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Abstract-Considcriug the usefulacss of optically active apdisubstitutcd-a-hydroxy acids (1) and a,adis- 
ubstituted-o-hydroxy ketones (2) read& accessible from 1, exploitation of a new asymmetric synthesis of I from 
a,jJe acids (3) which utitised Mola&&ation reaction as its key step, was studied. 

The asymmetric bromolactonisation of (s)_N_(o.~-un~~ted)acylp~l~~(~~ derivable from 3 such as tiglic 
acid (3a) and #uns-a-methyGonamic acid (3b), with N+bromosuccinimide in N,Ndimethylformamide was found 
to proceed in a highly stereoselective and regiospeeific maoner, giving a mixture of the two diastereomeric 
acetones (8) ia which one diistereomer @A) was highly coast. Debromiaatio~ of 8 followed by acidic 
hydrolysis rcadity atforded (R&I being @MB% o@kAIy ptm. 

OptkaIIy active ~,~~s~ti~~-o-hy~xy acids 
(1) and a,~~u~~~-~-hy~xy ketones (2) 
readily accessible from 1. are considered quite useful 
as starting materials for preparation of several structurai 
types of optically active natural products which involve 1 
or 2 as their partial structural units. Thus, quinoline 
afkaloid camptothecin’ and antifi~ngal cryptosporiopsio’ 
coataiu 1 in forms of iactooe and ester, respectively, and 
anthracycline antibiotics adriamyciu and daunorubicin,’ 
which recently attract much attention because of their 
promising anticancer activity, involve 2 as theii partial 
structures. Synthesis of oae eoantiomer of frontalin,J an 
aggregation pheromone of bark beetles, has been 
achieved by u&siug Iactonised 1 prepared by chemicaI 
resoiution, as a startiag material. The reported total 
syuthesis of C-18 Cecropia juvenile hormone’ clearly 
suggests that 1 and 2 are usefut starting materials. 

R2 

R’ I -44 *--CORs 1: R’, R* = alkyd or aryl, RJ = OH 
2: R’, R*, R’ = alkyl or aryl 

dH 

As methods for prepa&g 1 by asymmetric synthesis, 
addition reactions of G&ard reagents to chiral a-keto 
esters have been exc~~veIy examined: aud high optical 
yields (max 93%) are achieved in the as~e~c syn- 
thesis of optiudly active atrolactic acid,“ which has 
extensively been studied in co~ection with applicability 

of the so-called “P&g rule”.7;4 Recently, it was repor- 
ted that the use of conformationally rocked optically 
active i&oxathine derivatives kd to the asymmetric 
synthesis of highly optic&y active at&a&c acid methyl 
ether,” and that tita&m chloride assisted addition of 
alkyd trimethyl silanes or silyl cool ethers to chiral o-keto 
esters could ai?ord 1 in 554% optical yield,” 

Although asymmehic synthesis of 1 seems to be 
thoroughly studied as mentioned above, s&uctmal varia- 
~~ofl~~kby~s~~~~~ 
because the asymme&ic syntheses hitherto examined 
~~~y~~~~of~-k~~s~~ 
pyNvic acid and p~y~yoxy~ acid, as reaction sub 
strates. Considering wide applicability of 1 and 2 to 

synthesis of optically active natural products and limited 
numbers of me~~olo~es available for asymmetric 
synthesis of 1, an effective method which would give 1 in 
high optical yields from achiral substrates other than 
a-keto acid derivatives, was sought. 

We have now succeeded in exploiting a novel asym- 
metric synthesis of 1 which utilises haiolactonisatioo as 
its key step. This report concerns with strategy of the 
asymmetric synthesis and practical synthesis of 1 being 
89-3846 optically pure, by employing the designed reac- 
tion scheme. 

Based on the accumulated information regarding 
halolactooisatioo,‘“‘6 Scheme I was designed for the 
asymmetric synthesis of 1 from ~,~-~sat~t~ acids (3) 
by employing commercially available (S)-profine ((Sy) 
as a chiral source. 

