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_-The reaction between an alcohol and an alkanotate in prcmncc of excess potassium 
hydroxide (the Gucrbct rurnion) has been studied, mainly with benzyi akohol and potassium lactate 
as reactants, a-hydroxy-r-phenylbutyric acid being formed in the reaction. 

1. IthPSbetnconfinnadthatthereaaionprarodsinaseriesofeomscutiw:Irtcps: 
(a) A dehydrogcoation of the hydroxyl compounds to carbonyl compounds. 
(b) Aidol Eondensation bet-n the carbonyl compounds, followed by elimination of water, 
(c)Hydrogenation of the a&unsaturated ketone formed, the orginal hydroxyi compounds 

reacting as hydrogen donors, thus initiating a chain reaction. 
(d) A dispropottionation of aklchydc to alcohol and acid under the influence of potassium 

hydroxide, this reaction breaking the chain reaction mentioned under (c). 
2. The reaction may take placc without the addition of a catalyst but it is strongly catalyscd by 

hydrogen-transferring catalysts (Haney-Ni, Pd). 
3. At relatively low temperatures (130-140”) the &hydrogenating proccas is the rate determining 

P-e 
4. At higher temperatures (16&180°) the reaction steps (b) or (c) are rate detcrmihing, most 

Ii&y @). as, if(c) were rate determining. an a~mu~ation of aldol would take place. kading to a 
poiycondensation, and no tendency of pofycondensation has been observed. 

5. At still higher temperatures other reactions. resulting in the formation of carbon monoxide 
and other destruction products, bacomc dominating. 

6. At the tempcmture at which the reaction usually has been studied (l&I-lw) the composition 
of the reaction mixture is determined by the ratio betwun the rates of step (b) and step (d). 

7. Addition of the z&unsaturated ktione presumed as intermediate to the naction mixture 
allows the rcactioo to proceed at considerably lower temperature than without such addition, thus 
improving the yield as the temperature co&cimt of step (d) is higher than that of(b) and (c). 

GUEREET’ discovered in 1899 that when a potassium alkanoiate is heated to about 
300” with the corresponding alcohol condensation takes placc, leading to an alcohol 
with the double number of carbon atoms. Besides, with evolution of hydrogen, one 
mole&e of the alcohol is dehydrogenated to the corksponding carhoxylic acid, tbc 
overall reaction being expressed by Guerhet by the stoichjometric equation: 

CHI(CH3.CH,OK + 2 CH&ZH,I.CH,OH - CH,(CH.).CH,CHCH, OH 
-i-CH&X&XOK + ZH, 

By prolonged beating alcohols with 3 or 4 times tbe number of carbon atoms of the 
original alcohol may he obtained. 

Since then the reaction has been studied porously by several autbors~ and differ- 
ent suggestions for the mechanism have ken put forward. It has ken found that the 
reaction is catalysed by metals usually acting as hydrogenation catalysts (Ni, Pd). 

* M, Gwbct, CA. Ad sci., Pdr m?, 51 t ; 1002 (1899). 
’ H. Machemer, Angrw. C&m. 64,213 (1952). 
* Ch. Weizmann, E. Bergmann and M. Sulzbacher, J. 0~. Chum. 15, 54 (1950). 
‘J. &Ilk. C.R. Acod. Scl.. Paris 233, 1628, (19Sl). 
6 E. I-‘. Pratt and 0, C. Kubkr, J. Am. Chem. Sot. 76.52 (1954). 
l R. E. Miller and G. E. Bennett, II& e. Chm, 53,33 (1961). 
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Common for most of the suggestions is that 3 different stages have to be considered, 
oiz. a dehydrogenation of the alcohol to the corresponding carbonyl compound, an 
aldol condensation followed by crotonization between two molecules of the carbonyl 
compound, and a hydrogenation of the unsaturated aldehyde to a saturated alcohol. 
As a side reaction, two molecules of aldehyde may under the influence of potassium 
hydroxide at the elevated temperature (uncatalysed reaction about 300”, catalysed 
150-200”) undergo a Cannixzaro-like dismutation to alcohol and carboxylic acid, 
but at the lower temperature of the catalysed reaction much less carboxylic acid is 
found than in the uncatalysed reaction, especially when the water formed in the 
reaction is removed continuously. 

