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Figure LCorrelation between HPLC and GLC-mass spectral methods 
for plasma imipramine and desipramine analysis. For desipramine, the 
slope = 1.01, the intercept = 4.7, and the correlation coefficient = 0.943. 
For imipramine, the slope = 1.55, the intercept = -7.2, and the corre- 
lation coefficient = 0.960. 

tenance dose. Figure 26 shows a chromatogram of a plasma standard 
containing 50 ng/ml of each drug and metabolite and added internal 
standard. One milliliter each of the plasma standard and patient sample 
were extracted, and one-half of the extract was injected according to the 
procedure. 

Eighteen plasma specimens from seven patients participating in an 
NIMH study (5) and receiving imipramine or desipramine were assayed 
by the HPLC method and a GLC-mass spectrometric method (18) (Fig. 
3). The two assays showed excellent correlation, with a slope of nearly 
unity (1.01) for desipramine. The HPLC assay yielded higher results than 
the GLC-mass spectral method for imipramine. Imipramine and des- 
ipramine are stable at  least 3 months in plasma stored a t  -4O.  The NIMH 
samples were 6-15 months old a t  the time of HPLC analysis; therefore, 
interference in the fluorescence assay due to some unidentified degra- 
dation component(s) may explain the discrepancy between the methods 
for imipramine. Further comparison studies with fresh patient samples 
and spiked plasma are in progress. Data for the 2-hydroxy metabolites 
quantitated by GLC-mass spectra were not available for comparison. 
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Abstract 0 8-Chloroberberine (V),  obtained by treatment of oxyher- 
berine (1) with phosphorus oxychloride, is a reactive intermediate. 
Treatment with ammonia, methylamine, n-propylamine, aniline, and 
p-toluidine furnished the 8-berberinylidene derivatives IV and VII-X. 
Reaction of V with malononitrile, ethyl acetoacetate, and ethyl malonate 
anions yielded the 8-berberinylidene derivatives XII-XIV. Acid hy- 
drolysis of XIV gave 8-berberinylacetic acid (XV) whose reduction pro- 
vided 8-canadinylacetic acid (XVI). Grignard reagents react readily with 
V. Methylmagnesium iodide, ethylmagnesium iodide, and benzylmag- 
nesium iodide led to 8&dimethyldihydroberberine (XVII), 8,8-di- 

ethyldihydroherberine (XIX), and the benzyl derivative XX, respectively. 
Sodium borohydride reduction o f  XX gave rise to 8-benzylcanadine 
(>(XI) .  

Keyphrases 0 Chloroberberine-synthesis, derivatives 0 Protoher- 
berine salts-chloroberberine, synthesis, derivatives o Antibacteri- 
als-chloroberberine, synthesis, derivatives 0 Antiarrhythmics-chlo- 
roberberine. synthesis, derivatives 0 Tranquilizers-chloroberberine, 
synthesis, derivatives 

Protoberberine salts and tetrahydroprotoberberine effects. Protoberberine salt pharmacology was reviewed 
recently (1,2). 

The present report describes the structure of 8-chlo- 
roberberine (V) ,  a compound characterized partially by 

bases have wide pharmacological potency including tran- 
quilizing, antimicrobial, antifungal, hypotensive, antiulcer, 
uterine, antiarrhythmic, neuroleptic, and antipsychotic 
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previous researchers (3). 8-Chloroberberine was then used 
as an intermediate in the preparation of new berberine 
derivatives. 

DISCUSSION 

Initial investigations of phosphorus oxychloride-oxyberberine (I) 
reaction products identified oxyberberrubine (11) and a reactive chlori- 
nated derivative, tentatively assigned Structure 111 (3). Treatment  of the 
chlorinated derivative with ammonia yielded iminoberberine (IV), 
characterized as  its hydrochloride salt. When iminoberberine was 
suhjected to  aqueous alkali, hydrolysis to I took place (3). 

