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Abstract 

In a synthetic approach to (+)-dioncophylline C ( I ) ,  a coupling between the chiral oxazoline 
(3) and the Grignard reagent obtained from bromide (4) gave the major biaryl (5) and the 
minor biaryl (12) in good yield and high diastereoselectivity (yield 70%; ratio 91 : 9). The 
stereochemistry of the major biaryl (5) was confirmed by X-ray structure analysis of the 
derived crystalline iodide salt (13). 

(+)-Dioncophylline C (1)l is an example of the unusual family of naphthyl- 
isoquinoline alkaloids which have been isolated from the plant families Dion- 
cophyllaceae and Ancistrocladaceae. Compound (1) is the only 5-1' linked 
Dioncophyllaceae alkaloid isolated thus far and the absolute configuration de- 
picted was determined by a combination of chiroptical and chemical methods.' 

We have recently reported a formal synthesis of (-)-0-methylancistrocladine 
(2)2 in which the biaryl linkage was constructed with high diastereoselectivity 
by utilizing the asymmetric biaryl coupling method developed by Meyers."t 
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has been shown that these couplings proceed under chelation control and that 
the outcome can be controlled by adjusting the chelating ability of the ortho 
substituents on the Grignard reagent.4 For a synthesis of (+)-dioncophylline C 
(I),  a coupling between the chiral oxazoline (3) and the Grignard reagent derived 
from the bromide (4) would be required (Scheme 1). The reaction should proceed 
via the transition state4 AS, where chelation to the dioxolan oxygen atoms by 
the magnesium atom would p red~mina te ,~ ' "~  provide the desired biaryl (5) as 
the major product. The atropisomer (5) could then be converted into the natural 
product (1) by using previously developed procedures.516 

Scheme 1 

We proceeded to investigate the above proposal and the results are outlined in 
Scheme 2. Conversion of bromo quinone (6)7 into naphthalene (8) via the ether 
(7) was achieved according to the procedure described by Jung (Scheme 2).8 
Treatment of bromide (8) with cuprous cyanide in boiling dimethylformamide gave 
nitrile (9) and subsequent base hydrolysis then provided amide (10) which was 
converted into oxazoline (3) by treatment with triethyloxonium tetrafluoroborate 
followed by (S)-valin01.~ The required bromide (4) was prepared by acetalization 
of known aldehyde (11);' generationlo of the Grignard reagent, followed by 
addition of a solution of oxazoline (3) in tetrahydrofuran and heating for 16 h 
gave the minor (S)-isomer (12) (6%) and the desired major (R)-isomer (5) (64%), 
after purification by flash chromatography. The stereochemical outcome of the 
coupling was confirmed by an X-ray structural determination conducted on the 
iodide salt (13) (Fig. 1) which was obtained by treatment of the biaryl (5) with 
methyl iodide in acetonitrile. 
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Since the biaryl (5) possesses one less ortho substituent about the biaryl 
linkage, racemization could occur under the reaction conditions, and the observed 
ratio of products would therefore be the result of a thermodynamic equilibrium. 
However, when a solution of atropisomer (5) in tetrahydrofuran was boiled for 
24 h, no rotation about the biaryl linkage was detected to the limits of 'H n.m.r. 
spectroscopy. This observation supports the view that the observed selectivity 
is due to kinetic control. An interesting aspect of the 300-MHz 'H n.m.r. 
spectrum of (13) was the large chemical shift difference (0.53 ppm) between the 
diastereotopic methyl groups on the isopropyl substituent. It appears that the 
conformation of the salt (13) in solution could be similar to that in the solid 
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state as the X-ray structure (Fig. 1) shows one methyl group [C(7"')] positioned 
in the shielding zone of the benzene ring. 

The X-ray structure of the salt (13) provides further evidence that these 
couplings proceed under chelation control and that good selectivities can be 
achieved. 

Fig. 1. OREP diagram of the cation 
(13) showing the crystallographic 
labelling scheme; carbon atoms are 
depicted by numerals only. Ellipsoids 
are at the 50% probability level. 

