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of coplanarity around zinc is indicated by the sum of the three 
bond angles, which equals 359.2 (8)'. Three coordination is rare 
for zinc: and (q2-H2B(3-Bu'pz)2]ZnC(CH3)3 represents the first 
structurally characterized monomeric organozinc complex that 
exhibits such coordination. 

The reactivity of the complexes ({q2-H2B(3-B~'pz)2JZnR is 
shown in Scheme I. Protic reagents ( H 2 0  and CH3C02H) react 
specifically at the Zn-C bond to give [{q2-H2B(3-Butpz)2JZnX], 
(X = OH, q2-02CCH3) and eliminate the alkane. The hydroxo 
complex [(q2-H2B( 3-Bu 'p~)~lzn(p-OH)]~  has been characterized 
as a cyclic trimer by an X-ray diffraction study (Figure 2), and 
the molecule possesses approximately C3 symmetry, with each 
hydroxo group bridging to zinc  center^.^ Although the X-ray 
structure determination did not reveal the location of the hydroxo 
hydrogen atoms, convincing evidence for their presence is provided 
by the absorption at 361 1 cm-l that is assigned to veH on the basis 
of the shifts observed for the isotopomers [{q2-HB(3-Butpz)2)- 
Zn(p-OD)] and [ lq2-HB( 3-B~'pz)~]Zn(p-l*OH)]~. The hydroxo 
bridge between each pair of zinc centers is asymmetric, and the 
lengths of the Zn-O bonds alternate in a short-long fashion around 
the Zn,03 ring. Thus, it appears that the short Zn(1)-O(l), 
Zn(2)-0(2), and Zn(3)-0(3) bonds (average Zn-O,,,, = 1.909 
(21) A) more closely represent normal covalent interactions (Le., 
Zn-0), with the longer Zn(l)-0(3), Zn(2)-0( I ) ,  and Zn(3)- 
O(2) bonds (average Zn-O,,,, = 1.970 (13) A) more closely 
representing dative covalent interactions (Zn - O).6,7 

These metathesis reactions are analogous to those of the 
four-coordinate complexes, (q3-HB(3-Bu'pz),)ZnR. However, 
whereas the tris(3-tert-butylpyrazolyl)hydroborato complexes 
(q3-HB(3-Butpz)3JZnR only show reactivity a t  the Zn-C bond, 
the bis(3-tert-butylpyrazolyl)hydroborato derivatives also exhibit 
reactivity a t  an additional site, namely, the B-H bond. Thus, the 
bis(3-ferr-butylpyrazolyl)hydroborato complexes {q2-H,B(3- 
B u ' p ~ ) ~ l Z n R  (R = CH3, CH2CH3) react with aldehydes and 
ketones, (CH20),, CH,CHO, and (CH3),C0, to give the deriv- 
atives ( H B ( O R ' ) ( ~ - B U ' ~ Z ) ~ ) Z ~ R  (R' = CH3, CH2CH3, CH- 
(CH3)2), as a result of insertion into the B-H bond. We have 
not yet determined whether the alkoxo substituents on boron are 
also coordinated to the zinc center, Le., {q2-HB(OR')(3- 
Bu'pz),]ZnR vs (q3-HB(OR')(3-Butpz)2]ZnR. Although other 
bis(pyrazoly1)hydroborato metal complexes have also demonstrated 
the capability of reducing ketones to alcohols, functionalized 
bis(pyrazoly1)hydroborato products were not isolated.* 

Thus, in conclusion, the bis( 3-tert-butylpyrazolyl)hydroborato 
derivatives (q2-H2B(3-Butpz)2)ZnR exhibit two different reactivity 
pathways. The Zn-C bonds are the sites of reactivity with protic 
reagents such as H 2 0  and CH,CO,H, and the B-H bonds are 
the preferred sites of reactivity for insertion with ketones and 
aldehydes. 
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6Li and ISN NMR spectroscopy has proven to be a powerful 
probe of the atom connectivities and aggregation states of lithium 
dialkylamides and lithiated imines in solution.14 Multiplicities 
consistent with monomers, cyclic oligomers, ion triplets, and mixed 
aggregates (Chart I; 1-4) have all been recorded on substrates 
isotopically enriched in 6Li and lSN. The two major limitations 
of the double-labeling technique are as follows: ( I )  topologically 
equivalent cyclic oligomers-cyclic dimers, trimers, and 
tetramers-cannot be rigorously distinguished; and (2) the I5N 
and 6Li multiplets are not readily correlated when several chem- 
ically inequivalent sites are observed. We will demonstrate that 
6Li-'sN resonance correlations resulting from very simple sin- 
gle-frequency decoupling distinguishes cyclic dimers from higher 
oligomers for the lithiated phenylimine of cyclohexanone (5).1-s 

