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B Experimental Section

General Data. 'H, 13C{lH}, and 31P{lH} NMR spectra were recorded on standard 300-500
MHz spectrometers at ambient probe temperatures and referenced as follows (3, ppm): 'H, residual in-
ternal C¢DsH (7.15) or CHCl; (7.26); '3C, internal C¢Dg, (128.0) or CDCl; (77.0); 3P, external H;PO,
(0.00). IR spectra were recorded using an ASI React-IR 1000, a Thermo Scientific Nicolet IR100 FT-
IR, or a Shimadzu IRAffinity-1 spectrophotometer with a Pike MIRacle ATR system (diamond/ZnSe
crystal). Mass spectra were obtained using Micromass Zabspec (FAB), Shimadzu Biotech Axima Con-
fidence (MALDI-TOF MS), or Applied Biosystem STR Voyager (MALDI-TOF MS) instruments.
Melting points were determined on an Electrothermal IA 9100 apparatus or a Stanford Research Sys-
tems (SRS) MPA100 (Opti-Melt) automated device. DSC and TGA data were recorded with a Mettler-
Toledo DSC821 instrument and treated by standard methods.®! Microanalyses were conducted on a
Carlo Erba EA1110 instrument (in house) or by Atlantic Microlab.

All reactions were conducted under dry N, atmospheres unless noted using standard Schlenk
techniques; all chromatographies were conducted in air. Solvents were treated as follows: THF,
hexanes, and CH,Cl, were dried and degassed using a Glass Contour solvent purification system, or
distilled from Na/benzophenone (THF/hexanes) or CaH, (CH,Cl,); MeOH was distilled from Mg;
chlorobenzene was distilled by rotary evaporation, and then aspirated with N,; 2-methoxyethanol (an-
hydrous, 99.8%, Aldrich), C¢Dg, and CDCl; (2 x deutero GmbH or Cambridge Isotope Laboratories)
were used as received. SiO,, neutral Al,O5 (2 x Macherey-Nagel or Silicycle), CO (99.97%, Linde, or
99.998% , Matheson), CF3;SO3H (98+%, Alfa Aesar), HCI (1.0 M in Et,O, Acros), Grubbs' catalyst
Cl,(PCy3),Ru=CHPh, (Aldrich), PtO,, (99%, Acros), MeLi (1.6 M in Et,O, Acros), PhLi (2.0 M in
Bu,O0, Acros), n-BuyN* BF,~ (99+%, electrochemical grade, Fluka), and ferrocene (98%, Acros), used
as received. (NH,),0sCle,%* (NH,),0sBr¢.2? the phosphines 1a-c.*> CgK 5* and [H(OEt,),]* BArs
5 were synthesized by literature procedures.

cis,cis,trans-0s(CO),(Cl),(P((CH,)¢CH=CH,)3), (2a). A Fischer-Porter bottle was charged
with (NH,4),OsClg (0.507 g, 1.16 mmol) and 2-methoxyethanol (40 mL). The red suspension was stirr-
ed at 110 °C under CO (10 bar) until it turned pale yellow (5-7 d). Then 1a (1.55 g, 4.25 mmol) was
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added with stirring and the solution kept at 80 °C for 24 h. The solvent was removed by oil pump vacu-
um and the resulting red-brown oil chromatographed (SiO, column, 3.5 cm x 30 cm, 2:1 v/v hexanes/
CH,Cl,). The solvent was removed from the product containing fractions by oil pump vacuum to give
2a (0.883 g, 0.844 mmol, 73%) as a pale yellow oil. Anal. calcd (%) for C5yHgyCl,0,P,0s (1046.33):
C 57.39,H 8.67; found C 56.97, H 8.74.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*¢ 5.77 (ddt, 6H, 3Jyyp,rans = 16.9 Hz, 3 g0, = 10.1 Hz,
3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 17.5 Hz, 6H, =CHgH,), 4.99 (br d, 3Jiyp.:s = 10.8 Hz,
6H,=CHgH,),2.21-2.13 (br m, 12H, PCH,), 1.98-1.92 (br m, 12H, CH,CH=), 1.69-1.58 (br m, 12H,
PCH,CH,), 1.35-1.21 (br m, 36H, remaining CH,); 13C{IH} (100 MHz)*° 176.6 (t, %2Jcp = 7.2 Hz,
CO), 139.1 (s, CH=), 114.6 (s, =CH,), 33.9 (s, CH,CH=), 31.1 (virtual t,*/ 3J~p = 6.4 Hz, PCH,CH,-
CH,), 29.0 (s, CH,), 28.8 (s, CH,), 23.5 (overlapping virtual t,*” 1Jop = 15.6 Hz, PCH,)*® 233
(overlapping s, PCH,CH,);*® 3IP{1H} (121 MHz) -16.3 (s).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2856 (W), 2019 (s, vog), 1945 (5, Vo), 1640 (W),
1459 (w), 1440 (w), 1417 (w), 992 (w), 907 (m), 718 (w). MS (FAB, 3-NBA):*° 1011 ([2a — CI]*, 5%),
365 ([1a + 1]*, 100%).

cis cis,trans-0s(CO),(Cl),(P((CH,)7CH=CH,)3), (2b). (NH4),0sCl¢ (0.500 g, 1.14 mmol),
2-methoxyethanol (40 mL), and 1b (1.60 g, 3.95 mmol) were combined in a procedure analogous to
that used for 2a. An identical workup gave 2b (0.854 g, 0.755 mmol, 66%) as a pale yellow oil. Anal.
calcd (%) for C5¢H ;o C1,0,P,0s (1130.49): C 59.50, H 9.09; found C 59.32, H 8.80.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*° 5.78 (ddt, 6H, 3Jyyp,rans = 16.9 Hz, 3 g5 = 10.2 Hz,
3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 17.0 Hz, 6H, =CHgH,), 4.99 (br d, 3Jiyp,;s = 10.1 Hz,
6H, =CHgH,), 2.24-2.14 (br m, 12H, PCH,), 2.01-1.94 (br m, 12H, CH,CH=), 1.72-1.59 (br m, 12H,
PCH,CH,), 1.36-1.18 (br m, 48H, remaining CH,); 13C{IH} (100 MHz)*° 176.6 (t,%2Jcp = 7.3 Hz,
CO), 139.2 (s, CH=), 114.5 (s, =CH,), 34.0 (s, CH,CH=), 31.2 (virtual t,* 3J~p = 6.4 Hz, PCH,CH,-
CH,), 29.24 (s, CH,), 29.19 (s, CH,), 29.0 (s, CH,), 23.6 (overlapping virtual t,*/ 1J-p = 15.5 Hz,
PCH,),%® 23 .4 (overlapping s, PCH,CH,);*8 3IP{1H} (121 MHz) -15.6 (5).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2856 (W), 2019 (s, vog), 1945 (5, Vo), 1640 (W),
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1463 (w), 1417 (w), 996 (w), 907 (m), 718 (w). MS (FAB, 3-NBA): 1075 ([2b — 2CO + 1]*,2%), 1067
([2b-Cl-CO - 1]*,5%), 407 ([1b + 1]*, 100%).

cis cis,trans-0s(CO),(Cl),(P((CH,)§CH=CH,)3), (2¢). (NH4),0sClg (0.500 g, 1.14 mmol),
2-methoxyethanol (40 mL), and 1¢ (1.55 g, 3.46 mmol) were combined in a procedure analogous to
that used for 2a. An identical workup gave 2¢ (0.929 g, 0.207 mmol, 67%) as a pale yellow oil. Anal.
caled (%) for CgpH{14Br,O,P,0s (1214.65): C 61.31, H 9.46; found C 61.05, H 9 .48.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*° 5.79 (ddt, 6H, 3Jyyp,rans = 16.9 Hz, 3Jgp0is = 10.2 Hz,
3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 18.0 Hz, 6H, =CHgH,), 4.99 (br d, 3Jyyp,s = 11.1 Hz,
6H,=CHgH,), 2.24-2.16 (br m, 12H, PCH,), 2.03-1.95 (br m, 12H, CH,CH=), 1.73-1.61 (br m, 12H,
PCH,CH,), 1.37-1.18 (br m, 60H, remaining CH,); 13C{1H} (75 MHz)*° 176.6 (t,%Jcp = 7.4 Hz, CO),
139.2 (s, CH=), 114.5 (s, =CH,), 34.2 (s, CH,CH=CH,), 31.4 (virtual t,*’ 3JCP = 6.4 Hz, PCH,CH,-
CH,), 29.7 (s, CH,), 29.5 (s, CH,), 29.4 (s, CH,), 29.3 (s, CH,), 23.7 (overlapping virtual t,*” 1Jqp =
15.5 Hz, PCH,).*8 23.5 (overlapping s, PCH,CH,);*® 3IP{1H} (121 MHz) -16.3 (s).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2856 (W), 2019 (s, vog), 1945 (5, Vo), 1640 (W),
1463 (w), 1417 (w), 992 (w), 907 (m), 718 (w). MS (FAB, 3-NBA):*? 1152 ([2¢ — C1 - CO + 11*, 5%),
449 ([1c + 1%, 100%).

cis,cis,trans-0s(CO),(Br),(P((CH,)CH=CH,)3), (3a). A Fischer-Porter bottle was charged
with (NHy),0OsBrg (0.500 g, 0.709 mmol) and 2-methoxyethanol (40 mL). The deep red solution was
stirred at 80 °C under CO (10 bar) until it turned pale yellow (3-5 d). Then 1a (0.950 g, 2.61 mmol)
was added with stirring and the solution kept at 80 °C for 24 h. The solvent was removed by oil pump
vacuum and the resulting red-brown oil chromatographed (SiO, column, 3.5 cm x 30 cm, 5:2 v/v
hexanes/CH,Cl,). The solvent was removed from the product containing fractions by oil pump vacuum
to give 3a (0.441 g, 0.388 mmol, 55%) as a pale yellow oil. Anal. calcd (%) for C5yHgoBr,O,P,0s
(1135.23): C 52.90, H 7.99; found C 53.22, H 8.26.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*'0 5.77 (ddt, 6H, 3Jgpisrans = 16.9 Hz, 3Jiqp.is = 10.1 Hz,
3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 17.5 Hz, 6H, =CHgH,), 4.99 (br d, 3Jiyy,;s = 10.8 Hz,
6H, =CHgH,), 2.30-2.24 (br m, 12H, PCH,), 1.98-1.92 (br m, 12H, CH,CH=), 1.68-1.58 (br m, 12H,
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PCH,CH,), 1.35-1.22 (br m, 36H, remaining CH,); 3C{1H} (100 MHz)*!? 174.0 (t,%Jcp = 7.5 Hz,
CO), 139.1 (s, CH=), 114.4 (s, =CH,), 33.6 (s, CH,CH=), 30.8 (virtual t,* 3J~p = 6.3 Hz, PCH,CH,-
CH,), 28.7 (s, CH,), 28.6 (s, CH,), 24.3 (virtual t,*’ 1Jop = 159 Hz, PCH,), 23.3 (s, PCH,CH,);
SIp{IH} (121 MHz) -25.3 (s).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2855 (W), 2023 (s, vcg), 1949 (s, veg), 1640 (W),
1459 (w), 1440 (w), 1417 (w), 992 (w), 907 (m), 718 (w). MS (FAB, 3-NBA):*” 1078 ([3a — 2CO —
11%,2%), 1055 ([3a — Br]*, 5%), 365 ([1a + 1]*, 100%).

cis cis,trans-0s(CO),(Br),(P((CH,);CH=CH,)3), (3b). (NH4),0sBrg (0.500 g, 0.709 mmol),
2-methoxyethanol (40 mL), and 1b (1.13 g, 2.79 mmol) were combined in a procedure analogous to
that used for 3a. An identical workup gave 3b (0.398 g, 0.326 mmol, 46%) as a pale yellow oil. Anal.
caled (%) for C56H(oBr,O,P,0s (1219.39): C 55.16, H 8.43; found C 55.06, H 8.51.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*° 5.79 (ddt, 6H, 3Jyyp,rans = 16.9 Hz, 3Jgp0is = 10.2 Hz,
3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 17.1 Hz, 6H, =CHgH,), 5.00 (br d, 3Jyyy,;s = 10.7 Hz,
6H, =CHgH,), 2.32-2.27 (br m, 12H, PCH,), 2.01-1.94 (br m, 12H, CH,CH=), 1.72-1.59 (br m, 12H,
PCH,CH,), 1.34-1.21 (br m, 48H, remaining CH,); 13C{1H} (75 MHz)*° 175.2 (t,%Jcp = 7.4 Hz, CO),
139.1 (s, CH=), 114.5 (s, =CH,), 34.1 (s, CH,CH=), 31.3 (virtual t,*/ 3Jp = 6.4 Hz, PCH,CH,CH,),
29.4 (s, CHy), 29.3 (s, CH,), 29.2 (s, CH,), 24.3 (virtual t,5 1Jop = 15.9 Hz, PCH,), 23.9 (s, PCH,-
CH,); 3IP{IH} (121 MHz) 259 (s).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2856 (W), 2023 (s, vcg), 1949 (s, Vo), 1640 (W),
1463 (w), 1440 (w), 1417 (w), 996 (w), 907 (m), 718 (w). MS (FAB, 3-NBA):** 1191 ([3b — CO + 1]*,
0.5%), 1163 ([3b —2CO + 1]*,2%), 1140 ([3b — Br + 1]*, 3%), 1110 ([3b — Br — CO - 1]*, 5%), 407
([1b + 1]*, 100%).

cis,cis,trans-0s(CO),(Br),(P((CH,)gCH=CH,)3), (3¢). (NH4),OsBrg (0.600 g, 0.709 mmol),
2-methoxyethanol (40 mL), and 1¢ (1.49 g, 3.33 mmol) were combined in a procedure analogous to
that used for 6a. An identical workup gave 3¢ (0.541 g, 0.415 mmol, 49%) as a pale yellow oil. Anal.
caled (%) for CgpHy14Br,O,P,0s (1303.55): C 57.13, H 8.81; found C 56.80, H 8.90.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*° 5.79 (ddt, 6H, 3Jyp,rans = 16.9 Hz, 3 g5, = 10.2 Hz,
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3y = 6.7 Hz, CH=), 5.04 (br d, 3Jypsans = 18.1 Hz, 6H, =CHgH,), 5.00 (br d, 3Jyypy,s = 11.2 Hz,
6H, =CHgH,), 2.34-2.26 (br m, 12H, PCH,), 2.03-1.96 (br m, 12H, CH,CH=), 1.74-1.60 (br m, 12H,
PCH,CH,), 1.39-1.18 (br m, 60H, remaining CH,); 13C{1H} (75 MHz)*° 175.2 (t,%Jcp = 7.3 Hz, CO),
139.2 (s, CH=), 114.5 (s, =CH,), 34.2 (s, CH,CH=CH,), 31.3 (virtual t,*’ 3JCP = 6.4 Hz, PCH,CH,-
CH,), 29.7 (s, CH,), 29.5 (s, CH,), 29.4 (s, CH,), 29.3 (s, CH,), 25.0 (virtual t,*/ Jp = 15.9 Hz,
PCH,), 23.9 (s, PCH,CH,); 31P{1H} (121 MHz) -25.3 (5).

