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General. All air sensifiv’e materials were manipulated under nitrogen in a glove
box or by stanaard high vacuum and Schlenk techniques. Hexane, pentahe, THF, and
diethyl ether were distilled from sodium and benzophenone. CH,CI, was distilled from
CaH,. 4-Ethynyltoluene was purchased from Lancaster. Unless stated otherwise, all
other reagents were purchased from A'Id.rich.

'H NMR spectra were obtained on a Bruker AC 250, AC 300, or Varian Unity 500
spectrometer. *C NMR spectra were obtained on é Varian Unity 500 spectrometer
operating af 125 MHz. Infrared spectra were recorded on a Mattson Polaris FT IR
spectrometer. Mass spectra were obtained on a ‘Kratos MS-80 or Micromass AutoSpéc
spectrometer. Infrared spectra were obtained using an»in situ internal reflectance FTIR.
reaction monitoring system (Applied Systems React IR 1000).

Procedure for Synthesis of Benzoyl and Toluoyl Manganese Complexes.
PhLi or TolLi (1 equiv) in hexane was added dropwise to a solution of (C;H,Me)Mn(CO);, |
(1 equiv, 1 M) in diethyi ether at 0°C or at room temperature. The bright yellow solution
quickly turned deep red, aﬁd after stirring for several h at room temperature, a bright
orange powder precipitated. The supernatant was retmoved by cannula transfer. The
orange solid was washed with 1:1 ether : pentane, dried in vacuo, and weighed and
handled in a glove box. |

Cp(CO0),MnC(0)(C,H,-4-CH;)Li-0.5Et,0 (5). Reaction of CpMn(CO), (7.00 g,
34.30 mmol) with p-tolyllithium (46.7 mL, 0.75 M, ether, 35.0 mmol, prepared from Lj

dispersion and 4-bromotoluene in ether) led to the isolation of 5 (10.13 g, 78%). 'H

NMR (500 MHz;, acetone-d;) 8 7.167 (d, J = 6.5 Hz, 2H, H,), 6.930 (d, J = 6.5 Hz, 2H,
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" H,), 4.337 (s, Cp), 3.400 (q, J = 6.5 Hz, 2H, EL,0), 2.229 (s, 3H, Me), 1.106 (t, J = 7.0
Hz, 3H, EtZO). *C NMR (125 MHz, acetone-d;) & 311.97 (s, COAYr), 238.04 (s, CO),

156.44 (s, Cp,), 135.92 (s, Cy), 127.91 (d, 'Jgy = 155 Hz, C,), 124.95 (d, 'Jsy, = 157 Hz,
_ ' ;

Ca)» 85.01 (d, "Jou = 173 Hz, Cp), 66.17 (1, "Jg = 140 Hz, EL,0), 21.13 (q, "oy = 129,§
|
Me), 15.64 (q, 'Jo = 129 Hz, Et,0). IR (CH,Cl,) 1902, 1798 cm™. |

|

(C5H4Me)(CO)ZMnC(O)(C6H4-2-0CH3)Li-Et20 (14). Reaction of i
(C;H,Me)Mn(CO), (3.81 mL, 24:1 mmol) with LiC,H,-2-OCH, [prebared from 2- ;
bromoanisole (3.00 mL, 24.1 mmol), and BULI (15.06 mL, 1.6 M, 24.1 mmol)] led to th:e
isolation of 14 (5.06 g, 69%). 1H NMR (500 MHz, acetone -d;) spectrum was broad: 6%

6.93 (2H, H,,), 6.81 (2H, H,), 4.26 (2H, C;H,Me), 4.14 (2H, C,H,Me), 3.74 (OMe), 1.8

5
(CsH,Me). 3C {'H} NMR (125 MHz, acetone-d,) § 236.49 (CO), 149.59 (2C, C,), } ~
125.25 (C,), 125.05 (C,), 119.93 (C), 111.69 (C,), 111.69 (C,), 99.07 (C:H,Me), i

:

84.359 (C,H,Me), 84.11 (C,H,Me), 68.48 (OMe) 13.65 (C H,Me). Acyl carbon not found

1
L
(CsH,Me)(CO),MnC(0)(C,H,-2-CH,)Li-Et,O (15). Reaction of (CSH4Me)'Mn(CO;)3

!
(5.00 mL, 31.6 mmol) with LiC;H,-2-CH, [prepared from 2-bromotoluene (3.81 mL, 31. 6

above baseline noise. IR (CH,Cl,) 1919, 1830 cm.

mmol) and BuLi (19.8 mL, 1.6 M, hexanes 31.6 mmol)] led to the isolation of 15 (7. 97 | -
g, 80%). Solvent was evaporated and the resudue was washed with hexanes/ ether i |n a

glove box to give a brlght yellow powder. 'H NMR (500 MHz, acetone-d,) § 6.94 (t, J 1=
7.0 Hz, 1H, H,,), 688 (d, J=7.0Hz, 1H, H,), 6.81 (t, J= 6.5 Hz, 1H, HA,) 6.74 (d, =E

|
7.5 Hz, 1H, H,), 4.28 (s, 2H, CsH,Me), 4.15 (s, 2H, CH,Me), 3.42 (g, J=70Hz, E t,0);
1

- 2.15 (s, CH,Me), 1.873 (s, CsH,Me), 1117 (¢, J = 7.0 Hz, Et,0). *C NMR (125 MHz,
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acetone-dy)  317.09 (s, COAY), 236.58 (s, CO), 156.50 (s, C), 129.05 (d, 'Jo= 153 |
Hz, Cy), 126.71 (5, Gy, 124.03 (dd, "Jou= 156 Hz, 2eu= 7 Hz, C), 123.32 (dd, "=
158 Hz, o= 7 Hz, o), 121.21 (dd, "= 154 Hz, %oy 7 Hz, C,), 98.91 (s, CHMe),
84.63 (dd, Uy = 173 Hz, 2= 7 Hz, CHMe), 84.12 (d, Jy, = 169 Hz, C.H,Me), 65.1%)
(t, "= 126 Hz, ELO), 18.12 (q, "= 126 Hz, CoHiMe), 14.72 (q, ey = 124 Hz, ELO).
13.59 (, "o = 126 Hz, C;H,Me). IR (CH,Cl,) 1919, 1812 cm”.

(CsH,Me)(C0),MnC(O)(C,H,-3-OCH,)Li-Et,0 (16). Reaction of |

(CsH,Me)Mn(CO); (6.24 mL, 39.5 mmol) with LiC;H,-3-OCH, [prepared from 3-

bromoanisole (5.00 mL, 39.5 mmol), and BulLi (24.7 mL, 1.6 M, 39.5 mmol)] led to th

- isolation of 16 (4.52 g, 34%). 'H NMR (500 MHz, acetone-d,) spectrum was broad: &

,
i
| |
| 7.04 (1H, H,), 6.81 (2H, H,), 6.62 (1H, Ha), 4.28 (2H, C;H,Me), 4.17 (2H, C,H,Me), f
3.76 (3H, OMe), 1.85 (3H,C;H,Me). *C {'H} NMR (125 MHz, acetone-d,) & 311.47 E
(COAr), 238.26 (CO), 160.52 (C,,), 159.46 (C,), 128.18 (C,), 117.15 (C,), 112.09 (C,E\,),
109.85 (C,), 100.01 (C;H,Me), 85.59 (C;H,Me), 84.71 (C;H,Me), 69.30 (OMe), 14.561 |
(CsH,Me). IR (CH,C,) 1912, 1793 cm'™. |
(CsH,Me)(C0),MNnC(0)(C¢H,-4-F)Li-Et,0 (17). Reaction of (C;H,Me)Mn(CO), |
(2.88 mL, 18.2 mmol) with LiC;H,-4-F [prépared frorﬁ 4-bromofluorobenzene (2.00 mL,

18.2 mmol), and BuLi (11.4 mL, 1.6 M, 18.2 mmol)] Ied' to the isolation of 17 (4.46 g, I

62%). 'H NMR (500 MHz, acetone-d;, broad peaks) & 7.34 (2H, H,), 6.97 (2H, H,,),

4.29 (2H, CsH,Me), 4.19 (2H, C,H,Me), 1.84 (C;H,Me). *C {"H} NMR (125 MHz,

acetone-d;) 5 310.00 (COAr), 238.21 (CO), 162.20 (d, "Jor = 247 Hz, C-F), 154.98 (C,)),

1
|
;
r
|
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|
126.77 (Ca), 113.42 (0, *Jor = 22 Hz, C,), 100.15 (s, CH,Me), 85.65 (C;H,Me), 84.67

(C;H.Me), 14.38 (C;H,Me). IR (CH,CL,) 1907, 1803 cm".

i

(CsH,Me)(CO),MnC(0)(C;H,-4-CI)Li-Et,0 (18). Reaction of (C;H,Me)Mn(CO);

3

l

(7.59 mL, 48.0 mmol) with LiC¢H,-4-Cl [prepared from 4-bromochlorobenzene (9.19 g
48.0 mmol), and BuLi (30.0 mL, 1.6 M, 48.0 mmol)] led td the isolation of 18 (14.47 g,I
73%). 'H NMR was too broad for accurate assignments. *C {'TH} NMR (125 MHz,

acetone-d;)  310.84 (COAr), 238.07 (CO), 156.96 (C,), 131.48 (Cy), 127.27 (HC,),

126.10 (HC,), 100.25 (C,H,Me), 85.75 (C,H,Me), 84.85 (CsH,Me), 66.06 (Et,0), 15.59

(Et,0), 14.38 (C;H,Me). IR (CH,CL,) 1910, 1804 cm™. i
- (CsH,Me)(CO),MnC(O)(C¢H,-4-CF;)Li-Et,0 (19). Reaction of (C5H4Me)Mn(Cd)3

!

