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[ C U I ~ J D  - 54" ( c  2.3, 80% AcOH),  [a]% - 34' (c 1.1, D M F ) .  From 
the mother  liquor, a second crop (73 mg, mp 231-234') was ob- 
tained. Amino acid analysis: Asp, 1.05; Glu, 1.0; Pro, 0.95; Gly, 
1.1; Ile, 1.0; Leu, 1.0; Tyr, 0.90; Cys(Bzl), 1.9. 

Anal. Calcd for C S ~ H ~ I N ~ ~ O I ~ S ~ B ~ :  C, 53.9; H, 6.4; N, 13.2; S, 
5.1; Br, 6.3. Found: C, 54.0; H, 6.5; N, 13.1; S, 5.2; Br, 6.6. 

Registry No. o-Nitrophenol, 88-75-5; benzyloxycarbonylgly- 
cine, 1138-80-3; benzyloxycarbonyl-L-alanine, 1142-20-7; benzyl- 
oxycarbonyl-L-valine, 1149-26-4; benzyloxycarbonyl-L-leucine, 2018- 
66-8; benzyloxycarbonyl-L-isoleucine, 3160-59-6; benzyloxycar- 
bonyl-L-aspartic acid &benzyl ester, 3479-47-8; benzyloxycar- 
bonyl-L-glutamic acid y-benzyl ester, 5680-86-4; benzyloxycar- 
bonyl-1.-asparagine, 35264-96-1; benzyloxycarbonyl-L-glutamine, 
2650-64-8; Nf-tert-butyloxycarbonyl-N~-benzyloxycarbonyl-L-lys- 
ine, 2389-60-8; N-benzyloxycarbonyl-S-benzyl-L-cysteine, 3257- 
18-9; N-benzyloxycarbonyl-0-benzyl-L-serine, 20806-43-3; benzyl- 
oxycarbonyl-L-methionine, 1152-62-1; benzyloxycarbonyl-L-pro- 
line, 1148-11-4; benzyloxycarbonyl-L-phenylalanine, 1161-13-3; 
benzyloxycarbonyl-L-tryptophan, 7432-21-5; N-benzyloxycar- 
bonyl-0-benzyl-L-tyrosine, 16677-29-5; S,S'-'dibenzyloxytoceine 
(hydrobromide), 17772-77-9. 
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Thermolyt ic  intermolecular cycloaddit ion reaction of  3,4-dihydro-6,7-dimethoxyisoquinoline (7) w i t h  l-cyano- 
cyclobutenes (58 and 5b) gave two stereoisomers 15, 17 and 20, 21, respectively. Isomer 15 was found t o  be con- 
verted t o  the more stable trans isomer 17 by heating or  keeping aside for a long t ime.  

Recently we reported a novel synthesis of the protober- 
berine salts (4) through the intramolecular thermal rear- 
rangement of the l-(benzocyclobutenyl)-3,4-dihydroiso- 
quinolines ( I ) ,  in which o-quinodimethanes (2) and 3l 
were postulated to be the intermediates (Chart I). It was 
thus of interest to examine the intermolecular condensa- 
tion between the benzocyclobutenes (5) and the 3,4-dihy- 
droisoquinoline (7),2 the former of which would generate 
o-quinodimethane intermediates (6)  thermally, thus lead- 
ing to the formation of protoberberines (8 and/or 9) 
(Chart 11). 

Thermolysis of an equimolar amount of 5a and 7 in bro- 
mobenzene at 150-160" gave two compounds in 80.4% 
total yield. Both products had the required composition 
for the protoberberines 8a and 9a. 

Each of the two stereoisomers could be dehydrogenated 
with iodine in boiling ethanol3 to give the same quater- 
nary protoberberine iodide (10) which showed a deshield- 
ed one-proton singlet due to the C-8 hydrogen a t  9.47 
ppm, in addition to the signals for a pair of coupled meth- 
ylene protons, four methoxyl groups, and four singlet aro- 

matic protons in the nmr spectrum. Treatment of the 
quaternary protoberberine iodide (10) with sodium hy- 
droxide provided a lactam (11) showing no C-8 proton in 
the nmr spectrum (Chart 111). These results unequivocally 
allowed the assignment of a C-13 substituted structure 8a 
to each of the isomers., 

