
138 Journal of Natural Products 
Val. 47. No. I .  pp. 138-142. Jan-Feb 1984 

STEREOCHEMICAL ASSIGNMENTS FOR THE TWO ENANTIOMERIC 

X-RAY CRYSTAL STRUCTURE ANALYSIS OF 
PAIRS OF 9, ~O-DIHYDROXY-A~~('"~)-TETRAHYDROCANNABINOLS. 

(2)-TRANS-CANNABITRIOL 

ANDREW T. MCPHAIL. 

Paul M. Gross Chemical Laboratoiy, Duke CTniversit), Durham. NC 27706 

HALA N.  ELSOHLY, CARLTON E. TURSER.' and MAHMOUD A. EL%HLY* 

Research Institute of Pharniareuticaal Sciences, SchwL of Pharniarj, 
Univwsitj of Mississippi. Univwsit), MS 38677 

ABsTRACT.-single-crystal X-ray analysis of (k )-cannabitriol (I), isolated from Panama- 
nian Cannabis, confirmed the structure of previously isolated (+)- and (-)-cannabitriol and de- 
fined the relative stereochemistry at the asymmetric centers. Based on the results obtained from 
this study, all compounds previously named cannabitriol f ( + ) ,  (-), or (*)I should henceforth 
be designated trans-cannabitriol with appropriate sign of optical rotation, the other enan- 
tiomeric pair of (* )-9, 10-dihydroxy-AG'"oa'-tetrahydrocannabinols being (2)-cis-cannabitriol 
(4) .  

In previous publications (1-5), we have reported on the isolation of polyhydroxy- 
lated cannabinoids from Cannabis sativa L. (+)-Cannabitriol was isolated (1) together 
with (-)- lO-ethoxy-9-hydro~y-A~~'~~~)-tetrahydrocannabinol (2) from an ethanolic 
extract of Cannabis provided by the National Institute on Drug Abuse (NIDA). O n  the 
other hand, (-)-cannabitriol has been isolated from Jamaican (6) and Japanese (7 )  var- 
iants of Cannabis and characterized (7). In addition, cannabitriol was reported (8) to be 
the alcohol component of the ester of cannabidiolic acid (3). At a later date, ElSohly et 
al. (2) isolated two new polyhydroxylated compounds, namely, (?)-9,lO-dihydroxy- 
A6a'10a)-retrahydrocannabinol (4)  and (+)-8,9-dihydro~y-A~~'*~~'-tetrahydrocan- 
nabinol(3,  from an Indian Cannabis variant. 

W e  describe here the isolation (see Experimental section) of crystalline (+)-can- 
nabitriol from a Panamanian variant of C. sativa L. and present the results of a single- 
crystal X-ray analysis, which not only confirm the previously reported structure (1, 7 )  
but also define the relative stereochemistry at the two asymmetric centers, C-9 and C- 
10. 

The crystal structure of 1 was solved by direct methods (9). Least-squares refine- 
ment ofatomic positional and thermal parameters converged toR=0.059 over 2535 re- 
flections measured by diffractometer. Non-hydrogen atom fractional coordinates are 
listed in Table 1. A view of the solid-state conformation of one enantiomer, with the 
atom numbering scheme, is provided in Figure 1. 

Bond lengths in the fused ring system are all in accord with expected values, but the 
C-C single bonds in the fully extended n-pentyl side-chain are progressively foreshort- 
ened to a greater degree the further they are from the phenyl ring. This is attributed to 
lack of corrections for the effects of thermal motion associated with this conformarion- 
ally flexible moiety. The cyclohexene ring approximates to a half-chair form with the C, 
symmetry axis passing through the mid-points of the C(6a)-C( loa) and C(8)-C(9) 
bonds. In the 1,2-pyran ring, two of the torsion angles are constrained to lie close to O", 
and this ring adopts a 1,3-diplanar form with the C, symmetry axis passing through the 

