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THE SYNTHESIS OF HOMOPROTOBERBERINES 

M. SHAMMA and M. J. HILLMAN 

Department of Chemistry, The Pennsylvania State University, 
University Park, Pennsylvania 16802 

(Received in the USA 28 October 1970; Received in the UK/or publication 2 November 1970) 

A-Three approaches to the homoprotoberbcrincs have been developed. Mannich condensation 
of amine 7 with formaldehyde gave homoprotobcrberine 9. In the homophthalide approach, treatment of 
amino lactoncs I3 and 14 with base gave lactam alcohols 15 and 16, which could in turn be converted to 
amino alcohols 18 and 19. Furthermore, lactam alcohols 15 and 16 underwent catalytic hydrogeoolysis to 
lactam 20. Reduction of 20 with LAH furnished homoprotobcrbcrioc base 21. In the Dicckmann 
sequence, cyclizrtion of diatcr 24 afforded a-amino ketone 25 which was readily reduced to the homo- 
protobcrbcrine alcohol 26. The homoprotoberbcrinc bases prepared were found to be cir B/C fused. 
Homoprotoberbcrincs unsubstitutcd at C-9 undergo catalytic hydrogcnolysis with cleavage of the N, -Cs 
bond. 

A VARIETY of alkaloids related to the I-phenylethyl-1,2,3,4-tetrahydroisoquinoline 
unit 1 have been isolated in recent years. ’ -6 Conspicuously absent from this group of 
natural products, however, are the homoprotoberberines (2) which would contain 
one carbon more than the regular protoberberine bases (3). Although the existence 
of homoprotoberberines was postulated in 1965.’ compounds possessing this 
tetracyclic framework have yet to be isolated from natural sources. Nevertheless, 
with other “home” alkaloids having been found in plants, there was sufficient 
justification for investigating synthetic approaches to the homoprotoberberines. 

I 2 tiR 3 

The Mannich approach’ 
A classical method for the preparation of protoberberines involves a Mannich type 

condensation ofa l-benzyltetrahydroisoquinoline with formaldehyde in the presence 
of acid. It was, therefore. only logical to assume that a l-phenylethyltetrahydro- 
isoquinoline would cyclize in like manner with formaldehyde to furnish a homo- 
protoberberine. 

The acid chloride of 3-(3’.4’dimethoxyphenyl)propionic acid (4) was. therefore. 
condensed with g-(3.4-dimethoxyphenyl)ethylamine to afford the amide 5. Bischler- 
Napieralski cyclization with phosphorus oxychloride gave the imminium salt 6 which 

1363 



1364 M. SHAMMA and M. J. HILLMAN 

was reduced directly with sodium borohydride to furnish the desired 1-(3’.4’- 
dimethoxyphenylethyl)-1.2.3.4-tetrahydro-6.7-dimethoxyisoquinoline (7). When the 
hydrochloride salt of 7 was refluxed with aqueous formaldehyde. two products were 
obtained. the N-methyl-l-phenylethyltetrahydroisoquinoline 8 and the desired 
homoprotoberberine 9. in 31% and 20% yield. respectively. 

s ‘OCH, 

‘R 

‘OCH , 
l:R=H 
8;R=CH, 

6 ‘OCH, 

‘OC’H, 
9 

The homophthalideisoquinoline approach 
Functionalization at C-13. An approach to the homoprotoberberine skeleton 

which led to functionalization at C-13 was through the condensation of the acid 
chloride of the known phthalide3-acetic acid (10) with ~(34dimetho~yphenyl) 
ethylamine to yield the amide lactone 11. Bischler-Napieralski cyclization with PPE 
provided the imine 12 which when reduced with Adams catalyst furnished a 
diastereoisomeric mixture of homophthalideisoquinolines 13 and 14. TLC indicated 
that the product was approximately a 1: 1 mixture of diastereoisomers. although the 
spots were too close to allow for an actual separation of the two compounds. 

Since the hydrogen of a secondary amine is acidic. it was reasonable to expect that 
the amide anions of 13 and 14 would attack the lactone carbonyl intramolecularly 
and generate two different tetracyclic lactams. When the amine lactones 13 and 14 
were treated with methanolic potassium hydroxide. a 47% yield of a diastereoisomeric 
mixture of tetracyclic lactams 15 and 16 was obtained. Preparative TLC indicated that 
the lactam isomer of lower R, (052) predominated over the isomer of higher R, 
(0.65) in the ratio of 7 : 1. 

Alternatively. when the imine 12 was reduced with NaBH, in absolute ethanol, a 
25% overall yield of the mixture of diastereoisomeric lactams 15 and 16 was recorded. 
In this case. the isomer ratio was IO: 1 in favor of the lower R, isomer. 

