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By making the choice of either PdC12(MeCN)2 or PTH rac- 
4 as catalyst, the alleriyl ketones 1 could be preferentially 
cycloisomerized/dimerized to either 2,4-disubstituted furans 
3 or preferentially cycloisomerized to the monosubstituted 
furans 2. Since the PTH catalyst tolerates functional groups 
like terminal alkynes, a-halogen ketones, and alkyl halides 
that inhibit the silver catalysis, the latter method is an impor- 

tant extension of Marshall's Ag'-catalyzed isomerization of 
1 to 2. Some of these latter reactions also showed exciting 
chemoselectivities, e.g. with allenyl ketones, such as l c  and 
Id, which also possess a 1,G-enyne substructure, no enyne- 
cyclization was observed. This i s  also the first reported exam- 
ple of catalysis by a PTH. 

In 1990 Marshall reported in the literature on the sil- 
ver(1)-catalyzed cycloisomerization of allenyl ketones l to 
furans 2L11. We recently reported the cyclization/dimeri- 
zation of 1 to the 2,4-disubstituted furans 3 by means of 
palladium catalysts F2I. 
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acetonitrile (MeCN), instead of TCPCTFE['] in acetoner2I, 3 
was formed almost exclusively. This observation was very 
important since PdC12(MeCN)2 is probably the most eas- 
ily['lI available soluble Pd" compound. while TCPCTPE is 
not readily available. Under the same conditions our newly 
developed S-palladatricyclo[4.1 .0.02.4]heptane catalyrt 
(PTH, 4C3l) produced, in addition to 3, appreciable amounts 
of 2 (see below). This observation suggested that when 4 is 
used in solvents which, with TCPCrFE, favor the formation 
of 2, the latter should be preferentially formed. The Pd" 
catalysts tolerate numerous functionalities in the substituent 
group R that would be interesting for applications in or- 
ganic synthcsis but are known to react with Marshall's sil- 
ver Ag' catalyst and thus inhibit catalysis. Therefore such a 
selective formation of 2, through the use of the catalyst 4, 
would be of general interest. 

Synthesis of the Test Substrates 

In order to investigate this point wc chose terminal alkynes, 
an a-halogen ketone and unactivated alkyl halides as ad- 
ditional functional groups in the substrate I ;  all or which 
are incompatible with Ag' ions. 

Iu the palladium-catalyzed reactions the ratio of 213 de- The different substrates la-lj  used in this investigation 
pends on the choice of the solvent and the In were synthesized by two methods. (1) The addition of alle- 
some exploratory experiments we discovered that with di- nylmagnesium bromide 5 to aldehydes 6[6al. The resulting 
chlorobis(acetonitrile)palladium(II) [PdCI2(MeCN)-J in secondary homopropargylic alcohols 7 were then oxidized 
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to 1 by the Dess-Martin periodinane (DMP) reagent"]. (2) 
The direct addition of 5 to carboxylic acid esters 8 at low 
temperatures as described by Gaudemar et a1.LS]. l j  was pre- 
pared from l h  by Finkelstein reaction. 

JlgBr DMP 

5 6 7 

- - + R-, - R T  - 1  
OH 

6,7, R as in 1 

0 acetone 0 
lh U 

The aldehyde 6 f  (dialdehyde, addition of two equivalents 
of 5) and the esters 8d' (a-oxtr ester, addition of two equiva- 
lents of 5), 8g. 8h, and Si were commercially available. 8b 
and 8e were obtained by etherification of esters 10a (with 
NaH/propargyl bromide) and l o b  (with propargyl trichlo- 
roacetimidate 9).  6c wd5 synthesized from 11 by the ad- 
dition of 5, followed by propargylation o f  the tertiary al- 
cohol 12 with NaH/propargyl bromide and deprotection of 
the acetal in 13 with aqueous triflouroacetic acid. 
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Results and Discussion 

First la was used as a test substrate. With PdC12(MeCN),/ 
MeCN 3 was the main product (Table 1, entry 1). This re- 
sult is quite similar to that obtained with the TCPCTt"/ 
acetone system[2]. But when PdC12(MeCN)2 was substituted 
by mc-4 the ratio of 2/3 dropped to 1:2.1 (entry 2). With a 
terminal alkyne moiety in the inolecule (lb),  even under 
the PdC12(McCN),/MeCN conditions, only a molar ratio 
of 1.9:l was achieved (entry 31'1). PTH ruc-4 in benzene 
gave a ratio of better than 20:l (entry 4), and in dichloro- 
methane (DCM) a similar ratio was achieved (entry 5). 
Only traces of 3 were visible in the 'H-NMR spectra taken 

from the crude reaction mixture. With AgN03/acetone lb, 
as well as the other substrates with a terminal alkyne group, 
precipitates (probably the silver acetylides) formed, and the 
formation of 2 or 3 was not observed (these experiments 
are not listed in Table 1). 

Table I .  Palladium catalyzed coiiversions of allenyl ketones 1 

Entry Allenyl Conditio~ir~" 2 : 3Lb] Isolated yields 
ketone 2 3  

1 

7 - 
3 

4 
5 
6 

7 
8 
9 

10 
I1  

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 

l a  

la  
l b  

lb  
lb  
l c  

l c  
1C 
Id 

Id 
l e  

l e  
If 
k 
l h  

lh 
lh 
lh 
l i  

l i  
l i  
li 
1j 

1j 
I j  
14 

PdCI:(MeCN)y' < I  : 20 -"I 89% 

TUC-~ /CD~CN 1 : 2.1 -1'1 70% 
PdCIdMeCNIJ 1.9 : 1 44% 46x1 

CD3CN 

rac-4/CD2C12 >20 : 1 
PdCl:(MeCN)?/ 1.3 : 1 32%J 49% 
CD3CN 
~ O C - ~ / ' C * D ~  >20 ' 1 
mc-41CD2?12 >20 : 1 
PdCI,(MeCN)Z/ 1 : 3.3 10% 68% 
CD?CN 
~LK-~ICD$JZ 17 : 1 65% 7% 
PdCI2(MeCN)J 1.5 : 1 34% 47'%, 
CD3CN 
T Q C - ~ / C D ~ C I ~  8.9 : 1 64?4 14% 
ra~-4/CD?C12 12 : 1 80?4 13% 
T~C-~ICDZCI: 3.6 : lid1 -[4 2ydA, 
PdC12(MeCN),/ 1 : 3.7 

T U C - ~ / C D ~ C ~ ~  2.9 : 1 60% 27% 

CD3CN 
r~-4/(: ,D,  4.1 : 1 73% 17'Yo 

AgNO,/[Di]acetone 1 : O[d*e] 
PdC12(MeCN)2/ 1 : 5.3 

T U C - ~ / C ~ D ~  2.5 : 1 
CDnCN 

T U C - W C D ~ C ~ ~  2.5 : 1 44Yo 32% 
AgN03/[D3]acetonc I : O[".'] 
PdCl?(MeCN)2/ I : 3.4 
CD3CN 
rur-4/CD2C12 2.2 : 1 41% 37% 
AgN03/[D3]acetone - . -1f1 
M C - ~ / C D ~ C I ~  1 : o  

:a] Further rcaction conditions see Experimental Scction. -- Ib1 
Too volatile to be isolated. - rdl Slow rcaction. - 

Reaction does not run to completion. - '0 N o  reaction. precipi- 
By 'H NMR. - 

tate is formed. 

Hex 
I rac-41 

MeCN 

14 2k 

Similar results were obtained with the substrates l c  (en- 
tries 6-8) and Id (entries 9. 10). With the substrates l c  
(entries I I ,  12) and If (entry 13) the switch in selectivity is 
still relevant, but not as dramatic as in the examples above. 
The a-chloro ketone l g  shows an even greater reduction in 
selectivity (entry 14), and this trend holds for the alkyl chlo- 
ride. bromide, and iodidc: lh,  l i ,  and 1 j respectively (entries 
15-25). l g  was also incompatible with the Ag' catalyst, but 
l h  and l i  reacted well with AgN03/acetone. Only in the 
case of l j  did the silver catalysis fail, and again a precipitate 
(probably .4gI) was formed; when rur-4 was added to this 
mixture, the conversion to 2 and 3 started immediately and 
ran to completion without a problem. 
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An allenyl aldehyde like 14 (synthesized from the coinmer- 
cially available 3-dccyn-l -ol by Dess-Martin oxidation) is 
also compatible with the 41DCM conditions, and the for- 
mation of solely 2k is in accordance with our carlicr obser- 
vation that non-terminal allenyl ketones form only mono- 
meric cycloisomcrs ''1. 

Somc of these reactions show fascinating chemoselectivi- 
ties. Terminal alkyiies are known to add to acceptor-substi- 
tuted allenes in palladium-catalyzed reactions["']. but this 
was not observed here (substrates lb- l f ) .  Furthcriiiorc the 
substrates lc  and Id (and also the products 3c and 3d de- 
rived from them) are 1,6-enynes which one cotild also ex- 
pect to bc cycloisomcrizcd by palladium catalysts[' l] ( Ib  
and l c  also contain an 1.7-enyne subunit which can effec- 
tively be cycloisomerized by ruthenium["] rather than by a 
palladium catalyst; l e  also contains an 1,g-cnyne: l c  also a 
1.7-diync). 

