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Abeact - The reactron of lactonrzatron of olefns wrth carboxyalkyl radrcals and hfn(OAc)j was cawzed out under 
ultrasound rwadratron at low temperatures Good yreldr of Iactones were obtamed m short reactton trmes In 
sonochemxal condtt8ons. reoxrdahon of Mn(ll) occuwed, allowmg the development of a lactomzatron ptocedure 
wrth a catalytrc amount ofMn(lrr) 

In our laboratory, we are Interested to study the outcome of several reactions mvolving smgle electron 
transfer (SET) processes under ultrasound &atron at low temperature 

It IS wrdely accepted that SET processes are greatly favoured by ultrasound 1 We started our research on 
the “one step” synthesis of y-lactones from olefins m thermal condmons,* promoted by Mn(OAc)3 and fistly 
developed by Heiba and Dessau,3a and Bush and Fmkbemer 3b 

Our project was supported by several consrderattons The reactton mechamsm, as mvestrgated by several 
authors,4 mvolves the selective formatron and oxtdatton of carbon radtcals by single electron transfer to 
transmon metal oxrdant specres 

Some consrderatton of the correlation between the temperature and cavrtatronal mtenstty m orgamc solvents 
induced us to operate m a range of temperatures from 0“C to 1oOC despite the almost complete msolubthty of 
Mn(OAc)3 m acettc acrd m these condmons In fact, the maxrmum cavrtattonal mtensny m acetic actd 1s 
reached at 4’C 

We started studymg the parucular reaction condmons leading m the thermal process to a-unsubstttuted y- 
lactones We used acetic acrd as solvent and source of carboxymethyl radrcals at 0410°C, m the presence of 
varrous olefins Mn(OAc)3 and KOAc were in the same molar ratios described by Hetba and Dessau,4 
ultrasound mtensmes were wrthm the range 180-300 W/cm* 

In these condltrons, no reaction occurred at all and startmg olefm was totally recovered after work-up A 
probable explanation of thrs unreactwrty could he m the reaction mechamsm (see Scheme 1) the generatron of 
carboxymethyl radmals could occur from the enohc (or enolate) form of acetrc actd, and prehmmary enohzatton 
could be strongly unfavourable at low temperatures In order to vent+ thts hypothesis, we n-red to mduce the 
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formatlon of carboxymethyl radicals favourmg the enohzatlon of potassmm acetate, this was done by addmg 
basic Al203 (as enohzatlon catalyst) to a solution of the alkene, KOAc and Mn(III) salt and somcatmg the 
resulting mixture 

CH3COOH T [ ==t, 1 3 1 .CHgOOH] 

R3\ /R’ 
0 

I-- OH 
x + *CH,COOH __) . 

% R2 % -97 RI 

% RZ 

Scheme 1 

In fact, lactomc products were not obtamed at all Thus, we declded to use more easdy enohzable carboxyhc 
compounds, hke the monomethyl ester of malotllc acid, or cyanoacetlc acid m presence of KOAc, as sources of 

a-substituted carboxyallql radicals Firstly, we camed out the lactomzatlon reamon under simple mechamcal 
sturmg at the same temperature (0-1O’C) used m the sonochenucal expemnent, but wrthout ultrasound 
lrradratlon In these conditions, the reactlon rmxture after 2-4 hours of sttmng &d not show any conversion of 

the olefin mto the lactomzatlon product 

However, lrradlatlon of the same reaction rmxture at low temperature v&h Hugh intensity ultrasound gave 
nse to complete and rapid conversion of the olefin into substituted y-lactone 

In most cases ths transformation required very short times and yields were comparable or even higher than 
those reported m thermal methods (see Tab 1) 

We tested simple olefins, like cyclohexene, and various alkenes bearmg different substltuents on the double 
bond Olefins wth electron wthdrawmg groups were found to be rather unreactive, wtile very good results 
were obtamed on enol ethers In the hterature only one case of this kmd of lactomzatlon reaction of enol ethers 
was described,, and yields reported were moderate 5 The 3-carbomethoxy-y-lactone 126 denved from 2- 
oxabqclo[3 2 l]oct-3-ene 1 was particularly interesting As a matter of fact, It could be usefid precursor of 
compounds analogous to 2 and 3 lackmg the angular hydroxyl group Compounds 2 and 3 are known to be 
powerfid antlfeedants active agamst Egyptlan cotton leaf worm (S’optem littorah)’ An anomalous 

reaction was observed for norbomene When this compound was reacted with cyanoacet~c acid, the formation 
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of 6c as the prevalent product was observed The formatlon of 6c IS caused* by a iinther reaction of mWlly 
formed 6b mth MI@) salt 

