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Analyses of the Widest Scope Substituted [3]Dendralene Syntheses

To place this work in context, an analysis of the best existing methods are provided here. These

cutting-edge methods for substituted [3]dendralene synthesis serve to calibrate the value of the

present contribution.

H. Wang, B. Beiring, D.-G. Yu, K. D. Collins, F. Glorius, Angew. Chem. Int. Ed. 2013, 52, 12430-

12434: “[3]Dendralene Synthesis: Rhodium(III)-Catalyzed Alkenyl C-H Activation and Coupling

Reaction with Allenyl Carbinol Carbonate™:

Glorius et al, Angew. Chem. Int. Ed. 2013: 20 examples of [3]dendralenes 2
R 0CO,Me R» s
2 Rh(lll | variation at
(1 .
Ry~ + | Rs > N | highlighted
R,N(O)C 0 R,N(O)C ’ positions
J\ always
H™ H Z-C(O)NR, Unsubstituted in 18/20 cases.
generally substituent 2 examples of H/n-pentyl:
2-3 step (R = i-Prin one Z selective (20% yield)
synthesis 17/20 cases) and one E selective (68% yield)
(different R{/R, groups for E/Z)

K. Sakashita, Y. Shibata, K. Tanaka, Angew. Chem. Int. Ed. 2016, 55, 6753-6757: “Rhodium-

Catalyzed Cross-Cyclotrimerization and Dimerization of Allenes with Alkynes™:

Tanaka et al, Angew. Chem. Int. Ed. 2016: 27 examples of [3]dendralenes
always CH>CHR substituent (R = Ph in 24/27 cases,
OBn in other 3; sometimes E/Z mixtures formed)
R R
R4
Rh(l)
| | + - Ra |[ variation on
o R4 yZ highighted
Ra JL | alkene
Me Me Me Me
2-3 step Me/Me in 21/27 cases, Cy in 3 others
synthesis (3 cases where H present:
low yield and/or poor stereoselectivity)

D. J. Lippincott, R. T. H. Linstadt, M. R. Maser, B. H. Lipshutz, Angew. Chem. Int. Ed. 2017, 56,

847-850: “Synthesis of Functionalized [3], [4], [5] and [6]Dendralenes through Palladium-
Catalyzed Cross-Couplings of Substituted Allenoates”:
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Lipshutz et al, Angew. Chem. Int. Ed. 2017: 14 examples of [3]dendralenes
no stereogenic internal C=C bonds reported
R, R always the same group
E~s OBz R R
= Pd(0)
Ar A . - R variation on
l' " Mizoroki-Heck 1 | highighted
R - alkene
"> Bpin RJLR or Suzuki-Miyaura R7 R
up to 6 step R, R always the same group
synthesis

Y. Qiu, D. Posevins, J.-E. Baeckvall, Angew. Chem. Int. Ed. 2017, 56, 13112-13116: “Selective

Palladium-Catalyzed Allenic C—H Bond Oxidation for the Synthesis of [3]Dendralenes’:

Backvall et al, Angew. Chem. Int. Ed. 2017: 42 examples of [3]dendralenes
R is always an E-activating substituent (Ph, CO,Et or C(O)Me)
c R, is usually an E-activating substituent
H Pd(ll), oxidant R,
E~ . |\)$ . . | variation on
. 1 highighted
Ar &~ JL allylic C-H insertion; | g,kgne
R” R Mizoroki-Heck
Heck-type R R
acceptors generally R, R usually the same group
2 step always fully substituted (Me in 30/42 egs)
synthesis (low yield, poor selectivity if H present)

Stereodefined Borylated Dendralenes through Copper-Catalyzed Allylboration of Alkynes”:

Fananas-Mastral et al, Angew. Chem. Int. Ed. 2017: 21 examples of [3]dendralenes (18 from the
main method + 3 more through separate manipulation)

no stereogenic internal C=C bonds reported

Br
77 1) Cul, CysP, NaOtBu R, o
/ + () ’s - " 24| ¢ variation at
Ri (2) DBU | 1 T highi.gt:j_hted
always on B positions
B Z-B(OR)2( OB Ny
substituent always unsubstituted

éunsubstituted in 16/18 examples,
Me present in 2 cases. :
: (precursor inacessibility issue?) :

E. Rivera-Chao, M. Fananas-Mastral, Angew. Chem. Int. Ed. 2018, 57, 9945-9949: “Synthesis of
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This work:

present work: 48 examples of [3]dendralenes
25 examples of dendralenes with stereogenic internal C=C units reported
R R
N s 5 Pd(0) variation at
R + B"\[ Br | > highighted
R | Brzn” 'Rg o positions
1% ZnBr R, twofold Negishi
Ra 1 step
synthesis
up to 2 step
synthesis

Additional Findings on Retention/Inversion Experiments

A stepwise inversion pathway was proposed (Scheme S1), driven by the minimization of steric
strain in the initial oxidative insertion product S1. Thus, rearrangement through putative cis-
alkenylidene-substituted z-allylpalladium complex S2 to the g-alkylpalladium complex S3, which
after o-bond rotation would generate the trans-alkenylidene-substituted z-allylpalladium complex
S4 (and/or o-alkylpalladium complex S5). Evidently, for clean inversion, this process would have to

be faster than transmetalation-reductive elimination of the initial oxidative insertion product S1/S2.

Pd(l)Ln Me
1 Pd(llLn Me
Pd(ll)Ln '\../ Bﬁ/ LN Ln(I)Pd Ve
Me | )°< = Me ~| — |.L E— l ] = |
R
R R R Pd(Il)Ln R
S1 S2 S3 sS4 S5

Scheme S1:

The Negishi group came to the following general conclusions regarding the inversion pathway: (a)
it only works for alkyl aldehyde precursors, and (b) the reaction is successful irrespective of the
nature of the nucleophile. Our results with alkenyl-zinc bromide nucleophiles (the Negishi work
includes one example with vinyl-zinc bromide) are not fully consistent with these findings, in that
the para-methoxybenzaldehyde-derived dibromoalkene works well (see main manuscript, Table 3,
40-E/Z). Additionally, in our hands several reactions of alkyl-substituted aldehydes gave mixtures
of diastereomers with Pd(0)/~-BusP (Scheme S2, these are referred to in the main manuscript in the

paragraph above Table 3).
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z | Ban
[Pdo(dba)s]
'V'e t-BugP
30
/ Ban
[sz(dba
t-BuzP
3m
Ban
[Pd2 dba)s]
t- BU3P
Scheme S2

T o

(ret): 36 (inv) Ak-E

=0

4m-Z 4m-E
53 (ret): 47 (inv)

=R

4m-E

73 (ret): 27 (|nv

Four other substrates gave clean retention of stereochemistry with [Pd(dppf)Cl,] (Scheme S3)

Me /‘E
Ban

Me =
Br |
Z
Pd(d Cl
| " [Pd(dppACiy ~pn

Ph
3f 10a-Z, 51%;
>95% Z
Br Ban
[Pd (dppf)Cly]
10c-Z, 56%,
>95% Z
Scheme S3

Me Me
Me M\é
| Br Ban
[Pd(dppf)CIQ]
X
3j Ph
4c-E, 71 A),
>95% E
Me
| Br Ban
N [Pd(dppf)Cly]
3j Ph
4e-E, 62%,
>95% Z
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General Methods
NMR Spectroscopy

'"H NMR spectra were recorded at 700, 600 and 400 MHz using a Bruker AVANCE 700, AVANCE
600, AVANCE 400 and Varian 400-MR spectrometer, as indicated. Residual solvent peaks were
used as an internal reference for 'H NMR spectra (CDCl; § 7.26 ppm, CD;OD ¢ 3.31 ppm,
(CD3)2S0 6 2.50 ppm, CD3sCN 6 1.94 ppm, CD,Cl; 6 5.32 ppm, C¢Dg, 0 7.16 ppm). Coupling
constants (J) are quoted to the nearest 0.1 Hz. The assignment of proton signals was assisted by
COSY, HSQC and HMBC experiments. >°C NMR spectra were recorded at 100 MHz and 175 MHz
using a Bruker AVANCE 400 or Bruker AVANCE 700 spectrometer respectively. Solvent peaks
were used as an internal reference for °C NMR spectra (CDCl; § 77.16 ppm, CD;0D § 49.0 ppm,
(CD3)2S0 0 39.52 ppm, CD;CN ¢ 1.32 ppm). Assignment of carbon signals was assisted by HSQC
and HMBC experiments. NOE spectra were recorded at 400 MHz using Varian 400-MR
spectrometer. The following abbreviations (or combinations thereof) are used to denote 'H NMR
multiplicities: s = singlet, d = doublet, dd = doublet of doublets, dt = doublet of triplet, t = triplet,

m = multiplet.

Infrared Spectroscopy

IR spectra were recorded on a Perkin—Elmer UATR Two spectrometer as a thin film or solid.

Mass Spectrometry

Low-resolution EI mass spectra were recorded on a Finnigan Polaris Q ion trap mass spectrometer
using electron impact (EI+) ionization mode at 70 eV. High-resolution EI mass spectra were
recorded on a VG Autospec mass spectrometer operating at 70 eV. Low-resolution ESI mass
spectra were recorded on a ZMD Micromass spectrometer with Waters Alliance 2690 HPLC. High-
resolution ESI mass spectra were recorded on a Waters LCT Premier time-of-flight (TOF) mass

spectrometer.
Melting Points

Melting points were measured on a Stanford Research Systems Optimelt Automated Melting Point

System and are uncorrected.
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X-ray Crystallography
Single crystal X-ray data was collected on a SuperNova (Dual Source) diffractometer using a

SuperNova (Cu) X-ray radiation source. Crystallographic structures were solved using CryaAlis

PRO.

Experimental Procedures, Reagents, Chromatography and Glassware

Reactions were conducted under a positive pressure of dry nitrogen in oven dried glassware and at
room temperature, unless specified otherwise. Anhydrous solvents were either obtained from
commercial sources or dried according to the procedure outlined by Grubbs and co-workers.!"!
Commercially available chemicals were used as purchased, or where specified, purified by standard
techniques. Analytical thin-layer chromatography was conducted with aluminum-backed silica gel
60 Fzs4 (0.2 mm) plates supplied by Merck, and visualized using UV fluorescence (Amax = 254
nm), or developed using KMnO, or p-anisaldehyde or phosphomolybdic acid followed by heating.
Flash chromatography employed Merck Kiesegel 60 silica gel (230400 mesh). AgNO; coated
silica TLC plates were prepared according to the procedure by Caspi and co-workers.'”! AgNO;
impregnated silica gel was prepared as per the reported procedure by Mizaikoff and co-workers."!
Solvent compositions are given in (v/v). PS 40-60 °C refers to petroleum spirits, boiling point
fraction 40-60 °C. Grignard regents were prepared from the corresponding halides as per the
general procedure by Cook and co-workers."*!. Grignard reagent concentration was determined by
the method detailed by Love and Jones.””! Pdy(dba)s*CHCI; was prepared according the procedure

]

reported by Ananikov and co-workers.!” PdCly(dppf)-toluene was prepared according to a

procedure reported by Brandsma and co-workers.!”’

Synthesis of 1,1-Dibromoalkenes

(2,2-Dibromovinyl)benzene (1a)

(0] Br Br

' CBry, PPhg |
CH,Cl,

0°C, 2h

1a
(2,2-Dibromovinyl)benzene 1a was prepared according to the reported procedure by Kim and co-
workers from benzaldehyde (4.00 g, 37.7 mmol) as a colourless oil (7.12 g, 27.2 mmol, 72%) and
the characterization data is consistent with the literature.™ Ry = 0.63 (5% EtOAc in PS 40-60);
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'H NMR (400 MHz, CDCl3) d 7.58 — 7.51 (m, 2H), 7.49 (s, 1H), 7.41 — 7.31 (m, 3H) ppm;
C NMR (100 MHz, CDCls) ¢ 137.0 (CH), 135.5 (Cq), 128.7 (CH), 128.6 (2xCH), 128.5 (2xCH),
89.8 (Cq) ppm; IR (thin film): vue = 3056, 3023, 1948, 1885, 1595, 1493, 1444 cm™'; LRMS:
(EI+): m/z (%): 264 (IM('Bro)]™, 59), 262 (IM(*'Br”’Br)]™, 100), 260 ([M(”Br2)]™, 53), 102
(IM=Br,)]™, 100); HRMS (EI+): calculated for CsHe" Bry: 263.8795; found: 263.8796; calculated
for CgHe Br''Br: 261.8816; found: 261.8817; calculated for CgHg 'Bry: 259.8836; found:
259.8839.

1-(2,2-Dibromovinyl)-4-methylbenzene (1b)

0 Br Br
IK@\ CBr4, PPh3 |
0°C, 2h
1b

1-(2,2-Dibromovinyl)-4-methylbenzene 1b was prepared according to the reported procedure by
Bolm and co-workers from 4-methylbenzaldehyde (5.00 g, 41.6 mmol) as a colourless oil (9.85 g,
35.7 mmol, 86%) and the characterization data is consistent with the literature.*”! R, = 0.63
(5% EtOAc in PS 40-60); '"H NMR (400 MHz, CDCl3) 6 7.47 — 7.42 (m, 3H), 7.18 (d, J = 8.0 Hz,
2H), 2.35 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) § 138.8 (Cq), 136.9 (CH), 132.5 (Cq), 129.0
(2xCH), 128.5 (2xCH), 88.73 (Cq), 21.5 (CH3) ppm; IR (thin film): vimax = 3023, 2918, 1905, 1610,
1598, 1508 cm™'; LRMS: (EI+): m/z (%): 278 (IM(*'Br)]™, 52), 276 (IM(*'Br"’Br)]™", 100), 274
(IM(PBr)]™, 52), 197 (IM(*'Br)-"'Br]"™, 15), 195 (IM("Br2)-""Br]™, 14), 116 ([M-Br2]", 76);
HRMS (EI+): calculated for CoHs*'Bry: 277.8952; found: 277.8959; calculated for CoHs®*' Br'’Br:
275.8972; found: 275.8976; calculated for CoHs " Bra: 273.8993; found: 273.8995.

1-(2,2-Dibromovinyl)-4-methoxybenzene (1¢)
o Br Br

I CBr,, PPhg |
[ :L CH,CI
OMe Ze

0°C, 1h OMe

1c
1-(2,2-Dibromovinyl)-4-methoxybenzene 1¢ was prepared according to the reported procedure by
Bach and co-workers from 4-methoxybenzaldehyde (5.00 g, 36.7 mmol) as an off white solid
(9.35 g, 32.0 mmol, 87%) and the characterization data is consistent with the literature.!'”’ R,=0.51
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(10% EtOAc in PS 40-60); m.p. 36 — 38 °C (CH,Cl); 'H NMR (400 MHz, CDCls) ¢ 7.51
(d, J = 8.9 Hz, 2H), 7.41 (s, 1H), 6.89 (d, J= 8.9 Hz, 2H), 3.82 (s, 3H) ppm; °C NMR (100 MHz,
CDCl;3) 6 159.8 (Cq), 136.4 (CH), 130.0 (2xCH), 128.0 (Cq), 113.9 (2xCH), 87.44 (Cq), 55.5
(CH3) ppm; IR (thin film): v = 3005, 2956, 2835, 1605, 1508 cm’'; LRMS: (EI+): m/z (%): 294
(IMC'Br)]™, 29), 292 (IM(*'Br”’Br)]™, 100), 290 ([M(”Bry)]™, 50), 277 (IM(*'Br"’Br)-CH3)]",
29), 132 ([M-Bry)]", 45); HRMS (EI+): calculated for CoHgO®*'Bry: 293.8901; found: 293.8902;
calculated for CoHgO’Br*'Br: 291.8921; found: 291.8916; calculated for CoHsOBr,: 289.8942;
found: 289.8934.

5-(2,2-Dibromovinyl)-1,2,3-trimethoxybenzene (1d)

OI Br | Br
OMe  CBry, PPhg OMe
OMe CHLCly OMe
OMe 0°C, 2h OMe
1d

5-(2,2-Dibromovinyl)-1,2,3-trimethoxybenzene 1d was prepared according to the reported
procedure by Doddi and co-workers from 3,4,5-trimethoxybenzaldehyde (5.00 g, 25.5 mmol) as a
pale brown solid (7.80 g, 22.2 mmol, 87%) and the characterization data is consistent with the
literature.!"'! R, = 0.45 (20% EtOAc in PS 40-60); m.p. 48 — 51 °C (CH,Cl,); "H NMR (400 MHz,
CDCl;) 6 7.41 (s, 1H), 6.80 (s, 2H), 3.87 (s, 3H), 3.86 (s, 6H) ppm; °C NMR (100 MHz, CDCl;)
0 153.0 (2xCq), 138.4 (Cq), 136.6 (CH), 130.5 (Cq), 105.8 (2xCH), 88.7 (Cq), 60.8 (CH3), 56.2
(2xCHj3) ppm; IR (thin film): vmax = 2997, 2936, 2830, 1576, 1506 cm’; LRMS: (EI+): m/z (%):
354 (IM(*'Br)]"™, 53), 352 (IM(*'Br”’Br)]™, 100), 350 ([M(”Br2)]™, 50),339 (IM(*'Br,)-CHs]",
43), 337 (IM(*'Br’”’Br)-CHs] ™, 43), 335 ([M(”’Br,)-CH;]"™, 43), 177 ((M—CH;Br,]", 28); HRMS
(EI+): calculated for C;1H,05*'Bry: 353.9112; found: 353.9120; calculated for C;H;,05" Br®'Br:
351.9133; found: 351.9132; calculated for C;1H,205” Bra: 349.9153; found: 349.9153.

1-(2,2-Dibromovinyl)-4-nitrobenzene (1e)

(? Br._ _Br
K©\ CBr,, PPh, |
No, CHeCl

0°C, 2h NO,

1e
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1-(2,2-Dibromovinyl)-4-nitrobenzene le was prepared according to the reported procedure by
Doddi and co-workers from 4-nitrobenzaldehyde (3.00 g, 19.9 mmol) as a yellow solid (5.12 g, 16.7
mmol, 84%) and the characterization data is consistent with the literature.*™ "> I R, = 0.45
(10% EtOAc in PS 40-60); m.p. 104 — 106 °C (CH,Cl,); '"H NMR (400 MHz, CDCl;) § 8.23
(d, J = 8.8 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.56 (s, 1H) ppm; °C NMR (100 MHz, CDCls)
5 147.4 (Cq), 141.6 (Cq), 135.1 (CH), 129.3 (2xCH), 123.9 (2xCH), 94.3 (Cq) ppm; IR (thin film):
Vmax = 3102, 3077, 2443, 1929, 1589, 1506 cm™; LRMS: (EI+): m/z (%): 309 (IM(2x*'Br)]"™, 50),
307 (IM(*'Br”’Br)]"™, 100), 305 ([M(2x"Br)]", 50); HRMS (EI+): calculated for CgHsNO," Br;:
308.8646; found: 308.8639; calculated for CgHsNO,*'Br”’Br: 306.8667; found: 306.8657;
calculated for CsHsNO,"’Br,: 304.8687; found: 304.8688.

1,1-Dibromohept-1-ene (1f)

Ci CBr,, PPhy Bf\[Bf
CsH14 CH,Cl, CsH
0 °C, 4h
1f

Adapted from the literature procedure by Ramirez and co-workers.!"” To a stirred solution of
Hexanal (1.00 g, 9.98 mmol) and PPh; (6.28 g, 24.0 mmol) in CH,Cl, (40 mL) at 0 °C was added a
solution of CBr4 (3.97 g, 12.0 mmol) in CH,Cl, (10 mL) over 10 minutes. After stirring at 0 °C for
4h, TLC analysis showed under reduced pressure and the resulting slurry was stirred with 50 mL
petroleum ether for 30 minutes and then filtered through a pad of Celite. The filtrate was
concentrated under reduced pressure to give the dibromide 1f as a colourless oil (1.26 g, 4.92 mmol,
49%). Ry = 0.61 (100% PS 40-60); 'H NMR (400 MHz, CDCl3) § 6.39 (t, J = 7.2 Hz, 1H), 2.09
(q, J=7.2 Hz, 2H), 1.49 — 1.20 (m, 6H), 0.90 (t, J = 6.6 Hz, 3H) ppm; °C NMR (100 MHz, CDCls)
0 139.1 (CH), 88.6 (Cq), 33.1 (CH), 31.4 (CH>), 27.6 (CH>), 22.6 (CH»), 14.1 (CH3) ppm;

IR (thin film): vy = 2956, 2926, 2857, 1621 cm™; LRMS: (EI+): m/z (%): 258 (IM(*'Br,)]"™, 40),
256 (IM(*'Br”’Br)]", 35), 254 (IM(”Br,)] ", 30), 198 (IM(*'Br”’Br)-C4H,0]™", 50), 95 (100); HRMS
(EI+): calculated for C/H.Y Bry: 257.9265; found: 257.9268; calculated for C;H;,"'Br”’Br:
255.9285; found: 255.9285; calculated for C;Hj,"”Bra: 253.9306; found: 253.9302.
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1,1-Dibromododec-1-ene (1g)

CBr4, PPh3 Br Br

CioHz1 CH,Cl, C1oHa1
0°C, 1h

)
N

1g

Adapted from the literature procedure by Ramirez and co-workers.!"” To a stirred solution of
undecanal (5.00 g, 29.4 mmol) and PPh; (18.5 g, 70.5 mmol) in CH,Cl, (200 mL) at 0 °C was
added a solution of CBry4 (11.7 g, 35.2 mmol) in CH,Cl, (50 mL) over 10 minutes. After stirring at
0 °C for 1h, TLC analysis showed reaction completion. CH,Cl, was removed under reduced
pressure and the resulting slurry was stirred with 250 mL PS 40-60 for 30 minutes and filtered
through a pad of Celite. The filtrate was concentrated under reduced pressure to give the dibromide
1g as a colourless oil (4.02 g, 12.3 mmol, 42%). Ry= 0.65 (100% PS 40-60); 'H NMR (400 MHz,
CDCl3) 0 6.39 (t, J = 7.3 Hz, 1H), 2.09 (q, J = 7.3 Hz, 2H), 1.51 — 1.17 (m, 16H),
0.88 (t,J = 6.8 Hz, 3H) ppm; >C NMR (100 MHz, CDCl3) ¢ 139.1 (CH), 88.6 (Cq), 33.2 (CH,),
32.1 (CHy), 29.7 (CH>), 29.7 (CH,), 29.5 (CH,), 29.5 (CH»), 29.2 (CH»), 28.0 (CH>), 22.9 (CH,),
14.3 (CHs) ppm; IR (thin film): v = 2922, 2853, 1623, 1464 cm’; LRMS: (EI+): m/z (%): 328
(IM(*'Br)]™, 3), 326 ((M(*'Br”’Br)]", 8), 324 (IM(”Br,)]", 3), 201 (IM(*'Br,)-CoH}6]™", 26), 199
(IM(*'Br”’Br)-CoH,0]™, 63), 197 (IM("Br2)-CoH 0], 26), 95 (100); HRMS (EI+): calculated for
CoH»"'Bry: 328.0047; found: 328.0049; calculated for CioHa''Br”Br: 326.0068; found:
326.0071; calculated for C1,H»,""Bry: 324.0088; found: 324.0092.

(2,2-Dibromovinyl)cyclohexane (1h)
o Br Br

' CBry, PPhy |
CH,Cl,

0°C, 1h

1h

(2,2-Dibromovinyl)cyclohexane 1h was prepared according to the reported procedure by Hosomi
and co-workers from cyclohexane carbaldehyde (3.00 g, 26.7 mmol) as a colourless liquid (6.15 g,
22.9 mmol, 86%) and the characterization data is consistent with the literature.'*! R, = 0.56
(100% PS 40-60); 'H NMR (400 MHz, CDCls) 6 6.23 (d, J = 9.2 Hz, 1H), 2.44 — 2.10 (m, 1H),
1.89 — 1.57 (m, 5H), 1.44 — 0.86 (m, 5H) ppm; "C NMR (100 MHz, CDCl;) ¢ 143.9 (CH), 87.1
(Cq), 42.6 (CH), 31.4 (2xCHa,), 25.9 (CH»), 25.6 (2xCH>) ppm; IR (thin film): vmax = 2923, 2850,
1603, 1447 cm™; LRMS: (EI+): m/z (%): 270 (IM(*'Bry)]™, 42), 268 (IM(*'Br"’Br)]™, 100),
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266 (IM(”Br,)]", 58), 82 ([M—C,H,Br,]™, 100),, HRMS (EI+): calculated for CgH;,*'Br:
269.9265; found: 269.9272; calculated for CsHi, 'Br*'Br: 267.9285; found: 267.9297; calculated
for CsH,,’Br,: 265.9306; found: 265.9313.