In le, and the product 342, a 13-alkoxy ketone is main- 
tained, and no elimination to form the a.P-unsaturated ke- 
tone was observed. 

Id and If are substrates with unprotected hydroxyl 
groups. These are known to add to allenes in both inter- 
and intramolecular reactions catalyzed by HgTT [13][14]. Ag' 
[15]['6]. and Pd" c a t a l y s t ~ [ ~ ~ ~ ~ " ] .  We did not detect such 
products. 

ign the obscrved selectivity to a combination of 
two effects. ( I  ) Steric effects: PTHs are sterically crowded 
systems, with sterically demanding ligands[i]. which show a 
strong deviation froin the ideal square-planar coordination. 
So the approach of a second allenyl ketone becomes difi- 
cult. (2) Blocking of Coordination sites on the catalyst by 
the alkyne: The alkyne is a good ligand and thus competes 
with the allerie in coordination to the palladium but, unlike 
the morc reactive allenyl ketone. the alkyne is not incorpo- 
rated into the product. For the popsible reaction niechanisrn 
see ref.r2J. 

Conclusion 

In conclusion the most selective formation of 2 was poscible 
with the substrates containing terminal alkyiies. The reac- 
tion of activated alkyl halides and alkyl iodides still had the 
advantage of tolerating substrates incompatible with the A& 
catalyst, but here only a small exce5s of the monomer 2 was 
formcd (small if  one takes into consideration the fact that 
the dimer 3 has twice the molecular weight o f  2). In the 
case of alkyl chloridcs and bromides 4 showed no advan- 
tage ovcr AgN03 (the only advantage was a faster reaction, 
but since 4 is not readily available and AgNO: is cheap, and 
thus more Ag catalyst can be used, this is probably irre- 
levant to synthetic chemists). Nevertheless all these reac- 
tions showed for thc tirst time the catalytic properties of 
PTHs 4. 

We thank the Deutsche Furscl~imgsgenicir1,~~I~u~. the Fonds der 
Clzeini.cthen Induwre and the Dcgimtr AG for generous support of 
this work. 

Experimental Section 
General: All operations were carried out under N2 and in dry 

solvents; transfers were efl'ected by means of Schlenk tube tech- 
niques. Allenylmagnesium bromide (5["]), DMP"1, 
Pc~CI,(M~CN),[~~, PTH r i1r-4[~] ,  3.4-peiitadien-2-one and 1- 
chloro-3,4-pentadien-2-one (1gl"'J) were prepared according to lit- 
erature procedures. - TR: Perkin-Elmer 1600; 257; and 580B. - 
NMR: Bruker AM 250, AM 270; and AMX 600 (250. 270. 600, 
62.9, and 67.9 MHz for 'H and I3C: respectively). CDClj as solvent 
6H = 7.25: hC; = 77.0. The degree of substitutioii of thc C atoms 
was determined by a combination of DEPT-135 and DEPT-90. - 
MS: VG-liistruments-Micro-Mass Tris 2000, EI 70 cV. quadrupole 
analyser and Finnigan CH7A (80 eV). - HRMS: Finnigan MAT 
711 (EL 80 eV. 8 kV ion accclcration, resolution above R = 20000, 
peak inrztcli). - Melting points (uncorrected): K o k r  hot-stage. - 
HPLC Mei-ck Septech, LJV and R I  detection. 0.1 l/min, 2 cartridges 
Waters prepPak Silica 500. - Column chromatography: Merck 
Kieselgel 60 using hexaneiethyl acetate (HIEA) or pentaneiether 
(PIE) as eluent. 

Synthesis of the Alleriyl Ketones 1 

1. 2-(2-Prop?;n~,k).~y)-4.5-he.*.adieii-3-o~ie (lb). - a) Ethyl 2-(2- 
Pi.opyii~los~)proyionute (8b): Ethyl ( - )-2-hydroxypropionoate 
(10a. 20.0 niinol, 2.36 g) was addcd at 0°C to a well-stirred suspen- 
sion of NaH (19.2 mmol, 461 mg) in THF (50 ml). After 30 min, 
the resulting solution was added to propargyl bromide (22.4 mmol, 
2.50 ml, 80'Y0 toluene solution) in THF (40 ml) at 0°C within 2 
min. Stirring at 0°C was continued for 45 min. then the ice bath 
was removed and the mixture was allowed to reach room tempera- 
ture. After hydrolysis with water (20 ml) the organic layer was sepa- 
rated, the aqueous layer was extracted with diethyl ether (3 X 80 
ml), the combined organic layers were dried with MgS04, filtered 
and concentrated in vacuo. Purification of the crude product by 
coluiiiii chromatography (HiEA. 10:l) gave 2.06 g (13.2 mmol, 
69%) of 8b as an oil. - Rf (HIEA. 5.1) = 0.40. - 1R (neat): 0 = 

3275 cni-' (=C-H), 2986, 2940. 2908, 2874. 2117 (C=C), 1745 
(C=O). - 'H NMR (CDCI?, 250 MHz): 6 = 1.26 (t. J = 7.1 Hz, 
3H).1.39(d,J=6.1H~.3H),2.42(t,J=2.4H~.1H),4.12-4.34 

(9). 56.85 (t), 60.78 (t), 72.90 (d), 74.80 (d), 78.82 (s), 172.46 ( s ) .  - 
(in, 5 H). - 13C NMR (CDC13. 62.9 MHz): 6 = 14.00 (9). 18.30 

MS (70 eV); i d 2  (0%): 157 (9) [MH 1. 83 (loo), 55 (18). - C8HI2O3 
(156.2): calcd. C 61.52, H 7.74: found C 61.31, H 7.77. 

b) lb: Prcpared by a proccdure analgous to that in ref.[8] from 
1.38 g (8.84 niinol) of 8b in diethyl ether (215 nil) and 5 (8.84 mmol, 
5.46 nil. I .62 LI). Purification of the crudc product by coluinn cliro- 
matogrdphy (HiEA, l0:l)  gave 1.01 g (6.72 iiimol, 76Y'n) of l b  as a 
colourleas oil. - Rs (HIEA, 5:l) = 0.25. - IR (neat): C = 3281 
cm-' (=C-H), 3066, 2987.2936,2868. 21 17 (C-C). 1959 (C=C= 

S = 1.34 (d, J 6.8 Hz, 3 H),  2.42 (t, J = 2.4 Hz, 1 H),  4.07 (dd, 
J = 15.9 Hz. 2.4 Hz. 1 H), 4.22 (dd, .I = 15.9 Hz, 2.4 Hz, 1 H). 
4.51 (4. J 6.9 Hz, 1 H), 5.25 (d, J z -  6.1 Hz, 2 H), 5.97 (t, J = 

6.5 Hz, I H). - I3C NMR (CDCI?, 62.9 MHz): S = 18.11 (q), 
56.60 (t), 74.91 (d), 76.94 (d), 78.93 (s), 79.38 (t), 92.49 (d), 199.75 

[M+ - CH3]. 83 (1001, 67 (21). 55 (14). - CIIHl,,02 (150.2): calcd. 
C 71.98. H 6.71; found C 71.74, H 6.84. 

2. 5 - ~ ~ e ~ / z ~ ~ l - 5 - ~ ~ - y ~ ~ ~ ~ ~ ~ ~ i j ~ / ~ ~ ~ ~ - ~ , 2 - o c ~ ~ ~ ~ ~ e i i - 7 - ~ ~ i ~ - ~ - o n e  (lc). - a) 
I,l-~ii~ietliox~-2-i~i~tI~~l-4-penf~~~~-2-01 (12): Compound 5 (60.0 
nimol. 36.6 ml, 1.64 M) was added in the usual to 1,l- 
diniethoxy-2-propanone (11) (SO inmol, 5.91 g) in diethyl ether (115 
ml). Purification of the crudc product by column chromatography 

C). 1Y31 (C=C=C), 16x8 (C=O). - ' I1  NMR (CDC13,250 MHz): 

(s), 216.31 ( 5 ) .  - MS (70 eV); t ~ i :  ('!!I): IS1 (0.5) [MHf]. 135 (4) 
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(HIEA, 2:l) gave 7.82 g (49.4 mmol, YY%) of 12 as an colourlcss 
oil. - Kf (H/EA, 2:l) = 0.20. - 1R (neat): C = 3484 cm-' (OH), 

(CDCl?, 250 MHL): 6 = 1.22 (s, 3 H), 1.02 (t ,  J = 2.7 Hz, 1 H). 
2.28 (s, 1 H), 2.40 (m. 2 H), 3.52 (d, J = 2.9 Hz, 6 H): 4.19 (s, 1 

3288 (=C-H). 2983, 2937, 2835. 2118 (C-C).  - 'H NMR 

H). - I3C NMR (CDCI,, 62.9 MHz): F = 21.41 (q), 27.53 (t), 
57.83 (q), 58.05 (q), 70.54 (d). 73.64 (s), 80.37 ( s ) ,  108.97 (d). - 
MS (70 eV); m/z (YO): 157 (1) [M' - HI, 119 (5) [Mi - C3H3], 87 

