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Abstract--‘% NMR resonances of 15 simple tetrahydroisoqumolines have been assigned on the basis of chemical shift 
theory “C-‘H coupling constants and deuterium labelling at specific positions. The chemical shifts of both aliphatic 
and arbmatic protons were correlated with substituent effects. 

INTRODUCTION 

In our previous work with cactus alkaloids, ’ 3C NMR was 
helpful m the structural elucidation of pterocereme 
(I-hydroxymethyl-2-methyl-5-~-~-glucopyranosyl-6,7- 
dlmethoxy-1,2,3,4-tetrahydroisoqumoline) Cl1 and 
deglucopterocereine N-oxide [2J. However, more data is 
needed regarding the systematic ?Z NMR evaluations of 
simple tetrahydrolsoqumolmes [3,4]. Singh et al. [5] have 
reported the 13C chemical shift assignments of 1,2,3,4- 
tetrahydroisoquinoline (15) and salsolidme (1-methyl-7,8- 
dlmethoxy-1,2,3,4-tetrahydrolsoquinohne); and Hughes 

*Part 54 m the series “Cactus Alkaloids”. For Part 53 see 
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et al. [6] have reported chemical shifts for O-methyl- 
corypalhne (5), lemaireocereme (7), tetrahydrolso- 
quinoline (15) and salsolidine. Since such compounds are 
often encountered m the Cactaceae [7], as well as m other 
plant families [3,4], a systematic analysis of the ’ 3C NMR 
spectral patterns of variously substituted simple tetrahyd- 
rolsoqumohnes was initiated to establish precedents for 
future structural elucidations. 

RESULTS AND DISCUSSION 

The structures (1-15) for the 15 simple tetrahydro- 
isoquinolines studied are illustrated m Fig. 1. In Table 1 
are listed the carbon chemical shifts and 13C-lH coupling 
constants for all of these compounds as the free bases 
The 13C chemical shifts for seven of the oxygenated 
compounds, studied as the hydrochlondes, are listed m 
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Fig 1 Structures of the simple tetrahydroisoqumohnes studied 

1263 



Compound I 

57 5 52 3 23 4 

thF 1” II 

1337 133 1292 

(H-l) (H-3) (H-4) 

57 48 31 

(H-2, H-3, H-8) 

47 4 

lY 
13411 

(H-l) 

56 

(H-3, H-8) 

48 

14 
1352 

W-1) 

55 

(H-3, H-8) 

47 3 

lY 
135 5 

(H-1) 
56 

(H-3, H-8) 

57 

lb 
1337 

W-l) 

55 

(H-2’. H-3, H-8) 

58 4 

ddc 

1337 

(H-l) 
42 

(H-l’ H-2 H-3, H-8) (H-l. H-2’ H-41 (H-5, H-3) 

43 2 43 2 28 I 

f, ,m hrt 

1367 1367 1276 

(H-l) (H-3) (H-4) 
55 _ 

W-3) 

57 9 52 5 23 

rm I” il 

1337 1333 1291 

(H-1) (H-3) (H-4) 

49 31 

(H-l, H-2 H-4) (H-31 

(H-l, H-2’. H-4) (H-3) 

43 5 29 2 

fP tY 
1358 1285 

(H-3) (H-4) 

49 35 

(H-l, H-4) (H-5 H-3) 

43 6 279 

IF 19 
1361 1275 

(H-3) (H-4) 

46 38 

(H-l. H-4) (H-3, H-8) 

43 3 28 

‘P 19 
I357 1279 

(H-3) (H-4) 
48 37 

(H-l, H-4). (H-3, H-5) 

52 4 28 

10 14 
1345 1285 

(H-3) (H-4) 
55 37 

(H-l, H-2’. H-4) (H-3, H-5) 

48 7 274 

fh Q 
1346 1285 

(H-3) (H-41 

45 37 

Table 1 “C NMR chemical shifts and “C ‘H couphng constants (H,) of atmple tetrahydrolsoqumohnes 

