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Abstract- Dihydroprotoberberine salts 5,10, and 14, rearrange in base to the spirobenzylisoquinolines 
8, 12, and 16, respectively. But the dihydroprotoberberine salt 18, which does not possess a phenolic 
function in ring D, rearranges to the dibenzocyclopent[b]apine 21 through the intermediacy of the 
aziridinium ion 20. 

Although the actual biogenesis of the spirobenzyl- 
isoquinoline alkaloids still remains to be estab- 
lished by in vivo experiments using labeled pre- 
cursors, one possible biogenetic route appeared to 
be through the intermediacy of a diphenolic di- 
hydroprotoberberine salt such as 1 which could 
rearrange in base to the spirobenzylisoquinoline 
2.2 To test this hypothesis, the related diphenolic 
salt 3 was prepared and was indeed found to 
rearrange under basic conditions to the spiro com- 
pound 4 in good yield.3 

It was now relevant to determine if the two phen- 
olic functions of the dihydroprotoberberine salt 
precursor had to be present in the same ring, as in 
3, or if they could alternatively be placed in dilfer- 

1: R,=R,=OH;%=H 
3: Rl=H; R2=R3=OH 

& ‘R, 
2: R,=Rs=OH;R,=H 
4: R,=H;R,=&=OH 

ent rings such as in salt 5. For this purpose, the 
dihydroprotoberberine salt 5 was prepared by a 
route parallel to that used in the synthesis of 3, 
and described in detail in the Experimental. Re- 
fluxing of this material in ethanol solution with 
excess sodium hydroxide under a nitrogen atmo- 
sphere for 4 days gave a 50% yield of the desired 
spirobenzylisoquinoline 8 via the intermediacy of 
the quinone methides 6 and 7 (Scheme 1). The 
NMR spectrum of 8 in CDCI, closely resembled 
that of the diphenol 4.3 The N-Me protons were 
present as a singlet at 6 2.23, and the two vinylic 
protons appeared as singlets at 6 4.96 and 5.62. 
Additionally, the rearranged product 8 was hydro- 
genated and then 0-acetylated to afford the di- 
hydrodiacetate derivative 9 whose NMR spectrum 
showed a doublet for the C-13 Me group at 6 1.01 
(J = 7 Hz). 

To find out next if the rearrangement would 
proceed with only one phenolic group present 
in the dihydroprotoberberine salt precursor, 
compounds 10 and 14 were prepared, again by 
routes similar to those followed in the construc- 
tion of salts 3 and 5. When salt 10 was sub- 
jected to the rearrangement conditions, it be- 
came apparent that the reaction was essentially 
complete after only 16 hours. The NMR spectrum 
of the product*12 resembled those of spirobenzyl- 
isoquinolines 4 and 8. The N-Me singlet was at 
6 2.14, and the one proton singlets at 6 4.86 and 
5.49 were assigned to the two vinylic protons of 
the exocyclic methylene. Catalytic hydrogenation 
of 12 furnished the dihydro derivative 13 with a 
C-13 Me doublet at 6 090 (J = 7 Hz). It is worth 
noting in this instance the relatively short reaction 
time needed for the rearrangement of salt 10 to 
occur, induced by the para relationship of the 
phenolic function and the C-8 C atom which 
allows for the facile cleavage of the N-7 to C-8 
bond (Scheme 2). 
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In like fashion, the monophenolic dihydroproto- 
berberine salt precursor 14 was found to arrange 

expected C-13 Me doublet at 8 0.94 (J = 7 Hz), 
Scheme 3. 

to the spirobenzylisoquinoline 16, although the 
required reflux time was 4 days. The dihydro 

At this stage, an important dihydroprotober- 

derivative 17 obtained by hydrogenation of 16 
berine salt left to study was 18. This material was 

showed an NMR spectrum which contained the 
prepared by a route exactly analogous to that used 
previously for the precursors 3, 5, 10 and 14. The 



Protoberberine + spirobenzylisoquinoline + dibenzocyclopent[b]azepine rearrangement 1267 

:I:)$& OHB.A) l::Tce _ 

~~~~~~ _ I?$$!Mc u,*Wc , “%Mc 

15 16 17 

SCHEME 3 

attempted rearrangement of 18 was carried out 
again under basic conditions over a period of 4 
days, and the product was obtained as a crystalline 
solid. Since amorphous materials had been ob- 
tained from all the previous rearrangements, the 
isolation of a crystalline product in the present 
case was the flrst indication that the reaction 
might have taken a different course. Indeed, 
spectral data revealed that the product 21 was 
skeletally different from that of a spirobenzyliso- 
quinoline. 

