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1.2-DIHYDROISOQUINOLINES—XX'

REARRANGEMENTS—VI

R G. KinsMaN, A W. C. WHITF and S F. Dyke®
Schoot of Chemistry. Umiversity of Bath, Claverton Down. Bath BA2 7AY. Avon Fagland

(Recewed inthe UK 1R July 1974 Accepted for publication 14 October 1974)

Abstract—A mechanism 13 proposed for the rearrangement of 1 - henzyl - 1.2 - dihydroisoquinolines into 3 - benzy! -
Y.4 - dihydroisoquinolines involving a bimolecular exchange reaction Two transition states asre considered. and it 1s
beheved that both can be involved. depending upon the precise nature of the starting enamine

Since the onginal discovery’ that the benzyl group
migrates from C, to C, when a2 1 - benzyl - 1.2 .
dihydroisoquinohne is treated with hot. dilute mineral
acid, a substantial amount of work has been reported with
a senes of ! - substituted - 1.2 - dihydroisoquinoline
denvatives.’ Several proposals have been considered® for
the mechanism of the benzyl rearrangement. based largely
upon yields of products under essentially standard
conditions.’ but until now no self-consistent theory has
emerged.

A satisfactory mechanmism must take account of the
following ohservations: (a) the reaction is intermolecular:’
(b) an increase in the size of the nitrogen-substituent in
the 1.2-dihydroisoquinoline results in a decrease in the
yield of rearrangement product® (c) the effects of
substituents’ and the failure of groups such as aryl or
alkyl to migrate® indicate that the C.*"-* CH.Ar bond
polansation promotes migration. (d) the yield of rear-
rangement product. as compared with the yields of
matenals from the competing ehmination and dispropor-
nonation reactions. depends strongly upon the concentra-
ton of the enamine’® (a decrease 1n enamine concentra-
tion results in a decrease in the yield of rearrangement
product) and (e) the rearrangement involves milial
protonation of the enamine at C. to form a 14
dihydroisoquinolinium 1on

The intermolecular character of the reaction can bhe
interpreted in two ways: (i} separation of the migrating
benzyl group as an ion or radical and migration to a
second molecule that itself loses a benzyl group. or has
already lost one. or (1) a bimolecular exchange reaction in
the course of which two molecules exchange their benzyl
groups. such a process would probably occur 1n a
concerted manner.

Whereas the reported’ observation that racemisation
occurs when an optically active sample of 11s rearranged
1s compatible with the formation of ons duning the
reaction. 11 1s difficull to explain the observed effect of size
of the nitirogen substituent on this basis. The fact that the
observed migration reactions occur in dilute aqueous
mineral acid is hardly in accord with the production of free
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10ns, and so it was decided to re-investigate the migration
reaction of 1. particularly since the pseudocyanide 3 of
the 3 - benzyl - 3.4 - dihydroisoquinolinium ion 2, upon
which the optical measurements were made previously.’
contains three chiral centres. It 15 possible that the
observed zero rotation in 3 may be fortuitous.

As in the previous study.' the (+)kisomer of 1 was
prepared and subjected to the conditions of the rearrange-
ment. The course of the reaction was followed by making
polanmetnc measurements. The onginal rotation of (+)
1-85° (for 25 mi of a solution 1n 2NHQCl) fell to + 0-70° after
48 hr heating under reflux, and this was unchanged after a
further 12hr heating. The rate of change of optical
activity was approximately second order. An aliquot
(25 ml} of the resultant solution was cooled, basified with
NaHCO, and extracted with ether to give a small amount
of an unidentified base (@ = - 0-10°. measured for 25 m!
of 2NHC! solution). The aqueous liquor from this
extraction was found to be optically active. The
pseudocyanide 3 was obtained from this aqueous solution
in the usual way and. as previously reported.’ it is
optically inactive However, the 34
dihydroisoquinolinium salt 2 that was regenerated from 3
with HCl/ethanol was found 1o he opticallv actite
(a = +0-80° for 25 ml solution in INHCH It was not
possible (o obtain 2 tn an analytxcally pure condition so 1t
was reduced with NaBH, to yield the } - (a - phenylethyl)
- 2. methyl - 1,234 - tetrahydrosoquinoline, [a]n™ =
- 4:0° (5 5% in CHC\)

Thus. it has been demonstrated that the rearrangement
of the optically active 1,2-dihydroisoquinoline 1 occurs
with retention of optical activity, at least to some extent