Thus, it is anticipated that (StN+Y$-un- 
saturated)acylproline ((S)4) readily obtainable from 3 
and (574, might exist as a mixture of four possible 
conformers @)-5A-D), Although s-mm- and s-cis-con- 
farmers GMB,Df are considered t~~~~c~y 
more stable than the others (s-tram- and s-c&- 
~~o~~X~~~~~) due to their pos&ie in- 
tramolecuhu H-~n~~ between the amide and the 
carboxyl groups, they would not participate in haiolac- 
tonisatioo reaction because the double bonds involved in 
(StssP are remote from the carboxyl groups. There- 
fore, when f@-5 is sublet to ~oiac~~~tion, the 
diastereomeric halolactones (f&B or 90) might be 
produced via two sets of the halo&m ions ((!T)-&C 
and (MP or G’VA4-Z and GVBD). 
provided that attack of the iobamokcular 
aucleophile, the carboxylate anion, promptly occurs 
before bond rotation and proceeds in a coqnpiete tmrw 
fashiolL’=f lo fact, the asymmetric ~~a~~~n 
might take piace under an influence of the chiral center 
present in the ~~~~rne moiety to give a mixture of %A 
and 8B or 9A and 313 in which one diastereomer @A, 9A 
or SB, 9B) is predomiaant. Dehalogenation of 8 or 9 
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Scheme 1. 

followed by hydrolysis would afford 1 which pre- 
dominantly involves one enantiomer ((I?)-1 or (S)-l), via 
the dehalogenated lactone (18). 

Detailed studies on the designed synthetic scheme 
have clearly disclosed that the bromolactonisation of 
(S)-5 proceeds in a stereoselective and regiospeci5c 
manner, giving 8 in which 8A is highly predominant, and 
that successive debromination of 8 and acidic hydrolysis 
can furnish (II)1 which has a high optical purity. 

II. Asymmetric synthesis of optically active a,a-dis- 

u&it&d-a-hydroxy acids (1) fmm a,#?-unsatwntcd 

acids (3) 

By selecting tiglic acid (2a) as 3, preparation and 
halolactonisation of (*5 were studied. 

Acylation of (S)-4 with tigloyl chloride (118) prepared 
from 3a,” under the usual S&&ten-Baumann condition, 
8ave (StN-t&loylproline ((S)-Sa), [a]E -72.7” (&OH), 
in86%yield.Thesame(S)-Sacouldbepreparedin9046 
yield by condensing (S)+thyl prolinate ((5+12)‘* with 2a 
in the presence of diethyl phosphorocyaklate (DEPC)‘9 
and triethyhunine (TJM), followed by alkaline hydrolysis 
of crude (S)+thyl N-ti8loylprolinate@+l2a). 

Results of the halolactonisation examined by tre&ing 
(e!ta under various conditions are summarized in Table 
1. 

As expected, the double bond conje with a CO 
group undergoes no halolactonisation,’ (.!+Sa involvin8 
the double bond adjacent to the amide group, exhibited a 
similar tendency to halohtctonisation. Thus, treatment of 
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Tabk 1. Haldactonisation reactions of (S)N-tigloyipdinc ((*Sa) under varka c.omlihs 

bn Reagents for thtlolactonixation Reaction Conditions Halolactones 

Keactlolla) Solv. 1-p. Time 
(5 and 9J 

("C) (hr) 
structuree) :khem;;',f) 

1 KI(l)-I,(l)-Na,CO,(l) "20 70 13 E'S& 35 

2 Br2(1.5) CHC13 rt 2.5 #uMBa 47 -I 

3 Br (1 5)-TEAb)(l) CHC13 rt 38 ?.!?$W 31 
2 * 

4 neSC)(l) CHC13 0 20 !!!?P!% 5g 

5 NC&)(l) OnFd) rt 20 6Aa+BBa 04 

6 WC)(P)-t-BuOK(l) md) rt 48 - - 95 %'B 

a) Numbers in parenthesis express equivalents of the reagent to (S)-%. b) Trl- 

ethylamine. c) N-Branosucclnfmlde. d) N.N-Ohuethylfonnamlde. e) See 

ref. 20 and 23. f) This was calculated by the weight of the crude halolactone 

obtained by evaporation of the canbined neutral organic extracts(See experimental). 
