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Abstmcl: A synthetic strategy for the preparation of the isoquinolinequinone antibiotic safracin A 
(la) is outlined. Our initial strategy for the construction of the ABC ring was based on a retrosynthetic 
analysis. Conversion of 5 in five steps to the imide 16 was fobowed by a 1,2reduction with lithium 
tri-tert-butoxyaluminum hydride to give the allylic alcohol 70. This compound was then cyclized to the 
1,5-imino-3-benrorocine 8a and the indeno[l.2-blpyrazin-2-one 17. An unwanted isomer I7 was 
converted to the N-methyl tetracyclic lactam 21, the structure of which was determined by X-ray 
crystallography. Conversion of 18 to the pentacyclic pyruvamide 31 was completed in a nine step 
sequence. Finally, 31 was subjected to a two-step oxidative demethylation to provide the quinones IOa 
and 34. An unsuccessful attempt to introduce a hydroxyl group onto the C-l position of the quinones 
1Oa or 34 is also described. 

Safracins A (la) and B (lb) were first isolated by the Yoshitomi Laboratories group from 
Pseudomonasjluorescens A2-2 in 1983.1 The Squibb Laboratories group independently isolated lb from 

Pseudomonasjluorescens SC 12695 in the same year. 2 Both safracins were active against the Ll210 and 

P388 leukemia and B16 melanoma mouse tumor lines. The toxic and effective doses of la were much 

lower than those of lb.3 The absolute configuration of the safracins was elucidated by X-ray 

crystallography of the 4-brominated derivative of safracin A (lc).4 The safracin structure is similar to that 

of the saframycins (2)5, however, the pyruvamide side chain and one of the p-quinone rings of the 

saframycins are substituted, respectively, by an alanyl amide side chain and a monophenol ring in the 

safracins. The Yoshitomi Laboratories group reported the novel transformation of la into the amines le 
through 1dP In 1990, ecteinascidin 743 (3) and its derivatives with potent in vivo antitumor activity were 

independently isolated from the colonial tunicate Ecteinascidia turbinuta by Reinhart et al.7a.h and Wright et 

u1.7c. and the structures assigned to them were similar to those of safracins. It is interesting that these 

monoquinone-type antibiotics, such as safracins A (la) and B (lb), saframycins D (2d) and F (29, and 

saframycin Mxs-1 (4a), and -2 (4b)8 have a quinone moiety on E-ring and a highly substituted benzenoid 

A-ring, along with a variety of oxidation levels within the pentacyclic skeleton (Fig. 1). We became 

interested in the safracins as attractive synthetic targets because they are plausible biogenetic intermediates 

of the saframycins and saframycin Mxs. We have reported on the total synthesis of (*)-saframycin B 

(2b)ga and the transformation of (f)-2b into (f)-saframycins C (2~) and D (2d)?b To extend the scope of 
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the synthetic route to the saframycin antibiotics, we have focused our attention on the synthesis of safracin 

A (la). Our initial strategy for its synthesis was based on the retrosynthetic analysis outlined in Scheme 1. 

To prevent the formation of any unwanted tetrahydroisoquinoline isomer 8b’ from 7b to Sb, we planned 

to introduce the hydroxy group at the C-l position at a final stage. Previously, we succeeded in the 

preparation of the ABC ring model compound 6b of la by bromination of 6a, followed by amide 
reduction then subsequent metal-halogen interchange and reaction of the organometallic intermediate with 

nitrobenzene.tu In this paper, we describe the total synthesis of the monoquinone compounds 10a and 34. 
An unsuccessful attempt to convert 10a or 34 into lob which is the analogue of la is also described. 

safracins: 
A (la): R = Y = H 
B(lb):R=H,Y=OH 
lc: R = Br, Y = H 

Id: Z q CSNHCsHs 
le:Z=H 

ecteinascidine 743 (3) saframycins: 
Mx 1 (4ak Y = OH 
Mx 2 i4bj: Y = H 

Fig. 1 

il* 
saframycins: 
A (2a): X = H, Y = CN 
B (Sb): X = Y = H 
C (2~): X = OMe, Y = H 

saframycins: 
D (2d): Y = H 
F(2f):YzCN 

Results and Discussion 

Catalytic hydrogenation of readily available olefin 5 toa furnished compound 11 in 75% yield 
(Scheme 2). Acetylation of 11 with acetic anhydride at 100 ‘C for 22 h afforded the diacetate 12 in 97% 

yield. Condensation of 12 and 2,4,5-trimethoxy-3-methylbenzaldehyde with potassium rerr-butoxide gave 

(Z)-arylidenepiperazinedione 13 in 72% yield. Benzylation of 13 with benzyl bromide and sodium hydride in 

DMF followed by hydrazine hydrate treatment gave the N-benzylated derivative 15 in quantitative yield. The 

piperazine ring of 15 was activated by introduction of a 2-propyloxycarbonyl group to give imide 16 in 93% 
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yield. Chemoselective reduction of 16 with lithium tri-tert-butoxyaluminum hydride in THF afforded a 

diastereomeric mixture of the alcohol 73, which on treatment with formic acid afforded the desired cyckzation 

product Sa in 64% yield along with the indeno[l,2-blpyrazin-2-one 17 (20%) and precursor 15 (S%).ll 

This dehydrationkyclization reaction when run at room temperature with TiQ in CH2Cl2 gave 8a (86%) and 

17 (4%). On the other hand, treatment of 7a with BF3-OEt2 in CHzCiz at room temperature afforded 8a 

(32%) and 17 (61%). Deprotection of 17 with trifluoroacetic acid and H2SO4 gave the secondary amine 19 

in 98% yield. Treatment of Sa under the same conditions gave 18 in 69% yield. Furthermore, treatment of 

7a with trifluoroacetic acid and H2SO4 at room temperature for 70 h afforded 18 and 19 in 51% and 9% 
yields, respectively. Methylation of 18 with formaldehyde and formic acid at 70 ‘Y! for 2 h gave the tricyclic 

lactam 20 in 84% yield. Similar treatment of 19 afforded the pentacyclic lactam 21 in 87% yield. The 

stereochemical structure of 21 was confirmed by X-ray crystallographic analysis (Fig. 2). The stereochemical 

course of ring closure from 17 to 19 could be rationalized by ring formation proceeding through the iminium 

isomer i from the convex face (Fig. 3).12 Reduction of 21 with aluminum hydride at 0 “C for 30 min gave the 

amine 22 in 91% yield. 

5 

c 

6a: X = H, Y = 0 

6b: X = OH, Y q H2 

‘NHCOCOW 

10a: X = H 
lob: X q OH 

Scheme 1 

8a: X = H, Y = Me 
Bb: X = OH, Y = Me 
8b’: X = Me, Y = OH 

7a:X=H 
7b: X = OH 
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b 
c 

1l:Rzl-l 
d 

c 

13:XzH 

12: R = AC 14:X=Bn 

, r 15:Y=H,Z=O 

. -16:YzCOOPr-(2~0 

gc 7a: Y q COOPr-i, 2; H, OH 

0 

8a 

i-7 
1 

Oh 

i-3 
7a - 18 + 19 

i-r r 
lfI:Z=H 

Scheme 2 
l--- 20: Z = Me 

l-2 c 
lSrZ=H,Fi’=O 

k 2l:Z=Me,R’=O 

22rZ=Me,R’=H, 

reagents and conditions: a) HZ, 10% PdlC, DMF-&OH = 1:1, 15%; b) ~~20. 100 OC, 22 h, 97%; C) 2,4,5- 
uimcthoxy-3-methylbenzaldehyde. fewBuOK, Ierr-BuOH, DMF, ram tempcratum, 3 h, 72%; d) NaH, BnBr, DMF, room 
lcmpcratw 1 h; e) NH~NH~-H~CI, DMF, room tcmpcratnrc, 1 h; r) ClCOOPr-i. NE13, DMW, CH2Cl2, room 
tcmpcralnrc. 1 h. 93% (3 slcps): g) Li(ferf-BuO)jAlH, THF, 0 T, 1 h, 101)%: h) Method A: HCOOH, 70 “C, 2 h (Xa, 
64%; 17. 20%: 15. 8%); Method 8. TiCl4, CH2C12. rcwn tcmpcralurc, I h (&a: 86%; 17. 4%; 15. 4%); Mefhod C: 
BF@‘h. CHZC~Z, mm ~mpcrarurc. 14 h @a, 3 1%; 17,61%, 15, 6.6%); i-1) JFA-HzS04. rmrn trmpcraturc, 19 h. 
98%; i-2) FA.H2SO4. room ~cqcrmrc, 40 h. 6941 a. t-3) WA-H2S04, room rcmpcralurc, 70 h (I8. 51%; 19.9%); j-1) 
37% HCHO. HCOOH, 70 “C. 2 h, 84.3%; j-2) 37% HCHO-HCOOH, 70 “C. 38 h, 87%; k) AIH3. THF, 0 “C, 30 min. 
91%. 

Fig. 2. ORTEP drawing of compound 21 
(two molcculcs are included in an asymmevic unit). 

Fig. 3 

MolecUlar Structure I Molecular Structure II 

i ii 
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We then investigated the conversion of 20 to the pentacyclic amine 9 (Scheme 3). Reduction of 20 

with aluminum hydride at 0 “C for 1 h gave the unstable enamine 23. Reduction of the double bond of 23 via 
catalytic hydrogenation over 20% Pd/C in ethanol at 80 ‘C for 40 h occurred cleanly from the a-face 

accompanied by debenzylation to give the secondary amine 24 in 96% overall yield. The reaction of 24 with 

a large excess of butyl glyoxylate in the presence of K2C03 in butanol at room temperature for 40 h gave the 

O,N-acetal 25, which was subsequently treated with trifluoroacetic acid at room temperature for 1 h to 

provide the pentacyclic product 26 in 69% yield. Epimerization of the C-9 position in 26 by reaction with 

mercury acetate in 5% aqueous AcOH at 90 ‘C for 2 h followed by reduction with sodium borohydride 

afforded the desired ester 27 (68%) along with the decarbobutoxylated compound 2813 in 4% yield. The tH 
NMR spectrum of 27 displayed H-9 as a singlet at 6 4.10 and H-14a as a multiplet at 6 2.84, whereas the ‘H 

NMR spectrum of 26 showed the H-9 peak at 6 4.58 and the H-14a at 6 3.61. The remarkable difference in 

the chemical shifts of the methine protons must arise from steric interactions between the C-9 side chain and 

C-14a.t4 Reduction of 27 with lithium aluminum hydride in THF at room temperature for 1 h afforded 

alcohol 29 in 83% yield.15 Treatment of 29 with diethyl azodicarboxylate, triphenylphosphine, and 

phthalimide in THF at room temperature for 3 h to give 30 followed by hydrazine hydrate treatment afforded 

the amine 9, which was acylated with pyruvoyl chloride to give the pyruvamide 31 in 92% overall yield. 

Conversion of the polymethoxyarene 31 to a mono-p-quinone system was achieved using our partial 

demethylation and oxidative demethylation sequence. 9a Treatment of 31 with 1.8 equiv of boron tribromide 

in CH2Cl2 at -78 ‘C for 4 h and then 0 ‘C for 1 h afforded the phenols 32 and 3316 in 45% and 29% yields, 

respectively (3% yield of 31 recovered). t7 The reaction of 32 with 8M HN03 at 0 ‘C for 1 h gave the p- 

quinone 10a in 69% yield. In contrast, oxidative demethylation of 33 with 8M HN03 at 0 “C for 30 min was 
accompanied by nitration at the C-l position to give thep-quinone 34 in 61% yield. 

Finally, we turned our attention to preparing the phenol lob from the quinones 10a and 34. 

Numerous attempts to brominate 10a at the C-l position were totally unsuccessful; only starting material was 

recovered. Accordingly, we evaluated a study the sequence of reactions encompassing demethylation, 

bromination, and remethylation. Treatment of 10a with boron tribromide gave only a polar polymeric 

material. In order to protect the p-quinone moiety, reductive acetylation of 10a with zinc dust in acetic 

anhydride gave the diacetate 35 in 69% yield. Demethylation of 35 was also fruitless. Furthermore, 

numerous attempts to methylate 34 under basic conditions were totally unsuccessful, and gave only polar 

polymeric materialsl* Acetylation of 34 with acetic anhydride in pyridine gave the acetate 36 in 82% yield. 

Surprisingly, treatment of 36 with hydrogen in the presence of 20% palladium on carbon in ethanol followed 

by air oxidation restored 34 in 61% yield. 

