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dipolarophile, some diastereoselection was observed (sa, 
2:1), using 28 as the nitrile oxide precursor. The nitrile 
oxide from 2a gave, on the other hand, a 1:l mixture of 
separable diastereomers 6a. 

In conclusion, when one considers all of the other known 
ways to manipulate isoxazoles, such as ring metalation, as 
well as the variety of ring-opening processes known for the 
isoxazolium salts (especially the 5-unsubstituted deriva- 
t i v e ~ ) , ~ ~  then numerous possibilities can be envisioned for 
the use of such nitrile oxides in the design of new C-nu- 
cleoside analogues. We further suggest that this general 
concept of constructing nitrile oxides containing sugars and 
sugar fragments should find broader applications in syn- 
thesis, for it is possible to effect carbon-carbon bond 
formation with creation of a masked &hydroxy ketone 
from a chiral fragment containing an a-oxygen substitu- 
ent." This would, of course, be difficult to achieve 
through conventional carbanion chemistry because of 
competing &elimination processes. Other reports con- 
cerning this situation will be forthcoming. 
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Norrisolide, a Novel Diterpene from the Dorid 
Nudibranch Chromodoris norrisi 

Summary: The dorid nudibranch Chromodoris norrisi 
contains an unusual rearranged diterpene, norrisolide (1). 
The structure of norrisolide was determined by X-ray 
diffraction analysis. 

Sir: As part of a study of the chemical defense mechanism 
of nudibranch mollusc8,2 we have examined the chemical 
constituents of the common dorid nudibranchs from the 
Gulf of California. Most dorid nudibranchs contained 
metabolites either identical with or closely related to 
known sponge  metabolite^.^ A notable exception to this 
observation was the discovery of the unusual diterpene 
norrisolide (1) from the brightly colored dorid nudibranch 
Chromodoris norrisi Farmer 1963.' In this paper we 

(1) Presented at the IUPAC Conference on Marine Natural Products, 
Tenerife, Spain, July 1982. 

(2) Thompson, J. E.; Walker, R. P.; Wratten, 9. J.; Faulkner, D. J. 
Tetrahedron 1982,38, 1865 and references cited therein. 

(3) H o c h l o d ,  J. Ez; Walker, R. P.; Ireland, C.; Faullmer, D. J. J. Org. 
Chem. 1982,47,88. Hochlowski, J. E.; Faulkner, D. J. Tetrahedron Lett. 
1981,22,271 and unpublished data. 

report the structural elucidation of norrisolide (1) by a 
single-crystal X-ray diffraction experiment. 

Ten specimens of Chromodoris norrisi (average weight 
0.2 g) were collectad near San Carlos Bay, Sonora, Mexico, 
and were stored in acetone for 2 weeks. The dichloro- 
methane-soluble material from the decanted acetone was 
twice chromatographed by LC on Partisil first with ether 
and then with 2:l ether/hexane as eluants to yield nor- 
risolide (1,0.2 mg/animal) as small colorless crystals, mp 
138-140 "C. 

Norrisolide (I) had the molecular formula C22H32O5. 
The mass spectrum showed a very weak molecular ion 
peak at m / z  376 with strong peaks at mlz 316 and 317, 
indicating facile loss of an acetate group. The infrared 
spectrum contained bands at  1800 (7-lactone) and 1760 
cm-' (acetate). The 13C NMR spectrum6 contained two 
carbonyl signals at  6 173.6 (8) and 168.6 (s), two acetal 
carbon signals at 6 107.1 (d) and 101.8 (d), and signals for 
an a,&-disubstituted olefin at  6 143.5 (8) and 116.8 (t). A 
series of 'H NMR decoupling experiments defined the 
oxygen-containing portion of the molecule: a two-proton 
signal at 6 2.55 (d, 2 H, J = 7 Hz, C-13) was coupled to a 
signal at 6 3.36 (m, 1 H, J = 9.5,7,7,6 Hz, C-12) that was 
in turn coupled to an acetal proton signal at 6 6.14 (1 H, 
d, J = 6 Hz, C-20) and a methine proton signal at 6 3.07 
(dd, 1 H, J = 9.5,3.5 Hz, C-11) that was further coupled 
to the second acetal proton signal at 6 6.44 (d, 1 H, J = 
3.5 Hz, C-19). The chemical shift of the 6 3.07 signal and 
the absence of further coupling suggested that the a,a'- 
disubstituted olefin was located at  (2-10. Since the 'H 
NMR spectrum6 contained three methyl signals at 6 0.66 
(e, 3 H), 0.84 (8, 3 H), and 0.86 (s,3 H) and the molecular 
formula required an additional two carbocyclic rings from 
the nine remaining carbon atoms, these data indicated that 
norrisolide contained a novel diterpene ring system. 