Relluxing I with phosphorus oxychloride produced the  stable but  
moisture-sensitive orange crystalline sal t  8-chloroberberine (V), which 
readily hydrolyzed to I in water, ethanol, or aqueous alkali. The  V high- 
resolution mass spectrum contained the  molecular ion m/e 370 for 
CzoHliN04CI. T h e  herherine and V trifluoroacetic acid PMR spectra 
were nearly identical, the  major difference being the absence in V of the  
proton singlet a t  610.1 assigned to H - 8  in the spectrum of berberine 
chloride. Thus,  the phosphorus oxychloride product from I is the  C-8 
monochloro herberine analog V rather than the dichloro compound 111. 
The high V reactivity toward oxygen nucleophiles was extended to other 
entering groups including primary amines, carbanions, and Grignard 
reagents. 

Reaction of V with anhydrous ammonia produced Perkin's yellow 
"iminoberberine" (IV),  here designated 8- berberinylideneimine. Acet- 
ylation of' this material produced the yellow N-acetyl amide VI. Mild VI 
hydrolysis with sodium bicarbonate regenerated IV.  

Similarly, V reacted with methylamine, n-propylamine, aniline, and 
p-toluidine to give the  8-herherinylidene derivatives VII-X. As partial 
verification of' these results. IV methylation with methyl iodide produced 
X-l~ert~erinylidenemethyliniine ( V I I ) ,  identical to that  ohtained by direct 
treatment o f V  with methylamine. 

lrnine hases VIILS hydrolysis with sodium hydroxide regenerated I 
while reduction ol' the bases with sodium horohydride in ethanol supplied 
ciinadine ( X I )  (4). 

Since V reacts readily with hasic nitrogen nucleophiles, V reaction with 
c a r l m k n s  was also investigated. Treatment of V with the  malononitrile 
anion I'urnished the dark-orange 8-herberinylidenemalononitrile (XII) .  
Reaction of V with ethyl acetoacetate and ethyl inalonate anions yielded 
the 8-bert)erinylidene derivatives S I I I  and XIV, respectively. Acid hy- 
drolysis of' XIV was accompanied hv decarboxylation and  produced the  
orange 8-berberinylacetic acid ( S V ) .  Reduction of this quaternary sal t  
with sodium borohydride in ethanol generated 8-canadinylacetic acid 
( S V I ) .  

Another aspect of V chemistry is its reactivity toward Grignard re- 
agents. With methylmagnesium iodide, a good yield of 8,8-dimethyl- 
dihydroberberine ( S V I I )  was ohtained; with ethylmagnesium iodide, 
H.X-diethyldihydroberherine (SVIII)  was produced. The  latter compound 
wi+h reduced with sodium borohydride to 8,8-diethylcanadine ( S I X ) .  
hlonoalkylation of' V with the bulkier benzylmagnesium bromide gave 
the I)enzyl derivative SS whose borohydride reduction product was 
identical with 8-benzylcanadine (SSI) (5). 

('lcarly, the readily available V is a usel'ul synthetic intermediate for 
the generation of' 8-suhstituted herberine and canadine derivatives. 

EXPERIMENTAL' 

8-Chlorobcrberine (V)--An oxyt)erberine (1) slurry (5 g, 14.2 
rnmolcs) i t ]  phosphorus oxychloride ( 1 0  ml) was retluxed for 2 hr. After 
cooling. the orange-red crystalline residue was collected, washed with 
c,lilorol'orm and then ether, and dried in t'acuo to  yield 4.5 g (85%) of V 
a s  orange-red crystals. mp >:300"; P M R  (tritluoroacetic acid): 6 :MO ( t ,  
2 H . J  = 7 Hx, H-5) ,  4.23 (s. AH, 2 OCH:,), 5.20 ( t ,  2 H . J  = 7 Hz, H-6), 6.13 
(s. 2H. O('H?O),6.97 (s. l H ,  H-4),7.47 (s,  IH,  H-1) ,8 .10(s ,2H,  H-l1,12), 
and 8.17 (5, l H ,  H-13); massspectrum: m/c, M+ 370 ( l o ) ,  355 ( lo) ,  and 
:K\5 (100);  high-resolution mass spectrum: calc. for C20H17C1N04, 
:170.0845; found m / e  370.0876. 

