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Starting from 1-substituted azeto[2,1-glisoquinoline diastereomers, a number of quaternary salts were
prepared. The reactions leading to the quaternary salts were stereospecific, independently of the configura-
tion at C-1, resulting in diastereomers. The steric structures of the new compounds were proved by nmr spec-

troscopy.
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Introduction.

Of the azeto[2,1-a]isoquinolines, mainly the 2-oxo deriv-
atives are known [2-5]; their syntheses were prompted
among others by pharmaceutical-chemical interest, due to
the presence of the B-lactam ring. However, the products
were found to be practically ineffective [2-5]. On the other
hand, there are only a few publications [6-8] dealing with
the synthesis and stereochemical study of stereoisomeric
azetoisoquinolines; we therefore decided to carry out the
synthesis and structure elucidation of such compounds
and their quaternary salts.

The reactivity of the methyl group of 1-methyl-3,4-dihy-
droisoquinolines was earlier utilized to prepare the tri-
functional aminoalcohol derivative 1 [9] by the addition of
2 moles of formaldehyde and subsequent reduction. Be-
sides its many other valuable reactions, this versatile com-
pound 1 is also a suitable starting material for the synthe-
sis of azetoisoquinoline diastereomers. Benzoylation of 1
gives the N-acyl derivative 2 (Scheme 1). The N— O acyl
migration then results in the formation of the threo- and
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erythro-O-benzoyl compounds 3 and 4 in a ratio of 3:1.
Fractional crystallization can be used to separate the di-
astereomers in good yields [6]. The main products of the
acyl migration, 3, was earlier converted to the azetof2,1-a}
isoquinolines 5 and 6 by treatment with thionyl chloride
and then with alkali.

Synthesis.

In the present work, the reactions of 5 and 6 and some
related azetidine derivatives are reported. Isocyanate ad-
dition to the hydroxy group of 6 gave the urethanes 9a-9e
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in 70-90% yields. Benzoylation of 6 in chloroform resulted
in the O-benzoyl derivative 3.

Treatment of 5, 6 and 9a with organic halides yielded
the quaternary salts 7, 8a-¢ and 10a,b (Scheme 2). Qua-
ternization occurs extremely rapidly; with halides of high
reactivity, it is virtually instantaneous.

The trans counterparts 11 and 12 of the cis-azetidines §
and 6 can be obtained from the minor component 4 of the
acyl migration on the analogy of the above descriptions
[6). Quaternary salt formation from these compounds and
phenyl isocyanate addition to the hydroxy group of 12 oc-
curred with the same reactivity as in the case of the corre-
sponding cis compounds. The products of these reactions
are the trans-azetidine derivatives 13-16 (Scheme 3).
Scheme 3
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The 14{chloromethyl)azetidine isomers 17 and 20 were
synthesized in different ways; the cis isomer 17 was pre-
pared from 6 with thionyl chloride, by exchanging the
hydroxy group for chlorine. The trans isomer 20 was syn-
thesized by treatment of the aminoalcohol 1 with thionyl
chloride, and the resulting dichloro compound 19 was cy-
clized with alkali [8]. A number of quaternary salts 21a-g
were prepared from the readily available compound 20
(Scheme 4). The reaction of the cis isomer 17 with methyl
iodide gave the quaternary iodide 18. No significant dif-
ferences were found in the quaternization reactions of aze-
toisoquinolines variously substituted in position 1, nor in
the case of the diastereomeric pairs.

It was earlier shown by nmr spectroscopy in solution
and by X-ray diffraction in the solid state that C-1 of the
azetidine ring is attached to C-9b quasi-axially in both
diastereomers; hence, rings B and C are nearly perpendic-
ular to each other [6,8]. The high rate of quaternization
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can be explained by the bridgehead nitrogen being a
member of a strained ring.

The products of the direct and reversed quaternizations
of different tetrahydroisoquinolines are mixtures of the
N-epimers [10-16]. The stereoselectivity observed in the
quaternization reactions of the analogues that have a
fused azetidine ring is a consequence of the structure of
this strained, four-membered hetereocycle, favouring at-
tack from the 3 side (Figure 1).

Figure 1

NMR Spectroscopy.