IR (cm~L, oil film): 3076 (w), 2926 (m), 2856 (W), 2023 (s, Vo), 1949 (5, Vo), 1640 (W),
1463 (w), 1440 (w), 1417 (w), 992 (w), 907 (m), 718 (w). MS (FAB, 3-NBA):*” 449 ([1¢ + 1]*,
100%).

Alkene metathesis of 2a. A Schlenk flask was charged with 2a (0.714 g, 0.683 mmol) and
chlorobenzene (700 mL; the resulting solution was 0.0010 M). Then solid Grubbs' catalyst (0.039 g,
0.048 mmol, 7.0 mol%) was added with stirring. The solution was aspirated with N,, and periodically
monitored by 'H NMR. After the reaction was complete (ca. 24 h), the solution was aspirated with air
(30 min) to decompose the remaining catalyst. The solution was filtered through Al,O3 (3 cm x 5 cm),
which was washed with CH,Cl,. The solvents were removed from the filtrate to give crude 4*a (0.571
g,0.594 mmol, 87%) as a light brown sticky oil.

NMR (C¢Dg, 8/ppm): TH (300 MHz) 5.57-5.39 (br m, 5H, CH=), 5.27-5.20 (br m, 1H, CH=),
2.26-0.99 (br m, 78H, CH,); 3'P{'H} (121 MHz) -10.4 (s, 53% of integral), -11.5 (s, 21%), -12.7 (s,
11%),-12.8 (s, 8%),-12.9 (s, 9%),-13.0 (s, 9%).

cis,cis,trans-ds(CO)Z(CI)Z(P((CHZ)14)31") (6a) and cis,cis,trans-Ols(CO)Z(CI)Z(P(CH2)13-

JCHZ)((CH2)14)(II’(CH2)13CH2) (6'a). A Schlenk flask was charged with 4*a (0.571 g, 0.594 mmol,
the entire quantity prepared above), THF (30 mL), and PtO, (0.023 g, 0.102 mmol), connected to a gas
balloon, and partially evacuated. Then H, (1 bar) was introduced, and the suspension was stirred. After
3 d, the solvent was removed by oil pump vacuum. The black residue was filtered through Al,O3 with
CH,Cl,. The solvent was removed from the filtrate and the residue was chromatographed (SiO, col-
umn, 3.5 cm x 30 cm, 3:2 v/v hexanes/CH,Cl,). The solvents were removed from the product contain-

ing fractions by oil pump vacuum to give 6a (0.186 g, 0.192 mmol, 28% from 2a) as a white solid and
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6'a (0.084 g,0.087 mmol, 13% from 2a) as a colorless sticky oil that solidified after one week.

6a: Dec. pt. (capillary) 260 °C'!. DSC (T/T,/T,/T/Ty:*! 32.3/39.6/41.1/42.7/56.1 °C (endo-
therm); 74.0/84.5/85.8/87.6/109.2 °C (endotherm); 165.6/181.5/183.1/184.8/199.0 °C (endotherm),
244 .5/248.0/253.4/258.2/273.3 °C (endotherm). TGA: onset of mass loss, 295.0 °C. Anal. calcd (%)
for C44Hg,Cl,0,P,0s (968.22): C 54.58, H 8.74; found C 55.01, H 8.90.

NMR (C¢Dg, 8/ppm): TH (300 MHz)5'2 2.09-1.97 (br m, 12H, PCH,), 1.74-1.60 (br, 12H, P-
CH,CH,), 1.53-1.35 (br m, 60H, remaining CH,); 13C{1H} (100 MHz)*'> 176.6 (t,%Jcp = 7.5 Hz,
CO), 30.0 (virtual t, 3Jp = 6.7 Hz, PCH,CH,CH,), 28.61 (s, CH,), 28.57 (s, CH,), 27.8 (s, CH,),
27.6 (s, CHy), 248 (virtual t,*” 1Jop = 15.7 Hz, PCH,), 22.5 (s, PCH,CH,); 3IP{1H} (121 MHz) —14.2
(s).

IR (cm™!, powder film): 2922 (m), 2853 (w), 2019 (s, vco), 1945 (s, vep), 1459 (w), 1417 (w),
772 (w), 718 (m). MS (FAB, 3-NBA):%? 969 ([6a + 1]*, 5%), 932 ([6a — CO]*, 100%).

6'a: mp (capillary) 67 °C. Anal. calcd (%) for C44Hg,Cl,O,P,0s (968.22): C 54.58, H 8.74;
found C 54.58, H 8.70.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*!3514 2 40-2.26 (br m, 4H, PC'H,), 2.15-2.00 (br m, 4H,
PC'H,), 1.99-1.88 (br m, 4H, PCH,), 1.85-1.63 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.58-1.42 (br
m, 20H, remaining CH,), 1.40-1.11 (br m, 44H, PC'H,C'H, and remaining C'H,); 13C{1H} (100
MHz)*!3514 1765 (t, 2Jcp = 74 Hz, CO), 30.5 (virtual t.*” 3J-p = 6.8 Hz, PCH,CH,CH,), 29.0
(virtual t,*” 3Jep = 6.0 Hz, PC'H,C'H,C'H,), 28.5 (s, CH,), 28.4 (s, CH,), 28.1 (s, CH,), 27.8 (s, CH,),
27.1 (s, C'H,), 27.0 (s, C'H,), 26.8 (s, C'Hy), 26.1 (s, C'H,), 25.5 (virtual t,* 1Jcp = 15.9 Hz, PCH,),
234 (s, PCH,CH,), 22.6 (virtual t*” 1Jop = 15.3 Hz, PC'H,), 21.8 (s, PC'H,C'H,); 3IP{1H} (121
MHz) —14 4 (s).

IR (cm_l, powder film): 2921 (m), 2851 (w), 2017 (s, vco), 1944 (s, vep), 1454 (w), 1411 (w),
713 (m). MS (MALDI+, SIN):*? 1008 ([6'a + K + 1]*, 10%), 992 ([6'a + Na + 1]*, 30%), 934 ([6'a —
Cl + 11*,20%), 904 ([6'a — C1 — CO — 11*, 40%).

Alkene metathesis of 2b. Complex 2b (0.649 g, 0.574 mmol), chlorobenzene (600 mL; the re-

sulting solution was 0.0010 M), and Grubbs' catalyst (0.018 g, 0.022 mmol, 7.5 mol%) were combined
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in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude 4*b
(0.571 g,0.545 mmol, 95%) as a light brown sticky oil.

NMR (C¢Dg, 8/ppm): TH (300 MHz) 5.66-5.58 (br m, 1H, CH=), 5.58-5.46 (br m, 2H, CH=),
5.40-5.34 (br m, 1H, CH=), 5.33-5.25 (br m, 2H, CH=), 2.54-2.34 (br m, 4H, CH,), 2.27-1.86 (br m,
20H, CH,), 1.85-1.64 (br m, 8H, CH,), 1.56-1.03 (br m, 52H, CH,); 3IP{{H} (121 MHz) -14.0 (s,
25% of integral), -14.09 (s, 5%), —-14.11 (s, 6%), -14.17 (s, 10%), -14.19 (s, 9%), -14.27 (s, 22%),
-14.32 (s, 5%), -14.40 (s, 8%), -14.41 (s, 7%), -14.5 (s, 3%).

cis,cis,trans-ds(CO)Z(CI)Z(P((CHZ)16)3I|’) (6b) and cis,cis,trans-Ols(CO)Z(CI)Z(P(CH2)15-

JCHZ)((CH2)16)(II’(CH2)15CH2) (6'b). Complex 4*b (0.571 g, 0.545 mmol; the entire quantity prepar-
ed above), PtO, (0.018 g, 0.080 mmol), H,, and THF (30 mL) were combined in a procedure analo-
gous to that used for the hydrogenation of 4*a. A similar workup including an identical SiO, column
gave 6b (0.052 g, 0.049 mmol, 5% from 2b) as a white solid and 6'b (0.308 g, 0.293 mmol, 51% from
2b) as a colorless sticky oil.

6b: mp (capillary) 150 °C; DSC (Tl-/Te/Tp/Tc/Tf):Sl 56.9/67.4/77.3/87.6/89.7 °C (endotherm);
90.2/95.3/100.4/104.8/108.2 °C (endotherm, minor), 110.5/135.8/147.6/152.9/157.3 °C (endotherm).
TGA: onset of mass loss, 268.7 °C. Anal. caled (%) for C50HgsCl,O,P,0s (1052.38): C 57.06, H 9.19;
found C 56.97, H 8.96.

NMR (C¢Dg, 8/ppm): TH (300 MHz)!2 2.12-1.99 (br m, 12H, PCH,), 1.71-1.55 (br m, 12H,
PCH,CH,), 1.51-1.31 (br m, 72H, remaining CH,); BC{1H} (100 MHz)*!? 176.5 (t,%Jcp = 7.5 Hz,
CO0), 30.1 (virtual t,5 3JCP = 6.5 Hz, PCH,CH,CH,), 29.1 (s, CH,), 28.7 (s, CH5), 28.3 (s, CH,), 28.1
(s, CH,), 27.5 (s, CH,), 23.4 (virtual t,/ 1Jop = 15.6 Hz, PCH,), 22.4 (s, PCH,CH,); 3!P{1H} (121
MHz) —-13.8 (s).

IR (cm™!, powder film): 2921 (m), 2850 (w), 2016 (s, vco), 1941 (s, vep), 1457 (w), 1417 (w),
788 (w), 715 (m). MS (FAB, 3-NBA):*? 1053 ([6b + 1]*, 10%), 1016 ([6b — C1 — 1]*, 100%).

6'b: Anal. calcd (%) for C50HggCl,0,P,0s (1052.38): C 57.07, H 9.19; found C 56.92, H 8.85.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*'3514 2.45-2.30 (br m, 4H, PC'H,), 2.20-2.03 (br m, 4H,
PC'H,), 2.01-1.89 (br m, 4H, PCH,), 1.84-1.64 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.54-1.37 (br
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m, 24H, remaining CH,), 1.36-1.06 (br m, 56H, PC'H,C'H, and remaining C'H,); 1B3C{1H} (75
MHz)*'3514 176.5 (t, 2Jcp = 74 Hz, CO), 30.7 (virtual t,/ 3Jop = 6.7 Hz, PCH,CH,CH,), 30.1
(virtual t, 3Jcp = 6.0 Hz, PC'H,C'H,C'H,), 28.9 (s, CH,), 28.8 (s, CH,), 28.5 (s, CH,), 28.3 (s, CH,),
28.2 (s, CH,), 28.1 (s, C'H,), 27.3 (s, C'H,), 27.3 (s, C'H,), 25.4 (virtual t,*’ 1Jop = 15.7 Hz, PCH,),
23.5 (s, PCH,CH,), 22.50 (overlapping virtual t,57 1JCP = 154 Hz, PC‘Hz),Sls 2248 (overlapping s,
PC'H,C'H,).5'3 31P{1H} (121 MHz) —-14.1 (s).

IR (cm™!, oil film): 2922 (m), 2853 (W), 2019 (s, vcg), 1945 (5, Vo), 1459 (w), 1417 (w), 791
(w), 718 (m). MS (MALDI+, DHB):*” 1092 ([6'b + K + 1]*, 10%), 1075 ([6'b + Na]*, 20%), 1018
([6'b —Cl + 1]*,20%), 990 ([6'b — C1 — CO + 1]*, 30%).

Alkene metathesis of 2¢c. Complex 2¢ (0.896 g, 0.738 mmol), chlorobenzene (750 mL; the re_
sulting solution was 0.0010 M), and Grubbs' catalyst (0.045 g, 0.055 mmol, 7.5 mol%) were combined
in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude 4*c
(0.710 g, 0.679 mmol, 92%) as a light brown sticky oil. NMR (C¢Dg, &/ppm): Iy (300 MHz) 5.56-
545 (br m, 5H, CH=), 5.40-5.35 (br m, 1H, CH=), 2.42-1.12 (br m, 96H, CH,); 3IP{1H} (121 MHz)
-13.2 (s, 39% of integral), —13.48 (s, 17%), —13.52 (s, 14%), —13.66 (s, 10%), —13.69 (s, 12%), -13.8
(s, 8%).

cis,cis,trans-ds(CO)Z(CI)Z(P((CHz)18)3i)) (6¢c) and cis,cis,trans-Ols(CO)Z(CI)Z(P(CH2)17-

SJHZ)((CHZ)IS)(II’(CHZ)17CH2) (6'c). Complex 4*¢ (0.710 g, 0.679 mmol; the entire quantity prepared
above), PtO, (0.025 g, 0.111 mmol), H,, and THF (30 mL) were combined in a procedure analogous to
that used for the hydrogenation of 4*a. A similar workup including an identical SiO, column gave 6¢
(0.192 g, 0.169 mmol, 23% from 2c¢) as a white solid and 6'c (0.100 g, 0.088 mmol, 12% from 2c¢) as a
colorless sticky oil.

