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Abstract. Dimethyl acetylenedicarboxylate, methyl propiolaie, and eihyl phenyipropiolate surpass the
corresponding ethylenic carboxylic esters in dipolarophilic activity vs. isoquinolinium N-arylimides, a
class of azomethine imines. The cycloadducts contain a NB-vinylphenylhydrazinc system and enter
into a Fischer indole synthesis which stops one step short of the indole. The [3.3]-sigmatropic

Adnat £ ar ) Atennlavanhilas ¢l £
rearrangement involved is likewise faster for the cycloadducts of acetylenic dipolarophiles than for

ethylenic ones and does not require acid catalysis; in some cases the initial adduct escapes 1 NMR
observation. The products 11-17, obtained with ethyl phenylpropiolate, provide beautiful NMR mo-
dels for steric interaction of benzo ring E and the 12-phenyl group. On treatment with strong acid,

hanol)
the pentacyclic rearrangement products suffer fragmentation; e.g., 11 furnishes 4-(o-aminophenyl)-

isoquinoline and methyl benzoylacetate in methanolic HCL © 1998 Elscvier Science Lid. All rights reserved.

Introduction

i nliadag AN D A ccessi

The deep-red isoquinolinium N-arylimides 2 are accessible by deprotonation of the N-arylamino-
isoquinolinium salts 1 2 which, in turn, are prepared by the Zincke reaction.? The N-phenylimide 2a and
the N-(4-chlorophenyl)imide 2b are only moderately stable in solution and cannot be isolated. Due to
the increased stabilization of the anionic charge, the N-(2-pyridyl)imide 2¢ and the N-(4-nitrophe-
nyl)imide 2d were obtained crystalline, but have a limited lifetime. The carbon disulfide adduct 3 is a
convenient and neutral precursor of 2a; the dissociation equilibrium of 3 with the reactants is mobile at

room temperature 2
PAN N Ar NN M
k/ﬂr\;'\ﬁ— I b g l* A SN e
FNN” b | CH,Cl-(4) 2 tvical N6
Br H ¢ | CH,N-(2) S\
1 d | CH,NO,-(4) 2 3 S

The N-arylimides 2, a class of azomethine imines, undergo (3+2) cycloadditions to electrophilic
ethylenes; e.g., 2a combines with dimethyl fumarate affording 4 as the major of two diastereoisomers.*
Ethylene itself is not sufficiently reactive, but the formal ethylene adduct is available via an indirect
route. The structures of the cycloadducts have been clarified by X-ray analyses and NMR spectra.*>

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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The bond system of cycloadducts of type 4 reveals a N®-vinylphenylhydrazine which is amenable
— Y e ke 4l T L L S AT ool o 4 PR TR U R P
to hydrazo rearrangement; the Fischer indole synih he indole - the reason is given la-

t
ter. The pentacyclic aminal § is the product of the acid-catalyzed rearrangement of 4 which proceeds
with retention of configuration at the stereocenters.®

Acetylenecarboxylic esters were more active as dipolarophiles towards azomethine imines than
ethylenecarboxylic esters. The rate constants for cycloadditions to dimethyl acetylenedicarboxylate
(DMAD) exceed those of dimethyl fumarate 240-fold for 6 7 and 65-fold for the sydnone 7.8 Indeed, ace-
tylenic dipolarophiles interacted rapidly with isoquinolinium N-arylimides 2; also the subsequent hy-

drazo rearrangement of the primary cycloadducts was fast.

Phenylpropiolic Ester

When the pale-yellow carbon disulfide adduct 3 was dissolved in CDCl,, the deep-red color of 2a
appeared in the equilibrium. After addition of 2 equiv. of methyl phenylp}opiolatc, the typical AB
spectrum for 5-H and 6-H of the cycloadducts of 1,2-dihydroisoquinoline type was observed in the 'H
NMR spectrum; 8 showed § 6.38 and 5.67 with Jr & = 1.5 Hz. The singlet of 10b-H (& 5.88) is located

in an sﬂlvlm pos ition and, therefore, shifted to hmhp requency pnmnnrpri with ):(1(“1 I—I\ 464 and 447

$ L3 § 93 4 HrAVL VUiV y, VUL

for the methyl acrylate adducts 9 and 10.* The ester cthyl of 9 (6 3.14) reveals the shielding by the
benzo ring, in contrast to §(OCH,) 3.62 for the 18-CO,CH, of 10. It is not unexpected that the OCH,
signal of 8 (§ 3.42) occurs at an intermediate value.

Despite an excess of methyl phenylpropiolate, the red color of 2a did not vanish; an equilibrium
of 8 with the reactants is probable. When the 'H NMR spectrum was recorded again 24 h later, the sig-
nals of 8 had nearly disappeared; the isolation of 8 did not succeed.

For the preparation of 11, the product of the hydrazo rearrangement, the dichloromethane solu-
tion of 2a was reacted with ethyl phenylpropiolate for 2 d at room temp.; the crystalline 11 was obtained

in 57% v1e]d Thus

. the Fischer indole reaction aumn halts at the aminal stage. Both 8 and 11 are ra-
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The molecular model (Dreiding) of 11 reveals a rigid bowl-shaped structure for rings B - D with
5-H, 6a-H, and 11b-H on the B-side; rigid - except for the inversion at N6. The bond planes of the aro-
matic rings A and E form an angle of about 110°. In the 'H NMR spectrum of 11, the cis-vic 6a-H (§
5.44) and 11b-H (6§ 4.11) are coupled with 5.2 Hz. Due to the planar W shape of H-C5-N6-Cé6a-H, 415,63
= 1.5 Hz was observed (Table 1).
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The infrared NH band at 3295 cm’! of 11 is consistent with a sec-amine. The strong coupled
stretching frequencies for the C=C and C=0 of enamine-B8-carbonyl compounds were found at 1585
and 1672 em’l; Dabrowski et al. refer to these as vinylogous amide I and amide II bands.®

The isoquinolinium N-(4-chlorophenyl)imide 2b and the N-(4-nitrophenyl)imide 2d reacted ana-
logously with ethyl phenylpropiolate affording the 10-chloro derivative 15 (48% isolated yield) and the

10-nitro compound 16 (62%), respectively.
The rearrangement pathway of the primary cycloadducts closely parallels the one leading from 4
to 5.6 The [3.3]-sigmatropic reaction of 8 is followed by rearomatization to give 18, the precursor of ami-

Table 1. Selected 'H NMR Data (§ in ppm, J in Hz) in CDCl, (Substituents: E* = CO,C,Hg, E =
CO,CH;, ME = C(CO,CH,)=CHCO,CH,)

R

No. Substituents § 5-H 6a-H 11b-H Other J 5,6a 6a,11

a. 6,6a,7,11b-Tetrahydro-5H-5,7-ethenoindolof2,3-c[isoquinolines

11 12-CH,, 13-F 5.17 5.44 4.11 NH 2.78, 8-H 5.57 1.5 52
12 12-CH,, 13-E’, N-CH, 490 5.13 4.15 NCH,2.76, OCH, 3.91,3.94 20 55
13A 12-C(H,, 13-F’, N-Ac 6.0S 6.88 4.26 CH,CO 2.28, 8-H 5.51 20 59
BB " ! 662 618 431 CH,CO229,8-H5.56 22 56
14 12-C(H; 13-E’, N-Ts 6.04 6.23 4.33 Ar-CH, 2.40, 8-H 5.57 20 55
15 12-CHs, 13-E’; 10-Cl 517 547 413 NH2381,0CH,3.92,3.94 1.7 54
16 12-CH, 13-E,10-NO, 520 561 425 OCH,CH,397,093 15 54
17 12-CH,, 13-E’, N-ME 568 566 430 OCH,;3.673.95 =CH- 5.28 5.6
33 12-E, 13-E, N-ME 5.48 5.63 432 OCH, 3.66, 3.81, 3.81, 3.92 2 5.8
34 12-E, 13-E 505 544 419 NH276,8H6.80,10-H7.07 18 55
43 13-CN 453 527 419 NHZ281,8H7.00 6.0
b. 6,6a,7,11b-Tetrahydro-5H-5,7-ethenopyrido[3’,2°:4,5 [pyrrolo[2,3-c [isoquinolines
37 12-E, 13-E 5.07 5.51 422 NH 2,84, OCH, 3.75, 3.81 55
38A 12-E, 13-E, N-Ac 5.88 690 433 CH,CO 2.23 22 56
38B 12-E, 13-E, N-Ac 652 622 439 CH;CO225 22 56
44 13-E 5.02 5.38 421 NH 2.85, OCH, 3.67 6.0
45 13-E, N-Ac 577 612 424  CH,CO2.19,0CH,3.63 20 60

