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Abstract - Pmticronin. nacta in different waya with thiolats and alko- 
xi& anlone. Thus. while the very soft nuclsophile bentsnsthlolats attacks 
exclusively the oleflnic carbon8 of 1, alkoxidee always attik the carlwze 
nyl group in the first step of the reaction. In interrsdiate casea. when 
neither very hard nor very soft nucleophllss are used. reglosclectlvity 
is not observed. Mechanic are d1acurrssdt.o explain ulis dlffsrential reac- 
tivity. 

IN-rmIwxI(H( 

In a recent paper’, we have reported the behaviour of prvtoan-in, 1, an acceptor towarda 

Phs-/phsH in a 1.6-conjugate addition, to give c oqxmds~. 2andj. (Scheul). 

II 

+PhSv+Phs~ 
PhS 

Ill 

Schere 1 

This behaviour of protoaneronln itself wed not known. Previously. only the reaction of a 

few y-ylldcns-o.8-krtcnolldes (excluding 1) with nuclcophiles had been reported2. 

An cxtuuion of this study eewd necensary to account for the vesicant prcqertics of protoa- 
3 

n-in . which might be related to its reactlvlty tcuards different nucleophlles present in the 

skin. rslnly rsaidual groups of minoacids (-SH, -124 -)(H2, etc.). 

On the other hand. potential carcinogenic activity of several unsaturated lactones has been 

correlated with the rate of reaction with cyateine 
4 

and glutathione5. It ban been suggested that 

carcinogenic lactones l i@t react enr)latically in the body tlssws with thiols to give open chain 

thloester derivativea. 

There fore, 8-c dccidsd to carry out a syateutlc study of the reactivity of the protoaneu- 

nin. 1, rlth several kinds of nucleophilea. In this paper we explore the reaction of 1 with propa- 

nethioletc and phcnylrcthanetbiolate. sulfur nuclecqhiles lese eoft than bentenethiolate. and 

three alkoxidcs (wthoxlde. n-butoxids and tert-butoxide). aa hard nucleophllee. 
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REXJLTS 

Reaction with thiolatcs 

Reaction of 1 with thiole in the presence of a catalytic aaunt of the correeponding thiola- 

te 18 very fast and afforda a coqlex mixture of producLs. Aside f’m much poly~ric rstorial. 

several conpounds could be identified in the fractions reaultlng hur column chmaatography. This 

rdentrfication was important fra the point of view of the mechnnisr of the reaction. but it was 

not intended to have preparative purposes. 

mua. reaction of 1 with one equivalent of propansthiol and a catalytic -t of lithiua 

propancthlolate rn diacthoxyethanc at rota temperature for ten minutes. afforded a crude material 

(20% weight 10~s) In which, after silica gel ch-tography. four ccapoun ds could be identified 

by their lli MR. IR and mano spectra. These corpounds. never purified coqlatsly, were (see 

Schev 2): 

- 4-propylthio-5-propylthio#thyltetrahydrofuran-2-one, 4. (in %10x yield). Its lactone structure 

wan nupportcd by IR (1790 cm-‘) and the presence of two PrS groups by -a spect-try (M* I 

248). One of the propylthio grows wan bound to the exocyclic rethylcnc carbon atom of 1 

(m/z: 89 -PrSC)$- and 159 (M*-89).which excludes direct bondinR of PrS to the ring) and the other 

at C-4 of the tetrahydrofur-c ring (a double triplet at 6 4.4 for the proton at C-5). 

- S-Pmyl crs-4-oxo-2-pentenetiaate. 2, (-5%). This thioestcr rae ralnly identified by ita IR - 

(absorption ot 1710 (CH3CO-) and 1680 c,l-l (-COSPr)) and itn 1H MU4 spectnm that ehaed, be- 

sides the propyl and methyl protons. two doublets at 6 6.09 and 7.70 (J - 5.1 Hz) corresponding 

clearly to a pair of cis olefinic protons. - 

- a r-lactone ( 10%) (IR: carbonyl absorption at 1790 ca -‘I tentatively identified as 2 or e on 

the basis of its mass spcctru. rhlch diaplayed again two PrS Rroupe. but none of them linked 

to tie exocyclic methylcne carbon etca of A (absence of I#‘- PrSCH2 peak). In its lH WlR apec- 

trum. the presence of a three-p-ton singlet at 6 1.5 confimed the latter point, while the 

absence of any absorption at 6 4.0 (characteristic for the C-2, proton in y-loctones) gave sup- 

port to our aneumption that one of the PrS groups should be linked there. The position (C-3 or 

C-4) of the second PrS Rroup could not be ascertained fror the available spectral data. 

