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CHEMICAL MODIFICATION OF PLANT ALKALOIDS.
4. REACTION OF COTARNINE WITH BIFUNCTIONAL
NH- AND CH-ACIDS

K. A. Krasnov,! V. G. Kartsev? and S. F. Vasilevskii UDC 547.854+547.689.6+547.833.3

1-Substituted 1,2,3,4-tetrahydroisoquinoline systems were prepared by reaction of cotarnine with the NH-
and CH-acids methyl- andcgl derivdives of pyrazole and 1,3-dicarbonyl reagents. Depending on the
structure and reaction conditions, bifunctional pyrazole nucleophiles can give substitution products at the
N atom, methyl, or acyl group; 1,3-diketones, at the terminal methyl. Rearrangements occurring during the
reaction of cotarnine with bifunctional substrates were studied.
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6-Methyl-5-hydroxy-4-methoxy-5,6,7,8-tetrahydrbl4,3-methylenedioxy-[4,5isoquinoline, or cotarnindy, is a
natural tautomeric pseudobase that is known to react with NH- and CH-acids to form the corresponding "anhydrocotarnyl
derivatives" [1], which are of interest as structural analogs of isoquinoline plant alkaloids. The preparation of cotirctse ad
with NH-acids such as aniline, phenylhydrazine, urea [2-4], and indoles [5] has been reported. Among the CH-acids, HCN [6],
ketones (acetone and acetphenone), nitroalkanegN@j+t al.), nitrotoluenes, phenylacetonitrile [7], cy@idicarbonyls [8,

9], and compounds from certain other classes have been examined.

The mechanism of the reaction is an aminoalkylation. The reaction products are cyclic Mannich bases [10]. The
limited set of examined nucleophilic substrates must be noted because it leaves the synthetic possibilities of cotalatiwk and re
pseudobases mostly unexplored. Reactions of cotarnine with bifunctional nucleophilic reagents are very little studied.

In consideration of this and in continuation of studies of the synthesis of new analogs of isoquinoline alkaloids, we
examined the reaction @fwith a series of polyfunctional substrates including pyrazole, its methyl and acyl derivatives, and
certainf-dicarbonyls.

The reaction of with unsubstituted pyrazol@g) in CH;OH at 30C proceeded rapidly to form tlaeninoalkylation
product of pyrazole atthe N at@a. Considering the lability of cotarnine N-adducts, it can be assumed that electrophilic attack
under more forcing conditions would lead to substitution at the C atom of the heteroaromatic ring, as occurred for indole [5].
However,3aturned out to be stable and isomerization was not observed on boiling in aqueous alcohol for 1 d.
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Reaction ofl with 3,5-dimethylpyrazole2p) in aqueous methanol at @D produced the N-substituted pyrazole
derivative3b, which was stable in the crystalline state and in solutions in slightly polar solvents;(@th@l). However, it
isomerized in aqueous alcohol to the thermodynamically more dtablat 70°C, this conversion was complete after 1 h. It
is interesting that electrophilic attack of cotarnine at the analogous methyl of pyrazole derivatives that have no actioe NH pr
was impossible due to its low reactivity, for example, 1,3,5-trimethylpyra2dlevthich does not undergo the corresponding
reaction even under more forcing conditions. Taking this into consideration, it can be assumed that the pyrazolyl methyl was
activated during rearrangement of the N-add8btinto the C-isomerda by an intramolecular migration of the
tetrahydroisoquinoline substituent.

3-Methylpyrazole 2d) reacted readily withh in CH;OH to form a mixture of two isomeric N-adducB @nd3d) in
a 5:1 ratio according ttH NMR spectra. In contrast with the 3,5-dimethylpyrazole N-ad8locN-adducts3c and3d were
much less prone to the analogous rearrangement. Thus, heatirf@Cao7Q h produced no evidence of formation of the
corresponding derivativéh. Furthermore, prolonged heating (24 h) of a reaction mixture conténiaigd3b led mainly to
decomposition.