[+ ]
Py
W
W
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nal 11. Here as in 5 excessive build-up of strain prohibits the indole formation, the concluding step of
the Fischer reaction.®

On refluxing with formalin and formic acid, 11 was N-methylated affording 12 (Leuckart reac-
tion). The N6-methyl shifts the proton signals of 5-H and 6a-H by 0.3 ppm to lower frequency (Table 1).
The N-acetyl derivative 13 displays two sets of NMR signals as result of the hindered rotation about the
amide C-N bond. The two rotamers A and B occur in an equilibrium ratio of 76:24, and the influence of
N-acetyl on §(5-H) and §(6a-H) (Table 1) allows the conformational assignment. In 13A the deshielding
by the anisotropy effect of the C=0 group is greater for 6a-H (a5 1.44 ppm) than for 5-H (45 0.88 ppm);

the opposite is true for 13B where the carbonyl is located on the side of 5-H. In the Né-tcsyl dcrivatwc
in

o

14, 5-H and 6a-H are deshielded by 0.8

The NH of 11 reacted also with DMAD giving the crystalline 1:1 adduct 17; primary and secon-
dary amines add to DMAD furnishing derivatives of dimethyl 2-aminomaleate and 2-aminofuma-
rate 1011

§6.90 6.70
. M (/fxl 6.67
\\/K/ 12 g3 15 Azs
3 ]
" [+
IR A 10-H (] o 675 |
11'\ } ) &N 1 h
2% I 2R 2-H
12 I\‘I
\ /] o A A
CHoc-// | 6 JUNL NI J UU\
pZ 1 Ns 5.9’ ' 's.la‘ o Is.l7' ' Im;m G.Ie 6.7 pom
— .
7 i CH, Figure 2. Sections of the "H NMR Spectra (CDCl,,

400 MHz) of N-Methyl Compound 12 and 10-Chloro
Compound 15

ruct ketch ,
Based on Dreiding Model
c-4' c-1 c-é c-9 C-2
I IC'5! I
Y el
c-2 c-6 I ﬂvl‘c_al I
Figure 3. Section of the 13C NMR A )\ ‘b } I IL
SpeCiTUHOf1211CDC3aLluﬂf‘v{HT L A
130.0 129.5 129.0 128.5 128.0 127.5 ppm
Surprising in the 'H NMR spectra of 11 - 17 is the appearance of an aromatic proton signal in the
region of the aliphatic H. The dd - sometimes a broadened d - at § 5.43 - 5. 57 belongs to the 8-H
(Tables 1, 2); thus, the §; 7.26 of benzene is shifted to lower values by 1.7 - 1.8 ppm ! A minor part of
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the effect results from the electron release by N7 (aniline-type resonance), but much larger is the shiel-
dinog of R H hv 1?2-nhenvl Accnrdine ta the Dreidinoe mndel the dictance fraom .H ta the middla nf tha
Akl L UTaAs U] K b HLAVLLJI. .(L\.'\-»\)l.\-llllb VW VAlWw AL Wwindilld AR/ Ry Lo MUIOWQUAVA L1 UILL U a1 VWD MW UMY UL LU
i lama of tha 17 mhanul e alas N R Tace than tha cim nf the van dor Waale vadil (IT 14 X L,Ie
111 pxauc 1 LG 14~P1ICILYLE 1D aVn LU M, 10D LAl LT dUdL UL LG vall Ll ¥vadld 1auil \ll 1.4 A, llall-

o~ H A
thickness of benzene m-cloud 1.85 A).1%13 Thus, the 8-H is pressed into the shielding cone of the 12-phe-

Hindrance to phenyl rotation renders the five phenyl CH signals anisochronous. A DQF-COSY 14
experiment with the N-methyl compound 12 established the sequences of the aromatic hydrogens, and
NOESY 15 anchored them by showing the proximity of 11-H, 11b-H, and 1-H. The shielding interaction
of benzo ring E and 12-pheny! is mutual; two further high-field signals at § 6.6 - 6.9 come from 2’-H and
9-H, the latter still being in the "pressure zone" (Fig. 1). For corroborating effects in the spectra of the
10-chloro compound 15 and the 10-nitro compound 16 see Table 2 and the experimental section.

Table 2. 'H NMR Spectra (400 MHz, CDCL;) of Ethyl 6,6a,7,11b-Tetrahydro-12-phenyl-5H-5,7-ethe-
nnindonlnl? 3.rlicaaoninnline-13-carhayvlatec: Selacted &§._ (in nom) of Aromatic Prataone:
neingeio) 4,2-C ISCQUINCING- 1 2-Carnoxyiates; oCieCied ¢y (I ppm) of Aromatic rrolons;
ME = C(CO,CH,)=CHCO,CH,
No. Subst 8-H 9-H 10-H 11-H 2-H 3-H 4-H 5-H 6'-H
12 N-CH, 5.56 6.70 6.90 748 6.73 7.16 7.39 748 7.59
15  10-C 5.43 6.67 Cl 7.45 6.75 ~7.18 7.40 7.49 7.58
16 10-NO, 5.50 7.66 NQO, 3.34 6.83 7.46 ~7.52
17 N_ME S SN A T4 A Q4 720 AT ~71Q 741 T 40 780
a7 ANTiIVAALL poreeLv] ./ T V.77 T V. /0 {+4A0 f."T 1 i v 7 e rd
Te tha ratatinn nf 19.nhanyl ramnlataly frazan 9?2 Ria 9 chnaue a hraad d far 2. cnoocacting
A3 WitV 1UvlQllvll VUl A P‘l\tll s Mull]yl\llyl LiVULNnvI i 15 & D1IVYWDY 4 vivau u i1ul & TAA ausé\rallll
........... tale £ YT Tpiar nfdhio LY et ol ot o Tamnand ciamalos mamleg 4hio A2 IF 0o o1 abin aales 44
CKLLI(X[IEC WILL U -1, I'oul Ui uuc \,61_15 plUl\) 1N g YO 11I5DC 1L vivau blg iald, Ulll 11T & -I'1 dS1Pildl =~ LIIC Ol i

;1

in the spectrum - is sharp. The phase-sensitive NOESY experiment with 12 reveals the exchange within
the pairs 2°-H/6-H and 3’-H/S-H by a positive cross-peak, compared with the normal negative cross-
peaks for NOE effects.

The 13C NMR spectra display four aromatic CH signals which are broadened by exchange, shown
for 12 in Fig. 3. According to the HETCOR 1 experiment, they belong to the o- and m-positions of
C¢Hc. The mutual shielding of ring E and 12-C.H is not reflected in the § values; CH-2’ has the
highest § (130.1) and the lowest &;; (6.73) among the four centers.

The inductive electron w1thdrawal by N7 and the mesomeric electron release are responsible for

tha hig diffarance hatwaan the vinvlic .12 (188 8§ nnm) and .12 /107 Q nnm)
tuc ULE VLIIVIVIIVG UL LYWL LLD LW VILIYLIU T i o \.lJJ..J lJPl 1) AallU 710 LAV /.7 }IF 11 J.
Acid Cleavage of Rearrangement Products

Notable for the rearrangement products 11-16 is their cleavage with acids. The treatment of 11
with hydrogen chloride in methanol at room temp. provided methyl benzoylacetate (58% yield) and a

N i

o <
crvstalline base C. . H (76%): the latter is an isomer of isoguinolininm N-nhgn limide (29\ Methvl
crystalline base C,5 1,,N, (76%), oquino p \!
benzoylacetate is the formal hydration product of phenylpropiolic ester. The base was diazotized and
R, Al M s bal T 3 o i oo D cncraaline a caritmnis nmarendéia amedimae Tha danmeian
(&8 PICU W Il Z-11 PlllllUl glVl lg 10Ul ugc dzZo _YC, I VCdlllls d Pll lldly aromauic aiiliiie 11c ucauuua—
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tion of the diazonium ion by hypophosphorous acid afforded 4-phenylisoquinoline (21) which was identi-
fied with a specimen prepared by a Pictet-Gams synthesis.!” Thus, the base C,H,,N, must be 4-(2-ami-
nophenyl)isoquinoline (19). S

The 10-chloro compound 15 was amenable to the same cleavage by acid furnishing the isoguino-
line derivative 22. The 'H NMR spectrum confirmed the substitution pattern of the 2’ ammo-S’—chloro-

’ ’
phenyl group in 22. The AB spectrum of 3’-H and 4’-H was observed at § 6.77 and 7.23 instead of §
with anh ant ineremeante 18
6.69 and 7.14, as calculated with substituent increments.

st
The rearranged adduct of dimethyl fumarate, 5, is resistant to 80% sulfuric acid at 100 °C.% In
contrast, 11 underwent cieavage affording acetophenone (55%) and isoquinoline derivative 19 (47%);
the benzoylacetic ester was converted to acetophenone under these conditions.

