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Ah&met-The oxidation of certain derivatives of 2-methyl4benyl-1.2.3,etetrahydroisoqui 
with VOF, results in the formation of diben&e,&oquinolines in moderate to good yields, thus 
making these substances available for the fhst time. 

Intramolecular oxidative C-C coupling of phenols 
is a key step in the biosynthesis and synthesis of 
alkaloids, especially of the isoquinoline group, and 
of other polycyclic compunds.*-3 However, the 
synthetic potential of this reaction has been se- 
verely limited by extremely low yields, and further- 
more, the method is limited by the fact that a 
diphenolic moiety is required. Recently a number 
of reports has appeared describing e5cient intra- 
molecular oxidative aryl-aryl coupling of mono- 
phenolic and non-phenolic substrates using a vari- 
ety of newer chemical reagents. Successful synth- 
eses, in high yields of a number of natural and 
un-natural products have been realised.cll In par- 
ticular, Kupchan et af.,12-*7 have developed useful 
syntheses of aporphinoids, by oxidising l-benxyl- 
1.2,3,4-tetrahydroisoquinolines with VOF,. The 
mechanism of the coupling reaction elucidated by 
them is swnmarised in Scheme I for tetrahydro- 
papaverine derivatives (Itlc). Aryl migration 
from the morphinandienone (2) to give successively 
the neoproaporphine (3) and the aporphine (4) 
appears to be favoured in reactions involving sub- 
strates and conditions which may enhance the par- 
ticipation of the nitrogen lone pair of electrons. 
However use of BFJetherate appears to reinforce 
the alkyl migration to 5. A motmphenolic pre- 
curser, (ld), should undergo oxidative coupling 
very readily; this was found ‘I to be the case. 

It seemed to us that a synthesis of the dibedde,g& 
isoquinoline ring system should be possible by 
oxidation of suitabie 4-benxyl-1,2,3,4-tetrahydro- 
isoquinolines with VOF,; a mechanism for the ox- 
idative coupling can be written (Scheme II) entirely 
analogous to that in Scheme I. However, in this 
case the availability of the nitrogen lone pair would 
not be expected to play a major role in determining 
the mode of rearrangement of the dienone 7 to 8 or 
to 10, but subsequent cleavage of the N-containing 
ring of 10, the product of alkyl migration to form 
11, should be facile in non-acidic solvents. 

‘Ihe readily available’* 4-benxyl-1,2,3&tetra- 
hydroisoquinolines studied were prepared as indi- 
cated in scheme III. Some of these substamxs have 
been described elsewhere (l2b, lZe, and 12ec,” 
l3h,” and m. The concomitant formation of 16 
with 13n is not unexpecWd2’ After some initial 
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di5culties, the reduction of methiodides (14, R = 
Me) with NaRH., gave high yields of the required 
4-benxyl-1,2,3,4-tetrahydroisoquinoline derivatives 
(15) (Experimental). 

Influenced by the probable mechanistic pathway 
(Scheme II), the first compound chosen for oxidation 
was the 6-hydroxy4benxyltetrahydroisoquinoline 
(1%). Oxidation was achieved by using VOF, in 
CH,ClJTFAjTFM]ethyl acetate solution under 
conditions that were established after considerable 
experimentation.22 The reaction was followed by 
UV spectroscopy; it was anticipated that the UV 
spectrum of the hoped for product (Sr) (Scheme II) 
would be very similar to that of the iso- 
merit thaliporphine (4, R1 = H, R2 = Me Scheme I) 
[A=? 220, 280 and 305 nxn]. After 5 hr no 
further change in UV absorption occurred. Column 
chromatography over silica yielded a bare (70% 
yield), shown by spectroscopic data to be the ex- 
pected compound @a); none of the isomeric ortho- 
ortho coupled product was detected by tic. The UV 
Wec@um (LX 233, 281 and 305 nm) is very simi- 
lar to that expected~*~ 
‘H NMR=” 

for aporphines. The use of 
in the strucWal elucidation of apor- 

phines is concerned, essentially, with the fact that 
methoxy groups at C, or C,, appear at higher fields 
(3.4-3.728) than the signals due to other OMe 
groups (3.7-3.9 8) while C,,-H resonates at lower 
field (7.6-8.18) than other aromatic protons (6.38 
7.08). By analogy it was expected that C&-H of 
!Jn would absorb at a lower field than the other 
aromatic protons, and this was found to be the 
case; singlets at 8.21, 6.83 and 6.55 8 were re- 
corded. The low resolution mass spectml fragmen- 
tation of @a) was compatible with the Scheme: 
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R, (11 R3 (2) 
8) MeMe 
b)MecoQF, z ZLw 
c) Me BF, / \ 
a) HCOCF, 

Although the presence of several minor compo- 
nents was suggusted by tic, further elution of the 
column from which * was obtained did not pro- 
vide pure compounds, although it was established 
that an orange quaternary salt was present. How- 
ever, this materal was more easily isolated in a pure 
&ate when shorter reaction times were used (see 
below). 

