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Abstract—5-Iodo-2(2H)-pyranone derivatives have been selectively synthesized by reaction of stereodefined methyl 2-en-4-ynoates with
iodine in MeCN, CH,Cl, or C4Hg at 20°C (Method C) or by treatment of these esters with ICl in CH,Cl, at 20°C (Method B). Methods B and
C proved also to be suitable for the preparation of 3-aryl-4-iodoisocoumarins from the corresponding methyl 2-(arylethynyl)benzoates.
Interestingly, the high selectivity of iodolactonization of stereodefined methyl 2-en-4-ynoates by Method B allowed preparation in moderate
yields of 2(2H)-pyranone derivatives by a one-pot sequence of iodolactonization and Stille-type reactions. © 2002 Elsevier Science Ltd. All

rights reserved.

1. Introduction

Todolactonization of alkynoic acids' is a process much less
investigated and employed in synthetic organic chemistry
than iodolactonization of alkenoic acids” or alkyl alkeno-
ates. Nevertheless, it has found utility in the preparation of
five-membered halolactone analogues of a-aminoacids that
have value as inhibitors of serine proteases.* On the other
hand, until a few years ago no data were available on iodo-
lactonization of stereodefined enynoic acids, but recently, in
the course of our studies on the synthesis of biologically
active, naturally-occurring oxygen-containing heterocycles
and their analogues,’ we developed convenient protocols for
the synthesis of natural and unnatural 5,6-disubstituted and
6-substituted 2(2H)-pyranones, 7 and 8, which involved
iodolactonization of 5-substituted (Z)-2-en-4-ynoic acids 1
(Scheme 1).%” In particular, we found that reaction of
compounds 1 with 3.0 equiv. of iodine and 3.0 equiv. of
NaHCO; in MeCN at 20°C (Method A) or with 1.0 equiv.
of ICI in CH,Cl, at 20°C (Method B) provides mixtures of
(E)-5-(1-iodoylidene)-2(5H)-furanones 3 and 6-substituted
5-iodo-2(2H)-pyranones 4 in which these last compounds
are the major products (Scheme 1).° We also found that
compounds 4, which are available in 63—72% yield by chro-
matographic separation from iodides 3, are able to undergo
Stille-type reactions with a variety of organotin derivatives
to give 5,6-disubstituted 2(2H)-pyranones 7 in moderate to
good yields (Scheme 1).° One of these compounds, i.e. 5-(1-
butynyl)-6-methyl-2(2H)-pyranone (7a), was then used as a
direct precursor to two substances produced by fungal
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culture LL-11G219, which function as androgen ligands,
i.e. (Z)-5-(1-butenyl)-6-methyl-2(2H)-pyranone (11) and
5-butyl-6-methyl-2(2H)-pyranone (12).6

Me™~0" o R'""S00 R'"S0No
7a: R?=Et-C=C 13: R' = alkyl 14: R' = alkyl, aryl

11: R?= (2)-Et-CH=CH
12: R?®=n-Bu

In continuation of these investigations we then discovered
that 6-alkyl-5-iodozinc-2(2H)-pyranones 13, which are
easily available from iodides 4 by insertion of activated
zinc metal on their carbon-iodine bond, undergo Pd-cata-
lyzed reaction either with activated alkenyl halides or with
activated and deactivated (hetero)aryl halides to provide
compounds 7 in fair to good yields (Scheme 1).” Moreover,
we observed that acidic hydrolysis of the above-mentioned
organozinc derivatives gave in satisfactory yields 6-substi-
tuted 2(2H)-pyranones 8 including two natural products
(Scheme 1).”

More recently, we examined the possibility of accessing
3,5,6-trisubstituted and 3,6-disubstituted 2(2H)-pyranones
of general formula 9 and 10, respectively, starting from
5-substituted (E)-2-bromo-2-en-4-ynoic acids 2 by a
chemistry similar to that successfully used to prepare
compounds 7 and 8 and we found that iodolactonization
of carboxylic acids 2 using Methods A or B allows prepara-
tion of 6-substituted 3-bromo-5-iodo-2(2H)-pyranones 6 in
yields ranging from 30 to 75%.°* These dihalides were then
converted into compounds 9 by two consecutive Stille-
type reactions (Scheme 1).8 On the other hand,
selective reduction of dihalides 6 to the corresponding
6-substituted 3-bromo-2(2H)-pyranones 14 followed by a
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Scheme 1. (a) I, (3.0 equiv), NaHCO; (3.0 equiv.), MeCN, 1t, 1.5 h; (b) IC1 (1.0 equiv.), CH,Cl,, 1t, 1 h; (c) R%-SnR; (R’>=Ar, CH2=CH-) (1.2 equiv.),
PdCI,(PhCN), (5 mol%), AsPh; (10 mol%), NMP, 50°C, 6.5-23 h, or R*SnR; (R*=1-alkynyl) (1.2 equiv.), PACL,(PPh3), (3 mol%), THF, 50°C, 6-21 h;
(d) MeySn (3.0 equiv.), PACL,(PhCN), (5 mol%), Cul (10 mol%), AsPh; (10 mol%), NMP, 80°C, 22 h; (e) activated Zn dust (3—5 equiv.), THF, t, 3-3.5 h;
(f) R’=X (R’>=alkenyl, (hetero)aryl; X=Br, I) (0.83—1.41 equiv.), Pd,(dba); (2 mol%), PPh; (8 mol%), THF, 20-70°C, 15-44 h; (g) H;0", 0°C.

Pd/Cu-catalyzed reaction with tetramethyltin provided
selectively compounds 10 (Scheme 1).®

Even though these results were satisfactory, we decided to
search for a new, more direct and, possibly, more efficient
route to 5-iodo-2(2H)-pyranones of general formula 17,
which did not involve the preparation of stereodefined
2-en-4-ynoic acids of general formula 16 from the corre-
sponding methyl esters 15 and was also amenable to
preparation of iodides 17 with selectivity higher than that
obtained in the preparation of compounds 4 and 6 by iodo-
lactonization of carboxylic acids 1 and 2, respectively.®™®

R2

X
1/\

R cooz

15: R' = alkyl, alkenyl; R?= H, alkyl
X=H,Br; Z= Me

16: R' = alkyl, alkenyl; R?= H, alkyl
X=H,Br; Z=H

17: R'= alkyl, alkenyl;
R%= H, alkyl; X = H, Br

We now wish to report that compounds 17 can be
synthesized in satisfactory yields by treatment of methyl
esters 15 with iodine in MeCN, CH,Cl, or C¢Hg at room
temperature (rt) (Method C) and that the selectivity of this
reaction is comparable with that of iodolactonization of
carboxylic acids 16 by Method A. We also show that
compounds 17 can be alternatively prepared in satisfactory
yields by iodocyclization of 15 with ICI° (Method B) and
that the selectivity of this last procedure is higher than that
observed either using Method C or when carboxylic acids 16
undergo iodolactonization according to Method A.
Moreover, we report that: (i) Methods B and C are also
suitable for preparation of 3-aryl-4-iodoisocoumarins
20a—d from the corresponding methyl 2-(arylethynyl)-
benzoates 18a—d, and that (ii) iodolactonization of 18a
and d by Method C is more selective than that of the

corresponding carboxylic acids 19a and ¢, respectively, by
Method A.

X
A

=

I\//

C00z

18a: X = 4-MeO; Ar= 4-MeOCgHy; Z= Me
18b: X = 6-MeO; Ar= 3,4-(MeO),CgH3; Z= Me
18c: X = 6-MeO; Ar= CgHs; Z= Me

18d: X = H; Ar=CgHs; Z= Me

19a: X= 4-MeO; Ar= 4-MeOCgHy; Z= H

19b: X = 6-MeO; Ar= 3,4-(Me0),CgH3z; Z= H
19¢: X = H; Af=C6H5; Z=H

|
X
‘\\ N Ar
=z (0]

(0]
20a: X= 4-MeO; Ar= 4-MeOCgH,4
20b: X = 6-MeO; Ar= 3,4-(MeO),CgH3z
20c: X = 6-MeO; Ar= CgHs
20d: X= H; Ar= CGH5

Finally, we describe the results of some attempts to convert
methyl esters 15 into 2(2H)-pyranone derivatives of general

formula 21 and 22 by a one-pot sequence of iodolactoniza-
tion and Stille-type reactions.

21: R'= alkyl; R2= H, alkyl; R® = aryl, 1-alkynyl; X= H, Br
22: R'= alkyl; R?= H; R®= 1-alkynyl; X = Me

2. Results and discussion

2.1. Iodolactonization of stereodefined methyl 2-en-4-
ynoates and methyl 2-(arylethynyl)benzoates

The stereodefined methyl 2-en-4-ynoates, which we used in
this study, were compounds 15a—d.

Compounds 15a and b were prepared according to the
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Br/\(Br + CeHy—=—2znCl a) 2N Br literaturfeé‘8 and compounds 15¢ and d.were synthesi;ed as

COOMe CsHyi COOMe shown in Schemes 2 and 3, respectively. In particular,

23 24 15¢ according to the general procedure which we previously

developed for the synthesis of stereoisomerically pure

Scheme 2. (a) 24 (1.3 equiv.), Pd(PPhs), (5 mol%), THF, 0°C, 5 h, (78%). alkyl ~ (E)-2-bromo-2-en-4-ynoates,'' methyl (E)-2,3-

dibromopropenoate (23)'* was reacted with 1.3 equiv. of

CsH14 CsHyy 1-heptynylzinc chloride (24) in THF at 0°C in the presence

PN + CoHy—=—H a) N of 5 mol% Pd(PPh;), to give 15¢ in 78% yield (Scheme 2).

COOMe CsHri COOMe On the other hand, the Sonogashira reaction'’ between

25 26 15d methyl (Z)-3-iodo-2-octenoate (25)14 and 1.2 equiv. of

Scheme 3. (a) 26 (1.2 equiv.), Pd(PPh;); (3 mol%), Cul (9 mol%), EsN I-heptyne (26) gave compound 15d in 94% yield
(3.0 equiv.), CgHg, tt, 19 h, (94%). (Scheme 3).

R2 At the beginning of our investigations on iodolactonization

X of compounds 15a—d we found that these esters can be

; /\/ converted in satisfactory yields into the corresponding

R Ccooz 5-iodo-2(2H)-pyranones 17a-d by treatment with

15a: R'= CgHyq; R2=X= H; Z= Me 3.0 equiv. of iodine in MeCN, CH,Cl, or C¢Hg at rt for

15b: R' = (2-MeCH=CMe; R?= H; X = Br; Z= Me 1h (Method C). A comparison of the results of iodo-

15¢c: R'= CsHyq; R®=H; X= Br; Z= Me lactonization of 15a—d in MeCN according to this method

15d: R' = R®= CgHyy; X= H; Z= Me with those obtained using CH,Cl, or C¢Hg as solvent is

16a: R'= CsHyy; R°= X= H; Z= H reported in Table 1. This table also summarizes the

16b: R' = (2)-MeCH=CMe; R®= H; X= Br; Z= H

Table 1. Iodolactonization of methyl 2-en-4-ynoates 15 and 2-en-4-ynoic acids 16

2
R? N\ 2 X 2
A X (for Z = Me) Methods B or C If\IX RN— ] RN— X
R Cooz (for Z=H) Methods A or B RS0 Yo * "\ o Yo + R\ o0 Yo
R I

15: Z= Me 17 (E)-27 (2)-27

16: Z=H
Entry Substrate Method for Products

iodolactonization®
(solvent)
15 or 16 R R? X z 17+(E)-27+(2)-27 17KE)-27/(Z)-27  Yield (%)
molar ratio® of 17°

