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Abstract:

Neopulchellin (1) was found to show that the cycloheptane
ring fused to the cis butyrolaétone adopts a boat conformaticn both in
solid and in sclution, in contrast with the half-chair form in the trans-
lactone isomer, pulchellin (g), on the basis of X-ray diffraction of }

and comparison of 400 MHz 1H—nmr and cd spectra of 1 and 3.

In the course of our medico-chemical studies on pseudoguaianolides in Gaillardia
pulchella, we reported the isolation and structural determination of pulchellin
(3) as the dominant principle of this plant.1 X-ray analysis of 11,13-dibromo-
pulchellin revealed that the cycloheptane ring takes a half-chair conformation in
conjunction to the envelope of the cyclopentane and butyrolactone rings.2 Oon the
other hand, neopulchellin (}), a C(g)-epimer of }, was isolated as a minor
constituent and its stereostructure was also elucidated.3 However, concerning the
conformation of its cycloheptane, it has remained in guestion whether a chair or
boat is favored when in solid or in solution, respectively, and vice versa. Since
we were encouraged by the recent structural elucidation of the other minor
constituents, pulchelloid A and B {(i.e. l-angeroyl- and l-isovaleroyl-6f,98-
dihydroxypulchellin) using the 400 MHz lH-nmr spectra.4 it was considered that
this conformation problem might solve if every proton in the less substituted
analogue (}) in comparison with those pseudogualanolides could be completely
assigned by the same manner as above. We now wish to report our findings that the
cycloheptane ring in } takes a boat conformation both im solution and in seolid

state, which was estsblished by means of the proton nmr and cd spectroscopy as
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Table 1. 400 MHz lH—nmr chemical shifts (multiplicities) of necpulchellin (1},

diacetylneopulchellin {2}, pulchellin (3) and diacetvipulchellin (il)a

H 1P 3P 2¢ a®

1 1.76 {dd) 1.96 (dd) 1.68 (dd) 2.01 (dd)

2 4.05 {(dddd) 4,20 (dddd) 4,73 {(ddd) 4,89 {ddd)
3a 1.53 {(44) 1.64 {d4d) 1.50 (ad) 1.56 (d4d)
38 2.66 {ddd) 2.50 (dad) 2.61 {(dadd) 2.27 (add)
4 3.68 (4d) 3,69 (dd) 4,54 (4) 4,63 (d4)
6o 2.12 (da) 3086 (aa) 1.37 {dd) 1.95 (ad)
68 1.50 (ad) 1.14 (da) 0.95 {aa) 0.52 (da)

7 3.52 (ddaddd) 2.84 (ddddad) 2.88 (d4ddddd) 2.31 (ddadad)
8 4.80 (ddd) 4,24 (ddd) 4.13 {(ddd) 3.35 (dd44)
9a 1.83 (dad) 1.43 (daa) 1.45 (dda) 0.93 (aaa)
98 2.04 (ddd) 2.39 (add) 1.51 (adad) 1.87 (daa)
10 1.96 (dddq) 1.94 (dddq) 1.30 {(dddq) 1.20 (4ddq)
13a 6.25 (a) 6.17 (a) 6.18 (d) 6.07 (d)
13b 5.63 (4) 5.48 (4} 4.9% {d) 4,86 (d4)

14 1.26 (4) 1.24 (4d) 0.78 {d) 0.75 (a4)

15 0.82 (s) 0.87 (s) 0.25 (s) 0:26 (<)
2-0H 1.71 (d) 1.81 (&) 1760 () .. 1.63 (s
4-0H 1.86 (d) 2.00 (&) ~92clilen (g oacl 67 ()

a, § (ppm}. b, in CDClB. c, in C6D6
well as X-ray crystallography, in a striking contrast to the half-chair form of
the corresponding ring in 3. However, separation of % from § was effected only by
a laborious task such as repeated liquid chromatography of the mixed acetates of
both isomers following by deacetylation.3 Highly efficient isoclation of 1 from
the so-called pulcheilin mixture (}:5/3:5) was first achieved in good yield with
high-performance ligquid chromatography (p-Porasil Semi Prep, CHC13-Et0H/9:1, 254
nm). The chemical shifts and multiplicities for all protons in the 400 MHz 1H-nmr
spectra of 1 and its acetate (g) are shown in Table 1. For example, in the case
of g, the multiﬁle signal at § 2.88 was assigned to H-7 by irradiation of each
doublet signal of H-13a (8 6.18) and H-13b {§ 4.95). When the H-7 signal was
irradiated, not only H-13a and H-~13b doublets changed to singlets, but also a H-8
doublet of double doublets (§ 4.13} to a double doublet. The coupling constants
of H-13a (2.4 Hz} and H-13b (2.2 Hz} are characteristic of the cis-fused a-

