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ASYMMETRIC SYNTHESES WITH
R-a-HYDROXYPROPIONALDEHYDE

TEMPERATURE DEPENDENCE OF THE DIASTEREOMERIC
PRODUCT RATIO
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Abstract—In an effort to test the applicability of the semi-empirical model for asymmetric induction® to reactions of
a-hydroxycarbonyl compounds, we monitored the diasterecomeric ratio of diols obtained from the reactions of
R-a-hydroxypropionaldehyde with LAH, MeLi and PhLi as a function of temperature and reagent concentration.
In all these reactions the predominant diastereomer had the RR-configuration. However, whereas the dias-
tereomeric product ratio of the first two reactions was enthalpy controlled, i.¢. enthalpy favored the “‘correct™ or
predominant diastereomer, that of the reaction involving PhLi favored the “incorrect”, of minor diastereomer. In
this reaction the diastereomeric ratio was entropy controlled. The usefulness and limitations of this model are

discussed.

The open chain model' and its variations,” which are
used to predict product stereospecificity for asymmetric
synthesis with carbonyl compounds bearing an asym-
metric C atom directly bonded to the CO, suffer from
occasional inconsistencies’ with respect to the relative
steric bulk of the groups attached to the a-carbon and
the nature of nonbonded interactions controlling
stereospecificity. Particularly the models apply poorly*
when one of the groups attached to the asymmetric
carbon is polar such as hydroxy or amino, and can
coordinate strongly with the attacking reagent.

Karabatsos,’ applying the Curtin-Hammett* principle
proposed that in addition reactions to carbonyl com-
pounds, the diastereomeric product ratio at a given tem-
perature depends only on the free energy difference
(AAGZs) of the two diastereomeric transition states and
not on the individual ground state energies of the various
conformations of the reactants as assumed in the pre-
vious models.'?

In order to predict the diastereomeric product ratio
and since the structures of the transition states are not
accessible experimentally, the following assumptions
were made:*” (a) The two transition states resemble the
reactants; (b) The two transition states controlling
product formation have the incoming group nearest the
smallest group of the a-carbon; and (c) the product ratio
reflects the magnitude of the carbonyl eclipsed interac-
tions, M0 and 1.~0. .

It was pointed out’ that the predictions of the model
are limited because: (a) The model neglects interactions
other than the Me—O and L~O; (b) the model cannot
account for differences in the solvation of the two dias-
tereomeric transition states; and (c) there is no good way
to evaluate differences in relative nonbonded interactions
as a function of the effective size of the incoming group.
The model effectively applies to cases where AAHZ,
controls AAGZ» and AASZs is minimal. In cases where
AASZ, is large any success that this, or any other model,
may have would be fortuitous.

In the present paper we will discuss the applicability of
the model to reactions of carbonyl compounds bearing a

polar group (OH) on the asymmetric carbon alpha to the
carbonyl as AASZ, values are expected to be significant.’
We will concentrate on additions to R-a-hydroxypro-
pionaldehyde and the effect that vanation in tem-
perature, reagent and concentration of reactants have on
product stereospecificity.

RESULTS

Optically active R-a-hydroxypropionaldchyde pre-
pared from L-threonine by the ninhydrin method,” was
used in all experiments. Its structure and stereochemistry
were confirmed by reduction with LAH to D-1,2-pro-
panediol as well as by the NMR spectra of the monomeric
aldehyde and its 2,4-dinitrophenylhydrazone. LAH, MeLi
and PhLi were allowed to react with R-lactaldehyde at
different temperatures and the diastercomeric product
ratio and the absolute configuration of the diols were
determined by polarimetry, NMR spectroscopy and total
synthesis (Experimental).

The free energy differences between the two transition
states leading to the products were calculated according
to the Curtin-Hammett principle.* AAGas = RT In (A/B).
From these values the differences in enthalpy and en-
tropy were determined by the use of known ther-
modynamic relationships.

Table 1 shows the ratio of the diastercomeric 1,2-
propanediols-1-d produced by the reduction of R-lac-
taldehyde with LAD in the temperature range 35° to
-42.

