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Treatment of 1-(3-methoxy-2-nitrobenzyl}isoquinoline (1b) with ethylene oxide in acetic acid afforded stable
10b-(3-methoxy-2-nitrobenzyljoxazolo[2,3-a]isoquinoline (3b). Similarly, 1-cyanoisoquinoline (1¢) vielded N-(2-
hydroxyethyl)-1-isoquinolone (6a) and N-(2-acetoxyethyl)-1-isoquinolone (6b). In the latter instance no competi-
tive formation of lactone 4 was observed. When quinoline was treated with ethylene oxide in acetic acid, novel labile
10bH -oxazolo[3,2-a]quinoline (7) was obtained, but similar treatment of 2-methylquinoline gave no reaction.

In an earlier communication* we reported that isoquino-
line 1a reacts with ethylene oxide in acetic acid at room tem-
perature to afford after workup oxazolidine 3a (Scheme I).
Supporting the intermediacy of zwitterion 2a in this conver-
sion was the known cyclization of N-(2-hydroxyethyl)-3,4-
dihydroisoquinolinium salts with bases to 5,6-dihydro ana-
logues of 3a52—= and the reported synthesis of 2,3-disubstituted
analogues of 3a by treating N-benzylisoquinolinium halides
with aldehydes and base.f2b Herein we report further on the
scope of this reaction with other isoquinolines and its partially
successful extension to several related nitrogen heterocy-
cles.

A possible explanation for the previously observed insta-
bility of oxazolidine 3a* was the presence of an oxidizable 10b
position. To test this explanation and probe the possible steric
limitations of the ethylene oxide insertion reaction with iso-
quinolines, 1-(3-methoxy-2-nitrobenzyl)isoquinoline (1b) was
treated with ethylene oxide in acetic acid to afford after

0022-3263/79/1944-0285%$01.00/0

workup an oxazolidine (69%) whose spectral data and com-
bustion analyses are compatible with structure 3b (for 13C
NMR consult Table I). In contrast to labile oxazolidine 3a
(where R! = H), 10b-substituted oxazolidine 3b was isolated
as a stable crystalline substance, mp 139-142 °C. Ethylene
oxide mediated oxazolidine formation in the isoquinoline
series appears to be a facile reaction even with appreciable
steric hindrance in the isoquinoline 1 position.

The observation? that bromine substitution in the 1 position
of isoquinolines facilitated ethylene oxide mediated isoqui-
nolone conversion (presumably via oxazolidine 3 and oxazo-
linium salt 5 intermediates of Scheme I) prompted us to in-
vestigate whether putative cyano intermediate 2¢ functioned
similarly or underwent intramolecular ring closure to afford
lactone 4 (Scheme I). Treatment of 1¢ with ethylene oxide in
acetic acid yielded after chromatography a mixture of iso-
quinolones 6a (48%) and 6b (34%). Basic hydrolysis of crude
mixture 6a and 6b immediately after reaction of le¢ with
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Scheme I
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ethylene oxide afforded 6a in essentially quantitative yield.
No competitive formation of lactone 4 was noted.” Good
leaving groups such as bromide or cyanide in the 1 position
of isoquinolines appear to exclusively promote ethylene oxide
mediated isoquinolone conversion.

The extension of this addition reaction to several related
bicyclic nitrogen heterocycles was briefly explored. Quinoline
reacted with ethylene oxide in acetic acid to yield novel oxa-
zolidine ring system 7 in quantitative crude yield.® The as-

3 5

i N4
H
8 < . b
N 0

[ o

1 2
7

signed structure of 7 is well supported by IR and !H NMR
spectra.? In particular, both the chemical shift and coupling
constant values for the 10b, 4, and 5 position protons of oxa-
zolidine 7 are in excellent agreement with published !H NMR
values for the analogous protons in several 1-alkyl-2-alkoxy-
1,2-dihydroquinolines.1® Oxazolidine 7 is even more labile
than its structural isomer 3a. Whereas 3a was stable in CDCly
solution for >4 days at room temperature as monitored by 'H
NMR, the originally colorless CDClI; solution of oxazolidine
7 became dark red after being allowed to stand for several
hours at ambient temperature and its initially clean and as-
signable 'H NMR resonances became intermingled with ex-
traneous peaks.