Interestingly, the first compound was transformed into 
the second one under the following conditions: (a) when 
heated at  150-160" for 15 min without solvent or kept 
aside at room temperature for 2 months and (b) when 
treated by filtration through silica gel eluted with methy- 
lene chloride. The reverse process could not be observed 
under the same conditions, or even under more severe 
conditions such as prolonged heating or heating at higher 
temperature. When the thermolysis was carried out with- 
out solvent, the second isomer was obtained in 88.0% 
yield as a major product accompanied by a small amount 
of the first isomer. These observations indicate that the 
compounds are stereoisomeric and that the former could 
be a kinetically formed product, while the latter could be 
the more stable thermodynamically formed product. I t  
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MeO 8 OMe 

la, R = Me 
b, R = CH,Ph 

2% R - M e  
b. R = CH,Ph 

MeO MeO 
3% R = Me 4a, R =Me 

b, R = H  b, R = CH2Ph 

Chart I1 

CN r 7" 1 ::rT '1 

M e O e R  A [MeO@;' ' R  1 - p'HJyN 
MeO \ 'CH, 

6a, R = H  5% R = H  
h R = M P  b, R = Me 

8a, RI = CN; R2 = RJ = R, = H 

9a, R1 = R2 = R, = H; R4 = CY 
b, R, = CN; R2 = Me; RJ = R, = H 

b, RI = R2 = H; R ,  = Me; R, = CN 

Chart 111 

1, * 

MeO 
8a 

MeO MeO 
10 11 

could be therefore concluded that the reaction afforded 
exclusively one of the possible adducts 8a and that the 
reaction exhibited regioselectivity. 

On the grounds of the above transformation, the stereo- 
chemistry of the adducts was deduced from the spectral 
data. Of the two stereoisomeric adducts 8a, the less stable 
isomer was assigned the a-cyano isomer 15 (Chart IV) by 
a large coupling constant of 13-H and 13a-H, while the 
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more stable isomer was assigned to the P-cyano isomer 17 
by a small coupling constant of 13-H and 13a-H. 

Chart IV 

3. 5a - 
6a 

MeO\ 1 N y -  

+ -* 
.*H 
/ 

NC \ OMe 
Me0 MeO 

12 13 

MeO 

inversion 
a t  N 

14 15 
Met) 

NC 
OMe 

MeO MeO 
16 17 

The formation of these products could be explained as 
follows: in the course of the reaction, the four-membered 
ring of the benzocyclobutene 5a opens to form the more 
stable E-oriented o-quinodimethane (6a); subsequent syn- 
chronous cycloaddition to 3,4-dihydroisoquinoline (7) 
would give the adducts 8 in a regioselective manner.4 
Since it is known that a [n4 + =2] cycloaddition proceeds in 
an endocyclic and suprafacial manner in the concerted 
thermal reaction,5 it could lead to the B/C cis-fused pro- 
toberberines. 

As expected from the stereochemistry of a symmetry- 
allowed [,4, + .2,] cycloaddition of the E-oriented 6a and 
7, the configuration of the cyano group a t  C-13 would 
have a trans relationship to the C-13a hydrogen as shown 
in 12. However, large steric interference could be expected 
in this structure (12) by inspection of the appropriate 
model and 12 could convert to the more stable cis-quinol- 
izidine intermediate 14 through the anion 13 derived from 
abstraction of the C-13 hydrogen. The energy barrier for 
inversion a t  the nitrogen in the quinolizidine system is 
known to be very small, of the order of a few calories. 
Therefore, the cis-quinolizidine ( 14) could be converted 
into the trans-quinolizidine (15), which was easily trans- 
formed to the thermodynamically stable product 17 via the 
anion 16. 

However, since a kinetically formed product showed no 
Bohlmann bands in its ir spectrum,6 the structure 12 for 
the less stable isomer would not be perfectly ruled out 
from the ir and nmr spectral data described in the Exper- 
imental Section. 

Thermolysis of the benzocyclobutene 5b and the dihy- 
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Chart V 
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droisoquinoline 7 was next carried out. After purification 
by silica gel chromatography, two isomeric protoberber- 
ines, A and B (1.3:1), were obtained in 41.7 and 32.5% 
yield. The nmr spectra revealed that A and B were in a 
stereoisomeric relation, isomer A showing a C-8 methylene 
as a geminal coupled quartet centered at 4.07 ppm (J = 
15 Hz) and a C-13a methine as a singlet a t  3.09 ppm, while 
isomer B displayed a C-8 methylene as a singlet a t  3.89 
ppm and a C-13a methine as a singlet a t  4.20 ppm. Since 
C-8 disubstituted compounds, such as 9a, would not ex- 
hibit such spectra, the adducts obtained have a C-13 sub- 
stituted structure 8b, so that  the reaction must exhibit 
the regioselectivity. However, the 13-disubstituted proto- 
berberines (ab), in contrast to the 13-monosubstituted se- 
ries 8a, could not be interconverted under thermal condi- 
tions, which was consistent with the absence of a C-13 
(enolizable) hydrogen in both products. 

