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General Methods

All reagents were obtained from commercial sou@esd used without further purification.
All reactions were carried out under nitrogen atpmese using freshly distilled, anhydrous
solvents. Diethyl ether was first dried over catcithydride, then distilled over sodium.
Tetrahydrofuran (THF) and toluene were distilleceiopotassium. Triethylamine (Ngttand
dichloromethane (DCM) were distilled over calciuydhde. All reactions were followed by
thin layer chromatography (TLC) on Merck silica gdhtes (60F-254). Chromatographic
purifications were performed on Silica gel 60 (6B2nesh) from Merck. Preparative TLC’s
were carried out by using Merck silica gel platé8R-254)."H and**C NMR spectra were
recorded on a Bruker AVANCE 400 (400 MHz) spectreeneChemical shiftsd) are reported
in ppm. 3-(Diphenylphosphinoyl)-1-[2-(phenylethyjphenyl]-prop-1,2-diene 6p), 2-(2-
phenylethynyl)benzaldehyd®)¢ and 3-(trimethylsilyl)-1-[2-(2-phenylethynyl)pheliygrop-2-
yn-1-ol (11)® were synthesised according to reported procedures.

Experimental Procedures

Ph
7
=Z
10 OH
4,4-Dimethyl-1-[2-(2-phenylethynyl)phenyl]pent-2-yn-1-0l  (10). A solution of ethyl
magnesium bromide, prepared from ethyl bromide (8@ 8.36 mmol) and magnesium
turnings (203 mg, 8.36 mmol) in dry THF (30 mL), svadded to a solution dert-
butylacetylene (821 mg, 8.36 mmol) in dry THF (1Q)mander nitrogen atmosphere at 0 °C.

1M. Schmittel, S. Kiau, T. Siebert and M. StrittneatTetrahedron Lett., 1996, 37, 7691.
2R. R. Kevin and R.C. LarocH, Org. Chem., 2002, 67, 86.
3T. Kawano, M. Suehiro and I. Uedahem. Lett., 2006, 35, 58.

S1



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

After stirring for 4 h at RT, a solution of 2-(2-@hylethynyl)-benzaldehyd®) (690 mg, 3.34
mmol) in dry THF (10 mL) was added dropwise. Afsirring for 2.5 h at RT, it was
quenched with saturated NWEI solution. The aqueous layer was extracted widlthgl ether
(2 x 40 mL). The combined organic layers were driec,@@) and concentrated. Purification
by column chromatography (silica gekhexane/ethyl acetate = 9:B = 0.28) furnished
product10 in 86% vyield (835 mg, 2.89 mmol) as bright yell@¥. IR (KBr, cmt) 3414,
3060, 2968, 2927, 2901, 2866, 2234, 1600, 14932,1P666, 987, 757H-NMR (400 MHz,
CDCls) 61.26 (s, 9H), 2.74 (dl = 5.6 Hz, 1H), 5.96 (d] = 5.6 Hz, 1H), 7.31 (td]= 7.5, 1.3
Hz, 1H), 7.36-7.41 (m, 4H), 7.55-7.59 (m, 3H), 7.4, J=7.8, 1.4 Hz, 1H)}*C-NMR
(100 MHz, CDCY¥) 6= 27.4, 30.8, 63.2, 77.8, 86.7, 94.7, 95.5, 12120.8, 126.6, 127.9,
128.3, 128.5, 128.7, 131.5, 132.3, 142.9. HRMS+H)(for C,1H200 [M]" calcd 288.151,
found 288.151.