(5.92 mL, 37.5 mmol) with LiC4H,-4-CF, [prepared from p-chlorobenzotrifluoride (5.001

mL, 37.5'mmol), and BuLi (23.4 mL, 1.6 M, 37.5 mmol)] led to the isolation of 19 (4.75i
g, 29%). No precipitate formed, so the solveht was evaporated, and the residue was |
|
. » 1

extracted into hexanes. Large crystals formed over several weeks. 'H NMR (500 MHz,

acetone-dy) 8 7.46 (br, 2H, Hy,), 7.21 (br, 2H, Hy,), 4.33 (br, 2H, C;H,Me), 4.22 (br, 2H,
a

CsH;Me), 3.65 (br, 4H, Et,0), 1.87 (s, C;H,Me), 1.80 (6H, ELO). °C NMR (125 MHz, ;

acetone-d,) 3 311.02 (s, COAT), 237.00 (s, CO), 160.87 (s, C,), 126.19 (s, C,),123.94

|

(d, "Jow= 160 Hz, C,), 128.07 (d, 'Jou= 160 Hz, C,), 99.62 (s, C;H,Me), 84.98 (d, "J,
176 Hz, C;H,Me), 84.35 (d, 'Jpi= 173 Hz, C;H,Me), 67.37 (1, 'Jy= 144 Hz, EL,0), 25.37
(g, 'Jop= 131 Hz', Et,0), 13.59 (q, 'Jen = 126 Hz, C;H,Me). CF, carbon not observed.

IR (CH,Cl,) 1914, 1809 cm™.

SR ¢\ SN |

t

i

t
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|

|

i

|

|
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|

(CsH,Me)(C0),MnC(O)[C;H,-2,6-(OMe),]Li-nEt,0 (20). Reaction of %

(CsH,Me)Mn(CO), (4.82 mL, 30.5 mmol) with LiC,H,-2,6-(OMe), [preparéd from 1,3- ;
di'methoxybenzene (4.00 mL, 30.5 mmol), TMEDA (0.2 mL) and Buli (19.08 mL,. 1.6 I\i/l
30.5 mmol in ether (35 th) at 0 °C] led to the isolation of 20 (8.36 g; 76%..), Solvent :
was evaporateAd and the residue was washed with hexanes/ ether in a glove bbx to gi{/é

. - |
a bright yellow powder. 'H NMR (500 MHz, acetone-d,)  6.93 (br, 1H, Ar), 6.53 (br, gH

Ar), 4.26 (br, 2H, C;H,Me), 4.11 (br, 2H, C;H,Me), 3.75 (br, OMe), '1.-89 (or, C;H,Me). i

13C.{‘H} NMR (125 MHz, 'acetone-de) 8 237.13 (CO), 152.61 (CA,),V 138.91 (CA,),' 125.4é
(CA,) 105.47 (C,), 99.82 (CA,) 85 07 (C,). 84.73 (C,), 69.29 (OMe), 14.53 (C,H,Me), :
COAr carbon not observed. IR (CHZCIZ) 1923, 1821 cm. s
: !
(2-Me-C6H4)CéCC(CHZCHZCH2)=CC=C(CGH4-2-Me) (22). Addition of :
trifluoroacetic anhydride (130 L, 0.92 mmol) to (CSH4Me)(CO)QMnC(O)(CeH4-2- f
Me)Li-Et,O (15) (264 mg, 0.84 mmol) was followed by addition of CuBr (43 mg), Lil (5%0 |
mg), NEt(~Pr,) (130 uL) and 1 ,6-heptadiyne (38 ul., 0.33 mmol) in CH,Cl, (12 mL). i
The solution was poured into 50 mL 10% ether/hexanes and photolyzed. §
Chromatography gave 22 (69 mg, 70% based on diyne) as a slightly yellow oil. 1H Nl\:/IR
| (250 MHz, CDCl,) 8 7.50 (d, J= 7 Hz, 2H, H,), 7.28-7.24 (m, 4H, H, ), 7.22-7.17 (m, 2iH,

Ha), 2.779 (t, J= 7.5 Hz, 2H, C=CCH,), 2.538 (s, Me), 2.091 (p, J = 7.5 Hz, 4H, l
C=CCH2CH2). ®C NMR (125 MHz, CDCl,) 8 140.16 (s, CMe), 131.82 (d, 'J,, = 160 Hfz, ;
Ca), 129.93 (s, C=C), 129.36 (d, 1JCH = 158 Hz, C,,),-128.26 (dd, ', = 160 Hz, 2J,, = 8
Hz, Cy), 125.48 (d, 'Jp = 168 Hz, C,), 123.18 (s, Cy,,), 95.38 (S, C=CAr), 90.29 (s,

C=CAr), 37.19 (t, 'Jou = 132 Hz, C=CCH}), 23.19 (t, "J, = 131 Hz, C=CCH,CH,), 20.79




!
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|
(9, '"Jou=125.6 Hz, Me). HRMS(EI) m/z calcd for C,;H,, (M) 296.1566; found, | '

296.1564. |

(4-C1-C;H,)C=CC(CH,CH,CH,)=CC=C(C,H,-4-Cl) (23). Addition of trifluoroace&tic
_ ' o
anhydride (353 ulL, 2.50 mmol) to (C;H,Me)(CO),MnC(O)(C¢H,-4-CI)Li-Et,O (18) (801%

mg, 2.38 mmol) waé followed by addition of CuBr (48 mg), Lil (47 mg), NEt(-Pr,) (37Q
ul), and 1,6-heptadiyne (114 uL, 0.996 mmol) in CH,Cl, (200 mL). The solution was{

|
poured into 100 mL 10% ether/hexanes and photolyzed. Chromatography gave 23 (345

mg, 93% based on diyne) as a SIightly yellow oil. 'H NMR (500 MHz, CDCL,) & 7.42 ((E'J,
-J=8Hz, 4H, H,), 7.31 (d, J= 8 Hz, 4H, H,), 2.698 (t, J= 8.0 Hz, C=CCH,CH,), 2.028
(p, J=8.0Hz, 2 H, C=CCH,CH,). *C NMR (125 MHz, CDCl;) 4 134.28 (s, CCl), 132.?67

{

St
'

(dd, 1JCH = 164 HZ{ZJCH = 7 HZ, CAI)’ 130-40 (S, C=C), 128-61 (dd, 1l.ICH = 166 HZ, ZJCH

=
5 H;, Ca), 121.77 (t, °Joy = 8 Hz, C,,), 95.56 (s, C=CAr), 87.11 (s, C=CAr), 36.90 (t,
", = 132 Hz, C=CCH,CH,), 23.09 (t, "oy = 132 Hz, C=CCH,CH,). HRMS(E.I) m/z
caled for C,.H,,5Cl, (M*) 336.0472; found, 336.0471. |
* (2-Me-C,H,)C=CC(CH,OCH,)=CC=C(CH,-2-Me) (24)'. Addition of triquoroacetilc
anhydride (43 uL, 0.30 mmol) to (CsH4Me)(CO)ZMnC(O)(CGH,,-Z-CH3)Li-EtZQ (15) (87
mg, 0.28 mmol) was followed by avdditioﬁ of CuBr (31 mg), Lil (25 mg), NEX(-Pr,) (43 |
| ul), and dipropargyl ether (11 uL, 0.107 mmol) in CH,CI, (10 mL). The solution was

|

|

|

t

|

|

|

|

|

poured into 50 mL 10% ether/hexanes and photolyzed. Chromatography gave 24 (221.9

mg, 72% based on diyne) as a slightly yellow oil. 'H NMR (250 MHz, CDCl,) & 7.476 (d,
: |

J=7.5Hz, 2H, H,), 7.30-7.24 (m, 4H, H,), 7.192 (t, J= 7.5 Hz, 2H, H, ), 4.886 (s, Ci-‘lz),

!