(4,4-Dibromobut-3-en-1-yl)benzene (1i)

Br Br
(0]

' CBr,, PPh |

CH,.Cl,
0°C, 1h
1i

(4,4-Dibromobut-3-en-1-yl)benzene 1i was prepared according to the reported procedure by Doi
and co-workers from 3-phenylpropanal (5.00 g, 37.3 mmol) as a pale brown oil
(7.62 g, 26.3 mmol, 70%).l""> "I R, = 0.63 (5% EtOAc in PS 40-60); '"H NMR (400 MHz, CDCl;)
§ 7.34 — 7.27 (m, 2H), 7.25 — 7.16 (m, 3H), 6.42 (t, J = 7.2 Hz, 1H), 2.74 (t, J = 7.7 Hz, 2H),
242 (q, J = 7.2 Hz, 2H) ppm; “C NMR (100 MHz, CDCl;) ¢ 140.7 (Cq), 137.8 (CH),
128.7 (2xCH), 128.5 (2xCH), 1264 (CH), 89.6 (Cq), 34.8 (CH,), 34.0 (CH,) ppm;
IR (thin film): vpe = 3026, 2924, 2857, 1782, 1603, 1495 cm™'; LRMS: (EI+): m/z (%): 292
(IMC'Br)]™, 1), 290 (IM(*'Br”Br)]™, 2), 288 (IM(”Br,)]", 1), 211 (IM(*'Br”’Br)-"Br]", 33),
209 (IM(*'Br”Br)-"'Br]™, 33), 91 (IM—C:3H3Br,]", 100); HRMS (EI+): calculated for C oH,o"'Bry:
291.9108; found: 291.9104; calculated for CioH;o*'Br”*Br: 289.9129; found: 289.9120; calculated
for C1oH o’ Bry: 287.9149; found: 287.9148.

(E)-(4,4-Dibromobuta-1,3-dien-1-yl)benzene (1j)

CBry, PPhy

CH,Cl,
0°C, 1h
1j

(E)-(4,4-Dibromobuta-1,3-dien-1-yl)benzene 1j was prepared according to the reported procedure
by Doddi and co-workers from trans-cinnamaldehyde (5.00 g, 37.8 mmol) as a white solid (8.94 g,
31.0 mmol, 82%) and the characterization data is consistent with the literature.”> "> 'Y R,= 0.60
(5% EtOAc in PS 40-60); m.p. 50 — 52 °C (CH,Cl,); 'H NMR (400 MHz, CDCl3) 6 7.52 — 7.42
(m, 2H), 7.38 — 7.27 (m, 3H), 7.10 (d, J = 9.6 Hz, 1H), 6.86 — 6.65 (m, 2H) ppm;
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C NMR (100 MHz, CDCl3) § 137.3 (CH), 136.5 (Cq), 135.8 (CH), 128.9 (2xCH), 128.8 (CH),
127.0 (2xCH), 125.4 (CH), 91.4 (Cq) ppm; IR (thin film): vmex = 3030, 3015, 1704, 1557, 1484
cm’; LRMS: (EI+): m/z (%): 290 (IM(*'Br,)]", 35), 288 (IM(*'Br’’Br)]™, 68), 286 (IM("’Br,)] ",
37), 128 ([M-Bry)]", 100); HRMS (EI+): calculated for CioHg®'Bra: 289.8952; found: 289.8965;
calculated for CjoHs*'Br"’Br: 287.8972; found: 287.8979; calculated for C;oHs Bra: 285.8993;
found: 285.8991.

(4,4-Dibromobut-3-en-1-yn-1-yl)benzene (1k)

0 Br Br
: CBry4, PPh |
A n-BuLi I 4 T T3
X DME \\ 2,6-Lutidine \\
THF CH.Cl,
-78 °C, 1h 0 °C, 2h

1k

(4,4-Dibromobut-3-en-1-yn-1-yl)benzene 1k was prepared according to the reported procedure by
Negishi and co-workers from phenylacetylene (2.00 g, 19.6 mmol) as a colourless oil (3.55 g, 12.4
mmol, 63% from phenylacetylene) and the characterization data is consistent with the literature.!'”
Ry= 0.60 (5% EtOAc in PS 40-60); '"H NMR (400 MHz, CDCl3) 6 7.53 — 7.47 (m, 2H), 7.39 — 7.30
(m, 3H), 6.78 (s, 1H) ppm; °C NMR (100 MHz, CDCls) § 131.7 (2xCH), 129.2 (CH), 128.6
(2xCH), 122.6 (Cq), 119.8 (CH), 101.9 (Cq), 97.3 (Cq), 86.3 (Cq) ppm; IR (thin film): vimax = 3054,
3017, 2200, 1570, 1487 cm™'; LRMS: (EI+): m/z (%): 288 (IM(*'Br2)]™, 39), 286 (IM(*'Br”’Br)]",
71), 284 (IM(”Br2)]™, 39), 126 ([M-Br)]™, 100); HRMS (EI+): calculated for CioHs" Bry:
287.8795; found: 287.8809; calculated for CioHs' 'Br’’Br: 285.8816; found: 285.8822; calculated
for C1oHs""Br»: 283.8836; found: 283.8832.

3-(2,2-Dibromovinyl)-1-tosyl-1H-indole (11)

Br Br

o) o)
W NaH, TsCl | CBry, PPhg I
| MeCN, 66 °C | CH,Cl, |
NH 2h NTs -78°C, 1h NTs

1l
3-(2,2-Dibromovinyl)-1-tosyl-1H-indole 11 was prepared over two steps from indole-3-
carboxaldehyde.according to the reported procedure by Katsumura and co-workers from indole-3-
carboxaldehyde (2.00 g, 13.8 mmol) as a white solid (4.52 g, 9.93 mmol, 72% over two steps) and
the data is consistent with the literature.!"! "R, = 0.56 (30% EtOAc in PS 40-60);
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m.p. 129 — 132 °C (CH,Cly); 'H NMR (400 MHz, CDCl;) § 8.29 (s, 1H), 7.99 (d, J = 8.3 Hz, 1H),
7.79 (d, J = 8.4 Hz, 2H), 7.59 — 7.47 (m, 2H), 7.36 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.24
(d, J = 8.4 Hz, 2H), 2.35 (s, 3H) ppm; °C NMR (100 MHz, CDCls) 6 145.5 (Cq), 135.1 (Cq), 134.2
(Cq), 130.2 (2xCH), 129.6 (Cq), 127.1 (2xCH), 127.0 (CH), 125.6 (CH), 125.1 (CH), 123.8 (CH),
119.0 (CH), 117.5 (Cq), 113.8 (CH), 90.5 (Cq), 21.8 (CH3) ppm; IR (thin film): vy = 3157, 2923,
1592, 1537, 1446 cm™; LRMS: (EI+): m/z (%): 457 (IM(*'Br,)]"™, 43), 455 (IM(*'Br”’Br)]™", 70),
453 (IM(”Bry)]™, 43), 140 ([M-C/H;0,SBry)]™, 70); HRMS (EI+): calculated for
C17H;3NO,S¥ Bry: 456.8993; found: 456.8992; calculated for C;7H;3NO,S”Br®*'Br: 454.9013;
found: 454.9016; calculated for C;7H;3NO,S 7Br,: 452.9034; found: 452.9039.

2-(2,2-Dibromovinyl)-5-methylfuran (1m)

o] Br._ _Br
l o CBr,, PPhs |
| / Me 0]
CH20|2 \ / Me
0 -23°C, 5h
im

2-(2,2-Dibromovinyl)-5-methylfuran 1m was prepared according to the reported procedure by
Mikami and co-workers from 5-methylfuraldehyde (2.60 g, 23.6 mmol) as a colourless liquid
(4.53 g, 17.0 mmol, 72%) and the characterization data is consistent with the literature.’*"!
Ry = 0.42 (100% PS 40-60); "H NMR (400 MHz, CDCls) 6 7.32 (s, 1H), 6.83 (d, J = 2.8 Hz, 1H),
6.05 (d, J= 2.8 Hz, 1H), 2.28 (s, 3H) ppm; °C NMR (100 MHz, CDCls) ¢ 152.9 (Cq), 148.6 (Cq),
126.6 (CH), 112.9 (CH), 108.1 (CH), 85.4 (Cq), 13.8 (CH3) ppm; IR (thin film): vimax = 3028, 2921,
1586, 1520 cm™; LRMS: (EI+): m/z (%): 268 (IM(*'Bry)]™, 50), 266 (IM(*'Br"’Br)]™, 100),
264 (IM(”Br2)]™, 50), 106 (IM—Br,]™, 50); HRMS (EI+): calculated for C;HsO" Bry: 267.8744;
found: 267.8741; calculated for C;HsO%'Br”’Br: 265.8765; found: 265.8759; calculated for
C7Hs0”Br»: 263.8785; found: 263.8785.
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Synthesis of [3]Dendralenes by Twofold Cross-Coupling

Standard Procedure A

R1
> MgBr

ZnBr, 1
R! R
Br\[ Br PdCl,(dppf)-PhMe I
I
THF

R R

A solution of 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (5.0 mol %) and
the dibromo olefin (1.0 mol equiv) in THF (50 mL/g dibromide precursor) was purged with N, for 5
minutes. After cooling to 0 °C, ZnBr; (4.0 mol equiv, 1.10 — 1.25 M solution in THF) was added,
followed by dropwise addition of the Grignard reagent (3.0 mol equiv, 0.40 — 0.85 M solution in
THF) over 15 minutes. The resulting heterogeneous reaction mixture was brought to room
temperature and stirred for 16h, until the reaction was complete by 'H NMR spectroscopic analysis.
Saturated aqueous NH4Cl (5 mL/g dibromide precursor) was added, the reaction mixture was
filtered through Celite then the filtrate was diluted with CH,Cl, (50 mL/g dibromide precursor) and
water (100 mL/g dibromide precursor). The aqueous and organic layers were separated and the
aqueous layer was extracted with CH,Cl, (10 mL/g dibromide precursor % 3). The combined
organic layers were washed with saturated brine (20 mL/g dibromide precursor), dried over Na,SO4

and concentrated under reduced pressure.

(2-Vinylbuta-1,3-dien-1-yl)benzene (2a)

ZMgBr

Br Br ZnBr; |

| PACly(dppf)l-PhMe  Z ]

THF
0°C-23°C, 16h
1a 2a
Following Standard Procedure A, the reaction mixture containing dibromide 1a (3.40 g, 13.0
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.535 g, 0.649 mmol),
ZnBr; solution in THF (47.2 mL, 1.10 M, 51.9 mmol) and vinyl magnesium bromide (32.5 mL,
1.20 M, 38.9 mmol) in THF (170 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (120 g SiO,, PS 40-60) gave dendralene 2a as a colourless liquid
(1.48 g, 9.47 mmol, 73%). R;y=0.48 (100% PS 40-60); 'H NMR (400 MHz, CDCl3) § 7.42 — 7.30
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(m, 4H), 7.28 — 7.20 (m, 1H), 6.71 (dd, J=17.8, 11.1 Hz, 1H), 6.65 (s, 1H), 6.56 (dd, J=17.2, 10.7
Hz, 1H), 5.55 (d, J = 17.2 Hz, 1H), 5.46 (d, J = 17.7 Hz, 1H), 5.36 (d, J = 11.1 Hz, 1H), 5.22 (d,
J =10.9 Hz, 1H) ppm; °C NMR (100 MHz, CDCl3) ¢ 138.1 (Cq), 138.0 (CH), 137.2 (Cq), 133.7
(CH), 129.8 (2xCH), 129.7 (CH), 128.2 (2xCH), 127.3 (CH), 118.5 (CHy), 116.2 (CH;) ppm; IR
(thin film): vna, = 3085, 3007, 2955, 1830, 1605, 1491 cm™'; LRMS: (EI+): m/z (%): 156 (IM]",
66), 141 ((M—CH3] "™, 86), 128 ([M—2xCH,]"", 100), 115 ([M—C;Hs]"", 66); HRMS (EI+): calculated
for CipHi,: 156.0939; found: 156.0939.

1-Methyl-4-(2-vinylbuta-1,3-dien-1-yl)benzene (2b)

ZMgBr
| PdCl,(dppf)-PhMe |
THF
Me 0°C-23°C, 16h Me
1b 2b

Following Standard Procedure A, the reaction mixture containing dibromide 1b (1.04 g, 3.77
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (132 mg, 0.181 mmol),
ZnBr; solution in THF (11.2 mL, 1.29 M, 14.5 mmol) and vinyl magnesium bromide (16.9 mL,
0.64 M, 10.9 mmol) in THF (50 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (40 g SiO,, PS 40-60) gave dendralene 2b as a colourless liquid
(0.46 g, 2.68 mmol, 71%). Ry = 0.44 (100% PS 40-60); 'H NMR (400 MHz, CDCl;) 6 7.27
(d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 6.71 (dd, J = 17.8, 11.1 Hz, 1H), 6.62 (s, 1H), 6.55
(dd, J=17.3,10.7 Hz, 1H), 5.52 (dd, J = 17.2, 1.5 Hz, 1H), 5.44 (dd, J=17.7, 1.2 Hz, 1H), 5.34
(d, J = 11.1 Hz, 1H), 5.19 (dd, J = 10.7, 1.6 Hz, 1H), 2.36 (s, 3H) ppm; "C NMR (100 MHz,
CDCl) o 138.1 (CH), 137.4 (Cq), 137.1 (Cq), 134.4 (Cq), 133.8 (CH), 129.8 (2xCH), 129.7 (CH),
129.0 (2xCH), 118.2 (CHy) 115.9 (CHy), 21.4 (CH3) ppm; IR (thin film): vimax = 3085, 3005, 1604,
1507 ecm™'; LRMS: (EI+): m/z (%): 170 (IM]", 27), 155 ((M=CH3] ", 100), 142 (IM—2xCH,]"", 23),
128 (IM—C3Hg] ™, 30), 115 ([M—C4H;]™", 27); HRMS (EI+): calculated for C;3H 4: 170.1096; found:
170.1089.
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1-Methoxy-4-(2-vinylbuta-1,3-dien-1-yl)benzene (2¢)

ZMgBr |
ZnBr, =z
PdCl,(dppf)sPhMe

Br Br

THF

0°C-23°C, 16h
1c 2¢c

OMe OMe

Following Standard Procedure A, the reaction mixture containing dibromide 1c¢ (3.00 g, 10.3
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.423 g, 0.514 mmol),
ZnBr; solution in THF (36.1 mL, 1.14 M, 41.1 mmol) and vinyl magnesium bromide (35.8 mL,
0.86 M, 30.8 mmol) in THF (150 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (90 g SiO,, 3% EtOAc in PS 40-60) gave dendralene 2¢ as a
colourless liquid (1.46 g, 7.84 mmol, 76%). Ry= 0.5 (5% EtOAc in PS 40-60); 'H NMR (400 MHz,
CDCl) 6 7.33 (d, J = 8.3 Hz, 2H), 6.88 (d, J = 8.3 Hz, 2H), 6.70 (dd, J = 17.8, 11.1 Hz, 1H), 6.60
(s, 1H), 6.54 (dd, J=17.2, 10.7 Hz, 1H), 5.51 (d, J=17.2 Hz, 1H), 5.44 (d, /= 17.8 Hz, 1H), 5.35
(d, J=11.1 Hz, 1H), 5.18 (d, J = 10.7 Hz, 1H), 3.83 (s, 3H) ppm; °C NMR (100 MHz, CDCls)
0 158.9 (Cq), 138.2 (CH), 136.6 (Cq), 133.8 (CH), 131.2 (2xCH), 129.9 (Cq), 129.4 (CH), 118.0
(CH»), 115.5 (CHy), 113.7 (2xCH), 55.4 (CH3) ppm; IR (thin film): vimax = 3086, 3003, 2835, 1601,
1506 cm™; LRMS: (EI+): m/z (%): 186 (IM]", 100), 155 (IM—CH;0]", 48), 128 ([M—C;Hs0]"",
62); HRMS (EI+): calculated for C;3H40: 186.1045; found: 186.1044.

1,2,3-Trimethoxy-5-(2-vinylbuta-1,3-dien-1-yl)benzene (2d)

ZMgBr I
Br IBr ZnBr, p |
OMe PdCl,(dppf)-PhMe OMe
OMe THF OMe
OMe 0°C-23°C, 16h OMe
1d 2d

Following Standard Procedure A, the reaction mixture containing dibromide 1d (3.00 g, 8.52
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.351 g, 0.426 mmol),
ZnBr; solution in THF (30.0 mL, 1.14 M, 34.1 mmol) and vinyl magnesium bromide (31.2 mL,
0.82 M, 25.6 mmol) in THF (150 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (90 g SiO,, 12% EtOAc in PS 40-60) gave dendralene 2d as a
colourless liquid (1.30 g, 5.28 mmol, 62%). R, = 0.42 (20% EtOAc in PS 40-60); 'H NMR

(400 MHz, CDCl3) d 6.72 (dd, J = 17.6, 10.8 Hz, 1H), 6.61 (s, 2H), 6.59 — 6.47 (m, 2H), 5.52
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(dd, J=16.8, 1.2 Hz, 1H), 5.45 (dd, J = 17.6, 1.6 Hz, 1H), 5.37 (dt, J = 10.8, 1.6 Hz, 1H), 5.20
(dd, J = 10.4, 1.2 Hz, 1H), 3.86 (s, 3H), 3.85 (s, 6H) ppm; >C NMR (100 MHz, CDCls) § 153.0
(2xCq), 138.0 (CH), 137.8 (Cq), 137.6 (Cq), 133.8 (CH), 132.8 (Cq), 129.6 (CH), 118.5 (CH,),
116.2 (CHy), 107.1 (2xCH), 61.1 (CHj), 56.2 (2xCH3) ppm; IR (thin film): v = 2937,
2835,1584,1503 cm™; LRMS: (EI+): m/z (%): 246 ([M]”, 49), 215 (IM—CH;0]", 100), 184
([IM—2xCH;0]", 22); HRMS (EI+): calculated for C;sH;303: 246.1256; found: 246.1259.

1-Nitro-4-(2-vinylbuta-1,3-dien-1-yl)benzene (2e)

2 MgBr
Br Br ZnBr, |
| PdCly(dppf-PhMe  Z ]
THF
NO,  0°C-23°C,16h NO,
1e 2e

Following Standard Procedure A, the reaction mixture containing dibromide le (3.00 g, 9.77
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.403 g, 0.489 mmol),
ZnBr; solution in THF (43.9 mL, 0.89 M, 39.1 mmol) and vinyl magnesium bromide (39.0 mL,
0.75 M, 29.3 mmol) in THF (150 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (90 g SiO,, 1% EtOAc in PS 40-60) gave dendralene 2e as a yellow
liquid (0.913 g, 4.54 mmol, 46%). R, = 0.58 (5% EtOAc in PS 40-60); 'H NMR (400 MHz, CsDs)
017.79 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 6.36 (dd, J = 17.4, 11.1 Hz, 2H), 6.22 (s, 1H),
5.44 (dd, J=17.2, 1.4 Hz, 1H), 5.31 (dd, J = 17.7, 1.3 Hz, 1H), 5.15 (d, /= 11.2, Hz, 1H), 5.11
(dd, J=10.7, 1.3 Hz, 1H) ppm; >C NMR (100 MHz, C4Ds) 6 146.7 (Cq), 143.3 (Cq), 141.2 (Cq),
137.7 (CH), 132.8 (CH), 130.1 (2xCH), 127.6 (CH), 123.5 (2xCH), 120.4 (CH,), 117.9 (CH,) ppm;
IR (thin film): v = 3088, 3009, 2447, 1591, 1511 cm™'; LRMS: (EI+): m/z (%): 201 ([M]", 70),
155 ([IM-NO,]™, 61), 153 (100); HRMS (EI+): calculated for C;,H;;NO,: 201.0790; found:
201.0787.

3-Vinylnona-1,3-diene (2f)

ZMgBr
ZnBr, |
Br\EBr PACl(dpp-PhMe 2
05H11 THF C5H11
1f 0°C-23°C,16h of
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Following Standard Procedure A, the reaction mixture containing dibromide 1f (1.02 g, 3.98
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (142 mg, 0.195 mmol),
ZnBr; solution in THF (12.1 mL, 1.29 M, 15.6 mmol) and vinyl magnesium bromide (18.7 mL,
0.64 M, 11.9 mmol) in THF (50 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (80 g SiO,, PS 40-60) gave dendralene 2f as a colourless liquid (0.51
g, 3.33 mmol, 85%). R;=0.81 (100% PS 40-60); '"H NMR (400 MHz, CDCl;) ¢ 6.49 (dd, J = 18.3,
10.6 Hz, 1H), 6.40 (dd, J = 17.3, 10.7 Hz, 1H), 5.63 (t, /= 7.6 Hz, 1H), 5.26 (d, J = 16.5 Hz, 3H),
5.02 (dd, J=10.7, 1.4 Hz, 1H), 2.20 (q, J = 7.5 Hz, 2H), 1.48 — 1.18 (m, 6H), 0.89 (t, J = 6.9 Hz,
3H) ppm; °C NMR (100 MHz, CDCls) § 138.2 (CH), 137.0 (Cq), 133.2 (CH), 132.3 (CH), 117.1
(CHy), 113.7 (CHy), 31.7 (CHy), 29.5 (CH,), 28.4 (CH,), 22.7 (CH,), 14.2 (CH3) ppm;
IR (thin film): v = 3088, 2957, 2924, 2856, 1627 cm™'; LRMS: (EI+): m/z (%): 150 (IM]", 60),
121 ([M—CH3;CH,]™, 70), 79 (100); HRMS (EI+): calculated for C;Hjs: 150.1409; found:
150.1413.

3-Vinyltetradeca-1,3-diene (2g)

ZMgBr
ZnBr, |
Br lBr PdCly(dppf)}-PhMe I
C1oHa21 THF C1oHar
0°C - 23 °C, 16h
1g 29

Following Standard Procedure A, the reaction mixture containing dibromide 1g (1.50 g, 4.60
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (0.19 g, 0.23 mmol),
ZnBr; solution in THF (16.3 mL, 1.13 M, 18.4 mmol) and vinyl magnesium bromide (18.4 mL,
0.75 M, 13.8 mmol) in THF (75 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (45 g SiO,, PS 40-60) gave dendralene 2g as a colourless liquid
(0.653 g, 2.96 mmol, 64%). Ry = 0.61 (100% PS 40-60); '"H NMR (400 MHz, CDCl;) J 6.49 (dd,
J =183, 10.6 Hz, 1H), 6.40 (dd, J = 17.4, 10.7 Hz, 1H), 5.63 (t, J = 7.6 Hz, 1H), 531 — 5.23
(m, 3H), 5.02 (dd, J = 10.7, 1.2 Hz, 1H), 2.20 (q, J = 7.4 Hz, 2H), 1.43 — 1.19 (m, 16H), 0.88 (t,
J = 6.8 Hz, 3H) ppm; >C NMR (100 MHz, CDCl;) ¢ 138.1 (CH), 136.9 (Cq), 133.2 (CH), 132.3
(CH), 117.1 (CHy), 113.7 (CH»), 32.1 (CH), 29.8 (CH>), 29.7 (2xCH,), 29.6 (CH,), 29.5 (CH>),
29.5 (CH,), 28.5 (CH,), 22.9 (CHy), 14.3 (CHs3) ppm; IR (thin film): vy, = 2922, 2853, 1679 cm’;
LRMS: (EI+): m/z (%): 220 ([M]~, 10), 149 ([M-CsH;;]", 5), 135 ([IM—Ce¢H;5]", 11),
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121 ([M—C-H;5]™, 28), 107 ([M—CsH;7]", 38), 93 (IM—CoHio]™, 76), 79 (IM—CioHzi]", 100);
HRMS (EI+): calculated for Ci¢Has: 220.2191; found: 220.2188.

(2-Vinylbuta-1,3-dien-1-yl)cyclohexane (2h)

A MgBr
Br Br ZnBr, |
| PdCly(dppf)-PhMe  Z ]
THF
0°C-23°C, 16h
1h 2%h

Following Standard Procedure A, the reaction mixture containing dibromide 1h (3.00 g, 11.2
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.461 g, 0.560 mmol),
ZnBr; solution in THF (39.3 mL, 1.14 M, 44.8 mmol) and vinyl magnesium bromide (41 mL, 0.82
M, 33.6 mmol) in THF (150 mL) was stirred at 23 °C for 16h. Purification by flash column
chromatography (90 g SiO,, PS 40-60) gave dendralene 2h as a colourless liquid (1.48 g, 9.12
mmol, 81%). Ry = 0.72 (100% PS 40-60); 'H NMR (400 MHz, CDCl3) ¢ 6.51 (dd, J = 17.6, 11.2
Hz, 1H), 6.38 (dd, J = 17.3, 10.7 Hz, 1H), 5.46 (d, J = 9.6 Hz, 1H), 5.33 — 5.17 (m, 3H), 5.02
(d, J=10.7 Hz, 1H), 2.51 —2.32 (m, 1H), 1.81 — 1.57 (m, 5H), 1.41 — 0.98 (m, 5H) ppm; °C NMR
(100 MHz, CDCls) ¢ 138.7 (CH), 138.2 (CH), 135.3 (Cq), 132.5 (CH), 116.8 (CH»), 113.9 (CH>),
37.2 (CH), 33.2 (2xCHa), 26.2 (CHy), 26.0 (2xCH;) ppm; IR (thin film): v = 3087, 2923, 2850,
1628 cm™'; LRMS: (EI+): m/z (%): 162 (IM]™, 31), 147 (IM=CH3] ™", 12), 133 ([M—C,Hs] ", 26), 79
(100); HRMS (EI+): calculated for Ci,H;s: 162.1409; found: 162.1410.

