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h&act-Dctaikd studies on the asymmetric bromolactonisation were carried out by employing several structural 
types of a&lILsaturatcd acids (2) as reaction substratu and various (S+amino acids as cbiral sollnxs. 

Following scvaal novel aspects of tbc asymmetric bromolactonisation were uncovered by combining the results 
e+ io this study with those of the previous report. Tlms, the bromo&ctonisation of (.+N-(&(E)-a,& 
~Ynsetmated)liacwab)procsedsmorestaeosekctivdy~~of~~~- 
disubstitutcd ao&guc ((*3c). to give the bwnbercd bxomohcto~4A) via the symmetrical and/or the car- 
boationic bromonhm ions (MB amJ/or +C).. Wbik (s)_N-(holu(~~-moa~sti~~-~~~~yl- 
proheW)-3d) ‘undergoes uo bromohctoouw (~N_(~asnbstihrted-a,B-unsaturated)ac 
regiospecifically gives the 7~me@xcd bromolactonc(lle) via the cmhcahnic bromonium ion(5M) when 
subadttcd to the lxomo~n. (.9)-Proline(( is found to the superior chiral somw for the asymmetric 
bromolactohhn amon5 those examined. 

In the asymmetric synthesis of optically active a.0 - 
disubstituted - (I - hydroxy acids (lab) from o,/?- 
unsaturated acids (2a.b) shown in Scheme 1, the bromo- 
lactonisations of (9).N-@J-unsaturated)acylprolines 
(3a,b) with N-bromosuccinimide(NBS) in NJWimetbyl- 
formamide(Dh4F) were found to occur highly 
stereoselectively and regiospccifically, giving mixtures of 
diastereomeric bromolactones (4Aa.b and 4Ba,h) in 
which 4Aa.b are predominant (4Aaz4Ba 94.5:S.S and 
4M:4Bb 99: l).’ 

Ahbough it is somewhat ambigtous whether heteroly- 
tic cleavage of NBS to bromonium ion@‘) occllfs in an 
aprotic polar solvent such as DMF,” comparison of the 
design of the aqmmetric synthesis and the experimental 
results’ clearly uncovers that, as shown in !kbemc z in- 
tervention of two types of the bromoDhlm ions ((*sA$) 
derivable from s-tmns- and s-&umformers ((S)-3&C), 
respectively, is only compatible with the first example of 
halolactonisation to conjugated double bond.’ 

In order to elucidate which conformer was responsible 
for the observed high stereoselectivity, the brow 
lactonisation of ($kN-angeloylprohne((9)-3c) was first 
attempted. Further studies on the applicability of this 
asymmetric bromolactonisation were also carried out by 
utiking several kinds of 2 and by employing optically 
act& ;*_mino acids other than (*proline(($+8) as 

This report deals with general applicability and 
mechanism of the asymmetric bromolactonisation which 
has been revealed by these studies. 

I. ~uci&on of the bnwwnium ion which pdominantiy 
participate in tht asymmetric btvmoktodsatkm 

As shown in Scheme 2, if 4AaL can be formed via 
(s)_Xab, exclusive formation of 4Ac is reasonably 
expected for the asymmetric bromolactonisation of (e 
k since the steric inkmction between the carboxylate 

anion and the R3 goup should be the same in (WCa,h 
and (stxc because their R’ groups are all Me. In 
contrast, when the formation of 4Aa,b proceeds via 
(9).SAa,b, lower stereoselectivity should he observed for 
the asymmetric bromolactonisation of (.YMc since steric 
interaction of the carboxylate anion and the R2 groups 
are d&rent. 

In order to discriminate these possibilities, the bromo- 
lactonisation of (S)-3c was attempted. 

