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INTRODUCTION 

Benzophenanthridiie alkaloids2 occupy an increasingly important position in alkaloid chemistry from the 
finding of the marked potencies of some of these alkaloids against leukemia.3 Such interest has been more 
recently intensified as they wcre shown to inhibit HIV 1 and 2 mveme t12mcri~P 

Consequently the past years have seen a tremendous growth in interest in benxophenanthridme alkaloids 
and their chemistry and syntheses have become one of the most challenging problems. Thus, several total 

syntheses of different types of ~nzophen~~~~ were ~ornp~~. Besides, them has been an increasing 
reliance on spectral data (mainly *H- and t% NMR spcctra)aud X-ray diffraction aualysess as the kuowledge 
of their conformation and chemical reactivity helps in better understanding the mode of action and the 
biosynthesis of this type of compounds. 

As part of our program of research on the chemistry of heterocyclic systems as potential pharmacological 
agents, in tbis paper we report au improved access to 12(1 lH)-&~opb~~~d~one skeleton through 
formation of is~ui~olin~es as the key-intermediate, and studies of theii ~~o~~on by NMR spectroscopic 

techniques. Moreover, X-ray analyses of both types of heterocycles have been performed, confiiing the 
structure origiually predicted by chemical and spectroscopic methods. 

Syntbesis of ~p~~~~ falls into different categories, which have been mviewed mpeamdly.6 
Nevertheless, only few procedures have been previously reported for its regioselective synthesis starting from 
isoquinolinone derivatives of type 3.7 These facts, together with our broad experience in the field of 3- 
~~~0~~8 prompted us to develop a new access to I2( 1 lH~~(c]~~~~ applying a Enal 
intramolecular cycliration reaction to the appropriately functionalixed isoquinoline precursor. It is noteworthy to 
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point out that. to our knowledge, this procedure repmsents the first known synthesis of the target tetncycles 
incorporating a carbonyl functionality at C 12 

IiESULTS AN&.D DISCUSSION 

with 
Our fust goal was the synthesis of the isoquinolhtone intermediate 3, which was carried out by alkylation 
benzyl bromide of tosylated DL-2-phenylglycine lb, thus obtaining benzyl 2-[IV-benzyl-IV-(p- 

tohtenesulfonyl)amino]-2-phenyl acetate &I, which upon catalytic hydrogenation/ internal acylation gave rise to 
formation of the isoquhtolinone objective 3. ‘I& overall yield for this pqamtion was 64%. thus improving the 

oiugbade’s procedure for the ~ymhesis 0f thii type 0f precursor.Ta 

la R=H 
i < lb R-T8 

iii < z”b EE 
3 

i) ‘NC!& NaOH. EtzO, H20. rd., Mh., 91% ii) BzBr, K2CXh CH$!N. a., 26h., W,; iii) 1.4 arm H2. lm w(c). ISOH, 
r.t, 1.W quantttau~ iv) 8: SOQ, bauute rut& W b: AlCls. C&CI2, -WC, 4h, 79%. 

Figure 1. Ball and stick drawing of compound 3. 

The stereochemistry of the latter derivative 3 has been proposed in the basis of NOE experiments. llms. 
observation of a NOE between Hla and the phenyl protons indicates a pseudo-axial conformation for the 
substituent at C3. A NOE between H3 and the tosyl aromatic protons determines the rruns configuration of the 
substituents in the heterocyclic ring. This assignment was confiied by the X-ray crystallographic analysis. 

The A and B rings planes of the 4(3H)-isoquinolinone skeleton form an angle of 6.3(lp and Cl, C4 and 
03 atoms am quasi-planar with the aromatic ring A [Cl deviation: -0.043(4)A; C4 deviation: 0.002(4)A and 03 
deviation: 0.091(3)A], however, N2 and C3 deviate from thii plane [N2 deviation: 0.436(3)A and C3 deviation: 
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-0.129(4)&. These deviations &termine the ~i~f-~~c~r conformation of the heterocyclic ring B. On the 

other hand, the conformation of the pbenyl group bonded at C!3 is pseudo-uxiui [torsion angle 03-C4-C3C9: - 
t36.5(5)0] thus bang both ring faces towards the subsequent reaction. 

Ptobably, the ptolueuesulfonyl group bonded at N2 pushes the pbenyl group to tire axial position in order 
to avoid steric hindrances [angle between bond lines C3C9 and S-Cl5 156.0(2)Q] as in other 3-a@ 
~~ydro~uinolin~ witbout substi~tion at N2 the axial confo~ation has not been observed.9 Finally, the 
sum of valence angles around the N2 atom is 358.30, showing a sp* hybridization with a remainer sps 

character.*0 
Following our synthetic route, compound 3 was submitted to a Reformat&y-type reaction yielding 

stemoselectively the (3~*;4R*)-4-hydroxy-4-methoxycarbony~~y~-3-phenyl-2-~-~l~u~onyl)-l~,3,~ 
tetrahydroisoquinoiine 4.1 t We presume that attack occurs from the opposite side of the ring Ram the phenyl 
substituent, giving the isomer in which the ester and phenyl groups are truns. Treatment of 4 with SOC12/ 
pyridine afforded derivative 5 (Z& ratio, 7:3 as deduced from *H-NMR spectra), which under catalytic 
hydrogenation yielded the expected mixture of cis and rruas-4-methoxycarbonylmethyl-3-phenyl-2-(p- 
~luenes~~fonyl)- 1,2,3,4-~tr~yd~~oquinolines 6. The mixture of isomers was hydrolyzed and then 
submitted to cyclixation conditions yielding a separable mixtum of the cis and fruns tetracycle 8. 

