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238. Cinchona Alkaloids. Total Synthesis of Cinchonamine 
Preliminary Communication1) 

by G. Grethe, H. L. Lee, and M. R. UskokoviC 

Chemical Research Department, Hoffmann-La Roche lnc., Nutlcy, 
New Jersey 07110, USA 

(8. V I I .  76) 

Cinchona-Alkaloide. Totalsynthese von Cinchonamin. - %zisniizi~i~iZf~i.~sz~iag. Zwci wr-  
schicdcnc Wege zur Totalspnthese des Cinchona-Alkaloids Cinchonamin (1) und seines C(2)- 
Epimcrs (24) wcrden beschrieben. h l s  Ausgangsmatcrial dicnte synthctisch Iicrgcstelltcs hT- 
Bcnzoylnierochinen (2) oder sein Mcthylcster 15. 

Cinchonamine (1)z) was isolated as early as IS81 froin the bark of h'cinijia$uudieicu 
[I], but the structure was elucidated only in 1950 [Zj and the absolute configuration 
was established twenty years later [3] .  A partial synthesis of 1 was reported by 
Preobazheizskii et aZ. 141. The alkaloid and its C(2)-epimer 24 were also obtained by 
lithium aluminium hydride reduction of quinamine and cpi-cluin;iniirie, respectively 

1 

Cinchonamine 

[5:. Recently ;6], we described the total synthesis of diliydrocinchonaniine b y  a route 
starting with optically active 5-ethylquinuclidine-2-carboxy~ate 171 and involving a 
Madelung reaction for the indole ring cloiure. Application of this reaction sequence to 
the synthesis of ciiiclionamine failed due to the lability of the vinyl group under the 
conditions of the M a d e l m g  reactions). 

IVe now report the first total syritheiii of cinLhonmiine (1) and Z-e$z-cinchona- 
niine(24), the main feature of which is the formation of the quinuclidine ring by 
cvclization of a conjugated iminiuin ion B wliicli originates by thermal dehydration 
of the alcohol A. This key compound was prepared as an epimeric mixture 13 or as the 
individual diaitereoiuers 20 and 21 by two methods outlined below. 

1) 

2) 

A full account of this work will be published in the near future. 
According t o  Chemical Abstracts Systematic Nomenclature Cinchonamine is named 1 H -  
Indolc-3-cthano1, 2-(5-ethenyl-1-azabic~~clo[2.2.2]oct-2-y1)-, [1 S- (lcr, 2n,4a, S P ) ] .  and the 
numbering refers to  this namc. 
Similar observations have been made by Augzgustim et al. in their detailctl study on the 
Madcluizg reaction [S]. 

3) 
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In tlie first approach, tlie 2-acylindole 10 was prepared from 2-nitrobenzaldehyde 
(6) and totally synthetic N-benzoylineroquinene (2) [C)] by a method reported recent- 
ly for the synthesis of other 2-acyl-indoles[lOj. I\r-Renzoylmeroquineiie (2) was 
transformed in three steps to the a-bromoketone 54)  175% ; oil; IR.  (CHC13) : 1715 cm-1 
(COCHZBr) ; NMR. (CDC13) : 63.SO (s, CHZRr) ; MS. (m/e) : 349 (Mi-) ,  105 (base peak)] 
without purification of the intermediate acid chloride 3 and the diazoketone 4. 
Reaction of the sodium salt of tlie sulfonamide 7 [lo] [ll] with the a-bronioketone 5 
gave in 70% yield the aldol product 8 which upon treatment with thionyl chloride in 
pyridine afforded the indole derivative 9 [55% ; oil; &!IS (y./e) : 526 (M+)] .  Hydrolysis 
of the tosyl group occurred smoothly in boiling metlianolic sodium hydroxide to 
give the expected acylindole 10 [65%; m.p. 152-153" (CH30FI) ; IR. (CHC13) : 3450 
(NH), 1650 (CO), 1621 cm-1 (CO-N) ; UV. (CH30H) : Amax 308 nm (&23,200)]. 