The ratio and the absolute configuration of the dias-
terecomeric 1.2-propancdiols-1-d, were determined from
the NMR of their p-NOy-benzylidene derivatives 1 and 2.
The stercochemistry of the RR- and RS-1,2-propane-
diols-1-d, has been established by total synthesis from
the cis and trans-1-bromopropenes.® To calculate the
ratio of the diastereomeric products we prepared the
p-nitrobenzylidenc derivatives of 1,2-propanediols, 1, 2
and 3. The C-1 hydrogens of 3 appear as two doubles
(Jpm =7.8Hz) at 7 =59 for the hydrogens cis to the
deuterium on C-2 and at 7 = 6.5 for the hydrogens trans
to the deuterium.
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Table 1. Effect of temperature on the reduction of and addition
of organolithium compounds to R-a-hydroxypropionaldehyde*

in ether
Temp. Product®* - AAG"
*C  Reagent Products RR-RS  natio calimole
LAD* 1.2-propanediols-1-d
35 56.1 49 1.7 146 = 50
29 571 29 1.33 170+ 38
0 58.4 416 1.40 18235
-2l 59.0 41.0 1.4 18236
- 42 . 600 400 1.50 185+26
MeLi? 2,3-butanediols
35 60.6 394 1.53 259+ 50
15 610 390 1.56 25348
-3 62.2 378 1.64 264+ 45
-13 63.0 37.0 1.70 273+ 40
- 15 62.8 372 1.68 265+ 40
-43 63.5 36.5 1.73 249+ 39
~65 65.6 344 1.90 264237
PhLi¢ 1-phenyl-1.2-propanediols
3s 73.0 210 270 605 + 65
16 2.7 n3 266 559 =60
0 no 280 2.57 510 =52
- 13 719 28.1 2.58 481+ 47
-30 70.0 30.0 233 03=4
~-60 68.0 320 2n 316235

“The concentration of the aldehyde in all reactions was 0.25
molar.

*The values are the average of 3-4 experiments.

‘Concentration 0.25 molar in final volume. Molar ratio of
substrate: reagent was 1:1. Stoichiometry of the reaction for
reduction and complexation with a-bydroxy requires 1:0.5.

“Concentration 0.52 molar in final volume. Molar ratio of
substrate: reagent was 1:2.
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The important region of the NMR spectra of the
mixture of 1 and 2 shows a doublet at r = 6.4 (J = 7.5 Hz)
which has been assigned™* to the H, traas to H; of 1 and
a multiplet at r = 5.7 assigned to the H, cis to H; of 2
and the protons H; of 1 and 2. In 1 carbon-1 has the R
configuration and the diol is the RR; in 2 carbon-1 has
the S configuration and the diol is the RS.

If the absorption at 7 = 6.4, which belongs to the H, of
RR is given the value x, and the absorption at 7=15.7,
which belongs to the sum of H, of RS plus H; of RR and
H; of RS is given the value y, and since H,RR = H.RR =
x, then the sum of vicinal protons in RR is 2x and that in
RS is y-x. According 10 this, the ratio calculated from
the experimental data was 56% RR and 44% RS. From
Table 1 it can be seen that at all temperatures the
predominant diastercomer is the R-1.2-propanediol-1-d.,
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whose percentage increases with decrease of temperature,
The calculated values of enthalpy and entropy
differences (AAH” = -280cal/mole and AAS"= 4
0.4 c.u.) indicate that the transition state leading to the
RR-propanediol is more stable than the onc leading to
the RS-diastereomer primarily because enthalpy favors it
by 280 cal/mole entropy playing a minor role.