H 8.92; found C 60.68, H X.93. 
(28), 83 ( l l ) ,  75 (loo), 43 (35). - CXH140; (158.2): calcd. C 60.74, 

b) S,j-Uirnetho.~~-4-rn~~h.~l-4- (2-propyrzylo.xy) -1 -pentyne (13): In 
an analogous procedure to that for 8b, 13 was prepared from 12 
(12.1 mniol. 1.92 g), NaH (12.7 mmol, 305 mg), and propargyl 
bromide (14.4 mmol, 1.60 ml, 8O0/u in toluene) in THF (150 ml). 
The alkylation step was very slow aiid worked up after 7 d at room 
temp. when the conversion still was not complete. Purification of 
the crude product by colunui chromatography (HIEA. 10:l) gave 
958 mg (4.88 mmol, 40%) of 13 as an coloui-Icss oil. - Rf (HIEA, 
21)  = 0.44. - IR (neat): 3 = 3291 cm- ' (=C-H), 2986. 2936, 

H), 1.97 (t, J = 2.7 Hz. 1 H), 2.33 (t, J = 2.4 Hz, 1 11): 2.45 (d. 
J = 2.7 Hz, 2 H). 3.46 (s, 3 H), 3.48 (s, 3 H),  4.21 (s, 1 H), 4.25 (d,  

25.45 (t), 51.74 (t), 57.57 (q). 58.01 (q). 70.53 (d), 73.13 (d), 79.25 
( s ) ,  80.25 (s), 81.14 ( s ) ,  108.84 (d). - MS (70 cV); (%o): 157 (6) 
[M+ - C?H?], 95 ( I ) ,  87 (6), 75 (loo), 67 (2). 59 (8). - ClIH1603 

(196.2): calcd. C 67.32, H 8.22; found C 67.10, H 8.18. 

2834: 2119 (C-C). - 'H NMR (CDClj, 250 MHz): 6 = 1.24 (s, 3 

.I = 2.4 Hz, 2 H). - 13C NMR (CDC13, 62.9 MHz): 6 = 17.53 (s), 

c) 2-Methyl-2- IZ-priip~vnyloxy) -4-penlynnl (6c): Compound 13 
(4.74 mmol, 931 mg) was added to a 4:l mixture ol'F,CCO,H and 
water (2 ml) and heated to 100°C for 30 min. After neutralization 
with NaHCO? (saturated solution), the product was extracted with 
diethyl ether (5 X 60 ml). The combined organic layers were dried 
with MgS04 filtered and concentrated in vacuo. Purification of the 
crude product by column chromatography (H/EA, 1O:l) gave 574 
mg (3.82 inniol, 81%) of 6c as a colourless oil. - Rf (HIEA, 2:l) = 
0.54. - TR (neat): P = 3291 cni (=C-H). 2987,2935,2821, 2709, 

1.38 (s, 3 H), 2.06 (t, J = 2.7 Hz, 1 H), 2.46 (t, J = 2.4 Hz. 1 H), 
2.58 (d; .I = 2.7 Hz, 2 H), 4.23 (d, J = 2.5 Hz: 2 H). 9.67 (s, 1 H). 

~ I3C NMIi (CDCl,, 62.9 MHL): 6 = 18.28 (q), 24.54 (t), 52.86 
(ti, 71.90 (d), 75.57 (d), 77.76 (s), 79.56 ( s ) ,  81.29 (s), 207.02 (d). - 

2120 (C-C),  1733 (C=O). - 'H NMR (CDC13, 250 MHz): 6 = 

MS (70 eV); in/z (YO): 150 ( I )  [M+], 121 (loo), 111 (14) [M+ - 
C3H,]. - CoH1,O2 (150.2): calcd. C 71.98, H 6.71; found C 71.83. 
H 6.88. 

d) 5 - ~ ~ ~ e ~ ~ ~ ~ l - ~ - ~ ~ - p r o p ~ ~ 1 y l o s ~ ) - 1 ,  7-octatli~vn-4-ol (712): Com- 
pound 7c was prepared from 6c (2.71 mniol; 407 mg) in diethy1 
ether (60 ml) and 5 (5.41 mmol, 3.30 ml, 1.64 M) in the usual man- 
ner[")]. Purilicalion of the crude product by column chromatogra- 
phy (H/EA. 10:l) gave 361 mg (1.90 mmol, 70'%) of 7c as a 6.1 
mixture of diastereomers (colourless oil). - RE (HIEA, 2 1 )  = 0.43. 
- 1R (neat): P = 3540, 3454 cm-l (OH), 3292 (=C--H), 2983. 

(m: 3 H), 2.03-2.07 (m, 2 H). 2.31-2.66 (m, 6 H), 3.89-3.96 (m, 
1 I{), 4.23-4.26 (m, 2 H). - 'jC NMR (CDCI,, 62.9 MHz): 6 = 

17.58 (q), 21.62 (t), 26.00 (t). 51.16 (t). 70.32 (d). 71.28 (d); 73.15 

cV); m/z (??I): 191 (0.5) [MH+], 151 (11) [M+ - C,H,]; 135 (4), 121 
(100). - CI2Hl4O2 (190.2) calcd. C 75.76, H 7.42; found C 75.79, 
H 7.54. 

c) lc:  Compound l c  was prepared from 7c (1.89 mmol, 360 nig) 
in dichloroincthane (DCM, 5 ml) and DMP (2.36 nimol, 1.00 g) 
according to the general Column chromatography (HI 

2924; 21 18 (C-C). - 'H NMR (CDCl;, 250 MHz): d 1.31 - I .33 

(d), 73.67 (d), 78.76 (s) ,  79.74 ( s ) ,  80.63 (s), 81.58 (s). - hlS (70 

EA, 1O:l) gave 323 mg (1.72 mmol; 91%) of Ic as a colourless oil. 
- Rf (HIEA, 5:l) = 0.30. - 1R (neat): 3 = 3291 cm-' (=C-€I). 
3066. 2989, 2934. 2864, 2122 (C-C), 1959 (C=C=C). 1931 (C= 

3 H), 2.05 (t, J = 2.7 Hz, 1 H), 2.44 (t, J = 2.4 Hz, I H), 2.65 (d, 
J = 2.7 Hz, 2 H), 4.07 (dd, J = 2.4 Hz, 15.1 Hz, I H), 4.16 (dd, 
J = 2.4 Hz. 15.1 Hz: 1 H), 5.23 (d, J = 6.4 IIz, 2 H), 6.40 (t, J = 

25.89 (t), 53.20 (t), 71.74 (d). 74.93 (d), 78.43 (s), 79.07 (t), 79.17 
(s), 83.30 (s), 89.91 (d), 200.13 (s), 216.46 (s). - MS (70 eV); nl/z 

(19). - CIZHI2O2 (188.2): calcd. C 76.57, H 6.43: found C 76.44, 
H 6.61. 

3. ~ - H ~ d r o ~ ~ - 5 - i r i e t ~ i j ~ l - 1 , 2 - 0 c t ~ ~ i ~ n - 7 - ~ ~ ~ - 4 - o n e  (Id): Ethyl pyru- 
vate (Sd', 1.86 g, 16.0 mmol) in diethyl ctlier (20 ml) aiid 5 (20.0 
ml, 32.0 mmol, 1.60 M) wwc trcatcd in according to the general 
procedure[*]. A complex product mixture resulted; 407 mg (2.59 
mmol, 16'%) of the desired product Id were obtained as an colour- 
less oil by HPLC. - HPLC with H/MeOAc (6.7:l) + 20% DCM. 
- Rf (HIEA, 3:l) = 0.23. - IR (neat, KBr): P = 3452 cm-' (OH), 

C=C),  1685 (C=O). - 'H  NMR (CDC13. 250 MHz): 6 = 1.46 (s, 

6.4 Hz, 1 H). - NMR (CDCI?, 62.9 MHz): 6 = 21.03 (cI), 

(%I): 189 (1)  [MH'], 149 (3) [M+ - C3H;], 133 (9): 121 (loo), 67 

3293 (=C-H), 2984. 2934, 1960 (C=C=C), 1933 (C=C=C), 1692 
(C=O), 1599. - 'H NMR (CDICN, 250 MHz): 6 = 1.36 (s, 3 H), 
2.22 (t. J = 2.7 Hz, 1 H); 1.54 (dd, J = 17.0 Hz. 2.7 Hz. 1 H), 2.66 
(dd, J = 17.0 Hz, 2.7 Hz, 1 H), 3.95 (s, 1 H), 5.32 ((1, J = 6.6 Hz, 
2 H), 6.37 (t, ,I = 6.6 Hz, 1 H). - "C NMR (CD;CN, 62.9 MHz): 
6 = 24.7 (4); 30.1 (t). 72.0 (d), 78.3 ( s ) .  79.6 (t). 80.3 (s). 90.0 (d), 
201.6 (s), 216.8 (s). - MS (70 eV); tnIz (%I): 150 (100) [M']. 135 

