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Total Syntheses of the Structures Assigned to Salimine and Jerusalemine, Alkaloids 
from Colchicum decaisnei Boiss. (Liliaceae) 
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Total syntheses of the dibenzo[a,c]cycloheptylamines (k)-l and (+)-2 have been developed; the spectroscopic 
properties of synthetic 2 match those reported for the alkaloid jerusalemine but compound 1 is different f rom the 
alkaloid salimine. 

In 1991 Abu Zarga et al. described' the isolation of the 
alkaloids salimine, jerusalemine and suhailamine from the 
Middle Eastern species Culchicum decaisnei Boiss. 
(Liliaceae). On the basis of various spectroscopic studies, the 
dibenzo[u,c]cycloheptylamine structures 1-3, respectively, 
were assigned to these compounds. I t  was further suggested 
that these alkaloids might be catabolites of colchicine 4 or 
2-demethyldemecolcine. While a number of allocolchicinoid- 
like natural products have been isolated previously,* salimine 
and jerusalemine would appear to be the first members of this 
class which possess a C-lot substituent. In view of the 
continued interest in the synthesis and anti-mitotic properties 
of colchicinoids and allocolchicinoids,* we now describe the 
first total syntheses of (&)-I  and (+)-2. 

The reaction sequence used in the preparation of (k)-1 is 
shown in Scheme 1. Thus, the known3 acetophenone 5 was 
subjected to Claisen-Schmidt condensation with benz- 
aldehyde 6 and the resulting chalcone (mp 105.5-106.5 "C, 
92"/)$ treated with dihydrogen in the presence of palladium 
on carbon. The 1,3-diarylpropanone (mp 123-124 "C, 96%) 
thus formed was subjected to reaction with sodium boro- 
hydride and the alcohol 74 (mp 147-149 "C, 96%) thereby 
obtained. Sequential treatment of compound 7 with lead 
tetraacetate then trifluoroacetic acid resulted in Umezawa 
cyclisations and installation of the l la-l lb bond. The 
dibenzocycloheptan-7-014 (mp 220-225 "C, 42%) formed in 
this way was 0-methylated, and the resulting pentamethoxy 
alcohol (mp 149-150 "C, 72%) was oxidised with tetra-n- 
propylammonium perruthenate (TPAP)-N-methylmorpho- 
line N-oxide (NM0)h  to give ketone 8 7  (mp 187-188 OC, 96%). 
Reaction of compound 8 with sodium ethanethiolate in 
hexamethylphosphoric triamide (HMPA)8 at 100 "C afforded 
an inseparable ca. 1 : l  mixture of the required phenol 9 
and the regioisomer resulting from demethylation at C-1 
(34% combined yield at 93% conversion). Treatment of this 
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mixture with trifluoromethanesulfonic anhydride-N,N-di- 
methylaminopyridine (DMAP) resulted in formation of tri- 
flate 10 (mp 121-122 "C, 46%) which could be separated from 
its coproduced regioisomer (mp 148-150 "C, 22%) by HPLC. 
Palladium-catalysed methoxycarbonylation of compound 10 
was readily achieved,g and the structure of the resulting keto 
ester 11 imp 167-168 "C, 43% at 
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Scheme 1 Reagents and conditions: i, NaOH, MeOH, 18 "C. 3 d; i i ,  H2 
(1 atm.), 5% PdC,  EtOAc. 18 "C, 15 h; iii,  NaBH4 (2.5 rnol equiv.), 
THF-MeOH. 18 "C, 1.5 h; iv, P ~ ( O A C ) ~  (1.2 mol equiv.). CH2Cl?, 
18 "C, 1 h; v. CF3C02H (SO rnol equiv.), 1 : 1 C6H6-THF, 0"C, 1 h; VI,  
(Me0)*S02 (23 mol equiv.), K2C03 (51 mol equiv.), Me2C0. 18 "C, 
21 h, then sat. aq. NaHC03, 18 h; vii, TPAP (7.5 rnol%), N M O  (3 mol 
equiv.), 4 8, molecular sieves, CH2C12, 18 O C ,  24 h; viii, NaH (1.2 rnol 
equiv.), EtSH (1.5 mol equiv.), HMPA, 100 "C, 9 h; ix. (CF3S02)*0 
(1.5 mol equiv.), DMAP (3.2 rnol equiv.), CH2C12. 0 "C, 1.5 h ;  x. 
Pd(OAc)2 (1 mol equiv.), 1,l'-bis(dipheny1phosphino)ferrocene (1 
mol equiv.), DMF, Et3N (2 rnol equiv.), MeOH (20 mol equiv.), CO 
(g), 60 "C, 51 h ;  xi, NH40Ac (10 mol equiv.), NaBH3CN (1 rnol 
equiv.), MeOH, 60 "C (sealed tube), 8 d; xii, Ac20, pyridine. 18 "C, 
0.5 h; xiii, LiOH (5 rnol equiv.), MeOH, 50 "C, 10 h 
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established by single-crystal X-ray analysis [Fig. l(a)].$ 
Reductive amination of compound 11, using ammonium 
acetate and sodium cyanoborohydride, 1 0  produced an inter- 
mediate amino ester, which was immediately subjected to 
N-acylation using acetic anhydride-pyridine to afford the 
acetamido compound 12 (mp 228-230 "C, 45%). Hydrolysis of 
the ester moiety within this compound afforded, after acidic 
work-up, (+)-1 (mp 218-221 "C, 75%).1 