3 4 4a 5 6 7 8 

1224 

m 

1567 1069 

d\r dd 

?4 I58 

(H-7) (H-6) 

37 85 

1355 

m 

(H-8) 

1574 

m 
_ 

1264 

m 

1257 II85 

d ddr 

1593 1588 

114-71 (H-RI 

73 

IH-61 

31 

(H-l) 

Ill 7 1267 

dd dr 

1596 1556 

111-7) (H-8) 

52 27 

(H-5) (H-1) 

1572 1104 

d TX hrd 

74 158 I 

(H-5) (H-8) 

37 

(H-6. H-7’. H-8) 

1252 

m 
_ 

112 

dd 

1593 

(H-6) 
49 

(H-8) 

1467 

dp 

1465 

dp 

_ 

1252 

m 

(H-4. H-5’) 

II34 

dq 
1556 

W-5) 

35 

(H-4, H-71 

1297 

dr 

1562 

(H-5) 

27 

(H-4) 
Ill5 

dt 

1548 

(H-5) 
34 

(H-4) 
Ill 

dl 

I55 

(H-5) 

31 

(H-4) 

III 

dr 

155 

(H-5) 
31 

76 76 

(H-8) W-6) 

38 38 

(H-5, H-6’) (1%8. H-7’) 

147 I 1468 

dp dp 

1257 

dP 
92 

(H-8) 

46 

(H-l. H-4, H-3) (H-4) 

1292 1239 

m dl 

1575 

(H-5) 

38 

(H-4) 

1148 157R 

m m 
_ 

76 

(H-8) 
38 

(H-5 H-6’) 

147 

P 
78 

(H-8) 

39 

(H-6, H-5) 

1103 

d 

1587 

(H-6) 
_ 

76 

(H-6) 

38 

(H-R. H-7’) 

Id7 

P 
78 

(H-5) 

39 

(H-7, H-6) 

1449 

m 

1085 

dt 

1543 

(H-8) 
28 

(H-l) 
I09 

dr 

1544 

(H-8) 

31 

(H-1) 

1097 

dd 

1561 

(H-8) 

24 

(H-1) 
1498 

hp 
38 

_. 

Carbon No 

95 8 

dd 

157 

(H-6) 

55 

(H-8) 

Ii82 

m 

I01 5 

dq 
1575 

(H-8) 

31 

(H-l H-61 

xa I’ 

135 7 

m 

127 x 

m _ 

_ 

1364 

m 

_ 

1272 

dP 
78 

(H-5) 

39 

(H-l. H-4) 

1259 

m 

1314 195 

db dq 

78 1266 

(H-5) (H-l’) 

39 29 

(H-l, H-l, H-4) (H-l) 

1275 

m 

136 I 45 6 

F 
37 _ 

(H-l. H-4) 

YP 
133 

(H-2’) 

21 

(H-3, H-l) 

2 5 6 7’ 8 7 8 

45 7 54 6 

YP Y 
I33 I 1434 

IH-2’) (H-5’) 

22 

(H-3 H-l) 

-. 

548 

Y 
1434 ~~ 

(H-6? 
__ 

_ 

_ 

454 

4P 
133 

(H-2’) 

22 

(H-l, H-3) 

42 7 

YY 
133 

(H-2’) 

26 

(H-l. H-3) 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

54 9 

4 
143 4 

(H-S) 

_ 143 

(H-6’) 
_ _ 

55 2 55 2 

Y 4 
147 147 

(H-6’) (H-7’) 
_ _ 

554 55 4 

v 4 
I44 144 

(H-6’) (H-7’) 
__ _ 

55 7 55 7 

9 4 
555 55 5 

f&) (H-7’) 144 

553 

Y 
_ 144 

(H-7’) 
_ _ 

59 7 

Y 
44 

CH-8’1 

_ 549 
_. Y 
_ 143 3 

(H-7’) 
_ 

____ L 
$ 



‘“C NMR of tetrahydrolsoqumolmes 1265 

III I I II 



1266 R MATA et al 

Table 2 “C NMR chemrcal shafts of tetrahydrorsoquinohne hydrochlortdes 

Carbon No 
--___ 

Compound 1 3 4 4a 5 6 7 8 8a 2’ 5’ 6 7 8’ 