71.98, H 6.71; found C 72.00, H 6.79. 
(9) [M+ - CH?]. 122 (29), 11 1 (24). - CgH1002 (150.2): calcd. C 

4. 6-(2-Pr~~~~nj~lo .~~~~-1 ,2- /7 t .p tu~l ien-4-0 i ie  (le). - a) 2-Propynyl 
2,2.2-Triciik?rtjuceti~i~ii~e (9): The preparation is described in the 
literature['"], but the NMR data have not yet been reported. - 'H 
NMR (CDCI?, 250 MHz): 6 = 2.54 (t, J = 2.4 Hz. 1 H), 4.90 (d, 
J = 2.4 Hz. 2 H), 8.48 (br s, 1 H). - I3C NMR (CDC13, 62.9 
MHz): 6 = 56.41 (t). 75.50 (d), 76.84 (s), 90.54 (s), 161.64 (s). 

b) Ethyl . ~ - i Z - P r r , / ? r ~ r l y l [ ) ~ ~ , ~ ~ 7 ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~  (8e): 2.50 ml ol' F3CSOjH 
was added to a stirred solution of ethyl (*)-3-hydroxybutanoate 
(lob, 189 nimol, 25.0 g) and 9 (249 mmol, 50.0 g) in a mixture of 
cyclohexane (250 ml) and DCM (120 ml). Subsequently, the re- 
sulting reaction niixturc was stirred at 40°C for 46 h. The precipi- 
tated trichloroacetamide was filtered off and the organic solution 
was washed with saturated NaIICO; solution (50 ml) and with 
water (50 ml). The organic layer was dried with Na2S04 filtered off 
and concentrated in vacuo. Purification of the crude product by 
HPLC (Hiinethyl acetate, 60:l) gave 10.4 g (61.1 mmol, 32%)) of 8e 
as a colourless oil. - Rf  (H/EA, 5.1) = 0.30. ~ 1R (neat): C = 3287 
cm (=C-H), 2980, 2980, 293S1 2908,2117 (C-C), 1734 (C=O) 
- 'H NMR (CDC13, 250 MHz): (5 = 1.20- 1.26 (m, 6 H), 2.36 (dd. 
J = 5.9 Hz, 15.3 Hz, 1 H), 2.38 (t, .I = 2.4 Hx, 1 H), 2.58 (dd, J = 

62.9 MIIz): 6 = 14.12 (q),  19.54 (9); 41.77 (t). 55.99 (t), 60.36 (t), 
71.54 (d). 73.93 (d). 79.91 (.s), 171.06 (s). - MS (70 eV); inIz (??o): 

- C9HI,0, (170.2): calcd. C 63.51. H 8.29; found C 63.23, H 8.26. 

c) le: Coinpound l e  was prepared by a procedure analagous to 
that in ref.[s] from 8e (11.8 mmol, 2.00 g) in diethyl ether (215 
ml) and 6 (13.1 inniol, 8.00 ml, 1.64 M). Purilicalion by columii 
chromatography (HIEA, 7:l) gave 1 .Oh mg (6.46 mmol, 55%) of l e  
as a colourless oil. - Rr (H/EA, 5:l) = 0.22. - I R  (neat): i j = 3282 
cm-' (-CZ-H), 3066,2976,2933,2860,2116 (C-Cj, 1958 (C==C= 
C), 1932 (C=C=C), 1681 (C=O). - '€1 NMR (CDC13,250 MHz): 
6 = 1.19 (d, J = 6.2 Hz, 3 H), 2.39 (t, .I = 2.4 Hz, 1 H), 2.60 (dd, 

7.0 Hz, 15.3 Hz. 1 H), 4.02-4.16 (111, 5 H). - NMR (CDClj, 

171 (3) [MHI], 131 (16) [ M '  - C3H31, 125 (17). 83 (loo), 55 (19). 
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J = 6.2 Hz, 15.7 Hz. 1 H), 2.98 (dd. J = 6.4 H7. 15.7 Hz, 1 H). 
4.04-4.16 (ni, 3 H), 5.25 (d, J = 6.5 Hz, 2 H). 5.78 (1, J = 6.5 Hz, 

55.85 (t), 71.32 (d), 73.82 (d), 79.57 (t), 79.92 (s), 97.04 (d), 197.85 
(s), 216.81 (s). - MS (70 eV): m'z (%): 165 (6) [MH+]. 125 (38) 

C 73.15, H 7.37; found €1 72.93. C 7.54. 

1 H). - 'T NMR (CDcl;, 62.9 MHz): 6 = 19.55 (q), 45.71 (t), 

[M+ - C3HS], 83 (IOU). 67 (42), 5 5  (19). C10H1202(164.2): calcd. 

5.  1-[3- f 1 - H y d r o s ~ - 3 - b u t ~ n y ~ ) ~ ~ i ~ n ~ l j - ~ , 3 - l ~ u t a ~ ~ i e ~ i - i - o n ~  ( If) .  - 
a) I -[3- (1 - H},~~os~-~-bzct~n,vl)phmny/ j-3-butyn-1 -o/ (7f): Isophthal- 
dialdehyde (2.68 g, 20.0 mmol) was added to 5 (25.0 nil, 40.0 nitnol, 
1.60 M) in dietliyl ethcr (25 ml). A thick slurry formed, which was 
then refluxed in an ultrasoiiic bath for 5 h. After thc usual 
workup[l91, the crude product was purified by column chromatog- 
raphy (H/EA, 1.6:l) and gave 2.96 g (13.8 mmol, 69%) of 7f as a 
highly viscous oil. From this 1:l mixture of diastcrcomers the Cs- 
symmetrical isomer crystallized (relative configuration proven by 
X-ray analysis; colourless crystals, m.p. 76-78°C). - Rf (HIEA. 
1:l)  = 0.25. - IR (neat, KBr): G = 3378 cm-', 3289 ( 4 - H ) .  
2911, 2118 (C-C), 1691, 1608, 1422, 1312. 1257, 1152, 1051. - 'H 
NMR (CDCI?, 250 MHz): F = 2.06 (t, J = 2.6 Hz, 2 H), 2.52-2.65 
(m, 4 H), 2.85 (d, J = 3.5 Hz, 1 H). 4.79-4.84 (in. 2 H), 7.26-7.38 
(m. 4 H). - "C NMR (CDCI,, 62.9 MHz): 6 = 29.2 (t, 2 C), 71.0 
(d, 2 C), 72.1 {d, 2 C), 80.7 (s, 2 C), 123.1 (d), 123.2 (d), 125.4 (d, 
2 C), 128.4 (d), 142.6 (s, 2 C); crystalline-diastereoiner 13C-NMR 
signal at 6 = 123.1, no signal at 6 = 123.2. - MS (70 eV); nil= 

(23). - C,,H,,02 (214.3): calcd. C 78.48. H 6.59; found C 77.81, 
H 6.59. - Ci4HI4O2: calcd. 214.09938, found 214.09956 (MS). 

b) If: Coinpound If was prepared from 7f (2.33 mmol, 500 mg) 
in DCM (3 nil) and DMP (2.33 mmol, 564 mg) according lo the 
general procedurer71. Colunm chromatography (H/EA, 4: 1) gave 
223 mg (1.05 nimol, 45%) of If as a colourless oil. - Rf (H/EA, 
2 1 )  = 0.19. - IR (neal): F = 3439 cm I ,  3295 (=C-H), 3064, 
2987, 2911, 2119 (C-C), 1958 (,C=C=C), 1931 (C=C=C), 1758, 

H), 2.61-2.65 (m, 2 H), 2.96 (br s, 1 H). 4.87-4.93 (m, 1 H), 5.24 
(d, J = 6.5 Hz, 2 H), 6.41 (t, J = 6.5 Hz, 1 H), 7.37-7.43 (m, 1 
H), 7.56-7.59 (m; 1 H), 7.76-7.80 (in, 1 H), 7.89 (br s, 1 H). - 
13C NMR (CDCI?, 62.9 MHz): 6 = 29.3 (t), 71.2 (d), 71.7 (d). 79.2 
(t), 80.1 (s), 93.1 (d), 126.0 (d). 128.1 (d), 128.4 (d). 130.2 (d). 137.3 
(s); 142.9 (s), 190.9 (s). 217.1 (s). - MS (70 eV); ?n/z (YO): 212 ( I )  

79.23. H 5.70; found C 78.94. H 5.75. 

6. 7-~h~oro-I ,2-hepta~~en-4-one  (lh): Coinpound 1 h was pre- 
pared by a procedure analagous to that in ref.['] from 5 (49.2 mmol, 
30.0 ml, 1.64 M )  in diethyl ether (200 ml) and methyl 4-chiorobu- 
tanoate (8h. 42.5 mmol, 5.80 g) in diethyl ether (15 ml). Purification 
of the crude product by HPLC (H/EA. 203) gave 2.76 g (19.1 
mmol, 45%) of l h  as a colourless oil. - RF (HiEA, 5:l) = 0.35. - 
IR (neat): P = 3067 cm *, 2990, 2963. 2925, 2872, 1959 (C=C= 