Ph

yZ

6C
4,4-Dimethyl-3-(diphenylphosphinoyl)-1-[ 2-(phenyl-ethynyl)phenyl]-pent-1,2-diene (6c).
To a solution ofl0 (740 mg, 2.56 mmol) and NE311 mg, 3.08 mmol) in THF (20 mL) at
-78 °C was added chlorodiphenylphosphine (679 m@8 3nmol) in THF (5 mL) over 15
minutes. The reaction mixture was stirred for 1t tha same temperature and then allowed to
slowly warm up to RT. After stirring for 1 h, it wahydrolysed with water and extracted with
ethyl acetate. The combined organic layers wereddmver magnesium sulfate and
concentrated under reduced pressure. After putibicaby column chromatography (silica
gel, n-hexane/ethyl acetate = 3:B = 0.34)6¢c was isolated in 82% vyield (994 mg, 2.10
mmol) as white solid. Mp: 38 - 40 °C. IR (KBr, &n3057, 2962, 2213, 1936, 1599, 1494,
1438, 1190, 1116, 813, 7584-NMR (400 MHz, GD¢) & 1.50 (s, 9H), 6.80-6.84 (m, 1H),
6.88-7.02 (m, 11H), 7.30 (d,= 7.8 Hz, 1H), 7.36-7.39 (m, 3H), 7.87-7.96 (m)4¥C-NMR
(100 MHz, GDg) 6 31.0 (d,Jcp= 2.6 HZz), 38.0 (dJcp= 5.1 Hz), 87.9, 94.9, 96.0 (dsp =
14 Hz), 113.0 (dJcp = 92 Hz), 121.5 (dJc p = 2.6 Hz), 123.5, 126.5 (dcp= 1.7 Hz), 127.4,
127.9, 128.2, 128.4 (dcp= 1.7 Hz), 128.7 (dJcp= 1.7 Hz), 131.3 (dJcp= 2.6 Hz), 131.5
(d,Jcp=2.6 Hz), 131.7, 131.8, 131.9, 132.0, 132.8,038,Jcp= 102 Hz), 135.1 (dJcp=
104 Hz), 135.3 (dJcp= 6.8 Hz), 209.4 (d)c p = 6.8 Hz). HRMS-EIl{Vz) for CzsH200P [M]
calcd 472.196, found 472.196.
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Z
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=
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1-[2-(2-Phenylethynyl)phenyl]-3-(trimethylsilyl)prop-2-ynyl benzoate (13). To a solution
of 3-(trimethylsilyl)-1-[2-(2-phenylethynyl)phenyitop-2-yn-1-ol {1)* (10.0 g, 32.8 mmol)
in 400 mL of THF at -78 °C was addaeBuLi (2.5 M in hexane, 14.4 mL, 36.1 mmol). After
stirring for 30 min, benzoylchloride (5.07 g, 36rinol) was added. After stirring for 1.5 h,
100 mL of a 10% N#£Os; solution were added. After 1 h, the resulting dolutwas diluted
with 100 mL of water and extracted with diethyl ett§2x 100 mL). The combined organic
layers were dried and concentrated under reducesspre. After purification by column
chromatography (silica geh-hexane/ethyl acetate = 9:&; = 0.56) propargyl benzoatks
was isolated in 95% yield (12.8 g, 31.3 mmol) agetow oil. IR (KBr, cmi') 3063, 3034,
2960, 2900, 2217, 2180, 1725, 1601, 1494, 14511,18851, 1177, 1093, 1035, 845, 758.
'H-NMR (400 MHz, CDC}) 4 0.19 (s, 9H), 7.17 (s, 1H), 7.29-7.54 (m, 10H587(dd,J =
7.4, 1.4 Hz, 1H), 7.88 (ddl = 7.8, 1.2 Hz, 1H), 8.04-8.07 (m, 2HJC-NMR (100 MHz,
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CDCl3) 6 -0.24, 64.9, 86.2, 92.8, 95.2, 100.8, 122.8, 1,2R28.1, 128.2, 128.3, 128.4, 128.5,
128.8, 129.8, 129.9, 131.7, 132.4, 133.0, 138.5,2LAHRMS-EI (W2) for Cy7H240.Si [M]*
calcd 408.155, found 408.154.

_Ph
7 1Ms

14
4,4-Dimethyl-1-[2-(phenylethynyl)phenyl]-3-(trimethylsilyl)pent-1,2-diene (14). To a
stirred solution of CuCN (218 mg, 2.44 mmol) inttig ether (20 mL) at -78 °C was slowly
added a solution dfBuLi (1.6 M in pentane, 3.05 mL, 4.88 mmol). Aftemin, the reaction
mixture was warmed to 0 °C, and after 15 min it wasled again to -78 °C. Thereafter a
solution of13 (500 mg, 1.22 mmol) in diethyl ether (10 mL) when slowly added. The
reaction mixture was stirred for 1 h and allowedvirm to O °C. After 1 h at 0 °C, water (50
mL) was added and the mixture was extracted wigthgll ether (3x 30 mL). The combined
organic layers were dried and concentrated undducexl pressure. After purification by
column chromatography (silica gekhexane R = 0.48)14 was isolated in 48% vyield (204
mg, 592umol) as a viscous yellow oil. IR (KBr, ¢t 3059, 3026, 2961, 2900, 2866, 2216,
1922, 1598, 1443, 1362, 1249, 1225, 950, 841, ABANMR (400 MHz, GDg) & 0.21 (s,
9H), 1.19 (s, 9H), 6.86 (td,= 8.1, 1.1 Hz), 6.94-6.98 (m, 3H), 7.05-7.09 (H),27.40-7.44
(m, 2H), 7.54 (dd) = 7.8, 1.1 Hz, 1H), 7.67 (d,= 8.1 Hz, 1H)*C-NMR (100 MHz, GDs)

