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A TOTAL SYMIIESIS 0~ (+)-CANNABISATIVINE 

by Harry H. Wasserman* and Michael R. Leadbetter 

Department of Chemistry, Yale University, New Haven, CT 06511, USA 

Abstract: A synthesis of racemic cannabisativine is reported. Intramolecular opening 
of an erythro- acetoxy epoxide by a secondary amino group provided the side chain 
containing the desired stereochemistry. 

The alkaloid cannabisativine (1) isolated from the marijuana plant, Cannabis sativa 

is a member of a family of polyamine lactams containing spermidine residues. 132 Recent 

synthetic investigations have explored new methods for forming this system (Natsume)3 

and the related anhydro derivative (Weinrebl. 4 Cur own studies in this field have 

focused on methods for effecting expansion of smaller heterocyclic rings to larger 

units, and have led to syntheses of several members of this class,5-10 including 

anhydrocannabisat ivine lo and dihydropalustrine (2).11 

We now report the total synthesis of (+)-cannabisativine (1). As outlined below, 

our route permits stereochemical control in the assembly of the three adjacent chiral 

centers at the P-position of the molecule. 

The key starting material in the synthesis was a protected acetoxy diamino lactam 2 

prepared as in our earlier workl’ by the coupling of an acetoxyethyl (J-lactam with a 

nine-membered imino ether, followed by reduction (Scheme I). The thirteen-membered 

lactam 3 could be converted to the differentially protected triphenylphosphonium salt 5 

as described in the synthesis of dihydropalustrine, 11 and alloved to react vith the 
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O=CH 
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‘R 3, X=H; R=OAc 

b,X=TROC; R=Ph$+, Br- Scheme 
5 C&l 

acetoxy epoxy aldehyde 11 (NaH, DHSO/THF) generating the &-unsaturated epoxide 2. 

This coupling served to introduce the double bond and the epoxide in the desired 

location for formation of the tetrahydropyridine ring. 

To form the aldehydic component ll, the dianion of propargyl alcohol was added to 

hexanal to give the diol 6 (93%) which was reduced (LiA1H4) to the w-allylic dioll 

(79%) (Scheme II). This alcohol was then epoxidized (t-BuOOH/VO(acac)2) to form Ba.b 

(90%) as a 3: 1 mixture of diastereomers. Since this catalyst is known to produce the 

ervthro-epoxide preferentially, 12 the major isomer vas assigned structure h. The 

primary alcohols in the mixture were selectively protected (TBDKSCl, DMAP), and the 

secondary alcohols acylated (AcpO, DMAP) vithout isolation of the intermediate. At this 

stage, the two diastereomers u could be separated by flash chromatography giving & 

(50%) as the less polar isomer. Cleavage of the silyl ether was accomplished smoothly 

(Bu~NFITRF) to give the primary alcohol u (90%). Oxidation with dimethyl sulfoxide 

activated with oxalyl chloride 
13 gave the required aldehyde 11 (67%) as a single 

diastereomer. 

With the Wittig reaction product 2 in hand, the complete assembly of the alkaloid 

framework required only the removal of the trichloroethoxycarbonyl protecting group, 

freeing the secondary amino group in 12 for intramolecular epoxide opening. This 

deprotection-cyclization sequence was carried out in one operation with Zn in THF/A20 at 
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H’ ‘CH-C,H,, 

6 7 bH 
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*(a) _?-BuLi. THF, -78"C, then. IJ-C~H~~CHO; (b) LiA1H4, Et203 reflux; (c) ~o(acac)~, 

O*o* V. TBHP. cH2c'2, o"c, 24h; (d) TBOMSCl, OMAP, CH2C12, O"C, the,, Acpo, DMAP, 22°C; 

(e) n-Bu4NF> THF, 0°C; (f) OMSO, (COU)~, CH2C12, -78°C. 

Scheme II* 

pH=5. yielding 13e,b (62%). The two diaetereomers (~a., 1:l)could be separated by flash 

chromatography. The more polar compound was assigned the w H-2/H-6 configuration 

J_& by analogy with palustrine.” Cleavage of the acetyl group of J& (MeONa, MeOH, 80%) 

followed by removal of the ROC group (HCl/CH2C12) gave pure (+I-cannabisativine (I) 

(70%) identical in all respects (250~MHz ‘H NRR, IR, TLC) vith the natural product.’ 

H 0 

13 a, trans- H-2/H-6; X=BOC; R=Ac 

13 b, cis- H-Z/H-6; X=BOC; R=Ac - 



2244 

Acknowledgements: We thank Dr. D. .I. Slatkin for kindly providing a reference sample 

of pure cannabisativine. This research was supported by N.I.H. Grants GM-01874 and 

GM-31350. The support of the NSF Regional NMR Facility at Yale University (Grant 

CDP-7916210) is acknovledged. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

References 

(a) Lotter, H.L.; Abraham, D.J.; Turner, C.E.; Knapp, J.E.; Schiff, P.L.; 
Slatkin, D.K. Tetrahedron Lett. 
(b) Turner, C.E.; 

u, 2815. 
Hsu, H.-F.H. ; Knapp, J.E.; Schiff, P.L.; Slatkin, D.J. 

J. Pharm. Sci. 1976, 65, 1084. 

(a) Elsohly, MA.; Turner, C.E.; Phoebe, C.H.; Knapp, J.E. ; Schiff, P.L.; 
Slatkin, D.J. J. Pharm. Sci. 
(b) Slatkin, D.J.; 

1978, 3, 124. 
Knapp, J.E.; Schiff, P.L.; Turner, C.E.; Mole, M.L. 

Photochemistry 1975, 2, 5801 

Ogawa, N.; Kuriya, N.; Natsume, H. Tetrahedron Lett. 1984, z, 969. 

Bailey, T.F.; Garigipati, R.S.; Morton, J.A.; Weinreb, S.M. J. Am. Chem. Sot. 
1984, 12, 3240. 

Wasserman, H.H.; Berger, G.D. Tetrahedron 1983, 3j, 2459. 

Wasserman, H.H.; Matsuyama, H. J. Am. Chem. Sot. 1981, 10-3, 461. 

Wasserman, H.H.; Robinson, R.P. Tetrahedron u, _, 1983 3669. 

Wasserman H.H.; Robinson, R.P.; Carter, C.G. J. Am. Chem. Sot. 1983, 105, 1697. 
-hc 

Wasserman, H.H. ; Brunner, R.K.; Buynak, J.D.; Carter, C.G.; Oku, T.; Robinson, 
R.P. J. Am. Chem. Sot., 1985, 107, 519. 

-rv 

Wasserman, H.H.; Pearce, B.C. Tetrahedron Lett. 1985, 26, 0000. 

Wasserman, H.H.; Leadbetter, M.R.; Kopka, I.E. Tetrahedron Lett. 2, 2, 2391. 

Martin, V.S.; Woodard, S.S.; Katsuki, T.; Yamada, Y.; Ikeda, Il.; Sharpless, 
K.B. J.Am. Chem. Sot. 1981, E, 6237. 

Mancuso, A.J.; Huang, S.-L.; Stern. D. J. Org. Chem. 1978. 4;_3, 2480. 

All new compounds gave satisfactory NNR, IR and mass spectral or analytical data. 

(Received in UK 4 March 1985) 