The NMR spectrum of 21 contained a three 
proton singlet at 6 2.82 assigned to the N-Me 
group, and another three proton singlet at 6 1.72 
due to a deshielded aliphatic Me group. Signi- 
ficantly, only one vinylic proton singlet (6 5.46) 
was present, a fact which ruled out the possibility 
of an exocyclic double bond. Elemental analysis 
and high resolution mass spectroscopy established 
the formula C,,H,,OIN. The parent peak at m/e 
367 was also the base peak in the low resolution 
mass spectrum of 21, and the only other significant 
fragment was at m/e 352 corresponding to the loss 
of a Me group. The UV spectrum was suggestive 
of a stilbenoid system with Xk*&” 232sh, 291 and 
3 12 nm (log E 4.37, 4.07 and 4.17), and was sub- 
stantially different from the spectra for products 
4, 8, 12and 16. 

Catalytic hydrogenation of the rearrangement 
product 21 led to a separable mixture of the 
dihydro derivatives 22 and 23 in approximately 
equal amounts. The NMR spectra of 22 and 23 
were quite close and contained signals for the 
C-Me group at S 1.5-1.6 and for the N-Me at 
about 6 2.40. 

The apparent delinquency in the rearrangement 
of the dihydroprotoberberine salt 18 to the di- 
benzocyclopent[b]azepine system instead of to a 
spirobenzylisoquinoline can be rationalized as 
shown in Scheme 4. The key difference is that 
the intermediate quinone methide 19 bears a full 
positive charge distributed between rings C and D, 
which was not the case in any of the other quinone 
methides. There is now, therefore, a definite 
impetus for the lone pair of electrons on the N 
atom to attack intramolecularly at C-13 and form 
the aziridinium ion 20 which in turn breaks down 
to generate the dibenzocyclopent[b]azepine 
system. It follows that those dihydroprotober- 
berine salts which do not possess a phenolic 
function in ring D will rearrange in base to di- 
benzocyclopent[blazepines rather than to spiro- 
benzylisoquinolines. 

In some recent reports in the literature, several 
spirobenzylisoquinolines have been rearranged to 
dibenzocyclopent[b]azepines, and although no 
mechanisms were offered for these transforma- 
tions, it is logical to assume that they too proceed 
through the intermediacy of aziridinium ions. In 
one instance, the spirobenzylisoquinoline 24 was 
treated with methanesulfonyl chloride in tri- 
ethylamine and dry THF to yield dibenzocyclopent 
[blazepines 25 and 26,4 most probably by the 
route shown in Scheme 5. 

In another instance, pyrolysis of the new spiro- 
benzylisoquinoline alkaloids fumaritrine (27) and 
fumaritridine (28) was reported to furnish the 
dibenzocyclopent[b]azepines 31 and 32 respec- 
tively which were characterized mainly through 
IR and NMR spectroscopy.” There is no facile 
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mechanism by which structures 31 and 32 can be methylfumarophycine (27a) and fumarophycine 
generated from the two alkaloids. Instead, the (28a) has been assumed to give rise also to 31 and 
pyr&yGs prohnc%s s&iomh ‘oe represeriieb by %* %mah r%rtnWres X5 xnh ?% sbxnirh ‘ot 
structures 29 and 30 formed as indicated in Scheme representative of the products formed. 
6, and which fully conform to the spectral re- Finally, it should be emphasized again that 
quirements. In a third instance, pyrolysis of O- conclusive proof for a biogenetic process can come 
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27s: R1 = Me, RI = OAc 
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31: R = Me 
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only through feeding experiments using labeled I. Preparation of diphenolic salt 5 

precursors. A. 2-(3’-Methoxy-4’-bemyloxyphe~yl)propionic acid. 

EXPERIMENTAL 

Standard experimental procedures. Microanalyses 
were performed by Midwest Microlab, Inc., Indianapolis. 
M.ps are uncorrected. The NMR data were recorded at 
60 MHz in CDCIS unless indicated otherwise; TMS was 
the internal reference. Mass spectra were obtained on an 
AEI MS-902 spectrometer. All TLC was on Merck 
Silica Gel-254 plates. 

Sodium amide (0.0552mol) in liquid NH, (25Oml) was 
prepared and ethyl 3-methoxy4benzyloxyphenyl- 
acetate6 (16.42 g. 0.0545 mol) in ether was added drop- 
wise. After 10 min, Me1 (45 g. O-317 mol) in ether was 
also added dropwise, and the mixture was stirred at 
-33” for 2 hr. Ammonium chloride was added, the 
ammonia evaporated, and the organic material ex- 
tracted in CHC&. The crude ester was refluxed. with 
KOH in EtOH-water for 4 hr. Work-up gave 10*9g of 

TBTRA29/10 B 
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the required acid, m.p. 119-120” (EtOH). NMR (DMSO- 
de) 8 1.39 (3H, d, J = 7 Hz, CHC&), 8 3.77 (3H, s, 
Ar(DCH,,), a& Zj 5.Db ]2l$ $, PhCH,@, ]Fouod: C, 
71 .ZZ; IY, &4‘$ L?u’cd. for C,,&&: Cr 7032; H, 6*34+%j. 

