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&tract-(-bcaryachine (9) and (-tReframoline (10) have been synthesised from a common intermediate; this 
confkms the absolute configuration in the isopavinane series deduced previously by application of the aromatic 
chkality rule. Tbis also represents the first synthesis of an optically active pavinane alkaloid. 

A number of alkaloids is now known’” based upon the 
pavinane ring system (1). All possess N-Me groups, 
although the first example of this class of compounds, 
pavine (lg) is a secondary amine, and was first prepared 
by reducing papaverine with tin and hydrochloric acid.’ 
The only method of synthesis used for the pavinane 
alkaloids has involved partial reduction of 1 - benzyl - 2 - 
methylisoquinoIinium salts (2) to the I,Zdiiydro- 
isoquinoline (3), followed by acid-catalysed cyclisa- 
tion, usually with HIPO*IPOC13 mixtures at elevated 
temperature (120-1500). Yields are often poor. The major 
side-reactions include disproportionation of the unstable 
enamine (3) into the quaternary salt (2) and the 1,2,3,4- 
tetrahydroisoquinoline (4),’ elimination of the C,-benzyl 
group’ and rearrangement to the 3 - benzyl - 3,4 - 
dihydroisoquinolinium salt (5).31*78 Early attempts’ to 
establish the conditions for preferential pavinane for- 
mation or rearrangement were inconclusive; however a 
more extensive investigation using 2 - methyl - I,2 - 
dihydropapaverine has been described.* The conditions 
used for the cyclisation of derivatives of 3 are often so 
severe that methylenedioxy groups are cleaved.’ A fur- 
ther disadvantage of this method of synthesis of 
pavinanes is that I-benzylisoquinolines with the required 
oxygenation pattern are sometimes inaccessible.2’ Fur- 
ther it seems that only racemic pavinanes can be pre- 
pared since it has not yet proved possible to resolve the 
intermediate, acid-labile I ,2dihydroisoquinolines.’ 

Isopavinane alkaloids, based upon the ring system (6)9 
have been prepared’&” by acidcatalysed cyclisation of 
1 - benzyl - 4 - hydroxy - 1,2,3,4 - tetrahydroisoquinolines 
(7, R = H or Me). These intermediates, which need not 
be isolated, can he obtained by hydroboration and oxi- 
dation of 1 - benzy1 - 1,2 - dihydroisoquinolines (3),12 by 
oxidation of 1 - benzyl - 7 - hydroxy - 1,2,3,4 - tetra- 
hydroisoquinolines with lead tetraacetate,” or, most 
usefulty, by acidcatalysed cyclisation of benzylamine 
acetaldehyde dialkylacetals (8, Rs = H or Me, & = 
CH&H(OMe)J. “*” Since the required acetals are now 
very readily available,” this route to isopavinanes is an 
attractive one. Additionally since 1 ,ZdiaryIethylamines 
(8, R, = Me, & = H) can be resolved quite easily, 
optically active isopavinanes should be accessible. 

Under acid conditions a competition between cyclisa- 
tion of the bhydroxytetrahydroisoquinolines of type 7 to 
yield isopavinanes, (6), and dehydration to 1 - benzyl - 
1,2 - dihydroisoquinolines (3), followed by cyclisation to 
pavinanes (1) is obviously possible, and might be expec- 
ted to depend upon such factors as the nitrogen sub- 

stituent, the pH, and the nature and position of oxygen 
functions attached to the two aromatic rings. Recently 
wel3 reported that when the acetals (8b and &) were 
treated separately with 6 N HCl at room temperature, the 
expected isopavirianes (6a and 6b) were accompanied by 
the corresponding pavinanes (la and lb), respectively. 
This is the first time that a pavinane cyclisation had been 
observed under such mild cunditions.16 We do not know 
at what stage the O-benzyl groups were cleaved. In one 
case (that of 8e), the product of a C, +C&enzyl migra- 
tion was also detected. Since the mixtures of pavinanes 
and the isomeric isopavinanes are easiIy separated by 
column chromatography, the route is an attractive one 
for suitably substituted pavinanes, especially since we 
have now found that the benzylamino acetal (IIf) can be 
cyclised to the pavinane (lc) in 40% yield. Only trace 
amounts of the isopavinane were detected. N-Methyl- 
ation of lc with HCHO/NaBH4 gave la, whereas N- 
demethylation of la to lc could be achieved easily by 
treatment with ethyl chloroformate, followed by base.” 