Description of the Structure (Fig. 1 and Tables 1-3) 

Selected bond lengths, angles and torsion angles are given in Tables 2 and 
3. The 10 atoms of the naphthalene ring are planar, the maximum deviation 
being -0.015(6) A for C(7"). The methoxy group and C(9") and 0(511) of the 
benzyloxy group lie almost in the plane of the naphthalene moiety, with the 
C(3")-C(4")-O(4")-C(16") and C(61')-C(5'1)-0(5")-C(9") torsion angles being 
-1.5(9) and 3.9(9)" respectively, while the dihedral angle between the naphthalene 
ring and the benzyloxy aromatic ring [maximum deviation: C(12") 0.Ol4(7) A] 
is 37.1(2)". In contrast, the oxazoline ring [maximum deviation: O(lf") 
-0.037(4) A], attached to C(2I1), and the trisubstituted benzene ring [maximum 
deviation: C(4') -O.OO7(5) A], attached to C(lf ') ,  both lie almost perpendicular 
to the naphthalene ring, with the dihedral angles being 84.3(2) and 83.40(15)", 
respectively. For the second benzyloxy group, attached to C(4/), both C(7') and 
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Table 1. Final fractional atomic coordinates and equivalent isotropic temperature factors 
for (13) 

Estimated standard deviations are given in parentheses 
U,,= ;CCUtja ;a j 'a i .a j  

Atom x Y z Ue, (A2) 
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O(4') again lie almost in the ring plane, with the C(3/)-C(4')-0(4/)-C(7') torsion 
angle being 6.8(12)', and the dihedral angle between the benzyloxy aromatic ring 
[maximum deviation: C(13') 0.014(8) A] and trisubstituted benzene ring being 
76.5(3)'. The dioxolan ring adopts a regular half-chair conformation," with 
the maximum deviation from the least-squares plane being O(5) -0.174(7) A; 
torsion angles for this ring are given in Table 3. 

Table 2. Selected bond lengths (A) and angles (degrees) for (13) 

Atoms Bond length Atoms Angle 

Table 3. Selected torsion angles (degrees) for (13) 

Atoms Angle Atornu Angle 

Experimental 
General methods have been given previously.12 

5-Benzyloxy-2-bromonaphthalene-1,4-dione (7) 

To a solution of the naphthoquinone (6)' (2 . O  g, 7 .9 mmol) and benzyl bromide (1.61 ml, 
13.5 mmol) in CHzClz (50 ml) was added silver oxide (1 .58 g, 6 . 8  mmol) and the resulting 
suspension was stirred a t  room temperature for 43 h. The mixture was filtered through a pad 
of Celite and the filtrate was concentrated under reduced pressure to yield the crude product. 
Purification by flash chromatography with 10-40% EtOAc/petrol as eluent gave the quinone 
(7) (2.06 g, 75%) which was recrystallized from ethanol as orange needles, m.p. 123.5-124' 

Altona, C.. Geise, H. J., and Romers, C., Tetrahedron, 1968, 24, 13. 
l2  Gable, R. W., McVinish, L. hI., and Rizzacasa, M. A., Aust. J. Chem., 1994, 47, 1537 
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(lit.' 125') (Found: C, 59.7; H, 3.0; Br, 23.3. Calc. for C17HllBr03: C, 59.5; H, 3.2; Br, 
23.3%). 'H n.m.r. 6 5.30, s, PhCH20; 7.32-7.43. m, 5H, ArH; 7.54-7.57, m, 2H, ArH; 
7.61, dd, J 7.8, 7.5 Hz, H7; 7.82, dd, J 7.8, 1 .2 Hz, H 6  or H8. 13c n.m.r. 6 70.9, 120.1, 
120.9, 126.6, 128.0, 128.7, 133.1, 134.8, 135'7, 136'8, 142,2, 158.8, 160.4, 178.2, 181.2. 

