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Abstmcf: Stereoisomeric mixtures of 3-iodo-3-nonen-2-one. 8a, 2-iodo-1-phenyld-octen-l-one, 8b, 2-iodo-1,3- 
diphenyl-2-propen-l-one, 8c, as well as (2)-3-iodo-4-phenyl-3-buten-2-one, 8d, have been efficiently synthesixed by 
a reaction sequence involving a Pd-catalyzed reaction between the corresponding l-alkynyl ketones, 10, and Bu$IH 

followed by iododestannylation. Stereomutation experiments carried out in the presence of daylight and using 

catalytic amounts of I2 showed that the Z stereoisomers of 8% 8b and 8~. which could be separated by MPLC on 
silica gel from the corresponding E stereoisomers, as well as compound Q-8d were more stable than their E 

stereoisomers. Compounds 8a-d underwent Pd-catalyzed cross-coupling reactions with C6H5SnMes, CH2=CH- 

SnBu3 and SnMe, providing an efficient route to the corresponding 2-substituted 2-alkenones, 13. However, the Pd- 

catalyzed reaction between Q-8c and PhSnMe, afforded a mixture of the expected cross-coupled product, (E)-13f 

with the compound derived from methyl transfer, (E)-13e. The couplings involving (Z)-8a, Q-8b, Q-8c and 

(Z)-8d proceeded with clean retention of stereochemistry, but the Pd-catalyzed reaction between Q-8c and SnMe4 

afforded a stereoisomeric mixture of 13e. On the contrary, the coupling between (E)/(Z)-8b and SnMe, produced 

stereoisomerically pure (E)-13~. Two 2-iodo-Z-cycloalkenones, i.e. compounds 1811 and 18b, also reacted with 

SnMe.+ in the presence of a Pd catalyst, to give the corresponding 2-methyl-2-cycloalkenones, 19a and 19b , 
respectively, in satisfactory yields. Compound 19b represents a very useful precursor to methylenomycin B, 9. 

Recently we reported that stereoisomerically pure alkyl (E)-2-iodo-2-alkenoates, (E)-1, which are 

easily prepared by palladium(O)-catalyzed reaction between tributylstannaue and alky12-alkyuoates followed 

by treatment with iodine, are useful and direct precursors to stereodefined 2-(hetero)aryl substituted alky12- 

alkenoates of genera1 formula 2l, alkyl (E)-2-methyl-2-alkenoates, (Q-3, having very high stereoisomeric 

purity’ as well as to (Z)/(E)-(1-carbalkoxy-1-alkenyl)zinc iodides, (Z)/(E)-42. Moreover, we showed that 

reagents (Z)/(E)-4, which represent a new class of unmasked fl-substituted acrylate a-anion equivalents, are 

able to react with functionalized alkenyl or aryl halides, in the presence of a palladium(O) catalyst, to give 

chemoselectively and in high yields the corresponding cross-coupled products quite rich in the stereoisomers 

having their trisubstituted double bonds of E configuration2. Interestingly, the synthetic utility of compounds 

(E)-1 was also demonstrated by their use in the preparation of three chiral insect pheromone components 
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having very high optical purity, i.e. (S)(E)-2,4-dimethyl-2-hexenoic acid, (S)(E)-51, a caste-specific 

substance of male carpenter ants in the genus Camponotus, (S)(E)-4,6-dimethyl-4-octen-3-one, (S)(E)- 

6l, an alarm pheromone component of ants in the genus Manica, and (S)-1-methylbutyl (E)-2-methyl-2- 

pentenoate, (S)(E)-73, an aggregation pheromone component of Rhyzopertha dominica. 

R R R R 
H R ,_, H 

I Ar COOR’ 

(E)-I 2 (E)-3 @Y(Z)-4 

More recently, in continuation of our studies on 1-alkenylstannanes bearing a functional substituent in 

the 1-position4. we turned out our attention to the preparation and the synthetic applications of another class of 

a-halo-o,B-unsaturated compounds, i.e. stereodefmed 2-iodo-2-alkenones of general formula (Z)- and Q- 

8. 

R 

H 

R 
H 

I 

m-8 69-8 

(R = alkyl, aryl; R’ = all+, aryl) 

Our interest was due to the fact that, despite the potential great usefulness of these compounds which, 

owing to their higher reactivity expecially in transition metal-catalyzed reactions, should be preferred over the 

corresponding bromo or chloro derivatives, no convenient general procedures for their preparation have been 

reported. In fact, a previous method, which was based on the reaction of acetylrnethyltriphenylarsonium 

bromide with iodine and potassium carbonate in acetonitrile, followed by treatment with an aldehyde and 

another portion of potassium carbonate, has been only employed to prepare 3-iodo-4-aryl-3-buten-2-ones quite 

rich in the corresponding Z stereoisomers 5. Moreover, the recently reported direct preparation of a- 

iodoenones by treatment of enones with iodine and pyridine in CC4 solution6 turned out to be a practical 

route for synthesizing 2-iodo-2-cycloalkenones, but unsuitable in the case of acyclic a-iodo-o&unsaturated 

ketones. In fact, besides requiring large amounts of solvent for small scale preparations, the synthesis of these 

last compounds afforded low or negligible yields. 

In this paper we will describe a quite simple new procedure developed to prepare compounds (Z)- and 

(,?$&&a (R = n-C5HlI; Rl = CH3), (Z)- and (E)-8b (R = n-C 5 11; RI = C6H5), (Z)- and (E)-8c (R = H 

Rt = CeHg) and (Z)-8d (R = C6H5; Rl = CH3), as well as the results of an investigation on the 
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stereomutation of these alkenyl iodides in the presence of daylight and catalytic amounts of iodine. 

Furthermom, we will report the details of a study concerning the palladium-catalyzed cross-coupling reactions 

of these stereodefined 2-iodo-2-alkenones with phenyltrimethylstannane, vinyltributylstannane and 

tetramethylstannane. respectively. Finally, the last part of this paper will be devoted to an extension of these 

palladium-catalyzed reactions to the efficient synthesis of two 2-methyl-2-cycloalkenones, one of which 

represents a direct precursor to methylenomycin B, 9, an antibiotic substance active against both gram-positive 

and gram-negative bacteria and cytotoxic in vitro in the KB assay? 

RESULTS AND DISCUSSION 

A) Synthesis of(Z)- and (E)-2-iodo-2-alkenones 

On the basis of our previous experience on the synthesis of alkyl Q-2-iodo-2-alkenoates, Q-11, it 

occurred to us that access to stereodefined 2-iodo-2-alkenones of general formula 8 might be achieved by a 

regio- and stereoselective palladium-catalyzed reaction between 1-alkynyl ketones, 10. and Bu$tH followed 

by treatment of the a-tributylstannyl-a,B_unsaturated ketones so obtained with iodine in CH$12 solution. 

However, on examination of the literature we realized that conflicting results were reported as regards the 

stereochemistry of the palladium-catalyzed hydrostannylation of compounds 10. In fact, Zhang et al. reported 

that, in the presence of catalytic amounts of PdCl#Ph&, the reaction between Bu$nH and 3-decyn-2-one, 

10a (R = n-C6Ht3; Rt = CH3) ff td a o s s ter eoisomerically pure (E)-3-tributylstannyl-3-decen-2-one, Q- 

lla (R = n-CgH13; RI= CH3; R2 = n-C4Hg), but the analogous reaction involving I-phenyl-2-heptyn-l- 

one, lob (R = n-C4H9; R1 = CeHg) produces a mixture of (E)- and Q-1-phenyl-2-tributystannyl-2- 

hepten-l-one, (Z)- and (E)-llb (R = R2 = n-C4H9; R1 = GH5), in a 58 :42 ratio, respectivelfl. On the 

contrary, Co&ran et al. found that the reaction between 3-hexyn-2-one, 1Oc (R = C2Hg; Rt = CH3) and 

MegSnH. in the presence of a catalytic amount of Pd(PPh&, gives (Z)-3-trimethylstannyl-3-hexen-2-one, 

Q-llc (R = C2H,; RI= R2 = CH3)9. 

R R 

R--_-CO-R’ H ,, 

COR’ 

10 (0-l 1 @J-l 1 

These conflicting results prompted us to start our study by a m-examination of the stereochemistry of the 

palladium-catalyzed hydrostannylation of compounds 10. For this purpose we prepared the following l- 

alkynyl ketones: 3-nonyn-2-one, lOd, I-phenyl-Zoctyn-l-one, Me, 1,4-diphenyl-2-propyn-l-one, lOf, and 



4-phenyl-3-butyn-2-one, log. In particular, compound 10d was prepared in 40% yield according to the 

procedure described by Brown et al.10 which involved the conversion of I-heptyne. 12a. into the 
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corresponding lithium (1-aIkynyl)trifluoroborate followed by treatment with acetic anhydride [eq. (l)]. 

~-&HI, - 
-=-_H 1) BuLi, hexane, THF, -78 OC 

2) BWtzO 
nC,H,1-~-COCH3 (1) 

12a 3) c%C%C 10d 

Compounds 1Oe and 1Of were prepared in 99 and 95% yields, respectively, according to a modification 

of the procedure decribed by Tohda ef alI* which involved the reaction of a mixture of henzoyl chloride and 

Et3N with l2a and phenylacetylene, 12b, respectively, in the presence of catalytic amounts of Pd(PPh3)4 and 

CuI [eq. (2)l. 