The alkaloid caryachine has been isolated from For- 
mosan Crypfocurya chine& in optically active and 
racemic forms” but a distinction between structures la 
and lb could not be made. Both racemates were syn- 
thesised” by the standard method from the preformed 1 - 
benzyl - 1,2 - dihydroisoquinolines: la was described as 
a solid m.p. 239-240” and 1 b had m.p. 195-l%‘. The 
Indian workers stated that these two synthetic com- 
pounds could be distinguished from each other by small 
dserences apparent in the IR spectra, although TLC, 
UV and NMR characteristics were identical. Un- 
fortunately Natarajan and Pa.i did not specify the solvent 
used for the NMR measurements. However, it was 
stated that the IR spectrum of la is identical with that of 
an authentic sample of caryachine. Our synthetic sam- 
ples of la and lb had13 m.p. 240-241” and 206un” 
respectively. The NMR spectra were recorded in several 
solvents when significant differences in the aromatic 
region were apparent. Such differences are to be expec- 
ted in the light of the correlations suggested by Chen and 
Soine,M where predictive additivity rules were proposed. 
We find that these rules are applicable to the published 
spectra2’ of eschscholtzine (Id) and eschscholtzidine 
(le), thus extending their scope to pavinanes containing 
methylenedioxy groups. The observed and predicted 
chemical shift values for la and lb (in DMSW solu- 
tion) are summarised in Table 1. The NMR spectra irk 
CDCI, do not conform to this additivity rule and a clorcr 
examination of the behaviour of la and lb suggests that 
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Table 1. 

Compound in &Values for aromatic H 
DMSO-d, H, H, H7 ho 

la Found 6.51 6.75 6.39 6.72 
Predicted 6.54 6.78 6.36 6.70 

lb Found 6.51 6.75 6.5 1 6.58 
Predicted 6.54 6.78 6.48 6.57 

18 otl OMe MHn-0 
lb OMs WHp-O 
lc OH :k 0+2Hd 
ld MHz-0 NH& 
lo OMs OMe O-CHz-0 
11 OMe OMe OMe 0% 
lg OMe OMe OMe OMe 

Ra Rs 

by changing from DMSO to CD&, a downfield shift (up 
to 0.1 ppm) results for aromatic protons ortho to phenolic 
OH, and a comparable upfield shift for protons meta to 
the OH group. This is in agreement with earlier studies= 
and cotis the assignments made in Table 1. Although 
we find that these additivity rules work well, we suggest 
that an anisotropic effect of the benzene rings, rather 
than a C-N bond inductive effect, accounts for the fact 
that the singlet absorptions of H, and H, are at lower 
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fields than those due to H,, and H, in symmetrically 
substituted pavinanes. 

In view of the unsymmetrical nature of the isopavine 
ring system it is noi surprising that a set of empirical 
n&s similar to those for -pavi&es could not be found. 
No firm assignments could be made for the aromatic 
proton absorptions; in most cases they appear as three or 
four singlets. 

We have now resolved the I,2diarylethylamine @a) 
using (+wibenzoyltartaric acid, to give the (+)-base 
[[Q],,” +87.3 (6.16% in EtOH)]. Conversion to the acetal 
(8b) was effected with bromacetal in DMF under con- 
ditions that had previously’ been shown not to cause any 
racemisation. Treatment -of 8b with hydrochloric acid, 
and chromatography of the reaction mixture (Experi- 
mental) yielded (-breframoline (10; 16%) as a micro- 
crystalline solid, m.p. 160”, [alDm -144” (0.37% in EtOH) 
(lit.” [a],, -140” (MeOH)), and (-)caryachine (9; 14%) 
as a beige solid, m.p. 170”, [a],-,ao -251” (0.43% in EtOH) 
(lit.” [a]D -27r (MeOH)). Unfortunately it has not 
proved possible to make a direct comparison between 
natural caryachine and our synthetic sample, either as 
the racemate or its (-)-form. However there is no doubt 
about the structure bf-our compound on the basis of the 
UV and especially NMR and mass spe&al data. The 
TLC behaviour of our sample of (-)-reframoline is iden- 
tical with that of the racemate synthesised previously’3 
and shown there to be identical with the nat&l alkaloid. 

The absolute configuration of (-machine has been 
established9 as 5S, 11 S by relation with (-)-argemonine 
(If) of proven absolute configuration. The CD spectrum 
of (-)-argemonine- is very similar to that of our syn- 
thetic caryachine (Fig. 1). This is the first time that a 
synthesis of an optically active pavinane has been des- 
Clibd. 

