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Carbonimidic Dichlorides from the Marine Sponge 
Pseudaxinyssa pitys 

Sir: 
Terpenoid isonitriles have been isolated from several spon- 

ges, mainly those of the order Halichondrida.] The isonitriles 
often coexist with the corresponding isothiocyanates, for- 
mamides, and primary amines.2 We wish to report the isolation 
and structural elucidation of two carbonimidic  dichloride^,^ 
the first natural products found to contain this rare function- 
ality. 

The air-dried sponge Pseudaxinyssa pitys de  Laubenfels 
(Axinellidae, H a l i ~ h o n d r i d a ) ~  was extracted with methanol. 
The chloroform-soluble material from the methanol extracts 
was chromatographed on Florisil to obtain the carbonimidic 
dichloride 1, C16H23NOC14, [ a I 2 O ~  +36O (c  1.1, CHC13), as 
a clear oil (0.9% dry weight). The mass spectrum of 1 contained 
an [ M  - CI]+. cluster as the highest molecular weight peaks, 
as did the mass spectrum of cyclohexyl carbonimidic dichloride 
2, prepared by the method of Kiihle et al.3a The I3C N M R  
spectrum5 of 1 contained 16 signals, including a low intensity 
signal a t  6 127.1 ppm, assigned to the carbon atom in the car- 
bonimidic dichloride functionality (cf. 6 122.0 for 2). The in- 
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frared spectrum contained a strong N=CC12 band a t  1647 
cm-1 (lit.3a 1645-1660 cm-I). Reduction of the carbonimidic 
dichloride 1 with lithium aluminum hydride in anhydrous 
tetrahydrofuran at  -78 "C gave an isonitrile 3 (IR 2145 cm-l) 
having the molecular formula C16H23NOC12.6 The isonitrile 
3 was converted into a formamide 47 ( IR 1680 cm-I) by the 
action of 98% acetic acid.*e Treatment of the carbonimidic 
dichloride 1 with 0.1 N phosphoric acid in 95% methanol a t  
50 "C for I/2 h resulted in the formation of a 2:l mixture of the 
primary amine 5 ( IR 3200 cm-l) and the methylurethane 68 
(IR 3300, 1715 cm-I). Each of these reactions was performed 
on cyclohexane carbonimidic dichloride 2 with similar results, 
confirming the presence of the carbonimidic dichloride func- 
tionality in 1. 

The IH N M R  spectrum9 of the carbonimidic dichloride 1 
was almost identical with those of the isonitrile 3,6 formamide 
4,' and methyl urethane 6,8 except for variation of the chemical 
shift and multiplicity of a two-proton signal which appeared 
a t  6 4.36 (s, 2 H )  in 1. Comparison of the chemical shift data 
for the two-proton signal in 1,3,4, and 6 with suitable model 
compounds suggested that the carbonimidic dichloride was 
bonded to a methylene on an olefinic bond. The I3C N M R  
spectrum5 indicated the presence of trisubstituted and te- 
trasubstituted olefinic bonds, a carbon bearing hydroxyl (IR 
3400 cm-l) at  6 74.8 (d), a carbon bearing chlorine a t  70.8 (d), 
a carbon bearing nitrogen a t  57.4 (t), and one other tetrasub- 
stituted carbon at  40.7 ppm. The carbon skeleton of 1 must 
therefore be monocyclic with the remaining chlorine atom on 
an olefinic bond. 

The terminal trisubstituted olefinic bond gave rise to 'H  
N M R  signals a t  6 1.62 (s, 3 H) ,  1.70 (s, 3 H) ,  and 5.10 (br t, 
1 H ,  J = 6 Hz). Hydrogenation of 1 over 10% palladium/ 
charcoal gave a 9,lO-dihydro derivative 7 having an isopropyl 
signal a t  6 0.89 (d, 6 H ,  J = 6 Hz) in the 'H N M R  spectrum. 
Ozonolysis of 7 in methanol a t  -78 OC, followed by treatment 
with dimethyl sulfide, gave a y-chloro-a,P-unsaturated ketone 
8. In the IH N M R  spectrumio of 8, all protons on the cyclo- 
hexenone ring were observed and their relationships deter- 
mined by spin-decoupling experiments. Assuming that the 
hydroxy group had been eliminated from an intermediate P- 
hydroxy ketone formed by ozonolysis of the tetrasubstituted 
olefinic bond, we could place all the substituents on the six- 
membered ring of 1. The IH N M R  spectrum of 1 contained 
an a-chloro proton a t  6 3.83 coupled to an a-hydroxy proton 
a t  6 3.77 which was, in turn, coupled to two mutually coupled 
protons at  3.49 and 1.98 ppm. The lower field equatorial proton 
a t  C-4 exhibited a long-range coupling to an equatorial ring 
methylene proton a t  6 2.52 which was, in turn, coupled to an 
axial methylene proton a t  2.10 ppm. The tetrasubstituted 
carbon atom bearing a methyl group and the isoprenoid side 
chain must be located between the carbon bearing chlorine and 
the ring methylene. The coupling constants indicated that the 
chlorine and hydroxyl groups were both equatorial. The cou- 
pling constants were observed more clearly in the IH N M R  
spectrum" of the acetate of methylurethane 6. 