2509 (s, Me). C NMR (125 MHz, CDCly) 6 140.36 (s, CMe), 131.98 (dd, 'y = 161 |

|
|
!




- : |
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Hz, 2J.,, = 6.3 Hz, Cy), 129.50 (d, 'Juy = 158 Hz, Cy), 128.89 (dd, "Jon = 160 Hz, 2, -8

Hz, C,), 125.62 (dd, 'Jgy = 161Hz, 2JCH =7 Hz, Ca), 125.41 (s, C=C), 122. 40 (s, C,pso)

]

97.84 (s, C=CAr), 85.25 (s, C=CAr), 77.51 (1, Jou = 149 Hz, CH,), 20.73 (q, gy = 126
Hz, Me). HRMS(EI) m/z calcd for C,,H,,0 (M*) 298.1358; found, 298.1365.

(3-MeO-C,H,)C=CC(CH,0CH,)=CC=C(OC,H,-3-OMe) (25). Addition of

SIS ENS © > S

trifluoroacetic anhydride (183 uL, 1.30 mmol) to (CSH4Me)(CO)2MnC(O)(Ca H,-3- OMe)Ll

(16) (415 mg, 1.25 mmol) was followed by addition of CuBr (22 mg), Lil (16 mg), NEt(;i-
F"r)2 (216 ulL), and dipropargyl ether (54 uL, 0.52 mmol) in CH,CI, (80 mL) at 20 °C. Tihe ‘
solution was pbured into 100 mL 20% ether/hexanes and photolyzed. Chromatograp:hy
gave 25 (139 mg, 80% based on diyne) as a slightly yellow oil. 'H NMR (500 MHz, :

|
!

CDCI) 5 7.258 (t, J = 8 Hz, 1H, H,), 7.118 (br d, J = 7.5 Hz, 1H, H,,), 7.040 (dd, J = 2.5,
1.5 Hz, 1H, H,), 6.918 (ddd, J = 8, 2.5, 1.5 Hz, 1H, H,,), 4.839 (s, CH) 3.811 (s, OMe).

3C NMR (125 MHz, CDCl,) 8 159.32 (s, COMe), 129.46 (d, 'Jgy = 162 Hz, C,), 125.79

o "D*"'

(S, C=C), 124.28 (dt, 1JCH = 165, 2JCH =6 HZ,‘ CAr)r 123.53 (S, Ci[;o)’ 116.44 (d, 1JCH = 161
Hz, C,), 115.51 (d, 'Js, = 161 Hz, C,), 99.04 (s, C=CAr), 81.14 (s, C=CAr), 77.38 (t,
"Jon = 150 Hz, CH,), 55.25 (q, "Jou = 142 Hz, OMe). HRMS(EI) m/z calcd for C,,H,50;

|

(M*) 330.1256; found, 330.1267.

(4-F-CGH4)CsCC(CHZOCHz);CC=C(C6H4-4-F) (26). Addition of trifluoroacetic |
anhydride (217 uL, 1.53 mmol) to (C;H,Me)(CO),MnC(O)(C¢H,-4-F)Li-Et,0O (17) (582%
mg, 1.48 mmol) was followed by addition of CuBr (16 mg), Lil (17 mg), NEt(~-Pr,) (2552>

ul), and dipropargyl ether (64 uL, 0.620 mmol) in CH,Cl, (80 mL) at 20 °C. The-solut‘ion

was poured into 100 mL 20% ether/hexanes and photolyzed. Chromatography gave {26
T

|
!
!
!
I

I
'

—
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(176 mg,‘93°‘/o based on diyne) as a slightly yellow solid. 'H NMR (500 MHz, CDCl,) §

7.487 (dd, Jiy, = 8.0 Hz, Jie = 5.5 Hz, 2H, Hy), 7.053 (t s = e = 8.5 Hz, 2H, Hy),
4.841 (s, CHZ). ¥C NMR (125 MHz, CDCl;) 8 165.57 (d, 'Jee = 249 Hz, C-F), 133.67 |
(ddd gy = 165, *ge = 22 Joy = 4.4 Hz, C,), 115.80 (ddd "Joyy = 164 Hz, 3 = o= 8 J
Hz, C,), 125.50 (s, C=C), 118.68 (s, Cy,), 97.93 (s, C=CAr), 80.99 (s, C=CAr), 77.42}(t,
"oy = 149 Hz, CH,). HRMS(EI) m/z calcd for CZOHQFZO: (M*) 306.0856; found,
366.086%.
(4-c#3-csH4)c=CC(cH,ocnz)'=cc=C(csH4-4-CF3) (27). Addition of

trifluoroacetic anhydride (81 ul, 6.57 mmol) to (C;H,Me)(CO),MnC(O)(C¢H,-4- l

CF,)Li*Et,O (19) (231 mg, 0.52 mmol) was followed by addition of CuBr (34 mg), Lil (40

mg), NEt(i-Pr,) (81 uL), and dipropargyl ether (22.5 uL, 0.218 mmol) in CH,CI, (12 mH).
- The solution was poured into 50 mL 10% ether/hexanes and photolyzed.
Chromatography gave 27 (43.7 mg, 49% based on diyne) as a slightly yellow oil. H

|
NMR (500 MHz, CDCl,)  7.70-7.60 (m, 8H, H,), 4.891 (s, CH,). *C NMR (125 MHz,

CDCl,) 8 131.96 (d, 'Jsy = 165 Hz, C,,), 126.44 (s, C=C), 125.40 (d, 'J,,, = 154 Hz, C.),
97.83 (s, C=CAr), 83.22 (s, C=CAr), 77.40 (t, 'Joy = 150 Hz, CHZ), some quaternary l

carbons were not observed. HRMS(EI) m/z calcd for C,,H,,F,O (M*) 406.0793; found:,

|

i

406.0781 . : ' ' I

[2,6-(MeO),-C;H,]C=CC(CH,OCH,)=CC=C[C H,-2,6-(MeO),] (28). Addition of I
trifluoroacetic anhydride (192 uL, 1.36 mmol) to (C;H,Me)(CO),MnC(O)[CH;-2,6- f
(OMe),]Li (20) (447 mg, 1.23 mmol) was followed by addition of CuBr (21 mg), Lil (27{ |

mg), NEt(i-Pr), (213 uL), and dipropargy! ether (53 uL, 0.52 mmol) in CHZ'CI2 (100 mL) at

|
|
!
{
!
1

i




f
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-40 °C. The solution was poured into 100 mL methanol and photolyzed.

|
3
!
Chromatography gave 28 (145 mg, 72% based on diyne) as a slightly yellow pil. H o
|
NMR (500 MHz, CDCly) 8 7.229 (t, J = 8.5 Hz, 2H, H,), 6.521 (d, J= 8 Hz, 4H, H,), !

4.875 (s, CHy), 3.822 (s, OMe). *C NMR (125 MHz, CDCl,) 8 161.48 (s, COMe),
1
130.15 (d, "Jou = 160 Hz, Cy), 125.29 (s, C=C), 103.61 (dd, "Jo = 161 Hz, *Jon = 8 Hz,

Ca), 91.17 (s, C=CAr), 89.73 (s, C=CAr), 77.73 (1, "o = 149 Hz, CH,), 56.07 (q, "o 1

143 Hz, OMe), C,., not observed. HRMS(EI) m/z calcd for C,,H»,05 (M*) 390.1468; !

!
v
t

" found, 390.1483.

