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A--In an effort IO lest tbc applicability of rhe semitmpincal model for asymmclric induction’ 10 rucrions of 
a-bydroxycarbonyl compounds. WC monitored Ibe diastereomcric ratio of diols obtained from the reactins of 
R-a-bydroxypropionaldehyde with LAH. Meh and PbLi as a function of temperature rad nrgenr concentrarion. 
In all &se reactions the predominant diastereomer had tbc RR.con&u&on. However, whereas rbe dias- 
taeomeric pro&r ratio of the first two react&s was enlhalpy controlled. i.e. enthalpy favored the “correct” or 
predominant diaslereomcr. tbal of Ibe reaction involving PhLi favored 0sc “inconecr”. or minor diastcreomcr. In 
this rcacrion the diaskrcomeric ratio was entrony controlled. Tbc usefulness and IirnitaGons of this model arc . 
discussed. 

The open chain model’ and its variations.’ which are 
used IO predict product stereospecificity for asymmetric 
synthesis with carbonyl compounds bearing an asym- 
metric C atom directly bonded IO the CO, suffer from 
occasional inconsistencies’ with respect IO the relative 
steric bulk of the groups attached IO ~hc u-carbon and 

the nature of nonbonded interactions controlling 
stereospecificity. Particularly the models apply poorly’ 
when one of the groups attached IO lhc asymmetric 
carbon is polar such as hydroxy or amino, and can 
coordinate strongly with the attacking reagent. 

Karabatsos.’ applying the Curtin-Hammetf principle 
proposed that in addition reactions to carbonyl com- 
pounds, the diastereomcric product ratio at a given tem- 
perature depends only on the free energy difierence 
(AAGX of the IWO 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.‘J 

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 IWO 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, M++O and 1.4. 

It was pointed out’ that the predictions of the model 
are limited because: (a) The model neglects interactions 
other than the M-0 and L++O; (b) the model cannot 
account for differences in the solvation of lhc two dias- 
tcreomcric transition states; and (c) there is no good way 
to evaluate differences in relative nonbonded interactions 
as a function of lhe effective size of the incoming group. 
The model effectively applies IO cases where AAHL 
controls AAG& and MS& is minimal. In cases where 
MSzR 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 
rhe model IO reactions of carbonyl compounds bearing a 

polar group (OH) on the asymmetric carbon alpha IO lbe 

carbonyl as MS; values are cxpeclcd to be significanl.’ 
We will concentrate on additions to R-a-hydroxypro- 
pionaldehyde and the effect that variation in lem- 
perature, reagent and concentration of reactants have on 
product stereospecificity. 

Optically active R-a-hydroxypropionaldehyde pre- 
pared from t.-threonine by the ninhydrin method.‘ was 
used in all experiments. Its structure and stereochemistry 
were confirmed by reduction with LAH IO D-I.?-pro- 
panediol as well as by the NMR spectra of the monomeric 
aldehyde and its Wdinitrophenylhydrazonc. LAH. MeLi 
and PhLi were allowed IO react with R-lactidehyde 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 
stales leading IO the products were calculated according 
to the Curtin-Hammett principle: MG& = RT In (A/B). 
From these values the differences in enthalpy and cn- 
tropy were determined by the use of known ther- 
modynamic relationships. 

Table 1 shows the ratio of the diastcreomeric 1,2- 
propanediols-l-d produced by the reduction of R-k- 
tzddehyde with LAD in the temperature range 35” lo 

- 42”. 
The ratio and the absolute configuration of the dias- 

tcreomeric t,2-propancdiols-l-d, were determined from 
the NMR of their p-N&-benzylidene derivatives 1 and 2. 
The stereochemistry of the RR- and RS-12-propane- 
dials-I-d. has been established by total synthesis from 
the cis and rmns-I-bromopropencs.’ To calculate the 
ratio of the diastereomcric products we prepared the 
p-nitrobenzylidenc derivatives of l,&propanediols. I. 2 
and 3. The C-l hydrogeas of 3 appear as two doubles 
(J, = 7.8 Hz) at T = 5.9 for the hydrogens cir lo the 
deuterium on C-2 and at T = 6.5 for the hydrogens rmns 
IO the deuterium. 