In order to explain the facts that the rearrangement 15
intermolecular. and also proceeds with retention of
optical activity, it was proposed’' ' that two | - benzyl -
1.4 - dihydroisoquinolimum ions could form a four-centre
overlap transition state 4 Independently Knabe and Dorr
armived at essentially the same conclusion,' " but they
preferred a transition state $ resulting from a 6.centre
overlap of two | - benzyl - 1.4 - dihydroisoquinolinium
10ns. It is envisaged that in a complex of two molecules
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which exchange benzyl groups. the C.-atom of one
molecule should lie opposite to the C.-atom of the second
molecule. and vice versa . in addition each of the migrating
benzyl groups must be onentated towards its receplor
molecule. The two possible transition complexes 4 and $
meet these requirements, and allow for an exchange of
benzyl groups and the rearrangement of double bonds to
occur in a cyclic. synchronous manner. In 4 the
participating molecules must huve opposite configurations
at C.. whereas the transibon complex $ requires the
partners 10 have the same configuration

1t has been found' that when an optically active sample
of 6 is subjected to the conditions of the rearrangement'*
the 3 - benzyl - 3.4 - dihydroisoquinohnium salt 7 formed
is optically active. The configuration and optical punty of
the product are not known, but the result does show that
opuically active | - benzyl - 1,2 - dihydroisoquinolines
(chiral centre at C\) can rearrange through the 6-centre
transition state S, which of course could also be involved
in the rearrangement of racemic compounds. The
previously observed' crossed mugrations of racemic
compounds is also explicable in terms of this same
transition. However, it 1s possible that the alternative
transition state 4 may be involved in the rearrangement of
racemic | - benzyl - 1,2 - dihydroisoquinohnes. and we
investigated this point.

The compounds selected for study were (+)-8a and

MeO |
McO N

2
MeO OMe
MeO \ﬁ MO e
MeO \J N\ MeO /N'\
Me Me
Ph
¢ 7

(=) -8b. It 1s assumed that the configurations of (+) - 8a
and (+) - 8b are the same. If tranition state § is involved,
then when a mixture of these two compounds i1s subjected
to the rearrangement conditions. the products should be
9a and 9 (both opuically active). with none of the
cross-over products 9¢ and 9d If. however, transibon
state 4 13 involved in the rearrangement of (+) - 8a and
(-) - 8b. the products should be only 9% and 9d (both
optically active) with none of the products 9a and
9%b—provided of course that the two transition states are
of unequal energies. The compounds 8a and 8b were
expected 10 rearrange at similar rates. with the 4'-alkoxy
group facilitating the rearrangement and suppressing the
competing ehmination reactions. The absence of an
alkoxy group at C, considerably reduces the competing
nng<closure reactions leading to pavinanes ' ' and
sopavines ' The molecular weights of the possible
products 9a-9d are sufficiently different from each other
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for analysis of the reaction mixture to be possible by mass
spectrometry

Samples of (racemic) 8a—8d were prepared by the
addition of p-methoxy- and p-ethoxybenzyl magnesium
chlondes to 108 and 10b. followed by treatment of the
secondary amines 11a-11d with bromoacetal in DMF at
100°. When the alkylation reactions were performed at
higher temperatures elimnation occurred to yield stl-
benes 12. In view of the ease with which benzylben-
zylamines can now be prepared through the a-
aminonitrile route.' it is poscible that a simple synthesis
of stilbenes can be developed. This 1s being investigated

Each of the benzylaminoacetals 8a-8d was <eparately
rearranged under identical conditions (which were used
throughout) and the products 9a-9d were charactensed as
the pseudocyamides and as the 3 - benzyl - 1234 -
tetrahydroisoquinolines; the yields (3540%) were unusu-
ally low for rearrangement reactions of this type. A
careful examination of the tarry residues revealed the
presence of 10% or more of the stilbenes 12 already noted
above.

Synthetic mixtures of the pseudocyanides were used to
develop the quantitative mass spectral analysis used later
(Expenmental). [t was established that equimolecular
mixtures of the pseudocyanides of 9a + 9, and of 9¢ + 8d
did not undergo thermal disproportionation in the mass
spectrometer The spectrum of each mixture was found to
be the summation of the spectra of the components. An
equimolecular mixture of the racemates 8a and 8b were
subjected to the rearrangement conditions, and the

*ltrs interesting to note that racemic 8a rearranged four imes as
fast as (+)  8a under 1Wdennical conditions

10e: R = OMe
100 2R = CH,0,

NMe
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n. O
R. /N' R,
\Me
% R, =R,=OMe
® R,+R,=CH,0,.R, = OFt
% R, =OMe. R, = OFt
% R, -R, - CH,0,.R, - OMe¢

3 .4-dihydroisoquinohinium salt fraction, pbtained in 40%
yield, was shown by mass spectrometry of the denved
pseudocyanides to consist of similar amounts of all four
compounds 9 - 9d. This established that the enamines 8a
and 8b were reacling at comparable rates in the
rearrangement reaction

Samples of (~)-11a and () - 11b were obtained by
resolving with the two dibenzolytartanc acids. Alkylation
of these two amines with bromacetal in DMF at 100°
proceeded in greater than 90% ywelds to give (+) - 8a
([a]o®+ 95 and (-) - 8 ([{a]s™ - 102°) No racemisation
occurred when 11a was heated in DMF at 100* for 12 hr,
thus suggesting a high degree of retention of optxcal
activity in the alkylation reaction. (The ahiernative
approach—resolution of racemic | - benzyl - 1.2 -
dihydroisoquinolines with optically active acids causes'
disproportionation).