(2-Me-C,H,)C=C-C[CH,C(CO,Me),CH,]=CC=C(C H,-2-Me) (29). Addition of

trifluoroacetic anhydride (413 L, 2.92"mmol) to (C5H4Me)(CO)ZMnC(O)(C6H4-2-Me)Li;
(15) (840 mg, 2.66 mmol) was followed by addition of CuBr (31 mg), Lil (32 mg), NEt(ii—
Pr), (414 uL), and dimethyl diprqpargylmalona_te (235 mg, 1.13 mmol) in CH,CI, (180 %
mL). The solution was poured into 100 mL methano! and photolyzed. Chroma;(ograpihy
gave 29 (388 mg, 83% based on diyne) as a slightly yellow solid. '"H NMR (500 MHz,;t
CDCl,) 8 7.46 (d, J= 7.5 Hz, 2H, H,), 7.25-7.21 (m, 4H, H,), 7.16 (td, J=7.5, 2.0 Hz,%
2H, H,,), 3.806 (s, CO,CH,), 3.419 (s, CH;), 2.498 (s, Me). *C NMR (125 MHz, CDCI}S)
d171.27 (s,‘COZMe),' 140.16 (CMe), 131.79 (dd,"Jc_H =159, 2J,, =6 Hz, C,), 129.31 :(d,
"o = 157 .Hz, C,), 128.51 (dd, 'Jg, = 160, 2J, = 9 Hz, C.,), 126.08 (s, C=C), 125.43;
(dd, "Jgn = 159 Hz, 2, = 5Hz, C,), 122.55 (S, Cipso)y 95.68 (s, C=CAr), 88.75 (s, ?
C=CAr), 57.94 (s, C(CO,Me),), 52.96 (a, 'Jou = 147 Hz, CO,Me), 43.78 (t, 'J,, = 136 };12

CH,), 20.60 (q, "Jon = 127 Hz, Me). HRMS(ESI) m/z calcd for C,,H,,0,Na (M")

435.1572; found, 435.1576.




1
’ l
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(2-MeO-C;H 4)C=C-C[CH20(002Me)20HZ]--CC=C(C$H4-2-OMe) (30). Addition (i)f
trifluoroacetic anhydride (235 uL, 1.66 mmol) to (C;H,Me)(CO),MnC(O)(C¢H,-2- OMe)Ij_l
(1 5) (503 mg, 1.51 mmol) was followed by addition of CuBr (26 mg), Lil (25 mg), NEt(1/-
Pr), (235 pL), and dimethyl dipropargylmalonate (130 mg, 0.62 mmol) in CH,Cl, (100 .
mL) at -50 °C. The solution was poured into 100 mL methanol and photolyzed. {
Chromatography gave 30 (1'40 mg, 51% based on diyne) as a slightly yellow oil. 'H

NMR (500 MHz, CDCy) 6 7.48 (dd, J= 7.5, 1.5 Hz, 2H, H,), 7.28 (td, J= 8.0, 20 Hz,

2H, H,), 6.90 (td, J = 7.5, 1.0 Hz, 2H, H,), 6.87 (d, J=8.0 Hz, 2H, H, ), 3.83 (s,

CO,Me), 3.77 (s, OMe), 3.38 (s, CH,). "*C NMR (125 MHz, CDCly) 5 171.39 (s,

|
1
'

CO,Me), 159.89 (s, COMe), 133.78 (dd, "Je, = 161 Hz, 2Jg, = 9 Hz, C,,), 130.29 (dd, '

1JCH = 159 HZ, ZJCH = 9 HZ, CAF)! 126.48 (S, C=C), 121 .24 (dd, 1JCH = 161 HZ, 2JCH = 8 H{Z,
Ca), 112.33 (s, Cypeo), 110.75 (dd, "Jou = 158 Hz, 2Ug = 8 Hz, C,,), 93.25 (s, C=CAY), |
J

88.98 (s, C=CAYr), 58.04 (s, C(CO,Me),), 55.72 (q, 'Jou = 143 Hz, CO,Me), 52.98 (g,’

CH

= 148 Hz, OMe), 43.66 (1, 'Jq, = 136 Hz, CH,). HRMS(ESI) m/z calcd for C,7H,O6Na |

|

|
(M*) 467.1471; found, 467.1492. ;
(4-F-C¢H,)C=CC[CH,C(CO,Me),CH,]=CC=C(CH,-4-F) (31). Addition of ;
trifluoroaceti§ anhydride (246 pL, 1.74 mmol) to (C;H,Me)(CO),MnC(O)(CH,-4- | }
F)Li-Et,0 (17) (661 mg, 1.68 mmol) was followed by addition of CuBr (20 mg), Lil (23 :
mg), NEt(i-Pr, (290 ulL), and dimetHyI dipropargylmalonate (148 mg, 0.71 mmol) in II
CH,CI, (80 mL). The solution was podred into 100 mL 10% ether/hexanes and :i

photolyzed. Chromatography gave 31 (224 mg, 75% based on diyne) as a slightly

_yellow oil. A white solid was obtained after repeated chromatogréphy and thorough




b
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|
| | | |
drying. "H NMR (500 MHz; CDCly) § 7.46 (dd Jiyy = 8.5 Hz, Jye = 5.5 Hz, 4H, H,), 7.03
. |
(t, Jun = e = 8.5 Hz, 4H, H,,), 3.80 (s, CO,Me), 3.35 (s, 4H, CH,). "°C NMR (125 MHz,
CDCl) 8 171.35 (s, CO,Me), 163.70 (d, "Jr = 254 Hz, C-F), 133.57 (ddd "J, = 163 Hz,
N : i .
*Jer = J= 8 Hz, C,), 126.45 (5, C=C), 118.98 (5, Cyso), 115.73 (dd, "oy = 163 Hz, 2prl=
|

22 Hz, C,,), 95.89 (s, C=CAr), 84.50 (s, C=CAr), 58.07 (s, CO,Me), 53.17 (q, "Joy = 147

: . |
Hz, CO,Me), 43.67 (t, "Joy = 136 Hz, CH,). HRMS(EI) m/z caled for CpgH,gF,0, (M*)

420.1173; found, 420.1156. |
(4-CH-C.H,)C=CCICH,C(CO,Me),CH,J=CCaC(CiH,4-Cl) (32). Addition of
|

trifluoroacetic anhydride (300 uL, 2.12 rhmol) to (CsH,Me)(CO),MnC(O)(C.H,-4- |
1
CI)Li-Et,O (18) (812 mg, 0.21 mmol) was followed by addition of CuBr (29 mg), Lil (31i

i

mg), NEt(i-Pr, (354 uL), and dimethyl dipropargylmalonate (179 mg, 0.86 mmol) in :

i

CH,CI, (80 mL). The solution was poufed into 100 mL 10% ether/hexanes and !
photolyzed. Repeated chromatography gave 32 (126 mg, 32% based on diyne) as a '

|
R . i
white solid. 'H NMR (500 MHz, CDCl,)  7.40 (d, J = 9 Hz, 4H, H,), 7.31 (d, J = 9 Hz|

|

4H, H,), 3.78 (s, CO,Me), 3.33 (s, CH,). *C NMR (125 MHz, CDCl,) 6 171.25 (s,

126.74 (5, C=C), 121.28 (s, Cys), 95.96 (s, C=CAr), 85.65 (s, C=CAr), 58.07 (s,

f
{
CO.Me), 134.74 (s, Cy), 132.80 (d, 'Jg = 164 Hz, C,), 128.74 (d, 'Jg,, = 166 Hz, C,), | \
|
|
j

C(CO,Me),), 53.17 (q, "Jou = 147 Hz, CO,Me), 43.64 (1, 'Jg,, = 137 Hz, CH,). MS(ESI)

m/z caled for C,sH,Cl,O,Na (M+Na*) 475.0; found, 475.0. | |

[2,6-(Me0),C,H;]IC=CC[CH,C(CO,Me),CH,]=CC=C[C,H,-2,6-(MeO),] (33).

Addition of trifluoroacetic anhydride (314 uL, 2.22 mmol) to




!
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| |
addition of CuBr (30 mg), Lil (29 mg), NEt(i—Pr)2 (366 uL), and dimethyl ‘

I
!
I
|
i
!
{

dipropargylmalonate (188 mg, 0.90 mmol) in CH,Cl, (170 mL) at =35 °C. The solution[

was poured into 100 mL methanol and photolyzed. Chromatography gave 33 (180 mé,

!

i |
40% based on diyne) as an off-white solid. 'H NMR (500 MHz, CDCl,) 6 7.188 (t, J=8

Hz, 2H, H,), 6:941 (d, J = 8 Hz, 4H, H,,), 3.774 (s, OMe), 3.759 (s, CO,Me), 3.404 (s,#

"Jen = 160 Hz, C,), 126.06 (s, C=C), 103.58 (d, 'Joy = 160 Hz, C,), 93.27 (s, C=CAY),|

'
|

CH,). ™*C NMR (125 MHz, CDCl;) § 171.57 (s,CO,Me), 161.40 (s, COMe), 129.77 (d,

88;90 (s, C=CAr), 57.92 (s, C(CO,Me)), 55.98 (q, 'Jo; = 144 Hz, OMe), 52.93 (q, 'Jen {:
147 Hz, CO,Me), 43.98 (t, 'J;, = 136 Hz, CH,). C,,, not observed. MS(ESI) m/z ca|c¢
1
| |
(4-Me-C¢H,)C=CC[CH,N(SO,C.H,-4-CH,)CH,]=CC=C(C;H,-4-Me) (34). Additi({)n

i

for C,H,;04 (M+Na*) 527.1; found, 527.1.