The structure of norrisolide (1) was determined by a 
single-crystal X-ray diffraction experiment! A comput- 

(4) Farmer, W. M. Tram. San Diego SOC. Not. Hist. 1963, 13, 31. 
(5) IR (CCl,) 1800,1760,1370,1215 cm-'; 'H NMR (CDCls) 6 0.66 (8, 

3 H), 0.84 (8, 3 H), 0.86 (e, 3 H), 2.07 (e, 3 H), 2.55 (2 H, d, J = 7 Hz), 
3.07 (dd, 1 H, J = 9.5,3.5 Hz), 3.36 (m, 1 H, J = 9.5,7,7,6 Hz), 5.09 (br 
8, 1 H), 5.15 (br s, 1 H), 6.14 (d, 1 H, J = 6 Hz), 6.44 (d, 1 H, J = 3.5 Hz); 
'Bc NMR ( C a d  8 173.6 (e), 168.6 (a), 143.5 (e), 116.8 (t), 107.1 (d), 101.8 
(d), 58.8 (d), 57.8 (d), 50.1 (d), 45.1 (e), 41.8 (t), 40.6 (d), 38.7 (t), 33.5 (q), 
33.3 (E), 30.5 (t), 24.3 (t), 21.2 (t), 20.7 (91, 20.5 (t), 19.9 (91,. 14.2 (9); 
HRMS, obsd m/e 316.2047, C ~ ~ O S  (M - AcOH) required m/e 
316.2038. 

(6) Preliminary X-ray diffraction patterw showed monoclinic sym- 
metry and accurate lattice constanta of a = 12.691 (2) A, b = 7.517 (2) 
A, c = 22.531 (3) A and 6 - 108.24 (7)O. Systematic extinctions and 
density were most plausibly accommodated by space group C2 with one 
molecule of CmHsn06 in the asymmetric unit. All unique diffraction 
maxima with 28 5 114O were collected on a four-circle diffractometer by 
using graphite monochromated Cu Ka radiation (1.541 78 A) and lo w 
e.cans. A total of 1578 reflections was collected in this fashion, and after 
correction for Lorentz, polarization, and background effecta 1447 (92%) 
were judged observed (pol 1 3r(Rd). A phasing model was deduced by 
standard mulhlution direct methods and extended by tangent formule 
recycling.' This revealed the entire nonhydrogen structure, and 29 of the 
hydrogens were located by a difference syntheaia after partial refinement. 
The remaining hydrogens were included at calculated positions, and 
block-diagonal leest-equarea refinement with anisotropic nonhydrogen 
atoms and isotropic hydrogens han converged to a standard residual of 
0.058 for the observed reflections. Additional crystdographic details can 
be found in the supplementary material. 
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Figure 1. Computer-generated perspective drawing of norrisolide 
(1). Hydrogens are omitted for clarity, and the enantiomer shown 
is arbitrary. 

Figure 2. Proposed biosynthesis of the norrisane skeleton. 

er-generated perspective drawing less the hydrogens of the 
final X-ray model of norrisolide (1) is shown in Figure 1. 
The X-ray experiment did not define the absolute con- 
figuration, and the enantiomer shown is an arbitrary 
choice, the same as that determined for isoagatholactone, 
a diterpene of known absolute stereochemistry from 
Spongia o f f i ~ i n a l i s . ~ - ~  There is a perhydroindane bicyclic 
system with an axial methyl and hydrogen at  the bridge- 
heads. The cyclohexane ring is in the chair conformation, 
and the conformation of the cyclopentane ring is inter- 
mediate between the half-chair and envelope configura- 
tions. 