(4-Vinylhexa-3,5-dien-1-yl)benzene (2i)

ZMgBr |
Br Br ZnBr2 a
PdCly(dppf)-PhMe

THF
0°C-23°C, 16h
1i 2i
Following Standard Procedure A, the reaction mixture containing dibromide 1i (3.00 g, 10.3
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.426 g, 0.517 mmol),
ZnBr; solution in THF (34.5 mL, 1.20 M, 41.4 mmol) and vinyl magnesium bromide (36.1 mL,
0.86 M, 31.0 mmol) in THF (150 mL) was stirred at 23 °C for 16h. After work up, purification by
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flash column chromatography (90 g SiO,, 100% PS 40-60) gave dendralene 2i as a pale yellow
liquid (1.56 g, 8.47 mmol, 82%). R; = 0.44 (100% PS 40-60); 'H NMR (400 MHz, CDCl;)
0 733 — 727 (m, 2H), 7.23 — 7.18 (m, 3H), 6.57 — 6.32 (m, 2H), 5.68 (t, J = 7.5 Hz, 1H),
5.32 -5.21 (m, 3H), 5.05 (dd, /= 10.4, 1.6 Hz, 1H), 2.77 — 2.70 (m, 2H), 2.55 (q, J = 7.6 Hz, 2H)
ppm; °C NMR (100 MHz, CDCl;) § 141.9 (Cq), 138.0 (CH), 137.7 (Cq), 132.1 (CH), 131.6 (CH),
128.6 (2xCH), 128.5 (2xCH), 126.0 (CH), 117.6 (CHy), 114.2 (CH>), 36.0 (CH>), 30.4 (CH,) ppm;
IR (thin film): v = 3086, 3026, 2924, 2856, 1603 cm™'; LRMS: (EI+): m/z (%): 184 (IM]", 10),
169 (IM—CH;]", 12), 155 ([M=C,Hs]™, 24), 91 ([M—C-Ho]™", 100), 77 ([M—CsH,;]", 35); HRMS
(EI+): calculated for Ci4H6: 184.1252; found: 184.1251.

(E)-(4-Vinylhexa-1,3,5-trien-1-yl)benzene (2j)

ZMgBr

Br. _Br ZnBr,
I PdCl,(dppf)sPhMe

| THF
0°C - 23°C, 16h

1j 2

Following Standard Procedure A, the reaction mixture containing dibromide 1j (3.00 g, 10.4
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.429 g, 0.521 mmol),
ZnBr; solution in THF (36.6 mL, 1.14 M, 41.7 mmol) and vinyl magnesium bromide (36.3 mL,
0.86 M, 31.3 mmol) in THF (150 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (90 g SiO,, 100% PS 40-60) gave dendralene 2j as a colourless
liquid (1.22 g, 6.69 mmol, 64%). Ry = 0.32 (100% PS 40—60); "H NMR (400 MHz, CDCls) J 7.43
(d, J = 7.8 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.29 — 7.18 (m, 2H), 6.78 — 6.58 (m, 2H), 6.50
(dd, J=17.4, 10.8 Hz, 1H), 6.37 (d, J = 11.4 Hz, 1H), 5.50 — 5.34 (m, 3H), 5.16 (d, J = 10.8 Hz,
1H) ppm; *C NMR (100 MHz, CDCls) § 138.2 (Cq), 137.9 (CH), 137.6 (Cq), 134.2 (CH), 132.0
(CH), 130.7 (CH), 128.8 (2xCH), 127.8 (CH), 126.7 (2xCH), 125.5 (CH), 119.1 (CH,), 1154
(CH) ppm; IR (thin film): v = 3083, 3031, 3002, 1812, 1602 cm’'; LRMS: (EI4): m/z (%): 182
(IM]™, 62), 167 (IM=CHs]", 100), 141 ([M—C3Hs]", 29); HRMS (EI+): calculated for C4H4:
182.1096; found: 182.1095.
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(4-Vinylhexa-3,5-dien-1-yn-1-yl)benzene (2k)

ZMgBr
Br._ _Br ZnBr, |
| PAClydppf)PhMe  Z ]
X THF X
0 °C - 66 °C, 4h
1k 2k

Following Standard Procedure A, the reaction mixture containing dibromide 1k (1.00 g, 3.49
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.140 g, 0.175 mmol),
ZnBr; solution in THF (12.7 mL, 1.10 M, 14.0 mmol) and vinyl magnesium bromide (19.1 mL,
0.55 M, 10.5 mmol) in THF (50 mL) was heated under reflux for 4h. After work up, purification by
flash column chromatography (30 g SiO,, 100% PS 40-60) gave dendralene 2k as a pale yellow
liquid (0.398 g, 2.21 mmol, 63%). R;= 0.50 (100% PS 40-60); 'H NMR (400 MHz, CDCl;) § 7.50
—7.42 (m, 2H), 7.37 — 7.28 (m, 3H), 6.96 (dd, J = 17.6, 11.2 Hz, 1H), 6.52 (dd, J=17.2, 10.8 Hz,
1H), 5.88 (s, 1H), 5.65 (d, J = 17.6 Hz, 1H), 5.56 (d, J = 17.2 Hz, 1H), 5.43 (d, J = 11.2 Hz, 1H),
5.25 (d, J=10.8 Hz, 1H) ppm; °C NMR (100 MHz, CDCl;) d 146.8 (Cq), 135.0 (CH), 133.2 (CH),
131.6 (2xCH), 128.5 (2xCH), 128.4 (CH), 123.7 (Cq), 118.7 (CH»), 117.2 (CH>), 108.6 (CH), 97.6
(Cq), 87.8 (Cq) ppm; IR (thin film): vimax = 3086, 3010, 2198, 1830, 1612, 1597 cm™'; LRMS: (EI+):
m/z (%): 180 (IM] ", 100), 165 ((IM—CH3]", 60), 152 ([M—C,H4]", 38); HRMS (EI+): calculated for
Ci4Hi2: 180.0939; found: 180.0939.

1-Tosyl-3-(2-vinylbuta-1,3-dien-1-yl)-1H-indole (21)

ZMgBr
ZnBr,

Br Br
W PdCl,(dppf)-PhMe
\ THF
NTs

0°C-23°C, 16h
11 2|

Following Standard Procedure A, the reaction mixture containing dibromide 11 (650 mg, 1.43
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (60 mg, 0.0714 mmol),
ZnBr; solution in THF (5.0 mL, 1.14 M, 5.71 mmol) and vinyl magnesium bromide (5.2 mL, 0.82
M, 4.28 mmol) in THF (35 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (20 g SiO,, 3% EtOAc in PS 40-60) gave dendralene 21 as a pale yellow
liquid (383 mg, 1.10 mmol, 77%). R; = 0.33 (10% EtOAc in PS 40-60); '"H NMR (400 MHz,
CDCls) 6 7.99 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.63 (s, 1H), 7.57 (d, J = 7.6 Hz, 1H),
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7.38 —7.31 (m, 1H), 7.29 — 7.20 (m, 3H), 6.72 (dd, J = 18.0, 11.2 Hz, 1H), 6.63 — 6.53 (m, 2H),
5.59 — 5.49 (m, 2H), 5.46 (d, J=11.2 Hz, 1H), 5.24 (dd, J = 10.8, 1.2 Hz, 1H), 2.34 (s, 3H) ppm;
C NMR (100 MHz, CDCl3) 6 145.2 (Cq), 139.3 (Cq), 137.5 (CH), 135.2 (Cq), 134.8 (Cq), 133.6
(CH), 130.8 (Cq), 130.0 (2xCH), 127.0 (2xCH), 125.2 (CH), 125.2 (CH), 123.5 (CH), 119.8 (CH),
119.2 (Cq), 119.1 (CHy), 118.2 (CH), 116.5 (CHy), 113.8 (CH), 21.7 (CH3); IR (thin film):
Vmax = 3005, 2923, 1740, 1596, 1446 cm™; LRMS: (EI+): m/z (%): 349 (IM]™, 100), 295
(IM—C4H¢]™", 23); HRMS (EI+): calculated for C,H;oNO,S: 349.1137; found: 349.1136.

2-Methyl-5-(2-vinylbuta-1,3-dien-1-yl)furan (2m)

ZMgBr
Br._ _Br ZnBr,
| PdCl,(dppf)sPhMe
0]
| p)—Me THF
0°C-66 °C, 16h
1m 2m

Following Standard Procedure A, the reaction mixture containing dibromide 1m (3.00 g, 11.3
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (0.465 g, 0.564 mmol),
ZnBr; solution in THF (37.6 mL, 1.2 M, 45.1 mmol) and vinyl magnesium bromide (39.4 mL, 0.86
M, 33.8 mmol) in THF (150 mL) was heated under reflux for 16h. After work up, purification by
flash column chromatography (90 g SiO,, 100% PS 40-60) gave dendralene 2m as a yellow liquid
(1.25 g, 7.80 mmol, 69%). Ry = 0.40 (100% PS 40-60); 'H NMR (400 MHz, CDCl;) 6 7.07
(dd, J = 17.7, 11.1 Hz, 1H), 6.52 (dd, J = 17.2, 10.8 Hz, 1H), 6.34 — 6.27 (m, 2H),
6.02 (d, J=2.7 Hz, 1H), 5.54 — 5.39 (m, 2H), 5.35 (d, /= 11.1 Hz, 1H), 5.15 (dd, /= 10.7, 1.3 Hz,
1H), 2.33 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) 6 152.9 (Cq), 151.7 (Cq), 137.2 (CH), 134.0
(Cq), 133.8 (CH), 117.6 (CH»), 116.9 (CH), 115.4 (CH>), 113.0 (CH), 108.1 (CH), 14.0 (CH3) ppm;
IR (thin film): vpe = 3088, 2921, 1577, 1521 cm™'; LRMS: (EI+): m/z (%): 160 ([M]"", 88), 145
(IM=CH;]™, 23), 117 ([M—C3H;]", 100); 91 ([IM-CsHo] ™, 36) HRMS (EI+): calculated for
C11H;20: 160.0888; found: 160.0888.
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1-Methoxy-4-(3-methyl-2-(prop-1-en-2-yl)buta-1,3-dien-1-yl)benzene (2n)

Me
)\MgBr Me

ZnBr, Me
| PdCl,(dppf)-PhMe |

Br Br

OMe THF OMe

1e 0°C-23°C, 16h on

Following Standard Procedure A, the reaction mixture containing dibromide 1c¢ (500 mg, 1.7
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (71 mg, 0.086 mmol),
ZnBr; solution in THF (6.0 mL, 1.14 M, 6.85 mmol) and isopropenyl magnesium bromide (9.2 mL,
0.56 M, 5.14 mmol) in THF (25 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (15 g SiO;, 1.5% EtOAc in PS 40-60) gave dendralene 2n as a
colourless liquid (251 mg, 1.18 mmol, 69%). Ry = 0.73 (5% EtOAc in PS 40-60); 'H NMR (400
MHz, CDCl3) ¢ 7.48 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.38 (s, 1H), 5.23 (s, 1H), 5.17
(s, 1H), 5.04 (s, 1H), 4.86 (s, 1H), 3.81 (s, 3H), 2.02 (s, 3H), 1.89 (s, 3H) ppm; *C NMR (100
MHz, CDCl;) ¢ 158.6 (Cq) , 143.7 (Cq), 143.3 (Cq), 143.2 (Cq), 130.5 (2xCH), 130.2 (Cq), 124.1
(CH), 116.6 (CH,), 114.9 (CH,), 113.7 (2xCH), 55.4 (CH3), 23.2 (CH3), 21.0 (CH3) ppm; IR (thin
film): vmax = 3079, 2950, 2836, 1599, 1509 cm™'; LRMS: (EI+): m/z (%): 214 (IM]™, 27), 199
([IM-CH3]", 100), 184 ([M—2xCH;]",17), 158 ([M—-C4Hg]",17); HRMS (EI+): calculated for
Ci5H;30: 214.1358; found: 214.1358.

1,2,3-Trimethoxy-5-(3-methyl-2-(prop-1-en-2-yl)buta-1,3-dien-1-yl)benzene (20)

Me
%MgBr Me
Br Br ZnBr2 | Me
| OMe  PdCldppf)-PhMe OMe
OMe THF OMe
OMe 0°C-23°C, 16h OMe
1d 20

Following Standard Procedure A, the reaction mixture containing dibromide 1d (1.00 g, 2.84
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (117 mg, 0.142 mmol),
ZnBr; solution in THF (9.2 mL, 1.23 M, 11.4 mmol) and isopropenyl magnesium bromide (16.7
mL, 0.51 M, 8.52 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up, purification
by flash column chromatography (40 g SiO,, 10% EtOAc in PS 40-60) gave dendralene 20 as a

S25



pale yellow solid (0.64 g, 2.33 mmol, 82%). Ry= 0.34 (10% EtOAc in PS 40-60); m.p. 50 — 52 °C
(CH,Cly); "H NMR (400 MHz, CDCl3) 6 6.85 (s, 2H), 6.35 (s, 1H), 5.29 (s, 1H), 5.22 (s, 1H), 5.08
(s, 1H), 4.91 (s, 1H), 3.85 (s, 3H), 3.84 (s, 6H), 2.03 (s, 3H), 1.92 (s, 3H) ppm; *C NMR (100
MHz, CDCls) 6 152.9 (2xCq), 144.6 (Cq), 144.1 (Cq), 143.0 (Cq), 137.3 (Cq), 132.9 (Cq), 124.5
(CH), 116.6 (CHy), 115.7 (CH>), 106.5 (2xCH), 61.1 (CH3), 56.1 (2xCH3), 23.3 (CH3), 21.0 (CH3)
ppm; IR (thin film): v = 2997, 2939, 2834, 1573, 1504 cm’'; LRMS: (EI+): m/z (%): 274 (IM] ™,
60), 259 ([M—CH;]", 42), 243 ([M-CH;0]",100), 212 ([M—2xCH;0]", 18); HRMS (EI+):
calculated for C17H»,05: 274.1569; found: 274.1567.

(E)-(5-Methyl-4-(prop-1-en-2-yl)hexa-1,3,5-trien-1-yl)benzene (2p)

Me
}\MgBr Me

Br Br ZnBr2

| Me
PdCl,(dppf)*PhMe I

| THF |
0°C—-23°C, 16h

1j 2p

Following Standard Procedure A, the reaction mixture containing dibromide 1j (1.00 g, 3.47
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (143 mg, 0.174 mmol),
ZnBr; solution in THF ( 11.3 mL, 1.23 M, 13.9 mmol) and isopropenyl magnesium bromide (18.6
mL, 0.56 M, 10.4 mmol) in THF (50 mL) was stirred at 23 °C for 16h. After work up, purification
by flash column chromatography (40 g SiO,, 100% PS 40-60) gave dendralene 2p as a colourless
liquid (0.51 g, 2.42 mmol, 70%). Ry = 0.38(100% PS 40-60); '"H NMR (400 MHz, CDCl;) ¢ 7.40
(d, J=17.6 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.21 (t, J = 7.2 Hz, 1H), 7.04 (dd, J = 15.6, 11.2 Hz,
1H), 6.63 (d, J = 15.6 Hz, 1H), 6.29 (d, J = 11.2 Hz, 1H), 5.27 (s, 1H), 5.13 (s, 1H), 5.05 (s, 1H),
4.81 (s, 1H), 1.98 (s, 3H), 1.91 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) d 146.9 (Cq), 143.2 (Cq),
141.8 (Cq), 137.9 (Cq), 133.0 (CH), 128.7 (2xCH), 127.5 (CH), 127.4 (CH), 126.6 (2xCH), 125.4
(CH), 116.2 (CH), 115.8 (CH,), 24.0 (CH3), 20.5 (CHs) ppm; IR (thin film): vnax = 3081, 3032,
2969, 1799, 1637, 1600 cm™'; LRMS: (EI+): m/z (%): 210 (IM]"™, 83), 195 ((M—CH3]"", 100), 180
([M—2xCH;]",23); HRMS (EI+): calculated for CisH;g: 210.1409; found: 210.1408.
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(5-Methyl-4-(prop-1-en-2-yl)hexa-3,5-dien-1-yn-1-yl)benzene (2q)

Me
%Mgsr Me
Br Br ZnBr,

| Me
| PdCl,(dppf)sPhMe

THF
0°C-66 °C, 4h

1k 2q

Following Standard Procedure A, the reaction mixture containing dibromide 1k (200 mg, 0.70
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (29 mg, 0.035 mmol),
ZnBr;, solution in THF (1.9 mL, 1.48 M, 2.8 mmol) and isopropenyl magnesium bromide (3.5 mL,
0.60 M, 2.1 mmol) in THF (10 mL) was stirred at 66 °C for 4h. After work up, purification by flash
column chromatography (8 g AgNOs impregnated silica, 100% PS 40—60) gave dendralene 2q as a
colourless liquid (58 mg, 0.28 mmol, 40%). R, = 0.30 (100% PS 40-60); 'H NMR (400 MHz,
CDCls) 0 7.41 — 7.38 (m, 2H), 7.34 — 7.27 (m, 3H), 5.76 (s, 1H), 5.24 (s, 1H), 5.21 (s, 1H), 5.11
(s, 1H), 4.90 (s, 1H), 1.98 (s, 3H), 1.95 (s, 3H) ppm; °C NMR (100 MHz, CDCl3) ¢ 156.4 (Cq),
143.1 (Cq), 141.3 (Cq), 131.5 (2xCH), 128.4 (2xCH), 128.1 (CH), 124.1 (Cq), 117.7 (CH), 115.9
(CH»), 105.1 (CH), 95.4 (Cq), 88.6 (Cq), 23.0 (CH3), 20.3 (CH3) ppm; IR (thin film): vma = 3079,
2970, 2196, 1801, 1598 cm™'; LRMS: (EI+): m/z (%): 208 ([M]", 46), 193 (IM—CH,]"", 40), 178
([M—=2xCH3]"",100); HRMS (EI+): calculated for CisH1s: 208.1252; found: 208.1255.

2-Methyl-5-(3-methyl-2-(prop-1-en-2-yl)buta-1,3-dien-1-yl)furan (2r)

5
MgB
ger Me
Br _Br ZnBr;
| PdCl,(dppf)-PhMe | Me
o) 0
| )—Me THF | p—Me
0 °C - 66 °C, 16h
im 2r

Following Standard Procedure A, the reaction mixture containing dibromide 1m (2.30 g, 8.65
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (0.356 g, 0.432 mmol),
ZnBr; solution in THF (28.1 mL, 1.23 M, 34.6 mmol) and isopropenyl magnesium bromide
(46.3 mL, 0.56 M, 26.0 mmol) in THF (115 mL) was stirred at 66 °C for 16h. After work up,
purification by flash column chromatography (70 g SiO,, 100% PS 40-60) and further by AgNO3
impregnated silica gave dendralene 2r as a colourless liquid (0.653 g, 3.47 mmol, 40%).
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Ry=0.38 (100% PS 40-60); '"H NMR (400 MHz, CDCl3) 6 6.48 (s, 1H), 6.31 (s, 1H), 5.99 (s, 1H),
5.23 (s, 1H), 5.16 (s, 1H), 5.03 (s, 1H), 4.83 (s, 1H), 2.30 (s, 3H), 2.00 (s, 3H), 1.91 (s, 3H) ppm;
C NMR (100 MHz, CDCl3) § 151.5 (Cq), 151.4 (Cq), 143.9 (Cq), 142.1 (Cq), 141.9 (Cq), 115.6
(CH,), 115.4 (CH,), 113.5 (CH), 110.2 (CH), 108.2 (CH), 22.2 (CH3), 20.5 (CH3), 13.8 (CH3) ppm;
IR (thin film): vy = 3078, 2967, 2947, 1642, 1603, 1526 cm™; LRMS: (EI+): m/z (%): 188 ([M]",
100), 173 ([M—CH;]", 46), 158 ([M—2xCHs]", 14); HRMS (EI+): calculated for C;3H;sO:
188.1201; found: 188.1202.

1,2,3-Trimethoxy-5-(4-methyl-2-(2-methylprop-1-en-1-yl)penta-1,3-dien-1-yl)benzene (2s)

Me
\%\MgBr Me. _Me
Me |
Br Br ZnBr, Me yZ |
' OMe  PdClydppf)-PhMe  Me OMe
OMe THF OMe
OMe 0 °C - 23 °C, 16h OMe
1d 2s

Following Standard Procedure A, the reaction mixture containing dibromide 1d (200 mg, 0.568
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (23 mg, 0.028 mmol),
ZnBr; solution in THF ( 1.9 mL, 1.23 M, 2.27 mmol) and isobutenyl magnesium bromide (3.9 mL,
0.44 M, 1.70 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (5 g SiO,, 5% EtOAc in PS 40-60) gave dendralene 2s as a
colourless liquid (133 mg, 0.440 mmol, 77%). Ry= 0.40 (20% EtOAc in PS 40-60);

'H NMR (400 MHz, CDCl3) 6 6.70 (s, 2H), 6.18 (s, 1H), 6.00 (s, 1H), 5.82 (s, 1H), 3.85 (s, 3H),
3.83 (s, 6H), 1.84 (s, 3H), 1.83 (s, 6H), 1.62 (s, 3H) ppm; °C NMR (100 MHz, CDCl3) J 152.8
(2xCq), 136.8 (Cq), 136.8 (Cq), 136.1 (Cq), 134.6 (Cq), 134.0 (Cq), 129.2 (CH), 128.6 (CH), 124.7
(CH), 106.2 (2xCH), 61.0 (CH3), 56.0 (2xCHs), 27.1 (CH3), 26.0 (CH3), 19.8 (CH3), 19.7 (CHs)
ppm; IR (thin film): v = 2962, 2928, 2908, 1570, 1504 cm’'; LRMS: (EI+): m/z (%): 302 (IM] ™,
100), 287 ([M—CH;]", 51), 272 ([M—2xCHs]",11); HRMS (EI+): calculated for C;9HOs:
302.1882; found: 302.1891.
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1-Methoxy-4-(4-methyl-2-(2-methylprop-1-en-1-yl)penta-1,3-dien-1-yl)benzene (2t)

Me
7 MgBr Me.__Me
Me

Br Br ZnBr, Me =

| PdCldppf-PhMe  pe U

OMe THF OMe

0°C-23°C, 16h
1c 2t

Following Standard Procedure A, the reaction mixture containing dibromide 1c (200 mg,
0.685 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (28 mg,
0.034 mmol), ZnBr; solution in THF ( 2.8 mL, 1.22 M, 3.43 mmol) and isobutenyl magnesium
bromide (6.2 mL, 0.44 M, 2.74 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up,
purification by flash column chromatography (5 g SiO,, 1% EtOAc in PS 40-60) gave dendralene
2t as a colourless liquid (115 mg, 0.475 mmol, 69%). Ry= 0.51 (5% EtOAc in PS 40-60); 'H NMR
(400 MHz, CDCl3) ¢ 7.33 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.20 (s, 1H), 5.95 (s, 1H),
5.83 (s, 1H), 3.81 (s, 3H), 1.83 (s, 3H), 1.83 (s, 3H), 1.81 (s, 3H), 1.59 (s, 3H) ppm;

C NMR (100 MHz, CDCl;) § 158.2 (Cq), 135.8 (Cq), 135.4 (Cq), 133.9 (Cq), 131.3 (Cq), 130.3
(2xCH), 129.1 (CH), 128.9 (CH), 124.6 (CH), 113.6 (2xCH), 55.4 (CH3), 27.1 (CH3), 26.1 (CH3),
19.8 (CH3), 19.7 (CH3) ppm; IR (thin film): v = 2964, 2907, 2852, 1605, 1506 cm™'; LRMS:
(EI+): m/z (%): 242 (IM]", 100), 227 ([IM=CH;]", 91), 212 ([IM—2xCH3]", 20); HRMS (EI+):
calculated for C17H»,0: 242.1671; found: 242.1671.