It is thus generally assumed that at least the following 4 consecutive reactions are 
invoived in the overall reaction: 

(1) 2 CH,(CHI).CH,OH -c 2 CH,(CH,).CHO + 2 H, 

(2) CHI(CHACH0 + CH,tCH&.CHO - CH,(CH,hCH&CHO + H,O 

KHA-,CH, 

(3) CH&HL).CHdCHO + CH~CH~.CH,OH -. 
O-M.-,CH, 

CH,KH,l.CH==&H,OH + CH,(CH,).CHO 
GU-KH, 

(41 CH~CHI)~CiidCH,OH i CH,(CH,).CH,OH -. 
@XL,CH, 

CHKHXH,CEiCH,OH + CH&Z?i&XO 

The sequence of these 4 reactions has not, however, been determined but it is 
seen that once initiated by the dehydrogenation reaction of the alcohol it may proceed 
as a chain reaction in which the formation of a carboxylic acid will break the chain. 

In a long series of papers Haga’-‘* has studied this reaction, using Raney-Ni as 
catalyst, potassium salts of hydroxycarboxylic acid as one reaction partner and 
different primary alcohols as the other reaction partner. He found that with active 
primary alcohols such as benzyl alcohol or p-methoxybenzyl alcohol high yields of 
hydroxysu~titut~ acids containing the total number of carbon atoms of the two 
reactants were obtained. He therefore regarded the reaction as an example of the 
Cuerbet reaction. 

As we became interested in an investigation of the reactivity of the Me group in 
lactic acid we repeated some of the experiments of Haga and extended them in 
different ways. We found that the reaction may proceed without the addition of a 
catalyst, but the yields are very much improved when Raney-Ni is added as catalyst. 

In order to see if the catalytic effect could be due to the surfaceactivity of finely 
divided particles we compared the cataiytic effect of Cu-powder, of norite, of Pa-C 
and of Raney-Ni. A very great difference in catalytic effect of Cu powder and norite 

’ T. Haga, Sippon Kqaku Zprslri 81,272; 274; 277 (1960); Chem. Absrr. 55,637O (1961). 
* T. Haga. Kupku Zatshf 81,944; 948 (1960); Chem. Abstr. 56,311 (1962). 
l T. Hap. KI@CY Zasshi 81, If 13; 1116 (1960); Chem. Abstr. 56.5827 (1962). 

1’ T. Haga and M. Sate. Kizgaku ZarJhi t& 609 (1962); Ckm. Absrr. 59,433 (1%3). 
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on one side and of Pd-C or Raney-Ni on the other side was found, indicating that a 
catalyst able of transferring hydrogen from one molecule to another is essential for 
a good yield of the reaction. 

The reaction between benzyl alcohol and potassium lactate, catalysed by Raney-Ni, 
was studied most thoroughly. According to the scheme outlined above, the following 
part-reactions were presumed: 

(9 2 C,H&H,OH + cat - 2 C,H,CHO + (cat, 4H) 

(6) CH,CHOHCOOK i- cat - CH,COCOOK + (cat, 2H) 

(7) C,H,CHO + CH,COCOOK -. C,H,CH=CHCOCOOK + H.0 

(8) C,H&H=CHCOCOOK + C.H,CH,OH utc 

C,H,CH-CHCHOHCOOK + C&CM0 

(8a) C,H,CH-CHCOCOOK + CH,CHOHCOOK 2 

C,H&HSHCHOHCOOK + CH,COCOOK 

(9) C&CH=CHCHOHCOOK + C,H,CH,OH % 

~H,CH,CH,CHOHCOOK + C,H,CHO 

(9a) C,H,CH-CHCHOHCOOK + CH,CHOHCOOK % 

C,H&H,CH,CHOHCOOK + CH&OCOOK 

(10) 2 C&CHO + KOH - C,H,CH,OH -t C,H,COOK 

(11) (cat,4H)i(cat,ZH)~Zcat+3H, 

Of these reactions (5) and (6) must be regarded as processes initiating the chain 
reactions (7) to (9). (10) is a chain-breaking process, the action of which is compensated 
for by (5) and (6), these reactions not being exclusively restricted to the induction 
period. 

It is seen that the hydrogencvolving processes are (5) and (6) combined with (11). 
Reaction (10) is decisive for the scope of the hydrogen formation as it is the only one 
which uses up aldehyde without regenerating it in a following reaction. 