- An open-chain thioeatcr (IR: 1710 for ketone. 1685 for thioeetcr; US:a/r 748; 
1 
H MR: a one- 

-wt_hyl mInglet at 2.2 6 and nevcral broad ebaorptions ln the region 1.29 - 3.8 6 ), tentatively 

identified (IS 5. or 10a. (~9%). - 

ReactIon of 1 with one equivalent of phenylwthancthiol and a catalytic amount of lithiw 

phenyloethanethiolate under conditions closely parallcl to those described above gave liktrlss 

a saturated lactone. 7b or 9&, rlth 5-oethyl-4-phenylrthylthio-5fi-furan-2-one. 2, awng other - 

unidentified nubst&incen. The unsaturated lactone !_l wan identified by its spectral properties. 

IR: 1780 CID 
-1 

(y-lactonc); ’ Ii MR (CDCl3): 6 1.35 (d. J - 7 Ht. 3H. C,-Me), 4.88 (dq. Jd . 7 Ht. 

J 1.7 1ix. IIt. C ,--HI. 5.14 (d. J 1.1 Hz. II{. C3-H). 4.07 (8. 2H. PhCYY2-S) and 7.37 (9. 5H. 

C&j. 

Reaction with alkoxldea 

All the expcrraents were carried out by addition of the appropriate alcohol, contalnlng a 

trace of sodium alkoxide. to a aolutlon of 1 in the R- alcohol used an reactant. Table 1 II-- 

rixes the expcrraentn pcrforacd. 

mu-, while reaction of 1 with 10 equivalents of methanol and catalytic sodium rcthoxide 

in diacthoxyethanc did not take place, _ 1 reacted smoothly in methanol aa solvent and sodium wtho- 

xidc. RlvlnR rthyl 2-aethoxy-4-oxopentanoate, 6&, S-cethoxy-Ethyl-W-furan-2-one. 88, [ (1H 

MU4 In CDCl :61.66 (6. XI). 3.26 (II. 3H). 6.13 (d. J . 5.3 Hr. IIO. ‘1.15 (d. J - 5.3 Ht. 1H); 

IR: 17fw cm 
-3 

) ] and methyl 3-methoxy-4-oxopentanoate. 1Ob. Rutcnolide e se- to be an lntcrwdia- - 

tc in the formation of the open-chain enter e. since a longer addition time (to-1 tiw had no 

influence) left unaltered the proportion of ester 6b in the crude reaction mixture. while the ra- _- 

tie lob/&~ increased. tireover. a mixture containlnR butcnolidc &I and eater lob was aubitted __- - - - 

to the reaction conditlonn. yielding, after a few minutes. only the ester lob. - 

Protoaneaonln (1). also reacted with sodium _n-butoxide in n-butanol to afford n-butyl 2-c- 
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butoxy-4-orc-pentanoate. s, and 5-~-butoxy-~thyl-~-furan-2-one (6&l. In this case the buteno- 

lide 3 did not fom the open-chain ester E on further action of sodlu n-butoxide in z-butanol. 

Table 1. Reactions of pro toanewnin with slkoxldes 
YI==...==l 

I 1 Reaction condition 

I 20 I tracce I 80 
n-Bu0-/n-BuW I ” 

..-_,,-..,,--..I,,,,..,,,....L,,..,,,,r..,-~ . . ..=.-..~=.,.L.===,...~=~.. 

(al All experiments were carried out under argon. at - teq. 
(b) The alkoxldts were always used in catalytic quantities. 
(c) In minutes. 
(d) X Molar ratio calculated fra ‘H ?UR spectra. 