Compound V Hydrolysis-Compound V wm decolorized rapidly with 
water. ethanol, o r  aqueous alkali and gave I exclusively. 

8-Rerbcrinyl ideneimine (1V)-Anhydrous ammonia gas was bub- 

I P M R  spectra were ohtained at 60 MHz in deuterochloroform, unless specified 
otherwise, with tetrarnethylsilane as the internal standard. Mass spectra were run 
at 70 ev. ' P IX  utilized Merck 254 silira gel plates. Microanalyses were done at 
ILlidwest Microlab, Indianapolis. Ind. 

I: R = C H ,  
11: R = H 

I V :  R = H 
VI: R = COCH,  

VII :  R = C H ,  

I X :  R = P h  
VIII :  R = CH,CH,CH, 

X :  R = p-CH,C,H,  

XVII :  R = C H  
XVIII: R = C z d 5  

OCH 
111 

X- 

OCH, 

OCH , 
V : R = C I  

X V :  R = C H , C O O H  
X X :  R = CH,C,H, 

OCH I 

XII :  R = C N  
XII I :  R = COOC,H,,  C O C H ,  
X I V :  R = COOC,H,  

X I X  

bled through a V slurry (1 g, 2.7 nimoles) in benzene ( 2 0  ml) for 1 hr. 
Following solvent removal, the residue was washed with water and  par- 
titioned between chloroform and  aqueous sodium bicarbonate. T h e  or- 
ganic layer was dried, and the solvent was evaporated to afford yellow 
needles (0.9 g, Y5%>), which were recrystallized from chloroform, mp >300° 
Ilit. (2 )  m p  >280']; Ill:  P ~ ~ ~ ' ~ ~  1640 and 3300 cm-I; UV: A:knu' 282 (log 
t 3.48). 358 (3.76), 377 sh (3.61), and 400 (3.41) nm; UV: A ~ ~ : n o l . H t  233 
(log t 4.051, 253 sh  (3.77), 343 (3.83), 386 (3.48), and 403 sh  (3.40) nm; 
I'MR (C1)CI:l): 6 2.87 ( t ,  2 H , J  = 7 Hz, H-S), 3.88 (s, 3H, OCH3), 3.92 (s, 

(s, i H ,  H-4), 7.05 (s, ZH, H - l l , l 2 ) ,  and 7.13 (s, I H ,  H - I ) ;  PMR (trifluo- 
roacetic acid): 6 3.17 i t ,  2H. J = 7 Hz, H-5), 4.14 (s, 3H, OCH:,), 4.27 (s, 
:IH. OCH:,), 4 3 5  (t, 2H, H-6) ,  6.10 (s. ZH, OCHgO), 5.85 (br  s, 3H, NH) ,  
6.91 (s,  l H ,  H-3), 7.92 (s, l H ,  H . l ) ,  7.50 (s. l H ,  H-13). and 7.80 (s, 2H, 
H-11, 12);massspectrum:m/e M+:~~~O(100),:335(80),~121 (%) ,and293 
(50). 

Sodium horohydride in ethanol reduction of IV provided ( f h n a d i n e  
( X I ) ,  m p  172-173'' Ilit. ( 4 )  m p  170-171°], quantitatively. 

T h e  IV-HCI had a melting point of 165-166' (methanol). 
And-Calc .  for C~~HIRNPO.I .HCI:  C, 62.24; H ,  4.93. Found: C. 61.98; 

H, 5.05. 
N-Acetyl-8-berberinylideneirnine (V1)-A slurry of IV ( 1  g, 2.8 

mmoles) in pyridine (10 ml) and acetic anhydride (5 ml) was stirred 
overnight. After solvent removal, the residue crystallized from methanol 
as tan needles (0.84 g, 2.1 mmoles, 75%), mp 22G228O; IR: v&' 1655 c1n-I; 
IJV: *kin"' 263 (log c 4.22), 348 (4.23), 408 (3.68), and 420 (3.69) nm; PMR 
(trilluoroacetic acid): d 2.70 is, 3H, CH:%CO), 3.18 ( t ,  2H, J = 7 Hz. H-5). 

