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Abstract——Nitrosation of 1-methyl-, 1-ethylisogquinoline and
thelr N-oxides with alkyl nitrite was studied under wvarious
conditions, and the following three systems, (tL-BuONO and t-
BuOK in THF)}, (t-BuONO and t-BulK in ligq. NHB) and (t-BuQNQ
and n-Buli-t-BuCK in THF), were found to be generally effec-
tive for nitrosation of not only isoquinolines but alse
pyridine and quinoline derivatives. The dpny - Sgpoy and 8y
values were shown to be reliable criterions for assigning
configurations of aldoximes and methyl ketoximes in these
series. The semi-enpirical molecular orbital calculations
(MNDO method) about the reactivity of iscoquinoline deriva-
tives and the stability of ketoximes were in good gqualita-

tive agreement with the experimental results.

The reaction with alkyl nitrite and alkall amide in liquid ammonia has been
extensively utilized for nitrosation of active methyl and methylene groups of N-
hetercarecmaties such as pyridine, quineline and their N_oxides!. However, no
reperts are available cn isoquinoline derivatives. We now investigated the
nitrosation of 1-alkyliscquinolines and their N-oxides with alkyl nitrite in
some detail and oblained interesting results including finding of new effective
procedures. Further, it was found that the magnitude of dgg -édpg=y andipy
values can be used as the reliable criterions for assigning the configurations
of aldoximes and methyl ketoximes, in pyridine, quinoline and isoquinoline
series. We also describe the theoretical approach to the reactivity of some
isoquincline derivatives and the stability of oximes.

We first tried nitrosation of 1-methylisoquinoline 12 with isopropyl nitrite (i-
C4Ho0NO) and sodium amide (NaNHp) in liquid ammonia (lig. NH;) (Method A) ac-

cording to the procedure reported by Kato and Goto1, and obtained (E)})-1-iso-
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guinocliinecarboxaldehyde oxime 2 and the Z isomer 3 in 31 and 18% yields, respec-

tively (Scheme 1).
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s H c-y;‘ H C:‘N-—OH
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1 2 3
POCI, , CHCI, ~ POCI, , CHCI,
- reflux 4 h ~N reflux 4 h =
CN
4
Scheme 1

Though 2 was reported to form by oximation of the corresponding aldehydej, no
evidence was offered for its configuration. We now established the configura-
tions of 2 and 3 by means of TH-nmr spectroscopyl“ {see below). It is interest-
ing that the OH proton signal of 3 appears in surprising low field { §5y = 17.3
ppn in CDGlB) compared with the usual OH proton eignal of oxime ( dpy = 9-12
ppun). Both 2 and 3 were converted almost gquantitatively to l-cyanoiscguincline
§5 upon heating with pheosphoryl chloride (P0013) as expected (Scheme 1). Nitro-
sation of T-methylisoguineoline 2-~oxide 5 6 under the same conditions afforded
(E)~1-isogquinolinecarboxaldehyde 2-oxide oxime 6 as a sole product in a high

yield of 85% (Scheme 2).

~ i-C,H,OND =
2N NaNH; lig.NH, 2N
o] o
CH:I H—C::N
\
5 g OH
6 i) Ac:0, r.t. =~ CH,CO0H 4
- ipH6.2-6.4 2 Ny, H,0, -
0
CN
s
Scheme 2

It is well known that the acetate of (Z)-aldoxime gives the corresponding nit-
rile under hydrolytic conditions using a weak base whereas that of E isomer
undergoes hydrolysis to the original oxime’. 1In order to confirm chenically the

E-configuration of & deternmined by the spectroscopic method described later, we

— 1742 —




HETERQCYCLES, Vol. 29, No. 9, 1989

attenpted acetylation of & but could not obtain the expected oxime acetate and
only 1-cyancisoquinoline 2-oxide 15 was isclated. Compound 7 was identified
with a specimen prepared by N-oxidation of 4 (Scheme 2).

In the case of 1~ethylisoquinoline §8 no reaction cccurred under the above
conditions. We therefore examined the reaction conditions, especially the
application of varicus alkoxides as bases, and found that the use of potassium
tert-butoxide (t-BulK) instead of NalNH, is very effective for the reaction to
proceed. Thus, treatment of 8 with tert-butyl nitrite (t-BuONO) and t-BuOK in
THF (Method B) gave (E)-methyl 1-isoquinolyl ketone oxime 9 and the Z isomer 10
in 45 and 12% ylelds, respectively. The reaction with t-BuCNO and t-BulK in
lig. NHj (Method C) proceeded more effectually to afford 9 and 10 in 78 and 16%

yields, respectively {Scheme 3},

t-BuONQ
¢t-BuOK, THF \
-
S RS
<N
<N + ~.N
CH,CH
e ¢-BUONQ / H,C=Cyq HC~Cy
t-BuOK, lig.NH, f'd N—OH
OH
8 9 10

Scheme 3

It was early reported that T-acetylisoquinoline reacted with hydroxylamine
(NH2OH) to give a single oxime of unestablished configurationg, which was now
unambiguously preved to be the Z isomer 10 on the basis of THe and "3conor
spectraAJ 10, It is of interest that the above nitroesation of 8 gave both
isomers, 9 and 10, with preferential formation of 3, and oximation of the ketone
yielded only the isomer 10. These experimental results indicate that t-BuOK as
proton-abstracting base is suitable for the nitrosation of 8 rather than NalNH,,
although in general NaNH, seems to be stronger base than t-BuOK.