The crotonization reaction (7) is the essential reaction in the whole scheme but, 
as pointed out,*+4*6*11 the carbonyl compounds are principally formed in the hydrogen- 
transferring reactions (8)-(8a) and (9)-(9a). A corroboration of this assumption has 
been obtained by adding to a system of alcohol and alkanolate the aldehydc corre- 
sponding to either the alcohol considered or to the alcohol formed in the Guerbet- 
reaction at a temperature lower than the one at which the Guerbet reaction can 
usually be carried out. An increase of the yield of the final alcohol more than equiva- 
lent to the amount of aldehyde added was obtained, indicating that the chain reaction 
may be initiated by addition of aldehyde. 

In order to obtain a more thorough understanding of the mechanism of the 
reaction WC in some experiments collected the hydrogen evolved and found that the 
volume corresponded to about 0.3 moles of hydrogen per mole of a-hydroxyy- 
phcnylbutyric acid (2.5-2.8 moles per mole of benzoic acid) formed, when no inter- 
mediate product was added. 

Ia J. Belle and L. Bourgeois. Mem. serv. chim. ht. Punk 87 (1956); Chem. Abe. S&l6182 (1958). 
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As mentioned* the yield of the Guerbet reaction improved when one of the 
intermediate products, the aldehyde, ~8s added to the rtaction mixture and the 
reaction carried out at 8 temperature lower than that ordinarily used in the non- 
catalysed Gucrbet reaction. 

We studied the effect of adding another of the intermediates, uiz. the crototition 
product formed in reaction (7), to the reaction mixture in experiments with Haney-Ni 
as catalyst. Two series of experiments, with benzyl alcohol and potassium lactate 
as reactants, were carried out under identical conditions as to temperature, time of 
heating and amount of catalyst, but in one of the series potassium benzylidenepyruvate 
was substituted for about 10% of the potassium lactate and an equivalent amount of 
benzyl alcohol. The volume of hydrogen evolved, the yields of a-hy~oxy-~-phcnyl- 
butyric scid and, in some instances, the yield of benzoic acid were determined. A 
survey of the results obtained is given in table 1. 

The results may be summarized as follows. 

1. The addition of potassium benzylidenepyruvate in an amount of about 10% 
of the reactants caused a decrease of about 30% in the volume of hydrogen evolved. 
The influence of the addition is possibly decreasing with increasing reaction tem- 
perature but the figures registered here are not sufficiently significant to be taken as a 
proof of this effect. A temperature dependence as indicated would mean that the 
reactions (8), (8a), (9) and (9a) arc favoured by the addition of potassium benylideno 
pyruvate, thus causing a formation of benzaldehyde and pyruvic acid 8t a lower 
temperature than that at which the reactions (5) and (6) take place. 

2. The molar ratio between hydrogen evolved and a-hydroxy-y-phenylbutyric 
acid formed is very considerably decreased by the addition of potassium benzylidene- 
pyruvate. This ratio is dependent on the reaction temperature, the effect of the 
addition of the intermediate decreasing with increasing reaction temperature. At 
130”, the lowest temperature investigated, the addition of about 10% of the inter- 
mediate causes a drop in the molar ratio from about @35 to about O-03. 

3. In experiments without addition of the intermediate no sign&ant dependence 
on the temperature of the ratio mole of hydrogen: mole of a-hydroxy-y-phenylbutyric 
acid is found. 

4. The molar ratio between benzoic acid and a-hydroxy-y-phenylbutyric acid 
formed seems to be O*lO-O*lS at 130’. This ratio seems to be independent of the 
addition of the intermediate. From the experiments registered here no conclusion 
as to dependence of the ratios hydrogen evolved: benzoic acid formed or benzoic 
acid: a-hydroxy-y-phenylbutyric acid formed on the temperature can be drawn. 

5. At 130” and to 8 ksscr degree at 160” the addition of the intermediate causes an 
absolute increase in the yield of a-hydroxy-~-phcnylbuty~c acid. This is seen by 
comparing the yields after deducting in the experiments with addition of intermediate 
the amount of a-hydroxy-y-phenylbutyric acid resulting simply from the hydrogen- 
ation of the added intermediate. 

ln another series of experiments WC tried to compare the reactivity of benzyf 
alcohol and of ~clohcxylmethanol. Prelimina~ experiments had shown that the 
aIicychc 8IcohoI reacted much more slowly than the aromatic. Therefore we investi- 
gated the reaction of 8 mixture of benzyl alcohol and cyclohexyimtthanol with 
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potassium lactate, catalysed by Raney-Ni, analysing the reaction product for 
contents of a-hydroxy-y-phenylbutyric acid and a-hydroxy-ycyclohcxylbutyric acid. 
Table 2 gives a survey of the results, showing that the difference in reactivity seems to 
decrease with increasing temperature. 

