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Abstract: The cobalt(II) complex of the Halterman porphyrin, 5,10,15,20-tetrakis[(1S,4R,5R,8S)-1,2,3,4,5,6,7,8-
octahydro-1,4:5,8-dimethanoanthracene-9-yl]porphyrinato cobalt(II) [Co(por*)], was synthesized and its 
structure was identified by X-ray analysis. Up to 80:20 trans:cis diastereomeric ratio and 82% ee were achieved 
in the cyclopropanation of styrene with ethyl diazoacetate by using this cobalt(II) porphyrin complex as catalyst. 
Keywords: Asymmetric catalysis, cyclopropanation, cobalt, porphyrin, ethyl diazoacetate. © 2017 ACG 
Publications.  All rights reserved. 

 

1. Introduction 

Catalytic asymmetric cyclopropanation of prochiral olefins via carbene transfer reactions is 
one of the most frequently used synthetic technique for constructing chiral cyclopropane rings that are 
encountered in numerous biologically active compounds as well as natural products.1 The majority of 
the methods employ a diazo reagent as the carbene precursor, and a chiral transition metal complex as 
the catalyst for generating the reactive carbene intermediate.2 The catalysts that have been developed 
for this purpose so far mainly comprise copper(I),3 rhodium(II)/(III),4 ruthenium(II),5 and cobalt 
(II)/(III)6,7 complexes.2c,d 

Since the work of Callot and Piechocki in 1980 in which a metal porphyrin complex, i.e.  
rhodium(III) tetraphenylporphyrin iodide, was for the first time reported to be capable of catalyzing 
cyclopropanation of alkenes with ethyl diazoacetate (EDA),8 metal porphyrins have been shown to 
feature high catalytic turnover numbers (TONs) in alkene cyclopropanation using diazo reagents, due 
to their robustness. O’Malley and Kodadek then developed rhodium(III) complexes of “chiral wall” 
and “chiral fortress” porphyrins as the first enantioselective metal-porphyrin catalysts for cyclopropan-
ation, and modest cis/trans diastereoselectivities and enantioselectivities were achieved.9 Among the 
metal porphyrin complexes, such as iridium(III),10 osmium(III),11 iron(II)12,13 ruthenium(II)14 and 
cobalt(II)15,16 porphyrin complexes, ruthenium(II) and iron(III) prophyrins have appeared to possess 
higher catalytic activities in cyclopropanation of olefins with diazo reagents. Thus, up to 7500 and 
10000 TONs were observed for Ru(II)14h and Fe(III)13c porphyrins, respectively. 

In spite of the fact that the stoichiometric condensation reaction of cobalt(II) porphyrin 
complexes with ethyl diazoacetates (EDA) was already disclosed by Johnson and co-workers in 
1975,15a only recent years have witnessed significant impact of cobalt(II) porphyrins to the 
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cyclopropanation of olefins with diazo reagents.16-23 The EPR, ESI-MS as well as DFT studies 
revealed that the cobalt(II)-porphyrin-mediated cyclopropanation of olefins with diazoesters proceeds 
via the formation of the Fischer-type radical carbene II followed by a stepwise radical addition of an 
olefin (1) and cyclization cascade toward the corresponding cyclopropanes 3 and 4 (Scheme 1).17,18 
The “terminal radical carbene species” II and the “bridging carbene species” III were proposed to 
exist as redox isomers and in dynamic equilibrium with each other, although the latter was determined 
to be thermodynamically somewhat more stable according to DFT calculations.18 While the dynamic 
equilibrium between the species II and III is expected to prevent the formation of dimerization by-
products (e.g. diethyl fumarate and diethyl maleate in case of EDA) during olefin cyclopropanation, 
the existence of radical carbene moiety bound to d6 CoIII center of the species II accounts for its more 
nucleophilic character, i.e. radical reactivity that is unusual for carbenes bound to other metal 
porphyrin complexes.17,10 The nucleophilic character of the carbene radicals II enables cobalt(II) 
porphyrins to catalyze also the cyclopropanation of electron-deficient olefins such as methyl 
acrylate.16e Zhang and co-workers developed D2-symmetric chiral porphyrin ligands bearing secondary 
amide functionality and their cobalt(II) complexes as cyclopropanation catalysts.16c,16e16h,16i Cobalt(II) 
porphyrins with amide functionality showed higher reactivities and diastereo- and enantioselectivities 
than those without amide functionality such as cobalt(II) tetraphenylporphyrin. This observation was 
attributed to the formation of a hydrogen bond between the carbonyl oxygen of the carbene moiety and 
the N-H hydrogen of the amide functionality. It should also be noted that the addition of 0.50 
equivalents of 4-dimethylaminopyridine (DMAP) to the catalytic system for cyclopropanation, 
described by Zhang and co-workers, was found to be crucial for achieving high activity and stereo-
selectivity. This was ascribed to the so-called trans effect of DMAP. Thus, cobalt(II) complexes of 
Zhangs' chiral porphyrins having amide functionality have emerged as general and highly diastereo- 
and enantioselective catalysts for the cyclopropanation of olefins with diazo reagents.19-23 All these 
developments, as well as our continuing interest in metal-porphyrins in asymmetric catalysis,14c,14h,24 
have prompted us to disclose our recent work on the synthesis of the cobalt(II) complex of the 
Halterman prophyrin, and its catalytic performance in the cyclopropanation of olefins with diazo 
esters. 
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Scheme 1. Stepwise radical mechanism for the CoII(por)-catalyzed cyclopropanation of olefins. 
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2. Experimental 