A closely related strategy was employed in the synthesis of 
(+)-2 (Scheme 2). The tert-butyldimethylsilyl ether, 13," of 
syringaldehyde was subjected to Claisen-Schmidt condensa- 
tion with acetophenone 5 under acidic conditions (p-TsOH, 
refluxing benzene) since attempts to effect the desired 
conversion with sodium hydroxide only resulted in desilyl- 
ation of the former compound. The chalcone (mp 119-120 "C, 
74% ) produced in the acid-catalysed condensation reaction 
was immediately subjected to treatment with dihydrogen in 
the presence of palladium on carbon, and the 1,3-diaryl- 
propanone (mp 125.5-126.5 "C, 97%) thus formed was 
reduced to the alcohol 14 (mp 125-127 "C, 97%) using sodium 
borohydride. Umezawa cyclisations of this last compound 
gave the corresponding dibenzocycloheptenol (mp 2 15- 
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Scheme 2 Reagents and conditions: i ,  ChHh, p-TsOH, 80 "C, 8 d; ii, H? 
(1 atm.), 5% PdK, EtOAc, 18 "C, 15 h; iii, NaBH, (2.5 rnol equiv.), 
THF-MeOH, 18 "C, 1.5 h; iv, Pb(OAc)4 (1.2 rnol equiv.). CH2C12. 
18 "C, 1 h ;  v. CF3C02H (50 rnol equiv.), 1 : 1 C6H6-THF. 0 "C, 1 h; vi. 
(Me0)$S02 (23 rnol equiv.), K2C03 (51 rnol equiv.). MelCO. 18 "C. 
21 h ,  then sat. aq. NaHC03. 18 h;  vii, TPAP (7.5 mol%). NMO (3 rnol 
equiv.). 4 A molecular sieves, CH2Cl2, 18 "C, 24 h; viii, BulNF (1.2 
rnol equiv.). CH2C12, 0 "C, 2 h; ix, NaH (2 rnol equiv.), EtSH ( 3  rnol 
equiv.), 18-C-6 (0.5 rnol equiv.), HMPA, 110 "C, 9 h;  x. BnBr (2.2 
rnol equiv.), K2C03 (4.0 rnol equiv.), MeCN, 82 "C, 20 h; xi. Hz (1 
atm.), 5% Pd/C. EtOAc, 18 "C, 24 h ;  xii. MeNH2 (6.0 rnol equiv.). 
NaBH3CN (1.0 rnol equiv.), AcOH (2 rnol equiv.), MeOH. 60 "C 
(sealed tube), 5 d; xiii. Hl ( 1  atm.), 5% PdK. HCI, EtOH, 18 "C, 16 h 