of trifluoroacetic anhydride (78 uL, 2.22 mmol) to (C;H,Me)(CO),MnC(O)[C¢H,-4-

),

a—— -

Me]Li-Et,0' (196 mg, 0.51 mmotl) was followed by addition of CuBr (29 mg), Lil (14 m

NEt(/-Pr), (87 uL), and N-(toluenesulfonyl) dipropargyl amine (62 mg, 0.25 mmol) in

CH,CI, (70 mL) at —45 °C. The solution was poured into 200 mL methanol and ;
photolyzed. Ch'r_omatography gave 34 (66 mg, 58% based on diyne) as a beige so|id.f
'H ‘NMR (500 MHi, CDCl;) 8 7.78 (d, J = 7.5 Hz, 2H, Hy,), 7.73 (d, J = 8.0 Hz, 6H, HTj,),
,
7.16 (d, J= 8.0 Hz, 4H, Hra), 4.32 (s, 4H, CH,), 2.46 (s, 3H, SO,CH,), 2:38 (s, 6H, M(%).
3C NMR (125 MHz, CDCl,) 8 143.93 (s, TsO C,,,), 139.40 (2C, s, Tol CMe), 133.41 (33,
Tos CMe), 131.62 (4C, dd, 'J,, = 161 Hz}, ?Jon = 6 Hz, Cyp), 129.95 (2C, d, 'Jg,, = 160
Hz, Tos), 129.20 (4C, d, "Jg = 158 Hé, CTO',)', 127.55 (2C, dd, 'J,, = 164 Hz, 2J¢H =5.1

Hz, Tos), 123.52 (2C, s, C=C), 119.13 (2C, t, °Je;i = 5 Hz, C,.,.), 98.80 (2C, s, C=CAr),
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81.45 (2C, s, C=CAr), 56.68 (2C, 1, 'Joy = 147 Hz, CH,), 21.55 (3C, q, "Jo = 126 Hz,
Me). MS(ESI) m/z calcd for CyqH,sNO,SNa (M+Na*) 474.1; found, 474.1. ;’
(2-Me-C¢H,)C=CC(CH,CH,CH,CH,)=CC=C(C¢H,-2-Me) (35). Addition of :
trifluoroacetic anhydride (110 uL, 0.78 mmol) to (CSH4Me)(CO)2MnC(O)(CGH'4-2-Me)Lii
_(15) (223 mg, 0.71 mmél) was followed by addition of Cuér (34 mg), Lil (32 mg), NEt(;i-
| Pr), (110 uL), and 1,7-octadiyne (37.5 uL, 0.28 mmol) in CH,CI, (10 mL) at -5 °C. Theia
solution was poured into 100 mL 10% ether/hexanes and photolyzed. Chromatograpi(w
gave 35 (82 mg, 94% based on diyne) as a yellow oil. 'H NMR (500 MHz, CDCl,) & I
7.825 (d, J= 7.5 Hz, 2H, H,), 7.25-7.21 (m ,4H, H,), 7.20-7.14 (m, 2H, H,), 2.499 (s,i

Me), 2.50-2.44 (m, 4H, C=CCH,), 1.80-1.74 (m, 4H, C=CCH,CH,). C NMR (125 MHz,

|

{

CDCl,) & 140.12 (s, C-Me), 131.79 (dd, "Je,, = 160 Hz, 2z, = 5 Hz, Cy), 129.29 (d, "Jy/, =
|
|

157 Hz, C,), 128.03 (dd, "J, = 160 Hz, 2Jy, = 8 Hz, C,), 125.96 (s, C=C), 125.40 (d,

"Jo = 157 Hz, C,), 123.37 (s, Cyo), 94.42 (s, C=CAr), 92.53 (s, C=CAr), 30.43 (t, "Jori =

128 Hz, C=CCH,CH,), 21.93 (t, 'Jsy = 128 Hz, C=CCH,CH,), 20.77 (q, "Jon = 126 Hz,

Me). HRMS(EI) m/z ¢aled for C,,H,, (M*) 310.1723; found, 310.1724.

' (3-MeO-C;H,)C=CC(CH,CH,CH,CH,)=CC=C(OCH,-3-OMe) (36). Addition of
!
trifluoroacetic anhydride (169 uL, 1.19 mmol) to (C;H,Me)(CO),MnC(O)(C,H,-3-OMe)Li

(16) (384 mg, 1.15 mmol) was followed by addition of CuBr (16 mg), Lil (21 mg), NEt(!i-

Pr), (200 pL), and 1,7-octadiyne (64 pL, 0.48 mmol) in CH,CI, (80 mL) at 20 °C. The%

solution was poured into 100 mL 20% ether/hexanes and photolyzed. Chromatography
|

gave 36 (138 mg, 83% based on diyne) as a slightly yellow oil. 'H NMR (500 MHz,

t

CDCly) 8 7.223 (t, J = 8.0 Hz, 2H, H,), 7.104 (d, J = 7.5 Hz, 2H, H,), 7.03 (br s, 2H,

|
(
g
I
t
!
{
|
!
I
r
:
é

|
OGS
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| |
H,), 6.873 (dd, J = 7.5, 1.5 Hz, 2H, H,,), 3.764 (s, OMe), 2.400 (br s, C=CCH,), 1.7321

(br s, C=CCH,CH,). *C NMR (125 MHz, CDCl) 6 159.26 (S’, OOMe), 129.30 (d, 'Jgy l=
, : . P
160 Hz, C,), 126.67 (s, C=C), 124.62 (s, Cyyy,), 124.03 (d, 'Jou = 163 Hz, C,), 116.06 l(d,
oy = 160 Hz, Gy), 114.92 (d, " = 158 Hz, Ca), 93.61 (s, C=CAr), 90.28 (s, C=CAY),
55.15 (q, 'Joy = 143 Hz, OMe), 29.95 (t, "Joy = 12% Hz, C=CCH,), 21.83 (t, "oy = 126 l
Hz, C=CCH,CH,). HRMS(EI) m/z calcd for C,,H»,0, (M*) 342.1620; found, 342.1629.§
(4—CI-C5H4)CCC(_CHZCHZCHZCH2)=CC=C(C5H4-4-C|)' (37). Addition of { B |
trifluoroacetic anhydride (274 uL, 1.94 mmol) to (C;H,Me)(CO),MnC(O)(C.H,-4- ?
CI)Li-Et,O (18) (741 mg, 1 .87 mmol) was followed by addition of CuBr (27‘mg), Lil (25f ‘
mg), NEt(i-Pr,) (323 nL), and 1,7-octadiyne (104 uL, 0.784 rﬁmol) in CHZCIZI(150 mL) fat
20 °C. The solution waé poured into 100 mL methanol and photolyzed. ;
Chromatography gave 37 (171 mg, 62% based on diyne) as a slightly yellow oil. 'H }
NMR (500 MHz, CDCI3)‘6 7.40 (d, J= 8.5 Hz, 4H, H,,), 7.30 (d, J = 8.0 Hz, 4H, Ha), '

238 (br s, C=CCH,), 1.720 (br s, C=CCH,CH,). °C NMR (125 MHz, CDCl,) & 134.13;

!

(s, Ca), 132.59 (d, 'Jou = 164 Hz, C,), 128.66 (d, 'Joy = 165 Hz, C,), 126.66 (s, C=C)%
122.05 (s, Cyuo), 92.62 (s, C=CAr), 91.26 (s, C=CAr), 29.96 (t, oy, = 128 Hz, ;
C=CCHZCH2), 21.78 (t, 1JCH'=‘128 Hz, C=CCH,CH,). HRMS(EI) m/z calcd for ?
C,.H,:>°Cl, (M*) 350.0629; found, 350.0633. | }
(4-CF3-C,.,H4)C=CC(CHZCHZCHchz)'=CC=C(C6H4-4-CF3) (38). Addition of
trifluoroacetic anhydride (194 ulL, 1.37 mmol) to (CSH4Me)(CO)ZMnC(O)(C6H4-4-

|
!
I
|
|
|
3
CF,)Li-Et,0 (19) (555 mg, 1.25 mmol) was followed by addition of CuBr (18 mg), Lil (20

mg), NEt(i—Przj (194' ul), and 1,7-octadiyne (66 pLL, 0.497 mmol) in CH,CI, (90 mL) at|

!

|

|

: |

' . A

N N | .
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EEEEEESOSGSGSGSSSS




!