5,10,15,20-Tetrakismesitylporphyrin (5) was prepared from mesitaldehyde and pyrrole under 
Lindsey conditions.25 Cobalt(II) tetramesitylporphyrin (CoTMP, 6) was synthesized from the reaction 
of the porphyrin ligand 5 with excessive Co(OAc)2·4H2O in boiling mixture of CHCl3-MeOH and it 
was purified via column chromatography (aluminum oxide, neutral, hexane/CHCl3, gradient elution 
from 10:0.2 to 10:1).26 The chiral Halterman porphyrin ligand (7) was prepared according to the 
literature.27 Ethyl diazoacetate (EDA) was purchased from Aldrich and used as received. tert-Butyl 
diazoacetate (tBDA) was prepared from tert-butyl glycinate hydrochloride according to the literature.28 
All reactions were carried out in oven-dried Schlenk tubes with magnetic stirring under a positive 
pressure of argon. Toluene and THF were freshly distilled from sodium/benzophenone prior to use 
under an argon atmosphere. Dichloromethane (DCM) was dried by distillation over calcium hydride 
under argon atmosphere. Dimethyl formamide (DMF) was dried over calcium hydride and distilled 
under reduced pressure under argon. 1H and 13C NMR spectra were recorded on a Bruker AC 300 
instrument. The IR measurements were performed on a Perkin–Elmer Paragon 1000 spectrometer. 
UV-Vis spectra were obtained on a Beckman Coulter DU 800 spectrometer. EI mass spectra were 
provided on a Finnigan MAT 900. Optical rotations were measured on a Perkin–Elmer polarimeter 
343 plus. The absolute configurations of the products were determined by comparison of their optical 
rotations with literature data, as well as by chiral GC or HPLC analysis. 

2.1. Synthesis of 5,10,15,20-tetrakis[(1S,4R,5R,8S)-1,2,3,4,5,6,7,8-octahydro-1,4:5,8-
dimetha-noanthracene-9-yl]porphyrinato cobalt(II) (8): The enantiomerically pure porphyrin 
ligand 7 (114 mg, 0.1 mmol, 1.00 equiv) was placed in an oven-dried round-bottomed two-neck flask 
equipped with a reflux condenser. The flask was evacuated for 15 min and back-filled with argon. 
After addition of 30 mL of dry CHCl3 and 10 mL of dry DMF by means of gas-tight syringes, the 
resulting solution was heated to 65 °C (oil bath temperature) under Ar whereupon the reaction mixture 
became homogenous. Co(OAc)2·4H2O (150 mg, 0.6 mmol, 6.00 equiv) was added in one portion and 
the resulting reaction mixture was stirred at 65 °C for 12 h under Ar. After cooling to rt, the organic 
phase was washed several times with water (3×50 mL) in a separatory funnel, and dried over Na2SO4. 
All volatile components of the solution were removed under reduced pressure by rotary evaporation. 
The crude product was then purified by dry column chromatography on aluminum oxide (neutral, 
Fluka, Brockmann activity I) using n-hexane-chloroform (10:0.1) as eluent. 80 mg (67 μmol, 67%) of 
the chiral cobalt(II) porphyrin complex 8 were obtained as brick red powder. Remaining porphyrin 
ligand was also recovered in this way. Crystals suitable for X-ray analysis were grown from 
dichlormethane-acetonitrile mixture. Mp >250 °C, Rf=0.26 (aluminum oxide, neutral; n-hexane-
chloroform, 10:0.1). UV-VIS: λ(max)=413 nm (CHCl3). FT-IR (CsBr): υ (cm-1)=2964 [s, (C-H) alkyl], 
2921 [w, (C-H) alkyl], 2869 [m, ν(C-H) alkyl], 1473 [w, (C-H) alkyl], 1297,1104 [both m], 1009, 950, 
864 [all w], 801 [m, (C-H) aryl], 756, 709 [both w] cm1. HR-MS (EI): m/z [M]+ calcd for 
C84H76N4Co: 1199.5402; found: 1199.5400. EA: Anal. Calcd. for C84H76N4Co: C, 84.04; H, 6.38; N, 
4.67. Found: C, 82.79; H, 6.57; N: 4.62. 