When a sample of ( +) - 8a was rearranged. the product
9s. charactensed as the 1.2.3.4-tetrahydroisoquinoline,
had [} + 76°. a value not affected by the duration of the
acid treatment, thereby demonstrating the retention of
optical activity duning the migration t The optical punty
and absolute configuration of this reduced rearrangement
product are unknown.

A mixture of equimolecular amounts of (+) - 8a and
(-) - 8b were reartanged under the standard conditions,
and the products analysed as before. All four possible
products 9a - 9d were found to be present in the optically
active mixture in similar amounts, thus showing that the
rearrangement reaction cannot be proceeding exclusively
through either transition state 4 or § The results are
compatible with the participation of both transition states
4 and $. which must be of comparable energies

R,

R, =R, = OMe
: 2R, = CH,0,. R, = OFt
: R, = OMe; R, = OEt
: 2R| - CH)O)'. R) = OMe

R:

12
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M ps are uncorrected UV spectra are reported in nm for solns
1n 9%% EtOH and IR spectra in cm™' for nujol mull or hiqusd film
except where noted NMR spectra were measured on solns in
CDCl, uung a Vanan A60 spectrometer. chemical shifts are
expressed in ppm downfield of TMS as internal standard Mass
spectra were measured on an AFI MS1) and relative peak
ntensities are quoied as a percentage of the bave peak

(<) - 1 - a - Phemviethvl - 6.7 - dimethogrisoquinniine
methiodide (-)-1 - a - Phenvlethyl 6.7 dimethoxyisoquinoline
was prepared by the method of Knabe and Powilleit,® and
obtained from MeOH as coloutless prsms. mp 120-1° (It
120 - 2 with [a],,™ - % (1 %% 1n EtOH) (ht* - 62 ) The base
(6 0g) in mtromethane (60 ml) and acetone (2 ml) was treated with
Mel (S ml) and the mixture warmed in a sealed flask at 78° for 6 hr
The orange red soln was evaporated 10 dryncss and the residue
dissolved 1n acetone (20ml) This acetone soln was added
dropwise 10 a rapidly surred volume (500 ml) of dry ether and the
precipitated methsodide was separated by filtratwon (6-0g, 68%),
mp 1358 [a],™ - 102 (2% 1a CHCl,) NMR 884 and 844

1= TH2 (Ar-CH=CH-N), 7 83(1] and 7 25[1] (C.-H and Co-H),
T[S (hensvl  aromat  protons). S S8qli] ()= 6Hz)

C-CH-CH,), 4 75 (3] (N-CH.}. 405(3] and ) 64(3] (2x-OCH.).
21d[3) tJ = 6 H2) (C-CH-CH,) Neither the methiodide nor the
methoperchiorate could be crystallised in a satisfactory manner

(+)-1-a - Phenylethvl . 6.7 dimethoxy - 2 . methsl . 1.2 .
dihvdroisoquinoline 1 LAH (0 $g) was added portionwise to a
stured suspeavion of the above methiodide (1 2g) in dry ether
(25 ml). under a protective atmosphere of N, The misture was
stirred at room temp for ) hr and then decomposed by the
dropwise addition of a saturated soln of sodium potassium tartrate
(S0 mi) After separation. the aqueous phase was extracted with
ether (3 x 28 mi). and the combined ether layers were washed with
water, dned and evaporated to give a pale yellow gum which could
not be crystallised (0 8 g). A, 210V, 4w, 2800, 1630, 760, 70¢.
NMR indicates a mixture of two duastereomers 1n simiar
proportions. 7 3-6 7 complex [$] (benzyl aromatic protons), 6 43
and 6 40 two (1] (Ci-H), $97 and $95 two d[1) J=THn
(Ar-CH=CH-). $90 and ¢ 78 two s[1] (C,-H). £ 1d[1] {J = *Ha
(Ar-CH=CH-). 4 2 complex [1] (C.-H). 377 and 3 74 two s[}]
(COCH), 3¢S and Y48 two s[31C. OCH.). 2 8% and 2 §S two
g3 IN-CHy 1 2% and 10% two J[Y ) =7HN (C-CH-CHY
@)™ ¢92 S (2% in IN HCH Mase mie (51, 309(0 1) (M'). Y0R8
(0 1). 204 1100)

Acd treatment of | The hase 1(0 8 g) was dissolved in 2N HCI
(40 ml) and the rotation of the soln was measured The soln was
heated under reflux and 1ts rotation was measured from time (o
time, the values obtained are shown helow