The 4-acetyl derivatives of 1,3-dimethyba] and 1,3,5-trimethylpyrazolék) reacted withl in CH;OH to form
substitution products at the acdidand6b. These adducts were stable, did not decompose upon prolonged boiling in aqueous
alcohol, and produced no evidence of transformation into the theoretically possible pyrazolylmethyl-substituted isomers.
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We isolatedBafrom the reaction df with 4-acetoacetyl-1,3,5-trimethylpyrazolg,(the product of substitution at the
terminal methyl of the 1,3-diketone, and identified it using PMR spectra. This result was considered unexpected because
1,3-diketones reacting as nucleophiles usually give products of substitution at the acidic GiHoéthglene. In thisinstance,
this should have forme@l
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CompoundBa existed as a tautomer. The PMR spectra indicated that the enol form predominated;isdikich
(probably a mixture of spectrally indistinguishable for8fisand8c totaling 68-®%). The fraction of the corresponding
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dicarbonyl form8awas 31-32%. For a quantitative estimate of the contestt ahd8c, the most informative signals in the
PMR spectrum were the singlet at 5.76 ppm (vinyl CH) and the broad singlet at 16.44 ppm (chelated OH proton). An AB
quartet of methylene (COGRBO) at 3.94 ppm was characteristic of the dicarbonyl f8em Signals in the spectra were
identified based on standard methods of'BB-1H NMR and by comparison with known related structures.

A study of the reaction dfwith other 1,3-dicarbonyls showed that formation of the substitution product at the terminal
methyl of the ketone is a common feature of these reactions. The ethyl ester of acetoackfia) aeamcfed withl in CH;OH
toformlla Acetylacetonel(Ob) formed analogouslilb. The reaction proceeded efficiently in not only polar but also slightly

polar media, for example, in CHCI o
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We used PMR spectroscopy to establish the structures of tautdrhaaad11b.

The acetoacetic-acid derivati@aexisted in CDGJ solution at 20C and 0.2 M primarily as the dicarbonyl form (CN,
98%). The fraction of the corresponding enol form (EN) that was calculated from the strength of the vinyl-proton signal in the
PMR spectra was ~2%. This was rather low compared with similar systems. For example, unsubstituted acetodd#jc ester (
in slightly polar solvents is enolized by ~30% (29.4% in ether and 36.2% j) &cbrding to the literature [7]. On the other
hand, acetylacetone derivatit&b existed in solutions primarily as the EN form. In CEl@he content of the enol tautomer
was 76%; in DMSO, 64%. In this sen&ébdiffered little from unsubstituted diketot8b, which, according to the literature,
enolized by 81% in CHGJj 60% in DMSO [7].

Reactingl with diethylmalonatel(0¢) in CHCL led to the isolation df2c which is substituted at treeC of the
1,3-dicarbonyl. Ther-adductl2cwas a relatively unstable compound that was reversibly hydrolyzed in the presence of water
into the starting materialsand10c

The lability of12cand its high formation rate indicate that the reactidhwith 1,3-dicarbonyls such &10a and
10binvolves an intermediate of the correspondiradducts such d<®a which then rearrange into the more stable derivatives
8a, 113 andl1b, which are substituted at the terminal methyl.

The following arguments can be given in favor of this two-step reaction mechanism. It is known dhatethglene
in 10aand10b has distinct CH-acidity (pKa for agueous solutions of 10.75 and 9.00, respectively [7]). Therefore, addition of
a base such ds(pKg 12.6 [1]) should deprotonate these acids to form the corresponding monoanions in pairs with the cation
(1a). Recombination of this ion pair can lead to the corresponmliadduct of typel2a whereas attack at the unactivated
methylketone under similar conditions seems improbable. After-tdeluct forms, it can isomerize into the more stable system
through migration of a 1,2,3,4-tetrahydroisoquinoline fragment onto the terminal methyl. A rearrangment of this type, which
requires preliminary deprotonation of the COLid apparently more easily accomplished through an intramolecular mechanism
involving a six-membed cyclic transition state.