1 15a CsHy, H H Me C(MeCN) 17a+(E)-27a+(2)-27a 70/14/16 (59)
2 15a CsHy, H H Me C (CH,Cl,) 17a+(E)-27a+(Z)-27a 86/6/8 80¢
3 15a CsH,, H H Me C(CgHy 17a+(E)-27a+(2)-27a  83/7/10 (70)
4 15a CsHy, H H Me B (CH,Cl,) 17a 100/0/0 72
5¢ 16a CsHy, H H H A (MeCN) 17a+(E)-27a 69/31/0 65°
6 15b (Z)-MeCH=CMe H Br Me C (MeCN) 17b+(E)-27b 95/5/0 (64)
7 15b (Z)-MeCH=CMe H Br Me C (CH,Cl,) 17b+(E)-27b >99/<1/0 64
8 15b (Z)-MeCH=CMe H Br Me C (C¢Hg) 17b+(E)-27b >98/<2/0 (64)
9 15b (Z)-MeCH=CMe H Br Me B (CH,Cl,) 17b 100/0/0 62
10f 16b (Z-MeCH=CMe H Br H A (MeCN) 17b+(E)-27b 97/3/0 75t
11 16b (Z-MeCH=CMe H Br H B (CH,Cl,, 17b+(E)-27b >99/<1/0 50
12 15¢ CsHy, H Br Me C (MeCN) 17c+(E)-27c+(Z2)-27¢c 58/20/22 46°
13 15¢ CsHy, H Br Me C (CH,Cl,) 17¢+(E)-27¢+(Z)-27¢ 69/12/19 n.d.
14 15¢ CsHy, H Br Me  C(C¢Hy) 17¢+(E)-2Tc+(Z)-27¢ 70/14/16 59
15 15¢ CsHy, H Br Me B (CH.Cl) 17c+(E)-27c+(2)-27¢ 94/4/2 51
16 15d CsHy, CsHy, H Me C (MeCN) 17d+(E)-27d+(Z)-27d 82/13/5 (65)
17 15d CsHy, CsHy, H Me C (CH,Cly) 17d+(E)-27d+(Z)-27d 87/10/3 76"
18 15d CsHy; CsHyy H Me C (C¢Hg) 17d+(E)-27d+(Z)-27d 86/9/5 (71)
19 15d CsHy, CsHy, H Me B (CH,Cl,) 17d 100/0/0 63

* Two methods were used for iodoloactonization of compounds 15. Method C involved treatment of 15 with 3.0 equiv. of iodine in MeCN, CH,Cl, or C¢Hg at rt
for 1 h. Method B involved reaction of 15 with 1.0 equiv. of ICl in CH,Cl, at rt for 5 h. Iodolactonization of compounds 16 was carried out by treatment of
these compounds with 3.0 equiv. of iodine and with 3.0 equiv. of NaHCO3; in MeCN at rt for 1.5 h (Method A) or by reaction of these acids with 1.0 equiv. of
ICl in CH,Cl, at 0°C for 1 h.

® Molar ratio in the crude reaction mixture.

¢ Isolated yields based on 15 or 16. Values in parentheses refer to GLC yields.

4 MPLC on silica gel of the crude reaction mixture also allowed isolation of (E)-27a in 5% yield.

¢ Ref. 6.

" Ref. 8.

€ MPLC on silica gel of the crude reaction mixture also allowed isolation of (E)- and (Z)-27¢ in 17 and 19% yield, respectively.

" MPLC on silica gel of the crude reaction mixture also allowed isolation of (E)- and (Z)-27d in 9 and 2% yield, respectively.



5026 M. Biagetti et al. / Tetrahedron 58 (2002) 5023—-5038

previously obtained results,*® regarding iodolactonization
(according to Method A) of the carboxylic acids corre-
sponding to 15a and b, i.e. 16a and b, respectively.

As shown in Table 1 iodolactonization of esters 15a,c and d
by Method C provided mixtures of (E)- and (Z)-5-(1-
iodoylidene)-2(5H)-furanones 27 and 5-iodo-2(2H)-
pyranones 17 in which these last compounds were the
major products and both stereoisomers of iodides 27 were
present in combined yields ranging from 13 to 42%.
However, iodolactonization of 15b in MeCN, CH,Cl, or
C¢Hg furnished crude reaction mixtures in which iodide
17b was contaminated by very small amounts of (E)-27b
(entries 68, Table 1). On the other hand, the selectivity of
iodolactonization of compounds 15 by this protocol proved
to depend not only on the structure of these esters, but also
on the solvent of the reaction. In fact, a comparison of the
results of entries 2 and 3 with those of entry 1, of those of
entries 13 and 14 with those of entry 12, and of those of
entries 17 and 18 with those of entry 16 of Table 1 shows
that the selectivity of the reactions carried out in CH,Cl,
was comparable with that obtained for iodocyclization of
the same substrates in CgHg, but higher than that of the
reactions performed in MeCN. Moreover, the selectivity
of iodolactonization of esters 15 in MeCN according to
Method C was comparable with that observed when the
acids corresponding to 15 underwent iodolactonization by
Method A.%® In fact, whereas, iodocyclization of 15a in
MeCN according to Method C gave a mixture of 17a, (E)-
and (Z)-27a in a 70:14:16 molar ratio, respectively (entry 1,
Table 1), iodolactonization of 16a according to Method A
provided a mixture of 17a and (E)-27a in a 69:31 molar
ratio, respectively (entry 5, Table 1).° Analogously, iodo-
lactonization of 15b in MeCN by Method C furnished a
crude mixture in which 17b and (E)-27b were in a 95:5
molar ratio, respectively (entry 6, Table 1) and iodolacto-
nization of 16b according to Method A gave these same
iodo derivatives in a 97:3 molar ratio, respectively (entry
10, Table 1). It should also be noted that we previously
observed that the selectivity of iodolactonization by Method
A of compounds 16 in which X=H is similar to that
obtained when these carboxylic acids undergo iodolacto-
nization by Method B.%' Finally, it is worth mentioning
that the yields of compounds 17, which were obtained by
iodolactonization of esters 15 using Method C, proved to be
satisfactory (46—80%) and comparable with those obtained
when carboxylic acids 16 underwent iodocyclization by
Method A (Table 1, compare entries 2 and 7 with entries
5 and 10, respectively).

These results were quite satisfactory. Nevertheless, we
continued our investigations in order to develop a more
selective procedure for the synthesis of iodides 17. Thus,
we examined iodolactonization of 15a—d using ICl as a
source of I'" and found that treatment of these esters with
1.0 equiv. of ICl in CH,Cl, at rt provides with high selec-
tivity compounds 17a-d in 72, 62, 51 and 63% yield,
respectively (entries 4, 9, 15 and 19, Table 1). These yields,
in the case of entries 4, 9 and 19, were lower than those
obtained for the same compounds prepared by iodolacto-
nization of 15a,b and d according to Method C (entries 2,
7, and 17, Table 1), but the isolation of the desired 5-iodo-
2(2H)-pyranones from their crude reaction mixtures was

OMe 2) OH
COOMe COOMe
OMe OMe
30 31b

X
Z~COOMe Z~Co0Me

31a: X= 4-MeO 32a: X= 4-MeO
31b: X = 6-MeO 32b: X = 6-MeO

X

31c: X=H 32¢: X=H
X // Ar
d)ore) |\\
or f) or g) = COOMe
18a: X = 4-MeO; Ar= 4-MeOCgH,
18b: X = 6-MeO; Ar= 3,4-(MeO),CgH3
18c: X = 6-MeO; Ar= CgHs
18d: X= H; Ar= CgHs
X = Ar
h) or i) l\\
orl) Z~COOH
19a: X = 4-MeO; Ar= 4-MeOCgH,
19b: X = 6-MeO; Ar= 3,4-(MeO),CgH3
19¢: X= H; Ar= CgHs

Scheme 4. (a) BCl; (3.0 equiv.), CH,Cl,, 0°C, 2.15 h then H,0, (90%).
(b) NaH (1.50 equiv.), DMF, 40 min at 0°C then 1 h at rt. (c) C4FoSO,F
(1.15 equiv.), 3 h, rt, (94-96%). (d) (for 32a) 4-MeOC¢H,—C=C-ZnCl
(33) (1.20 equiv.), Pdy(dba); (1 mol%), dppf (2 mol%), THF, 60°C, 2 h,
(87%). (e) (for 32b) 3,4-(MeO),CsH;—C=C-ZnCl (34) (1.25 equiv.),
Pdy(dba); (1 mol%), dppf (2 mol%), THF, 60°C, 4.5h, (86%). (f) (for
32b) C4¢H;—C=C-ZnCl (35) (1.20 equiv.), Pdy(dba); (1 mol%), dppf
(2 mol%), THF, 60°C, 21h, (90%). (g) (for 32¢) 35 (1.20equiv.),
Pd,(dba); (1 mol%), dppf (2 mol%), THF, 60°C, 5 h, (85%). (h) (for 18a)
KOH (10.8 equiv.), EtOH, H,0, rt, 18 h then Amberlite IRC-76, 0°C, (99%)
(i) (for 18b) the reaction conditions, which were used for 18a or for 18b, did
not furnish 19b. (1) (for 18d) KOH (10.8 equiv.), EtOH, H,O, rt, 18 h then
5% H,S0y, 0°C (93%).

generally simpler than that of the same iodides prepared
using this last protocol. In fact, iodolactonization of 15a,b
and d according to Method B (entries 4, 9, 19, Table 1)
furnished compounds 17a,b and d, respectively, which
were free from the corresponding isomers of general
formula (E)- and (Z)-27. Interestingly, in this case the
yield of 17b (entry 9, Table 1) proved to be higher than
that previously obtained by iodolactonization of 16b
according to Method B (entry 11, Table 1).8 Nevertheless,
iodocyclization of 15¢ by Method B (entry 15, Table 1)
provided a crude reaction mixture which contained 17c,
(E)- and (Z)-27c in a 94:4:2 molar ratio, respectively. This
crude mixture also contained either ca. 11 and 5% of two
compounds, which likely corresponded to the two stereo-
isomers of compound 28, or ca. 1% of a substance, which
had GLC retention time lower than that of 15¢ and a mass
spectrum very similar to that of this compound. This
substance likely corresponded to the (Z)-stereoisomer of
15c. Fortunately, iodide 17¢ was easily separated chromato-
graphically from this last methyl ester and compounds (E)-
and (Z)-27¢ and 28.

It is also worth mentioning that the crude reaction mixture
derived from iodolactonization of 15d by Method B was
contaminated by ca. 6 and 1% of two compounds
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Table 2. Iodolactonization of compounds 18a—d and 19a,c
|
X // Ar X | X Ar
I\\ (for Z = Me) Methods B or C I\\ A l\\
+ 0]
Z~cooz (for Z =H) Method A Z (0] =
fo) o

18a-d: Z= Me 20a-d 39a-d

19ac: Z=H
Entry Substrate Method for Products

iodolactonization™®
18 or 19 Ar X Z 20-+39 20/39 Yield (%) Yield (%)
molar ratio® of 20 of 39

1 18a 4-MeOC¢H, 4-MeO Me C 20a 100/0 98 -
2 18b 3,4-(MeO),CsH3 6-MeO Me C 20b 100/0 89 -
3 18¢ CeHs 6-MeO Me C 20c¢+39c¢ 30/70 26 66
4 18d CeHs H Me C 20d+39d 98/2 83 n.d.
5 18d CeHs H Me B 20d+39d 99/1 81 n.d.
6 18a 4-MeOCH, 4-MeO Me c 20a 100/0 80 -
7¢ 18b 3,4-(MeO),CgH3 6-MeO Me c* 20b° 100/0 24° -
8 19a 4-MeOCH, 4-MeO H A 20a+39a 85/15 18f n.d.
9 18¢ CeHs 6-MeO Me B 20c¢+39¢ 55/45 47 38
10 19¢ CeHs H H A 20d+39d 95/5 88 n.d.

* Methods B and C were used for iodolactonization of 18a—d. Method C involved treatment of these esters with 3.0 equiv. of iodine in MeCN at rt for 3 h.
Method B involved treatment of compounds 18 with 1.0 equiv. of ICl in CH,Cl, at rt for 3.5 h.
" Jodolactonization of 19a and ¢ was carried out using Method A,which involved treatment of these carboxylic acids with 3.0 equiv. of iodine and 3.0 equiv. of

NaHCO; in MeCN at rt for 1.5 h.

° This molar ratio was evaluated by glc analysis of the crude reaction mixtures.

¢ This reaction was performed in MeCN at 52-57°C for 1.5 h.

¢ Purification by MPLC on silica gel of the crude reaction mixture, which was obtained from this reaction, also allowed isolation of 8-methoxy-3-(3,4-

~ dimethoxyphenyl)isocoumarin (40) in 4% yield.
' This compound had 90% chemical purity.

structurally related to 28. These byproducts, which had very
similar mass spectra, likely corresponded to the two stereo-
isomers of 29.

Br CsH1q
. A clo A
“‘f@o ”&o
CsH1q CsH14
28 29

Taking into account these results we then thought it right to
further test the scope of iodolactonization of methyl esters
of acetylenic carboxylic acids and thus we investigated the
electrophilic ring closure either of methyl 2-(arylethynyl)-
benzoates 18a—d by Method C or of 18¢ and d by Method B
to the corresponding 3-aryl-4-iodoisocoumarins of general
formula 20. We also compared the results of iodocyclization
of 18a and d by Method C with those obtained by iodo-
cyclization of the corresponding carboxylic acids, i.e. 19a
and c, respectively, by Method A.