_ L AU~ A~U_
25 26 27 Toves e
T 0
—-H*
/N
/ \
. C_ VRN AN
Ll S5 Q0!
= N “, 7 + H
T AN — l:*,r\n\c,csH5 IR (\“'?-N_‘C,CGHS
WNH‘.)_CGHS O+, ¥ [ Sy E - CO.CH
\\‘\/< Ao NH - AN C. 23
E E HE
H
28 29 30

Several sequences of steps can be conceived for the fragmentation of 11 with HCl in methanol.
The first of the two illustrated pathways combines the C-C cleavage as the key step with the aromatiza-
tion of ring B. Protonation of 11 may give a small equilibrium concentration of 25, and prototropy could
provide 26. The marked electron movements are conjectured to lead via 27 to the cleavage products.

Transesterification of ethyl ester 11 takes place in the reaction course which is formulated above for the
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An alternative route starts with the C-protonated enamine 28. The ring-opening 28 - 29 is the
reversal of the electrophilic attack of an iminium ion on an enamine; then the tautomer 30 opens the
PR UG . S, stale e la P A PRV & N TR SR [ NSRRI . U UV JINGUN. . Y s o eas R
aminai ring witn LUIILUIIHLdIlI aromatization. 1ne f ward reaciion Ul lll'll[llUIH lUIlb Wl[h CIldIIllnCS or Vl'

nylogous amides is known.!9-2! As for the reversal 28 - 29, the analogy with various acid- or base-cata-

lyzed reversions of Mannich reactions is pertinent. 22,23

.. e ¥ oA _ e ¥ __ X ___ b Fou_ . . W _ T _____T °F_
enyL Aceryeneaicarooywie ay a wvpowaroprnii
The initial cycloadduct 31 of the N—phenyhmide 2a to DMAD was not observable in the 1H NMR

)
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1. | 2 carinenl o b 112 1 emnoemdlsn 10
\PCLU ulll, uclause seiuiuatly lCdLl.lUll.b = 1CElL ctt 1y dCvCldl - weic 100 1ast. A Llybt 1111 l.L'PIUUUCt 17

21%) was isolated, when DMAD was applied in excess. The IR-spectrum displayed no NH, but the
strong and broad absorptions of the enamine-8-carboxylic ester suggested 33. The 'H NMR spectrum is
in harmony (Table 1) with the structure; the 5-H at § 5.48 is long-range coupled to 6a-H (§ 5.63), ma-

king it distinguishable from the s (§ 5.26) of the aminomaleic ester group attached to Né.

H
N AN ' A8 N
WN\N’;\J @b\ﬁa 2 e X H\:.OD N‘N-C H, z e \i2 £
HY —/ /NR/ Ein ! iiH NP _NR />

2
7 2 - _\\"5 13 - é{ é H\e‘s 13\E
31 Ar = CH, 33 R = C(E)=CH-E 36 37 R=H
32 C;H,N-(2) 34 H 38 CO-CH,
35 CHO

The dimethyl maleate group of 33 was removed with hydrochloric acid in aqueous methanol fur-
nishing the 1:1-product 34 in 80% yield. Treatment of 33 with 2,4-dinitrophenylhydrazine in methanolic
sulfuric acid gave the DNPH derivative of dimethyl oxaloacetate. On the other hand, 34 was reconverted
to the 1:2-product 33 by DMAD.

The rearrangement product 34 shows the infrared N-H frequency at 3328 cm™l, Besides the car-
bonyl absorption of the N-conjugated 13-CO,CH, at 1696 cm’l, that of the 12-CO,CH,; at 1739 cml was
observed. The aromatic 8-H ( L1 6.80) is nearly normal for the o-position of an aniline derivative (Table
1). The electron release by N7 becomes notxceable in the 13C NMR data, too; 6(C-8) 116 0 (115.6 ppm

VA e iirimriiire N acciomer 1 Tha e
I4 WETE uucquxvuuauy aamgucu 1ne qu

couplings (COLOC-S),2* mostly "JCH. The X
CO,CH; with the aromatic 8-H.

The adduct 36, prepared from 2a and dimethyl 2-chlorofumarate,” does not undergo the acid-ca-
talyzed hydrazo rearrangement. However, on treatment with sodium methanolate, the intermediate eli-
mination product 31 was converted to 34.

The diester 34 is not as susceptible to acid as the phenylpropiolic ester product 11; 34 is stable

under the conditions where 11 is cleaved by hydrogen chloride in methanol. It requires treatment with
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80% sulfuric acid for the degradation of 34 to 4-(2-aminophenyl)isoquinoline (19).
a ruclnaddiicte nf icnnninnlininm ={’),n\1r;ﬂu‘\im‘rln {30\ tn Aimathuyl fiimarata and Athar n]nn;
A LI 'v: viIUVAQUMIULVLD VL lﬂUL‘ULLLUlLAuuLJL 4y \‘4 P 11\ A]lllllu\« \Hv} LU VLIV LAY LUHLLIAL ALY Al ViV L WiV
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trophilic ethylenes did not enter into the acid-catalyzed hydrazo rearrangement.® However, the adducts

to aCCWleHCC&l’DOX}lHC esters Cd\lly gvercome t"is resistance. The ITCSD SOIUHOD of CqUImOIdT amounts 0[
2¢ and DMAD in CDCI; exhibited the "H NMR spectrum of the primary cycloadduct 32 with the AB
pattern of 5-H and 6-H (8§ 6.10, 5.73) and the s of 10b-H at § 5.75. After 1 d at room temp., the
spectrum indicated the complete rearrangement 32 -+ 37. The broad s of NH and the signals of the ring
protons follow closely those of 34 (Table 1).

The unstable 37 failed to crystallize, but the N-acetyl compound 38 (45%) was generated, when

the rearrangement 32 - 37 took place in acetic anhydride and acetic acid. The hindered rotation of the

acetamide group in 38 was responsible for double sets of H and 13C NMR signals, including even those
of the aromatic rings; the two conformations A and B contribute with 58:42 to the equilibrium. The
§(5-H) of 37 is increased by 0.81 ppm in 38A and by 1.45 ppm in 38B, whereas the increase of §(6a-H) is
greater for 38A (1.39 ppm) than for 38B (0.71 ppm); see Table 1. The acetamide group is coplanar with

the W shape of H-C5-N6-C6a-H, and the carbonyl group points in rotamer A to the side of 6a-H causing
the greater deshielding; this was corroborated by NOESY experiments. Correspondingly, the & values
reflect the anisotropy effect of the amide group: §(38A/38B) is 50.9/45.5 for C-5 and 66.3/71.1 for C-6a.

Although 5 originates from a hydrazo rearrangement of cycloadduct 4 (2a + dimethyl fumarate),
the MS of 5 features the elimination of dimethyl fumarate as the major fragmentation pathway.® The
products from acetylenic dipolarophiles behave differently. In the MS of the 10-chloro compound 18, the
molecular peak is the base peak. Neither ethyl phenylpropiolate nor its acylium ion appear among the

cationic fraoments of 181", but m/z 252 (23%, C. . H.CIN, +\ fits IM* - 2 H - ethvl phenvlproniolatel:
cationic fragments oI 2 N 1/2 224 (2376, Lq58ig-1iNy s (M2 1 - €yl paenyiproproiaicy;
amang manu nnccihla ctrmintnrac tha aramatis indanlal? 2-licanmiinalina 20 wanld raanira tha lanct ctrines
cu.uuus jesvaniy }JUDDIUL\; Sl ULl W, LW dluilliatliv llluUlULL,J‘L—]laU\iulllUllllU <7 YWuulu lk«\iull\/ tiiv 1L Aadt Jkl uw

-1 ;_u_,__L:___ A PSRRI -5 LR & W & Y N 1/ [ AE A7\ e LYY 7907\ ol
turdi alle€ratioiIl, Iv] ldJUI TagInieinis o1 125 are |(Mm - - LUZLZI‘ISJ Un/z 3o ‘PJ"/O), [229 - OILIN| (4470 ), 41IA

[355 - C¢Hs] (21%)- The appearance of the isoquinolinium ion (m,/z 130) is marginal.

In the MS of 34, the molecular peak appears with 81% and [M™ - CO,CH; - HCN] is the base
peak. [M* - DMAD] (m/z 220) is missing; instead, m/z 217 (47%) [M* - DMAD - 3H] and 216 (38%)
[M* - DMAD - 4H] appear. In the MS of the N-formyl derivative 35, M*" is the base peak, but many
fragments reveal the easy loss of carbon monoxide.