6¢c: mp (capillary) 86 °C; DSC (Tl-/Te/Tp/TC/Tf):Sl 46.7/84.4/86.5/88.4/155.0 °C (endotherm).
TGA: onset of mass loss, 294.6 °C. Anal. calcd (%) for C5¢H;(gCl,0,0sP, (1136.52): C 59.18, H
9.58; found C 59.11, H 9.48.

NMR (C¢Dg, &/ppm): 1H (300 MHz)3!2 2.16-2.00 (br m, 12H, PCH,), 1.73-1.54 (br m, 12H,
PCH,CH,), 1.51-1.25 (br m, 84H, remaining CH,); 13C{1H} (75 MHz)*'? 176.4 (t,%Jcp = 7.5 Hz,
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CO), 30.5 (virtual 7 3Jop = 6.4 Hz, PCH,CH,CH,), 29.2 (s, CH,), 289 (s, CH,), 28.8 (s, CH,),
28.62 (s, CH,), 28.59 (s, CH,), 28.1 (s, CH,), 234 (virtual t,*/ Jep = 15.7 Hz, PCH,), 22.8 (s,
PCH,CH,); 31P{1H} (121 MHz) —-16.3 (s).

IR (cm™!, powder film): 2927 (s), 2858 (s), 2016 (s, vcp), 1946 (s, vep), 1460 (m), 1352 (w),
1305 (w), 1220 (w), 1097 (w), 1027 (w), 788 (m), 718 (m). MS (FAB, 3-NBA):*? 1101 ([6c — CI]*,
70%).

6'c: Anal. calcd (%) for C54H;(gCl,0,P,0s (1136.52): C 59.18, H 9.58; found C 58.75, H
945.

NMR (C¢Dg, 8/ppm): TH (300 MHz)$!3-514 2 48-2.33 (br m, 4H, PC'H,), 2.21-2.04 (br m, 4H,
PC'H,), 2.03-191 (br m, 4H, PCH,), 1.86-1.64 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.49-1.41 (br
m, 28H, remaining CH,), 1.40-1.15 (br m, 60H, PC'H,C'H, and remaining C'H,); 1BC{IH} (75
MHz)*'3514 176.5 (t, 2Jcp = 7.4 Hz, CO), 31.0 (overlapping virtual t.*” 3Jcp = 6.7 Hz, PCH,CH,-
CH,),5'% 30.8 (overlapping virtual t,*/ 3Jp = 6.1 Hz, PC'H,C'H,C'H,)5'¢ 28.9, 28.75, 28.67, 28.64,
28.4,28.3,28.0,274 (8 x s, CH, or C'H,, insufficient intensity difference), 25.5 (virtual t57 1JCP =
159 Hz, PCH,), 23.6 (s, PCH,CH,), 22.8 (overlapping s, PC'H,C'H,),°8 22.6 (overlapping virtual t.87
Ucp = 15.6 Hz, PC'H,);*8 31P{1H} (121 MHz) -16.6 (s).

IR (cm~!, oil film): 2927 (m), 2858 (W), 2024 (s, Vo), 1946 (s, vog), 1460 (w), 1415 (w), 796
(w), 718 (m). MS (FAB, 3-NBA):*? 1137 ([6'c]*, 5%), 1102 ([6'c — C1]*, 15%), 1072 ([6'c — C1 — CO —
11, 5%).

Alkene metathesis of 3a. Complex 3a (0.800 g, 0.705 mmol), chlorobenzene (700 mL; the re-
sulting solution was 0.0010 M), and Grubbs' catalyst (0.041 g, 0.049 mmol, 7.0 mol%) were combined
in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude S$*a
(0.682 g, 0.649 mmol, 92%) as a light brown sticky oil.

NMR (C¢Dg, &/ppm): 1H (300 MHz) 5.62-5.40 (br m, 5SH, CH=), 5.27-5.20 (br m, 1H, CH=),
2.55-1.11 (br m, 72H, CH,); 3'P{1H} (121 MHz) -19.1 (s, 48% of integral), -20.7 (s, 12%), -22.2 (s,
10%), -22.26 (s, 12%), -22.31 (s, 8%), -22.4 (s, 10%).

cis,cis,trans-Ols(CO)Z(Br)Z(P((CHZ)14)3?) (7a) and cis,cis,trans-Ols(CO)Z(Br)Z(P(CH2)13-
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9H2)((CH2)14)(II’(CH2)13CH2) (7'a). Complex 5*a (0.682 g, 0.649 mmol; the entire quantity prepared
above), PtO, (0.015 g, 0.066 mmol), H,, and THF (30 mL) were combined in a procedure analogous to
that used for the hydrogenation of 4*a. A similar workup (SiO, column, 3.5 cm x 30 cm, 3:1 v/v hex-
anes/CH,Cl,) gave 7a (0.231 g, 0.219 mmol, 31% from 3a) as a white solid and 7'a (0.131 g, 0.124
mmol, 18% from 3a) as a colorless sticky oil that solidified after one week.

7a: Dec. pt. (capillary) 230 °C5!! DSC (T/T,/T,/T/Ty:*! 107.9/125.8/134.3/138.1/144.5 °C
(endotherm); 170.8/187.6/236.9/266.7/272.7 °C (endotherm). TGA: onset of mass loss, 286.2 °C. Anal.
calcd (%) for C44HgyBr,0,P,0s (1057.12) C 49.99, H 8.01; found C 49.80, H 7.99.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*!? 2.16-2.05 (br m, 12H, PCH,), 1.72-1.58 (br m, 12H,
PCH,CH,), 1.55-1.35 (br m, 60H, remaining CH,); 3C{1H} (100 MHz)*!? 175.2 (t,%Jcp = 7.2 Hz,
C0O),29.8 (virtual t,*” 3Jcp = 6.6 Hz, PCH,CH,CH,), 28.7 (s, CH,), 28.6 (s, CH,), 27.8 (s, CH,), 27.6
(s, CH,), 26.3 (virtual t,*” 1Jp = 16.0 Hz, PCH,), 22.8 (s, PCH,CH,); 31P{1H} (121 MHz) —23 .2 (s).

IR (cm_l, powder film): 2922 (m), 2853 (w), 2019 (s, vco), 1949 (s, vep), 1459 (w), 1413 (w),
768 (w), 718 (m). MS (FAB, 3-NBA):*” 1056 ([7a]*, 10%), 1028 ([7a — CO]*, 10%), 977 ([7a — Br]*,
100%), 949 ([7a — Br — COJ*, 30%).

7'a: mp (capillary) 74 °C. DSC (Ti/Te/Tp/TC/Tf):Sl 39.5/52.5/56.5/59.0/71.8 °C (endotherm).
TGA: onset of mass loss, 255.0 °C. Anal. calcd (%) for C44HgyBr,O,P,0s (1057.12): C 49.99,H 8.01;
found C 50.10,H 7.99.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*!3-514 2.50-2.36 (br m, 4H, PC'H,), 2.23-2.08 (br m, 4H,
PC'H,), 2.06-1.95 (br m, 4H, PCH,), 1.83-1.61 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.56-1.40 (br
m, 20H, remaining CH,), 1.39-1.12 (br m, 44H, PC'H,C'H, and remaining C'H,); 13C{1H} (126
MHz)*!3514 175.1 (t, 2Jcp = 7.3 Hz, CO), 30.4 (virtual t.*/ 3J-p = 6.8 Hz, PCH,CH,CH,), 28.9
(virtual t,/ 3J-p = 6.0 Hz, PC'H,C'H,C'H,), 28.52 (s, CH,), 28.48 (s, CH,), 28.3 (s, CH,), 27.9 (s,
CH,), 27.1 (s, C'H,), 26 .9 (s, C'H,), 26.8 (overlapping s, C'H2),S8 26.6 (overlapping virtual t,%’ 1JCP =
16.3 Hz, PCH,),*8 26.1 (s, C'H,), 24.0 (virtual t,*” 1Jcp = 15.7 Hz, PC'H,), 23.6 (s, PCH,CH,), 22.1 (s,
PC'H,C'H,); 31P{1H} (121 MHz) —24.0 (s).

IR (cm_l, powder film): 2920 (m), 2851 (w), 2019 (s, vco), 1946 (s, vep), 1455 (w), 1411 (w),
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766 (w), 719 (m). MS (MALDI+, THAP):*® 1097 ([7'a + K]*, 25%), 1039 ([7'a — 2CO + K]*, 50%),
951517 ([7'a - Br - CO + 21*, 100%).

Alkene metathesis of 3b. Complex 3b (0.565 g, 0.463 mmol), chlorobenzene (470 mL; the re-
sulting solution was 0.0010 M), and Grubbs' catalyst (0.035 g, 0.042 mmol, 7.5 mol%) were combined
in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude 5*b
(0473 g,0.417 mmol, 90%) as a light brown sticky oil.

NMR (C¢Dg, 8/ppm): TH (300 MHz) 5.68-5.57 (br m, 1H, CH=), 5.57-5.46 (br m, 2H, CH=),
5.41-5.34 (br m, 1H, CH=), 5.33-5.25 (br m, 2H, CH=), 2.65-2.45 (br m, 4H, CH,), 2.34-1.91 (br m,
20H, CH,), 1.89-1.64 (br m, 8H, CH,), 1.59-1.01 (br m, 52H, CH,); 3IP{IH} (121 MHz) -23.5 (s,
28% of integral), =23.70 (s, 9%), -23.73 (s, 11%), -23.75 (s, 16%), -23.87 (s, 5%), =23.90 (s, 11%),
-23.94 (s, 13%),-23.98 (s, 7%).

cis cis trans-0s(CO)5(Br),(P(CH,)16)3P) (7b) and cis,cis,frans-0s(CO)(Br),(P(CH,), -

JCHZ)((CH2)16)(II’(CH2)15CH2) (7'b). Complex 5*b (0.473 g, 0.417 mmol; the entire quantity prepar-
ed above), PtO, (0.016 g, 0.070 mmol), H,, and THF (30 mL) were combined in a procedure analo-
gous to that used for the hydrogenation of 4*a. A similar workup (SiO, column, 3.5 cm x 30 cm, 3:1
v/v hexanes/CH,Cl,) gave 7b (0.025 g, 0.022 mmol, 5% from 3b) as a white solid and 7'b (0.213 g,
0.187 mmol, 40% from 3b) as a colorless sticky oil that solidified after one week.

7b: mp (capillary) 199 °C; DSC (Tl-/Te/Tp/TC/Tf):Sl 86.9/89.9/100.8/107.0/111.2 °C (endotherm,
minor); 158.9/199.1/204.7/206.9/240.1 °C (endotherm). TGA: onset of mass loss, 307.9 °C. Anal.
caled (%) for C50HggBryO,P,0Os (1141.28): C 52.62, H 8.48; found C 52.19, H 8.48.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*!? 2.22-2.12 (br m, 12H, PCH,), 1.69-1.56 (br m, 12H,
PCH,CH,), 1.49-1.36 (br m, 72H, remaining CH,); BC{1H} (100 MHz)*!? 175.1 (t,%Jcp = 7.4 Hz,
CO0), 30.1 (virtual t,5 3JCP = 6.3 Hz, PCH,CH,CH,), 29 4 (s, CH,), 28.8 (s, CH,), 28.5 (s, CH,), 28.2
(s, CH,), 27.6 (s, CH,), 24.9 (virtual t,/ 1Jop = 15.9 Hz, PCH,), 22.9 (s, PCH,CH,); 3!P{1H} (121
MHz) -24.9 (s).

IR (cm™!, powder film): 2920 (m), 2851 (w), 2019 (s, vco), 1947 (s, vep), 1455 (w), 1415 (w),
785 (w), 718 (m). MS (MALDI+, THAP):*” 1179 ([7b + K]*, 5%), 1164 ([7b + Na + 1]*, 8%), 1062
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([7b - Brl*, 8%), 1034 ([7b — Br — COJ*, 8%), 790 ([(OP((CH,);¢);PO) + Nal*, 100%), 768!7
([(OP((CHy);¢)3PO) + 21*,75%).

7'b: mp (capillary) 54 °C. TGA:5! onset of mass loss, 293.1 °C. Anal. calcd (%) for CsoHog-
Br,0,P,0s (1141.28): C 52.62, H 8.48; found C 52.66, H 8.20.

NMR (C¢Dg, 8/ppm): 1H (300 MHz)*10514 2 58-2.42 (br m, 4H, PC'H,), 2.31-2.15 (br m, 4H,
PC'H,), 2.09-1.97 (br m, 4H, PCH,), 1.86-1.64 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.53-1.41 (br
m, 24H, remaining CH,), 1.36-1.16 (br m, 56H, PC'H,C'H, and remaining C'H,); 13C{1H} (126
MHz)*!0514 175 1 (t,2)cp = 7.5 Hz, CO), 30.6 (virtual t,*” 3J-p = 6.5 Hz, PCH,CH,CH,), 30.1 (virtual
t,5 3Jcp = 6.0 Hz, PC'H,C'H,C'H,), 28.9 (s, CH,), 28.8 (s, CH,), 28.5 (s, CH,), 28.33 (s, CH,), 28.31
(s, CHy), 28.2 (s, C'H,), 27.83 (s, C'H,), 26.80 (s, C'H,), 27.3 (s, C'H,), 26.4 (virtual t*” LJop = 16.2
Hz, PCH,), 24.1 (virtual t*7 1Jop = 15.8 Hz, PC'H,), 23.8 (s, PCH,CH,), 23.0 (s, PC'H,C'H,);
SIpdH} (121 MHz) 254 (s).

IR (cm™!, powder film): 2921 (m), 2851 (w), 2018 (s, vcp), 1946 (s, vep), 1454 (w), 1411 (w),
802 (w), 713 (m). MS (MALDI+, THAP):*? 1032 ([7'b — Br — CO — 1]*, 50%), 790 ([(OP(CH,), s-
CH,)((CHy)16)(OP(CH,),5CHy) + Nal*, 80%), 768°!7 (I(OP(CH,);sCH,)((CHy)6)(OP(CH,)sCHy)
+2]%,100%).