R-_=-H 
C&COQ , Etfi 

Pd(PPh&,, CuI 
R-_=-COPh (2) 

12a : R = nC5H11 10e : R = nX&H,, 

12b: R=GH, 10f: R= C&& 

On the other hand, compound log was synthesized in 50% yield according to a procedure’2 which 

involved treatment of the 1 alkynylzinc chloride derived from 12b with acetyl chloride, in the presence of a 

catalytic amount of Pd(,PPh& [eq. (3)J. 

Cd45 - 
--_-_H 

1) CHsLi, EbO, THF, -78 ‘C 

2) znCl*, 0 OC 
- C6H,-_=-COCH3 (3) 

12b 3) PdG’PhA 

4) CH3COC1, -78 to 20 Y! 

log 

Compound 1Od was then reacted at room temperature with a THF solution of 0.97 equiv of BugSnH, in 

the presence of cu. 2 mol 96 of Pd(PPhg)4. The crude reaction product was purified by MPLC on silica gel to 

give stereoisomerically pure (Z)-3-tributylstannyl-3-nonen-2-one, Q-lld, in 38% isolated yield [q. (4)]. 

1) Bu3SnH, Pd(PPh,),, 
“-Wt I 

nC&b I -_=-COCH3 
2)SGMPLC H % 

N SnBu3 (4) 
COCHB 

10d Q-lld 

The Z-configuration of this compound, which was established by tH NMR analysis, was confiied by 

its conversion into the corresponding iododestannylation product, Q-8a. In fact, the reaction between lld 

and a CH2C12 solution of 1.08 equiv of iodine, which was periodically monitored by GLC. produced BqSnI 

and a stereoisomerically pure compound subsequently identified as Q-3-iodo-3-nonen-2-one, Q-ga [eq. 

WI. 
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6.h I 
I*. cH*a, , 20 “C 

nGH1 I 
H 

5. 
L SnBus H + 

\ I + Bu&nl (5) 

COCHS 

(Z)-lld 

tiOCH, 

(08a 

The reaction mixture was concentrated in vucuu, diluted with Et20 and, in order to eliminate BugSnI, 

treated with a large excess of a semisaturated aqueous KF solution. The resulting mixture was filtered, 

extracted with Et20 and the organic extract was purified by MPLC on silica gel to give stereoisomerically pure 

(Z)-8a in 88% yield. 

Thus, the result of the palladium-catalyzed hydrostannylation was in agreement with that reported by 

Cochran et a1.9, but the stereochemistry of this reaction resulted to be opposite to that of the palladium- 

catalyzed hydrostannylation of alkyl2-alkynoates 9.11. On the other hand, the low yield of (Z)-lid could be 

explained taking into account that a partial protodestannylation occurred during the purification by MPLC on 

silica gel of the crude reaction product. Therefore, since compound lld was very sensitive to acidic conditions 

and it was probably configurationally unstable, we thought it right to give up our direct investigations on the 

stereochemistry of the hydrostannylation reaction of compounds 10 and to attempt the preparation in high 

yields of the desired 2-iodo-2-alkenones, 8, using without delay the crude hydrostannylation products. Thus, 

in a model experiment the crude reaction mixture, which was obtained by treatment of 10d with a THF 

solution of 0.94 equiv of BugSnH, in the presence of a catalytic quantity of Pd(PPh& was concentrated in 

vucuo and the residue was diluted with hexane in order to precipitate PPh3 and part of the catalyst. The 

mixture was filtered, the filtrate was concentrated in vacw and the residue, which was dissolved in CH#&, 

was treated with a CH2C12 solution of 0.96 equiv of iodine. After elimination of most of BqSnI formed in 

this last reaction by treatment with an aqueous KF solution, the crude reaction product was analyzed by 

GLC/MS and resulted to be constituted of two compounds, subsequently identified as Q- and Q-8a in a 

75: 25 molar ratio, respectively. Purification by MPLC on silica gel allowed to separate these 

stereoisomerically pure compounds, but during isolation from the chromatographic fractions iodide (E)-8a 

underwent stereomutation to give a mixture of (E)- and Q-8a in a 59: 41 ratio, respectively. The overall 

yield of this reaction sequence was 82% based on BugSnH (entry 1, Table 1). 

It is worth mentioning that the result of this reaction sequence gave new informations on the 

stereochemistry of the palladium-catalyzed hydrostannylation of 1Od. In fact, supposing that the molar ratio 

between (E)- and (Z)-8a could reflect reasonably that between the corresponding organostannanes, (E)- and 

(Z)-lld, respectively, this result indicated that i) the stereochemistry of the hydrostannylation of 10d was 

cis leading to (E)-lld and that ii) this last compound underwent easily stereomutation. Moreover, on this 

basis, the fact that in our attempt to prepare (E)-lld from 10d we had obtained Q-lld in a low yield could 

be explained taking into account the configurational lability of (E)-lld, which was probably accompanied 

with its higher chemical fragility to acidic conditions. 

The fact that the palladium-catalyzed hydrostannylation of compounds 10 could give rise to 

stereoisomeric mixtures of compounds 11 was confiied by 1H NMR analysis of the crude hydrostannylation 

product obtained from 1Oe after its partial purification from PPh3 and the catalyst. In fact, this crude reaction 
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mixture was found to be constituted of (Z)- and (E)-1-phenyl-2-tributylstannyl-2-octen-l-one, Q- and 

(a-lle, in a 54 : 46 molar ratio, respectively. Iododestannylation of these crude products gave in 88% yield a 

mixture of the corresponding iodides, Q- and (E)-8b (Z/E = 69 : 3 l), which could be separated by MPLC 

on silica gel (entry 2, Table 1). 

T a b 1 e 1 . Synthesis of (E)- and Q-ZIodoenones of General Formula 8 Starting from 

1-Alkynyl Ketones, 10 

SnBu3 

GE-COR’ 
Bu$nH R 

Pd(PPh,), 
[ I + / COR’ 

1) I*, CH,Cl, 

H 
2) aq KF, Et20 

RJCOR’ + RJ,R’ 

10 11 3) MPLC (Z)-8 (Q-8 

1-Alkynyl ketone, 10 Organotin 
2-Iodoenones, 8 

Entry r 
derivative, 11 

Compd. R R’ Z/E ratio Compd. 
ZIE Overall yield 
l%lfiOd (%)W.cl 

I 10d n-CsH,, CH3 n.d. (Z)/(E>-8adJ 25:75 82d) 

2 10e n-C54 I C6H5 54146 (Z)/(E)-8bdJ 69:31 8gd) 

3 10f C6H5 C6H5 n.d. (z)/(E)-t3cd’ 27 : 73 37 dJ 

4 10f C6H5 C6k n.d. @Y@‘I-8ce’ 76:24 95 =’ 

5 I@!! C6H5 CHci n.d. Q-8d =) 99: 1 69 ” 

a) Referred to crude reaction mixtures. b) Refed to compounds (2) aad (h’)S isolated by MPLC from the crude reaction 
mixtures. c) Based on BqSnH. d) prepared according to Method A. This method involved a partial purification of the crude 
hydrostannylation products from PPh3 and the catalyst before iaiodestannylation. e) Prepared according to Method B. This 
method involved the direct iododestannylation of the crude reaction mixture obtained from tbe W-catalyzed hydrostannylation. 

At first, the preparation of Q- and (E)-Ziodo-1,4-diphenyl-2-propen-l-one, (Z)- and (E)-&, was 

carried out according to the same procedure employed to prepare compounds 8b (Method A)(entry 3, Table 1). 

However, the overall yield (37%) resulted to be lower than that obtained in entries 1 and 2 because of a partial 

protodestannylation of the crude hydrostannylation product during its partial purification from PPh, and the 

catalyst. Thus, in order to minimize this undesired reaction, the crude reaction mixture obtained from the 

palladium-catalyzed reaction between a THF solution of BugSnH and 1Of was concentrated in vaczm, diluted 

with CH.$$ and submitted to iododestannylation. This procedure (Method B) allowed to obtain in 95% yield 

(based on BugSnH) compounds Q- and (E)-8c (Z/E = 76: 24). which could be separated by MPLC on 

silica gel (entry 4, Table 1). Finally, it is interesting to note that, when this same procedure was employed for 

compound lOg, only one stereoisomer of 3-iodo-4-phenyl-3-buten-2-one, &I, was obtained in a satisfactory 

yield (69%) (entry 5, Table 1). This compound had spectral properties in good agreement with those 

previously reported for 95% stereoisomerically pure (Z)-WJ3. 

Having established conditions for the preparation of stereodefined 2-iodo 2alkenones, 8, attention was 
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subsequently dimcted either to evaluate their configurational stability or to check the possibility to convert their 

stereoisomeric mixtures to one of their possible stereoisomers. Thus, compounds @)/@)-&I; Q/(Z)-lb, 

Q- and (E)-8c and (Z)-8d were treated at room temperature with a catalytic amount of iodine, in the 

presence of daylight, and the corresponding reaction mixtures were periodically monitored by GLC (Table 2). 