B. N-(3-Benzyloxy-6merhoxyphenylethyl)-2-(3’-meth- 
oxy-4’-benzyloxyphenyl)propionamide. A mixture of the 
above acid (15 g, 0.0524 mol) and 3-benzyloxy-4-methoxy- 
P_phenethylamine’ (15*7g, 0.0612 mol) was heated at 
195” for 2 hr under N,. work-up yielded 9.66 g of amide, 
m.o. 107-108” (EtOH): NMR 8 1.44 (3H. d. J = 7 Hz. 
CfiCJ&), 6 3.8i (6H, ‘s, ArOClQ, anh 6 s.07 and 5.16 
(4H, s, PhC&O). (Found: C, 75.31; H, 6.87. Calcd. 
for C,,H,,NO,: C, 75.40; H, 6.71%). 

C. l-(cY-Methyl-3’-methoxy-4’-benzyloxybenzyl)-3,4-di- 
hydrod-benzyloxy-7-methoxyisoquinofine. A mixture of 
the above amide (19.3g, 0*0368mol), POC& (20 ml, 
0.213 mol), and toluene (500 ml) was reffuxed for 90 min. 
Tha sd1ven1 was evaporn& anb cMc> ah’oeb, Work-up 
gave the imine as a thick oil which was used without 
further purification. 

D. l-(a-Methyl-3’-methoxy-4’-benzyloxybenzyl)-1,2,3, 
4- tteI-rn~dro-6-ben~\o~~ -mel)lo+opUin&inr. A so+ 
of the above imine in EtOH was cooled to O”, and after 
slow addition of NaBH, (7 g, 0,202 mol) was stirred 3 hr 
at (0”. The mixture was ad&Ijed witi BM *. neutraljzed 
with dil NaOH, and the soln concentrated. Extraction 
with chloroform yielded the title amine as an amorphous 
solid. 

E. 2,1l-Dime~hoxy-3,10-dibenzy~oxy-l3~me~hyl- 
H-tetrahydroprotoberberine. The amine prepared above, 
formic acid (100 ml), and formalin (100 ml) were refluxed 
for 5 hr, cooled, and the mixture evaporated to dryness. 
The re~laue was pti&onefi meen NaOH aq an8 
CHCl,. Work-up gave 13.8g of the tetrahydroproto- 
berberine (72% from the amide). Recrystallization from 
Et(DZl afforded cdor)ess cgstals, m.p 1Z+3-334:; BMR 
8 1.48 (3H, d, J = 7 Hz, CHC&), 8 3.83 and 3.86 (6H, s, 
ArOCI&), and 8 5.10 (4H, s, PhC&O). (Found: C, 
78.18; H, 6.82. Calcd. for &I&NO.,: C, 78.28; H, 
6.76%). 

IF. ZII-Dimetho~-i.lQ-dibe~~~o~y-~3-meth- 
berberine iodide. A -mixture of the ibove tetrahydro- 
orccaber&erine @+?p, 0~0169mall. 20% .4&H (25ff mlL . -. ,_ ,. 
anch mercutic acetile >24_g. be%33 mc$ was he&eh on a 
steam bath for 6 hr, filtered while hot, and the filtrate 
saturated with H,S. The mixture was heated to 100” for 
3 min. Ekered, and the ppt washed with water. The 
comfzkneh X&&es were Weak& tiicin UI ag. an& Were&. 
The yellow iodide salt was crystallized from chloroform, 
8.6 g (79%), m.p. 229-230” (dec); #,gH 264, 287, 305sh 
nm (log E 4.50, 466, 4.56); NMR (DMSO-d& 8 3.01 (3H, 
s, C=C-CH3. (Found: C, 62.97; H, 560. Calcd. for 

hydropiotoberberind methiodide: Th; above protober- 
benine ‘&i&e :&-mx, b?& mtudj~ was ?~OV&Y ahheh’ru a 
stirri-e~ Slurry ckI.Wx jTz_g. 52-% mm@‘m irryT_fi? >Y& 
ml) at 0’; the stirring was continued for 30 min under a 
steady stream of Np. The excess reagent was decomposed 
by cautious addition of a cold salt soln Na,SO,, and the 
ether slurry was dried over Na2S04. The flask was 
immediately filled with Nn, sealed and transferred to a 
nitrogen &ry ‘box. The slurry was f&ere&, &i& over 
K&O,, and evaporated to yield the yellow enamine. The 
enaurime was’tmme&ie@ ii~ssoheh’m ac&otitie>>5 rr&, 
and Me1 (50 ml, 804 mmol) was added. The mixture was 
refluxed under N, for 30 min. Evaporation and crystalliza- 

tion from MeOH yielded 2*068g (51%) of the yellow 
iodide salt, m.o. 205-208” (deck XZo?1 264sh. 270sh. 
