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This paper reports the two-dimensional nmr spectral assignment and the X-ray structural determination of
2,14-dimethyl-8a8-hydroxy-7,10-dioxo-53,63-(propano)-6c,8c{ethanoimino)-trans-perhydroisoquinoline V
which was obtained from 7,10-dimethyl-23-hydroxy-14-0x0-2,3{methanciminoethano)-33,48-propano)}
3,4,5,6,7,8-hexahydro-2H-pyrano|2,3-cJpyridine IV by isomerization with hydrochloric acid. Both the com-
pounds IV and V afforded the same dimethiodide IV-2Mel, while the configurational isomer 2,14-dimethyl-
8af3-hydroxy-7,10-dioxo-5¢,63<propano)-6c,8c{ethanoimino}-trans-perhydroisoquinoline III gave mono-
methiodide IIT-Mel. The structures of these methiodides were also confirmed by X-ray analysis.

J. Heterocyclic Chem., 25, 1143 (1988).

In a recent paper [1], we reported that 6-methyl-4,5,6,7-
tetrahydrofuro[2,3-c]pyridine afforded, by refluxing with
hydrochloric acid, a mixture of several compounds from
which four dimerized products, 2,9-dimethyl-1,2,3,4,7,8,9,-
10-octahydropyridof4’,3":4,5]furo{3,2-hlisoquinoline (I),
3,10-dimethyl-1,2,3,4,8,9,10,11-octahydropyrido[4',3":4,5]-
furo[2,3-hlisoquinoline (II), 2,14-dimethyl-8ag-hydroxy-
7,10-dioxo-5c,63-(propano)-6,8c-(ethanoimino)-trans-
perhydroisoquinoline (III) and 7,10-dimethyl-23-hydroxy-
14-0x0-2,3(methanoiminoethano)-33,48-propano)-3,4,5,6,-
7,8-hexahydro-2H-pyrano[2,3-c]pyridine (IV) were isolated
(Chart 1). Among these, the hemiketal compound, IV, was
expected to be hydrolyzed and recyclized to give an aldol

MeN
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reaction product V through the triketonic intermediate,
IV, in aqueous acidic solution. In this paper we report the
isomerization of IV to V, confirmation of the structure of
V and further stereochemistry of the methiodides of ITI,
IV and V.

Thus, compound IV was refluxed with 10% hydro-
chloric acid for 30 hours. From the reaction mixture a new
compound V, mp 185-187°, was isclated in 20% yield ac-
companying recovery of IV in 70% yield by column
chromatography on silica gel. The elemental analysis and
mass spectrum indicated compound V to have the
molecular formula C,(H,,N,O, (identical to that of com-
pound III). The ir spectrum of V exhibited an absorption

Me

& NMe
= N
+ MeN v +
11
0
+ MeN. IHO :“
o ]
N
Me
Iv

Chart 1
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Table I
3C NMR Data for Compound V

Carbon Chemical shift
C-4 25.611 (1)
C-4a 33.076 (d)
C-12 36.503 (t)
C9 40.689 (1)
N-Me 45.967 (q)
C-11 46.057 ()
N'-Me 47.265 (q)
C-13 50.570 (1)
C-6 51.282 (s)
C-5 52.745 (d)
C-3 55.451 (1)
C-1 64.573 (t)
Cc8 76.856 (d)
C-8a 79.263 (s)
C=0 210.413 (s)
C=0 215.024 (s)

& Values in deuteriochloroform. The multiplicities of carbon signals are
indicated as, s, d, t and q.

for a hydroxyl group at 3450 cm™ and carbonyl, at 1730
and 1720 cm™. The 'H nmr spectrum exhibited only
resonances of strongly coupled aliphatic proton systems
which could not be analyzed even at 400 MHz. The '*C
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Figure 1. Two-dimensional heteronuclear shift-correlated spectrum
of compound V [360 ("H) and 90.5 (**C) MHz] in deuteriochloroform

(upfield resonances only).
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nmr spectrum (Table I) showed signals of two carbonyl,
two N-methyl, two quaternary, three methine and seven
methylene carbons. These data suggested that the com-
pound V could possess a structure resembling that of III.
However, the correct structure could not be assigned
unless the complex spin systems could be analyzed.

With availability of homonuclear and heteronuclear
two-dimensional chemical shift correlation, techniques
and data were obtained to assign the structure of V [2].
The heteronuclear shift correlated spectrum (Figure 1)
established the carbon-proton connectivity and the unam-
biguous assignment of the carbon spectrum [3]. The
homonuclear shift correlated two-dimensional spectrum
(Figure 2) allowed the complex proton-proton coupling
network to be analyzed [4].

