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Aldol (8-hydroxycarbonyl) units are a characteristic structural
element of numerous macrolide! and polyether antibiotics. This
led to recent development of new synthetic methods that allow
the diastereoselective generation of aldols.2 Most of them utilize
the enolate monoanions of a ketone, an ester, or their equivalents.
The aldol condensation with dianions of carboxylic acid or its
equivalent has been very scarcely studied probably owing to the
low diastereoselectivity as observed for carboxylic acid® and
secondary amide dianions* and considerable scarcity of dianions®
as well as their mechanistic complexity (vide infra).6 Generally
the diastereoselectivity of an aldol is well correlated to the geo-
metric purity of enolate (E or Z) and to the six-membered chairlike
transition state ordering the substituent of the aldehyde in an
equatorial position (see eq 1).”® In addition to these, we have
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Scheme I

to consider another factor in the cases of enolate dianion, i.e., the
selectivity for the coordination of the aldehyde oxygen to two kinds
of metals, as exemplified with secondary thioamide dianion in
Scheme 1.

Nothing is known about the stereochemistry of dianions,* and
first the stereochemistry of secondary thioamide dianions is ex-
amined as follows (eq 2): the lithium enolate of N-(trimethyl-
silyl)-N-phenylthiopropionamide (3),° generated either by
treatment with 2 equiv of n-BuLi (0 °C, 1 h in THF) followed
by N-alkylation with 1 equiv of trimethylsilyl chloride (0 °C, 1
h, condition A) or by sequential treatment with 1 equiv of n-BuLi
(0°C, 1 hin THF), 1 equiv of trimethylsilyl chloride (0 °C, 1
h, selective N-silylation®®), and 1 equiv of n-BuLi (-78 °C, 1 h)
(condition B), was treated with isobutyraldehyde (=78 °C, 1 min)
to provide erythro-2 (R! = CH;, R? = C4H,, R3 = (CH;),CH)
selectively [erythro-2/threo-2 = 94:6 in 97% yield (condition A);
92:8 in 99% yield (condition B)] (see eq 2). These parallel results
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suggest that the secondary thioamide dianion possesses the Z
configuration (condition A), provided that no isomerization takes
place during the N-silylation of the secondary thicamide dianion,'°
because it has been already established that the enolate generated
from tert-thioamide!! (condition B) possesses the Z configuration
and provides erythro aldols selectively.

So that further insight into the structure of dianion, especially
its geometric purity, could be gained, 3 was treated with trans-
and cis-crotyl tosylates and subjected to the thio Claisen rear-
rangement conditions (trans, room temperature, 40 h; cis, THF
reflux 32 h). From trans- and cis-crotyl tosylates were obtained
erythro- and threo-N-phenyl-2,3-dimethylthio-4-pentenoylamides
(4) in 51% and 50% yields, respectively (eq 3).!1> This stereo-
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Table . Aldol Reaction of Secondary Thioamide Dianions?

secondary thioamide

ratio of 20

entry R! R? aldehyde (R?) metal (threo:erythro) yield,S %
1(la) CH, C.H, CH, Li 69:31 95
2(la) CH, C.H, (CH,),CH Li 88:12 95
3 (1a) CH, C.H, C,H, Li 62:38 97
4(1b) (CH,),CH C.H. (CH,),CH Li 93:7 92
5 (1b) (CH,),CH C.H, C,.H, Li 69:31 99
6 (1c) CH, CH, (CH,), CH Li 78:22 84
7 (l¢) C.H, CH, (CH,),C Me 98:2 98
8 (1) C.H, CH, C H, Li 71:29 75
9 (1c) C,H, CH, C.H, Mg 94:6 92
10 (1d) C.H, CH,CH,0CH, C,H; Li 94:6 95
119 (1d) C.H, CH.CH.OCH, C.H, Mg 97:3 93

@ For the structures of 1 and 2, see eq 1. For reaction conditions, see footnote 13. ® The ratio was determined by high-pressure liquid
chromatography (Waters Associates 1-ft u-Porasil column, (75-85):(25-15) hexane-EtOAc eluent). ¢ Combined (erythro, threo) isolates

yield by column chromatography (silica gel, benzene-EtOAc gradient).

carried out in 6 times dilution at —18 °C (dry ice, CCl,).

specificity indicates the very high (more than 97%) geometric
purity of 3 and hence of the dianion.