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W-58 with a mixture of potassium iodide, iodine, and 
sodium bicarbonate, being the most popular reagent for 
iodolactonisation,‘L’s was found to afiord a 20% yield of 
the crude iodolactone @a).= Modikation of this con- 
dition could only improve the yield of 9aao up to 35% 
(Table 1, run 1). From crude 9a, predominantly formed 
9Aa.2’ [a]E -58” (MeOH), was isolated in a pure state 
by recrystallisation. 

Next, the condition which induced successful bromo- 
lactonisation of cis- and tmn.r-stilbene-karboxylic 
acid.= was applied to (,!+Sa. Treatment of ($kSa with 
bromine in chloroform aKorded the crude bromolactone 
@a)” in 47% yield (Table 1. run 2). Addition of TEA 
(1 eq) to increase a population of the carboxylate anion 
present in the medium, and prolonged reaction time were 
shown to be useless for improving the yield of 8a” 
(Table 1, run 3). 

Bromolactonisation of (,!I)-!Ia was further attempted by 
employing the condition for bromoether formation 
of linalool.” Ahhough the reaction of (S)& with N- 
bromosuccini.mide (NBS) in chloroform or in carbon 
tetrachloride increased the yield of crude 8a= up to 59% 
(Table 1. run 4), the purity of crude Ba definitely 
decreased more than that observed before (Table 1, run 
1-3) due to possible side reactions including allylic 
bromination. 

While homolytic cleavage of NBS in a polar solvent is 
well kn~wn,~ it is somewhat ambiguous whether 
heterolytic cleavage of NBS to bromonium ion (Br’) and 
succinimide anion occurs in a polar solvent.” However, 
if NBS occurs heterolytic cleavage in a polar solvent as 
exemplifkd by the conversion of olefin to oicinal- 
diiromide by the use of NBS in a polar solvent,27 suc- 
cinimide anion can be produced as a counter anion of 
bromonium ion in the reaction medium. In the case of 
bromo lactonisation, the succinimide anion having a 
lower nucleophilicity and stronger basicity than the 
bromide anion,= might assist the bromolactone for- 
mation by converting the carboxyl group into carboxyl- 
ate anion more effectively than the bromide anion. Due 
to this reason, it seems quite promising that the yield of 
8s can be much improved when ($)-So is treated with 
NBS in a polar solvent. This expectation was found to be 
the case. 

Thus. the asymmetric bromolactonisation of (s)-Sa 

with NBS in NWimethylformamide (DMF) success- 
fully atIorded crude 8a, [alg -77.2” (MeOH), in 84% 
yield (Table 1, run 5). In this experiment, puritkd anhy- 
drous DMF was used as the solvent because of the 
presence of a small amount of water,” aliphatic ako- 
hol.m or catechols3’ released bromine from NBS in a 
polar aprotic solvent.~~ 

In order to further improve the yield of 8a, the bromo- 
lactonisation was carried out after converting (*Sa to its 
potassium salt with t-BuOK. This operation was per- 
formed by expecting that t-butoxide anion could produce 
the carboxylate anion more strictly than succinimide 
anion. While improvement of the yield for crude BP could 
be achieved by submitting the prelimimuy formed potas- 
siumsahof(~~tothebromolactonisationwithNBS,the 
purity of crude Sa” clearly decreased due to the formation 
of many side products (Table 1, run 6).‘* 

Since crude 8a, [a]E -77.2’ (MeOH), can be trans- 
formed to (R)_2-hydroxy-2-methylbutyric acid ((Rkla) 
being 8946 optically pure (oidc infm) and halolac- 
tonisation is well established to proceed in a complete 
tmns fashion,‘L’s it is evident that crude 8a contains the 
two diastereomers (8Aa and 8Ba) in a ratio of 94.5:5.5. 
