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Part II HPLC data 
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3e (the product of 1e with 2a) 
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Asymmetric version: 
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Asymmetric version: 
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Asymmetric version: 
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3e (the product of 1e with 2b) 
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Asymmetric version: 
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3e (on a gram scale) 
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Asymmetric version: 
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Asymmetric version: 
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Part III Crystal data 

A single crystal for X-ray analysis of 3d was obtained by recrystallation from CHCl3/petroleum 

ether 

 

CCDC 1437133 

Table 1 Crystal data and structure refinement for 3d. 

Identification code 3d 

Empirical formula C12H9BrO3 

Formula weight 281.10 

Temperature/K 290(2) 
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Crystal system monoclinic 

Space group P21 

a/Å 5.3040(3) 

b/Å 6.0907(3) 

c/Å 16.9947(10) 

α/° 90 

β/° 91.708(5) 

γ/° 90 

Volume/Å
3
 548.77(5) 

Z 2 

ρcalcg/cm
3
 1.701 

μ/mm
-1

 5.028 

F(000) 280.0 

Crystal size/mm
3
 0.320 × 0.310 × 0.280 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 10.416 to 138.44 

Index ranges -6 ≤ h ≤ 6, -3 ≤ k ≤ 7, -20 ≤ l ≤ 19 

Reflections collected 1854 

Independent reflections 1377 [Rint = 0.0562, Rsigma = 0.0525] 

Data/restraints/parameters 1377/1/145 

Goodness-of-fit on F
2
 1.027 

Final R indexes [I>=2σ (I)] R1 = 0.0661, wR2 = 0.1676 

Final R indexes [all data] R1 = 0.0667, wR2 = 0.1681 

Largest diff. peak/hole / e Å
-3

 0.81/-0.89 

Flack parameter -0.01(4) 

 

Table 2 Fractional Atomic Coordinates (×10
4
) and Equivalent Isotropic Displacement 

Parameters (Å
2
×10

3
) for 3d. Ueq is defined as 1/3 of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Br1 19219(2) 23195(3) 4405.5(6) 64.5(5) 

O2 16423(15) 16283(15) 1216(5) 56(2) 

O3 11307(17) 11236(18) 985(7) 75(3) 

C11 12480(20) 14890(20) 722(7) 55(3) 

C4 16206(18) 17230(20) 2929(6) 42(2) 

O1 13328(18) 14354(18) 2721(6) 77(3) 

C9 15390(20) 12386(19) 1445(8) 52(3) 

C10 12854(19) 12740(19) 1048(7) 50(3) 

C1 17970(19) 20769(19) 3804(6) 45(2) 

C2 19250(19) 20180(20) 3150(6) 46(2) 

C6 15890(20) 19690(20) 4051(6) 52(3) 



46 
 

C5 14988(18) 17850(20) 3627(6) 47(3) 

C8 16510(20) 14495(18) 1770(7) 44(2) 

C12 14200(30) 16420(20) 785(7) 58(3) 

C3 18350(16) 18370(30) 2718(5) 47(2) 

C7 15183(18) 15280(20) 2520(6) 44(2) 

 

Table 3 Anisotropic Displacement Parameters (Å
2
×10

3
) for 3d. The Anisotropic displacement 

factor exponent takes the form: -2π
2 

[h
2
a*

2
U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Br1 76.7(8) 55.1(7) 61.8(7) -10.2(8) 1.1(5) -7.0(8) 

O2 62(5) 50(5) 56(4) 2(4) 10(4) -14(4) 

O3 54(5) 58(6) 111(8) -9(6) -9(5) -9(5) 

C11 50(6) 56(8) 59(7) 1(6) -2(5) 15(6) 

C4 35(4) 50(6) 42(5) 8(5) 0(4) -2(4) 

O1 78(6) 78(7) 78(6) -19(5) 29(5) -43(5) 

C9 44(6) 35(5) 76(7) -10(6) -7(5) 12(5) 

C10 43(5) 45(9) 61(6) -9(5) 2(4) 5(5) 

C1 47(5) 41(6) 44(5) 11(5) -5(4) 8(5) 

