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Abstract: Two stereocontrolled synthetic approaches to (E,E,E) and (Z E, E)-a-chloro-w-substituted
hexatrienes 1-3 are described starting from unsaturated compounds 4-6. The key step of the first
approach is based on the palladium-catalyzed rearrangement of bis-allylic acetates 4 and 5 and the
second one 1s based on the stereoselective reduction of homopropargylic aicohois 6 followed by an
elimination reaction. These stable chlorotrienes 1-3 are suitable synthetic intermediates for the
construction of navenone B and all E polyenes (trienes, tetraenes, hexaenes and heptaenes). © 1999 Elsevier
Science Ltd. All rights reserved.

or carbonyl compounds.3 In contrast, few routes for thc synthesis of halogenomenes (mostly bronudes) have
been developed and most of them display low stereoselectivity. Typically, they were prepared by
stereoselective hydrogenolysis of conjugated 1,1-dibromo-1-alkenes,? substitution of (E)-metalloalkenes with
halogen-groups? or by haloalkenylation of aldehydes using Wittig type reagents.® This last procedure was
recently used in efficient syntheses of all E-polyene compounds.62.6h

Motivated by our interest in the synthesis of stereodefined polyenes based on a stereospecific coupling
reaction of unsaturated vinyl chlorides with alkynes via palladium catalysis,” we required a versatile and
stereoselective route to functionalized chlorotrienes 1-3. The use of these compounds would be of interest
since they are non photosensitive and should be more stable than the corresponding bromides? or iodides.
Furthermore, preliminary results® have showed that vinyl chlorides, which are generally considered to be poor
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reactants, undergo rapid coupling with organometallic reagents under appropriate conditions allowing access
to highly unsaturated compounds. We wish to detail herein our results, previously reported,® towards the
stereocontrolled synthesis of functionalized (£, E,E) and (Z E, E)-w-substituted chlorotrienes 1-3 suitable for
the rapid construction of conjugated all E-polyenes compounds. Two different synthetic approaches were
devised. The first one, which leads to functionalized chlorotrienes 1 and 2, is based on palladium mediated
rearrangement of bis-allylic acetates 4 and 5 and the second one, is based on the stereoselective reduction of
homopropargylic alcohols 6 into (E)-homoallylic alcohols followed by an elimination reaction.
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The required chloroenynes 8 were re ed by coupling of (E)-1,2-dichloroethylene with the
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hydride (Red-Al®) led to the corresponding pure (E, E, E)-@-chlorotrienols 9 in good yields (80-93%, Scheme
1). Further reaction of 9 with Ac70 in Et3N-CH;Cl; followed by rearrangement of the corresponding acetoxy
derivatives 4 under palladium catalysis!! afforded in good overall yields the desired pure (E,E,E)-o-
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Scheme 1: (a) (£)-CiCH=CHCI (3 eq.), pipenidine (2 eq.), 1% PdCiy(PPh3)2, 10% Cul, Et70 (8a: 77%, 8b: 84%,
Kc: Rl%\ (b) Red-Al, THF, -30° to 20°C (Qa 939%, 9h: 90%, 9c: 97%); (¢) (i) AcrQ, EtaN, CH,Cly; G S%
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PACIy(MeCN),, THF, 20°C (1a: 95%, 1b: 52%, 1¢: 84%); (d) (Z)-CICH=CHCI (2 eq.), BuNH; (2 eq.), 1%
Pd(PPh3)4, 10%, Cul, Et20 (10a: 82%, 10b: 80%, 10c: 76%); (e) Red-Al, THF, -30° to 20°C (11a: 80%, 11b:
9%, 11c: 91%); () (i) Aca0, EtzN, CH2Cly; (i) 5% PdClo(MeCN)y, THF, 20°C (2a: 96%, 2b: 91%, 2¢: 93%).
Under the same strategy, stereodefined (Z,E, E)-w-chloroacetates 2a-¢ were also readily prepared in
good yields starting from (Z)-1,2-dichloroethylene!0 instead of the (E)-isomer (Scheme 1).
It may be pointed out that in the rearrangement step, the presence of a chlorine atom in 9 and 11 has a
significant influence on the formation of the conjugated triene compounds 1 and 2. Thus, when treating 13

bearing an alkyl group instead of chlorine atom, with Ac0 in CH,Cly-Et3N followed by PdCly(MeCN)2
(5%) a mixture of acetates 14 and 15 were obtained in a 75:25 ratio (Scheme 2).



W
wn
W

15 OAc
Scheme 2: (a) Red-Al, THF, -30° to 20°C (78%); (b) (i) Ac20, Et3N, CHCly; (if) 5% PdCly(MeCN), THF, 20°C (48%).

Synthesis of chlorotrienes from w-chloro-homopropargylic alcohols 6

We were also interested in developing a stereoselective approach to a-chloro-w-arylhexatrienes which
could be suitable intermediates for the construction of all E a,0-diaryl polyenes.12 Our synthetic approach to
chiorotrienes 3 starts from readily available chloroenynesi0 6. Thus stereoselective reduction of the homo-
propargylic alcohol function!? in 6a-c using Red-Al® produced exclusively the (E,E)-chlorodienes16a-¢ in
corresponding mesylates with DBU afforded in good yields the (E,E,E)-chlorotrienes 3a-¢ containing less
than 3% of the (E, E,Z)-isomers. The pure all-E a-chloro-w-arylhexatrienes 3a-c were easily obtained by
recrystallisation.
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Scheme 3: (a) Red-Al (1.3 equiv), Et;0, -20° 10 36°C, 2 to 5h; (b) (i) MsCl (1.2 equiv), EtsN (1.5 equiv),
CH,Cl,, 0° to rt; (it) DBU (1.5 equiv), CH;Cly, 0° to rt.

Table I Synthesis of Various Homoallylic Alcohols 16 and Chlorotrienes 3.
Entry R Isolated Yield of 16 (%) | Isolated Yield of 3 (%) Product
1 CeHs 79 74 a
2 p-i-Pr-CgHy 93 61 b
3 p-MeO-CgHy 62 72 ¢
4 CsHyy 82 45 d
5 H a0 a e
a/ The chlorotriene 3e could not be detected by NMR in the crude reaction mixture. 14

In a similar way, a-chloro-e-alkylhexatriene 3d was obtained from 6d in a moderate overall yield (37%,
entry 4, Table I). It should be noted that 3d may also be prepared from terminal enyne 17 via
hydroalumination followed by selective nickel-catalyzed cross coupling reaction with (E)-1,2-

3 L1 21 1 1Nk 18
dichloroethylene. Vb, 1>

N i 1) DibalH, hexane, 40°C . _ _ _
AN » Chee oo
CsHiy  2) (B)-CICH=CHCI (5 eq) CsHiy
17 Ni(0), Et,0-C¢H 3d 55%

Having established easily procedures for the synthesis of stereodefined chlorotrienes 1-3, we
investigated the synthetic utility of these compounds as intermediates in organic synthesis particularly their
elaboration via further reactions into stereodefined polyenes compounds.



w-Chloroacetates 1 and 2 previously prepared were used for the synthesis of @-chlorotrienals and -
chlorotrienones (Scheme 4). Thus, the acetoxy group can smoothly and quantitatively be removed by
treatment with KpCOs3 in dry methanol yielding the corresponding chloroalcohols 18 and 20 which, without
purification, upon oxidation with manganese oxide!® afforded in good overall yields stereochemically pure
(E,E,E) and (Z E, E)-w-chlorotrienals and w-chlorotrienones 19 and 21. Such unsaturated compounds, owing
to the presence of two reactive terminal functions, have recently attracted attention as useful building blocks
for the synthesis of polyenes.6d-h
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Scheme 4: (a) K2CO3, MeOH; (b) MnO7, CH,Cly, 20°C (19a: 79%, 19b: 67%, 19¢: 53%, 21a:
95%, 21b: 73%, 21c: 51%).
The chlorine atom is not inert to further coupling reactions. Thus, chlorotrienes 3 were subjected to
coupling with aryl Grignard reagents in the presence of PdClo(PPh3); in Et3N-THF,!7 thus providing an
efficient route to isomerically pure (E,E, E)-diaryl hexatrienes 22 in good yield.

R CiMg—\ y R! R_A,
PN THE, Et;N " 1 °
3 5% PdCly(PPhj),, 20°C 22 NF g1
R=H R' = OMe 78%
R=0Me R'=H 82%

In a similar way, chlorotrienes 3a-c were also subjected to palladium-copper coupling with
trimethylsilyl acetylene8 followed by desilylation using K2CO3 in MeOH providing an efficient access to
pure terminal (E,E, E)-trienyne 24 in good overall yields (Scheme 5).
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Scheme 5: {(a) Me3SiC =CH (1.2 equiv), PdCI(PhCN); 5%, Cul 10%, piperidine (R = H: 91%, R = i-Pr:
93%, R = OMe: 72%); (b) KpCO3, MeOH, 0° to 20°C, 1h (R = H: 90%, R = i-Pr: 98%, R = OMe: 94%).

If the acetylenic partner is i-butyn-3-ol (Scheme 6), selective reduction with Red-Al® of the
propargylic alcohol function leads to the tetraene 25 in 79% overall yield. Subsequent oxydation of the allylic
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alcohol 25 with manganese oxide!® in CH,Cly afforded in 80% yield navenone B 26 which is an alarm
R TR . JU% TR | SR SO ST R 1
pheromone of the moliusc Navamax inermis.®
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Scheme 6: (a) HC =CCH(OH)Me, piperidine, 5%
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Chlorotrienes 3 are also suitable synthetic intermediates for the synthesis of molecules having long
polyenic chains. Thus the coupling of 3a-b with polyenynes 24a or 27 under Pd-Cu catalysis® followed by
selective reduction of the triple bond with activated zinc!? lead to polyenes 29. These latter having one Z-
double bond were not stable at room temperature and isomerized readily to pure all E polyenes 30
(Scheme 7).

in conclusion, we have succeeded in developing two efficient synthetic approaches for the synthesis of
conjugated oi-Chioro-w-Substituted Hexatrienes 1-3 starting from readily available precursors. The use of
these chiorotrienes as intermediates for the elaboration of polyunsaturated compounds is of great interest
since they are less photosensitive and more stable than the corresponding bromides or iodides. Furthermore,
they react easily and rapidly with organometallic species under appropriate conditions allowing access o
conjugated ail E polyenes.
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EXPERIMENTAL

NMR spectra were recorded on a Bruker AC 200 MHz, VM 250 or AM 400 instrument. CDCI3 was
used as solvent with TMS as internal standard Mass spectra were recorded on a Nermag R 10-10 (ﬁtted with
a GC-mass coupling; column: CP Sil 5, Chrompack, 40 m). IR spectra were recorded on a Perkin-Elmer 599
spectrophotometer (neat, cm-” 1\ Gaz chromatographic analyses were performed on a model Girdel equipped
with caplllary column (SGE 50 QC 2 /BPS 0. 25) Satlsfactory mlcroanalyscs were obtained for all new
compounds. Analytical TLC was performed on 0.25 mm precoated silica gel plates (Merck). All reactions
were carried out in anhydrous conditions under inert atmosphere. Products were purified by distillation or by
silica gel column chromatography (Kieselgel 60 Merck: 230-400 Mesh). Melting points are uncorrected.
Ether and THF were distilled from sodlum “and benzophenone. Catalysts (PdCl(PPh3)220, PACly(PhCN);2!
and NlUg(PPhg)z“) and 1-alkynes 723 were prepared followmg literature procedures. Sodium bis(2-

athavvathavylal m hudrida (Rad A1®Y 24 M cnlitinn alitena v chacad from Aldeich 7n
uuAuUAybtuUAy)aluuuxuuxu u_yuuuu (NCG-A1Y ), 5.4 M SCIUon 1n {oluene was purénasca irom Aaaricn. 4n

powder was purchased from E. Merck (zinc powder for analysis > 230 mesh ASTM, 60 pm).