X-ray crystal structure analysis of (8) : C84H76CoN4, M = 1200.46, brick red crystals, 0.05 x 0.1 x 0.1 
mm, monoclinic, a = 23.018(5), b = 17.890(5), c = 19.247(5) Å, β = 126.57(5)o , V = 6366(3) Å3, T = 
100(2) K, space group C2, Z = 4, dcalcd = 1.253 g/cm3, μ = 0.321 mm-1. A total of 5255 reflections were 
measured. Final residuals were R1 = 0.0533 and wR2 = 0.0978 (for 3755 observed reflections with I > 
2σ(I), 802 parameters) with GOF 1.015 and largest residual peak 0.264 e Å-3 and hole -0.317 e Å-3. 

All data were collected on an Nonius Kappa CCD diffractometer (2Θmax = 50°,MoKα 

radiation(λ = 0.71073 Å), graphite monochromator, φ / ω - scans). The structure was solved using 
direct methods (SIR-97, Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Moliterni, 
A.G.G.; Burla, M.C.; Polidori, G.; Camalli, M.; Spagna, R.), followed by full-matrix least squares 
refinement with anisotropic thermal parameters for C,N,O and F and fixed  parameters for H 
(SHELXL-2014, Sheldrick, G. M.: Program for the Refinement of Crystal Structures. University of  



Chiral co-porphyrin for catalytic asymmetric cyclopropanation  

 

82 

Göttingen, Germany 2015). The crystallographic data (excluding structure factors) have been 
deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC-
1535476. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, 
Cambridge CB21EZ, UK (fax: (+ 44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk). 

2.2. General procedure for the cobalt(II) porphyrin-catalyzed cyclopropanation: 

A catalytic amount of the cobalt(II) porphyrin complex 6 or 8 (see Table 1) was placed in an oven-
dried Schlenk tube and then the tube was capped with a glass stopper. The tube was evacuated for 15 
min and back-filled with argon. The glass stopper was replaced with a rubber septum under positive 
pressure of argon. After addition of absolute solvent, olefin (1.00 equiv) was added which was 
succeeded by the addition of an additive, if necessary. The homogenous mixture was stirred for ca. 5 
min at room temperature and then 1.20 equiv of ethyl diazoacetate (2a) or tert-butyl diazoacetate (2b) 
were added via syringe at once whereupon gas evolution was observed. After stirring the reaction 
mixture for a while at a certain temperature as indicated in Table 1 or Table 2, the yield of the reaction 
was determined by GC analysis or isolating the products by column chromatography. 

2.3. trans- and cis-Ethyl 2-phenylcyclopropanecarboxylate (3a and 4a): GC analysis (chiral): 
WCOT-FS, CP Chirasil-Dex CB, 25 m, 0.25 mm ID; inlet: 250 °C (split modus); det.: 250 °C (FID); 
He, 1.2 mL·min-1 (constant  flow modus); oven: 80 °C, 5 °C·min-1, 115 °C (40 min), 4 °C·min-1, 120 
°C (5 min), 15 °C·min-1, 160 °C (3 min). tR=3.5 min (styrene), tR=11.0 min (1,2-dibromobenzene as 
the internal standard), tR=30.2 min (ent-4a), tR=32.6 min (4a), tR=34.4 min (3a), tR=35.8 min (ent-3a). 