Finally, starting material was quantltatlvely recovered after treatment of pmtoan-in 

with tort-butanol under catalysis by sodium tsrt-butoxide. 

Aasigment of structures of both leouric methyl esters g and 1Ob wan ma& on the basis - 

of their 13C tUR spectra. Data correapcmding to observed and calculated’ chemical shifts are given 

in Table 2. Comparison of these data with those of E-butyl ester & ccmfirwd the pmpoaed etruc- 

turc for the latter. 

Table 2. l3 C IWI chemical shlftn for eetmn g. 6c and lob in CDCl - - 3 ,..“‘--~.~_‘=--“.L==I -I..I=I=m...L=II ~...~~~-I..YLL~I....~~IIIIPI=lllll=l__ --.....~II...C1=~... 

1 
- I 

lob Observed I 170.6 36.2 1 63.1 208.7 - 1 ; 1 25.7 

; Calculated(b) 1 173.3 1 37.5 1 66.0 1 211.8 1 30.9 

I 
6b 1 Obnerved I 172.2 - 

I 
I Calculated 1 175.7 

1...__ I__ 1 =:“I ---.I-__ l.LLI-T.__:- ..c 

6c served I 177.1 - j ob 
I Calculated 1 175.7 

q ___ ..,_,,L.,,,= 7..,.J.L, q =.I 

76.2 

75.2 

ZI...L 

75.1 

79.6 

r.==r.. 

I 1~ 
46.0 I 204.4 I 30.4 

I I 

“.:‘;~.l”:“-/.I’::. 

46.2 I 204.7 I 30.7 
I I 

50.7 1 207.6 ( 27.1 

l.,,r.l_.=,--.l.,,,,, 
(a) Absolute difference ( dc - 6 ) 

i y* 
-‘dc -4 1 I CJ talc 

;(b) ace ref. 6 

DISCUSSION 

Scheme 7 shown pathways to explain the formation of the identified products. Pathway 1 leads 

to products formed throu& an initial attack of the nucleophile to the exocyclic wthylene carbcm 

ata of 1 (1.6-con.jugate addition). Pathway 2 produce8 compounds resulting fm an initial attack 

to the carbonyl carbon and having a colon precursor. the 0, buneaturated-I-ketoeater 2 (ring ope- 

ning), which WM detected only when PrS- wan used aa nucleophile. 

Formation of butenolide 11 (pathway 3) can be Justified thrcu& a 1,I-conJugat.a addition 

since protean-in. aa an enol lactons. should have also an electronic deficiency at Ca: the 

intermediate form, 11 through a furan-2-01 structure (Scheme 3). 

Ihe 4 kunmaturated-rketoester _S can mdergo further t.ramfoNtim in two different rays: 

1) Michael addition of a second @quivalent of nucleophile, giving the o-substituted-Y-kstoea- 

tcr p, followed by catalytic ring c1omu-e initiated by attack of the nuclec@ile to the ketone 
carbonyl, leading to a J.%diaubatituted srtumtsd lactone e (Schsre 4, equation 1). 
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ii) Ring cloeum. uvough e mchanim like thet propoeed for the forrtion of la&one _7, 

would afford a butenollde. g, tit could undergo e Michael addition, giving a 4,~ieubmtituted 

eatumtod lactone, 2. Ring-opening by attack of thenucleophlle to the c-1 of 2, uld elimine- 

tiom of lh frxm C-S, would yield tJm O-substituted-y-ketter l_o (Schsre 4. eqrution 2). 

SCvh 

SC H,Ph 
L 

H’ 
> P 

SCHgh 

XI 
Scheoe 3 

Nu 

- 

- 
NU Nu 0 

X 

(1) 

(2) 

Our results indicate that pratounmm in mrte dlffemntly at ita tJuee electrophilic cen- 

tern.. acting as an interrvl probe in l kind of m~um of the her&ese of the nucleophlle ueed. 