Table 1. Effect of tempmttuc on the reduction of and ddition 
of organolithium compounds to R-a-bydraxrpropicmklchydc’ 

in ether 

Temp. 
“c‘ 

Pmdutt’ 

35 
29 
0 

-21 
- 42 

3s 
16 
0 

- 13 
-30 
-60 

LAEY 1~~~0~~s~~~ 
56.1 
57.1 4219 
58.4 41.6 
59.0 41.0 
60.0 90.0 

MeLi’ 2~*~~~~~~~ 
.b 39.4 
.0 39.0 

62.2 37.8 
63.0 37.0 
62.8 37.2 
63.5 MS 
65.6 34.4 

73.0 n*o 
72.7 27.3 
72.0 28.0 
71.9 28.1 
70.0 30.0 
68.0 32.0 

t.27 
1.33 
L.40 
I.44 
l.31) 

1.53 
1.35 
1.61 
1.70 
1.68 
I*73 
1.90 

2.70 
2.66 
2.57 
2.55 
2.33 
2.12 

-AAG’ 
cdmok 

“Tbc vallEs arc 
f Conctntration 

the av~ 
025 molar 

of 3-4 expe*nts. 
in final vdutne. Molar ratio of 

substrate: reagent was I: I. Sroic~mctry of tbc rcacticm for 

H, B H, H: 

D H 

3 

The important region of the NMR spectra of the 
mixture of 1 and 2 shows a doubkt at T = 6.4 (J = 7-5 Hz) 
which hzrs been 85 ” 
a ~~~~~~~~~ at f = 
and the protons Hz of 1 and 2. In I carbon-1 has the R 
canfigur&ion and the dial is the RR; in 2 car&m-I has 
the S configuration and the dial is the RS. 

If the absorption at I = 6.4, which belongs to the H, of 
RR is given the value x, and the ab~~~n at r = 5.7, 
which belongs to the sum of l-f, of RS plus WI of RR and 
Hz of RS is avow the value y, and since W&R = HdZR = 
x, then tbc sum of vicinal protons in RR is 2x and that in 
RS is y-x._ According to this, the ratio calculated from 
the experimental data was 56% RR and 44% RS. From 

whose perccntqc increases with decrease of tem~r~ture, 
The calculated values of cnthalpy and entropy 
differences (AAH” = - 280 callmole and MS’ = + 
0,4c,u.) indicate that the transition state leading to the 
R~-ptop~diol is more stable than the one leading to 
the RS~~teteomer pt~rna~y because euth~py favors it 

by ~c~~~l~ entropy playing a rni~~~ role, 
The reaction of NeLi with R-lact~dchyde in the tcm- 

perature langc 35” to - 65” yielded a mixture of dias- 
teteomcric 2.3.butanediols. The diastercomcts RR and 
meso-2.3~hutancdiols were separated by gas chromato- 
mphy on a AP 2041t, C~omosorb W column. Their 
stete~~emist~ was established by NMR s~ctros~p~ 

e specific rotat~u~ of the one isomer 
in water was [oli#, = - 10.8 a vajue which agrees with 
the one reported in the literature’ for the RR-2.3.bu- 
tanediol. The other diastereomtr was the RS or me.ro* 
dial. Tk h’MR spectra of each diol and their a 

and were analyzed with 
es of the vicinal c~~~li~~ 
2,3-but~~io~s depend stron~y on 

e solvent. Polar solvents increase the 
vicinal coupling constants of the mc~c7diol and have the 
opposite effect on the vicinal coupling constants of the 
RRdiol. Thus, J”.,-JItI of the ml?so-diol in dcuteru- 
chloroform and d~methyisulf~xid~-~* are 3.13 Hz and 
5.4 Hz res~c~v~~~. The values of Jn,+ of the RRdiol 
in ~wter~hlorof~rm and dimethy~s~~fox~e-~~ are 
6.9 Hz and 5.46 Hz respectively. This is probably due to 
the change of populations of the frcn~ and gouck ro- 
tamers of the diastereomcric ” Table 1 shows the 

predominant dias- 
RR-2.3-bu~~ed~~~. 

memo at 34” is 1.5 and j~cre~~s as the 
tem~~ture decreases, Here again the reaction is en- 
thalpy controlled @LAG* = - 26Ocallmolc. AAH’ = - 260 
cat/mole). Use of methyl magnesium chloride as a 
nuclcophilt (in a ratio R-lactaldchydclnucleophile 1: 2 in 
ether) increased slightly the stereo~~ci~city of the reac= 
rion (R~m~~~ = 1.X5 at VP). 

