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Summary 

Chn-al ?\~,N-dlsuhstltuted amides may be readily synthesized by reactmg an 
anhydride with I- or d-ephedrine 

The alkylatlon of the calbamons derived from these amides affords a-substl- 
tuted choral ketones and acids after cleavage A study of the reactlon character- 
lstlcs mdlcates that the nature of the counter ion (Ll or Mg) IS the crltlcal fac- 
tor m the asymmetric synthesis- 

In this way, (S)-(+)-4-methyl-3-heptanone, an alam pheromone of “Atta 
Texana”, was synthesized m 81% enantlomellc escess 

In recent years, there have been a large number of reported attempts to 
generate optically active compounds via asymmetrx synthesis [ 1,2] Neverthe- 
less preparatively useful reactlons are rare enough and rarest among efficient 
asymmetnc synthesis IS cabon-calbon bond formation with the simultaneous 
creation of a new chn-al center 

Recently the use of carbamons derived from chu-al molecules has provided a 
new methodology to effect such reactlons The utlhsatlon of osazolmes has 
allowed synthesis of chu-al acids and lactones [3] ; choral lmmes were also used 
to achieve the preparation of choral substituted aldehydes, ketones [4,5,6] and 
cY-ammoacids [ 7]_ Chu-al hydrazones offer an alternative route to these com- 
pounds [ 8]_ 

However, preparation of these choral Intermediates often necessitates the use 
of sophlstlcated chn-al compounds We were interested m using chu-al inducers 
whxh are easier to obtam 

The requirements for an efflclent asymmetrlc synthesis have been revlewed 
by Ehel [9] and it 1s especmlly important that the inducer may be readily sepa- 
rated from the chn-al product, and recovered m good yield. Moreover It 1s of 

* De&cated to Prof. Henn Ncmnant on the occasmn of h= 72nd bmthday June 25th 1979 
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plume mlportance that the inducer possesses a function susceptible to favoulmg 
cielatlon w&h carbamons Therefore we thought of employmg NJV-dlsubstl- 
tuted armdes, the carbamons of nh~ch are easy enough to obtain and to alky- 
late [lo] Moreover, the second,ary ammes requn-ed to plcpare them may be 
recovered after cleavage of the amide 

We now report m some detal the IesuIts of a study (prehmmary commumca- 
tion [II]) which leads to &n-al a-substituted aiknno~c acids and ketones 
accordmg to the follo\vmg scheme- 
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Choral reagents 

To obtam N,N-substrtuted amldes, we have utlhzed I- or d-ephedrme (and 
related compounds) as the choral Inducer This product IS mterestmg because rt 
IS commercially avalable, cheap, and optically pure. Besldes, It bears a hydrosyl 
function, the presence of which 1s suspected of playmg an Important role dur- 
mg the mductlon However this compound IS not very stable, and IS easily 
transformed mto pseudoephedrme by heating m an acidic medmm [ 123 More- 
over It IS capable of yielding deoxyephedrme upon dehydration 

Acetylation of ephedrine was previously described by Mltchell [ 131. By 
operating under well defined condkons, he succeeded m obtammg N-acety- 
lated Z-ephedrine without epimensatlon We have extended lMltchelI’s procedure 
to other choral amldes, the reaction 1s performed by heating a murture of l- or 
d-ephedrme with an excess of the relevant anhydnde for ten mmutes at 65°C 
In fact, the exothermicity of the reactlon IS often sufficient to sustam the reac- 
tlon wlthout heating. Results are summmzed in Table 1 

TABLE 1 

SYNTHESIS OF AMIDES I 

RL Chml Inducer Yield (%) Melting 

poult (“C) 

1 CH3 (-)-ephednne 95 71 -104 O” (CHC13 c 3 2) 
2 CH3 (tkphednne 95 71 + 95 5O (CHC13 c 3 67) 
3 C2Hs (-)-ephednne 93 40 -100 0” (CHC13 c 3 17) 
4 n-%Hg <-)-ephednne 98 - 86 3O (CHC13 c 3 44) 