The stereochemistry of the adducts A and B from 5b 
and 7 was deduced. The assignment of a configuration of 
the (2-13 methyl group in both A and B was based upon a 
comparison of the nmr spectra. The adduct B, which ex- 
hibited a methyl singlet a t  1.41 ppm relatively upfield, 
was assigned as P-methylprotoberberine (20). On the other 
hand, the adduct A, which exhibited a methyl singlet at 
1.91 ppm, was confirmed as the a-methyl isomer 21. The 
relative positions of the C-13 methyl resonances were 
thoroughly in accord with those recorded in the l i t e r a t ~ r e . ~ . ~  

Although the other signals supported the above stereo- 
chemical assignment, the C-13a-methine signal displayed 
an unusual chemical shift which is in conflict with the work- 
ing rule.9 The isomer B displayed it a t  4.2 ppm, while the 
isomer A showed it upfield at  3.90 ppm together with the 
methoxy signals. However, inspection of models allowed 
the assumption that  the paramagnetic shift of the C-13a 
methine was caused by the anisotropy of the C-13 cyano 
group, such a situation being allowed only in the B/C 
trans isomer B for stereochemical reasons. On this as- 
sumption, together with the observation of no A s B inter- 
conversion, the four-membered ring in 6b which carries 
two bulky groups would open without selectivity to form 
two o-quinodimethanes (Z-6b, E-6b); the subsequent sy- 
chronous endo [,4, + .2,] cycloaddition of 7 to each would 
be regioselective, giving t w o  B/C cis diastereoisomers 18 
and 19, in which the inversion occurred a t  N-7 in the 
more hindered isomers to be converted into the less hin- 
dered B/C trans stereoisomers 20 and 21 (Chart V). More- 
over, the isomer A exhibited no Bohlmann bonds, and the 
nmr spectral data of this provided the formula 19 as an- 
other possible structure for the isomer A. 

OMe OMe 
MeO MeO 

21 

In conclusion, the above experiments suggest the fol- 
lowing conclusions: (a)  the cycloadditions described above 
proceed in a highly regioselective manner; (b) the ob- 
served stereochemical relationships of the adducts are in 
keeping with the operation of a symmetry-controlled [A46 
+ ,2,] process; and (c) regioselectivity of benzocyclobutene 
ring opening can be expected only in the case of a four- 
membered ring substituted with one bulky group. 

Experimental Section 
Thermolysis of 5a and 7 without Solvent. A mixture of 500 

mg (2.65 mmol) of 5a and 505 mg (2.65 mmol) of 7 was heated at  
150-160" for 45 min under an atmosphere of nitrogen. The reac- 
tion mixture was crystallized from 95% ethanol to give 884 mg 
(88.0%) of 13~.cyano-2,3,10,ll-tetramethoxy-13aaH-tetrahydro- 
protoberberine (17) as pale yellow needles: mp 218-219"; ir (CHC13) 
2850-2750 (Bohlmann bands), 2245 cm-1 (CN); nmr (CDC13) 6 
2.50-2.90 (2 H, m, C5-methylene), 3.02-3.38 (2 H, m, Ce-methy- 
lene), 3.72 and 4.09 (2 H, AB q, J = 14 Hz, Ca-methylene), 3.86 (1 
H, d, J = 3 Hz, C ~ m e t h i n e ) ,  3.90 (12 H, s, 4 OMe), 4.27 (1 H, d, 
J = 3 Hz, C13,-methine), 4.21 (1 H, s, %HzO, disappeared with 
DzO), 6.60, 6.64, 6.66, and 6.78 (4 H, each s, 4 ArH); uv (MeOH) 
X 290 (sh), 282 nrn (sh); mass spectrum m / e  380 (M+) .  

Anal. Calcd for CzzHz40rNz+%Hz0: C, 67.85; H, 6.47; N, 7.19. 
Found: C, 67.73; H, 6.38; N, 6.90. 

