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Abetract: The tiaonoid insect antifeedant azadiraahtin (1) mq be partial13 

h+irogenated at the C22423 poeition and subsequently treated with an emeee of 

eodim periodate and potaeeim pemanganate in the presence of a base to give 

detigloyldihydroazadirachtin 14). This canpolord me ezamined by X-ray crpetal- 

lographic techniques which revealed kep etructural fragnents and together with 

detailed n.m.r. and mam speatroscopic studiee allowed the cmplete wmnbiguoua 

structure assigwnent to the parent aaadimchtin moleout& nkY *her capounds, 

3-deacetyl-II-deaozyaaadirachtin 121, cmd J-acetoryFtigloyl-vitiinin la&one (31 

were also iaokzted and characterieed f’rm a Senegal mnple of neem seed. 

It has been known for centuries that many trees and plants have evolved elaborate defence 

mechanisms against predatory insect attack. However, it is only relatively recently that 

scientists have begun to properly characterise and study scxne of the chemical substances involved 

in these processes. The neem tree, Azadirachta indica A. Juss. has long been credited with 

insecticidal or insect repellant properties in the Indian sub-continent and it was noticed that 

the Desert locust avoided the leaves. From the 1930's onwards crude extracts from this tree were 

shown to have repellant and insecticidal properties but it was not until 1968 the first pure 

active component was obtained. One of these compounds, named azadirachtin' , has been the centre 
of interest ever since and three international conferences' on neem extracts have now been held. 

From the early biological studies to the more recent work azadirachtin has proved to be an 

important and exciting pesticidal substance which might eventually lead to new methods of insect 

pest contro13. 

The large number of functional groups and the sensitivity of azadlrachtin to acids and bases 

made conventional structural analysts difficult. Although initial structural studies by Morgan' 

revealed key molecular fragments, 

made by Nakanish15. 

it was not until 1975 that a complete structural assignment was 

Our interest in the synthesis of insect antifeedant compounds6 and 

particularly our recent synthetic studies on azadlrachtin and related systems, led us to question 

this original assignment. Based upon high field n.m.r. techniques we proposed an alternatfve 

interim sturcture for azadirachtin7 but felt that the only unambiguous method that could be 

applied to this difficult system was the use of x-ray crystallography. Here we discuss our 

studies which unequivocally allow us to asslgn the structure (1) to axadirachtln8. Kraus, by 
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n.m.r. methods.' and Nakanishi by n.m.r. methods on a trimethylether derivative lo have 

independently reached identical conclusions. During the work two further natural products (2' and 

(3' were also isolated and characterised from a Senegal sample of neem seeds. 

Azadirachtin 

Since considerable discussion of the high field n.m.r. features of azadirachtin and 

derivatives are included in the accompanying papers only necessary cosvaent is presented here. 

Azadirachtin is a microcrystalline solid which in spite of extensive attempts failed to 

afford crystals of sufficient quality for x-ray analysis. Several derivatives were also studied 

but attempts at crystallisation were equally unsuccessful. Finally a suitable crystalline 

product, detigloyldihydroazadirachtin (4' was obtained by chemical degradation of (1). This was 

achieved by partial hydrogenation of (1) in methanol to afford dihydroazadirachtin (5' in 70% 

yield using 10% Pd/C as catalyst. The tigloyl group in (5' was removed in 41% yield to give (4' 

with an excess of sodium periodate and potassium permanganate in aqueous t-butyl alcohol 

containing a little sodium carbonate.4 Recrystallisatlon of (4) from diethyl ether and ethyl 

acetate afforded crystals for the x-ray diffraction study (Figure 1'. This analysis immediately 

revealed the presence of the hydrofuran bridge from C-19 to C-11 and other key stereochemical 

features. It also clearly showed the structure to contain the novel epoxide ring arrangement at 

c-14 - C-13 and two stabilizing intramolecular hydrogen bonds In the crystalline state. These 

hydrogen bonds occur between the epoxy oxygen atom and the hydrogen atom of the C-l1 hydroxyl 

group and between C-20 and C-7 hydroxyl oxygen atoms. From this structural determination one can 

then confidently assign the structure (1) to azadirachtin. 