~e~ct~on of phe~y~~~thi~rn with R-~~ct~d~byde gave a 
mixture of diastereomer~c I-phenyl- I ,2-pro~~diols 
whose structure and absolute configuration were 
confirmed by NMR, polarimetry and total synthesis. 

The E;MR of a mixture of diastereomers in chloroform 
showed two doublets at T = 5.74 (I = 7.6 Hz) and 7 = 5.36 
(I = 3.6 Hz) which ace ~sj~ned to the vicinal protons of 
the RR and RS d~~tere~mers res~ctively‘ The assign- 
ment is based on comparison of their shifts and coupling 
constants with those of authentic diastettomeric diols as 
outlined below, (rt) three- 1 -Phenylpropancdiol was ob- 
tained by cis hydtoxylation of (2) rrans-1-phcnylml- 
propent, The doublet of the vicinal protans absorbed at 

T = 5.65 (J = 7.2 Hz) in dc~te~~hl~~~f~~. 12 1 e~~~~- 
~-~be~y~pt~~~edjo~ (53%) was ob~~~~d with (2) shren- 
l-phcnylpro~~diol (47%) from the acid hydrolysis of 
(t) Iruns-I-phenylepoxypropane. The doublet of the vi- 
cinal protons of the eprhru-diol absorbed at I - 5.25 
(J = 3.4 Hz) in deuterochloroform. The values of the 
coupling constants are in agreement with those rcportcd 
in the ~~terature.‘~ The co~p~~~~ constants Jn,-JM, are af- 
fected strongly by the dickcfric ~~~~t~~f of the ~~)~~~~f. 
For example, J kI,-JHZ of the RR-dial in carbn tetra- 
chloride and dimethylsulfoxidt-d, are 7-8 Hr. and 6.6 HZ 
respectively and JH, n, of the RSdiol in the same 

Table _ 1 it can be seen that at all temperatures the solvents arc 3.8 Hz dnd 4.8 Hz respectively. Integration 
prcdomina~t diastcreomcr is the R- 1~2-propanedio~- l-d,, of the areas at I = 5.74 and I = 5.36 gives a ratio 73127 of 
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According IO the semiempirical model’ the two low RR/RS 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 dials by distillation or gas chroma- 

tography did not affect this ratio. 
The major product obtained from the reaction was (-) 

rhreo-I-phcnylpropanediol (RR configuration); and the 
minor product was (7) eryrhmdiol of RS configuration. 

These products are identical IO the dials obtained by 

alkaline and acid hydrolysis of (t) Iruns-l-phenyle- 

poxypropane of RR configuration. (+) rronr-I-Phcnyle- 
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-l 
100% (+) US- I -phenyl-propanediol.‘w Acid hydrolysis 

with sulfuric acid of the epoxypropane yielded a mixture 

of 62% (+) eryrhro and 38% (-) rhreo-l-phenyl- 

propancdiol.” The two diastereomcrs are formed from 
opening of the protonated (i) trans . I - phcnylcpoxy 

- propane (R,R?) to the carbonium ion CJI,-‘CH- 
CH(OH)CH, and capture of it by water to give (+) 

eFrhro diastereomer R& (by inversion at C-l), and (-) 

three RIR: (by retention of configuration at C-l). 

energy diastereomeric 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 OH+4 interaction should be favored over the 

Me+4 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 diastereomer the RS- 
configuration deriving from transition state 8. 

The effect of temperature on the ratio of dias- 
tercomcric diols as shown in Table I is quite interesting. 

The diastereomer RS is favored as a result of entropy 

(MS’ = - 2.8 e.u.) rather than enthalpy. which favors 

the RR diastereomer (AAH’ = + 340cal/mole). 

In the reduction of R-lactaldehyde with lithium alu- 
minum deuteride and the addition of methyl or phenyl- 

lithium to R-lactaldchyde the ratio of substrate to 

reagent was I : 2 when the reagent was MeLi or PhLi and 
I : I when the reagent 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. 

Several authors”~‘-” “ have studied the stereospeciti- 

city of addition reactions to carbonyl compounds which 

bear an heteroatom (OH. NHJ substituent on the 
asymmetric carbon attached to the CO and tried to 

interpret their results in terms of the cyclic.” dipola? 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 diastereomcr did not agree with the 

experimental data. For example. Stoker er al.’ found that 
the diastereomeric product ratio of the addition of 

phenyllithium to 3 - hydroxy - 3 - phenyl - 2 - butanone. 