Procedure for the Pd-Cu Catalyzed Coupling Reaction of (E) -1,2-Dichloroethylene with 1-Alkynes: To
a solution of PdCl>(PPha) (0.01 equiv.), (E)-1,2-dichloroethylene (3 equiv.), piperidine (2 equiv.) and alkyne
7 in ether was added Cul (0.1 equiv.). The reaction was slightly exothermic and the temperature was

maintained between 15-20 °C by using a water bath. The stirred reaction was kent at room temperature for4 h
maintaineqg oetween 10-249 usin vater patr e surred réaclion was xept at room iemperature ior< o

and treated with saturated solution of NH4Cl. The aqueous layer was extracted with ether (3 x 20 mL), the
combined organic layerq were washed successively with aqueous HCI (0 2M, 15 mL), NaHCO3 (10 mL) and

l'l.’)U (zi x 30 mL), dried over ngDU4 and conceniraied under vacuum. The I'CSIGUC was purmea Dy silica gel
column r‘hrnms\tncrr::mhv to mve pure (F\ r‘hlm‘nenvnp 6or8 (cfPerqnmerm nur v > 999% determined hv

GC).
(5E)-6-Chloro-1-phenyl-hex-5-en-3-yn-1-ol 6a: 8.43 g (82%, yellow solid) obtained from 1-phenyl-but-3-yn-

"!

1-o0l (50 mmol, 7.31 g); mp: 54-55°C (i-Pr;0); IR (KBr) cm! 3280, 3070, 3010, 2830, 2 ()O, 2220, 1590
1050, 920; 'H NMR (250 MHz, CDCl3) 6 7.39 to 7.28 (m, 5H), 6.44 (d, 1H, J = 13.6Hz), 5.88 (dt, 1H,J =
13.6 and 2.3Hz), 4.86 (dt, 1H, J = 6.3 and 2.3Hz), 2.74 (dd, 2H, J = 6.3 and 2.3Hz), 2_31 (d, 1H, I = 3.5Hz);
13C NMR (63 MHz CDCl3) 3 142. 45, 129.85, 128. 40, 127. 90 125.65, 113.65, 89.05, 77.95, 72.35 30.20;

1, 20), 206

CIMS (NH,) m/e (relative intensity) 226 (M+18)*, ¥'Cl, 31), 224 (M+18)*, ¥Cl, 100), 208 (M*, 'C
(M*, BCl, 25), 189 (14), 174 (12), 157 (14), 105 (38); Anal. calcd for C,,H,,ClO: C, 69.74; H, 5.36
69.89; H, 5.48.

(5E)-6-Chloro-1-(p-isopropylphenyl)-hex-5-en-3-yn-1-0l 6b: 5.80 g (83%, yellow solid) obtained from 1- (D-
isopropylphenyl)- -but-3- -yn- 1-0l (28.2 mmol, 5.30 g); mp: 44- 45°C (petroleum ether/ether); IR (KBr) cm!
3350, 3070, 2860, 2230, 1620, 1065; iIH NMR (250 MHz, CDCli3) 8729 (d 2H,J =8. 2Hz),7.20(d, 2H,J =
8.2Hz), 6.45 (d, 1H, J = 13.6Hz), 5.89 (dt, 1H, J = 13.6 and 2.3Hz), 4.83 (dt, 1H, J = 6.3 and 2.5Hz), 2.89
(sept, 1H, J = 6.9Hz), 2.73 (dd, 2H, J = 6.5 and 2.3Hz), 2.32 (d, 1H, J = 3.0Hz), 1.23 (d, 6H, J = 6.9Hz); 13C
NMR (63 MHz, CDCl3) 5 148.80, 139.95, 129.85, 126.55, 125.70, 113.80, 89.30, 77.95, 72.35, 33.80, 30.30,
23.95; Anal. calcd for C,;H,;,ClO: C, 72.43; H, 6.89 Found: C, 72.29; H, 6.98.
(5E)-6-Chloro-1-(p-methoxyphenyl)-hex-5-en-3-yn-1-0l 6¢: 7.16 g (89%, yellow oil) obtained from 1-(p-
methoxyphenyl)-but-3-yn-1-ol (34 mmol, 5.98 g); IR (neat) cm-! 3415, 3075, 2910, 2225, 1615, 1060; 1H
NMR (250 MHz, CDCl3) 8 7.27 (d, 2H, J = 8.6Hz), 6.86 (d, 2H, J = 8.7Hz), 6.43 (d, 1H, J = 13.6Hz), 5.87
(dt iH,J = 136and23H7) 4,78 (t 1H,J = 63Hz) 3.78 (s 3H) "70(dd 2H,J =6.3 and23Hz) 2.41 (S
MHz, CDCl 59.25, 134.70, 129.80, 126.95, 113.80, 113.75, 89.20, 77.90, 72.05,

Found C,

iH); 13C NMR (63 MHz, u)uy 6
55.20, 30.25; Anal. caled for C,, . C, 65.97; H, 5.54 Found: C, 66.10; H, 5.68.

(1E)-1-Chloro-undec-1-en-3-yn- 6-0! 6d: 4.20 g (75%, colourless oil) obtained from non-1-yn-4-ol (29 mmol,
4.0 g); IR (neat) cm'! 3375 3080, 2950, 2855, 2225, 1595; 1H NMR (250 MHz, CDCl3) 6 6.46 (d, 1H, J =
1 ),

13. 7Hz) 5.89 (dt, 1H, J = 13.7 and 2.4Hz), 3.74 (i, lH), 2 52 (ddd I1H,J=17.1,5.5 and Hz) 2.40 (ddd
1H,J=17.1,5.5 and 2.21{2), 1.85 (s, 1H), 1.50 (quint, 2H, J = 6.5Hz), 1.45 t0 1.20 (m, 6n), 0.87(t,3H,J =
6.5Hz); 13C NMR (63 MHz, CDCl3) & 129.70, 113.80, 89.30, 77.90, 70.05, 3@ 5, 31.70, 28.30, 2“2..;22:553
14.00; Anal. calcd for C“HWCIO C, 65.83; H, 8.54 Found: C, 65.91; H, 8.6

(5E)-6- Chloro-hex-5-en-3-yn-1-ol 6e: 5.46 g (93%, yellow oil) obtained from but-3-yn-1-ol (36.9 mmol, 3.76
g); IR (neat) cm-! 3360, 3080, 2960, 2800, 2230, 1590, 1050; iTH NMR (250 MHz, CDClz) & 6.42 (d, 1H,J =
13.6Hz), 5.84 (dt, 1H, J = 13 6 and 2.3Hz) 364 (¢, 2H, ] = 6.5Hz), 3.57 (s, 1H), 248 (td, 2H, J = 6.5 and

2.3Hz); 13C NMR (63 MHz, CDCl3) § 12
C, 55.19; H, 5.40 Found: C, 55.29; H, 5.51.

( 1E)-1-Chloro- hepta 1,6-dien- 3—yn 5-0l 8a: 1. 6 g (77%, yellow oil) obtained fro 7a (15 mmol, 1.23

f\n/’\ 2o o~

0.53 (petroleum ether/ether 2:1); IR (neat) cm-! 3360, 1650, 1580, 1150, 950; IH N
6.59 (d, 1H, J = 13.7Hz), 5.99 (ddd, |H, J = 17.0, 10.1 and 5.9}1;5)’ 508 (dd. 1H J =

1iky v i O \utey 1ad,

@
%

, 113.65, 89.55, 77.00, 60.55, 23.55; Anal. caled for C;H,ClO:



1H, J = 17.0 and 1.2Hz), 5.27 (dt, 1H, J = 10.1 and 1.2Hz), 5.00 (dt, IH,J = 6.0 and 1 4HZ), 2.00 (d 1H,J =
6.4Hz); 13C NMR (63 MHz, CDCl3) 6 136.35, 131.20, 116.75, 112.95, 90.30, 81.15, 63.40; Anal. calcd for
C,H,Cl0: C, 58.97; H, 4.95 Found: C, 59.19; H, 5.02.

(1E.6E)-1-Chloro-octa-1,6-dien-3-yn-5-01 8b: 1.97 g (84%, yellow oil) obtained from 7b (15 mmol, 1.44 g);
Ry=0.53 (petroleum ether/ether 2: 1) IR (neat) cm‘f334 2220, 1670 1580, 1230, 1170, 960; 1H NMR (250
MHz, CDCI3) 8 6.54 (d 1H, J = 13.7Hz), 5.95 (dd, 1H, J = 13.7 and 2.0Hz), 5.83 (qdd lH J=14.0,6.5 and
1. OHZ) 5.55 {ddq, 1H, J = 14.0, 6.5 and 1.5Hz), 4.90 (br.d, 1H, J = 5.8Hz), 2.24 (brs, '1H), i "'9 {d, 3H,J =
6.5Hz); 13C NMR (63 MHz, CDCl3) 6 130.90, 129.70, 129.15, 113.10, 91.10, 80.75, 63.20, 0; Anal. calcd

for CgH,ClO: C, 61.35; H, 5.79 Found: C, 61.28; H, 5.85.

(1E,6E)-1-Chloro-deca-1,6-dien-3-yn-5-ol 8¢c: 2.25 g (81%, yellow oil) obtained from 7¢ (15 mmol, 1.86 g); Rf
= 0.56 (petroleum ether/ether 2:1); IR (neat) cm-! 3340, 2218, 1670, 1586, 1230, 1165, 975, 919, 858; 1H

NAMB (I8N0 ME~» O, \R‘RK{A 1T T-127H2) S0Q /744 110 T_1‘2’1n«.,l 1 QLT EOn/,‘h 1LY 7T 182
INIVIIN \ &0V VI, Linel3) O 0.0

O
and 6.7Hz), 5.61 (dd, 1H,J =153
J=7.0Hz), 1.43 (sext., 2H J=74

128.70, 113.35, 91.35, 80.95, 63.50, 3
(M* ‘7m 9), 184 (M*, ¥C1 14) 160

(G 7 s 1, 1), 1 Py

7
COHHCIO C 6504 H, 7.10 Found: C, 65.19; H, 7

Procedure for the Pd-Cu Catalyzed Coupling Reactlon of (Z)-1,2-Dichloroethylene with 1-Alkynes: To a
solution of Pd(PPhx)4 (0.225 mmol, 260 mg) (Z) 1,2- dlchloroethylene (30 mmol, 2.91 g) butylamm (30
mmol, 2.19 g) and alkyne 7 (15 mmol) in ether (30 mL) was added Cul (1.5 mmol, 0.286 g) at 15-20 °C

(Pvnthprmm rpnr\hrm\ The stirred reaction was I(P‘hf at room temperature for 4 h and treated with saturate

solution of NH4ClL The aqueous layer was extracted with ether (3 x 20 mL), the combined organic layers were
washed successively with aqueous HCI (0.2M, 15 mL), NaHCO3 (10 mL) and H,O (2 x 30 mL), dried over
MgSO4 and concentrated under vacuum. The residue was purified by silica gel column chromatography to
give pure (Z)-chloroenyne 10 (stereoisomeric purity = 99% determined hv GQ).

(1Z)-1-Chloro-hepta-1,6-dien-3-yn-5-0l 10a: 1.75 g (82%, yellow oil); IR (neat) cm-! 3360, 1646,
1021, 944, 736; 1H NMR (250 MHz, CDCl3) & 6.40 (d, lH J—74HZ) 598 (ddd, I1H,J =1
5.2Hz), 5.89 (dd, 1H, J = 7.4 and 1.8Hz), 5.51 (dt, 1H, J=171 and 1.3Hz), 5.24 (dt, 1H, J = 10.1 and 1.2Hz),
5.05 (dd, 1H J = 5.2 and 1.4Hz), 2.48 (brs, 1H); 13C NMR (63 MHz, CDCl3) 6 136.30, 129.15, 116.90,
111.40, 95.635, 80.00, 63.50; CIMS (NH;) m/e (relative intensity) 161 (3), 159 (9), 144 M*, 37(’] 39), 142 (M*,

Cl, 100), 127 (14), 125 (44), 107 (15); Anal. caled for C;H, ClO: C, 58.97; H, 4.95 Found: C, 59.15; H, 5.08.