DISCUSSION 

From the experiments described above some information on the mutual relation- 
ship between the part reactions of the Guerbet reaction may be deducted. 

At 130” the addition of the postulated intermediate potassium benzylidene- 
pyruvate causes a considerable incrcasc in the yield of a-hydroxy-y-phenylbutyric 
acid. A possible interpretation of this effect is that the chain reaction (7)-(g) is made 
independent of the initiating processes (5) and (6) by the addition and proceeds at a 
higher rate than (5) and (6). This will mean that the dehydrogcnation of the alcohol 
is facilitated when the hydrogen can be transferred to an acceptor instead of being 
stored on the catalyst (see (5) and (6)). Thus, at the temperature considered here, the 
dehydrogcnation processes seem to be the rate determining processes, the aldol 
condensation being rapid as compared with the dehydrogenation processes. 

In the chain reaction the amount of aldehyde and kcto acid produced is the same 
as the amount used up. A chain-breaking reaction is (IO), using up benzaldehyde 
without reproducing it. The overall result of the reaction will therefore be dependent 
on the ratio between the rates of the initial processes (5) and (6). the consecutive 
reactions (w9) and the chain-breaking process (lo), at all events in the reactions 
where the chain-mechanism is not initiated by the addition of the intermediate. 

A priori it cannot be excluded that the mechanism followed when the inter- 
mediate is added is different from that followed without addition of intermediate. 
As, however, the ratio a-hydroxy--/-phenylbutyric acid/benzoic acid is practically 
the same in the two instances it seems reasonable to conclude that the ratio between 
the rates of the two overall processes aldehyde + a-hydroxy-y-phenylbutyric acid 
and aldehyde + bcnzoic acid, too, is the same. The rate of the overall reaction 
aldehyde + benzoic acid cannot be influenced by the addition of the intermediate 
which thus, according to the just mentioned statement, also is without influence on the 
overall reaction aldehyde --c a-hydroxy-y-phenylbutyric acid. 

At 130” the Guerbet reaction thus follows the same mechanism from (7) to (lo), 
independent of the addition of an intermediate. As the chain reaction proceeds 
without hydrogen being evolved it is natural that the molar ratios between hydrogen 
and a-hydroxy-y-phenylbutyric acid and hydrogen and benzoic acid decrease con- 
siderably on addition of the intermediate as most of the aldehyde used up in the 
chain reaction is formed without evolution of hydrogen. 

A comparison of the experiments at 130” and the experiments at 160” shows that 
at 130” the net yield of a-hydroxy-y-phenylbutyric acid increases from 4.1% to 
13.2% as a result of the addition of the intermediate (the net yield is the total yield 
minus the amount of acid formed by simple hydrogenation of the intermediate 
added), at 160” the net yield is increased from 49 ‘A to 53 %. The absolute increase in 
yield is thus 9.1% at 130” and 4% at 160”. 

These figures allow some conclusions as to the relative temperature coefficients of 
the dehydrogenation processes (5) and (6) and of the chain reaction (7)-(g). The 
chain reaction can be maintained only by compensation for the aldehyde used up in 

11 
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reaction (10) through the dchydrogenation reactions (5) and (6). At 13OO” the rate 
of these reactions are not su5cient to maintain the chain reaction, and the dehydro- 
genation reaction is thus the rate determinin g reaction at this temperature. At 160” 
the overall reaction proceeds with approximately the same rate with and without the 
addition of the intermediate. This means that the rates of the dehydrogenation 
reactions increase more rapidly with increasing temperature than does the rate of 
the chain reaction. 

The reaction (10) uses up aldehyde without formation of a-hydroxy-y-phenyl- 
butyric acid. This means that if the temperature coefficient of (10) is higher than that 
of the chain reaction the increase in net yield caused by the addition of the intermediate 
will decrease with increasing temperature, thus exactly the effect found in the experi- 
ments mentioned above. 

