dence). Thus some of the structure in the figure may be sta-
tistical, but most of the reactive trajectories come from the
highest bound (v,j) states for each v, and so some of the max-
ima may be real; e.g., the large contributions fromv = 1,6, 7,
and 12 are due to the particularly high reactivities of the (1,30),
(6,22), (7,20), and (12,10) states, which are bound by just 0.52,
0.10,0.61, and 0.02 kcal mol~1, respectively. The decrease of
f(v) at high v is due to the low rotational partition functions
for v < 13. These results show that the correct treatment of the
equilibrium or nonequilibrium populations of low-v, high-j
states as well as high vibrational levels is essential 1826
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Acyclic Stereoselection. 2.
Synthesis of 3-Hydroxy-2-methyl- and
3-Hydroxy-2,4-dimethylcarboxylic Acids
Sir:

One of the basic unsolved problems of organic synthesis is
the stereoselective construction of acyclic compounds con-
taining multiple chiral centers. This problem is best exempli-

fied by the macrolide antibiotics as a whole and in particular
by 1, the open-chain form of the aglycone of the macrolide

COgH

6H OH 0 OH H

erythromycin A,! which has ten chiral centers. This polyhy-
droxy acid can be built up using a series of six aldol-type con-
densations, provided that sufficient control can be maintained
over the stereochemical outcome of each condensation. This
approach is similar to the biosynthesis of the macrolide agly-
cones in which the carbon skeleton is thought to originate from
a series of condensations of acetyl- and propionyl-CoA
units.2

We? and others* have previously reported examples of aldol
condensations which afford 8-hydroxy ketones 2 (R, R’ = alkyl

o ©
2

and/or aryl) in high diastereomeric purity.> We now report
a simple modification which allows the production of 3-hy-
droxycarboxylic acids 2 (R’ = OH).

The enolated of 2-methyl-2-trimethylsilyloxy-3-pentanone
(3)7 was condensed?® with aldehydes to give 8-hydroxy ketones
(4) which were converted to 8-hydroxy acids (5) upon treat-

R. R.
/\><OSiMe3 — \!)\L%<osme3 — \l/'\co2a
H OH

Il
o

3 4a: R=Ph 5a: R=Ph
4b: R=1i=Pr S5b: Rm=ia=Pr
4c: R=PhCH, 5¢: R=PhCHy .

ment with periodic acid. In each case, the relative stereo-
chemistry about C-2 and C-3 has been assigned by consider-
ation of the TH NMR coupling constant of the protons on these
carbons.® We have not been able to detect any significant
amounts of the other diastereomer in either the condensation
or cleavage products (Table I). If the dianion of 2-hydroxy-
2-methyl-3-pentanone is condensed with benzaldehyde, an 8:1
mixture of the two possible diastereomeric dihydroxy ketones
is produced.

We have also examined the condensation of ketone enolates
with aldehydes having a chiral center adjacent to the carbonyl
group. For these condensations, there are four possible dia-
stereomeric products,!! but only 9 and 10 are detected. The

:
,
. o — R' * R R

OLi OH OH

6a: R=Ph 7: R =0SiMes 5 10

6b: R= MeOXCHCHy g, pv=emy

relative configuration about the first two centers is determined
by the factors we have discussed previously.? The relative
configuration about the second and third centers is that pre-
dicted by Cram's rule!2 (Table II).

To prove the stereostructures of the products 9 and 10 from
these condensations, the hydroxy ketones from 6b and 8 were
converted to the lactones 11 and 12. These lactones were sep-
arated by column chromatography and examination of their
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Table 1
4 5
R Yield, %¢ J,3, Hz Yield, %4 J,3 Hz ‘Mp,°C
Ph 86 5 77 4 Qilb
i-Pr 86 c 50 4 Oil
PhCH; 904 c 76 c 119-120

< Yields are crude and have not been optimized. ? Lit.!0 mp 65-66
°C. Although this hydroxy acid has failed to crystallize in our hands,
its stereostructure was determined by direct comparison with authentic
5a and its threo diastereomer. ¢ Splitting was complicated by other
adjacent protons. 4 After hydrolysis of the trimethylsilyl group. .