Of the new compounds prepared, the quaternary salts 7,
8a, 8b, 10a, 10b, 13, 14, 16, 21a and 21e were selected for
detailed spectroscopic study. The most important spectral
data proving the suggested structures are listed in Tables
1 and 2. Since trans annelation of the four- and six-mem-
bered hetero rings is impossible for steric reasons, the con-
figuration at the nitrogen atom, i.e. the cis steric positions
of the N-methyl or N-benzyl group and of H-9b, are cer-
tain.

Two relatively stable conformations of the six-mem-
bered hetero ring are to be considered. However, one of
them, the twist-like form, with C-4 and N-3 in out-of-plane
positions, is sterically unfavoured because of the close ap-
proach (~2.2 A) of the endo H-2 and H-5 atoms. The pos-
sibility that the conformation may be influenced by the
configuration at C-1 can be disregarded, as the C-5 chemi-
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Table 1
1H_NMR Chemical Shifts (8 TMS = 0 ppm) of Compounds 7, 8a,b, 10a,b, 13, 14, 16, 18 and 21a,e in DMSO-dg solution at 250 MHz

Compound  OCHj, 7.8) H-6 H-9 H-9 [b]
2xs (2x3H) s(H) s (1H) d (1H) {c]

7 3.62 3.82 6.75 6.72 6.08
8a 373 3.79 6.99 6.79 5.54
8b 3.74 3.78 6.97 691 5.87
10a 3.70 [h] 3.79 6.76 6.66 5.82
10b 3.72h]  6.98[j] 6.92 594
13 3.63 3.88 6.83 6.75 5.76

14 374 3.78 7.02 6.84 5.30 [h]
16 3.67 3.78 7.02 [h] 6.82 5.40
18 374 3.79 7.01 6.83 5.56
21a 3.75 3.79 7.03 6.88 5.44
21e 375 3.76 7.01 6.98 5.80

355
H-1and CH; (24,5, o) NCHj3y
m'’s (total intensity is 9H) s (3H) {d}
~3.1, ~3.3,4.00 [e], ~4.2, 4.25 [e], ~4.4, 4.58 [f],4.78 [f] 3.86
2.9-3.3, ~3.55, ~4.24 [g] 3.4
3.0-3.2,~3.5, ~4.21 [f], ~4.56 [f] 4.94,5.10
2.92[i], 3.1 [i], ~3.7 [h], ~4.0, ~4.2, ~4.6 [f], ~4.7 [f] 3.71[j]
3.0-3.9, ~4.35 [f], ~4.60 [f} 5.03,5.20
~3.15,~3.35,~4.3, 4.85,5.0 371
~2.17,~3.1,~3.25, ~3.68, 4.18 {f], 4.32 3.24
2.9-3.4,3.7-3.9, ~4.35, 4.35, ~4.55 332
~3.0,3.1-3.4, ~3.65, ~3.85, ~4.27 334
~3.1, ~3.3, ~3.85, ~4.15, ~4.35 332
~3.15, ~3.6,4.1-4.4, ~4.75 4.81,5.11

Further signals: ArH-2,6, d&/m (2H): 7.85 £ 0.1 (7, 8b, 10b [j], 21e), 7.45 + 0.05 (10a, 10b [K], 16), 7.98 (13); ArH-3,5, ym (2H) : 7.42+0.03 (7, 13,
21e [h]), 7.55 (8b [h], 10b [h,j]), 7.26 £ 0.04 (10a, 10b [k], 16); ArH-4, Um (1H): 7.55 £ 0.02 (7, 8b [h], 10b [h,j], 13), 7.00 £+ 0.03 (10a, 10b [k], 16
[h]), 7.45 [h] (21e); OH, t (1H): 4.58 (8a), 4.68 (8b), 5.30 [h], (14); NH, s (1H): 9.65 (10b), 9.76 (16). [a] Solvent was deuteriochloroform for
compounds 7, 10a and 13. [b] Characteristic ir-frequencies: v OH: 3350 (8a, 14), ~3280 (8b), v NH: ~3237 (10a), 3300-2750 (10b), ~3235 (16),

v C=0: 1713 (7), 1726 (10a), 1735 (10b, 16), 1720 (13). [c] Split by 9.2 (7, 18), 9.5 (8a,b, 10a), 8.5 (10b, 13), 6.3 (14) and 8.2 Hz (16, 21a,e). [d]
NCHj, for 8b, 10b and 21e, 2 x d (2 x 1H), split by 12.6 (8b, 10b) and 12.9 Hz (21e). [e] dd (1H). [f] ~t (1H). [g] ~d (2H). [h] Overlapping signals.