Extrapolating these considerations to temperatures higher than 160’ it is to be 
expected that the rate determining process is no longer the dehydrogenation process 
but another step of the overall reaction. 

Deciding for the yield of the Guerbet reaction is the ratio between the rates of the 
main reactions (7)-(g) and the chain-breaking process (10) (and particularly between 
the aldol condensation (7) and reaction (10) as these two reactions compete for the 
aldehyde present). 

A search of the literature on the Guerbet reaction seems to substantiate this 
conclusion as it can be seen that alcohols of which the corresponding aldehydes are 
poor partners in the aldol condensation will give lower yields in the Guerbet reaction 
than alcohols of which the corresponding aldehydes readily give rise to an aldol 
condensation. 

Apparently contradictory to this we found that the reactivity of benxyl alcohol 
towards potassium lactate is greater than the reactivity of cyclohexylmethanol, 
notwithstanding the fact that the deactivating effect of the phenyl group on the 
carbonyl group in benzaldehyde should make this aldehyde less adapted to an aldol 
condensation with potassium lactate (or pyruvatt) than cyclohexanecarbaldchyde. 
This is true, however, only at temperatures above the limit where the dehydrogenation 
reaction is the rate limiting reaction. An explanation of this may be that benxyl 
alcohol is more readily dehydrogenated than cyclohcxylmethanol. This being the 
case, the difference in reactivity should decrease with increasing temperature, in 
accordance with the experimentally found results. 

Miller and BonnctP studied the Guerbet reaction at temperatures as high as 300”. 
They found no influence of the addition of intermediates which corroborates the 
theory that at high temperatures the dehydrogenation processes are not rate deter- 
mining. They also found that at 300” not only hydrogen but also alkanes and carbon 
monoxide is formed, thus indicating that several side reactions take place, obscuring 
the interpretation of the results obtained. 

An extension of the investigation to long-chain aliphatic alcohols reacting with 
potassium lactate failed to give results as potassium lactate is so sparingly soluble 
in such alcohols that the reaction had to be heterogeneous not only with regard to 
the catalyst but also with regard to one of the reactants (hexadecyl alcohol selected 
as an example). 

In other experiments we used glycols (from 1Jcthanediol to 1,bhexanediol) as 
reactants together with potassium lactate. The reaction with glycols proved to be 
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very complex as thin-layer chromatography of the mixture of acids obtained showed a 
considerable number of acids, none of which could be regarded as the main product. 
These experiments were, therefore, discontinued. 

EXPERIMENTAL 

Pomsfum kactate was prtpprod from wmmcrc’ tally available lactic acid wntining 5-10% water, 
by neutralizing it with KOH and evaporating the resulting salt soln to dsyous at SO mm Hg and loo”. 
In o&r to remove water as completely as possible the salt was dissolved in aha EtOH and the soln 
again evaporated with stirring 30 min at 50 mm Hg and loo”. Alternatively wmmcrckhy available 
ethyl kct~tc was saponitkd by rctluxing it with KOH for 1 hr and isolating the dry K salt as described. 

Brnryl ul~~lrol was a wmmercially available product of Purwn quality (Fluka). 
Cycf&.+nrr~~ was prcparuVg and redistilled to a gas chromatographic purity higher than 

98%. 
Pofassfum &nxyli&~p~mmrc was prepared from bctuahkhyde and pyruvic ~cid.~’ 

Gneralprocedure 

A Pyrex-glass reaction flask was stoppered with a stopper, quipped with a stirrer and a water 
separator of &an-Stark-type wllodctdd to a rcflux condenser. Laaic acid or ethyl lactate (usually 
@25 mok) and KOH (usually 0+32 mok) were introduced into the tlask which was then pkad in an 
&c&ally heated silicone oil bath quipped with an ctlkknt stirrer. Stirring was started and water 
(and EtOH) evaporated as mentioned above. 

Bcnzyl alcohol (usually @29 mok) was added to the dry amorphous mixture of potassium lact~e 
and cxcea KOH at 100”. When a homogeneous soln had heen obtained the Bask was removed from 
the bath and cookd to room temp. Then Raney-Ni was added and the flask again placed in the 
silicone oil bath heated to the tanp at which the experiment should be carried out. As soon as the 
viscosity of the reaction mixture made it possibk. stirring inside the Bask was started. In most 
cxpcrimeots the reaction tunp (lS&l~) was high enough to allow tho water&ho1 azeotropc 
usually formed in the -ion to rach the water separator, thus making it possibk to follow the 
coum of the reaction. 

