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An asymmetric synthesis of 2-amino-6,7-dimethoxy - 1,2,3,4-tetrahydronaphthalene, which can be converted to the title 

compound by a literature procedure, is described. The synthesis, starting from 2-amino-4,5-dimethoxybenzoic acid and the 
acrylate of S-methyl lactate, was accomplished in eight steps in 11% overall yield and >97% optical purity. 
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JAMES L. CHARLTON, KEVIN KOH et GUY L. PLOURDE. Can. J .  Chem. 68, 2028 (1990). 
On dCcrit une synthkse asymktrique du 2-amino-6,7-dimCthoxy-1,2,3,4-tCtrahydronaphtalkne qui peut Ctre transforme dans 

le composC mentionnC dans le titre par une procedure dCcrite dans la 1ittCrature. La synthkse, i partir de I'acide 2-amino-4,5- 
dimCthoxybenzoique et de I'acrylate du lactate de S-mCthyle, a CtC rCalisCe en huit Ctapes, avec un rendement global de 11% et 
une pureti optique >97%. 

Mots clis : o-quinodimethanes, Diels-Alder, asymetrique, cycloaddition, induction, diastCrCosClective, ADTN. 
[Traduit par la revue] 

Introduction 
Since the initial discovery that 5,6-dihydroxy-2-(dimethyl- 

amino)tetralin possesses dopaminergic activity, many other 
2-aminotetralin derivatives have been synthesized and tested for 
analogous behavior (1; for reviews see 2). These drugs interact 
with D2 dopamine receptors and there is interest in them as 
potential antipsychotic and anti-Parkinsonian drugs. Like many 
other drugs, the potency of the 2-aminotetralin derivatives as 
central nervous system active agents is directly related to their 
absolute stereochemistry (and conformation) (2, 3),  which 
necessitates the preparation of pure enantiomers of the drugs 
in question. In most instances pure enantiomers have been 
obtained by resolution of racemic mixtures but the parent com- 
pound, (R )-( + )-2-amino-6,7-dihydroxy-l,2,3,4-tetrahydro- 
naphthalene (ADTN), has been recently prepared by a chiral 
pool synthesis starting from (R)-N-(trifluoroacety1)aspartic 
anhydride (4). 

We recently discovered that the acrylate of S-methyl lactate 
adds with high asymmetric induction to a-hydroxy-o-quino- 
dimethane (5) and this discovery inspired the proposal of an 
asymmetric synthesis for ADTN, which is outlined in Scheme 1. 

The Diels-Alder cycloaddition would be followed by hydro- 
genolysis of the hydroxyl group, hydrolysis of the lactyl ester, 
and, finally, conversion of the carboxylic acid group to the 
amine by a procedure.,that has already been published for the 
racemic acid (6). 

If the synthetic route outlined in Scheme 1 could be 
accomplished it would make possible the asymmetric synthesis 
of analogs of ADTN via derivatives of the starting o-quino- 
dimethane and lactyl acrylate. An asymmetric route of this type 
would be more versatile than the chiral pool synthesis since the 
latter is tied to a specific chiral synthon that becomes part of 
the product molecule. 

Results and discussion 

R = S-methyl lactate 

ADTN 
SCHEME 1 

methyl benzaldehyde is experimentally the easiest and therefore 
we prepared 2-methyl-4,5-dimethoxybenzaldehyde 1, using 
(in part) published procedures (8-ll), as a precursor to the 
0-QDM. 

Unfortunately, as we previously reported, aldehyde 1 did 
not form a trappable o-QDM on irradiation (11). However, 
conversion of 1 to the diacetate 3 provided an aldehyde that 
could be trapped with the acrylate of S-methyl lactate to give 
essentially a single cycloadduct 4 in 85% yield. Although 
we did not determine the absolute stereochemistry of 4, we 
assumed it to be that shown, by analogy to previous work (5). 