Stuart models clearly indicate that the amino lactone 13 would have fewer steric 
obstacles to overcome in cyclizing to the lactam alcohol 15 than would the diastereo- 
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isomeric amino lactone 14 in forming the corresponding lactam alcohot 16. 
Consequently, the lactam alcohol of higher R,. which was obtained as the minor 
product, can be assigned structure 16; while the lower R, and major product must be 
represented by expression 15. 

IO 11 12 

17 

The keto lactam 17 could be readily obtained through Sarett oxidation of the 
mixture of lactam alcohols 15 and 16. Reduction of this keto Iactam with NaBH, 
gave the higher R, lactam alcohol 16 preferentially over 15 in the ratio ofat least 10: 1. 
the overall yield being 97%. Alternatively, hydrogenation of the keto lactam 17 with 
Adams catalyst afforded a mixture of iactam alcohols with the higher R, compound 
16 predominating in the ratio of about 3 :2. Both iactam alcohols exhibited lactam 
CO absorptions in the IR between 613 and 6.23 & but the diastereoisomer of lower 
R,, namely 15. exhibited more free OH at 2.78 p. 

The Iactam alcohols 15 and 16 were then reduced ~dividuaIly with LAH to form 
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homoprotoberberines 18 and 19 respectively. Since pseudo first order rates of 
methiodide formation in acetonitrile solution had been used to study the stereo- 
chemistry of quinolizidine systems,’ this physical method was applied in the present 
instance. Amine 18 was found to quatemize very quickly at a rate of 2.3 x lo-'set- ‘. 
while isomer 19 reacted at the even faster rate of 3.1 x 10-2sec- ‘. Since the rate of 
quatemization under identical experimental conditions for a cis B/C fused proto- 
berberine is around 3 x 10-2sec-1. while it is close to 5 x 10-3sec-’ for a trans 
fused analog,’ it is safe to assume that both isomers 18 and 19 are cis B/C fused. 
The absence of Bohlmann bands” in the IR spectra of the two amines added further 
support to these stereochemical conclusions. Accordingly, compound 18 can be 
assigned the probable twist-boat conformation 18a, and compound 19 the probable 
pseudo-chair conformation 19a in which the nitrogen is less hindered sterically to 
approach of methyl iodide. 

Interlocking evidence for the stereochemical assignments was afforded by the 
NMR spectra of homoprotoberberine alcohols 18 and 19. The C-8 equatorial 
hydrogen of species 19 is appreciably more deshielded than the corresponding 
equatorial hydrogen of 18. Specifically, the C-8 methylene protons of 18 appear at 
6 4.24 in an AB pattern with an its of 28 Hz and J,, c 14.5 Hz, whereas for isomer 19 
they are at 6 4.81 with an its of 79 Hz and .I,, e 14 Hz. Conformation 19a is considerably 
more rigid than l&, with the result that the C-8 equatorial hydrogen in 19a is held 
more firmly in the plane of the aromatic D ring and is more subject to deshielding. 

To obtain the lactam 20. a mixture of lactam alcohols 15 and 16. derived from a 
potassium hydroxide in methanol cyclization of the amine lactones 13 and 14. was 
hydrogenolyzed in ethanolic perchloric acid with 5% Pd-C and hydrogen. In addition 
to the lactam 20, the product contained a residue of the unhydrogenolyzed high R, 
lactam alcohol 16 that could be separated by chromatography. No residual low R, 
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lactam alcohol 15 was ever observed, so that this isomer must suffer hydrogenolysis 
at a faster rate. 

Reduction of the lactam #) to the crystalline homoprotoberberine 21 was 
accomplished by refluxing with LAH in THF. The mass spectrum of 21 shows a strong 
molecular ion at m/e 309 (CZ0HZ302N) which is only slightly less intense than the 
base peak at m/e 308 corresponding to (M-l)+. Strong peaks are also found at m/e 
190and 118. 

/ 

Base peak at 
-H. m/e 308 

(M + at m/e 309) 

m/e 118 

The rate of methiodide formation for base 21 was found to be 3.4 x 10-2sec- ‘. 
This very fast rate indicates a cis B/C fusion, and this conclusion is again reinforced 
by the lack of Bohlmann bands in the IR spectrum of 21. 

The Dieckmann approach 
Functiodization at C-14. Condensation of the amino ester 22 with ethyl 2- 

bromomethylphenyl acetate (23) gave rise to the diester 24. Dieckmann cyclization 
of the material with sodium hydride in benzene, followed by hydrolysis and 
decarboxylation. afforded the desired amino ketone 25. Reduction with Adams 
catalyst then gave the 1Chydroxyhomoprotoberberine 26. The pseudo first order rate 
of methiodide formation for the ammo alcohol 26 was very fast. 1.5 x 10-2sec-1. 
corresponding to a cis B/C ring fusion. The lack of Bohlmann bands in the IR 
spectrum supported this assignment. 

Since the homoprotoberberine bases prepared in the present study are cis B/C 
fused, it appears that the favored ring fusion for this class of heterocycles is cis. 