(E)-(6-Methyl-4-(2-methylprop-1-en-1-yl)hepta-1,3,5-trien-1-yl)benzene (2u)

Me
\%\MgBr Me Me
Me I
Br Br ZnBr, Me %
| L]
PdCl,(dppf)-PhMe Mo I
| THF |

0°C-23°C, 16h
1j 2u
Following Standard Procedure A, the reaction mixture containing dibromide 1j (200 mg, 0.694
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (29 mg, 0.035 mmol),
ZnBr; solution in THF ( 2.3 mL, 1.23 M, 2.78 mmol) and isobutenyl magnesium bromide (4.7 mL,
0.44 M, 2.08 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (5 g SiO,, 100% PS 40—60) gave dendralene 2u as a colourless liquid
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(110 mg, 0.461 mmol, 66%). Ry = 0.23 (100% PS 40-60); '"H NMR (400 MHz, CDCl;) § 7.39
(d, J = 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.19 (t, J = 7.4 Hz, 1H), 6.93 (dd, J = 15.6, 11.2 Hz,
1H), 6.52 (d, J = 15.6 Hz, 1H), 6.11 (d, J = 11.2 Hz, 1H), 5.93 (s, 1H), 5.84 (s, 1H), 1.90 (s, 3H),
1.85 (s, 3H), 1.82 (s, 3H), 1.63 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) J 138.8 (Cq), 138.3 (Cq),
135.9 (Cq), 135.4 (Cq), 131.2 (CH), 130.0 (CH), 128.7 (2xCH), 128.0 (CH), 127.4 (CH), 127.2
(CH), 126.3 (2xCH), 123.6 (CH), 27.7 (CH3), 26.0 (CHs), 20.0 (CHs3), 19.9 (CH;) ppm;
IR (thin film): vy = 3027, 2966, 2907, 2729, 1637, 1596 cm™; LRMS: (EI+): m/z (%): 238 ([M]",
100), 223 ([M—CH3]™, 59), 208 ([M—2xCH3]"™", 5), 181 ([M—C4Ho]", 76); HRMS (EI+): calculated
for C1gHao: 238.1722; found: 238.1721.

((1E,AE)-3-((E)-3-Phenylallylidene)penta-1,4-diene-1,5-diyl)dibenzene (2v)

Ph
\/\MgBr
Br Br

| ZnBr,
PdCl,(dppf)sPhMe

THF
0 °C - 66 °C, 14h

1j
Following Standard Procedure A, the reaction mixture containing dibromide 1j (400 mg, 1.4
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (57 mg, 0.07 mmol),
ZnBr;, solution in THF (4.6 mL, 1.22 M, 5.56 mmol) and styrenyl magnesium bromide (7.2 mL,
0.58 M, 4.17 mmol) in THF (20 mL) was heated under reflux for 14h. After work up, purification
by flash column chromatography (15 g SiO,, 0.5% EtOAc in PS 40-60) gave 2v as a white solid
(330 mg, 0.99 mmol, 71%). Ry,=0.38 (5% EtOAc in PS 40-60); m.p 93 — 95 °C (hexane: EtOAc,
8:2); '"H NMR (700 MHz, CD;CN) 6 7.64 (d, J = 7.4 Hz, 2H), 7.58 — 7.46 (m, 5H), 7.44 — 7.20
(m, 10H), 7.14 (d, J = 16.1 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 9.1 Hz, 1H), 6.78 (d,
J=15.4Hz, 1H), 6.67 (d, J=11.9 Hz, 1H) ppm; °C NMR (175 MHz, CD;CN) ¢ 138.6 (Cq), 138.6
(Cq), 138.4 (Cq), 138.0 (Cq), 135.2 (CH), 133.7 (CH), 131.8 (CH), 131.1 (CH), 130.3 (CH), 129.7
(2xCH), 129.7 (2xCH), 129.6 (2xCH), 128.8 (CH), 128.7 (CH), 128.6 (CH), 127.7 (2xCH), 127.6
(2xCH), 127.5 (2xCH), 126.5 (CH), 124.9 (CH) ppm; IR (thin film): vipay = 3057, 3026, 1595 cm’';
LRMS: (EI+): m/z (%): 334 ([M]", 100), 243 ([M—C;H;]", 35); HRMS (EI+): calculated for
Ca6H2o: 334.1722; found: 334.1724.
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((1E,AE)-3-(4-Methoxybenzylidene)penta-1,4-diene-1,5-diyl)dibenzene (2w)

Ph P vgBr Ph

ZnBr
Br._ _Br 2 Ph Z
| PdCl,(dppf)-PhMe |

THF
OMe 0°C-66°C, 4h OMe
1c 2w

Following Standard Procedure A, the reaction mixture containing dibromide 1c¢ (1.00 g, 3.43
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (0.14 g, 0.17 mmol),
ZnBr;, solution in THF (13.9 mL, 1.23 M, 17.1 mmol) and styrenyl magnesium bromide (34.3 mL,
0.40 M, 13.7 mmol) in THF (50 mL) was heated under reflux for 4h. After work up, purification by
flash column chromatography (30 g SiO,, 1% EtOAc in PS 40-60) and recrystallization from
hexane:CH,Cl, (9:1) gave 2w as a white solid (0.88 g, 2.60 mmol, 76%).

R;=0.38 (5% EtOAc in PS 40-60); m.p. 105 — 107 °C (hexane:CH,Cl, 9:1); 'H NMR (400 MHz,
CDCls) 6 7.50 (d, J = 7.6 Hz, 2H), 7.46 (d, J = 7.6 Hz, 2H), 7.41 — 7.31 (m, 6H), 7.30 — 7.22 (m,
2H), 7.18 (d, /= 16.4 Hz, 1H), 7.05 (d, /= 15.6 Hz, 1H), 6.95 — 6.89 (m, 3H), 6.86 (d, J= 16.4 Hz,
1H), 6.80 (s, 1H), 3.84 (s, 3H) ppm; °C NMR (100 MHz, CDCls) d 159.3 (Cq), 137.8 (Cq), 137.7
(Cq), 1359 (Cq), 132.6 (CH), 131.4 (2xCH), 130.8 (CH), 130.6 (CH), 130.4 (Cq), 129.9 (CH),
128.9 (2xCH), 128.8 (2xCH), 127.8 (CH), 127.7 (CH), 126.7 (2xCH), 126.7 (2xCH), 126.6 (CH),
114.0 (2xCH), 55.5 (CH3) ppm; IR (thin film): vina, = 3057, 3024, 2989, 2837, 1597 cm™; LRMS:
(EI+): m/z (%): 338 (M]", 100), 247 ([M—C-H;]", 38); HRMS (EI+): calculated for CasH,,0:
338.1671; found: 338.1668.
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Synthesis of Monobromodienes by E-Selective Single Cross-Coupling

Standard Procedure B:
R1
X MgBr
ZnBr,
R! B
Br\[ Br Pd(PPhg)y | r
|
R THF R
0°C-23°C

A solution of Pd(PPhs)s (3.0 - 4.0 mol%) and dibromo olefin (1.0 mol equiv) in THF (20 mL/g
dibromo olefin) was purged with N, for 5 minutes. The reaction mixture was cooled to 0 °C and
ZnBr; (0.90 - 3.0 mol equiv, 1.10 - 1.48 M solution in THF) was added, followed by dropwise
addition of Grignard reagent (0.75 - 2.0 mol equiv, 0.31 - 0.86 M solution in THF) over 5 minutes.
The resulting heterogeneous reaction mixture was warmed to room temperature and stirred until
complete by 'H NMR/TLC analysis. Saturated aqueous NH,CI (5 mL/g dibromo olefin) was added,
the reaction mixture was filtered through a pad of Celite and the filtrate was diluted with CH,Cl,
(25 mL/g dibromo olefin) and water (50 mL/g dibromo olefin). The aqueous and organic layers
were separated and the aqueous layer was extracted with CH,Cl, (10 mL/g dibromo olefin % 3). The
combined organic layers were washed with saturated brine (20 mL/g dibromo olefin), dried over

Na,SO4 and concentrated under reduced pressure.

(£)-1-(2-Bromobuta-1,3-dien-1-yl)-4-methoxybenzene (3a)

ZMgBr
Br._ _Br ZnBr; A~ Br
| Pd(PPhg), |
THF
OMe  g°c-40°C,2h OMe
1c 3a

Following Standard Procedure B, the reaction mixture containing dibromide 1c (1.00 g, 3.43
mmol), Pd(PPhs)s (0.12 g, 0.103 mmol) ZnBr;, solution in THF (4.5 mL, 1.14 M in THF, 5.14
mmol) and vinyl magnesium bromide (5.0 mL, 0.82 M in THF, 4.11 mmol) in THF (20 mL) was
stirred at 40 °C for 2h. After work up, purification by flash column chromatography (25 g SiO,, 1%
EtOAc in PS 40-60) gave monobromodiene 3a as a white solid (0.736 g, 3.07 mmol, 90%).
Ry=0.33 (5% EtOAc in PS 40-60); m.p. 51 — 52 °C (hexane:EtOAc, 9:1); 'H NMR (400 MHz,
CDCl) 6 7.70 (d, J = 8.8 Hz, 2H), 6.99 — 6.82 (m, 3H), 6.49 (dd, J = 16.0, 10.4 Hz, 1H), 5.68
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(d, J=16.0 Hz, 1H), 5.28 (d, J = 10.4 Hz, 1H), 3.84 (s, 3H) ppm; °C NMR (100 MHz, CDCls)
5 159.7 (Cq), 137.4 (CH), 132.0 (CH), 131.3 (2xCH), 128.2 (Cq), 122.1 (Cq), 118.1 (CH,), 113.8
(2xCH), 55.4 (CHs3) ppm; IR (thin film): vimax = 3003, 2965, 2839, 1591, 1505 cm’'; LRMS: (EI+):
m/z (%): 240 (IM(*'Br)]™, 26), 238 (IM(”Bn)]™, 26), 159 ((M=Br]™, 60), 144 ((M—CH;Br]", 86),
128 (IM—OCH;Br]™, 38), 115 (100); HRMS (EI+): calculated for C; H,;,*'BrO: 239.9973; found:
239.9961;calculated for C; H;;BrO: 237.9993; found: 237.9997.

(£)-1-(2-Bromo-3-methylbuta-1,3-dien-1-yl)-4-methoxybenzene (3b)

Me
}\MgBr Me

ZnBr, Br
Pd(PPh), |

Br Br

THF
OMe OMe

0°C-23°C, 4h
1c 3b

Following Standard Procedure B, the reaction mixture containing dibromide 1c¢ (1.50 g, 5.14
mmol), Pd(PPh3)s (0.180 g, 0.154 mmol) ZnBr, (4.1 mL, 1.14 M in THF, 4.62 mmol) and
isopropenyl magnesium bromide (6.9 mL, 0.56 M in THF, 3.85 mmol) in THF (30 mL) was stirred
at 23 °C for 4h. After work up, purification by flash column chromatography (45 g SiO,, 1% EtOAc
in PS 40-60) gave monobromodiene 3b as a pale yellow liquid (0.650 g, 2.57 mmol, 50%).
Ry= 0.41 (5% EtOAc in PS 40-60); 'H NMR (400 MHz, CDCl;) ¢ 7.63 (d, J = 8.8 Hz, 2H), 7.00 (s,
1H), 691 (d, J = 8.8 Hz, 2H), 5.63 (s, 1H), 5.22 (s, 1H), 3.84 (s, 3H), 2.13 (s, 3H) ppm;
BC NMR (100 MHz, CDCl3) 6 159.4 (Cq), 142.0 (Cq), 131.2 (2xCH), 128.9 (Cq), 128.5 (CH),
124.7 (Cq), 118.8 (CH,), 113.6 (2xCH), 55.4 (CHs), 21.5 (CH3) ppm; IR (thin film): vmax = 3000,
2953, 2835, 1601, 1507 cm™'; LRMS: (EI+): m/z (%): 254 (IM(*'Br)]™, 16), 252 ((IM(”Bn)]"™, 16),
239 (IM(*'Br)-CHs] ™, 14), 237 (IM(”Br)-CHs]", 14), 173 ([M=Br]", 46), 158 ([M—CH;Br]",
100); HRMS (EI+): calculated for C;,H;30*'Br: 254.0129; found: 254.0124; calculated for
C1,H;30”Br: 252.0150; found: 252.0151.
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1-((1Z,3E)-2-Bromo-4-phenylbuta-1,3-dien-1-yl)-4-methoxybenzene (3¢)

: F MgBr

| Pd(PPhy),
THF
OMe 0°C-23°C, 16h OMe
1c 3c

Following Standard Procedure B, the reaction mixture containing dibromide 1c (1.00 g,
3.43mmol), Pd(PPhs3)s (0.119 g, 0.103 mmol) ZnBr; (8.4 mL, 1.23 M in THF, 10.3 mmol) and
styrenyl magnesium bromide (17.1 mL, 0.40 M in THF, 6.85 mmol) in THF (20 mL) was stirred at
23 °C for 16h. After work up, purification by flash column chromatography (25 g SiO,, 1% EtOAc
in PS 40-60) gave monobromodiene 3¢ as a pale yellow solid (0.92 g, 2.93 mmol, 85%). R,= 0.26
(1% EtOAc in PS 40-60); m.p. 124 —126 °C (hexane:EtOAc, 9:1); 'H NMR (400 MHz, (CD5),SO)
07.76 (d, J=9.2 Hz, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.42 — 7.35 (m, 3H), 7.33 — 7.25 (m, 2H), 7.01
(d, J=9.2 Hz, 2H), 6.93 (d, J = 15.2 Hz, 1H), 3.80 (s, 3H) ppm; °C NMR (100 MHz, (CD3),SO)
0 159.4 (Cq), 136.2 (Cq), 132.4 (CH), 132.0 (CH), 131.0 (2xCH), 129.8 (CH), 128.9 (2xCH), 128.1
(CH), 127.8 (Cq), 126.9 (2xCH), 120.6 (Cq), 113.9 (2xCH), 55.3 (CH3) ppm; IR (thin film):
Vmax = 3008, 2837, 1599, 1578, 1505 cm™; LRMS: (EI+): m/z (%): 316 (IM(*'Br)]™, 46), 314
(IM(”Bn)]™, 46), 235 (IM=Br]™, 100), 220 ((M—CH3Br]", 81), 204 ((M—OCH;Br]", 36); HRMS
(EI+): calculated for Cy7H,50% Br: 316.0286; found: 316.0276; calculated for C7H,50”Br:
314.0306; found: 314.0310.

(£)-1-(2-Bromo-4-methylpenta-1,3-dien-1-yl)-4-methoxybenzene (3d)

M
ejé\MgBr
Me

Br. _Br ZnBr, Me y Br
| Pd(PPhy)
a)a Me |
THF
OMe  g°c-23°C,16h OMe
1ic 3d

Following Standard Procedure B, the reaction mixture containing dibromide 1c (1.00 g, 3.43
mmol), Pd(PPh3)s (0.119 g, 0.103 mmol) ZnBr, (7.0 mL, 1.22 M in THF, 8.56 mmol) and
isobutenyl magnesium bromide (13.6 mL, 0.44 M in THF, 6.00 mmol) in THF (20 mL) was stirred
at 23 °C for 16h. After work up, purification by flash column chromatography (30 g SiO,, 1%
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EtOAc in PS 40-60) gave monobromodiene 3d as a colourless liquid (0.654 g, 2.45 mmol, 71%).
R = 0.42 (5% EtOAc in PS 40-60); '"H NMR (400 MHz, CDCly) § 7.62 (d, J = 8.8 Hz, 2H),
6.91 (d, J = 8.8 Hz, 2H), 6.63 (s, 1H), 5.95 (s, 1H), 3.83 (s, 3H), 1.89 (d, J = 0.8 Hz, 3H),
1.86 (d, J = 1.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCls) § 159.3 (Cq), 137.9 (Cq), 130.5
(2xCH), 129.5 (CH), 128.6 (Cq), 127.6 (CH), 119.1 (Cq), 113.7 (2xCH), 55.4 (CH3), 25.9 (CH3),
19.7 (CH3) ppm; IR (thin film): v = 2966, 2932, 2835, 1606, 1508 cm’'; LRMS: (EI+): m/z (%):
268 (IM(*'Br)]™, 29), 266 (IM(”Bn)]™, 29), 253 (IM(*'Br)-CH3]"™", 13), 251 ((M(”’Br)-CHs]"", 13),
187 (IM-Br]™, 22), 172 ((M—CH;3Br] ", 100); HRMS (EI+): calculated for C;3H;sO Br: 268.0286;
found: 268.0287; calculated for C;3H;50"’Br: 266.0306; found: 266.0305.

((1E,32)-4-Bromohexa-1,3,5-trien-1-yl)benzene (3e)

Br._ _Br /\MgBr Y Br
| ZnBr, |
| Pd(PPhjg), |
THF
0°C-23°C, 2h
1j 3e

Following Standard Procedure B, the reaction mixture containing dibromide 1j (500 mg, 1.74
mmol), Pd(PPhs)s (80 mg, 0.069 mmol) ZnBr, (3.5 mL, 1.48 M in THF, 5.21 mmol) and vinyl
magnesium bromide (4.4 mL, 0.86 M in THF, 3.82 mmol) in THF (10 mL) was stirred at 23 °C for
2h. After work up, purification by flash column chromatography (15 g SiO,, 100% PS 40-60) gave
monobromodiene 3e as a white solid (325 mg, 1.38 mmol, 79%). Ry = 0.37 (100% PS 40-60);
m.p. 64 — 68 °C (CH,Cl); 'H NMR (400 MHz, CDCl3) § 7.51 (d, J = 8.0 Hz, 2H),
7.37 (t,J=17.4 Hz, 2H), 7.33 — 7.22 (m, 2H), 6.80 (d, J = 15.6 Hz, 1H), 6.70 (d, J = 10.4 Hz, 1H),
6.46 (dd, J = 16.2, 104 Hz, 1H), 5.70 (d, J = 16.2 Hz, 1H), 5.31 (d, J = 10.4 Hz, 1H) ppm;
C NMR (100 MHz, CDCl3) § 137.0 (Cq), 136.8 (CH), 136.1 (CH), 132.7 (CH), 128.9 (2xCH),
128.5 (CH), 127.0 (2xCH), 126.7 (CH), 126.1 (Cq), 119.0 (CH,) ppm; IR (thin film): vy, = 3032,
2917, 1824, 1599 cm™'; LRMS: (EI+): m/z (%): 236 (IM(*'Br)]"™, 26), 234 (IM(”’Br)]", 26), 155
(IM-Br]"™, 100), 154 ((M=HBr]™, 30); HRMS (EI+): calculated for C;,H;,*'Br: 236.0024; found:
236.0020; calculated for C1,H;;"Br: 234.0044; found: 234.0050.
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((1E,3Z2)-4-Bromo-5-methylhexa-1,3,5-trien-1-yl)benzene (3f)

Me
)\MgBr Me

Br._ _Br ZnBr, Br
| Pd(PPhy), |

| THF |
0°C -23°C, 4h

1j 3f

Following Standard Procedure B, the reaction mixture containing dibromide 1j (2.00 g, 6.94
mmol), Pd(PPhs)s (241 mg, 0.208 mmol) ZnBr, (9.0 mL, 1.23 M in THF, 11.1 mmol) and
isopropenyl magnesium bromide (14.9 mL, 0.56 M in THF, 8.33 mmol) in THF (40 mL) was
stirred at 23 °C for 4h. After work up, purification by flash column chromatography (50 g SiO,,
100% PS 40-60) gave monobromodiene 3f as a white solid (1.41 g, 5.66 mmol, 82%). Ry = 0.38
(100% PS 40-60); m.p. 68 — 69 °C (hexane); 'H NMR (400 MHz, CDCl;) 6 7.49 (d, J = 7.2 Hz,
2H), 7.35 (t, J = 7.4 Hz, 2H), 7.30 — 7.24 (m, 2H), 6.80 (d, J = 16.0 Hz, 1H), 6.74 (d, J = 10.4 Hz,
1H), 5.64 (s, 1H), 5.22 (s, 1H), 2.09 (s, 3H) ppm; >C NMR (100 MHz, CDCls) J 140.8 (Cq), 137.1
(Cq), 136.6 (CH), 129.2 (CH), 128.9 (2xCH), 128.4 (CH), 127.8 (Cq), 127.8 (CH), 127.0 (2xCH),
119.5 (CH,), 21.1 (CH3) ppm; IR (thin film): vimex = 3037, 2956, 1792, 1598 cm™'; LRMS: (EI+):
m/z (%): 250 ((M(*'Br)]"™, 31), 248 (IM("’Br)]™, 31), 169 ([M-Br]™, 100), 154 (M- CH3Br]™, 73);
HRMS (EI+): calculated for Ci3Hs*'Br: 250.0180; found: 250.0188; calculated for C3H;3" Br:
248.0201; found: 248.0203.

((1E,3Z,5E)-3-Bromohexa-1,3,5-triene-1,6-diyl)dibenzene (3g)

: F MgBr

Br Br ZnBr,
Pd(PPhg),

THF
0°C - 23°C, 4h

1j
Following Standard Procedure B, the reaction mixture containing dibromide 1j (500 mg, 1.74
mmol), Pd(PPh;3)4 (60 mg, 0.052 mmol) ZnBr; (3.3 mL, 1.22 M in THF, 4.0 mmol) and styrenyl
magnesium bromide (4.8 mL, 0.58 M in THF, 2.78 mmol) in THF (10 mL) was stirred at 23 °C for

4h. After work up, purification by flash column chromatography (15 g SiO,, 100% PS 40-60) gave
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monobromodiene 3g as a pale yellow solid (398 mg, 1.28 mmol, 74%). Ry= 0.23 (100% PS 40-60);
m.p. 142 —144 °C (hexane:CH,Cly, 9:1); 'H NMR (400 MHz, CDCl3) § 7.56 — 7.48 (m, 4H),
7.42 —7.36 (m, 4H), 7.36 — 7.27 (m, 3H), 7.07 (d, /= 15.1 Hz, 1H), 6.90 (d, J = 15.1 Hz, 1H), 6.83
(d, J=11.2 Hz, 1H), 6.80 (d, J = 6.8 Hz, 1H) ppm; >C NMR (100 MHz, CDCl;) ¢ 137.1 (Cq),
136.7 (Cq), 136.3 (CH), 133.9 (CH), 132.7 (CH), 128.9 (4xCH), 128.5 (CH), 128.3 (CH), 128.1
(CH), 127.1 (2xCH), 127.0 (CH), 127.0 (2xCH), 125.7 (Cq) ppm; IR (thin film): vimax = 3027, 1621,
1593 cm™; LRMS: (EI+): m/z (%): 312 (IM(*'Br)]"™, 60), 310 ((M("Br)]”, 60), 231 ([M-Br]",
100); HRMS (EI+): calculated for C;gH;s"'Br: 312.0337; found: 312.0333; calculated for
CisH;s"Br: 310.0357; found: 310.0357.

((1E,32)-4-Bromo-6-methylhepta-1,3,5-trien-1-yl)benzene (3h)

M
e\%\MgBr
Me

Br | Br ZnBr, Me % | Br
Pd(PPhy), Me
| THF |

0°C-23°C, 16h
1j 3h

Following Standard Procedure B, the reaction mixture containing dibromide 1j (500 mg, 1.74
mmol), Pd(PPh;)4 (60 mg, 0.052 mmol) ZnBr; (3.6 mL, 1.22 M in THF, 4.34 mmol) and isobutenyl
magnesium bromide (7.5 mL, 0.44 M in THF, 3.30 mmol) in THF (10 mL) was stirred at 23 °C for
16h. After work up, purification by flash column chromatography (15 g SiO,, 100% PS 40-60)
gave monobromodiene 3h as a colourless liquid (195 mg, 0.741 mmol, 43%).

Ry = 0.29 (100% PS 40-60); 'H NMR (400 MHz, CDCl) ¢ 7.49 (d, J = 7.4 Hz, 2H),
7.36 (t,J=7.5 Hz, 2H), 7.31 — 7.24 (m, 1H), 7.14 (dd, J = 15.7, 10.2 Hz, 1H), 6.73 (d, J = 15.7 Hz,
1H), 6.43 (d, J=10.2 Hz, 1H), 5.95 (s, 1H), 1.92 (s, 3H), 1.88 (s, 3H) ppm; >*C NMR (100 MHz,
CDCls) 6 138.9 (Cq), 137.3 (Cq), 134.7 (CH), 130.3 (CH), 128.8 (2xCH), 128.1 (CH), 127.3 (CH),
126.8 (2xCH), 126.6 (CH), 123.3 (Cq), 26.3 (CHs), 20.0 (CH3) ppm; IR (thin film): v = 3035,
2970, 2909, 1633 cm™; LRMS: (EI+): m/z (%): 264 (IM(*'Br)]”, 61), 262 (IM(”Br)]™, 61), 183
([IM-Br]™, 100), 168 ([M—CH;Br]", 95), 153 ((IM—CH3CH3Br]", 47); HRMS (EI+): calculated for
C14H;5"' Br: 264.0337; found: 264.0349; calculated for Ci4H;s Br: 262.0357; found: 262.0358.
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(£)-(4-Bromohexa-3,5-dien-1-yn-1-yl)benzene (3i)

ZMgBr
Br Br ZnBr, y Br
| Pd(PPha), |
X THF X
0°C-23°C, 3h
1k 3i

Following Standard Procedure B, the reaction mixture containing dibromide 1k (510 mg, 1.78
mmol), Pd(PPhs)s (62 mg, 0.054 mmol) ZnBr, (2.2 mL, 1.23 M in THF, 2.68 mmol) and vinyl
magnesium bromide (3.0 mL, 0.71 M in THF, 2.14 mmol) in THF (10 mL) was stirred at 23 °C for
3h. After work up, purification by flash column chromatography (15 g SiO,, 100% PS 40-60) gave
monobromodiene 3i as a pale yellow liquid (320 mg, 1.37 mmol, 77%). Ry = 0.20 (100%
PS 40-60); 'H NMR (400 MHz, CDCl;) § 7.59 — 7.48 (m, 2H), 7.41 — 7.30 (m, 3H),
6.45 (dd, J=16.4, 10.4 Hz, 1H), 6.33 (s, 1H), 5.74 (d, /= 16.4 Hz, 1H), 5.40 (d, /= 10.4 Hz, 1H)
ppm; C NMR (100 MHz, CDCl;) § 135.0 (CH), 134.8 (Cq), 131.8 (2xCH), 128.9 (CH), 128.5
(2xCH), 123.1 (Cq), 121.8 (CHp), 114.1 (CH), 99.2 (Cq), 87.6 (Cq) ppm; IR (thin film):
Vinax = 3054, 3001, 2193, 1613, 1597, 1568 cm™'; LRMS: (EI+): m/z (%): 234 (IM(*'Br)] ", 63), 232
(IM(”Bn)]™, 63), 153 (IM=Br]™, 76), 152 ((IM=HBr] ", 100), 151 ((M-HBrH] ", 43); HRMS (EI+):
calculated for Cj,Ho''Br: 233.9867; found: 233.9860; calculated for C;,Ho  'Br: 231.9888; found:
231.9888.