Disappointingly, the conversion of the cycloadduct 4 to the 
deoxy derivative S-5, under a variety of reduction conditions, 
could not be achieved in high yield without epimerization of the 
chiral centre at the 2 position, presumably due to dehydration/ 
reduction competing with hydrogenolysis. 

In view of the difficulty encountered with the hydrogenolysis 
of 4, we turned our attention to alternate methods for the 
preparation of the dimethoxy o-QDM. Following the earlier 
work of Sammes and co-workers (12). we have ~reviouslv . ,. 

Our first task in tackling the proposed synthesis outlined in shown that a-hydroxy-o-QDM generated thermally frLm benzd- 
M ~ m e  1 was to ~ h o o s e  a method of preparing the very reactive cyclobutenol adds to lactyl acrylate with the same asymmetric 
and transient o-quinodimethane (o-QDM). Among the many selectivity as that generated photochemically from o-methyl- 
t ~ ~ t h o d s  for preparing o-QDMs (71, the photolysis of an 0- benzaldehyde (13). Thus we prepared 4,5-dimethoxybenzo- 

cyclobutenol 7 from 2-bromo-4,5-dimethoxybenzaldehyde 6 
' ~u thor  to whom correspondence may be addressed. using the method of Durst and co-workers (14) in hopes of using 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

T
O

W
SO

N
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/2
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



CHARLTON ET AL. : 2 

Me0 MeOEcBr 
Me0 

nCH3 

Br2/CCI4 (1) t-BuLiITHF 

Me0 Me0 CH3 
(2) DMF Me0 

it as an o-QDM precursor. The yields of the benzocyclobutenol 
7 using Durst's method were rather variable (30-50%) and 
alternate routes for its synthesis were sought. Although Jung 
et al. had very little success using a benzyne route to 
prepare 4,5-methylenedioxybenzocyclobutenyl acetate from 
4,5-methylenedioxyanthranilic acid (8%) (15), we were able to 
prepare 4,5-dimethoxybenzocyclobutenyl acetate 8 from 4 3 -  
dimethoxyanthranilic acid in very reasonable yield (45%). The 
acetate was readily converted to the alcohol 7 with ammonia in 
methanol (85%). 

YH 

AcOxcHO hv b + cco2R 

AcO CH3 AcO 

C02R , H2 
C02R 

AcO Pd AcO 

5 4 
R = S-methyl lactate 

Heating the benzocyclobutenol7 in a toluene solution of the 

Py . HC1 R'O - 
180-190°C R'O 

carbonate in methanol/water without epimerization of the chiral 
center. The acid was converted to the hydrochloride salt of the 
2-aminotetralin 13 using a method previously developed by 
Narula and Schuster ( 16). The amine was recovered from the 
salt by neutralization with aqueous NaOH and extraction to give 
material with an [a]: -85.7" (lit. (4) [ c x ] ,  +86.5 for the 
R isomer). 

The amine 13 was previously reported to be a yellow oil (4), 
while we found that it was a crystalline solid with a melting 
point of 85-86°C. This, as well as small differences between 
reported nmr data and our nmr data, may be due to small 
amounts of impurities in the formerly prepared material (4). 
The configurational purity of 13 was determined by preparation 
of the amide with (-)-a-methoxy-a-(trifluoromethy1)phenyl- 
acetic acid (Mosher's acid) and analysis by nmr as has been 
described previously (4). For comparison purposes the mixture 
of diastereomeric amides was also prepared from racemic 4 3 -  
dimethoxy-2-aminotetralin. The nmr spectrum of the diastereo- 
meric amides showed well-separated singlets in the aromatic 
region at 6.24, 6.29, 6.32, and 6.35 ppm when the spectrum 
was recorded in C6D6. The amide from 13 showed major peaks 
at 6.29 and 6.32 corresponding to the S-(-) enantiomer (4). 
Assuming that the purity of the Mosher's acid was >99%, 
integration indicated that the optical purity of 13 was > 97%. 
The demethylation of 13 to (S)-(-)-ADTN has been described 
elsewhere (1 7). 

