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THE MECHANISM OF THE REARRANGEMENT
OF 1-BENZYL-1,2-DIHYDROISOQUINOLINES:
SOME CRITICISMS ANSWERED

R. G. KINSMAN and S. F. Dyxe*
School of Chemistry, University of Bath, Bath BA2 7AY, Avos, England

{Received in the UK. 21 July 1978)

Abstract—The rexrrangement of 2-methyl-1.2-dikydropapaverine (Ia) to the corresponding 2-methyl-3-beazyl-3,4-
dihydroisoquinolinium jon (3n) has been shown (0 be a secoad order rate process with an unusuafly high entropy of
activation. These data, together with an analysis of the orbital symmetry roguirements, have boea shown to be
consistent with the previovsly proposed double exchange mochasism for this reaction.

In previous publications' we have summarised the data
avaihbleonthemnwtbumwbenn-
benzyl - 1,2 - dik is treated with dilute
mineral acid (eqn 1) and have listed the criteria that must
be met whea considering a mechanism for the reaction.
In particular it has been established that when an
equimolar mixture of 1a and 18, or of 1c and 14> was

rearranged all four possible 3 - benzyl - 34 - dihy-
droisoquinolinium ions of type 3 were obtained in equal
amounts; Le.themcuonmcompladymmolm:'
F\n!humom,whenmopuany-.cuvembof 1¢* or
of 1c® was subjected to the rearrangemeant reaction con-
ditions, the corresponding 3 - benzyl - 3,4 - dihy-
droisoquinoline derivatives were optically active, Ad-
ditionally, the mixed migration of (+)-1c and (~)-1d gave
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mopncanyacuvemxmdthefourmnt
products.’ Of great significance was the finding® that
wbenomﬂymelmmmwd the product §

was also optically active (eqn 2).

A mechanism was proposed by us'™ that favolved a
bimolecular exchange process in which the transition
state may be viewed as § for a four ceatre overlap or 7 if
a six centre overiap is involved. We believe that this
process may proceod in a concerted manner.

It was suggested® that the [13 ic rear-
rangement reported by Baldwin and Walker’ (eqn 3)
might provide another cxample of a bimolecular
exchange process. However, it bas been reported
recently® that this reaction is radical in character, al-
though a CIDNP effect was not observed. Some
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significance was attached to the finding that only partial
mmoh«vedwbummwnhdﬂmﬂy
substituted rings were rearranged. Additionally, these
wthon,'muefmtoowm‘k.eemedowm
posed mechanism by stating that “being an eight elec-
trons suprafacial process, it violates the basic tenets of
orbital symmetry. Furthermore, inspection of models
indicates that such a mechanism involves simultaneous
front side attacks at both sp* benzylic centres”.
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We considered several radical mechanisms, in one of
which® the 14-dihydroisoquinotinium ion of type 2 was
attacked by a benzyl radical to give 8, followed by
climination of the C,benzyl radical (eqn 4). Some
asymmetric induction may be anticipated in such a
ptml{m.wehvebmuubletodewm

undorncmNPeﬂectmmyotowm
neither have we been able to detect any 1,3 - dibenzyl - 2

- methyl - 1,234 - tetrahydroisoquinoline derivatives.
We found that the rearrangement of 1a is accom-
panied by the formation of the corresponding bibenzyl
(0.2%) and 34-dimethoxytolienc (0.1%), presumably
produced from minor, competing reactions involving
homolytic and heterolytic cleavage respectively of the
C-benzyl bond in 1a or 2a.
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now studied the kinetics of the rearrangement of 1a
(obtained for the first time as a crystalline solid) at five
temperatures between 30 and 70°.

The two dihydroisoquinolines 1a and 3a, separately or
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in admixture, mndncedquvelyatpHs-9wnh
NaBH, to the corresponding 2 - methyl - 1,2,3,4 - tetra-
hydroisoquinolines, which can be separated by GLC.
Analysis of a series of standard mixtures showed that the
FID response to the two compounds was identical and
that an accurate measure of the ratio could therefore be
obtained by direct comparison of peak areas
Itwumyfuthemmtobepuformed
under an inert atmosphere and within certain limits of
enamine and acid concentrations, in order to minimise
competing reactions; the conditions selected were, an
enamine conceatration of 0.01 molar and 1 M-HCl (in 1:1
ethanol/water to facilitate rapid dissolution). Data were
obtained from a reaction followed near S0°C and “trial-
fitted™ to the integrated rate equations corresponding to
first, second and third order kinetics. Omly with the
appropriate f(a — x) for second order kimetics was there a
straight-line relationship. TliebutMImeobhned

30°, 40°, 60" and 70°; in-cach case the data fit a second-
order relationship with high correlation (Table 1). Using
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Table 1.

Temperature Rate coastant Correlation
) {mol™ sec™") coellicient
27 0211 0988
402 0.305 0.985
08 0.3%0 0.997
60.2 0638 0.986
(X ] 0.193 0.997

the rate constants obtained, & plot of log k against I/T is
found to be linear, with r = —0.991, a “t-factor™ of 12.8
and a correspoading degree of confidence of 0.1%. From
the slope of this plot, the Arrhenius activation energy, K,
is found to be 28.9kI mol™’ and the enthalpy of activa-
tion, AH®, at the mean reaction tempersture, has a value
of 26.2kimol™". The entropy of activation, derived
using'! the following equation:

AS*/2.303R = log k- log ek/h— log T+ AH*/2.303 RT

is found to be — 190 J K" mol™" (—43 cal. deg. ™ mol™*).