The reaction sequence, which was used to prepare
compounds 18a—d, 19a and c is reported in Scheme 4.
Thus, according to the general procedure which we
previously developed for the synthesis of methyl 2-(1-ynyl)-
benzoates from the corresponding methyl 2-hydroxybenzo-
ates,'® commercially available 31a and ¢ and compound
31b, which was prepared in 90% yield by treatment of
commercially available 30 with 3.0 equiv. of BCl; in
CH,Cl, at 0°C followed by hydrolysis, were converted in
96, 96 and 94% yield into the corresponding nonaflates,
32a—c, respectively, by reaction with NaH in DMF at 0°C
followed by treatment with perfluoro-1-butanesulfonyl

fluoride. Compounds 32a-c¢ were then reacted with a
molar excess of 4-methoxyphenylethynylzinc chloride
(33), 3,4-dimethoxyphenylethynylzinc chloride (34) and
phenylethynylzinc chloride (35), respectively, in THF at
60°C in the presence of 1 mol% Pd,(dba); and 2 mol%
1,1/-bis(diphenylphosphino)ferrocene (dppf) to give 18a,b
and d in 87, 86 and 85% yield, respectively. On the other
hand, reaction between 32b and 35 under similar experi-
mental conditions furnished 18c¢ in 90% yield (Scheme 4).

Compounds 18a and d were then converted into the corre-
sponding carboxylic acids 19a and ¢, respectively.
However, unexpectedly the procedure used to prepare 19¢
from 18d, which consisted of a saponification reaction with
KOH in EtOH and water at rt followed by acidification with
dilute H,SO, at 0°C, did not allow preparation of pure 19a
from 18a. On the other hand, pure 19a was obtained when
the reaction mixture, which was derived from saponification
of 18a at rt, was neutralized at 0°C with Amberlite IRC-76.
However, when we attempted to prepare 19b from 18b
using the reaction conditions which we employed to prepare
19a or ¢, we obtained a complex reaction mixture which did
not contain 19b in a significant amount. It should also be
noted that whereas the organozinc derivatives 33 and 35,
which were used to synthesize compounds 18a, ¢ and d
(Scheme 4), were prepared from commercially available
1-ethynyl-4-methoxybenzene and phenylacetylene, respec-
tively, 1-ethynyl-3,4-dimethoxybenzene (38), which we
used in the synthesis of 18b via Pd-catalyzed reaction of
32b with 34, was prepared according to the literature'’ by
conversion of 3,4-dimethoxybenzaldehyde (36) into 1,1-
dibromo-2-(3,4-dimethoxyphenyl)ethene (37) and treatment
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2)

20b

Scheme 5. (a) Pd(OAc), (2 mol%), PPh; (4 mol%), Et;N (3.0 equiv.),
HCOOH (2.0 equiv.), DMF, 60°C, 5 h, (93%).

of this dibromide with butyllithium followed by hydrolysis.
The overall yield was 78%.

OMe OMe OMe

Meo@ Me0©\ Me0©\
CHO CH: Co

~CBr N
36 37 2 3 cH

Table 2 summarizes the results of the iodocyclization reac-
tion of esters 18a—d in MeCN according to Method C and
those obtained by iodocyclization either of 18¢ and d using
Method B or of 19a and ¢ using Method A."

Several aspects of these results merit comment. Firstly,
iodolactonization of 18a,b and d by Method C occurred
selectively at rt and afforded the desired isomerically pure
3-aryl-4-iodoisocoumarins 20a,b and d, respectively in high
yields (entries 1, 2 and 4, Table 2). However, iodolactoniza-
tion of 18c under similar experimental conditions provided a
crude reaction mixture which contained 20c¢ and the
corresponding  (E)-configured 3-[(1-aryl-1-iodo)methyl-
idene]phthalide 39c in a ca. 30:70 molar ratio, respectively.
Compound 20c was isolated from this mixture in 26% yield
(entry 3, Table 2). Thus, these results indicate that the selec-
tivity and the yields of the iodolactonization reactions of the
methyl 2-(arylethynyl)benzoates 18 by Method C are
significantly affected by the nature of these compounds.
Moreover, the yields of iodocyclization of esters 18 accord-
ing to Method C proved to be dependent not only on the
structure of these compounds but also on the reaction
temperature. In fact, when iodocyclization of 18a and b
was carried out at 52-57°C for 1.5 h, compounds 20a and
b were isolated in yields lower than those obtained for the
same reactions performed at rt (Table 2, compare entries 6
and 7 with entries 1 and 2, respectively). It should also be
noted that purification by MPLC on silica gel of the crude
reaction product, which was derived from iodolactonization
of 18b at 52-57°C according to Method C (entry 7, Table

R2 R2 R2
| X R3 X
S S O G B ¢
R COOH R'""S0o R'""~0No
16 17 21
R alkyl, aryl, alkenyl
R?| H
R3 1-alkynyl, aryl, vinyl, Me
X | H, Br

Scheme 6. (a) Iodolactonization according to Method A. (b) Stille-type
reaction.

2), also allowed isolation in 4% yield of an unexpected
compound, which had spectral properties in agreement
either with those reported in the literature for 3-(3,4-
dimethoxyphenyl)-8-methoxyisocoumarin (40)'” or with
those found for the same compound, which we synthesized
in 93% yield by Pd-catalyzed triethylammonium formate
reduction' of 20b (Scheme 5).

Secondly, also Method B proved to be unsuitable for the
highly selective synthesis of 20c from 18c (entry 9, Table 2).
However, it furnished 20c¢ in a yield (47%) higher than that
(26%) which was obtained using Method C (entry 3, Table
2) or the selective synthesis of 20d from 18d in high yield
(entry 5, Table 2). Finally, it should be noted that the selec-
tivity of iodolactonization of 18a in MeCN at rt by Method
C (entry 1, Table 2) was significantly different from that of
iodolactonization of 19a by Method A (entry 8, Table 2). In
fact, whereas the first procedure furnished isomerically pure
20a, this last reaction provided a mixture of 20a and 39a in
ca. 85:15 molar ratio, respectively. Purification of this crude
mixture by MPLC on silica gel allowed isolation of 90%
pure 20a in 18% yield. On the other hand, iodolactonization
of 18d by Method C was more selective than that of 19¢ by
Method A (compare entries 4 and 10, Table 2).

2.2. Synthesis of 2(2H)-pyranone derivatives from
stereodefined methyl 2-en-4-ynoates by a one-pot
sequence of iodolactonization—Stille-type reactions

Recently, we reported that compounds of general formula
21 in which R’=H are accessible from 2-en-4-ynoic acids
16 via the two-step sequence reported in Scheme 6, which
involves a Pd-catalyzed reaction between iodides 17 and
organotin derivatives.**

Since we showed that iodocyclization of esters 15 by
Method B provides iodides 17 with high selectivity, we
wondered if compounds 21 could be more conveniently
prepared from 15 by a one-pot sequence of iodolactoniza-
tion and Stille-type reactions. Thus, in a test experiment we
reacted 15¢ with 1.0 equiv. of ICl in CH,Cl, at rt and, after
completion of the reaction, we treated the reaction mixture
with 1.25 equiv. of 1-hexynyltributyltin (41a) and 3 mol%
PdCl,(PPh;), at 40°C for 65 h. This one-pot sequence of
reactions furnished compound 21a in 38% yield (entry 1,
Table 3).

However, since the step of this sequence which involved the
Stille-type reaction required a long reaction time, probably
due to the low reaction temperature, we thought it right to
perform the synthesis of other compounds of general
formula 21 from esters 15 switching to 1,2-dichloroethane
as the solvent and performing the Pd-catalyzed cross-
coupling step at 60—90°C. Using this modification, which
did not cause any variation in the selectivity of the iodo-
lactonization reaction, we synthesized compounds 21b—d in
52, 43 and 30% yield starting from 15¢ and the organotin
derivatives 41b—d, respectively (entries 2, 3 and 4, Table 3).
It should be noted that whereas the Stille-type reaction
involving 41b was performed using PdCl,(PPh;), as the
catalyst, the cross-coupling reactions involving 41c and d
were carried out in the presence of 5 mol% PdCIly(PhCN),,
10 mol% Cul and 10 mol% AsPhj;. This last catalyst system



Table 3. One-pot sequence of iodolactonization and Stille-type reactions

Rz RZ R2
AX ICI (1.0 equiv) IJI\)\IX R3SnBug (41) 3)\)\1
COOMe solvent R/ 0o Pd cat o
15 17 21
Entry Methyl Solvent Organotributyltin Palladium Reaction Products
ester 15 catalyst* conditions (h/°C)
41 R? Equiv. 21 R! R? R? X Isolated
yield (%)
1 15¢ CH,Cl, 41a C4Hy—C=C 1.25 A 65/40 21a CsHy; H C,Hy-C=C Br 38
2 15¢ CICH,CH,Cl 41b C¢Hs—C=C 1.25 A 18/60 21b CsHy, H C¢Hs—C=C Br 52
3 15¢ CICH,CH,C1 41c C¢Hs 1.10 B 41/70 21c GCsHy; H C¢Hs Br 43
4 15¢ CICH,CH,Cl 41d 4-CIC¢Hy 1.10 B 63/70 21d CsHy, H 4-CIC¢H,4 Br 30
5 15d CICH,CH,Cl 41c CeHs 1.10 B 144/90 21e CsHy, CsHy, C¢Hs H 38

Compounds 15 were reacted with ICI (1.0 equiv.) in CH,Cl, or CICH,CH,Cl at rt. After completion of the reactions the mixtures were treated with an organotin derivative 41 (1.10-1.25 equiv.) and the Pd catalyst and
the resulting mixtures were heated to 40—90°C until one of the reagents was completely consumed or the reaction did not proceed.
* Two type of catalysts systems (A and B) were used for these reactions. The reactions involving 1-alkynyltributyltin derivatives were performed in the presence of 5 mol% PdCl,(PPh3), (catalyst A). On the other hand,

those involving aryltributyltin derivatives were performed in the presence of 5 mol% PdCl,(PhCN),, 10 mol% AsPh; and 10 mol% Cul (catalyst B).
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CeHs CgHs
X X
/\rBr a) N Me N A
CsHy1 COOM I + l
e CsHi7” 070 CsHi" 0770
15¢ 22a (8 %) 42(5%)

Scheme 7. (a) ICl (1.0 equiv.), 1,2-dichloroethane, rt, 6 h, then C¢Hs—
C=C-SnBu; (41b) (1.25 equiv.), PdCL,(PPh3), (5 mol%), 16h, 70°C,
then Me,Sn (3.0 equiv.), 90°C, 48 h.

was also used to synthesize 21e from 15d and 41c in 38%
yield (entry 5, Table 3). It is also worth mentioning that, in
contrast with what was reported on homocoupling of
organotin derivatives in 1,2-dichloroethane in the presence
of catalytic amounts of PdCl, and AsPh; or of
PdCIl,(PhCN),,>" we did not observe the presence of signifi-
cant amounts of the homocoupling products derived from
41b—d in the crude reaction mixtures, which were obtained
in entries 2—5 of Table 3.

Finally, we also perfomed an exploratory test to establish if
3,5,6-trisubstituted 2(2H)-pyranones of general formula 22
might be synthesized by a one-pot procedure involving the
selective iodolactonization reaction of methyl (E)-2-bromo-
2-en-4-ynoates followed by two sequential Stille-type
reactions.”> Thus, 3.0 equiv. of tetramethyltin were added
to the crude mixture, which was obtained by reaction of 15¢
with 1.0 equiv. of ICl in 1,2-dichloroethane at rt followed by
treatment with 1.25 equiv. of 41b and 5 mol% PdCl,(PPh;),
at 70°C for 16 h. The resulting mixture was then stirred at
90°C for 48 h (Scheme 7). Purification by MPLC on silica
gel of the crude reaction mixture, which was obtained after
usual workup, allowed isolation of compounds 22a and 42
in 8 and 5% yield, respectively. Compound 42 derived from
the unexpected reduction in the last step of the sequence of
bromide 21b, which was an intermediate of this procedure.

However, the low yield of 22a prompted us to drop the idea
to synthesize other compounds of general formula 22 by an
approach similar to that used to prepare 22a.

3. Conclusions

In this study we have developed two new and convenient
procedures for the regiocontrolled synthesis of 5-iodo-
2(2H)-pyranones of general formula 17. The first of these
(Method C), which involves treatment of stereodefined
methyl 2-en-4-ynoates 15 with a molar excess of iodine in
MeCN, or preferably in CH,Cl, or C¢Hg at 1t, affords reac-
tion mixtures in which compounds 17 are the major
products. Interestingly, the yields of these iodides were
satisfactory (46—80%) and comparable with those obtained
by iodolactonization of carboxylic acids 16 with molar
excesses of iodine and NaHCO; in MeCN at rt (Method
A).(”8 The second procedure (Method B) involves reaction
of esters 15 with ICI in CH,Cl, at rt and provides iodides 17
with very high selectivity.