Some aspects of the results summarized in this table merit comments. Fitly, the Z stemoisomers of 

compounds 8a-d were. found to be more stable, under the conditions employed, than the corresponding E 

stereoisomers. However, whereas for compounds Sa. 8b and 8d the predominance of the Z configuration 

over that E was considerable, in the case of compound 8c the Z/E ratios of the products obtained by 

treatment of stereoisomerically pure (E)- and Q-tJc with a catalytic amount of iodine, in the presence of 

daylight, for very long reaction times were 74 : 26 and 70 : 30, respectively (entries 6 and 9. Table 2). 

Secondly, the stereomutation rate of compounds 8a and 8b was higher than that of Q- or Q-&. 

T a b 1 e 2 . Stereomutation of (E)/(Z)-, (E)- or Q-ZIodo-Zalkenones of General Formula 8, 

in the Presence of Daylight and a Catalityc Amount of Iodine. 

Entry 

I COW 
R 

-r 
/ COFP hv, I2 Fi 

_ 
-r 

/ I 

R’ R’ 

Q-g (EM 

Reagent Reaction Product 

Compd. R 
EIZ 

R’ R* tio 
% 

Compd. 
EIZ 
ratio 

I @YQ-8a n-C5H,, t-i CHs 59:41 56” (EMZ)-go 38:62 

2 (EYQ-Sa n-C&, I-I CHa 38:62 24 Q-ga >1:99 

3 (E’)/(Z)-8b H n-CsH1 I C6H5 26~74 20 (Z)-8b 3: 97 

4 (E)-8c H C6H5 CaH, >99: 1 8 b’ (E)/(Z)-gc 91: 9 

5 (E)-8c H C6H5 C6H5 >!I9: 1 102 b, (E)/(Z)-& 68 : 32 

6 (E)-8c H C6H5 C6H5 >99: 1 279 b’ (E)/(Z)-SC 26 : 74 

7 Q-8c C6H5 H C6H5 c 1:99 8 b’ (E)/(Z)Sc 23 : 77 

8 (Z)-8c C6H5 H C6hi < 1:99 102 b, (E)/(Z)-fk 30 : 70 

9 Q-8c C6H5 H C6H5 < 1:99 279 b, (E)/(Z)-8c 30 : 70 

10 GWJ C6H5 H CH3 < 1:99 6 (EMZ)-gd 1:99 

11 Q-sd C6H5 H CH3 < 1:99 30 @‘Y(Z)-gd 1:99 

I2 (Z)-8d C6H5 H CH3 < 1:99 170 (W(Z)-gd 2:98 

a) This reaction was carried out in the absence of a catatytic amount of iodine. b) This reaction was carried out using a 

3 M CH,Cl, solution of the solid 2hdo-hlkenone. 
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B) Palladium-catalyzed cross-coupling reactions between 2-iodo-2-alkenones, 8. and 
organostannanes 

In order to explore the synthetic utility of compounds 8 as equivalents of unsaturated a* synthons, we 

next examined their palladium-catalyzed cross-coupling reactions with organostannanes such as 

phenyltrimethylstannane, vinyltributylstannane and allyltributylstannane. Nevertheless, our attention was 

mainly addressed to the preparation of compounds of general formula (E)- and/or Q-13 by palladium- 

catalyzed reaction between compounds (2) and (E)-8 and tetramethylstannane. In fact, compounds 13 

include some naturally-occturing substances such as manicone, Ma. and normanicone, 14b. which am alarm 

pheromone components of Manica ant#, as well as lignarenone A, 15, lignarenone B, 16, and 3-methyl 

navenone, 17, which are alarm pheromone components of the opisthobranch Navanax inermisl5J6. 

CH3 

R/ R’ 
4 

0 7-r R 

(E)-13 (Z)-13 14a : R = C2H5 

14b : R= CH, 

‘& Q++ QWW+ 

15 16 17 

Moreover, the study of these methylation reactions appeared interesting since in the past years papers 

dealing specifically with palladium-catalyzed cross-coupling reactions between tetramethylstannane and 

functionalized alkenyl iodides have not been published17. 

F?elim.inary experiments showed that the reaction conditions recently employed for alkenylation and 

arylation of 2-iodo-2-cycloalkenones, 1818, were suitable for our substrates. 

0 

18 

In particular, we used N-methylpyrrolidinone as solvent and a catalyst system which was constituted of 

bis(benzonitrile)palladium(II) chloride (5 mol %), copper(I) iodide (10 mol 8) and triphenylarsine (10 mol 

%). Moreover, the reactions involving tetramethylstannane were carried out using a large molar excess of this 

reagent (3 equiv), whereas those involving other organostannanes were performed using a slight excess (1.2 

equiv) of these organometallics. The results of the experiments subsequently carried out using these conditions 

are listed in Table 3. 
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T a b 1 e 3 . Palladium-Catalyzed Cross-Coupling Reactions between 2-Iodo-Zalkenones, 8, 
and Organostannanes.a) 

I R3 
R -r , ~0~2 + R3-SnR4, 

PdC12(I’hCN)2. CuI, AsPh3 R 
N-methylpyrrolidinone + 

’ COR2 

” 8 
A 

R1l3 

2-Iodo-Zalkenone Organostannane Reaction Isolated 
intry time Product yield 

Compd. R R’ R2 ti 
R4 (WC) (%I 

1 Q-8a n-C5H1, H CHB CeH, CHs 4.5 /55 (E)-13a 84 

2 Q-ga d&H,, H CH, CH,=CH C4H, 19/45 (E)-13b 57 

3 GWa n-C5H,, H CH3 CH,=CH-CH, C4H9 W - 

4 Q-8b ASH,, H CeH, CH, CH, 19180 (E)-13c 70 

5 (Z)-8b ASH,, H C6H5 CH,=CH C4H9 20145 (E)-13d 79 

6 (E)/(Z)-8b=) H n-CsH, I C6H5 CH3 CH, 68180 (E)-13c 63*) 

7 (E)-8c H C6H5 CsH5 CH3 CH, 21/80 (E)/(Z)-13ee’ 97 

8 (Z)-8c C6H5 H C6H5 CH, CH, 2.5180 (E)-13e 94 

9 (Z)-8c CGH5 H CsH5 C6H5 CH3 22/55 (E)-13ffl 50 

20 @Wd C6H5 H CH3 CH, CH, 4180 (E)-13g 94 

11 (Z)-8d C6H5 H CH3 CH2=CH C4H9 49/45 (E)-13hg’ 47 

a) These reactions were performed in the presence of 5 mol % of PdCl2(PhCN)2,10 mol % of CuI and 10 mol % of AsPh3. The 

reactions involving Me4Sn were carried out using out using a 3 : 1 molar ratio between this reagent and compounds 8, but those 

involving other organostaunanes were performed using a 1.2: 1 molar ratio between these organometallics and compounds 8. 

6) 1.5/20,15/55 then 23/80. c) NZ=61:39. d)GLCyield. e) E/Z=45:55. f)Tbe crude reaction mixture was 

constituted of a mixture of (E)-13e and (E)-13f in a ca. 31: 69 molar ratio, respectively. g) This compound had been previous- 

ly prepared in 65% yield using this same procedure (see: Ref. 18). 

The following observations on these results are worth noting. Firstly, all reactions involving 

vinyltributylstannane and tetramethylstannane as well as that involving phenyltrimethylstannane and Q-8a 

(entry 1, Table 3) were quite efficient, but the palladium-catalyzed reaction between compound Q-8c and 

phenyltrimethylstannane (entry 9, Table 3), which was quite slower than that between Q-Sa and this same 

organometallic reagent (entry 1, Table 3), gave rise to a compound derived from methyl transfer, i.e. (E)- 

13e, in addition to the expected cross-coupled product, (E)-13f. On the contrary, the palladium-catalyzed 

reaction between (Z)-8a and allyltributylstannane (entry 3, Table 3) did not afford the desired cross-coupled 

product. Secondly, the couplings involving compounds (Z)-Sa-d proceeded with clean retention of 

stereochemistry, but a stereoisomeric mixture of 2-methyl-1,4-diphenyl-2-propen-l-one, 13e (E/Z = 45: 55) 
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was obtained in the palladium-catalyzed reaction between Q-8c and tetmmethylstannane (entry 7, Table 3). 

Interestingly, the stereochemistry of this last reaction seemed to be independent of the reaction time, although 

several hours were necessary to obtain a satisfactory yield of the desired cross-coupled product. On the 

contrary, the palladium-catalyzed reaction between a stereoisomeric mixture of 8c (E/Z = 61: 39) with 

tetramethylstannane afforded stereoisomerically pure (E)-13c (entry 6, Table 3). Thirdly, a comparison 

between the coupling experiment involving (Z)-8c and that in which Q-8c was used (entries 7 and 8, Table 

3) showed that the Z-stereoisomer of this compound coupled more rapidly than the corresponding E-isomer. 

Finally, it must be noted that no attempt was made to optimise the yields of any of the reactions listed in 

Table 3. 