Confirmation that the skeleton of azadirachtin had not undergone rearrangment in the 

transformatfon to the detigloyldihydro derivative (4' was provided by nOe experiments on (1' 

similar to those described In the accompanying papers and by evidence obtained from a homonuclear 

'H COSY experiment. Although not immediately apparent from a contour plot, small couplings, such 

as the H-19 methylene to H-l. H-5 and H-9 methine protons, were observable by examination of 

appropriate sections through the two-dimensional spectrum. Despite the broad nature of the 

signals due to H-7 and OH-7, it was also possible to observe this 3-bond coupling in the COSY 
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spectrum, thereby allowing direct assignment of this hydroxylic proton in CDC13. The remaining 

hydroxylic protons were assigned on the basis of nOe experiments II conducted at low temperature 

(270K); at this temperature saturation transfer effects were virtually eliminated, allowing clear 

interpretations of the nOe effects observed. Thus irradiation of OH-7 (6 3.11) produced 

approximately equal enhancement of H-7 and H-21 and little or no response at H-22 (Fig. 2a) while 

irradiation of OH-20 (6 3.25) produced a much larger enhancement of H-21 and H-22 and a smaller 

enhancement of H-7 (Fig. 2b). By contrast, OH-II produced an enhancement only at H-g; from this 

spectrum it was clear that OH-II took part to little or no extent in spin-exchange with the other 

hydroxyl groups, from which it may be inferred that the strong hydrogen bond observed in the x-ray 

structure determination was largely preserved in the solution state. (Fig. 2~). 

FISU8.E 2 nO# DIffermu spctrr of Azdlrrhtln (1) In CKl, at 27oI tith Irrtil&la of tk tlydmxyllc Protam 

b) Irndirtlm et OH-20 

J!.__ uj_J+&_ ____ _ .__..___ _._ _____ 
7 6 5 4 3 2 

c, LJ 
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This is further confirmed by examination of the temperature dependency of the chemical shifts 

of the three hydroxylic protons. The variation of chemical shifts with temperature of these three 

protons is in each case close to linear over the range 270 to 300K; the relevant equations and 

regression coefficients are tabulated in Table 1. 

TABLE 1 

I b+bo t kT I r2 
I 

I I bO k 

I I 
I OH-20 I 5.47 I 8.3 x 10-l I 0.998 I 

OH-11 1 5.57 1 1.7 x 10-3 0.996 

OH-7 1 4.78 6.2 x IO-' 0.997 

The ll-OH function is clearly less exposed than the other two hydroxylic groups, an 

observation consistent with the hydrogen bond being intact. A mixed - solvent experiment also 

provided evidence for the degree of involvement in intramolecular hydrogen bonds for each 

hydroxylic proton. Thus, as D&O-d6 was added to a CDC13 solution of azadirachtin. OH-11 was 

found to have a chemical shift essentially independent of the concentration of DHSO, while OH-7 

showed a larger dependency and the chemical shift of Oh-20 was dramatically varied by the 

introduction of even very small amounts of DHSO. Once again it is clear that the exposure to 

solvent of the three hydroxylic protons lies in the order; OH-11, OH-7, OH-20, with this latter 

the most exposed and hence, by inferrence, least intramolecularly hydrogen bonded. This may be 

relevant in interpreting the unusual chemistry of azadirachtin, in particular the ease with which 

the tertiary hydroxyl group OH-20 is acylated in comparison to the other two hydroxyl groups. 

In addition to these methods, we employed the difference decoupling technique 
12 to expose 

partially obscured signals such as those due to H-16a and the H-2 methylene group. Fran the 

difference decoupled spectra we were able to determine a number of small (< 0.5 Hz) coupling 

constants by comparison with computer simulated difference decoupled spectra (Figure 3). By 

treating the n.m.r. spectrum of azadirachtin as the linear sum of eleven spin systems each 

containing less than eight protons, we were able to simulate the entire spectrum of the 44-spin 

system (Figure 4). Such discrepancies as exist between the observed and simulated spectrum may 

readily be accounted for by long range interactions between spin systems which for the purposes of 

the simulation were taken as independent. The information obtained from these comparisons may be 

of value in assessing the preferred conformation of (1). 