87% + lhreo (SR + RS) and 13% + eryfhro (SS + RR) was 

in agreement with the prediction of the cyclic model. 
However, for the addition of YeLi to 2-hydroxy-I.?- 

diphenylpropanonc the experimental diastereomcric ratio 

rhreolerythro was less than unity (9/91). i.e. reverse from 

the one predicted by the cyclic model. Similar results 
were obtained by Cram er al..’ who found that whereas 

the addition of Ph1.i to 3 - methoxy - 3 - phenyl - 2 - 
butanone yielded predominantly the fhreo isomer (9oc/c) 
as predicted by the cyclic model, the addition of MeLi to 

I.2 - diphcnyl - Z - methoxy - propanone gave prc- 

dominantly the erythro isomer. It is conceivable that 
these anomalies arc due to differences in solvation of the 
two transition states 7 and 8 and significant contribution 

of AAS;,, IO MG;s. 

The stable conformations of aldehydes about the sp’- 
sp’ C-C single bonds are those where a single bond 
eclipses the double bond of the CO group.” In propion- 

aldchyde, the conformer with the MC eclipsing the CO is 

favored over the conformer with the hydrogen eclipsing. 
by about tJO0 callmole. In a-methoxyacetaldehyde. the 

energetically favored (I200 callmole in polar solvents) 

conformer is the one where the OMe group eclipses the 
CO. Assuming that the conformations of a-R-hydroxy- 

propionaldchyde (R-lactaldehyde) parallel those of Q- 
methoxyacetaldehydc we expect rotamer 4 to be more 

stable than 5. and 5 to be more stable than 6 (Scheme I). 

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 Meti to methylbenroin 
became more ncgatrve in cthcr than in pentanc (.U(i’ 2 
- 1.3 in ether. AAG’ = -0.75 in pentane). The dias- 

tereomeric product ratio of the addition of Ph1.i to 

phenylacetoin IS smaller in pentane (I : 5 mesoldl) than in 

ether (I : IO. mesddl).” Similar results were obtained in 
the adduion of MeLi to 3-phcnyl-2-butanone-1.1.1.3- 
3-d. in ether or pentane (UC’ = -0.97 in cthcr. 
AAG’ = - 0.7 in pentane), and the addition of McLi to 4 
- methyl - 3 - phenyl - 2 - pentanone - 1.1.1.3 . d, 
WG’ = - I.05 in ether, MG’ = -0.44 in pentanc”). 
The decrease in stereospecificity may arise either from 
differences in the structure of Meli 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 Scheme I 
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and degree of polymerization of the organomctallic 
reagentsa and metal hydrides” in the different solvents is 
by far not elucidated. Neither the mechanism nor the 
molecularity of the addition reactions to carbonyl com- 
pounds has been established unarnbiguously.“J’ 

Tempemture effects 
II has been stated‘ that any predictions for the 

stereospecihcity 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- 
hydc with metal hydrides, McLi 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 I) that the decrease in 
temperature favors the formation of tl~ predominant 
diastcreomer. The contribution of the entropy dif- 
ferences IO 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 McLi to R-lactaldchyde between 35” and 
- 60”. The reaction is cnthalpy controlled. 

In the case of the addition reaction of Phti to R- 
lactaldchyde the decrease in temperature favors the 
“wrong” diastereomer. Linear Arrhenius plots (Fig. I) 
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 

P. ClraYsocHoc 

- 
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Fii. I. hbcn~us plols of reactions with R-a-bydroxypropionat- 
dchydc (A) Rcductron wnh hthium aluminum deuteridc. tiH* = 
- Xl z U)cal/mol. US’ = + 0.4 cu. (B) Addirion of me1hyl 

lirhium. tiH’ = - 260 * 3OcaJ!mol. US’ = - 0.003 cu. (C) Ad- 
drtion of phenyl lithium. AAH’ - T 340: 4ocahol. &U’ - 

-2.8 C.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: (I) reactions where R is branched (iso- 
propyl, t-butyl, ncopentyl). (entries 2-6) (2) reactions 

Table 2. Activation parameters in the asymme1ric addirion reac1ions IO kc1onc R,R,CHXOR in ether at 
35°C 

Kerone .-MC’ -A&j’ -MS’ 

No. RI Rr R Reagcn1 CidlmOl callmd C.U. 