Requisite (5’)-3c, [&-8O.W (MeOH), was prepared 
from (S)-ethyl prolinate ((Sj@ and angelic acid (2c)’ via 
(!Q-ethyl N-angeloylprolinate (( S)-7~). [a] E - 74.9’ 
(EtOH), in a similar manner to those for (S&b.’ While 
the bromolactonisation of (S)-3c with NBS in DMF was 
found to be very sluggish to give crude 4c in 12% yield, 
the potassium salt of (S)-3c obtainable by treating (L!+3c 
with potassium t-butoxide, was successfully lactonised 
with NBS in DMF, affording crude 4c, [a]E-53.5’ 
(&OH), as a mixture of the two diastereomers (4Ac and 
4Bc) in 76% yield.’ The ratio of 4Ac and 4Re could be 
calculated as 61:39 because (RhlrP [a]:: - 2.0” (CHCb), 
2296 optically pure,” was derived from crude 4c via a 
diastereomeric mixture of the lactones (1Oc) by suc- 
cessive debromination’2 and acidic hydrolysis similar to 
those of 4a.b.’ 

The use of (SW in place of (S)-3s,b decreased the 
ratio of 4A to 4B from 94.599: 5.5-l to 69: 39. This result 
clearly shows that the bromonium ions ((StSAe,b) pre- 
dominantly participate in the asymmetric bromolac- 
tonisation of (*3qh which proceeds highly 
stereoselectively. 

II. Bttmwhct&ti nucth of (s)_N#-m- or 
jl&d&nbstihltafs~-unsatmnlt~turorad)4cplprdinr 
In order to obtain further information on the asym- 

metric bromolactonisation, the reactjon of (.!+N#- 
mono- or ~J3disubstituted)ac.roline was sh@d. (* 
N-crotono~l, proliae((S-34, [al??- 102” MeOH), and 
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WN#-methylcrotonoyl~roline @.He), Ial% - 92.8” 
,.MeoH), were sekcted as reaction substrates, and were 
PW++ by =vhtin~ (~pro~M with the ax- 
nspondmg fkcyl chlorides (W&’ according to the 
Scbotteb-Baumann procedure. 

Attempted bromolactonisation of (s)-Ja or its potas- 

sium salt witb NBS in DMP completely failed to give the 
desired bromolactone (4d). This is conceivably due to 
lower electron density of the double bond of (s3d when 
compared w&l those of (s)4&b&” 

On the other band, treatment of (S)-3e with NBS (2 eq) 
in DMF afforded the crude ‘I-membered bromolactone 
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substituted ethylenes.” Therefore, the rate determining 
step for the b~~~~~on might be the bromonium 
ion formation in complete the same manner as that for 
the bromine addition to substi~~ ethyIenes.‘* 

When the structures of the bro~~c~n~ (4 and 11) 
are compared, it is obvious that (c&(Z)- and t-(E) - 
a$ - disubstituted - a,# - unsaturated)acylprolines((S)- 
h,b,c) give the &membered bromolactones (4a,b,e) 
wherein the former two (4a,b) can be produced more 
stereoselectively than the other (4e), and that (gem - R,R 
- disllbstituted - a$ - unsaturatwated)acylproline ((S)&) 
affords exclusively the ‘I-membered bromofactone (lle). 
These results might be verified by the following explana- 
tion. 

t&jloyI-aamino acids (1.917 and (SW, [a]:+&iOo 
(CHCW and [a]$?- 28.0” (2NNaOH). Treatment of (?+ 
ethyl N~~~~ny~~(~l9), [a]$+ 37.6” 
(EtOH), prepared from (s)_l5, with 9a= in pyridine, 
followed by hydrolysis under alkaline condition, afforded 
(IN-~~I-N-~oylpheny~~(~~), [a]:- 152“ 
WeOH). 

