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1. Experimental Section 

1.1 General Considerations 

All reactions were conducted in flame-dried glassware. Reagents were used as received 

from commercial suppliers unless otherwise noted. Methyl phenyldiazoacetate, methyl p-

methoxyphenyldiazoacetate, methyl phenylvinyldiazoacetate and methyl diazomalonate 

were prepared by standard methods. Dichloromethane was purified by passage through a 

bed of activated alumina (Grubbs-type solvent purifier). Styrene was filtered through a 

plug of silica before use. Cyclopentadiene was obtained from thermal cracking of 

dicyclopentadiene. NMR spectra were recorded on Varian 500, 400 and 300 MHz NMR 

spectrometers, calibrated using residual solvent peak. Melting points were obtained with 

an Electrothermal melting point apparatus and are uncorrected.  Elemental analyses were 

provided by Atlantic Microlabs, Inc.  

 Safety Note: Since the solvent-free reaction conditions are relatively exothermic, care 

is required for conducting reactions beyond the 50 mmol scale reported herein. The 

reactions are best started with a minute amount of catalyst, followed by addition of more 

catalyst as needed. Due to the potential instability of diazo compounds, excessive heating 

should be avoided and the work should be conducted behind a blast shield. 

1.2 Representative Procedures and Characterization Data 

CO2Me
Ph Ph

 

(1R,2S)-methyl 1,2-diphenylcyclopropanecarboxylate (4a). Methyl phenyldiazoacetate 

(8.81 g, 50.0 mmol) was dissolved in styrene (9.0 mL, 78.5 mmol).  The solution was 
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cooled to –30 °C.  Rh2(S-DOSP)4 (3.0 mg, 0.00158 mmol) in styrene (1.0 mL) was 

added.  The solution was allowed to stir at –30 °C for 3 h and warmed to ambient 

temperature.  A sample was acquired and analyzed (d.r. = 40:1 by crude 1H NMR,  ee = 

75% by HPLC: 1.5% i-PrOH/hexanes, 0.9 mL/min, R,R-Whelk). The crude material was 

then recrystallized from EtOH to give 4a as a white powder (8.00 g, 63%, >99% ee). 

Data for 4a: 1H NMR (400 MHz, CDCl3): δ 7.11-7.09 (m, 3H), 7.03-7.00 (m, 5H), 6.76-

6.74 (m, 2H), 3.63 (s, 3H), 3.11 (dd, 1H, J=7.0, 9.5 Hz), 2.13 (dd, 1H, J=5.0, 9.5 Hz), 

1.86 (dd, 1H, J=5.0, 7.0 Hz). The data corresponds to reported literature values.1 

H

H

CO2Me

OMe  

(R,S,S)-Methyl 6-(4-methoxyphenyl)bicyclo[3.1.0]hex-2-ene-6-carboxylate (ent-5). 

Methyl 4-methoxyphenyldiazoacetate 1b (10.30 g, 50 mmol) was dissolved in 

cyclopentadiene (12.5 mL, 153 mmol).  Rh2(S-PTAD)4 (0.05 mg, 0.000032 mmol) was 

added and the reaction was allowed to stir at ambient temperature for 72 h.  Excess 

cyclopentadiene was removed by Kügelrohr distillation to afford ent-5 (10.1 g, 41.3 

mmol, 83%, 76% ee). Data for ent-5: Mp = 128-130 °C. [α]D
20 (c 1.05): -153.0. HPLC 

(Chiracel OJ, 3% i-PrOH/hexanes, 1.5 mL/min): tR = 11.0, 15.9 min. 1H NMR (500 

MHz, CDCl3): δ 7.03 (d, 2H, J = 8.2 Hz), 6.82 (d, 2H, J = 8.5 Hz), 5.75-5.74 (m, 1H), 

5.24-5.23 (m, 1H), 3.79 (s, 3H), 3.60 (s, 3H), 2.92-2.91 (m, 1H), 2.67-2.60 (m, 2H), 2.07 

(dd, 1H, J = 18.1, 2.1 Hz). 13C NMR (500 MHz, CDCl3): δ 174.6, 158.1, 133.7, 132.8, 

129.5, 124.9, 113.0, 54.9, 52.2, 40.8, 36.9, 33.9, 32.3. FTIR (neat film): ν/cm-1 3015, 

2950, 2901, 2840, 1704, 1524, 1246, 1217. HRMS (CI): Calcd. for [C15H16O3+H] 
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245.11722, found [M+H] 245.11737. Elemental analysis: calcd. C: 73.75%, H: 6.60%, 

found: C: 73.64%, H: 6.54%. 

