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Abstract
The characterization of any compound is important in the �eld of chemistry, as the �eld of cannabinoid
chemistry grows so does the need for the characterization of new cannabinoids or rare cannabinoids that
gain popularity within the consumer and research �elds. Hexahydrocannabinol (HHC) a hydrogenated
analogue of ∆9-THC, also found in trace amounts naturally within the cannabis sativa plant, has been
gaining attention and popularity within the cannabis industry. Hexahydrocannabidiol (H4CBD) is a
synthetic hydrogenated analogue to Cannabidiol (CBD) used in conjunction with or substitute for CBD.
Identifying the Diastereomers of the cannabinoids with instrumentation plays a huge role within the
chemistry �eld adding valuable information of the structure and the parameters for others to identify
such cannabinoids. Elucidation and characterization of HHC and H4CBD was performed using current
analytical techniques such as NMR, HPLC, and GC-MS, effectively characterizing both the Diastereomers
of HHC and H4CBD.

Introduction
Hexahydrocannabinol (HHC) is a naturally occurring cannabinoid found in trace amounts within the
cannabis sativa plant1. It is a structurally similar to the ∆9-THC compound, except HHC is lacking the
double bond within the cyclohexyl ring, making it a hydrogenated analogue to ∆9-THC. Since the
cannabinoid is found in trace amounts the cannabinoid is synthesized within facilities to mass produce
the cannabinoid for research and consumer purposes. Hexahydrocannabidiol (H4CBD) is a Hydrogenated

analogue of CBD2. The cannabinoid has several safety studies providing evidence on the safety of the
cannabinoid3,4. As the �eld of cannabinoid chemistry grows, the need for characterization of
cannabinoids and constituents of the extracts are pertinent to the �elds of chemistry. Providing
information on the parameters used as well as the structure allows for others to identify such
cannabinoids within extract mixtures, or for puri�cation measures, including identi�cation of product
during puri�cation methods.

Results
Presented below are the various spectra listed as Fig. 1(a-d). In Fig. 1a below, the MS spectra of H4CBD is
shown with the diastereomers separated clearly.

The Fig. 1b as shown below depicts the diastereomers of HHC with the Left peak being the S-isomer and
the right peak being the R-isomer.

Listed below in Fig. 1c and Fig. 1d, is the Mass Spectra of the 9R-HHC isomer and 9S-HHC isomer
respectively.

In Fig. 2a below is the compounds while Fig. 2b and 2c below are the Mass spectrometry data for the
H4CBD isomers R and S respectively.
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Below in Fig. 2c and 2d are the pertinent NMR spectra all other in-depth spectra are in the supporting
information. The conformation analysis was con�gured through the various forms of NMR techniques
that allowed for speci�c confromation analysis to be pieced together.

HPLC of Fig. 3a as shown below for elucidation of HHC.

Below in Fig. 3b and Fig. 3c is the conformation analysis of H4CBD of the R/S isomers.

HPLC of the R/S-H4CBD isomers are observed within the Fig. 3d below.

Discussion
The elucidation of the isomers R and S of HHC and H4CBD were presented through the analysis of GC-
MS, NMR, and Mass spectrometry, to identify the fragments and to identify the parameters of the spectra
of the given compounds. The R and S isomers can be easily identi�ed with the help of NOESY and COSY
spectra techniques which might not be easily accessible, with the utility of proton NMR the shifts of the
given isomers change slightly and can be deduced from the given changes of which isomer the given
compounds are. Through the mass spectrometry, the identi�cation of the isomers are not clearly shown
since similar fragmentation patterns occur. HPLC using RP-C18 column with an isocratic mobile phase,
the separation of the isomer is possible showing distinct R/S peaks of HHC and H4CBD.

Conclusion
The isolation and elucidation of H4CBD and HHC R/S isomers can be deduced de�nitively through proton
and carbon NMR and various 2D NMR techniques, when the 2D NMR techniques are lacking, the use of
13C and 1H NMR techniques can help provide insight into the deduction of the isomers. The other
instrumental techniques used help provide an in-depth understanding of how the isomers look under
various conditions.

Methods And Materials
HHC and H4CBD were dissolved in acetonitrile-d3 and 1H, 13C, COSY, HSQC, HMBC and NOESY data were

acquired on a 500MHz Bruker AVANCE II system at 25*C. 1H, 13C, COSY, HSQC, HMBC data sets were
analyzed to yield complete 1H and 13C peak assignment. Once the peaks were assigned, NOESY data
were analyzed to yield stereochemistry information about the orientation of the hexanyl-methyl group.
Instruments used were the Shimadzu TQ8050 NX Mass Spectrometer, Shimadzu Nexis GC-2030 Gas
Chromatograph, Shimadzu AOC-20i Plus Autosampler, the method is custom developed GC-MS/MS
method with KCA Labs SOP number TP-402.1. Agilent 1100 series HPLC with Diode Array Detector was
used to determine and separate isomers using C18-RP column.
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Figure 1

1a. The GC-MS of the diastereomers of H4CBD

1b.The GC-MS of the Diastereomers of HHC (S-isomer on the Right and the R-isomer on the left)

1c. The mass spectra of 9R-HHC isomer

1d.The mass spectra of 9S-HHC isomer
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Figure 2

2a.The mass spectra of R-H4CBD isomer

2b.The mass spectra of S-H4CBD isomer

2c. NMR of HHC R-isomer

2d. NMR HHC S-isomer
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Figure 3

3a. HPLC of the R/S-isomer of HHC

3b. The conformation analysis of S-H4CBD isomer

3c. The conformation analysis of R-H4CBD isomer

3d. The R-isomer the left peak and S-isomer on the right peak of H4CBD
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