C) Synthesis of 2-methyl-2-cycloalkerrones 

On the basis of the successful results obtained in the palladium-catalyzed couplings between 2-iodo-2- 

alkenones, 8, and tetramethylstannane, we set out to examine whether the procedure employed for these 

reactions could be used to prepare 2-methyl-2-cycloalkenones, 19, starting from the corresponding easily 

available 2-iodo-2_cycloalkenones, 18’8. In fact, if successful this metbylation reaction might have allowed to 

obtain in a very simple way compounds 19 which have been so far prepared by methods which in general ate 

not simple nor versatilelc. Moreover, an easy and efficient access to these substances could allow their use as 

intermediates for the production of a-methyl-g-(mono- or di-)substituted cycloalkanones through conjugate 

addition procedures. 

Thus, a N-methylpytrolidinone solution of 2-iodo-2-cyclohexenone, 18a18, was treated with 3 equiv of 

tetramethylstannane at 80- 85 Y! for 40 h, in the presence of 5 mol % of PdC12(C&CN)2, 10 mol % of CuI 

and 10 mol % of triphenylarsine, to give the expected cross-coupled product, 19al9o,b, in 46% yield (Scheme 

1). 

Scheme 1 

0 

+ Me4Sn 
PdQ(PhCN),, CuI, AsPh3 

N-methylpyrrolidinone 

A 
l&: R= H; n= 1 19a : R= H; n= 1 

18b : R= CH3; n=O 19b : R= CH,; n =0 

Moreover, 2-iodo-3-methyl-2-cyclopentenone, 18bl8, was converted to 2,3-dimethyl-2-cyclo- 

pentenoneloc-h, 19b, in 84% yield. This substance represents a direct precursor to methylenomycin B, gzO. 

However, it must be mentioned that when it was attempted to extend this procedure to the synthesis of 

other 2-alkyl-2-cycloalkenones, in a model experiment it was found that the palladium catalyzed reaction 

between 18a and tetrabutylstannane gave exclusively 2-cyclohexenone, 20, instead of the desired cross- 

coupled product. 
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D) Conclusions 

In conclusion, we have shown that stereodefined 2-iodo-2-alkenones. 8, can be easily and efficiently 

prepared starting from the corresponding a.&acetylenic ketones, 10, and that compounds (Z)-8 are more 

stable of the corresponding E-stereoisomers, in the presence of daylight and catalytic amounts of iodine. 

Furthermore, we have demonstrated that compounds 8 partecipate in palladium-catalyzed cross-coupling (a2 

reactivity) with phenyltrimethylstannane, vinyltributylstannanc and tetramethylstannane providing an efficient 

mute to the corresponding 2-substituted 2-alkenones. The cross-coupling reactions involving compounds Q- 

8a-d proceed stereospecifically and the reaction involving (E)/(Z)-8b and tetramethylstannane occurs 

stereoselectively. On the other hand, the coupling between (E)-8c and terramethylstannane affords a 

stereoisomeric mixture of 2-methyl- 1,3-diphenyl-2-propen- l-one, 13e. Finally, the reaction conditions which 

allow the cross-coupling between compounds 8 and tetramethylstannane have proven to be suitable for the 

preparation of 2-methyl-2-cycloalkenones, 19, starting from the corresponding easily available 2-iodo-2- 

cycloalkenones. 18. Work is now in hand to demonstrate the synthetic utility of the palladium-catalyzed 

reaction between stereodefined 2-iodo-2-alkenones and tetramethylstannane in the preparation of some 

naturally-occurring substances. 

EXPERIMENTAL 

Precoated silica gel plates Merck F-254 were used for TLC analyses. GLC analyses were performed on a 

Dani 6500 gas-chromatograph with a PTV injector and equipped with a Perkin-Elmer LCI-100 integrator. Two 

types of capillary columns were used: a SE-30 bonded FSOT column (30 m x 0.25 mm i.d.) and a AT-35 

bonded FSOT column (30 m x 0.25 mm id.). Purifications by MPLC were performed on a Btichi instrument, 

using a Bischoff 8100 differential refractometer as detector. GLC/MS analyses were performed using a Q- 

mass 910 spectrometer interfaced with a Perkin-Elmer 8500 gas-chromatograph. 1H NMR spectra were 

recorded on a Varian Gemini 200 MHz spectrometer using TMS as an internal standard. 

All reactions of air and water sensitive materials were performed in flame dried glassware under an 

atmosphere of argon or nitrogen. Air and water sensitive solutions were transferred with hypodermic syringes 

or double ended needles. 

The following compounds were prepared according to the literature: Pd(PPh3)421, 

PdCl&HSCN)2 22, 2-iodo-2-cyclohexenone, 18a 6, 2-iodo-3-methyl-2-cyclopentenone, 18b6, phenyl- 

trimethylstannane2J, vinyltributylstannane21. Tetramethylstannane, tetrabutylstannane and allyltributyl- 

stannane (Aldrich) were used as received. 

3-Noflyn-Z-one, IOd 

According to the the general procedure reported in the literature for the synthesis of a$-acetylenic 

ketone@, a 1.74 M hexane solution of n-butyllithium (172.4 ml, 300 mmol) was added during 1 h to a cold 

(-78 “C) solution of I-heptyne, 12a (39.3 ml, 300 mmol) in THF (300 ml) which was stirred under argon. 

Boron trifluoride etherate (36.9 ml, 300 mmol) was then added dropwise and to the resulting mixture, which 

was stirred for 0.5 h., was added a solution of acetic anhydride (42.5 ml, 450 mmol) in THF (100 ml) 
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precooled at -78 “C. The reaction was continued for, 15 mitt at -78 “C! and the resulting mixtum was treated with 

aqueous 2 N NaOH (500 ml). The reaction mixture was allowed to teach 20 OC and poured into a large excess 

of Et20. The ethereal extract was washed with 4 N NaOH and brine until neutrality, dried and filtered. The 

filtrate was concentrated under reduced pressure and the residue was fractionally distilled to give compound 

10d (16.7 g, 40% yield): b.p. 85.5-86 “C/5 Torr. 1H NMR (CDClj), 6: 2.44-2.35 (2 H, m, H-5), 2.32 (3 

H, s , H-l), 1.64-1.30 (6 H, m, H-6, H-7 and H-8). 0.90 ppm ( 3 H, t, J = 7.1 Hz, H-9). Lit25 b.p. 65 

‘C/1.3 Torr. 

I-Phenyl-2-octyn-I-one, IOe 

To a deareated mixture of Et3N (160 ml), 1-heptyne, 12a, (10.5 ml, 80 mmol) and benzoyl chloride 

(9.3 ml, 80 mmol). cooled at 0 OC, were added Pd(PPh&t (2.0 g, 1.7 mmol) and CuI (1.2 g, 6.3 mmol). The 

reaction mixture was stirred at room temperature for 15 h under argon. Then, methanol (50 ml) was added, the 

solvent was removed in vacua and the solid residue was treated with water and extracted with benzene. The 

organic extract was washed repeatedly with a saturated aqueous NH&l solution and water, dried and 

concentrated in vacua The residue was diluted with a mixture of hexane and benzene (7 : 3 v/v) and filtered. 

The filtrate was concentrated in vactw and the residue was purified by MPLC on silica gel, using a mixture of 

hexane and benzene (7 : 3 v/v) as eluant, to give 99% chemically pure 1Oe (14.7 g, 99% yield): tH NMR 

(CDCl3). 6: 8.16-8.12 (2 H, m, H,,), 7.59-7.44 (3 H. m, Ham,,, ), 2.49 (2 H, t, J = 7.0 Hz, H-4). 1.69 

(2 H, hept, H-5), 1.49-1.38 (4 H, m, H-6 and H-7), 0.93 ppm (3 H, t, J = 6.3 Hz, H-8). MS, m/z (%): 200 

(M+. 21). 199 (31). 185 (20). 171 (14), 158 (16), 157 (41), 144 (46), 115 (31). 105 (100). 77 (56), 66 (21), 

55 (21). 52 (21). 41 (21). Anal. Calcd. for C14H160: C, 83.91; H, 8.03. Found: C, 83.96; H, 8.05. 

I .4-Diphenyl-2-propyn-I -one, IOf 

This compound was prepared starting from phenylacetylene, 12b (8.2 g, 80 mmol) and benzoyl chloride 

(11.3 g, 80 mmol) according to the same procedure followed for the synthesis of compound 1Oe. The crude 

reaction mixture was concentrated in vacua and the residue was diluted with water and extracted with 

benzene. The organic extract was washed repeatedly with a saturated aqueous NH4Cl solution and water, 

dried, filtered and concentrated in vacua. The residue was diluted with a mixture of benzene and hexane (4 : 6 

v/v) and filtered. The filtrate was concentrated in vacua and the residue was purified by MPLC on silica gel, 

using a mixture of benzene and hexane (4: 6 v/v) as eluant, to give compound 1Of (15.7 g, 95% yield): m.p. 