Figure 2. Two-dimensional (360 MHz) homonuclear shift-correlated
specttum of compound V in deuteriochloroform.

The homonuclear spectrum shows that the proton H,,
(3.14 ppm) at the furthest downfield couples with the pro-
ton H, (1.81 ppm), which are apparently the geminal pro-
tons on the carbon C-11 (46.057 ppm). The chemical shift
of C-11 and the coupling pattern of H, and H,, indicate the
methylene carbon is connected with a carbonyl carbon and
a quarternary carbon. Judging from the large difference
in chemical shift of H; and H,,, the proton H,, should be
located in a position greatly deshielded by anisotropic ef-
fect of another carbonyl group. The methylene protons H,
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Table I1

Furopyridines. VIII

‘H NMR Data for Compound V

Proton Chemical
shift
H, (m) 1.55
H, (dqg) 1.65
H, (dd) 1.81
H, (m) 2.01
H. (ddd) 2.07
H, (ddd) 213
N-Me (s) 2.31
H,
H, (m)
H, (m)
N'-Me (s) 2.42
H,
H, (m) 245
H, (ddd) 2.59
H, (ddd) 2.74
H; (s) 2.78
H, (m)
H, (m) 2.86
H,, (dt) 3.14
OH (bs) 3.42

Coupling constants

I, =128
Jf. = ch e Jf, =
Jim = 183, Ju =

128,J, = 45
1.0

J, =128,)., = 113,]. = 33
T =183,J, = 72,1, = 05

2.34-2.48 overlapped

J,. = 43,J, = 128,J,, = 58

ka =183, ] =

13.6, J“ = 1.0

2.80-2.88 overlapped

Joi = 183, Jmy = Jos = 05

& Values in deuteriochloroform and coupling constants in Hz.

Compound

Formula
Mw
Crystal shape
Crystal system
Space group
Cell constants
a(A)
b (A)
c(A)
B(A)
V(A3
z
D. (g cm™)
wCuKa) (cm™)
Crystal size (mm)
T (°C)
Data range (deg)
Scan speed (26) (deg min™)
Scan range (6) (deg)
No of obsd data
No of data with |Fo| % 0.0
No of variables
Coeff used for refinement
a
b
c
R
R,
S (goodness of fit)
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and H,, also couple with the protons H; (2.13 ppm) and H,
(2.74 ppm) respectively through long range coupling which
are attached to the carbon C-9 (40.689 ppm). The cross
peaks of H; and H, indicate that these methylene protons
are correlated to the proton H, (2.45 ppm) whose signal is
masked by multiplets of other protons. The heteronuclear
spectrum shows the proton H, is attached to the carbon
C-5 (52.745 ppm). The correlation of H, with another pro-
ton, H, (2.59 ppm), is shown by the cross peaks of H, in the
homonuclear spectrum. The proton H, is assigned to the
methine proton connecting to the carbon C-4a (33.076
ppm), which in turn leads to the assignment of H, (1.55
ppm), H, (1.65 ppm), H, (2.07 ppm) and H, (2.86 ppm); the
former two connecting to the carbon C-4(25.611 ppm) and
the latter two to the carbon C-3 (55.451 ppm), respectively,
as evidenced by the cross peaks indicating the coupling
between these protons. The chemical shifts of C-3 and C-9
suggests that C-3 connects to an amine-nitrogen and C-9 to
a carbonyl carbon.

Though the signals of H,, H,, H, and H, are overlapped
with those of other protons and are difficult to assign com-
pletely, the cross peaks of homonuclear spectrum and the
heteronuclear correlated spectrum indicate that H, and H,
are attached to the carbon C-12 (36.503 ppm) and H, and

Table 111

Crystal Data and Intensity Collections for V, III-Mel and IV-2Mel

\)

Cle26N203
292.368
plate

monoclinic
P2//c

10.209(5)
11.802(8)
12.769(6)
102.74(3)
1501(1)
4

1.294
6.859

05x04x04

20

2° < 26 < 130°

3

1.3 + 0.15 tan

2547
2522
279

1.2057
-0.3409
0.0220
0.085
0.093
2.134

IH-Mel IV-2Mel
€ Hy,N,0,1 C.sH3oN,0,1, + 12H,0
434.318 585.26
plate plate
monoclinic monoclinic
P2,/n P2,

8.226(1) 9.427(10)
18.323(3) 10.449(9)
12.518(2) 12.913(13)
103.87(1) 109.52(9)
1831.9(6) 1199(2)