6a R=CCXXk 
6b R=CN 

la R=COOMc 8aR=C03IUe 

7bR=CN 8bR=CN 

4a R=COOMe 
4bR=CN 

Pb Pb 

5a R=COOMe 

SbR=CN 

II 
J 1 

1 b CR 
0 

9a R=COOUe 

9b R=CN 

10a R=COOMe llR=COOhfe 
lObR=CN 

0 

12R=CCKIMc 

Sonochemlcal mductlon IS particularly effiaent m this reactlon and this method proved to be very effective, 
especmlly for those olefins hke stdbene and cyclohexene, that gave unsatisfactory results at higher temperatures 
using simple mechamcal stnnng4,11 The behavlour of the reaction nuxture under ultrasound n-radlatlon was 
mterestmg and some Important results arose from the observation of the course of the reaction 

First, m ‘Went” condltlons, the reactlon nuxture was lmtlally dark brown because of the presence of 

Mn(OAc)3 (always used m a stolchlometnc amount), the dark colour tended to disappear durmg the r&on 
course and at Its end the solution became colourless However, at low temperatures under sonochenucal 

n-radlatlon, the dark brown colour of the suspension remamed unaltered even when the olefnuc substrate was 
completely transformed mto the lactomzatlon product Although m our sonochenucal expenments Mn(OAc)3 
was not m excess, at the end of reaction about 25% of Mn(II1) salt lmtmlly added was still present (as 
determmed by tltnmetnc methods) 

Hence, It IS probable that Mn(I1) acetate formed durmg the reactlon could be partly reomdlzed to the 
Mn(II1) salt Thus could be due to the formatlon of power&l ox&.mg species, as a consequence of ultrasound 
lrradlatlon effects on the solvent (e g acetic acrd) It IS known that sonolysls of acet~ acid produces strongly 
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oxtdlnng hydroxyl radxals~ besIdes other radtcal species and formation of H202 and CH3C03H could be 
possible from couphng of hydroxyl radicals ullth themselves or wth CH3COO. radxals 

Tab. 1 - Sonochemical Lactonization of Olefins with Mn(OAc)s 

Alkene RCE$OOH Pro&et Meld (%) Reaction 
hme (ndn) 

Cycbhcxne R=CDOMe 4a 78 15 
R=CN 4b 65 20 

Cycboctene 

Nolbomene 

&nzthyWhepten- 
2*ne 

R=COOMe 
R=CN 

R=COOMe 
R=CN 

R=CDOh4e 
R=CN 

5a 70 15 
5b 65 15 

6a 75 25 
6C 50 15 

7a 75 15 
7b 73 35 

Trans-stiIbene R=CDOMe 8a 71 20 
R=CN 8b 45 120 

Stylene R=CWMe 9a 62 m 
R=CN 9b 55 m 

3,4d&ydm-W- R=CCIOMe 1Oa 80 15 

WQn R=CN lob 65 20 

2,3dihydrofumn R=ClIOMe 11 67 15 

2&wycb[3 2 ij- 
0ctJene 

R=CDOMe 12 81 15 

In order to ver@ the ab&y of these species to ox&e Mn(I1) to Mn(III), we treated a suspension of 
Mn(OAc);! m acetic acid mth peracetlc acid or hydrogen peromde at 0-10°C, m absence of ultrasound 
madu&on, under these condltlons, only peracetx. acid was able to oxldlze MI@) to Mn(II1) 

Furthermore, the somcatlon for 1 hour of a correspondmg rmxture contammg H202 and Mn(OAc)2 
resulted m the fixnation of small amounts of Mn(III) These results seemed to confirm the active role played 
by hydroxyl radicals m the formation of species able to oxldlze MI@) to Mn(III) 

Further conilrmatlon of the emstence of a reoxldatlon mechamsm activated by sonochenucal condltlons was 
gwen by several attempts at the lactomzatlon of 6-methyl-S-hepten-2-one, somcatmg Mn(II) acetate 
suspensions m acetx acid, 111 the presence of ths olefin and of several species able to produce OH- raduxls 
under sonolysls We obtamed very mterestmg results, that are gven m Tab 2 
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Tab. 2 - Sonochemical Lactonization of 6-Methyl-5-hepted-one with Mn(OAc)2 
and Monomethyl Ester of Malonic Acid 