We have also found that Method C is suitable for the highly
selective synthesis of three 3-aryl-4-iodoisocoumarins, i.e.
compounds 20a,b and d, from the corresponding methyl
2-(arylethynyl)benzoates, i.e. 18a,b and d, respectively,
but that it gives an unsatisfactory result when used for the

synthesis of 20¢ from 18c. However, 20c has been prepared
in a satisfactory yield by treatment of 18c according to
Method B.

Finally, we have shown that the high selectivity of the iodo-
lactonization reaction of methyl esters 15 by Method B
allows preparation, although in modest to moderate yields,
of 2(2H)-pyranone derivatives of general formula 21 by a
one-pot sequence of iodolactonization and Stille-type
reactions.

4. Experimental
4.1. General

Melting points and boiling points are uncorrected. Precoated
aluminium silica gel sheets Merck 60 F,s, were used for
TLC analyses. GLC analyses were performed on a Dani
GC 1000 instrument with a PTV injector, which was
equipped with a Dani Data Station DDS 1000. Two types
of capillary columns were used: an Alltech AT-1 bonded
FSOT column (30 mX0.25 mm i.d.) and an Alltech AT-35
bonded FSOT column (30 mX0.25 mm i.d.). Purifications
by MPLC on silica gel (Merck silica gel 60, particle size
0.015-0.040 mm) were performed on a Biichi B-680 system
using a Knauer K-2400 differential refractometer as detec-
tor. GLC/MS analyses were performed using a Q-mass 910
spectrometer interfaced with a Perkin—Elmer 8500 gas-
chromatograph. NMR spectra were recorded on a Varian
Gemini 200 MHz spectrometer or on a Bruker AMX 600
spectrometer using TMS and CDCl; as an internal standard,
respectively. The structure of compound 39¢ was assigned
on the basis of its "H NMR and '>C NMR spectra at 600 and
150 MHz, respectively, and by a combination of NMR tech-
niques which included 'H-'H COSY, NOESY (mixing
time: 400 ms), heteronuclear multiple quantum Coherence
(HMQC) and heteronuclear multiple bond correlation
(HMBC). All reactions of air and water sensitive materials
were performed in flame dried glassware under an atmo-
sphere of nitrogen or argon using standard syringe, cannula
and septa techniques. Solvents were dried and distilled
before use. The following compounds were prepared b
published  procedures: Pd(PPh;)s,”  PdCl,(PhCN),,**
PdCl,(PPhs),,”> methyl (E)-2,3-dibromopropenoate (23)'?,
methyl (Z)-2-decen-4-ynoate (15a),° (Z)-2-decen-4-ynoic
acid (16a),6 methyl (2FE,6Z)-2-bromo-6-methyl-2,6-octa-
dien-4-ynoate (15b),8 (2E,6Z)-2-bromo-6-methyl-2,6-octa-
dien-4-ynoic acid (16b).} methyl (Z)-3-iodo-2-octenoate
(25)," 1-hexynyltributyltin (41a),?® 4-chlorophenyltributyl-
tin (41d),”” 1,1-dibromo-2-(3,4-dimethoxyphenyl)ethene
(37)*® and 1-ethynyl-3,4-dimethoxybenzene (38).2% -
Methoxyphenyl)ethynylzinc chloride (33), (3,4-dimethoxy-
phenyl)ethynylzinc chloride (34) and phenylethynylzinc
chloride (35) were synthesized by conversion of the corre-
sponding 1-alkynes into 1-alkynylmagnesium bromides
followed by transmetalation with dry ZnCl,.

4.1.1. Methyl (E)-2-bromo-2-decen-4-ynoate (15c¢). A
THF solution of 1-heptynylmagnesium bromide (1.07 M,
100 ml, 0.107 mol) was added dropwise to a slurry of dry
ZnCl, (17.4 g, 0.128 mol) in THF (100 ml), which was stir-
red under argon at 0°C. After stirring for an additional
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15 min at 0°C a solution of 23 (20.0 g, 0.082 mol) in THF
(50 ml) and Pd(PPhj), (4.74 g, 4.10 mmol) were sequen-
tially added and the resulting mixture was stirred at 0°C
for 5h. It was then poured into a saturated aqueous
NH,Cl solution (300 ml) and extracted with Et,O
(4X100 ml). The organic extract was washed with brine
(100 ml), dried over Na,SO, and concentrated under
reduced pressure. The residue was diluted with a mixture
of petroleum ether and toluene (40:60) (300 ml) and filtered
through Celite. The filtrate was concentrated under reduced
pressure and the residue was purified by MPLC on silica gel,
using a mixture of petroleum ether and toluene (60:40) as
eluant, to give 15¢ (16.6 g, 78% yield) as a pale yellow
liquid. MS, m/z (%): 260 (5), 258 (5), 188 (26), 186 (26),
62 (87), 61 (40), 50 (100). IR (film): v 2213, 1727, 1338,
1222, 1031, 1008, 762 cm™'. "H NMR (200 MHz, CDCl;):
6 6.65 (1H, t, J=2.5 Hz), 3.84 (3H, s), 2.39 (2H, dt, J/=6.5
and 2.5Hz), 1.64-124 (6H, m), 090 ppm (3H, ¢,
J=7.0Hz). ®C NMR (50 MHz, CDCl;): 6 162.0, 124.7,
121.3, 104.0, 77.5, 52.9, 30.9, 27.9, 22.1, 20.0, 13.9 ppm.
Anal. Calcd for C;;H;5BrO,: C, 50.98; H, 5.83. Found: C,
51.05; H, 5.92.

4.1.2. Methyl (Z)-3-pentyl-2-decen-4-ynoate (15d). 1-
Heptyne (26) (4.40 ml, 33.5 mmol) was added to a stirred
mixture of 25 (7.88 g, 27.9 mmol), Pd(PPhy), (0.97 g,
0.84 mmol), Cul (0.48 g, 2.52mmol), EgN (11.7 ml,
83.9 mmol) and benzene (30 ml) and the resulting mixture
was maintained for 19 h at rt. It was then poured into a
saturated aqueous NH,Cl solution (100 ml) and the resulting
mixture was stirred open to the atmosphere until the
aqueous phase became deep blue. The mixture was then
extracted with Et,O (4X60 ml) and the organic extract was
washed with water (50 ml), 5% H,SO, (20 ml) and water
(30 ml), dried over Na,SO, and concentrated under reduced
pressure. The residue was diluted with toluene (30 ml) and
filtered. The filtrate was concentrated under reduced pres-
sure and the residue was purified by MPLC on silica gel,
using toluene as eluant, to give 15d (6.57 g, 94% yield) as a
pale yellow liquid. MS, m/z (%): 250 (1), 206 (25), 179 (62),
150 (22), 90 (34), 58 (35), 54 (100). IR (film): v 2220, 1730,
1708, 1615, 1217, 1153, 859 cm™'. '"H NMR (200 MHz,
CDCl;): 6 5.90 (1H, br s), 3.71 (3H, s), 2.46 (2H, t,
J=7.0Hz), 2.45 (2H, dt, J=7.5 and 1.0 Hz), 1.68-1.25
(12H, m), 091 (3H, t, J=7.0Hz), 0.89 ppm (3H, t,
J=6.8 Hz). ®C NMR (50 MHz, CDCl;): & 166.7, 141.0,
122.0, 103.6, 78.9, 51.1, 39.4, 31.1, 31.0, 28.2, 27.7, 22.4,
22.2, 20.0, 14.0 ppm (2C). Anal. Calcd for C;Hy50,: C,
76.75; H, 10.46. Found: C, 76.79; H, 10.71.

4.2. General procedures for iodolactonization of esters
15. Synthesis of 5-iodo-2(2H)-pyranones 17 and the
corresponding 5-[(E)-1-iodoylidene]- and 5-[(Z)-1-
iodoylidene]-2(5H)-furanones, (E)- and (Z)-27,
respectively

Todolactonization of esters 15 was perfomed according to
two different procedures (Methods B and C).

Method B: To a deaerated solution of an ester 15
(2.89 mmol) in dry CH,Cl, (15 ml) was added a solution
of ICI (474 mg, 2.92 mmol) in dry CH,Cl, (15 ml) and the
mixture was stirred in the dark under nitrogen for 5 h at rt. It

was then poured into a cold 10% aqueous NaHCOj; solution
(35 ml) and extracted with CH,Cl, (3X20 ml). The organic
extract was washed with a 10% aqueous Na,S,0; solution
(15 ml) and water (15 ml), dried over Na,SO,, analyzed by
GLC and GLC/MS and concentrated under reduced pres-
sure. The residue was purified by MPLC on silica gel. This
procedure was used for iodolactonization of 15a—d. As
shown in Table 1, where the products of these reactions
and the yields of 5-iodo-2(2H)-pyranones 17 are reported,
whereas iodolactonization of 15a,b and d furnished
compounds 17a,b and d free from the corresponding
isomers of general formula (E)- and (Z)-27 (entries 4, 9
and 19, Table 1), iodolactonization of 15¢ according to
this procedure provided a mixture of 17¢, (E)- and (Z)-27¢
in a 94:4:2 molar ratio, respectively (entry 15, Table 1).

Method C: This procedure was used for iodolactonization of
15a—d. In particular, to a deaerated solution of an ester 15
(21.2 mmol) in MeCN, CH,Cl, or C¢Hg (175 ml) was added
iodine (16.16 g, 63.7 mmol) and the resulting mixture was
stirred in the dark under nitrogen at rt for 1 h, at which time
the reaction was complete as shown by TLC and GLC
analyses. The reaction mixture was then diluted with
AcOEt (200 ml) and washed with 10% aqueous Na,S,03
solution (50 ml) and water (50 ml). The organic phase was
dried over Na,SO,, analyzed by GLC and GLC/MS and
concentrated under reduced pressure. The residue was puri-
fied by MPLC on silica gel. Compound 17a and the corre-
sponding 5-[(E)-1-iodoylidene]-2(5H)-furanone, (E)-27a,
were isolated from the crude reaction mixture derived
from iodolactonization of 15a by this procedure in CH,Cl,
as solvent (entry 2, Table 1). On the other hand, purification
by MPLC on silica gel of the crude reaction mixture which
derived from iodolactonization of 15¢ in C4gHg or MeCN
according to this method (entries 14 and 12, Table 1)
allowed isolation of 17c¢. It should also be noted that puri-
fication by MPLC of the crude reaction mixture, which
derived from iodolactonization of 15¢ in MeCN (entry 12,
Table 1), also allowed isolation of compounds (E)- and (Z)-
27c. Finally, iodides 17b and d were isolated by purification
of the crude reaction mixture, which derived from iodo-
lactonization of 15b and d, respectively, in CH,Cl, accord-
ing to this method (entries 7 and 17, respectively, Table 1).

4.2.1. 5-Iodo-6-pentyl-2(2H)-pyranone (17a) and 5-[(E)-
1-iodohexylidene]-2(SH)-furanone [(E)-27a]. A GLC
analysis of the crude reaction mixture, which was obtained
by iodolactonization of 15a in CH,Cl, according to Method
C (entry 2, Table 1), showed the presence of three
compounds in a 86:6:8 molar ratio. This mixture was puri-
fied by MPLC on silica gel using toluene as eluant. Concen-
tration of the first eluted chromatographic fractions allowed
isolation of (E)-27a as a red liquid in 5% yield. MS, m/z (%):
292 (4), 147 (10), 109 (100), 97 (6), 81 (28), 55 (10). IR
(film): v 1779, 1751, 1632, 1553, 1379, 1196, 728 cm™'. 'H
NMR (200 MHz, CDCl3): 6 7.65 (1H, d, J=5.5 Hz), 6.28
(1H, d, J=5.5 Hz), 2.81 (2H, t, J=7.5 Hz), 1.61-1.54 (2H,
m), 1.35-1.27 (4H, m), 0.90 ppm (3H, t, J=6.5 Hz). "*C
NMR (50 MHz, CDCl3): & 169.5, 149.5, 144.9, 122.3,
95.7, 37.9, 30.5, 28.8, 22.3, 13.9 ppm. The spectral proper-
ties of this compound were in agreement with those
previously reported.® Concentration of the intermediate
chromatographic fractions allowed to obtain in ca. 6%
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yield a compound, which presumably corresponded to (Z)-
27a, but which was not fully characterized owing to its low
isomeric purity. This compound had the following MS spec-
trum. MS, m/z (%): 292 (26), 180 (10), 109 (100), 81 (18),
55 (69). Finally, concentration of the last eluted chromato-
graphic fractions allowed isolation of compound 17a as a
yellow liquid in 80% yield. MS, m/z (%): 292 (18), 221 (36),
165 (60), 119 (24), 109 (30), 95 (56), 81 (100). IR (film): v
1735, 1600, 1541, 1189, 1062, 1011, 820 cm™'. 'H NMR
(200 MHz, CDCly): 6 7.43 (1H, d, J/=10.0 Hz), 5.99 (1H, d,
J=10.0 Hz), 2.71 (2H, t, J=7.5Hz), 1.72-1.65 (2H, m),
1.38-1.31 (4H, m), 0.91 ppm (3H, t, J=5.5 Hz). °C NMR
(50 MHz, CDCly): 6 165.6, 161.2, 151.7, 114.5, 67.6, 36.5,
31.0, 26.6, 22.2, 13.8 ppm. The spectral properties of this
compound were in agreement with those previously
reported.® It should be noted that iodolactonization of 15a
according to Method B furnished a crude reaction mixture in
which 17a was found to be free from (Z)- and (E)-27a (entry
4, Table 1). Purification of this crude mixture by MPLC on
silica gel,using toluene as eluant, furnished pure 17a in 72%
yield.