4 2

1.575 1.621

140.0 209.9
03x03x0.2 0.3x03x0.2
20 20

2° < 20 < 130°

3 3

1.0 + 0.15 tan 1.9 + 0.15 tan
3104 2311

2735 2297

317 227

0.0 0.0479
0.5297 0.3173
0.0041 -0.0001

0.112 0.080

0.132 0.107

1.146 1.105
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Table IV Table IV (continued)
Atomic Parameters and Equivalent Isotropic Thermal Parameters Compound 1V-2Mel
for Nonhydrogen Atoms in Compound V, III-Mel and IV-2Mel "
(Estimated standard deviations are in parentheses) S X Y Z Beq
c 4V I(A)* 0.2105(1) 0.8801 0.49562(6) 3.23(5)
S I(B) 0.2785(1)  0.3853(1)  0.12763(6)  4.20(5)
. N(7) 0.8662(2) 0.4803(2) 0.8573(1) 2.6(4)
Atom X Y z Beq C(6) 0.8905(2)  0.3365(2)  0.8488(1)  2.6(5)
i .259 k K
N(@) 05206(2)  -0.0737(2) 0.84582)  2.91(8) ggl) 8_2???% 8 5?3;8 g ggggg; : g((g
C(2M) 0.3896(3) -0.1247(3) 0.8409(3) 4.3(1) C(82) 0.5999(2) 0:4304(2) 0-7441(1) 2. 0
C(3) 0.5143(2) 0.0491(2) 0.8548(2) 3.2(1) c®) 0.73142) 0.5224(2) 0:7637(1) 2:3(5)
e 0.6540(2) 01000(2) 0.8682(2) 281 C4) 0.4757(2) 0.2263(2) 0.7497(2) 3.1(6)
C(4a) 0.7184(2) 0.0655(2) 0.7754(2) 2.23(8) cB) 0.3463(2) 0.2827(1) 0.6538(1) 170
C(5) 0.8561(2) 0.1183(2) 0.7808(2) 2.3309) @) 0.33392) 0:4-26921) 0:6664.(1) 2:3(5)
ce) R 007272)  0.69242) 2:340) o(1) 0.4778(1) 0.4871(1) 0.6761(7) 1.7(3)
C(7) 0.9169(2) -0.0558(2) 0.6898(2) 2.5109) ca12) 0.3664(2) 0.2494(1) 0.5442(1) 185)
0o(7) 10133@2)  -0.1186(2)  0.7035@)  4.040) c) 0.2350(2)  0.3053(1)  0.44741)  2.2(5)
C@®) 0.7738(2) -0.0981(2)  0.6666(2) 2.499) N(10) 0.2443(2) 0.4475(2) 0.4542(1) 3.3(6)
C(1) 0.5716(2) -0.1077(2) 0.7523(2) 2.82(9) o) 0.2196(1) 0.4856(1) 0.5644(1) 17)
0(8a) 0.8017(2) -0.1192(1) 0.8531(1) 2.73(7) cs) 0.4089(2) 0.2028(2) 0.84-87(1) 3-3(7)
C(8a) 0.7152(2) -0.0645(2) 0.7636(2) 2.24(8) 1) 0.24502) 0.17792) 0.7865(2) 3'4(7)
N(14) 0.6967(2) -0.0456(2) 0.5667(2) 3.00(8) ca3) 0.20642) 0.2136(2) 0.6653(1) 2-5(6)
C(14M) 0.6171(3) -0.1311(3) 0.4957(2) 4.5(1) caM1) 1:0025(2) 0:5502(2) 0:8522(2) 4.:0(8)
C(13) 0.7828(3) 001908) ~ 0.51032) 372) C(TM2) 0.8455(3) 0.5140(2) 0.9601(1) 3.9(8)
C(12) 0.8574(3) 0.1130(2) 0.5783(2) 3.2(1) 0@ 0.2073(1) 0.4578(1) 0.75870) 2.6(4)
cay 1.0722(2) 0.11202)  0.73182) 2341 C(10M1) 0.3659(2) 0.5101(2) 0.4314(1) 2.6(6)
cao) l'ggggg; g'i }ggg; g'g?igg; i;gg; C(10M2) 0.0939(2) 0.4926(2) 0.3614(1) 2.8(6)
0(10) 1. i R R . - g R
co) 0.9624(2) 0.1035(2) 0.8857(2) 2.9(1) 0(14) 0.1583(2) 0.1363(2) 0.8280(1) 4.7(6)
*Beq = 4/3(B,,a? + B,,b® + B,c® + acB,,cos0) :Tg:quOZgi(i;::i tf t;:b:tt;mBv::’fi:eicz:cr:sg)to define the origin.
H, to the carbon C-13 (50.570 ppm) and couple with each
others. Furthermore, it is evident that the methylene car-
c d TILMel bon C-1 (64.573 ppm) correlating with protons H, and H,
empea is connected to an amine-nitrogen and a quarternary car-
Atom X Y Z Beq* bon. The chemical shift of the methine carbon at 76.856
L9 ppm (C-8) and the coupling pattern of the singlet at 2.78
gg;) 3246-22}2; :giggg((g g(l)gggg; 2:324; ppm (H,), which is correlated to C-8, indicate that the car-
C(6) 0:491(1) —0:2101(6) 0.1172(9)  2.1(4) bon C-8 is connected to an amine-nitrogen, a carbonyl car-
C() 0.403(2) -0.1399(6) 0.134(1) 214 bon and a quarternary carbon.
C®) 0.509(1) '88331(? 8'?337(3) ;;g; The large coupling constant between H, and H, (J =
gg;) 823?8; :0:025027; 0:282229; 2:4{4) 12.§ Hz) su'gge'sté that'both the vicinal prqtons are axial in
N@) 0.935(1) 0.0000(6) 0.2501(7)  2.2(4) a rigid piperidine ring. Therefore, this excludes the
€3 1.025(1) -0.0626(7)  0213(1)  2.6(5) possibility of compound V to be a bicyclo[3.3.1]nonane
) ) SR ey ) structure in which C-4a is contained as a bridgehead car-
C9) 0.711(2) -0.2512(7) 0.035(1) 2.7(5) b
C(10) 0.556(2) -0.2987(7)  -0.004(1) 2.8(5) DI
cQ1) 0.404(2) -0.2582(7) 0.022(1) 3.0(5) Hy 0
C(12) 0.530(2) -0.2526(7) 0.225(1) 2.9(5) Hj _\cg__- 4 "
C(13) 0.481(2) -0.2115(7) 0.318(1) 3.0(5) " " / 10 C/ 1
N(14) 0.554(1) -0.1376(6) 0.3333(8) 2.4(4) e\c/ £ ;lg e 5 /11\Hm
o7) 0.271(1) -0.1181(5) 0.0783(8) 3.1(4) Hd‘C/ 4\C/|\
0(8s) 0.604(1) -0.0285(4)  0.0926(6) 2.3(3) o | s e \
C(2M1) 0.905(2) 0.0613(8) 0.166(1) 3.5(6) Me-N2 \
C(2M2) 1.051(2) 0.0303(8) 0.3541) 3.4(5) \1/ |\ / | Ho
0(10) 0.552(2) -0.3548(6)  -0.04%(1)  4.7(5) o \ Jon | \ /
C(14M) 0.5102) -0.098(1) 0.423(1) 3.9(6) H,
I(15) 0.4245(1) 0.13197(5) 0.23583(7) 3.63(4) q