When no more water -ted out or, in other experiments. after heating for the prescribed 
time, the reaction mixture was cookd to room temp. water was added and the aqueuus soln extracted 
continuously with ether in order to remove excess alcohol and non-acidic by-products. The aqueous 
layer was then acid&d and the organic acids formed in the reaction isolated by extrection with two 
portions of ether, most of the unreacted lactic acid remaining in the aqueous phase. 

By evaporating the ether soln crude a-hydroxy-~phcnylbutyrk acid was isolated as brownish- 
white crystals with m.p. about loo”, the m.p. of the pure acid being 104~S-10S”*~. The crude acid is 
wntaminated with a few % of benxok acid. 

The yields obtained were cakulated from the weight of crude acid, disregarding its content of 
bcnxok acid. Table 3 summar&s the results. 

It is seen that the yield with Rancy-Ni or Pd< as catalyst is about twice as high as when no 
catalyst, Cu-bronze or noritc is used. Experiment 12 shows that at all event WC has lost its catalytic 
activity when isolated after the reaction. Experiment 17 shows that the yield is the slmt with sodium 
lactate as with potassium lactate. The Na salt is. however, much less solubk in alcohols than the 
K-salt. It is therefore preferable to use the K-salt. 

In order to estimate the composition of the mixture of acids formed in the Gucrbct reaction the 
audc acids isolated wtrc converted into Me esters which werethen separated gaschromatographkally. 
using a I m siliconacoa ted celitecolumn. 

The MC cstct3 were prepared according to a slight moditkation of the rn~thod.~’ 100 mg of 
the mixture of acids were rcfluxcd for 1 hr with 4 ml of a 14% soln of BF, in abs MeOH. then 

‘a H. Gilman and W. E. Catlin, Org. Synth. (2nd Edition) Vol. I. p. 188 (1964). 
I’ M. Rcimcr. J. Am. C&m. Sot. 6 7811(1924). 
I* R. Fittig and N. Pctkow. L&&gs AM. 299.32 (1899). 
*’ L. D. Metcalfe and A. A. Schmiy AmIyr. C/rem. 33.363 (l%l). 
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TABLE 3. &N?AtUSON O? CATALYSZfl AND UNCATALYSZD RoACllONS 

Exp. No. 
---_- _ -. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
13 
14 
15 
16 
17 

GlIalyr1. g 

Copperbronze. @I 
Coppcrbronxc, 0.1 
Coppcrbronxe. 0.1 
Copperbronze, 0.5 
Rancy-N i 0.S 
Ramy-Ni 0.5 
Rancy-Ni @S 
Rancy-Ni 0.5 
No catalyst 
10% PdC. 1 g 
10% Pd-C, I g 
Cat. used 2nd time 
Norite. 1 g 
No catalyst 
No catalyst 
No catalyst 
(Sodium salt) 

Reaction time 
_- .---_. 

4 hr 20 min 
4 hr 
4 hr 
4 hr 
10 min 
20 min 

1 hr 12min 
4 hr 
4 hr 
40 min 
4 hr 
4hr 
4 hr 
4 hr 

5 hr 30 min 
Shr30min 

6hr 

- ._. Tap Yield % 
._-- - .- ~_.__. _. 

180-185” 26.8 
18G185” 22.4 

180’ 29.4 
180” 19.8 
180” 50.9 
170” 63.4 
160° 69.5 
150” 68.5 
185’ 18.5 
180” 62.5 
1SO’ 63.8 
1SO” 34.2 
1 SO” 30.8 
150” 34.9 
190” 21.8 
190” 24.4 
190” 29-O 

20 ml ice-water were added and the Me esters taken up in “hexanc” (hp. 62-82’) by shaking the 
4~0~s roln vigorously with SO ml hexanc for 1 min. washing the hexan+soln with 20 ml D2N 
NaHCO,, separating the non-aqueous phase and fInally isolating the esters by distilling off the 
hemme through a 45 cm Podbielniak column to prevent loaa of the most volatik of the esters, the 
methyl bulzoatc. 

The retention times of methyl knxoatc and of methyl a-hydroxy-y-phcnylbutpte were detcr- 
mined using authentic sampks, and the composition of the ester-mixturea isolated were cakuktcd 
by comparing the chromatograms of that mixtures with chromatograms of mixtures of methyl 
bcnzoatc and methyl a-hydroxy-y-phenylbutyrate with known content of methyl knxoatc. 