CO2Me
Ph

Ph

 

(1S,2S,E)-Methyl 2-phenyl-1-styrylcyclopropanecarboxylate (8). Methyl 

styryldiazoacetate 7 (10.1 g, 50.0 mmol) was dissolved in styrene (7.60 mL, 66.3 mmol).  

Rh2(S-DOSP)4 (3.0 mg, 0.00158 mmol) in styrene (1.0 mL, 8.7 mmol) was added.  The 

solution was allowed to stir at ambient temperature for 6 h.  A sample of the crude 

material was acquired (d.r. = 16:1 by crude NMR, ee = 81% by HPLC: S,S-Whelk, 1% i-

PrOH/hexanes, 1mL/min).  The crude material was recrystallized from EtOH to afford 8 

as a white powder (10.0 g, 72%, >99% e.e). Data for 8: 1H NMR (400 MHz, CDCl3): δ 

7.21-7.13 (m, 10H), 6.34 (d, 1H, J=16 Hz), 6.13 (d, 1H, J=16 Hz), 3.74 (s, 3H), 3.00 (dd, 

1H, J=7.0, 9.0 Hz), 2.02 (dd, 1H, J=9.0, 5.0 Hz), 1.82 (dd, 1H, J=5.0, 7.0 Hz). The data 

corresponds to reported literature values.2 

CO2Me

Ph  

(1S,4S,5R)-methyl 4-phenylbicyclo[3.2.1]octa-2,6-diene-2-carboxylate (9). Methyl 

styryldiazoacetate 7 (10.1 g, 50.0 mmol) was dissolved in cyclopentadiene (5.0 g, 75.0 

mmol) and the solution cooled to 10 °C.  Rh2(S-DOSP)4 (3.0 mg, 0.00158 mmol) in 

cyclopentadiene (0.500 mL, 6.1 mmol) was added in one portion. The reaction was 

allowed to slowly warm to ambient temperature over 10 h.  The product was then purified 

by Kügelrohr distillation to afford 9 as a yellow oil (10.1 g, 84%, 81% ee). Data for 9: 1H 
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NMR (CDCl3, 300 MHz): δ 7.32-7.16 (m, 3H), 7.06 (d, 2H, J = 6.6 Hz), 6.63 (s, 1H), 

6.35 (dd, 1H, J = 5.4, 2.7 Hz), 5.27 (dd, 1H, J = 5.4, 2.7 Hz), 3.78 (dd, 1H, J = 4.2, 3.3 

Hz), 3.76 (s, 3H), 3.32 (t, 1H, J = 3.8 Hz), 3.02 (ddd, 1H, J = 4.7, 4.6, 2.4 Hz), 2.24 (ddd, 

1H, J = 9.9, 4.8, 4.8 Hz), 1.98 (d, 1H, J = 9.9 Hz). The data corresponds to reported 

literature values.3 

CO2Me

 

(R)-Methyl 2-(cyclohexa-2,5-dienyl)-2-phenylacetate (9). A 50 mL round bottom flask 

charged with Methyl phenyldiazoacetate 1a (3.52 g, 20.0 mmol) was added 1,4-

cyclohexadiene (4.00 mL, 41.9 mmol).  The solution was cooled to 0 °C in an ice/water 

bath under an inert Ar-atmosphere. A solution of Rh2(S-DOSP)4 (3.8 mg, 0.002 mmol) in 

1,4-cyclohexadiene (1.0 mL, 10.5 mmol) was added by syringe in one steady movement. 

Weak nitrogen evolution was observed shortly after addition. The reaction mixture was 

allowed to slowly reach ambient temperature over 12 h after which it turned light yellow. 

Excess 1,4-cyclohexadiene was then removed by Kügelrohr distillation to afford pure 9 

as a light yellow oil (4.38 g, 96%). A small amount of the material was subjected to 

hydrogenation conditions (H2/Pd in MeOH) to afford Methyl cyclohexylphenylacetate, 

which was analyzed by HPLC (Chiralcel OJ, 0.7% i-PrOH/hexanes, 1.0 mL/min): tR = 

14.5 min (major), 18.6 min (minor), 81% ee. Data for 9: 1H NMR (500 MHz, CDCl3): δ 

7.33-7.29 (m, 4H), 7.28-7.25 (m, 1H), 5.82-5.79 (m, 1H), 5.73-5.66 (m, 2H), 5.28-5.25 

(m, 1H), 3.67 (s, 3H), 3.50-3.46 (m, 1H), 3.42 (d, 1H, J = 10.5 Hz), 2.63-2.59 (m, 2H). 