Thus, the bromonium ion ((WA) which has been 
established to contribute to the predominant formation 
of 4A, might consist of an ~~~~ mixture of three 
types of the bromonhrm ions ((S&&A, (s)sAB and 
($5AC). in the asymmetric b~~~~~~~ EL.! 
3&e, the symmetrical and/or the ca&ocaW 
nium ions ((S)-SAB and/or (.$)-SAC) can be attacked 
regiospeci6cally at the a position by the intramolecular 
carboxylate anion in sN2 and/or St+1 like displacement 
processes, giving 4Aa& as visuahsed in Scheme 4. 
Among two plausible brominium ions ((.!+SAB and (S)- 
SAC), the former will participate more preferentially 
since the amide CO group might destabilise the adjacent 
carbocation. In the case of (We, contriition of tbe 
other carbocationic bromonium ion (@&A) will pre- 
dominate because the positive charge at the R position 
might be stabi&& by the presence of the two Me 
groups. Therefore, in the latter instance, the lactonisation 
will occur regiospec&aBy at the j3 position in the W 
lie process. The reason why the nucleophilic opening of 
the symmetric bromonium ion such as (SSAB occurs 
regiospeciiiudly at the a-position is that the transition 
state where the leaving group and the intramolecular 
nucleophile are in a collinear relationship is energetically 
favoured in a similar manner to the backside collinear 
displacement of epoxide by the intramolectdar car- 
banion.” 

The asymmetric bromolactonisations of (a17 and 
(S)-2, or those of the potassium salts derived from 
(S)-17 and (8)-S, under the same condition as that for 
(S’J&,’ were found to give no trace amount of the 
desired bromolactones. These results might be rational- 
ised by the fact that (Sj17 and (!Q-29 are the straight 
chain &e-unsaturated acids in which free rotation of the 
bond between the asymmetric center and the N atom is 
possible. These Wings are in good accord with the 
unsuccessful ~o~~~n of S,r-hexeonic acid 
qorted by van Tamelen.’ 

On the other hand, the reaction of (ii’)-18 with NBS in 
DMF after converting it into its potassium salt, success- 
fully gave the crude bromolactone (21) as a mixture of 
the two diastereomers (2lA and 21B), [a]:- 141” 
(CHCl,), in 33% yield. Transformation of crude 21 into 
(R)-la: [& - 5.7” (CHCla), 64% optically pure,” was 
achieved by successive debromination’a and acidic 
hydrolysis. The preparation of (Rtla clearly determined 
the ratio of 21A to 21B as 82: 18. 

The observed regiospeciflc 6 or Fmembered bromo- 
la&one formation is also in agreement with the rule for 
ring closure proposed by Baldwin.” 

