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of the u.v. sp ec t rum of methyl ether to that of 133 indicates that 

they have the same chromonhoric system. 

Mass Spectra of F-38 and Its Methyl Ether 

The characteristic ions in the spectra of 105 and 119 should 

also be found in the spectrum of F-38, because all have the same carbon 

skeleton. It turns out that all these ions, though varying in intensity, 

are observed in the spectrum (figure 23). The spectrum is dominated by 

the molecular ion and the M-CH3 ion. Io!ls, 135, the dihydroisoquinol­

inium ion (m/e 192) and 136 have been confirmed by high resolution mass 

measurements. The fragmentation pattern is shown in Scheme 10. 

When the spectrum is examined more closely, however, the 

spectrum seems to be more complicated than that of 119. Many additional 

peaks appear in the high mass range, such as M-CO and its subsequent 

decomposition product ions. Multiplicity in the middle of the spectrum 

Cm/e 150-220) appears, as shown in Figure 23. One possible explanation 

for these differences is that the substitution of methoxyl and hydroxyl 

in ring A may increase the probability of the decomposition of the 

molecular ion as well as the fragment ions. Thus, when the expulsion of 

CO from the molecular ion to form io!l 137 occurs, the charge may remain 

in the aromatic ring. 

The retro-Diels-Alder decomposition of 137 can produce ion 138, 

m/e 298. If the fragment C3H7N is lost from 137, ion m/e 284 will be 

formed. The latter process occurs rarely in the mass spectra of iso­

quinoline alkaloids and its genesis is still in doubt. In the absence 

of any other information, the proposed process seems feasible, because 
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it involves only t'dO simple bond cleavages with the expulsion of a 

stable neutral fragment, 1~methyl azir i dine. 
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In the high mass range, there is a peak of composit ion C1sH16 NOs , 

corresponding to the loss of CH3CO . Since there is no acetyl group in 

the molecule, the source of this radical may be the aromatic ring. It 

lS well documented that aromatic methy l ethers (11) can lose CH3 and 

CO success ively to g ive a~ ion, M-CH3CO . 

In the region m/e 150 - 200, most peaks are doublets and most of 

them also contain a nitrogen atom as determined by high resolut ion mass 

measurements. The source of these ions must be the isoquinoline moiety. 

The only useful and characteri stic ion in this region is the dihydro­

isoquinolinium i on, m/e 192, which is the most intense peak in this area. 

The spectrum of F-38 methyl ether is also recorded in Figure 23. 

In the high mass r ange (above m/e 250 ), all the peaks are fourteen 

mass units higher than the corresponding pAaks in F-38, and the peak 

intensit ies vary little. In the range between m/e 150 and 200, the 

multiplicity of the peaks is much reduced in comparison to that of F-38. 

The peaks at m/e 192 and 206 in f -38 are shifted to m/e 206 and 22 0 in 

F-38 methyl ether. These ions correspond to t he isoquinolinium ion and 

the ion containing one ni tl~ogen and three oxygens . The compositions of 

all these ions has been confirmed by high resolution mass measurements 

as shown in Table XI II. 

In conclusion, the spirobenzylisoquinoline alkaloids with one 

hydroxyl and one ketone group in the five-membered ring give very 

character·istic fragmen t ions. Many small peaks, however, especially in 
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TABLE XIII 