*Beq = 4/3(B,,a* + B,;b? + By,c® + acB,,cosf)

Figure 3
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Bond Length (A) in Compound V, III-Mel and IV-2Mel

v

dil. HC1
—_—

Table V

Furopyridines. VIII 1147
0
H
——= MeN ;
OH vy
Me
v

(Estimated standard deviations are in parentheses)

Compound V
Bond

N(2)-C(2M)
N@)-C@)
N@2)-C(1)
C(3)-C(4)
C(4)-C(4a)
C(4a)-C(5)
C(4a)-C(8a)
C(5)-C(6)
C(5)-C(9)
C(6)-C(D)
C(6)-C(12)
C(6)-C(11)

Length

1.455(4)
1.456(4)
1.4593)
1.522(4)
1.531(3)
1.526(3)
1.542(3)
1.568(3)
1.537(4)
1.520(3)
1.549(4)
1.523(4)

Compound III-Mel

Bond

C(4a)-C(5)
C(42)-C(Ba)
C(4a)-C(4)
C(5)-C(6)
C(5)-C(9)
C(6)-C(7)
C(6)-C(11)
C(6)-C(12)
C(7)-C(8)
C(7)-0(7)
C(8)-C(8a)
C(8)-N(14)
C(8a)-C(1)

Length

1.50(2)
1.532)
1.52(2)
1.55(2)
1.51(2)
1.52(2)
1.52(2)
1.53(2)
1.53(2)
1.20(2)
1.55(2)
1.48(2)
1.55(2)

Compound IV-2Mel

Bond

N(7)-C(6)
N(7)-C(7TM1)
C(6)}-C(5)
C(4a)-C(8a)
C(82)-C(8)
C(4)-C(3)
C(3)-C@)
C(3)}-C(13)
C(2)-C9)
C(12)-C(11)
N(10)-C(9)
N(10)-C(10M2)
C(14)-C(13)

Length

1.528(2)
1.498(3)
1.422(3)
1.315(3)
1.522(3)
1.535(3)
1.524(3)
1.553(2)
1.524(3)
1.552(2)
1.568(2)
1.591(3)
1.531(3)

