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Procedure	
  
 

A. Methyl phenyl diazoacetate (1).  A 1-L, one-necked round-bottomed 
flask is equipped with a Teflon-coated magnetic stir bar (4 cm long, 1.6 cm 
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diameter) and a septum.  The apparatus is evacuated (0.5 mmHg) and 
flame-dried, after which the flask is filled with nitrogen and allowed to cool 
to room temperature.  The septum is removed and the flask is charged with 
acetonitrile (200 mL) (Note 1). 4-Acetamidobenzenesulfonyl azide (38.9 g, 
162 mmol, 1.23 equiv) (Note 2) is added as a solid in one portion.  The 
septum is replaced, a needle connected to a nitrogen source is inserted 
through the septum, and methyl phenylacetate (18.6 mL, 19.9 g, 132 mmol, 
1.00 equiv) (Note 3) is added through the septum via syringe over 1 min.  
The reaction mixture is cooled in an ice bath and then 1,8-
diazabicyclo[5.4.0]undec-7-ene (23.8 mL, 24.0 g, 158 mmol, 1.20 equiv) (Note 
4) is added over the course of 15 min (Note 5) via syringe.  The ice bath is 
then removed, the exterior of the reaction flask is protected from light by 
aluminum foil, and the mixture is stirred for 16 h at room temperature 
(24 °C). After 16 h, the solution is concentrated on the rotary evaporator 
(30 °C, 20 mmHg) (Note 6). The residue is partitioned between brine 
(100 mL) and diethyl ether (200 mL) (Note 1) and is transferred to a 1 L 
separatory funnel.  The organic layer is washed with additional brine 
(100 mL).  The brine layers are combined and back-extracted with diethyl 
ether (3 x 60 mL).  The organic extracts are combined, dried over anhydrous 
MgSO4 (15 g), filtered through a fritted glass funnel, and concentrated on a 
rotary evaporator (30 °C, 110 mmHg).  The residual oil is then purified by 
silica gel column chromatography (Note 7) to yield 17.2 g (74%) of 1 (Notes 
8 and 9) as a red, clear liquid (Note 10). 

B. Methyl 1-phenyl-2-trimethylsilylcycloprop-2-ene carboxylate (2). A 250-
mL, one-necked round-bottomed flask is equipped with a Teflon-coated 
magnetic stir bar (2.5 cm long, 1.2 cm diameter) and a septum, through 
which is inserted a needle connected to a manifold.  The apparatus is 
evacuated (0.5 mmHg) and flame-dried. The flask is filled with nitrogen and 
cooled to room temperature.  The septum is removed and the flask is 
charged with rhodium(II) acetate dimer (245 mg, 0.555 mmol, 5.00 × 10–3 
equiv) (Note 11).  The septum is replaced, and the apparatus is evacuated 
and refilled with nitrogen three times. Trimethylsilylacetylene (68.8 mL, 
48.2 g, 490 mmol, 4.42 equiv) (Note 12) is added through the septum via 
syringe.  Two 20 mL syringes are used to add a mixture of 1 (19.5 g, 
111.0 mmol, 1.00 equiv) dissolved in trimethylsilylacetylene (19.0 mL, 
13.3 g, 135 mmol, 1.22 equiv) at room temperature over 20 h using a syringe 
pump.  The reaction mixture is then stirred for an additional 5 h.  Vacuum 
distillation at room temperature (24 °C) (Note 13) is used to recover excess 
trimethylsilylacetylene (39 g).  The residue is purified by column 
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chromatography (Note 14), and the fractions containing the product are 
combined and concentrated on the rotary evaporator (40 °C, 20 mmHg) and 
then dried at 0.5 mmHg for 2 h to yield 18.7 g (69%) of 2 (Notes 15 and 16) 
as a yellow, clear liquid. 