217 "C, 54%) which was 0-methylated using dimethylsulfate 
and potassium carbonate. The resulting tetramethoxy alcohol 
(mp 170-171 "C, 70%) was then oxidised to the ketone 15 (mp 
148-150 "C, 96% ). Removal of the tert-butyldimethylsilyl 
group in compound 15 was accomplished using tetra-n-butyl- 
ammonium fluoride (TBAF), and the resulting phenol 16 (mp 
168-169 "C, 70%) was subjected to treatment with sodium 
ethanethiolate. This afforded an inseparable ca. 3 : 1.5 : 1 
mixture of diphenol 17 and the regioisomers where demethyl- 
ation had occurred at C-1 and C-9, respectively. Benzylation 
of these compounds under standard conditions produced the 
corresponding mixture of dibenzyl ethers, which could be 
separated by HPLC. The required compound 18 (foam, 20%) 
obtained in this way was subjected to hydrogenolysis under 
standard conditions, and the structure of the resulting pure 
diphenol 17 (mp 169-171 "C, 80%) was established by 
single-crystal X-ray analysis [Fig. l(b)]. 9 Completion of the 
synthesis of dibenzocycloheptylamine ( +)-2 involved reduc- 
tive amination of ketone 18 using methylamine-sodium 
cyanoborohydridel2 followed by bis(debenzy1ation) of the 
resulting N-methylamine 19 (foam, 91%) to give the target 
compound (k ) -2  (mp 191-193 "C) in 88% yield.7 

A comparison of the spectroscopic data obtained on 
compound (+)-2 with the analogous data reported' for 
jerusalemine led to the conclusion that these are one and the 
same compound. In contrast, comparison of the spectroscopic 
data derived from ( + ) - 1  with those reported' for salimine 
revealed significant differences, thus suggesting that the 
assigned structure for this alkaloid is incorrect. On the basis of 
mechanistic considerations,l.'3 it  seemed appropriate to 
consider the isomeric structure 20 as being the correct one for 
salimine. Indeed, when an authentic sample of allocolchici- 
noid 20 was prepared [from (-)-colchicine)*3 it became 
apparent that this compound is identical with salimine. I t  
should also be noted that suhailamine' has been assigned the 
same structure as allocolchicine 3 but has different spectro- 
scopic and physical properties from an authentic sample of 3.14 
At this point the true structure of suhailamine remains 
unclear. 

In order to gain some indication of their potential as 
anti-mitotic agents, allocolchicinoids (k)-l and (+)-2 have 
been subjected to a tubulin binding assay.15 Contrary to 
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Fig. 1 ORTEP" drawings of compounds 11 and 17 (right) derived 
from X-ray crystallographic data 
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expectation,'.l5 neither of these compounds displayed inhibi- 
tory effects on tubulin polymerisation. Furthermore, com- 
pounds (k) - l  and (k)-2 were not cytotoxic for L1210 cells. 
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Footnotes 
t In order to facilitate comparisons. the colchicine numbering scheme2 
has been used throughout this paper. 
$ All new compounds had spectroscopic data [IR, U V  (where 
appropriate), NMR, mass spectra] consistent with the assigned 
structure. Satisfactory combustion and/or high resolution mass 
spectral analytical data were obtained for new compounds and/or 
suitable derivatives. 
3 Crystallogra/~hic data for 11: C21H2207. M = 386.39. T = 293(1) K. 
triclinic, s ace group Pi, a = 9.0038(11). b = 10.5885(12), c = 
10.884(2) 1. Q = 93.514(13). p = 108.357(13). y = 100.727(9)", U = 
959.6(2) A7. D, ( Z  = 2) = 1.337 g cm-3, F(O00) = 408, p(Mo-Ka) = 
1.01 cm--l. no absorption correction, 3361 unique data, 2203 with I > 
241);  convcntional R1[I  > 20(1)] = 0.0481, wRZ [all data] = 0.1451, 
GOF [all data] = 1.078. 