48 T. The spectral properties of this compound were in agreement with those previously reportedz7. 

4-Phenyl-3-butyn-2-one, IOg 

According to a procedure reported in the literature 12, a 1.67 M Et20 solution of methyllithium (76.4 ml, 

127.5 mmol) was dropwise added to a cold (-23 “C) solution of freshly distilled phenylacetylene, 12b (13.0 g, 

127.5 mmol) in THF (150 ml) and the reaction mixture was stirred under argon at -78 “C for 1 h. This solution 

was added by a double ended needle to a solution of anhydrous ZnCl2 (18.4 g, 135 mmol) in THF (140 ml) 

maintained at 0 “C and the resulting mixture was stirred for 0.5 h at 0 “C. Pd(PPh& (4.3 g, 3.7 mmol) was 

then added and the mixture was cooled to -78 ‘C! and treated within 0.5 h with a solution of acetyl chloride (8.8 

ml, 123 mmol) in THF (25 ml). The resulting mixture was stirred for 2 h at -78 “C. for 18 h at - 10 ‘T and for 9 
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h at room temperature. It was then poured into a large excess of a saturated aqueous NH&l solution and 

extracted with Et20. The organic extract was washed with water until neutrality, dried, filtered and 

concentrated in vucuo. The residue was dissolved in a mixture of hexane and Et20 (95 : 5 v/v) and filtered on 

Celite. The filtrate was concentrated in vucuo and the residue was purified by MPLC on silica gel, using a 

mixture of hexane and Et20 (95 : 5 v/v) as eluant, to give compound log (8.9 g, 50% yield): b.p. 60-61 

‘C/O.20 Torr. tH NMR (CDCls), 6: 7.59-7.38 (5 H, br m. H am,,,), 2.45 ppm (3 H, s, CH3). The physical 

and spectroscopic properties of this compound were in agreement with those previously mported25. 

It is interesting to note that a preparation carried out according to a procedure very similar to that used for 

the synthesis of 10d gave compound log in a low yield (12%). 

(Z)-3-Tributylstannyl-3-nonen-2-one. (Z)-Ild 

A deareated solution of BugSnH (17.2 ml, 63.6 mmol) in THF (105 ml) was added during 1 h to a 

solution of 3-nonyn-2-one, lOd, (9.0 g. 65.2 mmol) and Pd(PPhg)4 (1.5 g, 1.3 mmol) in THF (105 ml) 

which was stirred at room temperature under argon. Upon completion of the addition the mixture was stirred 

for additional 4 h, THF was removed under reduced pressure and the residue was diluted with hexane (600 

ml). The mixture was allowed to settle and filtered. The filtrate was concentrated under reduced pressure, the 

residue was diluted with hexane (500 ml), filtered on Elite and the filtrate was again concentrated in VUCUO. 

The new residue was purified by MPLC on silica gel, using a mixture of hexane and benzene (75 : 25 v/v) as 

eluant, to give compound Q-lld (10.2 g, 38% yield). 1H NMR (CDC13). 6: 6 7.17 (1 H, t, J = 7.3 Hz, 

H-4), 2.27 (3H, s, H-l), 2.24-2.15 (2H, m, H-5), 1.55-1.20 (18 H, br m, H-6, H-7, H-8, H-2’ and H-3’). 

1.10-0.76 ppm (18 H, br m, H-8, H-l’ and H-4’). Anal. Calcd. for QtH420Sn: C, 58.76; H, 9.86. Found: 

C, 58.64; H, 9.90. 

(Z)-3-Iodo-3-nonen-2-one, (Z)-8a 

A solution of iodine (4.4 g, 17. 3 mmol) in dry CH2C12 (200 ml) was added during 3 h to a solution of 

compound Q-lld (6.9 g. 16.0 mmol) in dry CHzCl2 (120 ml) which was stirred at room temperatum under 

argon. Upon completion of the addition the reaction mixture was stirred for additional 2 h and concentrated in 

vucuo. The residue was dissolved in Et20 (500 ml) and stirred with a semisaturated aqueous RF solution 

(500 ml) at room temperature for 2 h. The reaction mixture was filtered and the filtrate was extracted with 

Et20. The organic extract was washed with a dilute aqueous Na2S203 solution and water, dried, filtered and 

concentrated in vucuo. The residue was purified by MPLC on silica gel, using a mixture of hexane and 

benzene (7 : 3 v/v) as eluant, to give chemically and stereoisomerically pure (Z)-8a (3.8 g, 88% yield). rH 

NhJR (CDCl$, S: 7.01 (1 H, t, J = 6.9 Hz, H-4), 2.51 (3 H, s, H-l), 2.43 (2 H, pseudo-q, J = 7.2 Hz, 

H-5). 1.65-1.25 (6 H, m, H-6, H-7 and H-8), 0.91 ppm (3 H, t, J = 6.9 Hz, H-9). MS, m/z (%): 266 (M+, 

44), 223 (24), 210 (18), 197 (55) 196 (16), 181 (18), 139 (19). 97 (21). 96 (59), 95 (34), 82 (23), 81 (21) 

71 (27) 69 (18) 68 (18), 55 (37) 53 (25), 43 (lOO), 41 (64) 39 (57). Anal. Calcd. for CgH15IO: C, 40.62; 

H, 5.68. Found: C, 40.42; H, 5.68. 

(Z)- and (E)-3-Zodo-3-nonen-2-one. (Z)- and (E)-8a 

A deareated solution of BugSnH (13.6 ml, 50.3 mmol) in THF (85 ml) was added during 2 h to a 

solution of compound lld (7.4 g, 53.4 mmol) and Pd(PPh&t (1.3 g, 1.1 mmol) in THF (85 ml), which was 
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stirred at room temperature under argon. Upon completion of the addition the mixture was stirred for additional 

4 h and concentrated in vacua. The residue was diluted with hexane (700 ml) and the mixture was allowed to 

settle for 1 h. It was then filtered and the filtrate was concentrated in vacua to afford an oily residue (21.4 g). 

A solution of iodine (13.0 g, 51.3 mmol) in dry CH2C12 (600 ml) was added during 2 h to a solution of this 

residue in dry CH2C12 (300 ml). Upon completion of the addition the reaction mixture was stirred for 

additional 2 h and concentrated in vaczw. The residue was dissolved in Et20 (500 ml), treated with a 

semisaturated aqueous KF solution (500 ml) and the resulting mixture was stirred for 2 h at mom temperature. 

It was then filtered and the filtrate was extracted with Et20. The organic extract was washed with a dilute 

aqueous Na$203 solution and water, dried, filtered and concentrated in vacua. GLCXvIS analysis of the 

residue showed the presence of two compounds, subsequently identified as Q- and (E)-8a. in a 25:75 

molar ratio, respectively. This residue was purified by MPLC on silica gel, using a mixture of hexane and 

benzene (7 : 3 v/v) as eluant. GLC analyses of the fit eluted fractions showed that they contained chemically 

and stemoisomerically pure Q-&t. However, concentration of these fractions under reduced pressure gave a 

mixture of (E)- and (2)~8a (7.64 g) in a 59 : 41 ratio, respectively. 1H NMR analysis of this mixture allowed 

to determine the 1H NMR parameters of Q-8n. 1H NMR (CDCl3). 6: 6.58 (1 H, t, J = 7.8 Hz, H-4). 2.49 

(3H, s, H-l), 2.29 (2 H, pseudo-q, J = 7.6 Hz, H-5), 1.43-1.26 (6 H, m, H-6, H-7, and H-8), 0.89 ppm 

(3 H, t, H-9). Moreover, GLC/MS of the stereoisomeric mixture allowed to establish that the MS spectrum of 

Q-8a was very similar to that of compound Q-8a. 

Concentration of the last eluted chromatographic fractions allowed to obtain compound Q-&t (3.38 g). 

The spectroscopic properties of this substance were in very good agreement with those of (2)-f& prepared 

from compound Q-lld. The overall yield of iodides 8a was 82% based on BugSnH. 

(Z)- and (E)-2-Zodo-Z -phenyl-2-octen-I -one, (Z)- and (E)-8b 

A deareated solution of BugSnH (19.2 ml, 71.2 mmol) in THF (115 ml) was added during 1.5 h to a 

solution of 1-phenyl-2-octyn-l-one, Me, (14.7 g, 73.4 mmol) and Pd(PPh& (1.7 g, 1.5 mmol) in THF 

(115 ml), which was stirred at room temperature under argon. Upon completion of the addition the reaction 

mixture was stirred for additional 4 h and concentrated under reduced pressure. The residue was diluted with 

hexane (900 ml) and the mixture, after settling for 2 h, was filtered on Celite. The filtrate was concentrated in 

vacua to afford a residue (36.1 g). 1H NMR analysis of this crude reaction product showed that it was 

essentially constituted of (2) and Q-1-phenyl-2-tributylstannyl-2-octen-l-one, lie, in a 54: 46 molar ratio, 

respectively. Compound (Z)-lle had: 1H NMR (CDC13), S: 7.78 (2 H, dt, J = 6.6 and 1.6 Hz, 

Harom(or,o))V 7.56-7.36 (3 H, br m, Harom(meta andpnra)h 6.68 (1 H, t, J = 7.3 Hz, H-3). 2.24 (2 H, 

pseudo-q, J = 7.3 Hz, H-4), 1.60-0.72 ppm (36 H, br m, H-5, H-6, H-7, H-8, H-l’, H-2’, H-3’ and H- 

4’). Compound (I?)-lle had: tH NMR (CDC13), 6: 7.92 (2H. dt, J = 6.6 and 1.6 Hz, Ha,,,(,,I,)), 7.56- 

7.36 (3 HV br ml Haro,(~, and par& 5.92 (1 H, t, J = 7.1 Hz, H-3), 1.99 (2 H, pseudo-q, J = 7.1 Hz, 

H-4). 1.60-0.72 ppm (36 H, br m, H-5, H-6, H-7, H-8, H-l’, H-2’, H-3’ and H-4’). 