:IH, OCH:3), 4.23 (t.  2H, H-6), 5.99 (s, 2H, OCH20), 6.12 (s, l H ,  H-13), 6.63 
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4.24 (9, 3H, OCH3), 4.37 (s, 3H, OCH3), 4.72 (t, 2 H , J  = 7 Hz, H-6), 6.18 
(s, 2H, OCH20), 6.94 (s, lH ,  ring A aromatic H), 7.49 (9, l H ,  ring A aro- 
matic H), 8.40 (s, lH,  H-13), and 8.08 (9, 2H, ring D aromatic H); mass 
spectrum: m/e Mt 392 (5), 377 (5), 361 (1001,352 (15), 335 (17), 320 (lo), 
305 (5), and 291 (25); high-resolution mass spectrum: calc. for 
C22H20N2O5, 392.1373; found m/e 392.1387. 

Compound VI hydrolysis with aqueous sodium bicarbonate and 
chloroform extraction produced IV in near-quantitative yield. 

Preparations of 8-Berberinylidenemethylamine (VII), 8-Ber- 
berinylidene-o-propylamine (VIII), 8-Berberinylideneaniline (IX), 
and 8-Berberinylidene-p-toluidine (X)-The anhydrous amine, in 
excess, was added to a stirred V benzene slurry, and the mixture was 
stirred for 1 hr. After dilution with ether, dry hydrogen chloride gas was 
added until precipitation was complete. The collected solid was washed 
with water and dissolved in chloroform, and the solution was dried. 
Solvent evaporation was followed by crystallization. The yields were 
around 80%. 

Compound VII, C21H20N204, was obtained as light-yellow needles, mp 
122" (methanol); IR: vZck 1570and 1640 cm-'; UV: e " O ' 2 8 3  (log t 3.83) 
and 360 (4.16) nm; UV: x,pl, H t  253 (log t 4.18), 340 (4.25), and 395 (3.78) 
nm; PMR (trifluoroacetic acid): 6 3.15 (t, 2H, J = 7, H-5), 3.51 (s, 3H, 
NCH3), 4.18 (s, 3H. OCH3), 4.30 (s, 3H, OCH3), 4.54 (t, 2H, J = 7 Hz, 
H-6), 61.0 (s, 2H, OCH20), 6.91 (s, lH ,  aromaticH),7.32 (s, l H ,  aromatic 
H), 7.50 (s, 1H. aromatic H),  and 7.80 (s, 2H, H-11,12); mass spectrum: 
m/e M+ 364 (30), 350 (go), 335 (100). and 291 (10); high-resolution mass 
spectrum: calc. for C2lH20N204. 364.1419; found mle 364.1446. 

The VII-HCI salt had a melting point of 187-189" (methanol). 
Compound VIII, C23H24N204, was obtained as light-yellow needles, 

mp 170-172" (ether); UV: Xe,l!y1283 (log t 4.09) and 363 (4.22) nm; UV: 
X::nol.H' 254 (log c 4.36), 340 (4.42), and 397 (3.90) nm; NMR (trifluo- 
roacetic acid): d 1.13 (t ,  3H, J = 7 Hz, CH&H2CH2), 1.90 (m, 2H, 
CH3CH2CH2), 3.10 (t, 2H, J = 7 Hz, H-51, 3.72 (m, 2H. CH~CHZCHZ),  
4.17 (s. 3H, OCH3), 4.28 (s, 3H. OCH3), 4.34 (t, 2H,J = 7 Hz, H-6), 6.17 

and 7.80 (s, 2H, H-11,12); mass spectrum: m/e M+ 392 (100). 378 (701, 
363 (80). 361 (50), 347 (60), 335 (30), 334 (30), 333 (30), 320 (25), 306 (20), 
281 (25), and 207 (50). 