Time clapsed (A1) Rotation (*+)

| &%
1
1 4¢
120
0 R¢
07
070

3;’:914—9

An ahquot (2$ ml) of the soln was basified with NaHCO, and
extracted with ether 13 x 10 ml) The combined ether layers were
wathed with water then extracted with 2N HCI (1 < 10ml.
2x $ml). the combined acid cxtracts were difuted with 2N HCl to
25 ml. and the soln was found to have a rotatron of - 0 10° This

win was re-basified and extracted with ether (3 x 10 mb) to pive a
yellow gum (90 mg) which has not been identified The aqueous
bask wln from the mixture (diduted by the addition of the water
back-wath) was found 10 have a rotation of + 0 80" [t was treated
with KCN (0 $ g} and the cloudy mixture was extracted with ether
(5% 10ml). the aqueous phase now hecoming wactice The
pseudocyamde 3 was obtained by evaporaton of the combined.
dned ether layers as a colouriess gum (0 39g. 71%) Thus matenal
was also optxally nactive, A, 20K, 250. 293, 318, 378, NMR i
complex. indicating a mixture of diastereomers. and includes
4 7s[1)(Ar-CH-CN). 4 VYcompler [1] (~-CH,-CH-CH-) Crystalh-
sanon from ether (small yield) gave colourless pnsms, mp 172
(soften), 17897 (ht* 160-) Mass m/e (%) 33610 11(M"), 309 (6),
30R (8). 231 (1001, 206 (10). 204 (1D

The inactine 3 was dissolved 1n conc HCIVEIOH (1.1) and
heated on a steam-bath for 2 hr The yellow soln was evaporated
to dryness and dissolved in 2N HCI (23 ml). this soln being
optally actire. with a rotation of - 0-80° Compound 2 was
obtuned as 2 jyellow gummy sold (039g. 65% based on the
1soquinoline methiodide) [a],™ + 28° (6 2% in FIOH), v, 1640,

Aee 207,255 317, 377, NMR inchides 9 855(1] (Ar-CH=N).
7766 complex [7] (aromatx protons), 4 13, 400, 395 and } 90

four 3[9] (NCH, and 2 x -OCH, from diastereo minture), | 40
and 1-30 two 4V (J = THH (CH-CH-CH,). Mass m/e (%), 310
(1) (M*), 309 (1), 308 (2). 206 (100). 204 (10) A crystaline salt
(rodide or perchlorate) could not he obltuned

Reduction of 2 with sodium borohydnde Compound 2 (0 39¢)
in EtOH (10 ml) was treated with NaBH, (0 3 g) for 2 min at room
temp (yellow colour was discharged in 30 se¢c) The mizture was
carefully acidified with conc HCl (Sml) and heated on a
steam-bath for $min The resulting colourless soln was diluted
with water (SO0mD) and washed with ether. then haufied wath
NH.OH and extracted with ether (3 x 20 ml) 1o pve. after removal
of the solvent. a colourless gum (0 Mg 97%): v_,, 2800, 735, 708,
Aaas 209,230,286, NMR indicates a mixture of diastereomers. and
includes, 725 and 723 two s[S] (benzyl aromatx protons),
6525(1). 6 48 and 6 36 twos[1} (C. H and C,-H). 3 Ths[3). 378
and 370 two s(3] (2> -OCH, 23853 (NCH,). 137 and 1 28
two d[3] J = 6H2) (CH-CH-CH.) Mass mie (%), 310 (0D
(M™-1), 206 (100), 204 (%) [a],* 4° (S $% in CHQLY)

The methiodide was prepared 1n acetone at roum temp and
recrystallised from EtOH as kmon plates, mp 2378 NMR
includes. 7 4 [$] (benzy! aromatx protons), 68 (1) and 6 7 (1]

(CoH and C. H). V9 (6] and 3 R [3] (2 x -OCH, and N-CH,). 27

[3IN-CHO. 16 3] U = THO (CH-CH-CH.) Mass mie (%). 326
(003) (M"). 206 (100). 204 (6) [a),,™ 1 6° (2% 1n CHC,) (Found
C.389.H.67.N.30.1.278 C..HuNO,l requires C, 356 H.
62 N. 3112807

The racemic amines 1110-d) These were prepared by Gngnard
reaction 1n the usual manner and punfied by cither vacuum
ditillation (118 and c). or recrystalhisation of the hydrochloride
alts (11b and d)

N . Methyl - a - 14 . methozvbenzyl) - V4 . dimethotvhen
svigmme (138), mp 63-5°, NMR_ 7 36 6 complex [7] (aromatic H).
RS 5(6] {2xOCH.. 378 (3] (OCH,). 3 M4 (1] UJ=6H)
(Ar-CH-CH,-An. 28¢ d[2) 1) - 6 H2) (Ar-CH-CH;-An), 2 3
$[3 (N.CH.). | 9broad s[1] {removed by DY (N H), vol, YUIS,
2701614, 15171280, 1176. 1028 a_.(¢ ) 228(20.800), 279 (4800).
mass mie ()31 (2 11(M™ ) IR0 (1001 (Found C.71 6. H.76 N,
47 C.H)NO, requuires C.717 H. 2 N 43