The reaction of Mel.i with R-lactaldehyde in the tem-
perature range 35° to - 65° yielded a mixture of dias-
tereomenric 2,3-butanediols. The diastercomers RR and
meso-2,3-butanediols were separated by gas chromato-
graphy on a FFAP 20%, Chromosorb W column. Their
stereochemistry was established by NMR spectroscopy
and polarimetry. The specific rotation of the one isomer
in water was [a)s..n - 10.8 a value which agrees with
the one reported in the literature’ for the RR-2.3-bu-
tanediol. The other diastereomer was the RS or meso-
diol. The NMR spectra of each diol and their acetonides
are type X;AA'X: and were analyzed with empirical
methods.” The values of the vicinal coupling constants
of the RR and RS-2,3-butanediols depend strongly on
the polarity of the solvent. Polar solvents increase the
vicinal coupling constants of the meso-diol and have the
opposite effect on the vicinal coupling constants of the
RR-diol. Thus, Ju,-Ju, of the meso-diol in deutero-
chloroform and dimethylsulfoxide-d, are 3.13Hz and
5.4 Hz respectively. The values of Jy,.u, of the RR-diol
in deuterochloroform and dimethyisuifoxide-d, are
6.9 Hz and 5.46 Hz respectively. This is probably due to
the change of populations of the trans and gauche ro-
tamers of the diastereomeric diols." Table 1 shows the
ratio of RR/meso diastereomers. The predominant dias-
tereomer in all temperatures is the (~)RR-2,3-butanediol.
The ratio RR/meso at 35° is 1.5 and increases as the
temperature decreases. Here again the reaction is en-
thalpy controlled (AAG” = - 260 cal/mole, AAH” = - 260
cal/mole). Use of methyl magnesium chloride as a
nucleophile (in a ratio R-lactaldehyde/nucleophile 1:2 in
ether) increased slightly the stereospecificity of the reac-
tion (RR/meso = 1.85 at 0°).

Reaction of phenyllithium with R-lactaldehyde gave a
mixture of diastereomeric 1-phenyl-1,2-propanediols
whose structure and absolute configuration were
confirmed by NMR, polarimetry and total synthesis.

The NMR of a mixture of diastereomers in chloroform
showed two doubletsat r =574 (J =76 Hz)and r = 5.36
(J = 3.6 Hz) which are assigned to the vicinal protons of
the RR and RS diastereomers respectively. The assign-
ment is based on comparison of their shifts and coupling
constants with those of authentic diastereomeric diols as
outlined below. (2) threo-1-Phenylpropanediol was ob-
tained by cis hydroxylation of (*) trans-1-phenyl-1-
propene. The doublet of the vicinal protons absorbed at
7 =5.65 (J = 7.2 Hz) in deuterochloroform. (=) ervthro-
1-Phenylpropanediol (53%) was obtained with (%) threo-
1-phenylpropanediol (47%) from the acid hydrolysis of
(%) trans-1-phenylepoxypropane. The doublet of the vi-
cinal protons of the erythro-diol absorbed at r—=5.25
(J=3.4Hz) in deuterochloroform. The values of the
coupling constants are in agreement with those reported
in the literature.” The coupling constants Ju,-Ju, are af-
fected strongly by the dielectric constant of the solvent.
For example, Jy,~Ju, of the RR-diol in carbon tetra-
chloride and dimethylsulfoxide-d, are 7.8Hz and 6.6 Hz
respectively and Ju, 4, of the RS.diol in the same
solvents are 3.8 Hz and 48Hz rcspccuvely Integration
of the areas at = 5.74 and r = 5.36 gives a ratio 73/27 of
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RRIRS diastereomers (reaction temperature 35°). This
ratio agrees with the results obtained by integration of
the peaks of diols estimated by gas chromatography
through a FFAP 20%, Chromosorb W Column. Purifica-
tion of the mixture of diols by distillation or gas chroma-
tography did not affect this ratio.