6 = 2.05 (m, 2 H), 2.79 (t, J = 7.0 Hz, 2 H). 3.56 (t, J = 6.3 Hz. 
2 H), 5.26 (d. J = 6.6 Hz. 2 H); 5.77 (t. J = 6.6 Hz, 1 H). - I3C 
NMR (CDCl,, 62.9 MHz): S = 26.72 (t), 35.75 (t). 44.28 (t), 79.62 
(t), 96.48 (d), 199.1 1 (s), 216.50 (s). - MS (70 eV); ndz (%):147/ 

(Oh): 214 (0.2) [M'], 175 (100) [M+ - C;H;]. 135 (95), 129 (25), 79 

1649. - 'H NMK (CDC13, 250 MHz): 6 = 2.06 (t, .I = 2.6 Hz, 1 

[M']; 191 (3), 173 (loo), 133 (43). - C14HL202 (212.2): calcd. C 

C), 1932 (C=C=C). 1678 (C=O). - 'H NMR (CDCI,, 250 MHz): 

145 (7121) [MH+], 109 (15) [M+ - CL], 1071105 (46/100) [M+ - 
C3HJ. 95 (5), 79/77 (8/21), 67 (21). - C7HgC10 (144.6): calcd. C 
58.14, H 6.27; found C 58.36, f I  6.37. 

7. 8-Rromo-1.2-octadien-4-one (li): Compound 1 i was prepared 
by the procedure given in ref.[8] from ethyl 5-bromopentanoate (Si, 
23.9 mmol, 5.00 g) in dicthyl cther (215 ml) and 5 (27.6 mmol, 16.8 
rnl, 1.64 M).  Purification of the crude product by HPLC [(H/EA, 

20:l) + 30% DCM] gave 2.39 g ( I  1.8 mmol, 49%) of l i  as a colour- 
less oil. - R f  (H/EA, 5:l) = 0.31. - IR (neat): P = 3064 cm-I, 
2988: 2960, 2941. 2869, 1959 (C=C=C). 1932 (C=C=C), 1681 
(C=O). - 'H  NMR (CDCI:. 250 MHz): 6 = 1.70-1.92 (in. 4 H), 
2.63 (t. .J = 7.1 Hz, 2 H), 3.39 (t, J = 6.5 Hz, 2 H). 5.23 (d. J = 

6.5 Hz, 2 H), 5.77 (t, J = 6.5 Hz, 1 H). - I3C NMK (CDCI,, 62.9 
MHz): 6 = 22.80 (t), 31.92 (t), 33.04 (t), 37.85 (t), 79.40 (t), 96.48 
(d), 199.78 (s), 216.50 ( s ) .  - MS (70 cV): m k  (YO): 203/205 (23) 

Br]. 67 (29), 55 (100). - CxHllBr0(203.1): calcd. C 47.32, H 5.46; 
found C 47.45, H 5.55. 

[MH'], 1651163 (67) [M+ - C31131. 137/135 (32). 123 (45) [M' - 

8. X-Zodo-1,2-ocirrc~n-l-oiie (lj): A solution of l h  (500 mg, 2.46 
inmol) in dry acetone (5 ml) was added to a stirred solution of NaI 
(3.60 g, 24.0 nimol) in dry acetone (20 ml) at room temp. and pro- 
tected from light. After 20 h the precipitated NaBr was separated 
by filtration. The organic solution was concentrated in vacuo. and 
the remaining NaI was precipitated by the addition of DCM and 
filtered off. Purification of thc crude product by column chroma- 
tography (H/EA. 5:l) gave 513 mg (2.17 tnmol. 88%) of l j  as a 
yellow oil. - Kf (H/EA, 5:l) = 0.33. - IR (neat): i j  = 3062 cm-I, 
2985, 2937, 2866, 2836, 1958 (C=C=C), 1932 (C=C=C), 1681 
(C=O). - 'H NMR (CDC13, 250 MHz): 6 = 1 .63- 1 .86 (in, 4 H), 
2 . 5 9 ( t , J = 7 . 1 H z , 2 H ) , 3 . 1 4 ( t , J = 6 . 8 H z , 2 H ) , 5 . 2 2 ( d , J =  
6.5 Hz. 2 H). 5.74 (t. J = 6.5 Hz, I H). - I3C NMR (CDCI,. 62.9 
MHs): F = 6.03 (t), 25.11 (t), 32.69 (t). 37.67 (t), 79.48 (t), 96.50 
(d), 199.81 (s). 216.51 (s). - MS (70 cV): m/z (%o): 251 (8) [MH'], 
211 (28) [M+ - C?H& 183 (25), 155 (8), 123 (100) [M+ - I], 95 
(20), 81 (13), 67 (42). 55 (90). - CsHllIO (250.1): calcd. C 38.42, 
H 4.43; found C 38.47, H 4.42. 

9.2,3-Decndienrrl(14): 3-Decyn-l-ol(l.55 g; 10.0 mmol) was oxi- 
dizcd with DMP (4.67 g, 11.0 nimol) in DCM (8 ml) according to 
the general procedure[7]. Purification of thc crudc product by col- 
umn chromalography (H/EA. 40:l) gave 1.27 g (8.34 mmol, 83%) 
of 14 as a yellow oil. - RE (HIEA, 40:l) = 0.27. - TR (neat, KBr): 
0 = 2955 cm-I, 2929.2857, 1943 (C=C=C), 1691, 1467, 1089,876. 
'H NMR (CDCI?, 250 MHz): 6 = 0.84-0.89 (in, 3 H). 1.1 1-1.52 
(in, 8 H), 2.12-2.22 (m. 2 H), 5.69-5.83 (in, 2 H), 9.47 (d, J = 

(t), 27.3 (t). 28.4 (t), 28.6 (t). 31.3 (t). 96.2 (d);  98.4 (d). 192.1 (d), 
218.9 (s). MS (70 eV); miz ("A]): 152 ( I )  [M+], 151 (11, 137 ( I ) ,  123 
(16); 109 (10); 81 (100). - C,,,H,,O (152.2): calcd. C 78.90, H 
10.59: found C 78.67, H 10.58. 

7.0 Hz. 1 H). - 13C NMR (CDCI?, 62.9 MHz): 6 = 13.8 (q), 22.4 

Palladium-Catalyzed Reactions. - General Procedure: All reac- 
tions were performed in NMR tubes. The allenyl ketones (30-40 
mg) were weighed directly into the NMR tube then the deuterated 
solvent (0.5 ml) was added. A 'H-NMR spectrum was taken before 
the catalyst (0.7 mg) was added and then the progress of the reac- 
tion was monitored by 'H NMR at 22°C. All products were iso- 
lated by direct chromatographic workup of the reaction mixture. 
Yields are given in Table 1 and below. 

1. 47.2 ing (575 ymol) of l a  gave the following products (Table 
1, entry 2). a) 2-Merhylfirrcnt (2a): Distilled off with CD3CN. For 
NMR data see ref.[*'] 

b) iEJ-4- i5-Mctl~~l-3T~r~a~~l~/~-3-penler2-2-one (3a): 33.0 mg (201 
pniol, 70%). For NMR data see ref."] 

2. 35.6 mg (237 pmol) of l b  gave the following products (Table 
1, entry 3). - a) 2 - [ 1 - / 2 - P r o p ~ n y l o ~ y ~ ~ t / ~ ~ ~ I ] ~ u r u n  (2bE2'1): 15.7 mg 
(105 pmol, 44%). - Column with P/E (1O:l) .  - Rr (H/EA, 5 : l )  = 

0.45. - IK (neat): i j  = 3296 cm-' (-C-H), 3147,3120,2985,2936. 
2897, 2856, 2117 (C-C), 1503. - 'H  NMR (CDCIX, 250 MHz): 
6 = 1.54 (d, J = 6.6 Hz, 3 H), 2.41 (t, J = 2.4 Hz, 1 H). 3.98 (dd, 
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J = 2.3 Hz, 15.8 Hz, 1 H), 4.14 (dd, J = 2.4 Hz, 15.8 Hz, 1 H), 
4.71 (q, J = 6.6 Hz. 1 H). 6.34-6.30 (m, 2 H), 7.39 (dd, J = 0.8 
Hz. 1.6 Hx, 1 H). - 13C NMR (CDCI?, 62.9 MHz): 6 = 19.50 (9). 
55.38 (t). 69.10 (d), 74.13 (d), 79.67 (s), 107.83 (d). 109.98 (d), 
142.39 (dj, 154.19 (sj. - MS (70 eV): inlz ('Yo): 150 (100) [M+]. 122 

i E )  -2- (2-Propynyloxv) -5- (5 - [1 -  (2-propyayloay) ~ d ~ y i ] - 3 -  
ftrrzz~z)~l)-#-l?exen-3-o?~e (3b): 16.4 mg (54.6 pmol, 469'0). - Column 
with HIEA (10:l). ~~ Rf (HIEA. 5.1) = 0.20. - IR (neat): P = 3292 
cm-' (=C-H), 3144, 2983, 2933, 2856, 21 17 (CeC), 1679 (C=O); 

(27). 120 (83), I 18 (84). - CgH1002 (150.2). 

b) 

1590. -~ 'H NMR (CDC13, 250 MHz): 6 = 1.37 (d. J = 6.9 Hz: 3 
H), 1.54 (d, J = 6.6 Hz. 3 H), 2.45-2.47 (111. 5 H), 3.99-4.30 (m, 

(s, 1 H). - I3C NMR (CDCI?. 62.9 MHz): 6 = 17.15 (q). 17.75 
5 H), 4.71 (q, .I = 6.6 HL, 1 Hj, 6.57 (s, I H), 6.73 (d, I H), 7.69 

(4). 19.31 (q). 55.54 (t), 56.88 (t), 68.98 (d). 74.38 (d), 74.76 (d), 
79.12 (s), 79.57 (,s). 80.61 (d), 105.27 (a), 116.11 (d), 129.05 (s), 
142.84 (d), 147.63 (sj. 156.11 (s), 201.36 (s). - MS (70 eV); l d z  
(YO): 300 (16) [M+]. 249 (IO), I65 (18). 83 (100). - C18H2004: calcd. 
300.13616. found 300.13618 (MS). 