Although 1-ethylisoquinoline 2-oxide 11 8 resisted the reaction under the condi-
tions of Methods A and B, nitrosation was successively realized with t-BuONC
under various conditions summarized in Table I. Apparently, the conditions of
run 1 {Method C) and run 4 (Method D) are most efficient. In run 4 involving
treatment with t-BuCNC in the presence of n-Buli and t-BuOK in THF, the super-

17

basic character of the so-called LiCKOR reagents seems to be coperative. The

use of thiourea (HyNGSNH,), which is a very active catalyst for N—nitrosationiz,

was not fruitful at all against our expectation (run 2). Further, oximaticn of
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Table 1.

~ . ; = =
nitrosation
=N ~N + 2N,
2o .\O H,C-C ©
CH,CH H.C—C -
-y ,C QN 3 §N—0H
|
OH
n 12 1
Nitrosatlon of 11 under the Various Types of Nitrosation Conditions
Run Nitrite Base Other Solvent Temp.(°C) Time(h) Yield(%)a)
Component
1 t-BuONO t-BuOK — 1iq-NH3 -33 A 74
2 t-BuONO  t-BuOK H,NCSNH, llq.NH3 -33 2z 24
3 t-BuONO LDA — THF -78—1r.t, 12 N
4 t-BuONO n-BuLi s THE 0 2 74
t-BuOK
s t-BuONO n-Buli E— lig.NH; -33 Z 36
t-BuOK

a) Yield(%) contains both 12 and 13,

l-acetylisoquinocline 2-ocxide 1513 with NH50H was explored, and it was found that
a single oxime, (E)-methyl 2-oxido-1-isoquinolyl ketone oxime 12 (20%), was
formed accompanisd with isoguinoline 2-oxide 15 (59%) in the reaction in basic
media (NaQH), while the reaction in acidic media (HCl) gave 12 as well as the Z
isomer, {(Z}-methyl 2-oxido-1-isoguinolyl ketone oXime li13 in the ratioc of 1:1

(80% yield) (Scheme 4).

2
NH,0H 2 4
N ~" NaOH = Nwg

15
/’Na\o =
COCH,
NH,OH
14 2
= HCI 2 + B
Scheme 4

The formation of 15 by the hydrolytic cleavage of the 1-amcetyl group of 14 by
hydroxide anion is apparently facilitated by the electron-withdrawing effect of
N-oxide function as the hydrolysis of 2-acyl-3-quinoxalinone l-oxides with
KoHT4.

The above-menticned results demonstrate that methods using t-BuOX as a base

(Methods B, ¢ and D} are effective for nitrosation of 1-alkylisoguinolines and
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their N-oxides. In exploring the utility of these methods for nitrosation of
hetercarcmatics other than iscquinoline, we carried out nitrosation of some
pyridine and quinoline derivatives under the conditions of Methods B and D and

compared with that by Method A (Tables 1T and III).

Table II. Nitrosation of 2Z-Picoline, Lepidine and Their N-Oxides under the
Conditions of Metiiod A and Method B

Run S.M.a) Product Method B Method B Method A
Temp.(°C) Time(h) Yield(%) Yield(3)
- e
6 | | r.t. 12 9 2312
~ >~ ~H
N~ CH, NTTe
N~oH
~ ~
7 ~ ~ JH r.t 2 57 5718
N CH, N
f t u
0 O onu
= !
o | 12 1718
N~ "CONH,
1
[¢]
CH, Heoon-OH
x X
8 r.t 0.5 92 p7'0
-~ -
N N
O
CH, Heo=nM

=3 = 1a
9 . . -78 3 32 trace

N N

' )

o 0

a) 5.M. means starting material.

Although Method B was much inferior to Method A in nitrosation of 2-picoline
{run 6), and in nitrosation of 2-picoline 1-oxide essentially the same results
were obtained under both conditions (run 7), better yields were obtained by
Method B than by Method A in nitrosation of lepidine and its N—oxide17 (runs 8
and 9). Method D was carried out particulaerly with 2-picoline and lepidine 1-
oxide, those were beset by low yields under the conditions of Method B, and 4-

picoline which has been so far difficult to form the Z aldoxime. In reactionof
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Table 111, Nitrosation of 2-, 4-Picoline and Lepidine 1-Oxide under
the Conditions of Method D

