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~-AM&y&a and ketones have been cu~vuted d%cicatly to their unrespundiag Mauoich pnduas by 
vuiou~ dimethyl(methyknc)ammonium salta u&r a rasp of ruclh~ conditions. Tbc several mcthls uacd to 
form these dhativca are umpred. Excdkat qxoacbw to ekehyde derivatives involve &eating the ewl silyl 
ctkr of tk carhyl compound with mctbyUithium and then an imiaium salt. or directly adding the iminium salt to 
the cool silyl ether. Ketoaes may be daivatized effectively by hatmmt with patasaium hydride, followed by an 
hiniumsalt,orfromtbcewlsilylcthcrbyadditionoftbcintinh lwgat.uscofiminiumre.agmtshtbc 
Manaichrepctioaia~ becpusetbeyieldsanoftcnooodandtbcsiteofattacbmeptoaanunsym- 
mebiadkdoncisbotbplichbkadcddlabk. 

The Man&h reacUon is a ckssic one of considerabk 
importance in the formation of aminocarbonyl 
compounds either for direct medicii apphcations’ or as 
intermedicates in the synthesis of a,@ntsalurated 
products? Though many conditions have been utihxed, 
themostcommonapproachtothereactionistotreatthe 
carbonyl cosnpo& with the acidic mixture of 
dimethykmine and formaidehyde. ‘Ibis is generaily 
refhtxed for several days in ethanol, after which the 
Mannich derivative is typicahy isokted in 304096 ykki. 
It is postukted that the active aminoethykting agent is 
animiniumionformedviaequiIii(2). 

Very recently another generic concept of effecting this 
transformation has emerged that dilfers significantiy 
from the traditknai approach. Iminium ions are used 
dire&, rather than relying on equihiria to generate this 
species. ‘Ihis approach has three basic advantages: (1) 

since the conccntraUon of iminium ion is higher than that 
generated via equilibria, reactions are faster; (2) lower 
temperatures are possibk, a factor often important in the 
synthesis of compkx mokcules; and (3) aprotic condi- 
tions may be used. 

Within the general approach of utihxing iminium ions 
there are several variations. The purpose of this work is 
to compare these and to comment on the use of iminium 
ions vs the classic conditions. 

‘Ihe first use of iminium ions in Mannich amino- 
methyktion may be attrii to P&r et al.: though 
actuahy the main interest at the time was in the 
subsequent Polonovski reaction. Since the initial report, 
several variations have appeared, summar&d by eqns 
(3)_(g). 
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Treating the cathonyl compound directly with an im- 
inium reagent (Eqn 3) has the obvious advantage of 
simplicity, and will work for many application~.~ The 
drawbacks are: (1) no examples of aldehydes are repor- 
ted; it is expected that competing aldol condensation 
would subsidy reduce yields; (2) because of ex- 
tended reaction times acid- or basosensitive functions 
may not be stable; and (3) the factors conuolling regios- 
pecificity are not well known. For example, sissy 
of 1 is highly solventdependent: whereas compound 2 
(95%) is formed in trifluoroacetic acid, compound 3 is the 
exclusive product in aceto&rik. Product 2 is the ther- 
modynamic one and is formed more selectively than via 
the classic conditionsP Product 3 is favored kinetically, 
but it too is formed more selectively than would be 
anticipated by the usual enohtte stabilities.’ These 
observations ur&Core the impormnce of solvent in 
these phenomena. The results, however, seem to be more 
predictabk than those obtain& using t&it&al condi- 
tions, which have often led to contradictory claims 
concerning the site of attack.’ 

The approach illustrated by Eq (4) has the virtue of 
being a dire& “‘one-pot” reactioa also? Rcactim times, 
compared to method 3 are much reduced. Wfi ketones, 
however, both we and Poulter have found yields to be 
modest. Poulter has suggested that this may be due to 
the acidity of the Mannich productsP i.e. proton transfer 
from the Mannich product to the enolate of the starting 
ketone would reduce the yield, unless the reaction were 
performed over so long a time that the ketone itself 
underwent reaction. One consequence of this process is 
that dkubstituted by-products might be fd, 
however, there are no reports of such products from 
iminium reagents. If such products are formed (they are, 
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ushlg cIassic : condition3”), the yields are quite low. ‘Ihe 
solubility of the Mannich products makes it diflicult to 
obtain high material balances and thus be conclusive 
about this point. 

Another observation also implies that proton abstrac- 
tion from the product is not the major factor in the 
modest yields when lithium dhsopropylamide is used. 
Both we,” and otl~ers,‘~ have observed that, within the 
limits of ansIysis, use of ~ ions leads to compiete 
regiospecigcity. If proton abstraction were important, 
loss of a substantial degree of regiospecigcity would be 
expected 

Another explanat& for which we have found direct 
evidence, focuses upon the rok of diisopropylamine. It is 
considered that the amine generated along with the 
en&e provides the source for an acidic Hyde by 
combin@withtheiminium ion to form a protonated 
bisambmmethylene, which could protomue the en&e. 