The major product obtained from the reaction was (-)
threo-1-phenylpropanediol (RR configuration); and the
minor product was (+) erythro-diol of RS configuration.
These products are identical to the diols obtained by
alkaline and acid hydrolysis of (+) trans-1-phenyle-
poxypropane of RR configuration. (+) trans-1-Phenyle-
poxypropane was obtained from L-ephedrine (RS
configuration) according to known methods.” Alkaline
hydrolysis with potassium carbonate of the RR-
phenylepoxypropane gave by Walden inversion at C-1
100% (+) RS-1-phenyl-propanediol.’"® Acid hydrolysis
with sulfunc acid of the epoxypropane yielded a mixture
of 62% (+) erythro and 38% (-) threo-1-phenyl-
propanediol.”” The two diastereomers are formed from
opening of the protonated (+) - trans - | - phenylepoxy
- propane (R,R; to the carbonium ion CH,-"CH-
CH(OH)YCH, and capture of it by water to give (+)
erythro diastereomer R, S, (by inversion at C-1), and (-)
threo R\R; (by retention of configuration at C-1).

The effect of temperature on the ratio of dias-
tercomeric diols as shown in Table 1 is quite interesting.
The diastereomer RS is favored as a result of entropy
(A4S” = - 2.8 e.u.) rather than enthalpy, which favors
the RR diastereomer (AAH” = + 340 cal/mole).

In the reduction of R-lactaldehyde with lithium alu-
minum deuteride and the addition of methyl or phenyl-
lithium to R-lactaldehyde the ratio of substrate to
reagent was 1:2 when the reagent was MeL.i or Phl.i and
1:1 when the rcagent was LAD. Change of the concen-
tration of the lactaldehyde from 0.35 to 0.05 molar (final
volume) had no effect on the ratio of the diastereomeric
diols for a given temperature.

DASCUSSION

The stable conformations of aldehydes about the sp’-
sp' C-C single bonds are those wherc a single bond
eclipses the double bond of the CO group.' In propion-
aldehyde, the conformer with the Me eclipsing the CO is
favored over the conformer with the hydrogen eclipsing,
by about 800 cal/mole. In a-methoxyacetaldehyde, the
energetically favored (1200 cal/mole in polar solvents)
conformer is the one where the OMe group eclipses the
CO. Assuming that the conformations of a-R-hydroxy-
propionaldehyde (R-lactaldehyde) parallel those of a-
methoxyacetaldehyde we expect rotamer 4 to be more
stable than §, and § to be more stable than 6 (Scheme 1).

H()O ()(.H. H
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According to the semiempirical model* the two low
encrgy diastercomeric transition states which control
product stereospecificity have the incoming reagent
nearest the smallest group of the a-C atom. If little bond
breaking and making occurs in the diastereomeric tran-
sition states then 7 and 8 would be the simplified re-
presentations of the two low energy transition states.
These transition states should complex extensively with
the reagent at both oxygens and differ significantly in
dipole moment and extent of solvation. Of the two, 7
ought to be more stable not only because of the stability
impartet by the pseudo-ring formation but also because
the OHeO interaction should be favored over the
Me«O interaction.

Based on the above reasoning the predicted major
diastereomer from the reduction of R-lactaldehyde
should have the RR-configuration, deriving from tran-
sition state 7 and the minor diastercomer the RS-
configuration deriving from transition state 8.

Several authors™*'* " have studied the stereospecifi-
city of addition reactions to carbonyl compounds which
bear an heteroatom (OH. NH;) substituent on the
asymmetric carbon attached to the CO and tried to
interpret their results in terms of the cyclic.”* dipolar®® or
other variations of the open chain model. However, for a
number of reactions of organolithium reagents with a-
hydroxy carbonyl compounds the predicted by the cyclic
model predominant diastereomer did not agree with the
experimental data. For example, Stoker et al.* found that
the diastereomeric product ratio of the addition of
phenyllithium to 3 - hydroxy - 3 - phenyl - 2 - butanone,
87% + threo (SR + RS) and 13% + erythro (SS + RR) was
in agreement with the prediction of the cyclic model.
However, for the addition of MeLi to 2-hydroxy-1.2-
diphenylpropanone the experimental diastereomeric ratio
threolervthro was less than unity (9/91). i.e. reverse from
the one predicted by the cyclic model. Similar results
were obtained by Cram et al..’ who found that whereas
the addition of Phl.i to 3 - methoxy - 3 - phenyl - 2 -
butanone yielded predominantly the threo isomer (90%)
as predicted by the cyclic model, the addition of MeLi to
1,2 - diphenyl - 2 - methoxy - propanonec gave pre-
dominantly the ervthro isomer. It is conceivable that
these anomalies are due to differences in solvation of the
two transition states 7 and 8 and significant contribution
of AAS:; to AAG:n