[i] ~d (1H). [j] Benzyl group. [k] N-Phenyl group.

Table 2
13 C.NMR Chemical Shifts (8 TMS = 0 ppm) of Compounds 7, 8a,b, 10a,b, 13, 14, 16, 18 and 21a,e, in DMSO-dg Solution [a] at 20 or 63 MHz [b]

Compound C-1 C-2 C-4 C-5 C-5a C-6,9
7 325 60.8[e] 55.6[f1 243 1279(g] 109.3 111.1
8a[d] 357 63.6 56.4 253 1259 112.0 1135
8b[d] 361 67.7 53.7 253 1266 112.4 113.5
10a 327 61.5[e] 56.0 24.6 1233 [e] 109.7 111.2
10b[b) 339 677 53.9 253 1268 1123 1135
13 [d] 387 66.1[e] 58.1 255 1271 1114 114.0
14 [d) 414 643 579 254 1267 1114 1140
16 39.0 65.1[e] 58.1 254 1268 111.2 1139
18 36.5 63.4 56.4 254 1263 112.5 1137
21a 412 65.6 58.2 254 1270 111.8 113.9
21e{d] 420 67.1 63.2 254 1277 1123 1140

C-7,8 C-%9a C9% CHy(w) OCH3 (7,8) NCHj[c]
1483 149.0 123.1 732 609[e] 55.7If h] 53.8
1495 1502 1215 743 50.0 576 577 544
1496 1505 1217 729 610 575 576 599
1486 1492 123.0fe] 733 60.6[e] 557 565 539
149.8 1507 1209 727 63.1 573 575 595
1498 1509 124.6 753 645[e] 574 576 540
1499 1507 125.1 744 607 57.6 [h] 53.0
1499 1509 1245 75.1 647[e] 574 576 537
149.7 1508 1203 745 440 575 576 547
1498 1509 124.1 756 46.1 576 577 536
149.7 151.1 1243 749 46.1 577 578 551

Further signals: Aromatic carbons, C-1: 128.5 (7) [g], 130.5 (8b, 10b [i], 21e), 131.1 (13), 137.7 (10a), 140.5 (10b [j], 16); C-2,6; 127.9 (7) {g], 134.0
0.2 (8b, 10b [i], 21e), 118.6 (10a), 120.2 (10b [j], 16), 131.0 (13); C-3,5: 128.9 (7), 128.5 (10a), 130.6 £ 0.1 (8b, 10b [h], 13, 16, 21e); C4: 132.8
(7),131.9£ 0.1 (8b, 10b [i], 21e), 118.1 (10a), 124.3 (10b [j], 16), 135.3 (13);C=0: 164.9 (7), 152.4 (10a), 154.4 (10b), 167.3 (13), 155.0 (16). [a]
Solvent was deuteriochloroform for 7 and 10a. [b] Measuring frequency was 20.14 MHz for 8a,b, 10b, 14 and 18 and 62.89 MHz for 7, 10a, 13, 16
and 21a,e, respectively. [c] NCH; for 8b and 10b. [d] Assignments were proved by DEPT measurements. [e,f,g] Assignments may also be inter-

changed. [h] Two lines. [i] N-Benzy! group. [j] N-Pheny! group.

cal shifts are similar for all compounds. Such an H-2, H-5
interaction would give rise to a significant steric compres-
sion shift (see below) in the C-2,5 signals. In the homoge-
neous conformation, therefore, the six-membered hetero
ring is nearly in the boat form, and the slightly distorted
azetidine ring is attached to the isoclinal C-1 and quasi-
equatorial C-2 atoms.

The C-1, C-9b relative configuration (i.e. the cis or trans
position of the corresponding hydrogen atoms) can be
established from the magnitude of the vicinal proton-pro-
ton coupling constant 3J(H-1,H-9b). The relation 3],,(cis)
3],.{trans) follows from the Karplus relation [17], which is
of general validity for three- and four-membered cyclic
compounds [18,19]. For the analogous bases of the quater-

nary compounds discussed in this paper, *J(cis) is 7.5-8.0
Hz, whereas 3J(¢trans) is 2.8-3.5 Hz, and this permits a very
simple and unequivocal determination of the configura-
tion [8]. ‘