Conclusion 

In summary, we have achieved the total synthesis of safracin type monoquinones 10a and 34 in 21 

steps from 2,5piperazinedione 11 (3.8% and 2.1% overall yields, respectively). Of course, to reach our 

final goal, it will be necessary to achieve introduction of a hydroxyl group at the C-l position and exchange 

the pyruvoylamide side chain with an alanyl side chain. The following article describes the subsequent 

transformations of the amine 9 to analogs closely related to saframycin Mx-2 (4b).l9 
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c 

20: x = 0 26: R’ = COOBu, Rz = H 
I 

C 

24: R = H 
n P 

23: X = Hz 25: R = CH(OBu)COOBu c 27: R’ = H, R2 = COOBu 

28: R’ =R’=H 

32: 22 = H, Me 33: 22 = H, Me 

31: Y = NHCOCOMe 

Scheme 3 

35 36 

reagents and conditions: 1) AIH3, THF, 0°C. 1 h: m) H2 (4 atm). 20% Pd/C. &OH. 80 “C, 40 h, 96% (2 steps); II) 
CHOCOOBu-n, n-BuOH, K2C03, rcwm Lempcraturc. 40 h; o) TFA, room tcmpcrature, 1 h. 69% (2 steps); p) Hg(OAc)2, 
5% AcOH-H20, 90 “C, 2 h and then NaBH4. &OH-H20, room temperature, 1 h (27.68%. 28.4%. 26,3% recovery); q) 
LiAlH4. THF, 0 “C. 1 h. 83.1%; r) PhdiH, DEAD, PPh3, THF. room temperature, 3 h, 100%; s) NHzNH~-H~Q E&III, 
r~flux, 2 h; 1) ClCOCOMe, DMM, NEt3, CH2C12, rmm tcmpcrature, 1 h, 92% (2 steps); u) BBr3. CH2C.12, -78 “C, 4 h 
and Lhen 0 “C, 1 h (32.45%; 33, 29%. 31, 3% recovery); v-1) 8 M HN03, 0 *c, 1 h, 69%; v-2) 8M HNO3. 0 OC, 30 
min. 61 8; w) Zn dust, Ac20. room temperature, 30 min. 69%; x) Ac20, pyridine. rwm temperature. 2 h, 82%. 
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Experimental Section 

All melting points were determined with a Yanagimoto micromelting point apparatus and are. uncorrected. UV spectra 
were determined in methanol. lH NMR and 13C NMR spectra were measured in CDC13 at 270 and 67.5 MHz, respectively. AI1 
reactions were conducted under an argon atmosphere. Dry solvents and reagents were obtained by using standard procedures. 
Anhydrous sodium sulfate was used for drying organic solvent extracts, and removal of the solvent was performed with a rotary 
evaporator and finally high vacuum. Column chromatography was performed with E. Merck silica gel 60 (70-230 mesh). 

l-Acetyl-3-(4-methoxy-3-methylphenylmethyl)-2,S-piperazinedione (11). 
The arvlidene derivative 5 (11.52 I?. 40 mmoll was dissolved in ethanol (100 mL) and DMF (100 mL) and hvdrogenatcd 

over 10% palladium on carbon (1.i g), an> stirring was continued for 4 h at &om temperature. T& catalyit was rem&cd by 
filtration and washed it with ethanol (100 mL). The combined filtrates were evaporated and the residue was diluted with brine @CO 
mL). and extracted with chloroform (200 ml x 3). The combined extra& were washed with water (100 mL), dried~and 
concentrated in vacua to give a solid, recrystallization of which fmm acetone gave 11 (8.694 g, 75.0%) as colorless needles: mp 
163-165 ‘T; IR (KBr) 3400-3080, 1690, 1650, 1605 cm-l; UV )i max nm (log E) 226 (4.06). 275 (3.23). 283 (3.19); lH NMR 
8 2.18 (3H, s, Ar CH3). 2.59 (3H. s, C0CH3), 3.00 (IH, dd, J = 14.2, 7.6 Hz, 3-CHAr), 3.18 (lH, dd, J = 14.2,4.0 Hz, 3- 
CHAr), 3.60 (lH, d, J = 18.1 Hz, H-6). 3.81 (3H, s, OCH3). 4.21 (1H. d, J = 18.1 HZ, H-6). 4.30 (lH, ddd, J = 7.6.4.0, 2.6 
Hz. H-3). 6.17 (lH, d. J = 2.6 Hz, NH), 6.76 (lH, d, J = 8.2 Hz. H-S), 6.95 (1H. d, J = 2.3 Hz, H-23,6.% (1H. dd, J = 8.2, 
2.3 Hz, H-6’): El-MS m/z (relative intensity) 290 (M+, 5). 136 (I I), 135 (100). Anal. Calcd for Cl5HlgN204: C, 62.05; H, 
6.25; N, 9.65. Found: C, 61.86; H, 6.23; N, 9.61. 

1,4-Diacetyl-3-(4-methoxy-3-methylphenylmethyl)-2,5-piperazinedione (12). 
A solution of the acetate ll(7.25 g, 25 mmol) in acetic anhydride (100 mL) was heated at 100 “C for 22 h. Removal of 

the solvent in vacua afforded the residue, which was partitioned between ethyl acetate (200 mL) and saturated aqueous NaHC03 
solution (100 mL). The organic phase was washed with water (1M) mL), dried, and concentrated in vacua to give a solid, 
rcc~sti1ization of which from ethyl acetate-ether gave 12 (8.024 g, 96.7%) as colorless prisms: mp 87-88 T; IR (KBr) 1715, 
1700 cm-l; UV h max nm (log E) 226 (4.04). 276 (3.20). 284 (3.12); lH NIvIR 8 2.14 (3H, s, Ar CH3). 2.49 (1H. d, J = 19.8 
Hz, 6-H). 2.56.2.59 (each 3H, S. COCH3). 3.11 (IH, dd. J = 14.2.4.3 Hz, 3-CHAr). 3.27 (lH, dd. J = 14.2.4.0 Hz, 3-CHAr), 
3.80 (3H, S, OCH3). 4.48 (II-L d, J = 19.8 Hz. H-6). 5.39 (lH, dd, J = 4.3.4.0 Hz, H-3). 6.71 (lH, d, J = 7.9 Hz, H-5’). 6.81- 
6.84 (2H. m. H-2’ and H-61; El-MS m/r (relative intensity) 332 (M+, lo), 136 (lo), 135 (100). Anal, CaIcd for Cl7H20N205: 
C, 61.43: H, 6.07: N, 8.43. Found: C, 61.37; H, 6.05; N, 8.37. 

(~~-l-Acetyl-6-(4-methnxy-3-methylphenylmethyl)-3-(2,4,5-trimethoxy-3-methylphenylmethylene)-2,~- 
piperazinedione (13). 

A solution of potassium rerr-butoxide (2.246 g, 20 mmol) in tert-butyl alcohol (40 mL) was added to a stirred solution 
of2,4,5-timethoxy-3-methyknzaldehyde (4.20 g, 20 mmol) and the diacetyl derivative 12 (6.64 g, 20 mmol) in dry DMF (80 
mL) for 20 min at 0 “C. After being stirred for 3 h at room temperature. the reaction mixture was poured into water (400 mL), 
and extracted with benzene (200 mL x 3). The combined extracts were washed with brine (100 mL), dried, and concentrated in 
vacua to give a solid, rectWa11ization of which from ether gave 13 (6.974 g. 72.3%) as pale yellow prisms: mp 155-156 ‘T; IR 
(KBr) 3220, 1715, 1690, 1620 cm-l; UV k max nm (log E) 226 (4.36). 248 (4.06), 336 (4.20); 1~ NMR 6 1.81.2.21 (each 3H, 
s, Ar CH3). 2.65 (3H. s. CwH3), 3.09 (lH, dd, J = 14.2. 5.0 Hz, 6-CHAr), 3.16 (1H. dd. J = 14.2, 3.6 Hz, 6-CHAr), 3.49, 
3.72. 3.83. 3.90 (each 3H, s, mH3), 5.32 (lH, dd. J = 5.0, 3.6 Hz, H-6). 6.32 (lH, s), 6.34 (IH, s). 6.56 (IH, d, J = 8.3 Hz, 
H-5,),6.72 (1H.d. J=2.3 Hz, H-2’). 6.73 (lH,dd, J=8.3,2.3 Hz, H-6’),9.13 (lH, s,NH); l3CN~~69.5 (q), 15.6(q),27.1 
kl). 37.9 (t). 55.1 (9). 55.6 (9). 58.4 (d), 60.4 (q), 61.2 (q), 109.8 (d), 112.0 (d), 116.2 (d), 121.2 (s). 125.2 (s). 125.6 (s), 126.4 
(s). 126.9 (s). 129.4 (d). 132.6 (d), 148.9 (s), 149.1 (9, 149.5 (s), 157.2 (s). 161.4 (s). 165.8 (s), 172.5 (s): El-MS m/r (relative 
intensity) 482 (M+, 41). 305 (4), 136 (lo), 135 (100). Anal. Calcd for C26H3ON207: C, 64.71; H, 6.27; N, 5.81. Found: C, 
64.35; H, 6.25; N, 5.72. 

(~)-l-~(~soProPY~oxy)carbnnylI-4-benzyl-6-(4-methoxy-3-methylphenylmethyl)-3-(2,4,5-trimethoxy-3- 
methylphenylmethylenel-2.5-piDerazinedione (16). 

- ‘Sodiim hy&de (609boil’dispersion. washed &lh dry hexane three times, 312 mg, 13 mmol) was added to a stirred 
solution of 13 (6.05 g. 12.5 mmol) in dry DMF (70 mL), and stirrinn was continued for 30 min at 0 T. Benzvl bromide 11.44 
mL. 12.1 mmol) in dry DMF (10 mLj was added d&ng 10 min. and the reaction mixture. was stirred for l h at room 
temperature. ‘he %WiOO IIhU~ was concentrated in vacua, and the residue was diluted with water (X, mL) and extracted wi& 
bzene (100 mL X 3). The combined extracts were washed with water (100 mL), dried, and concentrated in vacua to furnish 14 
(7.15 g. 100%) as a Pale Yellow oil, which was used for the next step without further purification. An analyti& sample was 
obtained by crystallization from ether to give pure 14 as pale yellow prisms: mp 150-151 “C, IR (KBr) 17lO,l685,1625 cm-l; 
uv k max nm (log E) 232 (4.31). 250 (4.05). 276 (3.81). 284 (3.83). 342 (4.10); lH NMR 6 2.11. 2.24 (each 3H, s, Ar CH3), 
2.51 (3H, s. CwH3). 3.07 (lH, dd, J = 15.8.6.9 Hz, 6-CHAr), 3.14 (lH, dd, J = 15.8, 7.3 Hz, 6-CHAr), 3.54, 3.67, 3.88, 
3.89 (each 3H, s. OCH3). 4.16, 5.32 (each 1H. d, J = 14.9 HZ, N-CHAr), 5.47 (lH, dd, J = 7.3,6.9 HZ, H-6). 6.65 (1~. d, J = 
8.3 Hz, H-5’). 6.67 OH, S), 6.72-6.91 (2H, m). 6.91 (lH, d, J = 2.0 Hz, H-2’). 6.96 (lH, dd, J= 8.3, 2.0 Hz, H-61, 7.16-7.18 
OH. m). 7.27 (1H. S); 13c NMR 6 9.5 ((I). 16.2 (q). 26.8 (q). 37.7 (t), 47.5 0). 55.1 (q). 56.2 (q). 57.8 (d), 60.5 (q), 61.9 (q), 
m’ (d). ‘lo.2 (dh 120.7 cd), 121.0 6). 126.1 6). 126.4 6). 126.9 (s), 127.6 (d), 127.8 (d), 128.6 (d). 128.7 (S), 131.7 (d), 
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136.1 (d), 148.9 (s), 150.0 (s), 152.9 (s). 157.0 (s), 164.1 (s), 167.0 (s), 171.5 (s); El-MS mlz (relative intensity) 572 (M+, 69), 
500 (17), 499 (49), 136 (1 l), 135 (100) 91 (24). Anal. Calcd for C33H36N207: C, 69.21; H, 6.34; N, 4.89. Found: C, 69.12: 
H, 6.36; N, 4.82. 

Hydrazine monohydrate (2.5 mL) was added to a stirred solution of the crude 14 (7.15 g, 12.5 mmol) in dry DMF (80 
mL), and the resulting solution was stirred for 1 h at room temperature. After the reaction mixture was concentrated in vacua, the 
residue was diluted with 5% NaHC03 solution (100 mL), and extracted with benzene (100 mL x 3). The combined extracts were 
washed with water (100 mL), dried, and concentrated in vacua to give 15 (6.62 g, 100%) as pale yellow oil, which was used for 
the next step without further purification. An analytical sample was obtained by crystallization from ether to give pure 15 as 
colorless prisms: mp 147-150 OC: IR (KBr) 3230, 1685, 1635 cm-l; UV )imax nm (log E) 226 (4.30). 244 (3.86). 272 (3.86), 

284 (3.96). 316 (4.01): lH NMR 6 2.18, 2.22 (each 3H, s. Ar CH3). 2.87 (1H. dd, J = 13.9, 9.9 Hz, 6-CHAr), 3.36 (lH, dd,J 
= 13.9, 4.0 Hz, 6CHAr), 3.50, 3.77, 3.82, 3.86 (each 3H, s, OCH3), 4.25 (lH, ddd, J = 9.9, 4.0, 3.6 Hz, H-6), 4.64, 4.87 
(each lH, d, J = 15.2 Hz, N-CHAr), 6.13 (IH, br s, NH), 6.55 (lH, s). 6.75 (lH, d, J = 8.3 Hz, 5,-H), 6.85-6.89 (2H. m), 7.W 
7.04 (2H, br d), 7.13-7.18 (4H, m): 13C NMR 6 9.5 (9). 16.2 (q). 38.5 (t), 47.2 (t). 55.3 (q). 56.1 (q), 57.0 (d), 60.4 (q), 61.2 
(q). 110.4 (d), 110.6 (d), 118.0 (d), 121.8 (s), 125.9 (s), 126.7 (s), 127.3 (s), 127.4 (d). 127.6 (d), 128.4 (d), 129.0 (s), 131.5 (d), 
136.4 (s), 148.9 (s), 149.2 (s). 152.0 (s). 157.2 (s), 164.5 (s), 167.7 (s); EI-MS m/z (relative intensity) 530 (M+, 26). 500 (35). 
499 (100). 135 (35). 91 (15). Anal. Calcd for C3lH34N206: C, 70.17; H. 6.46; N. 5.28. Found: C, 70.01; H, 6.48; N, 5.23. 