Alkene metathesis of 3c. Complex 3¢ (0.692 g, 0.531 mmol), chlorobenzene (550 mL; the re-
sulting solution was 0.0010 M), and Grubbs' catalyst (0.033 g, 0.040 mmol, 7.5 mol%) were combined
in a procedure analogous to that used for the alkene metathesis of 2a. An identical workup gave crude
S5*¢ (0.565 g, 0.462 mmol, 87%) as a light brown sticky oil.

NMR (C¢Dg, &/ppm): 1H (300 MHz) 5.58-5.45 (br m, 5SH, CH=), 5.41-5.35 (br m, 1H, CH=),
2.59-2.37 (br m, 4H, CH,), 2.33-1.92 (br m, 20H, CH,), 1.87-1.14 (br m, 72H, CH,); 31P{1H} (121
MHz) -22.6 (s, 50% of integral), =23.0 (s, 11%), -23.2 (s, 12%), -22.28 (s, 9%), -22.20 (s, 9%), -22 4
(s,9%).

cis cis trans-0s(CO),(Br),(P(CH,)15)3P) (7) and cis,cis,frans-Os(CO)(Br),(P(CH,),7-

_,CHZ)((CHZ)IS)(II’(CHZ)17CH2) (7'c) Complex 5%c (0.565 g, 0.462 mmol; the entire quantity prepared

above), PtO, (0.018 g, 0.080 mmol), H,, and THF (30 mL) were combined in a procedure analogous to
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that used for the hydrogenation of 4*a. A similar workup (SiO, column, 3.5 cm x 30 cm, 3:1 v/v hex-
anes/CH,Cl,) gave 7¢ (0.237 g, 0.193 mmol, 27% from 3c) as a white solid and 7'c (0.210 g, 0.171
mmol, 24% from 3c¢) as a colorless sticky oil.

7e: mp (capillary) 92 °C; DSC (T/T,/T,/T/Tp:5! 61.2/91.5/93.6/96.0/162.9 °C (endotherm).
TGA: onset of mass loss, 259.3 °C. Anal. calcd (%) for C55H;(gBr,O,0sP, (1225.44): C 54.89, H
8.88; found C 54.66, H 8.92.

NMR (C¢Dg, 8/ppm): TH (300 MHz)!2 2.24-2.13 (br m, 12H, PCH,), 1.69-1.55 (br m, 12H,
PCH,CH,), 1.48-1.32 (br m, 84H, remaining CH,); 13C{1H} (75 MHz)*'? 175.1 (t,%Jcp = 7.6 Hz,
CO), 30.4 (virtual t,*” 3Jcp = 6.4 Hz, PCH,CH,CH,), 29.2 (s, CH,), 28.9 (s, CH,), 28.8 (s, CH,), 28.6
(s, CHy), 28.5 (s, CH,), 28.1 (s, CH,), 24.6 (virtual t,°/ 1Jop = 16.0 Hz, PCH,), 23.1 (s, PCH,CH,);
SIp(lH} (121 MHz) 25 8 (s).

IR (cm_l, powder film): 2920 (m), 2850 (w), 2020 (s, vco), 1946 (s, vep), 1456 (w), 1415 (w),
785 (w), 715 (m). MS (FAB, 3-NBA):*° 1224 ([7c]*, 3%), 1146 ([7c — Br + 1]*, 10%), 1116 ([7c — Br
~CO-1]*,5%).

7'c: Anal. calcd for (%) for C5¢H;0gBr,O,P,Os (1225.44): C 54.89, H 8.88; found C 54.40, H
8.59.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*!3-514 2.56-2.41 (br m, 4H, PC'H,), 2.28-2.13 (br m, 4H,
PC'H,), 2.11-2.00 (br m, 4H, PCH,), 1.83-1.64 (br m, 8H, PCH,CH, and PC'H,C'H,), 1.48-1.39 (br
m, 28H, remaining CH,), 1.38-1.20 (br m, 60H, PC'H,C'H, and remaining C'H,); 13C{1H} (100
MHz)%!3514 1752 (t, 2Jcp = 7.3 Hz, CO), 30.7 (overlapping virtual t.*” 3Jcp = 6.7 Hz, PCH,CH,-
CH,),5'® 30.6 (overlapping virtual .5/ 3Jp = 6.1 Hz, PC'H,C'H,C'H,),*'® 28.83 (s, CH,), 28.78 (s,
CH,), 28.7 (s, CH,), 28.62 (s, CH, or C'H,), 28.60 (s, CH, or C'H,), 28.59 (s, CH, or C'H,), 28.5 (s,
CH, or C'H,), 28.23 (s, C'H,), 28.13 (s, C'H,), 27.8 (s, C'H,), 27.3 (s, C'Hy), 26.3 (virtual t,*” 1Jp =
16.1 Hz, PCH,), 24.0 (virtual t*’ 1Jop = 15.9 Hz, PC'H,), 23.7 (s, PCH,CH,), 23.1 (s, PC'H,C'H,);
SIpdH} (121 MHz) —26.1 (s).

IR (cm™!, oil film): 2920 (m), 2850 (w), 2018 (s, vco)s 1947 (5, Vo), 1456 (w), 1415 (w), 791
(W), 714 (m). MS (MALDI+, SIN):%? 1197 ([7'c - CO + 1]*,3%), 1146 ([7'c — Br + 11+, 4%).
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ciscis trans-0s(CO),(Br),(P(n-CgHy7)3), (8a). A Schlenk flask was charged with 3a (0.500
g, 0.440 mmol), PtO, (0.015 g, 0.066 mmol), and THF (20 mL), connected to a gas balloon, and parti-
ally evacuated. Then H, (1 bar) was introduced, and the suspension stirred. After 24 h, the solvent was
removed by oil pump vacuum. The residue was filtered through Al,O5 using CH,Cl,. The solvent was
removed from the filtrate by oil pump vacuum to give 8a (0.427 g, 0.372 mmol, 85%) as a colorless oil.
Anal. calcd (%) for C5oH5pBr,O,P,0s (1147.33): C 52.34, H 8.96; found C 52.50, H 8.75.

NMR (CgDg, 6/ppm): IH (500 MHz)¢ 2.22-2.15 (br m, 12H, PCH,), 1.58-1.49 (br m, 12H,
PCH,CH,), 1.44-1.36 (br m, 12H, PCH,CH,CH,), 1.36-1.22 (br m, 48H, remaining CH,), 0.88 (t,
3Ju= 7.0 Hz, 18H, CH3); BC{!H} (126 MHz)*® 173.9 (t,%Jcp = 7.5 Hz, CO), 31.8 (s, CHy), 31.0
(virtual t57 3Jcp = 6.4 Hz, PCH,CH,CH,), 29.2 (s, CH,), 29.1 (s, CH,), 24.3 (virtual t,*/ Jcp = 16.0
Hz, PCH,), 23 .4 (s, PCH,CH,), 22.6 (s, CH,), 14.1 (s, CH;); 3IP{1H} (202 MHz) —24 8 (s).

IR (cm™!, oil film): 2953 (w), 2922 (s), 2853 (m), 2019 (s, veo)s 1950 (s, vep), 1456 (w), 1441
(m), 1377 (w), 1015 (w), 791 (m), 718 (m). MS (MALDI+, THAP):*? 1170 ([8a + Na + 1]*, 40%),
1068 ([8a — Br + 1]*,60%), 10415!7 ([8a — Br — CO + 2]*, 100%).

trans-0s(CO)3(P((CH,)14)3P) (9a). A Schlenk flask was charged with 6a (0.100 g, 0.107
mmol) or 7a (0.100 g, 0.098 mmol) and THF (10 mL). The solution was aspirated with CO (15 min).
Then a suspension of CgK (0.331 g, 2.45 mmol or 0.361 g, 2.68 mmol) in THF (10 mL) was slowly
added. The reaction was monitored by 31p NMR. After the educt has been consumed, graphite powder
and unreacted CgK were removed by cannula filtration. The filtrate was concentrated to 5 mL by oil
pump vacuum, and MeOH (20 mL) was added. The colorless precipitate was isolated by filtration and
washed with MeOH. The filter was rinsed with CH,Cl, to dissolve the product and remove insoluble
solids. The solvent was removed from the filtrate and the residue dried by oil pump vacuum to give 9a
(0.086 g, 0.093 mmol, 87%, or 0.074 g, 0.080 mmol, 82%) as a white solid, mp 248 °C, dec (gradual
darkening, >180 °C; capillary). DSC (Tl-/Te/Tp/TC/Tf):Sl 94.7/95.3/118.1/127.8/127.8 °C (endotherm,
minor); 127.9/144.9/148.3/150.5/155.8 °C (endotherm). TGA: onset of mass loss, 230.6 °C. Anal.
calcd (%) for C45Hg,4O5P,0s (925.32): C 58.41,H 9.15; found C 58.38, H 8.80.

NMR (C¢Dg, 8/ppm): TH (300 MHz)*'? 1.53-1.35 (br m, 24H, PCH, and PCH,CH,), 1.52-
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1.35 (br m, 60H, remaining CH,); I3C{1H} (100 MHz)'° 197.5 (t,%Jcp = 12.2 Hz, CO), 31.2 (virtual
t,/ 1ep = 17.1 Hz, PCH,), 30.4 (virtual t,*/ 3Jcp = 7.0 Hz, PCH,CH,CH,), 28.1 (s, CH,), 27.1 (s,
CH,), 26.8 (s, CH,), 24 .4 (s, PCH,CH,); 31P{1H} (121 MHz) —2.6 (s).

IR (cm™!, powder film): 2926 (m), 2853 (m), 1864 (s, vcp), 1459 (w), 1409 (w), 826 (w), 787
(W), 760 (w), 737 (m), 718 (m). MS (FAB, 3-NBA):*” 925 ([9a — 1]*, 40%), 897 ([9a — CO — 1],
45%).

trans-ds(CO)3(P(CH2)15CH2)((CH2)16)(15(CH2)15CH2) (9'b). Complex 6'b (0.103 g, 0.098
mmol) or 7'b (0.110 g, 0.096 mmol), CgK (0.391 g, 2.89 mmol or 0.377 g, 2.79 mmol), and THF (20
ml or 20 mL) were combined in a procedure analogous to that used for 9a. Identical workups gave 9'b
(0.052 g, 0.052 mmol, 53%, or 0.082 g, 0.081 mmol, 84%) as a colorless waxy solid, mp 104 °C
(capillary). DSC (T,-/Te/Tp/TC/Tf):Sl 70.2/94.7/99.9/103.5/122.0 °C (endotherm). TGA: onset of mass
loss, 262.4 °C. Anal. caled (%) for C5;HggO3P,0s (1009.48): C 60.68, H 9.59; found C 60.61, H 9.66.

NMR (C¢Dg, 8/ppm): 1H (500 MHz)*'0514 1.97-1.84 (br m, 8H, PC'H,), 1.83-1.72 (br m, 4H,
PCH, and PCH,CH,), 1.68-1.58 (br m, 4H, PC'H,C'H,), 1.56-1.40 (br m, 28H, PC'H,C'H, and re-
maining CH,), 1.36-1.20 (br m, 48H, remaining C'H,); 13C{1H} (126 MHz)*'51% 198.8 (t,2Jcp=11.9
Hz, CO), 31.0 (virtual t,*” 3J-p = 6.0 Hz, PCH,CH,CH,), 30.55 (overlapping virtual t,*” 1Jop = 16.6
Hz, PCH,),*'® 30.53 (overlapping virtual t,*” 1Jop = 17.4 Hz, PC'H,) 5'® 29.8 (virtual t57 3Jcp = 6.2
Hz, PC'H,C'H,C'H,), 289 (s, CH,), 28.6 (s, CH,), 28.5 (s, CH,), 28.05 (s, CH,), 27.97 (s, C'H,),
2791 (s,CH,), 27.89 (s, C'H,), 27.87 (s, C'H,), 27.7 (s, C'H,), 27.5 (s, CH»), 24.9 (s, PCH,CH,), 23.8
(s, PC'H,C'H,); 31P{1H} (202 MHz) -8.9 (s).

IR (cm™!, oil film): 2922 (m), 2853 (w), 1856 (s, Vo), 1458 (w), 1408 (w), 797 (w), 750 (m),
718 (m). MS (MALDI+, THAP):%” 1011 ([9'b + 1]*, 100%), 983 ([9'b — CO + 1]*, 10%).

trans-0s(CO)3(P((CHy)1g)3P) (9¢). Complex 7¢ (0.100 g, 0.082 mmol), CgK (0.327 g, 2.42
mmol), and THF (20 mL) were combined in a procedure analogous to that used for 9a. An identical
workup gave 9¢ (0.071 g, 0.065 mmol, 79%) as a white solid, mp 61 °C (capillary). DSC (T{/T /Ty T./
Tf):Sl 46.6/60.0/62.8/65.3/73.5 °C (endotherm). TGA: onset of mass loss, 145.7 °C. Anal. calcd (%) for
Cs57H;9g03P,0s (1093.64): C 62.60, H 9.95; found C 63.00, H 9.94.
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NMR (C¢Dg, 8/ppm): 1H (500 MHz)*!? 1.83-1.77 (br m, 12H, PCH,), 1.72-1.62 (br m, 12H,
PCH,CH,), 1.46-1.36 (br m, 84H, remaining CH,); BC{!H} (126 MHz)*'? 198.0 (t,2%Jcp = 11.8 Hz,
CO), 30.8 (overlapping virtual t” 3Jop = 7.0 Hz, PCH,CH,CH,),5'% 30.7 (overlapping virtual t,*/
Uep = 16.8 Hz, PCH,),510 29.0 (s, CH,), 28.90 (s, CH,), 28.86 (s, CH,), 28.6 (s, CH,), 28.3 (s, CH,),
279 (s, CH,),24.5 (s, PCH,CH,); 3IP{1H} (202 MHz) 6.8 (s).

IR (cm™!, powder film): 2922 (m), 2851 (w), 1863 (s, vcp), 1458 (w), 1410 (w), 742 (m), 719
(m). MS (MALDI+, THAP):*? 1096°!17 ([9¢ + 2]*, 100%), 1067 ([9¢ — CO + 1]*,30%).

mer trans-[0s(H)(CO)3(P((CH,)14)3P)I* CF3803~ (9a-H* CF3;S80;37). A 5 mm NMR tube
was charged with 9a (0.010 g, 0.011 mmol), CDCl; (0.5 mL), and CF5SOsH (0.002 mL, 0.02 mmol).
NMR spectra showed the quantitative generation of 9a-H* CF5SO5™.