(1Z,6E)-1-Chloro-octa-1,6-dien-3-yn-5-0l 10b: 1.88 g (80%, yellow oil); Rr= 0.42 (petroleum ether/ether 2:1);
IR (neat) cm-1 3405, 1690, 1632, 1576, 1454, 1337, 996, 762, 721; IH NMR (250 MHz, CDCl3) § 6.36 (d, IH,
J =7.5Hz), 5.95 (qdd, 1H, J = 13.8, 6.4 and 1.0Hz), 5.90 (dd, 1H, J = 7.5 and 1.6Hz), 5.65 (ddq, 1H, J = 13.8,
5.7 and 1.5Hz), 4.94 (t, 1H, ] = 5.7Hz), 2.28 (d, 1H, J = 5.7Hz), 1.68 (d, 3H, J = 6.4Hz); 13C NMR (63 MHz,
CDCl3) & 129.60, 129.25, 128.85, 111.50, 96.70, 79.60, 63.25, 17.45; Anal. caled for C;H,ClO: C, 61.35; H,
5.79 Found: C, 61.29; H, 5.82.

(1Z,6FE)-1-Chloro-deca-1,6-dien-3-yn-5-ol 10c: 2.10 g (76%, yeliow oil); Kf 0.41 (petroleum ether/ether 2:1);
IR (neat) cm-! 3390, 1675 1615, 1570, 980; 1H NMR (250 MHz, CDCl3) 8 6.45 (d, 1H, J = 7.5Hz), 6.03 (m,
1H), 5.96 (dd, 1H, J = 7.5 and 1.6Hz), 5.65 (ddt, 1H, J = 15.0, 6.0 and 1.4Hz), 5.03 (br.t., 1H, J = 6.0Hz), 2.07
(g, IH,I=17. 2Hz), 1.98 (d IH,J =6. .2Hz), 1.44 (sext, 2H, J = 7.4Hz), 0.92 (t, 3H, 7.4Hz); 13C NMR (63

A/F

MHz, LUL13)0 134.30, 128.90, 128.45, 111.55, 96.75, 79.65, 63. 35, 33.95, 21.95, 13.60; Anal. caicd for
C,,H,,ClO: C, 65.04; H, 7.10 Found: C ﬁﬁlﬁ H. 7.18.

AR TIER S RS A ROMEIRE. Ry VU Ry ARy

(2E,7E)-Trideca-2,7-dien-5-yn-4-ol 12: To a stirred solution of (E)-1-iodo-1-heptene (5.75 mmol, 1.29 g),
PdCl;(PPh3); (0.06 mmol, 41 mg) and Cul (0.58 mmol, 110.5 mg) in piperidine (9 mL) was slowly added
(addition tlme 10 mm) 7 b (6.33 mmol, 608 mg) in 3 mL of p1per1d1ne while mamtammg the temperature
between 15 and 20°C. The stirred reaction was cht at room temperature for 2h and treated with saturated
solution of NH4Cl. The aqueous layer was extracted with ether (3 x 20 mL), the combined organic layers were
washed successwely with aqueous HCI (0.2M, 15 mL), NaHCO3 (10 mL) and H;0 (2 x 30 mL), dried over
MgSO4 and concentrdted under vacuum. PllrlfiCdthIl by flash chromatography (petroleum ether / AcOEt 2 1)

nffardad tha miie iamyuma all~ (gtaramicmmant a svzaniber P PR . B

alluiucu LIc yulc \L,L} ULUU{HC J.b asay CuUW Uu DL TUIDVINITLIC pulit / 70'/0 UCLCHIHHCU Uy U\,) ul 7.) /O

yield (1.05 g). IR (neat) cm™' 3345, 2220 1665, 1580, 1165; 1H NMR (200 MHz, CDCl;) 8 6.15 (dt, 1H, ] =
15.8 and 7.1Hz), 5.86 (ddq, 1H, J = 15. 2, 6.3 and 1.0Hz), 5.60 (ddq, 1H,1 =152, 6.3 and 1. SHZ) 5.47 (dq,
IH, J = 15.8 and 1.7Hz), 4.90 (t, 1H, J = 5.7Hz), 2.11 (dq, 2H, J = 7.3 and 1.2Hz), 1.90 (d, 1H, J = 5.8Hz),
1.75 (dt, 3H, J = 6.2 and 1.0Hz), 1.21 to 1.31 (m, 6H), 0.89 (t, 3H, J = 6.7Hz); 13C NMR (63 MHz, CDCl;) &
145.65, 130. 35 128.55, 108.70, 86.80, 84.65, 63.30, 32.95, 31.20, 28.25, 22.35, 17.340, 13.90; Anal. calcd for
C;H,,0: C, 81.20; H, 10.48 Found: C, 81.34; H, 10.55.

s A1, b = 10./114), J.J0 (\UU, 111, J = 1J./ ailu 1.0114), V.0V (Ui, 11, J = 10.0

and 6.3Hz), 4.94 (br t, 1H, J = 5.7Hz), 2.19 (d, 1H, J = 5.7Hz), 2.05 (q, 2H,
z), 0.91 (t, 3H, J = 7.3Hz); 13C NMR (63 MHz, CDC13) 8 134.40, 130.10,
2215

3.80; CIMS (NH,;) m/e (relative intensity) 205 (7), 186

1
b
(!OO), 131 (31), 125 (16), 91 (30), 79 (21) ; Anal. calcd for

vl

o

o
6.
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General Procedure for the Reduction of Propargyi Aicohol Function with Red-Ai®: To a stirred solution
(1.5 gquiv 3.4N in toluene) in anhvdrous THF, under an aregon atmosnhere. was added Hrnpu'nee,

of Red-Al® ( toluene) drous THF, under an argon atmosphere, was added dro

at -20°C, propargylic alcohol 8 or 10 in solution in THF. The reaction was stirred at room temperature and
monitored by TLC ana1y51s untll complete consumptlon of the starting material (30 min to 4 h) The reaction
was hydrolyzed, at -20°C, with aqueous hydrochloric acid (1M, 10 mL) and e
The organic extract was dried over MgSOj and the solvent was removed in v

silica gel column chromatography to give pure product (stereoisomeric purity > 98% determined by GC)
(1E,3E)-1-Chloro-hepta-1,3,6-trien-5-ol 9a: 1.61 g (93%, yellow oil) obtained from 8a (12 mmol, 1.71 g); IR

xtracted with EtpO (2 x 20 mL).
cuo. The residue was nnnﬁr—-d by

lmn

(neat) cm-! 3368, 1655, 1590 1423, 1286, 985, 929, 840; H NMR (200 MHz, CDCl3) 5 6.48 (dd, 1H, J = 13.4
and 10.7Hz), 6.23 (d, 1H, J = 13.4Hz), 6.18 (ddd, 1H, J = 15.4, 10.6 and 1.2Hz), 5.89 (ddd, I1H,J =17.2, 10.3
and 6.0Hz), 5.75 (dd, 1H, J = 15.4 and 6.0Hz), 5.29 (dt, 1H, J = 17.2 and 1.3Hz), 5.18 (dt, 1H, J = 10.3 and
1.3Hz), 4.68 (dt, 1H, J = 6.0 and 3. 6Hz) 1.83 (d, lH J=3, 6Hz); 13C NMR (63 MHz CDC13) 6 138.75,
134.75, 132.80, 126.50, 121.45, 115.60, 73.05; CIMS (NH,) m/e (relative intensity) 144 (M", ¥y, 6), 129

(35), 127 (100), 109 (18), 86(17) Anal. caled forCHClO C, 58.14; H, 6.27 Found: C, 58.23; H, 6.35.

(1F IF AFEV1_-Chloro-neta-1 3 B-trien-S-21 Oh- 1 71 o (009, vellaw ail) nhtainad fram €h /19 mmnl 1 Q@

Y o
\ ALy Rty VEs JTATAAIRVT UV L, U7 CT1™ ./ =0{ 700 1. \ 7V /U, YWIIUW Uil vvldilivag 11V O 14 11HHVL, 1.00 Js

Ry =0.36 (petroleum ether/ether 2:1); IR (neat) cm?3415 1640, 1570, 1375, 1295, 1070, 995, 835, 670; 'H
NMR (250 MHz, CDCl3) & 6.45 (dd 1H, J=13.3 and 10. 5Hz) 6.20 (d 1H, J =13, 3Hz) 6.08 (m, lH) 5.73
(dd, iH, J = 15.8 and 6.0Hz), 5.69 (qd, 1H, J = 15.3 and 6.0Hz), 5.49 (ddq, 1H, J = 15.3, 6.5 and 1.4Hz), 4.60
(t, 1H, J = 6.3Hz), 1.98 (br s, 1H), 1.71 (d, 3H, J = 6.7Hz); 13C NMR (63 MHz, CDCl3) 6 135.60, 132.90,
131.90, 127.90, 125.95, 121.10, 72.85, 17.65; CIMS (NH,) m/e (relative intensity) 174 (6), 157 (M-1)", 15Cl
1120 151 (50), 141 (100) 109 (7), 105 (12); Anal. calcd for CiH,,ClO: C, 60.57; H, 6.99 Found: C, 60.63; H,
/.U

14, _/"1 s:all -~~~

-1-Chioro-deca-1,3,6-trien-5-ol $¢: 2.17 g (97%, yellow oil) obtained from 8¢ (12 mmol, 2.22 g);
(petroleum ether/ether 2:1); IR (neat) cm! 3410, 1630, 1565, 1360, 1060, 990; 1H NMR (250 MHz,

6
D 13)5645 (dd, 1H, J = 13.4 and 10.4Hz), 6.20 (d, 1H, J = 13.4Hz), 6.15 (m, 1H), 5.70 (m, 2H), 5.47 (dd,
IH,J=15.3 nd67HZ) 461 (t, 1H, J—GIHZ) 202 (q, 2 ,J=7.1Hz), 1.88 (br s, lH) 143 (sext, 2H, J =
7.3Hz), 0.90 (i, 3H, J = 7.3Hz); 13C NMR (63 MHz, CDCl3) & 135.65, 133.05, 132.90, 130.75, 125.95,
121.05, 72.

, 1
90, 34. 20 22.10, 13.60; Anal. calcd for C,4H,.ClO: C, 64.34; H, 8.10 Found: C, 6459 H, 8.28.
1.

(1Z,3E)-1-Chloro-hepta-1,3,6-trien-5-ol 11a: 1.16 g (80%, yellow oil) obtained from 10a (10 mmol, 1.43 g
Rf=0.41 (petroleum ether / ether 2:1); IR (neat) cm- 1 3390, 1640, 1580, 1350, 1060, 970; 1H NMR (2
MHz CDCl3) 6 6.68 (ddt, 1H, J = 15.4, 10.4 and 1.1Hz), 6.32 (dd, 1H, J = 10.4 and 7. le), 604 (d, 1H, 7
N

— T —— 177 hnsr
7.1Hz), 5.94(ddd, 1H,J =172, 103 and 5.9Hz), 5.89 (dd, 1H,J =154, and 5. 9Hz),5.31(dt, 1H,J =172 an

1.4Hz), 5.20 (dt, 1H, J = 10.3 and 1.3Hz), 4.75 (m, 1H), 1.85 (d, 1H, 4.0Hz); 13C NMR (63 MHz, CDCl3) 8
138.65, 137.25, 128.90, 123.95, 119.10, 115.70, 73.30; CIMS (NH,) m/e (relative intensity) 144 (M+ BCl, 7)
129 (32), 127 (100), 109 (21), 86 (15); Anal. calcd for C;H,ClO: C, 58.14; H, 6.27 Found: C, 58.29; H, 6.42.