From mass spectroscopic analysis a few substituent losses in azadirachtin (1) and its 

derivatives have been reported,4 but no skeletal fragmentations have been confirmed which would 

lend support to structural assignments. 

We have obtained more extensive accurate mass data (see table 2) in an attempt to identify 

the latter processes and thus to lend support to nmr analysis. FAB results confirm that 

azadirachtin has a molecular weight of 720. 

The thermal sensitivity of azadirachtin was evident when probe samples that had been heated 

above 200°C were examined. Thermolysis undoubtedly contributes to the complexity of the mass 

spectra in this and related compounds. 

The problem of assignment of oxygen in the azadirachtin molecule to an epoxide as distinct 

from a cyclic ether has been longstanding and is crucial to the structural analysis, but it did 

not yield to chemical methods of confirmation. 

However, the mass spectrum revealed ions which strongly suggested the presence of an epoxide; 

the fragment m/z 195 (C,0H,,04) results from cleavage of the C8-Cl4 bond with charge retention on 

the epoxide oxygen. This ion is also present in the spectrum of 3-deacetyl-ll-desoxyazadirachtin 

(2). 
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In the reduced derivatives ,4,,,5, and (6, this fragment is shifted to m/z 197. of lower 

abundance, with a related stronger peak occurring at m/z 179 (CloH,,03 = C,0H,,04+H2-H20). 

The significance of these ions became apparent once the low ev spectra were examined, for 

under these conditions the relative intensities of the peaks were enhanced. 

Two related fragmentation pathways give rise to prominent ions in the high mass region of the 

spectra of (l).(4),(5) and (6); the processes correspond to composite losses of water, methanol or 

acetic acid and the elements of C4H302 (for 1) or C4H502 (for (4),(5) and (6)). The C4 unit is 

lost from the terminal hydroxylated ring of the parent. The facility with which the latter 

rearrangement occurs must be associated with the strong directing influence of the acetal 

functionality, since it competes effectively with McLafferty rearrangements at the C-l ester site. 

Strong fragment ions corresponding to (H-C6H,304) and (M-CgH,305) occur in the reduced 

compounds ,4,.(5, and (6); the latter loss may arise in (4) by McLafferty rearrangment of the C-3 

acetate followed by Retro Diels Alder fragmentation of ring A with cleavage of the C2D-O6 bond. 

However, the observation of identical losses in the C-l esters (5) and (6) would necessitate C-1 

ester migration. 

It had been expected that the fragmentation of azadirachtin would be directed by the loss of 

the bulky C-l ester substituent to a major extent, but this was shown not to be the case from the 

accurate mass data; in addition it was noted that the mass losses in (4) and (6). which differ 

only in C-l substitution, showed a striking correspondance down to m/z 400. 

The ion m/z 251 ,C13H1505, which was shifted to m/z 253 in ,4,,(5) and (6) results from 

scission of the C6-C7 and WC9 bonds with hydrogen rearrangment away from the charge retaining 

fragment; further water loss gives rise to m/z 233 in (1) and 235 in (4),(5) and (6,. 

Most of the strong peaks In the low mass reglon of the low ev spectra can be assigned to 

fragments derived from the epoxide containing half of the molecule; m/z 15, (CgH,,02) and 95 (C6H7 

0). which are comnon to all the spectra, are derived by loss of the C4 unit from ions m/z 251 and 

195. The oxygen of the epoxide is retained in these fragments, and m/z 95 becomes the strongest 

ion at low ev. 

The ion m/z 365 (C,DH2,0D, and 347 ,ClsHlgD7, in (4) arise by composite losses of the epoxide 

fragment (Cl3-C23,. water and acetic acid. 

