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The Big Picture 

Gaussian 
Complete set of structures 

S1, S2, S3…..Sn  

Experimental NMR 
RDC or RCSA Data 

Calculated RDC or 
RCSA Data 

MSPIN 

RDC = Residual Dipolar Coupling 
RCSA = Residual Chemical Shift Anisotropy RR Gil, RDC in Small-Molecule NMR, 2017 



Solution NMR 

• Isotropic Solution NMR – Is solution state 
NMR where the solute freely rotates in the 
solvent. 

 

• Anisotropic Solution NMR – Is solution state 
NMR where the solute’s rotation is partially 
restricted.  As a consequence, the solute is 
slightly aligned by the partially ordered media 
with the external magnetic field. 



Chemical Shift 
 
J-coupling 
 
NOE 
 
Dipolar Coupling 
  
Chemical Shift Anisotropy 

 

Solution State NMR Interactions 

Isotropic    Anisotropic  

Detectable 
 
NOT Detectable 



Pros & Cons of Anisotropic NMR Analysis 

• Determine the relative configuration of stereocenters regardless of  
      the distance between them. 
 
•  Removes investigator bias. 

 
• Provides an orthogonal check for a structure solved by isotropic NMR. 

 
 

• Will not work on flexible molecules. 

The Good…  

The Bad…  



Nuclear Dipole 

NMR Active Nucleus 

Spin ½ nuclei 
are dipoles 



Dipolar Coupling 

NMR Active Nuclei 



Anthracene 

Dipolar Coupling of Two Bonded NMR Active Nuclei 



Anthracene 

No Magnetic Field 



Isotropic Solution, No Magnet 
Anthracene in solution  -  nuclear spin magnetic vectors point in all directions 
          - molecular motion is random (isotropic) 

Solvent not shown 



Isotropic Solution in a NMR 

Bo 

Dipolar Coupling and Chemical Shift Anisotropy not detectable 

Bond vectors’ with respect to the external magnetic field (Bo) are isotropic 

Anthracene in solution  - nuclear spin magnet vectors align with magnetic field (Bo) 



Anisotropic Solution in a NMR 

Bo 

Anthracene in solution  -  nuclear spin magnet vectors align with the external magnetic field (Bo) 

Bond vectors’ with respect to the external magnetic field (Bo) are partially ordered,  anisotropic 

Dipolar Coupling and Chemical Shift Anisotropy are detectable 



Alignment Medium 

Compressed 

Stretched 

PMMA 

PMMA = Polymethyl Methacrylate 

PMMA swells 
 in CDCl3 solution 

Partial molecular alignment  
in compressed cavity 

Cavity 



Gel Preparation 

Preparation of Crosslinked PMMA of Gels  
 
A solution containing MMA (10 mL), V-70 (0.0030 g), and acetone-d6 (2 mL) was first prepared, and 10 mL 
were taken (corresponding to 8.33 mL or 7.79×10-2 mol of MMA) and mixed with EGDMA (40 µL, 2.12×10-
4 mol). The fraction of crosslinker in the polymerizing mixture was 0.27 mol %. The resulting solution was 
transferred to NMR tubes (d = 3 mm or 5 mm), which were then capped with rubber septa, and the septa 
were secured with tape. Each tube was evacuated for short time and back-filled with nitrogen. The cycle 
was repeated 3 times, and the NMR tubes were then inserted in an oil bath at 50oC. The polymerizations 
were carried out for 5 h, and then the tubes were taken out of the heating bath, the septa were removed 
and the gels were left to dry slowly at ambient conditions. Rods of 2 mm and 4 mm in diameter were 
obtained, respectively.  

R.R. Gil et al, Residual Dipolar Couplings (RDCs) Analysis of Small Molecules Made Easy: 
Fast and Tuneable Alignment by Reversible Compression/Relaxation of Reusable PMMA Gels,  
Chem. Eur. J. 2010, 16, 3622 – 3626 

 



Shopping List for Gels 

• METHYL METHACRYLATE, M55909-500ML, Sigma 

• ETHYLENE GLYCOL DIMETHACRYLATE, 335681-5ML, Sigma 

• V70 free radical initiator, LB-V70-5g, Waco  

• 3mm NMR tube, NE-H3-7, New Era 

• 4mm NMR tube, NE-400-4-250, New Era 

 

 

 

 



Wash Gels 

Washing the gels removes excess monomers. 

