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Abstract - Reaction of lithium enolate of acetaldehyde(obtained by cyclore- 

version of MF in the presence of n-BuLi) with a number of nonenolirable 

aldehydea (aromatic. heteroaromatlc. cinnrmaldehyde) in MF and room tempe- 

rature affords good to quantltatlve yields of the corresponding primary al- 

cohols, instead of other products commonly reported for similar conditions. 

Reduction of the carbonyl group is the main reaction even in the presence 

of other reducible group, or parts of the same group. A poaaible mechanlam 

of reaction is also proposed. 

The aldol condensation represents a highly useful synthetic tool for forming new carbon-carbon 

bonds. In particular, reactlone converting aldehydea or ketones into q,/&unaaturated aldehydes with 

chain extension by two carbon atoms are of considerable interest. 
1 

In this case a eimple aldol 

condensation directly using acetaldehyde (In presence of a base) and a carbonyl partner cannot 

be utilized because of the facile self-condensation and polimeriration of acetaldehyde when its 

conversion Into the corresponding snolate ion is l ttsmpted. 
2 

Thus, a number of alternative precur- 

sors and procedclres of the cited enolate ion havs been proposed. 
1.3 

Within these, an lnterestlng 

procedure is the cycloreverslon of THF in the presence of n-butyllithlum, 
4 

allowing the quantlta- 

tive conversion to the lithium enolate of acetaldehyde without any of the above-mentioned compli- 

cations. 

On the other hand, concerning the use of lithium enolates In the aldol condensation. other 

aspects must be pointed out. In fact, good results in ethereal l olventa are obtained only in con- 

ditions in which an efficient metal chelate formstion (stabilizing the aldolate ion lntermedlate) 

occurs, l.2.. st low tempwratures and/or by adding a dlvalent metal salt, such as MgBr 
2 

or ?.nCl 
5 

2’ 

If only the lithium cation Is present, as the reaction temperature raises to 0’ or above, a 

number of side reactions are observed (retrograde l idol, enone formation followed by Michael 

addition, polycondensation). 

During our lnveetlgation concsrning the reaction of a number of nonenolizable aldehydes with the 

enolate ion of rcetaldehyde (obtained ae above described), we have discovered. however, that the 

main (and, in some caees. the only) observed reaction at room temperature is the reduction of al- 

dehydes to the corresponding primary alcohols. This unusualand (to our knowledge) unprecedented 

behavlow 1s the object of the present paper. 

3639 
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RCSULTS AND DISCUSSION 

A number of nanenolizsblc aldehydes (aromatic or heteroarometic, as well as CiMamaldehyde) have 

been allowed to react with lithium enolate of acetaldehyde (obtained by cycloreverslon of MF in 

the presence of n-buthyllithlum) in THF at room temperature. In some cases both rsqents were mixed 

(and the reaction mixture kept for some time) at low temperature (-35.C) before heating at room 

temperature as above lndlcated. In these case*, however, the results were not much dlffsrent from 

thoee observed when reactiona are directly performed at room temperature. Cn the contrary, when 

the reactions were entirely carried out at low temperatures (experiments made in only a few caees). 

a different behavlour wan observed. 

Results obtained at room and at low temperstures are wmmar lzed in Table 1 and 2. reapectlvely. 

As lt can be seen, at low temperatures eubstantlal amounts of the expected products of aldol 

condensation (and subsequent dehydration) are actually isolated after quenchlnp the reaction mfxtu- 

res with NH4Cl/H20. Excepted for the caee of furaldehyde, however. the observed yields are low. 