N - Methvl @ (4 - ethorvbensrl) - Y4 - methvienediozyben-
svigmine (11b). mp 63-4° NMR.? 0-6 6 complexr [7] taromatx H).
S8 [21(O-CH,-0). 392 q12] 1) = THN (OCH,CH.). Y 46 1(1]
J-6Hn  (Ar-CH-CH,-An, 1828 complex 12
Ar-CH-CH:-Ar). 21 s[3] IN-CHa 136 a[3] (J=THn
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OCH,CH,). vew, 3300, 2790, 1609. 1510, 1238, 1175, 1040. 4. (¢)
228(12,300), 283 (4.900) Hydrochlonde salt. mp 235-6°. Mass m/e
(%) 299 (5} (M™-HCI). 269 (6). 164 (100) (Found C.64 S.H.6 6. N.
41.C1 1040 C..H, NOHC! requues C. 644 H 66 N 42 Cl
10-6%)

N - Methyl - a - (4 - ethoxvbenzyl) - 3.4 - dimethoxybenzylamine
(11¢). mp 89-90°. NMR 7-2-6 7 complex (7] (aromatxc H), 401 ¢
12) J=7Hz) (OCH,CH,. 388 3(6] (2xOCH,. 37 m(1]
(Ar-CH-CHy-A1), 2-86 d[2] (J = TH2) (Ar-CH-CHAN. 225
$[3) (NCH,), 13 broad s(1] {removed by D,O) (N-H). 141 1[3]
(J = TH2) (OCH,CH,). vau. 3300, 2790. 1610, 1510, 1248, 1130.
1031, A, (¢) 230 (18.000). 280 (3.240); mass m/e (%). 315 (HIM").
314 (%), 285 (6). 180 (100) (Found C. T2:5. H. 81. N _ 4]
C..H;,NO, requures C, 7244, H, 80, N, 4 4%)

N .- Methvl . a - (4 - methozybenzyl) - 3.4 - methrlenedioxvben -
tviamine (11d), NMR 7-2-6 S complex (7] (aromatxc H). $91 5 [2)
(O=CH-O), V7% [V (OCH,), Y88 1[1] () = 6 S Ha) (ArCH,-
CH.-Ar). 2R d[2) J-6SHD (ArCH-CH.-An. 218 (Y]
(N-CH,). 1 78 s[1] (removed by D,0) (N-H), va., 3320. 2790
1611, 1512, 1485, 1250, 1178, 1040; A... (¢) 228 (11.600). 286
(4.800) Hydrochlonde salt, mp 234-5°. mass m/e (%). 285 (1)
(M"-HCD. 255 (3). 164 (100) (Found. C. 63 6. H. 6 2. N. 42 Cl.
107 C..H..NO,HCrequires C.63 4 H. 62 N 44 .Cl 1)-0%)

Alkylation of 118-d with dromoacelal to form $a-d4 Thiee
additions of bromoacetal (1-0g each) were made at 12 hrintervals
10 a mixture of the appropniate amine (11,12 ¢). K,CO, (0 6 g) and
dry DMF (20 mh) mantuned at 100° under N, The heating was
continued for a further 24 hr, then the reactson was cooled. diluted
with water (120 mi) and extracted with benzene (4 x SOml) The
combined organxk phase was washed with water (S x 20 ml) and
evaporated i cacuo 1o afford s yellow gum which was dissolved
n ether (S0 ml) and extracted into xe<old 2N H,SO, (3 x 13 mh,
The acxd extracts were basified with NaHCO,. extracted with
ether (3 x 23 ml). dned (MgSO.) and evaported to yield the acetal
(90-93%) a« a yellow oil

N - Methyl - N . (& . methozybenzyl) - 3.4 - dimethozyben .-
:vl)amwmoacetalderyde dimethviaceral (8a). NMR, 7-15-6-63
complex (7] (aromatic H), 4 44 1[1] () « S Hz2) (CH,-CH(OCH,),).
I 84 5(6} and 3 72 5(3] (3 x Ar-OCH,). 3 31 3[6) (CHHOCH, k).
3 9.2 4complex (3] (aliphatxc H). 2 36 5[3] (N<CH,). v (CHCLy),
1595, 1493, 1240, 1023, 1008, A, (¢). 227 (18.300), 179 (4,500).
mass m/e (%), 389 (< 1) (M"). 358 (6). 271 (16). 268 (60). 252 (8).
180 (20). 87 (30). 78 (17), 47 (40) (M"-1) = 388 2127 C.,,HWNO.
requires A8 2124