2.4. trans-and cis-tert-Butyl 2-phenylcyclopropanecarboxylate (3b and 4b): GC analysis 
(chiral): WCOT-FS, CP Chirasil-Dex CB, 25 m, 0.25 mm ID; inlet: 250 °C (split modus); det.: 250 °C 
(FID); N2, 12 psi column head pressure (constant  pressure modus); oven: 80 °C, 5 °C·min-1, 115 °C 
(40 min), 4 °C·min-1, 130 °C (15 min), 15 °C·min-1, 160 °C (3 min).  tR=51.8 min (4b), tR=52.3 min 
(ent-4b), tR=59.9 min (ent-3b), tR=60.3 min (3b). 

HPLC analysis (chiral): Chiralcel OD-H; eluent: n-hexane (100%), flow rate: 0.7 mL·min-1, 
pressure: 23 bar; detection: 254 nm (UV). tR=16.6 min (3b), tR=20.0 min (ent-3b). No separation for 
the enantiomers 4b and ent-4b was observed on this chiral column. 

2.5. Ethyl 2,2-diphenylcyclopropanecarboxylate (3c ):HPLC analysis (chiral): Chiralpak OJ; 
eluent: n-hexane/iPrOH, 85:15; flow rate: 1.0 mL·min-1, pressure: 27 bar; detection: 254 nm (UV). 
tR=18.6 min (ent-3c), tR=28.0 min (3c). 

3. Results and Discussion 

The cobalt(II) porphyrin 6 (TMPCo) was prepared according to the literature.26 The chiral 
cobalt(II) porphyrin 8 (Co(por*)) was obtained by reacting the enantiomerically pure porphyrin ligand 
7 with an excess of cobalt(II) acetate tetrahydrate (Co(OAc)2·4H2O) in CHCl3-DMF solvent mixture 
(3:1) at 65 oC under Ar (Figure 1). The structure of the new cobalt complex of the Halterman 
porphyrin (8) was well identified by X-ray analysis. It should be noted that the cobalt complex 8 could 
not be formed when the Halterman porphyrin (7) was interacted with some selected cobalt sources, 
such as CoCl2, Co(OAc)2, in boiling DMF which is known to be the usual technique for the synthesis 
of cobalt(II) porphyrin complexes. Even in boiling DMF, the Halterman porphyrin (7) was found to be 
practically insoluble, which possibly hampered the cobalt insertion in DMF. 
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Figure 1. Cobalt(II) porphyrin complexes 6 [Co(TMP)] and 8 [Co(por*)] (left). The structure of 
Co(por*) (right). Hydrogen atoms were omitted for clarity. 