By analogy with oxidations in the l-benzyltetra- 
bydroisoquinoline series a dianone (7a) migbt be 
anticipated, and several attempts were made to 
isolate this substance. Thus, the phenol (lk) was 
again treated with VOF,, but the reaction was 
quenched after 10 min, and the pH adjusted to 8-9 
immediately in the hope of supressing any rear- 
rangements of 78. Chromatography of the mixture 
over alumina instead of silica led to the isolation of 
9a once more, again in 70% yield, together with an 
orange crystalline solid (12% yield), Cx,H,ClNO,. 
TheIRsp&rumisdevoidof absorptionintheC0 
region, thus precluding the sought for dienone. The 
‘HNMR spec&um exhibited four singlets in the 

aromatic region resonating at 8.8, 7.13, 6.5 and 
6.21 S, tog&her with singlets attributable to three O- 
methoxyls at about 4.06. The N-Me resonance 
appearedat3.14S,indicatingaquaternarysaltrather 
thanatertiaryamine.Thebasepaakinthemass 
spe&umatm/e339canbeassigr&toastructme 
such as 17, formed from the parent compound by 
loss of HQ. This may also be responsible for the 
unusual behaviour observed when the om solid 
was heated; it softened at 96-loo0 to a red gum 
which solid&d over 130-1400. and then t3nally 
melted at 145-146”. Structures 18 and 19 are ann- 
patiile with these data, the latter be-ii preferred 
siaceverylittlechangewasobservedintheW 
spectnm of the compound upon the addition of 
basc.Thesignalat8.86inthe’HNMHspectnk 
is probably due to C&-H, and since, in structmw 
18, C.-H would be expected to resonate at lower 
field than 7.13 8, the alternative structure 19 is 
again preferred. That this minor product of the 
oxidation of l* arises from over-oxidation is sup- 
ported by the fact that when 9a itself was subjected 



- 

(94 R,=H; &-Me 
(Yb) R,=&=Mc 

to the amditioxm of the oxidation with VOF, the 
orange solid WM obtahd in high yield. con- 
versely, nduction of the ofanee solid with NaBH, 
gave the dibenz@e,g-Jisosuinoline (a). Further at- 
tempts to isolate the dienone (78) by carryhg out 
theoxidatkmofl!kwithVOF,intheabeenceof 
acid failed; no oxidation ocuured at all. So, either 
the sought for dienone is too unstable to isolate 
underthercactkmamdi~oraryhrylcoupliag 

oaam directly and not through the intermediacy of 
the dknone. 

Oxidation of the tetramethoxy4benzyi-1,2,3,4- 
tctral~ydrohoquinoline (Mb) under the a~nditiom 
u8ed for lSa gave a mixture from which a base 
(38%) and a quatenmry salt (10%) were isolated. 
TIBcI3p&ralcharacteristicsoftilebasc,whichanal- 
ysed for C&l&NO., are fully in accord with tine 
expected for the diin&le,&oquinolhe derivative 
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RI R2 4 Rl R-2 R3 % % 
l2a OBz Om H l2a OH OMe H. OMe OMe 
l2b OMo OMo H l3@ OMe OMo H OMO OMe 
l20 OMo OH H l3e Oh40 OH H OMo OMe 
l24lH OMO OMS l3dH Oh40 OMs OMe OMs 
=H OMe OH 

I 

RI K Rs % 
lSa OH OMo H MO 
15) OMe OMe H Me 
l!k OMe OMo H MO 
l!M OMo OH H MO 
l50 OMo OMe H MO 
151 OH OMo H Me 
1% H OMe OH MO 
l5llH OMe OMs H 
151 H OMe OMs MS 
W H OMo OH MS 

rq % 
OMo OMe 
OMe OMO 
Oh50 OH 
OMe OMO 
OH OMe 

iLz%T 
OMe OMS 
OMo OMs 
OMe OH 

l& iii kfo i? 2 kfe f&e 
14b OMo OMe H MO OMo Oh40 
140 OMo OMe H MO Oh40 OH 
14d OMo OH H MO OMe OMo 
14s OMo OMo H Me OH OMo 
1U OH OMo H Me w-0 
14 H OMe OH Me OMo OH 
14b H OMs OMs H OMe OMs 

u IIL nm prepdon of the 4-bonzyltetmllydroi8oquho~e3. 