Methyl propiolate

After 3, the storage form of 2a, was reacted with an excess of methyl propiolate at 0 °C, the TH

NMR spectrum of the initial cycloadduct 40 was recorded at 0 °C. The vinylic 2-H (§ 7.82) shows an al-

lylic coupling with 10b-H (8 5.67, 4/ = 1.6 Hz). The signals of 40 were gone 30 min later; the new broad
bands suggested a mixture.

We failed to isolate the carboxylic ester 42, but the carbonitrile 43 was available by another route.

The cycloadduct of 2a to 2-chloroacrylonitrile was rearranged by picric acid furnishing 46. 6 The elimina-

on 0O vf hydrogen chloride by DBU afforded the crystalline 43, The 1H NMR spectrum of this formal

cyanoacetylene adduct was in accordance with the expectatmn (Table 1).

L o a Al ~adle

2a, the N- \A—pyuuyl }umuc 2¢ combined with mcmy Pr ﬁpmlate giving h

11

PPN | RN
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cycloadduct 41. The red-violet color of its solution indicated an equilibrium concentration of Z¢ which
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ectrum, recorded after 15
min at room temp., agreed with the cycloadduct 47. The 5-H and 6-H occur as d at § 6.22 and 5.44 (J =
7.5 Hz). The 10b-H signal at § 5.29 is a q and the 1-methyl signal a d with 4/ = 1.5 Hz; such long-range

couplings via a spZ-hybridized C-atom are known.18
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46 a7
We could not obtain 47 in pure form. Therefore, the assumption of a switch in regiochemistry (41
I § . PO 27"“1 TR ATY .

vs. 47) is tentative and based on the analogy with cycloadditions to enamines.~’ The NMR evidence is in-

ramework of the opposite regiochemistry, the long-range coupling would be homoally-

-

sufficient. In the
lic.

General® All NMR spectra were taken in acid-free CDCl,, if not otherwise stated. PLC is prepa-
rative thick-layer (2 mm) chromatography, and CC on silica gel is column chromatography. Melting

o
A
tn
=)
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Phenylpropiolic Ester

Methyl (rel-10b-BH)-(%)-3,10b-Dihydro-2,3-diphenylpyrazolo[5,1-a]isoquinoline-1-carboxylate
(8): CS,-adduct 3 (100 mg, 0.34 mmol) in 1 mL of CDCl; was reacted with 100 mg (0.60 mmol) of me-
thyl phenylpropiolate. After 30 min, the 'H NMR spectrum indicated only the signals of 8 and the excess
of the dipolarophile (OCH; & 3.73). 8: § 3.42 (s, OCH,), 5.67 and 6.38 (AB, J5,6 = 7.5 Hz, 6-H and 5-
H), 5.88 (s, 10b-H); (C,Dy): 3.12 (s, OCHj), 5.60 and 6.36 (AB, J = 7.5 Hz, 6-H and 5-H), 5.93 (s, 10b-
H). The signals of 3 have vanished. Due to the high extinction coefficient of 2a, the solutions in CDCl,
and CcD are deep-red without the NMR signals of a small equilibrium concentration of 2a being obser-

ved. On the following day, the solution was light-yellow and turbid.

Ethyl (rel-5-8H,6a-8H,11b-8H)-(*)-6,6a,7,11b-Tetrahydro-12-phenyl-SH-5,7-ethenoindolo[2,3-c]-
isoquinoline-13-carboxylate (11). (a) Preparation from 1a: N-Anilinoisoquinolinium bromide 2 (1a, 15.1
g, 50.1 mmol) was dissolved in 600 mL of water; the red precipitate after baSnymg with aqueous sodium
f CH,CL,. After quick d

e 4 RLLLA HRULAR ek

f~
o

wn
D
3
H
3
=2
N

A

enliies
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|
)
>

tion was concentrated to sma i

11 (113 g, 57%) was obtained in colorless crystals with mp 206.5-207.5 °C (acetomtrlle) IR (KBr):
702 cm't m, 760 st br (arom. CH out-of-plane def.), 1202 st (C-O); 1585, 1672 st (coupled vibr. of en-
amine-B-carboxylic ester), 3295 (N-H). - UV (CHCl;): .. (log ¢) 327 nm (4.05), 245 (4.10). - 'H
NMR: Table 1. Further data: § 0.87 (t, CH,) and 3.93 (q, OCH,) with J = 7.1 Hz; 6.60 - 6.97 (apparent
td, 2 Ar-H), 7.00 - 7.80 (m, 10 Ar-H). - Anal. for C, H,,N,0,: caled C 79.16, H 5.62, N 7.10; found C
78.99, H 5.73, N 7.24. — Picrate of 11: mp 176-178 °C (dec), rods from ethanol.

(b) 6-Methyl Derivative 12: 320 mg (0.81 mmol) of 11 was refluxed in a mixture of 5 mL of propa-

nol, 2 mL of formic acid (98%) and 4 mL of formalin (35% aq. formaldehyde) for 2 h, poured into an

excess of NaOH and extracted with CH,Cl,. Colorless needles (142 mg, 43%), mp 174=175 °C, came
1 - e

from ethanol. - IR (KBr): ¥ 700 cm™, 708, 735, 757 {arom. CH out-of-plane def.), 1115, 1207, 1221,

1247 st (C-0O), 1470 st, 1606 w (arom, ring vibr.), 1571, 1582, 1672 st (vinylogous amide I and amide II) .
IH NMR (400 MHz, Tables 1, 2). The above-mentioned NOESY experiment signaled the exchange pro-
cess of 2’-H/6’-H and 3-H/5-H in the slowly rotating 12-C Hs. Interestingly, the vicinity of 2’-H/
3’-H and 5’-H/6’-H (coupling is normal) is not indicated by NOESY signals. We ascribe this to the com-
plex interplay of exchange together with internal and external relaxation. The close spatial relation of
2-H with 8-H is likewise not indicated in the NOESY spectrum. DQF-COSY provides the sequence of

2-H to 6’-H, but the direction of assignment relies solely on the low &§(2-H) of 6.73 ppm (shielding
cone of henza ring BY whereae S(A’-H) 7 §Q enooecte thic hvdroocen lies within the dechielding snace of
WL L UNALILAT 1 ER LA/ YV llwi wiao U\U IAI i anl 7 uubbuubu (S ¥R -ll.y ulUbv‘.L AT ARAIRLE LilW ANAUL vluALLb ul}uvv AV
ring E. Further data: § 0.88 (t, X3 of ABX3 for OCZH , 3.91, 3.94 (AB of ABX3, 12 lines visible, Jvic
=7.1 Hz, J,, =-108 "z simulated by DavinX,? CH, of OC,H,). Ring A: § 7.39 (1-H), 7.16 (2-H)
7.14 (3-H), 7.56 (4-H). - 13C NMR (100 MHz, DEPT, HETCOR, Fig. 3): § 13.7 (CH; of ethoxy), 41.1

(NCH,), 45.8 (C-11b), 56.6 (C-5), 59.5 (OCH,), 80.6 (C-6a), 117.6 (C-8), 124.3 (C-10), 124.8 (C-11),
1263 (C-3), 127.1 (C-2), 127.3 (C-9), 127.75 (br, C-3), 127.82 (br, C-5"), 127.9 (C-4), 128.6 (C-1), 1288
(C-4), 129.1 (br, C-6°), 130.1 (br, C-2’); the COLOC-S ** experiment confirmed the assignment of the
quaternary C atoms: 107.9 (C-13), 132.7 (C-11c), 137.6 (C-1’), 138.6 (C-11a), 139.9 (C-4a), 146.0 (C-7a),
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680 cm-1 734 m, 76 st (arom. CH out-of-plane def.), 1123, 1222 st (C—O),
606 (arom. ring vibr.), 1665 vst br (amide I, vinylogous amide). ~ 1H NMR (400
MHz, Table 1): The mtegrals aliowed the assignments of rotamers A and B (76:24). Further data for
13A/13B: 6 0.85/0.95 (t,J = 7.1 Hz, CH; of OC,Hy), 2.28/2.29 (s, CH,CO), 3.95 (mc, 12 lines visible,
AB of ABX;, diastereotopic CH, of OC,Hy), 5.51/5.56 (d br, J = 8.1 Hz, 8-H), 6.74/6.74 (d br, 2’-H),
6.72 (td, 9-H), 6.93/6.96 (td, 10-H). ~ Anal. for C,qH,,N,O,: caled C 77.04, H 5.54, N 6.42; found C
76.53, H 5.46, N 6.42.

(d) 6- Tosyl Derzvatw 14:
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H), 6.90 - 8.00 (m, 14 Ar-H). - Anal. for C;;H,gN
71.92, H5.05, N 5.12, § 5.94.