It IS noteworthy that the reaction may also be routmely performed by 
heatmg ephednne with an acid chloride m the presence of a tertiary amme 
However yields are poorer than by using the anhydnde method (yield -75%) 
because of the small difference m baslclty oetween the ephednne and the ter- 
tmry amme, which IS used to trap the hydrochloric acid 0-Alkylated com- 
pounds (II) cannot be prepared m the same way because the 0-alkylated ephed- 
nne IS not accessible The reactlon of ephedrine with sodmm hydride followed 
by alkylatlon with methyl sulfate eves a comples murture of 0- and N-alky- 
lated products Besides, the usual hydroxyl protectmg methods lead to a partral 
eplmensatlon of ephedrine It IS possible after acylatlon to alkylate the alco- 
holate denved from ephedrme and to synthetlze II m excellent yleid The reac- 
tion IS almost quantltatlve when usmg sodmm hydnde followed by add&Ion of 
a slight excess of methyl sulfate 
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lkfetalatzon and aIkyIation of churl armdes 

Since hydrogen atoms m CY position to an amide are only very weakly acrd, It 
is necessary to utilize very powerful bases m order to create arnons (Y to N,N- 
disubstituted amides quantitatively [lo] Lithium arnldes (dnsopropyl or 
cyclohexyllsopropyl) in ether were generally used. 

In the begmnmg, we used the 0-substltuted amides II m order to lnnlt the 
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dlffic.uItles due to presence of a flee hydroxyi function Metalatlon 1s dif- 
ficuIt enough, It bemg necessary, m THF, to ~‘.tlt about 2 h at room tempera- 
ture to ensure complete reaction AIkylatlon IS then performed by addltlon of a 
halide. Iodldes are suffrclently reactwe to gwe substltutlon m THF, but alkyl 
blomldes gwe low yield unless they ale added 1% Ith HRIPT, the leactlon IS then 
achieved m a few hocus (3 to 5) at -40°C 

In the same manner, we succeeded III alkylatmg amides I (the hydroxyl 
group of wh~h IS free) by usmg tn o equwalents of base Ywlds ale quasl-quan- 
ti tatlve 

A detailed study was called out usmg WUIOUS metalatlon and alkylatlon 
temperatures, the effect of changmg the natule of the Z groups attached to the 
oxygen was also mvestlgated 

However, the solvent mffwnce was not studled because of the presence of 
HMPT, which IS frequently necessary to obtam good yields m alkylatlon reac- 
tions. 

This study was reahsed by ‘?Z NMR By recordmg spectra of the crude ma- 
tule isolated after alkylatlon, it IS possible to observe the two drastereo,somers 
IV-4 and IVB and to measure the dlasteleomerlc latlo of alkylatlon Thus. the 
amIdes (-) I and (-) II were alkylated with ethyl lodlde under various condl- 
trons Results are summarized m Table 2 

The dlastereomerlc ratro detelmmatlon IS rather dlffrcult when products are 
dissolved m deuterochloroform. Indeed, we observed two rotation isomers m 
this solvent (each peak gives a doublet) By operatmg m \vxni deuterated 

DMSO, it IS possible to observe the coalescence of these peaks (the temperature 
requn-ed IS about 17O”C)_ By this method It 1s also possible to measure the dla- 
stereomenc ratio for more substituted compounds, but the ldentlfxatlon of the 
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T \BLE 1 

ALK\ Lt\TIO’J Ol- \UIDE% I %k’D II (Ii’ = \It) \\ITII ETIIk L IODIDI‘ 0 

XIettiatlon 
ternperaturc (OC) 

-50 -30 70 L1 80/20 
0 -30 70 Ll 80,10 
0 Cl0 95 L1 7612-I 
0 -40 98 CIi3 65135 
0 115 - 100 CH3 55145 

two dlastereolsomers 1s sometm~es difficult As shown m Table 2, varlatlon cf 
metalatlon temperature has no effect However we obsened a slight modlflca- 
tlon of the dlastereomerlc ratio with alkylatlon temperature For 2 = Ll, lt IS 
not very slgmficant, but it 1s notable for 2 = CH3 The more interesting result IS 
given by the varlatlon of the dlastereomerlc ratio with the nature of the group 
Z It must be emphasised that this result IS not m agreement with Meyer’s 
results which showed a better mductron with a methosy hgand than with a free 
alcohol 