Despite the high geometric purity of the dianion, the aldol
showed poor selectivity in favor of a threo product (entries 1-6
and 8, Table I),'>!* suggesting that the aldehyde oxygen coor-
dinated to the Li-N metal (a transition-state (Z)-N*) in a slight
preference to the Li—S metal (a transition-state (Z)-S*, Scheme
I). This preference might be attributed to a partial ionic character
of the Li-N bond owing to an efficient 2pr—2p overlap compared
with a 2pm—3p overlap of the Li-S bond.

So that this idea could be verified, the following two experiments
were undertaken, which were intended to amplify the difference
of the bonding nature between N— and S—metal bonds. The first
is the reaction with dimagnesium salts,'* which might render the
N-Mg bond more dissociated than the S—Mg bond on the basis
of HSAB principle.”* Indeed, this proved to be the case, and threo
selection was greatly improved as is apparent in the comparison
of entries 7 with 6 and 9 with 8. The second attempt is the use
of NCH,CH,0OCHj in place of N-CH; in the expectation of
dissociation of the N—metal bond by a coordination of the ether
oxygen to the metal bound to a nitrogen atom. This also proved
to work nicely, and high threo selection was achieved irrespective
of the kind of metal used (entries 10 and 11, Table I). The
stereochemistry of the products was determined by !H and *C
NMR 'S spectroscopies; in the 'H NMR spectra carbinol reso-
nances appeared as Jy,e(5-8 Hz) > J,,,(2-3 Hz),!” just as with
other aldols.

In conclusion this paper reports the first example of aldol
reactions utilizing dianions derived from secondary thioamides,
which are shown to be of Z configuration. The most important
results described here are that the dianion, under suitable con-
ditions, i.e., Mg®* as gegenion, affords a threo aldol, while the
monoanion, conveniently generated by selective N-silylation of
dianion, affords an erythro aldol in high selectivities. The full

(12) The structure of 4 is determined unequivocally by transformmg each
of the diastereomers to the corresponding thiol esters and comparing spectral
data with those of authentic samples.!! All new compounds were characterized
by using IR, '"H NMR, '*C NMR, and mass spectral analysis and elemental
analysis.

(13) The experimental procedure is as follows: To a solution of 1 (2 mmol)
in 10 mL of anhydrous THF is added 2.2 equiv of n-BuLi (1.6 M hexane
solution) in one portion at 0 °C, and the mixture is stirred for 1 h and then
cooled to =78 °C. A THF solution of aldehyde is added in one portion and
quenched by addition of 1| N HCI [1:1 H,O-THF (v/v)] after | min. The
dimagnesium salts are prepared [with 3 equiv of {-PrMgBr, ambient tem-
perature for 2 h] and reacted with aldehydes in a similar fashion.

(14) No significant change of selectivity is observed by changing the steric
bulk of the N-substituent (2-methyl-, 2-methoxy-, and 2,6-dimethylphenyl).
See: Pirrung, M. C.; Heathcock, C. H. J. Org. Chem. 1980, 45, 1727.
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Chemistry”; Academic Press, New York, 1977.

(16) Heathcock, C. H.; Pirrung, M. C; Sohn, J. E. J. Org. Chem. 1979,
44, 4294,

(17) This general correlation does not hold for 2 (R! = (CH;),CH). For
example, the coupling constants of erythro- and threo-2 (R! = (CH,),CH,
R? = C¢H;, R? = C¢Hj) are 3.0 and 2.3 Hz, respectively.

Owing to poor solubility of dimagnesium salt, this experiment wus

scope of the stereospecific thio Claisen rearrangement will be
reported in due course.'8
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Due to their importance in organic synthesis, considerable effort
has been expended in characterizing Grignard reagents and
possible mechanisms for their formation and reactions.!™ This
has proven very difficult, in part, because several different species
exist in the commonly employed solvents. This complexity in
solution leads naturally to an interest in matrix isolation techniques
which have proven valuable for the characterization of
“unsolvated” intermediates and their chemical reactions. Un-
solvated Grignard reagents were apparently first prepared by Skell
and Girard? in 1972 but were not characterized spectroscopically
until the work of Ault® in 1980. Ault reported three or four
vibrational frequencies for the products of the Mg + CH,X (X
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