(1Z,3E,6E)-i-Chioro-octa-1,3,6-trien-5-0l 11b: 1.43 g (90%, yellow oil) obtained from 10b (10 mmol, 1.59
\ pr nQQ fnptrnlnnm athar / athar 2:1)- TR (naat) cm” 1 QQQA 1R<n 1(04 1/1(‘; 1'2./1"] 1(\“7 Q78 7TARA- 1T

— VieJU \(PVUVIVULLL VUL 7 VLAvL &l J AN LIvAL) W U/, ZiJd, 1UU, *11

NM (250 MHz, CDCl3) 8 6.63 (dd, 1H, J = 15.4 and 10.4Hz), 6.30 (dd 1H, J- 10.4 and 7. IHZ) 6.00 (d, 1H,
J=17.1Hz), 5.91 (dd, 1H, J = 15.4 and 6.4Hz), 5.74 (qd, 1H, J = 15.3 and 6.5Hz), 5.45 (ddq, 1H, J = 15.3, 6.5

and 1.5Hz), 4.67 (t, 1H, J = 6.4Hz), 1.94 (s, 1H), 1. 72 (d, 3H, J = 6.4Hz); 13C NMR (63 MHz, CDCl3) &
138.25, 132.00, 129.20, 128.20, 123.60, 118.95, 73.35, 17.85; CIMS (NH,) m/e (relative intensity) 174 (5)

LU, 147 1 &0, SoRxiVALS \1Va AT \AVAQA VY AULVAISIVY J A PTY \V ]y

157 (M-1)", 35Cl 13), 151 (48), 141 (100), 105 (12), Anal. caled for C H”ClO C, 60.57; H, 6.99 Found: C,
60.69; H, 7.12.

(1Z,3E,6E)-1-Chloro-deca-1,3,6-trien-5-ol 11c: 1.70 g (91%, yellow oil) obtained 10¢ (10 mmol, 1.85 g);
0.42 (petroleum ether/ether 2:1); IR (neat) cm-! 3405 1645, 1560, 1360, 980; 1H NMR (250 MHz, CDCf 13)
8 6.65 (dd, 1H, J = 10.5 and 15.4Hz), 6.30(dd, 1H,J = lOiand7 1Hz), 6.01 (d, IH T—7 1Hz), 5.98 (dd, 1H

AW dllld 124 2104, Q.70 848, 214,

J-154and63Hz) 5.72 (ud, 1H, J-154and64Hz) 5.51 (ddt, 1H, J—154 6.7 1.3Hz), 469(brt 1H),

1] Ov

o
EJ
Cu

w

2.03 (q, 2H, J = 6.9Hz), 1.83 (br s, 1H), 1.41 (sext, 2H, J = 7.4Hz), 0 91 (t, 3H, J = 7.4Hz); 13C NMR (63
MHz, CDCl3) & 138.15, 133.20, 130.65, 129.05, 123.45 118.80, 73.20, 34.25, 22.15, 13.60; Anal. calcd for

C,oH;sClO: C, 64.34; H, 8.10 Found: C, 64.52; H, 8.18.
(2E,5E,7E)-Trideca-2,5,7-trien-4-0l 13: 760 mg (78% yellow oil) obtained from 12 (5 mmol, 962 mg) IR

lUjandU9HZ),bU4(d(1t lH 1_14/ uHanallﬂz) 318t0547(m 4H),459(brt IH I=
’)nvrn 2H I1=67H-Y 12 ¢(¢c THY 171 ¢4 IH Y—Riuq\ 141 to 1.28 (m. 6H). 0.89 (t. 3H I =

e o \J T deddy ¥ = Uelddinfy LUk \Oy LALJy Llad kL \My Jlly Jd — U.Jiidiy W& \illy, UL}, V.07 ({4, J11,

13C NMR (63 MHz, CDCly) 8 135.80, 132.50, 131.95, 130. 95 129.35, 127.15, 73.40, 32.55, 31.30, 28.85,
22.45, 17.65, 13.95; CIMS (NH;) m/e (relatlve _intensity) 193 (M- 1) 33), 177 (80), 144 (45), 127 (43), 109

YT N, ONn

{(72), 81 (100); Anal. caicd for C,;H,,0: C, 80.35; H, 1i.41 Found: C, 50.50; H, 11.47.
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General Procedure for bis(acetonitrile)Palladium Chloride Rearrangements

(2E,4E,6E)-1-Acetoxy-7-chloro-hepta-2,4,6-triene 1a: To a stirred solution of alcohol 9a (10 mmol, 1.45 g)
and triethylamine (12 mmol, 1.7 mL) in CH2Cl, (15 mL) was added at -30°C Ac20 (12 mmol, 1.2 mL). The
reaction was stirred at room temperature and monitored by TLC analysis until complete consumpnon of the
starting material (1 to 3h). The mixture reaction was then treated with water (30 mL). The aqueous layer was
extracted with ether (3 x 20 mL), dried over MgSOy4 and concentrated under vacuum. Rapid filtration (Ry =
0.63) through a short pad of silica gel (packed 1 with petroleum ether/ether 1:3 containing 0.5 vol.% of Et3N)
lead to the acetate 4a (crude product): 'H NMR (250 MHz, CDCl3) 6 6.50 to 6.13 (m, 3H), 5.91 to 5.61 (m,
3H), 5.33 (m, 2H), 2.08 (s, 3H); 13C NMR (63 MHz, CDCl3) §169 75, 134.75, 132.45, 130.50, 128.85,

122.40, 117.60, 74.20, 21.15.

The acetate 4a previously prepared in THF (15 mL) was treated with PdClo(MeCN); (0.4 mmol, 100
mg). The reaction was stirred at room temperature and monitored by TLC analysis until complete
consumption of the starting material (2 to 5h). After evaporation of the solvent in vacuo and rapid filtration
through a short pad of silica gel (packed with petroleum ether/ether 3:1 containing 0.5 vol.% of Et3N) the
pure chlorotriene 1a (E, E, E stereoisomeric purity = 95%) was isolated as a yellow oil in a 95% overall yield
(1.77 g). IR (neat) cm-! 3466, 1736, 1690, 1240, 1000, 835 IH NMR (250 MHz, CDCI3) 8 6.54 10 6.43 (m,

1TIIN £ 121 ATIN C MO 7 3. 1TY ¥ 1A A 3 7 £Y A L1 713 AYY NAO 7. 21N, 13 w1nan

1H), 6.31 to 6.14 (m, 4H), 5.78 (dt, 1H, J = 14.4 and 6.5Hz), 4.61 (d, 2H, J = 6.6Hz), 2.08 (s, 3H); 1°C NMR
(CDCl, ) § 170.65, 133.45, 133.30, 132.05, 129.40, 127. QS 121.55, 6445 20.90; CIMS (NH;) m/e (relative

mtensxty) 205 (7), 203 (24), 186 (M* 15Cl 2) 129 (38) 7 (100), 107 (15); uv (EtOH) A =271 nm (Emax =
30500) and 282 nm (g = 24700).

(1E,3E,5E)-7- Acetoxy -1-chloro-octa-1,3,5-triene 1b: Following the procedure described for 1a, the acetylation
~AF ala~lo 1 Ok o | N7 g\ land ta o miviiiea ~F anntntac Al nend Th A fine cansematagasmans AL‘ thic mlwtizen
01 aiCorio1 >0 \0 1LIIOL, l e I B} icau i a llll)\lulC UL aLCLalod 9 daliu 1. ALl lcd.lldlléclllclll O1 Uiis miixture in

the presence of PdCl(MeCN), (0.32 mmol, 83 mg), 1b (E,E, E stereoisomeric purity = 95%) was isolated as a
yellow oil in a 52% overall yield (830 mg). Ry (petroleum ether/ether 3: 1)=0.62; IR (neat) cm-! 3455, 1736,

1646, 1242, 1050, 997, 836; iH NMR (250 MHZ (,D(,l3) 5 6.49 to 6.42 (m, 1H), 6.23 to 6.14 (m, 4H), 5.72
(3dd TH T 144 and & TH2Y § Q@ (anmint TH T A 82\ 204 (¢ 1THY 1 20 (4 20 T A S 130 NIMB (K2
LU, 111, v = 159459 alil U, /7114 ), J.J7 (Yuilit, 111, § = U.JX1L), &£, UT D, JK1J, L.J4 (U4, S0, J V.1 j, LOINIVIN U5

MHz, CDCl,) § 170.20, 133.75, 133.40, 132.30, 130.95, 129.20, 121.30, 70.45, 21. 25 20 10; CIMS (NH,) m/e
(relative inténsity) 200 (M*, **Cl, 3), 143 (33), 141 (100), 105 (10); UV (EtOH) A = 271 nm (g,,,, = 32700), A
=282 nm (g = 28800).

(1E,3E,5E)-7-Acetoxy-1-chioro-deca-1,3,5-triene 1c: Following the procedure described for 1a, the acetylation

of alcohol Q¢ (8 mmol. 1.49 o) lead to a mixture of acetates 4¢ and 1¢. After rearrangement of this mixture in
AL CRIWAJLINIY TN U llllll\ll, RS s 5} AWAARNE LU/ A RLIINALULIW UL W \.u\\/o TR LGALINE AN, L AILVE BWAARI G éw‘llv‘lb AL VRO RILLIALAWLN R

the presence of PdCl1(MeCN); (0.32 mmol, 83 mg), 1c (E,E, E stereoisomeric purity = 95%) was isolated as a
yellow oil in a 84% overall yield (1.54 g). Ry (petroleum ether/ether 3:1) = 0.62; IR (neat) cm! 1737, 1689,
1379, 1245, 833; 'H NMR (250 MHz, CDCl3) gé 48 to 6.42 (m, 1H), 6.27 to 6.13 (m, 4H), 5.66 (dd, lH J=
14.5 and 7m—17\ 5.29 (g, 1H, J = 6.8Hz), 2.06 (s, 3H), 1.68 to 1.50 (m, 2H), 1.39 to 1.28 (m, 4H), 0.92 (¢, 3H,

= 7.2Hz); 13C NMR (63 MHz CDCI3) ) 170 35, 133 40, 132, 85 132 35 131.75, 129 15 121 25, 74 10
36.45, 21.20, 16.35, 13.75; Anal. caled for C,H,;,C10,: C, 63.02; H, 7.49 Found: C, 63.34; H, 7.55; UV

I"“AI“\Y'I\ " Yy QINNNN

(BlUNn) A=c</72 nm \bmax = JJ3Uvv).

(2E,4E,6Z)-1-Acetoxy-7-chloro-hepta-2,4,6-triene 2a: The same procedure was used as described for 1a
starting from alcohol 11a (6 mmol, 877 mg). Sa (crude nmduct\ IH NMR (250 MHz, CDCl,4 \ 8 6.75 (ddd,

1H, J = 14.1, 104 and09Hz) 630(dd lH J=10.3 and 7. le) 5.99 (d, IH J=1. le) 592 to 5.78 (m
3H), 5.34 to 5.22 (m, 2H), 2.09 (s, 3H); 1-’C NMR (63 MHz, CDCl3) 8 169.75, 134.65, 133.00, 128.60,

178 8 1100N 11778 742N 21 1N
1&49.00, 117.7Y, 11/7.1J, 1.0V, 41.1VU.

After rearrangement of Sa in the presence of PdClg(MeCN)g (0.24 mmol, 62 mg), 2a (E,E.Z
stereoisomeric purity = 95%) was isolated as a yellow oil in a 96% yield (833 mg). Ry (petroleum ether/ether
3:1)=0.62; IR (neat) cm-! 1741, 1684, 1238, 990, 767; 1H NMR (200 MHz, CDC13)$ 6.68 (dd, 1H,J = 144
and 10.3Hz), 6.26 to 6.45 (m, 3H),007 (d, 1H, J=7.5Hz2), 5.88 (dt, 1H, ] = 14.4 and 6.4Hz), 4.65 (d, 2H,J =
6.4Hz), 2.1 (s, 3H); 13C NMR (CDCl3) 8 170.60, 134.15, 133.55, 129 35, 128.65, 126.80, 119.20, 64.35,
20.85; CIMS (NH,) m/e (relative intensity) 205 (14), 203 (45), 186 M, 35Cl 11), 129 (32), 127 ( 100) 109
(22), 107 (67); UV (EtOH) A = 273 nm (smax = 30400).

(1Z,3E,5E)- 7- -Acetoxy-1- chloro-octa-1,3,5-triene 2b: Following the procedure described for 1a, the acetylation
of alcohol 11b (o mmol, 952 mg) lead to a mixture of acetates Sb and 2b (Sb/2Zb = 1/2). After rearrangement
of this mixture in the presence of PdClx(MeCN)3 (0.24 mmol, 62 mg), 2b (Z E,E stereoisomeric purity = 95%)
was isolated as a yellow oil in a 91% overall yield (1.1 g). Ry (petroleum ether/ether 3:1) = 0.62; IR (neat) cm!