Thus, m order to ameliorate our optical yields we have increased the size of 
Z by using magnesmm as counter-Ion The use of magnesium IS not possible by 
direct metalatlon because Grlgnard reagents are too weak bases (even in HMPT) 
to abstract a proton from N,N-dlsubstltuted amldes 

Although magnesmm carbamons can be readily obtained by metal exchange 
the amon of the amide 1s prepared as previously by reactlon with LDA m ether; 
magnesium dlbromlde m ether IS then added to give the transmetalatlon The 
new amon may be alkylated, but its reactlvlty IS appreciably decreased and It 
IS necessary to use a solution of an alkyl iodide m HMPT m order to do this 

When operatmg at room temperature, the reaction 1s complete m about 10 h 
Although the alkyla”;on temperature IS high, we observed m this case a dla- 
stereomenc ratlo frequently greater than 95% (m fact, we were sometimes 
unable to observe the second dlastereolsomer by 13C NMR) The mam results 
are summanzed m Table 3 

It IS of noteworthy that alkylatlon with ethyl iodide sves only a medium 
chemical yield This result 1s due to the reaction of the iodide with dusopro- 
pylamme generated from llthlum amide, this being favoured by the high tem- 

TABLE 3 

ALKYLATION OF I IN THE PRESENCE OF MgBrz 

R’ R2X Yield (9) IVA/lVB < * 3C NBIR) 

Me Et I 75 go/10 
Me (Et)2SD4 95 90/10 
Me n-BuI 95 >95/ 5 
Et n-BuI 93 951 5 
Et Benzyl cklonde 95 --1001 0 
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perature of alkylatlon In this case the leactlon IS preferably performed usmg 
ethyl sulfate whrch affords C-alkylation esclusively 

The use of magnesium salts does not allow a second alkylatlon m order to 
synthesize tnsubstituted compounds Acid VI can only be obtamed from alky- 
lation of VA VB does not react with n-propyl iodide (even with HMPT) Optl- 
cal purity IS then very poor (23%) 

%C2, 
O-M + 

n-C3H7 

,=( 

(I I n-C,H,I \ 

(2) H30+, A c’ C-COOH 

CH3 

i” 

H,C;’ \ 
CH3 

(PA-M = LI, mI) 

PB M = Mg) 

Synthesis of cbiral ketones and acrds 

NJV-Disubstituted amides are mterestmg because they allow synthesis of 
substituted ketones by reaction with an organometalhc compound Moreover, 
they may also be hydrolysed to substituted acids 

It IS of a great importance to fmd reactions which hmit the racemization of 

R’-.. i’ //” 
,i”-=\,_X 

I 
tm, cone HCI 

R2 

R’.. 1 

H2=OcH3 H’ 

the asymmetric carbon atom. It is easy enough to obtam chiral acids with good 
optical yields because racemization IS sufficiently slow m acidic media. By 
heating to reflux with concentrated hydrochlonc acid, amides IV give acids 
VIII in good yield. Results are summarized m Table 4. 

Ketones are more difficult to isolate because they are prepared by addition 
of an organometaJlic compound and It is well known that basic media favour 
racemisation (by enolisation of the carbonyl). 
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T YBLE 1 

Sk h rHE.SIS OF CHIRAL SCBSTITb rED KETOhES AUD 1CIDS 

Entrx Corn- R’ 
pound 

R’\ IV 
4-B 
Chem 
,1eId 

(2) 