The data is in good agreement with reported literature values.4 
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1.3 Procedure for ReactIR Studies 

General procedure for kinetic measurements: Experiments were carried out with a 

Mettler Toledo ReactIR™ 45m instrument equipped with a 9.5mm x 12” AgX 1.5m 

SiComp probe. Stock solutions of methyl phenyldiazoacetate, Ethyl diazoacetate, Methyl 

diazomalonate and Rh2(S-DOSP)4 in CH2Cl2 were prepared. To a dry round bottom flask 

was added a stir bar, styrene (10 equiv.), CH2Cl2 and an aliquot of diazoacetate solution 

(1.0 equiv., 0.2 M). The ReactIR probe was then inserted and the instrument set up for a 

continuous scan experiment. The scan was started and, at t0 = 10 s, an aliquot of the 

catalyst solution was injected by syringe in one movement with vigorous stirring. All 

solutions were equilibrated to ambient temperature before use (16 ˚C). 
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3. ReactIR Data 
 
The diazoacetate reactions were followed by ReactIR, monitoring the disappearance N=N 

stretch frequencies of the diazo compounds. Raw data for the four kinetic measurements 

is given below. The percent conversion, η, was estimated from the following formula: 

 η =  (|At-A∞|/|A0-A∞|)*100% 

Where:  At = Absorbance at time t. 

  A∞  = Absorbance at full conversion. 

  A0  = Initial absorbance before reaction was started. 
 
 
Methyl diazomalonate : Rh2(S-DOSP)4 = 200 : 1 
 

MDM  0.5 mol% catalyst

0

0.05

0.1

0.15

0.2

0.25

0:00:00 0:01:26 0:02:53 0:04:19 0:05:46 0:07:12 0:08:38 0:10:05 0:11:31

Relative time (h:mm:ss)

 
 
Time(h:m:s) A.U. time(sec) 

0:00:16 0.192465 16 
0:00:26 0.184961 26 
0:00:36 0.184569 36 
0:00:46 0.184174 46 
0:00:56 0.183561 56 
0:01:22 0.181888 82 
0:01:36 0.181033 96 
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0:01:52 0.179983 112 
0:02:07 0.179662 127 
0:02:22 0.178492 142 
0:02:37 0.177501 157 
0:02:51 0.176129 171 
0:03:07 0.176029 187 
0:03:21 0.175973 201 
0:03:37 0.174641 217 
0:03:52 0.174267 232 

 
 
 
Ethyl diazoacetate (EDA) : Rh2(S-DOSP)4 = 1000 : 1 
 

EDA 0.1 mol% catalyst

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0:00:00 0:00:43 0:01:26 0:02:10 0:02:53

Relative time (h:mm:ss)

 
Time(h:m:s) A.U. time(sec) 

   
0:00:10 0.177312 10 
0:00:12 0.169678 12 
0:00:14 0.16165 14 
0:00:17 0.153406 17 
0:00:19 0.151988 19 
0:00:21 0.147899 21 
0:00:24 0.144137 24 
0:00:26 0.140412 26 
0:00:29 0.140729 29 
0:00:31 0.135945 31 
0:00:33 0.136352 33 
0:00:36 0.134875 36 
0:00:38 0.131733 38 
0:00:40 0.128438 40 
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0:00:43 0.127998 43 
0:00:45 0.126917 45 
0:00:47 0.126719 47 
0:00:50 0.122426 50 
0:00:52 0.125485 52 
0:00:55 0.124423 55 
0:00:57 0.123477 57 
0:00:59 0.122129 59 
0:01:02 0.12295 62 
0:01:04 0.120203 64 
0:01:06 0.119763 66 
0:01:09 0.121569 69 
0:01:11 0.117884 71 
0:01:13 0.11827 73 
0:01:16 0.117636 76 
0:01:18 0.118593 78 
0:01:21 0.115427 81 
0:01:23 0.117739 83 
0:01:25 0.117191 85 
0:01:28 0.116595 88 
0:01:30 0.114823 90 
0:01:32 0.114711 92 
0:01:35 0.116468 95 
0:01:37 0.114674 97 
0:01:39 0.113699 99 
0:01:42 0.116843 102 
0:01:44 0.116272 104 
0:01:47 0.113888 107 
0:01:49 0.11334 109 
0:01:51 0.113014 111 
0:01:54 0.1149 114 
0:01:56 0.114859 116 
0:01:58 0.11143 118 
0:02:01 0.113031 121 
0:02:03 0.113883 123 
0:02:05 0.111381 125 
0:02:08 0.109862 128 
0:02:10 0.11462 130 
0:02:12 0.110056 132 
0:02:15 0.112086 135 
0:02:17 0.111982 137 
0:02:20 0.111147 140 
0:02:22 0.110653 142 
0:02:24 0.111776 144 
0:02:27 0.111507 147 
0:02:29 0.111267 149 
0:02:31 0.110482 151 
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Methyl Phenyldiazoacetate (MPD) : Rh2(S-DOSP)4 = 1000 : 1 

