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Abstract.- X-Ray diffraction analysis yielded the constitution, configuration and 
conformation of a tetracyclic 3:l adduct formed by reaction of protoanemonin 1 with 
lithium dimethylcuprate. The same configuration was assigned by analogy to other te- 
tracyclic 3:l adducts formed by reaction of 1 with lithium di-c-butylcuprate or di- 
methyl sodiomalonate. A pentacyclic 3:l adduct also formed in the last reaction was 
fully assigned (constitution, configuration, conformation) by analysis of its 300 MHz 
2-D COSY NMR spectrum. 

INTRODUCTION 

The reaction of protoanemonin 1 with several types of nucleophiles has been thoroughly investigated 

in recent yearsl. Thus g- and S-heteronucleophiles are known to give initially 1:l adducts by 

1,6-addition, the nucleophile becoming linked to the exocyclic methylene carbon of 1'. C-Nucleo- 

philes, such as dimethyl sodiomalonate or lithium dialkylcuprates, also behave in the same way, and 

thus the 1:l adducts 2, 3 and 2 have been isolated3 (Scheme 1). However, considerable yields of 

tetracyclic 3:l adducts 5, S and z were also obtained from these reactions, and in addition the 

pentacyclic 3:l adduct 8 has also been isolated along with 2 (Scheme 1). Although mechanistically 
3 

reasonable , the structures assigned to adducts 5-S could not be confirmed from routine spectral -- 

and physical data. The present paper reports the full characterization of tetracyclic 3:l adduct 2 

by X-ray diffraction analysis, the structural assignment of the related 3:l adducts 2 and 2 by ana- 

logy with 2, and the full constitutional and stereochemical assignment of pentacyclic 3:l adduct 8 

by analysis of its 300 MHz 2-D COSY NMR spectrum. 

Scheme 1 
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Fig. l.- 80 MHz 'H NMR spectra of 2 in CDCl : a) Experimental; 
b) simulated (refined data given d Table I?. 

Table 1. Analysis of the 80 MH," 
1 
H NMR spectrum 

of 2 in CDCl, 

Proton 6 mult. J’S -- 

6.13 dd 7.42 dd Jl J2'3 2 = 5.7; Jl = -2.0 1.7 ’ 3 = 

5.13 m 
J3'4 

= 8.8; J 
2.10 ddd 

J4'5 
= -14.6;3J5 = :'; 5 

4,6 ’ 2.53 ddd 
dd J5:6 

= 8.8 
3.65 

a) The two methoxycarbonyl groups appeared as sin- 
glets at 8 3.75 and 3.78 ppm. 

RESULTS AND DISCUSSION 

A comment on the 1H NMR spectrum of 1:l adduct 2 (Fig. 1) is pertinent here. Iterative simu- 

lation analysis of this spectrum yielded the shifts and couplings given in Table 1. This spectrum 

shows two important features of y-substituted-a,6-butenolides4, namely the rather deshielded po- 

sition of the absorption due to the olefinic He proton H2 (at6 - 7.5 ppm; c.f. 6 = 6.9 ppm for 

related a, t?-unsaturated-6-lactones5), and the similar magnitude ( -2 Hz) of the scalar couplings 

between the allylic proton Ii3 and both olefinic protons, Hl and H2 (opposed signs, however). Both 

properties were important in the structural assignment of 3:l adducts3. 

Comparison of the spectral properties of tetracyclic 3:l adducts 5-7 - -9 reported in the preceding 

paper3, showed a common structure for the three adducts. Thus, a peak at m/e 275 (M - CH2Nu) was -_ 

present in their MS. Furthermore, the NMR spectra showed two pairs of doublets at the normal4 

o,B-butenolide H6 (6 = 7.5 ppm) and Ho (6 = 6.0-6.2 ppm) positions. The absence of further cou- 

plings for these signals indicated y-disubstitution of both butenolide rings. However, complete 

structural assignment could not be achieved from routine spectral data alone. All three compounds 
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were crystalline solids, but only 2 gave crystals suitable for X-ray analysis. Therefore a sample 

of 2 was subjected to X-ray diffraction analysis (see experimental). This settled the constitution 

and configuration of S (and, by analogy, of 2 and 1) as depicted in Scheme 1. The X-ray structure 

of 5 is reproduced in Fig. 2. As seen, the six-membered ring showed a distorted-flattened chair 

conformation, and the cis-fused butyrolactone displayed a half chair conformation, while both spi- - 

ranic butenolide rings were practically planar. 