6Li and 15N N M R  spectroscopic studies of [6Li,15N]-5 have 
been described previously; representative spectra are illustrated 
in Figure lA,B.I The two 6Li 1:2:1 triplets (JN+ = 3-4 Hz each) 
and the two 1:2:3:2:1 ISN quintets (JN+ = 3-4 Hz) appear to 
derive from cyclic aggregate structural units. The 2:1 ratio of 
aggregate-derived resonances remains constant with changes in 
the concentration of either 5 or THF (using toluene-d8 as diluent).6 
The two 6Li triplets and two ISN quintets are consistent with either 
a mixture of stereoisomeric cyclic dimers 6 and 7 or cis,trans trimer 
8 (Cy = 1-cyclohexenyl). Colligative mea~urements ,~ crystallo- 
graphic ana logie~ ,~  the absence of resonances expected for the 
all-cis stereoisomeric trimer 9, and ab initio calculations on 
(H,NLi.S), oligomers* all implicate dimers 6 and 7. Nevertheless, 
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Figure 1. N M R  spectra recorded a t  -93 O C  of a 0.3 M solution of 
lithiated imine 5 in toluene-d8 containing 2.0 equiv of THF/lithium: (A) 
I5N N M R  spectrum (30.42 MHz); (9) 6Li N M R  spectrum (44.19 MHz) 
observed via the ZH lock channel as described in the text; (C) 6Li N M R  
spectrum observed via the 2H lock channel with concomitant irradiation 
of the upfield (major) I5N resonance in  spectrum A; (D) 6Li N M R  
spectrum observed via the *H lock channel with concomitant irradiation 
of the downfield (minor) "N resonance in spectrum A. 

Chart I 
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we were unable to unequivocally exclude trimer 8. The inability 
to distinguish dimers from higher oligomers has haunted subse- 
quent structural and mechanistic studies of N-lithiated ~pecies.4,~ 
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The hardware modifications needed to achieve single-frequency 
decoupling of ISN are straightforward. The 109Ag-31P broadband 
probe of a Bruker AC300 NMR spectrometer equipped with an 
X-nucleus decoupler is modified by the addition of a variable 
capacitor in the 2H lock circuitry. This allows the 2H lock channel 
to function as a 6Li observe (or decoupling) channel operating 
at 44.19 M H z 5  A proton filter in the 2H lock circuitry was 
removed to improve sensitivity. Substantial noise introduced by 
the X-nucleus decoupler necessitates inclusion of quarter wave- 
length coaxial cable filters at the frequency ranges of 6Li and 15N. 
A decoupling power of 30-50 pW proved sufficient to achieve 
decoupling without perturbing resonances 1 5 0  Hz away. 

The results of single-frequency irradiations are illustrated in 
Figure IC,D. Irradiation of the major ISN quintet centered at  

(9) In  several other instances wherein N-lithiated species display a con- 
centration-independent pair of 6Li resonances,2*' ratios closer to 1 : I further 
argue against cyclic trimers. 
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134.6 ppm causes clean collapse of the major 6Li resonance to 
a singlet. Similarly, irradiation of the minor ISN quintet causes 
the minor 6Li triplet to collapse to a singlet. The decouplings are 
consistent with two chemically distinct isomeric dimers 6 and 7.1° 
Furthermore, if  cis,trans trimer 8 had been the predominant 
aggregate in solution, irradiation of the major ISN resonance would 
have caused the major and minor 6Li triplets to collapse to a 
doublet and singlet, respectively. Similarly, irradiation of the 
minor ISN resonance would have caused collapse of the major 6Li 
triplet to a doublet without change in the minor 6Li triplet. Thus, 
the results of the single-frequency decouplings are consistent with 
stereoisomeric dimers 6 and 7 and inconsistent with a trimer 
structure. 

6Li and I5N resonance correlations, when placed in the context 
of the stereochemical consequences of aggregation, provide a direct 
probe of aggregate structure. The exclusion of cyclic trimers in 
this specific case strengthens the dimer assignments for other 
solvated lithium amide species as well. As we continue to uncover 
lithium amide aggregates and mixed aggregates of increasing 
complexities," such 6Li-'5N resonance correlations will become 
essential components of solution structure determinations. 
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Neooxazolomycin (1)  is a structurally novel C34H47N309 ox- 
azole polyene lactam-lactone antitumor antibiotic isolated from 
several Streptomyces strains.laVb The structures and absolute 
configurations of this compoundla and its &lactone congener, 
oxazolomycin (2),Ic were described in 1985. Neooxazolomycin 
(1) is an acid-, base- and light-sensitive molecule that may be 
regarded as an amide formed between a Z,Z,E oxazole triene acid 
left half (22) and a highly functionalized lactam-lactone amino 
diene (37, R,. = H) right half (Chart I). We now report the first 
enantioselective total synthesis of neooxazolomycin.* 

The oxazole triene acid left half of the antibiotic was synthesized 
from the known3 (Z)-3-bromo-2-methyl-2-propenol (3), converted 
to the Z aldehyde 5 in 84% yield by a four-step sequence (Scheme 
1): ( 1 )  0-silylation, (2) Pd-catalyzed coupling4 with (tri- 
methy1silyl)acetylene to produce the enyne 4, (3) selective 0- 
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