293sb and 32ziam /& f 4.34,’ ‘4.1lj;” 4.J4 a& 43f$ 
IVMKI 6 mr (5Ei, S, C=C--C&j, ti 3.15 CJH, S, 
No--Cl&), 6 3.93 (6H, s, ArOCH,), and 8 5.22 (4H, s, 
PhC&O). (Found: I, 19.19. Calcd. for C35H3BN041: 
I, 19.18%). 

H. 2,l I-Dimethoxy-3,10-dihydroxy-13-methy/-7,8-di- 
hydroprotoberberine methobromide (5). The methiodide 
salt produced in sequence G (1.926g, 2.92 mmol) was 
refluxed under Ne for 6 hr in the dark with a deoxygen- 
ated mixture of EtOH (10ml) and 48%HBr (10ml). 
The yellow foam resulting from evaporation to dryness 
and trituration with ether was crystallized from MeOH, 
0.885 g (60%), m.p. 234-236” (dec); AK:: 230 and 23 1 nm 
(log c 4.45 and 4.55); NMR (DMSOde) 8 2.33 (3H, s, 
C=C-CH,), 8 2.94 (3H, s, N@-CH.?), 8 3.83 and 3.88 
j3BX2, $* J3JTlct;,. &mla: -c, 3%in, sm. cridl. 
for C,,H,,NO,Br.H,O: C. 55.76: H. 5.79%). __ __ 

Rearrangemenr oj‘dipienolic’sah 5 to 2: I I-dimethoxy- 
3,10-dihydroxy-13-merhyleneochofensane (8). Salt 5 
$Q.2& 0-~2mmK$$ in swti -on CD* 0-2ti 
of 10% NaOH aq was refluxed under NZ for 4 days. The 
mixture was acidified with cone HCl, neutralized with 
NaHCD,. and concentrated in vacu Exk~tion I&J 
chloroform and evaporation yielded 92 mg (56%) of 8 as 
an amorphous solid, hzz 26&h, 272sh, 294, 316 and 
328sh nm (log E 3.94, 3.94, 3.75, 3.95 and 3.92); NMR 
8 2.23 (3H, s, NC&), 83.65and 3.96(3H X 2, s, ArOC&), 
6 40% and 5.62 (1H X 2, s, C=CHd, 8 6.29, 6.60, 6.82 
and 7.03 (IH X4, s, A@; low resolution mass spec 
m/e 353 (M+, loo), 352 (30), and 338 (60). 

High .&s&i&n miss. measureienl, M@ : -90ma: 
mle 353.1627. Calcd. for C.,H,?NO.,: mle 353.1627. __ _” 

‘2,11-Dimethoxy-3,lO-diacetoxy-i3-methylochofensane 
)p>. Spi&enzy>sogGn&ne B was hyiWoJenakeLI wilb 
5% Pd/C in MeOH over a period of 18 hr. The crude 
product was acetylated with acetyl chloride and triethyl- 
amine at 0” for 2 hr. The amorphous 9 exhibited AiF: 282 
and 286sh mn (3.78 and 3.77); NMR 8 l.O1(3H, d, J = 7 
Hz. CHCEU 8 2.27 and ‘Z-3(1 <3KXZ. s. CHCOQ\. - _. 

8 2.59 (3H, s, NC&), 6 3.45 and 3.83 (3H x 2, s, Ai&FI$\ 
66.~~,6‘74,6.glaud6.94(1HK4,s,Ar~l. 

Y&&I reschu%on mass measuremenl, Yi@: Founh: 
m/e 439.1955. Calcd. for C,,H,,NO,: m/e 439.1993. 

-il. ~rQxmzfKm qf monqdnendlic sd1tl-a 
2-(3’-Benzvloxv-4’-methoxvvhenyllurovionic acid. 3- 

Benzylo~~-4:methoxyphenylaceti=- &id has been pre- 
pared.’ The title acid was prepared as described in 
procedure A above, crystals, m.p. 130-13 1” (EtOH). 