(2)-(4-Bromo-5-methylhexa-3,5-dien-1-yn-1-yl)benzene (3j)

Me

%\MgBr Me

Br Br ZnBr2 Br
| Pd(PPh), |

A THF A

0°C-23°C, 4h
1k 3
Following Standard Procedure B, the reaction mixture containing dibromide 1k (970 mg, 3.40
mmol), Pd(PPhs)s (118 mg, 0.102 mmol) ZnBr, (4.1 mL, 1.23 M in THF, 5.09 mmol) and
isopropenyl magnesium bromide (8.0 mL, 0.51 M in THF, 4.07 mmol) in THF (20 mL) was stirred
at 23 °C for 4h. After work up, purification by flash column chromatography (25 g SiO,,
100% PS 40-60) gave monobromodiene 3j as a pale yellow liquid (675 mg, 2.73 mmol, 81%).
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Ry = 0.28 (100% PS 40-60); '"H NMR (400 MHz, CDCls) 6 7.58 — 7.48 (m, 2H), 7.36 — 7.31
(m, 3H), 6.39 (s, 1H), 5.68 (s, 1H), 5.29 (s, 1H), 2.06 (s, 3H) ppm; °C NMR (100 MHz, CDCls)
5 140.2 (Cq), 136.4 (Cq), 131.8 (2xCH), 128.8 (CH), 128.5 (2xCH), 123.2 (Cq), 121.5 (CHy),
111.4 (CH), 98.5 (Cq), 88.1 (Cq), 20.5 (CH3) ppm; IR (thin film): vpa, = 3025, 2923, 2197. 1599
cm’; LRMS: (EI+): m/z (%): 248 ((IM(*'Br)]"™, 31), 246 (IM("Br)]™, 31), 167 ((M=Br]", 90), 166
([M=HBr]", 36), 165 ((M-HBrH]"", 100), 152 ((M—CH3Br]", 70), 126 ([M—C;H;sBr]"", 13); HRMS
(EI+): calculated for Cy;H;,*'Br: 248.0024; found: 248.0024; calculated for Cy3H,,”Br: 246.0044;
found: 246.0043.

((1E,32)-3-Bromohexa-1,3-dien-5-yne-1,6-diyl)dibenzene (3k)

: F MgBr

Br Br ZnBr,
| Pd(PPhg),
A THF
0°C-23°C, 2h
1k

Following Standard Procedure B, the reaction mixture containing dibromide 1k (460 mg, 1.61
mmol), Pd(PPhs)s (56 mg, 0.048 mmol) ZnBr, (3.7 mL, 1.22 M in THF, 4.50 mmol) and styrenyl
magnesium bromide (6.4 mL, 0.58 M in THF, 3.70 mmol) in THF (10 mL) was stirred at 23 °C for
2h. After work up, purification by flash column chromatography (10 g SiO,, 100% PS 40-60) gave
monobromodiene 3k as a white solid (438 mg, 1.42 mmol, 88%). Ry = 0.25 (100% PS 40-60);
m.p. 139 — 141 °C (hexane:CH,Cl,, 9:1); '"H NMR (400 MHz, CDCl3) 6 7.60 — 7.52 (m, 2H), 7.49
(d, J=7.3 Hz, 2H), 7.43 — 7.27 (m, 6H), 7.10 (d, J = 14.8 Hz, 1H), 6.87 (d, J = 14.8 Hz, 1H), 6.41
(s, 1H) ppm; °C NMR (100 MHz, CDCl;) ¢ 136.7 (CH), 136.1 (Cq), 134.3 (Cq), 131.8 (2xCH),
129.0 (2xCH), 128.9 (CH), 128.8 (CH), 128.5 (2xCH), 127.4 (2xCH), 126.7 (CH), 123.2 (Cq),
113.5 (CH), 99.6 (Cq), 88.4 (Cq) ppm; IR (thin film): vmax = 3050, 3024, 2190, 1595, 1573, 1554
cm; LRMS: (EI+): m/z (%): 310 ((M(*'Br)]"™, 16), 308 (IM("’Br)]™", 16), 229 ([M=Br]", 100), 152
(IM=C¢HsBr]™, 86); HRMS (EI+): calculated for C;sH;s*'Br: 310.0180; found: 310.0180;
calculated for CisHj3”’Br: 308.0201; found: 308.0204.
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(£)-(4-Bromo-6-methylhepta-3,5-dien-1-yn-1-yl)benzene (31)

M
ej/\MgBr
Me

Br Br ZnBr, Me Yz Br
| Pd(PPhy), Me | -
A THF A
0 °C - 23 °C, 3h
1K 3]

Following Standard Procedure B, the reaction mixture containing dibromide 1k (410 mg, 1.43
mmol), Pd(PPh3)s (50 mg, 0.0430 mmol) ZnBr, (2.9 mL, 1.22 M in THF, 3.58 mmol) and
isobutenyl magnesium bromide (5.7 mL, 0.50 M in THF, 2.87 mmol) in THF (10 mL) was stirred at
23 °C for 3h. After work up, purification by flash column chromatography (20 g SiO,,
100% PS 40-60) gave monobromodiene 31 as a colourless liquid (230 mg, 0.881 mmol, 62%).
Ry = 0.27 (100% PS 40-60); 'H NMR (400 MHz, CDCl3) ¢ 7.54 — 7.45 (m, 2H), 7.36 — 7.29 (m,
3H), 6.10 (s, 1H), 5.93 (brs, 1H), 1.91 (d, J= 1.2 Hz, 3H), 1.86 (d, J = 1.2 Hz, 3H) ppm; °C NMR
(100 MHz, CDCl3) ¢ 140.7 (Cq), 132.1 (Cq), 131.7 (2xCH), 128.6 (CH), 128.5 (2xCH), 125.7
(CH), 123.3 (Cq), 112.4 (CH), 96.3 (Cq), 87.6 (Cq), 26.5 (CHs), 20.0 (CH3) ppm; IR (thin film):
Vmax = 2971, 2909, 2198, 1633 cm™; LRMS: (EI+): m/z (%): 262 (IM(*'Br)]", 21), 260
(IM(”Bn)]™, 21), 181 (IM=Br]™, 34), 166 ((M—CH;Br]™, 72), 165 ((M—CH3HBr]", 100); HRMS
(EI+): calculated for Ci4H,5"'Br: 262.0180; found: 262.0177; calculated for C4H;3" Br: 260.0201;
found: 260.0204.

(£)-(2-Bromobuta-1,3-dien-1-yl)cyclohexane (3m)

ZMgBr
Br _Br ZnBr, A~ Br
| Pd(PPhy), |
THF
0°C-23°C, 3h
1h 3m

Following Standard Procedure B, the reaction mixture containing dibromide 1h (960 mg, 3.58
mmol), Pd(PPh3)4 (124 mg, 0.107 mmol) ZnBr; (6.2 mL, 1.22 M in THF, 7.52 mmol) and vinyl
magnesium bromide (7.2 mL, 0.75 M in THF, 5.37 mmol) in THF (20 mL) was stirred at 23 °C for
3h. After work up, purification by flash column chromatography (30 g AgNOs impregnated silica,
1% EtOAc in PS 40-60) gave monobromodiene 3m as a colourless liquid (506 mg, 2.35 mmol,
66%). Ry=0.56 (100% PS 40—60); 'H NMR (400 MHz, CDCl;) d 6.28 (dd, J = 16.3, 10.5 Hz, 1H),
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5.81 (d, J=8.8 Hz, 1H), 5.53 (d, J = 16.3 Hz, 1H), 5.16 (d, J = 10.4 Hz, 1H), 2.66 — 2.49 (m, 1H),
1.82 — 1.59 (m, 5H), 1.42 — 1.01 (m, 5H) ppm; *C NMR (100 MHz, CDCLs) J 140.4 (CH), 136.2
(CH), 123.9 (Cq), 117.4 (CH,), 40.8 (CH), 31.8 (2xCH,), 26.1 (CH,), 25.7 (2xCH,) ppm;
IR (thin film): vima = 2924, 2850, 1631 cm™; LRMS: (EI+): m/z (%): 216 (M(*'Br)]", 26), 214
(IM(Bn)]™, 26), 135 (IM=Br]"™, 54), 67 (100); HRMS (EI+): calculated for C1oH;s"'Br: 216.0337;
found: 216.0337; calculated for C oH,s" Br: 214.0357; found: 214.0362.

(£)-(2-Bromo-3-methylbuta-1,3-dien-1-yl)cyclohexane (3n)

Me

%MgBr

Br Br ZnBr, Br
| Pd(PPhy), |

THF
0°C-23°C, 16h
1h 3n

Following Standard Procedure B, the reaction mixture containing dibromide 1h (920 mg, 3.43
mmol), Pd(PPhs)s (119 mg, 0.103 mmol) ZnBr, (6.5 mL, 1.22 M in THF, 7.90 mmol) and
isopropenyl magnesium bromide (11.9 mL, 0.46 M in THF, 5.50 mmol) in THF (20 mL) was
stirred at 23 °C for 16h. After work up, purification by flash column chromatography (25 g AgNO;
impregnated silica, 100% PS 40-60) gave monobromodiene 3n as a colourless liquid (536 mg, 2.34
mmol, 68%). Ry = 0.63 (100% PS 40-60); 'H NMR (400 MHz, CDCl3) 6 5.82 (d, J = 8.8 Hz, 1H),
5.46 (s, 1H), 5.08 (s, 1H), 2.65 — 2.44 (m, 1H), 1.98 (s, 3H), 1.85 — 1.58 (m, 5H), 1.44 — 1.02 (m,
5H) ppm; °C NMR (100 MHz, CDCl;) 6 141.1 (Cq), 136.5 (CH), 125.8 (Cq), 117.8 (CH,), 41.6
(CH), 32.0 (2xCHa), 26.1 (CH»), 25.8 (2xCH,), 21.2 (CH3) ppm; IR (thin film): vimax = 2924, 2850,
1624, 1605 cm™'; LRMS: (EI+): m/z (%): 230 ((M('Br)]™, 30), 228 (IM(”Br)]™, 30), 215
(IMC*'Br)-CH;]™, 8), 213 (IM(”Br)-CHs]"™, 8), 149 (IM—Br]", 74), 120 (IM—-C,HsBr]", 11), 32
(100); HRMS (EI+): calculated for C;H;;*'Br: 230.0493; found: 230.0496; calculated for
C1H,7"”Br: 228.0514; found: 228.0514.

(£)-3-Bromotetradeca-1,3-diene (30)

ZMgBr
Br Br ZnBr, p Br
I Pd(PPha), |
CqoH CqoH
107121 THF 107121
1g 0°C - 23 °C, 4h 30
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Following Standard Procedure B, the reaction mixture containing dibromide 1g (677 mg, 2.08
mmol), Pd(PPhs)s (72 mg, 0.062 mmol) ZnBr; (3.9 mL, 1.22 M in THF, 4.80 mmol) and vinyl
magnesium bromide (4.7 mL, 0.75 M in THF, 3.53 mmol) in THF (15 mL) was stirred at 23 °C for
4h. After work up, purification by flash column chromatography (20 g AgNOs impregnated silica,
100% PS 40-60) gave monobromodiene 30 as a colourless liquid (260 mg, 0.951 mmol, 46%).
Ry = 0.60 (100% PS 40-60); 'H NMR (400 MHz, CDCl;) § 6.31 (dd, J = 16.3, 10.4 Hz, 1H), 5.98
(t,J=17.2 Hz, 1H), 5.53 (d,J = 16.4 Hz, 1H), 5.15 (d, J = 10.4 Hz, 1H), 2.31 (q, J = 7.3 Hz, 2H),
1.50 — 1.09 (m, 16H), 0.88 (t, J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCl3) § 136.0 (CH),
135.4 (CH), 125.9 (Cq), 117.2 (CHy), 32.1 (CH»), 31.7 (CH>), 29.8 (CH>), 29.7 (CH»), 29.6 (CH>),
29.5 (CH>), 29.4 (CH»), 28.5 (CHy), 22.9 (CH,), 14.3 (CH3) ppm; IR (thin film): vimax = 2955, 2923,
2853, 1632 cm’™; LRMS: (EI4): m/z (%): 274 (IM(*'Bn)]™, 12), 272 ((M(”Br)]", 12), 193
(IM-Br]"™, 16), 81 (100); HRMS (EI+): calculated for Ci4Has' 'Br: 274.1119; found: 274.1123;
calculated for C4H,s °Br: 272.1 140; found: 272.1149.

(£)-3-Bromo-2-methyltetradeca-1,3-diene (3p)

X
MgB
ger Me
Br.__Br ZnBr, Br
| Pd(PPhg), |
CioH CqoH
107121 THF 107121
1g 0°C-23°C, 16h 3p

Following Standard Procedure B, the reaction mixture containing dibromide 1g (780 mg, 2.39
mmol), Pd(PPhs)s (83 mg, 0.072 mmol) ZnBr, (3.9 mL, 1.22 M in THF, 4.78 mmol) and
isopropenyl magnesium bromide (6.8 mL, 0.49 M in THF, 3.35 mmol) in THF (15 mL) was stirred
at 23 °C for 16h. After work up, purification by flash column chromatography (25 g AgNO;
impregnated silica, 100% PS 40-60) gave monobromodiene 3p as a colourless liquid (382 mg,
1.33 mmol, 55%). Ry=0.60 (100% PS 40-60); 'H NMR (400 MHz, CDCls) ¢ 6.01 (t, J = 6.8 Hz,
1H), 5.46 (s, 1H), 5.08 (s, 1H), 2.31 (q, J = 7.2 Hz, 2H), 1.99 (s, 3H), 1.51 — 1.17 (m, 16H), 0.87
(t, J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCl3) 6 141.0 (Cq), 131.6 (CH), 127.7 (Cq), 117.6
(CH»), 32.6 (CHy), 32.1 (CH>), 29.8 (CH»), 29.7 (CH,), 29.6 (CH>), 29.5 (2xCH,), 28.6 (CH»), 22.9
(CH>), 21.2 (CH3), 14.3(CH3) ppm; IR (thin film): vmex = 2922, 2853, 1625, 1606 cm™; LRMS:
(EI+): m/z (%): 288 (IM(*'Br)]™, 20), 286 (IM(’Br)]™", 20), 207 (IM=Br]™, 10), 79 (100); HRMS
(EI+): calculated for CisH,7*'Br: 288.1276; found: 288.1267; calculated for CsHa;*Br: 286.1296;
found: 286.1297.
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(£)-1-(2-Bromobuta-1,3-dien-1-yl)-4-nitrobenzene (3q)

ZMgBr
Br Br ZnBr, _ Br
| Pd(PPhg), |
NO, THF NO
0°C-23°C, 5h 2
1e 3q

Following Standard Procedure B, the reaction mixture containing dibromide 1e (850 mg, 2.77
mmol), Pd(PPhs)s (96 mg, 0.083 mmol) ZnBr, (4.5 mL, 1.22 M in THF, 5.54 mmol) and vinyl
magnesium bromide (5.2 mL, 0.75 M in THF, 3.88 mmol) in THF (20 mL) was stirred at 23 °C for
Sh. After work up, purification by flash column chromatography (30 g SiO,, 1% EtOAc in
PS 40-60) gave monobromodiene 3q as a pale yellow fluffy solid (449 mg, 1.77 mmol, 64%).
Ry = 0.33 (5% EtOAc in PS 40-60); 'H NMR (400 MHz, CDCl3) 6 8.23 (d, J = 8.8 Hz, 2H), 7.83
(d, J = 8.8 Hz, 2H), 7.03 (s, 1H), 6.53 (dd, J = 16.2, 10.4 Hz, 1H), 5.85 (d, J = 16.2 Hz, 1H), 5.48
(d, J = 10.4 Hz, 1H) ppm; “C NMR (100 MHz, CDCls) ¢ 147.2 (Cq), 142.2 (Cq), 136.7 (CH),
130.3 (2xCH), 130.1 (CH), 127.7 (Cq), 123.6 (2xCH), 121.7 (CHz) ppm; IR (thin film):
Vmax = 3101, 3082, 2924, 1831, 1590, 1504 cm™; LRMS: (EI+): m/z (%): 255 (IM(*'Br)]™, 4), 253
(M(PBn)]™, 4), 174 (IM=Br]™, 4), 128 (IM-NO,Br]”, 100); HRMS (EI+): calculated for
C1oHsNO*'Br: 254.9718; found: 254.9716; calculated for C;oHgNO,’Br: 252.9738; found:
252.9738.

(£)-2-(2-Bromo-3-methylbuta-1,3-dien-1-yl)-5-methylfuran (3r)

Me
}\ MgBr Me
Br._ _Br ZnBr; Br
| o Pd(PPhg), | o
| p)—Me THF | )—Me
0 °C - 23 °C, 16h
im 3r

Following Standard Procedure B, the reaction mixture containing dibromide 1m (230 mg, 0.865
mmol), Pd(PPhs)s (30 mg, 0.026 mmol) ZnBr, (1.1 mL, 1.23 M in THF, 1.30 mmol) and
isopropenyl magnesium bromide (1.85 mL, 0.56 M in THF, 1.04 mmol) in THF (5 mL) was stirred
at 23 °C for 16h. After work up, purification by flash column chromatography (10 g SiO,, 100%
PS 40-60) gave monobromodiene 3r as a colourless liquid (145 mg, 0.638 mmol, 74%).
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Ry = 0.33 (100% PS 40-60); "H NMR (400 MHz, CDCls) 6 7.13 (d, J = 3.4 Hz, 1H), 6.98 (s, 1H),
6.11 (d, J=3.4 Hz, 1H), 5.60 (s, 1H), 5.19 (s, 1H), 2.32 (s, 3H), 2.09 (s, 3H) ppm;

C NMR (100 MHz, CDCls) 6 152.7 (Cq), 150.2 (Cq), 141.2 (Cq), 121.8 (Cq), 118.8 (CH,), 118.7
(CH), 113.8 (CH), 108.4 (CH), 21.1 (CH3), 13.9 (CH;) ppm; IR (thin film): v = 2953, 2922,
1609, 1588, 1519 cm™'; LRMS: (EI+): m/z (%): 228 (IM(*'Br)]"™, 50), 226 (IM(”’Br)]", 50), 213
(IM*'Br)-CH;]™, 5), 211 ([M(”Br)-CH:s]™, 13), 147 ([M-Br]™, 100), 132 ([M—CH;Br]", 50);
HRMS (EI+): calculated for C1oH;;0*' Br: 227.9973; found: 227.9980; calculated for C1oH;;0"Br:
225.9993; found: 225.9995.

Stereoselective Synthesis of Dendralenes

Standard Procedure C: Second Cross-Coupling with Pd(0)/-BusP (Retention)

h

BrMg
ZnBr,

; Pd2(dba)3-CHCI3 ; R2
R)x/\[ Br t-BugP-HBF, R
| |
THF

R R
0°C-23°C, 16h

A solution of Pd,(dba);CHCIl; (3.0 — 4.0 mol%), #Bus;P-HBF,; (6.0 — 8.0 mol%) and
monobromodiene (1.0 mol equiv) in THF (50 mL/g monobromodiene precursor) was purged with
N, for 5 minutes. The reaction mixture was cooled to 0 °C and ZnBr; (4.0 mol equiv, 1.22 — 1.23
M solution in THF) was added, followed by dropwise addition of the Grignard reagent (3.0 mol
equiv, 0.44 — 0.70 M solution in THF) dropwise over 5 minutes. The resulting heterogeneous
reaction mixture was warmed to room temperature and stirred for 16h until complete by '"H NMR
analysis. Saturated aqueous NH4Cl (5 mL/g monobromodiene precursor) was added, the reaction
mixture was filtered through a pad of Celite, then the filtrate was diluted with CH,Cl, (50 mL/g
monobromodiene precursor) and water (100 mL/g monobromodiene precursor). The aqueous and
organic layers were separated and the aqueous layer was extracted with CH,Cl, (10 mL/g
monobromodiene precursor X 3). The combined organic layers were washed with saturated brine
(20 mL/g monobromodiene precursor), dried over Na,SO; and concentrated under reduced

pressure.
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(E)-(5-Methyl-4-vinylhexa-3,5-dien-1-yn-1-yl)benzene (4a-E)

J

BrMg
Me ZnBr, Me |
I Br Pd,(dba)s-CHCl; I
“ t-BusP-HBF,
S THF N
0°C - 23 °C, 3h
3j 4a-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 3j (75 mg,
0.303 mmol), Pdy(dba);«CHCI; (11 mg, 0.011 mmol), -BusP-HBF4 (6 mg, 0.021 mmol) ZnBr,
(1.0 mL, 1.23 M in THF, 1.21 mmol) and vinyl magnesium bromide (1.3 mL, 0.68 M in THF,
0.910 mmol) in THF (4 mL) was stirred at 23 °C for 3h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4a-E as a colourless liquid
(38 mg, 0.196 mmol, 65%, >95% retention). R, = 0.49 (100% PS 40-60); '"H NMR (400 MHz,
CDCl) 6 7.49 — 7.42 (m, 2H), 7.38 — 7.27 (m, 3H), 6.91 (dd, J = 17.6, 10.8 Hz, 1H), 5.75 (s, 1H),
5.56 (d, J=17.6 Hz, 1H), 5.45 (d, J = 10.8 Hz, 1H), 5.13 (s, 1H), 5.10 (s, 1H), 1.96 (s, 3H) ppm;
C NMR (100 MHz, CDCl3) 6 152.0 (Cq), 142.9 (Cq), 133.5 (CH), 131.6 (2xCH), 128.5 (2xCH),
128.3 (CH), 123.7 (Cq), 120.0 (CH>), 116.3 (CH>), 107.4 (CH), 96.5 (Cq), 87.6 (Cq), 22.4 (CH3)
ppm; IR (thin film): v = 3052, 2924, 2853, 1597, 1488 cm’'; LRMS: (EI+): m/z (%): 194 (IM] ™,
48), 179 (IM—CH;]", 49), 178 (IM=CH,4]", 100); HRMS (EI+): calculated for CisH4: 194.1096;
found: 194.1091.

(£)-(5-Methyl-4-vinylhexa-3,5-dien-1-yn-1-yl)benzene (4a-2)

L

BrMg Me
ZnBr,
Z lBr Pd,(dba)s-CHCI, 7N Me
t-BugP-HBF
N : X
THF
0 °C - 23 °C, 16h
3i 4a-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3i (75 mg,
0.322 mmol), Pdy(dba);«CHCl; (13 mg, 0.013 mmol), -BusP-HBF4 (8 mg, 0.026 mmol) ZnBr,
(1.1 mL, 1.23 M in THF, 1.29 mmol) and isopropenyl magnesium bromide (1.9 mL, 0.51 M in

THF, 0.965 mmol) in THF (4 mL) was stirred at 23 °C for 16h. After work up, purification by flash
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column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4a-Z as a colourless liquid
(45 mg, 0.232 mmol, 72%, >95% retention). Ry = 0.44 (100% PS 40-60); 'H NMR (400 MHz,
CDCl3) 6 7.45 — 7.36 (m, 2H), 7.33 — 7.27 (m, 3H), 6.41 (dd, J = 17.4, 10.7 Hz, 1H), 5.69 (s, 1H),
5.38 (d, J=17.3 Hz, 1H), 5.28 (s, 1H), 5.21 (d, J = 10.6 Hz, 1H), 4.94 (s, 1H), 2.01 (s, 3H) ppm;
C NMR (100 MHz, CDCls) 6 154.3 (Cq), 141.2 (Cq), 137.2 (CH), 131.5 (2xCH), 128.4 (2xCH),
128.2 (CH), 123.9 (Cq), 117.8 (CH,), 116.2 (CH>), 108.7 (CH), 96.2 (Cq), 88.2 (Cq), 22.6 (CH3)
ppm; IR (thin film): vimax = 3080, 2969, 2918, 2192, 1722, 1682, 1599 cm™; LRMS: (EI+): m/z (%):
194 (IM]", 44), 193 ([M-H]", 24), 179 ([M—CH;]", 47), 178 ([M—CH,]"", 100); HRMS (EI+):
calculated for CisHj4: 194.1096; found: 194.1097.

