Syntheses of 4-Substituted Isoquinolines

J. Org. Chem., Vol. 40, No. 6, 1975 733

Syntheses of 4-Substituted Isoquinolines

Walter J. Gensler,* Stephen F. Lawleés, Aaron L. Bluhm, and Hadwig Dertouzos

Department of Chemistry, Boston University, Boston, Massachusetts 02215
Received August 6, 1974

Several approaches to the synthesis of 4-substituted isoquinolines have been explored, as follows: preparation
and a-alkylation of isoquinoline-4-acetic esters, alkylation of 3-cyanomeconin followed by ring expansion, «-al-
kylation and cyclization of o-carbomethoxyphenylacetonitrile, and oxidation of 4-hydroxy-1,2,3,4-tetrahydroiso-
quinoline to the oxo derivative with subsequent addition of a Grignard reagent. With the exception of the second,
which was blocked at the last stage, all the methods were realized.

The work reported in this paper is presented as a contri-
bution to the chemistry of 4-substituted isoquinolines, and
especially to their syntheses, for which only a limited num-
ber of flexible methods are available.!-3 The specific com-
pounds were chosen with an eye to their structural relation
with the benzophenanthridine alkaloids,* but the methods
developed apply in general to 4-substituted isoquinolines.
The approaches include: (1) alkylation of isoquinoline-4-
acetic esters; (2) alkylation of a 3-cyanophthalide on its 3
position followed by ring expansion; and (3) alkylation of
o-carbomethoxyphenylacetonitrile and cyclization to the
corresponding homophthalimide. Also utilized was (4) Gri-
gnard addition to the carbonyl group of 4-0x0-1,2,3,4-tet-
rahydroisoquinoline, which could be prepared conveniently
by oxidation of the readily accessible 4-hydroxy compound.
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1. Alkylation of Isoquinoline-4-acetates. The elegant
procedure of Bobbitt! was adapted to the preparation of
isoquinoline-4-acetic acid 2 by allowing N-(2,3-dimethoxy-
benzyl)aminoacetal (1) to react with glyoxylic acid®€ in the
presence of acid. The substituent at the 4 position of the
corresponding esters 3 and 4 was elaborated by alkylating
the ester enolates with benzyl chlorides. The yields of a-
alkylation products 5-10 from the methyl ester (60-90%)
were generally better than from the ethyl ester (30-35%).
With variations possible in conditions, condensing base,
and alkylating agent, this approach is adaptable to the syn-
thesis of other kinds of 4-substituted isoquinolines. The
methiodide 11 of the piperonyl derivative was reduced with
lithium aluminum hydride both at the ester group and in
the isoquinoline hetero ring; the product could be rearoma-
tized directly to the quaternary alcohol salt 12. No problem
was encountered in the synthesis of nitro compound 10 de-
spite exposure of the nitro group to strong base in liquid
ammonia. However, when the nitro group in alkylation
product 10 was reduced, cyclization could not be prevent-
ed, so that, instead of the amino compound, tetrahydroiso-
quinoline 13 was obtained.

CH,0
13

The acetic esters were hydrolyzed with exceptional ease
to the corresponding acids, e.g., 8 to 9. Since the acids are
arylacetic acids, decarboxylation” appears quite feasible.

2. Alkylation of 3-Cyanomeconin (15). A second ap-
proach to the 4-substituted isoquinolines called for alkyla-
tion of the arylacetonitrile system, as in 3-cyano-6,7-di-
methoxyphthalide (3-cyanomeconin, 15), and conversion of
the product, 20,:to the isoquinoline homophthalimide sys-
tem, as in 23. This series started with opianic acid (14),
conveniently obtained from narcotine.® Cyanide ion reacts
smoothly with opianic acid to give the necessary 3-cya-
nomeconin (15).° Methylation with the help of triphenyl-
methylsodium led to 3-cyano-3-methylmeconin (16), which
on exposure to alkali lost cyanide ion. By reducing the re-
sulting 3-methylopianic acid (17) to the known 3-methyl-
meconin (18),1° the expected mode of alkylation on the 3
position was confirmed. When homopiperonyl iodide was
substituted ‘for methyl iodide in the alkylation step, 3-
cyano-3-homopiperonylmeconin (20) was formed. Since di-
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rect acid hydrolysis of 20 (analogous to 16 — 19) failed, and
direct alkaline hydrolysis eliminated the essential cyano
group, a two-stage process was resorted to. Hydrogen per-
oxide with a catalytic amount of alkali!! generated the
amide 21, which now could be safely hydrolyzed with alkali
to 3-homopiperonylmeconin-3-carboxylic acid (22). This
acid 22 was also obtained unexpectedly from «-homopiper-
onyl(2-carbomethoxy-3,4-dimethoxyphenyl)acetonitrile
(29). Although the sequence broke down in its final stages,
that is, in isomerizing phthalide 21 to 23!? and in reduc-
tively cleaving!3 phthalide 22 to homophthalic acid 24 (the
intended precursor to homophthalimide 25), we believe
that this approach should not be lost sight of. So far as the
reductive step 22 to 24 is concerned, cleavage of a benzyl-
to-oxygen bond is involved, for which several alternate pro-
cedures are available.!® For example, we have now con-
firmed the reported reduction of 6,7-dihydroxyphthalide-
3-carboxylic acid to 3,4-dihydroxyhomophthalic acid with
hydriodic acid.4

3. Alkylation of o-Carbomethoxyphenylacetonitrile.
2-Carboxy-3,4-dimethoxyphenylacetonitrile (27) is readily
accessible by a two-step conversion from 6,7-dimethoxy-
indanone (26).'* When sodium methoxide was used in the
alkylation of the corresponding ester 28 with homopiper-
onyl iodide, the only products that could be identified were
7,8-dimethoxyhomophthalimide and 3,4-methylenedioxy-
styrene. Sodamide as condensing agent was more effective
in furnishing the «a-alkylation product 29. Partial acid hy-
drolysis of 29 yielded the amide ester 30, which under alka-
line conditions cyclized to the desired 4-homopiperonyl-
7,8-dimethoxyhomophthalimide (25).15 The same homo-

cool O —
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phthalimide 25 could be obtained also by hydrolyzing
cyano ester 29 with alkali and cyclizing the resulting homo-
phthalic acid 31 by heating it with ammonium carbon-
ate.’>17 Note that 31 is the same as 24, so that the 24-t0-25
step as projected before was realized here. Direct compari-
sons with a sample of 4-homopiperonyl-7,8-dimethoxyho-
mophthalimide synthesized elsewhere by a different
route!® confirmed the assigned structure of 25.

When the Radziszewski hydrogen peroxide procedure!!
was applied to the cyano ester 29, an oxidative step intrud-
ed, so that the product corresponded not to the expected
amide ester 30, but instead to 4-hydroxy-4-homopiperonyl-
7,8-dimethoxyhomophthalimide (32 or 23). Hot agueous al-
kali followed by acidification transformed 4-hydroxyhomo-
phthalimide 32 to 3-homopiperonylmeconin-3-carboxylic
acid (33), identical with the product 22 obtained before.
Thermal decarboxylation to 3-homopiperonylmeconin (34)
further confirmed the structure.

We have interpreted these transformations by postulat-
ing that hydrogen peroxide in the presence of a catalytic
amount of alkali hydrolyzes cyano ester 29 readily to amide
ester 30 in the usual way, and that in turn the amide ester
with alkali cyclizes smoothly to 4-homopiperonyl-6,7-di-
methoxyhomophthalimide (25). The enolate, readily
formed by removal of hydrogen from the homophthalimide
4 position,!” then oxidatively hydroxylates to yield the ob-
served product 32. Continued exposure of homophthalim-
ide 32 to alkali would open the Py ring with loss of ammo-
nia, and subsequent acidification would recyclize the inter-
mediate hydroxyhomophthalic acid to phthalide 33.

Since o-carbomethoxyphenylacetonitriles are smoothly
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available from any indanone (cf. 26 to 27), this alkylation—
cyclization sequence provides a flexible approach to 4-sub-
stituted homophthalimides, which can then be modified in
several ways.!? If o-cyanophenylacetonitriles were general-
ly accessible, they could serve equally as attractive starting
materials.1®

4. Oxidative Synthesis of 4-Oxotetrahydroisoquinol-
ine Followed by Grignard Addition. Cyclization!:5 of N-
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(35) with

(2,3-dimethoxybenzyl)-N-methylaminoacetal
acid produced 2-methyl-4-hydroxy-7,8-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (36) in high yield. After conditions
were found for controlled oxidation at the 4-hydroxyl
group, the 4-keto compound 37 became available, and this
with homopiperonylmagnesium bromide gave rise to the

desired  2-methyl-4-hydroxy-4-homopiperonyl-7,8-dime-
thoxy-1,2,3,4-tetrahydroisoquinoline (38). Dehydration and
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Experimental Section

General. - Nuclear magnetic resonanze spectra were determined ar 60 Miz.
Qur thin-layer chromacograms ucilized woven glass plates impragmated with silica
gel (Celman Type SG) as well as glass plates (Eastman 30LR)) they were devaloped
with a spray of 111 sulfuric acld in erher or by esposcre tc iodine vapor. Anal-
Yyses for elements were reported by the Microchesical Laboratorics at Massachu-
setts Institute of Teshnology, Scandinavian Microanalyecal Laboratory in Herlev,
deamark, Spang Microanalytical Labaratery in Amn srbor, Michigan, Galoraith
Laboratorien in Knoxville, Temnessee, K. Ritter ar Analytfaches Lavoratorium in

Basel, and by C.K, Fitz, Needham Heighte,

(who reported

compositions to the tenth's place).