A solution of iodine (10.6 g. 41.6 mmol) in dry CH$12 (500 ml) was added during 2 h to a solution of 

part of the above mentioned residue (19.6 g, co. 40 mmol) in dry CH$lz (200 ml). Upon completion of the 

addition the mixture was stirred at room temperature for additional 3 h and then worked up using the same 

procedure followed for the preparation of (2)8a. GLC/MS analysis of the crude reaction product showed that 
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it was constituted of two compounds, subsequently identified as Q- and (E)-8b. in a 69: 31 molar ratio, 

respectively. This crude product was purified by MPLC on silica gel, using a mixture of hexane and benzene 

(75 : 25 v/v) as eluant. Concentration of the fist eluted chromatographic fractions allowed to isolate 98% 

stereoisomerically pure (E)-8b (3.6 g). 1H NMR (CDC13). S: 7.98 (2 H, dt, J = 6.8 and 1.6 Hz, 

Harotn(,,,))v 7.63-740 (3 Hv ml Harutn(,,nr and para))3 6.59 (1 H. t , J = 7.8 Hz, H-3), 1.99 (2 H, 

pseudo-q, J = 7.8 Hz, H-4). 1.45-1.10 (6 H, br rn, H-5, H-6 and H-7), 0.82 ppm (3 H, t, J = 6.4 Hz, H- 

8). MS, m/z (96): 328 (M+, 5), 285 (3). 271 (7), 201 (5), 158 (27), 157 (12), 145 (14), 144 (26), 141 (6) 

131 (7), 129 (6). 128 (21), 127 (12). 117 (6), 116 (7), 115 (21), 106 (8). 105 (loo), 91 (7), 77 (30). 55 

(11). 53 (13). 51 (28), 43 (11) 41 (32). 39 (30). Anal. Calcd.. for Cl4Ht710: C, 51.23; H, 5.22. Found: C, 

51.66; H, 5.37. 

Concentration of the last eluted chromatographic fractions allowed to obtain compound Q-Sb (5.1 g) 

having stereoisomeric purity higher than 98%. 1H NMR (CDCl$, 6: 7.69 (2 H, dt, J = 6.7 and 1.5 Hz, 

Har,in(,rto,)~ 7.59-7.35 (3 H, br m, Har,,(,,,, and pora))p 6.63 (1 H, t, J = 7.0 Hz. H-3). 2.45 (2 H, 

pseudo-q, J = 7.0 Hz, H-4),1.60-1.28 (6 H, br m, H-5, H-6 and H-7). 0.90 ppm (3 H, t, J = 6.9 Hz, H- 

8). MS, m/z (8): 328 (M+. 2) 285 (1) 271 (3) 257 (6), 201 (5), 159 (5). 158 (11). 157 (7). 145 (7), 144 

(13), 128 (13) 127 (7) 115 (13), 106 (8). 105 (100) 77 (23) 55 (6) 53 (8) 51 (19), 41 (22), 39 (20). 

Anal. Calcd. for Cl4Ht7IO: C, 51.23; H, 5.22. Found: C, 51.45; H, 5.48. 

Moreover, concentration of the intermediate chromatographic tractions allowed to obtain a mixture of 

(I?)- and @)-fib (2.4 g) in a 26 : 74 molar ratio, respectively, which was subsequently separated into its 

components by a further MPLC. Therefore, compounds Q- and (Z)-8b were prepared ln 88% overall yield 

based on Bu$nH. 

(Z)- and (E)-2-Iodo-l,4-diphenyl-2-propen-l -one, (Z)- and @)-SC 

Method A (entry 3, Table 1). 1,4-Diphenyl-2-propyn-l-one, 10f. (13.1 g, 63.7 mmol) 

underwent a reaction with BgSnH (18 g, 61.8 mmol). in the presence of Pd(PPhg)4 (1.5 g, 1.3 mmol) under 

experimental conditions very similar to those employed to synthesize crude (Z)-and (E)-lle. The crude 

reaction mixture was concentrated under reduced pressure and the residue was diluted with hexane. The 

resulting mixture was allowed to settle for 12 h, filtered on Celite and the filtrate was concentrated in vucuo. 

1H NMR analysis of the residue (29.8 g) showed the presence of three components in a cu. 12 : 38 : 50 molar 

ratio, respectively. The first two of these substances were identified as @-and Q-1.4~diphenyl-2-propen-l- 

one, respectively, while the third compound, which had higher retention time, very probably corresponded to a 

steroisomeric mixture of 1,4diphenyl-2-tributylstannyl-2-propen-l-one, llf. This residue, which was kept at 

-15 “C under nitrogen for 9 days, was subsequently dissolved in dry CH2Cl2 (400 ml) and reacted under argon 

with a solution of iodine (15.2 g, 60 mmol) in dry CH2C12 (700 ml), using experimental conditions very 

similar to those employed to prepare Q- and (E’)-8b. After usual work up the crude reaction products were 

purified by MPLC on silica gel, using a mixture of hexane and benzene (6 : 4 v/v) as eluant. Whereas the last 

eluted chromatographic fractions contained Q- and Q-1,4-diphenyl-2-propen-l-one, concentration of the 

first chromatographic fractions allowed to obtain 99% stereoisomerically pure (E)-& (5.1 g): m.p. 46 -47 “C. 

1H NMR (CDC13), 6: 8.05-7.94 (2 H, m, Ha), 7.53 (1 H, s, H-3), 7.53-7.34 (3 H, m, Hh and H,), 7.14 

ppm (5 H, br s, Hd, I-& and Ht). MS, m/z (96): 334 (M+. 4). 207 (12). 129 (6). 106 (8), 105 (100) 103 (6), 
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77 (66). 76 (15). 75 (6). 63 (8), 52 (lo), 51 (55). 50 (22). 43 (10). 39 (14). Anal. Calcd. for Ct5H1tIO: C. 

53.92; H, 3.32. Found: C, 54.38; H, 3.43. 

Moreover, concentration of the intermediate eluted chromatographic fractions allowed to obtain a mixture 

of Q- and Q-8c in a 58 : 42 molar ratio, respectively. MPLC on silica gel of this mixture allowed to obtain 

either stereoisomerically pure Q-8c (0.9 g) or compound (Z)-8c (1.5 g) having stereoisomeric purity higher 

than 99%. Compound Q-8c had: m.p. 42-44°C. lH NMR (CDC13): S 7.86-7.73 (4H. m, Ha and Hc), 7.63 

(1 H, s, H-3). 7.60-7.40 (6 H, m, Hh, H,, H, and Ht). MS, m/z (%): 334 (M+. 4). 207 (11). 129 (8), 106 

(8), 105 (100). 102 (20). 77 (64). 76 (15), 75 (7), 52 (lo), 51 (52), 50 (21). 39 (14). Anal. Calcd. for 

Cl~HttI0: C, 53.92; H, 3.32. Found: C, 54.11; H, 3.23. Compounds (E)- and Q-8c were so obtained in 

37% overall yield based on Bu3SnH. 

Method B (entry 4. TubZe I). A deareated solution of BugSnH (19.8 ml, 73.7 mmol) in THF (100 

ml) was added during 40 minutes to a solution of compound lot, (15.7 g, 76.0 mmol) and Pd(PPh3)4 (1.8 g, 

1.5 mmol) in THF (100 ml). Upon completion of the addition the reaction mixture was stirred for additional 

4.5 h at room temperature and for 11 h at 0 ‘C. It was then concentrated under reduced pressure and the 

residue was diluted with dry CH2C12 (300 ml). This solution was reacted under an atmosphere of argon with a 

solution of iodine (20.2 g, 79.5 mmol) in dry CH2C12 (700 ml) using experimental conditions similar to those 

employed to prepare compounds (Z)-and (E)-8b. After usual work up, the crude reaction product was 

analyzed by GLC and showed the presence of compounds (Z)- and (I!?)-& in a 76 : 24 molar ratio, 

respectively. Purification by MPLC on silica gel, using a mixture of hexane and benzene (6 : 4 v/v) as eluant, 

allowed to obtain 97% stereoisomerically pure (E)-8c (1.8 g), a mixture of chemically pure (E)- and Q-8c 

(14.5 g) as well as 97% stereoisomerically pure Q-8c (7.1 g). Therefore, compounds 8c were obtained in 

95% overall yield based on BugSnH. 