3450, 1744, 1650, 1245, 1060, 985; 'H NMR (200 MHz, CDC13) 3 6.65 to 6 58 (m, 1H), 6. 38 6.28 (m, 3H),

N

6.02 (d, 1H, J = 7.0Hz), 5.77 (dd, 1H, J = 6.3 and 14.0Hz), 5.42 (quint, 1H, J = 6.3Hz), 2.06 (s, 3H), 1.34 (4,
3H, I = 6.4Hz); 13C NMR (63 MHz, CDCl,) 8 170.20, 134.40 (2C), 131.05, 129.40, 126;65, 118.95, 70.30,
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21.25, 20.05; CIMS (NH,) m/e (relative intensity) 200 (M*, *Cl, 2)

£, LUV, LAVIDY VNI RVE $8Liw)

A =273 nm (emax = 30500).

(1Z,3E,5E)-7-Acetoxy-1-chloro-deca-1,3,5-triene  2¢: Following the procedure described for 1a, the
acetylation of alcohol 11¢ (5 mmol, 934 mg) lead to a mixture of acetates 5¢ and 2¢ (Sc/2c = 1/2) After

rearrangement of this mixture in the presence of Pd \,xz(McCN)z (6.20 mmol, 52 mg), 2¢ (Z,E.E
stereoisomeric purity 2 95%) was isolated as a yellow oil in a 93% overall yield (1.06 g). R (petroleum

15U 1 o1l AP Ul

ether/ether 3:1) = 0.63; IR (neat) cm-! 1729, 1683, 1630, 1240, 751; 'H NMR (400 MHz) § 6.69 to 6.63 (m

1H), 6.40 to 6.33 (m, 3H), 6.06 (d, 1H, J = 7.0Hz), 5.68 (dd, 1H, J = 13.9 and 6.7Hz), 5.33 (q, 1H, J = 6.7Hz),

2.09 (s, 3H), 174 to 1.56 (m, 2H). 1.42 to 1.32 (m, 2H), 095 (t, 3H, ] = 7.4Hz). 13C'NMR (63 Mz, CDC13)

8 170.50, 134.70, 133.75, 132.05, 129.60, 126.80, 119.15, 73.70, 32.60, 21.40, 18.55, 13.95; Anal. calcd for
C,,H,,C10;: C, 63.02; H, 7.49 Found: C, 63.39; H, 7.57; UV (EtOH) A = 274 nm (g, = 30100).

General Procedure for the Synthesis of w-Chloro-trienal and -trienones (19 and 21): To a solution of 1 or
2 (2 mmol) in MeOH (3 mL) was added at 0°C K,CO, (2.2 mmol, 304 mg). The reaction mixture was stirred
at room temperature and monitored by TLC analysis until complete consumption of the starting material (1 to
3h) before to be concentrated. Ether was added (20 mL) and the organic layer washed with water (2 x 10 mL),
dried over MgSO, and the solvent was removed in vacuo. Owing to their low stability during the punﬁcdtwn

step, COITlpOUIlClS i8or 20 (cruae pI’OGUC[S) were used for the byIlIIIESlS of 19 or Zi without puI‘lIlCﬂthﬂ

v »

~ o=

Mn0O, (40 mmol, 3.50 g) was added at room temperalure to a solution of 18 or 20 in methyiene chioride
(10 mL). After stirring for 1 to 3h (TLC monitoring), the mixture was filtered through a pad of celite, the
solvent was removed in vacuo and the residue was first purified by silica gel column chromatography then by
recrystallization to give pure product.
(2E 4E,6E)-7- Chloro hepta -2,4,6-trienal 19a: 225 mg (79% from la yellow bOlld), = 0.45

pugiy ERpuyRnpny (PR L£OaN (1Y y — T /7N

(ether/petroleum ether 1:1.5); mp: 85-86°C (CH,Cl,/pentane). IR (KBr) cm-! 2750, 1678, 1608, 1555, 1163,
1118, 1013, 829, 624; 'H NMR (250 MHz, CDCI3) 25 9.56 (d, 1H, J=7.9Hz), 7.17 (dd, lH 15.3 and 10.3Hz),
6.48 to 6.68 (m, 4H), 6.23 (dd, 1H, J = 7.9 and 15.3Hz); 13C NMR (63 MHz, CDCl3) & 193.20, 150.50,
137.40, 132.80, 132.20, 130.40, 126.75; CIMS (NH,) m/e (relative 1ntens1ty) 162 (6), 160 (20), 145 ((M+1)*

37 v 35 / 16N TIY (EeMEN 2 201N
Cl, 52), 143 (M+1)", °Cl, 100), 107 (38), 79 (16); UV (EtOH) A = 311 nm (gy,,, = 38700); Anal. calcd for

C,H,ClO: C, 58.97; H, 4.95 Found: C,59.11; H, 4.99.

(3E,5E,7E)-8-Chloro-octa-3,5,7-trien-2-one 19b: 210 mg (67% from 1b, yellow solid); R, = 0.40
(ether/petroleum etherl 1.5); mp: 80-81°C (CHQClzlpetroleum ether); IR (KBr) cm! 3415, 1680, 1 97 1566,
1000, 965, 832, 624; 1TH NMR (250 MHz, CDCI3) 8 7.13 (dd, 1H, J = 15.5 and 10.8Hz), 6.28 to 6.62 (m, 4H),

6.21 (d, 1H, J = 15.5Hz), 2.29 (s, 3H); 13C NMR (63 MHz, CDCl3) 8 198.00, 142.05, 136.45, 133.00, 131.10,

131.00, 125.50, 27.45; CIMS (NH,) m/e (relative intensity) 174 (3), 159 (M+1)*, 7’Cl, 31), 157 (M+1)*, ¥Cl,
100), 141 (5), 121 (22), 94 (9), 77 (8); UV (EtOH) A = 310 nm (emax = 36500); Anal. calcd for C H, ClO: C,
61.35; H, 5.79 Found: C, 61.47; H, 5.83.

= T AT P - o7 'y

(5E,7E,9E)-10-Chioro-deca-5,7,9-trien-4-one 19¢: 196 m
(Pfhpr/nptrn]r-‘nm ether 1:1 Q\ mn: 6§7-68°C /(‘T—-T 1. Innu-n]e oD cm- 1 14R4 1598, 1

7
nin
\Vuaaviad puniivuiig © oA ANCAY PV un ANUfUL) 1UGT, .J/u, l.JJ

1004, 838, 726; 'H NMR (250 MHz, CDCl,) 87 14(dd, 1H,J = 54and 10 Hz), 6 61 to 6.24 (m 4H), 6. 21
(d, 1H, J = 15.4Hz), 2.54 (t, 2H, ] = 7.4Hz), 1.65 (sext, 2H, J = 7.4Hz), 0.94 (t, 3H, ] = 7.4Hz); 13C NMR (63

MHz, CDC13) 6 200.35, 141.10, 136.30, 133.10, 131.10, 130 30, 125.25, 42.80, 17.70, 13.75; CIMS (NH,)
m/e (relative intensity) 202 (7), 187 {(M-H\* 37(‘I 36), 185 ({M-u.]\* 3C1, 100), 149 (22), 141 r’m\ 113 /11\

AV FS 1OV AN S, TF \LLyy 2T \.1.; A1 \4

uv (EtOH) % =311 nm (emax = 33200) Anal. caled for C,OH”CIO C, 65. 04; H, 7.10 Found: C, 65.17;
7.14.

(2E,4E,6Z)-7-Chloro-hepta-2,4,6-trienal 21a: 270 mg (95% from 2a, yellow oil); Rr= 0.45 (ether/petroleum
ether 1:1.5); IR (neat) cm! 1683, 1615,1090, 990, 759 IH NMR (200 MHz, CDCl3) § 9.62 (d, 1H, J =
7.9Hz), 7.20 (dd, 1H, I = 15.1 and 109Hz\ 7.08 (dd IH J =15.0 and 10.6Hz), 6.57 (dd, 1H, T = 15.0 and

V.ULIL)

1l le) 646(dd 1H, J«-106and7]Hz) 630(d lH J—71Hz) 6.23 (dd, 1H,J = 152and79HZ) 13C

NMR (63 MHz, CDCl;) 8 193.45, 150.85, 134.70, 132.85, 132.60, 128.95, 124.15; CIMS (NH,) m/e (relative

= 0Q

yellow solid); R, = 043
55

intensity) 162 (14), 160 (48), 145 (M+1)*, ¥'Cl, 42), 143 ((M-i—l)* »Cl, 100) 109 (63); UV (EtOH) » = 310
nm (gax = 36200); Anal. caled for C;H, ClO: C, 58.97; H, 4.95 Found: C, 59.09; H, 5.03.

(3E,5E,7Z)-8-Chloro-octa-3,5,7-trien-2-one 21b: 228 mg (73% from 2b, yellow solid); R = 0.40
(ether/petroleum ether 1:1.5); mp: 32-33°C (CH2C12/pcntane) IR (nujol) cmr! 1672, 1603, 1566, 1362, 1260,
999, 766; 'H NMR (200 MHz, CDCI 3) & 7.20 (dd, 1H, J = 15.7 and 11.1Hz), 6.98 (dd, 1H, J = 10.8 and
15 2Hz\ 6.52 to 6.39 (m, 2H), 6.25 to 6.17 (m, 2H), 2.31 (s, 3H); 13C NMR (63 MHz, CDC13) 6 198.40,

142.60, 133.75, 133.05, 131. 90 129.15, 122.95, 27.40; CIMS (NH;) m/e (relative intensity) 174 (5), 159
(M+1), 'Cl, 33), 157 ((M+1)*, 3, _100), 141 (7), 121 (19); UV (EtOH) A = 309 nm (g, = 34600); Anal.

A Lo r‘rrrﬂr\ M~ £1 3.7 &7

CaiCa 10T Ugh LIV U, 01.33; i, D. 79 Found: b 61. 44 3 32.
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(SE,7E,9Z)-10-Chloro-deca-5,7,9-trien-4-one 21¢: 188 mg (51% from 2c, yellow solid); Ry = 0.43
(ether/petroleum ether 1:1.5); mp 49-49.5°C (CH,Cly/pentane); IR (nujol) cm i 1678, 1602, 1465, 1370,
1000, 730; 'H NMR (250 MHz, CDCls) § 7.16 (dd, 1H, J = 15.5 and 11.1 z) 6.92 (dd 1H, J = 10.7 and
15.0Hz), 6.43 to 6.32 (m, 2H), 6.18 to 6.12 (m, 2H), 2.49 (t, 2H, J = 7.3Hz), 1.60 (sext, 2H, J = 7.4Hz), 0.88
(t, 3H, ] = 7.4Hz); 13C NMR (63 MHz, CDCly) 8 200.50, 141.35, 133.45, 133.20, 131.00, 129.00, 122.55,
42.45, 17.75, 13.80; CIMS (NH,) m/e (relative intensity) 202 (6), 187 ((M+1)+ Ql, 35), 185 ((M+1)*, 35Cl
100), 151 (8), 14 1( 2), UV (EtOH)l 309 nm (smax—32400) Anal. calcd for CmH,3ClO C,65.04;H, 7. 10
Found: C, 65.15; H, 7.12.

General Procedure for the Reduction of Homopropargylic Alcohols 6a-e: To a stirred solution of Red-Al®
(26 mmol 34N in tnlmﬂnp\ in anhvdrous ether (')ﬂ mlL), was added dropwise, at —20°C, a solution of

11222202, (A 4l Q[ailiyReius LRAd WaAS QLLCL LiUVPWase, @ SUiumauUs

homopropargyllc alcohol 6 (20 mmol) in 3 mL of ether. After complete addition, the cold bath was removed
and the reaction was heated on a steam bath for 5h before treatment at —30°C with aq. HC] (IM, 20 mL)
AI[BI’ CXlrdLlIOIl Wl[ﬂ emer \.D X AU H].L), lﬂC orgamc extract was (ll'le(l over lVlgDU4, Ule SOIVCHI was removea
in vacuo and the residue was purified by silica gel column chromatography (petroleum ether/AcOEt 70:30) to

give pure product (stereoisomeric purity = 99% determined by GC).