I8 ¢ 1-4)-acetic Acid (2. - 2,

amiao-
acetal® (7.1 g; 25 mmol) in 50 ml of concentrated hydrochloric acid plus 50 mL
of aloohol, was mixed with a solution of 407 aqueous glvoxyiic actd (7.4 g con-
taining 25 =mwol) fa 50 ml of alcohol. After refluxing che mixture 0.3 = 1

hr, it was evaporated under reduced prassures at 100°, Rubbing the almost dry

residue wich 3i1 alccho:

sther Furnished needles, which vere cryataliized twice
from ethanol tc glve the yellow needlewlike hydrochloride of (7.8-dimethoxyLso-
quinolyl«é)-acetle scid (2), mp 178-181°, in 93% yleld. Msterial melting ac
194-195° (decomp.) could be corained by crystallization fror IN hydrochloric
acid. The hydrochlorids showed A bright fluorescence under uleraviolet light;
we max (L7 % 107 M in CaHsOK) 236 na (log ¢ &.57), 252 &h (4.22), 286 (3.60);
ir (mineral oil mull) 1705 en™*} nmr (D50) & 9.54 (&, 1, H-1), §.35 (s, L, H-3),
7.9 (s, 2, H-5,6), 4.307(s, 2, CHy), 6.08 ppa (s, 6, 2-CH40)} nmr (FaCCOOH)

§ 9.81 (broad s, 1, H-1)j 8.45 (broad s, 1, -3}, 8,18ji(s, 2, W3, 45

{9, 2, CH:), .37 and 4,20 ppm (3's, &, 208,0). The specira were not exsmined

beyond § 10 pem.

& residual solid was tricurated wirh anhydrous scetome {50 ml), aad
acerone-insaluble naterial was dissarded. The solution was dried and evaporated,
and the remaining brown oil was dissoived in 25 ml of absoluta ethanol. Adding
drops of a gaturated alcohol solution of picric acid gave a brighe yellow pre~
cipicate, which was recrystallized from absolute ethanol to abtain the picrate
of ethyl a-{7,8-dimethoxyisoquinelyl-4)~a=veratrylacetate LS), mp 120~120°, in
60R yields fx (QUCLs) 1735 en™y nnr (COCLA) 6 9.72 (s, 1, BeD), 8.97 {5, 2,
picrate ar H's), 8.53 (8, 1, #-3), 7.98 (q, J=7,2,7 Bz, 2, H~3,6), 6,72 (s, 3,
veratryl Ar H's), 4.26 and .12 (s's, 7,8-diCHs0),4.0 {n, CH,CH plus COOCH.),
3.8 (s, veratryl CHy0's), 1.23 ppm (c, J=7.5 Hz, 3, CHallyd. The 4 4.26 - 3.34
¢pn sigals together corresponced to 17 pratons.
aal, Caled. for CpolaoNuOyst G, 55.043 H, 4.52. Found: O, 54.81; H, 4.85.

Mewiwyl o-(7,8-] inolyl-6)-o-veraczyl acetats (6)

B
of the methyl ester 3 with veratryl chloride was performed essentially the same

- Aliylatfon

as with the ethyl ester. The tvica-crystallized picrate of methyl a-(7,3-

5 (5)y B 262.5-165°, wag obtained in
38% yleld; ir (CHCL,) 1735 en™*; amr (CDCLa) ¢ 9.68 (s, 1, ¥-1), B.90 (s, 2,
plorate Ar H's), 8059 (s, 1, #-3), 7.98 (3, 2, K-5,6), 6.68 (5, 3, veracryl ar
H's), 4.18 and 4,08 (6's, 6, 7,8-d1CHs0), 3.90 (m, 3, CH:CH), 3.79 (s, 6,
veraczyl CHy0's), 3.70 ppm (9, 3, COOCHs).

None of the following showed aigns of forming the enolate from methyl
(7,8-d1nethonyisoquinalyl=i)acatate (31 triphenylnethyllirhiun, sodium hydride
in dimethoxyethane, sodamide in boiling benzene, or odiun hydride in nexa-
nethylphospharamtde.

Eehyl a= (7 inolyl-4}-a-benzylacecate (7). - The alkylation

procedure was much the same &3 before, except rhat hemzyl chloride was used.
The plerate of etayl a-(7,8-direthoxisoquinalyl-i)-a-acerste (7) was obtained
~

after thres crystallizations from alcohol as yellow crystals (30%) rp 133-153°

(mineral ofl mull) 1729, 2430

3 oamr (FSCC00) 6 3.74 (s, 1, Hel), 8.43
(8, 1, ¥-3), 8.06 (5, 2, H=3,6), 6.54 (s, 3, piperonyl Ar H's), 5.73 (s, 2,
€H2(0)5), 493 (&, =10 Hz, 1, HOOOH), 4.23 and 4,13 {s's, ¢, 7,8-d1CHa0),

3.53 pm (m, 2, Ar CHa)
Anal., Caled. for

HaoCINO,: C, 60.36; N, 4.82; X, 3.35. Found! €, 6313;
Hy 4.88; K, 3,35

of B-(7,8-Dimethox; inolyi-4)~p-piperonyl-cthanol (12). -

Lithium aluminun hydride (0.3 g5 8 mmel) was added to a stirred, ice-cold solu-

tion of the methiodide of methyl a-(7,8-d 14 c
(1) <0.30 g1 0.93 wrol) n 350 nl of recranydrofuran that had besn dried with
calofum bydride. Nitvogen covered the reaction mixcure, The mixture was stirred
for verlous periods (1 min - 1 day) at various temperatures (0°-30°) without
significant difference in the results. Small portions of lee were introduced
until no further bubbling was noted, Afzer drying (MgSO.), the mixture wes
filterad through diatomaceous earth, aad the filtrate wes stripped of molvert.
A portior (0,10 gi 0.25 muol) of the residual Frothy glass in 3 nl of
methanol and 10 ml of 95% sleohol was refluxed for 6 hr with 0.20 g (0.79 maol)
of iodfae and 0.4C g (4.2 mol) of anhydrous potassiun acetate. Then agueous
6.7% sulfurous acid was added at room temperature until the red color changed
to brigkt yellow-orange. Uolasilas were removed (50° bath; reduced pressura),
the remaining dry solid was thoroushly extracted wich chloraform, and tie chioro-
Eorn-soluble material was recrystallized from 1:1 methanol-gther and from

methanol to give the yellow of B-(7,

1y1-4)-B-

piperonyl-sthanol (12), mp 190-19

in about 50% yield, This product shoved
& singie syof on thin-layer chormatography (4:1 benzene-srhanol)y uv max (4 x 107%
(4 % 107° M in'ab CyM,0H)230 nm (log & 4.36), 256 (6.06); 287 (3.86); ir

E
(CHCLs) 2470, 1630 (C=K) em *i nor (GDCLs) 6 9.48 (s, 1, H-1), 8.49 (s, 1, H-3},

7.9 (3, 3%8,5,8 Hz, 2, B-5,8), 6.66 and 6.60 (s's, 3, plperonyl Ar B'e), 5.84

Anal. Galed, for C1,Hi.0INO.! €, 55.00; H, 4.97) N, 4,97, Found: C, 54.87}
H, 4,92 N, 5.25, o

Methyl (7 Lyb-4)-geetate (3). - Thionyl chlovide (6 mi)

was added dropwise to & stirrad suspension (-5°) of 2.8 g (10 mzol) of (7,8-

hoxyisoquinolyl-4)-acecic actd

fn 20 mb of ahsolute meshanol.
Afcer 15 nin at -3, the solution was stirved at roon temperature for 3 hr, and
then scripped of Solvent at ca. 40%. Adding acetone to the gunmy residue gave
rise to solids, which on two crystallizations from ethanol or methanol afforded
the highly fiuorescent, yollow, crystalling hydvochloride of methyl (7,8-dimeth-
;:Xq'umulyl—f.)—mcm (3, mp 181-183%, in 84% yield uv max (3 x 107° M n
a5 C:Hs0H) 236 na (log £ 4.68), 252 (434), 268 (3.58); ir (nineral oil null)
1765 e " anr {020} § 937 (s, 1, -1}, .33 (5, 1, B3, .96 (a, J=9.0.5,
9 Bz, 2, H-5,6) 6.3 (5, 2, CHi), 4.07 (8, 6, 7,8-diCH,0, 3.78 pem (s, 3,
€O0CHs)§ nmr (F3CG00H) 6 10,05 (broad "1, B~L), B.61 (broad 5, 1, K=3), £.25
(5,.2, K-5,6), 4,62 (8, 2, CBs), &.37 and ko2) (8's, 6, 7,8-¢1CKs0), 3.96 PER (s,
3, COOCHs).

anal. Caled. £or CulueGINOLE €, 56,475 By 5.42% N, 71, Found: C, 36.74f
Ky 50305 %, 446

o

The pigaca of methyl (7,8dinethosylsoquinolyl~4)~acetate (3), precipirated
from a sacurated solution of ploric mcid in 951 ethanol, shoved mp 182-184°.

