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General experimental procedures 

1H and 13C NMR spectra were recorded with residual non-deuterated solvent as the internal 

standard. Coupling constants are rounded to the nearest 0.5 Hz. IR spectra were recorded on an 

an FTIR as thin films produced by evaporation of a DCM solution on sodium chloride plates 

unless otherwise stated.  Chemical ionisation (CI) in MS was performed using ammonia. 

Chromatography refers to flash column chromatography using silica gel (230-300 mesh).  

   Tetrahydrofuran (THF) was dried and distilled from sodium metal using benzophenone 

as an indicator under an atmosphere of nitrogen. Dichloromethane (DCM) was dried and distilled 

from calcium hydride under an atmosphere of nitrogen. Ether refers to diethyl ether, which was 

dried and distilled from sodium metal using benzophenone as an indicator under an atmosphere 

of nitrogen. Light petroleum refers to the fraction of petroleum ether distilled between 40–60 °C. 

Benzene and hexane were dried over sodium metal. Butyllithium (1.6 M in hexanes) was titrated 

against a solution of propan-2-ol in xylene with 2,2ʹ′-bipyridine as an indicator. Triethylamine 

and diisopropylamine were dried over potassium hydroxide pellets. Brine refers to saturated 

aqueous sodium chloride. Anhydrous cerium(III) chloride was prepared by heating the 

heptahydrate overnight at 80 °C under reduced pressure and was stored under an atmosphere of 

N2. 
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Experimental information for NMR spectra 

All the 13C NMR data that were used for the analysis were collected on a 700 MHz NMR 

spectrometer at 13C frequency of 176.03 MHz. The sample temperature was maintained at 293 or 

298K at a precision of ±0.1K using a temperature controller. The samples were equilibrated for 

about 30mins prior to acquisition. A narrow spectral width (SW) of about 94 ppm was used to 

improve resolution when the number of acquisition data points are kept the same.  32K data 

points (TD) were acquired, which were zero-filled to 128k (SI) before processing. Traficante 

apodization function was used with a lb value of 0.4 Hz to improve resolution further. Line 

widths at half height of the 13C NMR peaks range from 0.7 to 1Hz. For samples 2 and 4, 13C 

NMR data was collected twice each (one week apart) at both 293 and 298K for reproducibility. 

They were reproducible to a level of about ± 1ppb. 
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General procedure to estimate the sample temperature of a previously recorded spectrum. 

 

The temperature of the sample in a 13C NMR experiment is not necessarily the same as the 

temperature of the probe (the radiofrequency irradiation used for broadband 1H decoupling will 

generally raise the temperature significantly), and the temperature of the probe is not necessarily 

the temperature indicated or set by the spectrometer hardware (calibration accuracy is rarely 

better than ± 1 °C).  Sample temperature is therefore necessarily uncertain (unless independently 

measured), and some method for correcting the effects of uncontrolled differences in temperature 

between samples is needed. 

 

The procedure described here is for the case where the “same” resonances of the candidate 

samples match each other but not the natural product.  The expectation is that the natural product 

spectrum was recorded at a different sample temperature. To identify this temperature, change 

the probe temperature of the synthetic samples by some small value (perhaps 3–5 K), then repeat 

the subtraction of the “same” group of resonances.  If the absolute values of the subtraction 

values of S/R and the NP all get smaller, then temperature dependence is the problem and you 

changed the probe temperature in the right direction.  If the absolute values of the subtraction 

values of S/R and the NP all get larger, then temperature dependence is again the problem, but 

you changed the probe temperature in the wrong direction.  Temperature effects on chemical 

shifts are usually linear over small temperature changes, so a two-point line can now be plotted 

for each resonance and values of the natural product spectrum can be placed on the line to 

estimate the sample temperature.  To confirm, record the spectra of the synthetic samples at the 

estimated temperature of the natural product sample.  All the “same” values of NP will have zero 

difference or a small, constant difference (the calibration error) with S/R.  Now you have learned 

the temperature of the natural product spectrum – or rather, the nominal temperature to which the 

probe in this spectrometer has to be set to obtain the same actual sample temperature as the NP 

sample. 
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