COOC‘,H, 

22 
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26 

Hydrogenolysis of homoprotoberberines. When the homoprotoberberine alcohols 
18 and 19 or the homoprotoberberine 21 were stirred under a hydrogen atmosphere 
with 5% Pd-C in ethanolic perchloric acid, the tricyclic base 27 was obtained. As 
structural proof, an independent synthesis of 27, described in the Experimental, was 
carried out, and the two materials were found to be identical in all respects. 

In like fashion, the 14-hydroxyhomoprotoberberine base 26 could be hydro- 
genolyzed to the crystalline secondary amine 28. However, the homoprotoberberines 
29 and 30 did not undergo catalytic hydrogenolysis. It may be argued, therefore, that 
for steric reasons hydrogenolysis of a homoprotoberberine will not occur when 
a substituent is present at C-9. 

:::y& cH:%.i 
3 

27: R = H 29: R = H 
28;R=OH 3O;R=CH, 

EXPERIMENTAL 

All IR spectra were taken in CHCl> The NMR solvent was CDCI, unless stated otherwise; the spectra 
were obtained at 60 MHz. The mass spectra were run on an A.E.I. MS-902 spectrometer at 70 cV. TLC was 
on Merck Silica Gel-254. The pseudo llrst order rates of methiodide formation were run at 25” in purified 
MeCN soln on 3 mg of sample.’ Elemental analyses were performed by Midwest Microlab. Indianapolis, 
Ind. 

N-(3.4-Dimethoxyphenylethy~~-(3’,4’-dimetho.xypheny~propionamide (5) 
A suspension of 3-(3’,4’dimethoxyphenyl)propionic acid ” (33.5 g, @16 mole) in anhyd ether (1 I.) was 

stirred overnight with IO drops pyridine and purilled thionyl chloride (116 ml, 160 mole). The solvent was 
evaporated and the remaining crude acid chloride taken up in CHCl, (600 ml). The CHCl, soln was added 
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dropwisc to a mixture of B-(3,4dimethoxyphenyl)ethylaminc (29 g. @I60 molck chloroform (600 ml). 
NaxCO, (170 g. 160 mole), and water (800 ml). Stirring was continued for 1 hr. The CHCI, layer was 
separated. washed. dried and evaporated to dryness. The crude, oily amide thus obtained crystallized on 
trituratioo with ether. After recrystallization from bcnxeoclight petroleum white crystals were obtained. 
W7 g(75%). m.p. 9899”. (Found: C. 67.63; H. 7.41. Calcd for Cx,Hx,OsN: C. 67.54; H. 7.29%). 

1~3’.4’-Dimethoxy~nylethyl)-3.4-dihydro~,7dim~~xy~~ui~line Salt (6) 
The above amide (30 g 845 mmol). POCI, (3 ml) and dry benzene (120 ml) were refluxcd for 2$ hr. 

The solvent was removed. and the remaining yellow crystalline material was collected and washed with 
ether, 3.78 g. This material, a mixture of hydrochloride and hydrophosphatc salts. was sufticientty pure 
for further work. 

1~3’.4’-Dimethoxyphey~thy~1.~3,~tetrahydro-C7dimethoxyisoqvino/ine (7) hydrocbloridc 
The above itnminium salt (3.78 g) in McOH (100 ml) was chilled in an ice-bath. NaBH, (3Q g, 0080 mole) 

was added in small portions with stirring. The yellow color of the iminc rapidly faded and stirriog was 
continued for ao hr. The excess borohydridc was decomposed with glacial AcOH aod the solvent removed. 
The residue was takeo up in a CHCI,-water mixture and the CHCI, separated. washed. dried and evaporated 
to give the free base (308 g) as a white foam. This sccoodary amine was dissolved in CHCI,. and gaseous 
HCI was bubbled in. The solvent was removed and trituration with ether gave 2.42 g (77%) hydrochloride 
salt. Recrystallixatioo from EtOHcthcr gave white crystals, m.p. 185186”. e 281. 232 and 210 (log 
E 3.75. 1.14 and 4.35) for hydrochloride salt. (Found: C. 6244; H. 7.21. Calcd for C,,H,,O,N.fH,O: 
C. 6260; H. 7.25%). 

1-(3’.4’-DimethoxyphPny/ethy~2-m~thyl-1.2.3,4-tetrahydro-6.7-di~t~xyisoquinoline (8) and 2.3.10.1 I- 
tetromethoxyhomotetrahydroprotoberberine (9) 

The above hydrochloride salt (100 mg. 0254 mmol) was dissolved in water (2.6 ml) and 37%aq formal- 
dehyde (2 ml). The mixture was refluxcd for 6 hr. cooled, made basic with NH,OH. and extracted into 
CHCI,. The CHCI, was separated, washed. dried. and evaporated to give 105 mg of a yellow oil. 
Preparative TLC (MeOH) gave predominaotly two compounds 8 and 9. R, 042 (29 mg) and R, 062 
(19 mg) respectively. 