(Found: C, 71.10; H, 6.52. Calcd. for C,,Hls04: C, 
33.3)1x, b349& 

N -(3,4- DimethoxyphenyZethyl)- 2-(3’ - benzyloxy -4’- 
rn~~u~~~e~~r_t~~~. ip nii&rrG I_& ?tE -&iWe 
Z&lb %1%-?6x. b~SJ%sZnl~I ml& k7R-Z fr5g, 
0.0829mol) was treated as in B above to vield, after 
recrystallization from EtOH, 26.568 (92%) of colorless 
amide m.o. 111”. (Found: C. 72.38: H. 7.29. Calcd. for 
C,,H,,N&: C, 72. i4; H, 6.95%). 

1 -((u-Methyl-3’- benzyloxy-4’-methoxybenzyl)-3,4-di- 
hydro-6,7-dime~~o~~soglcinoline. A tiixture of the above 
amide (24.3 g, 0.0542 mol), POCll (25 ml, 0.265 mol), 
ana ‘rchuene >SQQ r& was we&e& as ‘m proce&ure C 10 
yield the title imine as a viscous oil which was used in 
the next step. 
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l-(o-Methyl-3’-benzyloxy-4’-methoxybenzyl)-l,2,3,4- 
tetrahydro-6,7-dimethoxyisoquinoline. Procedure D was 
followed for the NaBH, reduction. The product was an 
oil which was used without further purification. 

2,3,10-Trimethoxy-ll-bentyloxy-l3cw-methyl-l4a-H- 
tetrahydroprotoberberine. A mixture of the above amine 
was treated with formic acid and formalin as in E, to 
yield 8.5Og (35% Tom the amide) of colorless crystals, 
m.p. 141-142” (EtOH); NMR 8 1.40 (3H, d, J = 7 Hz, 
CHCH&. (Found: C, 75.25; H, 7.10. Calcd. for C98H31- 
NO,: C, 7548; H, 7.01%). 

2,3,l0-Trimethoxy-ll-benzyloxy-l3-methylnrotober- 
berine iodide. A mixture of the above tetrahy.droproto- 
berberine (8.24g, 0.0185 mol), 20% AcOH (180 ml) and 
mercuric acetate (2Og, 0.0625mol) was treated as in 
sequence F to yield, after recrystallization from chloro- 
form 7.62a of vellow iodide (73%). m.p. 195-197” 
(dec); q&OH 263, -287 and 305sh nm (log E 4:48, 460 and 
4.49); NfiR (DMSO-ds) 6 2.98 (3H, s, C=C-CH&. 
(Found: C, 58.97; H, 5.31. Calcd. for CZsHssNOJ: 
C, 59.06; H, 4.%%). 

2,3,lO-Trimethoxy-ll-benzyloxy-13-methyl-7,8-dihy- 
droprotoberberine methiodide. A mixture of the above 
iodide salt (4Wg, 7.03 mmol) and LAH (2 g, 52.8 mmol) 
in dry THF (200 ml) was treated as in procedure G to 
vield an enamine which was immediately quaternized 
with Me1 to yield yellow crystals, m.p. 153-156” (dec); 
A?’ 264. 293sh and 326 nm (ion E 4.07. 4.12 and 4.34): 

111s 

NMR 6 2.30 (3H, s, C=Cl&). (Found: I, 22.05: 
Calcd. for C,J-I,,NO,I: I, 21.68%). 

2,3,10-Trimethoxy-ll-hydroxy-l3-methyl-7,8-dihydro- 
protoberberine methobromide (10). A mixture of the 
above methiodide salt (1.506 g, 2.57 mmol), EtOH (10 ml) 
and 48% HBr was treated as in sequence H to yield 
0.687 g (60%) of yellow salt 10, m.p. 216-218” (dec; 
EtOH); AEtoH 233, 290 and 327 run (log E 4.23, 4.00 and 
4.24); N# (DMSO-de) 8 2.28 (3H, s, C=C-Cl&), 
6 2.98 (3H, s, N+-CHJ, 8 3.85, 3.88 and 3.88 (3H X 3, 
s, ArGCH,). (Found: C, 56.56; H, 5.66. Calcd. for 
C,,H,,NO,Br.H,O: C, 5666; H, 6.05%). 

Rearrangement of monophenolic salt 10 to 2,3,10-tri- 
methoxy - 1 1 - hydroxy- 13 - methyleneochotensane (12). 
A mixture of 10 (0.208 g, 0464mmol) and 9 ml of l+SN 
NaOH in 500 ml EtOH was refluxed under N, for 16 hr. 
The work-up was the same as in the preparation of analog 
8. The amorphous product weighed 0*122g (7 1%); 
A$=!’ 262,270,287sh, 293,3 16 and 327sh nm (log E 4.11, 
4.09, 3.75, 3.78, 4.00 and 3*%); NMR 8 2.14 (3H, s, 
NC&), 6 3.62, 3.83 and 3.86 (3H X 3, s, ArGCH& 
8 4.86 and 5.49 (1H X2, s, C=CH) 8 6.32, 6.53, 6.72 
and 7.07 (IH X4, s, ArH); low resolution mass spec 
m/e 367 (M@, 69) 352 (100). 