. . Yield(3) of
Run S.M.aJ Product Temp. (°C)  Time(h) Yield(s) of
(E) (Z)
o
10 [:iEL Ei:ﬂ\ " T8aT.t. 12 20 1612
ey
N""CH, XN
I
N
“OH
CH, H\C’/N\OH
1 - | - ( -78=r.t. 02 — 4110
.y -~
N N
CH, Hu cpOH
12 ~ = -78=r.t. 12 60 —
v N/ -
N
¥ ¥
o} 0

a) $.M, means starting material,

2-plicoline and lepidine 1-oxide the respective aldoximes were obtained in higher
yields {runs 10 and 12). Of particularly significant is the formation of Z
aldoximes in reactions of Z-picoline and especially of 4-picoline (runs 10 and
11)., Because of its chemotherapeutic intersst!®, (Z)-ji-pyridinecarboxaldehyde
oxime has drawn special attention, but its yields remained to be poor in the
reported reactions such as oximaticn of isonicotinaldehyde with NH2OH16 and
photochemical isomerization of the E isomerwg. It is notable that this Z ald-
oxime was selectively obtained iIn moderate yield in the present work {run 11).
Nitrosation of lepidine 1-oxide is generally accompanied by side reactions P and
gives the corresponding aldoxime in rather poor yields. However, under the
conditions of Method D, side reactions were appreciably surpressed and (E)-
aldoxime was selectively obtained in reasonable yield {run 12). These outstand-
ing characteristics of Method D for the nitrosation could likely be attributed
to the superbase character contributing to proton-abstracting step and the
fairly low temperature (-78°C), which make it possible to form so-called unsta-

ble isomer and tc perform the selective nitrosation suppressing side reactions.

Accordingly, Method D as a nitrosation conditions could extensively be recom-
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mendable for the nitrosation.

It is well known that conversion of pyridine and quincline to their N-oxides
increases their susceptibilities to nitrosation of their active methyl and
methylene groups1a. However, as described above, the nitrosation under the
conditions of Method B smoothly took place with l1-ethyliscquinoline 8 but 2&id
not proceed with its N-oxide 11. In order teo interpret this result from a
theoretical viewpoint, we performed the molecular orbital (MO) calculations
using MNDO method?? on the following assumptions used in MO study of nitrosation
of the active methyl and methylene groups of pyridine and pyrimidine series? ..

1) The reacticn proceeds by the following two-step sequence (Scheme 5), and MO

calculation was performed on the first step, 1l.e., proton-abstracting step.

= ¢+-Bu0® X ¢-BUONO X
N 0c =N oc =N
CH.CH, CHCH, H,C— C=NOH
(=]
Scheme 5

2} Abstraction of hydregen (K'Y cccurs in a conformation shown in Figure 1 in
the light of the stability of the anion produced.

H1

A, H1
@—( R Nﬁl?
“H

HLC HE™ H

\F
i

Figure 1., The Conformation of 8 and 11 for the Theoretical Calculations
Using MNDO Method

Table IV contains Frontier electron density (Fr) of H! at LUMO, net charge of g
and energetic terms of Klopman-Salem equation calculated for 8 and 11, taking
only frentier moclecular orbital (FMO) into account. Energetic terms of Klopman-
Salem egquation were calculated on the assumption that 8 {or 11) and tert-
butoxide anion interact at a distance of 2,721 equal to the sum of respective
van der Waals radii of hydrogen and oxygen atoms in THF ( €=7.4). Datas in Table
TV show that the reaction of 8 with tert-butoxide nmay proceed more favorably
than that of 11, in accordance with the experimental result. Furthermore, the
reaction may be conceivable to be governed by the Coulombic interaction in view
of the energetic terms.

As for the configurational assignment of aldoximes and ketoximes, various types

of spectiroscopic methods have been reported4’10’22. Among these, the use of 60H
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Table IV. Fr of H' atom at LUMC and Net Charge of n' in 8 and 171, and
the Encrgetic Terms of Klopman-Salem Equation for the Reaction
of 8 (or 11) with tert-Butoxide Anion Calculated by MNDO Method

Compound Frx]O_2 Net Charge Coulombic Term Frontier Term &Ea)
{eV) {eV) (eV)

8 1.351 0.016 8.680x107° 3.035%107°  1.172x107 %

11 1.195 0,015 8.228X10v3 3.227X]U_3 1.146X19_2

a} AE = Coulombic Term + Frontier Term.