Anal. Galad. £or CaoHiaMuOii G, 60,295 H, 4.563 N, 16.08. Foundt C, 60.00;
Hy 441 E, 15,97,

The free base 3 was released fron its hydrochloride (2 8) by shaking the
hydrochloride with sodium bicarbsnate in 3¢ ml of methanol-vater. The base was
extracted into chlozoforn, snd the extract was dried aad stripped of solvent at

room Metbyl (7,843 .

Lyl-4)~scetate (1) was obrained
with mp 84-66° in 357 yield by recrystallizing the residus from a small volume

of waters uv max (4 x 107' M in CiHsOH) 236 am (108 & 4.63), 282 sh (3.80),

Anal. Caled. for CasRaeXo0iii O, 56,365 H, 4415 N, 9.42. Fouad! C, 56.74%
B, 4,703 §, 9.15.

The iree base 7 could be obtained as an oil showing only a single spoc on

thin-layer chromatography (30~60° petraleum echer-sther, 1:4); mmr (CCL.) § 9.3C

(8, 1, H-1), B.28 (s, 1, H~3), 7.49 (q, J=11,1%,11 Ha, 2, B=5,6), 7.02 (s, 5,

phenyl Av H'e), 4,31 (m, 1, H-0-C00}, 3.91 and 3.78 (a's, §, 7,8-d1cH,0), 3.33
{m, 4, ArCEz=C-CHi}, 0.96 ppm {r, J=7.5 Ha, 3, CHiCHa).

Methyl a=(7,8-Di &3

@) ang Los Merh
Loddde (31). - Plperonyl ehloride?! was prepared by stirring e mixcure of niper-
onyl alcohol (15.2 g4 0-1C mol), thionyl chloride {14 g} 0.11 mel) and solic
sodtun bicarbonate (16.4 B3 0,11 mol) fn 160 £l of dry benzene for 2 hr at roon
temperatures. Filtracion and distillatiun gave piperonyl chloride {13.2 g; 76%)
with b.p 78-80° (0,05 m).

The hydrochloride of methyl (7,8-dimechoxyisoguinolyl-b)-asetate (3) {2.0 55
6.6 mmol) was allowed to resct as abave first with sodamide (1.0 g} 2.5 mmol) in
500 mi of liguid ammonia and then with pigaronyl chlorids (1.1 g &.6 mrol).
After a 2-he reaction period, 5.8 g (110 nmol) of amwonium chlortde was added,
after uhich the alkylation product, rechyl a-(7,8~dtnethoxy{aoquinolyla)=a-
piperonylacstate (8), vas isolated as a yellow glass by the procedure desctibed
ghave,

A enall sanple, brought out of ethanol-other, afforded crystalline aaterial,
mp 142-143°; nmr (CCL,) § 9.36 (s, 1, H-1), 8.28 (s, 1, H-3}, 7.55 (q, :-s.xx,g:

2, W-3,6), 6.55 {s, 3, ploeronyl'Ar H's), 5.83 (s, 2, CH,(0).), 4.00 and 3.9L

(8'sy 7,8-d1CK0), 3134 (my CHCHa)y 3,52 pes (8, CHa0OC}. TIntcgration of the
6 4.0-3.52 ppn signals indicated 12 H's.
Another portion in solution with benzene was treated with hydrogen chlaride.

Recrystallization of the resulting gun from 957 ethanol gave the crystalline

rate, homo-

of methyl a=(7,

8 .
b .
s, 2, CHa(0)4), .64 (s, 3, CR,N), 4,17 and 4.05 ('8, 6, 7,8-d1CHs0), 3.94

(m, 3, piperonyl-CH:CH}, 3.07 ppm (m, 3, CHaOH).

anal. Caled. £07 GazMaaINO.

C, 51.88; H,-4.765 §, 2.75. Found! C, 52.03;

H, 5.063 N, 2.83.

Vachyl a-{7,8-Disethoyy 191-4)a-(6’~nitropiperonyl)-acerate (10). ~

§-NItroplperenyl chloride uas prepared by adding plperomyl chloride (18.1 5) in
portions to concentraced nitric acid (200 ml) ac ~15°. Yae mixture was then

stirred for 2 hr at ~10° and for 2 hr at room temperature. The Teaction mixture

was poured into a liter of water, and the Solids were collected. Afrer proces-

sing, recrystallized b-nitropiperonyl chloride (8.6 g) was obtained with mp 78-80°

[12¢%? 83: 86°]. énother preparation gave Light orange leaflets, mp 82-84°.
snal. Caled, for CuH,CTNOLE O, 44.573 B, 2.80. Found: G, 64,675 By 2.76.

According to the aikylation described above, 2.0 g (6.5 a30lY of methyl

a, -t}-acacate hydrochloride (3) in Ifquid emmonts con-

taining 0.4 g of sodanide {10 amol) was combined wich 1.5 g (6.6 wunl) of b~

chloride. Recryscallization of the crude praduct from methanol

yielded falntiy yellow methyl a-(7, inedyl=4)-a-(6" -

scerare (1), mp 15Q~151°, In 65% yield. This material showed one spat on thin-

layer chromasography (chloroform); ir (CHC1a) 1735, 1565, 1335, 875 cm '; nnr

(CDCLs) & 9.31 (841, -1}, .26 (2 #e3), 732 (s, H-5"), 7.52 (4, 3%9,12,8 iz,

B-3,6), 6,38 (5,1, H-2'), 5,84 (8, 2, CHy(0)s), 4.53 (k, Jn7 Ha, 1, H-COOCHa),

3.93 and 3.74 (875, 6, 748 diCH;0), 3.¢5 (r, pipercayl CHs), 3.42 ppm (5, COOCHa).
The integration fron$7.32 and 7.52 indicaced 3 H's, and from§3.45 and 3.42,.5 H's.
Anali Caled.

for CagHoNaOs:. €, 50,003 B, 4.385 ¥, 6,36, Found: €, 53.943

H, 4545 N, 6,46

attenpied alkylarioss ifi boiling 1, solvent with sodiun

hydride as condensing agent gavé recoversd nitropigeronyl chloride as the anly
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290 sh (3.78), 349 (3.88); ir (CHCL,) 1740 e

nor (CCLe) € 9.31 (e, 1,

8.16 (s, 1, H=3), 7,44 (q, J=4,4,9 Hz,

He3,5), 3.98 and 3.83 (s's, &,
7.8-31CKy0), 3.79 (s, 2, CH.), 3.55 ppr (s, 3, COOCH.); nmr (T2CCOGH) § 9,66

(broad s, 1, H-1), 8.26 (5voad s, L, ¥-31, B.i2 (s, 2, §=5,8), 4.¢0 {s, 2, CK,),

4.35 and 4,19 (s'6, 6, di-CHy0}, 3.95 ppn (s, 3, CCOCH).

Eehyl (7,8-Dimethox,

1yl-4-)-acetate (4). - The hydrachloride of
thia ester & waa prepaved from rhe hydreshloride of asid 2 by using sthanol in

place of methenol in the above pracedurs. Recrystallizas’on [rom methanol gave

re crystalline salt (81%) wita mp 160-163°% ir (wineral ofl pull) 1735 cm '}
sor (000 5 .44 (3, 1, H-1), 3,26 (s, L, W=3), 7.85 (5, 3=9,4, and 9 bz, 2,

B=5,6), 4,17 €5, CHa)s 4.CL (n, SHaCHa), 3,95 (s, 6, 7,8-92CH,0), L.17 ppm

ft, 3=6 Kz, 3, CH; Integration of 6 4.17 and 4,01 ppw Indicate § protona.

he free base of echyl (7,B-direthoxyisoquinolyi-)acezate (’S was recrys-
talliced fron water to give crystals, mp £0-81°) fr (CCL.) 174D en *; arv (LC1:)
& %44 (s, 1, H-1), 8.2k {6, 1, H=3), T.47 (q, J=9,5,% Hz, 2, li~5,0), 4.1l {q,
J=7 Bz, CHaCHel, 4,00 ané 3.92 (s's, 7,8~di-CH,0), 3.82 (s, CH4), 1.25 ppm (t,
J7 Kz, 3, CEiOHe). Intearation of the &.11-3.62 signals corresponded to 10
srotons as reauized,

Tha free hase was converted to its p;/\raLE, mp 171-L72%, [or analysis.