4.2.2. 3-Bromo-6-[(Z)-2-butenyl]-5-iodo-2(2H)-pyranone
(17b). A GLC analysis of the crude reaction mixture, which
was obtained by iodolactonization of 15b in CH,Cl, accord-
ing to Method C (entry 7, Table 1), showed the presence of
two compounds in a 99:1 molar ratio. The major product
was subsequently identified as 17b. On the other hand the
structure of 5-[(SE,7Z)-1-iodo-2-methylbutylidene]-2(5H)-
furanone [(E)-27b] was tentatively assigned to the minor
product. The mixture was purified by MPLC on silica gel
using toluene as eluant. Concentration of the last eluted
chromatographic fractions allowed isolation of 17b in
64% yield as a colourless solid. Mp 102-104°C. MS, m/z
(%): 356 (97), 354 (100), 201 (20), 199 (21), 173 (33), 171
(34), 91 (74). IR (KBr): v 1718, 1594, 1530, 1196, 1009,
950,909 cm™~'. "H NMR (200 MHz, CDCl5): & 7.88 (1H, s),
5.70 (1H, qq, J/=7.0 and 1.5 Hz), 1.93 (3H, pseudo-quint,
J=1.5 Hz), 1.64 ppm (3H, dg, J=7.0 and 1.5 Hz). ?C NMR
(50 MHz, CDCl;): 6 162.4, 158.0, 151.8, 130.5, 129.7,
110.6, 67.3, 20.8, 15.7 ppm. The spectral properties of this
compound were in agreement with those previously
reported.® The MS spectrum of (E)-27b was as follows.
MS, miz (%): 356 (100), 354 (100), 201 (26), 199 (29),
173 (53), 171 (49), 92 (84). It should be noted that whereas
iodolactonization of carboxylic acid 16b furnished a
mixture of 17b and (E)-27b in a ca. 97:3 molar ratio, respec-
tively (entry 10, Table 1), iodolactonization of 15b accord-
ing to Method B (entry 9, Table 1) provided 17b free from
isomers. Purification by MPLC on silica gel of the crude
products of these reactions allowed isolation of 17b in 75
and 62% yield, respectively.

4.2.3. 3-Bromo-5-iodo-6-pentyl-2(2H)-pyranone (17¢)
and 3-bromo-5-[(E)-1-iodohexylidene]- and 3-bromo-5-
[(Z)-1-iodohexylidene]-2(SH)-furanone, [(E)]- and [(Z)]-
27¢, respectively. A GLC analysis of the crude reaction
mixture, which was obtained by iodolactonization of 15¢
in MeCN according to Method C (entry 12, Table 1),
showed the presence of three compounds in a 58:20:22
molar ratio, which were subsequently identified as 17c,
(E)-27c¢ and (Z)-27¢, respectively. This mixture was purified
by MPLC on silica gel using a mixture of petroleum ether

and benzene (60:40) as eluant. Concentration of the first
eluted chromatographic fractions allowed isolation of (E)-
27c¢in 17% yield as an orange liquid. MS, m/z (%): 372 (12),
370 (12), 187 (100), 161 (8), 153 (8), 81 (10), 53 (11). IR
(film): » 1783, 1733, 1285, 1216, 1115, 976, 749 cm™". 'H
NMR (200 MHz, CDCly): &6 7.77 (1H, s), 2.77 (2H, t,
J=17.0 Hz), 1.57 (2H, pseudo-quint, /=7.0 Hz), 1.39-1.25
(4H, m), 0.89 ppm (3H, t, J=6.5 Hz). °C NMR (50 MHz,
CDCly): 6 165.0, 148.0, 142.7, 115.5,96.4, 37.6, 30.4, 28.7,
22.2, 13.9 ppm. Anal. Calcd for C;yH;,BrlO,: C, 32.37; H,
3.26. Found: C, 32.45; H, 3.44. Concentration of the inter-
mediate chromatographic fractions allowed isolation of (Z)-
27c in 19% yield as an orange liquid. MS, m/z (%): 372 (21),
370 (21), 189 (96), 187 (100), 153 (9), 81 (9), 53 (11). IR
(film): v 1781, 1629, 1553, 1248, 1126, 973, 749 cm ™. 'H
NMR (200 MHz, CDCly): 6 7.77 (1H, s), 2.68 (2H, t,
J=7.5Hz), 1.61 (2H, pseudo-quint, /=7.5 Hz), 1.39-1.20
(4H, m), 0.90 ppm (3H, t, J/=6.5 Hz). *C NMR (50 MHz,
CDCly): 6 164.3,149.8, 135.4, 114.1,95.2, 38.0, 30.4, 29.5,
22.3, 13.9 ppm. Anal. Calcd for CoH,BrlO,: C, 32.37; H,
3.26. Found: C, 32.40; H, 3.22. On the other hand, concen-
tration of the last eluted chromatographic fractions allowed
isolation of compound 17¢ as a pale yellow liquid in 46%
yield. MS, m/z (%): 372 (97), 370 (100), 287 (42), 285 (43),
189 (41), 187 (35), 117 (20). IR (film): » 1735, 1598, 1528,
1465, 1263, 1015, 746 cm™'. '"H NMR (200 MHz, CDCl5):
6 7.82 (1H, s), 2.70 (2H, t, J/=8.0 Hz), 1.72—-1.61 (2H, m),
1.39-1.25 (4H, m), 0.91 ppm (3H, t, J=7.0 Hz). *C NMR
(50 MHz, CDCl3): 6 165.0, 157.9, 151.8, 109.2, 66.4, 36.1,
31.0, 26.6, 22.2, 13.8 ppm. Anal. Calcd for C,(H,BrIO;: C,
32.37; H, 3.26. Found: C, 32.31; H, 3.44. It should be
noted that iodolactonization of 15¢ according to Method B
(entry 15, Table 1) furnished a mixture of 17¢, (E)-27¢c
and (Z)-27c¢ in a 94:4:2 molar ratio, respectively. This
mixture also contained ca. 11 and 5% of two compounds,
which presumably corresponded to the two stereoisomers
of 3-bromo-5-(1-chlorohexylidene)-2(5H)-furanone (28).
The MS spectrum of the major stereoisomer of this
compound was as follows. MS, m/z (%): 280 (16), 278
(12), 224 (40), 222 (28), 202 (37), 200 (35), 53 (100). The
MS spectrum of the minor stereoisomer was as follows. MS,
miz (%): 280 (26), 278 (20), 224 (56), 222 (42), 202 (58),
200 (47), 53 (100). Purification of this crude mixture by
MPLC on silica gel allowed isolation of pure 17¢ in 51%
yield. The spectral properties of this compound were in
agreement with those of 17¢ prepared from 15¢ by
Method C.

4.2.4. 4,6-Dipentyl-5-iodo-2(2H)-pyranone (17d) and 5-
[(E)-1-iodohexylidene]-4-pentyl- and 5-[(Z)-1-iodohexyl-
idene]-4-pentyl-2(5H)-furanone, [(E)-27d] and [(Z)-27d],
respectively. A GLC analysis of the crude reaction mixture,
which was obtained by iodolactonization of 15d in CH,Cl,
according to Method C (entry 17, Table 1), showed the
presence of three compounds in a 87:10:3 molar ratio,
which were subsequently identified as 17d, (E)- and (Z)-
27d, respectively. This mixture was purified by MPLC on
silica gel using toluene as eluant. Concentration of the first
eluted chromatographic fractions allowed isolation of
(E)-27d as an orange liquid in 9% yield. MS, m/z (%):
362 (36), 179 (100), 123 (28), 121 (12), 109 (15), 55 (98),
53 (77). IR (film): v 1772, 1589, 1465, 1170, 996, 937,
730 cm™ . '"H NMR (200 MHz, CDCl;): 8§ 6.10 (1H, t,
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J=1.5Hz), 2.92 (2H, t, J=7.5 Hz), 2.79 (2H, dt, J=7.5 and
1.5Hz), 1.64-1.25 (12H, m), 0.92 (3H, t, J=6.5 Hz),
0.89 ppm (3H, t, J=6.5 Hz). *C NMR (50 MHz, CDCl;):
6 167.1, 159.5, 148.2, 118.5, 91.2, 41.2, 31.3, 30.7, 30.5,
28.6, 27.8, 22.3 (2C), 139 ppm (2C). Anal. Calcd for
C5Hu310,: C, 49.73; H, 6.39. Found: C, 49.80; H, 6.51.
Concentration of the intermediate chromatographic frac-
tions allowed isolation of (Z)-27d (85% pure) in 2% yield
as an orange liquid. MS, m/z (%): 362 (26), 235 (23), 179
(100), 123 (28), 78 (12), 55 (53), 53 (76), 51 (21). IR (film):
v 1768, 1591, 1465, 1169, 1118, 1097, 912 cm™'. 'H NMR
(200 MHz, CDCly): &6 6.09 (1H, br s), 2.82 (2H, t,
J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 1.75-1.15 (12H, m),
0.95-0.89 ppm (6H, m). On the other hand, concentration
of the last eluted chromatographic fractions allowed iso-
lation of 17d in 76% yield as a pale yellow solid. Mp
35°C. MS, miz (%): 362 (27), 306 (48), 278 (53), 94 (26),
78 (28), 64 (32), 54 (100). IR (KBr): v 1713, 1597, 1530,
1465, 1016, 859, 732 cm ™~ '. "H NMR (200 MHz, CDCls): &
6.03 (1H, s), 2.80 (2H, t, J=7.5 Hz), 2.48 (2H, t, J=7.5 Hz),
1.73-1.31 (12H, m), 0.92 (3H, t, J=6.6 Hz), 0.91 ppm (3H,
t, J=7.0 Hz). *C NMR (50 MHz, CDCl5): 6 164.8, 161.7,
160.9, 110.1, 77.3, 40.3, 37.4, 31.2 (2C), 27.9, 26.7, 22.3
(2C), 13.9 ppm (2C). Anal. Calcd for C,5H,310,: C, 49.73;
H, 6.39. Found: C, 49.83; H, 6.47. It should be noted that
iodolactonization of 15d according to Method B (entry 19,
Table 1) furnished a crude reaction mixture in which 17d
was free from isomers but was contaminated by ca. 6 and
1% of two compounds which had similar mass spectra and
likely corresponded to the two stereoisomers of 5-(1-chloro-
hexylidene)-4-pentyl-2(5H)-furanone (29). The major
isomer of this compound had the following MS spectrum.
MS, miz (%): 270 (19), 235 (100), 214 (22), 179 (38), 157
(24), 123 (29), 55 (50). The minor isomer had the following
MS spectrum. MS, m/z (%): 270 (11), 235 (100), 214 (11),
179 (24), 157 (15), 123 (13). Purification by MPLC on silica
gel of this crude reaction mixture allowed isolation of 17d in
63% yield.