'Currently on leave of absence from the Research Institute. 
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Atom x Y z 

c- 1 . . . . . . . . . . . . . . . .  
c-2 . . . . . . . . . . . . . . . .  
c-3 . . . . . . . . . . . . . . . .  
c - 4  . . . . . . . . . . . . . . . .  
C-4a . . . . . . . . . . . . . . . .  
0 - 5  . . . . . . . . . . . . . . . .  
C-6 . . . . . . . . . . . . . . . .  
C-6a . . . . . . . . . . . . . . . .  
c-7 . . . . . . . . . . . . . . . .  
C-8 . . . . . . . . . . . . . . . .  
c-9 . . . . . . . . . . . . . . . .  
c- 10 . . . . . . . . . . . . . . . .  
C-loa . . . . . . . . . . . . . . .  
C-lob . . . . . . . . . . . . . . .  
0 - 1 1  . . . . . . . . . . . . . . . .  
c-12 . . . . . . . . . . . . . . . . .  
c-13  . . . . . . . . . . . . . . . .  
C-14 . . . . . . . . . . . . . . . .  
C-15 . . . . . . . . . . . . . . . .  
C-16 . . . . . . . . . . . . . . . .  
C-17 . . . . . . . . . . . . . . . .  
C-18 . . . . . . . . . . . . . . . .  
C-19 . . . . . . . . . . . . . . . .  
0 - 2 0  . . . . . . . . . . . . . . . .  
0 - 2  1 . . . . . . . . . . . . . . . .  

1584N 19) 
22473(22) 
3 1493(22) 
33634(21) 
26984(2 1) 
29704( 14) 
23742(21) 
14263( 19) 
8208(23) 

- 1586(20) 
-2670(19) 

2127(18) 
11542( 18) 
17818(18) 
7100(13) 

38805(26) 
44452(31) 
394.2434) 
44594(39) 
3990 1(5 1) 
24263(24) 
27625(26) 

- 12499(23) 
1879( 15) 

-3 148(13) 

20958(20) 
26853(24) 
24402(29) 
15775(29) 
9852(24) 
1633(17) 

-7315(23) 
-3586(21) 
- 11028(22) 
-7896(2 1) 

3796(2 1 )  
966 5 (20) 
5692(20) 

12322(2 1) 
23878( 14) 
3 1174(34) 
36503(4 1) 
440 lO(44) 
49829(57) 
57368(69) 

- 13507(30) 
- 13643(29) 

684 l(28) 
6777( 15) 
8720(16) 

3337(24) 
- 1366(28) 

1733(33) 
9299(3 5) 

13877(28) 
21718(22) 
21623(30) 
2263 l(25) 
28874(29) 
2 70 16( 26) 
28684(24) 
187 74( 2 2) 
17768(22) 
11394(24) 

269(17) 
-2701(42) 

795 l(57) 
15379(64) 
25670(68) 
32281(89) 

94 12(36) 
33 106(37) 
28176(33) 
40797( 17) 

6588( 16) 

mid-points of the C(5)-C(6) and C( 10a)-C( lob) bonds. Molecules of 1 are associated in 

Although the relative stereochemistry of the hydroxy groups at C-9 and C- 10 in 1 is 
here established unequivocally as trans, there still remains to be defined which of the 
two enantiomers is dextrorotary and which is levorotatory. On the basis of the results of 
the present X-ray analysis, 1 should be designated (2 )-trans-cannabitriol; con- 
sequently, the pair of enantiomers with cis-related C-9 and C- 10 hydroxy substituents 
constitute (k)-cz~-cannabitriol. These configurational assignments are in accord with 
the findings of ElSohly et ai. (2) in which the enantiomeric pair (4)  afforded an acetonide 
upon reaction with Me,CO-perchloric acid whereas (-)-cannabitriol did not (7). 

the crystal by extensive 0 -H  . . .  0 hydrogen bonding. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.-The melting point was determined in an open, glass 
capillary tube and is uncorrected. The 'H-nmr spectrum was recorded in CDCI, on an EM-390 90 MHz in- 
strument using TMS as internal standard. The mass spectrum was taken with a Finnigan 3200, MS/DS sys- 
tem. The optical rotation was measured on a Perkin-Elmer 141 polarimeter. 

