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The aldol reaction is an important transformation in organic 0 v 1) LIHMDS, -78 °C, THF MOMO  OH O
synthesis. The stereochemistry of aldol reactions of ethyl ketone Me ° 2) 850 R R, RN Me
metal enolates is typically rationalized by invoking chairlike Me TBDPSO " _¥X__cHo 5“"997'3““"9
Zimmerman-Traxler transition statesThe factors that govern the Me Me Me " (Felkin)
diastereofacial selectivity of aldol reactions involving chiral alde- 1, Ry = OMOM, Ry = H from 1
hyde coupling partners are increasingly well appreciatéd. o 3. Ry =H. R, = OMOM 10 on o
However, factors that control the diastereofacial selectivity of Me)krwue 1) Bu,BOTH, -78 °C, CH,Cl . MMe
reactions of methyl ketone enolates and chiral aldehyde partners we 2 880 Ry Re oHo Me Me
remain poorly understood. While analysis of product distributions TBDPSO™ ™ , 6,595 :5d.s.
of methyl ketone aldol reactions suggest competition occurs between 2R, = oxésﬁ =N|'_T (al}tgél;;t]egin)
chairlike and boatlike transition stat&s definitive experimental 4,R; =H, Ry = OTES

evidence in support of this hypothesis is lacking. Figure 1. Divergent Felkin versus anti-Felkin selectivity in the aldol
Several years ago our laboratory demonstrated that the aldolreactions of chiral aldehydelsand 2.

reactions of chiral aldehydds-4 with methyl ketone partners are
strongly influenced by the nature of the metal enolate, the-€(3)
O-protecting group, and the 2,3-stereochemistry of the aldehyde
substraté. By judicious control of these three variables, either the

Felkin (5) or anti-Felkin @) aldol products could be obtained with Me™N
excellent selectivity (Figure 1). These results were rationalized by l
invoking a chairlike transition state (analogous to thatafleading X ,Y OH @ o e
to the Felkin adduc®, and a boatlike transition state (t.s.) (analogous R Bu RO YT Y Bu
to that of9a) for formation of the anti-Felkin alddb.® However, Me"D Me120
this analysis was not entirely satisfying, since reasonable chairlike 2,3-anti 2,3-syn
Felkin isomer Felkin isomer

and boatlike transition states can be invoked for formation of both

products (Figure 2).

It was readily apparent that all four of the competing chairlike

and boatlike transition stateg10) can be distinguished if the

enolate contains a deuterium substituent (Figure 2). Accordingly,
we have developed and report herein a stereoselective synthesis of

deuterium-labeled enol silari&-(E) and studies of aldol reactions
of the derived lithium enolat2!®Our results demonstrate chairlike
transition stateg and10 are highly favored for reactions with both
achiral and chiral aldehyde reaction partrérs.
Deuterium-labeled enol silanB8 was synthesized via a four-

step procedure starting from norbornadiene (Scheme 1). Deuteri-

oboratiort?13 of 15 (NaBD,, BFz*OEb, THF, —78 °C) proceeded
with 9:1 selectivity; the diastereomerically putd;exo alcoholl6
was isolated in 68% yield by chromatography. Oxidatiod®&and
then addition oft-BuLi and protection of the resulting tertiary
alcohol as a TMS ether providdd (=97%d-exo) in 72% overall
yield. Flash vacuum pyrolysis df7 at 380°C and 2 mmHg then
provided an inseparable mixture of enol silanisl8«E), d'-18-
(2), andd®-18 in 79% vyield. The Z(O) enol siland!-18+(Z) and
diprotio enol silaned®18 each typically constituted-47% of the
mixture tH NMR analysis). NMR studies of enol silagé-18{E)
were performed in §Dg to avoid olefin isomerization that occurred
during exposure to CDgl

Treatment of enol silan&8 (mixture as described above) with
MeLi in THF at 0°C followed by warming to 23C generated a
solution of the corresponding lithium enol&t¥,which was then
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Me Me
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X, Y OH O X, Y OH O
R Bu R Bu
Me D Me D
13 14
2,3-syn 2,3-anti
anti-Felkin isomer anti-Felkin isomer
series "a" (from 1): X = OMOM, Y = H
series "b" (from 2): X=0TES, Y =H
series "c" (from 3): X =H, Y = OMOM

series "d" (from 4): X=H, Y =0TES

Figure 2. Chairlike and boatlike transition states for aldol reactions of
chiral aldehydesl—4 and the deuterium-labeled lithium enolate derived
from enol silanel8.