C. 3-Hydroxymethyl-3-phenyl-2-trimethylsilylcyclopropene (3). A 3-L three-
necked round-bottomed flask is equipped with a Teflon-coated magnetic 
stir bar (5 cm long, 2 cm diameter). The right neck is connected to a gas inlet 
adapter and the other two necks are sealed with septa.  The apparatus is 
evacuated (0.5 mmHg) and then flame-dried. The flask is filled with 
nitrogen and cooled to room temperature. A temperature probe is pierced 
through the left septum. A solution of 2 (18.7 g, 76.0 mmol, 1.00 equiv) in 
dry THF (350 mL) (Note 1) is added via cannula into the reaction flask.  The 
reaction flask is then cooled with a dry ice/acetone bath to an internal 
temperature of –78 °C.  To the stirring solution, a solution of DIBAL-H in 
THF (1.0 M, 269 mL, 269 mmol, 3.54 equiv) (Note 17) is added slowly via 
cannula (using nitrogen pressure) over a period of 4 h at –78 °C (Note 18). 
The reaction mixture is stirred for an additional 2 h at –78 °C.  A septum is 
removed, and a 10% aqueous potassium carbonate solution (18 mL) is 
added over the course of 30 min to the flask using a Pasteur pipette 
(Note 19).  The septum is replaced, and the dry ice bath is removed.  When 
the internal temperature reaches –55 °C, a saturated aqueous potassium 
sodium tartrate solution (100 mL) and diethyl ether (200 mL) are added.  
The stirred suspension is allowed to warm to 24 °C over 11 h, then saturated 
aqueous potassium sodium tartrate solution (200 mL) and distilled water 
(100 mL) are added.  The mixture is transferred to a 2 L separatory funnel 
and extracted with diethyl ether (2 × 100 mL).  The organic layers are 
combined, washed with brine (400 mL), dried over anhydrous MgSO4 
(16 g), filtered through a fritted glass funnel, and then concentrated using 
rotary evaporator (40 °C, 20 mmHg).  The residue is purified by column 
chromatography (Note 20), and fractions containing the product are 
combined and concentrated on the rotary evaporator (40 °C, 20 mmHg) and 
then dried at 0.5 mmHg for 2 h to yield 14.4 g (87%) of 3 (Notes 21 and 22) 
as a pale yellow solid. 

D. 3-Hydroxymethyl-3-phenylcyclopropene (4). A 1-L, one-necked round-
bottomed flask is equipped with a Teflon-coated magnetic stir bar (4 cm 
long, 1.6 cm diameter) and a septum, through which is inserted a needle 
connected to a manifold. The apparatus is evacuated (0.5 mmHg) and 
flame-dried, after which the flask is filled with nitrogen and cooled to room 
temperature. The septum is removed and the flask is charged with racemic 
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3 (14.4 g, 65.9. mmol, 1.00 equiv) and methanol (290 mL) (Note 1).  The 
septum is replaced, a needle connected to a nitrogen source is inserted, and 
a temperature probe is inserted through the septum.  The solution is cooled 
by an ice bath to an internal temperature of 5 °C, and the mixture is stirred.  
Potassium carbonate (92.2 g, 667 mmol, 10.1 equiv) (Note 23) is added at 
4 °C.  During the addition, the internal temperature increased to 7 °C.  The 
ice bath is then exchanged for an oil bath, and the reaction mixture is heated 
to 36 °C and stirred for 3 h.  The reaction mixture is filtered through a pad 
of Celite (20 g) on a fritted glass funnel (7 cm internal diameter).  The Celite 
bed is washed with diethyl ether (4 × 50 mL) and distilled water (200 mL). 
The filtrate is concentrated on the rotary evaporator (40 °C, 20 mmHg), and 
then transferred to a 1 L separatory funnel and extracted with diethyl ether 
(200 mL).  The aqueous layer is further extracted with diethyl ether 
(2 x 50 mL).  The organic layers are combined, washed with brine (200 mL), 
dried over anhydrous MgSO4 (17 g), filtered through a fritted glass funnel, 
and concentrated on the rotary evaporator (40 °C, 20 mmHg).  The residue 
is purified by column chromatography (Note 24), and pure fractions are 
combined and concentrated on the rotary evaporator (30 °C, 20 mmHg) and 
then dried at 0.5 mmHg to yield 8.65 g (90%) of 4 (Notes 25 and 26) as an 
off-white solid. 
 