0 1.42, 31.6, 36.3, 88.6, 89.6, 94.6, 112.2, 12028.9, 125.2, 126.0, 128.3, 128.5, 128.9,
131.9, 133.0, 138.4, 206.3. Anal. calcd. foyHGsSi (344.56): C, 83.66; H, 8.19. Found C,
83.87; H, 8.38.

Ph

6d
4,4-Dimethyl-1-[2-(phenylethynyl)phenyl]-penta-1,2-diene (6d). To a solution ofi4 (100
mg, 290umol) in 5 mL of methanol was added 10 mL of 1 N K@hd 5 mL of THF. The
reaction mixture was stirred for 4 h at room tenapae. After extraction with diethyl ether
(3% 15 mL) the organic phase was washed with watee. ddmbined organic layers were
dried over MgS@ and the solvent was removed under reduced peesafier purification by
column chromatography (silica gel;pentaneR: = 0.44)6d was isolated in 79% vyield (62
mg, 228pumol) as viscous yellow oil. IR (KBr, cf) 3058, 3031, 2960, 2901, 2864, 2215,
1947, 1599, 1494, 1445, 1363, 1248, 882, 7HENMR (400 MHz, CDC}) & 1.05 (s, 9H),
5.52 (d,J = 6.4 Hz, 1H), 6.88 (td) = 7.6, 1.1 Hz), 6.96-6.99 (m, 3H), 7.05 (& 7.6, 1.1
Hz, 1H), 7.30 (dJ = 6.4 Hz, 1H), 7.40-7.44 (m, 2H), 7.52 (dds 7.6, 1.1 Hz, 1H), 7.67 (d,
= 7.6 Hz, 1H)."*C-NMR (100 MHz, CDCJ) & 30.3, 32.8, 88.4, 94.8, 95.1, 107.2, 121.6,
123.8, 126.3, 126.8, 128.4, 128.6, 128.8, 131.2.813137.3, 203.8. HRMS-EIm(2) for
C,1H20 [M]™ caled 272.157, found 272.157.

X-ray data collection and structure determinations

X-ray single-crystal diffraction data fdc was collected on a STOE IPDS one-circle image
plate diffractometer. The structure was solved gisthe SHELXL-97 crystallographic

S3



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

software package and refined by the full-matrixstesquares techniqdélhe hydrogen atoms
were generated theoretically onto the specific atand refined isotropically with fixed
thermal factors. The non-H atoms were refined vatfisotropic thermal parameters. The
crystal parameters, data collection, and refinenresults are summarised in Table S1.
Selected bond lengths and angles are listed ineT8BI Further details are provided in the
ESI.

Table S1. Crystal data and structure refinement detail&¢or

Empirical formula CseH30P

Formula weight/g mét 511.59

Crystal system, space group Triclinic, P-1

alA 9.0854(18)

b/A 13.430(3)

c/A 13.560(3)

a (9) 96.34(3)

Q) 107.73(3)

y (©) 102.33(3)

VA3 1512.0(5)

z 2

Deaic/ g-cnmi® 1.124

F(000) 542

0 range / (°) 2.44 - 28.23

Reflections collected 6849

Independent reflections 2057

Max. and Min. transmission 0.9874 and 0.9732
Goodness of-fit off 0.723

FinalRindices [ > 25(1)] R1 =0.0501wR2 = 0.1118
Rindices (all data) R1 =0.1750WR2 = 0.1455

Table S2. Selected bond distances (A) and angles (dedjcfor

C2-C7 1.439(4) C7-C8 1.199(4)
C8-C9 1.445(4) C1-C15 1.463(4)
C15-C16 1.303(4) C16-C17 1.315(4)
C17-C18 1.551(4) C17-P1 1.807(3)
C8 C7 C2 179.1(3) C7 C8 C9 179.2(3)
C18 C17 P1 121.7(2) C15 C16 C17 176.0(3)
C16 C15C1 126.0(3) C16 C17 P1 117.9(2)