3. 40.6 mg (216 pniol) of lc gave the following products ('Table 1 ,  
entry 6). - a) 2-(1 - ~ M c t ~ ~ ~ ~ l - I - ~ 2 ; v r o p ~ n ~ ~ l o ~ ~ ) - 3 - ~ i ~ t ~ ~ n y l ] ~ i ~ u ~ z  (2c): 
13.1 mg (69.5 ptnol, 32%). - Column with HiE.4 (10:l j. - Rf (H/ 
EA, 5:l) = 0.36. - TR (neat): D = 3295 (=C-H), 3146,3119, 
2987, 2938, 2920. 2864, 2121 (C-C), 1584. - 'H NMR (CDC13, 
250 MHz): 6 = 1.64 (s, 3 H). 1.91 (t. .I = 2.7 Hr, 1 €I), 2.28 (t. 
J = 2.5 Hz. 1 H). 2.72 (dd, J = 2.7 Hz, 16.6 Hz, I H), 2.84 (dd, 
J = 2.6 Hz. 16.6 Hz; 1 H), 3.79 (dd. J = 2.5 Hz, 15.3 Hz, 1 H), 
3.87 (dd, J = 2.4 Hz, 15.3 H7, 1 H), 6.28 (dd, J = 1.8 H7, 3.3 Hz, 
1 H), 6.32 (dd, .I = 0.8 Hr, 3.3 Hz, 1 H) ,  7.36 (dd, .I = 0.8 HL, 1.8 
Hz, 1 H). - "CI NMR (CDCIj, 62.9 MHz): F = 21.82 (q), 29.75 
(t), 51.71 (t), 70.73 (d), 73.31 (d), 75.46 (s), 79.57 (s), 80.33 (s). 
109.03 (d): 109.91 (d), 142.55 (d), 153.93 (s). - MS (70 eV): mIr 

calcd. 188,08373, found 188.08359 (MS). 
(5'0): 188 (79) [M+], 120 (93), 118 (97), 115 (100). - C l Z H i 2 0 2 :  

b) (E)-5-Met l1~l -2-{5- ( I -n ie t l i~~l - I - l2-propyi~~~lo ,x~~J-3-h~i t~~i?~~l j -  
3-juuai~~l}-j-(2-prop~n~~lo.~~~)-2-octen-7-q'~1-4-owe (3c): 19.8 mg 
(52.5 pmol. 49%). - Column with HIEA (10:l). - RC (HIEA, 
5:l) = 0.21. - IR (neat): 3 = 3292 cm-' (-C-H), 3143, 2986. 

250 MHL): 6 = 1.43 (4 3 H), 1.66 (s, 3 H), 1.94 (t, J = 2.7 Hz, 1 
291 8, 2863, 21 21 (CECj. 1679 (C=O). 1587. - 'H  NMR (CDC13, 

H). 2.01 (t, .r = 2.7 Hz. 1 H), 2.31 (t. J = 2.4 Hz, 1 H),  2.39 (d. 
J = 1.1 Hz, 3 H), 2.42 (t, .I = 2.4 Hz, 1 H). 2.63 (d, J = 2.6 Hz, 
7 H), 2.71 (dd, J = 2.7 Hz, 16.6 Hz, 1 H), 2.85 (dd, J = 2.6 Hz; 
16.6 llz. 1 H), 3.84 (dd, J = 2.4 Hz, 15.3 HL, 1 Hj, 3.92 (dd, J = 
2.4 Hz, 15.3 Hz. 1 H), 4.03 (dd, J = 2.4 Hz, 15.1 Hz. 1 H), 4.14 
(dd, .I = 2.4 Hz. 15.1 Hz, 1 H), 6.63 (d, .I = 0.8 Hz: 1 H), 6.97 (d, 

62.9 MHz): 6 = 17.15 (q), 21.15 (9). 21.61 (q), 26.01 (t), 29.74 (t), 
51.89 (t), 53.32 (t), 71.10 (d), 71.45 (d). 73.64 (d), 74.65 (d), 75.54 
(s), 78.98 (s), 79.18 (s), 79.62 (s), 80.04 (s), 83.71 (sj. 106.90 (d). 
115.82 (d), 129.17 (s), 143.12 (d), 148.02 (s), 155.75 (s), 201.56 (s). 
- MS (70 eV); m/z ("4): 376 (2) [M-I. 337 (4). 255 (30), I21 (611, 
43 (100). ~ CZ4H330J: calcd. 376.167. found 376.167 (MS). 

4. 39.5 nig (263 pmol) of Id gave the following products (Table 
1. entry 9). - a) 2-(2-Fuvn?i4.1)-4-i)ent4.n-2-fil (2d): 4.1 mg (27.3 
prnol, 10%). - Column with H/EA (3:l). - Kf (H/EA, 2 1 )  = 0.50. 
- ' H  NMR (CDC1.3. 250 MHz): 6 = 1.65 (s, 3 H), 7.06 (t. J = 2.6 
Hz, 1 H), 2.40 (br s, 1 H), 2.65-2.87 (ni, 2 H), 6.28-6.33 (ni, 2 
H). 7.36-7.37 (m. 1 H). - IT NMR (CDCIj, 62.9 MHz): 6 = 
26.1 (9). 32.1 ( t ) .  70.1 (s), 71.5 (d), 79.6 (s), 105.0 (d), 110.0 (d), 
141.7 (d). 157.7 (s). - MS (70 eVj; i d ;  (%I): 150 (12) [M+]. 149 
(27)- 111 (100). - C9Hlo02 (150.2): calcd. C 71.98. H 6.71: found 

J = 1.1 Hz. 1 H), 7.67 (d. .I 0.6 Hz, 1 H). - I3C N M R  (CDCII. 
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C 71.74, H 6.81. - CgHlo02: calcd. 150.06808. found 150.06812 
(MS). 

bj  (E)-5-Hq'd~0.~4.-2-[5-jI-~1,)'1Irii.~y- I-i~zrt1~~1-3-h~/t)~n~~i)-3~fii-  
uun~~l]-5-mt~t1~~~1,7-octen-7-y~-4-one (3d): 26.9 mg (89.5 pniol, 68%j. 
- Column with H/EA (3:l). - Rf (HIEA, 2:l) = 0.29. - 1R (neat, 
KBr): D = 3438 cm-', 3295 (=C-H). 2982. 2934. 2120 (C=C), 
1671 (C=O), 1588, 1371, 1145, 1106, 1076, 936. - 'H NMR 
(CDCI,. 250 MHz): 6 1.49 (s, 3 H), 1.66 (s, 3 H). 2.07 (t, J = 

2.7 Hz, 1 H), 2.11 (t, J = 2.7 Hz. 1 H). 2.49 (d, J = 1.2 Hz. 3 H), 
2.50 (s; I H), 2.56-2.88 (m, 4 H), 4.21 (s, I H), 6.55 (br s, 1 H), 
6.72 (br s, 1 H), 7.68 (br s, 1 H). - "C NMR (CDCI,. 62.9 MHz): 
6 = 17.5 (q), 24.5 (q), 26.2 (q). 30.1 (t), 32.0 (t), 70.2 (s). 71.2 (d), 
72.1 (d), 79.1 (s), 79.4 (s), 102.8 (d), 114.8 (d), 129.0 (s), 142.6 (d), 
149.4 (s), 159.8 (s); 201.1 (s) (one signal hidden). - MS (70 cV); 

Cl8H20O4 (300.4): calcd. C 71.98, H 6.71; found C 71.95, H 6.75. 
- CL8H2004: calcd. 300.13616, found 300.13618 (MSj. 