After completing this study, we found norrisolide (1) as 
a very minor constituent of the sponge Dendrilla sp. 
collected at  Palau, Western Caroline Islands, but we have 
been unable to find this or related sponges in the Gulf of 
California. Dendrilla sp. is closely related taxonomically 
to Aplysilla rosea from which Kazlauskas et al.'O obtained 
aplysillin (2). We therefore propose that the norrisane 
skeleton (4) was derived from the spongianl' skeleton (3) 
by opening of ring C with concomitant contraction of ring 
B, a process that results in the observed relative stereo- 
chemistry (Figure 2).12 

(7) All crystallographic calculations were performed on a PRIME 4OOO 
computer operated by the Materials Science Center and the Department 
of Chemistry, Cornell University. The principal programs used were as 
follows: REDUCE and WQUE, data reduction programs, Leonowicz, M. E., 
Comell University, 1978; BLS?M, anisotropic block-diagonal least-squares 
refinement, Hirotsu K. and Arnold, E., Comell University, 1980; XRAY76, 
the X-ray system of crystallographic programs, edited by Stewart, J. M., 
Technical Report RT-455, University of Maryland, March, 1976; ORTEP, 
Crystallographic illustration program, Johnson, C. K., Report ORNL-3795, 
Oak Ridge National Laboratory; BOND, molecular metrics program, Hi- 
rotsu, K., Cornell University, 1978; 'MULTAN-78, A System of Com- 
puter Programs for the Automatic Solution of Crystal Structures from 
X-ray Diffraction Data", Main, P., principal author, University of York, 
England. For literature description of MULTAN see: Germain, G.; Main, 
P.; Woolfson, M. W. Acta Crystallogr., Sect. B 1970, B26, 274-285. 
Woolfson, M. M. Acta Crystallogr., Sect. A 1977, A33, 219-225. 

(8) Norrisolide (1) is drawn as lS*,6S*,9R*,llR*,12R*,19R*,20R*. 
(9) Cimino, G.; De Rosa, D.; De Stefano, S.; Minale, L. Tetrahedron 

1974, 30, 645. 
(10) Kazlauskas, R.; Murphy, P. T.; Wells, R. J.; Daly, J. M. Tetra- 

hedron Lett. 1979, 903. 
(11) Kylauskas, R.; Murphy, P. T.; Wells, R. J.; Noack, K.; 

OberhBnsh, W. E.; SchonhBlzer, P. A u t .  J. Chem. 1979, 32, 867. 
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Synthesis of Optically Active b-Lactams from 
Serinylphenylserine. A Convenient Route to 
Nocardicins and Monobactams' 

Summary: Chiral synthesis of 3-amido-2-azetidinones has 
been achieved in good yield by the reaction of L-serinyl- 
phenylserine with triphenylphosphine and diethyl azodi- 
carboxylate. These @-lactams can be easily converted to 
N-unsubstituted @-lactams which are convenient inter- 
mediates for nocardicins and monobactams. 

Sir: Monocyclic @-lactams2 have become subjects of re- 
newed attention from synthetic and medicinal chemists 
since the discovery in nature of nocardicins3 and mono- 
ba~tams.*,~ 

The absolute configuration of at  least one of the @-lac- 
tam carbons is of critical importance for antibacterial 
activity.6 The value of a synthetic approach to a @-lactam 
is therefore enhanced if the synthesis leads to an optically 
active compound with control of the relative configuration 
of the various asymmetric centers in the molecule. We 
describe here a convenient synthesis of optically active 
3-amino-2-azetidinones starting with readily available 
derivatives of serinylphenylalanine. 

(1) Part 66 in the series 'Studies on Ladams". For part 65 see: Bose, 
A. K.; Manhas, M. S.; Vincent, J. E.; Gala, K.; Fernandez, I. F. J. Org. 
Chem. 1982,47,4075. 

(2) For reviews see: Manhas, M. S.; Bose, A. K. "Beta-Lactams- 
Natural and Synthetic"; Wiley-Interscience: New York, 1971. Chris- 
tensen, B. G.; Ratcliffe, R. W. Annu. Rep. Med. Chem. 1976, 11, 271. 

(3) Kamiya, D. In 'Recent Advances in the Chemistry of beta-Lactam 
Antibiotics"; Elks, J., Ed.; The Chemical Society: London, 1977; p 281. 

(4) Imada, A.; Kitano, K.; Kintaka, K.; Muroi, M.; Asai, M. Nature 
(London) 1981,289,590. 

(5) Sykes, R. B.; Cimarusti, C. M.; Bonner, D. P.; Bush, K.; Floyd, D. 
M.; Georgopapadakou, N. H.; Koster, W. H.; Liu, W. C. Parker, W. L.; 
Principe, P. A.; Rathnum, M. L.; Slusarchyk, W. A.; Trejo, W. H.; Wells, 
J. S. Nature (London) 1981,291,489. 
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