Com_E?sitions of Hajor Ions in the Spectra of F-38 and Its Methyl Ether 

F-38 F-38 methyl ether· 
m/2 Composition m/e Composition 

369 C20 H19N06 383 C21H21N05 

354 Cl9Hl6N06 368 C2oHl8N05 

341 C1 9H19 N05 355 C2oH21NOs · 

340 cl9HlsNOs 354 C2oH2oNOs 

326 C1sH16NOs 340 c19 P.18 No 5 

324 cl9HlsN04 338 C2oH2oN04 

310 C1sH16N04 324 C19H1sN04 

298 c17H140s 312 C1sH1605 

297 C17H13os 311 C1sH1sOs 

284 c15H12os 298 c17H140s 

283 clGHnOs 297 C1sH1704 

206 CnH12N03 297 cl7Hl30s 

201+ CnH1oN03 283 CnH1s04 

192 CnHl4N02 282 C17H14o4 

192 CloHloN03 281 cl7Hl3o4 

190 CnHl2N02 220 C1zH14N03 

190 CloHsN03 206 C1 2H16N0 2 

179 CloHl3N02 204 C12H14N02 

177 CloHg03 204 c11H1oN03 

177 cl oHn N02 193 C1oH11N03 

164 C9H10N0 2 192 CllHl4N02 

164 C9H80 3 192 c11H12o3 

162 CgH8N0 2 178 C1oH1o03 

162 CgH603 178 CloH12N02 

165 CroH1302 

162 CgH603 

162 CgHgN0 2 
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the medium mass range (m/e 150-200), seem very sensitive to the type and 

_position 9f the substituer:ts . Since they c.re small and variable , no 

diagnostic value can be attached to them . 



EXPERIMENTAL 

Apparatus, Methods and Materials 

1-lass spectra were determined on a C .E.C. 21-110B double-focusing 

mass spectrometer. Samples were introduced through a direct inlet 

system. Spectra are plotted in terms of relative abundance, with the 

most intense peak (base peak) taken as 100%. Only those peaks with an 

intensity equal to or greater than 3% of the most intense peak have been 

recorded. 

The high resolution mass spectra were recorded on Ilford Q-2 

photographic plates, which were developed in the usual manner (135). 

The spectra were then recorded on magnetic tape, using a Gaertner compar­

ator..,.densitometer linked to a Datex system. They were processed on a 

CDC..,.6400 computer using a modified version of the HIRES program of 

Tinnicliff and Wadsworth (136). 

The p.m.r. spectra were routinely run on a Varian A-60 or Varian 

T~60 instrument in CDC1 3 , using tetramethylsilane as internal standard. 

The 100 MHz spectra were recorded using the frequency sweep mode of a 

varian HA-100 spectrometer. Samples were dissolved in CDCl3 or DMSO-d5 

using added TMS as the internal locking signal. Chemical shifts were 

measured relative to TMS using a V4315 frequency counter incorporated 

in the instrument. Double irradiation was achieved by employing a 

Hewlett-Packard 201C audiogenerator at the desired frequency. 
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A Ferkin~Elmer· 337 Grating Infrared spectrometer was used to ·­

record infrared (i .r.) spectra and a Cary 14 spectrometer was used for 

the u.v. spectrum. 

Me lting points >..;ere de~ermin ed on a Kofler hot stage and are 

uncorrec ted. 
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The a l kaloids, caseanadine , cavi dine, apocavidine , fumariline, 

fumaricine , fumaPit ine, sibiricine , cchrobir ine and F-38, and compounds, 

107 and 108, were obtained from Dr . R. H.F. Manske of the University of 

Waterloo . Fumarophycine was obta ined from Dr . N. 11. Mo llov of the 

Bulgarian Academy of Science , Sofia , Bulgaria. 

0-acetylcaseanadine 

Caseanadine (1 0 mg ) was dissolved in acetic anhydride (2 ml) 

and pyridine (0. 5 ml ). The mixture was a.llowed to stand at r oom temper­

ature for 12 h. It Has then evaporated to dryness under recluced 

pressure . The residue, after neutralization , was dissolved in ether, 

washed severa l times with aqueous sod i urn •.:::arbonate, and the solution 

dried over anhydrous potassium carbonate. The residue obtained upon 

evaporation of the solvent failed to cry3tallize . Thin l ayer chroma­

tography showed only one spot which had a different Rf value from the 

s t arting material. The p.m.r. spectrum, Fi gure 6, demonstrates the 

presence of the 0-acetyl group and clear'ly indicates the absence of 

unacetylated mater ial. The mass spectrum has a molecular ion at m/e 

385 (55) with major fragment ions at m/e 161J. (100) and 149 (53). 

Insufficient material was availabl e for a combustion analysis. Accurate 

mass measurement of the molecular ion gave the following result: 
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Calcd. for C22H2sNOs, 383 . 1'73; found, 383.169. 