1 54 3 511 20 119 156.4 110 128 1 118.6 1282 42 556 - - - 
2 44 414 246 1328 113 3 158.2 1133 128 120 - - 553 - - 
3 442 407 23 6 123 5 1299 1142 1573 111 1284 - - - 552 - 
7 414 405 23 8 124 5 125 113 1446 1502 1218 - - - 60.5 55 9 
8 54 3 512 194 1117 1516 98 159 1023 1288 42 55 5 55 5 - 

556 55 6 
9 44 413 196 125 7 1512 145.2 112 123 1 120.8 - 55 8 603 - - 

12 541 51 197 1171 150 140.7 152 1062 1235 42 61 61 - 608 56 608 

Alrphatlc carbon assignments 

The shift assignments for all of the aliphatic carbons 
were made by standard chemical shift theory [S]; these are 
m agreement with those previously reported by Hughes et 
al [6]; however, the C-l and C-3 assignments of Smgh et 
al. [5] must be reversed [4]. In the case of the 
N-methylated compounds (1, s-7, 12-14), the N-methyl 
carbon (C-2’) absorptions were identified as such by a 
characteristic quartet centered m the range of 6 42 746.1 
with J ,_,values ranging from 132.7 to 133.7 Hz. The C-l’ 
methyl absorptions of 6and 14 were readily recognized by 
their low chemical shift values (6 17.8 and 19.5, respect- 
ively) and their multtphcity m the proton coupled spectra 
For compounds bearing substituents at C-5 or C-8 (1, 
7-14), a shielding effect was observed at C-l and at C-4, 
respectively. This shieldmg effect can be attributed to a 
steric perturbation (y-gauche effect) at C-l or C-4 by the 
respective substituents at C-8 or C-5 [9]; the shielding 
factors rn 6values (ppm) observed for 1 and 7-13 are 
summarized m Table 3 

Table 3 y-Effect on the r3C chemrcal shafts m C-5 or C-8 
substituted tetrahydrotsoqumohnes [S values (ppm)] 

Carbon No 

Compound 1 4 2’ 

1 -41 - 

8 -45 
9 38 - 

11 - -45 
12 -4.1 - 

7 -3.4 - 

10 -34 - 

13 -36 - - 

6 - - - 3.0 
14 -25 

As can be seen from the summartzed data, the shielding 
effect is more pronounced at C-4 than at C-l; this may be 
attributed to the difference of the conformational equih- 
bration (A -+ B) of the ahphatic ring as shown below The 
mteraction between the R-S’ and the quasi-equatorial H-4 
is probably stronger than that between the R-8’ and the 
quasi-equatorial H-l for compounds bearmg N-methyl 
groups (5, 12) A downfield b-shift (LU A6 9 3) of C-l and 
C-3 was observed. 

A 0 

According to the data reported by Smgh et al [S], 
mtroduction of a methyl group at C- 1 causes a downfield 
shift at C-l (a-effect) of A6 5.6 and an upfield shift at C-3 
(y-effect) of Ad - 3.8 Introduction of both an N-methyl 
and a C-l methyl group (6) resulted m a total downfield 
shift for C-l of A6 11 8, a total downfield shift of A6 6 5 for 
C-3 and an upfield shift (ca A62.8) of the N-methyl 
carbon. This observation Indicated, thus, that both the c(- 
and the p-effect at C-l, and both the /?- and the y-effect at 
C-3 are not additive, a plausible explanation would be the 
reduction of the /&effect on both carbons because of the 
resulting steric crowdmg upon mtroduction of both 
methyl groups. 