When crude tb was once recrystaIhsed, the predominantIy 
formed diastereomer @An). [a]g -83.2” (M&H), could 
be obtained in a pure state in 63% yield based on (S)-Sa. 

Debromination of etude &, [alb - 77.2” (MeOH), with 
tri-n-butyhin hydride3’ in benzene yielded the crude lac- 
tone (lfta) as a mixture of the two diastereomers (1OAa 
and lOBa), [a]E - 107’ (MeOH), in 94% yield. Hydrolysis 
of crude 19a was effected by refluxing a mixture of crude 
ltla and 36% hydrochloric acid, giving (R)-la,- [a]‘d 
-7.9” (CHClJ, in 97% yield. The koo rotatory acid 
((Rhla), exhibited the same spectral properties as those 
of the racemic acid ((fbla) prepared from 2-butanone.X 
On the other hand, when pure 8Aa. [a]: -83.6” 
(MeOH), was similarly debrominated and hydr~lysed,~ 
and the acidic product was recrystalhsed, optically pure 
(R)-la,= [aI’d -8.9” (CHCb), could be obtained via pure 
lOAs, [a]g - 112” (MeOH). 

Therefore, it is obvious that the formation ratio of the 
two diastereomeric bromolactones @Aa and 8Ba) and the 
optical purity of (Rkla directly prepared from crude 8a 
can be calculated as 94.5 : 5.5 ad 8996, respectively. 

Next, the scheme developed with 3a was applied to 
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readily available tmns-a-methylci acid (3h)” 
which had the same substitution pattern as for 3a. 
Analogous acylation of (S)-12 with 3b in the presence of 
DEPC” and TEA followed by alkaline hydrolysis Rave 
(s)-Sb. [a]g -11.8” (MeOH), via the @)-ethyl ester 
((S)-1s). [a]g -30.3” (EtOH). 

When (Z+Sh was submitted to the asymmetric bromo- 
lactonisation as for (s)_Sa (Table 1, run 5). the yield of 
crude 8b was found to be very low (24%) even after 
66 hrs’ reaction at room temperature. This is conceivably 
due to lowered electron density of the double bond 
brought about by the additional conjugation with ben- 
zene ring. Therefore, the bromolactonisation of (s)_!Jh 
was carried out by first converting (!Wh to its potassium 
salt. Although this operation was ineffective for the 
bromolactionisation of (S)-Sa because of decreased purity 
of crude 8~,‘~ reaction of the potassium salt of ($Mb with 
NBS in DMF successfully afforded crude & as a mixture 
of the two diastereomers @Ah and 8Bb. 99: I) (utie infm), 
[a]g - 102“ (I&OH), in 91% yield. 

Debromination of crude 8h followed by acidic 
hydrolysis in the same manner as for crude &, gave 
(Rk2-hydroxy-2-methyI_lphenylpropionic acid ((R)- 
lb),- [a]: +16.7“ (dioxane). in a good yield. Since the 
highest reported optical rotation of (&lb is [a]D + 17.0” 
(dioxane),4’ the ratio of the two diastereomen (8M and 
8Bh) involved in crude 8h and the optical purity of 
(&lb. can be calculated as 99: I and 98%. respectively. 

As exemplitied in the preparations of (Rbla,b, this 
asymmetric synthesis can afford 1 by the hitherto reported 
method, not being accessible in high optical yields from 3. 
IXre to this reason in addition to its operational simplicity, 
the overall process might have wide practical values. 