4.2.5. Methyl 6-methoxysalicylate (31b). A CH,Cl,
solution of BCl; (1.0 M, 168 ml, 168 mmol) was added
dropwise to a solution of methyl 2,6-dimethoxybenzoate
30) (11.0 g, 56.1 mmol) in CH,Cl, (330 ml) which was
maintained under stirring at 0°C. After stirring for additional
21.5 h at 0°C the reaction mixture was poured into ice water
(200 ml) and extracted with CH,Cl, (3%X300 ml). The
organic extract was washed with 2N HCl (150 ml) and
brine (150 ml), dried over Na,SO, and concentrated under
reduced pressure. The solid residue was purified by MPLC
on silica gel, using benzene as eluant, to give 31b (9.17 g,
90% vyield) as a colourless solid. Mp 50—52°C (lit.”> mp
43-45°C). MS, miz (%): 182 (39), 151 (29), 150 (100), 122
(43), 107 (27), 79 (14), 51 (8). IR (KBr): v 1656, 1610, 1583,
1457, 1232, 1087, 811 cm™'. "H NMR (200 MHz, CDCl5): &
11.49 (1H,s), 7.33 (1H, t, J=8.5 Hz), 6.60 (1H, d, /=8.5 Hz),
6.42 (1H, d, J=8.5 Hz), 3.96 (3H, s), 3.86 ppm (3H, s). The
spectral properties of this compound were in agreement with
those previously reported.”

4.3. General procedure for the synthesis of methyl 2-
(perfluoro-1-butanesulfonyloxy)benzoates (32)

A 60% dispersion of NaH in mineral oil (1.92 g,

48.0 mmol), which was maintained under an atmosphere
of nitrogen, was washed with pentane (3X30 ml). Dry
DMF (64 ml was added to the residue and the mixture
was stirred at 0°C. A solution of methyl 2-hydroxybenzoate
31 (32.0 mmol) in dry DMF (19 ml) was then added drop-
wise and the mixture was stirred at 0°C for 40 min and at rt
for 1h. Perfluoro-1-butanesulfonyl fluoride (6.61 ml,
36.8 mmol) was added and the resulting mixture was stirred
at rt for 2 h. It was then poured into a saturated aqueous
NH,Cl solution (300ml) and extracted with Et,O
(4%X200 ml). The organic extract was washed with water
(4%X50 ml), dried over Na,SO, and concentrated under
reduced pressure to give crude compounds 32 in 94-96%
yield.

4.3.1. Methyl 4-methoxy-2-(perfluoro-1-butanesulfonyl-
oxy)benzoate (32a). This crude compound was obtained
in 96% yield as a pale yellow solid starting from 31a accord-
ing to the above-mentioned procedure. Compound 32a had
the following properties. MS, m/z (%): 464 (65), 433 (45),
369 (46), 153 (100), 125 (43), 107 (31), 69 (48). '"H NMR
(200 MHz, CDCl;): 6 8.06 (1H, d, J=9.0 Hz), 6.95 (1H, dd,
J=9.0 and 2.5 Hz), 6.79 (1H, d, J/=2.5 Hz), 3.93 (3H, s),
3.88 ppm (3H, s). This compound was used in the next step
without any further purification and characterization.

4.3.2. Methyl 6-methoxy-2-(perfluoro-1-butanesulfonyl-
oxy)benzoate (32b). This crude compound was prepared
in 96% yield starting from 31b according to the same pro-
cedure employed for the synthesis of 32a. Compound 32b
had the following properties. MS, m/z (%): 464 (24), 433
(58), 153 (86), 151 (24), 150 (100), 149 (73), 107 (75). 'H
NMR (200 MHz, CDCl;): 6 7.45 (1H, t, J=8.5 Hz), 6.97
(1H, d, J=8.5 Hz), 6.95 (1H, d, /=8.5 Hz), 3.94 (3H, s),
3.89 ppm (3H, s). This compound was used in the next
step without any further purification and characterization.

4.3.3. Methyl 2-(perfluoro-1-butanesulfonyloxy)-benzo-
ate (32c). This crude product, which was prepared in 94%
yield starting from methyl 2-hydroxybenzoate (31¢) accord-
ing to the above-mentioned procedure, had the following
properties. Mp 42-45°C. Ms, m/z (%): 434 (6), 339 (33),
151 (16), 135 (33), 123 (65), 95 (90), 69 (100). 'H NMR
(200 MHz, CDCl3): 6 8.10 (1H, dd, /=7.5 and 1.5 Hz), 7.64
(1H, dt, /=8.0 and 1.0 Hz), 7.48 (1H, pseudo-t, J=7.0 Hz),
7.30 (1H, t, J=8.0 Hz), 3.97 ppm (3H, s). The spectral
properties of this compound were in agreement with
those previously reported.'® This crude product was used
in the next step without any further purification and
characterization.

4.4. General procedure for the Pd-catalyzed cross-
coupling reactions between 2-arylethynylzinc chlorides
and aryl nonaflates 32

A slurry of a 2-arylethynylzinc chloride in THF was
prepared by addition of a THF solution of the corresponding
Grignard reagent (0.504 M, 73 ml, 36.8 mmol) to a slurry of
dry ZnCl, (6.52 g, 47.8 mmol) in THF (50 ml), which was
stirred at 0°C. After stirring for additional 20 min, a solution
of Pdy(dba); (0.28 g, 0.31 mmol), dppf (0.34 g, 0.61 mmol)
and aryl nonaflate 32 (30.7 mmol) in THF (125 ml) was
added. The resulting mixture was allowed to warm up to
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rt and then heated to 60°C until completion of the reaction
(2-21 h). After usual workup the crude reaction product
was diluted with the solvent (100 ml) which was subse-
quently used for its purification by MPLC on silica gel
and filtered over Celite. The filtrate was concentrated
under reduced pressure and the residue was purified by
MPLC on silica gel. Compounds 18a,-d were prepared
according to this procedure.

4.4.1. Methyl 4-methoxy-2-(4-methoxphenyl)ethynyl-
benzoate (18a). The crude reaction product, which was
obtained from the Pd-catalyzed reaction between
(4-methoxyphenyl)ethynylzinc chloride (33) and 32a
according to the above-mentioned procedure, was purified
by MPLC on silica gel, using a mixture of CH,Cl, and
hexane (50:50) as eluant, to give in 87% yield 18a as a
pale yellow solid. Mp 84-87°C. MS, m/z (%): 297 (14),
296 (70), 281 (100), 265 (17), 253 (26), 225 (13), 151
(10). IR (KBr): v 2211, 1719, 1597, 1510, 1258, 1120,
839 cm~'. '"H NMR (200 MHz, CDCl3): & 7.96 (1H, d,
J=9.0Hz), 753 (2H, d, J=9.0Hz), 7.10 (1H, d,
J=2.5 Hz), 6.96-6.80 (3H, m), 3.93 (3H, s), 3.87 (3H, s),
3.83 ppm (3H, s). *C NMR (50 MHz, CDCl;): & 166.2,
161.9, 159.8, 133.2 (2C), 132.5, 126.0, 123.7, 118.0,
115.3, 114.0, 113.9 (2C), 94.4, 87.2, 55.5, 55.3, 51.9 ppm.
Anal. Calcd for CgH04: C, 72.96; H, 5.44. Found: C,
73.04; H, 5.61. GLC analysis showed that 18a had chemical
purity higher than 97%.

4.4.2. Methyl 2-(3,4-dimethoxyphenyl)ethynyl-6-meth-
oxybenzoate (18b). The crude reaction product, which
was obtained from the Pd-catalyzed reaction between
(3,4-dimethoxyphenyl)ethynylzinc chloride (34) and 32b
according to the above mentioned procedure, was purified
by MPLC on silica gel, using a mixture of CH,Cl,, hexane
and Et,O (70:27:3) as eluant, to give compound 18b in 86%
yield as a pale yellow solid. Mp 92-94°C. MS, m/z (%): 327
(21), 326 (100), 312 (15), 311 (74), 296 (12), 295 (23), 253
(14). IR (KBr): v 2209, 1728, 1513, 1275, 1250, 1066,
802 cm !, '"H NMR (200 MHz, CDCl;): & 7.32 (IH, t,
J=8.5Hz), 7.13 (1H, d, J=7.5Hz), 7.09 (1H, dd, J=7.5
and 1.5Hz), 698 (1H, d, J=1.5Hz), 6.89 (1H, d,
J=8.5Hz), 6.82 (1H, d, J=8.5Hz), 3.96 (3H, s), 3.89
(6H, s), 3.85 ppm (3H, s). *C NMR (50 MHz, CDCl;): &
167.4, 156.1, 149.6, 148.5, 130.4, 125.7, 125.0, 124.0,
122.4, 114.9, 114.1, 111.0 (2C), 93.0, 84.9, 56.0, 55.9
(2C), 52.4 ppm. Anal. Calcd for C;oH305: C, 69.93; H,
5.56. Found: C, 69.75; H, 5.46. GLC analysis showed that
compound 18b had chemical purity higher than 99%.

4.4.3. Methyl 6-methoxy-2-phenylethynylbenzoate (18c).
The crude reaction product, which was obtained from the
Pd-catalyzed reaction between phenylethynylzinc chloride
(35) and 32b according to the above mentioned procedure,
was purified by MPLC on silica gel, using a mixture of
hexane and benzene (10:90) as eluant, to give 18c in 90%
yield as a pale yellow solid. Mp 47-48°C. MS, m/z (%): 266
(81), 251 (100), 235 (78), 233 (41), 191 (48), 162 (50), 87
(67). IR (KBr): v 2214, 1728, 1573, 1262, 1068, 796,
759 cm™'. 'TH NMR (200 MHz, CDCl,): 6 7.60-7.43 (2H,
m), 7.45-7.13 (4H, m), 7.18 (1H, d, /=8.5 Hz), 6.93 (1H, d,
J=8.5Hz), 3.99 (3H, s), 3.87 ppm (3H, s). *C NMR
(50 MHz, CDCly): 6 167.3, 156.1, 131.6 (2C), 1304,

128.6, 128.3 (2C), 125.9, 124.1, 122.7, 122.1, 111.2, 92.8,
86.2, 56.0, 52.5ppm. The spectral properties of this
compound were in agreement with those previously
reported.”

4.4.4. Methyl 2-(phenylethynyl)benzoate (18d). The crude
reaction product, which was obtained from the Pd-catalyzed
reaction between 35 and 32c¢ according to the above
mentioned procedure, was purified by MPLC on silica gel,
using a mixture of toluene and hexane (80:20) as eluant, to
give 18d in 85% yield as a pale yellow liquid. MS, m/z (%):
236 (100), 221 (76), 205 (24), 176 (46), 165 (41), 88 (18), 75
(6). IR (film): » 2218, 1730, 1598, 1294, 1129, 1080,
758 cm~'. '"H NMR (200 MHz, CDCls): & 7.94 (1H, dd,
J=7.5 and 1.5Hz), 7.64-7.53 (3H, m), 7.42 (1H, dt,
J=17.5 and 1.6 Hz), 7.36-7.26 (4H, m), 3.92 ppm (3H, s).
The spectral properties of this compound were in agreement
with those previously reported."’

4.4.5. 4-Methoxy-2-(4-methoxyphenyl)ethynylbenzoic
acid (19a). Compound 18a (3.50 g, 11.8 mmol) was added
to a solution of KOH (7.16 g, 127 mmol) in water (26 ml)
and 96% EtOH (96 ml) and the resulting mixture was stirred
at rt for 18 h. It was then cooled to 0°C and neutralized with
Amberlite IRC-76. The resin was then removed by filtration.
Evaporation of the solvent from the filtrate at rt under
reduced pressure furnished 19a (3.29 g, 99% yield) as a
colourless solid. Mp 86-89°C. IR (KBr): » 2198, 1603,
1510, 1379, 1248, 1090, 831 cm™'. '"H NMR (200 MHz,
DMSO-d%: & 7.80 (IH, d, J=9.0Hz), 7.48 (2H, d,
J=8.5Hz), 7.01 (1H, d, J=2.5Hz), 7.02-6.86 (3H, m),
3.81 (3H, s), 3.77 ppm (3H, s). This compound was used
in the next step without any further purification and
characterization.

4.4.6. 2-(Phenylethynyl)benzoic acid (19¢). Compound
18d (1.00 g, 4.23 mmol) was added to a solution of KOH
(2.57 g, 45.8 mmol) in water (9.40 ml) and 96% EtOH
(34.4 ml) and the resulting mixture was stirred at rt for
18 h. It was then concentrated at rt under reduced pressure
and the residue was diluted with water (90 ml) and extracted
with Et,O (2X30 ml). The aqueous phase was then cooled to
0°C, acidified with cold 5% H,SO, and extracted with Et,O
(4%40 ml). The organic extract was dried over Na,SO, and
concentrated under reduced presure to give 18d (0.877 g,
93% yield) as a colourless solid. Mp 126—128°C (lit."" mp
127-128°C). IR (KBr): v 2211, 1689, 1493, 1299, 1261,
755, 686 cm . "H NMR (200 MHz, CDCl5): & 10.59 (1H,
brs), 8.15 (1H, dd, /=8.0 and 1.5 Hz), 7.71-7.25 ppm (8H,
m). This compound was used in the next step without any
further purification and characterization.

