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Summary: a-Alkoxy-&y-unsaturated methyl esters of 
stmctural type 1 undergo an alkoxy-directed hydroboration 
with the mild hydroborating reagent borane-methyl sulfide 
complex (BH3-SMe2) in THF from 0 "C to room temper- 
ature, and after standard alkaline hydrogen peroxide ox- 
idation the 1,Sdiol product 2 is produced with useful levels 
of selectivity favoring the anti diastereomer. 

Diastereoselective addition reactions to olefins and 
carbonyl groups in which the reagent is directed through 
a temporary complexation with a Lewis basic site within 
the molecule have found widespread use in organic chem- 
istry. Notable examples of directed reactions which serve 
to illustrate their utility in synthesis include the hydrox- 
yl-directed cyclopropanation,' hydrogenations,2 carbonyl 
reductions,3 epoxidations,4 osmylation: formylation," and 
most recently directed rhodium(1) and iridium(1)-catalyzed 
hydroboration reactions.' The directing group provides 
the basis for an organized transition state that often results 
in predictable and useful levels of regie and stereochemical 
control. Although many stereoselective reactions have 
been shown to be "directed reactions", no general proce- 
dure has been reported for an uncatalyzed alkoxy-direded 
olefin hydroboration with BH3, alkylboranes (RBHz), or 
dialkoxyboranes (R02BH).8y9 

In connection with our studies directed at the develop- 
ment of stereoselective reactions that may be used in the 
total synthesis of the ansamycin natural products, herbi- 
mycin A'O and (+)-macbecin-I,'l we have had the oppor- 
tunity to explore reaction conditions that may effect a 
stereoselective hydroxylation of the E double bond of the 
a-alkoxy-&y-unsaturated methyl ester 1 (Scheme I) de- 
rived from our developing chiral allylsilane bond con- 
struction methodology.12 

We were presented with the possibility of conducting 
an intramolecular hydroboration on the &y-unsaturated 
ester 1 wherein the directing alkoxy group is produced 
from a selective borohydride reduction of the methyl es- 
ter.13 The effective hydroborating agent would be gen- 
erated in the form of a dialk~xyborane.'~ An intramo- 
lecular addition to the proximal olefin would then produce 
a 1,3-diol, after alkaline hydrogen peroxide oxidation. In 
this paper we wish to report a convenient method for the 
stereoselective hydroxylation based on an alkoxy-directed 
hydroboration reaction of a-alkoxy-8,y-unsaturated methyl 
esters under mild reaction conditions with BH3.SMe2 (0 
O C  - rt) in THF. A standard alkaline hydrogen peroxide 
oxidation is used to give the 1,3-diol in good yield favoring 
the anti diastereomer (Scheme I). 

If-Diol Formation. Our experiments indicate that the 
alkoxy group next to the ester plays a pivotal role in this 
hydroboration process. Apparently, the inductive effect 
of the oxygen activates the ester towad hydride reduction 
by BH3.SMe2 so that the rate of ester reduction competes 
favorably with the intermolecular olefin hydroboration 
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pathway. Presumably, the reduction step results in the 
generation of an intermediate dialkoxy borane which un- 
dergoes an intramolecular hydroboration producing the 
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1,3-diol, after oxidation of the cyclic boronate ester.15 In 
the initial finding of the directed hydroboration reaction 
a 0.1 M THF solution of the a-alkoxy-&y-unsaturated 
ester la (Table I, entry 1) was treated with BH3.SMe2 (1.05 
equiv) a t  0 "C. The reaction was warmed to room tem- 
perature after 2 h. Stirring was continued for 12 h before 
standard oxidation [Hz02 (7.0 equiv) and NaOH (7.0 
equiv), 12 h] afforded the 1,3-diol2a as a 8:l mixture of 
2,3-anti/2,3-syn diastereomers.16 Once the authenticity 
of the hydroboration as a directed process was established, 
a series of related a-substituted-&y-unsaturated esters 
were surveyed to determine its generality. The results of 
those experiments are summarized in Table I. The pre- 
sumption that ester reduction precedes the olefin hydro- 
boration was supported by the observation that when the 
reaction temperature was maintained between -10 and 0 
"C only ester reduction was ~bserved.'~ For example, in 
the hydroboration reactions of la and l b  only the primary 
homoallylic alcohols were produced in 88 and 92% yield, 
respectively. That finding is consistent with the notion 
that 0.66 molar equiv (2.0 hydride equiv) of the BH3-SMe2 

(15) For two cases, la and lg, we have characterized the intermediate 
cyclic boronates produced from an intramolecular hydroboration with a 
dialkoxy borane; see supplementary material for details. 

c y c b  boronate ester 3 0  X. OMe, 
boronic acid 3 b  X -OH, both 
are derived trom 1 a 

cyclic boronic acid 4 a  derived lrom the 
hydroboration of 1 g after SO2 chromatography 

(16) The stereochemistry of the major reaction products was assigned 
aa the anti-1,3-diol and is baaed on the analysis of 'H-NMR coupling 
constanta ( 3 J ~ z ~ J  of the derived acetonides (2,2-dimethoxypropane, cat. 
p-TsOH), see supplementary material for details. 
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ester la by a selective reduction of the methyl ester. Consistant with a 
heteroatom-directed hydroboration is the fact that both substrates ex- 
hibited a complete loss of regio- and stereoselectivity producing essen- 
tially a statistical mixture of reaction products under the prescribed 
conditions for the hydroboration. 