(!lb) (Experimental). The orange quaternary salt, 
C&H&lNO,, exhibiM ‘HNh4R and mass spcc- 
tral c&act&tics consiBtant with either strudure 
20 or 21, but a eat@ztory elemental analysis could 
not be obtained. 

OH 

In an effort to develop this synthada of the 
dii~de,g&oquiaolinc ring system fwthw a 
number of monophenolic 4-bcnzyltctrahydroiEo- 
quiuolines (MC-151) was prepared by the geeneral 
method (Scheme III). Compound lk was chosen 
bccaused&ctparacouplingtoyicld22ehouldbca 
facile procea, and some coupling &ho to OH 
might be anticipated. with the substrate 156 the 
formation of the dienone (23) may be expected to 
occur, whereas with 158 the isomeric dienone (241 
~~;~nxdi In the event O~Y bh$ “y, 

mdurcs resulted from the o&a- 
tion of any of these phenols with VOF, urulcr a 
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was dkolvcd in watu (IOOmL). pH adjtmtcd to 8 witb 
NH,ao~andtbcre&antpptwancokc!edamlayat8l- 
&cd from Et0H to gbm beige plats (lOO,%) m.p. 194- 
195” @cc) of the required lb, A,(u,,,J 242(69,7OO); 
283(15.150); 313(8,3OO); 327(6&B). After ad&on of 
NaOH: 222(54,5OO); 253(62,lOO); 34O(U,lOO). lH NMR 
(CDCl,& DMS0): 8.9 s [l] (C&i); 8.16 s [I] (C&i); 
7.36-6.64m [S] (Ar-H1s); 4.16s [2] (-CX+); 3.99s 
[3] (0Me); 3.77 6 [6] (2X0h4e). Me&iodide m.p. 208- 
2100 @cc) w C, 51.9; H, 4.8, Nu. 2.9. C&H&O,1 
requirea C, 51.4; H, 4.7; N. 2.9%] 

4-Iknxykqldnok (14) mcthi&&--acnrml 
procedum C&pound 12 (0.02molc) and the required 
bcnxakk.hy& derivative (O.O24mole) were dinolvcd in 
Et0H (4(k), and conc.HcI (40&J wan added. The 
mi!ctuRwMlK&eduDderfelluxforl.5br,aBokdand 
poufcdinto~0(400mL).AftcXwa&ingwitbbemBnc 
(3 XSOalL), tk aqueous aoola wa# made atronply basic 
(30% NaOH) arx~watmuL After cooliag tbc-$H was 
adiwtcdto8_9&tkmixturec&act&.withCHXL 
(3x 100 mJJ. Evaporatkm of the dried @Ia&),) c&n: 
bkdextladsgavettbe4-beluy&oqubmSfG3asblvwn 
gums. ThuJc, witbout pmikltion, were dkmolvcd in 
acetone (15OmL). hcatcfl to boiling and MCI (100% 
excess)wuaaddl!d.After5minst&mixhrnXwcrecookd 
tor.t.andtbcaystaUkmeUod&lcswuucukctcd. 

4-(3,4-Dimcthoxybcnxv&6.7-m 
(19) mcfhiodldc wai obtained as an oran& w-l&l, m.p. 
2O4-2w kom Et0H fFouxxk C. 52.45: H. 5.1: N. 2.8. 
C&H,JVO.I requirac -iZ, 52.4; ti. 5.0; ti, i.9%j . -_ -. 

4-(3- Hy&v~-4-methoxybenzyl)~,7-dimcthary~- 
mdnok (UC) m&&d&. Yellow needled ‘HNMR 
&DC&/& ‘Dh;lso): 9.7 I [I] (C&i); 
(6xAr--H’a+OH removed by D 0); 4.483 [3] 
Me); 4.36 I [2] (C.4Xi.J; 4.05 a [6] (2xOMe); 3.83 6 
[3] (OMa) [Fomad: C. 51.3; H, 4.9: N, 2.9; I, 26.8. 
C&J&NO,1 rcquins: C, 51.4; H. 4.7; N, 3.0; I. 27.2%] 