(Z)-3-lodo-4-phenyl-3-buten-2-one (Z)-8d 

This compound was prepared using a procedure very similar to method B employed to synthesize 

compounds Q- and (E)-8c. In particular, a deareated solution of Bu$nH (22.0 ml, 81.8 mmol) in THF 

(100 ml) was added under argon during 0.5 h to a solution of 4-phenyl-3-butyn-2-one, log (12.1 g, 84.1 

mmol) and Pd(PPhg)4 (1.9 g, 1.7 mmol) in THF (100 ml). Upon completion of the addition the reaction 

mixture was stirred at room temperature for additional 5 h and for 16 h at 0 ‘C. It was then concentrated in 

vacua and the residue was diluted with dry CH2Cl2 (200 ml). This solution was then reacted under argon 

with a solution of iodine (22.5 g, 88.6 mmol) in dry CH2C12 (808 ml) using experimental conditions similar to 

those employed to prepare compounds Q- and Q-Sb. After usual work up the crude reaction product was 

analyzed by GLC and showed the presence of a main product which was subsequently identified as Q&l. 

This crude product was purified by MPLC on silica gel, using a mixture of benzene and hexane (6 : 4 v/v) as 

eluant, to give 99% stereoisomerically pure (2)~8d (15.3 g, 69% yield based on BugSnH). lH NMR 

(CDCl,), S: 8.03 (1 H, s, H-4), 7.88-7.72 (2 H, m, H arom(orro$ 7.53-740 (3 H, m, HarO,(,,t, andpara$ 
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2.66 ppm (3 H. S. H-l). The spectral properties of this compound were in good agreement with those 

previously reported for 95% StereoisomericalIy pure (Z)-sb. 

General procedure for the stereomutation of (E)/(Z)-, (E)- or (Z)-2-iodo-2-alkenones of 

general formula 8 induced by iodine and daylight 

In a typical experiment, a mixture of compound (E)/(Z)-, (E)- or Q-8 (3.0 mmol) and iodine (0.3 

mmol) was magnetically stir& at room temperature, in the presence of daylight, for the period of time 

reported in Table 2. The reaction, which was periodically monitored by GLC, was interrupted after a GLC 

analysis showed that no change of the stereoisomeric composition of compound 8 was observed. Then, the 

reaction mixture was diluted with Et20, washed with a dilute aqueous Na&O3 solution and water, dried, 

filtered and concentrated in vucuo at room temperature. The residue was analyzed by GLC and IH NMR. 

Table 2 summarizes the results obtained in the stereomutation reactions of Q/(Z)-(la, (E)/(Z)-Sb, (L’)- and 

(Z)-8c and (Z)-8d. As shown in this table (entry l), a partial stereomutation of (E)/(Z)-lla also occurred 

after exposure of this stereoisomeric mixture (E/Z = 59 : 41) at the daylight for 56 h, in the absence of iodine. 

General procedure for the palladium-catalyzed cross-coupling reactions of 2-iodo-2- 

alkenones, 8, with organostannanes 

A dried flask flushed with argon was charged with PdCl&HQQ (0.17 g, 0.45 mmol), CuI (0.17 g, 

0.91 mmol), AsPPhg (0.28 g, 0.91 mmol) a 2-iodo-2-alkenone, 8, (9.07 mmol) and N-methylpyrrolidinone 

(14 ml). A degassed solution of an organostannane in N-methylpyrmlidinone (3 ml) was then added and the 

mixture was stirred at the temperature and for the period of time reported in Table 3. The reactions involving 

tetramethylstannane (entries 4.6-8, 10) were carried out using a 3 : 1 molar ratio between such organometallic 

reagent and compound 8, but the coupling reactions involving other organostannanes were performed using a 

1.2 : 1 molar ratio between such organometallics and compounds 8. After completion of the reaction, which 

was periodically monitored by GLC, the reaction mixture was allowed to cool to room temperature and poured 

into a large excess of a saturated aqueous NH&l solution. After stirring for 0.5 h the mixture was extracted 

with Et20. The crude Et20 extracts derived from the reactions involving vinyltributylstannane were stirred for 

2 h with a large excess of a semisaturated aqueous KP solution, filtered and the filtrate was extracted with 

Et20. The organic extract was washed with brine, dried, filtered, concentrated under reduced pressure and the 

residue was analyzed by GLC/MS and TLC. It was then diluted with the solvent (150 ml) used for the TLC 

analysis and filtered. The filtrate was concentrated in vucuo and the residue was purified by MPLC on silica 

gel. 

Compounds (E)-13a, (E)-13b, (E)-13c, (E)-13d, (I$13e, (E)/(Z)-13e, (E)-13f, (E)-13g 

and Q-13h were prepared according to this general procedure. 

(E)-3-Phenyl-3-nonen-2-one, (E)-13~2 

The crude reaction product, which was obtained from the palladium-catalyzed reaction between Q-&r 

and phenyltrimethylstannane (entry 1, Table 3), was purified by MPLC on silica gel, using a mixture of 

hexane and Et20 (92 : 8 v/v) as eluant, to give (E)-13a in 84% yield. IH NMR (CDC13). S: 7.50-7.18 (3 H, 

m, Ha,,,), 7.11-7.06 W-I, m, Ha,,, >, 6.89 (1 H, t, J = 7.6 Hz, H-4). 2.27 (3 H, s, H-l), 2.06 (2 H, 
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pseudoq, J = 7.6 Hz, H-5), 1.49-1.16 (6 H, br m, H-6, H-7 and H-8), 0.85 ppm (3 H, t, J = 6.5 Hz, H- 

9). MS, m/z (%I: 216 (M+. 22), 173 (18) 155 (13). 131 (10). 129 (7), 128 (6). 117 (27). 116 (6). 115 (19). 

103 (6). 91 (18). 43 (100). 41 (20), 39 (11). Anal. Calcd. for Ct.~H200: C, 83.29; H, 9.32. Found: C, 83.28; 

H, 9.48. GLC analysis showed that (ii’)-1311 had chemical and stereoisomeric purity higher than 99%. 

(E)-3-Vinyl-3-nonen-Z-one, (E)-13b 

The crude reaction product, which was obtained from the palladium-catalyzed reaction between 0-h 

and vinyltributylstannane (entry 2. Table 3), was purified by MPLC on silica gel, using a mixture of hexane 

and Et20 (98:2 v/v) as eluant, to give (E)-13b in 57% yield. 1H NMR (CDCI$, 6: 6.57 (1 H. t , J = 7.4 

Hz, H-4). 6.44 (1 H, dd. J = 18.4 and 10.9 Hz, H-l’), 5.46-5.36 (2H, m, H-2’a and H-2’b). 2.36-2.29 (2 

H, m, H-5), 2.33 (3 H, s, H-l), 1.55-1.43 (2 H, m, H-6), 1.35-1.30 (4 H, m, H-7 and H-8), 0.90 ppm (3 

H, t, J = 6.6 Hz, H-9). MS, m/z (96): 166 (M+, l), 151 (l), 137 (1). 123 (5). 109 (lo), 97 (6), 95 (5). 81 

(lo), 67 (lo), 55 (5), 43 (RIO), 41 (la), 39 (10). Anal. Calcd. for CflHtgO: C, 79.46; H, 10.91. Found: C, 

79.68; H, 11.01. GLC analysis showed that (E)-13b had stereoisomeric purity higher than 99%. 

(E)-Z-Methyl-i -phenyI-2-octen-1 -one, (E)-13~ 

The crude reaction product, which was obtained from the palladium-catalyzed reaction between Q-8b 

and tetmmethylstannane (entry 4, Table 3), was purified by MPLC on silica gel, using a mixture of hexane and 

benzene (7: 3 v/v) as eluant, to give (E)-13c in 70% yield. 1H NMR (CDCl$, 6: 7.64-7.36 (5 H. m, 

C6H5), 6.30 (1 H. t, J = 7.2 Hz, H-3), 2.27 (2 H, pseudo-q, J = 7.2 Hz, H-4), 1.96 (3 H, s, CH3), 1.60- 

1.15 (6 H, m. H-5, H-6 and H-7), 0.89 ppm (3 H. t, J = 6.4 Hz, H-8). MS, m/z (8): 216 (M+. 4), 173 (6) 

159 (19), 145 (19), 105 (69) 91 (9), 77 (31). 55 (39), 54 (7) 53 (18). 51 (44). 50 (8). 43 (57). 42 (9). 41 

(100). 40 (8). 39 (55). Anal. Calcd. for C15H200: C, 83.29; H, 9.32. Found: C, 83.34; H, 9.50. GLC 

analysis showed that compound Q-13c was stereoisomerically pure and had chemical purity higher than 

98%. 

This same stereoisomerically pure compound was obtained in 63% GLC yield by palladium-catalyzed 

reaction between a stereoisomeric mixture of 8b (E/Z = 61: 39) and tetramethylstannane (entry 6, Table 3). 