NMR (CDCls, 8/ppm): 'H (400 MHz)*'? 2.06-1.97 (br m, 12H, PCH,), 1.58-1.45 (br m, 24 H,
PCH,CH, and PCH,CH,CH,), 1.44-1.24 (br m, 48H, remaining CH,), -8.50 (t, 2/py = 15.3 Hz, 1H,
OsH); 13C{1H} (100 MHz)*' 176.8 (t,%Jcp = 9.5 Hz, CO cis to H), 174.9 (t,%Jcp = 5.9 Hz, CO trans
to H), 118.3 (q, 'Jcp = 317.7 Hz, CF3S057), 30.0 (virtual t.*” 1Jop = 17.3 Hz, PCH,), 29.3 (virtual t,*’
3Jcp = 7.3 Hz, PCH,CH,CH,), 27.6 (s, CH,), 27.3 (s, CH,), 27.2 (s, CH,), 27.0 (s, CH,), 23.8 (s,
PCH,CH,); 3IP{1H} (161 MHz) —10.2 (s).

mer trans-[0s(H)(CO)3(P((CH,)14)3P)I* BAr{~ (9a-H* BAr;). A Schlenk flask was charged
with 9a (0.047 g, 0.051 mmol), CH,Cl, (10 mL), and [H(OEt,),]* BAr; (0.052 g, 0.051 mmol) with
stirring. After 24 h, the solvent was removed by oil pump vacuum. The residue was washed with hex-
anes and dried by oil pump vacuum to give 9a-H* BArs (0.073 g, 0.041 mmol, 80%) as a colorless
powder, mp 181 °C (capillary). TGA:5! onset of mass loss, 190.9 °C. Anal. calcd (%) for C77Hg7BFy-
O3P,0s (1789.54): C 51.68, H 5.46; found C 51.96, H 5.63.

NMR (CDCl5, 8/ppm): TH (500 MHz)*2" 7.73-7.69 (m, 8H, C¢Hj o to B), 7.54-7.52 (m, 4H,
Cg¢H; p to B), 2.01-1.94 (br m, 12H, PCH,), 1.53-1.44 (br m, 24H, PCH,CH, and PCH,CH,CH,),
1.39-1.23 (br m, 48H, remaining CH,), -8.53 (t, 2Jpy = 15.3 Hz, 1H, OsH); 13C{1H} (126 MHz)***
176.5 (t,%Jcp = 9.5 Hz, CO cis to H), 174.7 (t,%Jcp = 5.4 Hz, CO trans to H), 161.7 (q, 'Jgc = 49.9
Hz, C¢H; i to B), 134.8 (s, C¢H; o to B), 128.8 (q, 2Jcp = 30.5 Hz, CgH3 m to B), 124.6 (q, g =
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272.5 Hz, CF5), 117.4 (s, C¢Hj p to B), 30.0 (virtual t,°7 J-p = 16.9 Hz, PCH,), 29.3 (virtual t,/ 3J-p
= 6.5 Hz, PCH,CH,CH,), 27.6 (s, CH,), 27.3 (s, CH,), 27.2 (s, CH,), 27.0 (s, CH,), 23.8 (s,
PCH,CH,); 31P{1H} (202 MHz) —10.8 (s).

IR (cm‘l, powder film): 2932 (m), 2860 (m), 2114 (w, vcg), 2054 (m, veg), 2031 (s, veo),
1964 (br w), 1462 (w), 1416 (w), 1352 (s), 1277 (s), 1163 (s), 1121 (vs), 887 (m), 839 (m), 762 (W),
745 (w), 716 (s), 685 (s), 669 (s). MS (MALDI+, THAP):* 927 ([9a-H]*, 100%); (MALDI-,
THAP):*? 863 (BAr;~, 100%).

mer trans-[0Os(H)(CO)3(P(CH,);sCH,)((CH,)6)(P(CH,);sCH,)* BAry (9'b-H* BAr).
Complex 9'b (0.052 g, 0.052 mmol), CH,Cl, (10 mL), and [H(OEt,),]* BAr; (0.052 g, 0.052 mmol)
were combined in a procedure analogous to that used for 9a-H* BAr;~. An identical workup gave 9'b-
H* BAr; (0.066 g, 0.035 mmol, 68%) as a yellow gum. Anal. calcd (%) for Cg3H;39BF,405P,0s
(1873.70): C 53.20, H 5.86; found C 53.38, H 5.94.

NMR (CDCls, 8/ppm): TH (500 MHz)*'4521 7.72-7.69 (m, 8H, CcH; o to B), 7.54-7.52 (m,
4H, C¢H; p to B), 2.14-2.05 (br m, 4H, PC'H,), 2.04-1.97 (br m, 4H, PCH,), 1.95-1.86 (br m, 4H,
PC'H,), 1.51-1.41 (br m, 24H, PCH,CH,, PC'H,C'H,, PCH,CH,CH,, PC'H,C'H,C'H,), 1.39-1.24 (br
m, 60H, remaining CH, and remaining C'H,), -8.48 (t, 2Jpy = 16.3 Hz, 1H, OsH); BC{IH} (126
MHz)'4521 176 2 (t,%Jcp = 9.4 Hz, CO cis to H), 174.5 (t,%Jcp = 5.4 Hz, CO trans to H), 161.7 (q,
Ugc =499 Hz, CcHy i to B), 134.8 (s, C¢H; o to B), 128.8 (q, 2Jcp = 31.5 Hz, C¢Hy m to B), 124.6
(q, Yep = 272.5 Hz, CF;3), 117.5 (s, C¢H; p to B), 29.9 (virtual t,*7 3J-p = 7.1 Hz, PCH,CH,CH,),
29.3 (virtual t.*” 3Jcp = 5.9 Hz, PC'H,C'H,C'H,), 29.0 (virtual t,*” 1J-p = 17.8 Hz, PCH,), 28.5 (vir-
tual t,*” 1Jop = 17.3 Hz, PC'H,), 28.1 (s, CH,), 27.88 (s, CH,), 28.85 (s, CH,), 27.6 (s, CH, or C'H,),
274 (s, CH, or C'H,), 27.33 (s, CH, or C'H,), 27.27 (s, CH, or C'H,), 27.2 (s, CH, or C'H,), 27.0 (s,
CH, or C'H,), 24.0 (s, PCH,CH,), 23.0 (s, PC'H,C'H,); 3IP{1H} (202 MHz) -16.5 (5).

IR (cm™!, solid film): 2928 (m), 2859 (m), 2114 (W, vcg), 2052 (m, veg), 2027 (5, Vo), 1967
(br w), 1462 (w), 1418 (w), 1352 (s), 1273 (s), 1161 (s), 1119 (vs), 887 (m), 839 (m), 745 (w), 712 (s),
681 (s), 669 (s). MS (MALDI+, THAP):*® 1012 ([9'b-H + 1]*, 100%), 983 ([9'b-H — COl*, 20%);
(MALDI-, THAP):*” 863 (BAr;~, 100%).
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mer,trans-[()ls(H)(CO)3(P((CH2)18)3,1|’)]+ BArs (9¢c-H* BAry). Complex 9¢ (0.051 g, 0.047
mmol), CH,Cl, (10 mL), and [H(OEt,),]* BAr{ (0.047 g, 0.047 mmol) were combined in a procedure
analogous to that used for 8a-H* BAr{~. An identical workup gave 9¢c-H* BArs~ (0.073 g, 0.041 mmol,
80%) as a yellow gum. Anal. calcd (%) for CggH{,1BF,403P,0s (1957.86): C 54.60, H 6.23; found C
54.74,H 6.05.

NMR (CDCl5, 8/ppm): 1H (500 MHz)*2" 7.74-7.68 (m, 8H, C¢Hj o to B), 7.55-7.52 (m, 4H,
CeH3 p to B), 2.04-1.96 (br m, 12H, PCH,), 1.53-1.41 (br m, 24H, PCH,CH, and PCH,CH,CH,),
1.38-1.21 (br m, 72H, remaining CH,), -8.45 (t, 2Jpy = 16.3 Hz, 1H, OsH); 13C{1H} (126 MHz)***
176.5 (t,%Jcp = 9.4 Hz, CO cis to H), 174.6 (t,%Jcp = 5.5 Hz, CO trans to H), 161.7 (q, 'Jgc = 49.8
Hz, C¢H; i to B), 134.8 (s, C¢H; o to B), 128.8 (q, 2Jcp = 30.9 Hz, CgH3 m to B), 124.6 (q, 'Jep =
272.5 Hz, CF3), 1174 (s, C¢H3 p to B), 29.8 (virtual t,57 3JCP = 6.4 Hz, PCH,CH,CH,), 28.9 (virtual
t,5" 1Jep = 17.3 Hz, PCH,), 28.3 (s, CH,), 28.22 (s, CH,), 28.18 (s, CH,), 27.9 (s, CH,), 23.7 (s,
PCH,CH,); 3IP{1H} (202 MHz) —15 0 (s).

IR (cm™!, solid film): 2928 (m), 2857 (m), 2112 (W, Vo), 2050 (m, veg), 2025 (s, veg), 1965
(br w), 1462 (w), 1418 (w), 1352 (s), 1273 (s), 1161 (s), 1119 (vs), 887 (m), 839 (m), 745 (w), 712 (s),
681 (s), 669 (s). MS (MALDI+, THAP):*” 1096 ([9¢-H + 11*, 100%), 1068 ([9¢-H* — CO + 1]*, 10%);
(MALDI-, THAP):*” 863 (BAr;~, 100%).

cis,cis,trans-0s(CO);3(P(n-CgHy7)3), (10a). A Schlenk flask was charged with 8a (0.299 g,
0.261 mmol) and THF (10 mL). The solution was aspirated with CO (15 min). Then a suspension of
CgK (0993 g, 7.35 mmol) in THF (10 mL) was slowly added. The reaction was monitored by 3p
NMR. After the educt had been consumed, graphite powder and unreacted CgK were removed by cann-
ula filtration. The solvent was removed from the filtrate by oil pump vacuum and the residue filtered
through celite using CH,Cl,. The solvent was removed from the filtrate by oil pump vacuum to give
13a (0.225 g, 0.222 mmol, 85%) as a colorless oil. Anal. caled (%) for C5;H;7,030sP, (1015.53): C
60.32, H 10.12; found C 60.98, H 10.13.

NMR (C¢Dg, 8/ppm): 1H (500 MHz)*!? 1.92-1.86 (br m, 12H, PCH,), 1.70-1.61 (br m, 12H,
PCH,CH,), 1.38-1.18 (br m, 60H, remaining CH,), 0.9 (t, 3Jyy.= 7.0 Hz, 18H, CH;); BC{1H} (126
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MHz)*!'% 198.7 (t,%Jcp = 11.8 Hz, CO), 32.2 (s, CH,), 31.3 (virtual t,*” 3J~p = 6.7 Hz, PCH,CH,CH,),
30.9 (virtual t,*” 1Jep = 17.0 Hz, PCH,), 29.6 (s, CH,), 24.7 (s, PCH,CH,), 23.1 (s, CH,), 14.4 (s,
CHy); 31P{1H} (121 MHz) -9.1 (s).

IR (cm™!, oil film): 2955 (w), 2922 (s), 2853 (m), 1863 (s, Vog), 1456 (W), 1412 (w), 1377 (w),
1030 (w), 797 (w), 758 (w), 721 (m). MS (MALDI+, THAP):*” 1018°!”7 ([10a + 2]*, 100%), 989 ([10a
—CO + 11*,20%).

ciscis trans-0s(CO),(Me),(P((CH,) 1 4)3P) (11a). A Schlenk flask was charged with 6a (0.100
g, 0.104 mmol) and THF (10 mL) and cooled to 0 °C. Then MeLi (1.6 M in Et,O, 1.35 mL, 2.16
mmol) was added with stirring. After 24 h, a few drops of water were added. The solvent was removed
by oil pump vacuum and the residue filtered through Al,O3 using CH,Cl,. The solvent was removed
from the filtrate by oil pump vacuum to give 11a (0.095 g, 0.102 mmol, 98%) as a colorless powder,
mp 247 °C (capillary). DSC (Ti/Te/Tp/TC/Tf):Sl 36.6/39.0/47.0/49.8/53.5 °C (endotherm); 53.5/54.3/
56.6/58.8/60.7 °C (endotherm, minor); 61.0/61.8/68.5/74.7/77.3 °C (endotherm, minor); 79.8/85.0/91.1
/95.7/97.5 °C (endotherm, minor); 201.9/210.5/213.8/215.6/220.9 °C (endotherm, minor). TGA: onset
of mass loss, 230.3 °C. Anal. calcd (%) for C4cHgyO,P,0s (927.38): C 59.58, H 9.78; found C 59.87,
H9.52.

NMR (C¢Dg, 8/ppm): 1H (500 MHz)*!? 1.80-1.74 (br m, 12H, PCH,), 1.61-1.53 (br m, 12H,
PCH,CH,), 1.51-1.39 (br m, 60H, remaining CH,), 0.05 (t, 6H, 3Jyyp = 7.5 Hz, OsCH); 13C{1H} (126
MHz)*!'% 184.5 (t,%Jcp = 7.9 Hz, CO), 30.1 (virtual t,* 3J-p = 6.3 Hz, PCH,CH,CH,), 28.73 (s, CH,),
28.70 (s, CH,), 27.90 (s, CH,), 27.88 (s, CH,), 26.5 (virtual t,*” 1Jop = 14.9 Hz, PCH,), 23.1 (s,
PCH,CH,), 222 (t, 2Jcp = 9.1 Hz, OsCH5); 3IP{1H} (202 MHz) —21.0 (5).