High resolution mass measurement, M@: Found: 
m/e 367.1745. Calcd. for C,,H,NO,: m/e 367.1783. 

2,3,10-Trimethoxy-1 I-hydroxy-13-methylochotensane 
(13). Reduction of 12 with 5% Pd/C in MeOH afforded 
the amorphous 13, A::: 230sh and 290 nm (log E 4.06 and 
3.82); NMR 8 090 (3H, d, J = 7 Hz, CHCHd, 8 244 
(3H, s, NCH& 6 3*51,3.83 and 3.85 (3H X 3, s, ArGCHd, 
8 6*36,6.56,666 and 6.74 (1 H X 4, s, ArH). 

High resolution mass measurement, MO: Found: 
m/e 369.1917. Calcd. for C,,H,,NO,: m/e 369.1939. 

III. Preparation of monophenolic salt 14 
N - (3,4- Dimethoxyphenylethyl)- 2- (3’- methoxy -4’ - 

benzyloxyphenyl)propionamide. A mixture of 2- (3 ‘- 
methoxy-4’-benzyloxyphenyl)propionic acid (15.21 g, 

0.0531 mol) and homoveratrylamine (13 g, 0.0718 mol) 
was treated as in B above to yield, after recrystallization 
from EtOH, 18.958 (80%) of colorless amide m.p. 106”. 
(Found: C. 71.72: H. 660. Calcd. for C,,H,,NO,: C. 
72.14; H, 695%). ’ 

_. “_ ” 

1 -(c~-Methyl-3’-methoxy-4’-benzyloxybenzyl)-3,4-di- 
hydra-6,7-dimethoxyisoquinoline. A mixture of the above 
amide was treated with POC& as in procedure C to yield 
a viscous imine. 

I-(a Methyl-3’-methoxy-4’-benzyloxybenzyl)-1,2,3,4- 
tetrahydro6,7-dimetho~isoquinoline. Procedure D was 
followed. The product was an oil which was used without 
further puri8cation. 

2,3,11- Trimethoxy-IO-benzyloxy-13o-methyl-14o-H- 
tetrahydroprotoberberine. A mixture of the above amine 
was treated as in section E to yield 6.5Og (36% from the 
amide) of colorless crystals, m.p. 169-171” (EtOH); 
NMR- 8 1.48 (3H, d, j = 7 Hz, CHCH,). (Found: C, 
75.54: H, 7.10. Calcd. for 
7.01%). 

C,.H,,NO,: 
I”. . 

C. 7548: H, 

2,3,ll-Trimethoxy-lO-benzyloxy-13-methylprotober- 
berine iodide. The above tetrahydroprotoberberine was 
treated as in sequence F to yield, after recrystallization 
from chloroform, 5.25g (71%) of yellow iodide, m.p. 
21&214” (deck A?! 263. 287 and 305sh nm (4.24. 
440 and 4:30)f NME (DMSO-4) 8 3.00 (3H, s, C=C- 
-CH,). (Found: C, 58.71; H, 5.10. Calcd. for C&H,,- 
NOJ: C, 59.06; H, 4.%%). 

2,3,ll-Trimethoxy-l0-benzyloxy-13-methyl-7,8-di- 
hydroprotoberberine methiodide. The above iodide salt 
(4 g) yielded 2466 g (60%) of the required yellow salt via 
procedure G, m.p. 129-131” (dec; EtOH); A:$’ 264, 
292sh, 327nm (log E 4.04, 4.09 and 4.35); NMR 8 2.40 
(3H, s, C=C-CH, . (Found: C, 58.86; H, 6.12. Calcd. 
for &,H,NO,I: C, 59.49; H, 5.51%). 

High resolution mass measurement, M+-I-: Found: 
m/e 458.2319. Calcd. for C,QH1lNO,: m/e 458.2330. __ __ 

.2,3,1 I-Trimethoxy-lo-hydroxy-i3-methyl-7,8-dihydro- 
protoberberine methobromide (14). Hydrolysis of the 
above methiodide salt (1.2 g, 2.09 mmol) by procedure H 
yielded 0.6g (64%) of yellow crystals of 14, m.p. 183- 
186” (dec; EtOH); A::! 235 and 330 nm (log E 4.33 and 
4.42); NMR (DMSO-de) 6 2.37 (3H, s, C=C-CH,), 
8 2.98 (3H, s, N+-CH3, 8 3.85, 3.88 and 3.92 (3H X 3, 
s, ArOCIId. (Found: C, 58.37; H, 5.88. Calcd. for 
C,,H,nN0,Br.l/4H+O: C, 58.35: H. 590%). __ _- 

High resolution- mass measurement, M+ - Br-: 
Found: m/e 368.1844. Calcd. for C,,H,,NO,: m/e 
368.1861. 