N - Methd - N . [a e ehoxvbenzyl) - 34 .
methvienediosvbenzvi|aminoacetaldehyde dimethyiacetal (8b)
NMR. T 154 &0 compler [?] taromatc H), ¢ 91 ¢[2] O-CH.-On,
441 1[1] J-SHa (CHA-CHIOCH D). 39¢ g2 (J=7Hn
(OCH.CHO Y2 (sl (CH-OCH. ). YR-2 S complex [¢)
{ahphatic H1L 2 3 g [ INCHO L W) THO-OCH,CHL
v eee {CHCI,). 1612, 1510, 1240, 1040, 1020, Ao (€) 227 (14,900),
286 (S.400): mass m/e (%) 387 (< 1)(M"). 252(100), 236 (10). 164
(30). 133 (9). 78 (20)

N - Methvi - N - {a - (4 - ethozybenzvl) - V4 .
dimethoxvben:yllaminoac etaldehrde dimethviacetal (8¢). NMR.
7166 complex [7) (aromatc H). 443 ([1] J=S%Hn
CH,-CH(IOCH,1;). 393 q(2) J = THD (OCH,CH,). } 84 3(6)
(2x Ar<OCHy). 3 32 5(6) (CH;CH(OCH,),). 3 9-2 4 complex [§]
(ahiphatx H). 2 36 s{3) (N-CH,). 1-34 ¢[3](J = TH2) (OCH,CH,).
Vaas (CHC1,) 1594, 1492, 1242, 1020, 1006 A o, (¢). 227 (17,500).
80 (5.000). mass mie (%) 403 (< 1)(M"). 283 (18). 268 (100). 282
(10), 180 (1%). 7 (1)

N - Methsl - N - [a - (& - mehosybenzyl) 34
methvienedioxvben: i )aminoacetaldehvde dimethylacetal (8d).
NMR. 7 15-6 6 complex (7] (aromatx H), $ 92 3(2] (O-CH,-0).
443111 J =« SHO (CH,-CHIOCH,),). Y 78 5[} (Ar-OCH,). 3 33
(6] (CH,-CHIOCH,),), 3 8-2 65 complex (3] (ahphatx H), 2 31

3[3} IN-CH,). veua (CHC),), 1613, 1510. 1240, 1040, 1028, Ao ().
227 (14.400), 286 (5.400)

Isolation of trans - 3 4.4' - Inmethoxvsidbene (122). Alkylavon
of 11s with bromoacetal. K,CO, and DMF. as above but at reflux
temp for 24 hr, afforded the required Sa (36%). and from the
non-basc fracuon, the stibene 12a (9%) as a colouriess sobd
recrystallised from MeOH. mp 135" (™ 133-51, NMR. 7:5-6 8
compiex [9] (7 aromatic H + 2 olefinxc H), 3 93 5[3), 3-89 5(3) and
381 2[3) O x OCH,). vea.. 1610, 1518, 1265, 1140, 1025 A, (¢)
303 (12.400). 330 (16,000), 343 (11,400); mass m/e (%). 270 (100)
(M*) (Found C. 752 H. 66 C,H.O, requires C, 755 H,
6:7%) Irradianion of 128 with UV light afforded matenal, A, (¢)
230 (10.700). 257 (8.300), 284 (6.400). mass m /e (%), 268 (3%) (M),
considered 10 be a phenanthrene

Resolution of amines 11a and b The amine 118 (7 2g) and (-)
dibenzoyhartanc acd (4 7 g) were dissolved 1 hot 95% E1OH
(40 mD) and stood at RT for 20hr The precipitated disalt (NMR
and Element analysis) was recrystallised from EtOH (8 umes)
until the hiberated amine showed a constant specrfic rotaton.
falo™ 885" (2% in EtOH). mp 76* Similarly (-)- 11b was
isolated from its racemate using (+) dibenzoyhartanc scd
[a)o™ - 98 (2% in EtOH), mp 62°

Optically actne acetals ((+)-8a and (-)- 81 The above
optically active amnes ((+)- 11a and (-) - 11b) were alkylated
with bromoacetal under the standard conditions, to yield. (¢) - 8a
189%), [a]n™ = 9%° (2% in FIOH) and (- ) - 8b (R4%). [a],.” - 102°
(2% n E1OH). respectively