PLANT MATERIAL.-A Panamanian variant of C. sativa L. grown in Mississippi was used in this 
study. Herbarium specimens are deposited in the Herbarium, Research Institute of Pharmaceutical Sci- 
ences, University of Mississippi. 

'Endocyclic torsion angles (w,], 020.2-0.3") in one enantiomer follow: w6=,, 10.4,0,,,-42.5, o , , ~  
61.2, w,,,,-47.6, wlo,,oa 16.2, ~~~~,~3.Ointhecyclohexenering;w~~.~33.1, ~ , , ~ - 4 7 . 2 , w ~ , ~ , 3 1 . 0 ,  

'Hydrogen bonded distances follow: O(11) . . .  O(21) 2.615 A (intramolecular); O(20) . . .  O(20) 
2.707 A and 0 ( 2  !) . . .  0 ( 2  1) A between molecules related by crystallographic centers ofsymmetry; O(20) 

crystallographic centers of symmetry demands that the hydrogen atoms involved in the intermolecular hy- 
drogen bonds are disordered over two sites. 

w6n, loa. O.O, wlOa, lob- 17.23 w10b,4a o.6. 

. . .  O( 1 1) 2.72 1 A between molecules related by the c-glide plane. The disposition ofmolecules around the 
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FIGURE 1. Atom numbering scheme and solid-state conformation of one enantiomer of 1; hydrogen 
atoms have been omitted for clarity. 

EXTRACTION AND FRACTIONATION.-Powdered leaves (7 kg) were extracted by percolation with 
95% EtOH (72 gallons), and the solvent was evaporated to yield aresidue( 1.8 kg, extract A). About 8OOg 
of extract A was partitioned between CHCI, (fraction B) and H,O (fraction C). Fraction B was further par- 
titioned between n-hexane (fraction D) and ice-cold 3 N NaOH (fraction E). Fraction E was rendered acidic 
with HCI and extracted with Et@ to yield a polar acidic fraction (fraction F, 35.2 8). Fraction F (16 g) was 
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further fractionated on a polyamide4 column (320 g ,  4.6X90 cm) packed in EtOH-H,O (6:4). The con- 
centration of EtOH was gradually increased and nine fractions were collected. Fraction 1 eluted with 1.5 
liten of EtOH-H,O (6:4) (6.4 g) was rechromatographed on a silica gel G column (600 g ,  4.6X83 cm) 
packed in hexane-Et,O (6:4), and 500 fractions, each of 20 ml, were collected. 

IsoLATIoNoF(~~CANNABITRIOL.-F~C~~O~S 22 1-256, eluted with hexane-Et,O( 1: I), were com- 
bined and the solvent evaporated to yield a brown residue (237 mg). This residue was subjected to prepara- 
tive tlc using precoated silica gel G UC-254 plates' (20x20  cm, 0.25 mm thickness) and 10% EtOAc in 
CH,CI,. The partially purified material was then chromatographed on reversed phase KC-18 plates6 
( 5  X 20 crn, 0.2 mm thickness) using MeOH-H,O (8:2). Crystallization of the residue obtained from the 
reversed phase plates (Me,CO-hexane) afforded needle crystals of 1 (19 mg) rnp 17 lo, [ a ) ' ' ~  =O.OO, iden- 
tical with previously isolated 1 material ('H-nmr and ms). 

CRYSTAL- DATA.-(*)-Ca~nabitriol, C21H3004, M=3$6.47, Monoclinic, u= 14.993(8) A. 
b=12.712(6) A, r=10.603(5) A, f3=96.05(1)', U=20!9.6 A3, Z=4 ,  D,,,,,=l.145 g ~ m - ~ .  Ab- 
sorption coefficient for Cu-K, radiation (h=1.5418 A), ~ = 6 . 3  cm-'. Space group P ~ , / C ( C ; ~ )  
established uniquely by the systematic absences: OkO when k#2n, hOQ when t#2n .  