. . 
-yknes arc well know to be inter- 

mediates under chic Matmich conditions..” We have 
obtained dimct support for this interpret&on from 
experiments in which the enolate was generated via and 
in the presemz of ~~~y~e. As the ~~~~. 
of the amine &cased, the Mannich yield diminished. 

It is possiie to avoid the presence of an amine by first 
preparing either enol bormates’2 @qn 5) or siilates” 
(Eqns 6 and 7). The former method is limi&l by having 
to start from a diaxoketone. Silyl derivatives, on the 
other hand, may be prepared in high yield from a variety 
of aldehydes or ketones.” 

Once the en01 silyl ethers are obtained two alternatives 
are available. (1) The end silyl ether may be treated with 
~~yl~urn and then the mourn reagent; cleavage of 
the enol silyl appears to be rate determining. 

(CH&C”!c”. -“* * 
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In the methods descrii thus far, several choices 
must be made. One concerns which iminium counter-ion 
to use. Table 2 indicaks results with I-, CI- and CFXOZ- 
counterions. Reactions were performed for short times 
topermitrateditferencestoappuu.IndryDMF,in 
which all three reagents are highly solubk, the product 
yields are vhtually identical. In dichloromcthane only the 
trifluoroacetate is completely soluble; yield differences 
likely reIkct reagent solubility hecause reactions over 
longer periods produced equivalent yields. Ether is a 
poor solvent choice, presumably because of the in- 
sohrbility of the halide salts. &cause of the convenience 
of product isolation, methyknechloride is easily the 
solvent of choice. 

Re&ions are performed at low temperature and are ‘Ihe choice of which iminium reagent is most con- 
regiospeciftc, and the yields are fair (Table 1). The spec- venient can be narrowed to two: the triIIuoroa&ate and 
tra Rive some evidence for sidaproducts (formed in quite the iodide. The trifluoroacetate can he prepared in a few 
low yield and not isolated). (2) AhemaGvely, methyl- hours from anhydrous trimethylamine oxide and also (in 
lithium, which could have a deleterimrs e&t on several lower yield) from the dihydrate by adding triIluoroacetic 
functional groups, may be avoided.” Mannich deriva anhydride to a sohrtion of the oxide in methylene 
tives are formed by simply combining the enoI silyl ether chloride and then heating? The trilluoroacetate, 
and the iminium salt at room temperature, with reac- however, does have one drawback: it must he distilled to 

tiontimesofafewminutestoafewhours(Tabk2).Itis 
important to follow the reactions closely (IW or NMR) 
because if excessive times are permitted, lower yields 
result. 

Tabk 1. Amiaoethylatioa by trertment wihrdh~ th add&z ~yK~ykne)mmonim 
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obtain good yields of Mannich products; this presumably 
removes traces of trithtoroacetic acid. It is advisable to 
check the iminium product by NMR More it is dktilkd 
to be sure that the tlimethylamine oxide is totally con- 
verted. If clearly detectable amounts of the oxide are 
present the yield of the distilled iminium reagent is 
substantially reduced. The reagent must then be distilled 
at or below 0.05 mm; at this pressure the reageot will boil 
around 120-140” and the yield is 7HO96. If the tempera- 
ture of the vapors reaches 17V, wition ensues. 
The distilled reagent has been stored in a refr@ator 
under nitrogen for long periods without decomposition. 

The iodide is convenieotly prepared by the Escheu- 
moser approachI Its only drawbacks are that (1) a long 
reaction time is necessary to prepare the intermedicate 
ammonium iodide and (2) the reagent is a solid and 
cannot be transferred by syringe. ‘Ihe salt is reasonably 
hydroscopic and it is advisabk to transfer samples in a 
dry atmosphere; lower yields of Mannich pmducts do 
result if the reagent is contamiuated with moisture. lhe 
chloride is even less convenient because it is highly 
hydroscopic. A potential problem with enol silyl ethers 
containing esters, ethers, alcohols, of ketals is that these 
functioos are known to react with trimethylsilyl iodide.” 

Fm, the method reported by Poulte? (Eqn %) 
employing potassium hydride works very well for 
ketones and results in high yields (Tabk 3). It is a 
onepotprocedureandappearstobethebestmethod, 
where applicable. In unsymmetrical ketones, the ther- 
modynamic product is favored; thus, this method is 
unsuitable if the kinetic product is desired. This ap 
preach presumably will not work for aldehydes because 
of the competing aldol condensation. 

Since the use of iminium reagents has been in- 
vestigated in several laboratories with consistent restdts, 
this approach to the Mannich reaction is demon&a&d 
and reliable. Because of distinct advantages con@red to 
the classical approach, the use of iminhun reagents may 
replace the traditional method. But before this possibility 
may be evaluated, additional examples, expecially in- 
volving the synthesis of compkx molecules, will be 
fKC&?Ssary. 
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