(3E,5E)-6-Chloro-1-phenyl-hexa-3,5-dien-1-ol 16a: 3.30 g (79%, yellow oil); IR (neat) cm-! 3385, 3065,
2930 1585 1460 1290 1045 980; 'H NMR (250 MHz, CDCl3) 6 7 35 to 7 26 (m SH) 6. 40 (dd 1H,J =

11T ¥ 1€ N
13.1 and 10.5Hz), 6.10 (d, 1H, J = 13.1Hz), 6.05 (ddt, 1H, J = 15.0, 10.5 and 1.2Hz), 5.66 (dt, 1H, J = 15.0

and 7.4Hz), 4.71 (t, 1H, J = 6.8Hz), 2.51 (t, 2H, J = 7.0Hz), 2.04 (brs 1H); 13C NMR (63 MHz, CDCl3) &
143.65, 133.25, 130.85, 129.10, 128.35, 127.55, 125.70, 119.60, 73.50, 42.30; Anal. calcd for C,ZH,;CIO G,

69.07; H, 6.28 Found: C, 68.91; H, 6.14.

(3E,5E)-6-Chloro-1-(p-isopropylphenyi)-hexa-3,5-dien-1-0l 16b: 4.66 g (93%, yellow oil); IR (neat) cm-1
3380, 3085, 2960, 1610, 1510, 1465, 1420, 1055, 970; |H NMR (250 MHz, CDC' 3)87.29(d,2H,I=8. 2Hz),
7.20 (d, 2H, J = 8. 2Hz) 6.33 (dd 1H J=13.1 and 10. 7Hz), 6.04 (d, 1H, J = 13. Hz), 5.97 (dd, 1H, J = 15.2
and 10.7Hz), 558(dt 1H,J = 152and72Hz) 459(t 1H, 6.4Hz z), 2.89 (sept, 1H,J= 69Hz) 2.73 (dd, 2H, ]
= 6.4 and 2.3Hz), 2.32 (d, iH, J = 3.0Hz), 1.23 (d, 6H, J = 6.9Hz); :°C NMR b3 MHz, CDCl3) 8 148 80,
139.95, 133.80, 130.80, 128.45, 127.70, 125.70, 73.80, 42.50, 33,90, 23,95; Anal, ca‘cd for CH,,ClO: C

71. 85 H 7.64 Found: C 71.52; H 7.52.
(3E,5E)-6-Chloro-1-(p-methoxyphenyl)-hexa-3,5-dien-1-o0l 16¢: 2.96 g (62%, yellow oil); IR (neat) cm’!

3385, 3070, 2960, 2890, 2835, 1610, 1585, 1465, 1305, 1035, 90 IH NMR (250 MHz, CDClg) 8 7.27 (m,

2H), 6.80 (m, 2H), 6.33 (dd, 1H, ] = 13.1 and 10.8Hz), 6.04 H, J = 13.1Hz2), 5.97 (dd, 1H, J = 15.2 and
I=6 3.72 (s, 3H), 2.43 (t, 2H I—7m—lﬂ ’)’m
10,

|._a

10.6Hz), 5.58 (dt, 1H, J = 15.2 and7?n7\ 4,59 (t, 1H, | (s, 3H), 2H, .0Hz), 2.30

"1H, ] = 3.1Hz): 13C NMR (63 MHz, ( 133.35, 131.05, 129.15, 127.00, 119.6

“135 5
H, 6.33 Found: C. 65.34; H, 6.22.
W

(d, 1H, ] = 3.1Hz); 13C NMR (63 MHz, CDCl3) 3 15
113.80, 73.25, 55.25, 42.40; Anal. calcd for C,,H,,C1O,: C, 65.4

1;
(1E,3E)-1-Chloro-undeca-1,3-dien-6-0l 16d: 3.32 g (82% ycll
3.1

oil); IR (neat) cm-1 3340, 2910, 2840,

1570, 970; 'H NMR (250 MHz, CDCl3) 8 6.42 (dd, 1H, J = 13.1 and 10.8Hz), 6.11 (d, 1H, J = 13.1Hz), 6.05

\d- 1H, J = 15.1 and 10.8Hz), 5.70 (dt, 1H, J = 15.1 and 7.4Hz), 3.63 (m, 1H), 2.21 (m, 2H), 1.47 to 1.21 (m

9H), 87 (t, 3H, J = 6.5Hz), 13C NMR (63 MHz, CDCl5) § 133.40, 131.45, 129.10, 119.55, 71.05, 40.70,
36.90, 31.80, 25.30, 22.60, 14.00; Anal. calcd for C,;H,,CIO: C, 65.17; H, 9.45 Found: C, 65.08; H, 9.49.

(3E,5E)-6-Chloro-hexa-3,5-dien-1-ol 16e: 2.39 g (90%, yellow oil); IR (neat) cm-1 3370, 3088, 2960, 2840

1650, 1590, 1100; 'H NMR (250 MHz, CDCl;) 8 6.40 (dd, 1H, J = 13.0 and 10.6Hz, A0, 1H, J =

3

13.0Hz), 6.05 (dd, 1H, J = 15.0 and10.6Hz), 5.66 (dt, 1H J = 15.0 and 7.2Hz), 3.65.(t, 2H, .
(g, 2H,J = 6.3Hz), 1.71 (s, IH), 13C NMR (63 MHZ CD 3) ) 133.25, 131.30, 128.70, 119.50, 61.60, 35.85;

e

Generai Procedure for the byntneSlS of Chioroirienes 3: To a stirred soiution of chiorodiene 16 (IU mmol)
and triethvlamine (lq mmn] 2.1 mL) in CHACly (15 mL) was added at 0°C mpthnnpgn”’nnv] chloride (12

1d triethylamin mlL) in CHCl; (15 mL) was added at 0°C, methanesulfonyl chloride (12
mmol, 0. 93 mL). After snrrmg at room temperdturc for 30 min, the mixture was hydrolyzed w1th a saturated
aqueous solution of ammonium chloride (10 mL) and extracted with ether (3 x 20 mL). The combined organic
layers were washed with water until pH = 7, dried over MgSOy4 and the solvent was removed in vacuo. The
crude product thus obtained was dissolved in CH2Cl; (20 mL) and DBU (15 mmol, 2.3 ml) was added at
0°C. The reaction mixture was stirred at room temperature overnight before to be hydrolyzed with a saturated
aqueous solution of ammonium chloride (20 mL) and extracted with ether (3 x 20 mL) Thc orgamc extract
was (.lrlC(.l over lVlgDU4 dIl(l tfle SOth:lll was femUVCU "’l Vvacuo. IIIC feSl(.lUC was lll"bl purlnea Dy Slll(.d gel
column chromatography (petroleum ether/CH,Cl, 80:20) then by recrystallization (3a-c) to give pure product.

(1E,3E,5E)-1-Chloro-6-phenyl-1,3,5-hexatriene 3a: 1.41 g (74% from 16a, yellow solid); mp: 99-101°C (i-

PrQO), IR (KBr) cmr! 3550 3410, 3015, 2925, 1635, 1620 1595, 1125, 1005 960; 'H NMR (400 MHZ) )
I Hz), 7.36 (t, 2H, ] = 7.0Hz), 7.27 (1, 1HJ—7OHz),683(dd 1H, J = 16.0 and 10.5Hz),
K s 10

744(d 2H,1=70
UI-1K{\U\ Q T_T]'_i’lﬂnn 2Y AA2T /A4 1T T - 18 N SLI>\ £ 21 (AA
I1, s = 10.U J s J

1 nd 1N
6.64 '( 17 s LI, Zj, 0.45 (G0, 10, s = 1.V aild 1v.onij, 6.51 {aq,

(S

1, 'Y = 1. diiu 1\u. J
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.1 N z
; 6.
CIMS (relative i_tc__sity) 20

; 0, 128. 75; CID , 0),
((M+1)*, ¥Cl, 100%); UV (CH; ) A= 322 m (Emax = 40000), A = 337 nm (g = 29500); Anal. calcd for
CL: C, 75.59; H, 5.81 Fo und: C ,75.55; H, 5.79.

‘p-isopropylphenyl)-1,3,5-hexatriene 3b: 1.42 g (61% from 16b, yellow solid); R,
1

C} Q. My OC Q70 . DN TR (R cm -1 2078 2NN QTN 1£AK ILIC

(netrolenim 27 }...057 Hip. o-7/7 L (U-r'T)U); i (ADI) CIT° 5U /D, SUUU, 20/, 1045, 101D,

\P\JLLUIDUIII Suict/

1470, 1390; 'H MR( MHz) § 7.32 (d, 2H, J = 8.2Hz), 7.17 (d, 2H J =8.2Hz), 6.73 (dd, 1H,J = 15.5

and 9.9Hz), 6.56 (d, 1H, J = 15.5Hz), 6.52 (dd, 1H, I = 13.0 and 10.7Hz), 6.37 (dd, 1H, J = 15.1 and 9.9Hz),

6.22 (dd, 1H, J = 15.1 and 10.7Hz), 6.20 (d, 1H, J = 13.0Hz), 2.88 (sept, 1H, J = 6.9Hz), 1.23 (4, 6H, J =
(

KOI—Tv\ 13 NMR (63 MH7) § 148 80 134 7n 134.00 133.85. 1332.80 l’?Qﬂ( 177 80 12K 78 124K AS

F.TRiL) N LNUVIIN \UJ 1Viiid )] U 170.0v, STUV, LUJ.00y LJI0V, LU NUTy L&l Iy LEAT. 1Ty LLUSTT,

120. 40 33.90, 23.85; CIMS (relative mtens1tv) 235 ((M+1)‘ ClL, 37), 234 (M+ 37Cl 29), 233 ((M+l)+ 3,
91) 232 (M+ 35C1 8) 200 (22) 199 (100) 197 (43), 189 (10) uv (CHzClz) A =326 nm (€qax = 45000), A =
341 nm (e = 33000); Anal. calcd for C,;H,,Cl: C, 77.41; H, 7.36 Found: C, 77.03; H, 7.30.

(1E,3E,5E)-1-Chloro-6-(p- methoxyf)henyl) 1,3,5-hexatriene 3c: 1.59 g (72% from 16c¢, yellow solid); mp:
100-102°C (i- Pr ﬂ\ IR (Y’Rr\ cm-t 3060 "\(Hﬂ 2965, 2935, 2840, 1640, 1620, 1595 I<7ﬂ 1260, 995: 1H

AN [OAVAVLV NN Y LTy MTISy LORY, UV, 1ULY, 150, Ty L \INJy STy

NMR (400 MHz) 8 7 33 (m 2H) 6.83 (m 2H), 6 65 (dd 1H,J =153 and 9.3Hz), 6.52 (d, 1H, J = 15.3Hz),
651 (dd 1H, J = 13.0 and 10. 3Hz) 6.35 (dd 1H,) = 14 5 and 9.3Hz), 6.19 (dd 1H, J = 14.5 and 10. 3Hz),
6.18 (d, 1H, J = 13.0Hz), 3.80 (s, 3H); !3C NMR (63 MHz) 6 159.45, 134.10, 133.95, 133.40, 129.90, 127.70,
127.50, 126.35, 120.10, 114.15, 55.30; CIMS (relative intensity) 223 (M+1)*, 7'Cl, 30), 222 (M*, ”Cl 16),
221 (M+1)", *Cl, 100), 220 (M*, 3Cl, 7), 219 (24), 188 (13), 187 (82), 185 (30); UV (CH,Clp) A = 332 nm

{€max = 38000); Anal. calcd for C;;H,;ClO: C, 70.75; H, 5.94 Found: C, 70.62; H, 5.90.
( ]E 3E 5E) 1- Chloro I 3,5-undecatriene 3d: 830 mg (45% from 16d, yellow 011) IR (neat) c:m‘l 3420, 3010,

113 WIND 7ANND RALT 11Y T _ 1A £
L7IU, LO.)U, lu_)u, 1UUU, A1 OINIVER \‘ruu lVlIlL) U 6.33 (uu, xn, J=13.1 duu 1U JﬂL), 6.18 \uu, 1, J = i14.0

and 9.6Hz), 6.11 (d, 1H, J = 13.1Hz), 6.01 (m, 2H), 5.74 (dt, 1H, J = 15.1 and 6.9Hz), 2.05 (q, 2H, J = 6.9Hz),
1.50 to 1.20 (m, 6H), 0.85 (t, 3H, J = 7.0Hz), 13C NMR (63 MHz) 8 137.10, 134.00, 133.85, 129.70, 125.80,

119.40, 32.80, 31.35, 28. 80, 22.45, 13.95; Anal. calcd for C,H,,Cl: C, 71.53; H, 9.28 Found: C, 71 73 H,
9.40. 3d was also prepared in 55% yield (1.00 g) from enyne 17 acco'"‘ ng to the literature procedure. !