Bond

C(N-0(7)
C(7)-C(8)
C(8)-C(8a)
C(8)-N(14)
C(1)-C(8a)
0(8a)-C(8a)
N(14)-C(14M)
N(14)-C(13)
C(13)-C(12)
C(11)-C(10)
C(10)-0(10)
C(10)-C(9)

Bond

C(8a)-0(8a)
C(1-N@)
N(@)-C(3)
N(2)-C(2M1)
N(2)-C(2M2)
C(3)-Ca)
C(9)-C(10)
C(10)-C(11)
C(10)-0(10)
C(12)-C(13)
C(13)-N(14)
N(14)-C(14M)

Bond

N(7)-C(8)
N(7)-C(7TM2)
C(5)>-C(da)
C(4a)-C(4)
C(8a)-0(1)
C4)-C(15)
C3)-C(12)
C2)-0(1)
C(2)-0(2)
C(11)-N(10)
N(10)-C(10M1)
C(15)-C(14)
C(14)-0(14)

Length

1.214(3)
1.510(4)
1.541(3)
1.480(3)
1.529(3)
1.434(3)
1.475(4)
1.467(4)
1.508(4)
1.511(4)
1.208(3)
1.511(4)

Length

1.43(1)
1.50(2)
1.50(2)
1.52(2)
1.52(2)
1.52(2)
1.52(2)
1.56(2)
1.17(2)
1.52(2)
1.47(2)
1.45(2)

Length

1.498(2)
1.448(3)
1.556(3)
1.535(3)
1.3312)
1.622(3)
1.530(2)
1.464(2)
1.386(2)
1.489(2)
1.434(3)
1.508(3)
1.198(3)

On these bases, the sequence of carbon, nitrogen and
oxygen atoms of compound V can be drawn as shown in
Figure 3.

The steric problem was resolved as follows. It is ap-
parent that the junction between ring B and D in com-
pound V should be cis and same with that in compound
IV [1]. The coupling pattern of the geminal protons H,
and H; apparently indicates that the proton H, is
equatorial and the proton H; axial in a rigid piperidine
ring. It is well known that the signal of an axial proton ap-
pears at upper field than that of an equatorial in rigid six-
membered ring. Examination with Dreiding model, how-
ever, revealed that the reversal in chemical shift of H, and
H; can be interpreted by the Van der Waals interaction
between H, and H, [5), when the junction of ring A and B
is trans and the orientation of H, and H, is cis. Thus, the
final structure of V was assigned to 2,14-dimethyl-8a(-
hydroxy-7,10-dioxo-583,68-(propano)-6c,8x-(ethanoimino)-
trans-perhydroisoquinoline.

In order to confirm our results reached by use of the
two-dimensional nmr spectroscopic information, the X-ray
structural determination of compound V was performed
by the Osaka group of the authors. The identification of
the atoms and the configuration of the molecule are shown
in the ORTEP drawing in Figure 4 which shows that the
ring A and B are in the chair form and ring C is in the boat
form respectively. The N-methyl groups are in equatorial
relative to each piperidine ring.

D

ﬁ?f@%

oL
C—%{( 104M)

Figure 4. ORTEP drawing of compound V.
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In order to see whether compound V reversely is chang-
ed to compound IV or not, compound V was refluxed with
10% hydrochloric acid for 20 hours. From the reaction
mixture any isomerized compound could not be isolated
but only the starting compound V in quantitative yield.
Therefore, it is evident that compounds IV and V were
formed from the same intermediate IV’, and that the reac-
tion step from IV’ to IV is fast and reversible but the step
from IV’ to V is slow and irreversible (Chart 3).

I HQY~<
o
J

1 N

Me

MG:zN+
o

IV-2Mel

I1I-Mel

Chart 3

Interestingly, compound V was reacted with iodometh-
ane in methanol under reflux to give the dimethiodide IV-
2Mel identical with that derived from compound IV. The
single crystal X-ray analysis confirmed the structure of IV-

Table VI

Bond Angles (°) in Compound V, III-Mel and 1V-2Mel
(Estimated standard deviations are in parentheses)