- 8pp=y and BOH values seems to be reliable criterions for assigning the config-
urations of aldoximes of analogous structures and those of methyl ketoximes,
even 1f only one isomer is obtainable. For example, it was reported the magni-
tude of by - fgy-y is around 3 ppm for E isomers and around 4 ppm for Z
igomers in E-Z pairs of aliphatic aldoximesA, and the syn-methyl aromatic and
heteroaromatic ketoximes (E-form) exhibit their bqg values from 710.12 to 10.21
ppm, while those of the anti-methyl ketoximes {Z-form) are found in the range of
10.05 to 10.08 ppmA. Further, as the more recent example, it is known that in
the sulfur derivatives of 2-oxopropanal oxime the E isomer has the magnitude of
Sog — dcy=y — 5-02 - 5.46 ppm23. We chose this method and exanmined the H-nar
spectra in DM30-dg of seventeen aldoximes of known configuration of pyridine,
quinoline, isoquinoline and their N-oxides and tabulated &gy, dpg=y and dgy -
§og=y values in Table V, and also listed GOH values of fourteen methyl keto-
ximes of known configuration in Table VI. Oximes other than those obtained in
the present work were prepared according to the reported procedures {(see Tables
V and VI). In aldoximes series, 5OH - 6CH:N values ranged from 3.16 to 3.77 ppm
(average 3.53 ppm) for E isomers and from 4.36 to 5.33 ppm (average 4.78 ppm)
for Z isomers (Table V), and it could be noticed that there was a definite
difference (average 1.25 ppn] of b4y - Sopg_y values between E and 2 isomers.
Thus, it has proved possible to use dpp - 6CH:N values as a reliable means for
assigning the configurations of aldoximes in these series, the separate use of
doy or/and §opy being not applicable (Table V). Although we obtained only cne
aldoxime 6 from 1-methylisoquinoline 2-oxide 5 and our attempt to assign chemi-
cally its configuration failed as mentioned above, we may resonably conclude
that 6 is the E aldoxime based on the magnitude of by - Sopoy = 3.51. &s can

be seen in Table VI, 8oy values of methyl ketoximes ranged from 11.30 to 11.90
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Table V. 60H’ Ly and 6OH - 5CH=N Values (in ppm) for N-Containing

Hetercaromatic Aldoximes and Their N-Oxides in DMSO—d6

20

18 17 .70 ¥

~ ©
I
I
e
(=]
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L

27

20 75

N
/C=N\
Y OH
Compd. x Y %on Pcu=n Son~Scu=N compd. X v fon Scuen Son®cuen
16 Q\/ H 11.71 8.11  3.60'2 T .
24 OO H  11.94 8.78  3.16
1
17 @L H 12.13 8.55 3.6018 °
rd
¥
© 25 11.98 §.28 3.70'°
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18 H 11.83 8.35 3.477
N
Q
H
H
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21
916
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11.97 8.54 3.453
13.68 B8.35 S,

wl
[#]

H
H
L
<y
o
29 H [ij 12.23 7.54 4.6
J
o
=
ZN

1b

8 8-

23

ppe (average 11.65 ppm) for E isomers and from 10.66 to 10.97 ppn (average 10.82
ppm) for 2 isomers. The difference of such definite magnitude (average 0.83 ppn)
is also encugh for the configurational assignment of methyl ketoximes in thess
cases. Previously, we obtained only one isomer in nitrosation of 4-ethylguino-
line by Method 428, Now we determined this isomer to be (E)-methyl 4-quinolyl
ketone oxime 41 on the basis of dpy = 11.67 ppm. This configuration was further
confirmed by the formaiion of 4-acetylaminogquinoline 4;27, though in poor yield,

from the Beckmann rearrangement under forced conditions using benzenesulfonyl
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Table VI. 60” Value (in ppm) for N-Containing Heterocaromatic Ketoximes
and Their N-Oxides in DMS0-d

x 6
\C =N
Y Son
& &
Compd. Y OH Compd. Y OH

cH, 11.52'% 36 13

X
G,
32 @\; CH, 11.531¢
¥
Q
¢]
v

31 CH, 11.73

X
L,
(s
37 CH, 11,7913
)
CH,  11.90

1¢
oH ; 38 CH, '@, 10.91
34 @ cH,  11.30 i

i 4

+]

5 ) CH, 11.69

& 10 CH, N 10272
12 ! CH, 11.74
\0 .
13 CH, ™ qg.gr1d
35 eH, 11.671° e
v 3
10 CH, OQ 10.82"°
&

33

39 CH, 10.667

HC\ copnH NHCOCH,
X CH;50,Ci =
reflux, 6 h , pyridine P
N/ N
] 42
Scheme 6

chloride, while application of trimethylsilyl polyphosphate (PPSE) or phesphorus
pentachloride (PGl5) was alsc tried but no rearrangement was noticed (Scheme 6).

Next, to examine the effect of N-oxide function on chemical shifts of OH ang
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CH=N hydrogens, we surveyed the TH-nmr spectra shown in Tables V and VI. Only
in E aldoximes having oxime group adjacent to N-oxide group, there were nocticed
low field shifts by average 0.35 pom for &3y and by average 0.37 ppm for Spp.y
6“_221 é‘

due to the electron-withdrawing effect of N-oxide group (17-16, 19-18,
2). However, nc significant informations could not be obtained In other aldo-
ximes and ketoximes.

It is well established that the favourable steric arrangement of aromatic ald-
oximes is E configurationza. This is alsc the case for aldoximes given in Tabls
V and E isomers surpassed Z ones with respect to the availabilities and yields.
On the other hand, such a general trend as cbgerved in aromatic zldoximes sesms
to have not been still confirmed in aromatic and hetervaromatic methyl keto-
ximes, to our knowledge., However, it is evident that E isomers alsoc surpassed Z
ones with respeect to the availabilities and yields as shown in Table VI. In
order to evaluate the stabilities of these ketoxime iscomers, we performed the MO
cglculation using MNDO method for ketoximes in which both iscmers are cbtalna-
ble, by assuming the coplanarity of the hetercarcmatic ring and the oxime group
from the following reasons.

