH, 

NaNH, 

NaNH, 

KNHp 

KNHp 

KNHZ 
Cyclic Series 

NaNH, 
KNHp 

81 
77 

38 
36 

91% ret 9% inv 
88% ret 12% inv 

I [a]23365 +24.6' (CH,Cl,) '1 

98% ret 2% inv 
96% ret 4% inv 

" Duplicate experiments at a minimum. Extrapolated values for enantiomerically pure 8b and 8a on the basis of consistent 92% and 88% 
retention levels for NaNHz and KNHp, respectively. Recorded in methanol solution. 
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tionalized tetrasubstituted silanes, satisfy the goals set out 
above. 

Alkylation of the 1-menthyl ester 3 first with the bromide 
(iodide) of the targeted substituent R and then with methyl 
iodide provided diastereomeric mixtures in which 5 was 
slightly enhanced over 6 (Scheme I). Conversely, C-sily- 
lation of propionate 4 and subsequent capture of this 
enolate by RX delivered 6 in excess. A single chromato- 
graphic separation sufficed to give samples of 5 (first 
component to elute) of high diastereomeric purity. In 
actuality, 5a could be efficiently crystallized directly from 
the reaction mixture. Ester 5c also proved to be highly 
crystalline. Since diastereomers 6 eluted last, heightened 
de was more difficult to achieve on a preparative scale. 
However, recourse to commercially available d-menthol 
should rectify this matter. The 'H and 13C NMR spectra 
of 5 and 6 are sufficiently characteristic to distinguish 
easily the two series.6 X-ray analysis of 5a at C100 OC9 
was therefore utilized to set absolute stereochemistry for 
all the illustrated examples. 

The purified esters 5 were transformed into the benzoyl 
derivatives 7 via a four-step sequence that skirted the 

(8) For example, the a-methyl singlet in 5 invariably appears down- 
field of that in 6. The analogous trend is seen for >CHO(C=O)-. 
Characteristically as well, the (CH3),Si and >CHOCO- carbons of 5 are 
shielded relative to those in the respective diastereomer. 

(9) Gallucci, J. C., private communication. 

Bo,  R=CMe2 

b, R = O  
N 

customarily delicate issue of a-desilylation (Scheme 11). 
Table I records the results of the cleavages of enantiom- 
erically enriched 7a-d with NaNH2 and KNHz in refluxing 
anhydrous benzene solution. Ketones 7c and 7d were first 
examined because the absolute configurations of the cor- 
responding products (8c, ad) happen to be known.2c Sim- 
ple comparison of ["ID values in these examples revealed 
that the intermediate a-silyl carbanions were protonated 
with 91-92% stereochemical retention when NaNH, was 
employed.1° A slight, though consistent dropoff to the 
88% level was noted for those reactions conducted in the 
presence of potassium amide.ll When 7a and 7b were 
similarly reacted and the previously observed high levels 
of stereochemical control were applied to the recorded 
[a]Ds of 8a and 8b, optical rotation values for these silanes 
in optically pure condition could be approximated with a 
confidence level of *lo (see Table I). The absolute con- 
figurations are in our opinion also accurately assigned. 

In order to assess the response of a cyclic system, ester 
9 was prepared and reduced with Dibal (Scheme 111). 
Partial resolution into antipodes 11 and 14 was achieved 

(10) All products were isolated by solvent distillation through a Vi- 
grew column followed by rigorous purification by preparative GC. Yields 
ranged from 7% to 35% due principally to competing desilylation and 
the intrinsic volatility of 8a-d and 13a during GC isolation. 

(11) Lithium amide in benzene promoted Brook rearrangement of 7 
to the silylated enol ether, while potassium tert-butoxide in tert-butyl 
alcohol cleanly desilylated these a-silyl ketones. 
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by chromatographic separation of the 0-acetylmandelate 
esters12 and individual reduction of the purified diaste- 
reomers. The indicated absolute configurational assign- 
ments to (+)-11 and (-)-14 follow from initial chirality 
transfer in the latter by hydroxyl-directed hydrogenation 
of the extraannular double bond.i3 ~ ~ ~ i ~ ~ l  at (-)-15 was 
followed by peterson olefination and ozonolysis to give the 
known (S) - (-) - 1 6. l4 
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Stereocontrolled Construction of the 
Hexahydrobenzofuran Subunit of the Avermectins 
and the Milbemycins: The Aldol Strategy 

Summary: A route to the hexahydrobenzofuran 
subunit (1) of the avermectins and the milbemycins has 
been developed via two successive aldol reactions that 
proceed with high diastereoselectivity. 

In a companion series of reactions, (+)-ll was subjected 
to oxidative phenylation as before. Once (-)-12 was 
available, Haller-Bauer cleavage was seen to proceed with 
outstanding levels of retention (Table I). Direct evidence 
bearing on the optical purity of (-)-13a was gained by 
ozonolytic cleavage to (-)-13b, [a]'D -68.4' (c 0.45, CHC13), 
and independent kinetic res~lu t ion '~  of 3-(trimethyl- 
sily1)cyclopentene (17)16 by Brown's method.17 Hydro- 
boration-oxidation of (S)-(-)-17 (34% ee)2b according to 
LarsonlGa gave (S)-(-)-13b, [a]26D - 62.3' (e 0.75, CHC13). 

In summary, we detail herein a general method for 
preparing diastereomerically enriched samples of esters 
5 and 6, the phenyl ketones of which have the capacity for 
generating a-silyl carbanions in chiral condition. Pro- 
tonation of these reactive species and those in cyclic 
structures occurs with high retention of configuration in 
nonpolar benzene solution. This phenomenon should 
perhaps be regarded as a fundamental chemical process, 
having earlier played a key role in Cram's development 
(through use of related processes) of the steric course of 
electrophilic substitution at  saturated carbon.ls An im- 
portant and utilitarian route to optically active tertiary 
silanes such as 8 that possesses reliable stereochemical 
predictability has now been defined. 
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Sir: The avermectins' and the milbemycins2 are of con- 
siderable current interest because of their unique struc- 
tures and potent antiparasitic activities, and consequently 
many papers concerned with their total syntheses have 
appeared r e ~ e n t l y . ~ , ~  We describe herein a stereocont- 
rolled synthesis of the crucial5 hexahydrobenzofuran sub- 
unit 14b9c in optically active form, which is a versatile 
synthon for all of the avermectinsl and the a series of the 
milbemycim2 

Our synthetic strategy for 1 outlined in Scheme I is 
based on the consideration of these natural products as 
nonaromatic alicyclic polyketides.6 The two strategic bond 
disconnections (C2-C7 and C5-C6) of the retro-aldol type 
define chiral ketone 4 and achiral aldehyde 5 as building 
blocks for stereo- and enantioselective construction of 1:7 
the single chiral center of 4 is designed to induce all of four 
chiralities essential to 1 via two key aldol reactions. 

The kinetic aldol reaction, the first crucial step, of 
freshly prepared 4a with 59 exhibited good stereoselection 
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