C2 42(5) 47(6) 51(5) 1(5) 4(4) 0(5) 

C6 54(6) 58(8) 45(5) -19(6) 6(4) -4(6) 

C5 47(5) 45(8) 51(5) -7(6) 11(4) -8(5) 

C8 39(5) 36(6) 59(6) -2(5) 2(4) -2(4) 

C12 78(8) 46(7) 51(6) 13(6) 18(6) 8(7) 

C3 40(4) 52(7) 50(4) 17(7) 7(3) 1(7) 

C7 41(5) 39(6) 52(5) 3(5) -1(4) -4(5) 

 

Table 4 Bond Lengths for 3d. 

Atom Atom Length/Å 
 
Atom Atom Length/Å 

Br1 C1 1.904(12) 
 

O1 C7 1.194(13) 

O2 C12 1.371(16) 
 

C9 C10 1.501(15) 

O2 C8 1.440(14) 
 

C9 C8 1.512(15) 

O3 C10 1.232(15) 
 

C1 C6 1.361(15) 

C11 C12 1.308(19) 
 

C1 C2 1.369(15) 

C11 C10 1.432(18) 
 

C2 C3 1.397(19) 

C4 C3 1.390(14) 
 

C6 C5 1.409(16) 

C4 C5 1.420(14) 
 

C8 C7 1.550(15) 

C4 C7 1.469(16) 
    

 

Table 5 Bond Angles for 3d. 

Atom Atom Atom Angle/˚ 
 
Atom Atom Atom Angle/˚ 

C12 O2 C8 113.9(9) 
 

C1 C2 C3 117.6(10) 
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C12 C11 C10 122.2(11) 
 

C1 C6 C5 119.4(10) 

C3 C4 C5 118.6(11) 
 

C6 C5 C4 119.0(10) 

C3 C4 C7 125.2(10) 
 

O2 C8 C9 113.6(9) 

C5 C4 C7 116.0(9) 
 

O2 C8 C7 107.3(9) 

C10 C9 C8 112.2(9) 
 

C9 C8 C7 112.5(9) 

O3 C10 C11 124.2(11) 
 

C11 C12 O2 125.9(12) 

O3 C10 C9 121.1(11) 
 

C4 C3 C2 121.9(10) 

C11 C10 C9 114.6(10) 
 

O1 C7 C4 122.9(10) 

C6 C1 C2 123.4(11) 
 

O1 C7 C8 119.0(11) 

C6 C1 Br1 118.7(8) 
 

C4 C7 C8 118.0(9) 

C2 C1 Br1 117.8(8) 
     

 

Table 6 Torsion Angles for 3d. 

A B C D Angle/˚ 
 

A B C D Angle/˚ 

C12 C11 C10 O3 -178.2(12) 
 
C10 C9 C8 C7 73.7(13) 

C12 C11 C10 C9 -1.6(17) 
 
C10 C11 C12 O2 -6.4(19) 

C8 C9 C10 O3 -155.3(12) 
 
C8 O2 C12 C11 -14.7(16) 

C8 C9 C10 C11 27.9(14) 
 
C5 C4 C3 C2 -3.4(17) 

C6 C1 C2 C3 0.0(17) 
 
C7 C4 C3 C2 -178.1(11) 

Br1 C1 C2 C3 179.0(9) 
 
C1 C2 C3 C4 1.2(17) 

C2 C1 C6 C5 1.0(17) 
 
C3 C4 C7 O1 -179.8(12) 

Br1 C1 C6 C5 -178.0(9) 
 
C5 C4 C7 O1 5.4(17) 

C1 C6 C5 C4 -3.1(17) 
 
C3 C4 C7 C8 -3.2(16) 

C3 C4 C5 C6 4.3(16) 
 
C5 C4 C7 C8 -178.0(10) 

C7 C4 C5 C6 179.5(10) 
 
O2 C8 C7 O1 118.1(12) 

C12 O2 C8 C9 41.7(12) 
 
C9 C8 C7 O1 -7.5(15) 

C12 O2 C8 C7 -83.3(11) 
 
O2 C8 C7 C4 -58.7(12) 

C10 C9 C8 O2 -48.4(13) 
 
C9 C8 C7 C4 175.7(9) 

 

Table 7 Hydrogen Atom Coordinates (Å×10
4
) and Isotropic Displacement Parameters 

(Å
2
×10

3
) for 3d. 