7-r·1ethoxy-8"'hydroxy-1 ,2, 3 ,4-tetrahydroisoquinoline-1-spiro-2 1 - ( 1 1 
, 3 1

-

indandione) (102) 

3-Hydroxy-4-methoxyphenylethylamine hydrochloride (940 mg), 

prepared according to the method of Ramirez (137), was added to a 

solution of ninhydrin (950 mg) in absolute alcohol (20 ml). The mixture 

was left at room temperature for 5 days. The solvent was evaporated, 

the r esidue dissolved in hot water, basified with saturated sodium 

bicarbonate solution and extracte:i with chlor-oform. The chloroform 

extract was dried over sodium sulfate and evaporated to dryness . The 

red semicrystalline solid obta :~ned frorr: chloroform-hexane mel ted at 

92 ..,..95°C . The mass spectrum shmved a molecular ion at m/e 309. 

7,8-Dimethoxy-1,2,3,4-tetrahycroi 2oquinoline-1-spiro-2 1
-(1 1 ,3 1 -indandione) 

(103) 

Compound 102 (70 mg) was dis solved in methanol (10 ml) and 

excess diazomethane in ether Has added to the solution which was then 

allowed to stand for 3 hours. The sol vents 'Jere alloHed to evaporate 

and the residue recl'ystallized from methanol . The yellow crystalline 

prisms melted at 158°C. 

Infrared spectrum: 

Found : C, 70 . 6; H, 5. 4 
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7,8 -Dimethoxy-2-methyl-1,2,3,4-tetrahydroisoq~inoline-1 -spiro~2 1 -(1 1 ,3'­

indandione) (104) 

Compound 103 (50 mg) was mixed with formic acid (2 ml) and 

for:naldehyde (2 ml ), and heated on a steam bath for 12 h. Water was 

added to the mixture v.:hicb was bas ified vdth saturated sodium bica:rbonat_e 

solution and extracted with chloroform. The chloroform extract was 

washed Hith -wa-ter, dried over sodium sulfate and evaporated to dryness. 

The yellow r esidue ~-ras crystallized from methanol-ether, m.p. 158-9°C. 

Infrared spectrum: vc~o (CHC1 3 ) 1700 , 1745 cm-1 

Anal. Calcd. for C2oH1gN04: C, 71.2; H, 5.6; N, 4.2. 

Found: C, 71. 2; H, 5. 8; N ~ 4. 3 

6,7 -Dimethoxy-1,2~3,4-tetrahydroisoquinoline-1-spiro-2'-(1 1 ,3'-indandione) 

(109) 

The procedure for preparing 109 was similar to that for the 

preparat i on of 107 (1 30 ), :Out 3,4-dimethoxyphenylethylamine ~-ras used 

inst ead of 3,4-methylenedioxyphenylethylamine. The product 109 ~-ras 

recrys-tallized from chloroform-hexane, tn.~. 175-9°C. 

Infrared spectrum: vc~o (CHC1 3 ) 1710, 1750 cm-1 

Anal. Calcd. for C19H17N04: C, 70.6; H, 5.3; N, 4.6 

Found: C, 70.5; H, 5.3; N, 4.6 

6, 7 ~Dimethoxy.,-1 ,2, 3 ,4-tetrahydr'oisoquinoline-1-spiro-2 1 
-( 1 1 

,3 1 -indandiol) 

(110) 

Compound 109 (100 mg) Has dissolved in ethanol and sodium 

borohyd-dde (100 mg) was added . The mixture vlas allo~-red to stand at 



room t emper ature for 2 hours . The solvent -.-;as evaporated , water was 

added, and the mixture v:as extracted vri th ether . The ether· extl'act was 

dried over potassium carbonate and evaporated to dryness. Compound 109 

wa s pur· ified on basic silica ge l by thick layer chromatography and, 

after elution, recrystallized from ethanol , m.p. 176-180°C . 

Infrared spectrum: v
0

H (CHCl3) 356 0 cm-1 

Anal. Calcd . for C19H21N0 4: C, 69.7; H, 6 .4; N, 4.2 

Found: C, 69 . 5 ; H, 6.3; N, 4.3 

Preparation of 105 and 106 
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Sodium bor ohydride (200 mg) was added slowl y to a ~olutionof 

104 (220 mg ) in methanol (10 ml) and the mixture stirred at room temper­

ature for 10 h. The solvent v1as evaporated , water (5 ml) was added ar.d 

the aqueous suspens ion was extracted '.vith ether . The ether extract was 

dried over potassium carbonate and evaporated to dryness. The mixture 

was separated by thick layer chromatography on basic silica gel 

(developed in methanol-chloroform 1:20). After the silica gel was 

scraped off and eluted with CHCl3-MeOH, the fast moving fraction was 

crystallized from ethanol to give 105 ( 65 mg ), m.p. 171-3°C. 