Compound 8 exhibited e” 281.227 and 208 mu (log I: 3.68.407 and 4.30). Mass spectrum M l m/e 371 
for C,,H,qO,N, base peak m/e 206. 

Compound 9 exhibited c” 282. 225 sh aod 210 mp (log c 3.75.4.20 aod 4.34). Mass spectrum. M’ 
m/e 369 for Cx2H2,0.N. Other intense peaks m/e 368.192,190 and 178 (base); NMR d 3.83.3.86.3.88 and 
3.88 (s. 12H. Ar-O-CH,). d 4.23 (AB, in 33 Hz J = I5 Hz 2H. C-8 methyleoe). 6 6.55.6.57.6.72 and 6.79 
(s. 4H. Ar-H). 

N-(3.4- DimethoxyphenylethyL)phtho/ideacetamide (11) 
A suspension of 10” (17.30 g. 00902 mole) in aohydrous ether (700 ml) was stirred overnight with 4 

drops pyridine and purified thionyl chloride (65 ml. 0902 mole). The solvent was removed and the 
remaining crude acid chloride taken up in CHCI,. This soln was added dropwise to a mixture of f3-(3.4- 
dimcthoxyphcnyl)ethylaminc. (16.35 g, B-0902 mole). chloroform (350 ml), Na,CO, (95.5 g. 0902 mole). 
and water (600 ml). Stirring was continued for 1 hr. the CHCI, layer was separated. washed. dried and 
evaporated to dryness. The crude. oily amide thus obtained crystallixed from ether. Recrystallization 
from MeOHether gave white crystals. 26.4 g (83%). m.p. 102+103.5, IR 290. 5.65 and 599 p. (Found: 
C. 67.52; H. 6.17. Calcd for Cx,,Hr,O,N: C. 67.59; H, 5.96%). 

l~a-Phtholidemethyl)-3.4dihydr~6,7dimethoxyisoqknokne (12) 

Amide ll(303 g. 00855 mole). dry chloroform (1100 ml). and PPE” (152 g) were retluxcd for 12 hr in a 
2-liter flask fitted with a condenser topped with a drying tube. The solvent was removed and the PPE 
hydrolyxed with ice-water (1 I.). The aqueous soln was washed with ether. Basitication with cone NH,OH 
caused 12 to precipitate. 22.8 g (79%). An analytical sample rccrystallixed from beoxene melted 176177”. 
e%” 310,282 and 274 mu (log c 3.87. 3.92 and 3.93). (Found: C, 71.22; H, 5.78. C&d for C2,,H,90,N: 
C. 71.20; H. 5.68%). 

Diostereoisomeric mixture o/ I~a-phtblide~thy~1.2.3.4-t~rahydro-6,7di~t~xyisoquinol(13 and 14) 
A suspension of 12 (1448 g. 00431 mole) and PtOl (I g) in EtOH (280 ml) under Hz was shaken for 
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5 hr. The usual workup gave a diastcreoisomcric mixture of 13 and 14 (13.4 g, 92%). The material was used 
without further treatment. A sample purified by preparative TLC (MeOH-ether 1: 1. R, 054) showed IR 
absorption at 568 p. Mass spectrum. M+ m/e 339 for C2,,HIIOIN. base peak m/e 192. 

Diaslereoisomeric mixture oj2,3_dimerhoxy-a-ox 13-hydroxyhomotetrahydroprotoberberines (IS and 16) 
Method A. A diastcrcoisomeric mixture of 13 and 14( 13.4 g, 0039 mole) was dissolved in MeOH (700 ml). 

KOH (266 g 00474 mole) was added and the soln stirred for 2f days under N,. The solvent was evaporated 
after acidification with glacial AcOH, and the residue taken up in CHCI,. The CHCI, soln was washed 
and dried. Evaporation and then trituration with ether gave whitish crystals. Recrystallization from 
EtOHzthcr afforded 627 g (47%) of 15 and 16 as white crystals m.p. 2415-242.5”. Preparative TLC 
(EtOAc-acetone 1: 1) showed this material to be a mixture of diastcreoisomers. with the lower R, isomer 
15 predominating by about 7: 1. (Found: C. 71.05; H, 6.31. Calcd for &H,,O,N: C. 7@78; H. 6.24%). 

Melhod B. The imine lactonc 12 (760 g. 0023 mole) dissolved in EtOH (700 ml) was treated in portions 
with NaBH, (8.55 g, 023 mole), and stirred under N, for 24 days. Excess borohydride was destroyed with 
glacial AcOH. The solvent was removed and the residue dissolved in CHCI,. The CHCI, layer was washed 
and dried. Evaporation and trituration with ether gave whitish crystals. Recrystallization from EtOH-cthcr 
afforded 1.87 g (25%) of 15 and 16. Preparative TLC EtOAc-aatone: 1: 1) showed this material to be a 
mixture of diastcrcoisomers. with the lower R, isomer 15 predominating by about 10: 1. 