1) In the uv spactra of a series of alkyl phenyl ketoxime O-methyl ethers, both
Apayx end evalues decrease with bulk of alkyl group, and phenyl group is shown to

be likely conjugated with C=N bond when alkyl group is hydrogen or methyl on the
bagis of their A ., and e values??.

2} Crystallographic studies of l-pyridinecarboxaldehyde oXimes (E and Z isomers)
and 4-pyrimidinecarboxaldehyde oximes (E and Z isomers) demonstrate that the
oxime group and hetercaromatic ring are nearly coplanar in each case’0,

In fact, the theoretical calculation of benzaldoxime was achieved on the basis
of this assumption31. Table VI] contains the most stable structures, which are
the optimized geometries calculated by MNDO method for E and 7 isomers, total
energies (Ep} and E-Z energy differences ( AEq) 32 Thue, it was found that E
isomer 18 the preferred form compared with Z isomer as anticipated. It should
be considered that this difference of stability between E and Z isouwers might be
at least partly attributed to the no effective hydrogen bonding between the
oxygen of N-oxide group or the ring nitrogen and the hydrogen of hydroxyl group

in Z isomers, and the steric compression effect between CH3 and hydroxyl groups

in E isomers.
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Table VII. The Most Stable Structures, Total Energies (ET) and E-Z Energy
Differences (AET) in N-Containing Heteroaromatic Ketoximes and Their
N-Oxides Calculated by MNDO Method

Compd. Structure Type of ET(eV) AET(kcal/molj
Isomer E-7
o
. M
32 6 1 E -2062.839
N
H -11.230
“
= CH
N
38 O z -2062.352
N
Y
T
NP
36 4 N E -2602.004
.
?
H -3.690
RS
@C/CH’
43 6 i z -2601.844
e
]
H
9
Na o CHs ]
37 E 2601.846
L
'
o -5.373
CH:xc,,-N-.. _H
40 [:I%j Z -2601.613
W
'
(o]
-
P ~a
12 & E -2601.628
—_
H-0 -5.627
ey
13 Mg z -2601.384
H/O\Nﬁc‘\CH
aC
9 7N E -2282.303
?l’c‘cu,
H—Q -4.174
e,
10 =N Z -2282.1z22
/C-":..‘-N/O\H
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l.int.): 172(M%,89), 154(34), 129(53), 115{100}. High resolution ms Caled for
CqoHgW,0(M*): 172.064. Found: 172.064.

Reaction of 2 (or 3) with P0013 POGl3 {0.54 g, 3.5 mmocl) in CHClB (5 ml) was

added dropwise to a solution of 2 (or 3, 0.2 g, 1.2 nwol) in CHC14 (10 ml) under
ice-cooling. The mixture was heated under reflux for 4 h, treated with ice
water, and the resulting precipitate (recovered 5.M,) was filtered. The filtrate
was basified with 28% ammonia and then extracted with CHClB. The residue from
the GH013 extract was chromatographed witih GHClB to give l-cyancisoquinoline §5,
0.17 g (95%) (irn the case of 3, 0.16 g, 92%}.

Reaction was

Nitrosation of 1-Methylisogquinoline 2-0xide 5 in Ligq. NHB
1

carried out as described in the previous paper , using 5 (1.0 g, 6.3 mmol)} and
isopropyl nitrite (1.23 g, 13.9 mmol) instead of amyl nitrite. The residue fron
the reaction mixture was washed with water and the inscluble product was recrys-
tallized from 99% Et0H to give (E)-1-isoquinolinecarboxaldehyde 2-oxide oxime 6,
pale yellow prisms, mp 230-231° (decomp.), 1.C g (85%). Anal. Calcd for
CioHgN,0p: ©, 63.82; H, 4.29; N, 14.89. Found: C, 63.71; H, 4.22; N, 14.75. Uv

AESOHnp(1oge): 268(4.38). Ir vEBTon=1: 3300-2400, 1498, 1299, 1203, 963, 765.

max max

TH-Nur 6gg‘§0'd6 s 7.46-7.86(2H,m,E-6 and E-7), 7.86-8.06(1H,u,H-8),
7.97(1H,d,J=7.0Hz,0-4), 8.26{(1H,d,J=7.0Hz,H0-3), 8.49-8.80(1H,m,H-5), 8.73(1H,s,~
CH-NOH), 12.24(1H,s,CHE). 13G-Nmra]§g§°“d6 + 124.47(4,0=5), 124.66(4,0-4),

127.22(s,0-9), 127.40{(4,0-8), 128.04(4,C-7), 129.90(d,C-6), 136.53(4,C-3),
137.75(s,0-10), 143.18(d4,-CH=NOH). Ms m/=(rel.int.): 188(M*,50), 171{(100),
154(42), 128(69). High resolution ms Calecd for C1OH8N202(M+): 188.059%. Found:

188.060.