(s, 2H, OCHZO), 6.97 (8 ,  1H. H-4), 7.32 (s, lH ,  H-13), 7.50 (9, lH ,  H-l) ,  

The VIII-HCI had a melting point of 219-220" (methanol). 
Anal.-Calc. for C23H24N204.HC1: C, 64.37; H, 5.88. Found: C, 63.98; 

H, 6.07. 
Compound IX, C26H22N204, was obtained as yellow needles, mp 

167-169' (methanol-ether); UV: A:$:""' 285 (log c 3.95), 328 (3.75), and 
370 (3.90) nm; UV: *nol*Hi 258 (log t 4.06), 343 (4.06), 395 sh (3.48), and 
422 (3.54) nm; mass spectrum: rn/e Mt 426 (loo), 41 1 (40), 396 (30),  335 
(30), and 321 (25). 

The IX.HCI had a melting point of 186-187' (methanol). 
Ana[.-Calc. for C26HrlN2O4.HCI: C, 67.42; H, 5.01. Found: C, 67.17; 

H, 5.29. 
Compound X, C27H24N204, hydrochloride salt was obtained as gold 

prisms, mp 160-162' (methanol-water-ether); UV: X E F 1 . H c  236 (log 
c 4.50). 257 (4.40), 342 (4.38), and 420 (3.90) nm; mass spectrum (free 
base): m/e  M+ 440 (40), 425 (lo), 335 ( 5 ) ,  107 (100). and 106 (98); high- 
resolution mass spectrum (free base): calc. for C27H24N204, 440.1731; 
found m/e 440.1749. 

Anal.-Calc. for C27H24N204.HC1-H10: C, 65.49; H, 5.50. Found: C, 
65.27; H. 5.66. 

Conversion of IV to  VII-A solution of I V  ( 1  g, 2.85 mmoles) in 
methyl iodide (3 ml) and acetonitrile (10 ml) was refluxed for 0.5 hr and 
cooled, and the solvent was evaporated. The residue, after basification 
with aqueous sodium bicarbonate and chloroform extraction, provided 
VII in high yield. 
8-Berberinylidenemalononitrile (XI1)-Malononitrile (0.6 g, 9.1 

mmoles) was added to dry tetrahydrofuran (20 ml), followed hy sodium 
hydride (0.2 g, 8.3 mmoles). Following gas evolution, V (1.5 g, 4.08 
mmoles) was added, and the mixture was stirred for 30 min. The red 
mixture was diluted with an equal volume of ether and filtered. The solid 
was slurried in chloroform and filtered, and the filtrate crystallized upon 
addition of ether. Recrystallization from methanol afforded 1.1 g (2.75 
mmoles, 68%) of XI1 as reddish-orange crystals, mp 276-277'; IR: u;!:'~ 
2102 cm-1; UV: Ae,lknOl 255 sh (log c :3.97), 278 (3.85), 345 (3.84), 368 sh 
(3.73), and 466 (3.51) nm; PMR (trifluoroacetic acid): 6 3.25 (t ,  2H, J = 

OCH3), 6.23 (s, 2H, OCH20), 6.30 [s, lH,  HC(CN)2], 7.06 (s. lH, aromatic 
H), 7.47 (s, 1H, aromatic H), 7.87 ( s ,  lH ,  aromatic HI, and 8.06 (s, 2H, 
H-11,12); mass spectrum: mle M+ 399 (1001,384 (20). 359 (60). 334 (40),  
and 322 (40); high-resolution mass spectrum: calc. for C ~ ~ H I ~ N : I O ~ ,  
399.1218; found m/e  399.1225. 