For 17: CIHHIHOh+MeOH, M = 362.37, T = 293(1) K, monoclinic, 
s p a c e g r o u p F I , a  =7.6786(11),h =8 .3016(12) ,~= 14.153(2)&(3= 
92.599( l 0 ) O .  U = Y01.3(2) A3, D, ( Z  = 2) = 1.335 g cm-3. F(000) = 
384. ~ (Mo-KQ)  = 1.02 cm - 1 ,  no absorption correction, 1941 unique 
data. 1374 with I > 241);  conventional R,[I > 2a(l)] = 0.0400. wR2 
[all data] = 0.0779. GOF [all data] = 1.042. 

Data were measured on an Enraf-Nonius CAD4MachS diffrac- 
tometer (graphite crystal monochromator, h = 0.71073 A). with 28,,, 
= 50". Refinement was by full-matrix least squares methods o n  F- 
(SHELXL-931h) using all data, wR2 = [Xw(F,,2 - FcZ)2Ew(Fc)2)2]1'2. 
Atomic coordinates, bond lengths and angles, and thermal paramet- 
ers have been deposited at the Cambridge Crystallographic Data 
Centre. See Information for Authors, Issue No. 1. 
7 Selected s/?ectral data for (?)-l;  13C NMR (100 MHz. ZH,-DMSO) 6 
168.6, 167.1. 157.3, 152.4, 150.3, 145.9, 140.5. 134.7. 132.2, 125.6. 
123.3, 118.7, 108.2, 107.3. 60.6. 60.5, 55.8, 55.7, 48.4. 38.3, 30.0 and 
22.6; IHNMR (400MHz,~H6-DMSO)b 12.40(brs. 1H,C02H).8.41 
(d .1  = 8.8 Hz, IH.  NH).7.63(s, lH).7.07(s. 1H),6.78(sq 1H),4.55 
(m,  1H. H7). 3.86 (s ,  3H. OMe), 3.83 ( s ,  3H, OMe), 3.78 (s. 3H. 
OMe), 3.48 (s. 3H. OMe). 2.52 (m,  lH) ,  2.19 (m. 1H). 2.05 (m. IH), 

1.91 (m. 1H) and 1.90 (s, 3H. COMe); MS m/7 (El. 70cV) 414 (100%) 
[(M - Ha)'], 356 ( S O )  [(M - MeCONH2)+.]; v,,, (KBr) 3435 (br), 
3278,2938, 1637, 1612, 1555. 1460, 1407. 1238, 1100, 1053 cm-l: Amax 
(MeOH) 264 (sh, log E 4.4) and 219 (4.5) nm: HRMS. [(M - H.)'] 
414.1544. C12H24N07 requires 414.1553. 

For (2)-2; 13C NMR (100 MHz, 2Hh-DMSO) b 147. I .  146.5, 144.8, 
143.8, 137.7, 131.8, 129.9. 127.2. 124.5. 116.9. 107.7, 107.5. 59.5. 
59.3,55.8,55.4.34.9 and 30.1 (one peak obscured or ovcrlapping); IH 
NMR (400 MHz, *Hh-DMSO) 6 8.61 (br s, 1H. OH). X.30 (br s, IH, 
OH). 7.09 (s, IH), 6.79 (s, 1H). 6.61 (s. IH), 3.80 (s. 3H. OMe), 3.78 
(~.3H,OMc).3.39(s,3H.OMc).3.07(dd.J= 11.2.6.3Hz,IH.H7), 
2.32 (dd , J  = 12.7,5.9 Hz, 1H). 2.20(m, 1H). 2.17 (s, 3H. NMc). 1.99 
(m, 2H) and 1.52 (m.  IH); MS mlz (El. 70 eV) 345 (56%) (M+.), 328 
(21) [(M - HO.)+], 314 (100) [(M - MeO.)+] and 299 (23); v,,,,, 
(KBr) 3353, 3313, 2935. 1603, 1497, 1453, 1312, 1265, 1215. 1105, 
1080, 1040 and 791 cm-I; A,;,, (MeOH) 278 (sh, log E 3.8). 266 (4.0) 
and 212 (4.5) nm; HRMS. M+. 345.1565. C19H23N05 requires 
345.1576. 
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