At leeet this is true for the extraa cawe, whom e great mgioeelectivi~ ie c&merved. mile 

the eofteet. %!3-. pivee only cyclic pFobuct8 (imepective of the cou&erion. eodlu or lithiu) 

erieing m lnitiel 1.6-conJug8te eddition (open-chain producte have never been detocbd). the 

hardest nucleophil~. BeO- and _“-BuO-. give pmbucti tint can only be occanrtud for by initial 

attack to the lect& carbonyl. thmqh . cm pmc-r 1. mi0 ruution i0 buti 0n the COM- 
tant retie found fore and 8e*106 (see Table 2) Uhsn M- le raed and alao eIpgortod by the role 

of butenolide qae tJw interwdiate leading to E. Thim n~lae out rr l lternetive ~~hnir to ex- 

plain the formationof 1Ob etartlng by a 1.4-conjugat.e edditiw. which furthemom would not ex- - 
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plain the fomation of * (Schsw 5) 

A. CAIDFRON (I al 

e CH30e, r 
, \peocH3, 

I 

Xa 

Althou& 1 waa not detected when hard nuclecghilsa uem coed, we have been able to identify 

it rhen the nucleophile van PrS-, which hax a nucleqhilic etmngth inbrrediate betwan PM- 

md aeo-. In fact in thia caa4 both 1,6- and c-1 addition too& plme. giving all the producta 

~iainp fra pathrys l and 2. me adogau mctt2s- nuclsophile aleo gave a very coqlcx mixture 

of coloamds fmam Mich 80 have been able to detect ccqound s (Schae 2. pathray 3). Pmbably 

with these nucleophiles all thme pathrye warn operative. but the analytical conditions for the 

find mixtwo prevented the obasrvatia, of all their producta. me infomatlon that we have is 

tJmn ccql-tmy. 

In concluaic8l. pmtoan-in macb -thly u1t.h nuclwphilcs. thmugh several pathrya 

that involve differant mchaniaa and pme~ly alao diffemnt mtss. mepmduct8fcundamthe 

maults of ccqatition of such processes in conmusing the added nuclecqhile. The effect of this 

ccqctition is mch mm evident rhan neither very hard not very aoft ouclaophilse am used. 

Studies on the macttion of 1 with nucleophilee bearing a negative charge on carbon, nit- 

gen and phosphonu am in progmaa. 

tha CC-JE spectra uem recorded with a tkvlett-Packard apparatus, rodcl 5985 B. working at 
m ev. ,T?ba infrared specpja were recorded on a Perkin-flmr Spectmphotoreter. mdel 720. The 
8oNix H~and2Owx C Ng! spectra warn recorded on a BnJter Spectriaeter. rode1 UP 80 SY; 
chrical shifts am given in puta per million relative to TICS (6 scale). 

Rertiul of pro- In (1) with oodiu benxenethiolato/benxenethiol - 
See mf. 1. 

Reaction of 1 with lithiu propunthiolate/prc9amthiol - 
A tipycal uperimt uaa run an follows: 
to . *olutior, of propmstJlio1 (274 Dg. 3.6 rol) in anhydroue dirsthoxyetJww (10 11). a 

1.6 I ethereal athylllthiu (0.22 rl, 0.34 lol) van added under argon l tmomphem. The resulting 
rixtum we4 ukied dmpwi~s. uuier argon. to a atirmd solution of pm- in (1) (350 q, 3.6 
-1) in edroux diathoxyethrre (15 ~1). After ten rinutes. the reactiar mixture wax diluted 

md ruled with water. me aqwoua layer was extracted (aC Cl ) and the corblnsd orga- 
worn dried (Mx SO ) and the solvent evaporated at mduc& p2rsuum. Ihe realdue (500 

w) N cwtogmphed on filtca gel eluting with mixture of hexanadtUc (fra 95:5 to 1:9 ra- 
tio) affording frwtiau in *Ich the follwing ccqmun da warn idsntifled: 