A solution of the crude 15 (6.62 g. 12.5 mmol), triethylamine (3.48 mL. 25 mmol), and 4-(dimethylamino)pyridine 
(3.05 g, 25 mmol) in dry dichloromethane (100 mL) was cooled with ice-water, and isopropyl chloroformate (5.69 mL, 50 
mmol) was added dropwise over 10 min. The solution was stirred for 1 h at room temperature. The organic layer was washed with 
1N HCl (100 mL), dried, and concentrated in vacua to give 16 as a solid, recrystallization of which from ether afforded pure 16 
(7.175 g. 92.8%) as colorless needles: mp 112.5-114 “C; IR (KBr) 1775, 1695, 1625 cm-l; IJV hmax nm (loge) 230 (4.38), 
276 (3.81), 284 (3.85) 338 (4.08); lH NMR 6 1.19, 1.28 (each 3H, d, J = 6.3 Hz, CHCH3). 2.14.2.23 (each 3H. s. Ar CH3). 
3.10 (lH, dd, J = 13.9, 7.6 Hz, 6-CHAr), 3.16 (lH, dd, J = 13.9, 6.9 Hz, 6-CHAr), 3.52, 3.72, 3.86, 3.88 (each 3H. s, 0CH3), 
4.15 (IH, d, J = 15.0 Hz, N-CHAr), 4.97 (lH, scpt, J = 6.3 Hz, CCH), 5.14 (lH, dd, J = 7.6, 6.9 Hz. H-6). 5.28 (1H. d, J = 
15.0 HZ, N-CHW, 6.63 (lH. s), 6.69 (IH, d, J = 8.9 Hz, H-5’). 6.87-6.90 (2H. m). 6.97-6.99 (2H. br d), 7.16-7.18 (3H. m), 
7.34 UK s); 13C NMR 6 9.5 (q), 16.2 (9). 21.5 (q), 21.6 (q). 38.2 (t), 47.5 (t). 55.2 (q). 56.1 (q). 60.5 (q), 60.7 (d), 60.8 (q), 
72.0 (d), 110.2 (d), 110.2 (d), 120.8 (d), 121.2 (S), 126.5 (S). 126.7 (S). 127.0 (S), 127.6 (d), 127.6 (d), 128.5 (d). 128.9 (S), 

131.7 (d), 135.9 (s), 148.9 (s), 149.8 (s), 151.3 (s), 152.6 (s). 157.1 (s). 162.0 (s), 166.9 (s); El-MS m/z (relative intensity) 616 
(M+, 75), 586 (40). 585 (100). 543 (12). 541 (10). 500 (19). 499 (57). 363 (12). 135 (94), 91 (36). 43 (11). Anal. CaIcd for 
C35H40N208: C, 68.16; H, 6.54; N, 4.54. Found: C, 68.14; H, 6.53; N, 4.54. 

(E)-3-Benx~l-2-I~l,2,3,4,5,6-hexahydro-2,4,5-trimethoxy-3-methylphenyl)methylene]-9-methoxy-S- 
methyl-4-oxo-1,5-imino-3-benzazocine-ll-carboxylic acid Isopropyl Ester (8a). 

Method A: A stirred solution of 16 (6.28 g, 10.195 mmol) in dry THF (200 mL) was cooled with ice-water, and 
lithium tri-rerf-butoxyaluminum hydride (10.37 g, 40.45 mmol) was added over I5 min. After continued stirring at the same 
temperature for 1 h, the reaction mixture was quenched by addition of water (50 mL). The reaction mixture was filtered through a 
Celite pad. and the filtrates were concentrated in vacua. The crude diastereomeric mixture of the allylic alcohol 7a (7.38 g, along 
with a small amount of 15) obtained was used for the next step without isolation. A solution of [he above mixture in formic 
acid (la0 mL) was heated at 70 “C for 2 h. The reacticn mixture was diluted with water (100 mL) and extracted with chloroform 
(100 mL x 3). The combined organic extracts were washed with 5% NaHC03 solution, dried, and concentrated in vacua to give 
[he residue (7.33 g). Chromatography on a silica gel (150 g) column with hexane-ethyl acetate (3:l - 21) as the eluent gave 8a 
(3.93 g, 64.2%) as a colorless amorphous powder. Further elution with hexane-ethyl acetate (21 _ 1:l) as the eluent gave 17 
(1.19 g, 19.5%) as a CoIorless amorphous powder and with ethyl acetate as the eluent gave 13 (426.7 mg. 7.9 46) as a solid. 
Method 8: Reduction of 16 (123.3 mg. 0.2 mmol) with lithium tri-(err-butoxyaluminum hydride (203.4 mg, 0.8 mmo1) as 
described above afforded 7a (153.1 mg). A solution of this residue in dry dichloromethane (1 mL) was cooled with ice-water, a 
dichloromethane solution of [itanium(lV) chloride (1.0 M, 0.4 mL, 0.4 mmol) was added dropwise over 5 min. After being kept 
at room temperature for 1 h, the reaction mixture was poured onto water (15 mL) and the phase separated. The aqueous layer was 
extracted with dichloromethane (15 mL x 2). The combined extracts were washed with 5% NaHC03 (10 mL), dried, and 
concenuated in vacua to give the residue (139.3 mg). Chromatography on a silica gel (12 g) column with hexane-ethyl acetate 
(3:l - 2:l) as the eluent gave 8a (103.1 mg, 85.9%) as a colorless amorphous powder. Further elution with hexaneetbyl acetate 
(2:l - 1:1) as the eluent gave 17 (5.3 mg, 4.4%) as a colorless amorphous powder and with ethyl acetate as tbe eluent gave 13 
(4.3 mg, 4.1 %) as a solid. hit-hod C: Reduction of 16 (123.3 mg, 0.2 mmol) with lithium tri-rerf-butoxyaluminum hydride 
(203.4 mg, 0.8 mmol) as described above afforded 7a (150.1 mg). A solution of this residue in dry dichloromethane (1 mL) was 
cooled with ice-water, borron trifluoride diethyl etherate (50 p1.0.4 mmol) was added dropwise over 5 min. After being kept at 
room temperature for I4 h. the reaction mixture was poured onto water (15 mL) and the phase separated. The aqueous layer was 

extracted with dichloromethane (15 mL x 2). The combined extracts were washed with 5% NaHC03 (10 mL), dried, and 
concentrated in vacua to give the residue (137.6 mg). Chromatography on a silica gel (12 g) column with hexane-ethyl acetate 
(3:1 - 2: I) as the eluent gave 8a (37.4 mg, 31.2%) as a colorless amorphous powder. Further elution with hexane-ethyl acetate 
(2:l - 1:1) as the eluent gave 17 (73.7 mg, 61.0%) as a colorless amorphous powder and with ethyl acetate as the eluent gave IS 
(7.0 mg. 6.6%) as a solid. 
Compound 8~ (not crystallizable): IR (CHC13) 1685, 1635 cm-l: UV hax nm (log E) 276 (4.15). 288 (4.08). 306 (3.84); 

‘H NMR (at 50 “c) 6 1.27, 1.31 (each 3H, d, J = 6.3 Hz, CHCH3). 2.13. 2.15 (each 3H, s, Ar CH3). 2.93 (3H, S, 0CH3), 
3.13 UK 4 J = 16.2 J% H-6!3). 3.23 WI, dd. J = 16.2. 5.0 Hz, H&r). 3.41, 3.81, 3.98 (each 3H. s. OCH3). 4.58 (1H. d, J = 
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15.0 a, N-CHAr), 5.01 tlH, sept, J = 6.3 Hz, OCH), 5.23 (lH, dd, J = 5.0.0.5 Hz, H-5). 5.56 (lH, d,J = 15.0 Hz, N-CHAr), 
5.91 WL s. c=cH), 5.97 tlH, s, H-10). 6.63 (3H. br). 6.91 (1H. s, H-7), 7.02-7.14 (3H, m, 3 x ArH), 7.32 (lH, s, ArH); l3C 
NMR 6 (a[ 50 “C) 9.3 (4. 3’-CH3). 15.9 (q, 8-CH3), 22.2 (q, OCHCH3). 22.2 (q, OCHCH3). 31.8 (I, 6~). 44.1 (t. NCH~A~), 
49.1 Cd. ‘c). 54.2 Cd. ‘C). 54.9 (q. OCH3). 56.2 (q. OCH3). 59.8 (q. OCH3). 60.3 (q, 0CH3). 69.5 (q. OCH), 106.1 (d, 
CH=Q 108.2 td, loch 110.9 (d, 6’C), 123.5 (s), 123.9 (s). 125.2 (s), 126.1 (d), 126.8 (d), 126.9 (s), 128.4 (d), 131.7 (d, 7C), 
132.2 (s). 135.9 (s), 137.2 (s), 149.4 (s), 150.9 (s), 153.1 (s, Coo), 156.4 (s), 168.8 (s. co); EI-MS ml2 (relative intensity) 
600 CM+. lWk 218 (91, 174 (22). 91 (8); high-resolution EI-MS calcd for C35H40N207 600.2836, found 600.2856. 
Compound 17 (not crystallizable): IR (CHCl3) 1695, 1668, 1603 cm-l; UV kmax nm (log E) 214 (4.51), 244 (4.05). 288 

(3.78), 318 (4.tW;‘H NMR 6 1.13 (3H, d, J = 6.3 Hz, CHCH3). 1.20 (3H, d, J = 6.3 Hz, CHCH3), 2.03.2.17 (each 3H. s, or 
CH3h 2.93 W, d. J = 7.6 HZ), 2.96 tlH, d, J = 21.5 Hz), 3.36 (lH, d, J = 21.5 Hz), 3.64, 3.70, 3.73, 3.80 (each 3H. s, 
wH3). 4.79-4.99 (3H. m). 5.28 (1H. br). 6.59 (lH, d, J = 8.3 Hz), 6.96 (lH, br s), 6.99 (lH, br d,.J = 8.3 Hz), 7.23-7.47 (5H, 
m); 13C NMR 6 9.3 (4. Ar CH3), 15.7 (4. ArCH3). 21.6 (q. CHCH3). 22.2 (q. CHCH3). 30.4, (t), 35.9 (t), 46.5 (t, NCH2). 
55.2 (4. wH3). 59.8 tq. OCH3). 60.0 (4. OCH3). 60.8 (q. 0CH3). 70.1 (d. OCH). 109.4 (d), 120.1 (s), 121.2 (s), 124.4 (s), 
125.8 (S). 127.0 (d x 2). 127.4 6). 127.5 cd), 127.6 (d), 127.7 (S), 128.7 (d x 2). 131.8 (d). 136.5 (S), 142.8 (S), 149.6 (S), 151.5 
(s, COO). 156.4 (s). 166.8 (s, CO) (three signals not observed); EIMS, m/r (relative intensity) 600 (M+, 100). 381 (67). 380 
(91). 379 (781,378 (16). 349 (11). 288 (9). 136 (76), 135 (63), 92 (20), 91 (81); high-resolution EI-MS calcd for C35H4ON207 
600.2836, found 600.2820. 

(~~-~-B~nzYl-2-~(l,2,3,4,5,6-hexahydro-2,4,S-trimethoxy-3-methylphenyl)me~hylene]-9-metboxy-8- 
methyl-1,5-imino-3-benzazocine (18). 
From 80. Concentrated H2SO4 (5 mL) was added to a stirred solution of 8a (3.70 g, 6.167 mmol) in trifluoroacetic acid (100 
mL). and the resulting ~~htion was stirred for 19 h at room temperature. The reaction mixture was poured into water (400 mL) 
and extracted with dichloromethane (150 mL x 3). The combined extracts were washed with diluted NH40H, dried, and 
concentrated in vacua to give a solid, recrystallization of which from chloroform-ether gave 18 (3.108 g, 98.0 %) a~ colorless 
prisms. 
From 70. Concentrated H2SO4 (12.5 mL) was added to a stirred solution of 7a (34.0 g, 55.0 mmol) in tkfluoroa&c acid (250 
mL), and the resulting solution was stirred for 70 h at room temperature. The usual work-up as described above afforded the 
residue (32.94 g). Chromatography on a silica gel (100 g) column with ethyl acetate-methanol (20: 1) as the eluent gave 18 as a 
solid, recrystallization of which gave 18 (14.277 g, 50.5 %) as colorless prisms. Further elution with ethyl acetate-methanol 
(1O:l) as the eluent gave 19 (2.518 g, 8.9 %) as colorless needles. 
Compound 18. mp 182.5-184 ‘C; IR (KBr) 3300, 1655, 1620 cm-l; UV h max nm (log E) 214 (4.57). 272 (4.10), 280 

(4.0% 288 (4.05). 304 (3.77); lH NMR 8 2.15, 2.16 (each 3H, s, Ar CH3), 2.30-2.70 (IH, br s, NH), 3.07 (lH, dd, J = 16.2, 
0.5 k H-6P), 3.18 (3H. s. OCH3). 3.21 (IH, dd, J = 16.2, 5.0 Hz, H-6a). 3.45. 3.79, 3.79 (each 3H, s, OCH3), 4.26 (lH, 
ddd.J =5.0,0.5, 0.5 Hz, H-5),4.82 (lH, d, J= 15.0 Hz,N-CHAr),5.17 (lH,d,J= 0.5 Hz, H-l), 5.3O(lH,d,/= 15.O~z,N- 
CHW. 5.67 (1H. s. C=CW. 5.93 (lH, s, H-IO), 6.53 (lH, s, ArH), 6.75 (2H, m), 6.87 (IH, s, 7-H), 7.05-7.15 (3H, m); 13C 
NMR 6 9.5 (9. 3’-CH3). 15.9 (q. 8-CH3). 32.6 (1. C-6). 44.2 (t. NCH2Ar). 50.5 (d, C-l), 54.3 (d, c-5). 54.9 (q. 0~~3). 56.1 
(4. mH3), 59.9 (9. mH3). 60.3 (q. OCH3). 103.6 (d, CH=C), 108.5 (d, C-IO), 111.2 (d, C-6’). 123.6 (s). 124.6 (s), 126.1 (s), 

126.3 6). 126.3 (d). 126.8 (d), 128.3 (4. 131.0 (d, C-7). 136.4 (s), 147.2 (s), 149.1 (s), 150.4 (s), 156.1 (s), 168.8 (s, co); EI- 

MS m/z (relative intensity) 514 (M+, 100). 499 (131,484 (43). 334 (11). 333 (14). 313 (lo), 175 (16). 174 (80), 91 (21). Anal. 
Calcd for C3lH34N2@.1/2H20: C, 71.11; H, 6.74; N, 5.35. Found: C, 71.39; H, 6.60; N, 5.44. 
Compound 19. mp W-166 “C; IR (KBr) 3330, 1700. 1645, 1625 cm-l; uv A max nm (log E) 226 (4.31). 280 (3.65). 286 

(3.6l), 31&h (2.92); ‘H NMR 6 1.90-2.10 (lH, br s. NH), 2.18.2.23 (each 3H, s, Ar CH3), 2.97 (IH. dd, J = 14.8.9.6 Hz, H- 
h), 3.09 (1H. 4 J = 16.2 HZ, H-6P), 3.31 (IH, dd, J = 14.8, 7.6 Hz, H-2a), 3.34 (lH, dd, J = 16.2, 6.3 Hz, H&t), 3.48, 3.52 
(each 3H, S, mH3), 3.67 UK dd, J = 9.6, 7.6 Hz, H-2). 3.71, 3.73 (each 3H, s, OCH3),4.02 (lH, d, J= 15.5 HZ, NCHA~), 
4.07 W 4 J = 6.3 Hz. H-5). 5.33 OH, d, J = 15.5 Hz, NCHAr). 6.19 (IH, s, ArH), 6.66 (2H, d, J = 7.3 Hz). 6.96-7.12 (4H. 
m); 13C NMR S 9.5 (n, ArCH3), 15.9 (4, 8-CH3), 32.8’ (t, C-6), 33.1, (t, C-2a), 47.4 (t, NCH2Ar), 54.1 (d, C-5). 55.4 (q, 
OCH3). 60.0 (4. @JH3), 60.1 (9, OCH3). 60.4 (q. OCH3), 64.7 (s, ‘C), 68.8 (d. C-2). 107.1 (d. C-10). 124.4 (s), 125.8 (s), 
126.5 ts). 126.9 Cd), 128.3 td). 131.0 (4 C-7). 134.3 (s), 136.2 (s), 137.3 (s), 146.1 (s). 150.5 (s), 151.4 (s). 156.2 (s), 171.4 
(s, CO); (* Assignments bearing the same symbols may be interchanged.); EI-MS m/z (relative intensity) 514 (M+, 4). 364 (7). 
135 (9). 91 (100). Anal. Calcd for C3lH34N205.1/4H20: C. 71.72; H, 6.70; N. 5.40. Found: C, 71.50: H, 6.72; N, 5.43. 