VII or VIII 

Chem cLy1g ee Confi- 

\ leld = (C solr ent) (%) gura- 

(5) t1on 

1 (-_) I \Ir I t1 75 VII 53 --lo go (0 81 CHC13) 44 R 

2 c-1 I \Ie Et2SO.q 95 VII 68 -11 lo (0 90 CHCI3) 45 R 

3 (-1 I \IL n-BuI 95 VII 63 -159= (3 2 CHC13) 65b H 

4 (+) I vc n-BuI 95 VII 65 +1-I 8 (3 2 CHC13) 61 b S 
5 (-_) I Et n-BuI 93 VII 72 - 1 go (5 L EtOH) 561, R 

b (-_) I Et Bcnrx 1 89 VII 66 -30 3’ (8 56 CgH6) 74 R 

chlonde 
7 (-_) I Me II-BUI 95 VIII 68 -1-I 5’ (neat) 78 R 

8 (-_) I UC a-he\1 90 VIII 55 -12 go (5 1. CHC13) 77 R 
9 (-_) I nBu Et+04 98 VIII 71 13 2= (3 31 CHC13) 81 s 

10 (-_) I Et l-l-BUI 96 \I11 69 --? o” (3 25 CHC13) 79 R 

CJ From amide I b Determu ed b\ 250 ;\Ihp >MR nlth a chwal stift reagent Eu(hfpc13 

Grlgnard compounds are inert towards amldes IV Even upon warming, the 
amide 1s recovered after hydrolyws_ 

Organollthmm compounds ave better results and the reaction of two equlva- 
lents of such a compound causes the cleavage After acid hydrolysis, ketones 
VII are then isolated m moderate chemical yields but in good optical yields. It 
IS also possible to recover the choral inducer from the aqueous phase 

We tried to limit the racemlsatlon by using milder condltlons Trlethyl oxo- 
mum fluoroborate was employed m order to generate an lmldate salt [14] 
These compounds are known to be very reactive towards nucleophlles (H,O, 
RM, etc) and we thought that it would be possible to prepare ketones or acids 
under mlId conditions m this way 

In fact all these experiments were negative and we did not succeed m pre- 
parmg the salts denved from amides I or Ii (with protected hydroxyl) 

Synthesis of (S)-(+)-4-methyl-3-heptanone 

This compound 1s the prmclpal alarm pheromone of “Atta Texana”, a leaf- 
cutting ant The synthesis of this choral ketone was Interesting because the (+)- 
enantlomer IS about 400 times more active than the (-)-enantlomer [15] 

(C,H,CO),O -i- d-ephedrine - (+I I 
(7) LDA 

(2) MgBrz , 

+i 

CR’= Me) (3) n C,H,I 
0 

(95%) 

/ 

2 EtLl 

d-ephedrine + 

+ (=I 
0 



In oldel to obtnm the collect confgwatlon NC pc~parccl nn~~clc I (R’ = me- 
thyl) derwect from d-ephechne ? he alkyldtion with n-p1 ops 1 lo&de affords the 
alkylated amide III 95% yield Th15 .m~rcIe 15 then tlcated u ~th equwalents of 
et!lylhthmm to provide, after ac~ci hydrolysis the S ketone ([a]? +17 9”) III 
55% chemical yield and 121 S17 enC~ntlomellc excess Thus attlactlre and effl- 
clent lorcte Illustrates the mtcrest p~ov~clr~d 1, the use of chnal amides 

Dlscussmn 

It IS of noteworthy Oom Table 4 that It IS posbible to prepae e&he1 the X or 
the S enantlomer m a series from a smgle chnal substrate_ smce compounds are 
formed m comparable enantlomerx pullty wth opposite configulatlon M hen 
the alkyl group mtroductlon IS revelsed (entiles 9 and 10) 

On the other hand, study of the results summarized m Table 2 shows that 
the dlastereomerlc ratlo IS unchanged on vallatlon of the metalatlon tempera- 
ture The Influence of the alkylatlon temperature IS more perceptible but still 
not dramatic. However It seems probable that the metalatlon step determmes 
the yield of the asymmetrlc synthesis Indeed removal of the pro 22 or pro S 
proton in I determmes the E/Z ratlo of the enolates IIIA and IIIB and by 
studymg a space fllhng model of the compound, we can ratlonahse that the 
presence of a methyl group hound to the nitrogen atom greatly favours the for- 
natlon of enolate IIIA from amide (-) I 