Compound 10 was transformed to the desired mixture of epimeric alcohols 13 by 
two alternative routes, 10 --f 11 --t 13 or 10 + 12 --f 13. In  tlie first route, removal 
of the N-benzoyl group was effected in 70% yield by heating a solution of 10 in 5N 
potassium hydroxide (methanol/water 4 : 1) a t  the reflux temperature for three 
days. The resulting derivative 11 was subsequently reduced with sodium borohydride 
in methanol a t  0" to give tlie epimeric mixture 135) in good yield. In the preferred 
route, compound 10 was first reduced with sodium borohydride to afford in 90% 
yield the epimeric mixture 12 from which the major isomer 12a (2R) was obtained by 
fractional crystallization [m.p. 167-169", (CHsOH/ether) ; b]: = + 73" (c = 0.90, 
CH30H) ; IR. (CHC13): 3600 cm-1 (OH); NMR. (CDC13) : 6 6.19 (s, (H-C(3)) ; 8.97 (s, 
NH)]. Reductive N-debenzoylation of the mixture 12 with diisobutyl aluminium 
hydride in tetrahydrofuran a t  -70" gave in 60% yield the desired derivatives 13. 

The same mixture of epimeric liydroxy compounds was obtained by an alternative 
and more efficient synthesis (Scheme 2). Lithiation of 1-benzenesulfonylindole (16) 
with $2-butyllithium 1121 and reaction of the litliio derivative in situ with readily 
available N-benzoylmeroquinene aldehyde (17) [7] gave in S5% yield a crystalline 
mixture of 18 and 19 in an approximate ratio of 3 : l .  Because of its insolubility in 
methanol the major 2R-isomer6) 18 [m.p. 188-189" (CHzClZ/ether) ; [a]: = + 159.S" 

All new compounds gave combustion analyses and/or mass spectra and other spectral data 
consistent with assigned structures. NMR. spectra were recorded on a Varian A-60 or HA-100 
spcctrophotometer, using TMS as internal standard. The mass spectra were taken with a 
CEC 21-110 mass spectrometer a t  70 eV using a direct insertion probe. 
The 2 R-isomer 20 could be isolated from this mixture by fractional crystallization from 
methylenc chloride/ether. 
The configuration of the newly generated chiral center was established by an X-ray crystal 
structure analysis of the hydrochloride of its hydrolysis product 20a. We are indebted to 
Dr. F. Blouvzt of these laboratories for carrying out  this analysis. 
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SOCl2, benzene, 1 h, -1; b) Zyo CH&z in cthcr, 0"; c) 48% HHr/ctlicr; (1) I'cSO.4, K H 4 0 H ;  
p-TsC1, pyricline, CII2C12, 0"; f )  hTaH, DMF; g) SOC12, pyritlinc; h) 5~ KOl i  (CH3011/I-lzC) 

4 :  1) ; i )  NaI311.1; j) DIUAL-11, - 70", THF. 

(C 

025 c111-l (CHSHz) ; NMR. (CDC13 4- DMSO-dG) : 8 4.1s (d ,*J - 
I 00, CHC13); IK. (CHCI3): 3570 (OH), 1620 (CO-IT), 1445 ~ 1 1 ~ 1  1170 (SOz),  a11d 

5.5 Hz, OH); 6.69 
(s, H-C(3)); MS. (wzie): 514 (M+),  105 (base peak)] was readily separated7) from its 
diastereomer 19 1in.p. 161-162" (CHzClZ/ether); [a];; = -- 37.S" (c 1.05, CHC13); 

514 (ill+), 105 (base peak)]. Upon heating in refluxing 1 x potassium hydroxide 
(CH3OH/H20, 4:  1) each isomer gave the corresponding hydrolysis product in 90% 
yield: 18 --f 20 Lm.p. 128-129" (CHzClz/ether) ; [a]: = + 66.7" (c = 0.52, CH3OH) ; IR. 

S M R .  (CIIC13 1 DMSO-dG) : 6 3.76 ( d , J  == 5.5 Hz, OH) ; 6.71 (7,  H-C(3)), MS. ( w z / ~ )  

7)  This scparation only served analytical purposes, for continuation ol t h e  synthcsis, the mixturc 
01 isomers was uscd. 
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3) SaH, l)MSO, C61-IsS02CI; 1)) L)IB.\L~-LI, -7O", tolucne; c )  ~c-UnLi, TMEDA, THF; d) 1~ 
KOH ( C I I ~ O H / H 2 0  4 I ) ;  e) o-dichlorobenzenc, 155"; f )  CH3Mg1, ethylene oxide. 