Tbese results obviously disclose that prohibition of 
free rotation of the P-N bond which can locate the 
a,@-unsaturated acyl moiety in tbe vicinity of the car- 
boxy1 group, is inevitable for effecting successful 
~~~o~on. The same titian of the P-N bond 
is also attained in (St3a,b,c,e. 

Comparison of tbe result obtained for (S)-18 with that 
for (S)-18’ also uncovers tbat the reactivity ad 
stc~lcctivity of (*lS for the asymmetric bromo- 
lactonisation are fairly lower than those of (S)-Jo, and 
that (S,M is the most superior chiral source amoqt those 
studied. The reason for the lowered formation ratio of 
21A and 21B is stih obscure, but a delicate structwal 
change near the reaction site might be reflected for the 
observed result. 

IV. ?-he use of uo&us dlirai. sou?t3?s other than (s)- 
pmh in the osymmaric synthesis 

Aiming to find out the chiral sources which are usable 
in place of (S)-!3, the asymmetric synthesis was attemp- 
ted by using (S)-phenyhtlanine((SJ-14), (S)-N-benxyl- 
phenyh&nine((S)-lS),u’ and (SW,3,4 - tetrahydro- 
isoquinoline - 3 - carboxylic acid((+!+16)‘9 as chiral 
sources, and by employing 2a as a reaction substrate. 

Acylation of (?+14 and (S’)-16 with 9am by the Shot- 
ten-Baumana condition gave the corresponding (S>N- 

Summing up the results obtained in this and the pre- 
vious studies, it is clearIy established that (S) - N - 
W.?(B) - ati9 - ~su~ti~~ - a,@ - ~~~~yl- 
proline derivable from the corresponding a&un- 
saturated acids and (s)_s is submitted to the asymmetric 
bromolafztonisation, the reaction can proceed in a highly 
stereoselective and re&spec& manner via the sym- 
metrical and/or the &lo&ionic bromonium ions ((s)- 
SAB and/or (*SAC) to give bromolactone (4) in which 
4A is hiiy predominant. This conclusion is su&essfuBy 
visualised by the asymmetric synthesis of optically 
active anthracyclinones, aglycones of anthracyclinone 
antibiotics.*’ 

(S)-5AA (S)- JAB (S)-SAC 
For R', R* and R’, see Scheme 1. 
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AU m.ps and b.ps are uncomxtcd. IR spccba measurementa 
were performed witb a JASCO Spectrometer Model D!S402G 
and a JASCO IRA-I Gratin.~ fnfrand Spectrometer. NMR spec- 
tra were measured with a Hitachi R-G High Resolution Sk- 
bomctcr (6OMHz) aad a JEOL JNM-PS100 Soccbomctcr 
(100 MHz): All sig& are expressed by tbc ppm down&ld from 
TMS used as an internal standani (6 value). Following ab 
brcviations arc used: siogkt(s), doubkt(d), tripkt(t), quartet(q), 
multiplet(m), broad(br). Mcasurcounts of optical rotations were 
carried out + a YANACO OR-50 Automatic Polar&&r. All 
reactions were performed by usi aobydrous solvents, and the 
combined organic~cxtracts obtained in each expcrimcof were 
dried over Na& or M8!K), before successive l&ration aad 
evaporation ill WCUO. 

(a) C%-H3hyl N-angdoy/~~~/tic(((41e). Trcatm&s of 2~’ 
(m.p. 45-V) (200 ma-. 2.00 mmok) sod (!W flald - 42.6” (c = _ __ 
2.Oi, EtOH)j (320 6, 2.24 mmokj sim&r~to those for the ire- 