Anal. Galed. £9r CaiMaoWuOuit Cy 50-013 H, 4.0

11,1i. Faund

49,950 K, 4.07; N, 11.29,

. - Ceystals of

Ethyl a={7,8-Dineachonyisoquinalyl=4)-a-veratrylacetare (5
echyl (7,8-dinethoxyiudquinaly.-i-)acetara hydrochlerids (1) (3.1 s; 16 mol)
were added in small partions to a stirred refluxing mixture ol sormercial scda~
mide (1.7 g; 43 mmol) in 500 mi of 1iquid awnonia tha: had been condensed
¢irectly into the reaction flask, The resuibing red solution was sciveed for
15 nin before adding veratryl chlovide (1.9 g3 10 moL} and stirring fursher
for 1-2 hr. Awmonium chloride (2.5 g3 50 mmol} was added in porcions, alter

iileh the ammania was allowad to evaperace.

aeneous according to thin-laver chromatograpny and showing mp 133-132°; nor

(SDCL2) 6 9470 (3, 14 =i}, 8.95 (s, 1, K-3), 8,15 (3, 2, H-5,6), 6.6 (m, 3,

piperonyl

= H'8), 5.96 (s, 2, CH;(0)4), 4.7-2.9 (%, CH.OH}, 4.23 and 4.18 {s's,
7,8-¢4CH50), 3.70 ppm (8, CH,00C). The last three signals corresponded ta 12

protons.
The bulk of

fie yellow glassy preduct was disslved i iry bemzene, methyl
fadide (10 ml) vas added, ard the solutfon was scirre: in a nitrogen atiasphere
for 3 hr. The yellow aygroscopic precipitate wes zollected and washed repeatedly
wich benzene co give 3.2 g (315 from 3) of the destrec nethlodide of methyl a-
(7,8-dinechoxyLsoquinolyi-4) -u-piperonylacecate (11}, mp 101-103°. Recryszal)i-
zacion from alcokal did nat change the melcing point. This careriel siowud cae
spot on thin-layer chromarogrpahy (4:l benzere-ethanol}} uv max {2 x 107° M in
ab C;HaOM) 206w (log ¢ 4.39), 257 (4.6), 783 (3.84)} ir (ZCls) 1723, 1645,
1620, 1575 en 3 T (CDCLL) 810,00 (s, 1, He1), 8:51 (s, L, =2, 7,96 (9. 2
#-5,6), 6.63 (s, plperonyl H-6'), 6,58 (s, piperonyl N-2',5"), 3.83 (s, 2, CHa(0)y),
476 (s, CaR), 4,57 (n, HOOOOH), €.26 and .08 (s's, 6, 7,8-¢1CH,0), 3.63 (s,
CO0CKs), 3.40 pers (my piperonyl CH,). Integration between § 6.48-6,58 ppm cotr-
tespondad to 3 pratans, Setweer 4.76-4.57 to 4 protons, and between 3.63-3.10
to 5 protons.

Anal. Calod. for Cas¥, INO,! Q, 5L.415 H, 4.503 ¥, 2.61. Found: C, 51.503
H, 4563 %, 2.3L

a-(7,8-Dinethox;

i-4)-a-piperonyiacetdc Acid (5) fror [ts Mechyl
Ester 8. - Methyl u-~(7,B~dimethenyisocuinolyl)-u-piperonylacezate (8) was mtirved
Bater g @

for 1 hr at room temperatura with 10% hydrochlovic act

. aftar which pertod vola-

tiles werg removed under reduced preasures {1007). Two crystalifzations of the

residue from small velumes ethanol afforded walta crystals of a-{7,3~dimechoxy~
1e0quinolyl=4}-u-piperonylacetic acid hydrochloride (3), mp 183~185°, in 83%

ylelds uv max (3 % 307 M 4a CoH,08) 236 »r (log © .45, 253 (£.30), 286 (3.78)

product. Sodium bydride in hexamethylphosphoranids gove oaly recovered cster 3

whereas triphenyl methyliithium in tetrahydrofuran allowed resavery of both
reactants.

Alkylstion in bolling benzene with or without sodamide resulted in sunsti-
cution on pitrogen instead of sarbon.

The yellow crystels of the guaternary
clderide (£3%) obtataed out of ether-athanol with mp 174-175° {dezomp), wore
honogeneous accarding o thin-layer chromatography (CHG.,-CHOH, %i1); Lr

(riveral oil mull} 1723, 1520, 1330 am’*; mmr (FsCCOCH) 3 9.22 {»road s, L,

+
7072 (4, 3=5 Hz, 1, H-3), 7.30 (4, J=5 Nz, 2, SHeF), 7.23 (s, 1, H-5'), 6,53

(s, 1, H-2'), 5.67 (s, CH,(0};), 5.60 (broad s, together with preceding signal 4,

H-$,63, 3.70 (m, 5, CHiCOOCH plus ATOCH:), 3.58 (2, 3, &¥CCH:), 3.30 ppa (s, 3,

€OOCH ) . .

Anal. Caled, for c,,.L.:,Aw.on: €, 54,423 B, w.ddi C1, 7.44} ¥, 5.88. Found:
€, $4.60) H, 6.32; C1, 7.613 N, 5,95,

Redyctdon and Cyelization of Nicro Compound 10 o 13. - & mixture of .50 g
(1.3 mmol) of methyl a=(7,8-d 163 =an (621 )-azctate

(103 and prereduced plartnum oxiie catalyst (0.1 g) in 35 al of erhanol wae
stirred under hydrogen for approximately 3 hr, au which rime 115% of the caleu-
lated 3'molav eguivalénts of hydrogen had been absorbad. Removal of catalyst
add of all solveat (T belaw 40°) left a white residua, which was brought out of

mechasol to give colorlass ccyacals of Z-axa=3=(7',8"-dimeshoxyisoquinolyl=4'i~

B, 12,3, inali (1_1), mp 281-283°, in 59%
yield; uv max (3 x 107" 2 ab GoH;0M) 213 nm (Log € 4.18), 236 (4,13), 278 shi
e (mireral ol mull) 1680, 122G 7 '; ome (PaCCOOH) & 9.5L (broad &, i-1"),
§.1C (brosd s, W-3'), 7.98 (s, #-5',6') with the last 3 sigaals Inlegrating to
3M's, 6.55 and 6.51 (3's, 2, B=5,8}, 5.81 {5, 2, CH,(0);), 4.77 {m, 1, &3},
4.15 and 4.00 (s's, 6, 7',8"'-diCH,0), 3.28 ppm {(m, 2, H-4).
Anal. Caled for C,yH,sN:Cy: C, 66,673 H, &.795 N, 7.40. TFound! G, 66.83;

A, 4.903 %, .26,



Syntheses of 4-Substituted Isoquinolines

Reduction of }J, with tin and hydrochloric sefd 2t 0° gave the same product

13 snd offered na advantages.

Opianis Actd (14) from Narcorine, - The procedure described here is a conn

siderably improved version of the roaction originally reported by Matthiessen

and Fomter.®

2.33 mol), and 3375 ;L of 10% sulfuric acdd was refluxed for 2,5 hrs.

mixture was filcered, the filtrate was cooled overnight, and the precipitated

optanic actd (14) was collected, vashed with cold vater, and air-dried. Decolori-

zation with charceal followed by crystallization from 1,5 & of water gave 85 g
(151) of crean-colored opiante actd (14), mp 1s-146® [11c%?, 142-106°1,

(13) from Opianic asid (14).% ~ Conbintng 42 g of opianic

scid with potassiun cyanide gave J-cysnomecenin (13), mp 100-101°, in 70% yield,

and twice-crystallised product, mp 102-103°, in 52% yleld [11e®, mp 1031041

19-3- 1

(L§) by Marhylacion of {15), ~ The

methylation was performed in a manner similar to that described below for the

homaplperonyl alkylarion, except that the sther solyent was not replaced with

benzene, An ether solutlon of J-cyanomseonin (10 mmol) developed & permanent

Dblood-rad color only at the very end of tha addition of sthereal triphenylmethyl-

sodtun?® (122 nl containing 10 mmol), Methyl dodide in about 6~fold excess was
introduced, and the nixture was sllowed to stand at room temperature.
of wliquots shousd that 9% of the bass had dissppsarsd afcer 18 hr, and that a

total of 97% had disappesred after aa edditional 2 hr of reflux. 3-Cysnom3-

methylmeconin (13) crystallized once fxom alcohol-water was obtained as a faintly

vellaw selid (1.6 gi 677), mp 130~132.° Recrystallizations afforded calorlasa

product, mp 134.5135%.
Anal, Caled. for CigHasNOu: €, 61.803 B, 4.75. Found: O, 61.7; H, 4.8.