Thus, the results indicate that substrates’, 10a and10b, which have several centers for electrophilic attack, react
during aminoalkylation of with substitution of the more active protons. However, the adducts formed by this are less stable
and can rearrange into stabler isomers. The studied features have fundamental significance for carrying out regiospecific
synthesis of substituted 1,2,3,4-tetrahydroisoquinolines framd polyfunctional nucleophilic reagents.
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EXPERIMENTAL

PMR spectra were recorded in CRGh a Bruker AM-500 (500 MHz) spectrometer. The purity of the products was
monitored using PMR spectra, elemental analyses, and TLC (on Silufol UV-254 plates using=@D#&, 1:1; propan-2-
ol:water, 4:1; and DMF:NKDH (25%), 10:1).

Compound®a-d and10acwere used as received. Compoubaf8] and5b and7 [9] were prepared as before. Their
physicochemical properties agreed with those in the literature.

4-Methoxy-6-methyl-5,6,7,8-tetrahydro-24-1,3-methylenedioxy-[4,5g]isoquinolin-5-ol (cotarnine) 1was isolated
from an aqueous solution of cotarnine chloride (pharm.) using NaOH solution (10%) by the literature method [5], mp 130-
132C.

5-(1H-Pyrazol-1-yl)-4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]ddxolo[4,5g]isoquinoline (3a). A solution of
1(1.18 g, 5mmol) in CEDH (10 mL) at 30C was treated with a solution of pyrazadte,(0.34 g, 5 mmol) in CEOH (5 mL)
and HO (2 mL). The solution was held for 1 h at room temperature. The resulting crystals were separated, washed with
CHZOH, and dried in air to affor8a (1.29 g, 89%) as colorless crystals, mp 112:Cl@lcohol).

PMR spectrumd&, ppm, J/Hz): 2.36 (3H, s, NG} 2.66 + 2.75 (2H, dd + dd, AB-systerh=J14.0, ArCH), 2.98 (2H,

m, NCHy), 3.52 (3H, s, OCh), 5.86 + 5.87 (2H, s + s, 0GH), 6.16 [1H, t, J = 2.4, C(4)}jj}4, 6.17 (1H, s, NCHN), 6.37

(IH, s, CHyom), 7.17 [1H, d, I = 2.4, C(QYad, 7-47 [1H, d, I = 2.4, C(S)jad-
5-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dbxolo[4,5¢]isoquinoline (3b)was

prepared analogously frofrand 3,5-trimethylpyrazoleb), yield 80%, colorless crystals, mp 121-1@3not recrystallized).

PMR spectrumd, ppm, J/Hz): 2.12 [3H, s, CQ,)raZCH3], 2.23[3H,s, C(@yraZCH3], 2.34(3H, s, NCh), 2.59 + 2.84
(2H, m + m, AB-system,1)= 16.1, ArCH), 2.92 + 3.58 (2H, m + m, AB-system, NgH3.48 (3H, s, OC}), 5.71 (1H, s,

NCH), 5.84 (2H, s, OCHD), 5.87 (1H, s, Chl;ap, 6.38 (1H, s, Chony-
4-Methoxy-6-methyl-5-(3-methyl-H-5-pyrazolylmethyl)-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5g]isoquinoline (4a).
Compoundb (1.66 g, 5 mmol) was treated with ethanol (70%, 20 mL), boiled and stirred for 1 h, and cooled. The resulting

crystals were separated, washed with alcohol, and dried in air to 4df¢tdl2 g, 71%) as colorless crystals, mp 166268
(alcohol).

PMR spectrumg, ppm, J/Hz): 2.33 (3H, s,pg;raZCH?)), 2.42 (1H, m, NCHM 2.45 (3H, s, WiperioCH3)’ 2.82 (4H, m,
2CH,), 3.28 (1H, m, 5= 11.4, NCHH), 3.84 (1H, dd, 5= 9.6, §=3.0, NCH), 3.98 (3H, s, OG}{ 5.23 (1H, s, Chlraa, 5-81
(1H, br.s, NH), 5.85 (2H, s, OGB), 6.23 (1H, s, CHm-

1-(1,5-Dimethyl-1H-pyrazol-4-yl)-2-(4-methox/-6-methyl-5,6, 78-tetrahydro-[1,3]di oxolo[4,5-g]isoquinolin-5-
yl)ethan-1-one (6a). A solution ofl (5 mmol) in CHOH (5 mL) was added to a methanolic solutio®®{0.69 g, 5 mmol).