IR (cm™!, powder film): 2922 (m), 2853 (w), 1967 (s, vco), 1886 (s, vep), 1458 (w), 1414 (w),
1384 (w), 1086 (w), 1007 (w), 781 (W), 764 (w), 714 (m). MS (MALDI+, THAP):** 929 ([11a + 1]*,
10%),914 ([11a — Me + 1]7,20%), 899 ([11a — 2Me + 1]*, 100%).

cis,cis,trans-Ols(CO)Z(Me)Z(P(CHz)15CH2)((CH2)16)(1|)(CH2)15CH2) (11'a). Complex 6'b
(0.63 g,0.060 mmol), THF (10 mL), and MeLi (1.6 M in Et,0, 0.75 mL, 1.2 mmol) were combined in

a procedure analogous to that used for 11a. An identical workup gave 11'b (0.056 g, 0.055 mmol, 98%)
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as a colorless gum. Anal. calcd (%) for C5,H;(;,0,P,0s (1011.54): C 61.74, H 10.16; found C 61.95,
H 10.21.

NMR (C¢Dg, 8/ppm): 1H (500 MHz)*'3514 2.05-1.96 (br m, 4H, PC'H,), 1.95-1.87 (br m, 4H,
PC'H,), 1.86-1.80 (br m, 4H, PCH,), 1.75-1.66 (br m, 4H, PCH,CH,), 1.65-1.55 (br m, 4H, PC'H,-
C'H,), 1.52-1.42 (br m, 24H, remaining CH,), 1.41-1.19 (br m, 56H, PC'H,C'H, and remaining C'H,),
0.20 (t, 6H, 3Jyp = 7.7 Hz, OsCH3); 13C{IH} (126 MHz)*'3514 184.1 (t,%Jp = 7.6 Hz, CO), 30.9 (vir-
tual t,*7 3Jcp = 6.4 Hz, PCH,CH,CH,), 30.3 (virtual t,5/ 3Jp = 5.6 Hz, PC'H,C'H,C'H,), 28.83 (s,
CH,), 28.80 (s, CH,), 28.51 (s, CH,), 28.47 (s, CH,), 28.27 (s, CH,), 28.26 (s, C'H,), 27.88 (s, C'H,),
27.86 (s, C'Hy), 274 (s, C'H,), 26.5 (virtual t,*” 1Jop = 15.2 Hz, PCH,), 24.0 (virtual t.*” LJ-p = 14.5
Hz, PC'H,), 23.6 (s, PCH,CH,), 22.8 (s, PC'H,C'H,), —22.5 (t, 2Jcp = 9.4 Hz, OsCH3); 3IP{1H} (202
MHz) -25.3 (s).

IR (cm‘l, solid film): 2922 (m), 2853 (w), 1971 (s, vcp), 1896 (s, vep), 1458 (w), 1418 (w),
781 (w), 718 (m). MS (MALDI+, THAP):*° 999517 ([11'b — Me + 2]*, 40%), 983 ([11'b — 2Me + 1]*,
100%).

cis,cis trans-0s(CO),(Ph),(P((CH,);4)3P) (12a). A Schlenk flask was charged with 7a (0.205
g, 0.194 mmol) and THF (20 mL) and cooled to 0 °C. Then PhLi (2.0 M in Bu,O, 1.00 mL, 2.16
mmol) was added with stirring. The cold bath was removed. After 2 h, the solution was refluxed. After
1 h, a few drops of water were added. The solvents were removed by oil pump vacuum and the residue
chromatographed (SiO, column, 2.5 cm x 30 c¢m, 3:1 v/v hexanes/CH,Cl,). The solvents were remov-
ed from the product-containing fractions by oil pump vacuum to give 12a (0.118 g, 0.112 mmol, 58%)
as a colorless oil that solidified after one week, mp 162-164°C (capillary). Anal. caled (%) for CscHoy-
0O,P,0s (1051.52): C 63.96,H 9.01; found C 63.70, H 8.96.

NMR (CDCl;, 8/ppm): 1H (500 MHz)%2? 7.99 (d, 3Jyy = 7.2 Hz, 4H, 0-Ph), 7.02 (apparent t,
3Jyy = 7.2 Hz, 4H, m-Ph), 6.96 (apparent t, 3Jyy = 7.1 Hz, 2H, p-Ph), 1.92-1.82 (m, 4H, PCH,), 1.79-
1.69 (m, 4H, PCH,), 1.53-1.15 (br m, 68H, CH,), 1.12-0.98 (br m, 8H, CH,); BC{IH} (126
MHz)2%523 184.0 (t,%Jcp = 7.0 Hz, CO), 145.7 (t,2Jcp = 12.5 Hz, i-Ph), 145.2 (s, 0-Ph), 126.9 (s, m-
Ph), 121.9 (s, p-Ph), 29.8-29 4 (three overlapping virtual t,*’ PC'H,, PC'H,C'H,C'H,, PCH,CH,CH,),
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294 (s, CH,),29.2 (s, CH,), 28.8 (s, C'H,), 28.5 (s, C'H,), 28.1 (s, CH,), 27.8 (s, C'H,), 27.7 (s, C'H,),
27.5 (s, CHy), 25.3 (virtual t*’ LJep = 16.0 Hz, PCH,), 21.8 (s, PC'H,C'H,), 21.3 (s, PCH,CH,);
Sp{IH} (202 MHz) -27.8 (s).

IR (cm_l, powder film): 3042 (w), 2922 (m), 2851 (m), 1983 (s, vcg), 1911 (s, veg), 1572 (w),
1460 (w), 1418 (w), 1069 (w), 1015 (w), 735 (s), 708 (m). MS (MALDI+, THAP):*” 1053 ([12a]*,
2%),976 ([12a — Ph]*, 15%).

Cyclic Voltammetry. A BASi Epsilon Electrochemical Workstation (Cell Stand C3) with the
program Epsilon EC (version 2.13.77) was employed. Cells were fitted with Pt working and counter
electrodes, and a silver wire pseudoreference electrode. Per a previous study,*>* CH,Cl, solutions that
were 0.0010 M in substrate, 0.20 M in n-BuyN* PFs~, and prepared under N, were employed; scan
rates were 200 mV/sec. Ferrocene (0.46 V) was added after each measurement and calibration voltam-
mograms were recorded. The ambient laboratory temperature was 22 + 1 °C.

Crystallography. Refer to Table s2 for selected aspects of data collection.??

A. A CH,Cl, solution of 6a was layered with MeOH. After 7 d, data were collected on the
resulting colorless prisms. Cell parameters were obtained from 10 frames using a 10° scan and refined

with 9288 reflections. Lorentz, polarization, and absorption corrections®2

were applied. The space
group was determined from systematic absences and subsequent least squares refinement. The structure
was solved by direct methods. The parameters were refined with all data by full matrix least squares on
F? using SHELXL-97 527 Non-hydrogen atoms were refined with anisotropic thermal parameters. The
hydrogen atoms were fixed in idealized positions using a riding model. One chloride and one CO lig-
and showed disorder over two positions and were refined to a 51:49 occupancy ratio. Scattering factors
were taken from literature 52

B. A C¢Dg solution of 6b was layered with MeOH. After 7 d, data were collected on the result-
ing colorless thin plates. Cell parameters were obtained from 180 data frames using a 0.5° scan and re-
fined with 83787 reflections using the program Cell Now.52? Integrated intensity information for each

reflection was obtained by reduction of the data frames with SAINTplus.**? Data were scaled, and ab-

sorption corrections were applied using the program SADABSS3!. The structure was solved by direct

-§22-



methods using SHELXTL (SHELXS)S27 and refined (weighted least squares refinement on F2) using
SHELXTL (X—Seed).527’532 Two independent molecules were found in the asymmetric unit. The first
molecule (Os1_Mol) could be easily located. While the heavier atoms of the second (Os2_Mol) could
be located, strong Q peaks around Os2 suggested possible whole molecule disorder. Also, the thermal
ellipsoids of Os2, P51, and P52 were elongated. Four partially occupied chlorine atoms (CI51, C152,
Cl153, Cl154) were located. While some of the carbon atoms bonded close to P51 could be established,
the remaining carbon atoms linking P51 to P52 could not be accurately determined.

The whole molecule disorder of Os2_Mol was modeled with strong restraints, making it similar
to Os1_Mol. This decreased reliability factors significantly, and the disorder refined to a 53:47 occup-
ancy ratio. Finally, the thermal ellipsoids of the carbon atoms in the methylene chains were also
strongly restrained to avoid rendering them non-positive definite. At the end of the refinement, many of
the carbon atoms were large, indicating only partial modeling of the disorder. Non-hydrogen atoms
were refined with anisotropic thermal parameters.

C. A C¢Dg solution of 6¢ was layered with MeOH. After 7 d, data were collected on the
resulting colorless multi-faceted crystals. Cell parameters were obtained from 60 data frames using a
0.5° scan and refined with 67059 reflections. Integrated intensity information for each reflection was
obtained by reduction of the data frames with the program APEX 2533 Lorentz and polarization reduc-
tion and corrections were applied. Data were scaled, and absorption corrections were applied using the
program SADABS 53! The structure was solved by direct methods using SHELXTL (SHELXS)%2 and
refined (weighted least squares refinement on F2) using SHELXTL (X-Seed).527-32 Non-hydrogen
atoms were refined with anisotropic thermal parameters. The hydrogen atoms were placed in idealized
positions, and refined using a riding model. Upon refinement, the Os1-C2 distance was too long, and
the C2-O2 distance too short (R1 and wR2 were 0.0314 and 0.0711 respectively). Also, the principal
mean square atomic displacements for Cl1 were large relative to the corresponding values for CI2, sug-
gesting a possible lower occupancy for Cl1. This raised the possibility of a rotational disorder (2-fold
along C12-Os1-(C1-01) axis) between Cl1 and C2-O2. Upon modeling this disorder, the reliability fac-
tors decreased (R1 = 0.0288; wR2 = 0.0637) and the thermal parameters and bond lengths of Os1-C2

-§23-



and C2-O2 were well behaved. A twofold rotation along the C12-Os1-(C1-O1) axis should also lead to
disorder in the methylene chains. No effort was made to model this, considering the large increase in
the number of refinement parameters, and given the low degree of disorder.

D. A THF solution of 7'a was layered with MeOH. After several weeks, data were collected on
the resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identic-
al to that of 6¢ (cell parameters from 60 frames using a 0.5° scan and refined with 31737 reflections).
There were two independent molecules in the asymmetric unit. Most of the atoms were symmetrically
related, pointing to C2/c as a possible space group (additional symmetry was sought with the program
PLATON).534 However, in monoclinic C2/c some of the disorder of the methylene chains was difficult
to model and gave non-positive definite thermal parameters for some of the carbon atoms (even when
strong restraints were set). The structure was ultimately refined in the triclinic P-1.

No observable reflections were seen above a 20 value of 45°. Several Q peaks were found in
the Fourier difference map along the methylene chains. Efforts to model this disorder resulted in a large
increase in the number of parameters as well as the number of restraints with no significant improve-
ment in the reliability factors. Restraints were used to keep the bond lengths and the thermal ellipsoids
meaningful. Thus, some of the C-C-C angles in the methylene chains deviated from idealized values,
resulting in short H-H and meaningless C-H contacts.

Several rationales, e.g., twinning, insufficient modeling, presence of undetected disordered solv-
ents, incorrect space group, etc., were evaluated. All the possible triclinic and monoclinic space groups
were also evaluated. The best results were obtained for P-1, followed by C2/c. Alternative methods for
absorption corrections including face indexing did not improve the results. Relatively high reliability
factors again indicated insufficient agreement between the model and the data. A second data set was
collected with a Cu-source as opposed to a Mo-source; the results were comparable.

E. A C¢Dg solution of 7b was layered with MeOH. After 7 d, data were collected on the result-
ing colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that
of 6¢ (cell parameters from 60 frames using a 0.3° scan and refined with 103619 reflections). After re-

finement, residual electron densities (Q peaks, 1.0-1.6 eA‘3) were found around 0.70-0.85 A from the
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osmium and bromine atoms. The distances between these Q peaks agreed well with the osmium-brom-
ine distance (2.58 A), suggesting a small degree of whole molecule disorder. No attempts were made to
model this disorder. Also, the carbon atoms C37 to C47 showed larger thermal ellipsoids, indicating
disorder of this methylene chain. The thermal parameters were restrained for these carbon atoms.

F. A C¢Dg solution of 7¢ was layered with MeOH. After 7 d, data were collected on the result-
ing colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that
of 6¢ (cell parameters from 60 frames using a 0.3° scan and refined with 31866 reflections).

G. A CH,Cl, solution of 9a was layered with MeOH. After several weeks, data were collected
on the resulting colorless prisms. The structure was solved and refined in a manner identical to that of
6a (cell parameter from 10 frames using a 10° scan and refined with 5313 reflections).

H. A CHCIj; solution of 9a-H* BArs~ was layered with MeOH. After 7 d, data were collected on
the resulting colorless thin plates. Cell parameters were obtained from 180 data frames using a 0.5°
scan and refined with 63051 reflections using the program Cell Now .52” Integrated intensity informa-
tion for each reflection was obtained by reduction of the data frames with APEX 2.533 Data were scal-
ed, and absorption corrections were applied using the program SADABS 53! The structure was solved
by direct methods using SHELXTL (SHELXS)%27 and refined (weighted least squares refinement on
F2) using SHELXTL (X-Seed).*2732 Non-hydrogen atoms were refined with anisotropic thermal para-
meters. The hydrogen atoms were placed in idealized positions, and refined using a riding model. Some
fluorine atoms of the BAry~ anion and some carbon atoms of the methylene chains showed elongation,
suggesting disorder. Efforts to model the disorder increased the number of parameters as well as the
number of very strong restraints, and yielded much increased reliability factors. Relaxing the restraints
resulted in divergence of the refinement. SIMU and DELU commands were used to slightly reduce the
elongation.

A small electron density peak was located near the osmium atom that geometrically fit the anti-
cipated hydride ligand. This was designated H10S. However, the exact location of the hydrogen atom
could not be determined, and was only modeled to account for the formulation supported by the NMR

data. The bond distance reported in the CIF file (1.3800 A) has no physical meaning, as the hydrogen
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atom position could not be refined.