CRYSTALLOGRAPHIC MEAsUREMENTS.-Preliminary unit-cell parameters and space group infor- 
mation having been obtained by photographic methods, the intensities of 3573 unique reflections with 
W 6 7 "  from a crystal of dimensions ru. 0.14 X O .  36 X 0.80 mm were recorded on an Enraf-Nonius CAD-3 
automated diffractometer (Ni-filtered Cu-K, radiation; 0-20 scans) by procedures described in detail else- 
where ( 10). Refined unit-cell parameters were derived by least-squares treatment of the diffractometer set- 
ting angles for 40 reflections widely separated in reciprocal space. A total of 2535 reflections with 
1>2.0o(Z){o'(Z)=scan count+ total background count] were judged to be observed and were retained for 
the structural analysis. The data were corrected for the usual Lorentz and polarization effects but not for the 
small effects of absorption. 

STRUCTURE ANALYSIS.-The structure was solved by direct methods with the aid of the MUL- 
TAN76 (9) suite of programs. Full-matrix, least-squares adjustment of non-hydrogen atom positional and 
anisotropic thermal parameters, with hydrogen atoms included at their calculated positions in the later it- 
erations, converged to R=0.059. Atomic scattering factors for carbon and oxygen were taken from refer- 
ence (1 l ) ,  and for hydrogen from reference (12). In the least-squares calculations, ZztA' ( A =  I lF,I = lF,l I)  

*Machery Nagel-polyamid SC6 
'Brinkman Instruments, Inc. 
6Whatman. 
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was minimized, with weights w assigned according to the scheme Jw= 1 for lF,GI 14.0, and Jw= 14.0/ 
IF,I for IF,l> 14.0. Final non-hydrogen atom parameters are in Table 1. 

ACKNOWLEDGMENTS 

Work on this project is supported in part by the National Institute on Drug Abuse (NIDA), 
Rockville, MD, contract #27 1-81-3803, and the Research Institute of Pharmaceutical Sciences, School of 
Pharmacy, University of Mississippi, University, MS 38677. Crystallographic calculations, performed at 
the Triangle Universities Computation Center, NC, weresupported by a grant of computer time from 
Duke University. 

LITERATURE CITED 

1. 
2. 
3. 

4. 
5. 
6.  
7. 
8 .  
9.  

10. 
11. 
12. 

M.A. EISohly, F.S. El-Feraly, and C.E. Turner, Lhydiu, 40, 275 (1977). 
M.A. EISohly, E.G. Boeren, and C.E. Turner, Experientiu, 34, 1127 (1978). 
H .N.  EISohly, E.G. Boeren, C.E. Turner, and M.A. EISohlv, “Proceedings of the Cannabinoid 82 
Meeting.” Ed. by R. Willette, W.L. Dewey, and S. Agurell. New York: Academic Press, 1983. 
E.G. Boeren, M.A. EISohly, and C.E. Turner, Experientiu, 35, 1278 (1979). 
C. E. Turner, M.L. Mole, L. Hanus, and H .  N .  EISohly, J .  Nut. Prod., 44, 27 ( 198 1). 
Y. Obata and Y. Ishikawa, Agr. Biol. Chem., 30, 619 (1966). 
W.R.  Chan, K.E. Magnus, and H.A. Watson, Experzentiu, 32, 283 (1976). 
F. Von Spulak, U. Claussen, H.-W. Fehlhaber, and F. Korte, Tetrahedron, 24, 5379 (1968). 
P. Main, L. Lessinger, M.M. Woolfson, G. Germain, and J.-P. Declerq, “MULTAN76, A System 
of Computer Programmes for the Automatic Solution of Crystal Structures,” Universities of York 
and Louvain, 1976. 
R.W.  Miller and A.T. McPhail, J .  Chem. Soc., Perkin Trans. 11, 1527 (1979). 
D.T. Cromer and J.T. Waber, Arta Cryrtullogr., 18, 104 (1965). 
R.F. Stewart, E.R. Davidson, and W.T.  Simpson,]. Chem. Phy., 42, 3 175 (1965). 

Received I3  A p i l  1983 