2.3-Dime~hoxy-8.13dioxohomo~errahydroproroberberine (17) 
Chromium ttioxidc (11)3 g. 00103 mole) was added with stirring to dry pyridinc (100 ml) in a MO ml 

llask that was chilled in an ice-bath. A diastercoisomeric mixture of 15 and 16 (IQ3 g, 3a3 mmol) in dry 
pyridine (25 ml) was added to the CrO,-pyridine complex in one portion, and stirring in the ice-bath was 
continued for 1 hr. After standing at room temp. for 22 hr. the pyridine was removed below 35”. The dark 
brown solid which resulted was dissolved in CHCI, and the inorganic material removed by filtration. The 
CHCI, layer was washed and dried. Evaporation and trituration with EtOH gave crystals, @725 g. Re- 
crystallization from EtOH gave the kcto lactam 17 as white crystals, lap. 210-212”. 571 mg (55%). e” 
286 mp (log E 3.783, IR 592 and 612 F Mass spectrum M+.m/e 337 for C2r,H1904N; other intense peaks 
m/e 191 (base) and 176. NMR d 3.75 and 3.84 (s, 6H. ArOCH,), 6 6.51 and 664 (s. 2H, ArH). 6 7.2-8Q (m. 
4H. ArH). 

Sodium borohydride reduction of kelo /actam 17 
Keto lactam 17 (63 mg, 0187 mmol) was suspended in EtOH (10 ml). NaBH, (45 mg. @94 mmol) was 

added, and the reaction stirred at room temp. for 4 hr. Glacial AcOH was added and the solvent removed 
in uocuo. The residue was taken up in CHCI, and water. The CHCI, layer was separated, washed and dried. 
Evaporation gave 61 mg (97%) of a white crystalline material which was shown by TLC (EtOAc-acetone 
1 : 1) to be almost exclusively the high R, lactam alcohol isomer 16. The isomer ratio was at least 10 to 1 
in favor of this isomer. 

Ctialytic reduction ojkero hctam 17 
A soln of 17 (95 mg_ 028 mmol) in EtOH (250 ml) was hydrogenated overnight using 209 mg F’t02. 

Work-up gave alcohols 15 and 16 in essentially quantitative yield. Preparative TLC (EtOAc-aoztonc 1 : 1) 
showed this material to be a mixture of diastercoisomcrs with the high R, isomer 16 predominating in the 
ratio of 3 :2. 

Isolation of( ~~23-dimethoxy-8-oxol3u-hydroxy-14a-~-H-h~~e~r~ydroprotoberberi~ (15) 
The low R, (R, 052) lactam alcohol (15) was obtained by preparative TLC (EtOAc-acetone 1: 1) of the 

diastcrcoisomctic mixture obtained from methods A or B. White crystals. m.p. 218-219.5”. 1z 280 and 
228 mp (log e 3.63 and 4.05). IR Z78. 295. 6.13 and 6.22 p. Mass spectrum M’ m/e 339. other intense 
peaks m/e 321. 310, 192 (base). 176. 133 and 131; NMR (pyridined,) 6 3.74 and 3.76 (s. 6H. ArOCH,). 
6 668 and 681 (s. 2H. ArH). 6 7.2-8.2 (m. ArH and Py-H). 

Is&lion of( f~23-dimethoxy-8-oxo-13-B-hydroxy-l~-~H-~o~terrahydroprorob~~i~ (16) 
The high R, (R, 065) lactam alcohol 16 was obtained by preparative TLC (EtOAc-actonc 1 :l) of 

material obtained from the NaBH, reduction of 17. White crystals, mp. 2&265”. c 281 and 228 w 
(log c 3.71 and 4.19); IR 2.77. 298. 617 and 6.23 p. Mass spectrum M+ m/e 339 for CIOH1,04N. other 
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intenscpcaksm/e321,310,192(basc).176,133and 131;NMR(pyridincds)6369and3~75(~.6H.ArOMc,). 

6 666 and 6.78 (s. 2H. ArH). d 707.8 (m. ArH and Py-H); this spectrum was dilficult to integrate due to 

the insolubility of the compound. 

Diasstereoisomen’c mixture of 2.3-dimethoxy-13-hydroxyhomotetrahydropro~oberberines 18 and 19 

A diastcreoisomcric mixture (2.23 & 6.58 mmol) of lactam alcohols IS and 16 was suspended in dry THF 

(100 ml) and added portionwise to LAH (1.25 g, 32.9 mmol) in dry THF (60 ml). After relluxiog for 8 hr. 

excess hydride wasdecomposed with Na,SO,aq. the inorganic material removed and theTHFevaporated. 