3-Methylmeconin_(18) from

A mixture of narcotine (225 gj 0.35 mal), mangenese diokide (203 g;

The hot

Titration

48 -

meconin (0.1 &) was warmed on a steambach for 12 min with 2.5 mi of 8% aqueous

13

(20), mp L44.5-145,5°; further recrystallizations brought this valve ta 146=
146.,5°,

faal, Caled. for CioHisBOyt G, 65,393 M, 4.66. Found: C, 65.3; H, 4.7,

Processing the petroleum ethier triturate afforded 2,1 g of unchanged hamo=

piperonyl dedide or 707 of the excese. Approaimately the seme yield of alkyla-

tion product was obtained when tha lodide was taken in equimolecular amounts,

However, if cther sions was used s reaction solvent, the yield was 8%, The

reaction with homopipercnyl bremide in place of the fodide was unsatisfactory

in ether byt was not Cried in beazene solvent, Hhen benzeme suspensions of

sodanide, sodiun hydride, or sodiun (dimpenaion) wera used instead of etheresl
tripheaylmethyloodium, no resction occured,

21, - Kydvogen peraxide (25 ml of 10%
aqueous solucion) plus 2 ml of 10% sodium hydroxide was added to & scirred sus-
pension of 4.0 g of J-cyano-3-homopiperonylreconin (20) L 25 nl of acetone

Solution occured greduaily ovar a 15 hr perded. Ramoving volariles left the

erude solid product, which vas crystalllzed from 30 ml of vater to ylald 3.5 g
{83%) of cxystalline J-homopiperonylmeconin-3~carboxanide (2L), wp 177-178° (pr

softening). Another cxrystalllzation from banzana brought the melting point to

177.7-178,7°,
Anal. Caled. for CaoHigNO»: C, 62,330 W, 4.97, Found} ©, 62,2} M, 5.0.
Attempts at Isomerizing j-Homopi i

anide (21) £o 4
-1 14

(23). - Meating the dry

carboxamide at 185-190° for 2.3 hr effected no change. Liquid ammonia with

some mathanol at room temperaturs for 1 day gave only unchanged atarting
material, as did alcoholic-concentrated aqueous ammontia at 100°, or sodamide in
Liquid ammonia at ~43°,

While concentraced adueous amranis az 100° gava no roaction, rafsing the

tamparaturs to 150~180° produced a new compound, which on recryatailization

Acetic acid (3.3 ml) in 100 ml of water was i{ntroduced, ond the aqueous

layer was extracted With bengene and wirh ether. The combined organic layera

were rinsed with water, drisd, and stripped of molvent, Fractionation of che

olly residue (17.4 g) In a short-path, J-bulb atfll gave a lower boiling mixture
of starting materials (5.2 g), distilling at bath temperatures.up to 183°

(0.02 mm) and & higher boiling fraction (7.9 g), bp 180-240" (0.02 mm), econw
taining the praduct, Iwo crystallizations of this materisl from acetsc acidw
water fumished e

, dprdl
(28), mp 60.5-62.0%, in ylalds af 26-36%; ir max 2240, 1731 em ', Further re-
cryatallization gave constant-melting magsrial, wp 63.5-55.0%,

anal. Caled, £OF CayHaslOsl

G, 63.78; H, 5.523 X, 1.65; methoxy, 24.3.
Found; €, 65.7; ¥, 5,45 ¥, 3.7, methoxy 24.1.

When the same alkylation was carried out at room temperature with the
reactants in absolute mathanol contalning dissolved sodium, the initial alkali~
nity graduslly decreased until after 16 hr, 35% had been loat.

Tvo praducts

could be isclated from this veaction: (a) 7,B~dimethoxyhomophchalimide, with

the same melting point (209-210°) and infrared absorptlion curve as the identi=

cal material (np 208~209.5°) obtained by baking 3,~dimethoxyhomophthalic acid'*

with ammanium carbonaca [Anal. Geled for CyiM,uMOu: C, 89.72; K, 5.0L; N, 6.33.

Found! €, 60.0; W, 4.8; X, 6.4.] and (b} a warer-vhite Liquid bp 40-45° (0.7 mm);
03® 1.5763; ir absorption max 3080, 2980, 1630, 988, 904 cm *, which decolorized

bromine in carbon tetrachloride instantly and wh

was taken as 3,4methylene=

dioxystyrene [4nal. Caled. for C,He0a: T, 72.963 M, 5.44. Foundi €, 72.8%

W, S.h
4-Bydromy~4- -7 Linide (32) from Cyanos
gater 29, - A

sokution of the cyano-ester 2§ in acetone (35 ml) wes treated

with 1S ml of water containing ¥ ml of 28% hydrogen peroxide followed by 2.1 ml

of BY aqueous sodium hydroxide, snd the mixture was aljowed to stand for 2 days.

eldm

1

sadium hydroxide, Acidification evalved HCN, and cooling gave a precipitate,

which after one crystallization Erom water weighed 35 mgj mp 134=145°] mixture

melting point with the starting material, 110-129%.

The crystals, taken as J-methyl-3-hydroxymeconin (1), were allowed to stand
for 3 hr with a eolution of sedium borohydride (70 mg) in absoluts echamal (7 ml).
Solvent was vemoved, hydrochlorie acid was added, and the mixture was heated 2

short time on the steambath bafore chilling. The precipitata on crystallization

from water furnished white glittering needles of 3-methylmeconin, mp 98=98.5°,

124619, mp 101°)1 fr mex 1749 e

omitting alkali, and inatead axposing J-methyl-3-cyanemeconin dlirectly to

25% hydrochloric acid on the steambath for 1 hr gave

3~carboxyll
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Crude dry homoplperonyl bromide ohteined from 15 g of the alcohol wam dig~
golved in 425 ml of acetone containing 27 g of sodium iodide., After L day at
reflux temperacura, solveat was removed, and the residue was extracted into
cther. The ether-soluble material was cryssallized from echanol-vater ta gt
19.5 g (78X from the aleohol) of colarlass homopiperonyl iodids, mp 36m37°.

The sawple for snalysis showed mp 40.1-40,4°.
: Anal, Caled. for CyHyl0,: G, 38.73) H, 3.25. Found: C, 38.8 H, 3.3.

K-onapipstonylpyridintun fodida, obrained from sthanal es glistening white
crystals, nelted at 203-206.

Anal, Gales for CoullucINOy: C, 47,333 H, 3.97. Founds G, 47,7} H, ful.

(20) by Alkylati

acid (1) in 95% yield. On recrystallization from water, this acid showed mp
196.5-197° (etfarvescence).

Anal. Caled, for Cyais0,

¢, 57.143 H, 4,80, Found: C, 57,47 H, 4.8,

Sromide and Todide, -

(10.2 g; 38 mrol)
wag added dropwise to & cold solution of homopiparonyl alcohol (15 gi 91 mmel) in

120 ml of benzene. The mixture was stirred at ics bath tempsratere for 0.5 hr,

then rafluxed for 1 hr, and finally allowed to atand overnight at room tempera=

ture. The resction mixture wag quenched ovar cracked ice, and the aqueous layer

was extracted with echer. The combined organic phasas were shaken with dilute

carhonste solution, and with water, befora drying over magnesfun sulfate. Frac-
tional distillation gave 8.6 g (31%) of homoplpevonyl bramide, bp 129-131° (1.3 mm)
o 97-100° (0.2 ma); a}' 1,573,

Anal. Caled. for CeHeBrOs: T, 47.30; H, 3,96, Foundi G, 47.2; H, 4.0,

The q sale 3

bromids, Eormsd
readily by warming the bromide in pyridine, showed mp 204.5-243° (decompose).

Anal,Calcd, for CuuHiuBri0z! G, 34,555 W, 4,58, TFoundr C) 54,6 K, 4.8,

W

from 95% ethanol meltad At 0-5L°, This material, considered to be a disub-

sticuted propene 3, vas soluble in aqueous sikald, and decolovized dilute

~CHECHE Himpe Oy
T Lt
e T,
Cune .

3
pernanganate. ~

Anal, Caled, for CysHua

C, 66.68) W, 5.30 0, 28,04, Found! C, 66.3}

H, $.77; 0, 27.81.
In the Light of a successful analogous conversion of 3-phanylphthalide-3-

to 2 h

phtnalinide, 1% chis reluctance of 21 to

isomerize 48 not clear. Possibly the mathoxy group at the 6-position of macenin

2} tends to suabilize the lactone ring.®®

3 rborylic Acid (22) from the Amida 21, -~ & solu-

tion of the amide 21 (1.4 g) in 55 ml af 20% aquecus sodium bydroxide plus 17 mL
of alcohol was rafluxed for 3 Mr, The reacthon nixture vas concentrated to
about half its volufp, diluted with an equal volums of water, and scidified
wich 20% sulfuric acid. The product was taken up in chlorafornyand the eatract
was dried and then stripped of all solvent. Crystallization of the residue from
benxene furnished L.l g (B3%) of the desired 3-homoplperonylnesenin-3=oavboxylic
actd (22), mp 142,5143.5%3 ir (KBr) 3260, 2750, 1745, 1688 cn™*, A sample
further recryatallized for analysis showed mp 143.3-147°,

Anel. Caled for GeoMssOst €, 62.17; H, 4,70,

Found? C, 62,2} H, 4.8.
Atcampta ac obtaining thie scid by tresting the anid

21 with nitrous acid
failed, 86 did attompes at the precursor 5 -

wesontn (40) with acid. Thus 36X hydroshloric acid at 150" for 1 hr resultad

in charring, while 24% hydrochloric meid at 130° for L hr gave only unchanged

cyang compound, This resistance te acié hydrolysis, contrasving sharply with

the facile of I-eyano-

nay be thuted to
[¢17 € tad b
steric factors.