A suspension of the naphthoquinone (7) (1.81 g, 5 . 3  mmol) in ether (25 ml) was shaken 
with a solution of sodium dithionite (2.42 g, 10.4 mmol) in water (25 ml) until the bright 
yellow colour dissipated (approx. 20 min) to give a clear solution. The organic layer was 
separated and washed with brine, dried over Na2S04 and concentrated under reduced pressure 
to give a tan solid. A solution of the crude diol in acetone (75 ml) was heated under reflux 
with potassium carbonate (5.61 g, 40.6 mmol) and dimethyl sulfate (3.4 ml, 35.3 mmol) for 
24 h. The cooled suspension was then filtered and concentrated under reduced pressure, and 
the resulting residue was dissolved in ether and treated with triethylamine (20 ml) for 20 min 
at  room temperature. The ether solution was washed with 1 M HC1, water, and removal of the 
solvent gave the crude product which was purified by chromatography on basic alumina with 
5% EtOAc/petrol as eluent. Recrystallization from petrol gave the naphthalene (8) (1.57 g, 
80%) as colourless prisms, m.p. 91-92' (lit.' 86-87') (Found: C, 61.4; H, 4.5; Br, 21.5. 
Calc. for C19H17Br03: C, 61.2; H, 4.6; Br, 21.4%). 'H n.m.r. 6 3.93, s, OMe; 3.94, s, 
OMe; 5.20, s,  PhCH20; 6.92, s,  H3; 6.98, dd, J 7.8, 0 .9 Hz, H 6  or H8; 7.32-7.47, m, 4H, 
ArH; 7.58-7.60, m, 2H, ArH; 7.73, dd, J 8.7,  0 .9Hz,  H 6  or H8. 13c n.m.r. 5 56.1, 61.2, 
71.4, 109.1, 109.7, 112.6, 115.1, 118.1, 126.9, 127.5, 127.6, 128.3, 131.8, 137.3, 146.6, 
154.0, 156.5. 

5-Benzyloxy-1,~-dzmethoxynaphthalene-2-carbonztnle (9) 

A mixture of the naphthalene (8) ( 0 . 5  g, 1 . 3  mmol) and cuprous cyanide (0.31 g, 3 .4  mmol) 
in dimethylformamide (10 ml) was heated at reflux under nitrogen for 23 h. The reaction 
mixture was allowed to cool to room temperature and poured into a solution of ethane-1,2- 
diamine (1 ml) in water (10 ml). The aqueous suspension was extracted with EtOAc and the 
resulting organic layer was washed with water until the aqueous layer was colourless. Removal 
of the solvent gave a tan solid which was purified by filtration through a plug of silica with 
10-20% EtOAc/petrol as eluent. Recrystallization from petrol gave colourless needles of the 
nztrzle (9) (0.39 g, go%), m.p. 125-125.5' (Found: C, 75.3; H, 5.2; N, 4.3. C2oH17N03 
requires C, 75 2; H, 5.4; N, 4.4%). v,,, (KBr disk) 2226 cm-l. 'H n.m.r. 6 3.93, s,  OMe; 
4.15, s, OMe; 5.21, s,  PhCH20; 6.75, s, H3; 7.12, dd, J 7.8, 1 . 1  Hz, H 6  or H8; 7.33-7.58, 
m, 6H, ArH; 7.80, dd, J 8.4,  1 . 2  Hz, H 6  or H8. 13c n.m.r. 6 56.5, 62.8, 71.5, 100.1, 105.1, 
111.9, 115.7, 117.1, 126.9, 127.7, 128.0, 128.4, 130.7, 136.9, 153.5, 154.8, 156.4, 160.4. 

A solution of the nitrile (9) (1.65 g, 5 .2  mmol) in B u t O ~  (50 ml) was heated under 
reflux with powdered potassium hydroxide (1.65 g, 29.4 mmol) for 3 h. The cooled solution 
was poured into water, then extracted with CH2C12, and the organic layer was washed 
with saturated NaCl and dried over MgS04. Removal of the solvent gave the crude amide 
which was purified by flash chromatography on silica gel with 80% EtOAc/petrol as eluent. 
Recrystallization from EtOAc gave the amzde (10) (1.52 g, 87%) as colourless needles, m.p. 
167-167.5' (Found: C, 71.2; H, 5 .4 ;  N, 4.1. C20H19N04 requires C, 71.2; H, 5.7; N, 
4.2%). 'H n.m.r. 6 3.94, s, OMe; 4.00, s, OMe; 5.21, s, PhCH20: 6.25, br s,  1H; 7.05, 
d ,  J 7 , 8 H z ,  lH,  ArH; 7.33-7.60, m, 7H, ArH; 7.76, d, J 8 . 1  Hz, lH,  ArH; 8.00, br d, J 
2.7Hz,  1H. 13C n.m.r. 6 56.1, 62.8, 71.5, 105.1, 110.8, 115.9, 120.9, 121.3, 126.9, 1273 ,  
127.6, 128.4, 131.2, 137.2, 149.2, 153.8, 156.5, 167.5. 