Onn 

Fig. 2.- X-ray structure of 5. 

Assuming for 5 a 

cyclic adduct 2 with 

structure similar to that of 2, comparison of the routine spectra of tetra- 

those of g3 suggested clearly a related pentacyclic structure for the latter, 
q 

with only one spiranic a,&butenolide ring. The SO MHz IH NMR spectrum of 8 was not very informa- 

tive3, except for the unusual position of the spirobutenolide HS olefinic proton at 6 7.03 ppm. As 

mentioned above, the normal range for HS in a$-unsaturated-y-lactones is 6 7.4-7.8 ppm4. Exami- 

nation of models revealed that, for some configurations of constitution 8, 4 could be quite close 

to one of the methoxycarbonyl groups. Since shielding has been demostrated above and below the 

plane of ester carbonyl groups', we concluded that this effect could explain the upfield shift fea- 

tured by I$. Furthermore, a NOE difference experiment performed by coherent irradiation at the me- 

thoxy groups (too close to irradiate selectively one of them) resulted in a clear, although small 

(I%), enhancement of the Hg signal at 6 7.03 ppm, thus confirming the proximity of HS and a metho- 

xycarbonyl group. Finally, a 300 MHz 'H NMR Z-D COSY spectrum allowed the complete stereochemical 

assignment of ; as depicted in Fig. 3. This particular type of 2-D experiemnt yields the normal 1-D 

spectrum on the main diagonal. while off diagonal crossed peaks correlate scalarly coupled protons. 

The bigger cross peaks are due to strongly coupled protons (geminal or vicinal couplings). while 

smaller cross peaks correlate long-range coupled protons. The 300 MHz 1-D lH NMR spectrum of 8, 

plotted in Fig. 3 on top of the 2-D COSY spectrum, confirmed the presence of twelve protons at 

1.9-3.4 ppm, appearing as two ASX plus three AS overlapping systems, with several additional 

long-range couplings. Spectrum analysis was readily effected on the 2-D COSY contour plot, and 
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Fig. 3.- 300 MHz 2-D COSY spectrum of 8. 

Table 2.1Analysis of the upfield region of the 
300 MHz H NMR spectrum of 8 in CDC13 

Proton 6 J'S 

H1 3.36 
"2 2.40 
H3 2.59 

H5 n4 
2.21 
2.07 

H6 2.55 

H6 H7 
2.96 
2.34 

H9 2.65 
H1O 1.98 
Hll 2.83 
H12 2.47 

yielded the chemical shifts and coupling constants listed in Table 2. 

The key for the proton assignment was the presence of an isolated (non overlapping) proton ap- 

pearing as a double doublet (J = 12.7 Hz, J' = 6.5 Hz) at6 3.38 ppm, an empty region in tetracy- 

clic 3:l adducts 5-7. -_ COSY connectivities identified this proton as part of an ABX system, and its 

methine nature was clearly demonstrated by the presence of a geminal coupling (J = -17.2 Hz) bet- 

ween the two protons coupled to it. The absence of any signal in the 6 3.4 ppm region for tetra- 

cyclic adduct 5 ruled out the assignment of this signal to H4 in 2. since the corresponding proton 

in 5 should appear in the same chemical shift region. Therefore, this absorption at 6 3.38 ppm was 

assigned to HI, the only remaining methine proton in 2. Moreover, in spite of the presence of four 

methylene protons in ring C in 1,3 relationship with Hl, the latter did not show any long-range 
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coupling, thus revealing the axial position of Hl with respect to ring C. This defined the C/D ring 

fusion as trans, ring C as a chair and ring B as a boat, with a cis A/B ring fusion as in 5-7. - _- 

A second isolated (not long range coupled) ABX spin system was easily recognized in the 

2.0-2.3 and 2.6 ppm region, and assigned to H4-H6. From the data shown in Table 2. it will be noted 

that for ring A 'isJ4 6 > 
transJ 

4,5' 
while for ring D 

transJ 

coupling constants in iutyrolactones, 
1.3 

, cis 
J1,2' 

A study of vicinal 

recently carried out in these laboratories7 using Molecular 

Mechanics 
8 

and program 3JHH' demonstrates that both situations are equally common in y-lactones, 

depending on their conformations. 