In contrast to quinoline, when 2-methylquinoline was
treated with ethylene oxide in acetic acid at room tempera-
ture, it was quantitatively recovered from the reaction.

Filer et al.

Table I. 13C NMR Spectrum of Oxazolidine 3b®

3b
carbon chemical
assignment? shifte
2 63.7
3 50.6
5 131.3
6 100.2
10b 94.2
13 42.0
16 151.0¢
20 56.4

@ In CDCl;. ® Based in part on gated spectra and by analogy
to the 13C spectrum of 3a.* ¢ Chemical shift values are expressed
in parts per million downfield from internal (CHs3)4Si. ¢ The re-
maining aromatic resonances appeared as a pattern of ten (one
signal hidden due to overlap) lines between 110.8 and 129.9 ppm,
but could not be rigorously assigned without ambiguity.

Experimental Section

General Methods. General methods were as previously de-
scribed.4

10b-(3-Methoxy-2-nitrobenzyl)oxazolo[2,3-a]isoquinoline
(3b). A solution of 1.0 g (3.40 mmol) of 1b!! and 10 mL (200 mmol)
of ethylene oxide in 50 mL of acetic acid was allowed to sit at room
temperature overnight. The clear colorless solution was then cooled
to 0 °C and basified with excess 20% aqueous NaOH and extracted
with CHCls. Drying (NasSQy), filtration, and evaporation yielded 1.20
g of ared glass. Trituration with cold ether afforded 790 mg (69%) of
3b as a yellow solid: mp 139-142 °C; NMR (CDCl;) 6 7.40-6.45 (m,
7),6.25(d, 1,J = 7 Hz, H-5), 5.45 (d, 1, J = 7 Hz, H-6), 3.80 (s, 3,
OCHys), 3.80-2.80 (m, 6); IR (CHClg) 3000, 2900, 1600, 1580, 1530,
1470, 1450, 1370, 1350, 1280, 1085, 1020, 855 cm~1; UV (EtOH) Apax
219 (log € 4.38), 236 (4.45), 331 (3.54) nm. Anal. (molecular ion) Caled
for C19H13N204Z 338.12665. Found: 338.12621.

Anal. Caled for C19HgNyOy4: C, 67.44; H, 5.36; N, 8.28. Found: C,
67.28; H, 5.39; N, 8.19. .

1-Cyanoisoquinoline (le). Isoquinoline lc, mp 87-89 °C, was
prepared using the morpholine elimination procedure of George!2 on
1-cyano-1,2-dihydro-2-(phenylsulfonyl)isoquinoline!? in 82% yield.

N-(2-Hydroxyethyl)-1-isoquinolone (6a) and N-(2-Acetoxy-
ethyl)-1-isoquinolone (6b). A solution of 600 mg (3.90 mmol) of 1¢
and 6 mL (120 mmol) of ethylene oxide in 30 mL of acetic acid was
allowed to sit at room temperature overnight. The clear colorless so-
lution was then worked up in the usual fashion to yield 900 mg of a
crude tan semisolid. Preparative TLC (silica gel eluted with EtOAc)
vielded 351 mg (48%) of alcohol 6a (R, 0.40) as a white crystalline solid:
mp 115-116 °C (lit.14 117-117.5 °C); NMR (CDCly) 4 8.30 (m, 1, H-8),
7.60-7.10 (m, 3),7.00(d, 1,J = THz, H-3),6.40 (d, 1,J = 7THz, H-4),
4.25-3.70 (m, 4), 3.65 (s, 1, OH, D50 exchanges); IR (CHCl3) 3400,
3000, 1640 (lactam C==0), 1620, 1600 cm~1; UV (EtOH) Amayx 209 (log
€4.47), 224 (4.27), 279 (3.96), 286 (3.96), 325 (3.78) nm; MS m/e (rel
intensity) 1893 (67, M*), 171 (62, M+ — H,0).