(e) 10-Chloro Derivative 15: As described above for 1a -+ 2a, 3.36 g (10.0 mmol) of salt 1b was
converted to 2b in 150 mL of CH,Cl,. After reacting with 1.77 g (10.2 mmol) of ethyl phenylpropiolate
for 2 d at room temp., the still raspberry-red solution was concentrated to ~ 10 mL. Addition of metha-

nol pr()vided in two fractions 2.07 g (48%) of 15 in colorless needles, mp 200-201 °C, - IR (KBr):
699 cm’! m, 724, 750, 814 st (arom. CH out-of-plane def.); 1070, 1123, 1223, 1246, 1256 st (C-O,

2!
%)
C’ ~
U‘l
©
£,
o)
[=%
@]
~J
N
N
P
o

CIC(H,); 1464 st, 1488 w, 1608 w (arom. ring vibr.); 1584, 1677, 1687 st (vinylogous amide); 3341 m
(N-H). - 1H NMR (400 MHz, Tables 1, 2): & 0.89 (t X part of ABX;, CHy), 3.92, 3.94 (AB of ABX,,
14 12 1 al wr 2U r — ~ 4 ¥Y ) 4 Y Do~ Py

14 lines visible, simulation by DavinX, Jic [1Hz, Joop = 10.7 Hz, Lr12 ot U(, 5) The assign

ment of the Ar-H (Table 2) followed that of the signals of 12; 9-H forms a dd with J = 8.5, 2.2 Hz, and
11-H is a d with J = 2.2 Hz. The influence of Cl on the & in ring E is small as expected. The signals of
1-H to 4-H were not disentangled. - 3C NMR (100 MHz, DEPT): Comparison with the con-
firmed & assignments of 12 leaves little uncertainty. § 13.7 (CH; of OC,Hjy), 45.1(C-11b), 49.9
(C-5), 59.5 (O-CH,), 74.9 (C-6a), 118.0 (C-8); 125.1, 126.5, 127.3, 127.4 (C-2, C-3, C-9, C-11); 128.3,
128.7 (C-4, C-1), 129.1 (C-4’); broadened by exchange: 127.95, 128.03 (C-3’, C-5’), 128.8 (C-6’), 130.3

(C-2%; quaternary C atoms: 114.2 (C-13), 129.0 (C-10), 1324 (C-11¢), 137.5, 139.0, 139.9 (C-4, C-11a,

C-11c), 144.8 (C-7a), 155.5 (C-12), 167.6 (C=0). = MS (170 °C); m/z (%): 428 (100) [M ,37(:1 + 13c
caled. 36.1/found 36.1], 427 (21) [M* - HJ, 401 (10) [M* - HCN; 13C 2.9/ 3.2), 399 (16) [M* - C,H],
381 (11), 355 (45) [M* - CO,C,H; 13C 12/14; 37Ci 15/16], 328 (22) [355 - HCN], 327 (20), *3 (12), 325

(13), 324 (11), 293 (13), 292 (11), 291 (12), 278 (21) [C;;H;CIN,*, M* - CO,C,H; - CH 37C1 + Bc,
7.0/7.5], 252 (23) [C,5H,CIN, ¥, 39; 3'C1 + 13C, 7.7/7.5], 217 (5) [252 - C1], 130 (4) [Imqumohmum“L]. -
Anal. for C,H,,CIN,O,: caled C 72.80, H 4.94, N 6.53; found C 73.35, H 4.96, N 6.56.

(f) 10-Nitro Derivative 16: 265 mg (1.00 mmol) of the carmine-red 2d in 25 mL of CH,Cl, was re-
acted with 191 mg (1.10 mmol) of ethyl phenylpropiolate. By the same work-up as above, 272 mg (62%)
of 16 was obtained in bright yellow crystals (CH,Cl,/methanol), mp 283-285 °C (dec.). - IR (KBr): »

704 em’l, 722, 734, 752, 762, 831 st (arom. CH QLt-eL-pla,,c def.), 1088, 1228, 1242 (C-O, C-N), 1328,
1504, 1516 (NO,); 1584, 1671 st (N-C=C-C=0), 3345 (N-H). - TH NMR (400 MHz, Tables 1, 2): 6



8462 K. Bast et al. / Tetrahedron 54 (1998) 8451-8468

0.93 (t. CH.. of OC.H.). 3.97 (a. J = 7.1 Hz. O-CH..). 7.36 (dd. 1-H). 7.46 (it. 4-H). 7.66 (dd. 9-H) & 34

b ' 8 ¢ fed Ly T2 0 R84, Js oL I2), £.00 8L, J-I1), 8.25
(A T =24H> 11.HY Tha TMI.NN_ ornnn dachialde O.H ho N 0K nnm and 11 hy N Q4 nnm srnmnarad
W, v 457 L1, 11°41). 100 JUnINGU, BIUUP ULanitits 7= 0y v.7U ppill aiil 11-11 0y v.00 ppiil, Toipdicad

with 12; data tables give +0. pm.'8 Signal overlap renders some assignments of ArH uncertain. -

Anal. for C,cH,N;O,: N caicd 9.56, found N 9.91.

(8) DMAD Adduct 17: 395 mg (1.00 mmol) of 11, dissolved in 25 mL of ether and 10 mL of
CH,Cl,, was reacted with 156 mg (1.10 mmol) of DMAD for 24 h. Removal of the solvent left adduct 17
which was twice recrystallized from CH,Cl,/methanol: 374 mg (70%) of colorless crystals, mp 239-241
°C, was obtained. - IR (KBr): 5 701 ecm™l, 763 st (arom. CH out-of-plane def.); 1119 st, 1160 vst, 1120,
1160, 1228 st (C-O); 1372 st; 1598 vst, 1674, 1708, 1743 st (C=0 and vinylogous amide). - 1H NMR (400

MHz, Tables 1, 2): 6§ 091 (t, J = 7.1 Hz, CH; of OC,Hj), 3.90 - 4.12 (m for diastereotopic OCH,, of

o
o

ABXA 430 (dbr, J ... = 5.6 Hz, 11b-H), 5;50 (dd, 8-H), 5.66 and 5.68 (higher order, .SLm.J..lated by

a iib bd Vad \ 7 a4 \ (=4 b J
nc.vnY J . =5KHz J. =24Hz 62-H and 5-H) 674 (td O.H) 678 (d hr 2. H\ 604 (td 10
A/ AV LIS Ny -l6 ,llb Fa\S R Riuy "5,63 r=7 ARy UK AR Qiig S AA,’ Jeid ¥ \I,‘J, rd AAI’ VeI O \u Ul, et ll}, Je 77T \l-u’ Fav,
Y 7 1A ferinarimnnead ciaoanale nl?’) IJ 2. LY 22 LI 72Q FAA 1. LIN T A1 f¢¢ A2 LIN T AQ £+ Lo &2 LYY
E1j, /.10 - /.47 \SUPCTIIPOSTa Sigilais O1 4-r1, S5-11, J =11, /.00 (G4, 1-x1), /.51 ({1, 4 -01), /.47 (1L 0L, 5 -11),

o

7.50 (d br, 11-H), 7.56 (partial overlap, 4-H), 7.59 (d br, 6’-H). The splitting pattern of aromatic H is si-
milar to that observed for 12. - 3C NMR (100 MHz, DEPT): § 13.7 (CH, of OC,Hj,), 44.9 (C-11b),
51.3,53.3 (2 OCH,), 52.4 (C-5), 60.0 (CH, of OC,Hs), 74.8 (C-6a), 1174 (C-8), 124.8, 124.9 (C-10,
C-11), 126.9, 127.8, 127.9, 128.0 (C-2, C-3, C-4, C-9), 128.7 (C-4’), 129.4 (C-1); broadened by exchange:
127.7, 128.0 (C-3’, C-5), 129.5, 130.3 (C-2’, C-6"); quaternary C-atoms: 92.7 (C-B of side chain), 110.9 (C-
13), 132.2 (C-11c¢), 136.4, 136.7, 137.4 (C-4a, C-11a, C-1’), 145.0 (C-7a), 151.7 (C-a of side chain), 156.2
(C-12), 165.4, 166.7, 167.4 (3 C=0). - Anal. for C;,H,N,O;: caled C 71.63, H 5.26, N 5.22; found C

71.74, H 5.53, N 5.33.

Acid Cleavage of 11 and Derivatives. (a) 11 (3.95 g, 10.0 mmol) in 50 mL CH,Cl, was treated
with 100 mL of conc. methanolic HCL. After 10 d at room temp., the volatile was removed in vacuo up to

). The semisolid residue was shaken with water/CH, CL,. From the organic phase, 1.03

o
b Y B o -

N

e 2 with nff
).29 The aqueous phase was made alkaline and
The base was dlStllled at 150 °C (bath)/0.005 Torr; it solidified on cooling, and 1.67 g (76%) of colorless
4-(2-aminophenyl)isoquinoline (19), mp 110-112 °C, was obtained. Recrystallization from CH2C12/

cyclohexane gave fine needles, mp 116-117°C. - IR (CCl,): » 3387 cm™, 3475 (N-H), 3025 (arom.