The subsequent separation was accomplished, by HPLC (hexane/etbyl acetate, 84~16) and then, 
crystallixation was carried out yielding single crystab, which were studied by X-ray diffraction with the 
following results. 

88 8b 

i) SOCI~. pyridine, 6OV, 92%. ii) 1.4 am Hz, 10% PdKX EtOH, r.t, qusntit&e. iii) KOH, EtOH, reflux, 2h, qusutitaave. iv) 
a’ SOCls. benzene, mflux. ul: b: AlCl3. CH$32. -10% 4h 79%. 

The molecular conformation of the diastereoisomer 8a has an anti-trans formtz mlated to the rrutrs fused 
B/C moiety [torsion angle C16-C14-C13-C17: -16~3.6(3)~]. The proposed confo~ation is supported by the 

dihedral angle between the A and D ring planes [22.OUPl and the torsion angles about the C13-Cl4 bond 
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(Figure 2). Besides, both rings B aud C adopt sofa conformations. which ate defined by the deviations of their 
atoms shown in Table 1. The same conformation, anti-tram is observed by means of tH-NMB experiments 
carried out in CDCls solution (Jnts_nt4: 11.1 Hz, NOB between the pseudo-axiul Hl 1 and H14 atoms, and no 
NOE between the pseudo-axial Hl 1 and H13 atoms). No diagnostic data were obtained for H13 and H14 when 

they were adequately irradiated. 

Figure 2. Ball and stick drawing and torsion angles (0) about the C13-Cl4 bond of diastereoisomer 8a. 

On the other hand, two equivalent molecules, A and B. form the asymmetric unit for diasteteoisomer 8b. 

The molecular conformation of both molecules has a syn-cis form’s with respect to the cis fused B/C 
moiety, as deduced from the values of the torsion angles C17-C13-C14-Cl6 71.0(4)0 in molecule A and 
78.0(4)0 in molecule B respectively. The proposed conformation is supported by the dihedral angle between the 
A and D ring planes [ 101.8(1)0and 90.1( l)O for molecules A and B respectively] and the torsion angles about 
the Cl3-Cl4 bond (Figure 3). Besides, while conformations of rings B and C for molecule A are twist-half- 
chuir, the corresponding conformations in the molecule B are half-chair. Table 1. 

The NOE experiments (CDCls solution) carried out on derivative 8b showed NOE between H13 and H14 

atoms with the pseudo-axial Hl 1 atom respectively. Moreover, the vicinal coupling constant of 4.7 Hz between 

H13 and H14 protons indicates a synclinal conformation for both atoms. 
When the same synthetic strategy was applied to diastereoisomers 6a and 6b independently, after beiig 

separated by HPLC. similar results were obtained, thus affording diastereoisomers 8a and 8b respectively. The 
observed behaviour indicated that the final cyclixation reaction proceeded in the same conditions, and was not 
influenced by the configurations of the C3 and C4 atoms for both isomers 6a and 6b. 
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H14 

Rgure 3. Ball and stick drawing and torsion angles (“) about the C13-Cl4 bond of the molecule A of 

diastemoisomer Sb. 

Table 1. Deviations (e.s.d.,A) of the B and C rings atoms respect to the A and D ring planes of 
diitereoisomers 8a and 8b. 

In summary, an efficient approach of new benxo[c]phenanthridinones was achieved in 9 steps starting 

from DL-Zphenylglycine, the key step being the formation of a 3-phenylisoquinolmone derivative, and 40% 

overall yield. 

EXPERIMENTAL 

Melting points were determined on a Gallenkamp apparatus and ate uncorrected. IR spectra were obtained 
by using a Perkin-Elmer 1430 spectmphotometer on KBr pellets (solids) or CHCls solution (oils) and peaks (u) 
am reported in cm-*. NMR spectm were recorded on a Bruker AC-250 spectrometer at 20-2FC, nmning at 250 
MHz for tH and 62.8 MHz for t3c in CM313 solvent and CHCb as an internal reference. Chemical shifts (8) 
are given in ppm and coupling constants (I) am reported in hertx (I-Ix). tH-( tH) NOE experiments were canied 
out in the difference mode by irradiation of all the lines of a multiplet in CDCls solver&t4 Assignment of 
individual t3c tesonances were supported by DEPT experiments. Elemental analyses were performed on a 
Perkin-Elmer 2400 CHN apparatus. Mass spectrometer was used at a 70 eV ionization potential to obtain 