4.5. General procedure for iodolactonization of methyl
2-[(arylethynyl]benzoates 18 and 2-[(aryl)ethynyl]-
benzoic acids 19. Synthesis of 3-aryl-4-iodoisocoumarins
20 and (E)-3-[(1-aryl-1-iodo)methylidene]phthalides 39

Two methods were used for iodolactonization of methyl
esters 18 (Methods B and C). Method B was used for
iodolactonization of 18c and d (entries 5 and 9, Table 2).
In particular, to a deaerated solution of 18c or d (3.01 mmol)
in CH,Cl, (27 ml) was added a solution of ICl in CH,Cl,
(1.00 M, 3.01 ml, 3.01 mmol) and the resulting mixture was
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stirred under nitrogen at rt in the dark for 3.5 h. It was then
poured into a 10% aqueous Na,S,0; solution (50 ml) and
extracted with CHCl; (5X40 ml). The organic extract was
washed with water (50 ml), dried over Na,SO, and concen-
trated under reduced pressure. The residue, which was
analyzed by GLC, was purified by MPLC on silica gel.

Method C was used for iodolactonization of 18a-d in
MeCN at rt (entries 1—4, Table 2). In particular, to a solution
of an ester 18 (8.77 mmol) in MeCN (48 ml) was added
iodine (6.68 g, 26.3 mmol) and the mixture was stirred at
rt under nitrogen in the dark for 3 h. After usual workup the
crude reaction product was purified by MPLC on silica gel.
It should be noted that Method C was also used for iodo-
lactonization of 18a and b in MeCN at 52—-57°C for 1.5h
(entries 6 and 7, Table 2).

On the other hand, Method A was employed for iodo-
lactonization of 19a and ¢ (entries 8 and 10, Table 2). In
particular, to a suspension of NaHCO; (3.31 g, 39.4 mmol)
in MeCN (20 ml) were added sequentially a solution of 19a
or ¢ (13.1 mmol) in MeCN (68 ml) and iodine (10.0 g,
39.4 mmol) and the mixture was stirred vigorously under
nitrogen in the dark at rt for 1.5 h at which time the reaction
was complete as shown by TLC analysis. The reaction
mixture was then poured into a 10% aqueous Na,S,03 solu-
tion (70 ml) and extracted with AcOEt (5X100 ml). The
organic extract was washed with water (50 ml), dried over
Na,SO;, and concentrated under reduced pressure. The resi-
due, which was analyzed by GLC, was purified by MPLC on
silica gel.

4.5.1. 4-Jodo-6-methoxy-3-(4-methoxyphenyl)iso-coumarin
(20a). The crude reaction product, which was obtained by
iodolactonization of 18a according to Method C (entry 1,
Table 2), was purified by MPLC on silica gel, using a
mixture of CH,Cl, and petroleum ether (70:30) as eluant,
to give 20a in 98% yield as a colourless solid. Mp 187—
188°C. MS, miz (%): 408 (94), 380 (54), 253 (100), 225
(36), 210 (26), 135 (26), 77 (21). IR (KBr): v 1729, 1610,
1483, 1305, 1076, 1028, 829 cm™'. 'H NMR (200 MHz,
CDCl3): 6 822 (1H, d, J=85Hz), 7.66 (2H, d,
J=9.0 Hz), 7.29 (1H, d, J=2.5Hz), 7.06 (1H, dd, J=8.5
and 2.5Hz), 697 (2H, d, J=9.0Hz), 3.98 (3H, s),
3.88 ppm (3H, s). °C NMR (50 MHz, CDCl;): & 165.4,
161.3, 160.7, 155.3, 140.7, 132.1, 131.5 (2C), 127.6,
116.6, 114.6, 113.2 (2C), 113.1, 75.9, 55.8, 55.3 ppm.
Anal. Calcd for C7H310,4: C, 50.02; H, 3.21. Found: C,
49.85; H, 3.25. It should be noted that iodolactonization
of 18a at 52-57°C according to this same method provided
20a in 80% yield (entry 6, Table 2). On the other hand, this
same compound having 90% chemical purity was obtained
in 18% yield by iodolactonization of 19a according to
Method A (entry 8, Table 2).

4.5.2. 4-Iodo-3-(3,4-dimethoxyphenyl)-8-methoxyiso-
coumarin (20b). The crude reaction product, which was
obtained by iodolactonization of 18b according to Method
C (entry 2, Table 2), was purified by MPLC on silica gel,
using a mixture of CH,Cl, and petroleum ether (70:30) as
eluant, to give 20b in 89% yield as a colourless solid. Mp
220-224°C. IR (KBr): » 1736, 1510, 1473, 1257, 1171,
1001, 806 cm™'. "H NMR (200 MHz, CDCl;): 8 7.72 (1H,

t, J=8.5 Hz), 7.51 (1H, dd, J/=8.5 and 1.0 Hz), 7.32 (1H, dd,
J=8.5 and 2.0 Hz), 7.21 (1H, d, J/=2.0 Hz), 7.07 (1H, dd,
J=8.5 and 1.0 Hz), 6.93 (1H, d, /=8.5 Hz), 4.04 (3H, s),
3.94 ppm (3H, s). °C NMR (50 MHz, CDCl;): 6 161.4,
158.1, 155.5, 150.3, 148.1, 140.7, 136.0, 127.6, 123.7,
123.5, 1129, 110.8, 110.1, 108.6, 75.4, 56.6, 56.0,
55.9 ppm. Anal. Calcd for CigH;s5I0s: C, 49.34; H, 3.45.
Found: C, 49.14; H, 3.27. It should be noted that iodolacto-
nization of 18b at 52—57°C according to this same method
furnished 20b in 24% yield (entry 7, Table 2). It is is also
worth mentioning that purification by MPLC on silica gel of
the crude reaction mixture derived from this last reaction
allowed isolation of 3-(3,4-dimethoxyphenyl)-8-methoxy-
isocoumarin (40) solid in 4% yield as a pale yellow. Mp
148—-150°C. MS, m/z (%): 312 (100), 284 (46), 269 (22),
165 (12), 142 (10), 119 (15), 76 (10). IR (KBr): v 1729,
1698, 1566, 1515, 1254, 991, 805cm . 'H NMR
(200 MHz, CDCl5): 6 7.59 (1H, t, J=8.0 Hz), 7.46 (1H,
dd, J=8.5 and 2.0 Hz), 7.35 (1H, d, J/=2.0 Hz), 6.99 (1H,
dd, /=8.0 and 1.0 Hz), 6.92 (1H, d, /=8.5 Hz), 6.90 (1H, br
d, /=8.0Hz), 6.74 (1H, s), 4.01 (3H, s), 3.98 (3H, s),
3.93 ppm (3H, s). *C NMR (50 MHz, CDCly): & 161.5,
159.0, 153.8, 150.6, 149.0, 140.6, 135.6, 124.6, 118.5,
117.7, 111.0, 109.4, 108.8, 108.2, 100.5, 56.3, 56.1,
56.0 ppm. The spectral properties of this compound were
in agreement with those previously reported.'’

4.5.3. 4-Iodo-8-methoxy-3-phenylisocoumarin (20c) and
(E)-3-[(1-iodo-1-phenyl)methylidene]-7-methoxy-phthal-
ide (39¢). The crude reaction mixture, which was obtained
by iodolactonization of 18c according to Method B (entry 9,
Table 2), was purified by MPLC on silica gel using a
mixture of benzene and AcOEt (90:10) as eluant. Concen-
tration of the first eluted chromatographic fractions allowed
isolation of 39¢ in 38% yield as a pale yellow solid. Mp
155-158°C. MS, m/z (%): 378 (5), 252 (17), 236 (18), 195
(23), 165 (11), 152 (10). IR (KBr): » 1778, 1489, 1288,
1047, 1014, 997, 688 cm™'. 'H NMR (600 MHz, CDCl,):
6 8.52, (1H, d, /=8.0 Hz), 7.76 (1H, dd, J/=8.5 and 8.0 Hz),
7.54 (2H, m), 7.40 (2H, m), 7.29 (1H, m), 7.09 (1H, d,
J=8.5Hz), 404ppm (3H, s). “C NMR (150 MHz,
CDCly): 6 163.4, 158.7, 144.1, 140.7, 140.4, 136.1, 130.1
(20), 1289, 128.1 (20), 1169, 113.2, 112.6, 80.0,
56.3 ppm. Anal. Calcd for C¢H;;10;5: C, 50.82; H, 2.93.
Found: C, 50.93; H, 3.15. Concentration of the last eluted
chromatographic fractions allowed isolation of compound
20c in 47% yield as a pale yellow solid. Mp 150-152°C.
MS, miz (%): 378 (30), 233 (46), 223 (23), 195 (33), 152
(20), 105 (100), 77 (61). IR (KBr): v 1741, 1721, 1567,
1474, 1257, 1211, 692cm™'. 'H NMR (200 MHz,
CDCL): 6 7.72 (1H, t, J=8.0Hz), 7.71-7.63 (2H, m),
7.51 (1H, dd, J/=8.0 and 1.0 Hz), 7.48-7.41 (3H, m), 7.07
(1H, d, J=8.0 Hz), 4.04 ppm (3H, s). *C NMR (50 MHz,
CDCly): 6 161.5, 157.9, 155.7, 140.4, 136.0, 135.3, 130.0,
129.9 (20), 127.9 (2C), 123.7, 110.9, 108.7, 75.8, 56.6 ppm.
Anal. Calcd for CigHy;105: C, 50.82; H, 2.93. Found: C,
50.90; H, 2.99. It should be noted that iodolactonization
of 18c according to Method C (entry 3, Table 2)
furnished compounds 39¢ and 20c¢ in 66 and 26% yield,
respectively.

4.5.4. 4-Todo-3-phenylisocoumarin (20d). The crude reac-
tion product, which was obtained by iodolactonization of
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19¢ according to Method A (entry 10, Table 2), was purified
by MPLC on silica gel using a mixture of benzene and
hexane (90:10) to give 20d in 88% yield as a colourless
solid. Mp 136-138°C (lit."" mp 135°C). MS, m/z (%): 348
(91), 320 (48), 193 (65), 165 (100), 105 (92), 88 (48), 77
(87). IR (KBr): v 1738, 1624, 1073, 1054, 1017, 767,
700 cm~'. 'H NMR (200 MHz, CDCl;): & 8.29 (1H, dd,
J=8.0 and 1.5 Hz), 7.88 (1H, dd, /=8.0 and 1.5 Hz), 7.81
(1H, dt, J=8.0 and 1.5 Hz), 7.73-7.63 (2H, m), 7.56 (1H, dt,
J=8.0 and 1.5Hz), 7.51-7.42 ppm (3H, m). *C NMR
(50 MHz, CDCl3): & 161.3, 154.6, 138.0, 135.6, 135.1,
131.4, 130.0, 129.9 (2C), 129.6, 129.1, 128.0 (2C), 120.1,
76.4 ppm. Anal. Calcd for CsHolO,: C, 51.75; H, 2.60.
Found: C, 51.66; H, 2.45. Interestingly, iodolactonization
of 18d according to Methods B and C furnished 20d in 81
and 83% yield, respectively (entries 5 and 4, Table 2).

4.6. Synthesis of 3-(3,4-dimethoxyphenyl)-8-methoxy-
isocoumarin (40) by Pd-catalyzed triethyl-ammonium
formate reduction of 4-iodo-3-(3,4-dimethoxyphenyl)-8-
methoxyisocoumarin (20b)

Formic acid, 99%, (226 mg, 4.92 mmol) was added to a
deaerated mixture of 20b (1.08 g, 2.46 mmol), Et;:N
(1.03 ml, 7.38 mmol), Pd(OAc), (11.0 mg, 0.0492 mmol)
and PPh; (25.8 mg, 0.984 mmol) in dry DMF (60 ml) and
the mixture was stirred at 60°C for 5 h under argon. It was
then cooled to rt, poured into a saturated aqueous NH,Cl
solution (100 ml) and extracted with AcOEt (5X100 ml).
The organic extract was washed with brine (50 ml), dried
over Na,SO, and concentrated under reduced pressure. The
residue was purified by MPLC on silica gel, using a mixture
of benzene and AcOEt (65:35) as eluant, to give compound
40 (0.716 g, 93% yield) as a pale yellow solid. Mp 148—
150°C. The spectral properties of this compound were in
agreement either with those of 40 obtained from iodolacto-
nization of 18b by Method C at 52-57°C or with those
previously reported.'”