Table 11
Aldehyde Enolate Ratio of 9:10
6a 8 86:14
6b 8 74:26
6a 7 81:19
1. OH-, i "y
Me0,C SN < T + I
u H 2. Acy0 A0 © 0 ©
+ epimer g
11 (74%) 12 (26%)

I'H NMR spectra shows that the signals for the C-5 protons
appear as a triplet (/ = 7 Hz) and a double doublet V=10
and 2 Hz) for the major and minor isomers, respectively. The
analogous proton in the Prelog-Djerassi lactone (13) appears
as a double doublet (J = 9.5 and 3.8 Hz).!3 Thus we assign the
stereostructures for 11 and 12 as shown.

g1

[

T COoH
0

lC! 13

The hydroxy ketone mixture from the condensation of en-
olate 7 with aldehyde 6a was cleaved by periodic acid in
methanol and the mixture of 8-hydroxy acids was esterified
with diazomethane and separated by chromatography. The
separated 8-hydroxy esters were reduced using lithium alu-
minum hydride. The major hydroxy ester yielded diol 14 (mp
96.5-98 °C, lit.!! mp 98-98.5 °C), and the minor hydroxy
ester yielded diol 15 (mp 69-70.5 °C, lit.!! mp 70.5-71

°C).
Ph)\(k/OH Ph)\;/”\/oﬂ
On ou

14 15

The results reported here provide the first steps toward our
ultimate goal of constructing polyhydroxycarboxylic acids such
as 1 by a series of stereoselective aldol condensations. At this
point, we are able to introduce the three-carbon unit 1 with
excellent selectivity and the four-carbon unit II in lower, but

still acceptable, selectivity.
“\(‘\/R M./kH\/R
Il |
o]

HO OH L)

I 11
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Low-Temperature Nuclear Magnetic Resonance
Evidence for Stereochemical Rigidity in
Eight-Coordinate Metal 8-Diketonates

Sir:

Until very recently,!2 NMR studies of eight-coordinate
tetrakis chelates have failed to provide stereochemical and
kinetic information because these chelates undergo very rapid
stereochemical rearrangements. Previous low-temperature
studies of tetrakis S-diketonates,3+ tropolonates,’ and N,N-
dialkyldithiocarbamates$-3 have afforded only time-averaged
NMR spectra. Only for the tetrakis(N,N-dimethyldithio-
carbamato)tantalum(V) cation, [Ta(S;CNMe,)s]*,! and the
heterochelate  tris(5-methylpicolinato)(5,7-dichloro-8-
quinolinolato)tungsten(IV), WP3Q,2 have limiting slow-ex-
change spectra been reported. [Ta(S2CNMe»)4]* exhibits two
equally intense dithiocarbamate methyl resonances below the
coalescence temperature of —62 °C,! consistent with the do-
decahedral mmmm-D»4 stereoisomer found in the solid state.’
WP;Q displays two methyl resonances at room tempera-
ture.

Using the Freon solvent CHCIF,, we have investigated the
IH NMR spectra of metal tetrakis(3-diketonates) at consid-
erably lower temperatures than employed in earlier work,3 and
we have identified several zirconium(IV) and uranium(IV)
B-diketonates which become stereochemically rigid on the
NMR time scale at temperatures in the range of —100 to —170
°C. Typical spectra for tetrakis(acetylacetonato)zirconi-
um(IV), Zr(acac)y, are presented in Figure 1. The single,
time-averaged methyl resonance characteristic of the higher
temperatures splits into two lines of equal intensity below the
coalescence temperature of —145 °C. The frequency separa-
tion in the slow-exchange limit is 11.1 Hz at 90 MHz (0.12
ppm), and the minimum line width below coalescence is ~6
Hz (at —163 °C); below —163 °C the line width increases
owing to viscosity broadening. No splitting was observed for
the ring proton resonance.

Low-temperature NMR spectra of U(acac)s (Figure 2)
exhibit the same features found for Zr(acac)y; however, the
chemical shifts are appreciably larger and temperature de-
pendent because of the paramagnetism of uranium(IV). The
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