Acid treatment of racemic acetals (Sa-d) The acetal (§)
(1 0 mmole) 1n 6N HCI (10 ml. outgassed with N,) was kept at 100°
under N, in 3 stoppered tube for | hy The mixture was cooled,
diluted with water (10 ml) and washed with ether (3 x 10 mi). then
basified (NaHCO,) and extracted with CHCI, 14 x 10 ml) Removal
of the CHC,. 1n racwo. afforded a gum which was leached with
water at }5—40" (4x Sml). NaCN (25 mg) was added to the
combined NaHCO, soln and water leachungs and the white ppt
extracted into ether (4 x 1S mi) The ether extracts were washed
with water (3 x 10 ml). dned (MgSO.) and evaporated to give the
¢ <yanide denvatives of 9e-d 1n yrelds 28-30%

|- Cvano - 6.7 - dimethory - Y- (4 - methosvbenisl) 2. methyl
1.234 - tetrahvdrosoquinoline (from  93) Obtaned as a
colourless sohd on tnturation with cther. mp 13R-140°, NMR.
7 256 4 complex (6] (aromatic H). 4 R} <[0 2] and 4 *2 [0 8]
(C,-H of duastenomers), 389 s3] 3 8% «[3] and 379 (3]
(3 x OCH,). 3 T-3 0 complex (3] (aiphatic H). 2 74 5 and 2 63 5(3)
(N-CH, of duastenomers). 2 d(2) tJ = TH2) 2 xC.-HL vea.
2220. 1612, 1140, mass mtfe (%) (bow eV, 126 (29, 323 (100)
{M°-HCN), 231 (40), 206 (60) (Found C. 1 }. H.69. N. 78
C1HuN,O, requires C. 71 6. H. 69, N 80T

1 - Cvano - ¥ . (4 ethosvbenivl) - 2 . methvl - 67 -
methvieaedwsv - 1234 - teirahvdnusoquinoline (from %) An
off-white solid obtained on tnturation with ether. mp 90-4°. NMR,
7-3-6:45 compiex [6] (aromatc Hi, S99 s and S 94 (2]
(O-CH,~O. duastereomers). 4 81 s [02) and 4 70 s[0-8) (C.-H.
diastereomers). 4 08 (2] ¢J = TH2 (OCH,CH,), 3 3-2 8 complex
[3] (aliphatic H). 2 74 5 and 2 62 5 (3] (N-CH, diastereomers), 2 §
dR2IU-6HD 2 xC-HL 1 4 113 U = THN (OCH.CH,).L v
2200 1499, 1042, mass mie (%) (low eV). 124 (30), 32} (100)
(M* HCN), 215 (90) (Found C. 715, H.67 N. 84 (,.H,N,0,
requues C. 720 H. 63 N 80%)

1 Crano -} (& ethosyben:nl)- 6.7 dimethory - 2 methyl -
1.2.3 4 - tetrahrdroisoquinohine (from $¢). mp 9. NMR, 726§
complex [6] (aromatic H). 4 88 5[0 2] and 4 7S 5|0 8] (C,-H.
duastereomess), 4 0% g[2) (J = THe) (OCH,CHy. 388 53] and
380 5[31(2x OCH.). ¥ 4-2 R complex [3] (ahiphatxc H). 2 74 5 and
263 53] IN-CH.. dastercomers). 2 ST A2 -6 SHN 2 (-
HiL 14 3] () - THA OCHCHG. s, 2220, 16181804, 1242,
1143, 1118. 79 mass mie (F) {low eV) 340 (29). 319 (100}
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(M°-HCN), 324 (20). 231 ¢20). 206 (100) (Found C.71 4. H.7 2N,
78 CoHuN,0, requires C. 71 2. H. 74, N, 7.9%)

1 - Cyano - 3 - (4 - methoxvbenzvl) - 2 - methvl - 67 -
methylenediony - 1,214 - tetrakvdmisoquinoline (from 94). Pale
lemon crystals from ether. mp 94-<°. NMR. 7 3-6-¢ complexr (6)
(aromatic H). $:95 5 and $ 91 1[2) (O-CH,-O. diasteromers), 4 19
5 [0-2) and 4-69 5[0-8) (C,-H. duastereomers). 3 8 s{3] (OCH.).
272 5 and 262 s 3} (NCH.. Y324 complex {¢)
CHyCH-CH,). vaud. 2220, 1615, 1516, 1247, 1040, 842 mass m e
(%) (low ¢V), 310 (2T), M9 (100) (M™-HCN). 215 (30) (Found: C.
77 H S8 N, 82 CrHeN,O, requires C, 714, H. 60 N,
8 3%)

Acid treatment of (+) -8 The acetal (+) - 8a (580 mg) in 6N
HCY (15 mi) was treated under the descnbed migration conditions
and aflorded the expected 3 - beary! - ¢ - cysnide (168 mg, 31%)
To this was added EtOH (10mh and NaBH. (30 mg) and the
reaction heated under reflux for | hr The solvent was removed,
water (10ml) added and the product extracted into ether
(3 10 ml). The solvent was evaporated and the recsdue warmed
with 2N HCQ1 (30 ml) (1o decompose N-horane complex). then
basfied (NaHCO,) and extracted with CHQl, (3x20ml) 10
yeld (+) - 6.7 - dimethoxy - 3 - (4 - methoxybenzyl} - 2 - methyl -
123.4 - tetrahydroisoquinoline as a pale yellow ol (129 mg):
{@ln + 76° (2% tn EtOH). NMR. 7 15645 complex [6) (aromatic
H). 385370 complex [11] (3x OCH, and 2xC.-H). 3.49 5[3}
(NCH,). 3 4238 complex [$] (Ar-CH,-CH-CH,-A1), A, (e),
288 (3600). mass mie (), 327 (M"). 206 (70). 20% (20) Perchlurate
salt (from EYOH) mp 124-6": masy m/e (%) 326 (), 208 (100), 204
(90). Attempts to test the optical punty of the tetrahydroio-
quinohne dy further resoluton uung dibenzoyltartanc acid were
unsuccessful