 
Notes	
  
 
1. THF and acetonitrile (all ACS, Reag. Ph Eur) were purchased from 

Merck and dried with a SP-1 solvent purification system from LC 
Technology Solutions.  Methanol (ACS, Reag. Ph Eur) was obtained 
from Merck and used as received.  The following solvents were used for 
flash column chromatography and during work-up (all laboratory 
grade, all used as received): diethyl ether (purchased from Univar), 
hexanes (purchased from Thommen-Furler),	
   dichloromethane 
(purchased from EGT Chemie) and ethyl acetate (purchased from 
Thommen-Furler).  The submitters used the following solvents: THF 
(99.9%) was obtained from Fisher Scientific and distilled from a blue 
solution of benzophenone ketyl. Acetonitrile (99.9%) was obtained from 
Fisher Scientific, and dried with columns packed with activated neutral 
alumina using the solvent purification system described by Bergman.2  
Methanol (99.9%) was purchased from Fisher Scientific and was used as 
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received for the preparation of 4 (reaction D).  Diethyl ether (laboratory 
grade), hexanes (99.9%), dichloromethane (99.9%) and ethyl acetate 
(99.9%) were purchased from Fisher and used as received. 

2. 4-Acetamidobenzenesulfonyl azide3 (>98%) was purchased from TCI 
and used as received. The submitters purchased 4-
acetamidobenzenesulfonyl azide (97%) from Sigma-Aldrich and used it 
as received. 

3. Methyl phenylacetate (≥99%) was purchased from Sigma-Aldrich and 
used as received. The submitters purchased methyl phenylacetate (99%) 
from Sigma-Aldrich and used it as received. 

4. 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) (≥97%) was purchased from 
Fluorochem and used as received. The submitters purchased DBU 
(98%) from Acros Organics and used it as received. 

5. DBU was added in 2 mL portions in intervals of one minute.   
6. Care should be taken to avoid bumping during the rotary evaporation.   
7. Flash column chromatography (9.0 cm diameter) was performed using 

300 g of silica gel [Fluka, pore size 60 Å, 230 - 400 mesh particle size].  
The top surface of the column was covered with sand (0.5 cm).  The 
residue was loaded onto the column as a neat liquid.  A small amount 
of 2% diethyl ether in hexanes (5 mL) was used assist the final transfer 
of the material to the column.  The column was eluted with 2.2 L of 2% 
diethyl ether in hexanes, and 250 mL fractions were collected.  Fractions 
#7–14 contained the product.  TLC analysis during flash column 
chromatography was performed using 10% ethyl acetate in hexanes as 
the eluent. (Rf of 1 = 0.6, visualized with UV light; RfSM (methyl 
phenylacetate) = 0.5, visualized with UV light).  

8. A yield of 75% was obtained when the reaction was performed on half-
scale.  

9. Physical properties of 14 are as follows: Rf 0.6 (10% EtOAc in hexanes, 
UV detection). 1H NMR (400 MHz, CDCl3) δ: 3.86 (s, 3 H), 7.19 (t, J = 
7.4 Hz, 1 H), 7.39 (m, 2 H), 7.49 (d, J = 7.4 Hz, 2 H).  13C NMR (101 MHz, 
CDCl3) δ: 52.0, 63.3, 124.0, 125.5, 125.8, 129.0, 165.6. IR (film) 3060, 3026, 
2953, 2845, 2082, 1699, 1598, 1498, 1434, 1352, 1287, 1247, 1192, 1153, 
1051, 1026, 909, 754, 692, 669, 632 cm-1.  HRMS (EI) m/z calcd for 
C9H8N2O2 [M]+ 176.0580, found 176.0583.  Anal. calcd. for C9H8N2O2: C, 
61.36; H, 4.58; N, 15.90.  Found: C, 61.28; H, 4.80; N, 16.06. 

10. The submitters observed that purified 1 can also contain methyl 
phenylacetate (<5%) by 1H NMR analysis; however, the presence of 
methyl phenylacetate was not observed by the checkers.  The submitters 
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report that rigorous removal of all traces of methyl phenylacetate is not 
necessary.  The cyclopropenation of trimethylsilylacetylene (Step B) has 
been performed by the submitters with methyl diazophenylacetate 
contaminated with as much as 10% methyl phenylacetate, without a 
significant decrease in yield. 

11. Rhodium(II) acetate dimer (≥97%) was purchased from Fluorochem and 
used as received. The submitters purchased rhodium(II) acetate dimer 
(99%) from Colonial Metals and used it as received. 