1 Cd, CH, 
2 Cd, CHJ 
3 GH, CHJ 
4 Cd, CH, 
5 C,H, CHJ 

6 C&h CHJ 

’ C&H, CrH, 
8 C,H, CHKH,)? 
9 C,H, CHKH,), 
IO C,H, CH, 
11 KH,),C CH) 
I2 (CH,),C CH, 
13 CH, WHJ 
14 CH, OH 
15 CH, OH 
lb CH, OH 
17 (C,H,)(.MejCHCH,COMc’ 
I8 C,H,(Me)CHCH,COC,H,’ 

CH,’ 
CH(CH,),’ 
CKH,),’ 
CH,CKH,), 
CH,C(CH,), 
CHrC,H,’ 
H’ 
H’ 
CH,’ 
CH)’ 

CH, 
CH,’ 
CH,’ 
H’ 
H’ 
H’ 

LAIH, 
LiAtH, 
LiAIH, 
LiAIH, 
C,H,Li 
C,H,CHrMgI 
I.iAtD, 
LlAtD, 
MeMgl’ 
LiAtH, 

LiAlH, 
McMgCI 
Meli 
LiAID, 
McLi 
C&H& 
C,H,MgBr 
MeMgHr 

&lo 900 
910 200 

2100 2700 
150 -300 
810 b40 
740 W 
200 400 
5m nm 

!Z 400 Is0 

100 -800 
700 - 2100 
5m 40 
IS0 280 
259 260 
bar ” 340 
490 590 

-200 SO 

.. 0.9 

2.4 
- 2.0 

14 
06 
0.2 

- 0.6 
0.1 

-. ‘- 0.9 0.6 

3.0 
10.0 
1.n 

- 0.4 
0.00 

28 
- 0.3 
- 0.5 

‘Y. Gaul1 and H. Rlkin. Hull. Sot. Wm. Ei. 1342 (1960). M. Chcrer1. H Felkrn and N. Prudent. Ttr. 
Lzfrrrs 2199 (1968). 

%. 1. Karaharsos. C. tioudrou and 1. Mousrakali. 7ir. Lzrrm 5289 (1972); C. Zioudrou n ol.. 
unpuhhshcd resullr. 

‘C. Zroudrou. P. Chrysochou. G. 1. Karahatsos. D. H. Hcrkm and R. P. Nips. Tcr. IAWS 5293 (1972 

‘T. A. Althuis. Ph.D. Thesis. Michigan S1a1e Univcrsny (1968). 
‘I. Vatks. Masler’s Thesis. .Michipen Stale Univerriry (1970). 
‘Y. Ara. Ph.D. Thesis. .Wichi,gcn Stale Unrverstly (1971). 
~Prcsen1 work. 
‘T. 1. lrirereg and D. 1. Cram, 1. Am. Chrm. SM. 90. 4011 (19611) (13.arymmctic induction). 

‘Temperature 25’. 
‘Solvent THF and remp. 66’. 
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where the medium size group of the asymmetric Q- 

carbon is alkyl other than Me. (entries 7-9) (3) reactions 
where the large size group (Ph) is replaced by an alkyl 

group (entries l&12). (4) reactions where one group on the 

asymmetric n-carbon is oxygen, and (5) 1,3-asymmetric 
synthesis reactions (entries 17. 18). 

In most cases AAH’ and AAS’ contribute 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, 
AAG;. goes through zero at a given temperature and the 

predictions of the model are incorrect on one side of the 

temperdture scale. 
The effect of temperature on product stereospecificity 

can be extremely complex since changes in temperature 
can alter the dielectric 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: (I) In entropy controlled cases the predictions of 

any model may be incorrect, and (2) the effect of tem- 

perature. solvent. structure of nucleophik and concen- 

tration on the diastcreomeric product ratio support the 
assumption that the products derive from two different 

transition states 7 and 8. 

Ii shotl’ comannng 2-S% medtic Na” was used for rhe 
preparalion of MCLI or PhLi in eIbrr or penlane. The motariry of 
Ihe elhereal solns of he organolhhiums was &Iermined ac- 

cording IO Jones and Gilman.” LAD (995%) was purchased from 
Merck Sharp Dohmc and LAH and NaBH, from Fluka. 