Alkew Prodpet 
Resslw 
COdfiOar 

6-Methyl-5- 
hepten - 2 -one 7a Mn(OAc)Z (2 equtv ) 8 

CH3COOH 
2 

I 
Mn(OAcj2 (2 equtv ) 

TBHP (1 equrv ) 
2 19 

Mn(OAc)Z (2 eqmv ) 

H202 (1 equw ) 
36 2 

Mn(OAc)Z (2 equlv ) 58 2 
a3cO3H (1 equw ) 

The final ewdence for a reoxxiatwe “catalyw’ mechamsm was gwen by carrymg out a sonochenucal 
lactomzatlon reaction on several olefins usmg only a catalytic amount of Mn(OAc)3 (see Tab 3) 

Tab 3 - Sonochemical Lactonization of Oletins using a Catalytic Amount of Mn(OAcb 

Alkeoe RCH2COOH Pro&et Yield (%) RCWIOII 

time (mill) 

Cycbheane 

Cycboctene 

R=COOMe 

I 

41 

5P 

Norbomene 6a 

3,4 - Dihydn, - 
2H - Pymn 

10a 

2,3 - Wydrofuran ” 11 

a) These ycekls were obtamed usmg 92 equlvaknts ofMn(OAc)3 

b) These ylekis were obtamed usmg 0,l equivalents ofMn(OAc)3 

22 90 

39a * 

34a * 

39b I 

41b I 
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These experunents gave better results v&h enol ethers, than urlth simple olefins In this way, we acheved a 
convement and mexpenslve procedure to lactomze olefins, that could probably be extended to other 
carboannulatlon reations of olefins usmg Mn(OAc)3 m acetlc acid lOqb,c 

This sonochemlcal method seems promlsmg also from a stereochermcal point of view As described by 
Fnstad and Peterson,*’ lactomzatlon of cyclohexene and cyclooctene mth a potassmm salt of mono- 
methylmalonate or cyanoacetlc acid m the temperature range 40-80°C leads m both cases to a nuxture of CIS- 
and trans-fused blcychc lactones 

The product nuxture resulting from sonochenucal lactomzatron of cyclohexene was less complex Usmg 
potassmm monomethyl malonate we obtamed only as-fused cl-carbomethoxy y-lactones vvlth Hugh 
stereospeclfity at carbon (C-3) beanng the carbomethoxy group (only one eplmer was formed) On the 

contrary, usmg cyanoacetlc acid on the same alkene, we obtamed the expected blcychc a-cyano y-lactone wth 
a CIS Junction, but as a mucture of eplmers at carbon beanng CN group (see Expenmental) These facts were 
evident from the comparison of nmr spectral data with those reported for the same compounds by Fnstad and 
Peterson 11 The same behavlour was observed for 3,4-dlhydro-2H-pyran wth potassmm monomethyl 
malonate, only lactomc compound 10a was formed wth hgh eplmenc punty at C-3 A comparison of the 
observed J4 5 value (4 4 Hz) wth that deduced from the dihedral angle between H-4 and H-5 (observed m 
Dreldmg model of 10a) suggests that also m this case a cls-tised blcychc lactone was obtamed Meanwhile, the 
spectral analysis of a-cyan0 y-lactone lob showed the presence of more than one lsomenc lactone 
Lactomzatton reaction carned out on cyclooctene led to the formation of CIS and trans-fused lactones, either 

wth cyanoacetlc acid or monomethyl malonate 5n showed spectral features m agreement wth the presence of 
trans and c~s&sed lactones with a 7 3 trans/as ratio 5b was also obtamed as a rmxture of lsomenc lactones, 
but the prevalent product m the mixture was the trans-fused blcychc lactone (trans/cls 9 1) The assignment of 
lsomenc ratios was possible also m this case by the comparison of NMR data of these compounds wth those 
reported m hterature 11 

EXPERIMENTAL 
Sonochemlcal reactlons were camed out m a Vlbracell600 Watt probe transducer, operatmg between 200- 

300 W/cm2 wth a tltamum mlcrotlp (4 6,5 mm), directly connected to the horn The lrradlatlon wth ultrasond 
was pulsed (50% of total time) to obtam a good control of reactlon temperature 