The three-bond spm-spur sphttmgs for C-l with H-8, 
H-3, and H-2’ ranged from 5.5 to 5 8 Hz. The exceptions 
were the observed values for 6 and 14 (1 e 4.1 Hz). This can 
be attributed to a slight vartatton of the dihedral angle 
because of the steric congestion upon mtroduction of 
substituents at C-l and C-3. In the case of C-4, the small 
sphttmg with H-5 ( 3Jc.4H.s) ranged from 3 5 to 3 9 Hz, 
finally, the sphttmg attributed to C-3 with H-l and/or H- 
2’ ranged from 3 to 3.9 Hz 

Aromatic carbon assignments 

The assignments of the individual resonances of the 
aromatic carbons (unsubstituted, oxygenated, and those 
at the ring Junctions) were made by a combmation of 
chemical shift theory [8, lo], ’ 3C~1H one-bond and long- 
range coupling patterns [8, 1 l-131 and deuterium label- 
lmg at specific positions [8, 141 

Monosubstltuted compounds With the monosubsti- 
tuted compounds (l-3), the oxygen-bearing carbons were 
assigned as such on the basis of chemical shift theory with 
these carbons displaymg the lowest shifts of the spectra, 
1.e S 156.7, 157.4, and 157 2, respectively The two quater- 
nary carbons at the rmg Junctions (C-4a and C-8a) were 
also easily assigned on the basis of their ortho, meta. or 
para relationships with the oxygen-bearing carbons 

The unsubstituted aromatic carbons were assigned 
using a combmation of their known relative positions 
with the single methoxy group and long-range couplmg 
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patterns, e.g. an analysis is given for 2. With 2, the most 
downfield signal of the three unsubstituted carbons was 
easily assigned to C-8 because of its meta relationship with 
the methoxy group and because of the observed small 
coupling with H-l (3Jc_s_u_1 = 2.7 Hz). The distmction 
between C-5 and C-7 was made by analysis of the long- 
range couphng patterns, i.e. the S 111 7 peak was the only 
one with a single three bond couplmg (3Jc_,_u_s = 5.2 Hz) 
On the other hand, the peak at 6 113.4 displayed three 
bond coupling with H-4 and with H-7 (3Jc_s_n_, = 
35 C_5_H4 = 3 5 Hz) (see Fig. 2). 

Dwbstituted compounds. The two methine signals of 5, 
attributable to C-5 and C-8, showed resonances at 6 111 
and 109. The most downfield signals at 6 147.1 and 146.8 
were designated to the two oxygenated carbons (C-7 and 
C-6). The two non-oxygenated quaternary carbon signals 
at 6 125.2 and 125.9 could be assigned to C-4a and C-8a. 

The differentiation of the two oxygen-bearing carbons 
was accomphshed by replacement of the hydrogens on the 
C-7 methoxy group by deutermm. Spectral analysis of the 
deuterium labelled compound indicated a reduction of 
the relative intensity of the signal at S 146.8, which was 
thus assigned to C-7 [ 143 with the signal at 6 147 1 being 
unequivocally assigned to C-6. 

In order to discrimmate between C-4a and C-8a, one of 
the protons at C-l was replaced by deuterium. The proton 
noise decoupled spectrum of this second deuterated 
compound showed a reduction of the intensity of the 
signal at 6 125.9 due to the mefficient 13C-2H relaxation. 
This signal was then identified as C-8a because this carbon 
IS closer to the deuterated C-l than C-4a. Furthermore, a 
careful analysis of the long-range couphng pattern of the 
6 109 signal of both deuterated and non-deuterated 5, 
revealed the unique couphng between the C-8 and H-l 

(3JC_s_H_, = 1 8 Hz). As shown m Fig. 3, the triplet be- 
comes a doublet where the H-l is monodeuterated. This 
experimental evidence allowed unambiguous asstgnment 
of this signal to C-8 and that at 6 111 to C-5 The 
assignments for 4 and 6 came readily from 5. 

The assignments of C-8 and C-5, and C-6 and C-7 are m 
agreement with those previously reported by Hughes et al. 
[6] However, then assignments for C-4a and C-8a are 
incorrect and must be reversed. 