The residue was taken up in CHCI,. washed and evaporated. Trituration with ether have 1.79 g (84:<) of 

18 and 19. An analytical sample was recrystallized from MeOH. m.p. 2075-209.5’. (Found: C. 7302: 

H. 7.27. Calcd for CloH2,0,N*gH,0H: C. 7295; H, 7.26%). 

LAH reduction of luctam alcohol 15 

The low R, lactam alcohol I5 (93 mg. @27 mmol) was reduced with LAH as described to give 105 mg 

of a yellow solid. Preparative TLC (ether-MeOH 4: I. R, 064) gave the pure diastereoisomcr 18 as pale 

yellow crystals. m.p. 198-202’. 72 mg (79%). I,, EtoH 284 and 281 rnp (log c 3.62 and 3.61). mass spectrum M * 

m/e 325 for CzoH,,O,N. other intense peaks m/e 324.308,192 (base), 176. I19 and 117; NMR (pyridined,) 

d 3.68. 3.68 (s. 6H. ArOCHS). 64.24. (AB. its 28 HL J 14.5 HL 2H. C-8 mcthylenc protons). 6 664.6.74 and 

6.74 (s. 3H. ArH). 6 708.2 (m. ArH and Py-H). Pseudo first order rate of methiodidc formation 

23 x 10.‘see-‘. 

LAH reduction of lacram alcohol 16 

The high R, lactam alcohol 16 (lo0 mg. 0.295 mmol) was reduced with LAH as described above to give 

105 mg of a yellow solid. Preparative TLC (ether-MeOH 4: 1. R, 0.70) gave the pure 19 as pale yellow 

crystals. m.p. 18>188”. 77 mg (80%). &:” 282 and 286 mp (log E 3.61 aod 3.61). mass spectrum M’ m/e 325 

for C,,H,,O,N. other intense peaks m/e 324.308. 192 (base). 176. 119 and 117; NMR (pyridined,) 6 3.65 

and 3.80 (s. 6H. ArOCH,). 6 4.81 (AX. its 79 Hz J 14 Hz 2H. C-8 mcthylcne protons). d 6.68 and 6.89 (s. 2H. 

ArH). d 7.1-7.8 (m. ArH and Py-H). Pseudo first order rate of mcthiodide formation 3.1 x IO-‘set-‘. 

Hydrogenolysis of diastereoisomeric mixture of 2.3-dimethoxy-13-hydroxyhomotetrahdroprotoberberines 

18 and 19 

A mixture of 18 and 19 (99 mg. 0.30 mmol) was dissolved in EtOH (25 ml) and hydrogenated overnight 

with 200 mg 5% W/C and @I ml 72% pcrchloric acid. One ml of cone NH,OH was then added and the 

mixture filtered. The usual work-up gave 84 mg of an oil. Preparative TLC (McOH-cther 1: 1. R, 0.52) 

gave 55 mg (58”,,) of27 as a colorless oil which was Identical with an authentic sample prepared as Indicated 
below. 

Independent synthesis of compound 27 

(a) N~3.4-Dimethoxyphenylelhy~-~~~-methylpheny~propr~~~e. A suspension of 3-Q’-methylphenyl)- 

propionic acid” (7.89 g. 00482 mole) in dry ether (300 ml) was stirred overnight with 4 drops pyridioc 

and thionyl chloride (35 ml. 0.482 mole). The solvent was removed and the crude acid chloride taken up in 

CHCl,. The CHCI, soln was added dropwisc to a mixture of ~-(3.4dimethoxyphcnyl)ethylamioe (8.73 g. 

00482 mole). CHCI, (250 ml). Na,CO, (51 g, @48 mole). and ice-water (400 ml). Stirring was continued for 

1 hr. the CHCI, layer separated. washed with 10% HClaq. dried. and evaporated. The oily amide crystallized 

readily from ether to give 12.80 g (81%) crystals. An aoalytical sample recrystallized from benzene-light 

petroleum melted 89-90”. (Found: C. 73.37; H. 7.77. Calcd for CzoH,,O,N: C. 73.37; H. 7.70%). 

(b) 1~2’-Methy/phenylerhy[)-3.4-dihydrod7-dimPlhoxyisoquinoline salt. The above amide (3G2 g. 9.24 

mmol). POCI, (3 ml) and dry benzene (120 ml) was rcfluxcd for 21 hr. The solvent was removed and the 

yellow crystalline material was collected. washed with ether. 3.87 g. The dihydroisoquinoline thus obtained. 

a mixture of hydrochloride and hydrophosphate salts. was suliiciently pure for further work. 

(c) 1~2’-Methylpheny/ethyl)_12.3.etelrohydr~6.7dime~~xy~~~ino~i~ (27). The above imminium salt 

(3.87 g) in MeOH (100 ml) was chilled in an ice-bath. NaBH, (3% g. 0@24 mole) was added in small 

portions with stirring. The yellow color of the imioc rapidly faded and stirring was continued for an 

additional hr. The excess borohydridc was decomposed with glacial AcOH and the solvent removal. 