paratioo of (S&b’ gave crude (*7c as a pak yellow oil 
(427m& quantitative ykld) after evnporatioo of the combined 
organic exbacts (lnmzenc-ctbyl acetate, 1: 2). Puriecatioo of this 
sample by column cbromato8raphy (silica gel, solvent bexane- 
ether, 1: 1) gave pure (*7c as a pale yellow oil (327 m& 73%), 
[a]$-74.9” (c = 1.08. EIOH); IR~zccm-‘: I750 (ester). 1630 
(amide); NMR (ia CD@): 1.27 (3H. t, J = 7 Hz. C&CH& 1.47- 
2.67 (IOH. m, CI&CH=C(C&) and C&C&CH2N), 3.17-3.77 
(W, m, CW’0.4.12 WI, q. J = 7 Ha, CH,C!&), 4.17-4.67 (1H. 
m. NCIjCO), 5.17-5.67 (lH, m, CH,C&). 

‘b; (SM-W-a&oy4~~fine(inc((S>3c). Treatment of (S)-7c 
ga ;oyL (c = l.O+ EtOH)) (323 m& 1.43 mmok) sunilar to 

-0s of (B&b’ alTorded crude (s)Jc as a 
colorless powder (2so m& 9l%), m.p. 123-1~. 8” evaporation 
oftbecoaGm?dEltoAccxtract&~ofthissan 
pk from bexaa~ gave pure L9-Jc as cdorkrs ~htes. m.~. 
lz-Ino. [a]$-8O.V (c -r.o1, iieoH); IRvE&-‘: 17jo 
(acid), 1674 (amide); NMR (in CDCI,): 1.36-2.56 (IOH, m, 
CWHGCI&) pnd CWWHZN). 3.16-3.86 (w, m. CWI, 
4.164.86 (1H. m. NCljCO), J.obS.86 (lH, III, Cf&C&), la04 
(1H, s, COOH). (Pouad: C, 60.64; H, 7.75; N. 7.39. Cak. for 
C&&N: C. 60.91; H. 7.61; N, 7.11%). 

YS)(l’ (S~Brom~hyl~3(S~mdhyl-l,edioxo-3,4,6,7~~o (Sk 
hexahydro-lH-pYmdo[2,I-cl [lAoxazit&4Ac) and its I’ 
(R)f(R)-&omci (4Bc) (bromidoctonisotion if ($-3~) 

Treatments of (S&tiIa1!?-77F Ic = 0.996. McOHU similar _ __ 
to tbc bromolacto&atioo of (s)-Jb’ .&ve cr& t (a mixture of 
4Ac and 4eC) as a pale yellow oil (4611118. 76%). [a]%-53.50 
(c=O.650, MeOH), after cvaporatioo of the combined EtoAc 
cxtncts; IRvE cm-‘: 1750 (la&one). 16!lO (amide); NMR (in 
CD&): 1.40-2.40 (4H. q , C&C&CH2N), 1.60 (3H, s, 
C&COO). 1.75 (3H, d, J=7Hz, C&CHBr), 3.25-3.95 (W. m, 
C&N), 4.UZ-4.85 OH, III, CH+XBr and NCUCO). since this 
sample 8ivcs @)-la9 heir@ 22% optically pure,” tbc formatioo 
ratk0ftbatw0dkWfwm&bromdactoaes(4Ac~~)can 
be calculated as 61:39. This crude sample (4~) was directly 
submitted to the next debrominatioo. 

~)_UhyC3(R)_m~hyl-l,~d~~-3,4,6,7~~S~h~~-lH- 
pynolo[2,1-cl r1.410Uine (lOAc(1.k)) flRd ils 3(S)-&mer 
(1Wl.W) 

Tnzatmaot of crude Ma]%- J3.f (c = 0.650, &OH)) 
(409 mg, 1.48 mmok) similar to the d&omUioo of crude 4a’ 
gave crude 10~ (a tihuc of 1OAe aod lOBe) as cdorless naedks 
(212 au, 73%), q .p. 69-80”, [all- 80.5’ (c = 0.852, MeOH), after 
evaporation of the combined etbcrtal cluatcs from a silica gel 
columa. IR aod NMR spectra of this sampk were almost ideo- 
tical with tbosc of pure l.Aa obtaiaed in the previous study.’ 
This sample was immediately used for the aext hydrolysis. 

@0()-2-Hydrvxy-2-methyibutyic acid ((R)h) 
(a) Hydndyds of l(c pnpandfrum 4~. Treatment of c&c 10~ 

(lap. w, [ul$-NW (c = om MeoH) (18Omg$ 
0.912mmole) similar to those pnvkusly de&bed,’ gave par- 
tially optkally active (&la’ in a pore state (88 m& 82%). color- 
kas nmiks. mp. SM. [& - 2.00 (c = 121, CHCI,), after 
Wpora&Ioft!Wca&uaiEtoAccxtrWa.f+Wral(fRaDd 
