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signals assignable to three new alkylidene species (9.56, 9.90, 10.17
ppm) were observed in the 'H NMR spectrum as were signals
due to polyoctenomer (5.35 ppm) and possibly a metallacyclo-
butane species (6.4, 0.45 ppm). The complexity of the mixture
prevents any assignment of the active species at this time. Clearly,
more work will be necessary to understand how 2 is converted into
a catalytically active species.

Compound 2 is not a ROMP catalyst in the absence of Lewis
acid, presumably due to its electronic and coordinative saturation.
The addition of Lewis acid cocatalysts to similar systems has
succeeded in generating olefin metathesis catalysts previously,323
but these catalysts do not appear to operate in air. Recently,
several ruthenium complexes have been shown to be catalyst
precursors for the ROMP of substituted norbornenes in aqueous
solution,’ but the nature of the active species in these reactions
remains elusive. The nature of the interaction between AICl; and
2 is currently under investigation, but it is suspected to involve
attack by AICl, at the chloride ligand,**™*" generating a five-
coordinate cationic alkylidene as the active species.
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Organolithium reagents play an important role in synthetic
organic chemistry,! Although several research groups have de-
termined the strengths of many types of weak acids or their strong
conjugate bases in solution?™ and in the gas phase,’ we are

(1) (a) Evans, D. A.; Nelson, J. V,; Taber, T. R. Topics in Stereochem-
istry, John Wiley and Sons: New York, 1983; Vol. 13. (b) Heathcock, C.
H. Comprehensive Carbanion Chemistry; Durst, T., Buncel, E., Eds.; Elsevier:
New York, 1983; Vol. II. (c) Heathcock, C. H. Asymmetric Organic Re-
actions; Morrison, J. D., Ed.; Academic Press: New York, 1984; Vol. 3. (d)
House, H. O. Modern Synthetic Reactions, 2nd ed.; W. A. Benjamin: Menlo
Park, CA, 1972. (e) Masamune, S.; Choy, W. Aldrichimica Acta 1982, 15,
47. (N Mukaiyama, T. Org. React. 1982, 28, 203. (g) Meyers, A. 1. Pure
Appl. Chem. 1979, 51 (6), 1255. (h) Beak, P.; Brown, R. A. J. Org. Chem.
1979, 44, 4463.

(2) For some excellent reviews see: (a) Streitwieser, A., Jr.; Juarist, E.;
Nebenzahl. L. In Comprehensive Carbanion Chemistry; Buncel, E., Durst,,
T.. Eds,, Elsevier: New York, 1980; Chapter 7. (b) Lowry, T. H.; Richardson,
K. S. In Mechanism and Theory in Organic Chemistry, 3rd ed.; Harper &
Row: New York, 1987, Chapter 3. (c) Cram, D. J. In Fundamentals of
Carbanion Chemistry, Academic Press: New York, 1965; Chapter 1. (d)
Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456.

(3) (a) Jaun, B.: Schwarz, J.; Breslow, R. J. Am. Chem. Soc. 1980, 102,
5741 and references therein. (b) Shatenshtein, A. 1. Adv. Phys. Org. Chem.
1963, 1, 155. (c) Reutov, O. A,; Beletskaya, 1. P.; Butin, K, P. CH-Acids;
Pergamon Press: Oxford, 1978. (d) Arnett, E. M.; Venkatasubramaniam,
K. G. J. Org. Chem. 1983, 48, 1569.

(4) (a) Fraser, R. R.; Mansour, T. S. J. Org. Chem. 1984, 49, 3442. (b)
Fraser. R. R.: Mansour, T. S,; Savard, S. J. Org. Chem. 1985, 50, 3232. (c)
Fraser, R. R.; Mansour, T. S. Tetrahedron Lett. 1986, 27, 331. (d) Fraser,
R. R, Baignee, A.; Bresse, M.; Hata, K. Tetrahedron Lett. 1982, 23, 4195,
(I;)sl;rabsga R. R Bresse, M.; Mansour, T. S. J. Chem. Soc., Chem. Commun.
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Table I. Enthalpies of Deprotonation, —AH(d,P, (kcal/mol), of
Isopropyl Alcohol by Organolithium Bases, with and without 1 equiv
of Lithium tert-Butoxide, in 90:10 Hexane—Ether at 25 °C