Treatment Of 17 with 5% H2SO4 in Trifluoroacetic Acid. 
Concentrated H2S04 (0.15 mL) was added to a stirred solution of 17 (73.8 mg, 0.123 mmol) in trifluoroac&c acid (3 

mL). and the resulting solution was stirred for 40 h at room temperature. The reaction mixture was poured into water (5 mL) and 
extracted With dichloromethane (10 mL x 3). The combined extracts were washed with diluted NH40H, dried, and concentrated in 
vacua. me residue (61.4 mg) was subjected to chromatography (silica gel, 7 g, elution with 200~1 dichloromethane-methanol) to 
give 20 (42.3 mg, 68.9%) as a solid, which was identical in all respects with 19 prepared above. 

(~~-~-B~nzYl-~-~(1,~,3,4,5,6-hexahydro-2,4,S-trimelhoxy-3-methylphenyl)methyl~n~]-9-metb~xy~8,11~ 
dimethyl-l,S-imino-3-benzazocine (20). 
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Formaldehyde (37 wt % solution water 15 mL) was added to a stirred solution of 18 (3.108 g, 6.047 mmol) in formic 
acid (17.4 mL) at 50 “C for 10 min. After being stirred at 70 “C for 2 h. the reaction mixture was poured into water (50 mL) and 
extracted with chloroform (100 mL x 3). The combined extracts were washed with saturated aqueous NaHC03 (100 mL) and then 
water (100 mL), dried and concentrated in vacua to give a solid, recrystallization of which from ethyl acetate-ether gave 20 (2.69 
g. 84.3%) as colorless prisms: mp 165-166 “C; IR (KBr) 1655. 1615, 1580 cm-l; UV k max nm (log E) 214 (4.60). 265 (4.1 I), 
279 (4.10). 289 (4.07). 304 (3.76); 1~ NMR 6 2.15, 2.16 (each 3H, s. Ar CH3), 2.72 (3H, s, NCH3), 2.99 (lH, d, J = 16.2 
Hz. H-6B), 3.13 (3H. s, CCH3). 3.29 (lH, dd. J = 16.2, 5.9 Hz, H-6@. 3.46, 3.79, 3.80 (each 3H, s. OCH3). 3.86 (lH, dd. J = 
5.9.0.5 Hz, H-5). 4.89 (lH, d, J = 16.2 Hz, N-CHAr). 4.95 (lH, d. J = 0.5 Hz, H-l), 5.30 (1H. d, J = 16.2 Hz, N-CHAr), 5.85 
(lH, S. C=CW, 5.95 (lH, S. H-10). 6.54 (lH, s, ArH), 6.76-6.79 (2H, m), 6.88 (lH, s, 7-H). 7.06-7.16 (3H, m); 13C NMR 8 
9.4 (q. 3’-CH3). 16.0 (q. 8-CH3), 31.3 (t. C-6). 41.4 (q. NCH3), 44.2 (t, NCH2Ar). 54.9 (q. OCH3). 56.0 (q. OCH3), 56.7 (d, 
C-l), 59.7 (4, 0CH3). 60.3 (q. OCH3), 61.0 (d. C-5), 106.7 (d, CH=C), 108.8 (d, C-10). 111.1 (d, C-6’). 123.1 (s), 124.5 (s), 
126.1 6)s 126.3 (d), 126.7 (d), 128.4 (d), 130.6 (d, C-7). 132.8 (s), 136.5 (s), 138.5 (s). 147.2 (s). 148.9 (s), 150.4 (s), 156.1 
(s). 169.9 (s, CO); El-MS m/r (relative intensity) 528 (M+. 61). 437 (S), 189 (22). 188 (100). Anal. Calcd for C32H36N205: 
C, 72.70; H. 6.86; N. 5.30. Found: C, 72.50; H, 6.86; N, 5.25. 

Methylation of 19. 
Formaldehyde (37 wt % solution water 13.4 mL) was added to a stirred solution of 19 (2.056 g, 4.0 mmol) in formic 

acid (15.2 mL) at 50 “C for 10 min. After being stirred at 70 “C for 38 h, the reaction mixture was poured into water (50 mL) and 
extracted with chloroform (100 mL x 3). The combined extracts were washed with saturated aqueous NaHCO3 (100 mL) and then 
water (100 mL), dried and concentrated in vacua to give a solid, recrystallization of which from ethyl acetate-ether gave 21 (1.836 
g, 86.9%) as colorless prisms: mp 209-211 “C; IR (KBr) 1655, 1615, 1580 cm-l; UV hmax nm (log c) 226 (4.28), 282 (3.57), 
286 (3.51); ‘H NMR 6 2.20, 2.23 (each 3H, s. Ar CH3). 2.32 (3H. s, NCH3), 2.86 (lH, d.J = 16.8 Hz, H-6B), 3.03 (lH, dd,J 
= 14.2, 9.6 Hz, H-2a), 3.20 (IH, dd, J = 14.2, 7.3 Hz, H-2a), 3.45 (1H. dd, J = 16.8, 5.6 Hz, H-6@, 3.46 (3H. s, OCH3). 3.52 
(lH, dd, J = 9.6, 7.3 Hz, H-2), 3.56, 3.69, 3.74 (each 3H, s, OCH3). 3.91 (1H. d, J = 5.6 Hz. H-5), 3.96 (lH, d, J = 15.5 Hz, 
NCHAr). 5.34 (lH, d. J = 15.5 Hz, NCHAr), 6.17 (lH, s, ArH), 6.58 (2H, d, J = 7.3 Hz), 6.94 (lH, s, ArH), 6.97-7.09 (3H, 
m); 13C NMR 6 9.5 (q, ArCH3). 15.9 (q. S-CH3). 25.5 (t. C-6). 33.2 (I, C-2a), 37.1 (q, NCH3). 46.9 (t. NCH2Ar), 55.3 (q. 
OCH3). 59.6 (q, OCH3). 59.8 (q, OCH3). 60.3 (q. OCH3). 61.0 (d, C-5). 69.5 (s, C-l), 70.2 (d, C-2), 108.4 (d. C-10). 123.9 
(9, 125.6 6). 126.5 (s), 126.8 (d), 128.2 (d), 129.8 (s), 130.8 (d, 7C), 131.4 (s), 135.2 (s), 136.2 (s). 147.2 (s). 150.4 (s). 
150.4 (s), 156.4 (s), 171.2 (s, CO); EI-MS m/z (relative intensity) 528 (M+, 57), 409 (12). 394 (lo), 365 (63). 364 (lfjfl), 350 
(24). 349 (35), 334 (15). 333 (18). 165 (20). 91 (84). Anal. Calcd for C32H36N205: C, 72.70; H, 6.86; N, 5.30. Found: C. 
72.57; H, 6.97; N, 5.29. 

X-ray Structure Determination of Compound 21. 
CrySlds Of 21 (C32H3tjN205) belong to the monoclinic space group al/n with cell constants d = 19.344 (2) A, b = 

11.485 (8) A, c = 25.266 (3) A. 0 = 102.472 (8)“. 2 = 8 (two molecules are included in an asymetric unit), d, = 1.281 g/cm’. 
All measurements were made on a Rigaku AFCSS diffractometer with graphite monochromated Cu-Ku radiation. The data were 
collected at a tempetarure of 23 * 1 “C using the o-28 scan technique to a maximum 28 value of 120.2”. A total of 8922 
reflections was collected. The intensities of three representative reflection were. measured after every 150 reflections. No decay 
correction was applied. The linear absorption coefficient. p, for Cu-Ka radiation is 7.0 cm-l. An empirical absorption 
correction using the program DIFABS was applied which resulted in transmission factors ranging from 0.76 to 1.24. The data 
were corrected for Lorentz and polarization effects. The structure was solved by direct methods (gfR88)20 and expanded using 
Fourier techniques.21 The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined isotropically. The final 
cycle of full-matrix least-squares refinement was based on 3956 observed reflections (I> 300 s(r)) and 991 variable parameters and 
converged (largest parameter was 5.25 times its esd) with unweighted and weighted agreement factors of R = 0.075 and Rm = 
0.069. The drawing of the molecule was made by ORTEP. 

Reduction of 21 with aluminum hydride. 
A stirred solution of the lactam 21 (105.4 mg. 0.2 mmol) in dry THF (5 mL) was cooled with ice-water, A THF 

solution of aluminum hydride (0.5 M, 2.4 mL, 1.2 mmol) was added dropwise over 15 min. and then stirring was continued at 0 
“C for 30 min. After being quenched by addition of MeOH (0.5 mL), the reaction mixture was concentrated in vacua to give a 
solid (117 mg), which was subjected to chromatography (silica gel, 10 g; elution with 4:1 benzene-ethyl acetate) to give 22 
(93.5 mg. 91.1%) as colorless needles: mp 155-156 “C; IR (KBr) 2930, 2905. 2880. 2850, 2820. 2800, 1605. 1595, 1970, 
1500, 1490. 1460, 1430. 1400, 1370. 1350. 1310, 1265. 1230. 1200. 1165, 1135, 1110, 1085, 1040, 1025, 1010. 985,980, 
935,915, !%I, 890, 875, 855, 840, 800, 765, 725,690 cm-l; UV lcmax nm (log E) 226 (4.30). 282 (3.60). 288 (3.51); 1~ 
NMR 6 2.21.2.26 (each 3H. s, AI CH3). 2.33 (3H, s, NCH3). 2.49 (IH, d. J = 16.8 HZ. H-6P), 2.63 (lH, dd, J = 11.9, 3.3 HZ, 
H-4). 2.74 (1H. dd, J = 13.5, 6.3 Hz, H-2a), 3.02 (lH, dd, J = 10.0, 6.3 Hz, H-2). 3.07-3.12 (2H, m, H-4 and H-5). 3.20 (lH, 
dd, J = 13.5, 10.0 Hz, H-2a), 3.24 (lH, dd, J = 16.8, 7.3 Hz, H-6a), 3.58 (lH, d, J = 13.9 Hz, NCHAr), 3.62 (lH, d, J= 13.9 
Hz, NCHh). 3.63, 3.69, 3.74, 3.78 (each 3H, s, OCH3), 6.41 (lH, s, ArH), 6.91-6.94 (3H, m), 7.09-7.13 (3H, m); 13C NMR 
6 9.4 (4. A~H3). 16.0 (4. 8-CH3). 23.8 (t. C-2a). 26.6 (t, C-6) 39.4 (q, NCH3), 54.1 (t. C-4). 54.7 (d, C-5). 55.4 (q, OCH3), 
58.4 k N-WM. 59.5 (9. mH3). 60.0 (q. OCH3), 60.2 (q. OCH3). 70.0 (s, C-l), 71.4 (d, c-2). 109.4 (d. C-10). 124.0 (s), 
125.2 6). 126.6 cd). 127.1 6). 128.0 (d), 128.0 (d), 129.0 (d. 7C), 131.4 (S), 132.6 (S). 136.2 (S), 139.2 (S), 147.0 (S), 149.8 
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(S), 151.1 (S), 155.1 6); EI-MS m/z (relalivc intensity) 514 (Mf. 20). 424 (79), 423 (lOO), 394 (lo), 161 (29), 91 (51). Anal, 
Calcd for C32H3gN204.l/lOH20: C, 74.42; H, 7.46; N, 5.42. Found: C, 74.22; H, 7.62; N, 5.30. 

2-[1,2,3,4,5,6-~ex~hydro-2,4,5-trimethoxy-3-methylphenyt)metbyt]-9-metho~y~~,ll~dimethyl~ 
(la,2a,5a)-1,5-imino-3-benzazocine (24). 