10976 A. M. ~N~-C~O et al. 

electron impact spectra. Thin layer chromatography (tic) was carried out with 0.2 mm thick s&a gel plates 
(Merck Kieselgel GFs5.t) and visualized by UV light or by spraying with Dragendorffs ,gem.tS Flash 
column chromatographyte on silica gel was performed with Merck Kieselgel60 (230-400 mesh). HP~ was 
accomplished on a Waters 600E apparatus with a Porasll 1OM 19 mm x 15 cm column. All solvents used in 
reactions were anhydrous and purified according to standard procedums,t7 Reactions werp. car&d out under dry 
and deoxygenated argon atmosphere. Tranfers of solvents and solutions were performed by syringe or via 
canula.r8 

Z-Phenyi-Z-~-toluen~ulfonyl)a~inoacetic acid lb. 
TO a mechanically stirred solution of DL-Zphenylglycine la (151.1 mg. 1.0 mmol) and NaGH (100.0 

mg. 2.5 mmol) in water (2.0 ml) at room temperature, ptoluenesulfonyl chloride (228.7 mg, 1.2 mmol) ln ethyl 
ether (2.0 ml) was added. After 16h. of stir&g, 12N NC1 was added to the mixture until a white pmcipitam was 
formed. The so-obtained precipitate was filtered and washed with water. Crystallization was accompBshed from 
ethyl ether affording corn~~d lb as a white solid. Yield: 91%. M-p.: 159-16tX. IR (KBr): u 3300 (NH), 
3300-2500 (OH), 1720 (C=G), 1310 and 1180 (SO& tH-NMR (CDCs, TFA): 6 2.38 (s, 3H, CHs), 5.09 (s, 
1H. CH), 7.19-7.31 (m, 7H. Harem), 7.62 (d, 2H, J,,=8.3, H,,,, ~~ ). 13C-NMR (CDC13, TFA): S 21.31 
(CH3), 59.38 (CH), 127.13, 129.26, 129.47, 129.95 (C&,-H), 133.35, 135.06, 145.18 (C,,-C), 176.01 
(C=O). MS (m/e, %): no M+, 260(89), 155(45), 104(22), 91(100), 77(17), 65(18). 

DL-Benzyl 2-[N-benayl-N-(p-toluenesuttbnyt)aminol_ 2a. 
A mixture of lb (305.3 mg, 1.0 mmol), potassium carbonate (414.6 mg, 3.0 mmol) and benxyl bromide 

(0.29 ml, 2.5 mmol) in CHsCN (5.0 ml) was stirred at room temperature for 26h. Then, 5.0 ml of water was 
added and the mixture was extracted with CHsCls and dried over anhydrous sodium sulfate. After evaporation 
of the solvent under vacuum, the resulting oil was crystallized from methanol to afford derivative 2a as white 
crystals. Yield: 89%. M.p.: 79-8BC. IR (KBr): u 1740 (C=G), 1340 and 1150 (SOa). lH-NMR (CDC13): Zi 
2.40 (s, 3H, CH3), 4.41 (d, lH, J-=16.3, CHaN), 4.64 (d, lH, JAn=l6.3, CH2N), 5.00 (d, lH, J-=12.2, 
CHsO), 5.08 (d, lH, Jm=12.2, CHsO), 5.85 (s, lH, CH), 6.83-7.36 (m, 17H, Hm,,,), 7.59 (d, 2H, J&.3, 
H arom T$). lsC-NMR (CDCl3): 6 21.50 (CHs). 49.28 (CHzN), 63.11 (CH), 66.99 (CH20), 126.64, 127.34, 
127.63, 127.88, 128.30, 128.39, 128.49, 128.53, 128.66, 129.30, 129.39 (C&,-H), 133.42, 135.01, 
136.80, 137.34. 143.31 (C,,,- C), 169.82 (C=O). MS (m/e, %): no M+, 351(100), 330(%), 260(31), 
238(10), 194(92), 167(23), 155(39), 139(16), 117(17), 104(19), 91(98), 77(29), 65(96). Anal. calcd. for 
C2gH27N04S: C 71.73, H 5.60, N 2.88; found: C 71.72, H 5.67, N 3.00. 

DL-2-[N-Benzyl-N-@-toluenesulfonyl)amino]-2-phenylacetic acid 2b. 