Anal. Caled for C11H;NOs: C, 69.82; H, 5.86; N, 7.40. Found: C,
69.71; H, 5.97; N, 7.35.

Acetate 6b (R, 0.77) was isolated as an oil (307 mg, 34%): NMR
(CDCly) 6 8.30 (m, 1, H-8), 7.60-7.20 (m, 3), 7.00 (d, 1,J = 7 Hz, H-3),
6.40 (d, 1, J = 7 Hz, H-4), 4.50-4.00 (m, 4), 2.00 (s, 3, COCH3); IR
(CHCl3) 3000, 1740 (acetate C==0), 1645 (lactam C=0), 1630, 1600
cm~L UV (EtOH) Ajax 209 (log € 4.41), 224 (4.24), 279 (3.90), 286
(3.90), 325 (3.64) nm; MS m/e (rel intensity) 231 (64, M*), 172 (54,
M+ — CO2CHa).
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Anal. Caled for C13H;3NOg: C, 67.52; H, 5.66; N, 6.06. Found: C,
67.64; H, 5.71; N, 6.04.

Treatment of 1.0 g (6.5 mmol) of 1¢ with ethylene oxide in acetic
acid as described above followed immediately by basic hydrolysis (1
equiv of NaOH in aqueous CH30H at room temperature for 2 h)
yielded directly after workup 1.22 g (99%) of alcohol 6a, mp 113-115
[+]

C.

10bH-Oxazolo[3,2-a]quinoline (7). A solution of 1.0 g (7.70
mmol) of quinoline and 10 mL (200 mmol) of ethylene oxide in 50 mL
of acetic acid was allowed to sit at room temperature overnight.
Workup in the usual fashion yielded 1.34 g (100%) of 7 as a mobile
yellow oil: NMR (CDCly) 6 7.30-6.40 (m, 5, including H-5}, 5.75 (dd,
1,J = 3 and 9 Hz, H-4), 5.50 (d, 1, J = 3 Hz, H-10b), 3.50 (br s, 4,
NCH,CH;0); IR (CHCls3) 3000, 2900, 1650, 1600, 1500, 1465 cm™1.
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The stereospecific, transannular cyclizations of 1-aza-4-cyclooctene (1) are described. Compound 1 reacts with
electrophiles (Bry, I, HgCla, PhSBr, PhSeBr) to produce 1-substituted pyrrolizidines 6. The stereochemistry of
the bromine-induced cyclization was determined by X-ray crystallography. The reaction proceeds via transannular
reaction of the nitrogen with the corresponding “onium” ion. There is no evidence of through-space (transannular)

interaction of the amine and the double bond by PES.

Most naturally occurring pyrrolizidine alkaloids® contain
substitution at the C-1 position. Thus, an approach to this
bicyclic ring system which would enable simultaneous sub-
stitution at the 1 position would allow for the greatest flexi-
bility in the synthesis of these natural products (eq 1). The

6 2 W
NH

1 2

synthetic pathway described herein results in the stereospe-
cific formation of C-1 substituted pyrrolizidines via trans-
annular cyclization. Intramolecular cyclizations of medium
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ring systems are common.*® We have reported recently our
results in the azacyclononene series.®

Preparation of 1-Aza-4-cyclooctene (1). Amine 1 was
prepared by the following series of reactions. Formation of
oxime 3 of 4-cycloheptenone? followed by treatment with
p-toluenesulfonyl chloride and pyridine yielded tosylate 4.
Tosyl oxime 4 underwent a facile Beckmann rearrangement?
to give lactam 5. Compound 5 was a white crystalline material

X
X
NH
3 X=NOH 5 X=O
4 X=NOTs 1 X=H,

© 1979 American Chemical Society