The NMR spccIra were recorded with an A&A Varian 
spccIromcIer. A thermal conducliviry Varian acrognpb Model 

90-P was used for the purihcaIion and separation of dias- 
Iereomers The spcclfic roIabons were measured wilb a Perkm 
Elmer 141C H~~oclectric polarimemr. All rcacIions were run 
under consIanI Iemp usmg a circutaIing bath (Uhra Kryostar 
K-7S DW. Lauda) and ~hc Iemps were mainmined conslant 
between z 1 degree. Tcmps were measured using catibralcd 
ironconsranlan Ihcrmocouples. The errors in MG’ values were 

calculared on ~hc basis of rhc errors in IRK diastereomcric 
product ratio. 

R-o.HydruxypNpiono/dchydc was prepared by ~hc ninhydrin 
melhod from I.-Ihrconinc“d with some modihcaIIons. Pure 
liquid monomeric R-IacIaldchyde was ohlaioed by fracIionaJ 
disIdlaIion (bp. w aI S mm Hg). 7%~ receiver par of rhc distil- 

larion apparaIus was cooled with dry ice-propanol soln in order 
IO mainlam Ihc laclaldehyde as a monomer. The NMR spectrum 
m DMSO of the monomer shows a Me douMcI aI I = 8.67 

IJ = 7.25 Hz); a quintet resuhing from IWO supcrrmposcd quarIcIs 
correspondmg IO the u-proIon and IIS coupling wnh the Me 

tJ n 7.25 Hz) and with the OH tJ = S.5 Hz). a doubkt at I = 4.4S 
corresponding IO Ihc OH. spin by ~hc o-proIon wilh J = S.5 Hz: 

and finally a doubleI belonging IO Ihe aldchydic proton aI I = 
0.2 ppm and J - 1 Hz. ‘I’hc speclrum changes wilb rime due to the 
dimerizaIion of the aldehydc IO the correspondmg I.4dioxanc 

ckrivarivc. The process of dimerir.aIion can bc followed by ~he 
disappearance of ~hc atdehydic proIon The kineucs of I~X reac. 
bon arc complex and wilt be reported elsewhere 

‘Ibe spccihc rotauon of R-tactaldehydc depends on Ihc degree 
of dimeriration. Freshly prepared monomer has a spccihc ro- 
Ialion la I&_ - * 5.4 (r. S.7 In H,O); after ISOminutes ~bc 
specific rolalion of the soln 1s la]&_, = - 3.3 Spcotic rolalion 
m benrenc was found IO be la]&_+ - t 5.8 tc. I I in benzene); 
reported in benzene [u]F = - 2.6~5” 

The N.MH spectrum of 2.4dmitrophcnylhydrvanc of R-lac- 
laldehyde (m.p. ISS-1%‘; reported lS&tS~“) shows all the 
characrcrcsuc prolons of rhc monomcnc aldchydc hydrazone. 
Reduction of R-lacraldchydc wnh LAH yielded D.t.22-propanc- 

diol [al’&,= - 21.9: reported [IX]:: = - 21.3.” D-PropanedIol 

and its p-nitrctx~~yMcne derivative were also characterized by 

lheir NMR spcc~ra. 
DI,2-Prupancdiof-Id was prepared by reduction of R.lac- 

raldehyck (20 mmolc) wilh LAD (20 mmok) in eIhcr and purihcd 

by VPC on Apkzon I. 20%. Cbromosorb W column aI 125’. 
DI.2.Proponedio/-2d was prepared and purihcd similarly by 

rcducbon of hydroxyaceronc wilb LAD. 
p Nirrobenzylidenr deriwriws of deuumred I .2-propanediol 

were prepared as described by Zagalak er ol.‘b..9 
2.3.Buronediolr were prepared by add&on of R-lacmldchydc 

(r0 mmolc) IO a soln of Meli (82 mmok) in ether The dlas- 
Iercomenc dials were scparalcd by VPC through an FFAP 2&G. 

Chrornosorb W column al IOU’ and 40 psi. RaIio of reremion rime 

RSIRR was 1.2. The diasrercomcric producI rario was detcr- 
mmed by VPC usmg as smndard (2) rhrco(RR + S.S) and eryrh- 

ro-(muo) 2.3~butnnediols. Spccihc rolarion lu]&,, = 11.3; re- 

por~cd la]:: = - I I? Reverse addirions of reagents did noI al?ecr 
rhc diasImomcric producr rario. 

I-P&f-1.2.pmpanedidr were prepared by addiIion of R- 
lacmtdchydc (40 mmok) IO an ethcrial soln of Phli (82 mmolel. 