Compound V

Bond Angle Bond Angle
C(2M)-N(2)-C(3) 111.(2) C(7)-C(8)-C(8a) 106.7(2)
C(2M)-N(2)-C(1) 109.9(2) C(7)-C(8)-N(14) 109.8(2)
C(3)-N(2)-C(1) 111.6(2) C(8a)-C(8)-N(14) 111.0(2)
N(2)-C(3)-C(4) 110.2(2) N(2)-C(1)-C(8a) 109.8(2)
C(3)-C(4)-C(4s) 111.0(2) C(4a)-C(8a)-C(8) 109.4(2)
C(4)-C(4a)-C(5) 113.92) C(4a)-C(8a)-C(1) 109.8(2)
C(4)-C(4a)-C(8a) 109.7(2) C(4a)-C(8a)-0(8a)  111.92)
C(5)-C(4a)-C(8a) 114.2(2) C(8)-C(8a)-C(1) 111.92)
C(4a)-C(5)-C(6) 113.5(2) C(8)-C(8a)-0(8a) 104.2(2)
C(4a)-C(5)-C(9) 117.3(2) C(1)-C(8a)-0(8a) 109.5(2)
C(6)-C(5)-C(9) 103.7(2) C(8)-N(14)-C(14M)  111.1(2)
C(5)-C(6)-C(7) 108.4(2) C(8)-N(14)-C(13) 112.22)
C(5)-C(6)-C(12) 112.3(2) C(14M)-N(14)-C(13) 111.3(2)
C(5)-C(6)-C(11) 103.2(2) N(14)-C(13)-C(12)  112.42)
C(7)-C(6)-C(12) 105.6(2) C(6)-C(12)-C(13) 112.72)
C(M-C(6)}-C(11) 111.8(2) C(6)-C(11)-C(10) 105.22)
C(12)-C(6)-C(11) 115.5(2) C(11)-C(10)-0(10)  125.22)
C(6)-C(71)-0(7) 123.6(2) C(11)-C(10)-C(9) 109.7(2)
C(6)-C(7)-C(8) 113.3(2) 0(10)-C(10)-C(9) 125.12)
O(7)-C(7)-C(8) 123.1(2) C(5)-C(9)-C(10) 104.7(2)
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Table VI (continued)
Compound ITI-Mel
Bond Angle Bond Angle
C(5)-C(4a)-C(8a) 110.3(7) C(8)-C(8a)-0(8a) 107.1(6)
C(5)-C(4a)-C(4) 113.8(7) C(1)-C(8a)-0(8a) 112.1(7)
C(8a)-C(4a)-C(4) 108.5(7) C(8a)-C(1)-N(2) 112.46)
C(4a)-C(5)-C(6) 113.1(7) C(1)-N(2)-C@3) 111.5(8)
C(4a)-C(5)-C(9) 120.0(7) C(1)-N@2)-C(2M1)  113.9(8)
C(6)-C(5)-C(9) 103.8(7) C(1)-N@2)-C(2M2)  106.3(8)
C(5)-C(6)-C(7) 103.1(7) C(3)-N@2)-C2M1)  111.1(8)
C(5)-C(6)-C(11) 101.8(8) C(3)-N(2)-C(2M2)  107.1(8)
C(5)-C(6)-C(12) 115.6(8) C(2M1)-N(2)-C(2M2) 106.5(9)
C(7)-C(6)-C(11) 116.98) N(2)-C(3)-C(4) 112.7(7)
C(7)-C(6)-C(12) 108.4(8) C(4a)-C(4)-C(3) 111.6(7)
C(11)-C(6)-C(12) 111.0(7) C(5)-C(9)-C(10) 103.98)
C(6)-C(71)-C(8) 110.8(7) C(9)-C(10)-C(11) 108.3(8)
C(6)-C(71)-0(7) 126.3(7) C(9)-C(10)-0(10) 125.809)
C(8)-C(1)-0(7) 122.8(7) C(11)-C(10)-0(10)  125.9(9)
C(7)-C(8)-C(8a) 105.9(7) C(6)-C(11)-C(10) 101.0(8)
C(7)-C(8)-N(14) 112.8(7) C(6)-C(12)-C(13) 112.9(8)
C(8a)-C(B)-N(14) 112.46) C(12)-C(13)-N(14)  112.3(8)
C(4a)-C(8a)-C(8) 110.5(6) C(8)-N(14)-C(13) 111.0(8)
C(4a)-C(8a)-C(1) 109.7%(7) C(8)-N(14)-C(14M)  111.3(9)
C(4a)-C(Ba)-O(8a)  107.4(6) C(13)-N(14)-C(14M) 112.7(9)
C(8)-C(8a)-C(1) 110.0(7)