These is no extensive study on the influence of solvent
on the stereospecificity of the reactions of assymetric
synthesis with carbonyl compounds. However, there are
indications that the stereospecificity of these reactions is
increased in polar solvents. The difference in free energy
of activation for the addition of MeLi to methylbenzoin
became more negative in cther than in pentane (3AG” =
- 1.3 in ether, AAG” = ~0.75 in pentane). The dias-
tereomeric product ratio of the addition of Phl.i to
phenylacetoin is smaller in pentane (1: 5 meso/dl) than in
cther (1:10, meso/dl).* Similar results were obtained in
the addition of MecLi to 3-phenyl-2-butanone-1,1.1,3-
3-d. in ether or pentane (AAG” = -097 in ether.
AAG” = - 0.7 in pentane), and the addition of MeLi to 4
- methyl - 3 - phenyl - 2 - pentanone - 1,1,1,3 - d,
(AAG™ = - 1.05 in cther, AAG” = —-0.44 in pentanc').
The decrease in stereospecificity may arise either from
differences in the structure of Mel.i in the different
solvents or from differences in stability of the two
important transition states, with the polar solvent”
stabilizing the more polar transition state 7. The structure
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and degree of polymerization of the organometallic
reagents® and metal hydrides® in the different solvents is
by far not clucidated. Neither the mechanism nor the
molecularity of the addition reactions to carbonyl com-
pounds has been established unambiguously. ™

Temperature effects

It has been stated' that any predictions for the
stereospecificity of reactions of asymmetric synthesis
based on the model is valid only when the differences in
the free energies of activation are controlled by enthalpy.
In the present work we studied the effect of temperature
on the stereospecificity of the reactions of R-lactalde-
hyde with metal hydrides, MeLi and PhLi in order to
examine the factors which control the activation
parameters.

In the reduction of R-lactaldehyde with LAD between
35° and - 40° it can be seen (Table 1) that the decrease in
temperature favors the formation of the predominant
diastcreomer. The contribution of the entropy dif-
ferences to the free energy differences is very small and the
predictions of the model are valid.

The same effect of temperature was observed in the
reaction of MeLi to R-lactaldehyde between 35° and
- 60°. The reaction is enthalpy controlied.

In the case of the addition reaction of PhLi to R-
lactaldehyde the decrease in temperature favors the
“wrong™ diasterecomer. Linear Arrhenius plots (Fig. 1)
were obtained and both, differences in enthalpy and
entropy were found to contribute to the differences of
the free energy of activation. Unfortunately, there are
not enough published data on the effect of temperature
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Fig. 1. Arrhenius plots of reactions with R-a-hydroxypropional-

dehyde (A) Reduction with lithium aluminum deuteride, AAH™ =

=280 =30cal/mol, AAS” = +04cu. (B) Addition of methyl

lithium, AAH™ = - 260 * 30 cal/mol, AAS™ = +0.003 e.u. (C) Ad-

dition of phenyl lithium, AAH” = + 340 = 40 cal/mol, AAS” =
-28e.u.

on asymmetric synthesis. In Table 2 we include five
categories of reactions of aldehydes or ketones with
organometallic reagents where the effect of temperature
was studied: (1) reactions where R is branched (iso-
propyl, t-butyl, neopentyl), (entries 2-6) (2) reactions

Table 2. Activation parameters in the asymmetric addition reactions to ketone R,R,CH-COR in ether at

3seC

Ketone ~-AAG”  -AAS” - AAS”