The mixlure of I phenyl - 1.2 - propancdiots was purified by 
disbtlation (%lo(r aI 0.5 mm Hg). The sIrucIure and dias- 

Iereomenc producr ralio were d&mined by SMR and VPC. 
The ratio of retemion time was RSlRR = I.08 on a FFAP 20%. 
Chromosorb W aI l8(p and f&psi. 

Tbc spccitic roution of the (-)RR dial was [o]*&_ = - 61.S 

(c. 4.3 in CHCI,) and [a]&_ = - 49 tc. 2.S elanol). lhal of the 
(+) RS did was [al=&_ - - 17.2 (c. 4.2 in cIhanol) and 

[a]‘& = + 33 (c. 3.2 in CHCI,). Reportcd’w (-JRJJ = 101: = 
- 60.6 in CHCI, and t~lR.9 IalK = + 16 in ethanol.‘” 

Aurhnric--I-ph~ylpropon;di;;l;. (r)fhno . I Phcnyl- 

propanediol was oblnincd (MO% yield) from Ihc ris hydroxy- 

lattin wiIh aqueous pomssium permangana~e of rraiu I . 
phcnylpropenc (Ftuka) according IO known mr~hods.~tr)cryrhro 
. I - Phcnylpropancdiol was obcaincd (52.5% yield) togerbrr with 

(z) - fhrto . I . phenylpropancdiol (47.S% yuldl by acid 

hydrolysis wirh perchloric acid of tzl . fmn3 . phcnykpoxy- 
prOpaIlC.“-” 

(2) - ~rans - I Phnylepoxyproponr was prepared from mm . 
I phenylpropene by oxidaIion with pcrbenzoic acid according IO 
known m&rods.” The vi&al rmns proIons appear as a doubler 

aI r = 6.64 aad J = 2 Hz_‘* 
(t) . erytio . 1 . Phmylproponrdid (R,S, contiguraIioa. C, 

bears the pbcnyl group) was oblained by alkaline hydrolysis of 

(t) - rmns . I . phcnykpoxypropanc R,R, conhgurabon. The tas~ 

was prepared from t-j-ephedrine tR,$J according IO known 
n&rods.” Its NMR SpCCINm wa, identical with ~hal of (-1 

1r4n1 . I . phcnyl epoxypropane and iIs spccitic rotalion was 
lal:L,~ 741.7 Ic. 2 In CHCI,): reported lolR = +4x.2 m 
CHCI,. Tbc spcc&c roIaIion of the (-j.cryIhrodrol was 
la]& = 
EIOH.~ 

* 17.2 tc. 4 in crhanol); rcponed [a]F = - I6 in 

(-1 - thrco . 1 - Phmyfpropanediol (R,R, codyraIion was 
ohtaiaad (38% yield) IogcIhcr with (t). rryfhm diol(6M yrctd) 
from acid hydrolysis wiIh sulfuric acid of ihe (t) . WON . I . 
phcnylcpoxypropanc.” Specific roIaIion [ul&_, : - 61.5 (c. 4.3 
in CHCI,); reported lalg = - 60 6 m CHCI,. 

By-prodnc~r in the no&n of (1 R - hydroxypmpionaldthyde 

&h methyl or phnyllithium. In de addnion reactions of !&Li 

or Phli IO R-lactaldehydc we found lhal pan of rhe lactaldehydc 
isomenzd IO hydroxyacerone rdcnnhcd by KMR analysis as the 
addirion products 2 mcIhyl . I.? . propancdiol and 2 . phcnyl 
I.2 . propancdiol respectively 

The presence of hydroxyaccronc in R-lacIaldehydc used in the 
expcrirncnIs was excluded by NMR analysis. Hydroxyacerone 
absorbs at I = 8.2 (sir&~ for rhe Me protons) and aI I = 6 47 

(broad singkt for the melhyknc protons). The arnounl of 2. 
mcIhyl or 2-phcnyl-1.2.propancdiols formed. i.e. per ccnI of 
hydroxyacctone. depended on ~hc Iemp of the reacItins. For 
exampk. in ~hc reaction of Meli wiIh d-IacIatdchyde ai 3s’ and 
- 6s’. 3(% and S% of 2 . mrlhyl I .2 . PronancdiOl respccrivelv . 

were dclermiocd by integration of the ahsorptrons aI I - 8.75 
tsinglc~ for gm-Me proIons) and I - 6.S6 Ismgkr for meIhylcnc 