acrylate i f  S-methyl iactate gave one major and three minor Experimental 
cycloadducts in the ratio of 9: 1 (major:total of minor; from nmr The 'H nmr spectra were recorded on a Bruker AM-300 instrument 
integration). The 'ycloadduct be using tetramethylsilane as internal standard, The ir spectra were 
chromatography On gel in 80% yield. H~drogenol~sis of recorded on a Perkin Elmer 881 spectrometer. Merck Kieselgel 60 or 
under rather mild conditions (1 atm H2 (101.3 5% Pd on Aldrich 28,859-4 was used for all chromatography. Elemental analyses 
C, methanol/acetic acid (50:5@), room temperature) cleanly were performed by Guelph Chemical Laboratories Ltd., Guelph, 
gave the deoxy ester 10 in 80% yield. This ester could be Ontario, Canada. Exact Mass/mass spectra were obtained on an 
hydrolysed to- the corresponding- acid 11 with potassium Analytical VG 7070E-HF instrument. Melting points were measured 

. . .  

(a) (cH~)~s+I- ,  OH-; (b) nBuLi, MgBr2; (c) i-AmONO, heat; (d) NH3/CH30H 
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13.72), 3.84 (s, 3H), 3.85 (s, 3H), 5.20 (dd, IH, J = 1.4, 4.2), 6.70 
(s, lH), 6.80 (s, 1H); rns, mle (rel. %): 181 (12), 180 (loo), 179 (58), 
165 (24), 151 (53). Exact Mass calcd. for C10H1203: 180.0787; 
found: 180.0781. 

( I  R ,2  S)-(-)-I-Hydroxy-6,7-dimethoxy-1,2,3,4-tetrahydronaphtha- 
lene-2-carboxylate of S-methyl lactate, 9 

Dirnethoxybenzocyclobutenol7 (88.0 rng, 0.489 rnmol), the acryl- 
ate of S-methyl lactate (232 mg, 3 equiv., ref. 5), and hydroquinone 
(2 mg) were dissolved in toluene (7 mL) and refluxed for 6 h. The 
solvent was evaporated on a rotary evaporator and the resulting oil 
chromatographed on silica gel (eluant EtOAcIhexane) to give a pale 
yellow oil (153 rng, 93%), which appeared by nmr to be a mixture of 
one major and three minor ( < 9 % )  isomers. Careful rechromatog- 
raphy on silica gel (25% EtOAcIhexane) gave the major cycloadduct 
as a colourless oil that would solidify on cooling (132 rng, 80%); 
mp 76-78°C; [ a ] ?  -31.6" ( c  1.33, CHC1,); ir (CH2C11): 3492, 
1739crnP'; 'H nrnr(CDC13) 6: 1.55 (d, 3H, J = 7.12), 2.00 (rn, lH), 
2.15 (rn, lH),2.80(m, 3H), 3.80(s, 1H),3.84(s, 3H),3,87(s,3H), 
4.92 (d, lH, J = 9.12), 5.25 (q, lH,  J = 7.12), 6.55 (s, lH), 7.17 
(s, 1H); 13c nmr (75.5 MHz, CDC13) 6: 16.75, 23.73, 27.79, 48.84, 
52.85, 55.81, 55.86, 68.68, 70.59, 109.43, 110.55, 127.51, 129.30, 
147.56, 148.12, 172.19, 174.54; rns, mle (rel. %): 339 (lo), 338 
(52), 321 (lo), 320 (34), 233 (42), 206 (63), 205 (51). Exact Mass 
calcd. for C17H2207: 338.1367; found: 338.1372. 