The additional loss of tiglic acid gives rise to m/z 347 in azadirachtin. The skeletal 

fragmentations so identified have been sumarized in scheme 1. 

341 

t 
365(4) 

-CH3COOH 

-FP L ‘zp*hlfJ T 

4179 (4) 

EB7)(4) 2 

l- -w 1 
439(4) 233 

SCHEME1 
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Other Neem Oil Derivatives 

During the structural studies reported above we have also isolated two further components from our 

supply of neem seeds. 

Ihe first, 3-deacetyl-II-desoxyazadirachtin (2) was isolated by reverse phase HPLC of 

methanolic neem seed extracts (Senegal) which had been previously chromatographed on "Floridin 

Earth" to remove azadirachtin. The compound was slightly slower running than azadirachtin on ODS 

stationary phase. Compound (2) had a molecular formula of C33H42014 determined by elemental 

analysis and high resolution mass masurement. The FAB spectrum of (2) was run in 2,2'-thio- 

diethanol and gave a sodium attachment ion at m/z 685 = (M+Na)+. Other ions resulting from 

protonation and dehydration were present at m/z 627 and 645. The EI spectrum was noticeably 

simpler to analyse than that of azadirachtin. Mass measurements on ions above 400 amu indicated 

that the fragmentation pattern could be largely explained by combination of four basic processes: 

water loss, loss of(COOMe)' loss of (C4H302)' and loss of tiglic acid. The ion m/z 579 consisted 

predominantly of (M-C4H302) with a small contribution fror (M-C5H70) representing loss of the 

tigloyl moiety. The epoxide derived fragment ions at m/z 195, I51 and 95 were dominant in the low 

ev spectra, with m/z 95 as the base peak. 

The IR spectrum showed absorptions at 3446, 2953, 2919, 2848, 1724, 1646 and 1617 cm-'. The 

'H NMR spectrum (see table 3) proved to be very similar to that of deacetylazadirachtinol 

described by Kubot3 and also to that quoted in the published reappraisal of this structure by 

Kraus.14 From these data it can be seen that the structure is very closely related to 

azadirachtin, the notable differences being the lack of acetate signal at 6 1.95 with the expected 

upfield shift of the 3-H proton to b 3.52 and more importantly the increased complexity of the b 

4.0 to b 4.5 region associated with structural change at C-II. Thus the hydroxyl singlet at 6 

5.05 is replaced by a broadened singlet at 6 4.47 which can be seen to couple with the C-9 proton 

in the COSY 2-D spectrum. A more diagnostic picture emerges from the 13C spectrum where the 

signal for C-11 the hemiacetal carbon in compound (I), is replaced by a signal at 6 79.4. The 13C 

spectrum obtained for (2) proved to be identical to that obtained by Kubo but there were small but 

consistent differences in shift relative to the Kraus data, particularly in the signals due to the 

tigloyl group. 

The question arises as to the position of the tigloyl group. The experiments of Kraus prove 

conclusively that in the compound he obtained (m.p. 208°C [aID = -69'; c = 0.1 CHC13) the tigloyl 

group was in the C-3 position. In our compound ([alD2’ = -40.8"; c = 0.36 CHC13 m.p. 149-151°C 

c.f. Kubo 3-deacetyl azadirachtinol m.p. 148°C) the diagnostic 5% nOe reported by Kraus from the 

C-19 methylene protons to H-l was clearly not present. 

It is on the basis of the above evidence and in view of the close similarity of the spectra 

to (I) that we wish to assign the structure (2) to the compound and suggest that this is in fact 

the structure of Kubo's deacetylazadirachtinol. 