TLC of #-cyamide and tetrahsdrousoquinoline denvatues of
%a-d. No TLC separation of the ¢cyanides of %u-d could he
schieved unng a range of solvent systems on cither aluming or
silica The corresponding tetrahydroicoquinoline denvatives were
prepared, as above

It was found that TLC on alumina (eluted wauh 4 x C.H, then
2 x CHJCHC, 7:1) showed R, 0-60 (shghtly separated) for the
%8 and % denvatives and R, 0 8¢ (<hightly separated) for those
from 9 and %4

Mued migration reactions

(1) Racemic A mixture of 8a (0 1 mmole) and 8 (0-1 mmole)
was treated with hot 6N HCT (2 mi. outgassed with N,) then
reacted and worked-up as in the previous rearrangements A
mixture of ¥-cyanides was obtauned (1R mg. 265 ). mass m/¢ (low
eV) 339, 325323, 309, ratwo of peak heghts 120910 10 A
duplicate reaction yrelded 20 € mg (295 | with ratio of peak heights
111091009

The mass spectrum (low eV) of an equimolar mixture of the
four<yanide denvatives of $u-d showed, on duplxates. ratos of
the corresponding peaks 12 11 1-1.10and 12-1-1-10 09

A sample of the é-cyamdes {rom the mixed reaction was
treated with NaBH, in EtOH and worked up as above TLC
confirmed the presence of the four 3 - benzyl - 1234 -
tetrahydroisoquinohines

(n) Optically actiee A mixture of (+)-8a (0 | mmole) and
(-)- 8% (01 mmole} was treated as above and the ¢ <yandes
were 1solated (17 Smg, 24% and 20 mg. 2R S%) mavs moe (low
eV) W9 WS 13 W9 n ratot 11101009 and
14 1110 1} All four tetrahvdroiwoquinohnes were again
detected after treatment with NaBH,

Isolation of stidbenes 12a-4 Acid treatment of the acetals Sa-d.
miamely. under the usval condions produced some matenal

Krsuan et al

that was sotuble in neither the acad medium nor ether. This was
treated with charcoal 1n MeQH. fitered and evaporated and the
rensdues recrystallised from MeOH. The sulbenes 10 1solated were
considered to have been present in much greater amounts than
those quoted for the pure products

trans - 3.4.4° - Tnmethoxvstilbear (12a), (29%), mp 135°; spectn
as previously reported

trans - 4 - Ethoxy - 3.4 - methyvienedioxystiibene (120), (10%),
mp 141-2°, NMR, 7486 7% complex {9] (7 » somatxx H plus
2xolefinic H). 3595 3(2] (O-CH,-0). 40} q(2] U=63H2)
(O~CH,CH,), 1142 ¢1[3) U = 6 SHD (O-CHCH,): Ay (0) 298
(23.200), 307 (24.100), 334 (31.700). 348 (23.200), mass m/e (%),
268 (100) (M°), 239 (12), 238 (11), metastables 214-6, 213-2 After
exposure to UV, A, 255, 289, 300 (sh)

trans - 4 - Ethoxy - 34 - dimethoxvsulbene (12k). (3%). mp
118-9. NMR. 74568 complex (9] (7xaromatx H plus
Y x olefine H). 404 g(2) (J = 6 $ Hz) (O-CH,CH,). 392 5(3) and
387 5(3) (2= OCH.). 1:40 ¢[3] J = 6- S H2) (O-CH,CH\): vo..
1816, 1249, 1136, 969: A, (¢), 294 (20,600), 308 (24,4001, 320
(28.300), 332 (31,000), 343 (22.500). mass m/e (%), 284 (100) (M").
269 (19), 255 (22). metastables 254-5, 229 (Found: C, 787, H. 7 4.
CieHwO, requires C. 760, H.7 1%) After exposure to UV, A,
258, 286, 300 (sh)

trans - 4 - Methoxy - 3.4 - methvienedworystilbene (124). (8%).
mp 143-3 8%, vy 1513, 1257, 1180, 959,938, 4., (¢). 295(20,000).
306 (20,600, 334 (30.100). 347 (21,000}, mass m/e (%), 254 (100)
(M), 239 (23). metastable 225 after exposure to UV, A_,.. 285,
293.
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