2-Oxablcyclo[3 2 I]oct-3-ene 1 was prepared as described m the literature,12 whde all other alkenes were 
purchased from Fluka and Aldnch and used wthout fiuther punficatlon 

lH-NMR were recorded on a Vanan XL-200 Gemun spectrometer, using TMS as internal standard m 
CDC13 Chemical shifts are reported m parts per mdhon and are given m 6 umts, couphng constants are gven 
m Hertz We used the followmg symbols to report the multlphclty and shape of signals bs (broad signal), d 
(doublet), dd (double doublet), dt (double tnplet), m (multlplet), q (quartet), qp (qumtuplet), s (smglet), se 
(sextet), t (tnplet) 13C-NMR were recorded on the same spectrometer, operatmg at 50 MHz I3C-NMR 
assignments marked wth * may be Interchangeable The progress of reactions and chromatographlc 
separations were morutored by TLC on sdrca gel plates (Merck Kleselgel 60 F254 I$ 0,25 mm) Column 
chromatography was performed on s&a gel (Merck laeselgel, 70-230 mesh) 

General procedure for preparation of or-carbomethoxy-y-lactones - To a solution of 1 3 mmol of oletin 
m 15 ml of glacial acetic acid, 6 3 g of the potassrum salt of malomc acid monomethyl ester (40 mmol) and 
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700 mg of Mn(OAc)3 2H20 (2 6 mmol) were added The resulting suspension was cooled m an me-bath and 

Irradiated wtth ultrasound (300 W/cm2) under an argon atmosphere untd the startmg olefin disappeared (TLC) 
or the spot mtenslty remamed constant m successwe controls The r&on mxture was then poured mto water 
(100 ml), and drops of a saturated solution of Na2S203 were added until the solution became colourless Thus 
rmxture was then extracted mth Et20 (4x50 ml), and the orgamc phase washed mth saturated NaHC03 
solution to remove acetlc aad, then wth bnne, and finally dned over anhydrous Na2SO4 Removal of the 
solvent under reduced pressure at room temperature afforded m most cases an ody residue, whxh was 
chromatographed on slhca gel column and eluted with CH2CI2 to gwe pure a-carbomethoxy-y-lactones 

General procedure for preparation of a-cyano-r-lactones - To a solution of 1 3 mm01 of olefin m 15 ml 
of glacial acetlc acld, 2 4 g of cyanoacetlc acrd (2 6 mmol), 6 g of anhydrous KOAc (61 mmol) and 700 mg of 
Mn(OAc)3 2H20 (2 6 mmol) were added The resulting suspension was cooled m an Ice-bath and lrradlated 
urlth ultrasound (300 W/cm2) under an argon atmosphere untd the startmg olefin disappeared (TLC) or the 
spot mtenslty remamed constant In successive controls The reactlon nuxture was then poured mto water (100 
ml), then a few drops of a saturated solution of Na2S203 were added untd the solution became colourless 

The mixture was then extracted mth Et20 (4x50 ml), the orgamc phase was washed mth saturated 
NaHC03 solution to remove acetlc acid, then mth bnne, and was finally dned over anhydrous Na2SO4 

Removal of the solvent under reduced pressure at room temperature afforded an oily residue m most cases 
This residue was chromatographed on a sdrca gel column and eluted wth CH2CI2 to gve pure a-cyano-y- 
lactone 

Compound 4a - y = 78%, Rf= 0 35 (CH2Cl2), as-fused, one eplmer at C-3, IH-NMR (CDC13,6) 1 20- 

2 00 (8H, cm, 2H-6, 2H-7, 2H-8, 2H-9), 2 78 (lH, m, H-4), 3 29 (lH, d, J = 5 4 Hz, H-3), 3 78 (3H, s, 
0CH3). 4 68 (lH, q, J1= J2= 5 2 Hz, H-5), 13C-NMR (CDCl3, ppm) 38 85 (C-4), 47 92 (C-3), 52 98 

(OCH3), 78 25 (C-5), 167 99 (C-2), 172 25 (CO of COOCH3) Anal Calcd for C10H1404 C 60 60, H 7 12 
Found C 60 43, H 7 08 