The second compound isolated at longer retention times in the same HPLC separation which gave 

(2) is 3-acetoxy-7-tigloyl-vilasinin lactone (3). This compound (m.p. 242-3°C. [cx)~'D -22.4" C = 

1.6 (CHC13)) had a molecular formula of C33H460B indicated by elemental analysis and high 

resolution mass measurement. The IR spectrum showed significant absorption at 3400, 2997, 2848, 

1775, 1735, 17'9. 1700 and 1649 cm-'. The 'H nmr data are displayed in table 4. On the basis of 

the above data the carbon skeleton was proposed but the problem of the positions of the esters 

remained to be resolved. In this instance, the material was crystalline and the structure was 

determined by x-ray analysis confirming the carbon skeleton proposed and giving an unambiguous 

assignment of the position of the esters. (Fig. 6) 
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Exper~aental Section 

1 Ii nmr spectra were recorded on Bruker WH-400 or WM-250 spectrometer; 13C nmr spectra were 
recorded on a JEOL FX-909 (at 22.51 MHz). All spectra were recorded in deuteriochlorform unless 
otherwise stated. Infra-red spectra were recorded on a Perkin-Elmer 9836 or Hatteson Instruments 
Sirus 100 as thin films. Mass spectra were recorded on a VG-7070E instrument. Data for crystal 
structures were collected on a Nicolet R3m diffractometer. In both cases, the net count of two 
relections, measured as references every 50 reflections did not alter significantly during data 
collection indicating that deterioation of the crystal had occurred. The data were brought to a 
uniform arbitrary scale by these reflections and Lorentz and polarisation corrections wer3 
applied. Computations were carried out on the Eclipse SI40 using the SHELXTL program system. 
Melting points were determined on a Kofler hot stage instrument and are uncorrected. 

Preparation of 22,23-Dihydroazadirachtin (51 

Azadirachtin (I.OOg, 1.34 mnol) in methanol (40 ml1 was stirred with 10% palladium on charcoal 
(200 mgl under an atmosphere of hydrogen. After 2.5 hours the suspension was filtered through 
celite (2 g) and solvent removed from the filtrate under reduced pressure to leave a white foam 
which was purified by flash chromatography (eluant gradient 50% v/v ethyl acetate: dichloro- 
methane up to 100% ethyl acetate) to give the dihydro derivative (5) (0.74-g. 76%). m.p. 157-60°C 
@om ethyl acetate); urn (film) 3432. 2954, 2910, 1733. 1703, and 1646 cm ; 6" see table 6; [al 
D -27.8" (c = 0.37 in eE1orofot-m). 

Preparation of I-Detigloyl-22,23_dihydroazadirachtin (4) 

To the dihydro derivative (5) (300 mg, 0.41 mnol) in water (20 ml) and tButanol (30 ml) was added 
sufficient solid sodium carbonate to give pH 8. Sodium periodate (2.63 g, 12.3 nanol( in water (20 
ml) was added to the stirring solution followed by potassium permanganate (0.33 g, 2.1 n01I in 
water (10 ml). The reaction mixture was stirred at room temperature for 30 hours and then poured 
into water (100 ml) and extracted with dichloromethane (4 x 100 ml). The organic phases were 
combined, washed with water (50 ml) and brine (50 ml), dried (Na SO ) filtered and concentrated 
under reduced pressure. The resultant residue was purified b$ @Iash chromatography (eluant 
gradient 50% v/v dichloro~thane: 
36%); m.p. #5-7°C v 

ethyl acetate up to 100% ethyl acetate) to give (41 (95 mg, 
(thin film) 3441, 3060, 2985, 2954, 2920, 2854, and 1733 cm ; 6" see 

table 7; [a] D -17.4ma?c = 0.46 in chloroform). 

Isolation of 3-Deacetyl-II-desoxyazadirachtin (2) and 3-Acetyl-7-tigloylvilasinin lactone (31 

Neem seeds from Senegal were finely ground in ethanol and extracted by the method of Morgan. 
Azadirachtin was isolated by chromatography on Florex XXS (Florida Earth Co.) eluting with 
ether-acetone f95:5). Fractions obtained just prior to those containing azadirachtin were 
subjected to reverse phase HPLC (DuPont ODS 21.2 x 250 mnf in 70% v/v methanol water; the title 
compounds being the major products: 
methanol); vmax 