A stirred sohtion of the lactam 20 (6.336 g. 12 mmol) in dry THF (180 mL) was cooled with ice-water, a THF 
solution of aluminum hydride (0.5 M, 144 mL, 72 mmol) was added dropwise over 30 mm, and then stirring was continued at 0 
“C for 1 h. After being quenched by addition of MeOH (10 mL). the reaction mixture was concenuated in vacua to give 23 (6.34 
g) as an amorphous powder, which was used the next step without further purification. An analytical sample was obtained by 
COhmn chromatography (elution with 100: 1 dichloromethane-M&H): IR (CHC13) 1660, 1625 cm-l; UV hmax nm (loge) 206 

(4.74). 2&h (4.16). 281 (3.98). 290 (3.96). 308sh (3.77); lH NMR 6 2.15 (3H. s. Ar CH3). 2.19 (3H, s, Ar CH3). 2.55 (3H. 
s, NCW), 2.63 (W d, J = 16.2 Hz. H-60) 2.95 (IH, d, J = 10.2 Hz, H-l), 3.06 (3H, s, OCH3), 3.23 (lH, dd, J = 16.2, 7.3 
Hz. H-W, 3.27 UN br d, H-5). 3.45 (lH, m, H-4). 3.52, 3.80 (each 3H. s. OCH3). 3.80 (IH, d, J = 15.2 HZ. NCHAr). 3.86 
(3H. s, mH3), 4.25 (IH, d, J = 15.2 Hz, NCHAr), 4.79 (1H. s, H-l), 5.29 (IH, s, C=CH). 5.98 (IH, s, H-10). 6.75 (lH, s, H- 
7). 6.80-6.84 (2H. m), 6.88 (lH, s, ArH), 7.08-7.12 (3H, m); 13C NMR 6 9.4 (q). 16.0 (q), 28.4 (0, 41.0 (q). 53.5 (d), 55.0 
(4). 55.1 (t), 56.0 (4). 57.5 (I), 58.1 (dL 59.5 (q), 60.3 (q), 99.9 (d), 108.9 (d), 111.9 (d), 124.8 (s), 125.2 (s), 126.6 (s), 126.7 
(s), 127.1 (d). 128.2 (d). 129.6 (d). 134.5 (s). 138.7 (s), 145.5 (s), 146.0 (s), 148.6 (s), 150.7 (s), 155.4 (s); ELMS m/z (relative 
intensity) 514 (M+. 97). 484 (34). 483 (89). 396 (IO), 203 (12), 202 (17). 190 (35), 189 (20). 188 (lOa), 173 (12). 91 (9); high- 
resolution MS calcd for C32H38N204 514.2832, found 514.2827. A solution of the crude 23 (6.34 g) in ethanol (40 mL) was 
shaken for 40 h at 80 “C under 4 atm of hydrogen in the presence of 20% palladium on carbon (2.0 g). The catalyst was removed 
by filtration and washed it with ethanol (200 mL). The combined filtrates were concentrated in Yacuo and the residue was 
dissolved with benzene (200 mL) and extracted with 1N HCI (100 mL x 3). The combined aqueous layers were made alkaline 
with 10% NH40H and extracted with chloroform (100 mL x 3). The combined extracts were washed with water (lm mL), dried, 
and concentrated in Yacuo to give a solid, recrystallization of which from ether gave 24 (4.88 g, 95.5%) as colorless needles: mp 
78-80 T IR (KW 3430, 3350, 1675, 1625, 1600, 1510, 1500, 1475, 1455, 1430, 1415, 1375, 1360, 1345. 1325, 1245, 
1220, 1145. 1125. 1110, 1090, 1035. 1015.990.945, 920, 880, 860,850, 790. 770, 750,730, 710,695,660,640,625,610 
cm-l; UV h max nm (log E) 226 (4.19). 280 (3.63). 288 (3.65); lH NMR 6 1.20-2.00 (lH, br s, NH). 2.19 (3H, s, AI CH3), 
2.21 (3H. s, Ar CH3). 2.25 (lH,dd. J = 14.9, 8.3 Hz, H-2& 2.32 (3H, s, NCH3). 2.48 (IH, d, J = 17.5 Hz, H-6P). 2.77 (lH, 
dd J = 14.9, 5.9 Hz. H-2a). 2.99 (1H. d. J = 11.2 Hz. H-4). 3.01 (lH, br s, H-5). 3.08 (lH, dd, J = 17.5, 7.6 Hz, H-6@, 3.24 
(IH, dd, J = 11.2. 3.0 Hz, H-4), 3.53 (lH, ddd, J= 8.3, 5.9.2.3 Hz, H-2), 3.56 (lH, d, J = 2.3 Hz, H-l), 3.58, 3.78, 3.80, 3.81 
(each 3H. s, OCH3), 6.40 (IH, s, H-IO), 6.67 (IH, S, ArH), 6.92 (IH, S, H-7); 13C NMR 6 9.6 (q), 16.0 (q), 26.0 (t, C-2& 
33.2 (6 C-6). 41.8 ((2). 52.7 Cd. C-5), 54.3 (t, C-4). 55.2 (q), 56.0 (q), 59.6 (d, C-2). 60.2 (q), 60.5 (q). 62.8 (d, ‘C), 110.4 (d, 
c-6’h 111.1 cd. c-lo), 125.3 (S), 125.4 (S), 126.7 6). 126.9 (s), 129.8 (S), 130.0 (d. C-7), 146.2 (S), 149.2 (S), 150.7 (S), 155.3 
6); H-MS m/z (relative intensity) 426 (M+, 11). 232 (12). 231 (71), 203 (11). 202 (13). 191 (12). 190 (84). 189 (21). 188 
(100). Anal. calcd for C25H34N204.H20: C, 67.54: H, 8.16: N, 6.30. Found, C, 67.14; N, 8.02: N, 6.34. 

A solution of 24 (937.2 mg, 2.2 mmol) and anhydrous K2CO3 (3.036 g, 22 mmol) in butanol(40 mL) was stirred for 
30 min. Rutyl glyoxalate (2.86 g. 22 mmol) in butanol (10 mL) was then added dropwise over 30 mitt, and rhe mixture was 

stirred at room temperature for 44 h and then filtered, which was washed with chloroform (200 mL). The combined filtrates were 
concentrated in Yacuo. The ON-acetal 25 (containing butanol) was stirred with trifluoroaceuc acid (25 mL) at room temperature 
for 1 h. The reaction mixture was diluted with water (100 mL), made alkaline with NaHCO3, and extracted with chloroform (40 
mL x 3). The combined extracts were washed with water (50 mL), dried, and concentrated in vacua. The residual oil (3.55 g) was 
subjected to chromatography (silica gel, 80 g; elution with 1:s hexane-ethyl acetate) to give 26 (814.1 mg, 68.8%) as colorless 
amorphous powder: IR (CHC13) 1720 cm-*; UV A max nm (log e) 230 (4.13). 280 (3.55), 287 (3.47); 1H NMR 6 0.89 (3H, t, J 
= 7.3 % CH2C113). 1.33 (2H. m. Cf!2CH3), 1.61 (2H. m, OCH2CH2), 2.12 (3H. s. Ar CH3), 2.13 (3H, s, Ar CH3), 2.32 
(3Hz Sv NW). 2.58 (lH> dd, J = 17.5, 10.6 Hr, H-14p), 2.60 (lH, d, J = 17.2 Hz. H-5@, 2.88 (IH, dd. J = 17.5, 3.0 HZ, H- 
14a). 2.93 (1H. dd, J = 10.5, 3.3 Hz, H-7), 3.04 (lH, dd. J = 17.2, 7.6 HZ, H-5a), 3.04 (1~. dd, J = 10.5, 1.0 HZ, H-7). 3.21 
(1H, br d. H-6). 3.59 (3H, s. OCH3). 3.61 (1H. dd, J = 10.6, 3.0 Hz, H-14a). 3.61 (IH, S, H-15). 3.67, 3.71, 3.82 (each 3~. s, 
OCH3). 4.11 (2H, m. fJCH2), 4.58 (1H. s, H-9), 6.53 (lH, s, H-l), 6.84 (lH, S, H-4); l3C NMR S 9.2 (q. 12-CH~), 13.7 (q, 
CR?CW. 15.9 (4. 3-CH3), 19.2 (L CH2CH3). 26.0 (t. C-14). 26.3 (t. C-5). 30.7 (t, OCH2CH2), 41.8 (q, NCH3), 53.2 (d, C- 
6) 53.5 Cd. C-14&. 55.4 (‘LOCH3). 59.2 (t. C-7). 59.5 (q, OCH3). 59.7 (q. OCH3). 59.8 (q, OCH3), 62.1 (d, C-9), 63.8 (d, C- 
15). 64.2 (t. mH2). 112.0 (6 C-l), 123.4 (s), 123.9 (s), 124.0 (s). 125.3 (s). 126.9 (s). 130.3 (d. C-4). 130.6 (s), 145.6 (s), 
148.7 (s). 151.6 (s), 154.8 (s), 171.6 (s, CO): EI-MS m/z (relative intensity) 538 (M+, 8), 438 (30). 437 (loo), 218 (11). 203 
(8). 189 (11). 188 (30); high-resolution EI-MS calcd for C3lH42N206 538.3043, found, 538.3032. 

Butyl 6,7,9,14,14a,15-hexahydro-2,10,11,13-tetramethoxy-3,12,16-trimethy1~(6a,9a,14aa,i5a)-6,15- 
imino-5H-isoquino[3,2-b][3jbenzazocine-9-carboxylate (27). 

A solution of 26 (3.36 g, 6.245 mmol) and mercur&II) acetate (19.90 g, 62.45 mmol) in 5% aqueous acetic acid (200 
mL) was heated at 90 “C for 2 h and treated with hydrogen sulfide for I h at the same temperature. After filtration of the mixture 
through cellulose powder and the filler cake was carefully washed with ethanol (300 mL). The combined filtrates were 
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concentrated in vacua and the residue was again dissolved in 50% aqueous ethanol (100 mL). The pH was brought to 6-7 with 
solid NaHC03, to which was added sodium borohydride (4.74 g, 125 mmol), and the mixture was left at room temperature for 1 
h. The solution was acidified with 1N HCI and concentrated to a small volume, the residual solution was extracted with benzene 
(100 mL x 3). The organic layer was washed with water (100 mL), dried, and ccrncentrated in vacua to give the neutral fraction 
(4.39 g), which was subjected to chromatography (silica gel, 120 g; elution with 6fkl dichloromethane-methanol) to give 26 
(96.3 mg, 2.9% recovery) as colorless amorphous powder. Further elution with 50:1 dichloromethane-methanol gave 27 (2.28 g, 
67.9 %) as colorless amorphous powder. The acidic aqueous layer was made alkaline with diluted NH4OH and extracted with 
chloroform (50 mL x 3). The combined extracts were washed with water (50 mL), dried, and concentrated in vacua to give the 
residue (230 mg), which was subjected to chromatography (silica gel, 20 g; elution with loo:1 dichloromethane-methanol) to 
give 28 (120.0 mg, 4.4%) as colorless amorphous powder. 
Compound 27 (not crystallizable): 1R (CHC13) 1720 cm-l; UV hmax nm (log E) 226 (4.22). 280 (3.55). 288 (3.46); lH 
NMR 6 0.81 (3H. 1. J = 7.3 Hz, CH2CH3). 1.16 (2H, m. CH2CH3). 1.40 (2H. m, OCH2CN2), 2.16 (3H, s, Ar CH3). 2.16 
(3H. S, Ar CH3). 2.29 OH, dd, J = 15.2, 11.9 Hz, H-14P), 2.35 (3H. s. NCH3). 2.51 (lH, d, J = 17.2 Hz, H-58). 2.84 (2H, m, 
H-14a and H-14@. 2.94 OH, dd, J = 10.5.2.3 Hz, H-7). 3.02 (1H. dd,J = 17.2,7.6 Hz, H-5a), 3.18 (lH, br d, H-6). 3.26 (lH, 
dd, J = 10.5.2.3 Hz, H-7). 3.60 (1H. d, J = 2.4 Hz, H-15). 3.60. 3.71, 3.72, 3.81 (each 3H, s, OCH3), 3.93 (2H, m, OCH2), 
4.10 (lH, s. H-9). 6.49 (lH, s, H-l), 6.81 (lH, s, H-4); 13C NMR 8 9.2 (q, 12-CH3), 13.6 (q. CH2CH3), 15.9 (q. 3-CH3), 
19.0 (6 CH2CW. 26.5 (1. C-14). 27.1 tt. C-S), 30.4 (t. OCH2CH2). 41.4 (q. NCH3). 53.6 (d, C-6). 55.4 (q, OCH3), 59.1 (d, 
C-14a). 59.5 (4. OCH3), 59.9 (q. OCH3). 60.1 (q, OCH3). 61.6 (1, C-7). 64.2 (d. C-9). 64.4 (t, OCH2), 64.5 (d, C-15), 111.1 
td c-l), 123.9 ts), 124.0 ‘is), 124.2 ts), 125.0 (s), 127.3 (s). 129.7 (d, C-4), 130.2 (s), 145.9 (s), 149.0 (s), 150.9 (s), 154.8 (s), 
172.1 (s, CO); El-MS tir (relative intensity) 538 (M+, 17) 438 (31). 437 (100) 218 (18). 203 (15) 189 (26), 188 (83): high- 
rcso1ution El-MS calcd for C3tH42N206 538.3034, found, 538.3054. 
Compound 28 (not crystatlizable): 1R (CHC13) 2900.2830, 2750, 1613, 1455, 1445, 1405, 1355. 1345, 1305, 1288. 1140, 
1108, 1070, 1008.963, 905. 888, 855, 845 cm-l; UV hm,, nm (log E) 224 (4.26). 280 (3.51). 288 (3.45); lH NMR 6 2.13 
(3H. s. Ar CH3). 2.15 (3H, s, Ar CH3). 2.38 (3H, s. NCH3). 2.51 (lH,dd,J = 15.8, 11.2 Hz, H-14P), 2.67 (lH, d, J= 17.5 Hz, 
H-5!3h 2.70 W-L ddd. J = 11.2, 3.0.2.6 Hz, H-14a). 2.77 (1H. dd. J = 10.5. 3.3 Hz, H-7). 2.84 (lH, dd, J = 15.8. 3.0 Hz, H- 
14a). 3.10 (W dd. J = 17.5-7.9 Hz, H-5@, 3.10 (IH, dd, J = 10.5.2.3 Hz, H-7). 3.12 (lH, d, J = 16.2 Hz, H-9), 3.27 (IH, br 
4 H-6), 3.58 (3H, s. @=3). 3.63 UH, d, J = 2.6 Hz, H-15). 3.73, 3.76, 3.82 (each 3H, s, OCH3). 3.99 (lH, d, J = 16.2 Hz, 
H-9). 6.54 (lH, s, H-l), 6.88 (lH, s. H-4); 13C NMR 6 9.0 (q. l2-CH3). 15.8 (q, 3-CH3), 26.3 (t. C-5). 27.1 (t, C-14). 41.4 
h NCW. 53.2 (4 C-6). 53.3 tt. C-9). 55.3 (9, OCH3). 59.5 (q, OCH3), 59.9 (q, OCH3). 59.9 (d, C-l4a), 60.0 (q, OCH3), 
63.3 (4 C-15). 63.4 0. C-7), 111.6 td. C-l), 122.4 (s), 122.7 (s), 125.4 (s), 125.5 (s), 126.4 (s), 130.3 (s), 130.6 (d. c-4). 
145.1 (s), 149.1 (s), 151.6 (s), 154.8 (s); EI-MS m/r (relative intensity) 438 (M+, 40) 250 (20), 249 (IS), 203 (22). 190 (28). 
189 (20) 188 (too); high-resolution EI-MS calcd for C26H34N204 438.2519, found, 438.2530. 