(E)-(6-Methyl-4-vinylhepta-3,5-dien-1-yn-1-yl)benzene (4b-E)

J

BrMg
ZnBr,
Pd,(dba);+CHClg |
Me % Br Me > |
Me | t-BusP-HBF, Me
A THF A

3l

0 °C - 23 °C, 16h
4b-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 31 (65 mg,
0.250 mmol), Pd,(dba);*CHCI; (10 mg, 0.010 mmol), -BuzP*HBF4 (6 mg, 0.020 mmol) ZnBr,
(0.82 mL, 1.22 M in THF, 0.996 mmol) and vinyl magnesium bromide (1.1 mL, 0.70 M in THF,
0.747 mmol) in THF (3.5 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4b-E as a colourless liquid
(36 mg, 0.173 mmol, 69%, >95% retention). R, = 0.33 (100% PS 40-60); 'H NMR (400 MHz,
CDCly) 6 749 — 7.44 (m, 2H), 7.36 — 7.28 (m, 3H), 7.12 (dd, J = 17.6, 10.8 Hz, 1H),
5.86 (d, J= 1.2 Hz, 1H), 5.62 (s, 1H), 5.41 (dd, J = 17.6, 1.6 Hz, 1H), 5.28 (dt, J = 10.8, 1.6 Hz,
1H), 1.87 (d, J = 1.2 Hz, 3H), 1.78 (d, J = 1.2 Hz, 3H) ppm; >C NMR (100 MHz, CDCl;) J 146.9
(Cq), 138.4 (Cq), 135.3 (CH), 131.5 (2xCH), 128.5 (2xCH), 128.2 (CH), 123.8 (Cq), 122.0 (CH),
117.8 (CHy), 110.0 (CH), 96.8 (Cq), 87.4 (Cq), 26.5 (CH3), 20.0 (CH3) ppm; IR (thin film):
Vmax = 2969, 2910, 2190, 1597 cm™'; LRMS: (EI+): m/z (%): 208 (IM]", 33), 193 ((M=CH;]"™, 50),
178 (IM=2xCH;]™, 100), 165 ([M—C3H;]", 57); HRMS (EI+): calculated for C;¢His: 208.1252;
found: 208.1251.
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(£)-(6-Methyl-4-vinylhepta-3,5-dien-1-yn-1-yl)benzene (4b-2)

Me Me
T

BrMg Me._ _Me

ZnBr, |
N Br Pd,(dba)s-CHCI, “
N t-BuP-HBF, [

THF

0 °C - 23 °C, 4h

3i 4b-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3i (60 mg,
0.26 mmol), Pd,(dba);«CHCI; (11 mg, 0.010 mmol), ~-BusP-HBF, (6 mg, 0.021 mmol) ZnBr, (0.84
mL, 1.23 M in THF, 1.03 mmol) and isobutenyl magnesium bromide (1.8 mL, 0.44 M in THF,
0.772 mmol) in THF (3 mL) was stirred at 23 °C for 4h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4b-Z as a pale yellow liquid
(35 mg, 0.168 mmol, 65%, >90% retention). R, = 0.30 (100% PS 40-60); '"H NMR (400 MHz,
CDCl) 6 7.42 — 7.37 (m, 2H), 7.35 — 7.27 (m, 3H), 6.45 (dd, J = 17.2, 10.4 Hz, 1H), 5.85 (s, 1H),
5.75 (s, 1H), 5.33 (d, /= 17.2 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 1.93 (s, 3H), 1.72 (s, 3H) ppm;
C NMR (100 MHz, CDCl3) 6 148.7 (Cq), 139.4 (Cq), 138.5 (CH), 131.5 (2xCH), 128.5 (2xCH),
128.1 (CH), 124.0 (Cq), 119.7 (CH), 117.2 (CHy), 110.5 (CH), 96.5 (Cq), 89.2 (Cq), 26.1 (CH3),
20.8 (CH3) ppm; vimax = 3005, 2969, 2909, 2190, 1822, 1661, 1597 cm™'; LRMS: (EI+): m/z (%):
208 (IM]™, 39), 193 ([M—CH;]", 49), 178 ([M—2xCHs]", 100); HRMS (EI+): calculated for
Ci6Hie: 208.1252; found: 208.1249.

(E)-(6-Methyl-4-(prop-1-en-2-yl)hepta-3,5-dien-1-yn-1-yl)benzene (4c-E)

Me Me
T
BrMg
Me ZnBr,
I Br Pd,(dba)s-CHCl,
t-BugP-HBF,
X
THF
_ 0 °C - 23 °C, 3h
3j 4c-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 3j (52 mg,
0.21 mmol), Pdy(dba);-CHCl; (9 mg, 0.0084 mmol), -Buz;P-HBF,4 (5 mg, 0.017 mmol), ZnBr, (0.68
mL, 1.23 M in THF, 0.842 mmol) and isobutenyl magnesium bromide (1.4 mL, 0.44 M in THF,
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0.631 mmol) in THF (3 mL) was stirred at 23 °C for 3h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4¢-E as a colourless liquid
(27 mg, 0.121 mmol, 58%, >95% retention). R, = 0.33 (100% PS 40-60); '"H NMR (400 MHz,
CDCls) 0 7.43 — 7.35 (m, 2H), 7.34 — 7.27 (m, 3H), 5.88 (s, 1H), 5.85 (s, 1H), 5.19 (s, 1H),
5.07 (s, 1H), 1.96 (s, 3H), 1.91 (d, J=1.6 Hz, 3H), 1.68 (d, /= 1.2 Hz, 3H) ppm;

C NMR (100 MHz, CDCl3) § 150.6 (Cq), 142.8 (Cq), 138.1 (Cq), 131.4 (2xCH), 128.4 (2xCH),
128.0 (CH), 124.2 (Cq), 121.8 (CH), 117.0 (CH,), 107.0 (CH), 95.7 (Cq), 89.5 (Cq), 25.9 (CH3),
20.4 (CHs3), 20.4 (CHs) ppm; IR (thin film): viax = 3076, 2970, 2928, 1598 cm; LRMS: (EI+): m/z
(%): 222 (IM]™, 65), 207 (IM—CH;]"™", 82), 192 ([M—2xCH;]", 100); HRMS (EI+): calculated for
Ci7H15: 222.1409; found: 222.1406.

(£)-(6-Methyl-4-(prop-1-en-2-yl)hepta-3,5-dien-1-yn-1-yl)benzene (4¢-2)

L

BrMg Me
ZnBr,
Me ~ lBr Pdy(dba)gsCHCl; ~ MeNF " Me
Me t'BUsP'HBF4 Me
X X
THF
0°C-23°C, 16h
3l 4c-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 31 (70 mg,
0.268 mmol), Pdy(dba);«CHCI; (11 mg, 0.0107 mmol), -BusP-HBF,4 (6 mg, 0.021 mmol) ZnBr,
(0.88 mL, 1.22 M in THF, 1.07 mmol) and isopropenyl magnesium bromide (1.6 mL, 0.49 M in
THF, 0.804 mmol) in THF (3.5 mL) was stirred at 23 °C for 16h. After work up, purification by
flash column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4¢-Z as a colourless
liquid (42 mg, 0.189 mmol, 70%, >90% retention). R,= 0.29 (100% PS 40-60);

'H NMR (400 MHz, CDCl3) J 7.48 — 7.39 (m, 2H), 7.38 — 7.24 (m, 3H), 5.83 (s, 1H), 5.61 (s, 1H),
5.20 (s, 1H), 5.18 (s, 1H), 2.11 (s, 3H), 1.86 (s, 3H), 1.84 (s, 3H) ppm; “C NMR (100 MHz,
CDCl) ¢ 151.6 (Cq), 143.9 (Cq), 137.6 (Cq), 131.3 (2xCH), 128.4 (2xCH), 128.0 (CH), 125.9
(CH), 124.2 (Cq), 116.6 (CH»), 107.5 (CH), 95.1 (Cq), 89.1 (Cq), 27.1 (CH3), 22.7 (CHs), 19.7
(CH3) ppm; IR (thin film): vimax = 3079, 2969, 2911, 2190, 1684, 1598 cm’; LRMS: (EI+): m/z (%):
222 (IM]", 63), 207 (IM—CH3]™, 85), 192 ([M-2xCH3]™, 100); HRMS (EI+): calculated for
Ci7H1g: 222.1409; found: 222.1410.
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((1E,3E)-3-Vinylhexa-1,3-dien-5-yne-1,6-diyl)dibenzene (4d-E)

BngJ
ZnBr,

sz(dba)3-CHCI3
t-BugP-HBF,

THF
-20 °C to 23 °C, 16h

4d-E

Following Standard Procedure C, vinyl magnesium bromide (0.97 mL, 0.70 M in THF, 0.68
mmol) was added to a THF (4 mL) solution of monobromodiene 3k (70 mg, 0.23 mmol),
Pd,(dba);«CHCI; (9 mg, 0.009 mmol), -Bu;P-HBF,4 (5 mg, 0.018 mmol) and ZnBr;, (0.74 mL, 1.22
M in THF, 0.906 mmol) at —20 °C and brought the reaction mixture to 23 °C and stirred for 16h.
After work up, purification by flash column chromatography (3 g SiO,, 0.5% EtOAc in PS 40-60)
gave dendralene 4d-E as a pale yellow solid (35 mg, 0.137 mmol, 60%, >95% selective retention).
R;=0.50 (5% EtOAc in PS 40-60); m.p. 64 — 68 °C (CH,Cl,); 'H NMR (400 MHz, CDCl;) § 7.51
— 7.43 (m, 4H), 7.39 — 7.30 (m, 5H), 7.30 — 7.24 (m, 1H), 6.99 (dd, J = 17.7, 11.1 Hz, 1H),
6.92 (s, 2H), 5.99 (s, 1H), 5.75 (dd, J=17.7, 0.8 Hz, 1H), 5.51 (d, J=11.2 Hz, 1H) ppm;

C NMR (100 MHz, CDCl3) ¢ 146.6 (Cq), 137.2 (Cq), 133.4 (CH), 131.8 (CH), 131.6 (2xCH),
128.9 (2xCH), 128.5 (2xCH), 128.4 (CH), 128.2 (CH), 127.0 (CH), 126.9 (2xCH), 123.7 (Cq),
119.2 (CH»), 108.6 (CH), 98.2 (Cq), 88.3 (Cq) ppm; IR (thin film): vmax = 3052, 3024, 2923, 2186,
1595 cm™'; LRMS: (EI+): m/z (%): 256 (IM]™, 100), 255 (IM—H]", 69), 242 (IM—CH,]", 17), 229
(IM—CH,CH] ", 14), 179 (IM—C¢Hs]™, 17); HRMS (EI+): calculated for CooH,4: 256.1252; found:
256.1251.

((1E,32)-3-Vinylhexa-1,3-dien-5-yne-1,6-diyl)dibenzene (4d-2)

BrMg ZnBr,
Br Pd2(db3)3'CHC|3
Y t-BugP+HBF,
X THF
0 °C - 23 °C, 16h
3i
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Following Standard Procedure C, the reaction mixture containing monobromodiene 3i (63 mg,
0.27 mmol), Pdy(dba);+CHCI; (11 mg, 0.011 mmol), #-BusP-HBF4 (6 mg, 0.022 mmol) ZnBr;
(0.88 mL, 1.23 M in THF, 1.08 mmol) and styrenyl magnesium bromide (1.4 mL, 0.58 M in THF,
0.811 mmol) in THF (4.0 mL) was stirred at 23 °C for 16h. After work up, purification by
purification by reverse phase HPLC (Phenomenex Luna 5u C18(2), 100 A, 250%x10 mm, eluting
with 15% water/MeCN, tr = 9.6) gave dendralene 4d-Z as a colourless liquid (35 mg, 0.14 mmol,
51%, >85% selective retention). R,=0.50 (5% EtOAc in PS 40-60);

'H NMR (400 MHz, CDCl3) d 7.57 — 7.49 (m, 4H), 7.45 (d, J = 16.4 Hz, 1H), 7.42 — 7.33 (m, 5H),
7.33 —7.26 (m, 1H), 7.02 (d, J = 16.4 Hz, 1H), 6.66 (dd, J=17.2, 10.8 Hz, 1H), 5.95 (s, 1H), 5.64
(dd, J=17.2, 0.8 Hz, 1H), 5.33 (d, J = 10.8 Hz, 1H) ppm; >C NMR (100 MHz, CDCl;) ¢ 146.7
(Cq), 137.3 (Cq), 135.3 (CH), 133.0 (CH), 131.5 (2xCH), 128.9 (2xCH), 128.6 (2xCH), 128.4
(CH), 128.3 (CH), 127.0 (2xCH), 125.4 (CH), 123.7 (Cq), 117.5 (CH,), 108.4 (CH), 98.3 (Cq),
88.2 (Cq) ppm; IR (thin film): vue = 3079, 3058, 3027, 2923, 2852, 2185, 1597 cm™'; LRMS:
(EI+): m/z (%): 256 ([M]", 77), 255 (IM-H]", 84), 242 ([M-CH,] ", 19), 241 ([IM—CH;]", 100),
229 ([M—CH3CH,]", 17), 179 (IM—CeHs]"™, 42); HRMS (EI+): calculated for CaHje: 256.1252;
found: 256.1254.

((1E,3E)-3-(Prop-1-en-2-yl)hexa-1,3-dien-5-yne-1,6-diyl)dibenzene (4e-E)

BrMg ZnBr,
Me
Br sz(dba)3-CHCI3
| t'BU3P‘HBF4
X THF

0°C-23°C, 16h

3j 4e-E
Following Standard Procedure C, the reaction mixture containing monobromodiene 3j (71 mg,
0.287 mmol), Pdy(dba);«CHCI; (12 mg, 0.0115 mmol), -BusP-HBF,4 (7 mg, 0.023 mmol) ZnBr;
(0.94 mL, 1.22 M in THF, 1.15 mmol) and styrenyl magnesium bromide (1.5 mL, 0.58 M in THF,
0.862 mmol) in THF (4 mL) was stirred at 23 °C for 16h. After work up, purification by reverse
phase HPLC (Phenomenex Luna 5u C18(2), 100A, 250%10 mm, eluting with 15% water/MeCN,
tr =19 min) gave dendralene 4e-E as a colourless liquid (35 mg, 0.13 mmol, 45%, >95% retention).

R;=0.34 (5% EtOAc in PS 40-60);
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'H NMR (400 MHz, CDCl3) d 7.39 — 7.28 (m, 4H), 7.24 — 7.05 (m, 7H), 6.71 (d, J = 16.4 Hz, 1H),
5.61 (s, 1H), 5.02 (s, 1H), 4.96 (s, 1H), 1.85 (s, 3H) ppm; >C NMR (100 MHz, CDCl3) § 152.3
(Cq), 143.6 (Cq), 137.4 (Cq), 134.3 (CH), 131.5 (2xCH), 128.9 (2xCH), 128.5 (2xCH), 128.3
(CH), 128.2 (CH), 127.0 (2xCH), 125.6 (CH), 123.8 (Cq), 116.3 (CH,), 107.5 (CH), 97.3 (Cq),
87.9 (Cq), 23.0 (CH3) ppm; IR (thin film): vie = 3078, 3026, 2187, 2919, 1596 cm™'; LRMS: (EI+):
m/z (%): 270 ((M]"™, 89), 269 ([M-H]", 54), 255 ((M—CHs]"", 100); HRMS (EI+): calculated for
C,1His: 270.1409; found: 270.1411.

((1E,32)-3-(Prop-1-en-2-yl)hexa-1,3-dien-5-yne-1,6-diyl)dibenzene (4e-2)

A

BrMg Me
ZnBr,
Pd,(dba);-CHCI3

t-BusP-HBF,

THF
0°C-23°C, 4h

3k 4e-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3k (70 mg,
0.226 mmol), Pd,(dba);«CHCI; (9 mg, 0.0091 mmol), #-BusP-HBF4 (5 mg, 0.018 mmol) ZnBr,
(0.74 mL, 1.22 M in THF, 0.906 mmol) and isopropenyl magnesium bromide (1.3 mL, 0.51 M in
THF, 0.679 mmol) in THF (3.5 mL) was stirred at 23 °C for 4h. After work up, purification by flash
column chromatography (3 g SiO,, 0.5% EtOAc in PS 40-60) gave dendralene 4e-Z as a pale
yellow solid (43 mg, 0.16 mmol, 70%, >95% retention). Ry = 0.61 (5% EtOAc in PS 40-60);
m.p. 77 — 79 °C (hexane:EtOAc, 8:2); 'H NMR (400 MHz, CDCL) J 7.62 — 7.42 (m, 4H),
7.42 —17.21 (m, 6H), 6.88 (d, J=16.0 Hz, 1H), 6.73 (d, /= 16.0 Hz, 1H), 5.83 (s, 1H), 5.39 (s, 1H),
5.03 (s, 1H), 2.12 (s, 3H) ppm; >C NMR (100 MHz, CDCl3) 6 154.5 (Cq), 141.7 (Cq), 137.1 (Cq),
132.5 (CH), 131.5 (2xCH), 129.3 (CH), 128.8 (2xCH), 128.4 (2xCH), 128.2 (CH), 128.1 (CH),
126.9 (2xCH), 124.0 (Cq), 116.3 (CH), 108.8 (CH), 96.9 (Cq), 88.8 (Cq), 22.8 (CH3) ppm;
IR (thin film): v = 3057, 3022, 2967, 1640, 1594 cm™'; LRMS: (EI+): m/z (%): 270 ([M]", 91),
269 ([M—H]", 50), 255 ([M—CHs] ", 100); HRMS (EI+): calculated for CyHis: 270.1409; found:
270.1410.
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((1E,3E)-5-Methyl-4-vinylhexa-1,3,5-trien-1-yl)benzene (4f-E)

J
BrMg
Me ZnBrz Me |

B
r Pd,(dba)s-CHCly |
t'BU3P°HBF4

THF
0°C-23°C, 16h

3f 4f-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 3f (105 mg,
0.421 mmol), Pdy(dba);«CHCI; (15 mg, 0.015 mmol), -BusP-HBF4 (9 mg, 0.030 mmol) ZnBr,
(1.70 mL, 1.48 M in THF, 2.53 mmol) and vinyl magnesium bromide (2.50 mL, 0.85 M in THF,
2.11 mmol) in THF (6 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (5 g SiO,, 100% PS 40-60) gave dendralene 4f-E as a colourless liquid
(65 mg, 0.331 mmol, 79%, >95% retention). R,=0.38 (100% PS 40-60);

'H NMR (400 MHz, CDCl3) 6 7.42 (d, J = 7.6 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.28 — 7.18
(m, 2H), 6.69 — 6.56 (m, 2H), 6.35 (d, J = 11.2 Hz, 1H), 5.45 (dd, J = 10.8, 1.6 Hz, 1H), 5.30
(dd, J = 17.6, 1.6 Hz, 1H), 5.09 (s, 1H), 5.07 (s, 1H), 1.99 (s, 3H) ppm; C NMR (100 MHz,
CDCl) o 143.8 (Cq), 141.9 (Cq), 137.8 (Cq), 133.7 (CH), 133.2 (CH), 128.8 (2xCH), 127.9 (CH),
127.7 (CH), 126.6 (2xCH), 126.3 (CH), 119.8 (CH»), 115.4 (CH), 21.6 (CH3) ppm; vmax = 3079,
3033, 2997, 1796, 1601 cm™; LRMS: (EI+): m/z (%): 196 (IM]™, 68), 181 ([M—CHs]", 100),
167 ([M—CH3CH,] "™, 33), 155 ([M—C3Hs]™, 21); HRMS (EI+): calculated for C;sH;e: 196.1252;
found: 196.1251.

((1E,3Z)-5-Methyl-4-vinylhexa-1,3,5-trien-1-yl)benzene (4f-Z)

N

BrMg Me
Br ZnBr,

Pd,(dba)z-CHCl, |
| t-BugP-HBF, |

THF
0°C -23°C, 5h

3e 4f-Z
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Following Standard Procedure C, the reaction mixture containing monobromodiene 3e (106 mg,
0.451 mmol), Pdy(dba);-CHCl; (14 mg, 0.0135 mmol), ~-BusP-HBF, (8 mg, 0.03 mmol) ZnBr; (1.5
mL, 1.48 M in THF, 2.25 mmol) and isopropenyl magnesium bromide (3.1 mL, 0.59 M in THF,
1.80 mmol) in THF (6 mL) was stirred at 23 °C for Sh. After work up, purification by flash column
chromatography (5 g SiO,, 100% PS 40-60) gave dendralene 4f-Z as a colourless liquid (65 mg,
0.331 mmol, 73%, >86% retention). R,=0.38 (100% PS 40-60);

'H NMR (400 MHz, CDCL3) § 7.40 (d, J = 7.6 Hz, 2H), 7.31 (t, J= 7.6 Hz, 2H), 7.21 (t, J = 7.3 Hz,
1H), 7.02 (dd, J = 15.6, 11.1 Hz, 1H), 6.60 (d, J = 15.6 Hz, 1H), 6.39 (dd, J = 17.3, 10.5 Hz, 1H),
6.18 (d,J=11.1 Hz, 1H), 5.29 (s, 1H), 5.25 (d, /= 17.3 Hz, 1H), 5.12 (d, J = 10.5 Hz, 1H), 4.84 (s,
1H), 1.93 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) 6 145.4 (Cq), 141.6 (Cq), 138.3 (CH), 137.7
(Cq), 133.3 (CH), 129.9 (CH), 128.7 (2xCH), 127.7 (CH), 126.5 (2xCH), 126.5 (CH), 116.4 (CH>),
115.4 (CHy), 23.6 (CH3) ppm; vimax = 3081, 3029, 3000, 2969, 1809, 1643, 1599 cm™; LRMS:
(EI+): m/z (%): 196 (IM]", 90), 181 ([M—CHs]™, 100), 166 ([M—CH;CH,H]", 55),
165 (IM—C,H4]"™", 68) 155 ([M—C3Hs]"™, 21); HRMS (EI+): calculated for CsHjq: 196.1252; found:
196.1254.

1-Methoxy-4-((E)-3-methyl-2-((E)-styryl)buta-1,3-dien-1-yl)benzene (4g-E)

BrMg ZnBr,
Me
Br sz(dba)3-CHCI3
| t'BUsP'HBF4

THF
OMe 0 °C - 23°C, 16h

3b

Following Standard Procedure C, the reaction mixture containing monobromodiene 3b (90 mg,
0.36 mmol), Pdy(dba);*CHCI; (15 mg, 0.014 mmol), #-BusP*HBF4 (8 mg, 0.03 mmol) ZnBr,
(1.2 mL, 1.22 M in THF, 1.42 mmol) and styrenyl magnesium bromide (1.9 mL, 0.56 M in THF,
1.07 mmol) in THF (5 mL) was stirred at 23 °C for 16h. After work up, purification by reverse
phase HPLC (Phenomenex Luna 5u C18(2) 100A 250x10 mm, eluting with 15% water/MeCN,
tr = 14.9 min) gave dendralene 4g-E as a colourless liquid (30 mg, 0.109 mmol, 30%, >90%
retention). Ry = 0.49 (5% EtOAc in PS 40-60); '"H NMR (400 MHz, CDCl3) 6 7.42 (d, J = 7.2 Hz,
2H), 7.36 — 7.29 (m, 4H), 7.27 — 7.21 (m, 1H), 7.11 (d, J = 16.4 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H),

6.66 (d, J=16.4 Hz, 1H), 6.54 (s, 1H), 5.14 (s, 2H), 3.84 (s, 3H), 2.04 (s, 3H) ppm;
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C NMR (100 MHz, CDCl3) 6 158.8 (Cq), 146.0 (Cq), 141.3 (Cq), 137.8 (Cq), 133.0 (CH), 131.2
(2xCH), 130.4 (Cq), 128.8 (2xCH), 128.1 (CH), 127.6 (CH), 126.6 (2xCH), 125.8 (CH), 115.4
(CHy), 113.8 (2xCH), 55.4 (CHs), 22.8 (CH3) ppm; IR (thin film): vma = 3026, 2922, 2835, 1603,
1507 cm™'; LRMS: (EI+): m/z (%): 276 (IM]™, 79), 261 (IM=CH;]"™, 43), 246 ([M—2xCH3]", 13),
121 (100); HRMS (EI+): calculated for Cy0H,00: 276.1514; found: 276.1512.