I. A C¢Dg solution of 11a was layered with MeOH. After 7 d, data were collected on the result-
ing colorless multi-faceted crystals. Cell parameters were obtained from 60 data frames using a 0.3°
scan and refined with 44786 reflections. Integrated intensity information for each reflection was obtain-
ed by reduction of the data frames with the program APEX 2.533 Lorentz and polarization reduction
and corrections were applied. Data were scaled and absorption corrections were applied using the
program SADABS 53! The structure was solved by direct methods using SHELXTL (SHELXS)*27 and
refined (weighted least squares refinement on F2) using SHELXTL (X-Seed).52’-32 Non-hydrogen
atoms were refined with anisotropic thermal parameters. The hydrogen atoms were placed in idealized
positions, and refined using a riding model. Two cis positions exhibited disorder, with each refining to
a 50:50 CO/methyl occupancy.

J. A CH,Cl, solution of 12a was layered with MeOH. After 7 d, data were collected on the
resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identical to
that of 6c¢ (cell parameters from 60 frames using a 0.5° scan and refined with 33979 reflections). No
observable reflections were seen above a 2@ value of 42°. Even longer collection times per frame
(exposure time 40 s instead of 20 s) did not increase the intensity at higher angles. Significant disorder
of the methylene chains, the carbon atoms of which were seen as elongated thermal ellipsoids, could
account for the absence of higher angle reflections. Trials to model this disorder, while increasing the
number of restraints, did not improve the refinement results. Hence, SIMU and DELU commands were

used to make the thermal ellipsoids reasonable.
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Figure s1. TH NMR spectra (300 MHz) of 1a (top) and 3a (bottom).
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Figure s2. Representative partial lH NMR spectra (300 MHz) showing the alkene region before (top) and after (bottom)
metathesis reactions of 3a (left) and 3b (right).
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Figure s3. Representative partial ITH NMR spectra (300 MHz) of 7b (left) and 7'b (right).
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Figure s4. Representative partial I3C{IH} NMR spectra of 7a (top, 100 MHz) and 7'a (bottom, 126 MHz). Methylene car-
bon signals that are doubled in intensity are assigned to the two phosphacycles P(CH»),_1CH, and denoted by primes.
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Figure s5. Partial 1H, 13C{1H} gHMQC NMR spectrum (500 MHz) of 7a.
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Figure s6. Partial 1H, I3C{IH} gHSQC NMR spectrum (500 MHz) of 7'b.
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Figure s7. Variable temperature 13C{1H} NMR spectra (126 MHz) of 7a in CD,Cl,.
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Figure s8. Monitoring the reduction of 6a to 9a with CgK by 3IP{IH} NMR (left, 121 MHz) and IR spectroscopy (right)
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Figure s9. Partial I3C{IH} NMR spectrum (left, 100 MHz) of 9a-H+ CF3SO3- showing the carbonyl region and partial |H
NMR spectrum (right, 400 MHz) showing the hydride region
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Figure s10. Observed (left) and calculated isotope patterns for the ion 9a-H+, and a partial IR spectrum of 9a-H+ BAr
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Figure s11. Representative cyclic voltammograms of trans-Os(CO)3(PCy)3, 9a, 7a, and 10a (0.001 M, 0.2 M n-BugN+
PFg-, CH,Cly; 22 + 1 °C; Pt working and counter electrodes, potential vs. Ag wire pseudoreference; scan rate 200 mVs-1;
ferrocene = 0.46 V).
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Table s1. Thermal stability data (°C) for selected complexes.

TGA b
DSC mp
Complex mass loss 4 1
(onset) (T,/T e/Tp/Tc/Tf) capillary
32.3/39.6/41.1/42.7/56.1¢
74.0/84.5/85.8/87.6/109.2¢
6a 295 , 2607
165.6/181.5/183.1/184.8/199 .0¢
244.5/248.0/253.4/258.2/273 3¢
56.9/67.4/77.3/87.6/89.7¢
6b 269 90.2/95.3/100.4/104.8/108.2 (minor)“ 150
110.5/135.8/147.6/152.9/157 3¢
6¢ 295 46.7/84 .4/86.5/88.4/155.0¢ 86
107.9/125.8/134.3/138.1/144 5¢
7a 286 , 2304
170.8/187.6/236.9/266.7/272.7¢
86.9/89.9/100.8/107.0/111.2(minor)¢
7b 308 9/89.9/ / / (mmo)r) 199
158.9/199.1/204.7/206.9/240.1¢
7c 259 61.2/91.5/93.6/96.0/162.9¢ 92
6'a - - 67
6'b - - -(Oll)
6'c - - - (Oll)
7'a 255 39.5/52.5/56.5/59.0/71 8¢ 74
7'b 293 - 54
7'c - - - (Oll)
94.7/95.3/118.1/127.8/127.8 (minor)“
9a 231 (minor) 248 (>180)%
127.9/144 .9/148.3/150.5/155.8°¢
9'b 262 70.2/94.7/99.9/103.5/122 .0¢ 104
9¢ 146 46.6/60.0/62.8/65.3/73.5¢ 61
9a-H* BArg 191 - 181

“See reference s1. The T, values best represent the temperature of the phase transition or exotherm.

point apparatus. “Endotherm. IGradual darkening without melting above this temperature.
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Table s2. Summary of crystallographic data.

6a 6b 6¢c
empirical formula Cy4HgyCl,0,0sP, C50HggClr0,0sP, C56H10gClp0,0sP,
formula weight 968.15 1052.31 1136.46
Diffractometer Nonius Kappa CCD Bruker GADDS Bruker APEX 2
Temperature [K] 173(2) 110(2) 110(2)
Wavelength [A] 0.71073 1.54178 0.71073
crystal system monoclinic monoclinic monoclinic
space group P2¢/n P24/c P24/c
unit cell dimensions:
alA] 13.5196(2) 17.4907(12) 14.6538(15)
b[A] 17.5887(4) 16.8895(10) 15.7020(16)
c[A] 19.9465(4) 36.622(2) 26.920(3)
al°] 90 90 90
Bl°] 96.774(1) 91.261(3) 105.2720(10)
y[°] 90 90 90
V[AB] 4710.01(16) 10815.9(12) 5975.4(11)
z 4 8 4
Pealc [Mg/m_B] 1.365 1.292 1.263
w[mm™1] 2921 6.169 2313
F(000) 2016 4416 2400
crystal size [mm3] 0.25x0.20 x0.20 0.25 x0.16 x 0.02 0.40 x 0.09 x 0.05
O limit [°] 1.73 t0 27.51 241 to 60.00 2.39 to0 27.50
index range (4, k, [) -17,17; -20,22; -25,25 -19,19; -18, 18; -40, 36 -19, 18; -20, 20; -34, 34
reflections collected 17404 83787 67050
independent reflections 10779 15622 13559
R(int) 0.0167 0.0838 0.0459
completeness to @ 99.6 (27.51) 97.4 (60.00) 98.8 (27.50)
max. and min. transmission 0.5927 and 0.5287 0.8866 and 0.3077 0.8931 and 0.4581
data/restraints/parameters 10779/6/488 15622/1904/1373 13559/5/578
goodness-of-fit on F2 1.013 1.024 1.029
R indices (final) [1 > 20(])]
Ry 0.0248 0.0624 0.0288
wRy 0.0613 0.1488 0.0854
R indices (all data)
Ry 0.0391 0.0893 0.0423
wRy 0.0680 0.1642 0.0680

Largest diff. peak and hole [eA_3]

0.544 and -1.125

2.007 and -1.736

1.090 and —0.399
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Table s2 continued.

7'a 7b Tc
empirical formula Cy4HgyBryO,0sPy C50HggBryO70sPy C56H10gBrp0>0sPy
formula weight 1057.07 1141.23 1225.38
Diffractometer Bruker APEX 2 Bruker APEX 2 Bruker APEX 2
Temperature [K] 110(2) 110(2) 150(2)
Wavelength [A] 0.71073 0.71073 0.71073
crystal system triclinic tetragonal triclinic
space group P-1 P44 P-1
unit cell dimensions:
alA] 12.1297(14) 16.9141(7) 14.087(5)
b[A] 20.476(2) 16.9141(7) 14.893(6)
c[A] 20.998(2) 19.2307(11) 16.063(6)
al°] 90 90 87.847(7)
Bl°] 97.266(1) 90 68.832(6)
y[°] 90 90 73.272(6)

V[AB] 4751.8(10) 5501.6(5) 3001.1(19)

z 4 4 2

Pealc [Mg/m_B] 1.478 1.378 1.356

w[mm™1 4.465 3.862 3.545

F(000) 2160 2352 1272

crystal size [mm3] 043 x0.04 x0.03 0.24x0.20 x0.17 0.60 x 0.12 x 0.02

O limit [°] 1.39t022.40 1.70 to 27.50 245102751

index range (4, k, [) -12,12; -21,21; -22,22 -21,21;-21,21; -24,24 -18,18; -19,19; -20,20

reflections collected 31737 103619 31866

independent reflections 12121 12592 13513

R(int) 0.0341 0.0925 0.0539

completeness to @ 99.0 (22.40) 99.8 (27.50) 98.0 (27.50)

max. and min. transmission 0.8777 and 0.2498 0.5597 and 0.4575 0.9325 and 0.2249

data/restraints/parameters 12121/696/913 12592/49/514 13513/0/568

goodness-of-fit on F2 1.034 1.036 1.094

R ind. (final) [/ > 20(1)]

Ry 0.0845 0.0407 0.0374

wRy 0.2209 0.0989 0.0854

R indices (all data)

Ry 0.0985 0.0529 0.0543

wRy 0.2291 0.1076 0.0923

Largest diff. peak and hole [eA_3]

2.337 and —4.271

3.745 and -1.489

1.546 and —1.896




Table s2 continued.

9a 9a-H* BAr{~ 11a 12a
empirical formula Cy5Hgq030sPy C77Hg7BF,4030sPy C46Hgn0,0sPy C56Hgq0,0sPy
formula weight 925.26 1789.49 927.32 1051.52
diffractometer Nonius Kappa CCD Bruker GADDS Bruker SMART 1000 Bruker APEX 2
Temperature [K] 173(2) 110.0 110(2) 110(2)
Wavelength [A] 0.71073 1.54178 0.71073 0.71073
crystal system monoclinic monoclinic monoclinic monoclinic
space group C2/c P2¢/n P2¢/n P2¢/n
unit cell dimensions:
alA] 21.6848(5) 15.1764(10) 13.496(8) 15.622(3)
b[A] 14.0336(2) 23.3573(14) 17.609(10) 18.229(3)
c[A] 18.2091(4) 22.9450(13) 19.880(11) 18.907(3)
al°] 90 90 90 90
Bl°] 122.109(1) 95.723(3) 96.549(7) 97.607(2)
y[°] 90 90 90 90
Vv [AB] 4693.71(16) 8093.0(9) 4694(5) 5336.7(15)
z 4 4 4 4
Pealc [Mg/m_B] 1.309 1.469 1.312 1.309
,u[mm_l] 2.820 4.233 2.818 2488
F(000) 1936 3640 1952 2208
crystal size [mm3] 0.25x0.20 x 0.20 0.25%x0.15x0.15 0.30 x0.30 x 0.10 040 x0.20 x 0.12
O limit [°] 222t02747 2.71 to 60.00 1.55 t0 25.00 1.56 to 21.00
index range (k. k. I) -27,28;-16, 18; -17,17; =26, 26; -16, 16; =20, 20; -15,15; -18, 18;
-23,23 -25,25 -23,23 -19,19
reflections collected 10253 63051 44786 33979
independent reflections 5368 12017 8233 5728
R(int) 0.0150 0.0792 0.0340 0.0411
completeness to @ 99.9 (27.47) 99.9 (60.00) 99.7 (25.00) 100.0 (21.00)
max. and min. transmission 0.6024 and 0.5391 0.7522 and 0.5923 0.7658 and 0.4852 0.7545 and 0.4361
data/restraints/parameters 5368/0/232 12017/175/973 8233/28/489 5728/397/550
goodness-of-fit on F2 1.104 1.088 1.014 1.147
R indices (final) [1 > 20(])]
Ry 0.0197 0.0628 0.0177 0.0700
wR; 0.0474 0.1705 0.0468 0.1778
R indices (all data)
Ry 0.0213 0.0839 0.0267 0.0959
wRy 0.0481 0.1812 0.0591 0.2262

Largest diff. peak and hole [eA_3]

0.585 and -1.221

1.615 and -2.163

0.424 and -0.597

1.493 and -1.138
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Table s3. Key crystallographic angles (°).