6,7,9,~4,~4a,~5-Hexahydro-2,10,11,l3-tetramethoxy-3,12,~6-trimethy1-(6~,14aa,15a)-6,15-imino-5~- 
isoquino[3,2-bl[3]benzazocine (28). 

A solution of 24 (t 17.6 mg, 0.276 mmol) and anhydrous K2CO3 (305 mg, 2.21 mmol) in ethanol (2 mL) was stirred 
for 10 min at room temperature. Paraformaldehyde (33.1 mg. 1.103 mmol) was then added in one portion, and the mixture was 
stirred for 16 h at room temperature and filtered. The residue was washed with chloroform (30 mL). The combined filtrates were 
concentrated in va~uo. The residue (104 mg) was stirred with triftuoroacetic acid (4 mL) at room temperature for 20 h, then 
concentrated. The remaining mixture was diluted with water (10 mL), made alkaline with saturated NaHC03 solution, and 
extracted with chlomform (20 mL x 3). The combined extracts were washed with water, dried. and concentrated in vacua to give 
the residue (84.2 mg), which was subjected to chromatography (silica gel, 10 g. elution with 10011 dichloromethane-methanol) 
to give 28 (64.0 mg, 53.0%) a~ colorless amorphous powder, which was identical in all respects with 28 prepared as above. 

6,7,9,~4,~4a,l5-Hexahydro-2,lO,l~,~3-tetramethoxy-3,l2,l6-trimethyl-(6~,9a,l4aa,i~~)-6,lS-irnino~ 
5~-isoquino(3,2-B113Ibenzazocine-9-methanol (29). 

Al room rem&Worure. Lithium aluminum hydride (964 mg, 25.4 mmol) was added to a stirred solution of 27 (2.28 g, 
4.238 mmo1) in dry THF (200 mL) al 0 “C. and the mixture was stirred for 1 h at room temperature. After being quenched at 0 
‘C by addition of water, the mixture was filtered and the filter cake was carefully washed with chloroform (400 mL). The 
combined fi1tratcs were concentrated in vacua. The residue was subjected to chromatography (silica gel, 100 g; elmion with 40: l 
- 2@1 ethY1 acetate-mcthano1) to give a solid, recrystaf1ization of which from ethyl acetate gave 29 (1.648 g, 83.1%) as colorless 
n=dles: mP 172-1X.5 “C; IR (KBr) 3700-3200, 1615, 1510, 1470, 1435, 1415, 1390, 1365, 1345. 1325, 1300, 1285, 1265, 
1245, 1215, 1200, 1155. 1115,1085, 1050, 1010, 970,850. 765 cm-t;UVh max nm (log E) 226 (4.24). 270 (3.40), 280 
(3.60), 289 (3.52); ‘H NMR 6 2.07 OH. dd, J = 14.9, 11.9 Hz, H-14P), 2.15 (3H, s, Ar CH3). 2.17 (3H, s, or CH3), 2.42 
(3K s. NWA 2.50-2.57 UH, br, OH,), 2.59 (IH, d, J = 16.8 Hz, H-5P), 2.88 (lH, dd, J = 14.9, 2.6 HZ, H-14@, 2.96 (1~. 
ddd, J = 11.9.2.6,2.3 Hz. H-t4a), 3.04 (1H. dd. J = 10.9.2.3 Hz, H-7), 3.09 (IH, dd, J = 10.9, 1.0 Hz, H-7), 3.13 (1H, dd, J = 

16.8. 7.3 Hz, H-5% 3.21 OH. br d. H-6). 3.28 UH. dd, J = 10.2. 2.0 Hz, CIIOH), 3.63 (3H, s, OCH3). 3.66 (lH, br s, H-15). 
3.68 (1H, dd. J = 10.2, 2.6 fk CfIW, 3.73 (1H. br S, H-9). 3.74, 3.81, 3.81 (each 3H, s, OCH3), 6.51 (lH, s, H-l), 6.92 
W. S. H-4): 13c NMR 6 9.2 (9. 12.CH3). 16.0 tq, 3-CH3L26.7 (t,C-5),27.1 (t,C-14),41.4 (q,NCH3), 53.8 (d,C-6), 55.4 
(9. @=3). 58.8 (4 C-14@. 59.5 (4 C-9). 59.5 (9, 0'=3). 60.1 (q. OCH3). 60.4 (q, OCH3). 60.6 (t. c-7). 64.2 (d. C-15). 64.5 
(1. 9-CH2h ‘11.0 cd, c-l), 123.4 (S), 124.3 6). 125.7 6). 126.7 (s), 126.9 (S). 129.7 (d, C-4). 130.2 (S), 145.8 (S), 149.5 (s), 
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150.7 (s), 155.1 (s): EI-MS m/z (relative intensity) 468 (M+, 1). 438 (32). 437 (lOO), 204 (10). 189 (8). 188 (45). Anal. Calcd 
for C27H36N205: C. 69.20; H, 7.74: N. 5.98. Found: C, 69.07; H. 7.72; N, 5.95. 
Under reJkx. Lithium aluminum hydride (49.5 mg. 1.306 mmol) was added to a stirred solution of 27 (117.0 mg, 0.2174 
mmol) in dry THF (8 mL) at 0 “C, and the mixture was heated under reflux for 2 h. After being quenched at 0 “C by addition of 
water. the mixture was likered and the filter cake was carefully washed with chloroform (400 mL). The combined filtrates were 
concentrated in vacua lo give lbe residue (135 mg). Chromatography on a silica gel (12 g) column with ethyl acetate as the 
eluenr gave 29 (60.8 mg, 59.7%) as a solid. Fur&er elution with e&y1 acetare-melhanol (50:1) as the eluent gave compound 
viii (18.4 mg, 18.6%) as a solid and with ethyl acetate-methanol (20:1) as the eluent gave. the phenol vii (5.5 mg, 4.9%) as 
colorless amorphous powder. 
6,7,9,14,14s,15-Hexahydro-10-hydroxy-2,11,13-trimethoxy-3,12,16-trimethyl-(6a,9a,14aa,15a)-6,15- 
imino-Sff-isoquino[3,2-b][3]benzazocine-9-methanol (vii): IR (CHCl3) 3530, 3500-3300, 1615, 1460, 1405, 1358, 
1345, 1320, 1300, 1280, 1145, 1108, 1050. 1008, 908, 885,855 cm-l; UV ), max nm (log E) 228 (4.16). 284 (3.76); lH NMR 
6 2.09 (lH, dd, J = 14.5, 11.9 Hz. H-14P), 2.16 (3H, s, Ar CH3), 2.18 (3H, s, Ar CH3). 2.45 (3H. s, NCH3). 2.63 (lH, d, J = 
17.5 HZ. H-5p), 2.87 (1H. dd, J = 14.9. 2.3 Hz, H-14a). 3.04-3.19 (5H, m, 2 x H-7, H-14a. H-5a, and OH), 3.26 (lH, br d, H- 
6). 3.51 (IH, d&J = 10.6,2.0 Hz, CHOH), 3.61 (3H. s, OCH3), 3.68 (1H. dd,/= 10.6.4.0 Hz, CHOH), 3.73 (3H. s, WH3), 
3.76 (2H. br S, H-9 and H-15). 3.81 (3H, s, WH3). 6.51 (lH, s, H-l), 6.92 (lH, s, Ha); EI-MS m/z (relative intensity) 454 
(M+, 1). 424 (32). 423 (100). 204 (12). 189 (12). 188 (66); high-resolution EI-MS calcd for C25H3lN204 (base peak) 
423.2284, found 423.2269. 
6.7,9,14,14a.1S-Herahydro-2,10,11,13-trimethoxy-3,12,16-trimethyl-(6a,9~,14aa,1~a)-6,15-imino-~~- 
isoquino[3,2-b1[3lbenzazocine-9-methanol (viii): colorless prisms from ethyl acetate, mp 192-194 “C dec; IR (KBr) 
3700-3200. 1615. 1590. 1505. 1490, 1455, 1415, 1370, 1355, 1335, 1325, 1310, 1275, 1230, 1210, 1190, 1150, 1125, 1110, 
1075, 1060, 1050, 1045. 1010, 990, 970, 920, 885, 845, 800. 765, 745 cm-l; UV k max nm (log E) 226 (4.23). 282 (3.62). 

289 (3.48); IH NMR 6 2.09 (3H, s, Ar CH3). 2.14 (1H. dd, J = 15.2, 11.6 HZ, H-14& 2.17 QH, s, Ar CH3), 2.33-2.54 (IH, 
br, OH), 2.42 (3H, s. NCH3). 2.60 (1H. d, J = 17.2 Hz. H-5P), 2.86 (lH, dd, J = 15.2. 2.6 Hz, H-14a). 3.03 (IH, ddd, J = 11.6, 
2.6, 2.4 Hz. H-143, 3.06 (2H. br s, 2 x H-7), 3.13 (lH, dd, J = 17.2, 7.6 Hz, H-5a), 3.25 (lH, br d, H-6). 3.35 (IH. dd, J = 
10.2. 2.0 Hz, CHOW, 3.54 (‘H, dd. J = 4.0, 2.3 Hz. H-9). 3.65 (3H, s, OCH3). 3.74 (1H. d, / = 2.4 Hz. H-15). 3.76 (3H, s. 
OCH3). 3.80 W. dd, / = 10.2,4.0 Hz, CHOH), 3.82 (3H, s, OCH3). 6.29 (1H. s. H-10). 6.52 (lH, s, H-l), 6.90 (lH, s. H-4); 
13C Nbf~ 6 8.8 (4, 12-CH3). 16.0 (q, 3-CH3), 26.4 (t. C-14). 26.8 (1. C-5). 41.0 (q. NCH3). 53.8 (d, C-6), 55.5 (q, OCH3). 
55.6 (9. mH3). 58.6 (d. C-14a), 60.0 (t. C-7). 60.3 (q. OCH3). 64.1 (d, C-9), 64.2 (d. C-15), 65.5 (t. 9-CH2). 104.1 (d, C-10). 
“1.0 Cc’, c-l), “7.7 ts), 120.6 (s), 126.1 (s), 126.1(s), 129.3 (s), 129.8 (d, C-4), 133.6 (s), 155.3 (s), 155.5 (s), 157.0 (s); EI- 
MS, m/z (relative intensity) 438 (M+, 3), 408 (31). 407 (100). 204 (11). 203 (15). 189 (lo), 188 (52). Anal. Calcd for 
C26H34N204.3/4H20: C, 69.08; H, 7.92; N, 6.20. Found: C. 68.90; H, 7.65; N, 6.23. 

2-~(6,7,9,~4,~4a,~5-Hexahydro-2,10,11,13)-6,15- 
imino-5~-iSOqUino[3,2-b][3]benzazocin-9-yl)methyl]-l~-isoindo1e-l,3(2H)~dione (30). 

A solution of diethyl azodicarboxylate (1.824 mL, 16.25 mmol) in dry THF (10 mL) was added dropwise to a stirred 
solution of 29 ( 1.508 8.3.25 mmol). phlhalimide (2.39 g. 16.24 mmol). and triphenylphosphine (4.26 g. 16.24 mmol) in dry 
THF (90 mL) at room temperature for 10 min. Al&r tie solution was stirred al room temperature for 3 h, the reaction mixture 
was concentrated in vacua. The residue was diluted with water (200 mL) and extracted with chloroform (100 mL x 3). The 
combined extracts were washed with water (100 mL). dried, and concentrated in vacua to furnished 30 (1.924 g, 100%) as a solid, 
which was used for the next step without further purification. An analytical sample was obtained by recrystallization from ethyl 
acetate-ether: mp 179-181 “C; IR (KBr) 1775, 1730 cm-l; UV h max nm (log E) 212 (4.73), 232sh (4.37). 240sh (4.01). 280 

(3.62). 288 (3.59). 3OOsh (3.06): ‘H NMR 6 1.97 (IH. dd, J = 14.5, 11.6 Hz, H-14P), 2.12 (3H. s. Ar CH3), 2.20 (3H. s. Ar 
CH3). 2.35 (3H. s, NCH3). 2.65 (lH, d, J = 17.2 Hz. H-5/3), 2.75 (lH, ddd, J = 11.6, 2.0, 2.0 Hz. H-14a). 2.86 (lH, dd, J = 
14.5. 2.0 fi, H-Ma). 3.05 WI, dd, J = 17.2, 7.6 Hz, H-5a), 3.09 (1H. dd, J = 10.2, 1.0 HZ, H-7). 3.17 (lH, br d, H-6). 3.22 
UK dd, J = 10.9,2.0 Hz, 7-H). 3.35 (3H. s, OCH3). 3.37 (IH, dd. J = 13.9,8.6 Hz. CHN). 3.54 (3H, s, OCH3). 3.54 (lH, d, 
J = 2.0 % H-15). 3.55 UH, dd, J = 13.9.4.0 Hz, CHN), 3.62, 3.77 (each 3H, s, OCH3). 4.04 (lH, dd, J = 8.6,4.0 Hz, H-9), 
6.43 (1H. s, H-l), 6.83 (1H. s, H-4), 7.59-7.67 (4H, m); 13C NMR 6 9.3 (q. 12-CH3), 16.1 (q, 3-CH3). 26.6 (5 C-5). 27.8 (t. 
c-14). 41.4 (9. NW). 43.5 (4 9-CH2N). 53.8 (d, C-6). 55.4 (q. OCH3). 56.8 (d, C-9). 59.6 (q. OCH3), 60.0 (q, OCH3). 60.1 
(d. C-14a). 60.6 (9. mH3), 61.4 (1. C-7). 64.2 (d, C-15). 111.6 (d, C-l), 122.6 (d, Pht-C), 123.3 (s), 124.7 (s), 125.4 (s), 
126.8 (s). 127.7 (s). 129.7 (d. C-4), 130.5 (s). 133.2 (d, Pht-C), 133.4 (s, PhkC), 146.2 (s), 149.4 (s), 151.3 (s), 154.7 (s), 
168.0 (s, CO); El-MS m/z (relative intensity) 597 (M+, 1). 438 (31), 437 (loo), 188 (22). Anal. Calcd for 
Qj’H3&‘~05.3/4H20: C, 68.78; H. 6.60; N, 6.87. Found: 68.74; H, 6.47; N, 6.38. 