Compound 4b - y = 65%, Rf = 0 4 (CH2Ci2), as-f&d, eplmenc rmxture at C-3, IH-NMR (CDCl3, 6) 
1 10-2 20 (8H, cm, 2H-6, 2H-7, 2H-8, 2H-9), 2 67 (0,63H, m, H-4), 2 85 (0 27H, m, H-4), 3 46 (0 27H, d, J 
= 6 0 Hz, H-3), 3 86 (0 63H, d, J = 5 0 Hz, H-3), 4 56 (0 63H, bs, H-5), 4 75 (0 27H, q, J = 4 0 Hz, H-5), 

13C-NMR (CDCI3, ppm) 37 00 and 38 02 (C-4), 40 52 and 41 15 (C-3), 78 60 and 78 76 (C-5), 113 53 and 
114 49 (CN), 168 96 (C-2) Anal Cakd for CgHl102N C 65 43, H 6 71, N 8 48 Found C 65 22, H 6 75, 
N 8 35 

Compound Sa y = 70%, Rf= 0 23 (CH2CI2), dlastereomenc nuxture, IH-NMR (CDCl3, 6) 1 00-2 30 
(12H, m, 2H-6, 2H-7, 2H-8,2H-9, 2H-10, 2H-1 l), 2 70-2 82 (IH, m, H-4), 3 24 (0 3H, d, J = 12 0 HZ, H-3), 
3 28 (0 7H, d, J = 12 0 Hz, H-3), 3 78 (3H, s, OCH3), 4 38 (lH, dt, Jt= 10 2 Hz, J2= 4 5 Hz, H-5), 13C-NMR 
(CDC13, ppm) 33 14 and 34 21 (C-4), 43 11 and 44 73 (C-3), 55 39 (OCH3), 84 16 and 84 89 (C-5), 168 36 

(C-2), 170 73 (CO of COOMe) Anal Calcd for C12H1804 C 63 70, H 8 02 Found C 63 64, H 7 95 

Compound Jb - y = 65%, Rf= 0 29 (CH2CI2), dlastereomenc nuxture, IH-NMR (CDCI3, 6) 0 90-2 20 

(12H, m, 2H-6,2H-7, 2H-8, 2H-9, 2H-10, 2H-11). 2 50-2 95 (lH, m, H-4), 3 39 (0 lH, d, J = 12 0 Hz, H-3), 
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3 42 (0 9H, d, J = 12 0 Hz, H-3), 4 43 (lH, dt, II= 9 6 Hz, Jz= 4 5 Hz, H-5), 13C-NMR (CDCl3, ppm) 

39 00 and 4103 (C-4), 42 12 and 46 54 (C-3), 84 30 and 85 80 (C-5), 114 85 (CN), 167 03 (C-2) Anal 

Calcd for CllHl502N C 68 37, H 7 82, N 7 25 Found C 68 34, H 7 71, N 7 32 

Compound 6a - y = 75%, Rf= 0 33 (CH2CI2). lH-NMR (CDC13,6) 100-l 70 (6H, m, 2R7,2H-8,2H- 

lo), 2 18 (19 d, J = 3 5 Hz, H-4), 2 40-2 55 (lH, m, H-9), 2 60-2 75 (H-I, m, H-6), 3 20 (lH, d, J = 3 8 Hz, 

H-3), 3 75 (3H, s, 0CH3), 4 52 (H-I, d, J = 6 7 Hz, H-5), 13C-NMR (CDC13, ppm) 40 60* (C-9), 41 39* 

(C-6), 46 60 (C-4), 51 73 (C-3), 53 07 (OCH3), 85 97 (C-5), 168 79 (C-2), 172 53 (CO of COOMe) Anal 

Calcd for Cl 1Hl404 C 62 84, H 6 71 Found C 62 76, H 6 68 

Compound 6c - y = 50%, Rf= 0 37 (CH2C12). dwtereomexw nuxture, lo-NMR (CDC13,6) 1 00-l 90 

(17H, m, 2H-7, 2H-8, 2H-10, norbomyl group), 2 16 (H-I, d, J = 6 2 Hz, H-4), 2 29 (H-I, bs, H-9), 2 49 (H-I, 

bs, H-6), 4 48 (H-I, t, J = 6 7 Hz, H-5), 13C-NMR (CDC13, ppm) 50 58 (C-3, assigned by APT tecmques), 

84 50 and 84 85 (C-5), 116 23 (CN), 17190 (C-2) Anal Calcd for Cl7H2102N C 75 24, H 7 80, N 5 16 