NMR)ptopatksoftbissampkwercidcoticalwitbtboseof 

shows [a]:: - 89 (C = 2.97, CHCld,’ the formabon 
two dhcreomcric bromohctones (4Ac and 4k) and the optical 
purity of (Rblr. caa be c&u&d as61:39and22%,rcspec- 
tively. 
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CDCI& 1.20 (3H, I, J =?Hz, C&CH&, 150-1.90 (6H, m, 
CSIFH = C(CR& 3.u) (Xi, d, 3 = 7.6 Ha, C&C&+X), 3.@- 
4.20 (lH, m. C&F&ClD. 4.00 (w, q. J = 7 Hz, CHrCIM, 3.95 
(iH, d, J = 15 Ifs, one of C&24&), 4.55 (lH, d, J = 15 Hz, one 
Of C&C&N), 5.30-5.70 (lH, m, CHF4=), 7.18 (lOH, s, two 
C&l. 

(d) (SX->N-~~yf-N-t~y~~~~~((S~~). Hydrolysis 
of (S)(-Mhyl N-~~~-N-~ylp~~ (2.46 g, 
6.74 mmok) ln KOH, (85% pure) (0.5& 8.76~) aq (14mi) 
similar to that for preparation of (sf-17 &or&d crude (.9)-m as 
a coloriess caramel (2.468, quantitative yield). [&- 151” (c = 
1.32, MeOH). which gmdually sollled when kept in a freezer 
;&-2f&)f$m2 months, m.p. 50-SF. Recrystaliisatiotl of CN& 

bt%amabcr gave P% (29-24 as cUlorkss pillars 
G.i.ar5%), m.p. S%loC, [alo-15r (CT 1.31, MeOlD; 

m cm-‘: 1720 (acid), 1625 (amide); NhfR (m CDCI,): 1.35- 
1.85 (6H, m, CM!H=C(C&)), 3.30 (W, d, J=8.4Hz, 
C&C4&H), 3.84 (lH, d, J = 15 Hz, one of C&C&N), 4.58 
(1H. d, J = 15Hz, one of C&CE2N), 3.654.35 (lH, m, 
C&I,CHaC&), 6.65-7.35 (lOH, m, two C&). (Found: C, 74.44; 
H, 6.75; N, 4.18. Cak. for &H&N: C, 74.75; H, 6.87; N, 
4.15%). 

(SX-) - N - 77gloyi - l&3,4 - tetmh~q~e - 3 - 
cer6oxyfic ocfd((~l8) 

This was prepared by acylatiw W-M’* (m.p. 295-29fP 
(subs), [a]$--iSiP (c h 1.94,1.4N~NaO~) (S.t&282 mmok) 
with $a’0 (5.02 13.42.3 mmoki foBowim7 the ~~~~ 
procedure. simiiir to that -for the prepamtkn of (@ga.’ 
Evaporation of the comhmed EtGAc extracts affor&d crude 
(SMtI as a colorless solid (7.2g, 99%), which on recrysmihsatkn 
from EtOH gave pure (&18 as colorkss needles (6.5~ 89961, 
m.p. 189-1900, [a]%- 28.0” (c = 2.05,2N-NaOH), IRv% cm-‘: 
1735 (acidh 1580 (amide1: NMR (ii CDODk 1+5M.90 (6H. m. 
C&i =&I$$, 3.1&O (2H; m, Cl&C&GII), 4.65 &II; 
br d, J = 7 Hz, C&N), 5.05 (lH, 1, J = 5 Hz, NCl$O), 5.5&5.90 
GE. m. CH&&,I=), 7.12 (4H, s, C&l&). (Four& C, 6937: H, 6.69; 
N, 5.36. Cak. for CuH,,GIN: C.69.48; H, 6.61; N, 5.4096). 

7.8 - Bcnw - 3(S)fl’(R) - b~~~yf] - 3(s) - mu~yf - 1.4 - dioxo 
- 1~,4,63~~ - ~~~[Zl~l[l, 41 oxez&se(2lA) cudire 
i’(S), 3(R) - J3omer(2lB) (b~~~o~~ of @-IS) 

A DMF soln (ISmi) of t-BuOK (2.07g. 18.5mmok) and a 
DMF solo (15 ml) of NBS (6.59& lit.5 mmok) were successiveiy 
added to a stirred, cooled (- 20”) sobt of (418 (m.p. 189-MP, 
fcrlg- 28.0” (c = 2.05. 2N-NaOHB (4.60a. 18.5 matok in DMF _- 
(37 ml) under.Nz. After beii stirred at &? for 30 mm, then at 
~for92br,tbemix~~WotLedUPasia~~ffor~ 
bromokctonisation of (S)-3b’ to give crude 21 (a mixture of 21A 
and 21B) as a ycliow caramel (3.38 g, 54%) after evaporation of 
the combii EtGAc extracts. Purifk&o of crude 21 by 
column chromatography (silica gel, solvent hexano-ether, 1: 1) 
alforded aimost pure 21 (a mixture of 21A and 218) as yeiiow 