Atom x y z U(eq) 

H11 10965 15203 456 66 

H9A 16529 11762 1069 62 

H9B 15220 11341 1871 62 

H2 20668 20950 2998 56 

H6 15067 20171 4496 63 

H5 13618 17056 3802 57 

H8 18280 14213 1913 53 

H12 13892 17723 513 70 

H3 19210 17928 2276 56 
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checkCIF (basic structural check) running 

 

 

Checking for embedded fcf data in CIF ... 

Found embedded fcf data in CIF. Extracting fcf data from uploaded CIF, please wait. 

checkCIF/PLATON (basic structural check) 

 

Structure factors have been supplied for datablock(s) shelxl 

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR 

PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED 

CRYSTALLOGRAPHIC REFEREE. 

No syntax errors found.                               CIF dictionary 

Please wait while processing ....                     Interpreting this report 

Structure factor report 

 

Datablock: shelxl 
 

Bond precision: C-C = 0.0160 A Wavelength=1.54184 

Cell: a=5.3040(3) b=6.0907(3) c=16.9947(10) 

 
alpha=90 beta=91.708(5) gamma=90 

Temperature: 290 K 
  

 
Calculated Reported 

Volume 548.77(5) 548.77(5) 

Space group P 21 P 21 

Hall group P 2yb P 2yb 

Moiety formula C12 H9 Br O3 ? 

Sum formula C12 H9 Br O3 C12 H9 Br O3 

Mr 281.09 281.10 

Dx,g cm-3 1.701 1.701 

Z 2 2 

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
http://checkcif.iucr.org/tmp/120815051154407667000/ckf.html
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Mu (mm-1) 5.028 5.028 

F000 280.0 280.0 

F000' 279.36 
 

h,k,lmax 6,7,20 6,7,20 

Nref 2058[ 1133] 1377 

Tmin,Tmax 0.250,0.245 0.647,1.000 

Tmin' 0.160 
 

Correction method= # Reported T Limits: Tmin=0.647 Tmax=1.000 

AbsCorr = MULTI-SCAN  

Data completeness= 1.22/0.67 Theta(max)= 69.220 

R(reflections)= 0.0661( 1325) wR2(reflections)= 0.1681( 1377) 

S = 1.027 Npar= 145 

 

The following ALERTS were generated. Each ALERT has the format 

       test-name_ALERT_alert-type_alert-level. 

Click on the hyperlinks for more details of the test. 

 

Alert level B 

PLAT341_ALERT_3_B Low Bond Precision on  C-C Bonds ...............      0.016 Ang.   

PLAT915_ALERT_3_B Low Friedel Pair Coverage ....(No Flack x Check)         31 %      

 

Alert level C 

PLAT029_ALERT_3_C _diffrn_measured_fraction_theta_full Low .......      0.967 Note   

PLAT090_ALERT_3_C Poor Data / Parameter Ratio (Zmax > 18) ........       7.49 Note   

PLAT790_ALERT_4_C Centre of Gravity not Within Unit Cell: Resd.  #          1 Note   

              C12 H9 Br O3                                                       

PLAT911_ALERT_3_C Missing # FCF Refl Between THmin & STh/L=  0.600         35 

Report 

PLAT913_ALERT_3_C Missing # of Very Strong Reflections in FCF ....          5 Note   

 

Alert level G 

PLAT791_ALERT_4_G The Model has Chirality at C8      (Chiral SPGR)          R Verify 

PLAT910_ALERT_3_G Missing # of FCF Reflection(s) Below Th(Min) ...          1 Report 

PLAT912_ALERT_4_G Missing # of FCF Reflections Above STh/L=  0.600         12 Note   

 