A slmllar result was previously estabflshed by Meyers for oxazolmes [3] 
The small varlatlon of enantlomerlc escess with alkylatlon temperature IS 

consistent with the fact that the electrophlfe reacts with amon III accordmg to 
a preferentral path 

In fact, we can assume that the alkylatmg agent approaches the molecule 
from above accordmg to the arrow_ This would be the favoured approach 
because of sterrc hindrance from below and because of the possible chelation 
u hlch may be estabhshed between the negative pole of the electrophlle and the 
metalhc catlon (It must be emphasised that results are unchanged by alkylatmg 
the anion III with a sulfate) 

It is more difficult to explam why optlcal yields are better w&h compounds I 
(the hydroxyl of which IS free) than with compounds II (the hydroxyl of which 
is protected as a methoxy group)_ An explanation may be found If we suppose 
that the alcoholate is not free but forms an almost covalent bond with the 
metal (at least with magnesium) Moreover It IS Inserted m a tight pour or m a 
solvent separated pair and the size of such an assoclatlon ought to mfluence 
greatly the stereochemlstry of the reaction. 

However the small varlatlon of enantlomerlc excess with experlmental condl- 
tlons (temperature, solvent, alkylating agent) hmlts the posslblhtles for a valu- 
able deterrnmation of the mechanism. 

Understanding of this reaction IS still incomplete and undoubtedly the direct 
observation of enolates by the NMR technique would be desirable, it would 
thus be possible to determine that the metalatlon 1s definitely the controllmg 
step of the reaction. 

From a synthetic pomt of view, this method allows the use of common 
compounds to synthesize chual substituted ketones and acids of predictable 
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configuration with good optical yields under very mild condltlons It must also 
be emphaslsed that all the steps <are acheved at room temperature 

Expellmental 

Gene, al 
Llthlum dnsoplopylamlde \%aas routmely prepared by adding 1 0 equlv of 

n-butylhthlum to 1 05 eyulv of dry lsopropylamme at 0°C LMagnesmm dlbro- 
mlde was prepaed by adding 1 0 mol of dlbromoefhane to 1 0 g-atom of mag- 
nesmm m ether (120 cm’) The metal was consumed m about 2 h at 30°C VPC 
analysis of amides was carried out on a column packed with 6% PS 410 (All- 
tech) on Chromosorb W AW SO-100 mesh at 240°C Optical rotations were 
measmed on a Perkm-Elmer polarlmeter 141 Infrared spectra were recorded 
on a Perkm-Elmer 457 and PMR spectra on a Bruker WP SO spectrometer (SO 
MHz) m Ccl, Chenucal shifts are given m ppm with TMS as internal standard, 
“C NMR spectra were recorded on a Jeol FX 60 Q and determmatlon of enan- 
tlomerlc excess was achieved at 250 MHz (Cameca, TSN 250) with trlsE(3-hep- 
tafluoropropylhydroxymethylene)-d-camphorato]-europ~um(II1) I- and d- 
ephedrme were obtamed from Aldrich Co 

Chrral amides (Table 1) 
Amzdes I 0 1 mol of ephedrine (I- or d-) 1s heated with 0 15 mol of anhy- 

dnde at 65°C for ten mmutes The murture 1s poured into a cold sodium hy- 
droxlde solution (2 AT) and stn-red for one hour m order to ellmmate the excess 
of anhydrIde After extractlon, the product IS dissolved m 40 cm3 of warm 
benzene and 40 cm7 of 30-65”C petroleum ether 1s gradually added After 
crystalhsatlon, the product IS filtered and dried under vacuum IR (film) 3400 
cm-’ (OH), 1620 cm-’ (C=O) 

1 and 2 M p 71°C PlMR 6 2 20, q, 2H (CH,-CN,); 2 75, s, 3H (N-CH;), 
4 3, m, 1H (CHOH), 7 3, s, 5H (C6HS) 1 [alho -101 0” (CHC13, c 3.2), 2 
[cY]~ +95 5” (CHCIX, c 3 67) 