(CHCl3): 3600 (OH) and 3460 cm-1 (NH); NS. ( m / e ) :  270 ( M + ) ,  143 (base peak); 
20a: 1n.p. 200- 201" (CHzClz/etlier/CH3OH); [MI: 4-43.49" (c 1.099, CH&H); 112. 
(KBr) : 2860 and 2760 cm-1 (NH2)j and 19 --f 21 jMS. ( . z / c )  :270 (M+) ,  143 (base peak)]. 
Hydrolysis of the N-henzenesulfonyl group under the above cited conditions was 
completed within 10 h while debenzoylation took a t  least four days. 

The crucial part of the synthesis is the formation of the quinuclidine ring. The 
ring closure mas achieved in 40% yield by heating a solution of the isomers 20 or 21 or 
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of the diastereorneric mixture 13 in o-dichlorobenzene a t  155" for a period of 10-15 
days. I n  each case, we obtained a 1 : 1 mixture of the two epimeric indolylquinuclidines 
22 [m.p. 148-149" (CH30H), [MI: = + 61.9" ( c  = 0.64, CH30H) ; NRIR. (CDC13) : 6 4.11 

0.13 (hr., NH); MS. (m/e) :252 ( M + ) ,  143 (basc peak)] and 23 [ni.1>. 92--93" (petroleum 
etlier); [a]: = +98.1" ( c  = 0.52, CH30H); KMR. (CDC13): 6 4.06 (t ,  J = 9 Hz, 
H-C(2)) ; ca .  4.96 (nz, CH--CHz) ; 5.83 (yn, CH=CH2) ; 6.39 (s, HPC(3)) ; S.96 (br., NH)]. 

LTntler cyclization conditions, either isomer was transformed within c a .  twelve 
(lays into a 1: 1 mixture of both isomers. The  results of tlie ( lization and tlie iso- 
incrization can only be explained by assuming tlie interrncdiacy of a conjugated 
iminium ion B. 

The configuration a t  C(2) of 22 and 23 was determined by NMICspectroscopy 
on the basis of the chemical shifts of the inethylene protons of the vinyl group 
(6 c n .  5.08 for 22 and ca.  4.96 for 23). In analogy to results obtained in the dihydro- 
cinchoriarnine series [6] sliielding of the vinyl protons due to thc anisotropic effect of 
the indole ring is more likely in 23. The configurational assignment was supported by 
the results of an X-NMR.-analysis of both isornerss) and by- tlie transforniation of 
22 and 23 into cinchonamine (1) and 2-epi-cinclionamine (24)' respectively. For this 
purpnse, the indole magnesium iodides, prepared by the addition of crystalline 22 or 
23 to  a ten-fold excess of methyl magnesium iodide, were reacted at  0" with an ethereal 
solution of ethylene oxide to afford in 40% yield cinchonaniine (1) ;m.p. 185-186" 
(CHzClz/etlier), lit. 186" [ a ] ;  [MI:: = -t128" ( c  = 0.3, abs. EtOH), lit. 123" [ 2 ] ;  IR. 
(CHC13) : 3460 (NH) and 915 cm-1 (CH=CH2); NMR. (CI)C13) : 6 4.20 (d x d, J = 7.5 
arid 10 Hz, H-C(2)) ; 8.30 (br., NH) ; UV. (CH30H) ; Amax 284 nm (t. 8440) ; MS. ( m / a )  : 
296 ( M i ) ,  156 (base peak)] and Z-@z'-cinchonamine (24), respectively [.m.p. 168-169" 
(CHzClz/ether), lit. 168" (51; [E]: = $46.5 (c  2 0.4, abs. EtOH), lit. 4s" [5]; NMR. 
(CDCl3): 6 4.15 (d x d, J = S and 10 Hz, H-C(2)); S.26 (br., NH)].  

( t ,  J = 9 Hz, HPC(2)) ; CU. 5.08 (WZ,  C H X H 2 )  ; 6.00 (I%, C H - C H z ) ;  6.41 (s, HPC(3)) ; 
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