Compound IV-2Mel

Bond Angle Bond Angle
C(6)-N(7)-C(8) 109.8(1) C(12)-C(3)-C(13) 110.8(1)
C{6)-N(7)-C(TM1) 108.9(1) C(3)-C(2)-0(1) 109.4(1)
C(6)-N(7)-C(TM2) 112.0(2) C(3)-C(2)-C(9) 111.3(1)
C(@8)-N(M-C(TM1)  109.2(1) C(3)-C(2)-0(2) 111.8(2)
C(8)-N(1-C(TM2)  109.3(2) 0(1)-C(2)-C(9) 105.6(1)
C(TM1)-N(7)-C(7TM2) 107.6(2) 0(1)-C(2)-0(2) 108.4(1)
N(7)-C(6)-C(5) 114.12) C(9)-C(2)-0(2) 110.1(2)
C(6)-C(5)-C(4a) 111.32) C(8a)-0(1)-C(2) 115.%(1)
C(5)-C(4a)-C(8a) 121.9(2) C(3)-C(12)-C(11) 110.3(1)
C(5)-C(4a)-C(4) 120.0(2) C(12)-C(11)-N(10) 108.3(1)
C(8a)-C(4a)-C(4) 118.0(2) C(11)-N(10)-C(9) 106.41)
C(4a)-C(8a)-C(8) 123.2(2) C(11)-N(10)-C(10M1) 118.5(1)
C(4a)-C(8a)-0(1) 128.9(2) C(11)-N(10)-C(10M2)  103.3(1)
C(8)-C(8a)-0(1) 107.7(1) C(9)-N(10)-C(10M1) 116.3(1)
N(7)-C(8)-C(8a) 111.9(1) C(9)}-N(10)-C(10M2) 104.1(1)
C(4a)-C(4)-C(3) 112.0(2) C(10M1)-N(10)-C(10M2) 106.5(1)
C(4a)-C(4)-C(15) 112.9(2) C(2)-C(9)-N(10) 113.9(1)
C(3)-C(4)-C(15) 106.3(2) C(4)-C(15)-C(14) 101.8(2)
C4)-C(3)-C2) 111.3(1) C(15)-C(14)-C(13) 110.7(2)
C(4)-C(3)-C(12) 110.3(1)  C(15)-C(14)-0(14) 123.72)
C(4)-C(3)-C(13) 102.5(1) C(13)-C(14)-0(14) 125.5(2)
C(2)-C(3)-C12) 1ML21)  CE)-C13)-C(14) 106.9(1)
C(2)-C(3)-C(13) 110.6(1)

2Mel to be the dimethiodide of IV (Figure 6), which in-
dicate that the frame-work of V was changed to that of IV
in the reaction with iodomethane. While, compound IIT
gave the monomethiodide ITI-Mel under the same condi-
tion. The X-ray analysis of III-Mel showed that the frame
work was unchanged and only the nitrogen at 2-position
was converted to the quarternary ammonium ion {Figure
5). These facts indicate that the nitrogen at 14-position of
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Figure 6. ORTEP drawing of compound IV-2Mel.

III can not react with iodomethane because of the steric
crowdedness around the nitrogen, and the bond at Cs-Cs.
of V is weakened by the steric crowdedness around the
hydroxyl group at Cq, and the nitrogen at 14-position.

EXPERIMENTAL

Melting points were determined on a Yanagimoto micromelting point
apparatus and are uncorrected. Ir spectra were recorded on a JASCO
A-102 spectrometer. Mass spectra were obtained with a Hitachi RMU-
6MG instrument. The 'H nmr and '*C nmr spectra were obtained on a
Brucker-WM360 spectrometer operating at 360 MHz for 'H and at 90.5
MHz for "*C spectrum respectively. For the homonuclear 'H nmr two-
dimensional chemical shift correlation experiments, an initial data
matrix (256 x 256 points) was zero-filled to 1024 x 1024 points. Sine-bell
function was used for resolution enhancement. For the heteronuclear
'H-13C shift correlated spectrum, the 90° pulse length for carbon and
proton were 8 and 23 us, respectively. Sine-bell function was used for
resolution enhancement.

Conversion of Compound IV to V with Hydrochloric Acid.

A solution of compound IV (1.0 g, 3.42 mmoles) in 10% hydrochloric
acid (100 ml) was refluxed for 30 hours. After cooling, the mixture was
basified with sodium hydroxide solution, extracted with chloroform and
dried over potassium carbonate. The slightly brown residue (0.95 g) of
the chloroform solution was chromatographed on a silica gel (Merck
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silica gel 60, 30 g) column. The fraction eluted with chloroform-methanol
(100:5) gave 200 mg (20%) of compound V. The fraction eluted with
chloroform-methanol (100:15) gave the starting compound IV (700 mg,
79%) which was identified by comparison of the ir spectrum with that of
the authentic sample. Recrystallization of the crude V from ether afford-
ed pure sample of mp 185-187°; ir (potassium bromide): cm™ 3450 (OH),
1730, 1720 (C=0); ms m/e: 292 (M*), 274, 235, 220.

Anal. Caled. for C,(H,,N,0,: C, 65.73; H, 8.27; N, 9.58. Found: C,
65.63; H, 8.19; N, 9.55.

Reaction of ITI, IV and V with lodomethane.