With 7 and 9, the higher field aromatic resonances were 
assigned to C-6 and C-7, respectively, based on the 
absence of three-bond couphng and/or chemical shift 
calculations. The other methme carbons were easily as- 
signed m view of the small three-bond coupling with H-4 
m the case of 7 (3J,_,~,, = 3.8 Hz) and with H-l in the 
case of 9 (3J,-.8m,,1 = 3.3 Hz) Of the two oxygen-bearing 
carbons m 7, the signal at 6 149.8 was attributed to C-8 
because of observed couplmg with H-l and H-6 (3JC.s_H.I 
= 3JC.s_H.6 = 3 JC_8_H_8s = 3 8 Hz). The signal at 6 144 9 
was then assigned to C-7 Of the two signals for oxyg- 
enated carbons in 9, the one at b 146.7 was attributed to C- 
6 due to the observed three-bond couplings with H-8 and 
H-6 (3JC_6_,.,s = 7 8 Hz, 3JC_6_H_g = 3.9 Hz). The other 
signal at 6 150 5 was then attributed to C-5. The carbons at 
the rmg junctions for 7 and 9 were assigned on the basis of 
their ortho relationship with the methoxy groups and, for 
7, these assignments are m agreement with those reported 
by Hughes et al [6]. 

With 8, the hydrogen bearing rmg carbons exhibited 
absorptions at 695.8 and 101.5. The first value was 
attributed to C-6 because it is ortho to two methoxy 
groups. This assignment was also confirmed by observmg 
the unique three-bond couplmg with H-8 (3J,_,,_, 
= 5.5Hz). The signal at 6 101.5 displayed three-bond 

(B) 

I 
C-6 

I 
C-5 

Fig. 2 (A) Aromatic region of the proton coupled spectrum of 2 (B) C-5, C-7 and C-8 signals usmg a narrow 
exponential (-3) wmdow (5CrlOO Hz) for resolutlon enhancement 



1268 R MATA~~ al 

(B) 
c5 ce 

A 

1 

Fig 3 Change m couplmg pattern of C-8 upon monodeuter- 
ation at C-l m 5 using a narrow exponential (- 3) wmdow 
(50-100 Hz) for resolutlon enhancement. (A) Before deuteration, 

(B) after deuteratlon 

coupling with both H-l and H-6 (‘JC_8_H_, = 3Jc_s_H_6 
= 3.1 Hz) and was then easdy asslgned to C-8 Of the two 
resonances due to the rmg Junction carbons of 8, the 
upper field signal (6 114 8) was ldentlfied as C-4a because 
of Its posltlon, both ortho and para, to the methoxy 
groups The lower field signal (6 136 1) was thus asslgned 
to C-8a The two oxygen bearing carbons of 8 were 
identified as C-5 (6 157 8) and C-7 (6 158 2), assummg 
addltlon of 1 and 3 to the reported [3] spectra of 
tetrahydrolsoquinohne, however, because of the small 
difference m chemical shifts, these assignments may well 
be reversed 

The spectrum of 10 showed slmllar resonances and 
couplmg patterns as those of 8 Using the assignments 
presented for 8, the ‘-‘C chemical shift assignments could 
be readily accomplished except that the two very close 
signals (C-6 and C-8) were not unequivocally 
dlstmgulshed. 

Trwbstltuted compounds. In all these cases (11&14), the 
single methme carbons were easily recognized Of the 
three oxygen bearmg carbons, the lower chemical shift 
was assigned to C-6 m 11 and 12 and C-7 m 13 and 14, 
because of their ortho posltlons to two methoxy groups 

Also, the carbons at the ring Junction were readily 
assigned on the basis of their ortho or meta relatlonshlps 
with the outer methoxy groups. 