+1 equiv of
+-BuOLi
organolithium base “AHgep®  ~AHge,)®
tert-butyllithium 56218 56.0£0.5
sec-butyllithium 528+ 1.0 51.9£07
n-butyllithium 50007 493x04
phenyllithium 423+£03 42803
methyllithium 416 £0.7° 416 +£22°
((trimethylsilyl)methyl)lithium 400+ 06 415%£03
lithium dicyclohexylamide 31802 320£0.3
lithium 2,2,6,6-tetramethylpiperidide 304+ 1.6 30.5 % 1.6
lithium isopropylcyclohexylamide 29605 29.8%£04
lithium diisopropylamide 28610 28.7£0.3
lithium diethylamide 234+£03 23704
lithium cyclohexylamide insoluble 21.8 £0.1
lithium isopropylamide insoluble 21.3£0.2
lithium tert-butylamide 212£03 205£02
lithium n-octylamide 189£0.1 19405
lithium bis(trimethylsilyl)amide 121 £06 123 0.5
lithium pinacolonate 34 £ 1.2
lithium terz-butoxide 2.1 £0.67

¢Values are calculated on the basis of the known amount of iso-
propy! alcohol added to an excess of base. Errors are reported at the
95% confidence level. ®Solvent was 100% diethyl ether to maintain
solubility. ¢Value is calculated on the basis of the measured difference
of AHgpy's for LIHMDS + i-PrOH (-12.1) and LiHMDS + pinaco-
lone (~8.7). 4Value is calculated on the basis of the measured differ-
ence of AHy,,'s for LIHMDS + /-PrOH (-12.1) and LiHMDS + ¢-
BuOH (~10.0).

Table II. Enthalpies of Deprotonation, ~AH 4, (kcal/mol), of
Isopropyl Alcohol by Organometallic Bases Reacting in 85:15
THF-Toluene at 25 °C

organometallic base? —AH g
LiHMDS 152 £0.5
1:1 mixture of LIHMDS and -BuOLi 158 £ 0.4
1:1 mixture of LIHMDS and :-BuOK 7.3+03
1:1 mixture of KHMDS and ¢-BuOLi 7.3+£03
KHMDS 29 +£03
1:1 mixture of KHMDS and ¢-BuOK 3.3+£0.2

4LiHMDS = lithium bis(trimethylsilyl)Jamide. KHMDS = potassi-
um bis(trimethylsilyl)amide. ¢-BuOLi = lithium tert-butoxide. ¢-
BuOK = potassium terz-butoxide.

unaware of any report that compares the bases used most often
for synthetic operations.

This report presents enthalpies of deprotonation, AH gy, of
isopropyl alcohol (i-PrOH) by eighteen organolithium bases in
a 90:10 by volume mixture of hexane—diethyl ether at 25 °C. The
solvent system was chosen because of its inertness to strongly basic
reagents® while still possessing ether oxygens for lithium solvation.”
This thermochemical method provides the enthalpic driving force
for the organolithium bases to deprotonate a common acid and
incorporates the differential contributions from solvation, ion-

(5) (a) Depuy, C. H.; Bierbaum, V. M. Acc. Chem. Res. 1981, 14, 146.
(b) Taft, R. W.; Bordwell, F. G. Acc. Chem. Res. 1988, 21, 463. (c) Aue,
D. H.; Bowers, M. T. In Gas Phase Ion Chemistry, Bowers, M. T., Ed.,
Academic Press: New York, Chapter 9; Vol. 2. (d) Bartmess, J. E.; Mclver,
R. T, Jr. In Gas Phase Ion Chemistry, Bowers, M. T., Ed.; Academic Press:
New York, Chapter 11; Vol. 2. (e) Lias, S. G.; Liebman, J. F.; Levin, R. D.
J. Phys. Chem. Ref. Data 1984, 13, 695. (I) Arnett, E. M. J. Chem. Educ.
1985, 62, 385. (g) Bartmess, J. E.; Thomas, D. A. Personal communication.

(6) THF was attempted but decomposed visibly in the presence of rerz-
butyllithium at 25 °C.

(7) (a) The concentration of organolithium base was approximately 0.05
M, which gives about 15 ether oxygens per lithium. (b) The employment of
vapor pressure osmometry to determine aggregation numbers as before® was
rendered essentially useless due to a combination of a mixed solvent system,
high instability of many of the organolithiums, and unknown exact concen-
trations of commercially available solutions used both as an organolithium base
and as a reagent to generate all lithium amides. Information regarding
aggregation of lhese species is available. See ref 8.
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pairing, and aggregation® for each lithium base and its conjugate
acid in this solvent. Although the results are not convertible into
pK,’s, we have reported a rough correlation between AH 4,’s for
many organic acids by lithium bis(trimethylsilyl)amide
(LiHMDS) in THF and their pK,’s in DMSO.}