(E)-I-Phenyi-2-vinyl-2-octen-l-one, (E)-I3d 

The crude reaction product, which was obtained from the palladium-catalyzed reaction between (Z)-Sb 

and vinyltributylstannane (entry 5, Table 3) was purified by MPLC on silica gel, using a mixture of hexane 

and Et20 (97:3 v/v) as eluant, to give (E)-13d in 79% yield. ‘H NMR (CDCls), 6: 7.86-7.81 (2 H, m, 

Ha), 7.58-7.42 (3H, m, Hband H& 6.70 (1 H. ddd, .I = 17.1. 10.8 and 1.0 Hz, H-l’), 5.94 (1 H, dt, J = 

7.5 and 1.0 Hz, H-3), 5.34 (lH, d, J =17.1 Hz, H-2’b), 5.33 (lH, d, J = 10.8 Hz, H-2’a), 2.37 (2 H, 

pseudo-q, J = 7.5 Hz, H-4), 1.51-1.20 (6 H, m, H-5, H-6 and H-7), 0.90 ppm (3 H, t, .I = 7.1 Hz, H-8). 

MS, m/z (%): 228 (M+, 3), 185 (7). 171 (7), 106 (7), 105 (100) 81 (7), 79 (8) 77 (60) 55 (7), 51 (13) 41 
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(25), 39 (13). Anal. Calcd. for Ct6H& C. 84.16; H, 8.83. Found: C. 83.83; H. 8.92. GLC analysis 

showed that (Ii’)-13d was stereoisomerically pure. 

(E)- and (E)l(Z)-2-Methyl-I,3-diphenyl-2-pr~pen-I-one, (E)- and (E)l(Z)-l3e 

The crude reaction product, which was obtained from the palladium-catalyzed reaction between Q-&z 

and tetramethylstannane (entry 8, Table 3). was purified by MPLC on silica gel, using a mixture of benzene 

and hexane (6 : 4 v/v) as eluant, to give stereoisomerically pure Q-13e in 94% yield. tH NMR (CDC13). 6: 

7.77-7.73 (2 H, m, Ha), 7.60-7.25 (8 H, m, Hb, Hc, b, He and Hf). 7.18 (lH, q, J = 1.4 Hz, H-3), 2.27 

ppm (3 H, d, J = 1.4 Hz, CH3). MS, m/z (%): 222 (M +, 18), 221 (14), 145 (7). 131 (6), 117 16). 116 

(13). 115 (38). 106 (7), 105 (86) 96 (ll), 91 (21) 89 (7), 78 (9). 77 (lOO), 76 (7). 65 (14). 63 (ll), 51 

(41) 50 (12), 39 (23). Anal. Calcd. for CreHt40: C, 86.45; H, 6.35. Found: C, 86.21; H, 6.11. 

On the other hand, the palladium-catalyzed reaction between (a-fk and tetramethylstannane (entry 7, 

Table 3) afforded a crude product which was constituted of (E)- and (Z)-13e in a 45 : 55 ratio, respectively. 

This crude product was purified by MPLC on silica gel, using a mixture of benzene and hexane (6 : 4 v/v) as 

eluant, to give Q- and (E)-13e in 97% yield. Concentration of the first eluted cromatographic fractions 

allowed to obtain (2)-L% having stereoisomeric purity higher than 98%. 1H NMR (CDCl$, S: 7.91-7.86 (2 

H, m, Ha), 7.55-7.25 (3 H, m, Hh and HJ, 7.12-7.06 (5 H, m, Hd, He and Hf), 6.74 (1 H, q, J = 1.6 Hz, 

H-3), 2.16 ppm (3 H, d, J = 1.6 Hz, CH3). MS, m/z (%): 222 (M+, 21), 221 (15), 207 (6). 117 (17), 116 

(12) 115 (35), 106 (7), 105 (82). 91 (20), 78 (lo), 77 (loo), 65 (12), 63 (ll), 51 (46), 50 (13), 39 (29). 

Anal. Calcd. for Ct&It40: C, 86.45; H, 6.35. Found: C, 86.20; H, 6.10. 

Concentration of the last eluted chromatographic tractions allowed to isolate 98% steteoisomerically pure 

(013e. This compound had spectral properties in very good agreement with those of the compound 

obtained in entry 8. 

;&+&; 

e b 

(E)-I .2.3-Triphenyl-2-propen-l -one, (E)-13f 

GLC analysis of the crude reaction product, which was obtained from the palladium-catalyzed reaction 

between Q-& and phenyltrimethylstannane (entry 9, Table 3) showed that it was constituted of a mixture 

of two compounds in a CQ. 31: 69 molar ratio, which were subsequently identified as (E)-13e and (E)- 

1,2,3-triphenyl-2-propen-l-one, (E)-13f, respectively. This crude product was purified by MPLC on silica 

gel, using a mixture of hexane and benzene (6 : 4 v/v) as eluant. Concentration of the first eluted fractions 

allowed to isolate a mixture of (013e and (E)-131(1.6 g) in a co. 28 : 62 molar ratio, respectively, which 

was subsequently purified by crystallyzation from a mixture of benzene and hexane to give 98% chemically 
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pure (Ii’)-13f (0.9 g): m.p. 100.5 - 101.5 “C (Lit27 m.p. 100.5 - 101.5 “C; Lit28 m.p. 103 - 103.5 “C). On the 

other hand, concentration of the last eluted chromatographic fractions allowed to isolate 95% chemically pure 

compound Q-13f (0.1 g). lH NMR (CDCl3), 8: 7.86 (2 H, dd, J = 6.7 and 1.6 Hz, H(arom)), 7.60-7.15 

ppm (14 H, br m, H(=rom) and H-3). Thus, compound Q-13f was obtained in 50% yield. 

(E)-3-Methyl4-phenyl-3-buten-2-one, (E)-13g 

The crude reaction product. which was obtained from the palladium-catalyzed reaction between 99% 

stemoisomerically pure (?I-8d and tetramethylstannane (entry 10, Table 3). was purified by MPLC on silica 

gel, using a mixture of hexane and Et20 (92 : 8 v/v) as eluant, to give 99% chemically pure (I?)-13g in 94% 

yield. tH NMR (CDCl,), 6: 7.52 (1 H, br s, H-4), 7.43-7.32 (5 H, m, C!gH$. 2.46 (3 H, s, H-l), 2.05 

ppm (3 H, d, J = 1.4 Hz, =C-CH3). The spectral properties of this compound were in agreement with those 

previously mported20. 

(E)-4-phenyl-3-vinyl-3-buten-2-one. (E)-13h 

The crude reaction product. which was obtained from the palladium-catalyzed reaction between 99% 

stereoisomerically pure Q-&l and vinyltributylstannane (entry 11, Table 3), was purified by MPLC on silica 

gel, using a mixture of hexane and Et20 (94:6 v/v) as eluant, to give (E)-13h in 47% yield. tH NMR 

(CDC13), 6: 7.48-7.32 (5 H. br m, CgHg), 7.30 (1 H, br s, H-4), 6.58 (lH, ddd. J = 17.9, 11.6 and 1.2 

Hz, H-l’), 5.63 (1 H, ddd, J = 17.9, 1.7 and 0.5 Hz, H-2’b), 5.48 (1 H, ddd, J = 11.6, 1.7 and 1.2 Hz, 

H-2’a), 2.46 ppm 3H, s. H-l). Anal. Calcd. for C12H120: C, 83.69; H, 7.02. Found: C, 83.59; H, 6.89. 

2-Methyl-2-cyclohexenone, 19a 

The palladium-catalyzed reaction between 2-iodo-2-cyclohexenone, Ma, and tetrarnethylstannane was 

carried out at 80 OC for 40 h according to the same procedure followed to prepare compounds (E)-13~ 

(E)/(Z)- and (E)-13e and Q-13g. After usual work up the crude reaction product was purified by MPLC 

on silica gel, using a mixture of pentane and Et20 (9: 1 v/v) as eluant, to give 1% in 46% isolated yield. B.p. 

lOO- 101 “Cf77 Tom Li@ b.p. 98- 101 ‘C/77 Torr. 1H NMR (CDCl,), 6: 6.75 (1 H, tq, J = 4.2 and 1.6 

Hz, H-3). 2.43 (2 H, t, J = 6.4 Hz, H-6), 2.38-2.28 (2 H, m, H-4), 1.99 (2 H, pseudo-quint, J = 6.4 Hz, 

H-5), 1.78 ppm (3 H, pseudo-q, J = 1.6 Hz, CH3). The spectral properties of this compound were in good 

agreement with those previously mported196. 

2,3-Dimethyl-2-cyclopentenone, 19b 

The palladium-catalyzed reaction between 2-iodo-3-methyl-2-cyclopentenone, Mb, and tetramethyl- 

stannane was carried out at 80 ‘C for 40 h according to the same procedure followed to prepare compound 

19a. After usual work up the crude reaction product was purified by MPLC on silica gel, using a mixture of 

pentane and Et20 (7 : 3 v/v) as eluant, to give 96% chemically pure 19b in 84% yield. tH NMR (CX13), 6: 
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2.56-2.45 (2 H, m, H-4). 2.39-2.34 (2 H. m. H-5). 2.06 (3 H. br s, H-23, 1.70-1.68 (3 H, m, H-3’). The 

spectral properties of this compound were in good agreement with those previously reporu&‘@. 

m: We thank the Consiglio Naxionale delle Ricerche (CNR, Roma), Progetto 

Finalizzato Chimica Fine and the Ministero dell’universita e della Ricerca Scientifica e Tecnologica (MURST) 
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