Taking into account the design of the asymmetric 
synthesis shown in Scheme 1 and the experimental 
results, it appears that intervention of two types of the 
bromonium ions ((SyA and (.9)X) derivable from s- 
tmns- and s-ckonformers ((SSA and (S)-X), res- 
pectively, is only compatible with the exclusive for- 
mation of 8A. 

Studies on discrimination of the two possible bromo- 
nium ions ((S)-6A and (S)-6C) and on general ap- 
plicability and detailed reaction mechanism of the 
asymmetric bromolactonisation are the subject of the 
accompanying pnper.‘2 

AU IIL~S and b.ps arc uncorrupted. W specm mea.sufcmCOtc 
WLTC pedomcd with a JASCO Spectrcmeter Model D!MCtX 
ami a‘JASC0 IRA-I Gratin,g IR Spectrometer. NMR spectra 
were measured with a Hitachi R-24 High Resolution Spec- 
tromcter (6OMHz) and a JEOL JNM-PSI00 Spectrometer 
(100 MHz). All signals arc expressed by the ppm dowatleld from 
TMS used as ao internal staodard (6 value). Followins ab 
lmviatioos arc used: sio.glet (I). doubkt (d), triplet (1). qoutet 
(q). multipkt (m). broad (br). Measurements of optical rotations 
were c&cd out using B YANACO OR-50 Automatic Poliui- 
meter. All reactions wcrc performed by U&U anhyd solvents. 
and the combined orgaoic extracts obtaiocd in each expaimcnt, 
were drkd over N&SO, or M&O, bcforc successive Rltratbo 
and cvapontioo In wcmo. 

(S)(-~N-Tff~lp~~c((S)_~) 
(A) Prcpamlior of (!+k according 10 the Schotta-&lumm 

pn~rd& (S)-4 flajg-85.Y (~‘4.00, Hfl)(10.4& O.o#)mok) 
was dissolved in 2N NaOH (53 ml. 0.106 mok) cookd in an ice 
bath. 8od tbe nsultin# alkalbc solo was dihlted with rcctooc 
(53 ml). An acetone soln (53 ml) of llr” (16.0,~. 0.135 mok) and 
the 2N NaOH solo @ml, 0.160mole) were simultaoeously ad- 

dcdova7Omintothc~ueourroloof(~withs~in~ 
ice bath. The pH of the mixture was kept at IO-II durinn the 
addition of the acylatiog agent. After thc~stirriag was coo&~uf~I 
for 2 hr at room temp. the mixture was submitted to evaporation 
in wcuo to remove the acetooe. The residual solo was wasbcd 
with ether, and acid&i (pH + 2) with coot HCI. The acidic 
mixture was extracted with EIOAC after be& saturated with 
N&I, and the combined EtOAc extncts were washed with sat 
NaClaq. Filtration and evapomtioo in wcuo gave crodc (s)-5a as 
a colorless solid (19.5g, quantitative yield). Recrystanisation 
from bexaa&woe (2:3) gave ~urc (nti as colorless pillars 
(15.3~ 86%). m.p. 112.5-ll<5°. [hlg -?ZT (c= 1.00. M&H). 
IR Y:? cm-‘: 1740 (acid), 1582 (amide). NMR (in ClXI,): I.78 
(3H. s. CH,CH=). 1.81 (3H, s. =C:(CH,)CO), 1.50-2.50 (4H. m. 
CI&C&CH2N), 3.35-3.75 (2H. m. C&N). 4.53 (IH. t. J = 7 Hz, 
NCHCO). 5.75 (IH. br s. Cum). II.0 (IH. s. COOB). (Found: C. 
60.70; H. 7.64; N. 7.13. Cak for &H&N: C. 60.91; H. 7.61: N. 