The resulting solution was held for 1 h af60and left at room temperature for 1 d. The resulting crystals were separated,
washed with cold CEDH, and dried in air to afforfla (1.10 g, 61%) as colorless crystals, mp 1582C5@&lcohol).

PMR spectrumg, ppm, J/Hz): 2.39 (3H, s,pg;,aZCH3), 2.40 + 2.76 (2H, m + m, AB-systen},913.2, ArCH), 2.49
(BH, s, NyiperidCHy), 2.84 +2.96 (2H, dd + dd, AB-system =)15.6, COCH), 2.86 + 3.09 (2H, m + m, AB-systent,<12.6,

NCH,), 3.82 (3H, s, NyraCHy), 3.93 (3H, s, OCH), 4.40 (1H, dd, =8.6, §=13.5, NCH), 5.84 (2H, s, 0G®), 6.28 (1H,

S, CHyom, 7.75 (1H, s, Chlyap-
1-(1,3,5-Trimethyl-1H-pyrazol-4-yl)-2-(4-methoxy-6-methyl-5,6,7,8-tetrahydro-[ 1, 3]ddxolo[4,5-g)isoquinolin-5-

yl)-ethan-1-one (6b)was prepared analogously frdnand5b, yield 66%, colorless crystals, mp 75@6(alcohol).

PMR spectrum & ppm, J/Hz): 2.39 [3H, s, C),LHa|, 2.41 [3H, s, C()aLHal, 2.42 + 2.74 (2H, m + m,
AB-system, §=13.4, ArCH), 2.51 (3H, s, MiperidCHg), 2.82 + 3.01 (2H, dd + dd, AB-systemh7J16.1, COCH), 2.87 + 3.03
(2H, m + m, AB-system 1} 11.1, NCH), 3.71 (3H, s, NyraCHs), 3.91 (3H, s, OCH), 4.49 (1H, dd,5=8.5,3=2.6, NCH),

5.84 (2H, s, OCKD), 6.28 (1H, s, CHom-
4-(4-Methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dbxolo[4,5g]isoquinolin-5-yl)-1-(1,3,5-trimethyl-1H-pyrazol-4-
yl)-butan-1,3-dione (8a). A solution ofl (1.02 g, 4.0 mmol) in CkOH (5 mL) was added to a methanolic solutiof7 of
(0.87 g, 4.5 mmol), held for 1 h at4D left at room temperature for 1 d, treated dropwise with water (15 mL), and cooled to
10°C. The resulting amorphous precipitate was separated and washed with aqueous alcohol. The isolated solid was worked uy
at 20 C with HCI (1%, 30 mL) with stirring for 2 h. The insoluble solid was separated. The acidic aqueous solution was washed
with CCl, (15 mL) and made basic with ammonia. The resulting solid was separated, washed with water, recrystallized from
the minimal amount of ethanol (60%), and dried in air to aBar(@.92 g, 51%), as light cream-colored crystals, mp 92
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PMR spectrumd ppm, J/Hz)8a (CN): 2.36 [3H, S, C(3)raCH3 ], 2.39 + 2.61 (2H, m + m, AB-systemArCH,),
2.44[3H, s, C(§)raLHal, 2.50 (3H, s, NiperidCH3), 2.66 + 2.88 (2H, m + m, AB-systenGCOCH,CH), 2.70 + 3.05 (2H, m
+m, AB-system,NCH,), 3.71 (3H, s, N,raCH3 ), 3.94 (2H, g, AB-system!¥ 8.7, COCHCO), 3.99 (3H, s, OCHl), 4.22
(1H, dd, 3 = 8.0, NCH), 5.84 (2H, s, OGB), 6.24 (1H, S, Ckom; 8b + 8¢ (EN): 2.36 [3H, s, C(%E/razCH?,*]: 2.39 + 2.62
(2H, m + m, AB-system, ArCH,), 2.43 [3H, s, C(raHa), 2.47 (3H, s, NiperidCHa), 2.64 +2.85 (2H, m + m, AB-system,
COCH,CH), 2.76 + 3.14 (2H, m +m, AB-systéCHy), 3.72 (3H, s, N,ra,CH3 ), 3.99 (3H, s, OCH), 4.24 (1H, dd,
Jt=8.1, NCH), 5.76 (1H, s, =CH), 5.83 (2H, s, OCH}, 6.26 (1H, s, CH.m), 16.44 (1H, br.s, OH).