Reaction of 6 with Acy0 A mixture of & (0.28 g, 1.5 mmol) and Aco0 (7 ml)

was heated at 50-60° to dissolve 6 and kept at room temperature for several
hours. After addition of ice water, the mixture was made pH 6.2-6.4 with 10%
Na2003 gsolution and then extracted with CHClB. The residue from the CHClB
extract was recrystallized from ether-acetone to give 1-cyancisoquincline 2-
oxide 15, 0.24 g (70%).

General Procedure for the Reaction of N-Heterocycle with t-BuONO in the Presence

of t-BuCK in anhydrous THF (Method B) N-Heterocyecle (10 mmol) in anhyd. THF

{20 ml) was added dropwise to a solution of t-BuOK {2.24 g, 20 mmol) in anhyd.
THF (20 ml) with stirring under ice-cooling, and the mixture was stirred for 1-2

h under ice-cooling. Then, t-BuONO {3.09 g, 30 mmocl) was added dropwise to the
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reaction mixture under ice-cooling, followed by stirring overnight at roon

temperature. The solvent was evaporated to dryness.

Reaction of 1-Ethylisoquinoline 8 The residue was chromatographed to give

{E)-methyl 1-isoquinolyl ketone oxime 9 (with CHClB) and (Z)-methyl 1-isoquino-
1yl ketone oxime 10 (with ether). Compound 9 was recrystallized from benzene to
give colorless needles, mp 148-149°C, 0.84 g (45%). Ansl. Calcd for CqqHqgH,0:
C, 70.95; H, 5.41; N, 15.04. Found: C, 71.16; H, 5.44; N, 14.85. UvAEOEnn(log
€): 220(4.62). 1zvEBron~" : 3254, 1559, 1251, 994, 931, 835, 677. lm-nar sDMS0-
dg 2.37(3H,s,CH4), 7.37-8.00(4H,m,H-4,H-7,H-8 and H-6), 8.34-8.71(2H,n,H-3 and
H-5), 11.69(1H,s,0H). 12C-Nmr agglrﬁo"dé : 13.64(q,CH3}, 120.73(d,C-4),
125.60(s,C-9), 126.88{4,0-7), 127.37(4,C=-5), 127.55(d4,C-8), 130.05(d,C-6),
136.32(s,C-10), 141.32(d,0-3), 154.66(s,C-1), 155.14(s,-C=NOH). Ms =m/z{rel.
int.): 186(MY,100), 169(50), 154(54), 128(62). High resolution ms Calcd for
011H10N20(M+): 166,079, Found: 186.080. Compound 10 was recrystallized from
ether-acetone to give colorless prisms, mp 205°C (decomp.)(litg. 212-214°C),
0.22 g (12%). Ansl. Caled for CqqHqglp0: G, 70.95; H, 5.41; N, 15,04. Found: G,
71.245 H, 5.46; ¥, 14.94. Uv AR 0Enn(10ge): 218(4.73). 1r vXBIcu": 3300-2600,
1556, 1249, 1144, 1021, 932, 825. 'H_Nmr 6ggf§0-de : 2.23(3H,s,CHg), 7.43-
8.17(5H,m,Ar-E), 8.54(1H,d,J=5.782,H-3), 10.72(1H,s,0K). 'Jc-NnrsDM50-dg
20.16(q,CHy), 120.36(d,0-4), 124.51(s,0-9), 126.58(d,C-7), 126.76(d,C-5),
127.49(4,C-8), 130.29(d,C-6), 135.29(s,0-10), 141.93(d,C=3}, 151.92(s,C-1),
156.85(s,-C=NOE). Ms m/z(rel.int.): 186(M%*,100), 169(51), 154(76), 128(78).
High resolution ms Caled for 011H1ON20(M+): 186.079. Found: 186.081.

Reaction of 2-Picoline

The residue was chromatographed with GHClB—MeOH

(30:1) to give S.M. and (E)J-2-pyridinecarboxaldehyde oxime]a, G.11 g (9%]).

Reaction of 2-Picoline 1-Oxide The residue was chromatographed with ether

to give 2-pyridinecarboxamide 1—oxide1a, 0.15 g (12%) and (E)~2-pyridinecarboxa-

ldehyde 1-oxide oxime'®, 0.72 g (57%).

Reaction of Lepidine The residue was chromatographed with CHC1l4-MeOH (20:1)

to give (E})-4-quinolinecarboxaldehyde oximeWb, 1.1 g (92%).

Reaction of Lepidine 1-0xide The residue was chromatographed with GHCl4-MeOH

(20:1) to give 8.M. (0.22 g, 22%) and (E)-4-guinolinecarboxaldehyde 1-oxide
oximelP, 0.4 g (32%).