Rearrangement of monophenolic salt 14 to 2,3,1 l-tri- 
methoxy-lo-hydroxy-13-methyleneochotensane (16). A 
mixture of 14 (0.204 g, 0.456 mmol), and 10 ml of 1 +ki N 
NaOH in 1.51 EtOH was refluxed for 4 days under N,. 
The work-up was the same as in the preparation of 
analogs 8 and 12. The amorphous product weighed 
0.059g (32.3%); A:;! 263sh, -272sh, -292sh, 315-and 
328shnm (log E 4.04, 4.04, 3.83, 4.02 and 399): NMR 
8 2.19 (3H; c NCH,), 8 3&4, 3;86 and 3.95 (3H x 3, s, 
ArOCH3, 8 4.92 and 5.58 (1H X 2, s, C=CH,), 8 6.31, 
6.55, 6.82 and 7.03 (1H X 4, s, ArH); low resolution mass 
spec m/e 367 (M@, loo), 352 (43). 

High resolution mass measurement, M@. Found: m/e 
367.1779. Calcd. for Cs,HZr,NOI: m/e 367.1783. 

2,3,11- Trimethoxy- IO-hydroxy- 13 -methylochotensane 
(17). The hydrochloride salt of base 16 was reduced with 
5% PdlC in MeOH. The amorphous product 17exhibited 
AEtoH 231sh and 291 nm (log l 4.07 and 3.89); NMR max 
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6 0.94 (3H, d, J = 7 Hz, CHC&), 8 244 (3H, s, NC&), 
8 3.51, 383 and 3.85 (3H x 3, s, ArGC&), 8 6.35, 6.56, 
6.62 and 6.78 (1 H X 4, s, ArII). 

High resolution mass measurement, M@: Found: 
m/e 369.1929. Calcd. for C2&12,N04: m/e 369.1939. 

IV. Preparation of monophenolic salt 18 
2-(3’,4’-Dimethoxyphenyl)propionic acid. The ethyl 

ester of 3,4dimethoxyphenylacetic acid was C-alkyl- 
ated as in procedure A above, and then saponified to 
yield crystals, m.p. 45-47” (EtOH). (Found: C, 62.45; 
H, 688. Calcd. for CIIHIIOI: C, 62.85; H, 6.71%). 

N- (3-Benryloxy-4-methoxyphenylethyl)-2-(3’,4’-di- 
methoxyphenyl)propionamide. A mixture of the above 
acid (17.5 g, O-0833 mol) and 3-benzyloxy-4-methoxy+ 
phenethylamine’ (21.48, O-0831 mol) was treated as in 
B above to yield 2l.Sg (57%) of colorless amide, m.p. 
114-l 15’ (EtOH). (Found: C. 72.19: H. 7.11. Calcd. 
for C2,H3&05: C, 72.14; H, 6.95%). ’ ’ 

l-(a-Methyl-3’,4’-dimethoxybenzyl)-3,4-dihydro-6- 
benzyloxy-7-methoxyisoquinoline. A mixture of the above 
amide was treated as in procedure C to yield a viscous 
imine. 

1 -(a-Methyl-3 ,4’-dimethoxybenzyl)- 1;2,3,4-tetra- 
hydro-6-benryloxy-7-methoxyisoquinoline. Procedure D 
was followed. The product was an oil which was used 
without further purification. 

2,l0,ll-Trimethoxy-3-benzyloxy-l3a-methyl-l4a-H- 
tetrahydroprotoberberine. The above amine was treated 
as in reaction E to yield colorless crystals, m.p. 122-123” 
(EtOH), in 64% yield; NMR 8 148 (3H, d, J = 7 Hz, 
CHCH3). (Found: C, 75.60; H, 7.16. Calcd. for C2&I,I- 
Nor: C, 7548; H, 7.01%). 

2,10,11- Trimethoxy-3- benzyloxy- 13-methylprotober- 
berine iodide. The above tetrahydroprotoberberine was 
treated as in sequence F to yield, after recrystallization 
from chloroform, a yellow iodide, m.p. 232-233” (dec) in 
95% yield; A:= 284, 287 and 305sh nm (4.45, 4.65 and 
4.54): NMR (DMSO-de) 8 299 (3H. s. C=C-CH,). 
(Found: C, 58.76; H, $32. CdCd. for &HZ,NO&-C, 
59.06; H, 4*%%). 