17
After volariles were ramoved from the warm solution in a fer of air, the resie
due was caken up in ethar, and the echer solucion washed with water, dvied, and
stripped of solvant. The remaining solids, recrystallized from aqueous acebic
acid, afforded

¥ 1-7, limida, mp 118-119°,

in low yleld; ir max 3360, 3200, 1714, 1690 cn*; soluble in cald BY adusous

sodiun hydroxide,

Aqal. Galed. for CaoRuyB0;: €, 62.33; K, £.973 N, 3,44,
H, 5.3; N, 3.6,

Found: €, 62.23

Imitonopt

tnzjrearboxylic joid (33) from Cyanomestar 39. = A solu
tlon of cyano-gster 29 (3.0 g), 100 ml of ‘Acstone, 45 ml of water, 27 al of 26%
aqueous hydregen peroxids, and 6.3 mb of 8% sodium hydroxide was kept ak 15¢ for
1 hr, then at roon temperatura fox 3 days, and thareafter trasted essentlally

a3 in the isolatian of crude

7, it

mide (32)
A portion of this lighi-yellow otly maverial 32 (1.5 8) was refluxed wish
ethanal (17 ml) snd 20% aquecus sodiun hydroxide (60 ml) for L day in an atmos~

phere of nitrogen. Afrer

the mixture at at

reduced pressures, it was ¢iluted with water, acidified with hydrocnloric actd,
and extracted with chloroform. The chloroforn salutfon wag dried, stripped of
solvent, and the residue crystallized from aquecus acatic aeid to glve I-homo=
piperonylneconin=dncarboxylie 2cid (33), mp 142-143,5° ta 38% yleld; bicarbonate

soluble} ir (KBr) 3280, 2860, 1740, 1690 cm™, furbhoer recrystallization from
aqueous acetic acld furnished colorless plates uf 33, mp 143~144°.

Ansl. Caled. for CaoHiaOst G, 62.175 M, 4.70; Teruralization eqs.. 383

Found: ©, 62.143 R, 4.56; N, 0.0} neturalizacion ed., 399.5.

The nonidenticy of Ehly product with the a-lomopiparonyl-2=carouy=1,4~
dinethoxyphenylacetic acid described in the titeraturel” was estavlished by

divectly comparison with an authentic sample made available by Professor A.S.

of as), -
The apparatus used here was scrupulously dry, and a current of dry nitrogen vas

matatained over the reaction mixtures throughout the reaction. Ether was dis=

tilled from 1ithium aluminun hydride and condensed dirsetly onto 2.2 g (10 mmol)

of 3-cyanomecanin (15). The resulting mixtures was titrated with ethereal cri-

Phenylnethyleodsun®® (ca, 0,1 M) until the red color persistods Then over the
course of 0.5 hr homopiperenyl iodide (6,2 gi 22 mmol) in & Soxhlet unit was ex-

tracted with sther directly into the boiling reaction mizture. Solvent was ex-

changed by condensing dry benzens vapors diractly into the resction vessel while

distilling ether out. When the boiling paint rasched 80°, rhe resulting benzene

solution {ca. 200 ml) was refluxed for 1 day.

Aquaous 27 acetic acid (100 mi) was added with cooling, and the aqueous

leyer was extracted with ether and benzene. The combined organic layers were

vinked with apall portions of vatar, dried, snd then warmed in a jat of clean
nitrogen to ramove solvenc, AEter rinsing the slushy residus sevoral times with
30-50° petroleun ethar to remove

and unchanged
iodide, the remaining gum waa recrystallized (charcoal) from 95% alcohol ta give

fine cream-colored crystals (0.89 g or 24%) of 3-cyanc-3~homopiperonylmeconin

3-Homopiperonylmeconin=d-carboxyllc acid (33°22) wea alec obtained by an

oxidative process from a-{homopiperonyl

scetonitrile (23) s described below.

2 1

soptbrile (7). - A solution of the 2-
aitroso derivasivel® (22 g) of 6,7-dinethonyindanone (26) in 200 ml of 8%
aqueous sodiun hydroxida wes stirred and treated dropuise with 22 § of p-
tolusnesulfonyl chloride. The mixture wes then warmed to 80° before chilling
in an deebath and acidifying with 104 hydrachloric acid. The solids deposited
overnight at lesbox tenperatures vere collected, vashad With water, wnd dried,
Cryatailization from benzene afforded 2«carboxy-3,4-d imethoxyphenylacetonitrile
(@1, wp 97-99° [126.* mp 104-108°] dn yields up to 721 The sama procuct
27 was obtained wich phosphoruy pentachioride, 't but the yields wera lov.

3

tonitrile (28), - 2+Carboxy=3,4=
dinethoxyphenylacesoniciile (27) (7.3 g; 79 mnol) suapendad in 20 a1 of sther
was treated with sthereal diazonsthane in excoss Eirst in che icebath and then
at room temperature. GCrystallization of the crude producs from ethanol-vater
88ve  pala yellow naedles (5.4 g} B3} of 2-carbomethoxy-3,4«d lmothoxyphenyl=
acotenttrile (39), mp 44.5-45° A sample for anelysis ves prepeved by distil-
tation at bp 153° (0.7 m).

Anal, Oaled. for GyaMssBOut C) 61,27 H,

Hy 5075, 6.0,

50573 N, .96, Toundi G, 61.3}

& 3drdineth

(29). -

3 derile (284 10 g3 42 mmol) was added

to benzene (130 ml freshly distilled from calcium hydride) containing comer~

cial sodamide (L.67 gi 42 mmol), and the mixture was stirred and refluxed for lhr.

The glassvare had been rigorously drisd, and a slow strewn of nitrogen was main-

cained through the apparatus durieg the course of the roaction. Hamopiperenyl

fodide way then added (5.8 g} 32 mol), and the vefluxing was centinued for 1 day.

18

Balley, ‘The melting pointa, taken on & Fisher-lolms apparacus, were found to

be 147-148% for cunpound 33, 132-133° for Bailey's homophthalic acid (cf. 33,
and 123-128° (previous softening) for the mixture. The infrared absovprion
cturves of the two materdals showad many potnts of difference.

The identity of the product 33 described hers with the d~homopiperonyl-
maconin-3-carboxylic acid (33) obrained as described befors from 3-homopiperanyl~

3-carboxanide (21) was supported by melting point comparison (Fishsr-Johna!

147-148° ya. 145,5-147°), by the virtual {dentity of tha twa infrarad absorptisn
spestra, end by decarboxylation of the present product to I-hemopiperomyln

necenin {34).

3-Homap,

(34) from J-Homopi i

Aedd
(33, - A sample of the ncid 33 vas distilled in & wide-bore short-path still
~

at outsids temperatures of 240-300° (0,4 mm). Two crystallizarions of the dis=

tillate from ethanol gave white, fluffy crystale of 3-homopiperonylmeconin (34),

np 81.5-82° Ir max 1748 co ', Tha lactone carhonyl peak comparee well with

shat observed for J-methylmeconin (18) and for }-homopiperonylmeconin-3-
carboxylic acld (22,

4nal. Caled. for CisHind,

C, 66.685 K, 5.30. Found: C, 66,5 H, 5.3.

4~Bomop: 17 1inid

(25), - No change noted when

a=( i

» crile (29) was heated
at 200-320° for 0.3 br or was exposed to the action of etheresl hydrogen chloride
in the absenca or predence of aohydrous zinc chlorids.

Lo _fetd of ter 29 follaved b Lizaty

with alkalt. - Dry
ydrogen chloride was bubbled for 5 hr into sn ice-cold solutfon of 0.1 g of

) Jomdi strile (29) dn 12 ml
~

of aceric acid. The mixture vas allowed to stand in the cold for 2 days.

strlpping off all volarile material left a rasidue, which was disaolved in

othet end wasied with watar. Removing the sulvent furnished a partially purie
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1

fled product, insviuble in warm 3% bicarbonate {ir max 3642, 3

, 17:8, 1439,
but net ar 2240 on* (nitrile)] and considerec to be o-(honopiperonyl)-2-
carborethony-3,4~dinethoxyphenylacetamide (300,

Solurion occurred whes this

aster-anide was treated with 2 nl of oxygen-free 37 aqueous sodtun hydroxide

wita larermiztent warming on ths steam for 15 min. Acidificarion of the codied

solution with dilute hycroshicric zcid deposited a gun, which was eollectgd,
and ribbed with a snall volune of cold echanol. The resulting whize crystals

(2,05 g) of 4- Lperanyl-7,8-¢ nenalinide (257, w7 126.5-125°,

shoved an lnfraved absorption spactrum

cal to that of the same compound

described below. Tha mixture melting pelnt was 125-126°

2. [icarion of 29 follgwed by syclizatdon. ~ A mixture of 3.3 g (5.2

FRol) of sysnovester 29 with 15

of 87 sodden hydroxide and 70 ml of echssal

was vefluxed for 2 hr. The re

ting solution, concentrated unler reduced
pressues Lo about ‘/y its volume, was diluced Witk 100 7L of water ani avidi-
fied wich hydrachloric acid. after coolfng che mixture sverlght, it was fii-
tered, anc the solids (presumadly homophthaiic scid 2} were dissolved in con-
centrated agueous anmoaia. The solution was evazoratsd to drymess ac 100°
(recuced pressures), and the foamy resicue was powdered anc thea choroughly

inixed with ammonia carbonate

L g). Tre eolfds were heated for 50 min tn ac

oiipath & 165° (reduced pressuces). The veaction mixture was dissolvad 1n

75 nl of ethanol, and the solurlen was concentrared in the presence of decolor

iziag chavcosl o ca. 30 L, Filtered, and Finally ccoled overnighs. The pre-

eipitate was colizcted and erysc.