C-H). - Anal. for C;cH,,N,: caled C 81.79, H 5.49, N 12.72; found C 81.52, H 5.58, N 12.56. - The
yellow picrate of 19, mp 201-203 °C, has a low solubility in ethanol. = The N-Tosyl Derivative 20 was ob-
tained from 19 with tosyl chloride in pyridine and recrystallized from CH,Cl,/methanol: colorless

rhombs, mp 235-236.5 °C. - Anal. for CMH.,,N,.O,‘S N calcd 7.48; found N 7.71. = The reaction of 19

with benzoyl chloride in pyridine prov1ded the N Benzoyl Derivative, mp 139-140 °C (CH,Cl,/cyclohexa-

he basic product extracted with ether,

na) — Anal far™ H N N palad 7 Q1 46 T 4 0‘7 N 864 foune 10212 1400 Y\TQK")
ic ). Adlal, I gyl giNA I, CaICa LU 01.40, 11 4.7/, IN 0.04, 10UNG U 61.50, 11 4.5, IN
<r JUUIGUUR | R L gy F T L oNnp7 £ — .

.50 g, 3.80 mmol) was dissolved in 15 mL of 80% sulfuric acid; after 30 min at room
temp. and 30 min on the steam-bath, the green solution was poured into water and extracted with
CH,Cl,. The neutral product was acetophenone, purified by distillation (55%) and identified by its IR
spectrum and the 2,4-dinitrophenylhydrazone, mp 248 °C (dec.). The aqueous layer was made basic with
sodium carbonate; the organic base was isolated via the CH,Cl, extract and consisted of 19 (395 mg,
47%), mp 214-216 °C (cyclohexane).
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T f -
(35%). - IR (CCI ): ¥ 3380 cm’l, 3470 (N-H). - UV (CHCLy): A, .4 321 nm (3. 77) 0sh (3.73), 274
sh (3.86). - 'H NMR: & 3.55 (s br, NH,), 6.77 (A of AB, .I3, o= 8 0 Hz, 3’-H), 7.23 (B of AB, 4’-H),
7.15 (s, 6’-H), 8.01 (m, 8-H), 8.45 (s, 3-H), 9.25 (s, 1-H); unresolved were the m of 5-H to 7-H at 7.24 -
7.82. & values of isoquinoline:!8 1-H 9.15, 3-H 845, 8-H 7.87. - Anal. for C;sH;;CIN,: caled N 11.00;
found N 11.06. - The N-Tosyl Derivate of 22 was prepared as described above. Colorless prisms, mp
171.0-171.5 °C, crystallized from CH,Cl,/cyclohexane. The solubility in 2 N NaOH and precipitation
with acetic acid demonstrated NH-SO,. - Anal. for C,,H,,CIN,O,S: caled C 64.22, H 4.19, N 6.85, S

7.84; found C 64.46, H 4. 15 N 6.89, S 7.90.

(d\ The 10-Nitro Derivative 16 was decraded bv 809% culfurie acid as descrihed under coto-
\ a v L wyEvVLe A v g val\l\lvu UJ WV /Y JNLAMLAWY “\rl“, D WWOWIIU WA WliudWwl L. IRV
phenone {(44%) was 1selated as 2,4-dinitrophenylhydrazone; the basic product, i.e., 4-(2-amino-5-nitro-
e TNt 10 /AN . Va4 3 o~ Lo 1Y /AN o LY Yo T
phenyl)isoquinoline (24), was isolated as a brown solid (30%) and analyzed as the picrate, mp 251-253 °C
(acetone/ether). - Anal. for C,sH;;N;O, - C(H;N;0.: caled N 17.00; found N 16.39.
nnnnnnnnnnnnnnnnnnnnnnnnnnnn A 10 N . n 1 NN — \A_O__'l ~L 1007 1...
UUdllllllﬂllUll Ul. -v-\a-mnulupncuyl)lauquuluuuc \ ) 17 \LL\ llg, 1.UU mMimo ) 111 o I, OL 1070 Ily‘
drochioric acid was diazotized with sodium nitrite at -5 to 0 °C. After 30 min, 3.1 mL of a 50% aqueous

solution of hypophosphorous acid was added under stirring at 0 °C. The solution was kept for 24h at
~5 °C and worked up with ammonia and CH,Cl,. At 110-120 °C (bath)/0.005 Torr, 4-phenylisoquinoline
(21, 104 mg, 51%) distilled and solidified; after sublimation in vacuo the mp was 78-80 °C (80 °C).1”
Anal. for C;;H N: caled C 87.77, H 5.40, N 6.82; found C 87.98, H 5.40, N 6.82. - The picrate of 21

came from ethanol in yellow needles, mp 213-214 °C (209-210 °C).17 Anal. for C,H,N - C;H,N,0:
17

caled N 12.90, found N 13.11. - The identity with the independently prepared specimen "’ was demon-
strated by mixed mp of base and picrate, and by comparison of the IR spectra.

(b) 4-(3-Chlorophenyl)isoquinoline (23) was analogously prepared from 22 by deamination. The
oily 23 was distilled at 140 °C (bath)/0.01 Torr. - IR (KBr): + 698 cm 1, 726, 790 st, 894 m (arom. CH

h | IR Y 4 Lo 4 E -4 4 =~y E 44T 4 WV <aThy rd 1"' MTRL £V /A NN 2 ATYT N\ - N4~
out-of-plane def.); 1504, 1565, 1577, 1596, 1620 m (arom. ring vibr.). - "H NMR (100 MHz): & 845
(s, 3-H), 9.25 (s, 1-H); the m of 8 arom. H at § 7.25 - 8.13 was not resolved.
150qummimu'm N-Phenylimide and DMAD
Dimethyl 6,6a,7,11b-Tetrahydro-5H-5,7-ethenoindolo[2,3-c]isoquinoline-12,13-dicarboxylat

(34). (a) 1:2-Product 33: The deep-red solution of 2a in 300 mL of ether, prepared from 1
as above, turned light-red within 1 min upon addition of 3.12 g (22.0 mmol) of DMAD, subsequently, the
clear solution darkened. After 20 h some undissolved material was discarded. The solvent was removed,
the residue dissolved in a little CH,Cl,, and the crystallization was induced by adding methanol. In two
batches 965 mg (19%) of 33 was obtained in colorless crystals, mp 241-243 °C (dec.) after recrystalliza-
tion. = IR (KBr): # 753 cml, 760 st (out-of-plane def. for 4 adjacent arom. H), 1160, 1250 st br (C-O);
1590 sh, 1603, 1704 st (coupled N-C=C-C=0 vibr.), 1741 st (C=0). - UV (CHCI, )' A 282 nm (4.28).

- IH NMR: Table 1. = MS (175 °C); m/z (%): 504 (100) [M*; 13C 30/31], 473 (23) [M* - OCH,; °C

i 3
6.6/5.5], 445 (22) [M* - CO,CH,], 413 (29) [445 - CH,OH], 276 (99) [M* - DMAD - CO,CH, - HCN
/- \=E7 s gy At ¥ ] At 8 3 ) (Pt 2 s
C., . BH. NO +1 244 (33 1276 - CH.OH- B £/51 217 (23 IC. H N_1t1 216 (22} 170 (14) 04 {79} 03
1811141‘\_’2 J T \JJ’ l‘dlU \III3UII, A UldJ’ s BT \QJ} l\/15l191‘2 ]’ s AP \Lt“l, Aruv \L‘rl’ P g \"Il, Paes