With 11, the dlstmctlon between C-5 and C-7 was 
accomphshed on the basis of the observed sphttmg 
pattern. The slgnal at 6 151 3 was asslgned to C-7 because 
of the couplmg with H-8 and H-7’ The remammg slgnal at 
6 151.2 was then assigned to C-5 

The analysis of 12 was essentlallq ldentlcal to that of 11 
With 13. the dlscrlmmatlon between C-6 and C-8 could 
agam be accomphshed by analysis of the couplmg pat- 
terns The peak at 6 149 7 was assigned to C-6 due to the 
couphng with H-5 and H-6’ (2J,_h H_i = 3J,-_, H_h 
= 3.5 Hz) 

With 14, the slgnal correspondmg to C-6 and C-8 
showed absorptlons at 6 142.8 and 145 8. The latter was 
asslgned to C-8 because of the observed couphng with 
H-9’ and H-l (3.Jc_8+H_, = 3Jc_8 H_9’ = 2 1 Hz) The re- 
mamlng slgnal was thus attributed to C-7 

Summary of aromatIc asxgnments The dlscussed analy- 
SIS of the aromatlc carbons, as well as addItIona data 
summarized m Table 1, permit the followmg observations 
regarding chemical shift assignments and couphng con- 
stants (a) Comparison of the observed chemical shift of 
the three monosubstituted compounds with those of 
tetrahydrolsoqumolme [6] permltted the substltuent 
chemical shift values shown m Table 4 to be developed 
This data mdlcated that the substltuent effect produced by 
C-7 and C-6 substltutlon IS slmllar The C-5 methoxy 
substltuent effect 1s umque due to the perr mteractlons 
with H-4 This IS consistent with the fact that m 6,7- 
dlsubstltuted compounds (4-6) the difference between 
chemical shifts of C-5 and C-8 carbons lead to the same 
order of differences as those m tetrahydrolsoqumohne 
(15) Furthermore, comparison of the chemical shift of C- 
5 m IO,13 and 14 with C-8 of 8,ll and 12 indicated that 
probably the C-5 and C-8 substltutlon effects are also 
similar (b) Replacement of methoxy groups by a meth- 
ylene dloxy group (14). resulted m shleldmg effects at both 
the lpao carbons and ortho carbons Comparison of shift 
parameters of 13 and 14 mdlcated a shleldmg factor of 6 
- 5 9 for C-7 and - 5 8 for C-8 (~pso carbons). and a 
shleldmg effect of 6 - 6 9 for C-6 and of - 4 6 for C-8a 
(ortho carbons) Comparison wrth the chemical shift 
values of veratrole and methylene-dloxy benzene [6,8, lo] 
Indicates that there 1s a small symmetrical change at the 

Table 4 Chemical siuft values [A6 (ppm)] of lL3 

Compounds 

1 2 3 

C-4a -108 2 3 -68 
C-5 29 2 -141 22 
C-6 -169 33 6 -118 
C-l 16 -124 33 I 
C-8 -59 23 -140 
C-8a 12 -67 16 
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rpso (6 - 1.6) carbons upon substitutton of the two 
methoxy groups by the 1,3-dtoxole ring. Therefore, the 
higher shieldmg effects observed m the case of 14 might be 
related to the sterically crowded environment caused by 
the extra ortho substttuents (c) One bond coupling 
ranged from 154.8 to 159.6 Hz which represents typical 
values for aromattc compounds. (d) In general, the inter- 
rmg three-bond sphttmgs of C-5 with H-4 ranged from 2.7 
to 3.8 Hz That of C-8 with H-l ranged from 2.1 to 3.8 Hz. 
Those of C-4a with H-l ranged from 3 to 4.6 Hz, C-4a 
with H-3 from 4.6 to 6.8 Hz and C-8a with H-4 from 3.6 to 
4.4 Hz. (e) Three-bond couphng, through carbons bear- 
ing no oxygen, ranged from 6.1 to 10 Hz. In most of the 
cases three-bond coupling across oxygen substituted 
carbons ranged from 3 5 to 7.6 Hz. 

Assignment of sp3 oxygen bearmg carbons 

In most cases, the assignments of the methoxy carbons 
were straightforward. They were readily recognized by 
their typical chemical shifts [S, lo] and by then character- 
istic quartet in the coupled spectra 

In 7 and 9, assignment of the two methoxy groups was 
based on the fact that m dl-ortho (2,6_disubstituted) 
substituted amsoles, there is a considerable shielding of 
the methoxy group [3, 151; whereas, the substttuents at 
posttions 2 and 6 are not affected to a large extent. 
Therefore, the lower field resonance of the methoxy 
groups m 7 and 9 was assigned to C-8’ and C-S, 
respectively. 