 

• Place gels in 1:1 solution of acetone and 
methanol for 5 hours. 

• Place gels in chloroform overnight. Repeat the 
following day. 

• Air dry gels and store. 



Dipolar Coupling 

Magnitude of dipolar coupling 

Gyromagnetic ratio 

Permeability of a vacuum 

Planck constant divided by 2 

Distance between i and j  

External magnetic field 

Internuclear vector 

RR Gil, RDC in Small-Molecule NMR, 2017 

The dipolar coupling is a direct interaction between two magnetically 
active nuclei (i and j), which can be bonded or nonbonded.         is 
obtained experimentally , allowing the equation to be solved for the angle 
of the internuclear vector. 



Chemical Shift Anisotropy 

Chemical Shift Tensor 

- Chemical Shift 

The electronic environment around a nucleus is generally anisotropic. 
For this reason, the chemical shift is also anisotropic. In isotropic media 
the fast tumbling averages out the orientational difference, while in 
partially oriented media the averaging is incomplete leading to a different 
observed chemical shift. 



The Big Picture 
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RR Gil, RDC in Small-Molecule NMR, 2017 



Our Test Molecule 
Strychnine 



Gaussian 
DFT-optimized Structures 

The configurations were labelled via the R or S configuration of carbons C7, C8, C13, 
C12, C14, and C16 respectively, for example RSSRRS for the true configuration.  

Yizhou Liu et al. J. Am. Chem. Soc. 2016, 138, 9548−9556 



NMR Tubes 

Compressed 

Yizhou Liu et al. J. Am. Chem. Soc. 2016, 138, 9548−9556 



Shopping List for Devices 

• Compression Gel Device, NE-375-5, New Era 

• Stretched NMR Tube, NE-HP5-3.2-GT-7, New Era 

 



Anisotropic Check 

RR Gil, Encyclopedia Spect. 2017 946-955  



2H RQC Chloroform 

* 

* Isotropic contribution – some of the solution remains outside the gel  

40Hz 

1D Deuterium Observe Experiment 



Homodecoupled J-resolved HSQC  Experiment 
One Bond J-coupling between Proton and Carbon 

CH2 

CH 

The RDC Experiment  
Isotropic Conditions 



CH2 

CH 

The RDC Experiment  
Anisotropic Conditions using a Compressed Gel  

Homodecoupled J-resolved HSQC  Experiment 
One Bond J-coupling between Proton and Carbon 

 



Overlay of Iso and Anisotropic conditions 



RDC MSPIN Script 



MSPIN RDC DATA 
Strychnine 

1. 

2. 
3. 

1. Load Structures 
2. Load Experimental Data 
3. Calculate Q factors 



Q = 0.380 

Q = 0.044 

Correct Structure 

Wrong Structure 

Computational Vs. Experimental 



MSPIN RDC DATA 
Isomer of Strychnine 

Mark Zhang 



• Stretched (3.2mm) = Blue Trace 
• Not  Stretched (4.2mm) = Red Trace 
• Anisotropic – Isotropic = RCSA 

RCSA = 0.0184ppm RCSA = 0.0064ppm 

The RCSA Experiment 
Stretched Gel 



RCSA MSPIN Script 



MPSIN RCSA DATA 



RDC Experimental Parameters 

DOI: 10.1021/acs.joc.6b02103 -- Click on link for supporting information 



RCSA Experimental Parameters 
 

 C13CPDp1.PU – conventional carbon experiment 



Gaussian RDC Calculation 

%chk=S9_RSSRRS_DFT.chk 

%mem=512MB 

%nproc=2 

# opt freq b3lyp/6-31g(d) geom=connectivity 

 



Gaussian RCSA Calculation 

 

 

%chk=C:\Users\kenithc\Desktop\RDC\GIL\RCSA\Gaussian_RCSA\1_RSSRRS_DFT.chk 

# nmr=giao mpw1pw91/6-31g(d,p) nosymm geom=connectivity 
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