Found C7506,H764,N5 11 

Compound 7a - y = 75%, Rf= 0 58 (CH2Cl2), lH-NMR (CDC13,6) 1 23 (3y S, 3H-lo), 149 (3q S, 

381 l), 1 50-l 80 (2H, m, 2H-6), 2 08 (3H, s, 3H-9), 2 41 (2H, t, J = 7 2 Hz, 2H-7), 2 52-2 70 (H-i, m, H-4), 

3 39 (IH, d, J = 12 6 Hz, H-3), 3 78 (3H, s, OCH3), 13C-NMR (CDC13, ppm) 20 30* (C-lo), 20 47* (C-l 1), 

22 32 (C-6), 26 82 (C-4), 29 70 (C-9), 40 95 (C-7), 48 48 (C-3), 52 98 (OCH3), 85 93 (C-5), 169 04 (C-2), 

170 57 (CO of COOMe), 207 56 (C-8) Anal Cakd Cl2Hl805 C 59 50, H 7 49 Found C 59 55, H 7 44 

Compound 7b - y = 73%, Rf= 0 62 (CH2Cl2), IH-NMR (CDC13,6) 1 26 (3H, S, 3H-lo), 1 50 (3y S, 

3H-l l), 1 60-l 90 (2H, m, 2H-6), 2 18 (3H, s, 3H-9), 2 42-2 60 (H-I, m, H-4), 2 71 (2H, t, J = 7 1 Hz, 2H-7), 

3 54 (lH, d, J = 12 8 Hz, H-3), 13C-NMR (CDC13, ppm) 19 95* (C-lo), 20 15* (C-11), 21 78 (C-6), 26 82 

(C-4), 29 70 (C-9), 38 12 (C-4), 40 77 (C-7), 50 63 (C-3), 87 50 (C-5), 116 12 (CN), 167 17 (C-2), 207 51 

(C-8) Anal CakdforCllHl503N C63 14,H722,N670 Found C6302,H717,N656 

Compound 8a - y = 71%, Rf = 0 48 (CH2CI2), lH-NMR (CDC13, 8) 3 76 (3q S, OCH3), 4 00-4 lo 

(2H, m, H-3, H-4), 5 38-5 50 (IH, m, H-5), 7 10-7 50 (lOH, m, aromatlc protons), *3C-NMR (CDCl3, ppm) 

52 97 (OCH3), 54 03* (C-3), 54 71* (C-4), 85 59 (C-5), 126 22-136 36 (aromatm carbons), 167 48 (C-2), 

170 24 (CO of COOMe) Anal cakd for Cl8Hl604 C 72 96, H 5 44 Found C 72 91, H 5 46 

Compound 8b - y = 45%, Rf= 0 63 (CH2Cl2Et20 9 I), dwtereomenc rmxture,lH-NMR (CDCI3, 6) 

372(035~d,J=100HqH-4),387(065~d,J=100Hz,H-4),403(065H,s,H-3),409(035~s,H- 

3), 5 49 (IH, d, J = 10 0 HZ, H-5), 7 10-7 60 (lOH, m, aromatw protons), 13C-NMR (CDC13, ppm) 40 92 

(C-3), 55 30 (C-4), 85 92 (C-5), 114 06 (CN), 123 35-134 54 (aromatlc carbons), 166 56 (C-2) Anal Calcd 

for C17Hl302N C 77 55, H 4 97, N 5 32 Found C 77 48, H 4 93, N 5 35 

Compound 9a - y = 62%, Rf= 0 56 (CH2C12IEt20 9 1), drastereomenc nwture, IH-NMR (CDC13,6) 

2 30-3 10 (2H, m, 2H-4), 3 65-3 80 (lH, m, H-3), 3 81 (3H, s, OCH3). 5 41 (0 52H, dd, Jl= 10 7 Hz, J2= 7 1 

Hz, H-5), 5 70 (0 48H, t, J = 7 1 Hz, H-5), 7 20-7 51 (SH, m, aromatic protons), 13C-NMR (CDC13, ppm) 

34 60 and 34 73 (C-4), 47 51 and 47 61 (C-3), 53 14 (OCH3), 79 98 and 80 47 (C-5), 120 00-138 67 
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(aromatic carbons), 168 16 and 168 26 (C-2), 171 61 and 171 78 (CO of COOMe) Anal Calcd for 