The relationship between the hydroxy group and the two- 
carbon side chain was confirmed by the following sequence. 
Reduction of 1 with lithium in liquid ammonia gave a 4.1 
mixture of alcohols 9a and 9b. In the 'H N M R  spectrum of the 
mixture of alcohols, two quartets were observed a t  6 5.35 (q, 
0.8 H ,  J = 7 Hz) and 5.23 (q, 0.2 H, J = 7 Hz) and two dou- 
blets a t  1.64 (d, 0.6 H ,  J = 7 Hz) and 1.57 (d, 2.4 H ,  J = 7 
Hz),  indicating that the alcohols were stereoisomeric a t  the 
newly formed trisubstituted olefinic bond. Oxidation of the 
alcohol mixture with Jones reagent, followed by isomerization 
of the olefinic bond into conjugation, using p-toluenesulfonic 
acid in benzene, gave the a,@-unsaturated ketone 10,l2 which 
had an ethyl group a t  the @ carbon. 
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Chart I. Eu(fod),-Induced Shifts ( A 6 )  of Selected Protons in the 
'H NMR Spectrum o f  1 

0.71 

EU 

The remaining stereochemical assignments were made by 
analysis of Eu(fod)s-induced shifts (Chart I) in the IH N M R  
spectrum of 1. Using established  procedure^,^^ the induced 
shifts of the ring protons were used to calculate an average 
location for the europium atom. Europium-proton distances 
calculated from induced shifts for the C-13 methyl group and 
the C- 15 methylene group indicated an axial methyl group and 
a 3(14)-2 tetrasubstituted olefin. The carbon skeleton 11 is 
a new sesquiterpene skeleton for which we suggest the name 
axinyssane.14 

A second carbonimidic dichloride 12, C16H24NC13,15 was 
isolated as a minor product (0.2% dry weight). The infrared 

-R 
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(1645 cm-I) spectrum indicated the presence of a carboni- 
midic dichloride functionality. The 'H N M R  spectrum of 12 
contained three methyl signals at  6 1.61, 1.62, and 1.68, exo- 
cyclic methylene proton signals at  5.08 and 5.22, two over- 
lapping olefinic signals at  5.12 and 5.16, and two mutually 
coupled signals at  3.40 (d, 2 H ,  J = 7 Hz) and 4.64 (t, 1 H, J 
= 7 Hz). Using reaction conditions outlined above, the car- 
bonimidic dichloride 12 could be reduced to an unstable iso- 
nitrile 13,16 which was hydrolyzed to a formamide 14. In the 
IH N M R  spectrumI7 of the formamide 14, coupling between 
the - N H  proton at  6 5.88 and the methylene protons at  3.46 
and 3.91 allowed assignment of the formamide at  C-1 and 
chlorine at  C-2. The I3C N M R  spectrum of l2I5 contained 
signals at chemical shifts predicted for a trans linear isoprenoid 
chain. The 'H N M R  and mass spectra support this assign- 
ment. 

Since P. pitys is capable of chlorination reactions, we pro- 
pose that the carbonimidic dichlorides may result from enzy- 
matic chlorination of the corresponding isonitriles, which have 
not been detected. The axinyssane skeleton can result from a 
"chloronium ion" initiated cyclization of the minor carboni- 
midic dichloride or an equivalent molecule (Scheme I).  Al- 
though we have not yet found a biological function for the 
carbonimidic dichlorides 1 and 12, the corresponding isonitriles 
3 and 13 inhibit the growth of Staphylococcus aureus. 

Scheme I .  Possible Biosynthesis of Axinyssane Skeleton 

,N=CCI, 
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Mixed Ammine-Olefin Complexes of Ruthenium(I1) 

Sir: 
The known olefin complexes of ruthenium are largely con- 

fined to examples where the formal oxidation state at  ru- 
thenium is relatively low and strong r-acid ligands such as CO 
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