12. Trimethylsilylacetylene (≥97%) was purchased from Fluorochem and 
used as received. The submitters purchased trimethylsilylacetylene 
(98%) from GFS Chemicals and used it as received. 

13. Distillation was performed under vacuum (0.5 mmHg) using a short 
path distillation unit.  The receiver flask (100 mL) was immersed in 
acetone/dry ice bath (–78 °C). 

14. Flash column chromatography (9.0 cm diameter) was performed using 
176 g of silica gel [Fluka, pore size 60 Å, 230 - 400 mesh particle size].  
The top surface of the column was covered with sand (0.5 cm).  The 
residue was loaded onto the column as a neat liquid.  Hexanes was used 
to assist the final transfer of the material to the column.  The column 
was sequentially eluted with 10% dichloromethane in hexanes (1.1 L), 
25% dichloromethane in hexanes (1 L), 33% dichloromethane in hexanes 
(1 L), 40% dichloromethane in hexanes (1 L) and 50% dichloromethane 
in hexanes (1.2 L).  During chromatography, 200 mL fractions were 
collected.  Fractions 3-26 contained the product and were combined.  In 
fractions 3-8 a less polar, minor impurity was observed by TLC analysis.  
TLC analysis during flash column chromatography was performed 
using 30% ethyl acetate in hexanes as the eluent. (Rf = 0.75, visualized 
with ceric ammonium molybdate stain).  

15. A yield of 73% was obtained when the reaction was performed on half-
scale. 

16. Physical properties of 25,6 are as follows: Rf 0.75 (30% EtOAc in hexanes, 
visualized with ceric ammonium molybdate stain). 1H NMR (400 MHz, 
CDCl3) δ: 0.20 (s, 9 H), 3.67 (s, 3 H), 7.15–7.21 (m, 1 H), 7.25–7.29 (m, 
4 H), 7.44 (s, 1 H); 13C NMR (101 MHz, CDCl3) δ: –1.3, 31.5, 52.0, 116.0, 
120.0, 126.1, 128.0, 128.4, 142.6, 176.2; IR (film) 3119, 3059, 3025, 2957, 
2902, 1945, 1731, 1704, 1602, 1495, 1446, 1434, 1289, 1251, 1220, 1042, 
1024, 1012, 844, 791, 758, 698 cm-1. HRMS (ESI) m/z calcd for C14H19O2Si 
[M+H]+ 247.11454 found 247.1144. Anal. calcd. For C14H18O2Si: C, 68.25; 
H, 7.36. Found: C, 68.05; H, 7.22. 
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17. DIBAL-H (1M in THF) was purchased from Sigma-Aldrich and used as 
received. 

18. With this slow rate of addition, the internal temperature was 
maintained below –70 °C (to avoid cyclopropene reduction) during the 
addition of DIBAL-H. 

19. Care should be exercised during the addition, as the quenching of 
DIBAL-H is exothermic. 

20. Flash column chromatography (9.0 cm diameter) was performed using 
187 g of silica gel [Fluka, pore size 60 Å, 230 - 400 mesh particle size].  
The top surface of the column was covered with sand (0.5 cm).  The 
residue was loaded onto the column as a neat liquid.  5% Ethyl acetate 
in hexanes was used assist the final transfer of the material to the 
column.  The column was sequentially eluted with 5% ethyl acetate in 
hexanes (1.7 L), 9% ethyl acetate in hexanes (1 L), 17% ethyl acetate in 
hexanes (600 mL).  During chromatography, 200 mL fractions were 
collected.  Fractions 4-14 contained the product.  TLC analysis during 
flash column chromatography was performed using 30% ethyl acetate 
in hexanes as the eluent. (Rf = 0.54, visualized with ceric ammonium 
molybdate stain). 