8464 K. Bast et al. / Tetrahedron 54 (1998) 8451-8468

CH,CL,. Removal of the solvent gave 1.15 g (80%) of slightly yellow 34, mp 176- 178 °C; after
stailization from CH,Cl,/methanol, the colorless piateiets showed mp 181-182 °C. - IR (KBr):
emt st (arom. CH out-of-plane def.), 1120 m, 1246 vst (C-O), 1463 m, 1604 w (arom. ring vibr.), 1586,
1696 st (enamine C=C-C=0 vibr.), 1739 st (C=0 of 12-CO,CH,), 3328 m (N-H, 3342 in CCl,). - B3
NMR (400 MHz, Table 1): § 3.77 (s, 13-CO,CH,), 3.79 (s, 12-CO,CH,). DQF-COSY provided two
sequences of four Ar-H each, and NOESY (interaction of 11-H, 11b-H, 1-H) showed the direction in
which they should be read. § 6.80 (d br, 8-H), 7.13 (td, overlap, 9-H), 7.07 (td, 10-H), 7.57 (td, 11-H);
7.40 (d br, 1-H), 7.18 (td, 2-H), 7.12 (td, overldp, 3-H), 7.44 (dd, 4-H). - 13C NMR (100 MHz, DEPT;
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IO Af 1’)=ocfnr\ nf 12.0cta 2 =Rn\ . - AY
\\J\/ll3 Ul L4 UD‘-UI}, . 113 u A A A3 [y £+ Ua’, 3 J. JcJ \\.4 LU}’ 1L.0 \ 1}’ 1
(C-3), 127.5 (C-2), 127.9 (C-4), 128.2 (C-9), 129.0 (C-1); quaternary C atoms: 114.4 (C-13, J g With S
H), 132.9 (C-1ic), 138.0 (C-4a), 138.3 (C-11a), 144.8 (C-7a), 147.5 (C-12, JCH with 5-H, 6a- 1—1), 165.9
(C=0 of 13-ester, ".I'C with 5-H), 166.0 (C=0 of 12-ester). The &, are con51stent with those of the sa-

turated diester §, except for §(C-5) which is lower than that of § (52.8 ppm) despite allylic position;
however, in cyclohexene, §(C-3) 25.4 is not much different from §(C-4) 23.0.18 = MS (110 °C); m/z (%):
362 (81) [M*, BC 19/18), 335 (5) [M* - HCN; BC 1.1/1.0], 331 (11) [M* - OCH,; 13C 2.4/2.4], 303
(17) [M* - CO,CH,, 3C 3.6/4.2], 276 (100) [M* - CO,CH, - HCN; 13C 20/19], 271 (43) [M* -
CO,CH, - CH,0H; 13C 9/10], 244 (79) [276 - CH,OH; C,,H,,NO*, 13C 15/15], 232 (10), 218 (10), 217
(47\ [C..H,N, +1 216 (38), 165 (9) [F lllgrenvl+], l?ﬂ (2) [Isoquinolinium], 108.5 3) f717++l - Anal.

~1 YT B TR AT - "7 L= A S S
or C..H..N..O .- caled C 69.60. H5.01, N 7.73: found C 69.89. H5.15. N 7.74
for C,;H gN,Oy; caled C 69.60, H 5.01, N 7.73; found C 69.89, H 5.15, N 7.74
AN\ 22N o (6 KA s nalN AF 22 wvune raflhiivad thh O ] Af an;ma tvmathanalia ‘Ll'f"l ArrnTirati e and
\ ) IV 5 (V.J% 11l 1u1; Ul JJ waa ICTLIUACU Willl ZVU 1114, Ul CULIL, HUICLHAIULIC 11 \.,1, v PUldllUl.l allul
trituration with ether left 1.96 g of 34-hydrochloride in pale-green crystals. The yield of base 34 was 1.29

g (54%).

(d) Reaction with 2,4-Dinitrophenylhydrazine: 505 mg (1.0 mmol) of 33 was briefly refluxed with
the reagent in methanolic sulfuric acid. The orange solid was recrystallized from CH,Cl,/methanol and
gave 240 mg (73%) of dimethyl oxaloacetate 2,4-dinitrophenylhydrazone in yellow needles, mp 161-163 °C
(dec.). The IR spectrum was identical with that obtained from DMAD and 2,4-dinitrophenylhydrazine.

(€) Dehydrochlorination of Cycloadduct 36:* Treatment with 4 equiv. of NaOCH; in methanol at

room temp. and work-up with CH Cl, /wat.«:_r gave 34, mp 181-182 °C, identified wnh the specimen
abgve b" mived mn and IH NMR cnectriim
J AALANWwNL ll.ly ALANG A A 4LVNLAVAAN ﬂy\t\rll WAARE,
(N N1aisvrn L Crilbisasn Ansde A [TTAIN smaey 1T QA a1l werne Aicenlora A e 18 T ~F ONOZ LT CM
\l} CICUvVUEcC Uy Oulj FiC Alid. J9 \ll\] 1 15’ 1,270 11l llUl} waa UIDDUIVCU 11r 10 111, Ul OU7/U 1120\.}4,

Ui
within 1 h, the color turned orange-red. Work-up with water, sodium carbonate, and CH,Cl, furnished

235 mg (55%) of 19 which after recrystallization from cyclohexane showed mp 113-115 °C and was IR-
identical with the 4-(2-aminophenyl)isoquinoline, obtained above from 11.

(g) Conversion of 34 to 33: The interrelations were clarified by reacting 362 mg (1.00 mmol) of 34
with 250 mg (1.76 mmol) of DMAD in 2 mL of CH,Cl,. After 2 d, methanol was added and the CH,Cl,
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mp 196-197 °C (CH,Cl,/methanol). = IR (KBr): 5 1228 cm! st (C-O), 1474, 1614 m (arom. rmg
vibr.), 1436, 1594, 1085 st, 1708 sh (amide I and vinyiogous amide bands), 1740 (C=O of i2-ester). -
'H NMR: some signals are doubled, due to slow rotation about the formamide bond. The integrals of
the CHO singlets at § 8.22 and 8.36 suggest a ratio of 69:31 for the rotamers. - MS (130 °C); m/z (%):
390 (100) [M*; 13C 24/23], 276 (20) [C,gH,,NO,*; 13C 4.0/5.0], 271 (23) [C,gH,,N,O*], 244 (18) [276
- CH,OH], 217 (12), 216 (10), 165 (13) [Fluorenyl]. Most of the fragments coincide with those of 32, i.e.,
loss of CO from the formamide group is common, - Anal. for C22H18N205: caled C 67.68, H 4.65, N

7.18; found C 67.80, H 4.78, N 7.04.
Isoquinolinium N-(2-Pyridyl)imide and DMAD

Dimethyl 3,10b-Dihydro-3-(2-pyridyl)-pyrazolo[5,1-a]isoquinoline-1,2-dicarboxylate (32): 2¢c
(100 mg, 0.45 mmol) was reacted with 64 mg (0.45 mmol) of DMAD in 1 mL of CDCl,. The 1H NMR
spectrum of the fresh solution fitted the expectation for 32: § 3.57 (s, 1-C02CH3), 3.88u(s, 2-C02CH3),
5.73 and 6.10 (AB, J“ = 7.5 Hz, 6-H and 5-H), 5.75 (s, 10b-H), 6.70 - 8.20 (8 arom. CH). Although the
OCH; signal of DMAD had disappeared, the solution still showed the brown-red color of 2¢; a small

pnnlhhrinm concentration of the reactants is supnosed. = 32 was not isolable: another 1” NMR cne
\/\iuulullulll WASLANW WAL A A% l u\tl—ullLD s uuyyuavu - YYD 11U lauluu‘\-" CARAUJ VLI A ANAVAAN y
$rera ey A AA M L latar sndinatad that tha ronrranagarant +n 177 ne nnsmnlaéa
LI UL ICLULUCU L5 11 1diCl liulcalCu Liiat Lc lcauaug 1ICIIL LU J7 Wad LU llPlCLU

Ainarhavelata (27)- (a) Althanoh tha T NMB cnactriim ic fairly anad 27 sauld nat he jenlatad and miris
uUitat UUAyLIaQle \JI v \a} munquu LG RA INUIV3IEN B}I\r\rtl Uiil 1D Lallly EUUU, g7 VUUIU LIUL UL 1DdULAlCuU aiiul Pull
£ 1 1'__" AIRATY, T L1_ 1 | S PSR PR e 77 £33 11 XTIV OND 711 N TN
Hed. "I1 INIVIIK, 14U0IC 1. rurnumer ddtd. o 7./ (U4, 11-r1), 0.5 (ud, »¥-1)

(b) 6-Acetyi Derivative 38: Z¢ (1.11 g, 5.02 mmoi) and 0.71 g (5.00 mmol) of DMAD reacted in 10

mL of CH,Cl,. After 30 min at room temp., the solvent was removed on the rotary evaporator, and the
residue was taken up in 9 mL of acetic anhydride and 1 mL of acetic acid. 24 h later, the volatile was re-
moved at 1 Torr and the redbrown material was subjected to thick-layer chromatography on basic alu-
mina (benzene/ethyl acetate/petroleum ether 2:2:1). The content of the UV-fluorescent zone crystalli-
zed from CCl,/methanol; 38 (0.92 g, 45%) was obtained in colorless needles, mp 184-185 °C (dec.). -
IR (KBr): # 1252 cm’l, 1280, 1314, 1353 (C-O), 1416, 1435 (pyridyl bands), 1590, 1606 (arom. ring and
C=C vibr.), 1672 br (amide I), 1703 br (C=0 of 13-ester), 1746 (C=0 of 12-ester). - IH NMR (400

\Seanil SOML gy 27U RN RS UL AL 4. T 2R ANIYAAR

MHz): The double set of signals for conformations A/B (58:42) is given in Table 1. Further data: §