(-)-(~S)-2-(5'-Benzyloxy-1t,4t-dzmethoxy-2'-naphthyl)-4-z~opropY1-~,5-dzhydrooxaaole (3) 

To a solution of the amide (10) (620 mg, 1 .5  nimol) in dry dichloroethane (20 ml) a t  O°C 
was added by syringe a solution of triethyloxonium tetrafluoroborate in dichloroethane (2 M. 

1 . 8  nd). This was then allowed to stir overnight at O°C, a procedure which resulted in a 
yellow precipitate. To this suspension was added (S)-valinol (400 mg, 3 .9  mmol) and the 
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mixture was allowed to warm to room temperature and then heated under reflux for 11 h. 
The reaction mixture was cooled and washed with 5% Na2C03, water, saturated NaC1, then 
dried (MgS04) and concentrated under reduced pressure to give a crude yellow oil which was 
flash chromatographed on silica gel by using 40% EtOAc/petrol as eluent. Recrystallization 
from petrol afforded the oxazoline (3) (473 mg, 64%) as pale yellow needles, m.p. 77-78', 
[a]:: -43.5' (c,  1 . 8  in CHC13) (Found: C, 74.1; H, 6.6; N, 3.5. C25H27N04 requires C, 
74.1; H, 6.7; N, 3.5%). 'H n.m.r. b 0.99, d ,  J 6.7Hz,  3H, CH(CH3)2; 1.09, d ,  J 6..7Hz, 
3H, CH(CH3)2; 1.95, m, CH(CH3)2; 3.94, s, OMe; 3.97, s, OMe; 4.20, m, 2H; 4.49, m, 1H; 
5.21, s,  PhCH20; 7.02, d, J 7.8 Hz, lH,  ArH; 7.22, s,  H3'; 7.30-7.60: m, 6H, ArH; 7.87, 
d, J 8 , 4 H z ,  lH,  ArH. 13c n.m.r. 6 18.2, 19.0, 32.9, 56.5, 62.7, 70.0, 71.6, 72.6, 106.0, 
110.7, 116.4, 116.9, 126.9, 127.5, 128.3, 132.1, 137.4, 150.0, 153.0, 156.2, 162.2. 

2-(5'-Benzyloxy-2'-bromophenyl)-1,3-diozolan (4) 

A solution of the bromide (11)' (2.87 g, 9 .8 mmol), ethylene glycol (0.75 g, 12.1 mmol) 
and toluene-p-sulfonic acid (34 mg) in toluene (70 ml) was heated under reflux on a Dean-Stark 
apparatus for 20 h. The solution was cooled, washed with saturated NaHC03, water and 
brine, and dried over MgS04. Concentration under reduced pressure and recrystallization of 
the residue from etherlhexane afforded the acetal (4) (3.08 g, 93%) as colourless needles, 
m.p. 48-48.5' (Found: C, 57.5; H, 4.5; Br, 23.8. C16H15Br03 requires C, 57.4; H, 4.5; 
Br, 23.9%). 'H n.m.r. S 4.03-4.15, m, 4H; 5.05, s,  PhCH20; 6.05, s, IH, H2; 6.85, dd, J 
8.4, 3.0 Hz, H4'; 7.24, d ,  J 3.0Hz, H6'; 7.24-7.46, m,  6H, ArH. 13c n.m.r. S 65.4, 70.3, 
102.4, 113.4, 114.3, 117.3, 127.5, 128.1, 128.6, 133.7, 136.5, 137.6, 158.1. 