7. II%). 

(B) Pmparation of (SMa by the USC of DEJT. (a) t.?W~y& 
tiglOYbOliMtc (LWJO. A soln of n 

(VSm& 3.42mmok) in DMF (IOml) was added to a 
cooled (0, stirred mixhue of 3a (311 mg. 3.1 I mmok) pad (S)- 
12” ((~1: -42.6’(c = 2.01. EtOH)) (50Omg. 3.49 mmole) in DMF 
(IOml). A DMF solo of TEA (315 w. 3.11 mmolc) was further 
rddcdovaSminandthewholcmixturr~sthredat00for2hr. 
then at room temp. for 2 days. After dilution with benxene- 
EtOAc (I : 2). the mixturc was socceuively washed with 5% HCI. 
HrO, sat NaClaq. sat NaHCOgP, Ha, and sat NaCkq. R- 
tration and evaporation &I wcuo gave ctudc (Sll as a pale 
yellow oil (695 mg, quantitative yield), wbicb was immediately 
used for the next step. IR Y”, cm-‘: 1750 (ester). 1630 (amide). 
NMR (in CLICI,): 1.32 (3H, t. J = 7 Hz. CHXB,), 1.10-2.90 (4H. 
m. Cl&C&CHIN), 1.76 (3H. a, C&CH=). 1.78 (3H. s. 
=C(CH,)CO). 3.54 (W. 1. J = 7 Hz, C&N). 4.13 (2H. q. J = 7 Hz, 
CHFH,). 4.40 (IH. m. NCHCO). 5.65 (IH. br q , CH=). 

6) (SW - )_N-Tigloyi&inc ((SG). - soln 
of ISblh 6!Bme 248mmok) and KOH &56 wre) 
(209& 3.16dyio a mixture of EtoH (2mi) and-H4 
(2 ml) was stirred at room temp. for I hr. tbeo was concentrated 
k wcyo to ooc tenth of the or&al vohuac below 45’. After 
evaporation. the rcsiduc was dihned with Hfi (52ml). Tbc 
aqueous soln was wasbed witb ether. acid&d @H + 2) with 
coot HCI. sod then extracted with EtOAc after saturation with 
NaCI. The combined organic extracts were wasbcd with sat 
NaClaq. Filbatbo md evaporation h wcuo gave c&c (Sk as 
a cobdess solid (44Omg. 90%). RecrystGatioo from hexanc- 
benzene (2: 3) gave pure (*Sa as cdorius pillars, q .p. I I l-l IY. 
[ulg -71.9 (c= 1.04. MeOH). whose spectral (IR lad NMR) 
propcrtks were identical with those of (SSa obt&ed in A). 

Yswl’o_Jodoclll~l~~~~-l,~-3, 4. 6. 7. 8. &(* 
hr.&&u-IH-ppdoRl+] [1,4]oxa&e (5h) ord f& l’(s). 
3Wisofnu (9Ra) (ioddoctotiation of (Sk) 

Tab& I. run I. Kl (7.58g. 45.6mmok) llld I2 (3.86g. 
15.2 mmok) was ldded to a solo of (srur& -72.P (c = 1.00. 
MeOH)) (I .OO 1.5.07 mmok) and Na&O, (537 mg, 5.07 mmok) in 
HP(l6ml).Tbcmixtltrc~stimdrt7(rfor9hr.SincetbepH 
ofthemixtsuecba&fmm6.5to45,satNaHCO,aqwasadded 
toadjnstthepHto6.5.Aftarthesti+wufortherco&mcd 
for4hr,tlled8rkalbrofthemixauew8sdecobrirsdbytlle 
additiooofsoliiNa&U,.Tbc.quwusmixnvewasextracted 
with EtOAc after saturation with N&I. The combiocd JItOAc 
extncts were successively wasbed with sat NaHCO,aq and sat 
NaClaq. Filtntbo and eviporatioo k uacua gave cmdc km as a 
uak yellow thick oil (580 mg. 35%). Tk (sitka nl. solvent ether) 
iaal)& of this oil &wed m a&t sin& lpot wllose Rj value 
(0.33) w8s tbc same ls that of *Aa. IR spccmml of this sample 
was &lost identical witb th8t of Ma. Tbc oily residue was 
dissolved in bexM&ctkr. aadthCapllicsolEW~c0okdiUin 
iabatbtol?rydkt!le~formaiIk”inrpun 
state (289~. 17%), cdorlcls ecedks, q .p. IW, Iul~ - W 
(c = 1.00. MeOH). IRv~ cm-‘: 1765 (kctooe). 1675 (amide). 