& /2 Q4 1N N TAIN/T AN SALIN TEN/TET /1. IIN T7Q0/7Q0 /11 LIN Q 14 /Q 11 /0 LI\

o1 /2 0N 2 <
.0173.0U, .') J/I.00 (&, LU\_/D3}, 1.0Uf 1.0U \¥=01), [.IU/7.07 (1-11), /1.04/ /.04 {(11-11), O.1%4/0.11 {7-11).
AT & ¥4

3 8

A NOESY experiment, performed with a mixing time of 100 ms, indicated the proximity of CH,4
(COCH,) to 5-H in rotamer A and to 6a-H in rotamer B. - 13C NMR (100 MHz, DEPT): The height
ratio (58:42 on average) allowed the pairwise differentiation. § (A/B) 21.7/21.8 (CH, of acetyl),
43.2/44.4 (C-11b), 50.9/45.5 (C-5), 52.3/52.2 and 52.9/52.9 (2 OCH,), 66.3/71.1 (C-6a), 113.1/116.0
(C-13), 120.5/120.6 (C-10), 127.4 - 129.2 (8 CH of C-1 to C-4), 130.5/130.2 (C-11a), 132.3/131.7 and
136. 4/136 5 (C—4a C-11b), 133.33/133.29 (C-11), 146.1/144.8 (C-12), 148.1/148.4 (C-9), 158.3/158.0
2/165.0 (2 CO, ester), 168.4/167.5 (N-CO). - Anal. for C,H;(N;Oq: caled C

2, 165
65.18, H 472; found C 64.90, H 481,
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Methyi Propioiate

Methyl 3,10b-Dihydro-3-phenylpyrazolo[5,1-a}isoquinoline-1-carboxylate (40)' The solution of

Il aVail N0 AL

100 mg (0.34 mmol) of 3 in 1 mL of CDCl; was cooled to 0 °C. After addition of 1.70 mmol of methyl
propiolate, the 1H NMR spectrum was recorded at 0 °C within several min. § 3.59 (s, OCH3), 5.71 and
5.94 (AB, J. . = 7.5 Hz, 6-H and 5-H), 5.67 (d, ‘*210b = 1.6 Hz, 10b-H), 6.8 - 7.6 (m, 8 arom. H), 7.82
(d, ¥ = 1.6 Hz 2-H). Despite the excess of methyl propiolate (§ 2.83, 3.72), the solution showed the
dark-red color of 2a. After 30 min, the signals of 40 were gone; the new spectrum indicated a mixture.

Attempts of isolating 40 were in vain.

6,6a,7,11b-Tetrahydro-SH-5,7-ethenoindolo[2,3-c]isoquinoline-13-carbonitrile (43): (a) 46 6 (2.00
g, 6.50 mmol) and 1.00 g (6.60 mmol) of 1,8-diazabicyclo[5.4.0Jundec-7-ene in 60 mL of benzene were
refluxed for 15 h under argon. After washing with water, PLC on basic alumina (benzene/ether 1:1)

yielded two products with Rf 0.55 and 0.83. The first is 43, a colorless oil (0.64 g, 36%) which came from
CHCl,/ether in fine needles, mp 170-171 °C. - IR (KBr): » 755 cm -1 (arom. CH out-of-plane def.), 873

(

-
[
e
»

’t
P

A gt fana a M=\ 2108
T Jt \bllallllllb L k/l’ LdFI

1 , 1

st (C=N), 3330 m (N-H). - TH NMR: Table 1. - MS (130 °C); m/z (%): 271 (100) [M*; B3C 20/19),
270 (78) [M* - HJ, 244 (94) [M* - HCN], 243 (09) [244 - H], 218 (10) [M™* - Acrylonitrile, C,sH (N, ™;
HR 218.0844/.088], 217 (10), 165 (6) [Fluorenyl ], 135.5 (9) [M* *], 130 (3) [Isoquinolinium], 77 (5)
[C6H5+]. - Anal. for C;gH;N: caled C 79.68, H 4.83, N 15.49; found C 79.48, H 4.88, N 15.35.

(b) The second fraction of the chromatography (R; 0.83) provided 0.25 g (14%) of a pale-yellow
oil which crystallized from CHC13/ ether in colorless needles, mp 147-148 °C. It is an isomer of 43 which
contains an additional aliphatic H and no NH. Tentatively, we assume the closing of an aziridine ring

between N6 and C13. Although fairly consistent with the spectroscopic properties, the formation of such

A
282 1464 1472 1500 ¢t farnm rino vihr
g LT . (X8

a structure would involve a nucleophilic substitution with front-side attack. - IR (KBr): » 733 em’l,
750, 778 (arom. CH out-of-plane def.); 1472 st, 1495 m, 1607 w (arom. ring vibr.), 2240 m (C=N). -
'H NMR (C4Dg): 8 2.28(d, J = 9.6 Hz),3.28 (d,J = 5.5 Hz), 3.41 (d, J = 95 Hz), 3.53 (s), 537 (4, J
= 6.0 Hz), 6.4 - 7.2 (8 arom. CH). - Anal. for C,cH ;N caled C 79.68, H 4.83, N 15.49; found C 79.54,

H 4.94, N 15.35.

Methyi 3,10b-Dihydro-3-(2-pyridyl)-pyrazoio[5,i-a]isoquinoline-1-carboxylate (41): 2¢ (890 mg,

4.02 mmol) was reacted with 340 mg (4.04 mmol) of methyl propiolate in 10 mL of benzene. After 5 min
at room temp., the solvent was removed, and the semisolid residue crystallized from CHC13/ ether with
exclusion of light; after 24 h 680 mg (55%) of 41 was isolated in colorless needles, mp 114-116 °C. On ex-
posure to light, the crystals turn intensely blue. In the red-violet solution, 41 slowly rearranges to 43. -
Properties of 41: IR (KBr): » 682 eml, 760, 772 (arom. CH out-of-plane def.), 1085, 1118, 1184, 1304,
1322 st (C-O, C-N), 1437, 1458 (pyridyl bands),* 1480, 1590 st, 1644 m, 1695 st br (vinylogous amide
7.8 Hz, 6-H and 5-H), 5.69 (d,

absorptions). - 'H NMR: § 3.60 (s, OCH,), 5.74 and 5.92 (AB, J5¢ =
y
4 — 92927 10 I 67-823(m Rarom HY 833(d 4 =22 Hz 2-H). - Anal for C..H..N
Jz’lob — &4 KLL, 1VUUTLL), UL O.J il U alUlil, 11, Uuwrd (U, g htok A RLoy LTHR G 4L naidil. 1L \/18LA15A ‘3\12
T A MANON TF AND N 12 7L, £ 1 M INNDT IT L 14 N 12 £0
calca © /uU.08V, 1 4.¥3, IN 150./0; 10Una © /U.7/, 11 J.14, IN 13.00
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and 2 of acetic acid at 0 °C, After 48 h at 5 °C, the deep-redbrown solution was freed of the volatile
0.1 Torr. The dark residue was separated by PLC on basic alumina (benzene/ethyi acetate/petroleum
ether 2:2:1). The biue-fluorescent zone gave 1.08 g of pale-yellow product which crystallized from
CHCl,/ether; the colorless needles of 45 (0.97 g, 14%) were freed from solvent above 100 °C in vacuo
and showed mp 180-185 °C (dec.): a good elementary analysis was not obtained. - IR (KBr): » 1590
cml, 1620, 1670, 1690 st br (amide I and vinylogous amide bands). - 'H NMR: Some signals are dou-
bled due to hindered rotation of the acetamide group. The data in Table 1 are those of the major iso-

mer. = Anal. for C)jH,,N;0;: caled C 69.15, H 4.93, N 12.10; found C 68.10, H 5.37, N 12.04.
1-Diethylaminopropyne

2-Diethylamino-3,10b-dihydro-1-methyl-3-(2-pyridyl)-pyrazolo[5,1-a]isoquinoline (47): The solu-
tion of 2¢ and 1.3 equiv. of the ynamine in CDCl; was not decolorized, but remained yellow-brown, sug-
gesting (as above) a cycloaddition-cycloreversion equilibrium. The unstable 47 could not be isolated. -
'THNMR: § 1.10(t, J = 7.2 Hz, CH,; of NC,Hq), 1.47 (d, J = 1.5 Hz, 1-CH,), 2.65 - 3.55 (m, CH,, of
NC,Hy), 5.29 (g, not fully resolved, J = 1.5 Hz, 10b—H), 5.44 and 6.22 (AB, J = 7.5 Hz, 6-H and 5—H)

6.45 - 8.33 (m, 8 aromat. H); the excess of the ynamine gives rise to § 103 (t, J = 7.0 Hz, CH; of
NC,H,), 245 (s Cl L)
b . b
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