4 (a) G. M. SheldrickSHELXS97, Program for Crystal Sructure Determination; University of Géttingen: Goéttingen,
Germany, 1997. (b) G. M. SheldricBHELXL97, Programfor Crystal Sructural Refinement; University of Géttingen:
Gottingen, Germany, 1997.
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Computational Details

DFT calculations were carried out fo6d by using the Becke's pure gradient-corrected
exchange functiondlin conjunction with the Lee-Yang-Parr non-locatretation functional
(BLYP)” and with a 6-31G(d) basis $eWhile unrestricted calculations with a broken spin
approach (BS-UBLYP) have been performed for thenegieell singlet state transition state
(TS) structures and the intermediates formed frbase TSs, restricted method was applied
for the closed-shebbd and15d. It was reported that a broken spin approach egplith DFT
method provides good results for the cyclisatiomm$aturated system&he spin projection
method of Yamaguchit al.'° was applied for molecules possessing spin conednwave
functions. Calculated minima and first order sadg@l@nt structures were verified by
analyzing the harmonic vibrational frequenciesnhgsanalytical second derivatives, which
have NIMAG = 0 and 1, respectively.

Table S3. Absolute energies, ZPVEs, and’&Yalues for all computed structures.

Absolute Energy ZPVE <S> E+ZPVE
[Hartree] [kcal mol™] (S2A) [Hartree]
6d -811.786356 208.262740 0 -811.454468
16  -811.752689 207.397940 0 -811.422179
7d  -811.773786 208.094880  1.03 (0.25) (S)-811.442217
-811.774078 (T) 2.03 (2.00) (T)
-811.773485 (S)*
17  -811.741293 207.783420  0.54 (0) -811.410169
15d -811.810029 210.656210 0 -811.474327
18  -811.725095 207.173516 0 (0) -811.376324

A: After Annihilation. S: Singlet. T: Triplet. * A&r spin correction.
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4.81794
3.98845
2.59923
1.99769
2.84283
4.24443
0.57238
-0.65124
-2.07358
-2.75898
-4.15563
-4.89870
-4.23257
-2.83656
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1.63958
-1.07509
-1.47889
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-2.06134
-2.48893

0.88216
0.48568
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2.84088
2.22738
-0.71433
-2.12038
-2.89413
-4.28954
-4.96056
-4.21593
-2.81994
-0.12769
2.26339
4.21359
-0.06507
-0.55680
1.35490
-1.04444
4.60270
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2.74946
-2.37333
-4.86294
-6.05206
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3.95015
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-2.55478
-1.36113
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-1.31269
-1.43716
-1.54250
-2.45206
-2.55827
-1.76767
-0.86595
-0.75023
1.01788
1.58811
2.25881
3.19766
3.33522
4.59317
2.61541
-1.80001
-3.64961
-3.35642
0.30671
-3.06582
-3.26203
-1.85448
-0.25104
-0.05456
1.61540
2.14670
4.01318
2.35907
3.74529
5.28590
4.52128
5.03753
1.62663
3.28792
2.49532

0.91083
-0.93707
-1.38729
-0.42521

0.78966
-1.36348
-1.40228
-1.81452
-1.85736
-1.52139
-1.12894
-1.06021

1.79054
-2.63344
-0.74803

3.21803

3.18060

3.83318

4.09797
-1.99845
-2.93747

1.45027
-2.08650
-2.16390
-1.56846
-0.86718
-0.75119

1.42052
-3.36403
-0.01632

4.20507

2.68358

2.62939

4.82055

3.19351

3.97532

5.09678

4.23225

3.64169
-2.24852
-3.91675
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0.04192
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-0.05498
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0.55058
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0.12030
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1.68577
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0.28169
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1.81562
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4.04929
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2.78387
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-0.40114
0.58564
1.94589
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0.38965
0.29228
0.00561

-0.15205

-0.44178

-0.58891

-0.43970

-0.14993

-1.77569
3.21450
2.93941

-2.88641

-4.25810

-2.80774

-2.80715
4.20867
4.35065

-0.00330

-0.03833

-0.55612

-0.81635

-0.55242

-0.03458

-2.11040
3.32405
2.83719

-5.09127

-4.36550

-4.36591

-3.63058

-2.89466
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-1.85613

-2.89371
5.10294
5.35035

-2.30548
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-2.47033
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-0.12402
-1.15882
-0.57758
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1.07039
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-2.87163
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0.03914
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