S-Propyl 4-0x*2 1tJli thawulioate (5) or its ieceer S-pmpyl 44x*3- IthiO- 
p~~~~~thi;ti, (~~)???IWI zl ) 0.66 ct. J - 7 Hx; a); 1.29-1.67 (=, uf); :.??a. M) 
& 2.4-3.6 ., 7HrIR (0R.X ). 304$ ‘3OW. 2950. 1710. I@%. lw. 1yx). 1360. 1300. 1210. 1200. 
1160. 1080 rrd 1020 a-l; lc3: 42 (X) 248 (II*, 7). 205 (11). 177 (55). I72 (70), 163 (16), 145 
(15). 131 (7). 103 (43). 97 (71). 89 (lo). 72 (12) ti 43 (100). 
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S-Ropyl cia-4-ox~2-penta~0tMocrta (2). a injar ceqxnmd in one frrcticm of the chrauto- 
tmwb. could not be isolated. ‘Ii kwR (CDCI 1, 0.86 (t, J = 
(a. St): 6.09 (d. J = 5.1 Hz: 1H) and 7.20 Cd? J = 5.1 Hz; lti); 

7 Hz; 3H); 1.29-1.67 (a, 2Wi 2.2 
IR (tilr). 1710 and ICLBO cm . 

Ubttyi-3J5-dip~ylthtotstr~~f-2- (7a1. or ita iamor 
thfotetmhJdrdumn-l\urn-2- rsaj. It M not pow E-lo .to. -writy it caplately. “H 1 
0.38 (t, J = 7 tk; 6Hf; 1.~1.60 
Hz, J’ - 6.4 Ha; IH); III (CHCl ), 

in, 4H)ill.S0 Is, 3H1; 2.32:2.85 (i, 

171. 11s (61. 102 (11). 97 112,?8S 
1790 cm ; CC-=, I/L (X) 172 (UC - PrS, 10). 130 (6). 129 
(55). 71 (10). 57 (361 and 43 (100). 

4- pmP;1thio-5-p~ylthi~~itatr3y~ftu~-2- (4b). identified in a fraction by 
ths tollqrinp souctroocooic data: ‘H lllQI (CXl,), 4.4 (dt. J 16.4. J’ = 4.7 Its; IH); IR fCX1,). 
1790 a-l; Cc-ks, l /2 (XI 2~) (I*. 5). 172 crl’ - RSH. 100). 159 Ul* - 47), 145 (3d), 
131 (213). 117 (551.89 (40). 55 (35) and 43 (55). 

Pr9CH2, 

Resction of 1 rith lithiu pharVlathsnsthfolats/phaylrathanethIol - -rating aa described 

above, reaction of protommmin (1). (160 19. 1.6 roll with lithium phmylmethanethiolate 
(0.16 al) and phenylmeth~~thiol 7207 q, 1.67 uol) in anhydrous diwthoxyeth&m, afforded 
3x) mg of a crude arterial thmt vaa chmmtogrephed on silica gel bagining with haxms-EtOAc 
(85:151 and endfnp with 100 X HtOAc aa cluunt. Amrq other unidentified aubstutcee, the tollo- 
rinn c -ds were detected: 

- Ucettvl_3,s_dlphervl~~l~l~t*~~~~~-2~ (21, or lta ieour !Gmethy1-4,5-di- 

nylmethylthioteamhydr&uran-2-one fob). ‘H mm (CDC13). l.S_fs. 3H); 2.0-3.0 (I, yo; 3.70 
2Hf; 3.75 (II, 2H) and 7.14-7.38 &,-ii, H); IR (film)f 17&o Cm - 

Slsthyl4-QhanylmE#ylthfo-%4-rtrrm-2-ala ill). H IW? (CDCl 1 1.35 fd, J = 7 Hz; WI; 
7 Hz, J’ = 1.2 Hz; 13; 5.64 (d, J - 132 Hz; 1H) and 7.32 (I, 5H); 

3)‘ le0 (0.8). 151 (101, 91 ilOO), 65 (17) and 
43 (19). 