The three remaining AB spin systems were easily recognized in the 2-D COSY spectrum. However, 

their assignment to individual protons H7-HI2 was not straightforward. Examination of models re- 

vealed that only in one case (Hg and Hlo) were the two protons of a single methylene group involved 

in long-range coupling through "W" pathways (Jg l2 and Jlo 7). Therefore, the signals centered at 

2.85 and 1.98 ppm should be assigned to the Hg/Alo pair. Tie great value (2.6 Hz) of the long-range 

coupling of the proton appearing at 6 2.85 ppm suggested the presence of a 1,3-diequatorial re- 

lationship within a chair cyclohexane ring, and therefore this signal was assigned to H9. Then, 

following COSY connectivity patterns, including long range couplings, all other protons were assig- 

ned. Thus, the full assignment of the 300 MHz spectrum of 2 was completed, and the constitution and 

conformation proposed for this compound rested on a secure basis. 

EXPERIMENTAL SECTION 

80 MHz 'H and 20 MHz 
13 

C NMR spectra were recorded in CDCl 
9 

solutions under FT mode using a 
Bruker WP 80 SY spectrometer. MS data were obtained under elec ron impact (70 eV) on a Hewlett- 
iPackard 5985B spectrometer. Elemental analyses were performed on a Perkin-Elmer 240B instrument. 
H NNR spectral simulations were carried out ur@ r ASPECT 2000 computer control, using the itera- 
tive program PANIC (a gruker version of LAOCOON ). Compounds 2 and 5-8 were obtained as described -- 
in the preceding paper . 

X-Ray Structure Determination and Refinement. A crystal of compound 5 (0.30 x 0.30 x 0.25 mm) 
was used to determine the cell parameters on a Philips 1100 four circle diffractometer. Lattice 
parameters were refined by a least-squares fit of 91 reflections. 
Mr = 304.299, monoclinic, 
E~191.518(3)", 

spl5e group P2l/n, 
V = 1440;6(8) A , 

a = 10.740(4) bl. b = ~~~~~~~3~~~ca"10.~g~~~8'fr: 
Z = 4, Dx = 1.403(2), Do = 1.41 g/cm , F(000) = 640, )r= 8.650(l) 

cm , A (CuKe) = 1.5418 A. 
Intensity data were collected from the same crystal on the same diffractometer with graphite 

monochromated, CuK, radiation for 2 < 0 < 65O at a rate of 1 reflection/min. The w - 26 scan tech- 
nique was used. Two reflections were used as standard and remeasured after every 90 min, showed no 
variation. A total of 2449 independent reflections were measured of which 1966 were considered as 
observed with I < 20(I), c being determined from counting statistics. Lorents and polarization cor- 
rection were applied, but no correlation was made for absorption. 

The structure was solved by direct methods (MIJLTAN 80) . An E map generated from the phase set 
(288 reflections) with the highest combined figure of merit located all atoms of the molecule. Af- 
ter isotropic and anisotropic full-matrix least-square refinement (R = 0.085) a difference Fourier 
map revealed the positions of all H atoms that were included with isotropic temperature factor in 
the 
R = ($';:,Fo,~~:;; 

that converged at R =Z(lFol - 
. . The minimized function 

IFcl)/ PI = 0.045 
with 

9d 

cw= a + b(Fo) and k = 0.605 (a = 0.439, 
was Z w(lFol - IFcl) w = k/o , 

b = 0.003 when 0.22 < IFol < 11.42; a = 0.057,3 b = 0.033 
when 1~01 > 11.42). A difference Fourier final map had residual peaks less than 0.15 e& . 12 

The scattering factors were taken from International 
T&1espA~s;1'4-r~d ;$s"r&l~~~~ ;,,z; 

computations were made with programs of the X-ray 80 system , 
computer. 

300 MHz 1-D and 2-D NMR spectra. These were obtained under FT mode using a Bruker AM 300 ins- 
trument, with Aspect 2000 computer control. The 1-D spectrum was recorded using quadrature detec- 
tion, on 16 K data points for a spectral width of 2500 Hz, with a pulse width of 3.0 ~8 (3OO) with 
no relaxation delay; 1169 scans were accumulated. l#e 2-D COSY spectrum was obtained using the 
pulse sequence n/2 - T - d4 - FID, the COSY sequence . A total of 256 FID's were obtained, with T 
(the continously variable mixing period) initially set at 3.0 IIS, incrementing in 1.012 ms steps. 
The spectral widths were 840 Hz (from 6 1.2 to 4.0 ppm) in both dimensions. Double Fourier 
transformation in the magnitude spectrum mode, with sinebell windows in both dimensions, followed 
by symmetrisation of the matrix about its diagonal, yielded the 2-D spectrum (Fig. 3). 
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