© 2003 American Chémi?al Society, Organometal}ibcs, Casey om030561+ Supporting Info P;age 15
| | |

70 °C. The solution was poured into 100 mL methanol and photolyzed. |
Chromatography gave 38 (145 mg, 70% based on diyne) as a slightly yellow oil. 'H %
NMR (500 MHz, CDCl;) 8 7.61 (br s, 8H, Hy), 2.44 (br s, C=CCH,CH,), 1.77 (br s; |
C=CCH2).' 3C NMR (125 MHz, CDCl,) 8 131.59 (d, 'J.,, = 165 Hz, C,), 127.23 (s, }
C=C), 125.26 (d, 'Jeu = 163 Hz, C,), 122.83 (s, Ciso)» 92.50 (s, C=CAr), 92.44 (s, |
C=CAr), 29.95 (1, "Jpyy = 129 Hz, CH,), 21.67 (t, 'Jo, = 128 Hz, CH,). CCF3carbons not

observed. HRMS(EI) m/z calcd for C,HFs (M) 418.1157; found, 418.1150. .

!

(4-C1-C,H,)C=CC(CH,CH,0CH,)=CC=C(C,H,-4-Cl) (39). Addition of |
|
|
P

CI)Li-Et,O (18) (1.286 g, 3.24 mmol) was followed by addition of CuBr (46 mq), Lil (4

trifluoroacetic anhydride (476 uL, 3.36 mmol) to (CsH,Me)(CO),MnC(O)(CeH,-4-

mg), NEX(i-Pr,) (561 L), and HC=CCH,CH,OCH,C=CH (186 uL, 81% solutionin |
| ~ a
t

|

toluene, 1.36 mmol) in CH,Cl, (100 mL) at 20 °C. The solution was poured into 100 mIL

20% ether/hexanes andrphotolyzed. ‘Chromatography gave 39 (451 mg, 93% based fon
diyne) as a light yellow oil. 'H NMR (SOO\MHZ, CDCl,) 6 7.40-(d, J= 8.0 Hz, 2H, HA,),g
7.39 (d, J=8.0 Hz, 2H, H,), 7.31 (d, J = 8.0 Hz, 4H, H, ), 4.31 (s; C=CCH,0), 3.86 (t,; J
= 5.5 Hz, C=CCHZCHQO), 2.50-2.44 (m, C=CCH,CH,0). *C NMR (125 MHz, CDCl,) ‘6
134.62 (s, C,,), 134.55 (s, C,), 132.67 (4C, d, 'Jo,, = 165 Hz, C,), 128.74 (4C, d, "Jg, =

170 Hz, C,), 125.45 (s, C=C), 123.99 (s, C=C), 121.52 (5, Cps;), 121.36 (5, Cyeo),
147 Hz, C=CCH,0), 63.76 (t, 145 Hz, C=CCH,CH,0), 29.09 (t, "Jg, = 130 Hz,
C=CCH,CH,0). HRMS(EI) m/z calcd for C,,H,,*Cl,0 (M*) 352.0422; fdund, 352.0420

|
95.31 (s, C=CAr), 93.70 (s, C=CAr), 89.41 (s, C=CA), 86.77 (s, C=CAr), 67.58 (t, "Jori =
|
.
|
|
!
!

!
|
{
}
|
?
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| | | « |
(4-MeO-C,H,)C=CC(CH,CH,0CH,)=CC=C(CH,-4-OMe) (40). Addition of
|

trifluoroacetic anhydride (221 uL, 1.56 mmol) to'Cp(CO)ZMnC(O)(CGH4-4-OMe)]Li-Et2(§)

|

(592 mg, 1.51 mmol) was followed by addition of CuBr (20 mg), Lil (25 mg), NEt(-Pr,)
!

(261 pL), and HCECCHZCHzoCHzcECH (86 uL, 81%solution in toluene, 0.63 mmol) lﬁ\
‘ |
CH,CI, (70 mL) at 0 °C. The solution was poured into 100 mL methanol and ‘

photolyzed. Chromatography gave 40 (133 mg, 61% based on diyne) as a light browr:1

oil. "H NMR (500 MHz, CDCl,) & 7.43 (d, J = 8.5 Hz, 2H, H,), 7.42 (d, J = 8.5 Hz, 2H,

H,), 6.86 (d, J = 8.5 Hz, 4H, H,), 431 (br s, C=CCH,0), 3.85 (t, J = 5.5 Hz, |

C=CCH,CH,), 3.83 (s, OMe), 2.49-2.50 (m, C=CCH,CH,). °C NMR (125 MHz, CDCI) &

159.64 (2C, s, COMe), 132.90 (4C, d, 'Jg, = 161 Hz, C,), 124.50 (s, C=C), 123.04 (s,]
!
C=C), 115.25 (s, Cy,,), 115.08 (s, Cyo), 113.93 (4C, d, 'y = 159 Hz, C,), 96.15 (s, !

- 4
C=CAr), 94.57 (s, C=CAr), 87.60 (s, C=CAY), 84.89 (s, C=CAr), 67.65 (t, "oy = 148 Hz,
C=CCH,0), 63.80 (t, "J = 144 Hz, C=CCH,CH,), 55.15 (g, 'Jg, = 143 Hz, COMe),

o

29.14 (t, "Jou = 130 Hz, C=CCH,CH,). HRMS(EI) m/z calcd for Cp;H,,0; (M*) 344.141
found, 344.1423.
(2-Me-C;H,)C=CC(CH,CH,CH,0CH,)=CC=C(C,H,-2-Me) (41). Addition of

trifluoroacetic anhydride (434 ul, 3.07 mmol) to (C;H,Me)(CO),MnC(O)(C¢H,-2-Me)]Li

(15) (844 mg, 2.80 mmol) was followed by addition of CuBr (34 mg), Lil (27 mg), NE(-
. . i : |
Pr,) (434 uL), and HC=CCH,CH,CH,0CH,C=CH (137 L, 1.12 mmol) in CH,Cl, (180 !
mL) at 0 °C. The solution was poured ihto 100 mL methanol and photolyzed. 1
| |
|
t

Chromathraphy gave 41 (226 mg, 62% based on diyne) as a slightly yellow oil. 'H

NMR (500 MHz, CDCl,) 6 7.484 (d, J = 7.5 Hz, 1H, H,), 7.468 (d, J = 8.0 Hz, 1H, H,),
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7.27-7.21 (m, 4H, H,), 7.19-7.13 (m, 2H, H,,), 4.489 (s, C=CCH2C)), 3.955(t, J=5.5 I—Ilz,
CH,CH,0), 2.85-2. 79 (m, C=CCH,CH,), 2.496 (s, Me), 2.480 (s, Me), 2.012 (p, J= 6.0:

Hz, C=CCH,CH,). *C NMR (125 MHz, CDCl,) § 140.14 (s, CMe), 140.03 (s, CMe) 1
131.79 (d, "Jou = 160 Hz, C,), 131.74 (d, 'Jy = 160 Hz CA,) 131.48 (s, C=C), 129.31!
(d, 1'ch =156 Hz, C,), 129.19 (s, C=C), 128.27 (dd, 'Jsy = 159 Hz, ?Jo,; = 7 Hz, C,),

128.22 (dd, "Jgy = 159 Hz, 2Jey = 6.8 Hz, Cy), 125.40 (dd, "Jg,y = 158 Hz, 2Jy = 6 Hz,

|
|
|
|
Ca), 123.07 (2C, s, Cyy,), 95.36 (s, C=CAr), 95.00 (s, C=CAr), 94.49 (s, C=CA), 93. 1:% .
(s, C=CAr), 72.53 (t, 'Joy = 142 Hz, C=CCH,0), 71.99 (t, 'J;y = 144 Hz, CH,CH,0), i
31.16.(, Joy = 128 Hz, CH,CH,0), 26.84 (t, "Jg = 125 Hz,. C=CCH,CH,), 20.71 (q, ' ;
=126 Hz, Me). HﬁMS(EI) m/z calcd for C,,H,,0 (M*) 326.1671; found, 326.1683. :
(4-MeO-C,H,)C=CC[CH,C(CO,Me),CH,]=CC=CC¢H; (43). Addition of }
trifluoroacetic anhydride (310 pL, 2.19 mmol) to (CsH-4Me)(CO)QMnC(O)(C6H4-4-OMe)!_i
(11) (333 mg, 1.00 mmol) and (C;H,Me)(CO),MnC(O)(C¢H;)Li-Et,O (7)* (376 mg, 1.0(5
mmol) was followed by addition of CuBr (50 mg), Lil (44 mg), NEt(i-Pr,) (346 uL), andi
dimethyl dipropargylmalonate (206 mg, 0.989 mmol) in CH,Cl, (150 mL) at —80 °C. TThe
solution was poured into 100 mL methanol and photolyzed. Chromatogréphy gave 4:‘3

(145 mg, 35% based on diyne) as a sllghtly yellow oil in the middle fraction. 'H NMR !