cooled to—78°C. The aldehyde was then added as a concentrated
solution in THF, and the reaction was quenched by addition of
aqueous NECI after 30 s. The ratios of diastereomeric aldol
products were then determined By NMR analysis of the crude
product mixture. The stereochemistry b®a was confirmed by
stereoselective reduction to the 1,3-syn diol and conversion to the
acetonide derivative (see Supporting Information). The stereochem-
istry of 11a—d and 14a—d were assigned by application of our
NMR method for stereochemical assignmentgehydroxyl ke-
tones!4
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Table 1. Results of the Aldol Reaction of Chiral and Achiral Aldehdyes with a Deuterium-Labeled Enol Silane

enol silane major aldol product minor aldol product
yield isomeric purity? isomeric purity? isomeric purity?

entry aldehyde (%) products ds d*-18(E):d"-18(2):c"-18 (cf., 19:20:21) (cf., 19:20:21)

1 PhCHO 58 19a R=Ph - 89:6:5 88:6:8 -

2 i-PrCHO 83 19b, R=i-Pr - 86:6:8 87:6:7 -

3 t-BuCHO 73 19¢ R=1t-Bu - 86:6:8 82:8:10 -

4 1 7 1la l4a 95:5 89:6:5 119 91:5:4 @43 maj:min:ND

5 2 7 11b: 14b 60:40 89:5:6 11b) 88:7:5 (L4b) 82:10:5

6 3 89 1lc l4c 7:93 85:10:5 140 81:11:8 (1c 74:18:8

7 4 93 11d: 14d 13:87 87:6:7 14d) 72:20:8 (L1d) 81:12:7

a]someric purity determined by NMR analysi&2%); ° Isomer ratio determined following reduction to the syn-1,3 diol and conversion to the acetonide

derivative (see Supporting Information).

Scheme 1. Synthesis and Aldol Reactions of Deuterium-Labeled
Enol Silane 182
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aReactions and conditions: (a) NaBBF;-OEt, THF, —78°C — 23
°C; NaBGs-H20, 68%, 9:1 dr; (b) (COCH DMSO, NE§, 87%; (c)t-Buli,
—78°C, 62%; (d) TMS-CI, pyridine, 72%; (e) 38T, 2 mmHg, 79%; (f)
MeLi, 0 °C — 23 °C; R—CHO, —78 °C, 53-93%.

The results presented in Table 1 show that, in the vast majority
of cases, the isomeric purity of the enol silat®&correlates well
with the ratio and pattern of deuterium labeling in the aldol products.
The results in entries-13 for aldol reactions with achiral aldehydes,
indicate that the major alddl9 has 2,3-anti stereochemistry, fully
consistent with the involvement of a chairlike t.s. analogous to that
of 7. The aldol reactions 018 and 2,3-anti aldehyde% and 2
(entries 4, 5) similarly exhibit excellent preservation of deuterium
labeling in the major aldolslla and 11b, respectively, again
consistent with the chairlike t.3a (as previously predicted)The
pattern of deuterium labeling in the minor ald@tb deriving from
2 (entry 5) shows some erosion from the labeling patteri8n
Accordingly, it appears thafldb derives predominately from
chairlike t.s.10b (in contrast to our previous analysisyith
intervention of the competitive boatlike t.8b, with the 10b:9b
t.s. partition being ca. 10:1. Although the major and minor products
of aldol reactions of the 2,3-syn aldehydgsind4 (entries 6, 7)
again are fully consistent with chairlike transition staféx—d
(leading to major product$4c—d) and 7c—d (leading to minor
products1lc—d), significant erosion of the deuterium-labeling
patterns occurs especially filc (entry 6) andl4d (entry 7). In
these cases, it is necessary to invoke the competing boatlike
transition state§c and 9d, respectively (ca. 5:1 chair to boat t.s.
in each case), to rationalize the pattern of deuterium labeling in
aldols11lcand14d®

In summary, we have demonstrated that the aldol reactions of
methyl ketone lithium enolates proceed predominantly via chairlike
transition states, with involvement of competitive boatlike transition
states being implicated in only a limited number of cases. These

results are consistent with predictions based on ab initio calculations
of methyl ketone lithium enolate aldol reactiofs’ Attempts to
extend this protocol to the examination of the transition states of
aldol reactions of other methyl ketone metal enolates are in progress
and will be reported in due course.
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