500 mg of mixture gave (21 (68 a@, m.p. 149-51°C (from 
(thin film) 3446, 2953, 2549, 1727, 1646, and 1617 cm ; bH see table 3; 
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(Found: H', 662.2574. requires 622.2574) (Found: C. 59.60; H, 6.24. C 
C, 59.82, H, 6.34%). 0.8Y 

242-3°C (from methar\olRater); w 
(C = 0.36 in chloroform) and next was obtai 

H4 0 4 requires 
;lJd ?31 (48 mg), 

m.p. (thin film) 3400, 2917, 2848, 1775, 1700, and 1649 cm ; 
6 see table 4; (Found: H , 570.3200. me" u 0 requires 570.3192). (Found: C, 69.07; H, 8.30. C 
3iH4608 requires C, 69.47; H, 8.07%). [apa tf6-82.4Y (C = 1.6 in chloroform). 

TABLE 2 

Azrdlrtchtln 

mfz 

566 

50? 

559 

401 

347 

339 

277 

251 

233 

195 

151 

95 

wwl2 

c30H35012 

C29"35011 

'24"23'6 

WI907 

cl9"l506 I 

c20"1905 ’ 

cl4"1306 i 

ClSH1705 I 

cl3"1505 

Cl3W4 

CIOHII04 

CgHl102 

%"I0 

519 

505 

477 

467 

439 

365 

347 

277 

253 

I79 

151 

I25 

III 

I09 

1, ASSIWNTS FOR CCWOIJMO (2) IN COC13 Al 400 Mz 

4 A,stgnment 

6.95 3' 

6.43 23 

5.66 21 

5.53 I 

5.04 22 

4.73 7 

4.56 I5 

4.55 6 

4.47 II 

4.04 28 

3.95 I9 

3.83 28 

3.77 cat 

3.77 a* 

3.52 3 

3.49 19 

3.33 I 

3.21 9 

2.36 I7 

2.31 2 

2.11-2.07 2 

2.04 I8 

I.84 5' 

1.79 4' 

I.66 I6 

I.46 xl 

1.33 I6 

qq 
d 

I 

t 

d 

d 

d 

dd 

I 

d 

d 

d 

I 

I 

q 

d 

d 

I 

d 

dt 

. 

I 

. 

dq 

ddd 

I 

d 

7.0, 1.2 

3.0 

2.75 

3.0 

2.8 

3.2 

12.6. 2.8 

9.0 

9.2 

9.0 

9.2 

12.6 

5.0 

16.0. 2.5 

7.0. I.0 

13.5. 5.0. 4.0 

13.5 

X-Ray Crystal Structure Determinations 

Details of the analysis of detigloyldihydroazadirachtin have already been reported!3 
Structure (3) was solved by direct methods. An E-map computed for the phase solution with highest 
"figure of merit" gave the positions of all tTie non-hydrogen atoms. Further AF maps revealed 
rotational disorder about C(24)-C(25) bond, resulting in two discrete positions-for C(27). of 
occupancies 0.8 and 0.2. The minor occupancy carbon atom was refined isotropically. All other 
non-hydrogen atoms were refined anisotropically. The hydroxy proton on O(l) was revealed in a 4F 
map, and refined isotropically. The remaining hydrogen atoms, with the exception of the methyT 
groups. which were refined as rigid bodies, were placed at calculated positions (C-H=0.96A), 
assigned isotropic thermal parameters U(H)=l.ZU (C). and allowed to ride on their parent C atoms. 
Refinement was by block-cascade full-iiiatrix l&&-squares. 

Final atomic coordinates f including those of the hydrogen atoms, and thermal parameters have 
been deposited with the Editors as supplementary data.5 

Footnotes 

The atomic coordinates for this work are available on request from the Director of the 

Cambridge Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, 

Cambridge C82 IEW. Any request should be accompanied by the full citation for this paper. 