Reaction of 1 with sodiu mthoxide/mthmol - To a stirred solution at pro t.anemmin (1). (430 
mg, 4.5 al) in 2.5 rl of absolute mthmol containing traces of aodiu methoxida wan ad&d. 
under Ar. ovw 10 min. 
washad with rater. The 

The mixture M all& to stand for 30 min. than diluted uiti CHC13 and 
aspeous layer was sxtIwct4id with Cm3 and the combined orgmnic axtruA~ 

were &led (I& SQ4) and the solvent UM removed at swduccd preaauq. The crude (360 ~1 contained 
caparndn E. $a uxl lob in 70:12:18 ratio, calculated ti it.8 H IIR spectru. Color, chrwa- 
tame&y ar aili& nslrfth M,.Cl_-ether (4:U a6 slwnt attordad the toilomin~ pr&ucta: 

l&thy1 2+&Xy-Mxcz+4%lt4rcMts, 6b. ‘H IIR fCDC1 f. $$7 (a, 
2H); 3.44 (II. 3H); 3.75 (a. 3H); 4.23 (< J = 6.3 Hz; ik); 

3H); 2-G (d, J = 6.3 Bit, 
C FUR (CZXX,). 30.4. 46.0, 51.9. 

56.6, 76.3, 172.2 and_704.2; IR (film), 3050~ 3010. 2880. 1750. 1720, 14%. 1360, 1270. 1200, 
1160, 1130 and eo0 c. ; Is, R/L (Xl 160 (II t 0.31, 145 (O.d), 128 (15). 117 (151, 101 (461, 
85 (5). 75 (91, 59 (14) and 43 (100). 

M&hyl 3athoy-+-oxqmntanoate (lob). ‘H N@l (CDcl 1. g?6 fa. 3x1; 2.70 fd,J = 
2H); 3.44 10. 3H); 3.72 (a, 3H) and 4.00?tt, J = 5.8 Hz; la)* 

5.8 Hz; 
C !Wt (CDCl 1. 25.7, 36.2, 51.6. 

50.4, 83.1, 170.6 and_p-7; IR (fill), 3020 2960. 2850, ;740, 1720, 14.A. 1360, 1260, 1200, 
1160, 1010 8nd wx) cm ; )6, m/z (X) 160 (@lg. 0.21, 130 (10). 120 (6). 117 (321, 97 (191, 87 
(M), 75&00’, 59 (31) and 43 (34). 

thyl-SmeQoy-WC-fww-2-oM Q,, It van obtained fro the chmmatography contmina- 
ted by 62 and lob. “H mtR (COCl ), 1.66 ‘f, 3H); 3.26 (8. 3H1; +6.13 (d, J I 5.3 Hz; 1H); 7.15 
ld, J = 5.3 Hz? 1H); IR (tilrf? 1780 CD- ; Its, m/t (%I 129 ftl , 0.6). 113 (611, 97 flOOt, 66 
1201. 69 (15). b4 (2t), 43 (45). 

Reaction of 1 with sodiu n-butoxide - To a stirred solution of pFotolrnam 
mxol) in 2 ml of anhjdrous n-butmol, 

in (1),(211 m& 2.2 
2 ml of n-butanol containi~ tracea of sodiu n-butoxide 

~11) added under At, over lo-sin. The mixture vi& allowed to stand for 1 hour, then diluted with 

(100). 69 (4). 57 (5) and 43 (23). 
n-Butoxi 2-butexy~xo$wltAnoats (6a). ‘H ?uR fcucl ), 0.75-1.00 (m, WI; 1.20-1.70 fm 

8H); 2.13 (a, 3H): 2.74 (d. J I 5.3 Hz. TH): 7.75 (d. J =3 7.H2: 1H): 3.2S3.63 (m. 2H). 4.A 
It. J = 6.6 I&; 2Hj; 4.22 (dd, J - 7 H2, J’ = 5.3 Hr; 1H); ‘% k~ (~1 f, 13.5, i3.7;lg.l. 
19.2. 30.7 (two paakmf. 31.7, 46.2, 64.9. 71.1, 72.1 and 204.7; IR W&l3O2O, 2980, 2900, 
17$0, 1715, 1460, 1400, 1360, 12s0, 1210, 1160, 1120, 1080. 1020 and 910 a ; 8s. 42 (%) 2u 

0.61. 101 (1.1). 187 (1). 172 (121, 143 (371, 129 (18). 87 (100). 73 (71, 57 (28) and 43 
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