(500 MHz, CDCl,) 8 7.53-7.49 (m, 2H, Hp,), 7.45 (d, J=8.5 Hz, 2H, H,), 7.36-7.32 (m,
3H, H,,), 6.88 (d, J = 8.5 Hz, 2H, H,), 3.83 (s, OMe), 3.80 (s, CO,Me), 3.36 (s, 4H, |
‘CH,). *C NMR (125 MHz, CDCl,) 3 171.38 (s, CO,Me), 159.86 (s, COMe), 133.13 (d;d

"oy = 162 Hz, 2y, = 7 Hz, Cen), 131.58 (d, "oy = 161 Hz, C,), 128.47 (dt, ‘JCH_ 168

HZ, 2JCH = 7 HZ, Cph), 128.38 (d, 1JCH = 157 HZ, Cph), 126.87 (t, ZJCH =5 HZ, C=C),

i
i
1
i
t
|
|
{
i
]
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125.48 (s, C=C), 122.95 (s, Cy), 114.93 (1, %oy = 8 Hz, Cyeo), 113.98 (dd, 'y = 160 |

Hz, 2, = 4 Hz, C,), 97.22 (s, C=CAr), 96.63 (s, C=CAr), 85.00 (s, C=CAr), 83.73 (s,

C=CAr), 58.04 (s, C(CO,Me),), 55.21 (q, "Jou = 143 Hz, OMe), 53.06 (q, 'Jo = 146 Hz,
: $
CO,Me), 43.96 (t, 'Jo,, = 136 Hz, CH,), 43.56 (1, 'Jgy = 137 Hz, CH,). HRMS(E!) m/z r

calcd for C,H,,05 (M*) 414.1468; found, 414.1470.

(4-MeO-C;H,)C=CC[CH,C(CO,Me),CH,]=CC=C(C;H,-4-Me) (44). Addition of .
1
' |
trifluoroacetic anhydride (155 uL, 1.10 mmol) to (C;H,Me)(CO),MnC(O)[C¢H,-4-OMe]Li
: 1

(11) (165 mg, 0.50 mmol) and (CsH,Me)(CO),MnC(0)(C4H,-4-Me)Li*Et,O' (193 mg, |
!

0.49 mmol) was followed by addition of CuBr (19 mg), Lil (20 mg), NEt(-Pr,) (173 uL)i;

-and dimethyl dipropargylmalonate (103 mg, 0.495 mmol) in CH,CI, (100 mL) at -50 ° .
|

Thé solution was poured into 100 mL methanol and phofolyzed. Chromatography ga\?/e

| |
44 (39 mg, 18% based on diyne) as a slightly yellow oil in the middle fraction. The first
’ |

and third fractions were isolated in 19 and 15% yield. 'H NMR (500 MHz, CDCL,) & 7.545
(d, J=8.0 Hz, 2H, H,), 7.41 (d, J=6.5 Hz, 2H, H,)), 7.16 (d, J= 7.5 Hz, 2H, H,,), 6.838
(d, J=7.0Hz 2H, H,,), 3.84 (s, OMe), 3.81 (s, CO,Me), 3.36 (s, 4H, CH,), 2.39 (s, Me.;).
| C NMR (125 MHz, CDCl,) 8 171.43 (s, CO,Me), 160.05 (s, COMe), 138.68 (s, CMe)‘i
133.18 (dd, "Joy = 161 Hz, 2Jy = 7 Hz, C,), 131.54 (d, 'Jy, = 161 Hz, C,,), 129.10 (d,i
"Jew = 157 Hz, Cy,), 119.97 (s, C,...), 115.09 (S, Cipso)s 114.00 (d, 'Jgpy = 164 Hz, C,), '
|

- 97.06 (2C, s, C=CAr), 84.46 (s, C=CAr), 83.86 (s, C=CAr), 58.09 (s, C(CO,Me),), 55.%6

(@, "Jou = 142 Hz, CO,Me), 53.35 (q, 'Jon = 147 Hz, OMe), 53.09 (g, "Jey, = 146 Hz,

‘

i
|
i
.
i
|
!
t
|
|
|
i
f

- OMe), 43.70 (t, "Jopy = 130 Hz, CH,), 21.51 (q, "Ju = 126 Hz, Me). HRMS(EI!) m/z caled

for C,H,,05 (M*) 428.1624; found, 428.1621.

{
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| | | |
(2-MeO-C,H,)C=CC(CH,OCH,)=CC=C(C,H,-4-Me) (45). Addition of I

| trifluoroacetic anhydride (155 uL, 1.10 mmol) to (CsH4Me)(CO)zMnC(O)[CGH4-2-OMe]L!i
(14) (168 mg, 0.51 mmol) and (C;H, Me)(CO)zMnC(O)(C H,-4-Me)Li-Et,0O’ (195 mg, i
0.50 mmol) was followed by addition of CuBr (27 mg), Lil (15 mg), NEt(i-Pr,) (173 uL),i
and dipropargy! ether (46 uL, 0.45 mmol) in CH,Cl, (100 mL) at —30 °C. The solution; :

was poured into 100 mL methanol and photolyzed. Chromatography gave 45 (37 mgj

.

26% based on diyne) as a slightly yellow oil in the middle fraction. The first and third !

1
fractions were isolated in 22 and 31% yield. '‘H NMR. (500 MHz, CDCI3) 8 7.48 (dd, J £

9
755,2.0 Hz, 1H, Hy), 7.42 (d, J = 8.0 Hz, 2H, Hy,), 7.325 (ddd, J = 9.5,7.5, 2 Hz, 1H,
Hy), 7.152 (d, J= 7.5 Hz, 2H, Hy,), 6.938 (id, J= 7.5, 1.0 Hz, 1H, H,), 6.899 (d, J = 8%
Hz, 1H, Hy), 4.76-4.70 (m, 4H, CH,), 3.756 (s, OMe), 2.257 (s, Me). *C NMR (125 %
MHz, CDCL) 6 160.04 (5, COMe), 139,01 (s, CMe), 133,65 (dd, s = 162 Hz, oy =&
Hz, Cy), 131.68 (dd, "o = 161 Hz, %o = 6 Hz, Cry), 130.35 (d, "Uorr = 166 Hz, C,), |
120.10 (d, "oy = 161 Hz, Cro), 125.59 (5, C=C), 126.49 (5, C=C), 120.48 (dd, ‘JCH-1162
Hz, U = 8 Hz, Ca), 119.70 (5, Ciuo), 110.76 (dd, "oy = 159 Hz, 2y = 7 Hz, Cy), |
111.94 (s, C,.), 99.19 (s, C=CAr), 95.36 (s, C=CA), 85.38 (s, C=CAr), 81.01 (s, |
C=CAr), 73.38 (2C, t, "Jou = 150 Hz, OCHy), 55.82 (q, 'Js = 144 Hz, OMe), 21.52 (q,

|
‘

"Jon = 126 Hz, Me). HRMS(EI) m/z caled for C,,H,,0, (M*) 314.1307; found, 314.1310.

[2,6-(Me0)2-CGH3]C=CC_(CH20CH2)=CC=C(CGH4-4-F) (46). Addition of |
trifluoroacetic anhydride (155 uL, 1.10 mmol) to (C;H,Me)(CO),MnC(O)[C H,-2,6- |
|

(OCH,),]Li (20) (191 mg, 0.53 mmol) and (C;H,Me)(CO),MnC(O)(C,H,-4-F)Li-Et,0 (1 71)

(196 mg, 0.50 mmol) was followed by addition of CuBr (20 mg), L|I (21 mg), NEt(:—PrZ)

t
i
\
|
|
!
|

i
f
]
| ,
| |
T




!