methylene-y-butyrolactone ring as assigned previously.a'5

Other proton signals
{H-1, H-2, H-38, H-4, H-60, H-683, H-10) were also'assigned by decoupling ex-
periments, Whereas H-3a, H-%, and H-98 signals were not easily assigned due to

their complex overlapping, entirely clear separation of these proton signals was

achieved by adding the shift reagent Eu{fod) 3. The coupling constants ocbserved
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for all signals of 2 are thus defined. Fig. 1 shows the corresponding J-values in
1 for a comparison. As a result of these expéeriments, the chemical shifts and
multiplicities for each proton of 2 were assigned as shown in Table 1. A

comparison of the observed J~values such as J 0,7 (3.8 Hz), (13.5 Hz),
r

6
(4.0 Hz), J3'98 (11.9 Hz), J9a,10 (1.6 HzZ),

I8
(6.5 Hz) and

Ieg,7
(7.8 Hz),

J8,9q Jog,10
JlU,l (11.6 Hz) with those deduced from Dreiding models led to the conclusion that
the cycloheptane of % would take a boat form as the more favorable conformation.

It is impossible to explain the proper conformation reasonably based on the above-
mentioned lH—nmr data if the cycloheptane of { or % adopts a chair form. The
coupling constants observed in 1 for H-8/H-9u (3.6 Hz), H-8/H-9B (12.3 Hz), H-9%g/
H-10 (1.1 Hz}, and H-9B/H-10 (6.5 Hz), except for H-6, H-7 and H-10, exhibit a
sharp contrast with those of } having a half-chair conformation as described later.

on the other hand, from cobserved coupling constants such as J {11.6 Hz),

1,10 J2,%

(2.8 Hz), (0}, JSB 4 (5.0 Hz), it is confirmed that the
. ]

J2,3B {9.1 H=z}, J3a,4
eyclopentane ring taking in an envelope form with the flap at C(5) is trans-fused
to the cycloheptane ring as stated previously.3 This fact is further supported by
the observation of nuclear Overhauser enhancement (8%) between the C{1l0)-methine
proton and the angular C(5)-methyl protons; that is, no NOE enhancement would be
expected if these two rings are cis-fused (IBH/15BCH3). A strong negativé cd
Cotton effect of'} ([9]255 -56800) shown at 0°C to 27°C unchanged even at 60°C,
The cycloheptane ring fused to the cis-butyrolactone ring6 is therefore considered
to be rigidly fixed in a boat conformation in solution as in a sclid state as
described below. In contrast, 3 displays the opposite sign of Cotton effect ({gl
259 +11%00)}, indicating the trans-butyrolactone ring6 fused to the corresponding

middle ring in a half-chair conformation.z

123

, 1 , .
Fig. 1. "H-nmr J-values of neppulcheliin {1l), Fig. 2. Perspective view of (1).
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To confirm the conformation in solution of this trans-cis pseudoquaianolide, X-ray
analysis of neopulchellin itself was performed to establish its crystal structure.
A single crystal of } (ca. 0.1 % 0.2 x 0,11 mm) obtained by recrystallization from
Etzo—Acoﬂt afforded crystal data as follows: C1532204, MW 266, Monoclinic, Space

group P2;, 2= 2, a= 8.308(5), b= 10.494(5), o= 7.921(4) A, 8= 103.57(5}°, U= 671.3
a3 and De= 1,318 g-cm_l. The cell dimension and intensity data were collected on
a four-circle diffractometer using graphite monochromated CuKa radiation. The

crystal structure was solved by the direct method using MULTAN.7

Refinement was
carried out by the least-squares method with block-diagonal matrix approximations.
Twenty two hydrogen atoms were found on the difference electron density map and
were included in the refinement assuming as isotropic thermal vibration. The
final R wvalue for 921 reflections was 0,053.