3- M p 40°C PMR 6 2 25, t, 2H (CH2-CO), 2 73, s, 3H (N-CH,), 4 3, m, 
1H (CHOH). 7-2, s, 5H (C,H,) [+j’ -100 0” (CHC13, c 3 17) 

4 PMR 6 2 18, t, 2H (CHZ-CO), 2 69, s, 3H (N-CH,), 4 2, m, 1H (CHOH), 
7 2, s, 5H (C,H,). [a]g -86.3” (CHClj , c 3 44) 

Amzdes II 0 05 mol of amide I (R’ = Me) m THF (25 cm3) IS slowly added 
to a suspension of sodium hydride (0 05 mol) m THF After stlrrmg for one 
hour, 0 06 mol of dlmethyl sulfate IS added and the murture IS heated for thirty 
mmutes at 40°C After hydrolysis the product IS extracted and dlstllled B p- 
105”C/O 1 mmHg PMR 6 2 22, q, 2H (CH,-CH,); 2.77, s, 3H (N-CHJ); 3.29, 
s, 3H (O-CH3), 4 25, m, 1H (CH-0CH3), 7 3, s, 5H (C,H,) [a]g -54 3” 
(CHCI,, c 3-53). 

Alkylatron of amrdes. 0 025 mol of amide dissolved m 20 cm3 of THF IS 
slowly added at 0°C (Ice bath) to a solution of 0 05 mol of lithium diisopro- 
pylamlde m ether The mixture is allowed to stir for 2 h 0 05 mol of MgBr, m 
50 cm3 of ether is then added and stirred for thirty mmutes After addltlon of d 
solution of alkyl lo&de (0.08 mol) in 20 cm3 of HMPT, the murture 1s stlrred 
for 12 h at room temperature and quenched by pourmg mto a saturated solu- 



tlon of ar1~-1zonmn1 chlorrde After extractIon_ the 5olutron 1s ~~ashecl \I It11 

sodrum thlosulfate and dried 
The same procedure IS utlhzecl XX lth met.h> I and r~thyl sulfate 01 with benzl 1 

chloride m this case, the excess of chlol~de 15 icmoved by flltratlon on a short 
column of sihca gel (hezlane/ether 80/20) 

The crude product IS analyzed by “C NSIR or cleaved m ketone or m acid 

Amide IV (R’ = Me, R’ = Et)_ 13C KhIR (deuterated DMSO 170°C) (5 (ppm) 
(TMS)_ 9 2 (CHflHZ), 13 2 (CH,-CH), 26 4 (Cl-I,-CH,), 314 (CH,-N). 
56 8 (CH-N); 75 5 (CH-O), 130 7, 131 2 and 132 0 (phenyl), 144 2 (phengl) 
173-4 (C=O)_ 

Spectra of anudes derived from am~cle II possess an addItIonal band at 6 54 S 

ppm (O--C&)- 

Synthesrs of R and S ketones 
Crude substituted amldes IV are dissolved m ether and a solution of 2 equlv 

of MeLl m ether 1s slowly added at -10” C After stn-ring for 45 mmutes, the 
mature IS poured mto hydlochlorlc acid (-5 N) at O’C and extracted with 
pentane. After d~stlllatlon or chromatography on slhca gel (hexane and helane/ 
ethylacetate, 95/5) pure ketones are Isolated. 