1-Methoxy-4-((Z2)-3-methyl-2-((E)-styryl)buta-1,3-dien-1-yl)benzene (4g-2)

L

BrMg~ Me
ZnBr,
sz(dba)3-CHCI3

t-BU3P'HBF4

THF
0°C-23°C,16h
3c 4g9-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3¢ (200 mg,
0.634 mmol), Pd,(dba);*CHCI; (26 mg, 0.025 mmol), ~BusP*HBF, (15 mg, 0.051 mmol) ZnBr,
(2.1 mL, 1.23 M in THF, 2.54 mmol) and isopropenyl magnesium bromide (3.7 mL, 0.51 M in
THF, 1.90 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (8 g SiO,, 1% EtOAc in PS 40-60) gave dendralene 4g-Z as a colourless
solid (160 mg, 0.579 mmol, 91%, >95% retention). Ry = 0.36 (5% EtOAc in PS 40-60);
m.p. 79 — 82 °C (hexane:CH,Cly, 9:1); '"H NMR (400 MHz, CDCl;) § 7.52 (d, J = 8.5 Hz, 2H),
7.44 (d, J= 7.6 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.25 — 7.18 (m, 1H), 6.91 (d, J = 15.8 Hz, 1H),
6.86 (d, J = 8.5 Hz, 2H), 6.60 (d, J = 15.8 Hz, 1H), 6.40 (s, 1H), 5.38 (s, 1H), 5.00 (s, 1H),
3.82 (s, 3H), 1.97 (s, 3H) ppm; >C NMR (100 MHz, CDCl3) 6 158.9 (Cq), 142.7 (Cq), 141.5 (Cq),
137.9 (Cq), 132.7 (CH), 130.5 (2xCH), 129.9 (Cq), 129.3 (CH), 128.8 (CH), 128.7 (2xCH), 127.3
(CH), 126.5 (2xCH), 116.8 (CH»), 113.9 (2xCH), 55.4 (CH3), 22.8 (CHs) ppm; IR (thin film):
vmax = 3081, 3012, 2959, 2835, 1601, 1507 cm™; LRMS: (EI+): m/z (%): 276 (IM]", 75),
261 ([M-CH;]", 45), 246 ([M—2xCH3]™, 15), 121 (100); HRMS (EI+): calculated for CpoHO:
276.1514; found: 276.1516.

S54



1-Methoxy-4-((Z2)-4-methyl-2-((E)-styryl)penta-1,3-dien-1-yl)benzene (4h-Z2)
Me_ _Me

BrMg
ZnBr,
Pd,(dba)3+CHCI;
t-BusP-HBF,

THF
OMe  goc_23°C, 4h

3c 4h-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3¢
(60 mg, 0.19 mmol), Pd,(dba);«CHCI; (6 mg, 0.0057 mmol), -Bu;P-HBF4 (4 mg, 0.013 mmol)
ZnBr; (0.62 mL, 1.23 M in THF, 0.761 mmol) and isobutenyl magnesium bromide (1.3 mL, 0.44 M
in THF, 0.571 mmol) in THF (3 mL) was stirred at 23 °C for 4h. After work up, purification by
flash column chromatography (3 g SiO,, 2% EtOAc in PS 40-60) gave dendralene 4h-Z as a white
solid (52 mg, 0.179 mmol, 94%, >95% retention). Ry = 0.46 (5% EtOAc in PS 40-60);
m.p. 74 — 78 °C (hexane); 'H NMR (400 MHz, (CD3),SO) o 7.50 — 7.46 (m, 4H),
7.33 (t, J = 7.6 Hz, 2H), 7.24 — 7.20 (m, 1H), 7.05 (d, J = 16.0 Hz, 1H), 6.91 (d, J = 8.8 Hz, 2H),
6.64 (s, 1H), 6.46 (d, J = 16.0 Hz, 1H), 5.93 (s, 1H), 3.77 (s, 3H), 1.92 (d, J = 1.2 Hz, 3H),
1.44 (d, J = 0.8 Hz, 3H) ppm; C NMR (100 MHz, (CD3),SO) ¢ 158.3 (Cq), 137.4 (Cq), 136.5
(Cq), 135.2 (Cq), 133.1 (CH), 131.4 (CH), 130.2 (2xCH), 130.1 (Cq), 128.7 (2xCH), 128.1 (CH),
127.1 (CH), 126.2 (2xCH), 120.7 (CH), 113.8 (2xCH), 55.1 (CH3), 25.1 (CH3), 19.4 (CHs) ppm;
IR (thin film): v = 3022, 2930, 1599, 1505 cm™; LRMS: (EI+): m/z (%): 290 (]M]™, 100);
HRMS (EI+): calculated for C;1H2,0: 290.1671; found: 290.1674.

1-Methoxy-4-((1E,3E)-4-phenyl-2-vinylbuta-1,3-dien-1-yl)benzene (4i-E)

J

BrMg
ZnBr,

Pd2(dba)3-CHCI3
t'BU3P°HBF4

THF
OMe
0°C-66 °C, 8h

OMe

3c 4i-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 3¢ (50 mg,
0.16 mmol), Pd,(dba);«CHCI; (5 mg, 0.005 mmol), ~-BusP-HBF4 (3 mg, 0.0095 mmol) ZnBr;, (0.77

mL, 1.23 M in THF, 0.952 mmol) and vinyl magnesium bromide (1.2 mL, 0.68 M in THF, 0.793
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mmol) in THF (2.5 mL) was stirred at 66 °C for 8h. After work up, purification by flash column
chromatography (3 g Si02, 1.5% EtOAc in PS 40-60) gave dendralene 4i-E as a colourless liquid
(30 mg, 0.114 mmol, 72%, >95% retention). Ry = 043 (5% EtOAc in PS 40-60);
'H NMR (400 MHz, CDCls) d 7.46 (d, J = 7.5 Hz, 2H), 7.40 — 7.29 (m, 4H), 7.29 — 7.19 (m, 1H),
6.99 — 6.82 (m, 4H), 6.75 (dd, J=17.9, 11.2 Hz, 1H), 6.70 (s, 1H), 5.51 (dd, J = 17.8, 1.5 Hz, 1H),
5.43 (d,J=11.1 Hz, 1H), 3.83 (s, 3H) ppm; °C NMR (100 MHz, CDCl3) 6 158.9 (Cq), 137.8 (Cq),
136.3 (Cq), 134.4 (CH), 131.2 (2xCH), 130.6 (CH), 130.2 (CH), 130.1 (Cq), 129.7 (CH), 128.8
(2xCH), 127.5 (CH), 126.6 (2xCH), 118.6 (CHy), 113.8 (2xCH), 55.4 (CH3) ppm; IR (thin film):
Vmax = 3026, 2929, 2835, 1701, 1602, 1507 cm™; LRMS: (EI+): m/z (%): 262 ([M]™, 100), 247
(IM—CH3]™, 13), 231 ([M—OCHs]™, 17); HRMS (EI+): calculated for CoH,;30: 262.1358; found:
262.1360.

((1E,3E)-6-methyl-4-(prop-1-en-2-yl)hepta-1,3,5-trien-1-yl)benzene (4j-E)

Me Me

T
BrMg Me_ Me
Me ZnBr, Me |

Pd2(dba)3-CHCI3
t'BU3P'HBF4

THF
0-23°C, 4h

3f 4j-E
Following Standard Procedure C, the reaction mixture containing monobromodiene 3f (92 mg,
0.37 mmol), Pd,(dba);«CHCI; (12 mg, 0.011 mmol), ~-BusP-HBF4 (78 mg, 0.026 mmol) ZnBr; (1.2
mL, 1.23 M in THF, 1.48 mmol) and isobutenyl magnesium bromide (2.5 mL, 0.44 M in THF,
1.11 mmol) in THF (5 mL) was stirred at 23 °C for 4h. After work up, purification by flash column
chromatography (3 g SiO, 100% PS 40-60) gave dendralene 4j-E as a colourless liquid (50 mg,
0.223 mmol, 60%, >90% retention). Ry = 0.44 (100% PS 40-60); 'H NMR (400 MHz, CDCl;)
0 7.44 —7.36 (m, 2H), 7.36 — 7.27 (m, 2H), 7.25 - 7.17 (m, 1H), 6.92 (dd, J = 15.6, 10.8 Hz, 1H),
6.63 (d, J = 15.6 Hz, 1H), 6.39 (d, J = 10.8 Hz, 1H), 5.81 (s, 1H), 5.11 (d, J = 2.0 Hz, 1H), 5.00
(s, 1H), 2.00 (s, 3H), 1.93 (d, J = 1.4 Hz, 3H), 1.54 (d, J = 1.1 Hz, 3H) ppm; °C NMR (100 MHz,
CDCls) 0 143.3 (Cq), 140.8 (Cq), 138.1 (Cq), 136.9 (Cq), 132.8 (CH), 128.7 (2xCH), 128.1 (CH),
127.5 (CH), 127.2 (CH), 126.4 (2xCH), 121.9 (CH), 115.3 (CH,), 25.5 (CH3), 20.6 (CHs3), 19.7
(CH3) ppm; IR (thin film): vimax = 3030, 2968, 2910, 2855, 1789, 1601 cm’; LRMS: (EI+): m/z (%):
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224 (IM]", 100), 209 ([M—CH;]", 60), 194 ([M—CH;CH;]", 11), 179 ([M-3xCHs]", 37),
165 ([M—C4H1]", 54); HRMS (EI+): calculated for Ci7Hyo: 224.1565; found: 224.1565.

(E)-2-Methyl-3-vinyltetradeca-1,3-diene (4k-E)

J

BrMg
ZnBr,
Me Pd,(dba)s-CHCl, Me |
Br
}\E t-BugP-HBF, |
C1oHa4 THF C1oHa24

0°C-66 °C, 16h

3p ak-E

Following Standard Procedure C, the reaction mixture containing monobromodiene 3p (70 mg,
0.244 mmol), Pdy(dba);«CHCl; (10 mg, 0.010 mmol), -BusP-HBF4 (6 mg, 0.019 mmol) ZnBr;
(1.0 mL, 1.22 M in THF, 1.22 mmol) and vinyl magnesium bromide (1.4 mL, 0.70 M in THEF,
0.975 mmol) in THF (4 mL) was stirred at 66 °C for 16h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4k-E as a colourless liquid
(34 mg, 0.145 mmol, 60%, >90% retention). R, = 0.67 (100% PS 40-60); '"H NMR (400 MHz,
CDCl) 6 6.46 (dd, J = 17.6, 11.2 Hz, 1H), 5.53 (t, J = 7.5 Hz, 1H), 5.25 (d, J = 11.2 Hz, 1H),
5.16 (dd, J = 17.6, 2.0 Hz, 1H), 4.94 (s, 1H), 4.91 (s, 1H), 2.18 (q, J = 7.4 Hz, 2H), 1.89 (s, 3H),
1.50 — 1.18 (m, 16H), 0.88 (t, J = 6.6 Hz, 3H) ppm; C NMR (100 MHz, CDCl;) ¢ 144.8 (Cq),
140.7 (Cq), 132.9 (CH), 130.2 (CH), 117.4 (CH3), 113.7 (CH,), 32.1 (CH), 30.0 (CH>), 29.8
(2xCHy), 29.7 (CH>), 29.5 (CH»), 29.5 (CH>), 28.6 (CH»), 22.9 (CH,), 22.2 (CH3), 14.3 (CHs) ppm;
IR (thin film): vy = 2955, 2923, 2853, 1631, 1456 cm™'; LRMS: (EI+): m/z (%): 234 (IM]", 8),
219 ([M—CH;] ", 8), 79 (100); HRMS (EI+): calculated for C17Hz0: 234.2348; found: 234.2356.

(1E,3Z,5E)-3-(Prop-1-en-2-yl)hexa-1,3,5-triene-1,6-diyl)dibenzene (41-2)

A

BrMg Me
ZnBr,
Pd2(dba)3-CHCI3

t-BugP-HBF,

THF
0°C-23°C,16h
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Following Standard Procedure C, the reaction mixture containing monobromodiene 3g (200 mg,
0.643 mmol), Pdy(dba);+CHCI; (27 mg, 0.026 mmol), #-BuzP-HBF4 (15 mg, 0.051 mmol) ZnBr;
(2.1 mL, 1.22 M in THF, 2.57 mmol) and isopropenyl magnesium bromide (3.8 mL, 0.51 M in
THF, 1.93 mmol) in THF (10 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (6 g SiO,, 0.75% EtOAc in PS 40-60) gave dendralene 41-Z as a yellow
solid (125 mg, 0.459 mmol, 71%, >90% retention). Ry = 0.53 (5% EtOAc in PS 40-60); m.p.
141 — 143 °C (hexane:CH,Cl,, 8:2); "H NMR (400 MHz, CDCl3) 6 7.48 — 7.40 (m, 4H), 7.36 — 7.29
(m, 4H), 7.25 — 7.19 (m, 2H), 7.08 (dd, J = 15.6, 11.2 Hz, 1H), 6.84 (d, J = 16.0 Hz, 1H), 6.63 (d,
J=15.6 Hz, 1H), 6.58 (d, J = 16.0 Hz, 1H), 6.32 (d, J= 11.2 Hz, 1H), 5.37 (s, 1H), 4.92 (s, 1H),
2.01 (s, 3H) ppm; °C NMR (100 MHz, CDCls) 6 145.4 (Cq), 141.9 (Cq), 137.8 (Cq), 137.7 (Cq),
133.2 (CH), 130.6 (CH), 130.5 (CH), 130.2 (CH), 128.8 (4xCH), 127.7 (CH), 127.5 (CH), 126.7
(CH), 126.7 (2xCH), 126.6 (2xCH), 116.6 (CH>), 23.9 (CH3) ppm; IR (thin film): vmax = 3058,
3022, 2961, 2936, 1880, 1813, 1593 cm'; LRMS: (EI+): m/z (%): 272 (IM]™, 100),
257 ((M—CH3] ™, 17); HRMS (EI+): calculated for C2H,o: 272.1565; found: 272.1566.

Standard Procedure D: Second Cross-Coupling with PdCl,(dppf)-Toluene (Inversion)

R2
X MgBr

ZnBr, 1
1 R2 R
R Br PdCl,(dppf)-PhMe
I
%\[ THF

R R
0°C-23°C, 16h

1,1'-Bis(diphenylphosphino)ferrocene palladium(Il) chloridestoluene (3 — 5 mol%) and
monobromodiene (1.0 mol equiv) in THF (50 mL/g monobromo diene precursor) was purged with
N, for 5 minutes. The reaction mixture was cooled to 0 °C, ZnBr, (4.0 —10.0 mol equiv,
0.96 — 1.23 M solution in THF) was added, followed by dropwise addition of the Grignard reagent
(3.0 — 8.0 mol equiv, 0.46 — 0.86 M solution in THF) over 5 minutes. The resulting heterogeneous
reaction mixture was warmed to room temperature and stirred for 16h until complete by '"H NMR
analysis. Saturated aqueous NH4Cl (5 mL/g monobromodiene precursor) was added, the reaction
mixture was filtered through a pad of Celite, then the filtrate was diluted with CH,Cl, (50 mL/g
monobromodiene precursor) and water (100 mL/g monobromodiene precursor). The aqueous and

organic layers were separated and the aqueous layer was extracted with CH,Cl, (10 mL/g
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monobromodiene precursor x 3). The combined organic layer was washed with saturated brine (20

mL/g monobromodiene precursor), dried over Na,SO4 and concentrated under reduced pressure.

(E)-(3-Methyl-2-vinylbuta-1,3-dien-1-yl)cyclohexane (4m-E)

Me

}\MgBr Me |

A~ Br ZnBr,

PdCl,(dppf)sPhMe

THF

0°C-23°C, 4h
3m 4dm-E

Following Standard Procedure D, the reaction mixture containing monobromodiene 3m (67 mg,
0.31 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (10 mg,
0.013 mmol) ZnBr; (1.1 mL, 1.09 M in THF, 1.25 mmol) and isopropenyl magnesium bromide (2.0
mL, 0.46 M in THF, 0.934 mmol) in THF (3.5 mL) was stirred at 23 °C for 4h. After work up,
purification by flash column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 4m-E as
a colourless liquid (31 mg, 0.18 mmol, 57%, >95% inversion). Ry = 0.63 (100% PS 40-60);
'H NMR (400 MHz, CDCls) 6 6.48 (dd, J = 17.6, 10.8 Hz, 1H), 5.34 (d, J = 9.2 Hz, 1H),
5.23 (d, J = 10.8 Hz, 1H), 5.18 (dd, J = 17.6, 2.0 Hz, 1H), 4.94 (s, 1H), 4.90 (s, 1H), 2.57 — 2.26
(m, 1H), 1.88 (s, 3H), 1.79 — 1.58 (m, 5H), 1.40 — 1.00 (m, 5H) ppm; °C NMR (100 MHz, CDCls)
0 144.8 (Cq), 139.1 (Cq), 135.8 (CH), 133.1 (CH), 117.1 (CHy), 113.9 (CH,), 37.3 (CH), 33.4
(2xCHy), 26.2 (CH»), 26.0 (2xCHy), 22.2 (CH3) ppm; IR (thin film): vmax = 3084, 2922, 2850,1630
cm; LRMS: (EI+): m/z (%): 176 ((M]", 31), 161 ([M—CHs]™, 41), 147 ((IM—CH;CH,]", 30), 91
(100); HRMS (EI+): calculated for Ci3Hzp: 176.1565; found: 176.1569.

(£)-(3-Methyl-2-vinylbuta-1,3-dien-1-yl)cyclohexane (4m-Z2)

Me ZMgBr
| Br ZnBr2 a | Me
PdCly(dppf)sPhMe
THF
0°C-23°C, 16h
3n 4m-Z

Following Standard Procedure D, the reaction mixture containing monobromodiene 3n
(110 mg, 0.48 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (20 mg,
0.024 mmol), ZnBr; (3.0 mL, 0.96 M in THF, 2.88 mmol) and vinyl magnesium bromide (3.2 mL,
0.75 M in THF, 2.40 mmol) in THF (5.5 mL) was stirred at 23 °C for 16h. After work up,
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purification by flash column chromatography (4 g SiO,, 100% PS 40-60) gave dendralene 4m-Z as
a colourless liquid (35 mg, 0.199 mmol, 41%, >95% inversion). Ry = 0.71 (100% PS 40-60);
'H NMR (400 MHz, CDCl3) § 6.30 (dd, J = 17.6, 10.8 Hz, 1H), 5.24 (d, J = 10.0 Hz, 1H),
5.12 (s, 1H), 5.06 (d, J=17.6 Hz, 1H), 4.95 (d, J=10.8 Hz, 1H), 4.69 (s, 1H), 2.30 — 2.16 (m, 1H),
1.84 (s, 3H), 1.75 — 1.55 (m, 5H), 1.33 — 1.00 (m, 5H) ppm; *C NMR (100 MHz, CDCl;) § 142.1
(Cq), 141.5 (Cq), 139.1 (CH), 137.7 (CH), 114.8 (CHy), 113.0 (CH>), 38.1 (CH), 33.4 (2xCH,),
26.2 (CHy), 25.9 (2xCHy,), 23.7 (CH3) ppm; IR (thin film): vpe = 2922, 2850, 1726, 1448 cm™;
LRMS: (EI+): m/z (%): 176 (IM] ", 31), 161 (IM—CH;]"", 44), 147 ((M-CH;CH,]"™", 20), 91 (100);
HRMS (EI+): calculated for Ci3Hzp: 176.1565; found: 176.1569.

(E)-2-Methyl-3-vinyltetradeca-1,3-diene (4k-E)

Me

}\MgBr

ZnBry he |
yZ Br
/\E PdCl,(dppf)-PhMe |

C1oH21 THF CioH21

0°C-23°C, 16h
3o 4k-E

Following Standard Procedure D, the reaction mixture containing monobromodiene 30 (100 mg,
0.366 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene (9 mg,
0.015 mmol) ZnBr; (1.5 mL, 1.22 M in THF, 1.83 mmol) and isopropenyl magnesium bromide
(3.2 mL, 0.46 M in THF, 1.46 mmol) in THF (5.0 mL) was stirred at 23 °C for 16h. After work up,
purification by flash column chromatography (5 g SiO,, 100% PS 40-60) gave dendralene 4k-E as
a colourless liquid (70 mg, 0.30 mmol, 82%, >95% inversion). R, = 0.67 (100% PS 40-60);
'H NMR (400 MHz, CDCl3) ¢ 6.46 (dd, J = 17.6, 11.2 Hz, 1H), 5.53 (t, J = 7.5 Hz, 1H),
525 (d, J = 11.2 Hz, 1H), 5.16 (dd, J = 17.6, 2.0 Hz, 1H), 4.94 (s, 1H), 491 (s, 1H),
2.18 (q, J = 7.4 Hz, 2H), 1.89 (s, 3H), 1.50 — 1.18 (m, 16H), 0.88 (t, J = 6.6 Hz, 3H) ppm; °C NMR
(100 MHz, CDCls) 6 144.8 (Cq), 140.7 (Cq), 132.9 (CH), 130.2 (CH), 117.4 (CH), 113.7 (CH>),
32.1 (CH»), 30.0 (CHy), 29.8 (2xCHa»), 29.7 (CHy), 29.5 (CH>), 29.5 (CHa»), 28.6 (CH>), 22.9 (CH>),
22.2 (CH3), 14.3 (CH;3) ppm; IR (thin film): vipay = 2955, 2923, 2853, 1631, 1456 cm™'; LRMS:
(EI+): m/z (%): 234 (IM]", 8), 219 ([IM=CH3]", 8), 79 (100); HRMS (EI+): calculated for C;7H3:
234.2348; found: 234.2356.
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(£)-2-Methyl-3-vinyltetradeca-1,3-diene (4k-Z2)

2 MgBr
Me Br ZnBr,
)\E PdCl,(dppf)-PhMe /\fj\ Me
CioHo1 THF CioH24
3p 0°C-23°C, 16h 4k-Z

Following Standard Procedure D, the reaction mixture containing monobromodiene 3p
(110 mg, 0.383 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(Il) chloride-toluene
(13 mg, 0.015 mmol) ZnBr; (3.1 mL, 1.22 M in THF, 3.83 mmol) and vinyl magnesium bromide
(4.1 mL, 0.75 M in THF, 3.06 mmol) in THF (5.5 mL) was stirred at 23 °C for 16h. After work up,
purification by flash column chromatography (6 g SiO,, 100% PS 40-60) gave dendralene 4k-Z as
a colourless liquid (62 mg, 0.26 mmol, 69%, >95% inversion). R, = 0.67 (100% PS 40-60);
'H NMR (400 MHz, CDCl;) ¢ 6.29 (dd, J = 17.2, 10.4 Hz, 1H), 542 (t, J = 7.5 Hz, 1H),
5.14 (s, 1H), 5.06 (d, /= 17.2 Hz, 1H), 4.95 (d, J = 10.4 Hz, 1H), 4.69 (s, 1H), 2.08 (q, /= 7.3 Hz,
2H), 1.85 (s, 3H), 1.26 (m, 16H), 0.88 (t, J = 6.8 Hz, 3H) ppm; C NMR (100 MHz, CDCl;)
0 143.3 (Cq), 141.9 (Cq), 138.9 (CH), 132.1 (CH), 115.0 (CH»), 112.8 (CH>), 32.1 (CH»), 30.0
(CH»), 29.8 (CH3), 29.8 (CH>), 29.7 (CH,), 29.6 (CHy), 29.5 (CH»), 29.1 (CH»), 23.3 (CH3), 22.9
(CH,), 14.3 (CH3) ppm; IR (thin film): vie = 2956, 2922, 2853, 1804, 1624 cm™'; LRMS: (EI+):
m/z (%): 234 ((M]", 6), 219 ([M—CH3]", 6), 79 (100); HRMS (EI+): calculated for C;7Hzo:
234.2348; found: 234.2351.

(E)-1-Methoxy-4-(3-methyl-2-vinylbuta-1,3-dien-1-yl)benzene (4n-E)

Me

)\MgBr

Br ZnBr, Ve |

| PdCl,(dppf)-PhMe |

THF
OMe  _7g G to0 23 °C, 16h OMe

3a 4n-E
Following Standard Procedure D, isopropenyl magnesium bromide (12.8 mL, 0.56 M in THF,
7.19 mmol) was added to the reaction mixture containing monobromodiene 3a (430 mg, 1.80
mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (74 mg, 0.09 mmol)
and ZnBr; ( 7.9 mL, 1.14 M in THF, 8.99 mmol) at —78 °C. The reaction mixture was warmed to

23 °C and continued stirring for 16h. After work up, purification by flash column chromatography
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(15 g Si0,, 1% EtOAc in PS 40-60) gave dendralene 4n-E as a colourless liquid (266 mg, 1.33
mmol, 74%, >95% inversion). R, = 0.51 (5% EtOAc in PS 40-60); 'H NMR (400 MHz, CDCl;)
0729 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 6.67 (dd, J = 18.4, 10.4 Hz, 1H), 6.46 (s, 1H),
5.34 (s, 1H), 5.32 — 5.28 (m, 1H), 5.09 (s, 1H), 5.07 (s, 1H), 3.82 (s, 3H), 1.98 (s, 3H) ppm;
C NMR (100 MHz, CDCl;) § 158.6 (Cq), 145.4 (Cq) 141.3 (Cq), 133.7 (CH), 131.1 (2xCH),
130.1 (Cq), 127.4 (CH), 118.8 (CH,), 115.2 (CHy), 113.6 (2xCH), 55.4 (CHj3), 22.4 (CH3) ppm;
IR (thin film): vpe = 2952, 2835, 1605, 1508 cm™'; LRMS: (EI+): m/z (%): 200 ([M]", 64), 199
(IM—H]", 25), 185 ([M—CH3]", 100); HRMS (EI+): calculated for C;4H;c0: 200.1201; found:
200.1204.