4.7. General procedure for the synthesis of 2(2H)-
pyranone derivatives of general formula 21 by a one-pot
sequence of iodolactonization—Stille-type reactions

To a deaerated solution of an ester 15 (3.0 mmol) in CH,Cl,
or 1,2-dichloroethane (20 ml) was added a deaerated solu-
tion of ICI (487 mg, 3.0 mmol) in CH,Cl, or 1,2-dichloro-
ethane (10 ml) and the mixture was stirred in the dark under
argon at rt until a GLC analysis showed that the reaction was
complete. A deaerated solution of an organotributyltin (3.3—
3.7 mmol) in CH,Cl, or 1,2-dichloroethane (20 ml) and a Pd
catalyst were sequentially added and the mixture was stirred
at the temperature and for the period of time reported in
Table 3. This table also indicates the solvent used for the
reaction. The reaction mixture was then cooled to rt, treated
with solid KF (2.61 g, 45.0 mmol) and the resulting mixture
was stirred for 5 h at rt. It was then filtered through Celite
and the filtrate was extracted with CH,Cl, or 1,2-dichloro-
ethane (3%X25 ml). The organic extract was washed with
water (20 ml), dried over Na,SO, and concentrated under
reduced pressure. The residue was purified by MPLC on
silica gel. This procedure was used to prepare compounds
2la—e (Table 3). It should be noted that two types of Pd
catalysts were used for the synthesis of compounds 21. The

reactions involving 1-alkynyltributyltin derivatives (entries
1 and 2, Table 3) were performed using 3 mol%
PdCl,(PPh;3), (catalyst A), whereas those involving aryl-
tributyltin derivatives (entries 3—5, Table 3) were carried
out in the presence of 5 mol% PdCl,(PhCN),, 10 mol% Cul
and 10 mol% AsPhj; (catalyst B).

4.7.1. 3-Bromo-5-(1-hexynyl)-6-pentyl-2(2H)-pyranone
(21a). The crude reaction product, which was obtained by
iodolactonization of 15¢ in CH,Cl, followed by treatment
with 1-hexynyltributyltin (41a) in the presence of catalyst A
(entry 1, Table 3), was purified by MPLC on silica gel using
toluene as eluant to give compound 21a in 38% yield as an
orange liquid. MS, m/z: (%): 326 (86), 324 (83), 269 (94),
267 (100), 227 (47), 115 (44), 99 (41). IR (film): v 2234,
1747, 1621, 1533, 1465, 938, 748cm '. 'H NMR
(200 MHz, CDCly): &6 7.62 (1H, s), 2.66 (2H, t,
J=7.5Hz), 2.38 (2H, t, J=6.5 Hz), 1.73-1.17 (10H, m),
0.97-0.86 ppm (6H, m). °C NMR (50 MHz, CDCl;): &
168.6, 157.9, 147.3, 107.8, 102.4, 95.7, 72.5, 324, 31.1,
30.5, 26.7, 22.2, 21.9, 19.0, 13.9, 13.6 ppm. Anal. Calcd
for C;¢H,BrO,: C, 59.08; H, 6.50. Found: C, 58.90; H, 6.61.

4.7.2.  3-Bromo-6-pentyl-5-phenylethynyl-2(2H)-pyra-
none (21b). The crude reaction product, which was obtained
by iodolactonization of 15¢ in 1,2-dichloroethane followed
by treatment with phenylethynyltributyltin (41b) in the
presence of catalyst A (entry 2, Table 3), was purified by
MPLC on silica gel, using a mixture of toluene and hexane
(88:12) as eluant, to give compound 21b in 52% yield as an
orange solid. Mp 49-52°C. MS, m/z (%): 346 (27), 344 (30),
289 (97), 287 (100), 152 (48), 138 (30), 105 (54). IR (KBr):
v 2208, 1745, 1620, 1533, 1490, 934, 755 cm™'. '"H NMR
(200 MHz, CDCl3): 6 7.73 (1H, s), 7.74-7.34 (5H, m), 2.76
(2H, t, J=7.5Hz), 1.75 (2H, pseudo-quint, J=7.5 Hz),
1.41-1.31 (4H, m), 0.90 ppm (3H, t, J=7.0 Hz). °C NMR
(50 MHz, CDCls): 6 169.2, 157.5, 146.6, 131.2 (2C), 128.8,
128.4 (20), 122.0, 108.0, 102.0,94.3, 81.1, 32.6, 31.1, 26.7,
22.2, 13.9 ppm. Anal. Calcd for CgH;;BrO,: C, 62.62; H,
4.96. Found: C, 62.88; H, 4.91.

4.7.3. 3-Bromo-6-pentyl-5-phenyl-2(2H)-pyranone (21c).
The crude reaction product, which was obtained by iodo-
lactonization of 15¢ in 1,2-dichloroethane followed by treat-
ment with phenyltributyltin (41c) in the presence of catalyst
B (entry 3, Table 3), was purified by MPLC on silica gel,
using a mixture of petroleum ether and AcOEt (95:5) as
eluant, to give compound 21c¢ in 43% yield as a pale yellow
liquid. MS, m/z (%): 322 (99), 320 (100), 265 (22), 263 (16),
251 (45), 237 (57), 235 (53). IR (film): v 1737, 1629, 1532,
1495, 943, 768, 749 cm ™~ '. '"H NMR (200 MHz, CDCls): &
7.66 (1H, s), 7.46-7.20 (5H, m), 2.48 (2H, t, J=7.5 Hz),
1.67 (2H, pseudo-quint, J=7.5 Hz), 1.32-1.17 (4H, m),
0.83ppm (3H, t, J=6.5Hz).). C NMR (50 MHz,
CDCl;): 0 162.5, 158.7, 147.7; 134.6, 128.8 (2C), 128.7
(2C), 128.2, 118.6, 108.3, 31.1 (2C), 27.2, 22.1, 13.8 ppm.
Anal. Calcd for C;cH7BrO,: C, 59.83; H, 5.33. Found: C,
60.01; H, 5.42.

4.7.4. 3-Bromo-5-(4-chlorophenyl)-6-pentyl-2(2H)-pyra-
none (21d). The crude reaction product, which was obtained
by iodolactonization of 15¢ in 1,2-dichloroethane followed
by treatment with 4-chlorophenyltributyltin (41d) in the
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presence of catalyst B (entry 4, Table 3), was purified by
MPLC on silica gel, using toluene as eluant, to give in 30%
yield compound 21d as a pale yellow liquid. MS, m/z: 356
(82), 354 (71), 285 (100), 283 (70), 229 (63), 162 (42), 113
(58). IR (film): v 1737, 1628, 1533, 1493, 1088, 999,
833 cm” . 'H NMR (200 MHz, CDCl;): 8 7.66 (1H, s),
7.43 (2H, d, J=8.5 Hz), 7.21 (2H, d, J=8.5 Hz), 2.48 (2H,
t,J=7.5 Hz), 1.69 (2H, pseudo-quint, J=7.0 Hz), 1.40-1.15
(4H, m), 0.87 ppm (3H, t, J=6.0 Hz). >*C NMR (50 MHz,
CDCly): 6 162.6, 158.3, 147.1, 134.3, 133.0, 130.1 (2C),
129.0 20), 117.5, 108.4, 31.2, 31.1, 27.2, 22.1, 13.8 ppm.
Anal. Calcd for C¢H;sBrCl0O,: C, 54.03; H, 4.53. Found: C,
53.89; H, 4.42.

4.7.5. 4,6-Dipentyl-5-phenyl-2(2H)pyranone (21e). The
crude reaction product, which was obtained by iodolactoni-
zation of 15d in 1,2-dichloroethane followed by treatment
with phenyltributyltin (41c) in the presence of catalyst B
(entry 5, Table 3), was purified by MPLC on silica gel,
using a mixture of petroleum ether and AcOEt (95:5) as
eluant, to give compound 21e in 38% yield as a pale yellow
liquid. MS, m/z (%): 312 (22), 256 (37), 228 (100), 227 (23),
185 (18), 171 (15), 55 (18). IR (film): » 1731, 1631, 1544,
1444, 1006, 769, 705 cm™'. '"H NMR (200 MHz, CDCl5): &
7.45-7.35 (3H, m), 7.16-7.10 (2H, m), 6.07 (1H, s), 2.23
(2H,t,J=7.7 Hz), 2.10 (2H, t, J=7.5 Hz), 1.57 (2H, pseudo-
quint, J/=7.5 Hz), 1.34 (2H, pseudo-quint, /=7.5 Hz), 1.25—-
1.05 (8H, m), 0.83-0.75 ppm (6H, m). *C NMR (50 MHz,
CDCl;): 6 162.8, 162.1, 160.6, 134.3, 130.0 (2C), 128.5
(20), 1279, 119.1, 109.8, 33.4, 31.6, 31.1 (2C), 27.6,
27.2, 22.1 (2C), 13.8, 13.7ppm. Anal. Calcd for
C,1H50,: C, 80.73; H, 9.03. Found: C, 80.86; H, 9.12.

4.7.6. Methyl-6-pentyl-5-phenylethynyl-2(2H)-pyranone
(22a) and 6-pentyl-5-phenylethynyl-2(2H)pyranone
(42). To a deaerated solution of 15¢ (1.02 g, 3.9 mmol) in
1,2-dichloroethane (20 ml) was added a deaerated solution
of IC1 (633 mg, 3.9 mmol) in 1,2-dichloroethane (10 ml)
and the mixture was stirrred in the dark under argon until
the reaction was complete (6 h). A deaerated solution of
phenylethynyltributyltin (41b) (1.90 g, 4.9 mmol) in 1,2-
dichloroethane (20 ml) and PdCIl,(PPh;), (137 mg,
0.19 mmol) were sequentially added and the resulting
mixture was stirred at 70°C under argon for 16 h. After
this period a GLC analysis of a sample of the reaction
mixture showed that 17b, which was an intermediate of
this sequence, and compound 41b had been completely
consumed. The mixture was then cooled to rt, treated with
a deaerated solution of tetramethyltin (2.09 g, 11.7 mmol) in
1,2-dichloroethane (10 ml) and the resulting mixture was
heated to 90°C for 48 h under argon. It was then cooled to
rt and worked up using a procedure very similar to that
employed in the preparation of compounds 21. The crude
reaction product was purified by MPLC on silica gel using
toluene as eluant. Concentration of the first eluted chroma-
tographic fractions allowed isolation of 22a (87 mg, 8%
yield) as a pale yellow liquid. MS, m/z (%): 280 (23), 224
(15), 223 (100), 153 (22), 152 (28), 105 (39), 77 (11). IR
(film): v 2213, 1728, 1566, 1382, 1032, 997, 756 cm™'. 'H
NMR (200 MHz, CDCl3): 6 7.57-7.40 (SH, m), 7.20 (1H, q,
J=1.5Hz),2.79 (2H, t,J=7.5 Hz), 2.12 (3H, br s), 1.77 (2H,
pseudo-quint, J=7.5 Hz), 1.45-1.30 (4H, m), 0.92 ppm
(3H, t, J=6.5 Hz). *C NMR (50 MHz, CDCl;): & 167.2,

162.8, 141.7, 131.2 (2C), 128.5, 128.3 (2C), 122.6, 122.3,
101.0, 93.4, 82.8, 32.5, 31.2, 26.9, 22.3, 16.4, 13.9 ppm.
Anal. Calcd for C;gH,;0,: C, 81.40; H, 7.19. Found: C,
81.47; H, 7.25. Concentration of the last eluted chromato-
graphic fractions allowed isolation of 42 (52 mg, 5% yield)
as a pale yellow liquid. MS, m/z (%): 266 (34), 210 (16), 209
(100), 153 (8), 152 (10), 139 (32), 105 (9). IR (film): v 2216,
1743, 1542, 1490, 1080, 823, 756cm '. 'H NMR
(200 MHz, CDCl;): 6 7.60-7.20 (6H, m), 6.21 (1H, d,
J=9.5 Hz), 2.81 (2H, t, J=7.5 Hz), 1.79 2H, pseudo-quint,
J=7.5Hz), 1.45-1.20 (4H, m), 0.93 ppm (3H, t, /=6.5 Hz).
BC NMR (50 MHz, CDCl;): & 170.1, 161.0, 145.8, 131.2
(20), 128.6, 128.4 (2C), 122.4, 112.9, 101.0, 93.9, 824,
329, 31.2, 26.8, 223, 139ppm. Anal. Calcd for
C3H;30,: C, 81.17; H, 6.81. Found: C, 81.31; H, 6.97.
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