7 Hz, H-5), 4.90 (t, 2H, J = 7 Hz, H-6), 4.17 (s, 3H, OCH3), 4.28 (s, 3H, 

Ethyl 8-Berberinylideneacetoacetate (XII1)-Ethyl acetoacetate 
(1.2 ml, 8.3 mmoles) was added to a stirred slurry of sodium hydride (0.2 
g, 8.3 mmoles) in dry tetrahydrofuran (50 ml). After gas evolution, V (1 
g, 2.7 mmoles) was added, and the mixture was stirred for 30 min. The 
product was partitioned between chloroform and water, the organic layer 
was dried, and the solvent was evaporated. Trituration with ether gave 
a product, which was recrystallized from methanol to give 1.04 g (2.15 
mmoles, 80%) of XI11 as dark-red plates, mp 263-264"; I R  wiz 1620 and 
1670 cm-1; UV: Xethenol 232 (log c 4.53). 267 (4.62), 337 (4.33), and 432 
(3.73) nm; UV: X:Lgo'*Ht 232 (log c 4.60), 267 (4.48), 352 (4.38). and 440 
(3.72) nm; mass spectrum: m/e M* 463 (5). 432 (loo), 403 (50), and 358 
(80). 

Anal.-Calc. for CXH~~NO~.CH$OH: C, 65.45; H, 5.85. Found: C, 65.37; 
H, 5.58. 

Diethyl 8-Berberinylidenemalonate (X1V)-Salt V (1.5 g, 4 
mmoles) was treated with the anion of ethyl malonate as described to 
yield, after similar workup and treatment with dry methanolic hydro- 
chloric acid, 1.54 g (3.14 mmoles, 79%) of XIV as the hydrochloride salt 
as light-orange needles, mp >300" (methanol-ether), and red needles 
of free base, mp 238" (methanol); UV: h:~""' 260 (log t 4.31), 332 (4.15), 
402 (3.78), and 428 sh (3.72) nm; mass spectrum: mle M+ 493 (2 ) ,  448 (2), 
421 (lo),  390 (30). 376 (40), 361 (45), 346 (40), 334 (loo), and 318 (30). 

Anal.-Calc. for C27H27NOgHCI: C, 61.30; H, 5.11. Found: C. 61.18; 
H. 4.90. 

8-Berberinylacetic Acid (XV) Chloride Salt-A solution of XIV 
(1.36 g, 2.76 mmoles) in methanol (20 ml) containing concentrated hy- 
drochloric acid (5 ml) was heated a t  60' for 1 hr, diluted with water, and 
extracted with chloroform. The organic layer was dried, filtered, and 
evaporated. The residue was recrystallized from ethanol-ether to afford 
0.85 g (2.16 mmoles, 78%) of XV. mp >300"; IR: v g z  1600,1720, and 3350 
cm-1; UV: X:Z""l 272 (log t 4.26), 353 (4.22), 411 sh (3.70), and 430 sh 
(3.68) nm; PMR (trifluoroacetic acid): 6 3.32 (t, 2 H , J  = 7 Hz, H-5), 4.28 

(s, 2H, OCHzO), 7.01 (s, l H ,  aromatic H), 7.59 (s, lH ,  aromatic H), 8.56 
(s, lH,  aromatic H), and 8.14 (s,2H, H-11.12). 

Anal.-Calc. for C22H20CINOvC2H50H: C, 60.58; H, 5.46. Found: C, 
60.95; H, 5.38. 

8-Canadinylacetic Acid (XV1)-A solution of XV (0.9 g, 2.3 mmoles) 
in ethanol (50 ml) was treated wit,h excess sodium borohydride, giving 
an oil that crystallized from methanolic hydrogen chloride solution. 
Hecrystallization from methanol afforded 0.8 g (2.0 mmoles, 87%) of XVI 
as very light-yellow needles of the hydrochloride salt, mp 212-214"; IR: 

267 sh (log t 3.44) 
and 287 (3.86) nm; mass spectrum: rn/e M+ 397 (30), 382 (101,338 (loo), 
322 ( lo) ,  306 (7), 278 (lo),  236 (15). 206 (25). 126 (25), and 169 (20). 