(+)- (R,4 S)-2-[5'-Benzyloxy-1'-14 "-benzyloxy-2"-(1 "',3"'-d~oxolan-2"'-~l)phen~lj-4 '- 
methoxy-2'-naphthyl]-4-isopropyl-3-methyl-4,5-dzhydrooxazolzum Iodzde (13) 

A solution of dibromoethane (0.16 ml, 1 . 9  mmol) in tetrahydrofuran (2.3 ml) was added 
dropwise to a boiling mixture of the bromide (4) (630 mg, 1 .9  mmol) and magnesium turnings 
(90 mg, 3 . 8  mmol) in tetrahydrofuran (2 .3  ml). The solution was heated under reflux for 1 h, 
then cooled to room temperature and a solution of the oxazoline (3) (310 mg, 0.75 mmol) in 
tetrahydrofuran (3 ml) was added by means of a cannula. The solution was heated under 
reflux for 8 h,  cooled, washed with saturated NH4C1, water and saturated NaCl, then dried 
and concentrated under reduced pressure to give the crude product which was purified by flash 
chromatography with 30% EtOAc/petrol as eluent to afford the minor isomer (12) (29 mg, 
6%) as a yellow gum. 'H n.m.r. 6 0.81, d ,  J 6.9 Hz, 3H, CH(CHS)~;  0.90, d ,  J 6 .6  Hz, 
3H, CH(CH3)2; 1.63, m, lH,  CH(CH3)2; 3.60-4.07, m, 7H; 4.04, s, OMe; 5.16, s, 2H, 
PhCH20; 5.22, s, 2H, PhCH20; 5.37, s, lH ,  acetal H; 6.97-7.06, m, 3H, ArH; 7.24-7.51, 
m, 13H, ArH; 7.62, br d ,  J 7.2Hz,  lH,  ArH. 13c n.m.r. S 18.2, 19.0, 32.7, 56.1, 65.1, 
65.2, 70.0, 70.5, 71.7, 72.5, 101.5, 105.7, 109.8, 111.7, 115.4, 118.8, 121.3, 126.6, 126.7, 
127.0, 127.5, 127.6, 127.9, 128.3, 128.5, 129.8, 131.6, 131.9, 137.1, 137.2, 137.5, 138.4, 
156.0, 156.5, 158.3, 164.5. 

Further elution gave the major isomer (5) as a yellow gum (300 mg, 64%), 'H n.m.r. 6 0.77, 
d, J 6 .6Hz,  3H, CH(CH3)2; 0.85, d, J 6 .6  Hz, 3H, CH(CH3)2; 1.62, m, lH,  CH(CH3)2; 
3.64-4.04, m, 6H; 4.04, s,  OMe; 4.13, dd, J 9.6, 8 . 1  Hz, 1H; 5.15, s, 2H, PhCH20; 5.22, 
s, 2H, PhCH20; 5.30, s,  lH ,  acetal H; 6.97-7.63, m, 17H, ArH. 13c n.m.r. 6 18.2, 18.9, 
32.6, 56.1, 65.1, 65.2, 70.1, 70.4, 71.7, 72.5, 101.5, 105.6, 109.8, 111.9, 115.3, 118.8, 
121.2, 126.7, 126.9, 127.0, 127.5, 127.6, 127.9, 128.3, 128.5, 129.6, 131.6, 132.4, 137.1, 
137.2, 137.5, 138.0, 156.0, 156.6, 158.4, 164.7. 