In the case of the trtsubstituted compounds (1 l-13), the 
upper field signal was readily assigned to the more 
sterically crowded methoxy group (i.e C-7, C-7’ and C-6, 
respectively) [6] 

In the case of the methoxy groups of 6 and the 
peripheral ones m 11-13, the nearly identical chemical 
shifts precluded any unambiguous asstgnments. 

The methylene dioxy carbon of 14 was readily recog- 
nized by its typical chemical shift value (ca 6 lOO), the 
13C-lH coupling constant (ca 170 Hz) and multtplictty m 
the coupled spectra. 

Protonatlon e$ects 

13C chemtcal shift effects upon protonatton of seven 
oxygenated tetrahydrorsoqumohnes (Table 2) are sum- 
marized in Table 5. The data clearly indicates that 

protonation induces a stgmficant shielding effect on 
carbons that are two or three bonds from the posttively 
charged nitrogen (i.e. on C-8a, C-4, C-4a and C-8). The 
same effect has been previously observed m piperidine and 
other ahphatic ammes [lo]; it has been attributed to local 
electric fields generated at the nitrogen by protonatton 
[ 161. The observed changes in chemical shift m the other 
aromatic carbons as well as those m the /I carbons were 
smaller. These slight variations m chemical shifts m the 
case of the aromatic carbons (C-5-C-7) are probably due 
to the change of molecular associatron 

EXPERIMENTAL 

Reference mtermls Compounds 1-8, 10, 11 and 13 were 

krepared by prevrously reported procedures [I 7-251 Compound 

2 and corypallme hydrochlorrde (2-methyl-6-methoxy-7- 

hydroxy-1,2,3,4-tetrahydrotsoqumohne) were kmdly provided by 

Dr. S. Tertel from Hoffman-LaRoche Compound 12 was 

isolated from Pachycereus web&l (Coult ) Backbg [17] 

Compound 14 was obtamed from S B Pemck & Co and 15 was 
purchased from Aldrtch Chemtcals 

Methods. 13C NMR spectra were recorded at 23 kgauss, usmg 

a Fourier-transform computer wrth 20K memory. The spectra 
were measured at room temp usmg a deutermm lock, the 

chemical shifts were measured at 4000 Hz (4 and 11) and 5000 Hz 

(all other compounds) sweep width The pulse width was 23 msec 

(90” pulse), and the repetrtron trme between pulses was 4 set The 

proton decoupled r3C NMR spectra were recorded whrle the 

protons were decoupled using broad band (2 5 kHz) Incoherent 
radto-frequency scores (99 99 MHz). Couphng constants or 

sphttmgs were measured from proton coupled spectra. Samples, 
m the case of the tetrahydrotsoqumohne bases, were prepared m 
1 5ml CDCl, using TMS as mt ref Those of the tetrahydro- 

tsoquinohne hydrochlortdes were prepared m D,O (1 5 ml) usmg 

MeOH as mt ref Sample tubes had o.d s of 10 mm 
‘H NMR spectra were recorded at 60 MHz using CDCI, or 

D,O as solvents and TMS or DOS as mt ref, respectively 

MS were determined on low resolutron mstruments 
Syntheses of l-monodeuterro-2-methyl-6,7-drmethoxy-1,2,3,4- 

tetrahydrozsoqumolme [S, 91 3,4Dtmethoxy+phenethyl for- 

mamrde 4.97 g (0 0237 mol), prepared from the amme (Aldrtch 
Chemical Co ) and HC02H was used as the starting maternal 

Brschler-Napreralskt reactton of the amide afforded 3 15 g 
6,7-dtmethoxy-3,4-dthydrorsoqumolme [‘H NMR (60 MHz, 

CDCl,,a).84(1H,d,HC=N),695(1H,s. =CH-8),68(1H,s, 

=CH-5), 4.84 (2H, t, CH,-3), 4.05 (6H, s, OMe), 270 (3H, c, 

Table 5 Protonation effect on the r3C NMR chemical shifts m various tetrahydrorsoqumohnes [a values (ppm)] 

Carbon No. 