A suspension of 2a (485.6 mg, 1.0 mmol) in absolute ethanol (5.0 ml) was placed in a Parr hydrogen 

flask and catalytic amounts of 10% Pd(C) catalyst was added. The mixtum was hydrogenated for 1.5h. at 1.4 
atmospheres and room temperature. The catalyst was removed and the colorless filtrate was concentrated under 
reduced pressure yielding a solid which was crystallized from ethanol to afford acid 2b as white crystals. Yield: 
qu~ti~ti~. M-p.: 157-158oC. IR (KBr): v 33002500 (OH), 1720 (C=G), 1340 and 1150 (502). tH-NMR 
(CDC13): 6 2.38 (s, 3H, CH,), 4.34 (d, lH, J Au=16.1. CH2), 4.60 (d, lH, JAn=l6.1, CH2), 5.76 (s, lH, 
CH), 6.83-6.87 (m, 2H, Haron), 7.00-7.08 (m, 3H, Han,&, 7.16-7.27 (m, 7H, H,om)r 7.62 (d. 2H, J,=8.3, 
H Bmm Ts). taC-NMR (CDCb): 6 21.42 (CHs), 49.31 (CH2). 63.31 (CH), 126.88, 127.38, 127.77, 127.96, 
128.72, 129.00, 129.47 (C,,,- H), 132.83, 136.69, 136.88, 143.69 (C,,-C), 175.78 (C=O). MS (m/e, %): 
no M+, 3Sl(lOO), 260(45), 240(98), 196(96), 165(28), 155(72), 135(29), 117(36), 106(65), 91(98). 77(72), 
65(95). Anal. calcd. for C&HatNO&: C 66.81, H 5.35, N 3.54; found: C 65.70, H 5.48, N 3.49. 

3-Phenyl-2-(p-toluenesulfonyl)-1,2-dihydro-4(3H)-isoquinolinone 3. 
To a stirred suspension of 2b (395.5 mg, 1.0 mmol) in dry benzene (5.0 ml) cooled with an ice bath, 

thionyl chloride (0.14 ml, 2.0 mmol) was added dropwise and then, the mixture was refluxed for 2h. The 
solution was evaporated to dryness in vacua and the obtained oil was examined by means of IR specttoscopy 
showing the presence of the acid chloride (band at u 1820 cm-‘). Thii oil, without further pu~cation, was 
dissolved in dry dichloromethane (5.0 ml) and the solution cooled to &PC, anhydrous aluminium chloride 
(266.7 mg, 2.0 mmol) in one portion with vigorous stirring was added and then the temperature was allowed to 
teach -1oOC. The stirring was continued for 4h. The reaction was quenched by shaking with 12N HCl in 
crushed ice, extracted with dichloromethane and dried over anhydrous sodium sulfate. After evaporation of the 
solvent under reduced pressure, the resulting oil was crystallized from ethanol affording i~~olino~ 3 as 
pale brown crystals. Yield: 79%. M.p.: 83-84%. IR (KBr): u 1690 (C=O)). 1340 and 1160 (SG$. *H-NMR 
(CDC13): 6 2.25 (s, 3H, CH3), 4.44 (d. lH, J-=18.2, H-l ax), 4.93 (d, lH, JAB=18.2, H-l ec), 5.76 (s, IH, 
H-3), 6.99 (d, 2H, J,=8.3, I&,,,, l’s ) 7.08-7.11 (m, lH, H-8), 7.21-7.27 (m, lH, Hma,). 7.31 (s, 5H, Harem , 
PII). 7.42-7.45 (m, lH, H,,,), 7.47 (d, 2H, J,=8.3, I&,, TV , ) 7.76-7.79 (dd, IH, J,=7.9, J,=1.2, H,,,). 



A 3-phenyL4(3H)-isoquinolinone 10977 

‘sC-NMR (CDCb): 6 21.26 (CH3). 43.42 (C-l), 64.53 (C-3), 125.69, 126.97, 127.08, 127.36, 127.46, 
128.45. 128.83, 129.41. 134.34 (Cmm- H). 129.77. 132.59. 135.87, 137.98, 143.55 (C,,-C), 191.71 
(C=O). MS (m/e. %): 377 (M+. 1). 223(100), 193(15), 155(g), 118(66). 91(98). 77(22). 65(45). Anal. calcd. 
for CasHtsNOsS: C 70.00. H 5.07, N 3.71; found: C 70.54. H 5.15. N 3.70. 

(3R*,4R*)-4-Hydroxy-4-methoxycorbonylmethyI-3-phenyl-2-0)-toluene sulfonyl)- 
1,2,3,4-tetrahydroisoquinoline 4. 

Zinc activation was performed following the Miginiac’s procedure.19 Thus.to a suspension of zinc 
powder (104.6 mg, 1.6 mmol) in dry diethylic ether (5.0 ml) fmshly distilled trimethylchlorosilane (2 pml, 0.16 
mmol) was added from a syringe and the mixture was stirred for 15 min. at room temperature. 

After the suspension of activated zinc was heated to reflux, the heating was stopped and a mixture of ethyl 
bmmoacetate (0.17 ml. 1.6 mmol) and ketone 3 (377.4 mg, 1.0 mmol) in dry ethylic ether (10.0 ml) was added 
at such a rate that a gentle reflux was observed. The reflux was continued during 2h. and then, was allowed to 
reach room temperatum. The reaction was quenched by shaking with 20% Nf&OH in crushed ice and extracted 
with diethylic ether, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The 
tesulting oil, chromatogmphically pure, was crystallized from methanol to yield 4 as white crystals. Yield 85%. 