A solution of major isomer (5) (295 mg, 0.47 mmol) in dry acetonitrile (6 ml) and methyl 
iodide (0.3 ml) was stirred overnight a t  60°C, then cooled and concentrated to  give an orange 
gum. Trituration with ether, followed by recrystallization of the residue from acetonelether 
yielded the salt (13) as pale yellow needles (212 mg, 59%), m.p. 218.5-222' (dec.), [a];' 
+29.6' ( c ,  1.18 in CHC13) (Found: C, 63.1; H, 5.4; N, 1.8. C ~ I H ~ ~ I N O ~ . O . ~ H ~ O  requires 
C, 63.1; H, 5.6; N, 158%). 'H n.m.r. 6 0.27, d ,  J 6.9Hz,  3H, CH(CH3)2; 0.80, d, J 6.9Hz,  
3H, CH(CH3)2; 2.07, m, CH(CH3)2; 3.19, s,  NMe; 3.69, m, 1H; 3.79, m, 1H; 3.92-4.02, 
m, 2H; 4.17, s, OMe; 4.44, dd, J 8.0, 8 .4Hz,  1H; 5.08, m, 1H; 5.13, s,  PhCH20; 5.18, 
s, acetal H; 5.22, s, PhCH20; 5.35, dd, J 11.1, 9 . 3  Hz, 1H; 6.91, d, J 8 . 7  Hz, lH,  ArH; 
7.06-7.08, m, 3H, ArH; 7.35-7.59, m, 12H, ArH; 8.00, s, lH,  ArH. 13c n.m.r. S 14.1, 
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Crystallography 
Crystal Data 

C41H42IN06.0.5H20, M 780.70, orthorhombic, space group P 212121 (No. 19), a 9.943(2), 
b l9.319(2), c 20.052(2) A, V 3851.8(lO) A3, F (000) 1604, Z 4, D, 1.346 g ~ m - ~ ,  Cu KC 
(nickel filtered) X 1.5418 A, p 69.1 cm-l, T 293(1) K. 

Structure Determination 

The crystal selected was a colourless needle of approximate dimensions 0.35 by 0.16 by 
0.16 mm. Accurate unit cell parameters were obtained by a least-squares procedure from 
the setting angles of 25 reflections. Intensity data were collected by using an Enraf-Nonius 
CAD-4MachS single-crystal X-ray diffractometer according to the w : 20 scan method. A total 
of 5509 reflections were measured, 4 5 2 0 5  150°, of which 5262 were unique (Ri,t 0.022), 
and 3415 having I >  2o( I ) .  Three intensity control reflections, monitored every 9600 s of 
X-ray exposure time, showed no significant variation in intensity. Corrections were applied for 
Lorentz and polarization effects, but not for extinction. Analytical absorption corrections were 
applied, the maximum and minimum transmission factors being 0.502 and 0.313, respectively. 

The structure was solved by using a combination of direct methods and difference 
~ ~ n t h e s i s , ' ~ ' ~ ~  and refined with a full-matrix least-squares refinement procedure. All hydrogen 
atom sites were found on a difference electron-density map, except for those on the water 
molecule; all were included at calculated positions and refined, the riding model being used. Final 
refinement, on F and by using all data, was carried out with anisotropic displacement factors 
applied to each of the non-hydrogen atoms, isotropic for the hydrogen atoms and with a weighting 
scheme of type l / [ 0 2 ( ~ 0 2 ) + ( 0 ~ 0 6 7 8 ~ ) 2 f  2 . 5 2 0 7 ~  2],  where P = (FO2+2Fc2)/3. The function 
minimized was C w ( F , ~ - F , ~ ) ~ .  At convergence, R1 [I 2 2a(I)] 0.0508 and wR2 (all data) 
0.1465, where R1 = C IIFol - IFcII/CFo and wR2 = [C w ( F , ~ - F , ~ ) ~ / c  w ( ~ ~ ~ ) ~ ] ~ / ~ .  In the 
final difference map, the maximum peak height was 0.45 e A-3,  close to the iodine atom. The 
Flack absolute structure factor15 refined to 0.012(8), giving an absolute configuration consistent 
with the known chirality around C(4"'). An analysis of variance showed no unusual features. 

Final atomic coordinates are given in Table 1. The atomic scattering factors of C, H, 
I, N and 0 were those incorporated in the SHELXL-93 program system,14 obtained from 
International Tables Vol. c;16 corrections were made for anomalous dispersion. Calculations 
were carried out on a Vaxstation 4000 VLC computer system. Fig. 3 was prepared from 
the output of o ~ ~ ~ p 1 I . l ~  Material deposited* includes complete geometry, hydrogen atom 
positions, anisotropic displacement parameters, and a listing of the final observed and calculated 
structure factors. 
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