Compound 1 3 4 4a 5 6 7 8 8a 2’ 5’ 6 7 8’ 

1 -3.2 -12 -34 - 2.8 -03 3.1 24 0.1 -7.5 -3.7 1 - - - 

2 - 3.4 -2.1 -4.6 -2.7 -0.1 0.8 1.6 1.3 -7.8 - - 0.5 - - 

3 -3.8 -29 -43 -2.9 0.2 2.2 0.1 0.6 -6.7 - - - 0.4 - 

I - 1.8 -27 -43 -4.7 1 1 2.7 -03 04 -57 - - - 08 0.8 

8 -3.6 -13 -36 -3.1 -0.2 2.2 0.8 0.8 -7.3 -36 
-06 
-07 

9 -3.8 - 1.1 -4.1 -3.3 0.6 -1.5 1.8 1.8 -8 - 0 0.7 - - 

12 -3.5 - 1.4 -3.7 -2.7 -09 0.7 0.7 1.3 -6.7 -37 1 0.3 1 

0.5 05 

0.8 08 

0.3 03 
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CH,-4)] Methylatlon of 2 15 g dlhydrolsoqumohne with excess 

Me1 afforded 3g of the correspondmg methlodlde mp 205”, 

[‘H NMR (60 MHz,CDCI,,6) 99 (lH,m, H-C=N), 7 7(1H,s, 
=CH-8), 7 (lH,s, =CH-6), 4 15 (2H, t, CH,-3), 4 1 (6H, s, OMe), 
4 (3H, 5, N-Me), 3 35 (2H, t, CH,-4)] Reduction of 06g 

methlodlde with 1 g NaBD, afforded 0 357 g (22 Y, yield from the 
amide) l-monodeutero-2-methyl-6,7-dlmethoxy-1,2,3,4-tetra- 
hydrolsoqumohne free base That the compound was mono- 
deuterated at positIon 1 was verdied by ‘H NMR of the resultmg 

base (the singlet at 6 3 55 correspondmg to CH,-1 had half of the 

mtenslty of that of the compound bearmg no deutermm at 

posItIon 1) MS analysts mdlcated the followmg lsotoplc com- 

position m the M + region d, = 47 75 “/, d, = 52 24 7” 

Syntheses of 2-methyl-6-methoxy-7-deuteromethoxy-l,2,3,4- 
tetrahydrorsoqutnoltne This compound was prepared via 
0-methylatlon of 2-methyl-6-methoxy-7-hydroxy-1,2,3,4-tetra- 

hydrotsoqumohne (corypallme) with CD,N* Corypalhne 
hydrochloride (0 24 g, 0 001 mol) was repeatedly dissolved m 

D,O and CD,OD, and then coned untd complete exchange of 
the proton on the OH group had taken place, the complete 

exchange was verified by ‘H NMR m CDCI, The resulting 2- 

methyl-6-methoxy-7-deuteroxy-1,2,3,4-tetrahydroisoqulnoline 
was dissolved m 10 ml CD,OD and then 20 ml of an Et,0 soln of 

CD,N, (contammg 001 mol) was added The soln was left at 

- 5” for 48 hr and then the solvent removed m tacuo The crude 
product was purified by means of amon exchange chromato- 
graphy (IRA-401S, Malhnckrodt Chemicals) to separate the 

desired non-phenohc product from unreacted corypalhne The 
MeOH eluates yielded 160mg (73 ‘i,, yield relative to oxymethyl- 

corypalhne HCl) of the base, mp 60“ That the compound had 
mcorporated a trldeuteromethoxyl group was verified by the ‘K 

NMR of the base m CDCl, (the sharp singlet at 6 3 85 had half of 

the normal intensity) MS analysis mdlcated the following ISO- 
topic composltlon m the M+ region d, = 1 269,, d, = 5 06:;,, 
d, = 50 63 :,, d, = 43 03 “, 
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