The corresponding coupling constants in the spectra of
the quaternary salts are in the range 6.3-9.5 Hz (¢f. Table
1). If the configurations which follow from the synthetic
pathways are assumed, the coupling constant intervals
characteristic of the cis and trans isomers are only slightly
separated; the two ranges for the compounds investigated
are 8.9-9.6 and 6.3-8.5. However, if the data on the cis-
trans pairs of isomers 7-13, 8a-14, 10a-16 and 18-21a are
compared, it can be seen that the relation 3J(cis) >
*J(trans) holds true without exception and the difference is
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Table 3
Analytical Data on Azetoisoquinolines Prepared

No. Mp(°C) Yield Formula Analysis

Solvent (%) Mw Calcd/Found (%)
C H N

7 105-110 [b] CayHygINO4 5334 529 283
EtOH-ether [a] 495.35 5320 541 267
8a 202-206 Cj5H22INO3 46.04 5.67 3.58
EtOH-ether {a] 391.25 46.20 5.80 3.59
8b 192-195 Cy1Hp6BINO3 60.00 6.23 3.33
EtOH-ether [a] 420.35 59.75 6.40 3.20
8c 188-190 Cy7HoBINO4 55.75 5.50 3.82
EtOH-ether [a] 366.26 55.81 5.73 3.85
9a [c] 215-218 77 Cy1Hy5CINyO4 6229 622 692
EtOH-ether 404.88 62.13 6.44 7.08
9 [c] 212-213 83  Cy1Hp4C1HNy0O4 57.28 549 6.59
EtOH-ether 440.33 57.28 5.67 658
9c [c] 163-165 80 Cp1Hy4CIhN,O4 5728 5.49 6.59
EtOH-ether 440.33 57.02 5.77 6.34
9d [c] 207-209 89  CypHp4F3CINyO4 5576 5.10 6.12
EtOH-ether 441.46 5561 532 6.26
9e [c] 195-197 C91H30CIN;O4 6138 7.36 17.06
EtOH-ether {a] 410.93 61.53 7.60 7.14
10a 120-126 [b] CaoHy7IN2O4 51.77 533 5.49
EtOH-ether [a] 510.37 51.70 534 5.49
10b 196-198 CygH31 BN, Oy 6222 578 537
EtOH-ether [a] 540.47 6232 590 5.42
13 170-173 CpaHy6INO4 5334 529 2.83
EtOH-ether [a] 495.35 5327 541 277
14 192-193 C;5HppINO3 46.04 5.67 358
EtOH-ether [a] 391.25 46.10 5.82 3.60
15{c] 214-217 71 C21H25CIN,O4 6229 6.22 6.92
EtOH-ether 404.88 6220 632 17.07
16 163-165 CyoHy7IN7O4 51.77 533 549
EtOH-ether [a] 510.37 5165 5.42 533
18 189-190 Cy5H1CINO, 4397 5.17 342
EtOH-ether [a] 409.70 4404 530 3.51
21a 209-210 C;sHy1CIINO, 4397 5.17 342
EtOH-ether [a] 409.70 43.80 5.28 3.18
21b 129-134 84 C1gH6INOo 4796 6.05 296
EtOH-ether [a] 450.77 4793 6.05 296
21c 178-184 Cy7H31BrCINO, 52.80 5.47 3.62
EtOH-ether [a] 386.72 5276 5.1 3.40
21d 200-204 C17H19BrCINO, 53.07 497 3.64
EtOH-ether [a] 384.70 5290 5.07 3.66
21e 185-187 CqHp4BrCINO, 57.61 552 3.19
EtOH-ether [a] 437.78 5739 5.36 3.40
21f 195-197 C21H24BrCINO, 4871 4.67 2.71
EtOH-ether [a] 517.68 48.68 4.67 3.01
21g 137-139 C1gHpsBrCINO4 49.72 5.80 322
EtOH-ether [a] 434.75 5001 6.00 3.38

[a] Yield nearly quantitative. [b] With decomposition. [c¢] Hydrochior-
ide salt.

significant (0.8, 3.2, 1.3 and 1.0 Hz, respectively). On the
basis of these data, the cis configuration of compound 8b,
which has no counterpart, can be taken for granted; how-

ever, the cis or trans structure of 10b and 2le cannot be
proved satisfactorily.
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The *C-nmr spectra of the bases showed that the iso-
mers can also be distinguished by means of the field ef-
fect. This is revealed by the upfield shift of the lines of car-
bon atoms carrying sterically hindered substituents 20; in
the case of the bases, it was observed mainly for the C-1
and, to a smaller extent, the C-4,5 lines of the cis isomers.
Systematic differences were also found in other carbon
shifts of the isomeric base pairs, which apply, in part, in
the quaternary series, too; however, the assignments of
these signals are not certain, and hence these data could
not be used as evidence in the determination of the config-
uration.