Anal. Calcd . for C2oH21N04 : C, 70.8; H, 6.2; N, 4.1 

Found : C, 70.8; 

Infrared spectrum: 

H , 6.2; 

v 
c=o 

N, 4. 3 

( CHCl3) 1705 cm-l 

The slow moving fraction wascr'Ystallized from ethanol to give 

106 ( 67 mg), m.p. 183-6°C. 
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Anal . . Calcd . for c 20H21NO~ : C,70.8 ; H, 6.2; N, 4.1 

Found: C, 7G.7; H, 6.2; N, 4.2 

Infrared spectrum: vc=o (CHC1 3 ) 1710 cm-l 

Methyl ation of F-38 

F-38 (25 mg) was dissolved in methanol (5 ml) and excess diazo-

methane in ether added to the solution which was then allowed to stand 

for 3 hours . · The solvents were allowed to evaporate and the residue 

recrystallized from methanol-ether, m.p. 245-6°C, 

Ultraviolet spectrum: · A (EtOH) 208, 235, 259, 286 , and 
max 

350 m')J; log E: 4. 45 , 3.96, 3.37, and- 3.40. 

Infrared spectrum: vOH (KBr ) 3450 cm-J; v (KBr) 1700 cm-1 
c=o 

Acetylation of F-38 Methyl Ether 

F"38 methyl ether (17 mg) was dissolved in acetic anhydr ide 

(4 ml) and pyridine (2 ml) . The mixture was stirred at room temperature 

under a nitrogen atmosphere for 60 h. The excess acetic anhydride and 

pyridine 1.;ere evaporated under reduced pressure , the residue triturated 

in aqueous sodium carbonate, and the suspension extracted several times 

with chloroform. The chloroform extract was dried over sodium sulfate, 

and evaporated to a residue which could not be induced to crystallise 

but on an analytical thin layer plate it showed only a single spot. The 

mass spectrum showed a molecular · ion at m/e 425. Insufficient material 

was ~vailable for a combusti6n an~lysis. 



SUMMARY 

The structure of three new tetrahydroprotoberberine alkaloids) 

caseanadine, cavidine, and apocavidine have been determined. The 

characteristic fragmentations of their mass spectra reveal the basic 

carbon skeleton of these alkaloids. The p.m.r. data have been used to 

determine their substitution pattern in the rings. 

The mass spectra of several spircbenzylisoquinoline alkaloids 

have also been examined. It has been shown that the fragmentation 

pattern is affected mainly by the substitution pattern in the five­

membered ring. When there is only one hydr'oxyl group in the five­

membered ring, e.g. fumaricine, the base peak ion is the dihydroisoquin­

olinium ion which is derived from benzylic bond cleavage followed by 

hydrogen rearrangement and another benzylic bond cleavage. If a carbonyl 

group is present in the five-membered ring, e.g. fumariline, the molecular 

ion will expel a molecule of carbon monoxide and a hydrogen radical to 

form a tetracyclic ion, 89c, as a base peak ion. In the case of ochro­

:tsirine~type compounds, in which there are two hydroxyl groups in the 

five-membered ring, the molecular ion is usually very small. The base 

peak ion of these compounds is derived from the molecular ion by 

expulsion of a molecule of formaldehyde and a hydroxyl radical. In 

still another type, e.g. sibiricihe, in 1,rhich one hydroxyl and one 

carbonyl group are attached to the five-membered ring, the base peak 

is the parent peak. These differences in the mass spectra provide a 
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convenient way to differentiate the different types of alkaloids. 

A new alkaloid, F-38, has been found to have the same character­

istic fragments in the mass spectrum as that of sibiricine. The final 

structure of F-38 (128) has been resolved by a combination of spectro­

scopic methods .. 
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