Ag shown in Fig, 2, the cycloheptane ring.of } takes a beoat conformation, which is
constfucted by the central plane encompassing C(5)-C{6)}-C(9)-C(10) and the wing
planes consisting of C(6}-C(7}-C(8)~-C(9) and C{(5)-C(1}-C(10). Consegquently, the
cyclopentane ring for } and } is similarly fused in the C(5)-flap envelop form to
the chair and boat cyclcheptane ring, to which the trans- and cis-y-butyrolactcone
ring is wnited in an almost flat shape, respectively. The dihedral. angles in the
solid state of } as shown in Table 2, which were obtained by the X-ray analysis,
suggest the boat form cycloheptane. The od Cotton effect for 1 was independent of
changes in temperature as menticned above. Therefore, it seems self-evident that
the boat conformation of the cycloheptane ring in solution of } is rigidly fixed
and entirely similar to that in the soled state. For further comparison, in the
1H--nmr data for 3 and its acetate (E) (see Table 1), the coupling constants of

{3.3 Hz}, J.? 13b (3.3 Hz), and J (9.1 Hz) attributed to the trans-fused
’

79,132 7,8
a-methylene-y-butyrolactone ring1'4'5 is in a remarkable contrast to the corres-
peonding part of @ and 2. It is of interest to note that J {11.8 Hz), J

= o 8,9 8,98
(3.3 Hz), J9u,10 {11.6 Hz) and JBB,IO (3.6 Hz), except almost the same J-values

for H-6, H-7 and H-10, as observed in 1, suggest a half-chair conformation of the

Table 2, Dihedral angles in solid in neopulchellin (1) based on the X-ray data

1,2 160,57¢ 38,4 22.32¢ 8,9a 82.68°
1,10 173.48° 6o, 7 44,19° 8,98 160,10°
2,3a 142.68° 68,7 172.16° 90,10 76.92°
2,38 10.60° 7.8 0.28° 98,10 32.18°
3,4 92,28°
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cycloheptane ring in solution, in agreement with that of 11,13-dibromopulchelliin
in the solid state.3 Further studies on the relationship between the conformations

and bieoleogical activities of necpulchellin derivatives are now in progress.
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The fractional atomic cordinates for neopulchellin (1)

ATOM F mMUL X Y Z Bl:

TABLE OF CUQRDINATES FOR ATOMS NOT REFINED

1 C1 1 1.0 04242649 0471520 0477805
2 €2 1 10 0421759 0483006 0.B89195
3 (3 1 160 0014507 Q477483 1.03645
4 C4 1 1¢0 Gel5219 04062754 1402056
5 C5 1 100 0Qe28094 02006491 0.91516
6 Cb 1 140 0427140 0.%6871 0.83290
7 C7 1 1el Qel7294 0Q.45530 0464433
8 (8 1 160 0+2376% 0453363 0450997
2 (9 1 10 Us39799 0.60751 0.57543

. 1o €19 1 1e0 0436733 0473469 0466750

11 Cl1 1 1+0 Qel7557 0631948 0457883
12 Ci2 1 10 0+22041 031972 0.41203
12 €13 1 1+0 Qelbge3 0421098 0.66259
la Clg 1 1+9 0431340 0484005 0e53127
13 ClL5 1 1e0 Qe%5023 ve61960 1433639
16 01 3 1e0 0627205 0444009 0038086
17 02 3 1eQ 0alQyy2 0492304 0.791563
18 G3 3 1e0 =0e0ubos 0457501 0494258
19 04 3 Lol 0022345 0423488 0.31250
20 HICL) 2 10 0411814 U«069644 (68514
21 H(L2) 2 149 Oedapap Je886247 0+941646
22 HICH) 2 1+0 0a027:0 0479648 1002358
23 HUYLCH) 2 1e0 UaZ2lolg De7B727 118178
24 H{C4&) 2 1e0 0417073 0459092 113474
25 H{CH) 2 1e0 0039422 0444130 0.84163
26 H'{(CH) 2 Le0 0422116 0442766 0.90922
27 HICH 2 1+0 De03583 (0447312 0464840
28 HICH) 2 1s0 0.10585 059671 0.44251.
29 H{C9) 2 1o 0449293 04556195 0466492
30 HU (L) 2 1e0 0a45455 3462881 0447400
31 HIC1O) 2 12U 050575 0474410 0.74251.
32 MICL3) 2 1.0 0412751 0420835 0479637
33 R (C1l3) 2 1s0 0el7495 0413723 060165
34 HICL1G) 2 10 Q435723 0(.84332 0.45716
35 HY{Cl4) 2 1e0 Oelbvwse 0482803 0.45833
386 H"(Cle) 2 10 Q32261 0491620 0.62118
37 H(C1S) 2 1+0 0452663 0461358 0.96716
38 H'(C15) 2 10 Dev40b7 Ue54341 1.14520
39 H"™(C15) 2 1eQ Dad6673 0470522 1408959
43 H{o2) 2 1e0 0aG77¢7 0495745 0e854386
43 H{Q3) 2 140 ~0.08189 0.61055 0.846997
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