General Procedure for the Reaction of 8 or 1-Ethylisoquinoline 2-Oxide 11 with

t-BuONC in the Presence of t-BuOX in Lig. NH3 (Method C) In a 200 ml three
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necked flask equipped with a stirrer and a Dry Ice-acetone condenser was placed

liq. NH4 (100 ml), and %-BuOX (1.68 g, 15 mmol) was added to lig. NH,. After
stirring for 15 min, 8 (or 11) (5 mmol} was added and the mixture was further
stirred for 1 h. Then t-BuONO (1.13 g, 11 mmol) was added dropwise to the reac-

tion mixture which was stirred for 2 h, and lig. NHB wag evaporated.

Reaction of & The residue was treated as described for reaction of 8 with t-
BuONO in the presence of t-BuOK in anhyd. THF %o give 9 (0.73 g, 78%) and 10
(0.75 g, 16%). The final yield was determined by using a high speed thin layer
echromatoscanner. Hptlc conditions: Hptlc plate, Silica gel 60 F254 precoated

(Merck); solvent system, CH;CO0Et.

Reaction of 11

The residuvue was chromatographed with CHClB—MeOH {(20:1) to

give the mixture of (E)-methyl 2-oxido-1-isogquinoclyl ketone oxime 12 (0.37 g,
37%) {vide infra) and (Z)-methyl 2-oxido-1-isoquinolyl ketone oxime 13'3(0.37 g,
37%}. The mixture was separated by fractional recrystallization from acetone
into the each isomer. The final yield was determined by using a high speed thin
layer chromatoscanner. Hptlc conditions: Hptlc plate, S8ilica gel 60 F254 pre-
coated (Merck); solvent system, benzene:MeOH = 10:1.

General Procedure for the Reaction of N-Heterocycle with t-BuONO in the Presence

of t-BuCK and n-BuLi in Anhydrous THF {Method D) To a sclution of t-BuOK

(2.24 g, 20 mmol) in anhyd. THF (80 ml) cooled with Dry Ice-acetone (in the case
of 11, ice-cold water) under nitrogen, n-BuLi {1.6 M solution 12.5 ml, 20 mmol)
was added dropwise with stirring for 10 min. After stirring for 30 min, =a
solution of N-heterocycle {10 mmcl} in anhyd. THF (10 ml) was added dropwise
over 20 min, and the resulting mixture was further stirred for 1 h. 4 solution
of t-BuONO (3.09 g, 10 mmol) in anhyd. THF (10 nl} was added dropwise for 10
min, and the reaction mixture was further stirred for 2 h. The reaction mixture
was allowed to reach room temperature overnight with stirring and THF was evapo-
rated off at as low temperature as possible, and the residue was neutralized
with 107 HCl solutien and extracted with CHCl3. Water was evaporated off at as
low temperature as possible, provided the oxime was involved in the aqueous
layer. The residue combined with the CHGlB extract was subjected to column
chromatography. The final yields of oxime and S.M. were determined by thin
layer chromatoscanner,

Reaction of 11-———Work-up of the residue was carried out as described for

reaction of 11 with t-BuONO in the presence of t-BuOK in liq. NHy. 12+13 :
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1.49 g (74%).

Reaction of 2-Picoline————The residue was chromatographed to give (Z)-2-

pyridinecarboxaldehyde oxime! ({with benzene~CHC13, 1:1), 0.20 g (16Z), and (E)-
2-pyridinecarboxaldehyde oxime® (with CHClB—MeOH, 20:1), 0.24 g (20%). HPTLC
conditions: Hptlc plate, Hptlc NH, F2545 (Merck); solvent asystem, CHBCOOEt:CHCIB

= 1:1.

Reaction of 4-Picoline The residue from the GHGlE extract was washed with

ether and was recrystallized from ether-acetone to give {(Z)-4-pyridinecarboxal-
dehyde oximem, 0.5 g (417). Hptlc conditions: Hptlc plate, 8ilica gel 60 Fas5y
{Merck); solvent system, CHCl,:MeOH = 10:1.

Reaction of Lepidine 1-0Oxide-————The residue was treated as described for

reaction of lepidine 1-oxide with t-BuONO in the presence of t-Bu0OK in anhyd.
THF to give (E)-4-quinolinecarboxaldehyde 1-oxide oxime P, Hptlc conditions:
Hptlc plate, Silica gel 60 Fos, {Merck); solvent systenm, CHyC00Et:MeDH = 5:1.
(E)-4-quinelinscarboxaldehyde 1-oxide oxime: 1.13 g (60%). S.M.r 0.41 g (267

Reaction of 11 with t-BuONO in the Presence of t-BuOK and HoNCSNH, in Lig. NHB

To a solution of t-BuOK (2.24 g, 20 mmol} in ligq. NHy (100 ml) was added
11 (1.73 g, 10 mmol) and the mixture was stirred for 1 h, then H,NCSNE, (0.76 g,
1¢ mmol) was added. After stirring for 30 min, t-BuONO (3.09 g, 10 mmol) was
added dropwise to the reaction mixture, followed by stirring for 2 h and then
liq. NH3 wag evaporated. Work-up of the residue was carried out as described for

reaction of 11 with t-BuCNO in the presence of t-BuOK in liq. NH3. 12+13: 0.48
g (24%). S.M.: 1.16 g (672).