   0 ALERT level A = Most likely a serious problem - resolve or explain 

   2 ALERT level B = A potentially serious problem, consider carefully 

   5 ALERT level C = Check. Ensure it is not caused by an omission or oversight 

   3 ALERT level G = General information/check it is not something unexpected 

 

javascript:makeHelpWindow(%22PLAT341.html%22)
javascript:makeHelpWindow(%22PLAT915.html%22)
javascript:makeHelpWindow(%22PLAT029.html%22)
javascript:makeHelpWindow(%22PLAT090.html%22)
javascript:makeHelpWindow(%22PLAT790.html%22)
javascript:makeHelpWindow(%22PLAT911.html%22)
javascript:makeHelpWindow(%22PLAT913.html%22)
javascript:makeHelpWindow(%22PLAT791.html%22)
javascript:makeHelpWindow(%22PLAT910.html%22)
javascript:makeHelpWindow(%22PLAT912.html%22)
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   0 ALERT type 1 CIF construction/syntax error, inconsistent or missing data 

   0 ALERT type 2 Indicator that the structure model may be wrong or deficient 

   7 ALERT type 3 Indicator that the structure quality may be low 

   3 ALERT type 4 Improvement, methodology, query or suggestion 

   0 ALERT type 5 Informative message, check 

 

Validation response form 

Please find below a validation response form (VRF) that can be filled in and pasted into your 

CIF. 

# start Validation Reply Form 

_vrf_PLAT029_shelxl 

; 

PROBLEM: _diffrn_measured_fraction_theta_full Low .......      0.967 Note   

RESPONSE: ... 

; 

_vrf_PLAT090_shelxl 

; 

PROBLEM: Poor Data / Parameter Ratio (Zmax > 18) ........       7.49 Note   

RESPONSE: ... 

; 

_vrf_PLAT790_shelxl 

; 

PROBLEM: Centre of Gravity not Within Unit Cell: Resd.  #          1 Note   

RESPONSE: ... 

; 

_vrf_PLAT911_shelxl 

; 

PROBLEM: Missing # FCF Refl Between THmin & STh/L=  0.600         35 Report 

RESPONSE: ... 

; 

_vrf_PLAT913_shelxl 

; 

PROBLEM: Missing # of Very Strong Reflections in FCF ....          5 Note   

RESPONSE: ... 

; 

# end Validation Reply Form 

 

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts 

point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so attention to these 

fine details can be worthwhile. In order to resolve some of the more serious problems it may be necessary to 

carry out additional measurements or structure refinements. However, the purpose of your study may justify 

the reported deviations and the more serious of these should normally be commented upon in the discussion or 
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experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was carefully designed to 

identify outliers and unusual parameters, but every test has its limitations and alerts that are not important in 

a particular case may appear. Conversely, the absence of alerts does not guarantee there are no aspects of the 

results needing attention. It is up to the individual to critically assess their own results and, if necessary, seek 

expert advice. 

Publication of your CIF in IUCr journals 

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs submitted for 

publication in IUCr journals (Acta Crystallographica, Journal of Applied Crystallography, Journal of Synchrotron 

Radiation); however, if you intend to submit to Acta Crystallographica Section C or E, you should make sure that 

full publication checksare run on the final version of your CIF prior to submission. 

Publication of your CIF in other journals 

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF 

submission. 

 

PLATON version of 19/11/2015; check.def file version of 17/11/2015 

Datablock shelxl- ellipsoid plot 

Download CIF editor (publCIF) from the IUCr 

Download CIF editor (enCIFer) from the CCDC 

http://journals.iucr.org/services/cif/checking/checkform.html
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Test a new CIF entry 

Part IV The explanation of the HDA Reaction 

A plausible reaction pathway was proposed in scheme 1 in Supporting Information. The catalyst 

was generated in situ through stirring the solution of Cu(OTf)2, Ligand L3, and Et3N in CPME for 

2h. The catalyst could coordinate with the double carbonyl groups of 1e, resulting in the attack of 

Danishefsky’s diene from the favored Re face due to the steric effect of the ligand. Then, the 

asymmetric hetero-Diels-Alder reaction of Danishefsky
’
s diene with glyoxals afforded the product 

3e. 

Scheme 1. The plausible mechanism of the HDA Reaction  

 

 

http://checkcif.iucr.org/index.html