M.p.: 118-l WC. JR (KBr): u 3360 (OH), 1700 (C=O). 1350 and 1160 (SO2). tH-NMR (CDCls): 8 2.31 (s, 
3H, CH3 Ts), 2.76 (d. 1H. J-=16.4, CH2C). 3.13 (d. lH, J,~=16.4, CH2C). 3.77 (s, lH, CH30), 4.23 (s, 
1H. OH), 4.24 (d. 1H. J-=15.9. H-l), 4.80 (d, lH, JAn=l5.9. H-l), 5.58 (s. lH, H-3). 6.80-6.83 (m, 2H, 
H.,,,,,,). 6.97-7.13 (m, 6H. H-8, H,,), 7.27-7.31 (m, 2H. H,,, ) 7.46 (d. 2H, J,=8.3. H.r,,,,,&. 7.58-7.62 , 
(m, 1H. H-5). t3C-NMR (CDCls): 6 21.32 (CH3 Ts), 44.00.45.17 (CH& C-l), 51.98 (CHsO), 61.91 (C- 
3). 72.43 (C-4), 125.33, 125.89, 127.27, 127.72, 127.79. 127.85, 127.92, 129.14, 129.23 (C,,-H), 
130.16, 135.49, 135.56. 137.92, 143.17 (C,,- C), 172.83 (C=O). MS (m/e. 96): no hi+, 433( 11). 420(3), 
296(100), 260(82), 222(42), 155(32), 149(22), 131(34), 119(33), 91(94), 77(15). 65(22). Anal. calcd. for 
CasHa5NOsS: C 66.50. H 5.58, N 3.10; found: C 66.59, H 5.65, N 3.23. 

4-Methoxycarbon~lmethin-3-phenyl-2-@-toluenesulfonyl)-1,2,3,4- 
tetrahydroisoquinoline 5. 

To a stirred solution of 4 (451.5 mg, 1.0 mmol) in freshly distilled pyridme (5.0 ml) cooled with an ice 
bath, thionyl chloride (0.14 ml, 2.0 mmol) was added dropwise and the mixture was heated at 6fPC for 2h. 
After cooling to room temperature, water was ad&d and the mixture was extracted with dichloromethane and 
dried over anhydrous sodium sulfate. The pyridine was removed under reduced pressure and a brown oil was 
obtained and crystallized from ethanol to afford a pale brown solid containing a mixture of(Z)- and (E)-isomers 
of derivative 5 (ZE ratio: 7:3). Yield: 92%. 

The (Z)-isomer was extracted from the aqueous mother liquors, concentrated and then recrystalhzed from 
methanol. M.p.: 140-141oC. (ZI_isomer: JR (KBr): u 1710 (C=O), 1350 and 1170 (So2). *H-NMR (CD(&): 6 
2.31 (s, 3H, CH3 Ts), 3.73 (s, 3H, CH30), 4.21 (d. lH, J -=18.2, H-l), 4.89 (d. lH, J-=18.2, H-l), 6.31 
(s. lH, H-3), 7.14-7.30 (m. lOH, H,,,, , ) 7.33 (s. 1H. CH=C), 7.49-7.55 (m. 3H, Her,,,,,). tsC-NMR 
(CDCl3): 6 21.43 (CH3 Ts), 43.29 (C-l), 51.59 (CH30). 54.81 (C-3). 77.19 u=C), 114.81, 124.76. 
126.25, 127.31, 127.73. 128.51. 129.06. 130.28, (C.,,,- H). 130.36, 133.33, 136.10, 136.72, 143.20. 
146.75 (CHG. C,,-C). o_isomer: IR (KBr): u 1710 (GO). 1330 and 1160 (SO& tH-NMR (CDCls): S 
2.33 (s, 3H. CH, Ts), 3.67 (s. 3H. CH30). 4.36 (d. 1H. J-=17.5. H-l), 4.80 (d, 1H. J-=17.5, H-l), 5.69 
(s, 1H. H-3). 5.79 (s, lH, CH=C), 7.00-7.30 (m, lOH, H.,,,), 7.59-7.66 (m. 3H, H,,,,,,). tsC-NMR 
(CDC13): 6 18.38 (CH3 Ts). 44.85 (C-l), 51.42 (CH30). 63.15 (C-3), 118.01. 125.40, 126.77, 129.54, 
129.79, 130.00 cH:C. Carom- H), 129.26, 132.67, 136.29. 143.48, 144.30 (CH& CW,-C), 166.05 
(C=O). lz, and IEJ umxs: MS (m/e, %I): 433(M+. 2), 402(2), 278(100), 246(35), 218(96), 191(15), 
155( 14), 1 l&47), 9 1;81). 77( 12). 65(24). 

(3R*,4R*)- and (3R*,4S*)-4-Methoxycarbonylmethyl-3-phenyl-2-~-toluene sulfonyl). 
1,2,3,4-tetrahydroisoquinoline 6a and 6b. 