(a) Compound III (500 mg, 1.7 mmoles) was refluxed with iodomethane
(2.85 g, 20 mmoles) in methanol (10 ml) for 5 hours. After evaporation of
the excess iodomethane and the solvent, the residual solid was recrystal-
lized from acetone-methanol to give 650 mg (88 %) of monomethiodide of
III, mp 240-245° dec; ir (potassium bromide): cm™ 3400 (OH), 1725
(C=0).

Anal. Caled. for C,H,,IN,O,: C, 47.01; H, 6.27; N, 6.45. Found: C,
46.75; H, 6.34; N, 6.40.

(b) Compound IV (320 mg, 1. mmoles) in methanol (10 ml) was
refluxed with iodomethane (2.5 g, 17.6 mmoles) for 3 hours. The excess of
the iodomethane and the solvent were evaporated to give a solid mass
which was recrystallized from methanol-acetone to yield 510 mg (81 %) of
pure sample of dimethiodide of IV, mp 230-235° dec; ir (potassium
bromide): cm™! 3450 (OH), 1740, 1710 (C=0).

Anal. Caled. for C,H,,I,N,0,-16H,0: C, 36.94; H, 5.34; N, 4.79. Found:
C, 36.99; H, 5.57; N, 4.58.

(c) Compound V (530 mg, 1.82 mmoles) was refluxed with iodometh-
ane (3.0 g, 2] mmoles) in methanol (15 ml) for 6 hours. Evaporation of the
excess iodomethane and the solvent afforded a solid mass which was
recrystallized from methanol-acetone to give 910 mg (87 %) of colorless
crystals of mp 231-233° dec. The ir spectrum of this compound was iden-
tical with that of the sample obtained from IV.

X-Ray Structural Determination of V, III-Mel and IV-2Mel.

Details of crystal data for respective compounds and their intensity
collections parameters are summarized in Table III. The unit cell dimen-
sions were determined by a least-squares fit of 20 reflections (30°
<20 < 60°) measured with a graphite-monochromated CuKa radiation
(\ = 1.5418 A) on an automatic Rigaku AFC-5 diffractometer. Inten-
sities for each crystal were collected in a similar manner: a single crystal
was mounted on a goniometer, and the intensity data were collected with
the same diffractometer at 40kV and 100 mA. The w-28 scan technique
was employed for the intensity recording, where the background was
counted for 5 seconds at both extremes of the peak. Four standard reflec-
tions were monitored every 100 reflection interval throughout the data
collection and showed a random variation less than 5% with no signifi-
cant trends. Lorentz and polarization corrections were applied for the in-
tensity. The data for III-Mel and IV-2Mel were further corrected for ab-
sorption effects by using an empirical correction based on ¢ scans.

The structure of V was solved by direct method (program MULTAN78
[6]. On the other hand, the structures of III-Mel and I'V-2Mel were solv-
ed by heavy-atom method and successive Fourier syntheses. Refinement
of each structure was also done in a similar manner: positional parame-
ters of non-hydrogen atoms were refined by a full-matrix least-squares
method with isotropic thermal parameters and then by a block-diagonal
least-squares method with anisotropic ones. Geometrically reasonable
hydrogen atom positions were determined on a difference Fourier map
and included in subsequent refinements with isotropic temperature fac-
tors; for compounds I1I-Mel and IV-2Mel, their hydrogen atoms were
fixed at the idealized, calculated positions with common isotopic thermal
parameters and included in the calculating of structure factors, but not
in the refinement. The function minimized was Zu(|Fo| - |Fc|)?, where
|Fol4 and |Fc| are the observed and calculated structure factors. The
used weighting scheme is as follows: w = a, for Fo = 0.0, and w =
1.0/fo(Fo)* + b Fo + ¢ Fe ?] for Fo>0.0, where o(Fo)? is the standard
deviation of the intensity based on counting statistics, and the coef-
ficients, a, b and c, are given in Table III. In the final refinements, none
of the positional parameters shifted more than their standard deviations.
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Final R(Z|Fo| - |Fc|/Z|Fo|)and Rw (Zu(|Fo| - )Fc|)’/Ew|Fo|‘]l/2),
and S ((Zu(|Fo| - |Fc |)’/(M-N)]l/2, where M and N are the numbers of
reflections and variables respectively) are also tabulated. For all crystal-
lographic computations, the UNICS program [7] were used, and the
atomic scattering factors and the terms of anomalous dispersion correc-
tions were taken from reference [8]; the measurements of Bijvoet pairs
[|F(bk])| and |F(hkl)|] clearly demonstrated the absolute configuration
of IV-2Mel to be as shown in Figure 6. The numerical calculations were
performed on a Micro Vax-II computer at the Computation Center of
Osaka University of Pharmaceutical Sciences.
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