idetwice fron ethatol tc get 4-komepi

avony

7,8-dinethaxyhonop:

halinide (23} as Fine white nescles, mp L26-327°, in 61%

yield; Lr {mineral mull) 3155,

3075, 1700, 1670 o’} nseluble in het 5%

aguecus sodlum bicarsonate, bur soluble In cold dilute socium nydrexide to give

a deep yellow doiutien.

il

eryszallization from walechol This matetial shovlZ nor be warmed
unnecessarily. Ihe fres base 36 showed wv nax {1 x 1870 ¥t CaH0H) 223 om
(sh)(lg € 3.67), 278 (2.9913%% qur (CIC1s) 3 6.8 {, J=8,10,8 Mz, 2, H~5,80,
4uohd (m, 1, HOCH), 3.73 ané 3.73 {e’s, 6, 7,8-¢iCH.0), 3.7%, 2.0 , I=16 Hz,

a8 43, 2, -1}, 2.56 (r, 2, 2-8-3), 2.33 pgr (s, 3, b=Chs.

The hydroshlozide of 3¢ vas prepared by nubdling dry hyfrogen ciloride
inro an echer solutdon of the base, Tvo crystallizatlons of the precipliate
fron ethanol gave yeliow, anaiytically pure hydrochloride, mp 183-184°; uv max

n Cifp®H) 229 na (ieg & 4.1, 279 (3.3}1 ir {CHCI;) 3325,

1605 en” 'y mmr (D,00 € 7.9% (a, J=7,3,7, 2, 8- acd 61, 4.36 (r, =2

4.38 {3, Jeif,B,16, 2 28-1), 3,77 and

)

2H-3}, 3.10 ppa (s, 3, C

4nal. Caled. for CisH.

Hy 6,94 8, S.4i.

2-Merhy.

~ox9-7,8~d inethoxy

3,4~serrahydrolzogainel

portions to &

conpound 36 (7.2 B3 10 miol) was addec red solurivn of
0.65 g (6.5 wol} of chweniun trioxie in 5 nl of wacer plus 15 nl of conzen-
trsted sulfurl azfc. The reaction nixture protested with s blanker <f nicrogen

and was held ac cempezatures below 10°, afcer silrring at 0-10° for :

solution was srored overnight a room tumperatura. The coli solutisn was then

rinsed with echer (¢iscard:, an

th cooling was brought o pH 10, Kithost

chlor

delay the busic minture wes sxcracted tharoughly v e, aud the dried

excracta were seripped of all sclven: {temperabure balow 0%, Crysrall

clon of the residual yellow oil Zrom chlcroforr. ylalded

4-070-7,B-dimethoky-1,2,3, t-tetranydroisocuinoline (37), mp 955775 Lv man

(3% 1672 in Ca2408) 225 ne (iog € 4.223, 279 (4.04); Lr (CHC

sur (G0G1a) ¢ T.78 fe, Za B3, 1, Re3), 6087 (d, 1a,a%8,5, 1, He6D, 3.93 and

3.83 (8's, 7,8-cl

0), 175 (s, 24-13, 324 Sy 250 pm ds, 3, CHye

The integratfcn berveen &

period, the mixtive was coaled, snd

o grean srecipliats uss collectsd, dis-

selved in boiling methansl {20 m'), anc ireated With a S cryesals of sadium

sulftce uatil the color bscame yelisw. Mle she hie: seluzion renovad

unuantad sollis, and cooling the filtraze deposited yellow meecles (0.35 g}

85%) sf Z-mathyl-t-nomopizercnyl

7,6-01inethexy isoguineling,

m octde (33,

np 176-2

. A sanpie recrysiailized fron CHiOK meited ar LBS~181°; uv max {93%

Cataon: 250 Gs1), 287 (3,837 r fmull) 1600, 1275

en 'y amr (Fa0CC0H, external Hg) & 3.00 (s, 1,

16552

Sparonyl-7, taoliniur iodide (3,50 55 1.9 rmol)

was adied in persions to a suspension of Lithiun alamlauy hydrile (9.3 g3

of dry etherM® The at;

20 wmol: In 30 e wader ni was stirred for

i hr at teon terperature. Just enough aqueo:s 13X sodium potsssiar tartrate

was added zo oapulaca the white precipitate. Tie supevhatant erher was

separated by iecunting, sclven was remcved in & strean of aitrogea at 357,

and the pirk

sidue vas crystalitzed quizkiy Fror 857 evharol to give fa

pink needies (3.3 g3 it

neziyl-d-nenoperony’ <7, Bedinert

xy~i,2-3

dehydrogenation with iodine afforded the corresponding
4-substituted isoquinoline 39 in a minimum overall yield of
28% in the five steps from acetal 1. The Py-reduced isoqui-
nolines 40 and 41 were derived from 39 by treatment, re-
spectively, with lithium aluminum hydride in ether®!? and
with sodium borohydride in ethanol. When aminoacetal 1

). - d-fydroxy

nal. Caled. for Casily N

€y 65,033 H, 3.155 ¥, 379} methoxy, 16,8,

Found! G, 65.13 H, 5.3} N, 5.3} methoxy 16,7,

deterninations rade using a Pisher-Johns appuratus instesd of a

melting-polnt bath, a sanple

: homophthelinide 25 prepaved and provided sy

Batiey!? showed mp 130-131.53 and che product described above showed np 1285

130°; a mixcare of The o showsd mp 128.5-130°. The Infrared sdsorption spec

tra

both samples saken as pellets in Kir wera id

sical and {ncluded pesks at
31310 anc 1672 en t.

4-liydzoxy=7,8~dinettowy=1,2,3,4-3 quinol int

ochloride (42)7

& stospersd nixture of I,3-dimeshoxydenzylamincacetal (1} (2.8 i 0.010 70i) arg
50 al of 5 N hyérochloric acié was allowed to sternd overnight st room temperature.

Evaporation of the mixtire uadar raduced pressure (162°) lefr a red oil, whic

wag crysrallized once from 11l ether-sthanol ani three time Zrem methancl,

destres

product 42 as che .7 g of €5%) was obtained with m

170-122%% uv max (7 x 307 M fo edsolute ethancl) 229 nm (loz ¢ 3.43, 278

ir (mineral ofl mull) 3475, 1540, 1605, 1580 cm *,

Anal. Caled. for C,:8,,CIN01 €, 53.77

T, 83.685
N, 6,404 N, 5.70.

Toar the corvesponding c-ethoxy compound 43 was als> prasent was shown by
ixing che crude red oil with acetone, wheveupon & pale yellow solid precipi-

taces, Two crystallizations of chis solid from eck

ol gave erystals (20% yield
of U-ethoxy~7,§~¢ Lrethoxy=1,2,3,4-catrabydtoigoquinolintun chloride (43), %7

147-148° {prelinicary eoloraticn}; ir {minera: oil m

) almost superposable
with che curve fron the d-hydroxy compound 43; nr (3:0) § 7.22 (q, J<B.5,2.3,

8.5, 2, H-5 ané 6), 4.45 and 441 (s's, 2, 2M-1), 3.9 and 3.86 (s's, 7,8-¢iCK,0),

(R, CH-O-CH-CHaY, 1,27 pom (&, J=7, 3, CHaCHa).

regration bexveen

5 3,94 and 3.67 ppa showed 1i prozons as requived.

The piorate of 37, recryscallized izon netasnol, showed mp 178-185°.

Anai. Cales

f0r CyafiaNdyal C, 48,015 Ky £.03; X, 12,44, Founds €

48.17; W, 3.88

Since the free base 37 was very susceprible to air exication, it vas ad-

ventagsous o s:ore tie material as frs fydrochloride, which wes precipltaced

n
by ousbling dry hyerogen chlorice into s solubien of the Sase aniydrous echer.

Crysza2lizatfon without delay from 951 aleokol gave pale yellow crystals af

2-meingL-d-050-7 ) Brddnethony=1,2,3, d-tet ralydreisoquinol indum chloride, mp

152-195° {desomp}i ir § a0 ca”

boamr (D0 8 7.85 (¢, Je=g,
I, He5), TAZO (&, JeB, 1, Re6;, 470 {8, I, ZH-3), €& (s, 2, PH=1}, 3.9} scs

373 (s's, 6, 7,8-d1CEs0}, 107 ppm (s, 3, CHa¥.

Tue N-benzyl derivacive correaponding o the ¥-meshyl compeund 37

29 . N
boen reperied’” with adserption constants chat compars wall with

above.