4-(3,4-Dimtrhoxybntyl)-6-~xy-7-hydroxyiro- 
&iofine (14dI mctkiodidc Green-brown nccdka mo. 
i56-1570 (dec) ‘H NMR K!DC&& DMS0): 9.57 b4. [il 
(C.-U\: 8.4-6.7m VI. f6XAr-H+OH removed bv 
i@); ‘i.47 b.s. [5]- &Me+C,-CH& 4.079 [3] 
OMe); 3.85 a [6] (2xOMe). Fourrd: C, 51.6; H, 5.1; N, 
3.0; I, 27.0. t&&NO,1 requircc C, 51.4; H, 4.7; N. 
3.0; I, 27.2%] 

4-(3- Methoxy-4-~~bnuyl)-6,7-dimcthoxyiro- 
qldlloune (14a) m&odue. Be@microayrtruineso~ 
m.p. 175-176”. ‘H NMR (CDCl&& DMS0): 9.78 a [l] 
(C,-H); 8.63 b.s. [l] (OH, removed by D,O): 8.38 s 
[ll (G-H)); 7.86 I El] (At---H); 7.ti.6m [S] (A+H’s); 
4.50s [3] &Me); 4.43 I [2] (C&X& 4.06s [6] 
(2x OMe); 3.81 a [3] (OMe). hound: C!, 51.0; H, 4.7; N, 
2.7; K, 26.9. C&,NO,I rcquiru: C, 51.4; H, 4.7; N, 
3.0; I. 27.2% J 

4-(3.4~Methy&m&ioxybuuyI)-6-hydroxy-7-methoxy- 
isosuinok (let) mctljalidc.mt brown nccdk!a, 
m.p. 182-18T (&c) ‘H NMR (CDClJ& DMS0): 9.51 s 
[I] (C,-_H); 8.12s [I] (C,-H); 7.7 b.s. [l] (k-H); 
7.49 [l] &r-H); 6.7d [3] (3xAr-H); 5.91s [2] 
(CH,OJ; 4.40 s [3] &--Me); 4.20 I [2] (C&.X& 4.03 s 
[3] (OMe). [Fwnd: C, 50.4; H, 4.1; N, 2.8. C&X&O,1 
rcquircsz C, 50.5; H, 4.0; N. 3.1%] 

2-MethvI-4-benxvi-l.2.3.4-tetrah~- 
Gunad prt&&w. ‘Ilk 4-benayliwq~liwmeth&djdc 
(2.0~) was dissolved in bot 1:1 EtoH:H,0 (IOOmL) 
and hB& (1.5 f$ wa8 added podollwisc Ali HiIT& 
After&rring~tatr.t.,~mixturcwasmadaacid 
(dil HCl) (to deumqxme excess of NaBH, and any N- 
boranea),thepHwaa@ustcdto8_9(~NHJand 
extracted witb benzene (3 x 50 mL1. Evaooration of the 

2-Muthyf-4-(3,4-dimcrhoxybcnzyl)-6,7-dfm- 
133.4-tehuhv (1s) WM obmincd (92%) 
m ~bit0 & mlp. H; A,(u&: 23qi7;ioo); 
283(8.ooOk ‘H NMR K!DCl.k 6.ti.6 m r31 (A+HQ): 
6.5 ; (21 (k-H%); 3.82 (I [97(3x OMe); 3:7i ; [2] (C _L 
CHJ; 3.71 s [3] (OMe); 3.62.4m [S] (alipbatic-He; 
2.34 I [3] 0: MS. #PI/C 357 (M+) (43%) 356 (M+ - I) 
(27%); 342 (12%); 326 (5%); 314 (8%); 309 (28%); 283 
(26%); 268 (9%); 219 (40%); 206 (92%); 205 (100%); 
204 (95%); 151 (26%); Iporma: C, 70.1; H, 7.3; N, 3.9. 
tQ&,NO, requirccC, 70.6; H, 7.6; N, 3.9%]. 

2-Mrtkyl-4-(3,4-dimcthmybmty1)-6-hydoxy-7-mcth- 
oty-GL3,4-M (158). white rmdkd 
@o%) m.p.l4&1420. A_(6)_ 23q14,ooo); 286- 
(6.500). On addition of NaOH A_(a)._ 226(18,3OO); 
288(5,OOO); 304(5,5OO). ‘HNMR (CDCQ: 6.94-6.66m 
[4] &-H’s); 6.52 II [I] (k-H); 5.8 b.s. [I] (OH, rc- 
moved by D$O): 3.88s and 3.8311 [9] 
(3 X 0CHJ; 3.8-2.4 m [71 (&pba*H’r); 2.37 s [3] (N- 
CHJ: US. (m/e) 343 (M+) [26%]. 342 (M-l)+ [IS%1 
328 [IO%], 312 [3%1,3OO [S%J, 285 [IO%], 269 [12%1 
254 [4%], 205 [16%3. 192 [73%J, 191 [91%], 190 
[lOO%l, 151 [as%]. Formd: C, 69.9, H, 7.1, N. 4.15. 
C.J&N04 requirec C, 70.0; H, 7.3, N, 4.l%J. 