NMR (in CDCl,): 1.75 (3H. s, CI_f,CCON,. 2.05 (3H, d, J = 
7.2Hz. CH,CHl). MO-2_80 (4H. q , C&C&CHzN). 3.40-3.90 





same spectral (lR sod NMR) properties as those of pore lOAh 
prepared as mentioned below. 
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Gdiikd (PH + 2) wi& cone. HCl, samated v&b N&I, and 
extrncted with EtOAc. l-k combiaed EtOAc layers were washed 
with sat NaClaq. Piltmtion aad evaporatioa irr wcao gave 
optically pore (R&la as colorkss aeedks (525 mg,. 9086). m.p. 
74.5-7650, [(I]$ -9.1’ (c = 3.09, CHC&). in from 
bexane gave opticauy pun (RI-la, colorkss needks. m.p. 78-79”. 
[Or]: -8.9’ (c=3.06. cHc&). This sampk showed the same 
spectral (IR and NMB) properties as those of optically pore 
(RI-la obtaioed above. 

Soccessive pmihtioos of a part of crude Mb by recrystai- 
iisatioo from e~~~~fo~, preparative tk (silica geI, solvent 
ether), and further aeon from e~r~~~fo~, 
aifohd pore 18Ab as cokriess aeedks, m-p. M-1450, fa]Z 
-79.3” (c~=O.640, CHCl& lBY% cm-‘: 1745 (k&one), -ls?s 
(amide). NMR (in CDCl& 1.17-2.47 (4H. m, C&C&CH2N). 1.70 
(3H, 8, C&CCO), 2.10-3.80 (2H, m, C&N), 2.70-3.80 (lH, m, 
NC~CO),~3.~ (lH, d, J = 15.6H2, one or-&H&&& 3.24 (lH, d, 
J = 15.6 Hz, one of CJi&&), 7.23 (SH, s, C&f,). (Foundz C, 
69.30, H, 6.71; N, 5.23. Cak. for C&&@Iz C, 69.43; H, 6.61; 
N, 5.40%~. 

([&-42.5” (c = 2.01, EtO&) $21 g, 0.022mhe~ io a &mer 
sin&r to the peon of (Sjl3a gave crude (s)-13b as a pak 
yellow caramel (6.18g, quaatitative yield) after evaporatioo of 
tbe combioed organic extracts @enxene-cthyl a&ate (1:2) 
(1.8 I)). Porifk&n of erode (8131 by column chromatogz@y 
(silica gel, solvent petr. ether-ether 1: 2) afforded pore (*l3b as 
a cobrkss caramel (S.l6g, 90%), rCr]g -30.3” (c= 1.07. 
EtoH). WV% cm- ‘: 173& (ester), 1620 (amide). NMB (in 
CDCM: 1.22 (3H. t. J = 8 Hz. CHEH,). 2.09 (3H. d. J = 1.4 Hz. 
C&C& l&2.53 &tH, m. C&t&C!&), 3.87 (Zhi; t, J = 6 Hz; 
C&N), 418 (w, q. J =8 Hz CHE4& 4.43-4.63 (IS, in, 
NCBCO), 6.70 (1H. br s, &H&t_=)), 7.30 (SB, II, C&). 

(b) (~-jN-~s~-~~~~~~~ ((SMb). Si 
a&aIioe hydro1ysi.s of pure (*l3b([& -30.3” (c = 1.07, EtOH)) 
(5.00 g, 17.4 mmolee) gave crude (Sl-5b as a cohrkss solid (4.35 g. 