Anal.-Calc. for C22H23NOvHCI: C, 60.89; H, 5.57. Found: C, 61.00; 

8,8-Dimethyldihydroberberine (XVII) Hydroiodide-To a rapidly 
stirred suspension of magnesium turnings (1 g) in ether (20 ml) was added 
portionwise a solution of methyl iodide (1 ml) in ether (20 ml) a t  a rate 
to maintain vigorous reflux. The mixture was cooled, a suspension ofV 
( 1 g. 2.67 mmoles) in ether (20 ml) was added, and the mixture was re- 
fluxed for 30 min. The product was poured over ice, mixed with concen- 
trated sulfuric acid (5 ml), and extracted with chloroform. The organic 
layer was worked up and treated with methanolic hydrogen iodide to 
furnish 0.78 g (60%) of the hydroiodide salt, m p  222' dec.; I'MH (triflu- 
oroacetic acid): 6 2.21 ( s ,  6H, 2 CH:j), 3.26 (t,  2 H , J  = 7 Hz, H-5), 4.04 (s, 
:1H, OCH:j), 4.16 (s, 3H, OCH:x), 4.31 ( t ,  2H, J = 7 Hz, H-6). 4.70 ( s ,  2H. 
H-13),6.19(~,2H,OCH~0),6.93(~, IH,H-4),7.19(~,2H.H-ll.l2),and 
7.50 (s, 1H, H-1). 

Anal.-Calc. for C~?HP:~NO~-HI :  C. 533.52; H. 4.90. Found: C, 53.12; H, 
4.90. 
8,s-Diethyldihydroberberine (XVIII) Hydroiodide-By a proce- 

dure similar to that described but using ethylmagnesium bromide, XVIII 
was obtained in 66% yield as orange needles of the hydroiodide salt, mp 
2990' dec. (methanol). 

Anal.-Calc. for C~~H~~NOJ.HI.(:H:IOH: C, 54.25; H, 5.68. Found: C, 
54.35; H, 5.39. 

8-Benzylberberinium Bromide (XX)-An ethereal V suspension 
( 1  g, 2.7 mmoles) was treated with excess ethereal benzylmagnesium 
hromide. Workup provided 0.99 g (2.32 mmoles, 86%) of XX as light-red 
needles, mp 232-233' (methanol); UV: Xf,hi""' 285 (log c 4.04). 365 (3.87). 
400 (3.44), and 450 (3.28) nm; PMR (trifluoroacetic acid): 6 3.08 (t, 2H, 

( s ,  6H, 2 OCHs), 4.96 (t, 2H, J = 7 Hz, H-6), 5.25 (s, 2H, CH&OOH), 6.20 

1480,1720,2400, and 3400 cm-l; UV: 

H,  5.88. 

J = 7 Hz, C-5). 3.85 ( s ,  3H, OCH:,), 4.20 ( s ,  3H, OCH3), 4.87 (t, 2H, J = 
7 Hx, H-6), 5.53 (s, 2H, PhCHr), 6.15 ( s ,  2H, OCH20), 6.90 (s, l H ,  H-4). 
7.08-7.43 (m,  5H, ArH), 7.55 ( s ,  lH ,  H-l) ,  8.10 (s, 2H, H-11.12). and 8.55 
(s, 1H, H-13); mass spectrum: m/e Mt 425 (loo), 410 (53), 394 (24), and 
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334 (80); high-resolution mass spectrum: calc. for CnHaNO4,425.1627; 
found rnle 425.1615. 