Hydr=ine monohydrate (4 mL) was added lo a stirred solution of crude 30 (1.612 g, 2.7 mmol) in ethanol (40 mL), the 
resulting solution was heated under reflux for 2 h. The reaction mixture was concentrated in vacua. The r&due was diluted witi 
benzene (50 mL) and extracted with 1N HCl(50 mL x 3). The combined acidic aqueous extracti were made alkaline with diluted 
NH40H and extracted with chloroform (50 mL x 3). The combined extracts were washed witi water (50 mL), dried, and 
concentrated in vacua to give 9 (1.236 g, 98.0%) as colorless amorphous powder, which was used for the next step without 
funher Pufificalion: 1R (CHCl3) 3400-3100, 1458, 1405, 1358, 1340, 1322. 1302, 1143, 1130, 1108, 1072, 1008, 962,984, 
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850 Cm-l; UV kmax rim (log E) 226 (4.15). 280 (3.47) 289 (3.95); 1~ NMR 6 1.50 (ZH, br s, NH2). 2.20 (lH, dd, J = 15.6, 
12.5 Hz. H-14B). 2.16 (3H. S, Ar CH3). 2.17 (3H. & Ar CH3). 2.36 (3H, s. NCH3), 2.54 (IH, d, I = 17.1 HZ, H-Sa). 2.58 
(lH, dd. / = 13.2.2.4 HZ. CHNH2). 2.72 (lH, dd, J = 13.7, 3.7 Hz. CffNH2). 2.80 (lH, ddd, J = 12.5, 2.4, 2.4 Hz. H-14a). 
2.83 UK dd, J = 15.6.2.4 Hz, H-14@. 2.94 (1H. dd, J = 10.7,2.4 Hz, H-7). 3.00 (lH, dd, J = 10.7, 2.4 Hz, H-7). 3.07 (lH, 
dd, J = 17.1.7.6 ti, H-Sa), 3.14 (IH, br d. H-6). 3.58 (lH, d. J = 2.4 HZ, H-15), 3.64 (3H. s, OCH3), 3.64 (1~. dd, J = 3.7, 
2.4 Hz, H-9). 3.75, 3.79, 3.82 (each 3H, s, OCH3), 6.50 (IH, s, H-l), 6.88 (lH, s, H-4); 13C NMR 6 9.3 (q, 12-CH~), 16.0 
(9, 3-CH3), 26.8 Ct. C-5). 27.6 (t. C-14), 41.5 (q, NCH3), 46.1 (t, 9-CH2N), 53.8 (d, C-6), 55.4 (q, OCH3). 59.0 (d, C-14a), 
60.0 (9. C’CH3). 60.1 (4. CCH3), 60.4 6% OCH3). 60.7 (d. C-9). 61.1 (t, C-7) 64.4 (d, C-15). 110.9 (d. C-l), 123.2 (s), 125.0 
(s). 125.5 (s), 126.9 (s), 127.5 (s), 129.7 (d, C-4). 130.9 (s). 145.8 (s), 149.5 (s), 150.8 (s), 154.7 (s); EI-MS m/r (relative 
intensity) no M+, 438 (31). 437 (100). 188 (27); high-resolution EI-MS calcd for C26H33N204 437.2440 (base peak), found 
437.2458; positive FAB-MS (magic bullet) m/r 468 (M+ + 1). 

N-[(6,7,9,14,14a,15-Hexahydro-2,10,11,13-tetramethoxy-3,12,16-trimethy1-(6a,9a,14aa,15a)-6,15- 
imino-5H-isoquino[3,2-b][3]benxazocin-9-yl)metbyl]-2-oxopropanamide (31). 

A solution of the crude 9 (170.4 ma. 0.3648 mmol). triethvlamine (49.5 uL. 0.355 mmol). and 4- 
(dimethylamino)pyridine (86.8 mg, 0.71 mmol) indry dichloromethane (8 mL) was cooled with ice-water. arka carbon 
tetrachloride solution of pyruvoyl chloride (0.8 M, 1.78 mL, 1.424 mmol) was added dropwise over 10 min. The solution was 
stirred for 1 h at roam tei&rature, and the reaction mixture was diluted with water (10 mL), and extracted with dichloromethane 
(20 mL X 3). The combined extracts were washed with 5% NaHC03 solution (20 mL), dried, and concentrated in vacua. The 
residue was subjected to chromatography (silica gel, 25 g; elution with 1oO:l dichloromethane-methanol) to give 31 (179.9 mg, 
91.8%) as colorless amorphous powder: IR (CHCl3) 3360, 1730, 1680, 1675 cm-‘; UV hmax nm (log E) 224 (4.29). 270 
(3.40), 288 (3.46): ‘H NMR 6 2.04 (lH, dd. J = 14.8. 11.9 Hz, H-14P), 2.15 (3H. s, Ar CH3), 2.19 (3H, s, or CH3), 2.22 
(3H. s, COCH3). 2.44 (3H. S, NCH3). 2.72 (lH, d, J = 17.5 Hz. H-5P). 2.83-3.20 (6H, m, H-14a, H-14a, 2 x H-7,9CH, and 
H-5@, 3.24 (lH, br d. H-6), 3.40 (lH, ddd, J = 13.2. 6.6, 4.3 HZ, 9-CHN), 3.60 (3H. S, OCH3), 3.68 (lH, br S, H-15), 3.75 
(3H, s. OCH3). 3.85 (1% m. H-9). 3.85, 3.86 (each 3H, s, OCH3). 6.48 (1H. br s, NH), 6.50 (lH, S, H-l), 6.91 (1H. s, H-4); 

13c NMR 6 9.2 (4. 12-CH3), 16.0 (q, 3-CH3), 24.3 (q, COCH3). 26.5 (t, C-5), 27.2 (t. C-14). 41.3 (q, NCH3), 43.7 (t, 9- 
CH2N). 53.6 (6 C-6). 55.6 (9. CCH3). 58.3 (d, C-9). 59.1 (d. C-14a), 59.9 (q. OCH3), 60.3 (q. OCH3). 60.4 (q. OCH3), 60.9 
k C-7). 64.2 (4 C-15). “1.0 (d, C-l), 123.9 (s), 125.0 (s), 125.4 (s), 125.6 (s), 127.1 (s), 129.6 (d, C-4), 129.9 (s), 145.9 (s), 
149.6 (s). 151.0 (s), 155.2 (s), 160.1 (s. NHCO), 196.4 (s, COCH3); Et-MS m/r (relative intensity) 537 (M+, I>), 438 (34). 
437 (100). 218 (12). 188 (24); high-resolution EI-MS calcd for C26H33N204 437.2440 (base peak), found 437.2440: positive 
FABMS (magic bullet) m/z 538 (M+ + 1). 

Partial Demethylation of 31. 
A stirred solution of 31 (92.0 mg, 0.1713 mmol) in dichloromethane (15 mL) was cooled with dry ice-acetone, a 

dichlommethane solution of boron tribromide (1 .O M. 308 trL, 0.308 mmol) was added dropwise. over 5 min. After being kept at 
-78 “C for 4 h, and then at 0 “C for 1 h, the reaction mixture was poured onto ice-water and the phase separated. The aqueous 
layer was extracted with chloroform (2Ct mL x 3). The combined extracts were washed with water (20 mL), dried, and concentrated 
in yacuo to give the residue (80.4 mg). Chromatography of this material on a silica gel (15 g) column with dichloromethane- 
methanol (lm3) as the eluent gave the starting material 31 (3.1 mg, 3.4% recovery) and with dichloromethane-methanol (20;l) 
as the eluent gave 32 (40.6 mg, 45.3%) as colorless amorphous powder. Further elution with dichloromethane-methanol (l&l) 
gave a solid, recrystallization of which from acetone gave 33 (25.0 mg, 28.7%) as colorless needles. 
Compound 32: 1R (CHC13) 3380, 1725, 1688, 1680 cm-l: UV hmax nm (log E) 230 (4.12), 284 (3.66), 288 (3.63); IH 
NMR 6 1.95 (1H. dd, J = 15.2, 12.5 Hz, H-14e). 2.11 (3H, s, Ar CH3), 2.19 (3H, s, Ar CH3). 2.25 (3H, s, COCH3), 2.47 
(3H. s. NCH3). 2.78 (1H. d, J = 17.2 Hz, H-58). 2.78 (lH, m, H-14a), 2.92 (lH, d, J = 15.2 Hz, H-14a), 2.98 (2~, br s, 2 x 
H-7). 3.05 (1K ddd. J = 13.2,4.6,4.6 HZ. 9-CIfN), 3.13 (lH, dd, J = 17.2.7.6 Hz, H-5a), 3.28 (IH, br d, H-6), 3.35 (lH, ddd, 
J = 13.2, 6.6, 3.6 Hz. 9-CHN), 3.59 (2H, br s, H-9 and H-15), 3.73, 3.76, 3.85 (each 3H, s, OCH3), 6.53 (lH, s, H-l), 6.56 

UK m. NH). 6.93 (1H s, H-4); 13C NMR 6 9.3 (q, 12CH3). 16.1 (q. 3-CH~), 24.4 (q, COCH~), 26.5 (t, c-14). 26.8 (t. c- 
5). 4w3 (4. NW). 44.2 0. 9-CH2V. 54.1 (d, C-6), 55.9 (q, OCH3). 58.0 (d, C-9) 59.3 (d, C-14a). 60.1 (q, 0~~3). 60.4 (q, 
OCH3). 60.7 (tv C-7). 64.4 (d, C-15), 111.2 (d, C-l), 118.1 (s). 119.6 (s). 125.4 (s), 126.1 (s), 126.4 (s), 128.8 (s), 129.6 (d, 
C-4). 143.4 (s), 146.5 (s), 149.4 (s), 155.5 (S), 160.1 (s, NHCO), 196.4 (s, COCH3); EI-MS miz (relative intensity) 523 (M+, 
l>). 424 (34), 423 (100). 211 (32), 188 (24); high-resolution MS calcd for C25H3lN204 423.2284 (base peak), found 
423.2289; positive FABMS (magic bullet) m/z 524 (M+ + I). 
Compound 33: mp 235-238 “C dec; IR (KBr) 3700-3100. 1720, 1665 cm-l; UV Xmax nm (log E) 224 (4.25). 284 (3.71); 1~ 
NMR 6 (CDCWD30D) 1.97 (1K dd, J = 14.9, 11.6 Hz. H-14P), 2.12 (3H, S, Ar CH3), 2.20 (3H, s. Ar CH3), 2.20 (3H, s, 
COCH3)s 2.39 (3H, s, NCH3), 2.72 (lH, d, J = 17.2 Hz, H-5P), 2.82 (2H, m, H-14a and H-14a), 2.98 (2H, br s, 2 x H-7), 
3.09 UK dd. J = 17.2.7.6 Hz. H-5a). 3.11 (1H. dd, J = 13.2. 3.3 Hz, 9-CHN), 3.24 (lH, br d, H-6), 3.38 (]H, dd, J = 13.2, 
4.6 Hz, 9-Cm), 3.61 (2H, br s, H-15). 3.73 (3H, s, OCH3), 3.77 (lH, dd, J = 4.6, 3.3 HZ, ~-9). 3.78 ( 3~, s. OCH~), 6.49 
(‘H. s. H-l), 6.87 (‘H, s. H-4; 13C NMR 6 9.2 (q, 12CH3), 15.9 (q. 3CH3). 24.4 (q, COCH3), 26.8 (t, C-14). 27.0 (t, C-5), 
40.8 (9. NW). 43.8 0. 9-CH2N). 54.0 (d, C-6). 58.1 (d, C-14a). 59.0 (d, c-9). 60.4 (q. OCH~), 60.5 (t. c-7). 63.8 (d, c-15). 
115.6 Cd. c-1). 118.5 6). 119.6 6)s 123.8 (s), 125.1 (9, 126.1 (s), 129.3 (s), 129.7 (d, c-4). 143.4 (s), 146.6 (s), 149.5 (s), 
152.0 (s), 160.1 (s. NHCO). 196.6 (s, COCH3); EI-MS m/z (relative intensity) 509 (M+, l>), 410 (30). 409 (loo), 204 (11). 
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174 (26); high-resolution MS calcd for C24H29N204 409.2127 (base peak), found 409.2129; positive FABMS (magic bullet) 
m/r 510 (M+ + 1). Anal. Calcd for C28H35N306.H20: C, 63.74; H, 7.07; N, 7.96. Found: C, 63.40; H, 6.72; N, 7.71. 