Supplementary data and structural factors are available. See notice to Authors Tetrahedron, 

40 (2). ii (1984) 

Fig. (6) molecular drawing of (3). There is an intermolecular hydrogen bond between O(l) and 

O(6) IO... 0. 2.83A. H...O. 1.95A, O-H....0 angle 148"). 
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TABLE 5 

h 

6.85 3' 99 
5.63 7 4 

5.43 15 dd 

5.10 3 t 
4.43 21 t 
4.in 6 dd 

3.91 21 t 
3.51 1 t 

3.50 I 4 

3.27 28 d 

2.79 9 dd 

2.75-2.63 20 I 

2.50 22 61 

2.41 6 4 

2.33 2 dt 

2.20 22 dd 

2.13-2.07 2x16 . 

2.05 ok t 

2.01-1.99 2 . 

1.94 5' a 

t&w1.55 2xt1, 2x12 L 

I.77 4' dq 
I.19 29 I 

1.13 IS 4 

1.02 30 4 

0.96 19 t 

h.etgmnt lwtrp1tcity J(HX! 

7, 1.2 

3 

3.5. I.6 

3 

3 

12.3 

9 

3 

7.5 

7.5 

12.6 

17,) 

12 

16.3 

17.11 

7.1.2 

TN&E 6 

‘II Assipmmtt For Cmpound IS) fn NC13 at 400 Nk 

b Asrlpmnt )(ultlpllclty J (Hz) 

6.89 

6.50 

6.28 

5.05 

4.73 

4.66 

4.60 

4.16 

4.cs 

4.05-4.01 

3.96-3.86 

3.79 

3.76 

3.70 

3.64 

3.32 

3.27 

2.48 

2.37-l,% 

2x4 

1.95 

1.66 

1.76 

1.74 

1.70 

3‘ 99 
3 t 
21 I 

11-M I 

1. 7 I 

IS d 

6 dd 

19 d 

28 d 

23 II 

23 . 

ok I 

28 d 

a* 4 

13 d 

9 I 

5 d 

17 d 

2x2.2x22 . 

16 I 

MC ‘ 

5' bs 

4' ss 

30 ‘ 

16 s 

16 d 

7.0. 1.5 

2.9 

3.3 

12.5, 2.7 

9.5 

8.9 

9.5 

12.5 

4.75 

7.0, 1.0 

12 

Fomulr 

no. pJr(LtCrs nfinad 

CrystJl dlmenlions/r 
RCSidU41 clcctra 

d4nsfty/d-3* 

r/cm -I 

CrYrt4ll~trphtc DatJ 

Cosound (0 CapOwld (31 

C30H4001S.0.51C4H1001 C,,H,606 

677.7 570.7 

P22,2,.4 

6.485(21 

14.711l0 

25.664w 

So 

90 

90 

32% 

I.41 

Ccl-K_* 1.34 

* 
116 

2490 

2177 

pt.1 

7.380(l) 

9.668(11 

11.39712l 

80.60(l) 

85.47(l) 

67.85(l) 

766 

1.24 

Cu-~, 1.54 

. 
116 

2036 

1367 

0.056 

0.063. O.aO235 

466 

0.27x0.30x0.M 

0.033 

0.037, 0.00121 

404 

0.47x0.22r0.33 

0.27 0.16 

9 7 

* Crltulrtrd frocr observed drtr. 

TA6LE 7 

'H krlgnmts For Coqamd 14) la CDC13 4t 400 ml 

4 ksiq4nt Multlpllcity J 11(z) 

5.1 3 t 
5.21 21 I 

4.73-4.67 7. II-OH . 

4.66 I5 d 

4.58 6 dd 

4.17 19 d 

4.14-3.72 2x23 . 

4.03 28 4 

3.87 28 4 

3.80 ak I 

3.77 @b I 

3.75 19 d 

3.45 I bf 

3.30 9 I 

3.14 5 d 

2.49 17 4 

2.31 2 dt 

2.20-2.00 2.2x22 . 

2.15 I6 I 

2.14 Ok I 

I.76 30 I 

1.70-1.60 2r16 . 

1.8 

3.2 

12.4. 3.2 

a.6 

12.4 

4 

16, 1.8 
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