(.ZE,}E SE}'-; -(l/-zv{efh()x‘phb’ﬂ)fl) 1-pn€‘nyl 11 3,5'11'104“&1 iene 22: To a solution of PdCI’Z(DP}‘ {l} 05 IMinoi,
35 mg), chlorotriene 3 (1 mmol), triethylamine (8 mmol, 1.1 mL) in 3 mL of anhydrous THF was added

dropwise at 20°C a solution of Grignard reagents (2 mmol, 1.0N in THF). After stirring at room temperature
for 2 to 4h, the reaction was hydrolyzed at 0°C with aqueous hydrochloric acid (1M, 10 mL) and extracted

with EtoO (3 x 10 mL). The organic extract was dried over MgSO, and the solvent was removed in vacuo.

Filtration through sﬂlca gel (eluent: CH,Cl,) gave pure triene 22 as a yellow solid in 78 to 82% yield; mp:
210-212°C (CH,CL/Et,0); IR (KBr) cm1 3560, 3470, 3415, 1617, 1508, 1300, 1245, 1180, 995; 'H NMR

(250 MHz) & 7.48 to 7.18 (m, 7H), 6.98 to 6.68 (m, 4H), 6.68 to 6.38 (m, 4H), 3.82 (s, 3H) 13C NMR (63
MI—T7\$1§Q§§ 1'%765 IQAI’i 132 60. 132 .45 l'&’)lﬂ 130030 I?QA’\' 128.80 I’)77§ !’)744 1’)’7')0

Valldiy AT, P RO PRV AVINE RV ‘i, VP RN A VLI, 24T 140,80, fOI0 P ¥ 4

126. 40 114.25, 55. 40; Anal. calcd for C,H,30: C, 86.99; H 6.92 Found: C 87.03; H, 6.95.

General Procedure for the Synthesis of Trienynes 23: To a suspension of PdCL(PhCN), (0.25 mmol, 100
mg), Cul (0.5 mmol, 95 mg) and chlorotriene 3 (5 mmol) in piperidine (10 mL) was slowly added, at room
temperature, vig a syringe pump (addition time 1h) trimethylsilyl acetylene (6 mmol, 583 mg) in 2 mL of
piperidine. The reaction was stirred at room temperature and monitored by TLC analysis until complete
consumption of the chlorotriene 3 (3 to 4h) before to be treated by a similar procedure as described for 8a.
The crude product was first pur1f1ed by silica gel column chromatography (petroleum ether/CH,Cl, 9:1) then

alli»
U_y LGbl_y DLalllLalJUll l,U EL Ve PUIC uu:u_yuu F2N N

(3E,5E,7E)-8-Pheny!-1-trimethylsilyl-octa-3,5,7-trien-1-yne 23a: 1.15 g (91%, orange solid); mp: 86-87°C
(petroleum ether); IR (KBr) cm-! 2960, 2850, 1620, 1590 1515, 1460 1305, 1180, 1075; IH NMR (400
MHZ)5738 (d, 2H I=17. 1HZ),730(t 2H,J="17. le) 7.21 (¢, 1H,J = 71HZ) 680(dd lH J=15.1 and

10.7Hz), 6.67 (dd, 1H, J = 15.1 and 10.7Hz), 6.61 (d, 1H, J = 15.1Hz), 6.46 (dd, 1H, J = 15.1 and 10.7Hz),
6.35 (dd, 1H, J = 15.1 and 10.7Hz), 5.64 (A 1H, I = 15. 11-12\ 0.19 (S OH); 13¢ N}AD (63 MHz) § 142.70,

2L 1»\'-v

-1-irimethylsilyl-ocia-3,5,7-irien-1-yne 23b:
e R pm‘l 2960, 2380, 1640, 1615,

PAND Uy N8 Y Ty

o, orange solid);
, 1100; 'TH NMR
OHz) 6.70 (dd,

IH,J=14.7

-{p-Isopropyiphenyl
gthprlnetrnlen m et

[
c»

O ™~
« v

28]
g

H, J = 8.2Hz), 6.76 (dd 1H, J

&
—

B
=]
[
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NMR (63 MHz) & 148.95, 142.85, 135.95, 134.70, 134.55, 131.55, 127.70, 126.80, 126.55, 110.55, 105.00,
98.20, 33.90, 23.85, -0.05; Anal. calcd for C,;H,Si: C, 81.57; H, 8.90 Found: C, 81.53; H, 8.86.

(3E,5E,7E)-8-(p-Methoxyphenyl)- 1 -trimethylsilyl-octa-3,5,7-trien-1-yne 23c: 1.02 g (72%, orange solid); mp:

142-143°C (ether/petroleum ether); IR (KBr) cm’! 3545 3415, 3010, 2955, 2895 2840, 2155, 2115, 1615,
1590, 1510, 1255, 1010, 850; 'H NMR (250 MHz) § 7.32 (4, 2H, I = 8 8Hz), 6.84 (d, 2H, ] = 8.8Hz), 6.70

TNy A ATy Ry LNTANI BAN \ /U AVERRL ) U 704 (A1, L3R, - J.ULALJy U \My &il, v — U.0114),

(dd, 1H, J = 15.5 and 105Hz) 6.67 (dd, 1H I= 154¢md96Hz) 6.55(d, 1H,J=15.3Hz),643 (dd, 1H,J =
14.6 and 9.6Hz), 6.29 (dd, 1H, J = 14.6 and 10.5Hz), 5.60 (d, 1H, J = 15.5Hz), 3.79 (s, 3H), 0.18 (s, 9H); 13C
NMR (63 MHz) 8 159.55, 142.95, 136.05, 134.20, 131.00, 129.90, 127.80, 126.50, 114.15, 110.20, 105.05,
98.00, 55.30, -0.05; CIMS (relative intensity) 284 (23), 283 ((M+1)*, 100), 282 (M*, 33); UV (CH,Clp) A =
358 nm (€max = 55500); Anal. calcd for C,4H,,0Si: C, 76.54; H, 7.85 Found: C, 76.60; H, 7.89.

General Procedure for the Synthesis of Terminal Trienynes 24: A mixture of trienyne 23 (3 mmol),
MeOH (5 mL) and K,CO, (3 3 mmol, 460 mg) was stirred at room temperature for 1 to 2h before to be
COflCéﬁtf&teU L.l'lzl...lq was d.(l(le(l (LU II]L) dIlU uxe Ol'ngllL myer deneu WlUl water (A X .lU rﬂ_L), urlea over
MgSO, and the solvent was removed in vacuo. The crude product was purified by silica gel column

chromatography (petroleumn ether/CH,Cl, 9:1) to give pure terminal trienyne 24.

(3E,5E,7E)-8-Phenyl-octa-3,5,7-trien-1-yne 24a: 568 mg (90%, orange solid); mp: 76-77°C (ether); IR (KBr)
cm-1 3480, 3410 3280, 3025, 2095, 1645, 1625, 1005; lH NMR (400 MHZ) 0 7.44 (d 2H,J = 7 le) 7. 36

(+ LT T 7 7T+ LT T =7 102\ £7Q AAd 11T T — 18 7 and £ £Q 107 I\ £
e, o=, 1uL), 7.27 (t, I1H, 1 =7.1Hz), 6.79 \uu, 1H, 7= 15.7 and 10. rnL),uuo \u LH,J = 15. IIIL),UJJ

(dd, 1H, J = 15.0 and 10. 5Hz),641 (dd, 1H, J = 15.0 and 10.7Hz), 5.67 (dd, 1H, J = 15.7 and 2.3Hz), 3.16 (4,
1H, J = 2.3Hz); 13C NMR (63 MHz) & 142.70, 137.00, 135.70, 134.50, 132. 10, 128.70, 128.50, 127.90,

126.50, 110.95, 104.90, 98.40; CIMS (relative intensity) 181 (M+1), 1()0), 180 (M7, 62), 179 (M-1), 45),
17R (I29Y 1AS (A& 1TV (CHA(15) 2 = 22 nm (¢ =A45000 2 = IS8 nm (e AR5NM - Anal calad for

LI \&kLjy, 1UT (TUJ, UV \\.’114\.;1;} A == JJ0 Li\Cmax = TIUUY ), /v = JJJ LU \C SJUJUU ), Ml vaisu 1ur CI4H12

C, 93.29; H, 6.71 Found: C, 93.40; H, 6.74.

(3E,5E,7E)-8-(p-Isopropylphenyl)-octa-3,5,7-trien-1-yne 24b: 653 mg (98%, orange solid); mp: 60-62°C
(ether/getroleum ether) IR (KBr) cm-! 3480, 3415, 3240, 2960, 2085, 1645, 1615, 1005; 'H NMR (400
MHz) 6 7.32 (d, 2H, _eszrm, 7.17 (d, ZH, J = 8.2Hz), 6.76 (dd, iH, J = 15.4 and 9.9Hz), 6.73 (dd, iH, I =
15.5 and 10.5Hz), 6.60 (d, 1H, I = 15.4Hz), 6.46 (dd, 1H, J = 14.7 and 9.9Hz), 6.33 (dd, 1H, J = 14.7 and

= I

....... 6.60 H =1 1H, ] and 9.9Hz), 6.33 (dd, 1H, 7 and
10.5Hz), 5.58 (dd 1H, J=15. 5 and 24Hz) 3 09 (d lH J= 24Hz), 2.88 (sept, 1H,J = 69Hz) 1. 23 (d, 6H, J
= 6.9Hz); 13C NMR (1 OO MHz) § 149.00, 143.50, 136.20, 134.80, 134.60, 131.15, 127.55, 126.80, 126.60,
109.40, 83.45, 83.35, 33.90, 23.85; CIMS (relative intensity) 224 ((M+2) 31), 223 (M+1)*, 100), 222 (M",
14), 179 (10); Anal. calcd for C;H5: C, 91.84; H, 8.16 Found: C, 91.98; H, 8.12.
(3E,5E,7E)-8-(p-Methoxyp heny.)-ocza 5,7-trien-1-yne 24¢: 593 mg (94%, orange solid); R, (petroleum
cther/CH Clz) = 0.37; mp: 127-128°C ( ther) IR (KB ) cm-1 3475, 415 3270 2055, 2935, 1640, 1615,
1590, 1515, 1180, 1150, 1000; 'TH NMR (400 MHz) 6 7.33 (d, 2H, I = 8.8Hz), 6.84 (d, 2H, J = 8.8Hz), 6.73
(dd, 1H, J = 15.5 and 10.6hz), 6.67 (dd, 1H, J = 15.3 and 9.8Hz), 6.56 (d, 1H, J = 15.3Hz), 6.45 (dd, 1H, J =
14.5 and 9.8Hz), 6.30 (dd, 1H, J = 14.5 and 10.6Hz), 5.56 (dd, 1H, J = 15.5 and 2.4Hz), 3.80 (s, 3H), 3.09 (d,
1H, J = 2.4Hz); 13C NMR (63 MHz) & 159.60, 143. 60, 136. 30 134.40, 130.60, 1 29. 80, 127.85, 126. 35

114.15, 109.05, 114.15, 109.05, 83.50, 80.20, 55.30; CIMS (relative intensity) 212 (M+2)*, 27), 211
(M+1)*, 100), 210 (M*, 19); UV (CH2Cl5) A = 350 nm (Emax = 51000), A = 367 nm (¢ = 44000); Anal. calcd
for C,,H,,0: C, 85.68; H, 6.71 Found: C, 85.52; H, 6.80.