A solution of 32 (48.2 mg, 0.092 mmol) in 8 M HN03 (3 mL) was stirred at 0 “C for 30 min. The reaction mixture 
was diluted with water (10 mL). and extracted with chloroform (10 mL x 3). The combined extracts were washed with water (10 
mL), dried, and concentrated in vacua. The residue (37.8 mg) was subjected to chromatography (silica gel, 10 g; elution with 
100: 1 dichloromethane-methanol) to give 10a (32.2 mg, 68.9%) as a solid, which was recrystallized from acetone to give pale 
yellow prisms; mp 193-l% “C dcc; IR (KBr) 3420, 3380, 1725, 1690, 1662. 1645, 1625 cm-l: UV hmax nm (log E) 234sh 
(3.92). 276 (4.03). 288sh (3.93). 380 (2.77); IH NMR 6 1.75 (IH, ddd, / = 17.5, 11.9. 3.0 Hz, H-14P). 1.90 (3H, S, l2-CH3), 
2.18 (3H. s. COCH3). 2.22 (3H. s. 3-CH3). 2.42 (3H. s. NCH3), 2.58 (lH, d, J = 17.5 Hz, H-5P), 2.75 (lH, dd, J = 17.5, 1.0 
Hz, H-14a), 2.83 (lH, m, H-14a). 3.07 (2H, br s, 2 x H-7). 3.11 (lH, dd. J = 17.5. 7.6 Hz, H-5@, 3.20 (lH, ddd, I = 13.2, 
6.0.4.3 Hz, 9-CHN), 3.24 (IH, br d. H-6), 3.60-3.68 (3H. m, 9-CIfN, H-9, and H-15). 3.84 (3H, s, 2-OCH3), 4.01 ( 3H. s, 1 l- 
OCH3), 6.30 (lH, br, NH). 6.44 (lH, s, H-l), 6.88 (lH, s, H-4); 13C NMR 6 8.6 (q. 12-CH3). 16.0 (q. 3-CH3). 24.2 (q, 
COCH3), 25.2 (t. C-14). 26.6 (1. C-S), 41.0 (q. NCH3). 41.2 (t. 9-CH2N), 53.6 (d. C-6), 55.8 (q. 2-OCH3). 57.4 (d, C-14a). 
57.8 (d, C-9). 59.6 (1. C-7). 61.0 (q, 11-OCH3). 63.5 (d, C-15). 111.3 (d. C-l), 126.3 (s, C-15&, 126.4 (s, C-3). 127.6 (s, C- 
12). 129.4 (d, C-4). 129.4 (s, C-4a). 136.8 (s. C-9a), 141.6 (s, C-13a). 155.5 (s, C-2), 160.6 (s, NHCO), 181.3 (s, C-10). 186.1 
(s, C-13). 195.5 (s, COCH3); EI-MS m/r (relative intensity) 507 (M+, 14). 409 (16), 408 (23). 407 (75). 204 (15). 203 (13). 
202 (13). 190 (13). 189 (23). 188 (100); high-resolution EIMS calcd for C28H33N306 507.2369, found 507.2376. Anal. Calcd 
for C28H33N306: C, 66.25; H, 6.55; N, 8.28. Found: C, 66.19; H, 6.54: N, 8.18. 

N-[(6,7,9,10,13,14,14a,lS-Octahydro-2-hydroxy-l-nitro-ll-methoxy-3,l2,l6-trimethyl-lO,l3-dioxo- 
(6a,9a,14aa,15a)-6,15-imino-SH-isoquino[3,2-~][3]benzazocin-9-ly)methyl]-2-oxopropanamide (34). 

A solution of 33 (14.8 mg, 0.029 mmol) in 8 M HN03 (2 mL) was stirred at 0 “C for 30 min. The reaction mixture 
was diluted with water (10 mL), and extracted with chloroform (IO mL x 3). The combined extracts were washed with water (10 
mL). dried, and concentrated in vacua. The residue (15.1 mg) was subjected to chromatography (silica gel, 6 g; elution with 
200:3 dichloromethane-methanol) to give 34 (9.5 mg, 60.7%) as a solid, which was recrystallized from acetone to give pale 
yellow prisms; mp 180-185 ‘C dcc; 1R (KBr) 3410, 3380. 1735, 1695, 1665, 1645, 1630 cm-‘; UV hmax nm (log E) 268 
(4.03), 362 (3.18); lH NMR 6 1.33 (IH, ddd, J = 17.5, 11.2. 3.0 Hz, H-14P), 1.88 (3H, s, l2-CH3), 2.21 (3H, s, COCH3), 
2.32 (3H, s, 3-CH3). 2.44 (3H, s, NCH3), 2.54 (lH, d, J = 16.5 Hz, H-5P), 2.68 (IH, dd, J = 17.5, 2.0 Hz, H-14a), 2.76 (lH, 
ddd,J= 11.2, 3.0, 2.0Hz, H-14a),2,86(1H,dd, J= 10.9, 1.7 Hz, H-7), 3.05 (lH,dd,/= 10.9, 1.0 Hz,H-7). 3.11 (lH,dd,J= 
16.5, 6.9 Hz, H-5a), 3.15 (lH, br d, H-6). 3.16 (lH, ddd. J = 13.5, 4.0, 3.6 Hz, 9-CHN), 3.60 (lH, ddd,J= 3.1, 3.0, 1.7 Hz, 
H-9), 3.72 (lH, ddd, J = 13.5, 9.6, 1.7 Hz, 9-CllN),4.00 ( 3H. s. 11-OCH3),4.98 (IH, d./= 3.OHz. H-15),6.43 (lH,dd, J= 

9.6.4.0 Hz, NH), 7.13 (1H. s. H-4); 13C NMR 6 8.6 (q. 12.CH3). 16.2 (4. 3-CH3), 23.6 (t. c-14). 24.3 (q, COCH3). 27.6 (1. 
C-5), 40.8 (9, NCH3). 41.3 (1. 9-CH2N). 52.2 (d, C-6). 57.1 (d, C-14a), 57.6 (d, C-15). 57.8 (d, C-9). 59.3 (t, C-7). 61.0 (q, 
II-OCH3). 124.6 (s), 127.9 (s), 128.0 (s), 128.9 (s), 135.2 (d, C-4), 136.4 (s), 140.9 (s), 151.4 (s), 156.1 (s), 160.3 (s, 
NHCO), 181.2 (s, C-lo), 185.5 (s, C-13). 195.9 (s, COCH3); EI-MS m/z (relative intensity) 538 (M+, 49). 439 (28), 438 (84). 
421 (30). 420 (100). 360 (12). 319 (12). 261 (12), 260 (23). 259 (34). 235 (l4), 233 (II), 221 (13), 220 (22). 219 (94). 218 
(3l), 217 (29)s 205 (17), 205 (17). 204 (30). 203 (62). 202 (41), 189 (18). 188 (15). I87 (26). 175 (IO), 174 (18). 173 (19). 145 
(13); high-resolution EIMS calcd for C27H3ON408 538.2W, found 538.2067. Anal. Calcd for C27H3ON408.H20: C, 58.27; 
H, 5.80; N. 10.07. Found: C. 58.56; H, 5.53; N. 9.96. 

Oxidative Demethylation of 31 in Two Steps. 
Partial O-demethylation of 35 (32.2 mg, 0.06 mmol) with boron tribromide as described above afforded the. residue 

(33.9 mg). A solution of this residue in 8M HNO3 (1.5 mL) was stirred at 0 “C for 1 h. The reaction mixture was diluted with 
water (5 mL) and extracted with chloroform (10 mL x 3). The combined extracts were washed with water (10 mL), dried, and 
concentrated in vacua. The residue (29.6 mg) was subjected to chromatography (silica gel, 8 g; elution with 100~3 
dichloromethane-methanol) to give 34 (9.9 mg, 30.7%) as a solid. Further elution with dichloromethane-methanol (5&l-20:1) 
gave 10a (11.3 mg, 37.2%) as a solid. 

~-1(~0,13-D~acetoxy-6,7,9,14,14a,15-hexahydro-2,11-dimethoxy-3,12,16-trimethy~-(6~,9a,14aa,1~~)- 
6,15-iminO-5H-isoquinoI3,2-bl[3]benzazocin-9-yl)methyl]-2-oxopropanamide (35). 

A solution of 1Oa (20.3 mg, 0.04 mmol) and zinc dust (10.0 mg) in acetic anhydride (1.0 mL) was stirred at room 
temperature for 30 min. and then filtered. which was washed with chloroform (50 mL). The combined filtrates were concentrated 
in vacua and the residue was dissolved with chloroform (10 mL). This phase was washed with 5% N&IC03 solution, dried, and 
concentrated in vacua. The residue (23.1 mg) was subjected to chromatography (silica gel, 8 g; elution with 4O:l 
dichloromethane-methanol) to give 35 (16.4 mg. 69%) as a colorless amorphous powder: IR (CHC13) 3370, 1755, 1715, 1680, 
1665 cm-l; UV h max nm (log E) 222 (4.24), 280 (3.38). 288 (3.32); ‘H NMR 6 1.98 (lH, dd, J = 15.2, 12.2 HZ, H-14D). 2.06 
(3H* s. 12-CH3). 2.20 (3H. S, 3-CH3). 2.27.2.33, 2.35 (each 3H, s, COCH3), 2.37 (3H, s, NCH3). 2.47 (lH, dd, J = ii.2, 2.3 
Hz, H-14a), 2.61 (lH. d. J = 16.8 Hz. H-5B), 2.83 (IH, ddd, J = 12.2, 2.3, 2.0 HZ, H-l4a), 2.89 (IH, dd, 10.6, Hz, J = 1.0 H- 

7). 299 (1H. dd, J = 10.6. 1.0 Hz, H-7). 3.01-3.10 (3H. m, 9-CH, H-5a, H-6). 3.36 (lH, ddd. J = 13.2, 6,15,4,2 HZ, 9-CHN), 
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3.52 (IH. d, J = 2.3 Hz, H-15). 3.63 (IH, t like, H-9), 3.70 (3H, s, OCH3). 3.82 (3H, s, OCH3), 6.38 (IH, s, H-l), 6.55 (IH, t 
like, NH), 6.94 (IH, s, H-4); 13C NMR 6 9.9 (q, 12-CH3). 16.0 (q, 3-CH3), 20.3 (q, COCH3). 20.7 (q, COCH3), 24.3 (q. 
COCOCH3), 26.5 (I, C-5). 27.5 (I, C-14). 41.3 (q. NCH3), 44.1 (t. 9-CH2). 53.8 (d. C-6), 55.5 (q, 2-OCH3). 58.0 (d, C-9), 
59.1 (d, C-14@. 60.9 (q. II-OCH3), 61.6 (t. C-7). 64.1 (d, c-15), 111.1 (d, c-l), 123.9 (s), 125.4 (s), 125.5 (s), 126.0 (s), 
127.6 (s). 129.5 (d, C-4), 130.5 (s), 138.8 (s), 144.3 (s), 148.6 (s), 155.1 (s), 160.1 (s, NHCO), 167.9 (s, OCOCH3), 168.6 (s, 
OCOCH3). 196.2 (s, COCOCH3); EI-MS m/r (relative intensity) 593 (M +, I), 494 (34). 493 (lOO), 451 (15), 188 (45). high- 
rCSOiUliOn EIMS, calcd for C32H39N308 593.2737, found, 593.2730. 

N-~~2-Acetoxy-6,7,9,lO,l3,14,14a,lS-octahydro-l-nitro-ll-methoxy-3,lZ,l6-trimethyl-lO,l3-dioxo- 
(6~,9a,l4a~,15a)-6,15-imino-5H-isoquino[3,Z-6][3]benzazocin-9-ly)methyl~-Z-oxopropaaamide (36). 

TO a Stirred solution of 34 (11.5 mg. 0.0214 mmol) in drj pyridine (0.4 mL) was added acetic anhydride (0.2 mL), and 
the mixlure WAS kept at room temperature for 2 h. After the reaction mixture was diluted with water (10 mL), the mixture was 
extracted with chloroform (10 mL x 3). The combined extracts were washed with 5% NaHC03 solution. dried, and concentrated 
in vacua. The residue (13.5 mg) was subjected to chromatography (silica gel, 6 g; elution with 1oO:l dichloromethane-methanol) 
LO give 36 (IO. 1 mg, 8 1.5%) as a solid, this material was recrystallized from ethyl acetate to give pale yellow needles: mp 21 l- 
214 “C dec; IR (KBr) 3395, 1785. 1770, 1725.1685. 1655, 1630, 1615 cm-‘; UV h max nm (log E) 266 (4.00). 362 (2.83); ‘H 
NMR 8 1.38 (tH, ddd, J = 17.2, 11.2, 3.0 Hz, H-14p), 1.90 (3H, s, 12-CH3), 2.23 (3H, s, 3-CH3). 2.24, 2.28 (each 3H, s, 
COCH3), 2.38 (3H, S, NCH3), 2.55 (IH, dd, J = 17.2.2.3 Hz, H-14a). 2.70 (IH, ddd, J = 11.2, 3.0, 2.3 Hz, H-14a), 2.69 (ZH, 
d, f = 16.8 Hz, H-5P). 2.84 (IH. dd, J = 10.6, 2.3 Hz, H-7). 3.09 (lH, dd, J = 10.6, 1.0 Hz, H-7), 3.11 (lH, dd, J = 16.8, 7.3 
Hz, H-5a). 3.19 (IH, brd, H-6), 3.28(1H.ddd.J= 13.9.4.3,4.3 Hz,9-CffN). 3.57 (lH.ddd,J=4.3, 3.0, 1.7Hz,H-9),3.65 
(1H. ddd, J = 13.9, 8.9, 1.7 Hz, 9-CIfN). 3.99 (3H, s. OCH3), 4.06 (lH, d. J = 2.3 Hz, H-15). 6.49 (IH, dd. J = 8.9,4.3 Hz. 

NH), 7.19 UH, s, H-4); El-MS m/z (relative intensity) 580 (M+, 37), 482 (12). 481 (411, 480 (IOO), 420 (17). 277 (23). 261 
(17). 2@(f2). 259 (121,245 (1 ‘h 220 (I2), 219 (52). 218 (t7), 217 (19), 204 (19). 203 (28), 202 (IS), 187 (19), 174 (II), 173 
(t1),43 (11). high-resolution EIMS calcd for C29H32N4Q 580.2169, found 580.2168. 
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