The observed order of this intermolecular rearrange-
ment suggests that the rate determining step is the inter-
action of two imminium ions 2a forming a bimolecular
transition complex which breaks down to form two
product ions 3a. Interaction of two large, like-charged,
miecﬂeswonldmtbecxpecﬁedtobemniedhy
a great change in solvation; thus the large negative
entropy of activation must be attributed solely to loss of
rotatnpplmdvibﬂnmlfreedomon(otmhonohhe

b_enzylmmnoumcnonoouldbeviendumext'en-
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Woodward-Hoffmann rule for thermal pericyclic reac-
tions state “A ground-state pericychic change is sym-
metry allowed when the total number of (4q+2)s and
{4r)a components is odd”. For sigmstropic rearrange-
ments this arises as a direct consequence of a reoccur-
ring pattern of orbital symmetries throughowt the con-
tinoously conjugated s system across which the sigma
bond migrates. In our case, the proposed rearrangement
mechanism involves the exchange of sigma bonds be-.
tween two separate and isolated » systems whose orbital
symmetries are in no way interdependant, and we main-
tain that the Woodward-Hoffmann rule (as stated above)
was never formulated to include such & situation. It can
be seen from 11 and 12 above, that if the two molecules
become aligned with correctly related frontier orbital
symmetries to “allow” the migration of one benzyl group
then the relative orbital symmetries must be correct for
the “allowed” migration of the second benzyl group.

We believe that the orbital symmetry analysis
developed above, together with the kinetics dats, stron-
gly support our original concept of a concerted bimole-
cular exchange reaction for the rearrangement of a 1 -
benzyl 1,2 - dibydroisoquinoline into the 3 - benzyl - 3.4

dihydroisoquinoline derivative. In particular the
obvnousnltelmnveofandmlprowuofwmekmd
now seems very much less likely.

EXPERIMENTAL

Mass spectra were oblained on an AEI MS12 and NMR were
recorded with a Jeol PS100 spectrometer and are quoted as ppm
downfield of tetramethylsilane as isteroal standard. GLC was
carriod out on a Pye 104 chromatograph with a recorder fitted
with a disc and cam iategrator; all analyses were performed on s
S1%. column of SE 30 on chromasord W at 250",

2 - Mekyl - 12 - dikydropapaverine 1a. Papaverine
mothiodide was suspeaded in dry ether and roduced with 160%
mmmmummmmm

found 10 canse some further reduction o the 2 - methyl - 1,234

- tetrabydroisoquinoline; this was avoided by cffecting the’
hﬂwwwdwmdmm Tar-
trate solution (15%) was thea added and the organic phese was



separated, dried and evaporated to yield the required eanmine 23 a
white solid which from ethanol as colouriess noedies,
mp. 122°(d). NMR (CDCly), 6.9-64 ¢ {4] (sromatic H), 5955 [1]
(Crt), 6.1 d[1] (] = T HZXC-H), $.34 {11 U = T HZNCy-H), 39
[6)and 3.85[3)(32-OCH,), 3.6 3 3}(C-OCH,), 2.95 s 3} (N-CHy),
28¢ [2] (Ar-CHy). Mass: e (%) 355(0.3XM'), 3340.3).
204(100), 151(2.9). GLC showed only one pesk.

NMR (CDCh), 6.85-655¢ [4] (sromatic H), 6.1s [1] (Ce-H),
3845 [6] aad 3.77s [3] (3x-OCH,), 3363 [3] (C-OCH;), 4.0~
3.3 m (1] (CB-CHr), 33-25 ¢ [6] (-CYr-CHr- and CH-CH,),
255s B3] (N-CH,). Mass mie (%), 357 (Q.INM'), 356(0.4),
206(100), 204(3.7), 151(8.9). GLC showed one peak at 3 mis 40 sec.

amorphous powder, m.p.
NMR {CDCl), 6.9-6.5¢ [5] (aromatic H), 3.883 [6],
385s (3] 34823 [3] (4x-OCH,), 4.0-34¢ {3] (Ar-CHy-N-
CH-), 32-22¢ [4] (-CHr-CH-CHy-), 2.553 [3] (N-CH,). Mass:
mie (%), ISHO.DNM®), 356(0.2), 355(0.3), 354(0.6), 205(100),
204(4.9), 151 (1.8). GLC showed one peak at 5 min 20 9cc.
Measxrement of resrrangement Linetics. An sccurately weighed
sampie (about 90 mg) of 2 - methyl - 1,2 - dibydropapaverine was
piaced in the reaction tube sad 25 ml of & 1:1 mixture of 2M
aqueous HCl and ethanol was added. The veseel was shaken in a
thermostated bath sad samples of 1-2 ml were removed onto solid
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Table 2.
Temperature (°C) Sampiing times (msin)
2.1 10, 20, 30, 45, 60, 90
®.2 3,10, 15, 20, 25, 30, 40, 50, 60
508 10, 20, 30, 45, 60, %0
0.2 5. 10, 15, 20, 25, 30, 35, %0
09 5. 10, 15, 20, 25, 30

NaHCO, (250 mg), solid NaBH, (100 mg) was added and the tube
walls wore washod down with ethamol (10 mi). After standing at
room temperstore for oae hour, the mixtures were evaporated to

&mua“&.‘l\emﬂummhmﬂm
{10mi), beated on a steam-bath for i0min sad cooled, The
solutions were basifled with NaOH (10 ml, 5 M), dileted to 30 mi
with water and extractod with chloroform (2 mi). The organic phase
was separated, then concestrated by evaporation and ssalysed by
?fmnbktxm times aad reaction temperatures were as below
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