Synthesis of Navenone B

(3E,5E,7E,9E)-10-Phenyl-deca-3,5,7,9-tetraen -2-ol 2518: To a suspension of PAdCL(PhCN), (0.15 mmol, 60
mg), Cul (0.3 mmol, 57 mg) and chlorotriene 3a (3 mmol, 572 mg) in piperidine (7 mL) was slowly added, at
room temperature, via a syringe pump (addition time 1lh) 3-btyn-2-0l (4.5 mmol, 315 mg) in 2 mL of

plpendlne The reaction was stirred at room tpmpﬁratnna and monitored hy TLC qnn]ymc until C(}{“plf{c

consumption of the chlorotriene 3a (3h) before to be treated by a similar procedure as described for 8a. The
crude product obtained was enou gh pure and was used for the synthe51s of 25 without purlﬁcatlon IH NMR
(250 MHz) 6 7.35 (m, 5H), 6.80 (dd, 1H, J = 15.4 and 9.6Hz), 6.64 (dd, 1H, J = 15.1 and 10.5Hz), 6.59 (d,
1H,J =15.1Hz), 6.45(dd, 1H,J = 144and96Hz) 6.33 (dd, 1H,J = 14.4 and 10.5Hz), 5.63 (dd, 1H,J =154
and 1.8Hz), 4.65 (qd, 1H, J = 6.7 and 1.8Hz), 1.85 (s, 1H), 1.55 (d, 3H, J = 6.5Hz); 13C NMR (63 MHz) §

142.05, 135.45, 134.45, 131.80, 128.65, 128.45, 127.90, 126.95, 126.50, 110.35, 94.50, 83.70, 59.00, 24.35.
The propargyllc alcohol funcnon of this crude mdterlal was reduced by Red-Al® accordmg to the

ranradiirs Aoonrt Fna Qo waos P A P | e b = ~e ol And T ot e e e

p[uu:uuu: uc“.uucu 101 74d. lllC lelUUC gotainea was lllbl p‘uuur:u Uy blllbd gLl CO1uImin LluUllldlUE[del)’
(AcOEt/CH,CI, 1:4) then by recrystallization to give pure tetraene 25 as a yellow solid: 488 mg (79% from
3a); mp: 124- 126°C IR (KBr) cmr'! 3550, 3410, 3015, 1640, 1615, 1595, 1120, 1005; 'H NMR (400 MHz) 8

7.45 (d, 2H, J = 7.5Hz), 7.36 (¢, 2H, J = 7.5Hz), 7.28 (d, 1H, J = 7.5Hz), 6.8 (dd, 1H, J = 15.0 and 6.9Hz),
6.61(d, 1H,J = 15. OHz} 6.50 to 6.25 (m, SH), 5.82 (dd, 1H, I = 15.0 and 7.0Hz), 4.42 (quint, 1H, J = 7.9Hz),
1.60 (s, 1H), 1.35 (d, 3H, J = 7.9Hz); 13C NMR (63 MHz) 6 137.50, 137.30, 133.50, 133.30, 133.15, 132.65,
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132.30, 129.80, 129.00, 128.60, 127.50, 126.30, 68.60, 23.30; CIMS (relative intensity) 244 (M+18)*, 20)

ivia LY ) &R LY

227 ((M+1), 15), 209 (100); Anal. caled for C16H,SO C, 84.91; H, 8.02 Found: C, 85.07; H, 8.09.

(3E,5E,7E,9E)-10-Phenyl-deca-3,5,7,9-tetraen -2-one 26'8: To a suspension of MnO, (40 mmol, 3.50 g) in
CH,CI, (10 mL) was added tetraenol 25 (2 mmol, 452 mg). After 1h, the mixture was filtered on a pad of

A hinh rh + hiad e oilian
cehte Eva"eratmn of the solvent gave the crude product, which was chromatographed over silica

g
(petroleum ether/ether); 358 mg (80%, orange solid); mp: 137-138°C; 'H NMR (400 MHz) § 7.46 (d, 2H, J
75Hz) 737 (t,2H,J = 74Hz) 7.31(d, 1H,J =7.5Hz), 7.23 (dd, 1H, J = 15.0 and 11.0Hz), 6.91 (dd, 1H, J
15.0 and 10.4Hz), 6.74 (dd, iH, J = 14.0 and 11.0Hz), 6.72 (d, 1H, J = 15.0Hz), 6.64 (dd, 1H, J = 14.0 and
10.5Hz), 6.48 (dd, 1H, J = 14.0 and 11.0Hz), 6.42 (dd, 1H, J = 14.0 and 11.0Hz), 6.20 (d, 1H, J = 15.5Hz),
2.32 (s, 3H); 1f‘3CNMR(10()MHz)6198 30, 143.20, 141.55, 137.70, 136.85, 135.30, 132.15, 130.50, 129.85,
128.70, 128.45, 128.15, 126.65, 27.35.

(1E,3E,5E,9E, IIE) 1- Phenyl heptadeca 1,3,5,9,11- -pentaen- 7-yne 28a: The same procedure was used as
described for 23, from chiorotriene 3a (1 mmol, 191 mg) and terminal dienyne!®® 27 (1.2 mmol, 178 mg).
Purification by silica gel chromatography (petroleum ether/CHiCl 8:2) afforded the polyenyne 28a as an

orange solid in 60% yield (181 mg); mp: 95-97°C; IR (KBr) crn! 3020, 2965, 2920, 2855, 2075, 1635, 1615,

a
—

1595, 1260, 1000, 990; IH NMR (400 MHz) 8 7.45 (d, 2H, J = 7.0Hz), 7.37 (t, 2H, J = 7.0Hz), 7.29 (d, 1H, J
= 7.0Hz), 6.87 (dd, 1H, ] = 15.0 and iOOHz),“9 (dd, 1H, J = 15.0 and 10.0Hz), 6.66 (d, 1H, 15.0Hz), 6.61
(dd, 1H, J = 15.0 and 10.0Hz), 6.51 (dd, lH = 15.0 and 10.0Hz), 6.43 (dd, 1H, J = 15.0 and 10.0Hz), 6.16
(dd, 1H, J = 15.0 and 10.0Hz), 5.87 (dt, 1H, ) = 15.0 and 7.0Hz), 5.83 (dd, 1H, J=150and2.0Hz), 5.70 (dd,
1H, T = 15.0 ad20Hz),216(q,2HJ 70H)1 55 (quint, 2H, J = 7.0Hz), 140 to 1 5(m,4H,0.94(t,
3H, J = 7.0Hz); 13C NMR (63 MHz) § 142.05, 141.05, 138.50, 137.15, 134.95, 134.1

128.65, 127.80, 126.50, 111.55, 108.90, 93.70, 91.80, 32.85, 31.40, 28.70, 22.50, 14.00
348 nm (Emax = 43600); Anal. calcd for C23H26 C, 91.34; H, 8.66 Found: C, 91.57; H, 8. 71

(1E,3E,5E,9E,11E, 13E)-1-(p-Isopropylphenyl)-14-phenyl-tetradeca-1,3,5,9,11,13-hexatrien-7-yne 28b: The

same procedure was used as described for 23, from chlorotriene 3b (2 mmol, 466 mg) and terminal trienyne

T I1Reh
24a (1 mmol, 180 mg). Purification by recrystallization (CH,Cl,) afforded the polyenyne 28b as an orange

solid in 53% yxeld (200 mg); mp: 210-211°C (CH,C,); IR (KBr) cm-! 3550, 3475, 3415, 3015, 2955, 2870,
1885, 1815, 1735, 1620, 1595, l 50, 1285, 1000, 865; IH NMR (400 MHZ)57 50 to 7.20 (m, 9H) 6.87 (dd
1H, J = 15.5 and 10.0Hz), 6.83 (dd, IH, J = 15.5 and 10.0Hz), 6.69 (m, 4H), 6.47 (m, 4H), 5.86 (dd, 1H, 13.0
and 2.5Hz), 5.83 (dd, 1H, J = 13.0 and 2.5Hz), 2.93 (sept, 1H, J = 7.0Hz), 1.29 (d, 6H, J = 7.0Hz); 13C NMR
(63 MHz) & 148.90, 141.60, 141.35, 137.10, 135.60, 135.25, 134.75, 134.35, 134.25, 132.55, 132.00, 128.70,
127.85, 126 80, 126.55, 126 50, 111.45, 111 00, 94.35, 94 10, 33.90, 23.85; CIMS (relanve intensity) 394

((M+18)*, 3), 378 ((M+2)", 32), 377 (M+1)", 100) 376 (M*, 19); UV (CHCl2) » = 280 nm (g = 17500), A =
339 nm (g = 27000), A = 4’)’4 nm (Emay = 7Rnnm A = 449 nm (g = 64000): Anal. calcd for C29H28: C. 92.50:

EERAAVAY S 2 ilniax — oVviY 11 (T = VEUVUV ), 4 vain M F2AC. Ny iUy

H, 7.50 Found: C, 92.46; H, 7.54.

(1E,3E,5E,7E,9E,11E)-1-Phenyl-1,3,5,7,9,1 1-heptadecahexaene 30a: A solution of
mmol 100 mg) in MeOH (5 mL) was added to a suspension of activated zmcl9 (lgi
mL). After stirring for 3h at 30°C, the bubpt.u:aluu was filtered on a pad of celite and 1
MeOH. The combined solutions were evaporated under reduced pressure and the resi
ether (20 mL) dried over MgSO4 and evaporated under reduced pressure to give 70 mg (70%, crude product)
of the hexaene 30a as an orange-brown solid which is unstable during the purification step (95% isomeric

M . - I3 L] NOEN NQMN NQAL 1£2& 1L£NE 1NIN OT7&. 11T AIRAD
purity); mp: 173-175°C; IR (nujol) cm-1 3060, 3010, 2950, 2920, 2845, 1635, 1605, 1010, 975; 1H NMR

(400 MHz) _ 7.45 (d, 2H, I = 7.0Hz), 7.35 (t, 2H, ] = 7.0Hz), 7.25 (d, 1H, J = 7.0Hz), 6.89 (m, 1H), 6.59 (d,
1H, J = 15.0Hz), 6.47 t0 6.29 (m, SH), 6.14 (dd, lH, J=15.0 and IO.OHZ), 5.88 (dt, 1H, J=15.0 anq 7.0HZ),
2.25(q, 2H, J = 7.0Hz), 1.45 (quint, 2H, J = 7.0Hz), 1.37 to 1.25 (m, 4H), 0.92 (t, 3H, J = 7.0Hz); 13C NMR
(63 MHz) & 137.50, 136.30, 133.85, 133.75, 133.05, 132.65, 132.35, 130.80, 130.60, 129.30, 127.45, 128.65,
126.35, 32.95, 31.45, 29.00, 22.55, 14.05; CIMS (relative intensity) 305 ((M+1)*, 100); UV (CH,Cly) A = 381
nm (Emax = 35000).

(1E,3E,5E,7E,9E, 11E,13E)-1-(p-Isopropylphenyl)-14-phenyl-1,3,5,7,9,11,13-tetradecaheptaene 30b: The
same procedure was used as described for 30a, from polyenyne Z8b (0.i4 mmoli, 53 mg). The heptaene 30b
was obtained as a highly insoluble red solid. UV, CIMS and microanalyses were consistent with the assigned
structure. 26 mg (50%); mp: 279-280°C; CIMS (relative intensity) 379 (M+1)*, 100); UV (CH3Cly) A = 342
nm (s = 15000) A=417 nm (e 61500) A =439 nm (€max = 76500), A = 468 nm (€ = 59000) ); Anal. calcd

QY N1. Y 7T O 01 70. 1T T QA
lUl bzqﬂ;o \./, 401,11, 7 77 ruuuu \,, Z71./0, 11, /. 7‘!’

po lyenyne 28a (0.33
inl 1 MeOH/H2O (8

he so
idue was dlsqnlved in
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