This is not eurprlslng since, a) reaction conditions were not optimized and, b) it has been repor- 

ted that good results in the aldol condensation with preformed lithium enolates in ethereal 

solvents and in the absence of added ZnC12 (or MgBr2) can sometimes be achieved only if the 

resotlonnue performed in Et20 solution st low temperatures (-20 to -5O’C). 
5 

Table 1 

Products of the reaction of aldehydes with lithium enolate of l cetaldehyde in IHF at room temperm- 
a 

ture 

GCH20H 

Yield X 

C6H6-CH=CH- 1 

CH- 4 
65 

o-N02-C6H4- 1 

m-NO -C H 
- 264 

1 

e-N02-C6H4- 1 

o-Cl-C H - 
64 

1 

m-Cl-C6H4- 1 

P-furyl- 1 

1 quantitative 

b 
1 94 

1 75 

1 66 

1 97 

1 54 

1 71 
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Table 2 

Products of the reaction of aldehydea with lithium enolatc of acataldehyde at low temperatures 

C in CC c [GC<] / [d-] t, OC Condensation Product l Yield X 

1: 2 

e-NO -C H - 
2 64 

1 : 1 

- 35 C6H5-CH=CH-CHO 

- 35 e-N02-C6H4-CH=CH-CHO 

- 60 66 

. 

If more polar rolvents are used (DME or, especially. THP), 

metal cations with a amsll ionic radius similar to llthlum 

charge (like Hg 
2+ 

or Zn 
2, 

, ionic radius 0.70 i and 0.69 1. 

red in order to better (compared to lithium) intercept the 

chelates 

then the addition of aalts providing 

(0.78 A)" but with a greather positive 

respectively) 
6 

16 almost always requi- 

initially formed aldolates a6 metal 

and ao prevent the above mentioned typical side reaction6 of aldol condensation (retrograde 

aldol, polycondenaation. 6nd enone formation followed by Michael addition). 

Thus the latter reactions become important when only lithium cation 16 present and a6 the 

temperature ralaes to O*C or above. 

However, observation of Table 1 Indicate6 that the main (or the only) products that can be 

isolated when the reaction6 of the considered aldehydes with the lithium enolate of acetaldehyde 

In TW are performed at room temperature (and. in little amounts. even at low temperature6: foot- 

note in Table 2) are the primary alCOhOl6 corresponding to the starting aldehydea. The yields are 

high even in the presence of other reducible groups (c.p., N02.C1) or part6 of the same group 

(I.E. * 
7 

C=C conjugated 61th C-0. by COn6lderlng their combination a6 a single functlonal group). 

Thus the observed reduction la also a chemo- and regio-selective reaction. 

Selectivity in reduction reactions ha6 been the object of great attention by numerous authors. 

In particular. in the case of Q. p -un6aturated carbonyl derlVatiV6a, it 16 Important to obtain 

only producta of carbonyl reduction without concomitant reduction of C=C double bond, and, for 

thi6 aim. variou6 reagenta have been proposed such aa AlH 
8 

3' 
N&H4 in the presence of lenthanide 
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chlorides (L&l 3, C&13. SmCl3). 
9 

9-BBN. 
10 

Et3SlH. 
11 

llthlum fi-butylborohydrids 
12 

or diisobutyl- 

slumlnw hydride. 
13 

As It can be seen in Table 1, cinnamaldehyde, which is a typical example of 0, fl-unsaturated 

aldchyde, subject to our procedure can be converted into cinnamol in virtually quantitative yield 

and in a relatively short time. 

Further, good results are observed, with a few exceptions, also In the other casts examined. in 

which other reducible groups are present In the molecule. Therefore, the reaction discovered by ue 

seeme to be an interesting procedure for the chtmo- or replo-selective reduction of nonenolirable 

aldehydes. 

Some exptrlments (not reported) carried out on nonenolirable ketones (benzophenone. trifluoro- 

l cetophenone) did not afford equally good results. a maximum yield of 2. 30% in the corresponding 

secondary alcohol having been observed in the cam of trifluoroacetophenone. So. synthetic utility 

in the case of ketonea seems to be ltse appreciable. Btsldts synthetic utility. hwevar. 

mechanistic aspects seem alao to be worthy of consideration. With thla aim re have made further 

investigations In order to establish the fate of the enolatt ion of acetaldthyde. and BO discove- 

red that it is very likely converted into ketone. We have in fact detected in the aqueous phaae 