2-Nattul-d-bycrox

pipersay’ 7,8 imethox;

quinoline (38} by Grignard Additior of Homop: )

Compoyzd 37, ~ A mixbure of homopipevenyl bromide (2.8 gi 12 mmal), 0.3 g

2 mmel} of resublimed magnesium, and 35 ml of istranydrofuran

tilied from iith

» alumfnum hydride vee refluxed for 0.5 br unbil the nag-

pasiun had clsappested. The reaccion wes carried Ouc wnder dry mitrogen in

serupulousiy dried slessware. 1-Methyl-L-oo-7,3:

ecrahydro-

Lun ehioride 37 (1.7 g5 3,5 mmol} the: had bees carefaily dried
vacus was added o perticns te the cold Drignard solutlen from a flask sen-
nected ko the reacilon veasel Ty a wide rubber hose. After L o of reflux,
the mixture was quenchad over ise, Predust was sxtrastad lnto chleroforn,

an¢ the chlerefsrr solution was washed once with water, dried with magiesiun

sulfate, and scripped

a1 velatiles at reom temperature under reduced pres-

tsoquizoline {401, T £O- nitrogen) relsed the

point co &4-65%.

aral. Saled. ot Iy

g, 71365
H, 6,325 W, 3.99.

sgenacion showed that the ¢ibyéralsoquinoline 4 ab-

sorbed 0.90 mala of hydregen onpared with the resulrad 1,0 malei ir (nineral

ol mully 1630 e *) v 13 E.ST (s, 2, R-5,60, £.3G (bread s, 3, plperomyl
31, 1,88 G5, 2, 20010, .57
5 ppn (s, oMy e sigraic

st § 3.6-2.15 pon covzes

of che ditylreisosuincline 43 uncar a mitregen sirsspiere to

Eat methanolic aydreshiords actd Led te ¢isproportionacicn, with formation of

terranydroiscquinoline il ané the full aromstdc isequizoline 33 in aproximate

yields of 45367 and LO¥ veepectively.

posure ©3 acla ar concentrarions of

ydrotsoquinoline a8 lov &s 0.5 I vs gave sssentially che save
resulia.

andeny tpersy 1=, 8- inetoxy quinoline (61}
by_Borohyériin Reduetion af Tsoguinoline Methiad:ée 33, - Excess socium soro-

lydside (0.9 g) was addec in psrtions to a siivrec solation of 2-melnyl

hemopiperenyl-T B~ inethory tsoquinol iniun mechiodide (30) (0.92 g; 1.8 maol)

Gensler, Lawless, Bluhm, and Dertouzos

The methiodide was prepared by trearing the hydrochloride of 43 with éilute
agueaus sodium carbonate, extracting the bssic mixture with chloroform, and re-
moving solvent from the dried caloroform solucion. Distiilatics of the residual
otl furnished the base,bp 141% (0.05 m), corresponding ta he 4-ethary compoand

43, The distilled matarial was stirrod with methyl lodide (3 rolar equiva-

lents) ia benz

e under nirrogen for i hr. The solids were coliectad an:

waehed with dry bemzens to give analycically pure Z,1-dimethyl-d-ethoxy-7,d~

2 2,2.3,

Lindun todide, rp 220-222

anal. Caled. Zor CyoH,uI¥0a% C, 45.80;

6.15; %, 1.56, Found: C, 45.03;
.22, N, 3.85.

Although ve belleve the d-schoxy compound 43 vas present % the cruds
produst, ite fornatien from the L-hydsoxy compount during the crystalllzations
fzom cthasol has net baen preciuded.d

2-Methyl-d-b: i 1,2,3

sosutnalne (38). -
The yellow solution btained on aislng c-veratraliekyde (8.3 gj 0,330 mol}

with eminoacetal (6.7 g3 0.030 mol) in 73 ml of absclute ethancl was hydre-~
sonazed over platinun to forn 2,5-¢inethoxysenaylorinoazetal (1).% Fornal-

aehyde (4.5 § of 7% formalin,

0.05¢ nol} plus 5 =i of aceri: awid were
sddec and the hydroganation wae continued until sncther 0,25 mel of nydrogen
sas taken up.l Removal of tho catalyst and sll volatiles left -4 g (972 of

colorless vily N-methyl-N-(2,3-dinethonyhenzy ) ~aninoacetal (33).

Cyclizazion was effezted by ailowing & sclution of thas aretal (3.7 g o
0,020 mol) in 100 mi of €N hycrochloric acid tc scand at room temperacurs for
one ¢ay, Bringng the reaction mixrure o p 10 by adding €4 sodiun hydroxide
at tenperatares uo higher than 10° preciplrated slmost pure 2-merhyl-i-hydrosy-

7,8-¢ tmesnes

173t i line (38) iz ca. 307 yleld, Sxtraci-
ing the filtrate with ether afforded more of the same prodact, which when

comblued wil

% the original cros melred st 135-136° oither before or afrer

sure. Rushing the Tesidual yellow oil with & livtle nmethanoi procuced 1.t g

(69%) of alrost pure sddicica pr + eryetals, mp 132-115°, Re-

ery:

ilization Erom methancl zave m 118,5° which was hono~

genecus accoréing o thin-layer chramstography (methanol-chicrofora, 611);

e max (954 CaHROK) 206 rm (leg ¢ 4,573, 225 sk {4,053, 281 (3.61); 1z {nin-

eral oil mill) 3420, 1600 cn *} wmr (CICLa) & €.98 (d, Jed, 1, WeG), 6.55

(@, =5,

#=5)0 6140 (s, 3, piperonyl Ar H'a), 5.63 (&, 2, CHz{0)a), 3.65

(s, 5, #,8-21CH;0), 3,52 end 3.28 (&'s, Z, 28-i), 2.8-2.0 (m, CHy-G-CHsCHa],

2.23 ppx (s, CEa-N).  Integvavion from § 2.0-2,8 pon indicated 9 protons,
4nal. Caloé, for CoMaaN0si €, 63.901 Ho £.94; ¥, 3,76, Found! €, 66.20;

) 6,995 X, .64,

Whan expos:

to air for axtended periods, the Grignard adduc

nowed

aigns of change. The hycracaloride of 38 presipitated from aquesus-glecholis

hydroan

ric asid and when veerysallised from aleshol was obtained as white
crystals, mp 142-143%; uv max (2 % 10°% M in C3HCH) 229 ma {log ¢ &,34), 281

14.18).

Frelininary tvial

indtcated that the Grignard addivion uning phener

mags

m bronide instead of homepiperonylmagnesium bromlds wosld olfer no

complicatzons.

aroxy zompound 38 uarmed In methenol contalning various concentrations
of mycrochloric acid gave mixcures. Exposure to hyiroshleric acid in acstic

actd converted the {-aydroxy sowpound to the dfspropartionation products, the

tecranyro and the fully aromatic isoquizoiines, 41 and 33, respectively.

E-tteting

~homap:aetonyl=7,b-dinechoxyquinelintun Todlde {39). = A solu~
cion of the 4-hydzoxy-t-honopiperonylisoquinoline 38 ©1.50 §; 1.6 mmol) in

36 ml of methanol was added to 2 mixtyre of potassium acerate (2.5 p 24 mnoi}

spd 1.3 g (10 amoi) of fodine with 30 ml of 95% alcohol. After a 0,5 hr refiux

17100 7l of e:han

1 pius 100 al of water. Afcer werring on the sceambdach for

Ar, soluent was ramoved

der ra.

iced pressure at 120°, and the vesldual g

was dissolves fn ezher. Introdusieg dry Tydrozen clhlerids precipizaced an oil,
uich was colleczes, suspended in wnier, and treaced with iCh aqueous sodlun

tydronids. Product was estracted From the

zaitne

ixture with ciloroforn,

4 o ca. 2 Tl wes chromatographed |hrough

an¢ the driad extract, seucen

acid-waghed alinina. The eluting Solverts were berzese (127 mL) followed oy

il benzen

form. The paie yallew oil (0.18 57 303} tnec emerged with

"

The 2.371.75 sigrais incegrateq

lowing the retra-

hyéroise:

‘on o merhyl inilde 2 ml}

Line «} co staad for 7 davs i

i rachansl (0.5 ml).
Lswed by

Evaporac
yseallizatior

L rrom the
te cryata

e mate castion mix-

ine 7,2-

ezhoxy=zetranys rolss 1 loidz, np

0.1 X, 2,81, Found: ¥, 495,

was cyclized without N-methylation, the 4-hydroxytetrahy-
droisoquinoline 42° was obtained, evidently mixed with the
4-ethoxy compound 43. Oxidation of the hydroxy com-
pound 42 to the 4-keto derivative was realized, but purifi-
cation presented problems.
4-Ketotetrahydroisoquinolines

analogous to 37 are
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known! but, so far as we could find, they have not been
prepared from 4-hydroxytetrahydroisoquinolines. Al-
though related Grignard additions are also known,?’ they
have been limited in number, probably because the 4-keto
compounds have been hard to make.

In summary, we have described examples of several gen-
erally applicable syntheses of 4-substituted isoquinolines.
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