2,10,11-Trimethoxy-3- bdnzyloxy-13-methyl-7,8-di- 
hydroprotoberberine methiodide. The above iodide salt 
(4 g) yielded 2.25 g (53%) of the required yellow methiod- 
ide salt via orocedure G, m.u. 212-214” (dec: EtOH): 
XEtoH 293sh,-327 nm (log .Q 4.13 and 4.39);‘NMR 8 2.42 max 
(3H, s, C=C-CH) (Found: C, 59.10; H, 5.50. Calcd. 
for C&I,,NOJ: C, 59.49; H, 5.51%). 

2,lO,ll-Trimethoxy-3-hydroxy-l3-methyl-7,8-dihydro- 
protoberberine methobromide (18). Hydrolysis of the 
above methiodide salt (2.OOg, 3.42mmol) by procedure 
H yielded l-log (55%) of yellow crystals of 18, m.p. 
177-180” (dec; EtOH); A$: 233 and 329 nm (log l 4.39 
and 4.39); NMR (DMSO-dd 8 2.38 (3H, s, C=C-CII,), 
8 299 (3H, s, N@-CHj), 6 3.87 3.91 and 3.91 (3H X 3, 
s, ArOC&). (Found: Br, 17.56. Calcd. for C,,H,NO&: 
Br, 17.82%). 

Rearrangement of monophenolic salt 18 to 5,6,7,7a- 
tetrahydro-2,9,10- ;rimeth&-7,7a-dimethylbenz[d]in- 
deno11.2-blazepin-3-ol(21). A mixture of salt 18 (0*72a, 
l-61 mmol~ and 9 ml of 0.188 N NaOH in 3 1 EtOH was 
refluxed for 4 days under Nz. The work-up was the same 
as in the preparations of analogs 8, 12, and 16. The 

colorless crystals weighed 0.2438 (41%; EtOH); NMR 
8 l-72 (3H, s, C-C&), 8 2.82 (3H, s, NC&), 6 3.70, 
3.92 and 3-92 (3H x3, s, ArGCH& 8 546 (lH, s, 
C=CH), 8 6.69, 6.77, 7.02 and 7.06 (1H ~4, s, ArH); 
low resolution mass spec m/e 367 (M+, loo), 352 (80), 
337 (25). (Found: C, 71.53; H, 6.76. Calcd. for CpJIZs 
NO*: C, 71.91; H, 6.86%). 

High resolution mass measurement, MO: Found: 
m/e 367.1749. Calcd. for CZ2H,&J0,: m/e 367.1783. 

Cis- and trans-5,6,7,7a,12,12a-Hexahydro-2,9,10-tri- 
methoxy-7,7a-dimethylbenzldlindenoll.2-blazeoin-3 -01 
(22 and-W). The hydrochloride-of 21(0*235 g; O&l mmol) 
was hydrogenated over Pd-C in MeOH to yield 0*135g 
(57%) of 22 and 23. Prep TLC using CHCl,MeOH 
(8 : 2) and precoated Brinkmann Silica Gel F-254 plates 
atforded a band with Rr 0.72 which crystallized from 
EtOH, 0.056g of isomer A, m.p. 192-194”: AE’OH 232 and 
285 nm (4.12-and 388); NMR 8 l-53 (3H, i:?--CHd, 
8 240 (3H. s. NCH3. 8 3.79. 3-91 and 3.91 (3H x < s. 
ArCK&), s 6.72, 6-79, 7.04 and 7.33 (1H ~4, ir A$ji 
low resolution mass spec m/e 369 (M+, 4), 368 (4), 354 
(14), 218 (7), 204 (7), 190 (11), 179 (loo), i64 (7), 151(4). 
(Found: C, 70.55: H, 7.34. Calcd. for C1Hl,NOd.l/4HIO: 
C, 7066; H, 7.41%). 

-_. . _- 

High resolution mass measurement, MO: Found: m/e 
369.1929. Calcd. for C&-12,N04: m/e 369.1939. 

The band with RI 0.34 crystallized from EtOH to yield 
06Og of isomer B, m.p. 197-198”; A::! 230sh and 286 
nm (4.20 and 399); NMR 6 164 (3H. s. CCH3. 8 2-37 
(3H, s, NC&), 8 3;69,3-87and 3*9i(3H x 3, s,A-&CHJ, 
8 6.21. 6.57. 6.77 and 699 (1H X 4. s. ArH): low resolu- 
tion mass spec m/e 369 $I+, 18), 354 (33), 218 (15), 
204 (15). 190 (26), 179 (loo), 164 (15), and 151 (7). 
(Found: C, 70.70; H, 7.38. Calcd. for Cs2HP,NOI. 1/4HD: 
C, 70.66; H, 7.41%). 

High resolution mass measurement, MO: Found: 
m/e 369.1960. Calcd. for CZ2H,,N0,: m/e 369.1939. 
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