No R, R, R Reagent cal/mol  cal/mol e.u.
1 C.H, CH, CH,* LiAlH, 600 900 -09
2 C.H, CH, CH(CH,), LiAIH, 910 200 2.4
3 CeH, CH, C(CH,,* LiAIH, 2100 2700 -20
4 Hs CH, CH,C(CH,)y¢ LiAlH, 150 - 300 14
5 C.H, CH, CH,C(CH,)yY C¢H,Ls 810 640 06
6 C.H, CH, CH,C H CH,CH,Mgl! 740 680 0.2
7 CGH, C,H, H* LiAID, 200 400 -06
8 CH, CH(CH,), H¢ LiAID, $20 500 0.1
9 CH, CH(CH,), CH,* MeMgl' 140 400 -09
10 C,H, CH, CH,* LiAlH, -4 150 -0.6
11 (CH,C CH, CHy* LiAlH, 100 - 800 3.0
12 (CH),C CH, CHy* MeMgCH 700 -2700 10.0
13 CH, OCH, CH/ Mel i 520 40 1.8
14 CH, OH He LiAID, 150 280 -04
15 CH, OH He McLi 259 260 0.00
16 CH, OH H* C Hla 600 - 340 28
17 (C¢H,) (Me)CHCH,COMc* C H MgBr 490 $90 -03
18 CH,(Me)CHCH,COCH* MeMgBr -200 50 -0

°Y. Gault and H. Felkin, Buil. Soc. Chim. Fr. 1342 (1960). M. Chcrest, H. Felkin and N. Prudent. Tet.

Letters 2199 (1968).

*G. J. Karabatsos, C. Zioudrou and 1. Moustakali, Tet. Letters 5289 (1972). C. Zioudrou et al.,

unpublished results.

<C. Zioudrou, P. Chrysochou, G. J. Karabatsos. D. H. Herlem and R. P. Nipe, Tet. Letters 5293 (1972).
“T. A. Althuis, Ph.D. Thesis, Michigan State University (1968).

‘L. Valles, Master's Thesis, Michigen State University (1970).

'Y. Ara, Ph.D. Thesis, Michigen State University (1971).

fPresent work.

*T. ). leitereg and D. J. Cram, J. Am. Chem. Soc. 99, 4011 (1968) (1.3-asymmetric induction).

‘Temperature 25°.
'Solvent THF and temp. 66°.
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where the medium size group of the asymmetnc a-
carbon is alkyl other than Me. (entries 7-9) (3) reactions
where the large size group (Ph) is replaced by an alkyl
group (entries 10-12), (4) reactions where one group on the
asymmetric a-carbon is oxygen, and (5) 1,3-asymmetric
synthesis reactions (entries 17, 18).

In most cases AAH® and AAS” contnbute to the
differences of the free energy of activation. In entries 1,
3. 7.9, 14, 17 enthalpy is the major activation parameter
which controls the reactions. In entries 4, 10, 11, 12, 16
the values of AAG” and AAH” have opposite signs,
AAG3, goes through zero at a given temperature and the
predictions of the model are incorrect on one side of the
temperature scale.

The effect of temperature on product stereospecificity
can be extremely complex since changes in temperature
can alter the dielectnic constant of the solvents, the
degree of association and structure of the reagent and
finally may result in change of mechanism.

In conclusion from the data presented we would like to
restate: (1) In entropy controlled cases the predictions of
any model may be incorrect, and (2) the effect of tem-
perature, solvent, structure of nucleophile and concen-
tration on the diastereomeric product ratio support the
assumption that the products derive from two different
transition states 7 and 8.

EXPERIMENTAL

Li shot** containing 2-5% metallic Na** was used for the
preparation of MeLi or PhLi in ether or pentane. The molarity of
the cthereal solns of the organolithiums was determined ac-
cording to Jones and Gilman.»* LAD (99%) was purchased from
Merck Sharp Dohme and LAH and NaBH, from Fluka.