96%1, m.o. 114-116°. after evaooration of the cembiaed BtOAc 
ex~~‘-~~~~ frail u aiforded pore 
(s)-fb as colorkss aeedks (3X& 8146). m.p. l&11?, [Q]$ 

-11.8@ (c = 1.00. MeOH) and [a]% -26.r (c = 0.980, Me&O). 
fBv% cm-‘: 1725 (acid), 1587 (amide). NM1 (ia CDCl& 1.57- 
2.47 (4H, m, C&C&CHaN), 2.07 (3H, d, J = 1 Hz. =C(C&>cO), 
3.67 (2H, t, J = 6 HZ C&N), 4.62 (lH, br t, J = 6 Hz, NQICO), 
6.67 (lH, br s, C&C@=), 7.30 (SW, s, C&l, 8.92 (lH, s, 
COG&). (Fouod: C. 69.71; H, 6.n; N, 5.43. Cak for CI,H&N: 
C, 69.48; H, 6.41; N, 5.40%)). 

(&bj and ifi 1~),3@ - isoma (~~)~(b~~~ of 
N-W 

A DMP solo (16m.l) of t-BuOK (0.8988, 8.00mmok) was 
added OVC!’ SlllilI to B St&d SOill Of (@a aQ]b -ftX (C = 

1.00, MeOH)) t207g. 8&humk~ in DMF @ml) at -#P 
under Ns A 40 of NBS (2850, 16.OmmW in 
DMF (24ml) was further adQd OVCT Slain to the solo. 
~~~~~~-~f~2~,~~~ 
temp. for 48fIr. The mixture was d&ted with F&Me 
(1.6 I), and the EtOAc soln was suscessively wasbed with 
S%NaHCO,, HP and sat NaCkq. Fhtion and evaperatioa in 
wcyo gave crude 8b (a mixture of 8Ab aod gltb) as a pale yellow 
Unstabk MZUUC1 (2.46 & 91%). [Q]$f - lfno (C = 0.934, ?&OH). 
jRYCz= cm- ‘: 1760 (lactose), 1673 (amide). NbfB (ia CD&): 
La-257 (4& ~~~H2~, 1.87 (3H, s, C43CCO~, 2.57-337 
(3H. m, C&NC!@COh 5.34 (lH, s, C&B& 7.32 (SH, m, C&h 
TbisonstabkcaramelwasdirecUyosedfortheoextdebromitm- 
~~srn~~~e~~~nv~~~~y~ 
(R)_lb, the ratio of tbe two diasteru~~~& bromoketooes (8Ab 
and~)iavolvedkthis~l,cllab:calculatedas99:1. 

Wlmn the same ~~~~n was attcmoted at room 
temp. for 66 br by usiag NBS (1 es) io the absence-of t-BoOK, a 
~~~of~~~~o~~ex~ve~k- 

~~) - 2 - Hya+v~y - 2 - meihyl - 3 - p~y~~p~~~ o&i ((RI - 

Beaux of a mixture of crude l)b ([u]2 -69.7” (c =0.663, 
CHCld) (l.oOg, 3.86mmole) aod 36% HCI (8ml) for 8 hr, fol- 
lowed by the same workop as that for the prepamtioo of (R)-la, 
gave partia8y optic&iy active (R)-lb in a fure state (631 mg, 
91961, c&&s aeedks, m.p. 115-llP, [a]d + 16.T (c = 5.71, 
dbxane). Hi and NMR spectia of tbis .&&were identical with 
those of au&e&c (R)-lb’@ (lit.,* m.p. 117.~1190, [QI~ t16.p 
(c =5.658. dioxmu)). The formation ratio of the two dhi- 
tereomerk ~~~n~ (8Ab and 8Eb) and the optical purity 
of (R&lb. caa be c&dated as 99:1 and 98%‘ respectively, by 
assumiag t&at the &ighest reported optical rot&ii-~” of fR)-lb, 
[alo + 17.0” (c = 5.595, dioxane), is optically pure. 

Ac~~~~s-~ authors are iadebted to the members of 
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