The residue was taken up in ether aod water and the ether scparatai. washal. dried. and evaporated to 
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give 1.97 g (68% based on starting amide) of the free base. An analytical sample of the hydrochloride 
recrystallized from ethanol melted 207-210”. (Found: C. 6736; H, 745. Calal for ClOH,,O,NCl~)H,O: 
C. 67.31 ; H, 7.63%). 

23-Dimethoxy-&oxohomotetrahydroprotoberberine (20) 

To lactam alcohols 16 and 17 (304 g. 8.98 mmol). prepared according to Method A above. in EtOH 
(250 ml), 5% Pd/C (145 g) and 72% perchloric acid (@6 ml) was added. The mixture was hydrogenated 
overnight. NH.OH (cont. 1.6 ml) was added, the soln filtered, and the EtOH removed. The colorless oil 
obtained from the work-up was redissolved in CHCI, and fractionated through an alumina column 
(75gofaluminumoxidc. pH 7~3).Theeluategave thedesired lactam 20,2~32g(80”/,),and0270gofunhydro- 
gcnolyzed high R, lactam alcohol 16. Both compounds crystallized upon trituration with ether. Recrystal- 
lization from benzene-light petroleum gave 20 as crystals. m.p. 1595-161”, E” 281 and 227 mu (log 
c3.67and414). IR 6.18 )I; massspectrum M’ and base peak at m/e323.(Found:C,73-83; H.658.Calcdfor 
Cx,H,,O,N: C. 7428; H, 6.55%). 

2.3-DLnethoxyhomotetrohydroprorobprberin (21) 

Lactam 20 (302 mg. @934 mmol) in dry THF (40 ml) was added to LAH (354 mg. 9.34 mmol) in dry 
THF (100 ml). The mixture was rctluxed for 8 hr. Excess reagent was decomposed with a satd Na,SO,aq, 
the inorganic material removed by filtration. and the THF evaporated. Work-up gave 307 mg of a pale 
yellow solid. Preparative TLC (ether. R, 044) furnished 21 as crystals, m.p. 152-154”, 248 mg (86%). 
e 285, 281 and 230 sh (log E 3.66, 366 and 3.98); NMR d 3.78 and 384 (s, 6H, ArOMe), 6 4.20 (AB, 
its 32 Ht J 14.5 HL 2H. C-8 mcthylene protons), 6 6.53.6.57, 7.15, 7.15. 7.15 and 7.15 (s. 6H, ArH); mass 
spectrum M’ m/e 309 for CxcH,,OxN. other intense peaks m/e 308 (base), 294, 192, 191. 190 and 118. 
Rate of methiodide formation 3.4 x IO-‘set-‘. 

Hydrogenolysis of 2.3-dimethoxyhomotetrahydroprotoberberine (21) 

Compound 21(68 mg. 022 mmol) in EtOH (25 ml) was hydrogenated overnight with 5% W/C (106 mg) 
and 72% perchloric acid (01 ml). Cont. NH,OH (I ml) was added and the mixture Ntered. Work-up gave 
66 mg of an oil. Preparative TLC (MeOH-ether 1 : I). R, 052) furnished 27 (35 mg. 51%) as a colorless oil. 

Ethyl N~3,4dimethoxyphenykthyi)oxomate 

The Grussner and Matsuo”* I6 procedures were modified as follows: Diethyl oxalate (130 g. 6889 mole) 
was cooled, hydrolyzed with ice water (1500 ml). basitied with cont. NH,OH, and extracted into CHCI,. 
dropwise. and the mixture heated for an additional hr. The oxamate distilled at 210”/1.5 mm as an oil 
which crystallized on standing. Recrystallization from benzenclight petroleum gave 33.1 g (67%) white 
crystals, m.p. 66.5-67.5”. 

I-Carbethoxy-3.4dihydrod.7-dimethoxyisoquinoline 

This PPE procedure has advantages over those previously published’s_” A mixture of the above 
oxamate (33.10 g, Q118 mole) and PPE (116 g) was heated with stirring at 115-120” for 3 hr. The mixture 
was cooled, hydrolyzed with ice water (1500 ml), basified with cont. NH,OH, and extracted into CHCI,. 
The CHCI, was washed with water,dried,and evaporated toa brown oil which crystallized upon trituration 
with ether. The white crystalline imine (18.66 g (6O’A). m.p. 815-83” (Lit. 79-80”)) was sufftciently pure for 
further work. 

1-Carbethoxy-12.3.4-retrahydro-6.7-dime~hoxyisoquinoline (22) 

The preceding imine (1866 g, 0709 mole) was dissolved in EtOH (270 ml) and hydrogenated using 
PtO, (1 g). After 2 hr. the soln was filtered and evaporated. The residue gave 1864 g (99%) of the secondary 
amine as a pale yellow oil. Material so obtained is sufhciently pure for further work, but must be used 

immediately to avoid decomposition. It can be stored as the oxalate salt ;I’ and the free base regeuerated 
using liquid ammonia. 