A suspension of 5 (433.5 mg, 1.0 mmol) in absolute ethanol (5.0 ml) was hydrogenated at 1.4 
atmospheres pressure and room temperature in the presence of catalytic amounts of 10% Pd(C) for 2h. The 
catalyst was removed and the colorless filtrate was concentrated under reduced pressure to form a colorless oil. 
This oil showed by tic (hexane/ ethyl acetate, 8:2) the presence of two spots corresponding to the expected 
diasteteo$om~rs, whtch wete sep- by HPLC (hexand ethyl acetate, 86: 14) m a rat19 6a / 6b, 64. 

m .4R )-Isomer: the denvauve 6a wss crystalhzed from methanol to afford white crystals. M.p.: 119- 
12ooC. IR (KBr): u 1740 (C=O), 1340 and 1170 (SO2). tH-NMR (CDCI,): 6 2.37 (s, 3H, CH3 Ts), 2.48 (dd. 
1H. J~x=5.2, J/,n=l6.7. CH2C). 2.73 (dd, lH, Jnx=9.3. J ~n=l6.7, CHsC), 3.67-3.72 (m, lH, H-4). 3.73 
(s. 3H. CH30), 4.28 (d. lH, J~n=l5.8. H-l), 4.69 (d, lH, JAn=15.8, H-l), 5.45 (d, lH, Jz1.5, H-3). 6.97- 
7.21 (m. IlH, H,,,). 7.65 (d, 2H, J,,=8.3. H- TJ. W-NMR (CDCl,): 6 21.43 (CH3 Ts). 40.52. 43.84 
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(c-1, CHzC), 41.18 (c-41, 51.76 (CH30). 58.63 (C-3), 126.14, 127.05, 127.11, 127.25, 127.30, 127.39, 
128.17, 129.10, 129.43 (Csrom- Ii), 131.31, 134.87, 136.56, 139.38, 143.27 (C&a&), 172.28 (C&). MS 
(de, %I: no M+, 404(l), 280WW, 220(11). 2O6(38), 14X12), 115(31), 91(63). 77(8). ,65(lf). Anal. &cd. 
for Cs5HssN04S: C 68.94, H 5.78, N 3.21; found: C 69.15, H 5.83, N 3.80. L;tR .4S ) l~~mef 
derivative 6b was c~stailimd from ethanol to afford white crystals. M-p.: li4-IWIR (R&I: ~-I740 (&$ 
1350 and 1170 (SO& ‘II-NMR (CDC13): 6 2.31 (dd, IH, J ~x=7.6, J-=16.6, CHaC), 2.37 (s, 3H. CH3 Ts), 
2.62 (dd, lH, Jnx=7.O, J~n=l6.6, CH&), 3.56-3.64 ( m, lH, H-4), 3.72 (s, 3H, CHsO), 4.44 (d, lH, 
J~=l4.4, H-l ec), 5.06 (d, lH, JAn=l4.4, H-l ax), 5.34 (d, lH, J&6, H-3). 6.66 (d, 2H. J,=8.3, H,,, 
$, 6.88-6.91 (m, lH, H-5). 6.92-7.13 (m, 3H, Harem), 7.16-7.24 (m, SH, Hm,,,), 7.61 (d, W, 5~8.3, 

m,r, Ts). 13C-NMR (CDC13): S 21.45 (CH3 Ts), 34.11 (CHzC), 38.30 (C-4). 45.91 (C-l), 51.97 (CH30), 
59.80 (C-3), 124.99, 126.27, 
127.01, 127.42, 127.58, 127.91, 128.14. 129.45 (C,,, -H), 133.70, 135.39, 135.83, 138.06, 143.21 
(GOIil -C), 172.20 (GO). MS (m/e. %): no Mf, 404(l), 280(1~), 260(1O), 206(22), 176(u)), 144(44), 
134(13), 129(6), 116(40), 91(41), 77(5), 65(8). Anal. c&d. for C25H25NO4S: C 68.94, H 5.78, N 3.21; 
found C 69.05, H 5.79, N 3.57. 

4-Carboxymethyl-3-phenyl-2-(9-toluenesulfonyI)-1,2,3,4-tetrahydro 
isoquinoifne 7. 

General procedure: A suspension of 6 (435.5 mg, 1.0 mmol) in aqueous 6M KOH (10.0 ml) was stir& 
under reflux for 2h. The mixtum was cooled at room ~~~ and pouted onto ice- 12N HCl, extracted with 
dichlotomethane and dried over anhydrous sodium sulfate. The solvent was evaporated and the solid was 
purified as specified for each ~~~~oi~~r of compound 9. Yi@d: quantitative. 

(3R*,4R*)-4-Carboxymethyi-3-phenyl-2-Cp-totuenesuIfonyl);1,2,3,4- 
tetrahydroisoquinoliue 7a. 