2S-(-)-6,7-Dimethoxy-1,2,3,4-tetrahydronaphthalene-2-carboxylate 
of S-methyl lactate, 10 

Cycloadduct 9 (123 rng, 0.362 mrnol) and 5% Pd/C (120mg) were 
stirred in acetic acidlrnethanol (50:50, 15 mL) under 1 atrn. of H, at 
room temperature for 15 h. The mixture was then filtered, evaporated to 
near dryness, dissolved in CHzClz (50 rnL), washed with 5% aqueous 
NaHC03, dried (MgSO,), and evaporated to a colourless oil that 
crystallized on standing (95.5 rng, 82%); rnp 67-68°C; [a]gO -37.3" 
(c 0.88, CHCI,); ir (CH2C12): 1740 crn-'; 'H nmr (CDC13) 6: 1.51 
(d, 3H, J = 7.05), 1.85 (m, IH), 2.20 (m, lH), 2.70 (m, 3H), 3.00 
(rn, 2H), 3.75 (s, 3H), 3.85 (s ,6H),  5.14(q, lH, J = 7.05),6.57 
(s, lH), 6.60 (s, 1H); 13C nrnr (75.5 MHz, CDC1,) 6: 16.85, 25.61, 
27.94, 31.09, 39.72, 52.25, 55.76, 66.28, 68.32, 111.33, 111.52, 
126.35, 127.19, 147.02, 147.09, 171.19, 174.72; rns, mle (rel. %): 
322 (96), 192 (7), 191 (58), 190 (loo), 189 (21), 175 (24), 176 (11). 
Exact Mass calcd. for CI7HZZo6: 322.1416; found: 322.1425. 

2 S-(-)-6,7-Dimethoxy-1,2,3,4-tetrahydronaphthalene-2-carbo.rylic 
acid, I 1  

The ester 10 (113 rng, 0.349 mrnol) and potassium carbonate 
(200 rng) were stirred in methanollwater (20:1, 20 rnL) at room 
temperature for 15 h. Most of the solvent was then evaporated and the 
residue dissolved in 5% aqueous NaHCO,, washed with CH2C12, 
acidified with 10% aqueous HC1, and finally extracted with ethyl 
acetate. Drying (MgS0,) and evaporation gave a colourless solid 
that could be recrystallized from CH2C12/hexane (79.5 rng, 95%); 
rnp 145.5-147°C; [a];'.-41.8" (c 0.67, CHC13); ir (CH2C1,): 
1708 crn-'; 'H nrnr (CDC13) 6: 1.85 (m, lH), 2.25 (m, lH), 2.75 
(rn, 3H), 2.95 (m, 2H), 3.84' (s, 3H), 3.843 (s, 3H), 6.58 (s, lH), 6.59 
(s, 1H); rns, m/e (rel. %): 237 (13), 236 (loo), 191 (9), 190 (22), 
175 (21), 164 (26), 159 (15). Exact Mass calcd. for Cl3HI6o4:  
236.1049: found: 236.1046. 

Benzyloxycarbamate of 2s-(-)-I -amino-6,7-dimethoxy-1,2,3,4-tetra- 
hydronaphthalene, 12 

Dirnethoxytetralincarboxylic acid 11 (76.5 rng, 0.324 mmol), 
diphenylphosphoryl azide (107 mg, 1.2 equiv.), and triethylarnine 
(39.4 rng, 1.2 equiv.) were refluxed in dry benzene for 2 h. Benzyl 
alcohol (105 mg, 3 equiv.) was added and the mixture refluxed a further 
24 h. The solvent was then evaporated and the residual yellow oil 
chrornatographed on silica gel (20% EtOAcIhexane) to give a 
colourless solid (88.5 mg, 80%); mp 130-131.5"C; [a]gO -23.3" 
(C 0.56, CHC13); ir (CH2C12): 1720 crn-'; 'H nmr (CDCI,) 6: 1.80 
(m, lH), 2.05 (rn, lH), 2.60 (dd, lH, J = 16.0, 7.0), 3.05 (dd, lH, 

J = 16.0,4.80), 2.80(rn, lH), 3 .82(s ,  3H), 3.83 (s, 3H), 4.05 
(rn, lH), 4.80 (d, lH, J = 6.0), 5.10 (s, 2H), 6.52 (s, lH), 6.57 
(s, lH), 7.35 (rn, 5H); ms, mle (rel. %): 341 (7), 233 ( l l ) ,  191 
(14), 190 (loo), 9 1 (24), 77 (6). Exact Mass calcd. for CZOHZ304N: 
341.1627; found: 341.1589. 