The NMR spectra were recorded with an A-60-A Varan
spectrometer. A thermal conductivity Vanan aerograph Model
90-P was used for the purification and separation of dias-
tereomers. The specific rotations were measured with a Perkin
Elmer 141C Photoelectric polarimeter. All reactions were run
under constant temp using a circulating bath (Ultra Kryostat
K-75 DW, Lauda) and the temps were maintained constant
between =1 degree. Temps were measured using calibrated
iron-constantan thermocouples. The errors in AAG” values were
calculated on the basis of the errors in the diastereomeric
product ratio.

R-a-Hydroxypropionaldehyde was prepared by the ninhydnn
method from L-threonine™® with some modifications. Pure
liquidd monomeric R-lactaldchyde was obtained by fractional
distillation (b.p. 38° at S mm Hg). The receiver pot of the distil-
lation apparatus was cooled with dry ice-propanol soln in order
to maintain the lactaldehyde as a monomer. The NMR spectrum
in DMSO of the monomer shows a Me doublet at r =867
(J = 7.25 Hz): a quintet resulting from two superimposed quartets
corresponding to the a-proton and its coupling with the Me
(J = 7.25 Hz) and with the OH (J = 5.5 Hz), a doublet at r = 4.45
corresponding to the OH, split by the a-proton with J = 5.5 Hz:
and finally a doublet belonging to the aldehydic proton at r =
0.2ppm and J - 1 Hz. The spectrum changes with time due to the
dimerization of the aldehyde to the corresponding 1.4-dioxane
denvative. The process of dimerization can be followed by the
disappearance of the aldehydic proton. The kinetics of the reac-
tion are complex and will be reported elsewhere.

The specific rotation of R-lactaldehyde depends on the degree
of dimerization. Freshly prepared monomer has a specific ro-
@tion [alisw, = *5.4 (c. 5.7 in H,0); after 150 minutes the
specific rotation of the soln is {alig,,, = - 3.3. Specific rotation
in benzene was found 10 be (@i, — + 5.8 (c. 11 in benzene);
reported in benzene (aly = 2657

The NMR spectrum of 2.4dinitrophenylhydrazone of R-lac-
taldehyde (m.p. 155-158°. reported 156-157""*) shows all the
characteristic protons of the monomeric aldchyde hydrazone.
Reduction of R-lactaldchyde with 1.AH yielded D-1,2-propanc-
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diol [a]iesa. = - 21.9; reported {ali; = - 21.3.™ D-Propanediol
and its p-nitrobenzylidene derivative were also characterized by
their NMR spectra.

D-1,2-Propanediol-1-d was prepared by reduction of R-lac-
taldehyde (20 mmole) with LAD (20 mmole) in ether and purified
by VPC on Apiezon I. 20%. Chromosorb W column at 125°,

D-1.2-Propanediol-2-d was prepared and purified similarly by
reduction of hydroxyacetone with LAD.

p-Nitrobenzylidene denivatives of deuterated 12-propanediol
were prepared as described by Zagalak et al ">

2.3-Butanediols were prepared by addition of R-lactaldehyde
(40 mmole) to a soln of Mel.i (82 mmole) in ether. The dias-
tereomeric diols were separated by VPC through an FFAP 20%,
Chromosorb W column at 100” and 40 psi. Ratio of retention time
RS/IRR was 12. The diastercomeric product ratio was deter-
mined by VPC using as standard (*) threo(RR + SS) and eryth-
ro-{meso) 23-butanediols. Specific rotation [a)ii, = 11.3; re-
ported (a)B = - 11.° Reverse additions of reagents did not affect
the diastercomenc product ratio.

1-Phenyl-12-propanediols were prepared by addition of R-
lactaldehyde (40 mmole) to an ethenial soln of Phl.i (82 mmole).
The mixture of 1 - phenyl - 1.2 - propanediols was purified by
distillation (90-100* at 0.5 mm Hg). The structure and dias-
tereomeric product ratio were determined by NMR and VPC.
The ratio of retention time was RS/RR = 1.08 on a FFAP 20%,
Chromosorb W at 180° and 60 psi.