We then revisited the catalytic cyclopropanation of styrene (1a) with EDA (2a) and tBDA (2b) 
in the presence of 6 (Table 1). Co(TMP) (6) was chosen as the model complex to find out the optimum 
reaction conditions because of its very close similarity to the our Co(por*) (8) in terms of its steric and 
electronic features as well as considering its ready availability. The results are summarized in Table 1. 
A vigorous reaction between 1a and 2a in toluene at rt was observed when 2 mol% of 6 was employed 
(Table 1, entry 1). The conversion was almost quantitative after 20 min. Then, the amount of 6 was 
reduced on 1.5 mol%, 1 mol%, and 0.5 mol%, successively (Table 1, entries 2, 3, and 4). Under these 
conditions, the reaction between 1a and 2a also smoothly took place, giving the same diastereomeric 
ratio (trans/cis, 70:30). However, 1 mol% of  the Co(TMP) amount  was determined to be optimal 
with regard to the reaction time (Table 1, entry 3). When the solvent was changed to THF, the reaction 
took more than one day, and did not go to completion even at 60 °C (Table 1, entry 5). Cobalt(III) 
tetramesitylporphyrin bromide (CoIII(TMP)Br) that was generated in situ by treating 6 with Br2 (0.5 
equiv. relative to 6) before adding styrene and EDA to the reaction mixture was also tested as potential 
catalyst for cyclopropanation of styrene (1a) with EDA (2a). However, no conversion was detected in 
this case (Table 1, entry 6). tBDA (2b) was then used as carbene source. While the reaction of styrene 
(1a) with EDA (2a) in the presence of 1 mol% of Co(TMP) was proceeding very well giving the 
desired cyclopropanes in high yield, the reaction mixture of styrene (1a) and tBDA (2b) had to be 
heated up to 80 °C affording the corresponding cyclopropane products 3b and 4b in reasonable yield 
(85%) under the same conditions (Table 1, entries 3, 7, and 8). Changing the diazo ester from EDA to 
tBDA afforded higher diastereoselectivity, 70:30 vs. 90:10 trans:cis ratio, respectively, as expected 
(Table 1, entry 3 and 8). The effect of co-ligands was also investigated expecting to observe any co-
ligand acceleration in the cyclopropanation of styrene (1a) with tBDA (2b) because of the somewhat 
slower reaction between 1a and 2b. For this purpose, 4-(dimethylamino)pyridine (DMAP) and N-
methyl imidazole (NMI) were tested as coordinating co-ligand. However, in contrast to our 
expectations, an inhibition in the presence of NMI and a deceleration in the presence of DMAP of 
were observed (Table 1, entries 8, 9, and 10). After these screenings, the optimum conditions for the 
cyclopropanation of styrene were determined by using EDA and tBDA (Table 1, entries 3 and 8 
respectively). Cyclopropanation of 1-octene and 1,2-dihydronaphthalene was also tried, by using 1 
mol% 6 and EDA in toluene. However, no conversion was detected in both cases. These “negative” 
results are in line with the reactivity profiles for cobalt porphyrin-based radical carbenes in 
cyclopropanation observed previously: There has been no report on the cyclopropanation of aliphatic 
olefins and 1,2-dihydronaphthalene with EDA or tBDA, in the presence of Co(II) porphyrins. 
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Nonetheless, Zhang et al. demonstrated that 1-hexene could be cyclopropanated with α-
nitrodiazoacetates, a special carbene source, in modest yield (43%) by using a bifunctional Co(II) 
porphyrin.20 The inefficiency of Co(TMP) (6) in the cyclopropanation of 1-octene might be attributed 
to the stability of the cobalt porphyrin carbenes induced by the equilibrium between the “radical 
carbene” II and the “bridging carbene” III redox isomers. On the other hand, it can be expected that 
steric factors could prevent the cyclopropanation of 1,2-dihydronaphthalene. It is worthy to note that 
no dimerization by-products, i.e. maleate or fumarate esters, were detected during cyclopropanation of 
styrene with EDA and tBDA. 

Table 1. Cyclopropanation of styrene (1a) with diazo esters 2a and 2b catalyzed by Co(TMP) (6).a 

 

Entry 
Co(TMP) 
(mol%) 2 Additive 

T 
(°C) 

Time 
(h) 

Conversion 
(%)b 

3:4 
(trans/cis)c 

1 2.0 2a  rt 0.3 97 67:33 

2 1.5 ̎  ̎ 1.0 96 70:30 

3 1.0 ̎  ̎ 0.5 96 70:30 

4 0.5 ̎  ̎ 1.0 77 69:31 

5d 1.0 ̎  60 20 87 72:28 

6e,f 1.0 ̎ Br2 (0.5%) rt 44 6  

7 1.0 2b  rt 24 <5  

8 1.0 ̎  80 6 85 90:10 

9 1.0 ̎ NMI (10%) 60 14   

10 1.0  ̎ DMAP (10%) 60 24 30 87:13 

a Typical reaction conditions: To the solution of styrene (315 μmol, 1.00 equiv) and 6 in  dry toluene (0.4 mL) 
under Ar was added the diazo ester 2a or 2b via syringe at once. b Conversions of styrene (1a) to the product 
were determined by GC using 1,2-dibromobenzene as internal standard. c trans/cis ratios were determined by 
GC. d THF was used as the solvent. e DCM was used as the solvent. f This reaction was also run in the presence 
of 2 mol% MeOH to test CoIII(TMP)(MeOH)2Br as potential catalyst. However, no conversion was observed. 