Cl2Hl2O4 C 65 45, H 5 49 Found C 65 60, H 5 37 

Compound 9b - y = 55%, Rf= 0 42 (CH2Cl2), drastereomenc mtxture, *H-NMR (CDC13.6) 2 20-3 22 

(2H, m, 2H-4), 3 78 (0 7I-I, dd, Jr= 11 5 Hz, J2= 7 6 Hz, H-3), 3 83 (0 3I-I, t, J = 7 6 Hz., H-3), 5 40-S 59 (H-I, 

m, H-S), 7 20-7 50 (SH, m, aromatrc protons) Anal Calcd for Cl lHgO2N C 70 58, H 4 84, N 7 48 Found 

C7053,H47l,N745 

Compound 10a - y = SO%, Rf= 0 39 (CH2Cl2/Et20 9 I), as-I&d, one eptmer only, lo-NMR (CDC13, 

8) 1 50-2 10 (4H, m, 2H-8, 2H-9), 2 70-2 90 (lH, m, H-4), 3,47 (H-I, d, J = 6 9 Hz,, H-3), 3 77 (3H, s, 

OCH3). 3 50-4 00 (2H, m, 2H-7), 5 68 (H-I, d, J = 4 4 Hz, H-5), 13C-NMR (CDC13, ppm) 20 31* (C-g), 

22 72’ (C-8), 37 76 (C-4), 50 68 (C-3), 53 00 (OCH3), 63 12 (C-7), 100 01 (C-5), 167 61 (C-2), 170 25 (CO 

of COOMe) Anal Calcd for CgHl205 C 54 00, H 6 04 Found C 53 92, H 5 99 

Compound 10b - y = 65%, Rf = 0 44 (CH2Cl2/Et20 9 l), as-fused, eptmertc nnxture at C-3, lH-NMR 

(CDCl3,8) 1 40-2 00 (4H m, 2H-8, W-9), 2 68-2 90 (lH, m, H-4), 3 50-4 10 (3H, m, 2H-7 overlapped to 

H-3), 5 60 (0 45H, d, J = 4 5 Hz, H-5), 5 78 (0 55H, d, J = 4 5 Hz, H-5), 13C-NMR (CDC13, ppm) 

19 Og*(C-g), 21 75*(C-8) 33 77 and 35 89 (C-4), 39 80 and 39 98 (C-3), 61 73 and 64 24 (C-7), 99 23 and 

100 51 (C-5), 114 16 (CN), 163 53 and 167 00 (C-2) Anal Calcd for C8Hg03N C 57 48, H 5 42, N 8 38 

Found C 57 41, H 5 37, N 8 44 

Compound 11 - y = 67%, Rf= 0 41 (CH2C12/Et20 9 1), lH-NMR (CDCl3,6) 1 75-2 40 (2H, m, 2H-8), 

3 30-3 50 (2H, m, H-3, H-4) 3 80 (3I-I s, OCH3). 3 80-4 20 (2I-I, m, 2H-7 partly overlapped to OCH3). 6 17 

(IH, d, J = 5 2 Hz, H-5), 13C-NMR (CDCl3, ppm) 30 92 (C-8), 43 15 (C-4), 53 32 (OCH3), 53 44 (C-3), 

67 54 (C-7) 108 18 (C-5) 167 92 (C-2), 170 06 (CO of COOMe) Anal Calcd for C8HlO05 C 51 61, H 

5 41 Found C 51 50, H 5 39 

Compound 12 - y = 81%, Rf= 0 37 (CH2Cl2/Et20 9 1), lo-NMR (CDCl3,6) 1 59-2 11 (6~, m, 2~-8, 

2H-9, 2H-11), 2 49 (lH, m, H-lo), 2 70-2 82 (H-I, m, H-4), 3 62 (HI, d, J = 5 1 Hz, H-3), 3 79 (3H, s, 

OCH3), 4 41 (lH, bs, H-7), 5 67 (lH, d, J = 10 7 Hz, H-5), 13C-NMR (CDCl3, ppm) 28 16*, 28 53*, 32 18* 

(C-8, C-g, C-l l), 34 47 (C-10) 45 59 (C-4), 47 82 (C-3), 53 09 (OCH3). 76 53 (C-7), 96 98 (C-5), 167 89 

(C-2), 171 30 (CO of COOMe) Anal Calcd for Cl lHl405 C 58 40, H 6 24 Found C 58 36, H 6 17 
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