Thermolysis of 5a and 7 in Bromobenzene. A mixture of 500 
mg (2.65 mmol) of 5a and 505 mg (2.65 mmol) of 7 in 20 ml of 
bromobenzene was heated a t  150-160" for 3 hr under an atmo- 
sphere of nitrogen. The solvent was removed under reduced pres- 
sure to leave a pale brown resin which was crystallized from 95% 
ethanol to give 758 mg (75.4%) of 13a-cyan0-2,3,10,11-tetra- 
methoxy-l3aaH-tetrahydroprotoberberine ( 15) as pale yellow nee- 
dles: mp 160-161"; ir (CHCla) 2245 cm-1 (CN); nmr (CDC13) d 
2.70-3.30 (4 H, br s, CJ- and Ce-methylene), 3.89 (6 H, s, 2 OMe), 
3.90, 3.94 (6 H, each s, 2 OMe), 4.02 (2 H, AB q, J = 12 Hz, in- 
ternal chemical shift 42 Hz), 4.10 (2 H, AB q, J = 13 Hz, internal 
chemical shift 18 Hz), 6.58, 6.62, 6.89, and 7.27 (4 H, each s, 4 
ArH); uv (MeOH) X 290 (sh), 285, 282 nm (sh); mass spectrum 
m / e  380 ( M + ) .  

Anal. Calcd for CzzH~404Nz: C, 69.45; H, 6.36; N, 7.36. Found: 
C, 69.77; H, 6.53; N, 7.54. 

From the above mother liquor 51 mg (5.0%) of 17 was obtained 
after recrystallization from 95% ethanol. 

Conversion of 15 into 17. A. Thermal Treatment. 15 (50 mg) 
was heated at  150-160" under an atmosphere of nitrogen for 15 
min to give a light brown oil which was found to be a mixture of 
15 and 17 in 1:l ratio by nmr determination and tlc. Further 
treatment converted 15 into 17 completely. 

B. Chromatographic Treatment. 15 (50 mg) was filtered 
through 2 g of silica gel with methylene chloride to leave 10.7 mg 
of 17 (conversion ratio, 21.4%) and 36.7 mg of the starting materi- 
al. 

C. Direct Conversion. The nmr spectrum was measured after 
storage a t  room temperature for 2 months to show 54% conver- 
sion, 
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Dehydrogenation of 15 with Iodine. To a solution of 200 mg 
(0.526 mmol) of 15 in 80 ml of ethanol was added 533 mg (2.1 
mmol) of iodine and the mixture was heated under reflux for 60 
min. Ethanol was evaporated and the excess of iodine was decom- 
posed by dropwise addition of 10% sodium thiosulfate solution. 
An insoluble substance was filtered off and washed with benzene. 
Recrystallization from ethanol left 137.0 mg (51.5%) of 13-cyano- 
2,3,10,1l-tetramethoxyprotoberberine iodide (10) as yellow gran- 
ules: mp 240-241": ir (KBr) 2230 cm-I (CN); nmr (CFaCOzH) 6 
3.35 (2 H, t ,  J = 6 Hz, Cs-methylene), 4.10, 4.14, 4.20, 4.32 (12 H, 
each s, 4 OMe), 4.91 (2 H, t, J = 6 Hz, Ce-methylene), 7.13, 7.75, 
7.78, 8.16 (4 H, each s, 4 ArH), 9.47 (1 H, s, Cs-methine); uv 
(MeOH) A 365 (sh), 322 (sh), 302,277 nm (sh). 

Anal. Calcd for C Z Z H Z ~ O ~ N ~ I :  C, 52.42; H, 4.20. Found: C, 
52.84; H, 4.26. 

Dehydrogenation of 17 with Iodine. T o  a solution of 50 mg 
(0.132 mmol) of 17 in 20 ml of ethanol was added 133 mg (0.52 
mmol) of iodine, and the mixture was treated as above to give 
30.4 mg (45.7%) of the iodide 10. 