The specific rotation of the (-)RR diol was [a)ij,, = —61.5
(c, 4.3 in CHCY,) and [a )i, = — 49 (c. 2.5 cthanol), that of the
(+) RS diol was [ali,,= =172 (c, 42 in cthanol) and
(a)fisme = * 33 (¢, 3.2 in CHCI,). Reported'™ (-)RR =[a)} =
-60.6 in CHCl, and (+)RS [a]F = + 16 in ethanol.'”

Authentic-1-phenylpropanediols. (=)threo - 1 Phenyl-
propanediol was obtained (100% yield) from the cis hydroxy-
lation with aqueous potassium permanganate of frans - | -
phenylpropene (Fluka) according to known methods.™ (£)erythro
- 1 - Phenylpropanediol was obtained (52.5% yield) together with
(2) - threo - | - phenylpropancdiol (47.5% yicld) by acid
hydrolysis with perchloric acid of (=) - trans - phenylepoxy-
propane.'*

(=) - trans - | - Phenylepoxypropane was prepared from trans -
1 - phenylpropene by oxidation with perbenzoic acid according to
known methods.™ The vicinal trans protons appear as a doublet
at r=664 and J =2H2.®

(+) - erythro - 1 - Phenylpropanediol (R,S, configuration, C,
bears the phenyl group) was obtained by alkaline hydrolysis of
(+) - trans - | - phenylepoxypropane R,R, configuration. The last
was prepared from (—)<¢phedrine (R,S,) according to known
methods.” Its NMR spectrum was identical with that of (=) -
trans - | - phenyl - epoxypropane and its specific rotation was
la)iowe. = *41.7 (c. 2 in CHCL): reported [aliy = +482 in
CHCl,. The specific rotation of the (=)erythro-diol was
[a)5em, = =172 (c. 4 in ecthanol); reported [a)f= ~16 in
EtQH."

(-) - threo - 1 - Phenylpropanediol {R,\R,; configuration was
obtained (38% yield) together with (+) - erythro - diol (62% yield)
from acid hydrolysis with sulfuric acid of the (+) - trans - 1 -
phenylepoxypropane.' Specific rotation (a]Fs,, = - 61.5 (c. 4.3
in CHCl,); reported [a]f = - 60.6 in CHCI,.

By-products in the reaction of a - R - hydroxypropionaldehyde
with methyl or phenyllithium. In the addition reactions of MecLi
or PhLi to R-lactaldehyde we found that part of the lactaldehyde
isomenzed to hydroxyacetone identified by NMR analysis as the
addition products 2 - methyl - 1,2 - propanediol and 2 - phenyl -
1.2 - propanediol respectively.

The presence of hydroxyacetone in R-lactaldehyde used in the
expenments was excluded by NMR analysis. Hydroxyacetone
absorbs at r = 8.2 (singlet for the Me protons) and at 7= 647
(broad singlet for the methylene protons). The amount of 2.
methyl or 2-phenyl-1.2-propanediols formed, i.c. per cent of
hydroxyacetone, depended on the temp of the reactions. For
example, in the reaction of Mel.i with R-lactaldehyde at 35° and
-65°, 30% and 5% of 2 - methyl - 1.2 - propanediol respectively
were determined by integration of the absorptions at r = 8.75
(singlet for gem-Me protons) and r = 6.56 (singlet for methylene
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protons) of the 2 - methyl - 1.2 - propanediol and integration of
the absorptions at r = 8.84 (doublet of Me protons) and r = 6.3
(multiplet of vicinal protons) of the 2,3-butanediols. 2 - Phenyl -
1.2 - propanediol in the product mixture was determined by
integration of the absorptions at 7 = 8.6 (singlet of Me protons)
and r =645 (broad split singlet of methylkne protons) of 2 -
phenyl - 1.2 - propanediol and the absorptions at r =9.09
(doublets of Me protons) and doublets at ¢ = 5.35 and r = 5.74 of
the vicinal protons of the 1 - phenyl - 12 - propanediols.
Alo-keto isomerization a-hydroxyaldehydes under a vanety of
conditions has been reported.”
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