needks (205th 33%). m.p. 115-1420, [all- 141* (c =0.610, 
CHCI,). Smce this sampk gives (R)-la9 being 67% opticaily 
pure,” the formation ratio of 21A and 2lB can be c&dated as 
83.5 : 16.5. 

A part of almost pure 21 (45Omg. 1.33 mmoie) was suc- 
cessively purifkd by ~~~~~n from ether, pmpamtive tk 
(siiii gel, solvent hexane-ether, 1:2), and further recrystal- 
iisatiott from ether, giving pure 2lA= as colorkss needles 
(167mg. 37% recovery from almost pure 21). m.p. 149-1519 
lul%- 159” (c =0.462, CHCU. IRvFcm-‘: 1750 (la&one), 
1660 (amide). NMR (in CDCl3 1.75 (3H, s. C@&CO), 1.87 (3H, 
d, J = 7 Hz, CBtCHBr), 2X&.3.92 @II, m, C4aCHCGG), 4.12- 
4*62 (W, m, NCl$X and CH3C4Br). 4.35 (1H. d, J = 17 Hz, one 
of C&N), 5.8 (iH, d, J = 17 Ha, one of C&N), 7.15 (4H, s, 
Cd&). (Found C, 53.37; H, 4-84; N, 3.96. Cak. for 
C&&NBr: C, 53.n H, 4.n; N, 4.14%). 

7.8 - Benzo - 3(R) - ergyf - 3(R) - muhyl - I,4 - dfoxo - 
if,4~6&9a(S) - ~~~~~~1~1~1.410~~~ ad &s 
YS) - isomef(22B) 

A benzene soln (7 ml) of trl&utyltln hydride” (4.79g. 

16.3mmok) was added dropwise to a stirred sok of crude 
2llm.p. 115-142”. [al?- 141’ (c = 0.614 CIiCl& (1.82g, 
S.UImmok)inbcnzene(lO~at900underN~.Thcmix~waJ 
stimdat~100”forZhr,aodwase~~kwurotogivea 
miature of ayslal.9 aad oil. The eva$otiil r-csiduc was putifkd 
asintbecaseforthcdebro~nofIr,‘~~~de~~ 
pak yellow neuiies (l.?2g, g7%), m.p. liit-1320, [al%- 1X? 
(c = 0.512 MeOH). after evatmration of the combined ethereal 
ehmtes from the- silica gel ‘cobmm. Spectrai (IR and NMR) 
propertks of this sample were identical with those of pure 22 
prepared as described below. 

Similar debromkatiott of pure 21A (m.p. 166151’, lo]?- lSS* 
(c= 0.495. CHCQ) (85mg, 025mmoic) as gave a mixture of 
crystals and oil when the mixture was evaporated in wcuo. 
Removal of the organotin compounds from the evaporation 
residue by the addition of bexane, followed by puriftcation with 
preparative tk (silica gel, solvent b~Xm4b~r, 1: 2), gave crude 
22A as colorless needles (Umg, 52961, m.p. 115-1300. Farther 
recrystallisatioo of this sample from ether aflorded pure 22A as 
colorless oeedles (29m& 44%), m.p. 137-1389, [al%- 138” (c = 
0.538. MeOH). IRvNz cm-‘: 1740 (ketone), 1658 (amide). NMR 
(m CDCI,): 0.95 (3H, t, J=7Hz, CH$H,), 1.65 (3H, s, 
C4#), 1.77-2.37 QH, m, CHFI&, 3.07 (lH, doubkd d, 
J = 11 ad 16 Hz, 0~ of C&CHCOOlr 3.47 (lH, doubkij d, J = 5 
and 16 Hz, one of C&CHCGG), 4.32 (1H. doubkd d, J = s amJ 
11 Hz, CHQICGG), 4.42 (iH, d, J = 16 Hz, one of C&N), 5.08 
(1X, d, J = 16 Hz, one of C&N), 720 (4H, s, f&H,). (Pouad: C, 
69.39; H, 6.60, N, 5.45. Caic. for C&&N: C, 69-e; H, 6.61; 
N, 5.40%). 

Acbrowkcfgmnarts--The authors are indebted to the members of 
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andspcchldataAptutofthiswo&wassupporteddya 
Grant-in-Aid from the Ministry of Education, the Japanese 
Government, to which our grateful achnowkdgement is made. 
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