Following the general procedure, the isoquinoline derivative 7a was obtained from 6a and crystallized 
from ethylic ether to afford a white solid. M.p.: 200-201oC. IR (Kl3r): u 3300-2500 (OH), 1700 (GO), 1340 
and 1160 (S&). tH-NMR (CDC13): 6 2.38 (s, 3H, CH3), 2.54 (dd, lH, JAx=4.7, J-=17,3, CH2C), 2.79 
(dd, lH, Jn~=9.5, J~~=17.3, CHsC), 3.69-3.74 (m, lH, H-4). 4.29 (d, lH, J~=15,9, H-l), 4.70 (d, iH, 
JAn=l5.9, H-l). 5.51 (d, lH, J-1.1, H-3), 7.00-7.23 (m, llH, I-&&, 7.69 (d, 2H, J,=8.3, &a, n)_ *sC- 
NMR (CDC13): 8 21.37 (CH3). 40.28, 43.78 (C-l, CHsC), 40.72 (C-4), 58.65 (C-3). 126.24, 127.03, 
127.21, 127.41, 127.59, 127.73, 128.32, 129.01, 129.69 (C,,,- H), 131.00, 134.08, 135.58, 138.63, 
144.06 (c&u- C), 178.69 (Clot. MS We. 96): no M+, 420(l), 266flOO). 2O6(3O), 162(7). 155(8), 150(31), 
115(21), 91(42), 77(5), 65(g). Anal. calcd. for C24H~sN04S: C 68.38, H 5.50, N 3.32; found: C 68.06, H 
5.48, N 3.56. 

(3R*,4S*)-4-Carboxymethyl-3-pheny~-2-@-toluenesulfonyl)-1,2,3,4- 
tetrahydroisoquiuoline 7b. 

Following the general procedure, the derivative 7h was obtained from 6b and crystalked from methanol 
to affotd white crystals. M.p.: 169-17oOC. IR (KBr): u 33OO-2500 (OH), 1720 (GO), 1340 and 1160 (SqZ). 
‘H-NMR (C!lX13): 6 2.35 (s, 3H, CH3), 2.39 (dd, lH, J Ax=7.7, J,~=17.2, CHzC), 2.73 (dd, lH, Jnx=6.5, 
J~nzl7.2, CHaC), 3.55-3.62 (m, lH, H-4). 4.45 (d, lH, J~n=l4.5, H-l ax), 4.59 (d, lH, J_4~&4.5, H-l 
ec), 5.39 (d, lH, J=5.4, H-3), 6.68 (d, 2H. J,,=8.3, H,, Tp , ) 6.92-6.95 (m, lH, H-5), 7.03-7.32 (m, 8H, 
Harom)r 7.61 (d, 2H, J,=8.3, H,,, Td. 13C-NMR (CDCls): 6 21.45 (CH3), 33.82 (CHaC), 38.07 (C-4). 
45.95 (C-l), 59.67 (C-3). 124.91, 126.38, 127.17, 127.40, 127.70, 128.00, 128.12, 129.46 (C,,,-H), 
133.67, 135.00, 135.53, 137.83. 143.34 (C,,- C), 177.77 (C=O). MS (m/e, 46): no M+, 266(89), 206(26), 
15X16), 143(31), 116(50), 91(100), 77(14), 6X33). Anal. calcd. for CmH2sNO&: C 68.38, H 5.50, N 
3.32; found: C 68.49, H 5.55, N 3.64. 

5-@-ToIuenesulfonyl)-5,6,13,14-tetrahydra-l2{l~~~-benzo[e~ phenan~~d~~~ 8. 
Gener& proceciurc: To a stirred suspension of diitereoisomers 7 (421.5 mg, 1.0 mmol) in dry benrone 

(5.0 ml) cooled with an ice bath, thionyl chloride (0.14 ml, 2.0 mmol) was added dropwise and then , the 
mixture was refluxed for 2h. The solvent was evaporated in vacua to afford a brown oil, which showed a 
typica carbonii band at 1810 cm-t. This oil, without further purification, was dissolved in dry dichlo~m~ 
(5.0 ml) and the solution cooled to -6ooc. Anhydrous aluminium chloride (266.7 mg, 2.0 mmol) was added in 
one portion with vigorous stitxing. The temperature was allowed to reach -WC and the stirring was continued 
for 3h. The reaction was quenched by shaking with 12N HCl in cntshed ice, extracted with dichoromethane and 
dried over anhydrous sodium sulfate. The solvent was evapomted under vacuum obtaining a colorless oil in 
85% yield. This oiI showed by tic (hexanekthyl acetate, 8:2) the presence of two diastereoisomers, which wete 
separated by HPLC lhexandethyi acetate, 8416) in a ratio 8a I Sb, 6:4. 
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(13R*,14R*)-J-(p-toluenesulfonyl)-5,6,13,14-tetrahydro-l2(ll~)-~en~o[~] 
phenanthridinone 8a. 