Hydrochloride of 2s-(-)-I -amino-6,7-dimethoxy-l,2,3,4-tetrahydro- 
naphthalene 

A mixture of carbarnate 12 (69.5 mg, 0.204 rnmol) and 5% Pd/C 
(40 rng) in 10% anhydrous HC1 in methanol (30 mL) was stirred under 
H, (1 atrn) at room temperature for 8 h. The solution was filtered, 
and evaporated to leave a beige solid (48 rng, 97%) that could be 
recrystallized from methanollether; rnp 213-214°C (lit. (4) mp 212- 
214°C); [a]:0 -65.1°(c0.215, CH30H) (lit. (4) [a ] ,  +73.2); 'H nrnr 
(CDCI,) 6: 2.05 (rn, lH), 2.40 (rn, IH), 2.85 (rn, 2H), 2.06 (dd, lH, 
J = 15.4, 10.7), 3.25 (dd, lH, J = 15.4, 4.38), 3.62 (m, lH), 3.78 
(s, 3H), 3.82 (s, 3H), 6.54 (s, lH), 6.56 (s, lH), 8.6 (bs, 3H). 

2 S -(- )-I -Amino-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene, 13 
The hydrochloride salt of 13 (see above) (32 rng, 0.131 rnmol) was 

dissolved in dilute aqueous base (0.1 M NaOH, 20 mL) and saturated 
aqueous NaCl (5 mL) was added. Extraction with CH2ClZ, drying 
(MgSO,), and evaporation gave a colourless oil (16.1 rng, 60%) that 
solidified on cooling; rnp 85-86°C; [a]gO -85.7" (c 0.105, CH30H), 
(lit. (4) [ a ] ,  +86.5); ir (CH2C12): 3378, 3299 (weak) crn-'; 'H nrnr 
(CDC13) 6: 1.5-1.74 (m, 3H), 1.98 (rn, lH), 2.50 (dd, 1H, J = 9.23, 
15.75),2.80(rn,2H), 2.92(dd, lH,  J = 4 . 6 8 ,  15.75),3.16(rn, lH), 
3.84 (s, 6H), 6.55 (s, lH), 6.58 (s, 1H); rns, m/e (rel. %): 208 (6.4), 
207 (51), 192 (7.6), 191 (lo), 190 (85), 175 (34), 165 (IS), 164(100). 
Exact Mass calcd. for CI2Hl7O2N: 207.1259; found: 207.1259. 

Mosher's acid arnide of 2 S-( -)-I -amino-6,7-dimethoxy-1,2,3,4- 
tetrahydronaphthalene 

The S-(-)-arnide was prepared from the crude arnine 13 using the 
literature method (4); 'H nrnr (C6H6) 8:  1.36 (m, lH), 1.66 (rn, lH), 
2.32(dd, lH,  J =  15.8,8.49),2.43(rn,2H),2.81 (dd, lH,  J =  15.8, 
5.05), 3.13 (m, 3H), 3.41 (s, 3H), 3.44 (s, 3H), 4.28 (rn, lH), 6.29 
(s, lH), 6.32 (s, IH), 6.42(d, lH,  J = 7.72), 7.02-7.2(rn, 3H), 7.74 
(d, 2H, J = 7.75). The arnide from the racemic amine exhibited the 
signals above as well as the signals for the other diastereorner. The two 
sets of signals were well resolved only in the aromatic region where 
the other diastereorner showed signals at 6 6.24 and 6.35. 
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