(2)-1-Methoxy-4-(3-methyl-2-vinylbuta-1,3-dien-1-yl)benzene (4n-2)

Me ZMgBr
Br ZnBr,
=z Me
| PdCl,y(dppf)sPhMe |
THF
OMe 0°C-23°C,16h OMe
3b 4n-Z

Following Standard Procedure D, the reaction mixture containing monobromodiene 3b (90 mg,
0.356 mmol), 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride-toluene (15 mg,
0.018 mmol) ZnBr; ( 2.3 mL, 1.23 M in THF, 2.84 mmol) and vinyl magnesium bromide (2.5 mL,
0.86 M in THF, 2.13 mmol) in THF (4.5 mL) was stirred at 23 °C 16h. After work up, purification
by flash column chromatography (3 g SiO,, 1% EtOAc in PS 40-60) gave dendralene 4n-Z as a
colourless liquid (40 mg, 0.20 mmol, 56%, >95% inversion). Ry =0.56 (5% EtOAc in PS 40-60);
'H NMR (400 MHz, CDCl3) § 7.47 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.46 (dd, J = 16.8,
10.4 Hz, 1H), 6.26 (s, 1H), 5.33 — 5.22 (m, 2H), 5.08 (d, J = 10.4 Hz, 1H), 4.91 (s, 1H), 3.81 (s,
3H), 1.90 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) § 158.8 (Cq), 142.0 (Cq), 141.6 (Cq), 140.2
(CH), 130.4 (2xCH), 129.7 (Cq), 128.8 (CH), 116.5 (CH3), 114.0 (CH»), 113.8 (2xCH), 55.4 (CH3),
22.6 (CH3) ppm; IR (thin film): vmax = 3078, 3002, 2961, 2835, 1595, 1507 cm'l; LRMS: (EI+): m/z
(%): 200 ([M]", 41), 185 (IM—CH3]™", 100), 170 ([M—2xCH;]", 29), 154 ((IM—OCH;CH;]", 21);
HRMS (EI+): calculated for C14H;60: 200.1201; found: 200.1199.
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One flask synthesis of the geometrical isomers

J

Me
)\ B 7 BrMg
MgBr Me ZnBr, Me |
Br_ _Br ZnBry Br Pd,(dba)s-CHCl,
| Pd(PPhg), | t-BusP-HBF, |
\\ THF \\ THF \\
0 °C - 23 °C, 4h 0°C — 23 °C, 16h
1k - 3j = 4a-E

Following Standard Procedure B, the reaction mixture containing dibromide 1k (154 mg, 0.539
mmol), Pd(PPh3)s (19 mg, 0.016mmol) ZnBr, (0.67 mL, 1.23 M in THF, 0.808 mmol) and
isopropenyl magnesium bromide (1.3 mL, 0.49 M in THF, 0.646 mmol) in THF (10 mL) was
stirred at 23 °C for 4h. To the above reaction mixture, Pdy(dba);«CHCI; (22 mg, 0.022 mmol),
t-BusP-HBF, (13 mg, 0.043 mmol) ZnBr, (1.7 mL, 1.23 M in THF, 2.15 mmol) and vinyl
magnesium bromide (2.3 mL, 0.70 M in THF, 1.62 mmol) were added at 0 °C and the reaction
mixture was stirred at 23 °C for 16h. After work up, purification by flash column chromatography
(10 g Si0,, 100% PS 40-60) gave dendralene 4a-E as a pale yellow liquid (75 mg, 0.39 mmol,
72%, isomer ratio 95:5).

A

o~ r 7] BrMg Me
Z "MgBr ZnBr,
Br. Br ZnBr, Br Pd,(dba);+CHCl, = | Me
=
| Pd(PPhg), | t-BugP+HBF, N
X N A
X THF X THF
0°C-23°C, 4h 0°C-23°C, 16h
1k - 3i N 4a-Z

Following Standard Procedure B, the reaction mixture containing dibromide 1k (110 mg, 0.385
mmol), Pd(PPh3)s (13 mg, 0.012 mmol) ZnBr, (0.47 mL, 1.22 M in THF, 0.577 mmol) and vinyl
magnesium bromide (0.63 mL, 0.73 M in THF, 0.462 mmol) in THF (10 mL) was stirred at 23 °C
for 4h. To the above reaction mixture, Pdy(dba);+CHCl; (12 mg, 0.12 mmol), +~-Bu;P-HBF, (8 mg,
0.027 mmol) ZnBr; (1.3 mL, 1.22 M in THF, 1.54 mmol) and isopropenyl magnesium bromide
(2.3 mL, 0.51 M in THF, 1.15 mmol) were added at 0 °C and stirred the reaction mixture at 23 °C
for 16h. After work up, purification by flash column chromatography (10 g SiO,, 100% PS 40-60)

gave monobromodiene 4a-Z as a pale yellow liquid (50 mg, 0.257 mmol, 67%, isomer ratio 90:10).
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((1E,3Z)-5-Methylene-4-(prop-1-en-2-yl)hepta-1,3,6-trien-1-yl)benzene (10a-2)

¢
Me CIMg Me (&

Br ZnBr,
| Pd,(dba)s*CHCls |
| t-BugP+HBF, |
THF
0°C-23°C, 16h
3f 10a-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3f (80 mg,
0.321 mmol), Pdy(dba);«CHCI; (13 mg, 0.013 mmol), -BusP-HBF4 (8 mg, 0.026 mmol) ZnBr,
(1.0 mL, 1.23 M in THF, 1.28 mmol) and chloroprene grignard reagent (1.3 mL, 0.75 M in THF,
0.963 mmol) in THF (4 mL) was stirred at 23 °C for 16h. After work up, purification by flash
column chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 10a-Z as a colourless liquid
(53 mg, 0.24 mmol, 74%, >95% retention). R,= 0.36 (100% PS 40-60);

'H NMR (400 MHz, (CD5),CO) § 7.41 (d, J= 7.2 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.28 — 7.16
(m, 1H), 6.91 (dd, J = 15.6, 10.8 Hz, 1H), 6.74 (d, J = 15.6 Hz, 1H), 6.65 — 6.54 (m, 2H), 5.56 (s,
1H), 5.15 — 5.00 (m, 5H), 2.05 (s, 3H) ppm; >C NMR (100 MHz, (CD;),CO) § 146.7 (Cq), 142.9
(Cq), 142.6 (Cq), 138.9 (CH), 138.5 (Cq), 134.4 (CH), 129.5 (2xCH), 128.4 (CH), 128.3 (CH),
127.9 (CH), 127.2 (2xCH), 120.1 (CH»), 117.0 (CH»), 116.4 (CH>), 20.4 (CH3) ppm; IR (thin film):
Vmax = 3083, 3033, 2980, 1944, 1795, 1591 cm™'; LRMS: (EI+): m/z (%): 222 (IM]", 100), 207
(IM—CH3]™, 63), 192 ([M—CH3CH,H]"", 30); HRMS (EI+): calculated for C;7H,g: 222.1409; found:
222.1408.

(£)-(5-Methylene-4-vinylhepta-3,6-dien-1-yn-1-yl)benzene (10b-2)

¢
CIMg =

Z Br ZnBr, y
| Pd,(dba)s-CHCly |
A t-BugP-HBF, AN
THF
3i 0°C, 3h

10b-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3i (55 mg,

0.236 mmol), Pdy(dba);-CHCI; (10 mg, 0.0094 mmol), -BusP-HBF, (6 mg, 0.019 mmol) ZnBr,
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(0.77 mL, 1.23 M in THF, 0.94 mmol) and chloroprene grignard reagent (0.94 mL, 0.75 M in THF,
0.71 mmol) in THF (3 mL) was stirred at 0 °C for 3h. After work up, purification by flash column
chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 10b-Z as a colourless liquid (33 mg,
0.160 mmol, 68%, >95% retention). Ry=0.58 (5% EtOAc in PS 40-60);

'H NMR (400 MHz, (CD;),CO) 6 7.39 — 7.30 (m, 5H), 6.62 (dd, J = 17.2, 10.4 Hz, 1H),
6.54 (dd, J = 16.8, 11.2 Hz, 1H), 6.03 (s, 1H), 5.54 (s, 1H), 5.26 (d, J = 17.2 Hz, 1H), 5.20 (d,
J=10.4 Hz, 1H), 5.12 (s, 1H), 5.11 — 5.07 (m, 2H) ppm; °C NMR (100 MHz, (CD3),CO) ¢ 151.6
(Cq), 145.0 (Cq), 138.3 (CH), 137.5 (CH), 132.1 (2xCH), 129.4 (2xCH), 129.2 (CH), 124.5 (Cq),
119.6 (CHy), 118.5 (CHy), 116.6 (CH,), 112.0 (CH), 96.8 (Cq), 88.7 (Cq) ppm; IR (thin film): viax
= 3089, 3006, 2193, 1822, 1595 cm™; LRMS: (EI+): m/z (%): 206 ([M]", 50), 205 ([M-H]"", 100),
191 ((M—CH3]", 100), 179 ([M—C,H3]"™", 31), 165 ([IM—C3Hs] ", 84), 152 ([M—C4Hs]™", 46); HRMS
(EI+): calculated for CigHi4: 206.1096; found: 206.1090.

(£)-(5-Methylene-4-(prop-1-en-2-yl)hepta-3,6-dien-1-yn-1-yl)benzene (10c-2)

¢
Me CIMg Me (&

Br ZnBr,
I Pd,(dba)g-CHCl, |
X t-BugP-HBF, AN
THF
3j 0°C,2nh 10c-Z

Following Standard Procedure C, the reaction mixture containing monobromodiene 3j (55 mg,
0.223 mmol), Pd,(dba);-CHCl; (9 mg, 0.009 mmol), -BusP-HBF, (5 mg, 0.018 mmol) ZnBr;, (0.72
mL, 1.23 M in THF, 0.890 mmol) and chloroprene grignard reagent (0.89 mL, 0.75 M in THF,
0.668 mmol) in THF (3 mL) was stirred at 0 °C for 2h. After work up, purification by flash column
chromatography (3 g SiO,, 100% PS 40-60) gave dendralene 10c-Z as a pale yellow liquid (38 mg,
0.17 mmol, 77%, >95% retention). R,= 0.24 (100% PS 40-60);

'H NMR (400 MHz, C¢Ds) 6 7.45 (dd, J = 8.0, 1.6 Hz, 2H), 7.02 — 6.90 (m, 3H), 6.43 (dd, J=17.2,
10.4 Hz, 1H), 5.95 (s, 1H), 5.34 (s, 1H), 5.28 (s, 1H), 5.23 (d, J = 17.2 Hz, 1H), 5.15 (s, 1H), 5.06
(d, J = 10.4 Hz, 1H), 4.97 (s, 1H), 1.72 (s, 3H) ppm; °C NMR (100 MHz, C4Dg) 6 152.2 (Cq),
146.3 (Cq), 141.5 (Cq), 137.5 (CH), 131.8 (2xCH), 128.6 (2xCH), 128.2 (CH), 124.6 (Cq), 119.2
(CH»), 118.4 (CH»), 116.3 (CH»), 108.4 (CH), 96.5 (Cq), 89.1 (Cq), 19.8 (CH3) ppm; IR (thin film):
Vmax = 3088, 2971, 1813, 1593, 1488 cm™'; LRMS: (EI+): m/z (%): 220 ([M]", 31), 219 ([IM—H]"",
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100), 205 ([M—CH3]™, 56), 191 ([IM—C,Hs]"™, 47), 179 (IM—C3Hs]™", 22), 165 ([M—C4H;]", 36);
HRMS (EI+): calculated for C7H6: 220.1252; found: 220.1252.

Triene-transmissive Twofold 67z -Electrocyclisation of [4]Dendralene

6m
Me | Me O 6Tt Me
= PhMe
reflux, 24h O Ph

10a-Z 11 12
(not observed)

[4]dendralene 10a-Z (16 mg, 0.072 mmol) was dissolved in 0.5 mL toluene-d® and heated under
reflux for 24h. The reaction completion was confirmed by '"H NMR spectroscopic analysis. The
reaction mixture was concentrated under reduced pressure and purification by flash column
chromatography (3 g SiO,, 100% PS 40-60) gave the bicyclic [3]dendralene 12 as a colourless
liquid (15 mg, 0.067 mmol, 94%). R; =0.25 (100% PS 40-60); 'H NMR (400 MHz, CDCl;)
07.35-7.27 (m, 2H), 7.24 — 7.15 (m, 3H), 6.61 (d, J=9.9 Hz, 1H), 5.82 (d, J=9.8 Hz, 1H), 5.46
(s, IH), 3.54 (s, 1H), 2.66 (dd, J = 13.7, 5.3 Hz, 1H), 2.41 — 2.28 (m, 1H), 2.27 — 2.04 (m, 4H), 1.94
(s, 3H) ppm; °C NMR (100 MHz, CDCl3) § 145.9 (Cq), 133.1 (Cq), 130.5 (Cq), 130.1 (CH), 128.5
(2xCH), 127.7 (2xCH), 126.3 (CH), 125.8 (Cq), 123.9 (CH), 119.0 (CH), 42.7 (CH), 40.1 (CH>),
30.6 (CH,), 22.3 (CH,), 18.7 (CH3) ppm; IR (thin film): vne = 3028, 2924, 2851, 1602 cm;
LRMS: (EI+): m/z (%): 222 ([M]", 100), 207 ((IM—CH;]", 63), 129 ([M—CsHsCH;]", 29); HRMS
(EI+): calculated for C;7H;g: 222.1409; found: 222.1408.
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Diene-transmissive Twofold Diels—Alder Reactions of [3]Dendralene

(3aR,6R,6aR,9a8,10aR,10bS)-2,5,8-trimethyl-6-(phenylethynyl)-3a,4,6,6a2,9a,10,10a,10b-
octahydroisoindolo|[5,6-¢]isoindole-1,3,7,9(2H,8 H)-tetraone (7)

o)
A\
MeN 5
o}
CDCl,, BHT, K,CO;
61 °C, 16h

z

Me
X

4a-Z

[3]dendralene 4a-Z (14 mg, 0.07 mmol) and NMM 5 (20 mg, 0.18mmol) were dissolved in 0.5 mL
CDCIl; containing tiny crystals of BHT and K,COs and the reaction mixture was heated under reflux
for 16h. The reaction completion was confirmed by 'H NMR spectroscopic analysis. The solvent
was distilled off to afford the crude material as a mixture of diastereomers (dr = 67:33).

The major adduct 7 was isolated using 40% EtOAc in PS 40-60 as a white solid (16 mg,
0.04 mmol, 53%). Ry=0.23 (50% EtOAc in PS 40-60); m.p. 211 — 216 °C (recrystallized by slow
diffusion method from CH,Cl, and diethyl ether); '"H NMR (400 MHz, CD-CL) § 7.37 — 7.16
(m, 5H), 4.19 (d, J = 4.7 Hz, 1H), 3.63 (q, J = 9.7 Hz, 1H), 3.13 (p, J = 8.8 Hz, 2H), 2.94 (s, 3H),
2.88 (s, 3H), 2.78 (brs, 1H), 2.73 — 2.52 (m, 4H), 2.26 (dd, J = 14.7, 5.1 Hz, 1H), 1.84 (s, 3H) ppm;
C NMR (100 MHz, CD,Cl,) 6 181.1 (Cq), 179.4 (Cq), 179.4 (Cq), 178.0 (Cq), 131.9 (Cq), 131.6
(2xCH), 128.8 (3xCH), 128.2 (Cq), 122.8 (Cq), 86.6 (Cq), 84.2 (Cq), 46.3 (CH), 45.0 (CH), 40.9
(CH), 36.6 (CH), 33.8 (CH), 31.2 (CH,), 29.7 (CH), 25.1 (CH3), 24.7 (CHj3), 22.6 (CH>), 19.4
(CH3) ppm; IR (thin film): vinax = 3055, 2942, 2851, 1774, 1688 cm™'; LRMS: (ESI+): m/z (%): 417
([M+H]", 100); HRMS (ESI+): calculated for Cy5sH,504N,: 417.1809; found: 417.1813.

The minor adduct 10 was isolated using 10% CH,Cl, in EtOAc as a pale yellow solid (4 mg,
0.01 mmol, 13%). Ry = 0.26 (100% EtOAc); m.p. 230 — 240 °C (decomposition, recrystallized by
slow diffusion method from CH,Cl, and diethyl ether). 'H NMR (400 MHz, CD,CL,) 6 7.47 — 7.06
(m, 5H), 4.26 (d, J = 5.3 Hz, 1H), 3.11 (brs, 2H), 3.06 — 2.76 (m, 6H), 2.76 — 2.51 (m, 4H),
2.53 — 2.26 (m, 2H), 2.20 (d, J = 13.7 Hz, 1H), 1.82 (s, 3H) ppm; “C NMR (100 MHz, CD,Cl,)
0 179.6 (Cq), 179.3 (Cq), 177.5 (Cq), 177.1 (Cq), 132.0 (Cq), 131.9 (2xCH), 128.7 (Cq), 128.6
(3xCH), 123.0 (Cq), 86.9 (Cq), 83.9 (Cq), 44.4 (CH), 44.3 (CH), 41.0 (CH), 39.2 (CH), 36.1 (CH),
31.0 (CHp), 28.0 (CH), 24.9 (CHs), 24.9 (CHs), 23.7 (CH3), 19.6 (CH3) ppm; IR (thin film):
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Vmax = 2919, 2849, 1773, 1695 cm™'; LRMS: (ESI+): m/z (%): 439 ([M+Na]™, 100), 417 ((M+H] ",
60); HRMS (ESI+): calculated for C,sHpsOsN,: 417.1814; found: 417.1815; calculated for
Cy5H»404N,Na: 439.1634; found: 439.1631.

2,8,10a-Trimethyl-6-(phenylethynyl)-3a,4,6,6a,9a,10,10a,10b-octahydroisoindolo|5,6-
elisoindole-1,3,7,9(2H,8 H)-tetraone (9)

\ MeN 0

Me | MeN 5 (0] =~ 5
| 2 3
_ ~
- CH,Cly, 23 °C
N CDCl3, 61 °C 19 kbar, 16h

16h

4a-E -

[3]dendralene 4a-E (15 mg, 0.08 mmol) and NMM (10 mg, 0.09mmol) were dissolved in 0.5 mL
CDCl; containing tiny crystals of BHT and K,COs; and heated the reaction mixture under reflux for
16h. The formation of mono Diels—Alder adduct was confirmed by 'H NMR spectroscopic analysis.
The solvent was removed by distillation and 0.6 mL CH,Cl, and NMM (26 mg, 0.23 mmol) were
added. The reaction mixture was subjected to 19 kbar pressure at 23°C for 16h. Reaction
completion was confirmed by 'H NMR analysis. The solvent was distilled off to give the crude
product as a single diastercomer. The crude reaction mixture was purified by flash column
chromatography (5g SiO,,40% EtOAc in PS 40-60) to give the twofold adduct 9 as a white solid
(22 mg, 0.053 mmol, 68%). Ry=0.42 (50% EtOAc in PS 40-60); m.p. 209 — 213 °C (Recrystallized
by slow diffusion method from CH,Cl, and diethyl ether);

'H NMR (400 MHz, C¢Ds) d 7.31 (brs, 2H), 6.91 (brs, 3H), 5.05 (d, J = 6.5 Hz, 1H), 3.65 (d,
J=15.1Hz, 1H), 3.37 (q,J=9.7 Hz, 1H), 2.91 (dd, J = 14.8, 9.0 Hz, 1H), 2.75 (s, 3H), 2.61 (s, 3H),
2.56 — 2.44 (m, 1H), 2.44 — 2.18 (m, 3H), 1.95 (d, /= 8.7 Hz, 1H), 1.84 (dd, J = 16.5, 8.9 Hz, 1H),
0.91 (s, 3H) ppm; C NMR (100 MHz, C¢Dy) 6 180.1 (Cq), 178.6 (Cq), 177.4 (Cq), 176.4 (Cq),
140.5 (Cq), 131.6 (2xCH), 128.8 (2xCH), 128.7 (CH), 122.9 (Cq), 122.5 (CH), 86.7 (Cq), 85.7
(Cq), 51.4 (CH), 45.1 (CH), 39.3 (CH), 37.3 (CH), 36.6 (Cq), 36.5 (CH), 32.4 (CH,), 29.5 (CH3),
24.7 (CH3), 24.4 (CH3), 24.0 (CH>) ppm; IR (thin film): vimax = 3056, 2942, 2864, 1773, 1696, 1489
cm™; LRMS: (ESI+): m/z (%): 439 ([M+Na]™, 100), 417 ((M+H] ™, 20); HRMS (ESI+): calculated
for Co5H2404N,Na: 439.1628; found: 439.1612.
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X-ray Crystallography

Single crystal X-ray data for compounds were collected on a Supernova diffractometer using Cu
Ka radiation, 2 = 1.54184 A and XCalibur with Mo Ka radiation, 1 = 0.71073 A radiation. Data
reduction was performed using the CrysAlis PRO package.”' Structure solutions for all
compounds were determined by ShelXT,” and the structures refined using ShelXL in the

23,24

OLEX2 program package.

1. Compound 41-Z

Ph ~
Z Me N{f\’
Zl — A »i
_ »—f
41-Z |

CaiHao, M = 27237, T = 150 K, monoclinic, space group P2;, Z = 2, a = 8.5944(1),
b=75.9312(1), c = 16.3498(2) A, p = 104.547(1)°, V' =806.71(2) A’, D,=1.121 Mg m, 3077
unique data (20m.x = 147.4°), 3018 with 7 > 20(/); R = 0.045, Rw = 0.127, § = 1.07. CCDC
1902664.

2. Compound 4e-Z

Ph e e
- Me ’ p N
-

CyHis, M = 270.35, T = 294 K, orthorhombic, space group Pna2;, Z = 4, a = 10.9002(3),
b=20.0267(4), c = 7.6356(1) A, V = 1666.81(6) A, D, = 1.077 Mg m>, 3141 unique data (20 ,x
= 145.4°), 2705 with I > 26(); R=0.051, Rw=0.161, §=1.03. CCDC 1902662.

3. Compound 3g

Ph .~ Br
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CigHsBr, M = 311.21, T = 150 K, triclinic, space group P-1 (No. 2), Z = 4, a = 9.6214(3),
b=10.8141(3), ¢ = 15.9731(5) A, a = 76.964(3), = 79.006(3), y = 64.023(3)°, V = 1447.50(7)
A’, D, = 1.428 Mg m, 5613 unique data (20 = 147.6°), 5389 with I > 26(]); R = 0.092,
Rw=0.230, S =1.09. CCDC 1902661.

4. Compound 3¢

X-ray

Cy7HsBrO, M = 315.20, T = 150 K, orthorhombic, space group P2,2,2,, Z= 38, a =5.79782(9), b
= 7.59133(14), ¢ = 63.3743(11) A, ¥V = 2789.30(8) A*, D, = 1.501 Mg m>, 5656 unique data
(20max = 148.4°), 5612 with I > 2o(1); R =0.060, Rw = 0.131, S=1.31. CCDC 1902663.

5. Compound 7

I
v
N

CysHpN,O4, M = 416.46, monoclinic, C2/c (No. 15), a= 21.8655(7) A, b= 6.7309(2) A,
c=29.0129(8) A, = 100.540(3)°, a = y=90°, V'=4197.9(2) A*, T =150.00(10)K, Z= 8, Z'=
1, w(MoKy) = 0.090 mm ', 36549 reflections measured, 5529 unique (R = 0.0213) which were
used in all calculations. The final wR, was 0.1174 (all data) and R; was 0.0446 (/ >2c(/)). CCDC
1922944,
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6. Compound 10

I
o
,”

3

l‘,
‘3 ‘,{ \
[ 5=
,k—-\/‘\’, X\,
} ~\
X-ray

CysH24N2O4, M = 416.46, tetragonal, I-4 (No. 82), a= 18.1165(5) A, b= 18.1165(5) A, c=
12.8619(11) A, o= f=y=90°, V'=4221.4(4) A’>, T =150.00(10)K, Z= 8, Z'= 1, w(CuK,) =
0.725 mm ', 12779 reflections measured, 3605 unique (R = 0.0488) which were used in all
calculations. The final wR, was 0.0871 (all data) and R; was 0.0405 (/ >20(/)). CCDC 1922943.

7. Compound 9

X-ray

C25H24.34N204.17, M = 419.53, monoclinic, C2 (No. 5), a = 22.1402(8) A, b= 6.8047(2) A, c =
14.2360(5) A, = 100.710(4)°, a =y = 90°, V'=2107.40(13) A’>, T=150.01(10)K, Z=4,Z'= 1,
u(MoK,) = 0.091 mm™', 18911 reflections measured, 5250 unique (R, = 0.0222) which were
used in all calculations. The final wR, was 0.0904 (all data) and R; was 0.0355 (I > 2o(J)). CCDC
1922945.
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