6a’ 6b(1)” 6b(2)” 6¢*
P-Os-P 172.325(19) 176.96(8) 174.05(16) 174.66(2)
0C-0s-CO 90.8(8) 92.131(18) 91.8(4) 92.03(15)
X-0s-X¢ 92.4(13) 90.22(8) 89.86(14) 90.65(3)
05-C-0 176(2)/179.6(2) 176.721(11)/178.047(11) 170.9(11)/174.6(11) 177.2(3)/178.9(2)
0C-Os- Xtmm 177.6(8)/179.63(8) 177.29(6)/177.83(5) 177.1(3)/179.5(3) 177.69(13)/178.04(8)
0C-0s-X ;¢ 88.15(15)/89.0(8) 87.99(5)/89.74(6) 87.7(3)/90.6(3) 87.65(13)/89.73(8)
P-0s-CO 92.6(8)94.13(7) 89.45(6)/92.41(5) 90.1(3)/93.8(3) 92.10(8)/93.63(12)
= 87.9(8)/93.51(7) 89.06(6)/93.16(6) 91.7(3)/91.9(3) 87.85(12)/92.98(8)
I 86.186(19)/89.55(13) 88.38(7)/89.57(8) 87.69(15)/90.01(16) 86.00(2)/87.81(3)
86.170(19)/90.03(13) 88.87(8)/89.01(7) 86.66(14)/88.08(15) 88.94(2)/90.56(3)
7'a(1)? 7'a2)” b Te
P-Os-P 175.62(17) 175.52(17) 178.83(6) 175.07(3)
0C-0s-CO 91.9(10) 923(9) 94.0(3) 92.97(16)
X-0s-X¢ 91.83(7) 91.89(7) 88.88(2) 91.09(2)
0s-C-0 175(2)/176(2) 175(19)/175.2(2) 177.3(7)/177.3(6) 178.2(4)/178.6(4)
0C-Os- Xtmm 176.1(7)/177.4(7) 175.8(6)/177.0(6) 177.0(2)/177.6(2) 177.58(11)/178.05(11)
0C-0s-X ;¢ 85.7(7)/90.6(7) 85.4(6)/90.4(7) 88.3(2)/88.7(2) 86.84(11)/89.14(12)
b 00CO 91.0(6)/91.5(6) 89.8(6)/93.1(6) 88.3(2)/90.2(2) 91.15(12)/93.73(11)
= 90.3(6)/92.6(6) 91.1(6)/91.6(6) 91.0(2)/913(2)/ 88.55(11)/93.10(12)
o0 xC 87.62(12)/92.11(12) 86.83(13)/88.10(13) 88.91(4)/91.34(4) 86.93(4)/87.41(3)
86.75(13)/88.19(13) 87.62(12)/92.02(12) 89.01(4)/89.98(4) 88.84(4)/90.15(3)
9a 9a-H' BAr;~ 11a? 12a
P-Os-P 178.75(2) 168.76(7) 172.50(2) 175.05(17)
0C-05-CO 118.44(6)/118.44(6)/123.11(12) 94.6(3)/96.8(3)/168.5(3) 93.2(3)/93.3(3)/173.5(4) 88.3(7)
X-0s-X¢ ; ; 91.9(3)/92.0(3)/176.2(4) 96.3(6)
05-C-0 178.92/178.92/180.000(1) 175.4(7)/178.5(8)/179.7(8) 177.0(8)/179.2(8)/179.6(2) 173.2(15)/176.3(16)
0C-Os- Xtmm . 173.6 178.6(4)/178.6(4)/179.57(9) 174.5(6)/176.6(7)
0C-0s-X ;¢ ; 78.0/90.5 86.7(3)/86.8(3)/88.0(3)/88 2(3) 87.0(7)/88.4(6)
p-00CO 89.00(6)/90.40(6)/90.627(10) 89.3(2)/90.4(2)/95.5(2) 89.0(3)/90.8(3)/93.56(9) 88.4(5)/94.1(5)
= 89.00(6)/90.40(6)/90.627(10) 87.8(3)/90.2(2)/95.5(2) 88.1(3)/91.2(3)/93.91(9) 90.6(5)/93.4(5)
I ; 88.4 86.03(8)/89.5(3)/90.6(2) 86.0(4)/89.2(4)
; 80.8 86.50(8)/89.0(2)/91.3(3) 89.4(4)/89.4(4)




Table s3 continued.

6a’ 6b(1)” 6b(2)" 6c“
C?-P-P-C¢ 2525 50.23 -26.32 -28.97
d-ppc 2267 46.77 -20.16 -31.00
C8-p-p-C8 -23.09 48.04 -8.26 -26.88
c-P-0s-CO(1) ~13.18/-11.26 10.45/37.30 12.92/-33.60 -12.92/-13.35
C-P-0s-CO2) 14.71/38.89 37.59/9.20 -16.27/8.23 12.69/-40 47
CP-0s-X(1)¢ —43.35/19.86 -19.08/69.90 39.90/-66.97 -46.31/16.66
cP-0s-X(2)° 48.73/-72.19 71.76/-20.33 —52.13/43.89 44 49/-73 97

P1-C1-C2-C3!
C1-C2-C3-C4!
C2-C3-C4-C5!
(C3-C4-C5-C6'
C4-C5-C6-C7!
C5-C6-C7-C8!
C6-C7-C8-CY'
C7-C8-C9-C10*
C8-C9-C10-C11!

C9-C10-C11-C12!
C10-C11-C12-C13'
C11-C12-C13-C14

C12-C13-C14-P2!

C12-C13-C14-C15"
C13-C14-C15-C16

C14-C15-C16-P2!

C14-C15-C16-C17*
C15-C16-C17-C18'

C16-C17-C18-P2!

—159.31/174.45/-154 .95
—71.29/174.87/173.66
174.62/-69.59/-173.04

—64.11/179.56/63.99
-58.90/170.87/64.94
—171.62/65.59/-167.53
179.40/-179.67/-175.02
66.16/-172.76/-168.87
172.60/-58.26/66.62
—-178.43/-66.56/63.70

—68.58/177.40/-169 .45
173.89/-72.82/173.83

—163.58/170.90/-154.67

—172.70/169.86/173.97
176.97/-177.16/57.77
—174.34/63.20/61.14

-179.67/61.26/-176.84

-52.07/-176.73/126.71

—62.67/173.03/-143 .91

173.27/-171.27/133.37

—-179.30/179.64/-127.31
177.10/-69.00/-156 .46
-58.01/-69.21/-57.49
—55.65/178.28/-151.86
178.39/179.15/84.60

—176.83/57.14/69.22
179.80/51.51/-163.39

—168.08/174.70/172.88

-169.17/-78.25/-168.34
56.01/175.81/166 .95
169.89/-165.35/-177.73
-157.57/176.71/71.20
-37.92/-57.17/69.04
—58.57/~72.99/-166.89
174.83/-175.54/87.98
—175.95/174.66/-154.34
174.78/176.96/-127.14
-161.05/-51.51/-73.55
45.88/-60.13/120.16
116.51/177.35/167.15
—81.03/~175.87/78.95
-162.01/70.92/83 .47
174.15/-159.86/172.63

164.71/171.72/171.52
—-173.92/174.35/61.00
70.33/-63.38/176.78
73.69/-54.90/62.05
—175.89/-58.65/64.85
—173.44/-177.77/173 .49
-171.97/-60.05/69.49
—172.73/-57.63/66.82
-56.21/-176.15/-179.63
—54.48/-173.27/-178.99
—64.22/179.41/-165.93
175.37/-179.19/-176 .87
—68.18/179.43/-173.22
—-176.63/-59.46/66.71
170.15/-58.99/63.86
60.07/-179.57/-177.32
—173.94/-176.59/169.50

anti segments

gauche segments

8/8/9
5/5/4

11/9/6
4/6/5

9/9/7
5/6/6

10/10/10
717




Table s3 continued.

7'a(1) 7'a(2) 7b Te
C?-P-P-C¢ -19.77 -19.84 28.64 -29.86
dpp.d 1775 _17.4%/ 26.98 2734
C8-p-P-C8 2435 2473 22.60 2683
c"-p-0s-CcO(1) 89.51/-109.27 88.98/-108.81 37.54/-10.43 ~15.58/-11.21
c"-p-0s-CO(2) ~178.52/158.78 ~178.67/159.88 13.86/8.66 —40.43/13.42
ch-p-0s-X(1)° 3.37/-23.70 3.52/-23.70 73.29/-44.57 15.34/-45.91
cl-p-0s-Xx(2)° ~88.01/68.23 —88.28/68.42 ~15.57/44.31 46.44/-7321

P1-C1-C2-C3!
C1-C2-C3-C4
C2-C3-C4-C5'
C3-C4-C5-C6'
C4-C5-C6-C7!
C5-C6-C7-C8!
C6-C7-C8-C9!
C7-C8-C9-C10}
C8-C9-C10-C11*
C9-C10-C11-C12!
C10-C11-C12-C13'
C11-C12-C13-C14
C12-C13-C14-P2!
C12-C13-C14-C15"
C13-C14-C15-C16
C14-C15-C16-P2!
C14-C15-C16-C17*
C15-C16-C17-C18'
C16-C17-C18-P2!

169.59/-158.38/165.05
163.84/174.50/171.92
59.39/-156.45/60.25
71.63/30.96/53.54
176.17/118.04/-179.32
58.49/-153.93/162.08
54.73/163.41/-49.07
-172.38/-70.51/-57.05
-169.65/-146.81/-157.63
=57.77/-174.74/-52.88
-58.90/-61.02/-53.97
-173.16/-70.02/-56.34
155.55'/-172.88/~170.69

~171.95/-172.87/-155.16F

—62.56/-65.49/-174.98
—59.28/-63.10/-59.98
-161.37/-162.30/-58.11
178.01/-176.46/-171 .46
74.51/78.72/-172.04
—94.98/-172.17/59.06
161.54/80.66/56.02
—179.56/149.28/176.38
54.54/-91.37/73.73
61.56/-98.21/56.14
171.47/177.50/166.31
165.75'/-158.43/169.87

—178.42/170.22/-177.74
176.64/-72.19/72 .21
60.68/173.36/-168.79
58.07/-70.37/-171.38
175.91/-70.02/-75.81
68.27/176.52/-179.57
174.95/-62.91/-81.88
173.82/-170.16/-74.74
162.03/60.33/170.63
173.62/51.42/170.42
50.61/168.54/-175.09
60.08/163.50/-59.65
—167.63/59.43/-66.04
74.19/-178.84/174 91
178.38/167.05/178.11

169.99/169.97/175.50
171.52/-176.36/64.11
—64.12/66.16/-175.74
—49.79/69.63/62.86
—57.54/-176.12/61.04
-176.01/175.87/173.05
—60.78/-172.64/67.08
—60.56/-167.81/67.34
—-177.24/-50.50/-177 43
—177.89/-57.20/-177 .49
—177.14/-64.13/-169 .43
-176.27/-179.42/-172.88
178.42/-67.53/-165.88
—58.06/—177.95/69.18
—57.56/164.40/65.38
178.34/62.98/-178.17
—175.58/-174.04/165.67

anti segments

gauche segments

8/8/6
5/477

7/6/7
5/4/6

9/8/9
6/7/6

10/10/10
77117




Table s3 continued.

9a 9a-H* BAr;~ 11a¢ 12a
C?-P-P-C*¢ -38.42 -0.11 —25.44 36.80
d-ppcf ~37.98 287 2155 37.54
C8-p-p-C8 -37.98 -3.71 -21.50 38.52
c-P-0s-CO(1) —77.51/39.62 35.43/-39.06 —34.79/12.28//15.38/37.90 63.31/-25.18
C-P-0s-CO2) —78.82/40.94 14.78/-14.94 -11.03/-13.59 32.33/5.52
c"-p-0s-CO(3) —77.51/39.62 ~10.39/7 44 - -
CP-0s-X(1)¢ - —54.89/50.94 20.57/-43.01//-39.94/17 46 -25.19/63.17
CP-0s-X(2)° - - —71.29/48.94 -1.76/18.32

P1-C1-C2-C3!
C1-C2-C3-C4!
C2-C3-C4-C5!
(C3-C4-C5-C6'
C4-C5-C6-C7!
C5-C6-C7-C8!
C6-C7-C8-CY'
C7-C8-C9-C10°
C8-C9-C10-C11!
C9-C10-C11-C12!
clo-c11-C12-C13!
Cl1-c12-C13-C14!
C12-C13-C14-P2!

175.14/-172.73/-163.26
168.27/58.21/174.02
62.01/158.90/-178.86
173.03/-72.72/-177.71
58.27/-62.81/-58.77
62.18/-174.03/-61.71
178.18/178.18/-174.98
-174.03/62.18/-61.71
—62.81/58.27/-58.77
—72.72/173.03/-177.71
158.90/62.01/-178.86
58.21/168.27/174.02
—172.73/175.14/163 .26

178.09/-175.83/-175.43
168.27/-97.51/176.63
57.90/-51.53/44.72
59.02/151.04/176.63
171.56/169.06/177.69
—177.60/64.96/88.22
—69.36/76.61/-166.75
—61.69/-177.14/72.38
—-166.70/-170.42/62.77
—-176.95/-64.53/173.65
74.35/-69.81/69.59
89.02/177.60/154 .93
—171.15/-170.34/175.38

—163.78/-153.51/169.64
175.03/173.97/-73.30
—67.23/-169.36/177.19
—-179.24/64.00/-67.29
173.83/66.47/-58 .45
65.68/-169.16/-171.12
179.51/-175.34/-179.54
—170.45/-167.11/64.76
-58.89/64.45/171.93
—64.25/63.66/178.84
174.51/-172.76/-68.10
—71.07/174.32/175.27
174.57/-154.24/-159.71

—178.94/177.25/167.53
—159.19/-150.17/160.86
-52.05/-50.65/48.60
63.82/-179.46/74 .25
—76.47/-64.83/163.37
-60.82/-56.52/90.59
175.08/160.69/87.60
—174.45/173.82/-168.15
168.06/130.16/167.61
—73.73/-167.14/-171.99
—71.63/110.34/74 .40
168.43/55.92/77.62
—165.73/-175.04/178.71

anti segments

gauche segments

7/1/8
6/5/5

7/1/8
6/5/5

8/9/8
5/4/5

7177
6/4/5

“Values for the dominant 0Os(CO),(Cl), rotamer (6a.c). byalues for the two independent molecules of 6b and 7'a in the unit cell. X = Cl, Br, H, CH;, or Cipm/
Cpam/Hpam. 9One CO and one methyl ligand are disordered (50:50 occupancy ratio). Hence, values are given for each conformation.’First macrocyclic methylene
chain that is located between two X ligands (for 6a-c, 7b.c, 7'a, and 12a), or along the C, axis (9a), or opposite to the hydride ligand 9a-H* BAr;"), or opposite to
the non-disordered methyl ligand (C4, 11a). See also Figure 13./Second macrocyclic methylene chain. $Third macrocyclic methylene chain. "Torsion angles be-
tween the ligand and the nearest macrocyclic chain (first carbon atom of macrocycle). See also Figure 13. “The numbering of the carbon atoms does not represent
the numbering in the CIF file. For ease of comparison, the carbon atoms of each chain are numbered from C1 to C14 or C16 or C18. See also Figure 13. IThese
values represent the smallest torsion angles between the two frans disposed phosphacycles. *This value represents the torsion angle P2-C1-C2-C3 rather than P1-
C1-C2-C3 (the angles in this column are within one phosphacycle). IThis value represents the torsion angle C11-C12-C13-P1 rather than C11-C12-C13-P2 (the
angles in this column are within one phosphacycle).
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