Table I. Diastereoselective Alkoxy-Directed 
Hydroborations of a-Substituted-d,r-unsaturated Esters 

entry substrate 1,3-diol producta % yieldb ratio' 

1 .  

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 
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\ M .  
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OM. I C  75 

OM. Z d  78 
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en0 : Y22l 

P I  61 

QM. OM. 
I 

-OH 

2 9  82 

OM. OM. 

" " W O t I  OM0 Zh 79 

OM. OM. 

81 

8:l 

7:l 

4: l  

7.3:l 

6:l 

5:l 

7:l 

1:ld 

1 : 1 d  

"The hydroboration reactions were carried out in dry THF 
(0.1-0.2 M) in substrate with 1.05 equiv of BH3.SMe2 from 0 O C  to 
rt. *Ratios of diastereomers were determined by 'H NMR spec- 
troscopic analysis of the crude product. 'Yields refer to diaste- 
reomerically pure 1,l-diols after chromatography on Si02 dPlus 

complex is consumed in the ester reduction step with the 
formation of the dialkoxyborane. The third hydride equiv 
is consumed in the subsequent hydroboration step of one 

of other isomers. 
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of the diastereotopic olefin faces. 
Diastereoselection. In general, good levels of diast- 

ereoselection were achieved in the hydroboration of a- 
alkoxy-&y-unsaturated methyl esters with preference for 
the formation of the 2,3-anti product (entries 1-7). In 
contrast, the a-methyl-8,yunsaturated ester l h  (entry 8) 
afforded a statistical mixture of all possible isomers. 
Without activation of the ester moiety by the alkoxy group, 
the intermolecular olefin hydroboration pathway competes 
with ester reduction resulting in a complete loss of selec- 
tivity (entries 8, 9). The predominant formation of the 
2,3-anti-diastereomer is consistent with that expected for 
an intramolecular hydroboration of chiral homoallylic 
alcohols and is opposite to the model proposed by Kishi 
for intermolecular hydroboration of chiral allylic ethers.18 
The data obtained from these experiments indicate that 
the relative stereochemistry of the alkoxy substituent 
between the ester group and the double bond does not 
affect the sense of diastereoselection. For the cases shown 
in Table I, the hydroboration reactions of a-alkoxy esters 
proceded in a stereochemically consistant manner. The 
production of the 2,3-anti diastereomer is independent of 
the existing relative stereochemical relationships. The all 
syn-substrates showed slightly higher selectivity than the 
anti diastereomers. For instance, the syn and anti dia- 
stereomers lb  and IC are converted to the 2,3-anti diols 
with 1.05 equiv of BH3.SMe2 with ratios of 7:1-41, re- 
spectively. The difference in the stereoselectivity observed 
in the hydroboration reactions maybe a function of the 
degree of Alp3 strain associated with the respective dou- 
ble-bond rotamers in the transition states, AG* TSB > AG* 
TSA (Scheme I). It is interesting to note that the size of 

the alkoxy substituent does not effect the selectivity as 
shown with a-methoxy and benzyloxy groups; compare 
entries 1 and 2 with 4. 

In summary, we have shown that borane methyl sulfide 
is an effective reagent for the sequential reduction-hy- 
droboration of a-alkoxy-&y-unsaturated methyl esters 
affording l,&diols with useful levels of selectivity. With 
the data obtained from these initial experiments four linea 
of evidence have emerged supporting the notion of a 
heteroatom-directed hydroboration: (i) prior ester re- 
duction, (ii) opposite sense of diastereoselection is obtained 
from that which is expected from an intermolecular hy- 
droboration of an allylic ether,leJg (iii) the isolation and 
characterization of cyclic boronates 3a,b and 4a, and (iv) 
nonselective hydroboration of the homoallylic TBDMS 
ether derivative 6. The observations cited above support 
the assertion that the hydroboration is alkoxy directed 
however, the implication of a dialkoxy borane as the ef- 
fective hydroborating agent is in opposition to conventional 
wisdom that alkoxy boranes are too unreactive to hydro- 
borate olefine. Further studies and applications concerning 
the alkoxy-directed hydroboration are in progress and wil l  
reported in due course. 
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Summary: Transition-metal-promoted [6u + 4a] and [6a + 2u] higher-order cycloaddition reactions can be effected 
thermally or by employing a chromium metal catalyst. 
The resultant products are identical in all respects to those 
generated photochemically. 

Recently, we' and others2 have reported that a variety 
of transition-metal a complexes can be induced to undergo 
smooth and efficient higher-order cycloaddition via pho- 
tochemical activation (eq 1). The resultant adducts are 
particularly rich in stereochemical information and may 
serve as useful building blocks for natural product syn- 
thesis. 
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We now wish to disclose that thermal activation of 
(#-cycloheptatriene)tricarbonylchromiu(O) (1) and re- 
lated complexes in the presence of appropriate 4u and 2a 
partners also provides [6 + 41 and [6 + 21 cycloadducta, 
respectively, which are identical in all respects to those 
derived from the photoinduced process (eq 2). Further- 
more, we have demonstrated that these same transfor- 
mations can also be effected employing only a catalytic 
quantity of the transition metal. 

w n-BuzO. reflux n-BuzO. reflux 

82% m 
1 1 

The stoichiometric, thermal versions of these reactions 
can be achieved by simply heating a mixture of complex 
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