2-Mrdryl-4-(3-hydFDXy-4-mdhaxybcllZyI)-6,7-- 
oxy-13.3.4-t Use). White Dee&a 
(81%). M.p. 139-1430 A,,,&.)_ 234(1lfOO); 285- 
(6&X). On addition of NaOH A,_(6 
293(7,8OO). ‘H NMR (CDCLJ. 6.9-6.4 m ‘-? 

233(12JOO); 
S] &-H’s); 

3.87 S, 3.85 I and 3.77 s[lO] (3xOCH,+OH removed by 
D,O); 3.762&m [7] (alipbatk-H%); 2.40 II [3] (N- 
C&). MS. (d6) 343 (M+) [a%], 342 (M+- 1) [4%], 312 
[2%], 300 [IO%], 285 [IS%], 269 [a%], 254 [3%l, 239 
[2%], 225 [4%1, 219 [16%3, 206 [89%), 205 [loo%], 
204 [93%]. 137 [27%]. pound C, 70.1; H, 7.2; N, 4.15. 
GJLNO, resuirec C. 70.0: Ii. 7.3: N. 4.1%1 

-I-~~yi-4-‘(3.4-dkncthoxybmzJtlj-6;mct- 
droxv-1.2.3.4~tetrahvdroisoauinolinc (15d). white 
nec& i7898) m.p. i39-l& A,(u)L 23&16,lOO), 
285(7,OOO). On ad&ion of NaOH A,(s)_ 233- 

CHJ. Ms. (m/c) 343 (M+) [7%1,342 CM+ - 1) [5%1,328 
[3KJ, 325 [3%1, 312 [l%J, 310 [I%1 300 [2%], 285 
[7%1; 269 [7%], 254 [4%x 205 [19%1,192 [78%), 191 
[loo%), 190 [89%L 151 [24%). pouad: C, 70.0; H, 
7.35; N. 4.1. C&&NO, requirea: C, 70.0; H, 7.3; N. 
4.l%J. 

2-Me~l-4-(3-mcthoxy-4-hydroxy~l)-6,7-dimctk- 
oxy-1,2,3,4-tetrahydroiroquiIlollns @Se). t&lot&m 
prisms (100%) m.p. 123-125’ A,(a)_ 237(16,5OO): 
284(1O,lOO). On ad&on of Na0H A_(r)_ 
241(16$OO); 292(10,6OO). *H NMR (ClX!lJ; 6.9-6.6 m 
[3] (AX-H%); 6.47 (L [2] (Ar-H’s); 5.88 br. [I] (OH, 
removed by D,O); 3.788 [6] (2x0CH3; 3.70 I [3] 
@CH& 3.7-2.3 m [7] (alipbatic-H’s), 2.34 8 [3] (N- 
CHJ. MS. (m/c) 343 (M+) [67%& 342 (M-l)+ [21%]. 
328 [10%x 312 IS%]. 300 [13%]. 285 [199cJ, 269 [7%1 
254 [2%1. 220 [31%J, 206 [lOO%J, 205 [66%], 204 
[51%1 m* 271, 202 LFod C. 70.1; H. 7.2; N, 4.u). 
C&J&NO. requiruz C, 70.0; H, 7.3; N, 4.1%] 

2-Mcckrl-4-(3,4-n~~~~-6-kyd-7- 
methoxy-1~3*4-tdrahy (151). P&J ydhm 
uystdlb eolid (64%) A_(a)_ 235(12.000); 289- 
(lO.lOO). 0n edditkm of NaOH A,,&)_ 235(13,4OO~; 
298(10,7OO). ‘H NMR (CDClJ: 6.84-6.56m 143 (Ar- 
H’s); 6.5 I [I] (Ar-H); 5.92 s [2] (CH,OJ; 5.52 b.s. [I] 
(OH, removed by D,O); 3.8 s I33 KBCHJ; 3.74-2.40 m 
[fl (alipbakH’s); 2.3711 [3] (N-CH 
(M’) [4l%J, 326 @A+-I) [17%1312 
269 [26%1,254 [9%-j, 239 [7%]. 205 [27%x 192 [78%1 
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