The measured field effects on the C-1 line for the four
isomeric pairs are 6.2, 5.7, 6.3 and 4.7 ppm, respectively
(Table 2). Thus, the configuration can be established with
certainty from these data. There are only small differences
in 6 C-1 for the pairs 8a,b, 10a,b and 21a,e (A5 is 0.4, 1.2
and 0.8 ppm), which have identical configuration and dif-
fer only in the N-substituent (N-benzyl instead of
N-methyl); this fact proves the suggested configurations of
8b (cis), 10b (cis) and 2le (trans), even without a
knowledge of the spectroscopic data on the isomeric pairs.

EXPERIMENTAL

The mp’s were determined on a Boetius micro melting point
apparatus and are uncorrected. The physical and analytical data
on the prepared compounds are listed in Table 3. Compounds
1-6,11,12, 17,19 and 20 were prepared as described earlier [6-9).
The ir spectra were determined in potassium bromide discs on a
Bruker IFS-113v vacuum optic FT-spectrometer equipped with
an Aspect 2000 computer. The 'H- and *C-nmr spectra were
recorded at room temperature in deuteriochloroform and/or
DMSO0-d, solution in 5 or 10 mm tubes, on Bruker WM-250 (*H,
13C) and WP-80-SY (*C) FT-spectrometers controlled by an
Aspect 2000 computer, at 250 (*H) and 63 or 20 (**C) MHz,
respectively, using the deuterium signal of the solvent as the lock
and TMS as the internal standard. The most important measure-
ment parameters were as follows: sweep width 5 and 15 kHz;
pulse width 1 (*H) and 7 or 3.5 (**C) s (ca. 20° and ca. 30° flip
angle); acquisition time 1.64 and 1.02 or 1.64 s; number of scans
16 or 32 (*H) and 0.5-33 K (*>C); computer memory, 16 K. Com-
plete proton noise decoupling was used (ca. 3 or ca. 1.5 W) for *C
spectra, and Lorentzian exponential multiplication for signal-to-
noise enhancement with line width 0.7 (*H) and 1.0 or 2.0 Hz
(*C).

DEPT [21] spectra were run in a standard way [22], using only
the # = 135° pulse to separate CH/CH, and CH, lines phased
*‘up and down’’, respectively. Typical acquisition data were:
number of scans 128-12 K; relaxation delay for protons 3 s, 90°
pulse widths 10.8 and 11.8 pus for **C and 'H, respectively. The
estimated value for J(C,H) resulted in a 3.7 ms delay for polariza-
tion.

Isocyanate Addition to 1-Hydroxymethylazetidines 6 and 12.

Compound 6 or 12 (5 mmoles, 1.25 g) was dissolved in benzene
(30 ml), and phenyl isocyanate (5.5 mmoles) was added. After re-
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fluxing for 1-5 hours the solvent was evaporated off and the
residue transformed to the hydrochloride with ethanolic hydro-
gen chloride. In toluene, the addition was complete after reflux-
ing for 0.5-2 hours; the yields were practically the same.

Benzoylation of 1-Hydroxymethylazetidines 6 and 12.

Compound 6 or 12 (5 mmoles, 1.25 g) was dissolved in chloro-
form (30 ml), and benzoyl chloride (5.5 mmoles, 0.64 ml) was
added. The mixture was allowed to stand overnight at room tem-
perature; it was then washed several times with aqueous sodium
hydrogencarbonate solution. After drying (sodium sulfate) the
chloroform was evaporated off and the residue was recrystalized
from ether.

Compound 5 had mp 77-80°, yield 56% (lit [6] mp 78-81°).

Compound 11 had mp 96-98°, yield 51% (lit [6] mp 96-98°).

Quaternization of Azetoisoquinolines.

The azetoisoquinoline (3 mmoles) was dissolved in acetonitrile
(20 ml) and the corresponding halide was added: 2-3 equivalents
for the volatile halides, and 1 equivalent for the less volatile
halides. After standing for 1-10 hours at room temperature, the
solvent and the excess of halide were evaporated and the product
was recrystallized. In many cases the crystalline product
separated out from the acetonitrile solution.
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