Following the general procedure, derivative 8a was obtained from 7a and crystallized from methanol to afford 
pale brown crystals. M.p.: 215-216oC. IR (KBr): u 1680 (C=O). 1320 and 1160 (SOZ), lH-lVMR (CDC13): 6 
2.26 (s. 3H, CH3), 2.79 (dd, lH, JAx=13.2, J AB=17.4, H-11 ax), 3.10-3.20 (m, 1H. H-13). 3.42 (dd, lH, 
Jsxz3.5. J~~zl7.4. H-11 Ed), 4.22 (d. lH, JAB= 16.2. H-6 ax), 4.69 (d, 1H. J=ll.l, H-14). 4.73 (d. lH, 
JAB= 16.2, H-6 ec). 6.76-6.79 (m, lH, H,,,), 6.92 (d. 2H, J,=8.3, H,,,, Ts), 6.96-6.99 (m. 1H. H-10). 
7.11-7.17 (m. lH, H,,). 7.31 (d, 2H, J,,=8.3. H,,,,,* n), 7.45-7.51 (m, lH, Harem). 7.70-7.76 (m, lH, 

) 8.06-8.13 (m 2H H ). 13C-NMR (CDCb): 8 21.36 (CH3) 39.83 (C-13) 41.23 (C-11). 46.62 
z-z! b0.51 (C-14), ‘122~82,8ri)2m6.18, 126.31. 127.10, 127.54, 127.72: 128.07, 129.i3. 134.30 (C,,,-H), 
131.48, 135.03, 135.19, 135.43, 143.36. 144.66 (C,,,- C). 195.52 (C-12). MS (m/e, %): 403 (M+, 1). 
248(81), 231(43), 218(10). 155(7). 130(15), 115(45), 91(100), 77(17), 65(36). Anal. calcd. for 
C~~HZ~NO~S: C 71.44, H 5.24, N 3.47; found: C 71.52, H 5.20, N 3.51. 

(13R*,14S*)-5-(p-toluenesulfonyl)-5,6,13,14-tetrahydro-12(11H)-benzo[c] 
phenanthridinone 8b. 

Following the general procedure, diastereoisomer 8b was obtained from 7b and crystallized from 
ethanol/water, to afford pale brown crystals. M.p.: 115-l 16oC. IR (KBr): 1) 1690 (C=O), 1340 and 1160 
(SO2). ‘H-NMR (CDCl3): 6 2.40 (s, 3H, CH3). 3.02 (dd. lH, J~xz5.1, J~~=17.2, H-11 ax). 3.45 (dd, lH, 
J~x=3.3, J~~=17.2, H-11 ec), 3.46-3.51 (m, 1H. H-13), 4.26 (d, lH, JAB= 17.1, H-6 ax), 4.72 (d, lH, 
JAB= 17.1, H-6 ec), 5.75 (d, lH, J=4.7, H-14), 6.86-6.89 (m. 1H. H-7). 7.02-7.13 (m, 2H, H,,,,), 7.22- 
7.31 (m. 4H, Harem). 7.52-7.58 (m, lH, H,, , ) 7.62-7.65 (m, 1H. H-4), 7.79 (d. 2H, J,=8.3, H,, T‘). 
7.77-7.84 (m, lH, H,,, ). ‘SC-NMR (CDCl3): 6 21.52 (CH3). 36.88 (C-13). 41.50. 43.64 (C-6, C-11). 
54.90 (C-14), 126.01. 126.51, 126.82, 126.93, 127.07, 127.34, 127.73, 127.96, 129.97. 134.40 (C,,,-H), 
131.34. 132.47, 132.77, 137.43. 139.46, 143.79 (C,,, -C), 194.59 (C-12). MS (m/e, %): 403 (M+, 2), 
248(1CKl), 231(64). 218(10), 115(23), 91(36), 83(80), 65(10). Anal. &cd. for C24H2tNO3S: Calc. C 71.44, 
H 5.24, N 3.47; found C 71.61, H 5.25, N 3.47. 

X-RAY CRYSTALLOGRAPHIC ANALYSIS 

Prismatic crystals were mounted on an Enraf-Nonius CAD4 or Philips PW- 1100 diffractometer. Unit cell 
parameters were determined from automatic centring of 25 high-angle reflections and refined by least-squares 
method. Intensities were collected with graphite monochromatized MO Ka radiation, using Wr2B scan technique. 
Reflections were measured in the range 2 s 0 5 30“. Data were corrected for Lorentz-polarization effects, but no 
absorption corrections were performed. All diffractometer data were collected at room temperature. Pertinent 
crystal, data collection and refinement parameters are summarized in Table 2. 

The structures were solved by direct methods, using SHELXS computer program20 and refined by full- 
matrix least-squares method, with the SHELX76 computer program. 21 The function minimized was zw I IFol - 
lFclI2. f, f and f’ were taken from International Tables of X-ray Crystallography?2 Hydrogen positions were 
calculated wherever possible. A final difference Fourier revealed no missing or misplaced electron density. 
Coordinates, anisotropic temperature factors, distances and angles were submitted to this Journal for deposition 
to the Cambridge Crystallographic Data Center. 
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Table 2. Crystal data, intensity data cOllediOn ami structural refinement summary for compounds 3.8~ 
and 8b. 
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