Of relevance to recent studies of mixed aggregates!® are a series
of related measurements in which 1 equiv of lithium tert-butoxide
(¢-BuOLi) was added to the organolithium bases prior to meas-
uring AH 4.y of i-PrOH. In no case, where comparison could be
made, was AH 4, changed within experimental error as a result
of the added r-BuOLi. The most dramatic effects were for the
solubilities of lithium cyclohexylamide and lithium isopropylamide.
Neither salt alone is soluble in the 90:10 hexane-diethyl ether
solvent, but both are completely soluble if an equivalent of t-BuOLi
is in solution prior to introducing the lithium amide.

Table | shows the relative energetic differences between the
AH gepy's for the organolithium bases. Lithium alkyls gave the
most exothermic AH 4,p's, followed in order by secondary lithium
amides, primary lithium amides, and the lithium alkoxides (the
least reactive), LIHMDS is 10-20 kcal/mol less reactive than
other secondary lithium amides, reflecting the superior ability of
silicon to stabilize an « negative charge relative to carbon.

Recently, Bartmess and Thomas have utilized ion cyclotron
resonance to obtain enthalpies of ionization in the gas phase’®
where the intrinsic energetics are free of solvation and ion-pairing.
When their values are plotted against AHg,p's of i-PrOH, a crude
linear relationship is observed (R = 0.86). Clearly, differential
solvation and aggregation energies contribute to the energetics
of organolithium bases in solution.

Lochmann'' and Schlosser'? were first to observe altered re-
activity of organolithium bases in the presence of potassium
tert-butoxide (1-BuOK) where mixed metal aggregates are pos-
sible. We have investigated the effect of +-BuOK on the reactivity
of LIHMDS'? in a 85:15 by volume THF-toluene!4 mixture.

Table 11 presents measured values of ~AH 4, of i-PrOH re-
acting with lithium or potassium bis(trimethylsilyl)amide, with
and without | equiv of lithium or potassium tert-butoxide. AH gy
depends strongly on the metal cations, but it is also apparent that
the tert-butoxide anion has little effect on AH y,y as long as the
added cation is not varied.

The reactivity of the 1:1 mixture of LIHMDS to ¢-BuOK is
intermediate between that of the pure organolithium and orga-
nopotassium bases. More importantly, this reactivity is identical
with that obtained by combining a 1:] mixture of potassium
bis(trimethylsilyl)amide and ¢-BuOLi, suggesting formation of
the same species, whatever it may be.
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In a classic 1973 paper House and co-workers reported that
condensations between lithium enolates and carbonyl compounds
proceed in higher yields in the presence of zinc(If) ion.! The
proposed role of zinc(II) is the formation of stable zinc aldolate
chelates, which are believed to displace equilibria in favor of
condensation! and to govern diastereoselectivities under thermo-
dynamically controlled conditions.!?

We now provide the first crystallographic evidence for such zinc
aldolate chelates.’ Our data reveal that both chair-like and
boat-like chelate conformations are readily accessible, and as a
consequence, diastereomeric aldolate complexes are rendered
nearly isoenergetic. Furthermore, the deviations from ideal
half-chair chelate conformations result in large pyramidal de-
formations in the aldolate carbonyl carbon atoms.

In typical zinc-mediated aldol condensations, ZnCl, is added
to preformed lithium enolates.! However, we found that the
enolate-forming base (R,N-) and the chelating metal ion (Zn?*)
could be combined in the same reagent: Zn[N(SiMe;),],4 The
ketones RIC(O)CH,R? (2 equiv) and Zn[N(SiMe;),], reacted
in aromatic solvents to give the zinc aldolate complexes 1-3 (eq
1), which crystallized directly from the reaction mixtures in
60-82% yields.> NMR monitoring revealed that eq | proceeds
very slowly below ca. =20 °C; the expected zinc enolate inter-
mediates were not detected (-20 to +25 °C), suggesting that
enolate formation is the slow step.

- ZHN(SiMey),
2Zn[N(SiMeg)s)s + 4RIC(0)CH,R®
1,R' = Me, B = H B
- R
2 Rl=t-Byu R=H R
2, t-Bu, R = H CHR
3, R, R = (CHy),
o, /o\ - N(SiMes),
n Zn' (1)
~_
(l(e,Si)gN/ o o
FECH
? B
Rt
)
-3

The diacetone aldolate 1 is structurally disordered in the solid
state;® it exists as two superposed, Ci-symmetry isomers in a
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