The figures for bcnxoic acid and a-hydroxy-y_phcnylbutyrk acid indicated in Tabk 1 
(Experimenta no. A 74-A 77) arc determined by this method. 

Effect of addition of petasshm benzykicnepyrmtr on the rcolution of h$rogcn and the fommtion of 

hya?oxyy-phrnyibutyric acid 

Two paralkl series of experiments were run. the one following the general procedure whcreaa in 
the other potassium bcnxylidencpyruvatc was substituted for about 10% of potassium lactate and 
the quivalent amount of bcnzyl alcohol. In both series the amount of hydrogen cvolvcd, of po- 
taasium a-hydroxy-y-phenylbutyratc, and of potassium bcnxoatc formed were determined. The 
hydrogen was collected in a gas-burette by equipping the top of the rcflux condenser with an outlet 
tube connected by a rubber-tubing to the gas-burette. The gas-burette was adiustcd IO zero at room- 
tcmp after addition of catalyst and intermediate to the reaction flask, and the system was again 
cookd to room tcmp before reading the volume of hydrogen after termination of the heating. 

The reaction was interrupted before running to compktion in or&r to facilitate the detection of 
a possibk effect of the addition of the intermediate. Therefore, these experiments were run at a 
rather low reaction temp and with short reaction times. Consqucnt upon this the water-alcohol 
amotropa did not reach the water separator and thus water was not removed during the reaction. 

The ester mixture resulting from the aterifkation of the crude reaction product from the cxpcri- 
mcnta with addition of potassium benxylidenepyruvate did not contain the ester of the corresponding 
x$-unsaturated kctoacid. This might be due to hydrolysis during the conversion of the K salts to 
acids. We found, however, that treatment of authentic potassium benxylhkncpynrvatc with the 
BF,-McOH reagent as dcscribcd above for the rncthyktion of the free acids gave a Me ester which 
could easily be separated from both methyl knzoate and methyl a-hydroxy-y_phenylbutyrate 
gas chromatographically. We found, on the other hand, that Ma esters prepared dirqtty from the 
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mixture of salts formed in experiments with addition of potassium bcnzylidcntpyruvatc, when gas 
chromatographed, did not show any trace of methyl bcnxylhkncpyruvatc. We, therefore. arc 
co&dent that the potassium bcnxylidenepyruvate added has been compktely hydrogenated to 
potassium a-hydroxy-y-phenylbutyrate during the reaction. 

Coqrmr&on o/ rhe velociry of reaction of cyclohexylnwthmol and of benzyl alcohol with potassiwn 
lactate 

This investigation was complicated by the fact that potassium lactate is only very slightly solubk 
in cyclohexylmethanol. even at the tcmp at which the reaction is carried through, whereas it is solubk 
in benzyl alcohol. We therefore had to carry through the investigation by using a mixture of benzyl 
alcohol and cyclohcxylmethanol with sufhiient bcnzyl alcohol to form a homogeneous solution at 
the tcmp of the reaction. The acids formed were isolated, converted to Me esters and analyscd gas 
chromatogmphically. using a 60 cm rcoplex column. It had been found previously that the retention 
times of methyl-z-hydroxy-y-phenylbutyrate and of methyl a-hydroxy-~-cyclohexylbutyrate are 
suRkicntly diffcnnt to allow a separation when thiscolumn is used. whereas nearly identical retention 
times were found for the two esters when a silicone column is used. 

The results are recorded in Tabk 2. 
The acid a-hydroxy-ycyclohexylbutyric acid has to our knowkdgc not been described in the 

literature and we. themfore, would like to give the following figures. 
The acid was isolated in 30% yield from experiment A 81. White, somewhat oily crystals with 

m.p. 98-100” after 2 rccrystallizations from benzene. m.p. 102~S” after recrystallization from water. 
(Found: C. 63.72: H. 9.43. Cak. for Ci,H,,O, (2862): C, 64.49; H. 9.74%) 

IR and NMR spectra showed ckarly that the acid is different from a-hydroxy-y-phenylbutyric 
acid. 

Thanks arc due to the International Research Organisation Stichting I/ra for financial support 
which has enabkd us the carrying out of the investigation described above. 