8,8-Diethylcanadine (X1X)-A XVIII solution (0.1 g, 0.25 mmole) 
in ethanol (20 ml) was treated with excess sodium borohydride (0.4 g). 
Workup and recrystallization from methanol furnished 0.096 g (96%) of 
XIX as tan plates, mp 168-169’; UV: eO’ 233 (log c 4.31) and 288 (3.81) 
nm; mass spectrum: m/e  M+ 395 (5), 367 (loo), 335 (10). 220 (35), and 
17.5 (40); high-resolution mass spectrum: calc. for CzdH2sN04,395.2096; 
found rnle 395.2125. 

8-Benzylcanadine (XX1)-Sodium borohydride reduction of XX 
(1 g, 2.3 mmoles) in ethanol yielded 0.98 g (99%) of the known XXI, mp 
165-166’ (methanol) [lit. (5) mp 163-165’1. 
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Abstract  0 Eight dissolution methods (beaker, rotating basket, oscil- 
lating basket, solubility simulator, rotating flask, and column) were 
evaluated using 21 commercial film-coated chloramphenicol (I) tablets 
and a nondisintegrating benzoic acid (11) tablet. The relative agitating 
intensities obtained from different dissolution methods were compared 
through the relative zero-order nondisintegrating tablet dissolution rate 
constants. Correlation coefficients between I dissolution rate parameters 
(lag time, Tsu, T,,, and T w )  were determined. Significant correlation was 
observed for the lag time among seven methods, and all pairwise re- 
gression lines passed through zero except one. The regression line slopes 
reflected the relative destructive force intensities produced by each 
dissolution method on the coated I tablet films. The seven dissolution 
methods could he classified into two main groups according to correla- 
t i ons  of four dissolution rate parameters. This classification criterion 
agreed well with that based on the agitation method. However, dissolution 
methods may not he interchangeable even though they belong to the same 
dissolution method group. 

Keyphrases 0 Dissolution testing systems-eight systems compared, 
chloramphenicol tablets and powder, benzoic acid tablet 0 Dissolution 
rates-chloramphenicol tablets and powder, henzoic acid tablet 0 
Chloram),henicol-dissolution rates, tablets and powder, eight testing 
systems compared o Benzoic acid-dissolution rate, tablet, eight testing 
systems compared 

Since the dissolution rate was first recognized as a sig- 
nificant factor in determining in uiuo drug bioavailability, 
many methods for testing solid dosage form dissolution 
have been reported (I, 2). These methods differ in hy- 
drodynamic properties, agitating intensities, and me- 
chanical destructive forces to the intact drug. There are 
three basic dissolution testing devices (2, 3): the stirred- 
tank reactor with a mechanical agitator such as  Levy’s 
beaker method (4) or the rotating-basket method (5), the 
rotating vessel reactor such as the rotating flask (6) or the 

solubility simulator’, and the stream reactor such as  the 
column method (7-9). 

Several investigators compared the relative agitating 
intensities or hydrodynamic properties of selected disso- 
lution devices by using a nondisintegrating model tablet 
(10-12). Bathe et al. (3) studied dissolution rates by bea- 
ker, rotating-basket, and flow column methods under eight 
different conditions. However, detailed comparisons of 
disintegrating tablet dissolution methods have not been 
made. 

In the present study, eight representative dissolution 
testing methods were compared and evaluated. They can 
be divided into three categories: (a) stirrer-tank reactor 
type (beaker, rotating basket, and oscillating basket), ( b )  
rotating-vessel reactor type (rotating flask and solubility 
simulator’), and ( c )  stream reactor type (column). Disin- 
tegrating tablets-21 chloramphenicol (I) brands available 
in Japan-and nondisintegrating tablets-benzoic acid 
(11)-were used as markers. The two drugs were selected 
because of their moderate solubilities in acidic solutions 
(2-4 mg/ml). 

EXPERIMENTAL 

Materials-Twenty-one different sugar-coated I tablets were obtained 
from 16 manufacturers in Japan. Tablets A-E each contained 50 mg of 
I while Tablets F-U each contained 250 mg of 1. A powder of I* was in- 
cluded for comparison. Nondisintegrating and uncoated tablets con- 
taining 100 mg of 11“ were used. 
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