  The asymmetric cyclopropanation using Co(por*) (8) was investigated next, under the 
optimized conditions determined with Co(TMP) (Table 2). A 76:24 trans/cis diastereomeric ratio and 
77% ee (trans) and 22% ee (cis) for the cyclopropanation of styrene (1a) with EDA (2a) were 
observed (Table 2, entry 1). While the presence of NMI as co-ligand delivered significantly higher 
diastereomeric ratio in favor of the trans-diastereomer, and higher ee for the cis-diastereomer, but 
lower ee for the trans-diastereomer, the presence of MeOH as co-ligand afforded somewhat higher 
diastereomeric ratio in favor of trans-diastereomer and higher ee for trans-diastereomer but somewhat 
lower ee for cis-diastereomer (Table 2, entries 2 and 3) compared to no co-ligand (Table 2, entry 1). 
Thus, 87:13 trans/cis diastereomeric ratio, 65% ee for trans- (3a) and 43% ee for cis- diastereomer 
(4a) were observed with 95% total product yield in the presence of NMI (10 mol%). In the presence of 
MeOH (10 mol%), 80:20 trans/cis diastereomeric ratio, 82% ee for trans- (3a) and 19% ee for cis- 
diastereomer (4a) were attained with 96% total product yield within 1 h at room temperature. A 82:18 
trans/cis diastereomeric ratio and 60% ee for trans-diastereomer (3b) and 32% ee for cis-diastereomer 
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(4b) were determined for the cyclopropanation products of styrene (1a) with tBDA (Table 2, entry 4). 
The diastereoselectivity and the enantioselectivity were slightly affected by the presence of MeOH 
(Table 2, entry 5). It is worthy to note that Co(TMP) furnished higher diastereoselectivity than 
Co(por*) in the cyclopropanation of styrene with tBDA, 90:10 and 82:18 trans/cis diastereomeric 
ratio, respectively (Table 1, entry 8 and Table 2, entry 4). The cyclopropanation of 1,1-
diphenylethylene (1b) with EDA (2a) catalyzed by Co(por*) (8) gave the corresponding cyclopropane 
3c with moderate yield (62%) and enantiomeric excess (50% ee) (Table 2, entry 6). Previously, Ru(II) 
and Fe(III) complexes of the D4-symmetric Halterman porphyrin were shown to catalyze asymmetric 
cyclopropanation of styrene derivatives with diazo esters.14a-c,h,13b While enantiomeric excesses that are 
herein presented with its Co(II) complex are comparable with those reported with its Fe(III) complex, 
they are lower than those achieved with its Ru(II) complex. 

Table 2. Asymmetric cyclopropanation of olefins with diazo esters catalyzed by Co(por*) (8).a 

 

Entry 1 2 Additiveb 
T 

(°C) 
Time 
(h) 

Yield 
(%)c 

3:4 
(trans/cis) 

ee trans 
(%) 

ee cis 
(%) 

1 1a 2a  rt 1 88 76:24d 77 (1S,2S)e 22 (1R,2S)e 

2 1a 2a NMI rt 1 95 87:13 65 (1S,2S) 43 (1R,2S) 

3 1a 2a MeOH rt 1 96 80:20 82 (1S,2S) 19 (1R,2S) 

4f 1a 2b  70 6 85 82:18g 60 (1S,2S)h,i 32h 

5 1a 2b MeOH 70 3 87 83:17 61 (1S,2S) 32 

6 1b 2a MeOH rt 5 62  50 (S)j,i 

a Typical reaction conditions: To the solution of olefin (315 μmol, 1.00 equiv) and 8 (1.0 mol%)  in dry toluene 
(0.4 mL) under Ar was added the diazo ester 2a or 2b (1.20 equiv) via syringe at once. b 10 mol% of an additive 
was employed. c Isolated yield after column chromatography. d Determined by GC analysis by comparison with 
authentic sample  and 1H NMR spectroscopy. e Determined by GC analysis by using chiral column (WCOT-FS, 
CP Chirasil –Dex CB). The absolute configuration was determined by comparison with authentic sample. f 1.5 
mol% of 8 was used. g Determined by 1H NMR spectroscopy.6d h Determined by GC analysis by using chiral 
column (WCOT-FS, CP Chirasil –Dex CB). i The absolute configuration was determined by comparison of the 
sign of optical rotation using HPLC (Chiralcel OD-H) equipped with Chiralyser. j Enantiomeric excess was 
determined by HPLC analysis using chiral column (Chiralcel OJ). 

4. Conclusion 

  In summary, the cobalt(II) complex (Co(por*)) of the Halterman porphyrin was synthesized 
and its single crystal X-ray analysis was provided. Diastereo- and enantioselective cyclopropanation of 
olefins with EDA and tBDA catalyzed by cobalt(II) porphyrins were revisited, and the effect of co-
ligands was determined. While coordinating co-ligands, such as NMI and DMAP, were found to 
accelerate the cyclopropanation with EDA, they decelerated the cylopropanation with tBDA. However, 
the presence of MeOH affected positively the outcomes of the reactions in terms of diastereo- and 
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enantioselectivity. In the presence of the chiral Co-porphyrin 8 as catalyst, high yields and 
stereoselectivities were achieved in the cyclopropanations investigated. 
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