(separated after quenching the rtactlon mixture rlth NH4Cl/H20) substantial amount8 of acetic acid 

(see EXPERIMENTAL), and this, in our view, could in turn just be formed from ketone by the known 

facile reaction with water, 
14 

aa dtplcted In Scheme 1 

Scheme 1 

I 
in /“’ w 

Q-C + 
B 

C+ta=C 

0 ‘” 
i 

‘;’ 7 P 
o-c-c-c < bu trnprmlum 1 

de A ‘” 

Ii 
I 

G-c--n + tat,= c=o 

be 

On the other hand, a8 the formation of ketent formally involves hydride migration from the 

snolate ion to the carbonyl derivative In a manner that reatmbles reduction by alkoxides (aluminum 

isopropoxide), then a similar mechanism (Ueerreln-Ponndorf-Verley) could also be hypothesized. 
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15 
It 10 well known, In fact, that such a mechuai~ can Operate In VUiOue caeee (even though 

aaM occurrence of a single-electron tranmfer SET mechanlem hae sometimea been demorutratcd), 
16 

being commonly accepted alao for the carbonyl reduction by a number of other reegento. ouch U 
17 IS 

Crignard reagents and lithium amidon. 

Further inveetigatiau. however. are in progress on thie point. 

EXPKRINENTAL 

)6S taken on a Electrotherasi qqaratus were uncorrected. 
1 

H NW? spectra were recorded on a 

Varian EU 390 spectrometer. IR spectra were recorded on a Perkln Elmer 681 spsctrocneter. 

Thin-layer chromatography (TLC) IU performed on silica gel sheet6 with fluorescent Indicator 

(stratocrom SIF. Carlo trba). Column chromatography wan carried out by uefng 70-230 mesh silica 

gel from Merck. Flash chromatography Iram conducted by using l illca gal, average particle 

60 pm, particle sire distribution 40-63 pm, 230-400 ASTU. 

site 

Materials. Tetrahydrofurm (THF) from conmorclal source (Rs, Carlo Krba) IU purified by diatllla- 

tlan (twice) from l odiw vlre in N 2 l tmoepha-e. 

Standardized (2.4 N) n-butyllithim in hexane wee from Aldrich Chemical Co.. All other cheml- 

cala (starting l ldehydee, ae well an the corresponding prlwy alcohols end other subetancoe used 

for comparison with the reaction products) were commercial grad. further purified by dietlllatlon 

or cryetalliution prior to uee. 

Reaction of aldehydes with the enolate ion of the acetaldehydo : general procedure 

to a mixture containing lithium enolate of the l cetaldehyde (32 rmole) in anhydrous TKF (25 ml), 

prepared by allowing to stand THF in the presence of butylllthium et room temperature for z. 

16 hrs ae prevlounly reported, 
4.19 

wee edded dropwise and at s. 20-C a solution of aldohyde 

(uewlly, 32 mmole: l ee Table 1) wing a nitrogen-flushed, three necked flank. equipped with a 

magnetic stirrer. a nitrogen inlet and a dropping funnel. After the reaction wu completed. the 

reaction mixture wae quenched by adding aqueous NH,Cl, the organic layer separated and ruhed 

with H20. The extracto were then dried over Na2S04 and evaporated under reduced pressure. Vnen a 

single product (4-nitrobenzyl alcohol and ci~amyl alcohol) wea obtained, the residue wan simply 

purified by recrystallization or dietillation. In the other caeee the products mixture wae eepara- 

ted by flaeh chrorrutography(ether-petrol 8:2 aa eluent) before purification. All the isolated 
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products (Tables 1 and 2) were Identical (mpe for aalid subetancos, IR, 
1 
H NMRl to authantfcal 

samplem (coamarcial). 

Detection of acetic l cid we mada directly on the aqueous layer (from the quenched reaction 

mixture) by pas chromatography using a CP 10% SP-1200/ 1% H3P0, on 60/100 Chromosorb W AU column 

from Supelco, suitable for the umlyeia of volatile (C2-C5f fatty acids in rater. 
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