5. 43.2 ing (263 pmol) of le  gave the following products (Table 
I ,  entry I I ) .  - a) 2-[2-(2-Proi~iy~i,vlo~~,.uy~pro~~,vl]juran (2c): 14.6 mg 
(88.9 pmol. 340%). - Column with H/EA (10:l). Rf (HIEA, 
2.1) = 0.55. - IR (neat): 3 = 3296 cni- (-C- H). 3148, 3118, 

MHz): 6 = 1.19 (d. .I = 6.1 FIX.  3 H), 2.39 (1, J = 2.4 HL, I H). 
2.72 (dd. J = 6.7 Hz. 15.0 Hz, 1 H), 2.96 (dd, .I = 5.9 Hz. 15.0 
Hz, 1 H), 3.88-4.01 (rn, 1 H), 4.14 (d, J = 2.4 Hz. 2 H), 6.08-6.09 
(in, 1 H), 6.28-6.29 (in. I H), 7.31 (in. 1 H). - I3C NMR (CDC13. 
62.9 MHz): 6 = 19.31 (q), 34.92 (t). 55.73 (t), 73.31 (d), 73.74 (di. 

eV); rn/z (%): 149 (100) [MI - CH;]. ~ C9Hg02: calcd. 149.06026, 
found 149.06046 (MS). 

6- (2-Prt~py~zylo.xy) -2- (5- f2- (2-propynq'lo.uy)pi-o~p~~l]-.~~~rci- 
n~l)-2-lzepfen-4-cne (3e): 20.4 mg (62.1 pmol, 47%). - Column with 
HiEA ( l 0 : l ) .  ~ Rf  (HIEA. 2:l)  = 0.38. - 1R (neat): D = 3289 
cm-I (=C-Hj, 3145, 2972, 2929, 2860, 2115 (C-C), 1764, 1677. 

H). 1.18 (d, J = 6.2 Hz, 3 H). 2.32-2.35 (ni, 5 H), 2.47 i,dd, J = 

5.6 Hz. 15.7 Hz, I H), 2.66 (dd, J = 6.3 Hz, 15.1 Hz, 1 H), 
2.74-2.87 (ni, 2 H), 3.81 -3.96 (m. 1 H); 4.03-4.21 (m, 5 €I), 6.27 

MHz): F = 16.83 (q), 19.21 (q), 19.75 (q). 34.91 (t), 51.48 (tj. 55.75 
(t), 55.93 (t), 71.64 (d). 72.88 (dj, 73.79 (d), 73.89 (d), 79.85 (s). 
80.06 (s). 104.54 (d), 121.16 (d). 129.11 (s). 141.70 id), 145.22 (s), 
154.27 (si, 198.65 (sj. 

6. 58.3 mg (275 p11101) of If gave thc following products (Table 
1, cntry 13). - a)  1 - ( 3 - ( ~ - ~ z ~ r a i z ~ i l y h c ~ z y ~ / - 3 - b ~ i t ~ ? z - ~ - o i  (2f): 46.7 
mg (220 pmol, 80%). - Column with H/EA (3:l). - Ri (IIIEA, 
1 : l )  = 0.57. - IR (neat, KBr): 3 = 3420 cm-'; 3295 (=C-H), 
2916, 2119 (C=C). 1717, 1610, 1503, 1424. 1292. 1061. 1013, 793, 
739, 699, 641. - 'H  NMR (CDCI,, 250 MHz): 6 = 2.09 (t, J = 

2.6 Hz, 1 Hj, 2.40 (br s, I H). 2.66-2.70 (in, 2 H), 4.92 (t, J = 6.4 
Hz, I H), 6.47 (dd, J = 3.4 Hz, I H), 6.67 (dd, J = 3.4 Hz. 0.7 
Hz, 1 H). 7.25-7.31 (in, 1 H),  7.38 (t. J = 7.6 Hz, I H), 7.47 (dd. 
J = 1.8 Hz, 0.7 H7, 113 ,  7.61 (dt, J = 7.6 Hz, 1.5 HI, 1 $1). 7.71 
(t. .r = 1.7 HZ, I H). - 1~ NMR (CDCI~. 62.9 M H ~ ) :  6 = 29.3 
( t ) ,  71.0 (d), 72.1 (d). 80.4 (s). 105.1 (d). 111.5 (d), 121.0 (d), 123.3 

MS (70 eV); mlz  (%): 212 (51) [M+], 173 (loo), 145 (20), 127 (19). 
117 (30). 115 (33). - CI4Hl3O2 (212.2): calcd. C 79.23, H 5.70; 
found C 79.33, H 5.76. 

it?/= ?Yo): 300 (1 )  [M+J, 277 ( I ) ,  261 (8); 243 (4), 217 (100). - 

2974, 2930, 2859, 2116 (C-C), 1597. - 'H NMR (CDCI:, 250 

80.01 (s), 106.59 (d), 110.12 (d), 141.01 (d), 152.48 (s). - MS (70 

b) 

1590. - 'H NMR (CDCI,, 250 MHz): 6 = 1.14 (d; J = 6.2 Hz. 3 

(s, 1 H). 6.35 (s, 1 H), 7.51 (s, 1 H). - "C NMR (CDCII, 62.9 

(d), 124.5 (d). 128.7 (d). 131.0 (s). 142.0 (d); 142.8 (s). 153.6 (s). - 

b) (E)-I  -[3-1 I - H ~ ~ d ~ . o . ~ ~ - 3 - h u t ~ : r z ~ ~ ) p / z ~ ~ z ~ ~ 1 ] - . ? -  {5-(3-( 1-liydrri.xy- 
3-h~ir~n~IJphen~~//-3~fi4r~ny1)-2-buteiz-l-one (3f): 7.7 tng (1 8.1 pmol. 
13'%1). - Column with H/EA (3:l). - Rr(H/EA, 1:l)  = 0.28. - IK 
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(neat. KBr): 5 = 3404 cm-' ,  3340, 3283 (-C-H), I641 (C=O), 
1593, 1571, 1433, 1336, 1270, 1243, 1180. 1152, 1048. 1020, 794, 

J = 0.X Hz, 3 H), 2.53-2.63 (m, 4 H), 2.74 (br s, 2 11). 4.76 (q, 
J = 5.7 Hz; 1 H), 4.82 (q, ,I = 5.7 Hz, 1 H), 5.64 (d, .I = 4.3 Hz. 
I H). 5.66 (d, J = 4.5 Hz; 1 H),  7.36 (d, J = 7.7 Hz. 1 H), 7.42 (d, 
J = 7.7 Hz. 1 H). 7.44 (d. J = 4.9 Hz, I H), 7.51 (t. J = 7.7 Hz: 
I H). 7.64-7.67 (m. 3 H); 7.81 (s, 1 H), 8.00 (d, J = 7.8 Hz, 1 H), 

6 = 17.1 (q)> 28.9 (t, 2 C), 70.7 (d), 70.9 (d), 72.7 (d), 72.8 (d), 81.7 
(sj. 81.8 (s), 103.5 (d), 118.7 (d), 121.4 (d), 122.5 (d), 125.7 (dj, 
126.0 (d), 127.1 (d), 128.3 (d). 128.6 (d), 129.4 (sj? 130.4 (s), 130.5 
(d), 138.7 (s), 144.0 (d), 145.0 (s), 145.2 (s), 145.8 (s); 154.5 (s). 
190.7 (s). - h4S (70 eV); mIz (?h): 424 (54) [M+], 173 (1001, 155 
(171, 133 (29). - C2SH2404 (424.5): calcd. C 79.22, H 5.70; found 
C 79.08, H 5.67. 

700, 672, 642. - 'H NMR ([D,]DMSO, 600 MHz): F = 2.50 (d, 

8.03 (s, 1 H), 8.31 (s, 1 H). - I3C NMR ([D,]DMSO, 62.9 MHz): 

7. 46.1 mg (396 pmol) of l g  gave the following products (Tdble 
1 ,  entry 14). a) Z-iC~?loromer/?~,l)~urun (2.g): Distilled oll with 
CD2C12. For NMR data see ref,L"l 

b) [ E ) - l  -Chlor0-4-(5-( cl1loronicrl~~~l)-3-firut1yl]-3-pc.nten-2-one 
(3g): 13.5 nig (57.9 pmol, 29%, aftcr sublimation). - Rr (HIEA, 
4:l) = 0.10. - M.p. 80-82°C. - IR (neat, KBr): C = 2944 m- ' .  

6 = 2.45 (s. 3 H), 4.11 (s, 2 H), 4.54 (s. 2 H). 6.58 (s, 1 H), 6.60 (s, 

37.0 (t). 49.3 (t), 107.1 (d), 117.3 (d), 129.3 (s), 143.9 (d). 148.3 (s). 
152.0 (sj, 191.6 (s). - MS (70 eV); mir ("/;I): 232 (27) [M'], 197 
(35), 183 (loo), 148 (9); 91 (32). - C,oH,oC1,02: calcd. 232.00579. 
found 232.00590 (MS). 