It follows that the 1,2diarylethylamine (+)-@a) has the 
Z&configuration. The ORD spectrum of (+) - S - 12 - 
diphenylethylamine has been reported,= but in view of 
the fact that a chromophore is directly attached to the 
chiral centre, care has ‘to be exercised in extrapolatinn 
these data to derivatives such as 8a. The work d&rid 
here places the absolute configuration of 8a beyond 
doubt; the CD spectrum of 8a is very similar (Fig. 2) to 

F-k. 1. CD of caryachine (la) (*a**.#); argemonine (I9 (-a-.- 
reframolinc (Cr) (-); and amurensinc (6~) (-----). 

-1; 

1 ;“I \ 

Fii. 2. CD of the diphcnylethylamines & (*.*+**) and & (-----). 

that of (+m’ thus establishing the absolute configura- 
tion in the t&oxygenated derivatives as well. 

Since (+)-Ma gave rise to (-)-reframoline (4a) as well 
as to (-machine (la), it follows that natural 
reframoline has the SS, lOS-configuration depicted in 10. 
The CD spectrum of 10 is similar to that of (-)-amuren- 
sine (6~)” (Fig. 1); although our spectrum does not 
exhibit Davydof spIitting, it is clear that the two alkaloids 
possess the same absolute cotiguration. Sharnma et al. 
had deduced a similar configuration for amurensine by an 
application of the aromatic chirality method,n which is 
being used increasingly in isoquinoline and other sys- 
tems.“* The present work offers confirmation of these 
deductions for the isopavinane alkaloids. 

Mps are uncorrected. UV spectra are reported in nm for solns 
in 95% EtOH and IR spectra in cm-’ for Nujol mull or liquid 6h.u 
except where noted. Chemical shifts are expressed in ppm 
downfield of TMS as internal standard and mass spectra were 
measured on an AEI MS12 with relative peak intensities quoted 
as a percentage of the base peak. 

Acid cyclisation of I&. 8g (l.Og) was dissolved in EtOH 
(25 ml) and cone HCI (25 ml) was added. The soln was left at 
room temp. for 2 hr then heated under reAux for a further 2 hr 
after which the EtOH was removed under reduced pressure. The 
remaining soln was diluted to lOOmI with H,O, washed with 
Et,0 (2 x 3OmI), bas&d (NaHCO,) and extracted with CHQ 
(4 X 30 ml). The combined organic layers were washed with H20, 
dried (MgSO,) and evaporated to give lc which recrystallised 
from McOH as colourless prisms (264mg. 3!K@, m.p. 257-8”. 
v_ 3260,310&24&l broad, 1605,1480,1230,1118,920,825;A, 
(E) 295 (7300); A, (i) (EtOHMaOH) MO (7600). NMR (TFA), 

7.85 broad s [2] ()hHJ, 6.85 s [ll, 6.75 s 121 and 6.57 s [1] 

(Ar-I$, 5.94 s [1] and 5.90 s [l] (-OCI!I,O-), 5.2-5.0 complex [2] 

(2x X’H&Ij(,. 3.% s [3] (-I&), 3.74 broad d [2] (J= 17Hz) 

and 3.10 broad d [2] (J = 17 Hz) (2 x XIj,CH(). Mass m/c (%), 

311 Fr’] (80), 178 (lOO), 176 (91). (Found: C, 69.1; H, 5.6; N, 4.7. 
CLdHr7N04 rquires: C, 69.4; H, 5.5; N, 4.5%). 

N - (4’ - Bmzyloxy - 3’ - mcthoxybenzyZidenc) - 4 - benzyloxy - 3 
- methoxybcnzylamine. 4 - Benzyloxy - 3 - mcthoxybenzaldehyde 
(9s) and 4 - benzyloxy - 3 - methoxybenzylamine (9s) were 
heated together with C& (150 ml) under reflux with a Dean and 
Stark head for 6 hr. Evaporation of the solvent afforded the 
Schiff’s base as a yellow gum which solidified on standing. v_ 
1645; NMR (WC&), 8.24 s [I] (XY=N-), 7.tX.6 complex [la] 
(Ar-I$, 5.16 s [2] and 5.11 s [2] (2 x PhCIj,O-), 4.69 s 121 
(ArCIj,N=), 3.90 s [3] and 3.86 s [3] (2x -0C4J. (Found: C, 
77.2; H, 6.4; N, 2.7. &I&NO, requires: C, 77.1; H, 6.3; N, 
2.895). 

a - (4 - Benzyloxy - 3 - methoxyphenyl) - 4 - (3’,4’ - mcthylene- 
dkaxypkny&thyhzminr (sa). A soln of the above S&is base 
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