. I
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(173 ulL), and dipropargyl ether (52 uL, 0.51 mmol) in CH2>CI2 (60 mL) at -80 °C. The@

|

solution was poured into 200 mL methanol and photolyzed. Chromatography gave 46
(63 mg, 36% based on diyne) as a slightly yellow oil in the middle fraction. 'H NMR |

)

!
(500 MHz, CDCly) & 7.52 (dd, Joy = 7.5 Hz, Jye = 5.5 Hz, 2H, H,), 7.27 (t, J=8.3 Hz, |
1H, Hyp), 7.04 (t, dy = Je = 7.5 Hz, 2H, H,), 6.55 (d, J = 8.5 Hz, 2H, H,,.), 4.90-4.87 |

(m, 2H, CH,), 4.85-4.81 (m, 2H, CH,), 3.850 (s, 6H, OMe). "*C NMR (125 MHz, CDCL})
. . |

|

8 162.62 (d, 'Jor = 251 Hz, CF), 161.43 (s, COMe), 133.69 (ddd, "Jou = 164 Hz, 2, =,
3Jer = 8 Hz, Cy), 130.51 (d, 'Jgyy = 160 Hz, C,.), 126.82 (s, /C=C), 124.45 (s, C=C), ‘ '
: J
119.10 (s, Cypyo), 115.57 (dd, "Jou = 163 Hz, ?Jor= 21.6 Hz, C,,), 103.46 (dd, 'Jg, = 161
Hz, 2Js, = 7 Hz, C,.), 97.42 (s, C=CAr), 9—1 .91 (s, C=CAr), 89.47 (s, C=CAIr), 81 62 (s,f
C=CAr), 77.44 (t, "Jo, = 149 Hz, CH,), 77.19 (1, "Jgy = 150 Hz, CH,), 56.07 (q, "Juys = 1ﬂ3
Hz, OMe). One C,, not obéerved. HRMS(EI) m/z calcd for C,,H,,FO, (M*) 348.1 162! '

found, 346.1164.

[2,6-(Me0),CH,]C=CC(CH,0CH,)=CC=C(C.H,-4-Me) (47). Addition of

|
triflruoroac.etic anhydride (155 plL, 1.10 mmol) to (CsH,Me)(CO),MnC(O)[CH,-2,6- 5
(OMe),]Li (20) (183 mg, 0.51 mmol) and (C;H,Me)(CO),MnC(0)(C¢H,-4-Me)Li-Et,0O" :

!

(192 mg, 0.49 mmol) was followed by addition of CuBr (15 mg), Lil (17 mg), NEt(i—PrQ)}

|
(173 pL), and dipropargyl ether (52 uL, 0.500 mmol) in CH,CI, (100 mL) at —60 °C. Trixe
R {

solution was poured into 100 mL methanol and photolyzed. Chromatography gave 47

I

|

(43 mg, 25% based on diyne) as a slightly yellow oil in the middle fraction. The first a;lnd

third fractions were isolated in 25 and 11% yield. 'H NMR (500 MHz, CDCl,) § 7.44 (cil,

- J=8.0Hz, 2H, Hy,), 7.27 (t, J= 8.5 Hz, 1H, H,), 7.15 (d, J = 8.0 Hz, 2H, H,,), 6.56 (d;,
;
-
|

1
1
{
|
i




{
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J=8.5Hz, 2H, H,), 4.86-4.84 (m, 2H, CH,), 4.83-4.81 (m, 2H, CH,), 3.87 (s, OMe);

2.38 (s, Me). *C NMR (125 MHz, CDCl,) 8 161.47 (s, COMe), 138.81 (s, CMe), 131 73

|

(d, "Jou = 169 Hz, Cr,), 130.41 (d, "Jou = 161 Hz, C,), 129.02 (d, "o = 157 Hz, Cr,)

126.11 (s, C=C), 124.91 (s, C=C), 121.59 (s, Cyc), 119.91 (s, Cpso), 108.47 (dd, "oy

161 Hz, 2J.,, = 8 Hz, C,,), 98.92 (s, C=CAr), 91.65 (s, C=CAr), 89.67 (s, C=CAr), 81.2

— 00—l

(s, C=CAr), 77.46 (t, "oy = 150 Hz, CH,), 77.35 (1, 'Joy = 149 Hz, CH,), 56.12 (q, 'Jos

L
'

143 Hz, OMe), 21.52 (q, 'Jen =126 Hz, Me). HRMS(EI) m/z calcd for C,sH,,0; (M)
344.1412; found, 344.1399.

(4-MeO-C6H4)C=CC(CHZCHZCHZCH2)=CC=C(CGH5) (48). Addition of

trifluoroacetic anhydride (155 L, 1;10 mmol) to (C;H,Me)(CO),MnC(O)(C4H,-4-OMe)Li

(11) (165 mg, 0.50 mmol) and (C,H,Me)(CO),MnC(O)(CH;)Li-Et,O (7)? (187 mg, 0.5q

!
mmol) was followed by addition of CuBr (15 mg), Lil (19 mg), NEt(i-Pr,) (173 uL), and|
1,7-octadiyne (60 uL, 0.45 mmol) in CH,CI, (100 mL) at —-80 °C. The solution was

(o]

poured into 200 mL methanol and photolyzed. Chromatography gave 48 (26 mg, 18

U -

based on diyne) as a slightly yellow oil ih the middle fraction. The first avvnd third
fractions were isolated in 14 and 16% yield. 'H NMR (500 MHz, CDCI,) 5 7.50-7.46 (r]n
2H, Hp,), 7.42 (d, J-.—- 9.0 Hz, 2H, H,,), 7.34-7.28 (m, 3H, H,,), 6.84 (d, J=9 Hz, 2H, H:A,),
3.81 (s, OM.e), 2.38 (br s, C=CCH,), 1.70 (br s, C=CCH,CH,). *C NMR (125 MHz, ;

CDCl,) § 159.44 (s, COMe), 132.91 (dd, 'Joy = 161 Hz, %y = 8 Hz, C,), 131.44 (d, 'y
|

= 161 HZ, CPh)! 128.44 (d, 1JCH - 163 HZ, Cph), 127.96 (dt, 1JCH = 160 HZ, 2JCH = 8 HZ

ipso ipso

1
|
|
Cey), 126.73 (s, C=C), 125.52 (s, C=C), 123.68 (s, C,,..), 115.72 (t, 2 = 7 Hz, C, ),I
|

113.90 (dd, "Jgu = 159 Hz, 2Jy, = 4.9 Hz, C,), 93.72 (s, C=CAr), 93.36 (s; C=CAr), 90.57
‘ {
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(s, C=CAr), 89.17 (s, C=CAr), 55.25 (q, 'Joiy = 143 Hz, OMe), 30.10 (t, "J.,y = 127 Hz,

|
|
|
C=CCH,), 29.97 (t, 'Jy, = 128 Hz, C=CCH,), 21.87 (2C, t, ', = 128 Hz, C=CCH,CH,).
' o
HRMS(EI) m/z calcd for C,gH,,0 (M*) 312.1515; found, 312.1520. {
|

(4-MeO-C,H,)C=CC(CH,CH,CH,CH,)=CC=C(C,H,-4-Me) (49). Addition of

trifluoroacetic anhydride (155 uL, 1.10 mmol) to (CsH4Me)(CO)ZM"C(O)(CGH4'4'OM9)Ii‘i

(11) (168 mg, 0.51 mmol) and (C;H,Me)}(C0),MnC(0)(CH,-4-Me)Li-Et,0' (194 mg, 1

0.50 mmol) was followed by addition of CuBr (23 mg), Lil (26 mg), NEt(~Pr,) (173 uL),

(0

, s
- and 1,7-octadiyne (60 uL, 0.45 mmoal) in CH,CI, (100 mL) at -80 °C. The solution wa$
poured into 200 mL methanol and photolyzed. Chromatography gave 49 (41 mg, 28%

l
based on diyne) as a slightly yellow oil in the middle fraction. The first and third |

|
|

i
fractions were isolated in 17 and 29% yield. 'H NMR (500 MHz, CDCl,, broad |

_spectrum) & 7.42 (4H, H,), 7.13 (2H, H,,), 6.86 (2H, H,,), 3.83 (3H, OMe), 2.38 (7H, Me,

|
CH,), 1.71 (4H, CH,). ™*C {'H} NMR (125 MHz, CDCl,) § 159.44 (COMe), 138.06 |
|

{
t

~ (CMe), 132.90 (HC,), 131.33 (HC,), 129.01 (HC,), 126.27 (C=C), 125.72 (C=C),
120.64 (Cy,.,), 115.85 (Cy.,), 113.90 (HC,), 93.60 (2C, C=CAr), 89.96 (s, C=CAr),

89.29(s, C=CAr), 55.23 (OMe), 30.07 (CH,), 21.91 (CH,), 21.45 (Me). HRMS(EI) m/z

caled for Cy,H,,O (M*) 326.1672; found, 326.1672. |
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