Reaction of 11 with t-BuCNC in the Presence of LDA To a solution of LDA in

anhyd. THF (120 ml) prepared from diisopropylamide (2.02 g, 20 mmcl) snd n-Buli
(1.6 M solution 12.5 ml, 20 mmol) at -78°C under nitrogen according to the usual
method was added 11 {1.73 g, 10 mmol) and after stirring for 1 h t-BulNO {32.09
g, 30 nmumol) was added dropwise to the reaction mixture. After stirring at -78°C
for 2 h, the reaction mixture was allowed to reach room temperature overnight
with stirring and then THF was evaporated. The residue was neutralized with 10%
HC1 solution and the water was evaporated off in vacuo. Work-up of the residue
was carried out as described for reaction of 11 with t-BuONOC in the presence of
t-BuOK in lig. NH;. 12+13: 0.22 g (11%). S.M.: 0.87 g (50%).

Reaction of 11 with t-BuONO in the Presence of t-BuOK and n-Buli in Ligq. NHy——

n-Buli (1.6 M solution 12.5 ml, 20 mmol) was added dropwise to a solution of t-
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BuOK {2.24 g, 20 mmcl} in anhyd. THF (90 ml) under ice-cooling and nitrogen and

lig. NH4 (90 nl) was introduced te the mixture. Compound 11 (1.73 g, 10 mnmol) in
anhyd. THF (30 ml) was added dropwise, and after stirring for 1 h, t-BuONO (3.09
g, 30 mmol) was added dropwise and the mixture was stirred for 2 h. After 1iq.
NH3 and THF were evaporated off, work-up of the residue was carried out as
described for reaction of 11 with t-BuONC in the presence cof t-BuOK in lig. NHj.
12+13: 0.72 g (36%). 8.M.: 1.01 g (60%).

Reaction of 1-Acetylisoquinoline 2-Oxide 14 with NH,0H in Basic Media NH,OH-

HCL (0.20 g, 2.8 mmol) was added to a solution of 14173 (0.50 g, 2.6 mmol) in 20%
NaOH solution (8 ml) and the mixture was stirred focr 1 h at room temperature.
The reaction mixture was sdjusted to pH 8 with G0y, and extracted with GHC13.
The residue from the CH013 extract was washed enough with ether, and the ether
waghings were concentrated. The residue was chromatographed with GHCIB—MGOH
(20:1) to give isoquinoline 2-oxide 15 (refined by sublimation, 1 mmHg at 80°C),
0.23 g (59%). The residue inscluble in ether was recrystallized from acetone to
give 12, colorless prisms, mp 244-246°C, 0.10 g (19%). Anal. Celecd for
CyqHqgNz05: G, 65.345 B, 4.98; N, 13.85. Found: €, 65.45; H, 4.98; N, 13.84. Uv
MEEOH g (loge): 262(4.99). Ir v5BTen-T: 2832, 1323, 1203(8~0), 1135, 964, 811,

754, 1H-Nmresllglfgigo-da : 2.15(3H,8,CH3), 7.46-7.77(3H,n,Ar-H), 7.77-8.00(1H,n,hr~

H), 8.00(1H,d,J=7.2Hz,H-4), 8.24(1H,d,J=7.2Hz,H8-3), 11.74(1H,s,0H). '3G-Nnmr
sDMS0-d¢ . 13.25(q,0H5), 123.96(d, A7), 124.29(4,Ar), 127.03(d,Ar), 127.92(d,4r),
128.19(s,Ar) 129.38(d,Ar), 136.87(d,Ar), 141.44(s,AT), 148.84(s,Ar). ¥Mas m/z(rel.
int.): 202(MY,41), 185(100), 154(43), 128(59). High resolution ms Caled for

CqqHygNp0,{M¥): 202.074. Found: 202.076.

Reaction of 14 with RH,0H in Acidic Media NH,O0H-HC1 {(0.27 g, 3.9 mmol) was

added to a solution of 14 (0.5 g, 2.6 mmol) in MeOH (14 ml) and the mixture was
heated for 4 h under reflux., The solvent was evaporated and the residue was
recrystallized from acetone to give a mixture of 12 and 13, 0.42 g {80%), in a
ratic of 1:1 (from nwr).

The Beckmann Rearrangement of Methyl 4-Quinolyl Ketone Oxime 47 A mixture

of 41 (0.2 g, 1.1 mmeol) in dry pyridine (10 ml} and CgHg580,C1 (0.23 g, 1.3 mmol)
was refluxed for 1.5 h. The solvent was evaporated and the residue was chroma-
tographed with CHClB-MeOH {20:1) to give colorless powder, followed by basifica-
tion with NaliCO3 sclution and then extracticn with CHClB. The residue from the

CHClB extract was recrystallized frcom benzene to give 4-acetylaminoquinoline
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4227, 0.04 g (20%).
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