PDA 0.1 mol% catalyst

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0:00:00 0:00:43 0:01:26 0:02:10 0:02:53

Relative time (h:mm:ss)  
 
Time(h:m:s) A.U. time(sec) 

   
0:00:11 0.241237 11 
0:00:12 0.0829811 12 
0:00:13 0.023902 13 
0:00:14 0.00374838 14 
0:00:16 0.000740953 16 
0:00:17 -0.000384453 17 
0:00:18 -2.35E-05 18 
0:00:19 0.00280573 19 
0:00:20 0.000931906 20 
0:00:21 -0.000233302 21 
0:00:23 -0.000883072 23 
0:00:24 0.00194343 24 
0:00:25 0.00173539 25 
0:00:26 0.00288669 26 
0:00:27 -0.000251507 27 
0:00:29 -0.00132649 29 
0:00:30 -0.000836159 30 
0:00:31 -0.000366996 31 
0:00:32 0.000677773 32 
0:00:33 0.000391774 33 
0:00:34 -0.00122991 34 
0:00:36 -0.000903423 36 
0:00:37 -0.00100304 37 
0:00:38 -0.000400758 38 
0:00:39 0.00181956 39 
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0:00:40 0.00133463 40 
0:00:42 -0.00131936 42 
0:00:43 -0.000530456 43 
0:00:44 -0.00113082 44 
0:00:45 0.00100219 45 
0:00:46 0.00184436 46 
0:00:47 -0.000752238 47 
0:00:49 0.00111569 49 
0:00:50 -0.000174958 50 
0:00:51 0.00140897 51 
0:00:52 -0.000167153 52 
0:00:53 0.00144255 53 
0:00:55 -8.48E-05 55 
0:00:56 -0.00241321 56 
0:00:57 -0.000838497 57 
0:00:58 0.000185827 58 
0:00:59 -0.00126403 59 
0:01:00 -0.00206243 60 
0:01:02 -0.000793797 62 
0:01:03 -0.00103993 63 
0:01:04 -0.000630188 64 
0:01:05 -3.75E-05 65 
0:01:06 -0.000587543 66 
0:01:07 -0.00147328 67 
0:01:09 -0.00275453 69 
0:01:10 -0.0021719 70 
0:01:11 -0.000839252 71 
0:01:12 -0.000283166 72 
0:01:13 -0.00198591 73 
0:01:15 -0.000958506 75 
0:01:16 -0.000539141 76 
0:01:17 0.000324481 77 
0:01:18 -0.00233543 78 
0:01:19 -2.86E-05 79 
0:01:20 -0.000669596 80 
0:01:22 -0.00128701 82 
0:01:23 -0.00317031 83 
0:01:24 -0.00236997 84 
0:01:25 -0.000968273 85 
0:01:26 -0.00120891 86 
0:01:28 -0.0027991 88 
0:01:29 -0.00246488 89 
0:01:30 -0.00176215 90 
0:01:31 -0.0015183 91 
0:01:32 0.000243481 92 
0:01:33 -0.000517956 93 
0:01:35 -0.00294461 95 
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0:01:36 -0.000588382 96 
0:01:37 0.000307552 97 
0:01:38 -0.000265012 98 
0:01:39 -0.00313766 99 
0:01:41 -0.00332358 101 
0:01:42 -0.000947801 102 
0:01:43 -0.0012602 103 
0:01:44 -0.00226933 104 
0:01:45 -0.000858155 105 
0:01:46 -0.00117231 106 
0:01:48 -0.00201205 108 
0:01:49 0.000663767 109 
0:01:50 -0.000157557 110 
0:01:51 -0.00125057 111 
0:01:52 -0.00194886 112 
0:01:54 -0.00338087 114 
0:01:55 -0.00123591 115 
0:01:56 -0.000144814 116 
0:01:57 0.000167701 117 
0:01:58 -0.00207695 118 
0:01:59 -0.00258036 119 
0:02:01 -0.00228904 121 
0:02:02 -0.00256946 122 
0:02:03 -0.00129276 123 
0:02:04 -0.00118221 124 
0:02:05 -0.00102512 125 
0:02:07 -0.0018602 127 
0:02:08 -0.00255134 128 
0:02:09 -0.000946991 129 
0:02:10 -0.00130443 130 
0:02:11 -0.00119963 131 
0:02:12 -0.000800063 132 
0:02:14 -0.0017547 134 
0:02:15 -0.000761329 135 
0:02:16 -0.00171132 136 
0:02:17 -0.00251885 137 
0:02:18 -0.00306401 138 
0:02:20 -0.00125919 140 
0:02:21 -0.0014064 141 
0:02:22 -0.0032033 142 
0:02:23 -0.00322309 143 
0:02:24 -0.00154198 144 
0:02:25 9.93E-05 145 
0:02:27 0.000102674 147 
0:02:28 0.00257563 148 
0:02:29 -0.00173764 149 
0:02:30 -0.00119412 150 
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Methyl Phenyldiazoacetate (MPD) : Rh2(S-DOSP)4 = 10,000 : 1 
 