21. A reaction run on half-scale provided a product yield of 88%. 
22. Physical properties of 37 are as follows: mp 35 °C; Rf  0.54 (30% EtOAc in 

Hexanes, with ceric ammonium molybdate stain was used to visualize 
TLC plates). 1H NMR (400 MHz, CDCl3) δ: 0.18 (s, 9 H), 1.18 (t, 
J  = 5.7 Hz, 1 H), 3.99 (dd, J = 11.0, 5.3 Hz, 1 H), 4.16 (dd, J = 11.1, 5.7 Hz, 
1 H), 7.12–7.20 (m, 3 H), 7.25–7.30 (m, 2 H), 7.70 (s, 1 H); 13C NMR 
(100 MHz, CDCl3) δ: –0.9, 30.2, 68.9, 123.6, 124.1, 125.3, 126.1, 128.1, 
146.9; IR (film) 3368, 3084, 3058, 3023, 2957, 2898, 2871, 1692, 1600, 1578, 
1495, 1408, 1250, 1065, 1012, 866, 842, 757, 698 cm-1. HRMS (EI) m/z calcd 
for C12H15OSi [M-CH3]+ 203.0887, found 203.0884. Anal. calcd. For 
C13H18OSi: C, 71.50; H, 8.31. Found: C, 71.39; H, 8.41.  

23. Anhydrous potassium carbonate (EP) was purchased from Brenntag 
Schweizerhall and used as received. The submitters purchased 
anhydrous potassium carbonate (99.9%) from Fisher Scientific and used 
it as received. 

24. Flash column chromatography (6.0 cm diameter) was performed using 
144 g of silica gel [Fluka, pore size 60 Å, 230 - 400 mesh particle size].  
The top surface of the column was covered with sand (0.5 cm).  The 
residue was loaded onto the column as a neat liquid.  Diethyl ether was 
used assist the final transfer of the material to the column.  The column 
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was sequentially eluted with 10% diethyl ether in hexanes (1 L), 14% 
diethyl ether in hexanes (1 L), 25% diethyl ether in hexanes (400 mL), 
and 50% diethyl ether in hexanes (1.2 L).  During chromatography, 
80 mL fractions were collected.  Fractions 28-43 contained the product.  
TLC analysis during flash column chromatography was performed 
using 50% diethyl ether in hexanes as the eluent. (Rf = 0.32, visualized 
with ceric ammonium molybdate stain). 

25. When the reaction was performed on approximately half-scale, the 
isolate yield of pure product was 80%. 

26. Physical properties of 45 are as follows: mp 58–59 °C; Rf 0.32 (50% 
diethyl ether in hexanes, visualized with ceric ammonium molybdate 
stain).  1H NMR (400 MHz, CDCl3) δ: 1.54 (m, 1 H), 4.08 (d, J = 5.9 Hz, 
2 H), 7.19–7.7.27 (m, 3 H), 7.31–7.34 (m, 4 H); 13C NMR (101 MHz, 
CDCl3) δ: 29.2, 68.0, 113.2, 125.9, 126.4, 128.3, 145.8. IR (film) 3217, 3102, 
3050, 2923, 2880, 1645, 1599, 1575, 1493, 1473, 1446, 1307, 1222, 1175, 
1067, 1009, 985, 969, 898, 757, 698, 635, 565, 533, 471 cm-1. HRMS (EI) m/z 
calcd for C10H9O [M-H]+ 145.0648, found 145.0647.  Anal. calcd. For 
C10H10O: C, 82.16; H, 6.89.  Found: C, 82.20; H, 6.75. 

 
 
Working	
  with	
  Hazardous	
  Chemicals	
  
 

The procedures in Organic Syntheses are intended for use only by 
persons with proper training in experimental organic chemistry.  All 
hazardous materials should be handled using the standard procedures for 
work with chemicals described in references such as "Prudent Practices in 
the Laboratory" (The National Academies Press, Washington, D.C., 2011; 
the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste 
should be disposed of in accordance with local regulations.  For general 
guidelines for the management of chemical waste, see Chapter 8 of Prudent 
Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are 
highlighted in red “Caution Notes” within a procedure.  It is important to 
recognize that the absence of a caution note does not imply that no 
significant hazards are associated with the chemicals involved in that 
procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards 
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associated with each chemical and experimental operation on the scale that 
is planned for the procedure.  Guidelines for carrying out a risk assessment 
and for analyzing the hazards associated with chemicals can be found in 
Chapter 4 of Prudent Practices. 
 The procedures described in Organic Syntheses are provided as 
published and are conducted at one's own risk.  Organic Syntheses, Inc., its 
Editors, and its Board of Directors do not warrant or guarantee the safety of 
individuals using these procedures and hereby disclaim any liability for any 
injuries or damages claimed to have resulted from or related in any way to 
the procedures herein. 
 