1691. 1593, 1391. 1153. 1102.701. - 'H NMR (CDCII, 270 MHz): 

1 H), 7.70 ( s .  1 H).  - I3C NMR (CDC13, 67.9 MHz): 6 = 17.3 (q), 

8. 36.7 mg (254 pmol) of l h  gave the followitig products (Table 
I ,  entry 17). - a) 2-j3-Chloioprup~l)fz,ru~ (2h['4]): Distillation with 
the CD2C12 at 13 mbar, rooin temp. - IR (neat): 5 = 3116 ern-', 
2960, 2920, 2840, 1598. - 'H NMR (CD2C12. 250 MHz): 6 = 

2.06-2.14 (ni, 2 H), 2.79 (t. J = 7.3 Hz. 2 H), 3.56 (t. J = 6.5 Hz, 
2 IIj. 6.05 (dd. J = 0.8 Hz. 3.1 Hz. I H). 6.30 (dd. J = 1.9 Hz. 3.1 
Hx, 1 H), 7.32 (dtl, J = 0.8 Hz. 1.9 Hz, 1 H). - "C NMK (CDZCI:, 
62.9 MHz): 6 = 25.51 (t). 31.40 (t), 44.72 it). 105.89 (a); 110.55 
(d), 141.57 (d). 154.99 (s). 

b) j~~-7-Cliloro-2-(S-(3-chloroprop~,I)-3-fiia1iyl]-2-l~epte~z-4-oi~e 
(3h): 9.8 mg (33.8 pmol. 27%). - Column with HIEA (10:l). - Rf 
(H/EA, 5:l) = 0.33. - 1R (neat): S = 3147 an--', 2960, 2921, 2849, 
1680 (<I=()), 1593. - ' H  NMR (CDCI,, 250 MHz): F 
(m, 4 H), 2.34 (d. J = 0.8 Hz, 3 H), 2.64 (1, J = 7.0 Hz. 2 H), 2.73 
(t, J = 7.2 Hz. 2 H). 3.50 (t. J = 6.4 Hz, 2 H), 3.54 it, I = 6.3 Hz, 
2 II), 6.20 (s, I H), 6.32 (d, J = 0.8 Hz. 1 H); 7.51 (s, 1 H). - 13C 
NMR (CDCI,, 62.9 MHz): 6 = 16.78 (4). 24.95 (t), 26.70 (tj, 30.40 
(t), 41.15 (t). 43.75 (t). 44.53 (t), 103.37 (d), 120.52 (d). 128.93 (s), 
141.82 (d), 145.17 (s), 156.01 (s), 199.41 (s). - MS (70 eVj; nil; 
(YO), "C1 peaks: 288 (33) [M+], 253 (38) [M+ -- CI]. 211 (loo), 184 
(25). 147 (24), 119 (20), 105 (79). - CI4HIXCl2O2 (289.2): calcd. C 
58.14, H 6.27: found C 57.85. H 6.30. 

1.98-2.10 

9. 39.3 mg (194 pmol) of l i  gave the rollowing products (Tablc 
1, entry 21). - a) Z - i 4 - B r o n f o h u t y l ~ ~ ~ r ~ ~ ~ z  (2iI'"l): 17.2 nig (84.6 
pmol, 44%). - Column with HIEA ( l 0 : l ) .  - Rs (H/EA. 2: 1) = 
0.56. - IR (neat): 5 = 3114 cm-I, 2940, 2865, 1597. - 'H NMR 
(CDC13, 250 MHz): 6 = 1.72-1.95 (m, 4 H), 2.65 (t, .I = 7.1 Hz, 
2 1 1 ) .  3.40 (t, J = 6.5 Hz. 2 H),  5.98-5.99 (m. 1 H), 6.25-6.27 (in. 
1 H), 7.28 (ni, 1 H). - ':C NMK (CDCI?, 62.9 MHz): 6 = 26.47 
(t), 26.90 (1). 31.94 (t), 33.22 (t), 104.93 (d), 109.95 (d): 140.79 (d), 
155.28 (s). - MS (70 eV); m/z (%): 204/202 (13) [M+]. 123 (j), 
8 1 (100). 

b) (~)-8-Brorrzo-2-(5-j4-broinohu~~l)-3-furcmt~~l]-2-0cien-4-one 
(3i): 12.6 mg (31.0 pmol, 32%). - Column with H/EA (10:l). - Rf 
(HIEA, 2:l) = 0.32. - IR (ncat): C = 2942 cm-', 2868, 1677 (C= 
0). 1591. - 'H NMR (CDCI,, 250 MHz): 6 = 1.74-1.95 (ni, 8 
H), 2.40 (s, 3 H), 2.53 (t, J = 7.5 Hz, 2 H), 2.64 (t, .I = 7.1 Hz: 2 
H), 3.39-3.44 (ni, 4 H). 6.22 (s, 1 H)? 6.37 (s, 1 H), 7.56 (s, 1 H). 

16.77 (q). 22.70 (t), 26.17 - NMR (CDCI,, 62.9 MHzj: 6 
(ti, 26.91 (t). 31.81 (t), 32.04 (t), 33.09 (t), 33.26 (t), 43.39 (t), 102.82 
(d), 120.44 (d), 128.94 (s), 141.53 (d), 145.11 (s). 157.05 (s), 200.17 
(s). - MS (70 eV); jnlz (?4): 406 (2), 1651163 (21j. 1371135 (26), 82/ 
80 (21). 55 (100). - C16H22Br202 (406.2): calcd. C 47.32, H 5.46; 
found C 47.03, H 5.53. - CI,H,,Br202: calcd. 403.99868, found 
403.99826 (MS). 

10. 43.2 mg (183 pmol) of lj gave the following products (Table 
I ,  entry 24). - a) 2-(I-lodohut~~l)furun (2jj: 17.7 mg (74.9 pmol, 
41%). - Column with HlEA (10:l). - R f  (H/EA, 5.1) = 0.30. - 
IR (neat): 5 = 3113 cm- ' ,  2935, 2861. 1596. 1507. - 'H NMR 
(CDCI,. 250 MHz): 6 = 1.70-1.94 (m, 4 H), 2.66 (1, .I = 7.1 Hz, 
2 H); 3.20 (t. .I = 6.7 Hz, 2 H), 6.00-6.01 (m, 1 H). 6.29 (dd. .I = 

2.1 Hz; 2.8 Hz. 1 H), 7.30-7.31 (m, I H). - I3C NMR (CDCI,, 
62.9 MHz): 6 = 6.26 (t), 26.72 (11, 28.78 (t), 32.68 (I), 104.93 (d), 
109.97 (d); 140.80 (d), 155.29 (s). - MS (70 eV); m/: ch): 250 (22) 
[M '1, 123 (58) [M+ - I]. 81 (loo), 67 (6). - CsHllIO (250.1): 
calcd. C 38.42, H 4.43; found C 38.66, H 4.49. 

b) (E)-K-Ii~dir,-2-(.~-(4-i~~obut~~l)-3-~u~u~zy1]-~-octenn-4-one 13j): 
16.1 mg (34.1 pmol, 37%). - Column with H/EA (1O:l). - R f  (HI 
EA, 5:l) = 0.32. - 1R (neat): 5 = 3127 cm-', 2935, 2862, 1679 
(C=O). 1591. - 'H NMR (CDCI,, 250 MHz): 6 = 1.61-1.93 (m, 
8 H), 2.40 (d, J = 1.0 Hz, 3 H). 2.52 (t, I = 7.0 Hz, 2 H), 2.63 (t, 
J = 7.0 Hz. 2 H), 3.19 (t, J = 6.7 Hz, 4 H), 6.22 (d, J = 0.8 Hz, 
1 H), 6.37 (d. J = 1.0 Hz, 1 H), 7.56 (d. J = 0.6, 1 H). - 13C 
NMR (CDC13. 62.9 MHz): (5 = 6.15 (t). 6.34 it), 16.81 (9). 25.01 
(t), 26.72 (ij, 28.49 (t), 32.52 (ti, 32.79 (t). 43.22 (t), 102.82 (d), 
120.43 (d), 128.93 (s), 141.57 (d), 145.12 (5) .  157.05 (s), 200.17 (s). 
- MS (70 eVj; m/z (YO): 500 (3) [M+], 373 (100) [M' - I], 317 

calcd. C 38.42, H 4.43; found C 38.67. H 4.57. 

entry 26). 2-He-~y!fuumn (Zk): For NMK data see ref.r251 

[ I ]  

(38), 211 (23), 183 (30), 161 (44). 55 (75). - Cl6H22 1 2 0 2  (500.2): 

11. 36.5 mg (240 pniol) 14 gave the following product (Table 1, 

J. A. Marshall, E. D. Robinson, J.  Org. Clwm. 1990. 55, 
3450-3451. - L i b ]  J. A. Marshall, X. Wang, J.  Org. Cheni. 1991, 
56. 960-969. - [ Ic ]  J. A. Marshall, X. Wang, J: Org Chenz. 
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r31 B. M. Trost, M. K .  Trost, 1 Am. C~JWZ.  S o c :  1991, 113, 

r41 See e.g.: L. S. Hegedus in Organonzeta1lic.s B z  Synthesis (Ed.: M. 
Schlosser), John Wiley & Sons, Chichester, 1994, p. 448-448. 
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Chem. 1997, 109, 127- 130; A n g e ~ .  Clzenz. Int. Ed. Engl. 1997. 
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