Treatment of 10 with Sodium Hydroxide. To a chilled (0") 
suspension of 100 mg (0.20 mmol) of 10 in 10 ml of ethanol was 
added in small portions 159 mg (4.0 mmol) of sodium hydroxide. 
After stirring for 24 hr, the ethanol was evaporated. The residue 
was mixed with water and taken up in chloroform. T h e  organic 
layer was separated, and, after the usual work-up, a yellow, crys- 
talline mass (66.2 mg) was obtained. Filtration of the above com- 
pound (39.9 mg) was carried out through silica gel (4.8 g) with 
methylene chloride to leave 31.6 mg (61.0%) of 13-cyano- 
2,3,10,11-tetramethoxy-8-oxoprotoberberine (11) as pale yellow 
granules after recrystallization from a mixture of chloroform and 
hexane: mp 261-262"; ir (CHC13) 2210 (CN), 1640 cm-1 (NC=O); 
nmr (CDC13) 6 2.94 (2 H, t, J = 6 Hz, Ca-methylene), 4.00, 4.03 
(6 H, each s, 2 OMe), 4.31 (2 H, t, J = 6 Hz, C6-methylene), 6.79, 
7.10, 7.70, 7.90 (4 H, each 3, 4 ArH); uv (MeOH) X 353, 258 nm 
(sh); massspectrum m/e392 (M+) ,  377 (M+ - Me). 

Anal. Calcd for C ~ ~ H ~ ~ O J N Z :  N, 7.14. Found: N, 7.00. 
Thermolysis of 5b and 7 without Solvent. A mixture of 101.5 

mg (0.5 mmol) of 5b and 95.5 mg (0.5 mmol) of 7 was heated a t  
150-160" for 60 min under an atmosphere of nitrogen. The reac- 
tion mixture was chromatographed on silica gel (10 g) with meth- 
ylene chloride to afford 64.0 mg (32.5%) of 13a-cyano-2,3,10,11- 
tetramethoxy-l3~-methyl-13aaH-tetrahydroprotoberberine (20) as 
colorless prisms (from ethanol): mp 157-158"; ir (CHC13) 2850- 
2750 (Bohlmann bands), 2230 cm-l (CN); nmr (CDC13) 6 1.41 (3 
H, s, C13-Me), 2.44-3.28 (4 H, m, C5- and Ce-methylene), 3.89 (2 
H, s, Ce-methylene), 3.90, 3.91 (6 H, each s, 2 OMe), 3.94 (6 H, s, 
2 OMe), 4.20 (1 H, s, C13,-methine), 6.54, 6.62, 6.99, 7.54 (4 H, 
each s, 4 ArH); uv (MeOH) X 290 (sh), 285, 282 nm (sh); mass 
spectrum mle 394 (M+) .  203 (M+ - C I I H I ~ O ~ N ) .  191 (M+ - .. _ _  - 
C12H1302N): 

Anal Calcd for C23H2604N~: C, 70.03; H, 6.64; N, 7.10. Found: 
C, 69.79; H. 6.61; N, 7.01. 

Furthermore, 82.2 mg (41.7%) of 13~-cyano-2,3,10,ll-tetra- 
methoxy-13a-methyl-13aaH-tetrahydroprotoberberine (21) was ob- 
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tained as coloriess prisms (from ethanol): mp 201-202"; ir 
(CHC13) 2230 cm-I (CN);  nmr (CDC13) 6 1.91 (8 H, s, C13-Me), 
2.67-3.51 (4 H, m, Cg- and Cs-methylene), 3.90 and 4.25 (2  H, AH 
q, J = 15 Hz, Ca-methylene), 3.90 (13 H, s, 4 OMe and Clsn-meth- 
ine), 6.57 (1 H, s, ArH), 6.70 (2 H, s, 2 ArH), 6.94 (1 H, 8 ,  ArH); 
uv (MeOH) A 290 (sh), 282 nm (sh);  mass spectrum m/e 394 

Anal. Calcd for C~&&NZ: C, 70.03; H, 6.64; N, 7.10. Found: 
C, 69.76; H, 6.72; N, 7.38. In this case the starting material 5b 
(75.7 mg) was recovered. 

Thermolysis of 5b and 7 in Bromobenzene. A mixture of 101.5 
mg (0.5 mmol) of 5b and 95.5 mg (0.5 mmol) of 7 in 4 ml of bro- 
mobenzene was heated at 150-160" for 3 hr under an atmosphere 
of nitrogen. The solvent was removed under reduced pressure to 
leave a light brown oil, which was chromatographed on silica gel 
(10 g) as above to  afford 37.0 mg (l8.8%) of 20 and 47.2 mg 
(24.0%) of 21, accompanied by the starting material 5b (37.5 
mg) and 7 (48.5 mg). 

Thermal Treatment of 21 and 20. Compounds 21 (15.7 mg) 
and 20 (13.5 mg) were each heated at  150-160" for 90 min without 
solvent under an atmosphere of nitrogen. The isolated compound 
in each case showed no detectable change a t  all (tlc, ir, and nrnr). 
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