PDA 0.01 mol% catalyst

0

0.05

0.1

0.15

0.2

0.25

0.3

0:00:00 0:00:43 0:01:26 0:02:10 0:02:53

Relative Time (h:mm:ss)

 
 
Time(h:m:s) A.U. time(sec) 

   
0:00:09 0.248626 9 
0:00:12 0.235984 12 
0:00:14 0.209345 14 
0:00:16 0.188873 16 
0:00:19 0.163174 19 
0:00:21 0.140365 21 
0:00:23 0.124578 23 
0:00:26 0.107688 26 
0:00:28 0.092831 28 
0:00:31 0.0818329 31 
0:00:33 0.069133 33 
0:00:35 0.0591729 35 
0:00:38 0.0487103 38 
0:00:40 0.0444819 40 
0:00:42 0.0338336 42 
0:00:45 0.0286751 45 
0:00:47 0.0253908 47 
0:00:49 0.0200043 49 
0:00:52 0.0193682 52 
0:00:54 0.0153068 54 
0:00:56 0.0128766 56 
0:00:59 0.0103031 59 
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0:01:01 0.0108043 61 
0:01:04 0.00802249 64 
0:01:06 0.0052114 66 
0:01:08 0.00629874 68 
0:01:11 0.00558751 71 
0:01:13 0.00413866 73 
0:01:15 0.00418643 75 
0:01:18 0.00371015 78 
0:01:20 0.00361167 80 
0:01:22 0.00349452 82 
0:01:25 0.00403909 85 
0:01:27 0.00314974 87 
0:01:30 0.00401804 90 
0:01:32 0.00252082 92 
0:01:34 0.00412696 94 
0:01:37 0.00130936 97 
0:01:39 0.0042765 99 
0:01:41 0.00347596 101 
0:01:44 0.00308134 104 
0:01:46 0.00228885 106 
0:01:48 0.00373604 108 
0:01:51 0.00201798 111 
0:01:53 0.00306436 113 
0:01:56 0.00207249 116 
0:01:58 0.00350901 118 
0:02:00 0.00326549 120 
0:02:03 0.00328234 123 
0:02:05 0.00303025 125 
0:02:07 0.00272954 127 
0:02:10 0.00299942 130 
0:02:12 0.00249693 132 
0:02:14 0.00293332 134 
0:02:17 0.00257351 137 
0:02:19 0.00285069 139 
0:02:22 0.00292317 142 
0:02:24 0.00336909 144 
0:02:26 0.00317081 146 
0:02:29 0.00511048 149 
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