 
Discussion	
  
 
 The Rh-catalyzed reactions of α-diazoesters with alkynes to give 
cyclopropene carboxylates was first described in 1978 (Eq 1),8 and remains 
one of the most effective methods for the preparation of cyclopropenes.  
 

 
 
 The range of diazoesters that participate in Rh-catalyzed 
cyclopropenation reactions is broad, and includes diazomalonates6,9 and 
diazoacetates without α-substitution8-11 or with α-silyl-,12 α-sulfonyl,13,14 α-
alkenyl,15,16 α-aryl,9,17-21 α-trifluoromethyl,22,23 and α-alkyl substitutents.24-28 
For α-alkyl-α-diazoesters with β-hydrogens, selectivity over β-hydride 
migration can be achieved by using bulky carboxylate ligands at low 
temperature.24,27,28 Cyclic α-diazocarbonyl compounds are particularly 
resilient to β-hydride migration,26,29 even for substratres with tertiary β-
hydrogens (Eq 2).26  
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 Enantioselective Rh-catalyzed cyclopropenation was first described in 
1992.10 Advances in chiral catalyst development have expanded the scope of 
Rh-catalyzed cyclopropenation to include diazoacetates,10,11,30-32 α-aryl-α-
diazoesters,21 α-alkenyl-α-diazoesters,15,16 and α-alkyl-α-diazoesters.24,27 
Intramolecular, enantioselective cyclopropenations have also been 
reported.33 Cyclopropene carboxylates and derivatives have been employed 
as starting materials for manifold reactions,34,35 including 
carbometallation,7,19,36-41 hydrometallation,5,6,42-44 dimetallation,44 Heck,20 Sila 
Morita−Baylis−Hillman,45 Pauson-Khand,46 Diels-Alder,11,47,48 dipolar 
cycloadditions26,49 and ring expansions.17,50-52 The preparation of 3-
hydroxymethyl-3-phenylcyclopropene was initially described by Rubina, 
Rubin and Gevorgyan,6,43 and a modification was reported by our group.7 
This compound and related, prochiral cyclopropenes have served as 
platforms for a number of enantioselective reactions, including 
enantioselective hydrostannation,43 hydroacylation,53 hydroboration,5 
carbomagnesation7,54 and carbozincation54,55 reactions.     
 Cyclopropenes produced through Rh-catalyzed reactions of diazoesters 
and alkynes have been applied to total synthesis56 and to bioorthogonal 
chemistry.57-59 Enantioselective cyclopropenation catalyzed by the 
unsymmetrical (R,R)-Rh2(OAc)(DPTI)3 

11,31 has served as the key step in the 
enantioselective total synthesis of (–)-pentalenene56 (Scheme 1).  
Furthermore, cyclopropene carboxylates and their derivatives have recently 
emerged as important reaction partners in bioorthogonal reactions 
involving tetrazines57-59 and in photoclick reactions involving tetrazoles.60  
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Appendix	
  
Chemical	
  Abstracts	
  Nomenclature	
  (Registry	
  Number)	
  

 
4-Acetamidobenzenesulfonyl azide: Benzenesulfonyl azide, 4-

(acetylamino)-; (2158-14-7) 
Methyl phenylacetate: Benzeneacetic acid, methyl ester; (101-41-7) 

1,8-Diazabicyclo[5.4.0]undec-7-ene: Pyrimido[1, 2-a]azepine, 2, 3, 4, 6, 
7, 8, 9, 10-octahydro-; (6674-22-2) 

Rhodium (II) acetate dimer: Rhodium, tetrakis[µ-(acetato-κO:κO')]di-, (Rh-
Rh); (15956-28-2) 

Trimethylsilylacetylene: Silane, ethynyltrimethyl-; (1066-54-2) 
DIBAL-H: Aluminum, hydrobis(2-methylpropyl)-; (1191-15-7) 

Potassium carbonate: Carbonic acid, potassium salt (1:2); (584-08-7) 
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