R-(-)-3-Methyl-2-pentanone B p 115°C IR 1715 cm-’ (C=O) PMR 6 
(ppm) 0 95, t, 3H (CH,-CH,); 1 02, d, 3H (CH,-CH), 2 05, s, 3H (CH,-CO) 
[(r]g -10 9” (CHCI 3, c 0 Sl); ht [16], [a]g -24 9” 

R-(-)-3-Methyl-2-heptanone- B-p. 57”C/lS mmHg IR 1715 cm-’ (C=O) 
PMR- 6 (ppm) 0.98, t, 3H (CH,-CH,), 10, d, 3H (CN3-CH); 2 1, s, 3H (CH3- 

CO)- Cal fp -15-9” (CHCls, c 3.2) 
S-(+)-3-Methyl-2-heptanone As for the R-enantlomer, but [cr] j$’ + 14 S” 

(Cl%&, c 3 2) The enantlomerlc excess was measured by dedoubhng the sm- 
glet of CH,-CO (addition of a choral shift reagent) 

R-(-)-3-Ethyl-2-hepfanone IR 1710 cm-’ (C=O) PMR 6 (ppm) 0 99 and 

1.02, 2t, 6H (CH,-CH,), 2 03, s, 3H (CH,-CO) [(~]g -1 9” (EtOH, c 5 2), ht 
[17][cY]g -0 7”). 

R-(-)-2-Ethyl-1-phenyl-3-butanone IR- 1715 cm-’ (C=O) PMR- 6 (ppm) 
0.95. t, 3H (CN,-CH,), 2 05, s, 3H (CH,-CO); 2 35, d, 2H (CHz-C6HS) [cK]~D” 
-33.7” (EtOH abs, c 2.52) (lit [lS], [a]$j’ -45 5”) 

Synthesis of S-(+)-4-methyl-3-heptanone 
The ketone IS synthesized as previously described. 0 045 mol of EtLl 1s 

added to 0.025 mol of the crude armde III between -15 and -10°C IR 1710 
cm-’ (C=O). PMR: 6 ( ppm) 0.98 and 1 02,2r; and Id, 9H (CH3-CH2 and 
CH,-CH); 2.31, q, 2H (CH,-CO) [c+j + 17 9” (hexane, c 1 l)(ht [15] [(r]hi 
+ 22 0”). 

Synthesis of R and S acids 
0.025 mol of the alkylated armde IS refluxed with cone HCl for 20-30 h 

After coolmg, the mixture is extracted and washed mth cold sodmm hydroxide 
(5 N). The aqueous phase is then quickly acidified and extracted with pentane 
The pure acid is Isolated as a colorless oil after removal of solvents. 

CR)-(-)-Z-Methylhexanoic acid IR: 3400 cm-’ (OH); 1725 cm-’ (C=O) 



PMR 6 (ppm) O-95, t, 3H (CH,--CH,)_ 1 O’i, d, 3H (CN,-CH) [a]$ -14 5” 
(neat), llt 1191, [cx]~ +lS Y3 

(RI-(-,I-2,6-Dzmethylhepta?zozc aczd IR 3400 cm-’ (OH), 1720 cm-’ 
(C=O) PMR 6 (ppm) 0 92, d, 6H ((CH,)2-CH), 1 02, d, 3H (CH,-CH) [cY]~ 
-12”s (CHCl,, c 5 1) (IA [20] [&I’D5 -16 6”) 

(R)-(-)-2-Ethylhesanozc aczd IR 3420 cm-’ (OH), 1720 cm-‘(C=O) PMR 
6 (ppm) 0 95 and 1 0, 2t, 6H (CN3-CH2) [&IF -3 0” (CHCI,, c 3 3)(ht [21] 
[LY]2 -3.94”) 

(S)-(+)-2-Ethylhe_xanozc aczd As for R-enantlomer but [cxlg L3 2” (CHCl,, 
C=33) 

(R)-(-)-2-Ethyl-2-metlzylpen tanozc aczd The first alkylatlon IS achieved as 
usual with (Et),SOI as the alkylatmg agent. the second IS achieved without 
adding MgBrz with n-PrI as the alkylatmg agent After cleavage with cone HCl, 
the pure acid IS Isolated by slhca gel chromatography (hexane/ethyl acetate, 
92/8) IR 2400 cm-’ (OH) snd 1725 cm-’ (C=O) PMR 6 (ppm) 0 98, s, 3H 
(CH,-C), 1 0,2t, 6H (CH,-CH,) [al&O -4 5” (EtOH 95, c 3 6) (ht [22] [a]$? 
+19 7”) 
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