Ethyl 2-browwmethylphenylacetate (23) 

3-lsochromanone’s (8.45 g, 00572 mole) in abs. EtOH (140 ml) was chilled to - lo”. After anhyd HBr 
(60 g) had been bubbled in, the flask was stoppered and allowed to stand at room temp. for 6 days. The 
solvent was removed and the residue taken up in CHCI,. The soln was washed with ice-water and 
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NaHCO,aq and then dried. After evaporation of the solvent, the residue was dissolved in the minimum 

amount of benzene and passed through an alumina column (pH 73). The benzene was evaporated below 

40”. The product was a light brown liquid, 12.14 g (83%). IR 5.78 )I 

l-Carbethoxy-2~2’-corbethoxymethyl)benzyl-I.2.3.d~e~rahydro-6.7-dimelhoxyisoquinoli~ (U) 

A mixture of bromoester 23 (1213 g. 00474 mole) and amino-ester 22 (12.50 & 0474 mole) was refluxed 

in McCN (700 ml) for 15 hr. The residue from the work-up was dissolved in benzene and passed through an 

alumina column (pH 7.3). The benzene was removed. and the residue recrystallized from cyclohcxane. 

m.p. 925-93.5”. 16.50 g (79%). et” 286. 282 and 21 I mp (log E 3.58. 3.56 and 4.36). IR 5.78 k (Found : 
6764; H. 7.25. Calcd for CzSH,,O,N: C. 6841; H, 7a8%). 

2.3-Dimethoxy-l4-oxohomotnrahydroprotoberberine (25) 

The above diester 24 (302 g, 6.86 mmol) was dissolved iu dry benzene (300 ml) and reiluxcd under N2 

for 12 hr with 48% NaH (1.37 g. 27.4 mmolc) the benzene was evaporated. IN HCI (300 ml) added, and the 

mixture relluxed for 9 hr under N1. After cooling. the aqueous layer was washed with ether and then basilied 

(pH 9) with solid NaHCO,. The CHCI, layer was washed with NaHCO,aq and dried. After 

evaporation of the solvent in ~acuo. the residue was dissolved in benzene and passed through an alumina 

column. pH 7.3. Evaporation of the benzene gave 164 g (74%) of the a-amino ketone as a pale yellow solid 

which. because of its Instability. was used directly in further work. A sample recrystallized from benzene- 

light petroleum gave white crystals which melted 14>1WS”, e” 284 mp (log E 3.56). IR 5.84 p; mass 

spectrum M’ m/e 323 for C1,,H2,0,N; the intense peaks are m/e 295.294 (base). 280. 190 and 176; NMR 

6 3.80. 3.80 (s. 6H. ArOCH,), 6 3.92 (AX. its 58 Ht J 12 Hz 2H. C-8 methylene), 6 416 (s. 2H. C-13 

methylene), d 432 (s. 1H. C-14a methine). 6 662.6.72. 7.14. 7.14. 7.14 and 7.14 (s. 6H. Ar-H). 

2.3-Dimethoxy-14-hydroxyhomotetrahydroprotoberberine (26) 

A suspension of 25 (164 g_ 5Q7 mmol) in EtOH (300 ml) and PtO, (352 mg), was hydrogenated for 16 hr. 

Recrystallization of the product from EtOH gave 1.28 g (78%). m.p. 194-197.5”. e” 286.282 and 212 ml 

(log c 3.59. 3.59 and 4.25); Mass spectrum M+ m/e 325 (base) for CzOH,,O,N. other intense peaks m/e 

324.308.192.190 and 105 ; NMR d 3.80 and 3.84 (s. 6H. ArOCH,). d 392 (AB. its 20 HL J 14.5 Hz_ 2H. C-8 

methylene).64.3& IH.C-14a methine).6 6.56,6.67.7.17,7.17,7.17 and 7.17 ($6H. ArH). Rateofmethiodide 

formation 1.46 x IO~*sec~‘. (Found: C. 73.14: H. 7.16. Calcd for C,,H,,O,N*fC,H,OH: C. 73Q8; 

H. 7.33%). 

Hydrogenolysis oj2.3-dimelhoxy-14-hydroxyhomotelrahydroprotoberberine (26) 

The above alcohol 26 (109 mg. a335 mmol) in EtOH was hydrogenated overnight with 5% Pd/C (200 mg) 

and 72% perchloric acid (@l ml). Cont. NH,OH (1 ml) was then added and the mixture worked up to give 

93 mg of a colorless oil Preparative TLC (MeOH+ther 1: 1. R, 0.47) gave 23 (64 mg, 58%). m.p. 955-97.5”. 

,i”oH ’ ‘1 mp (log ,, 3.56); mass spectrum highest peak at m/e 309 for (M -H,O)+. Other intense peaks _ Lh. 

m/e 192 and 105 (base). 

Reaction with Ac,O gave the N.O-diacetyl derivative as an oil. I&t” 284 mp (log E 3.521 IR 5.73 and 

613 u. 
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