Ethyl-4-(4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]doxolo[4,5-g]isoquinolin-5-yl)-3-oxobutanoate(11a) was
prepared analogously ®a from 1 and acetoacetic estetOg) as light yellow-colored crystals, 66% yield, mp 6T®2
(CHCI5:CCly).

PMR spectrum & ppm, J/Hz): 11a (CN): 1.28 (3H,t,J = 7.2, GBH,), 2.39 + 2.70 (2H, m + m, AB-system,
Jl=13.3, ArCH), 2.41 (3H, s, NCh), 2.76 (2H, dd, AB-system! 3 6.4, §=2.2, CQCHCH), 2.82 + 3.02 (2H, m + m,
AB-system, 3= 11.6, NCH), 3.48 (2H, AB-q, J = 15.2, COGBO), 3.97 (3H, s, OC}), 4.04 (1H, dd, J= 8.0, NCH), 4.18
(2H, 9, J=7.2, OC}), 5.83 (2H, s, OCHKD), 6.24 (1H, s, Cklom-

4-(4-Methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5]isoquinolin-5-yl)-pentan-2,4-dione (11byvas prepared
analogously t8afrom 1 and actylacetond Qb) to give light cream-colored crystals, 76% yield, mp 1112CIZHCL:CCly).

PMR spectrum&, ppm, J/Hz)11b (EN): 2.03 (3H, s, COC}), 2.35 (3H, s, NC§), 2.38 + 3.06 (2H, m +m,
AB-system, y=12.2, NCH), 2.44 + 2.52 (2H, m + m, AB-systerﬁ,:]l3.4, COCHC=), 2.66 + 2.80 (2H, m + m, AB-system,
Jl = 16.0, ArCH), 3.99 (3H, s, OCH), 4.09 (1H, dd, 5= 9.5, = 3.6, NCH), 5.51 (1H, s, HC=), 5.86 (2H, s, OCH, 6.22
(1H, s, CH,om. 15.55 (1H, br.s, OH)11b (CN): 2.16 (3H, s, COC¥J, 2.31 (3H, s, NCH), 3.57 (2H, AB-q, J = 15.1,
COCH,CO), 4.03 (1H, dd,%J= 8.6, NCH), remaining signals overlap those of the EN form.

Diethyl-2-(4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4, B)isoquinolin-5-yl)malonate (12c).A solution
of1(1.02 g, 4.0 mmol) in CHGI(8 mL) was added to a solution of diethylmalonat(0.70 g, 4.4 mmol) in CHGK3 mL),
treated with ground anhydrous )80, (1 g), stirred for 1 h at 2@, and filtered through a paper filter. The desiccant was
washed with CHGl The combined filtrate was evaporated in vacuo to a volume of 3 mL. The resulting solution was diluted
with hexane (15 mL) and cooled to @ The resulting amorphous solid was separated, washed with a small amount of ether,
and recrystallized from hexane. Drying in a vacuum desiccator pro@i2cédl.63 g, 40%) as colorless crystals, mp 7273

PMR spectrumd, ppm, J/Hz): 1.15 (3H,t, J = 6.7, ©H1.24 (3H,t, J = 6.7, CHi 2.41 (3H, s, NCh), 2.58 (2H,

m, ArCH,), 2.72 + 3.33 (2H, m + m, AB-systert,J15.8, NCH), 3.66 (1H, d, J = 7.3, OCCHCO), 3.93 (3H, s, QL H.48
(1H, d, J=7.3, NCH), 4.17 (4H, m, J = 6.7, 2xCOQ{HB.83 (2H, s, OCKD), 6.26 (1H, s, CHym-
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