
6440 

ferent predictions for II, they are in essential agreement with respect to 
the barrier to ring closure for I. 

(16) K. B. Wiberg and R. A. Fenoglio, J. Am. Chem. Soc, 90, 3395 (1968). 
(17) P. Dowd and K. Sachdev, J. Am. Chem. Soc, 89, 715 (1967). 
(18) K. Takeda, H. Yoshida, K. Hayashi, and S. Okamura, Bull. Inst. Chem. Res., 

Kyoto Univ., 45, 55 (1967); T. Yamaguchi, M. Irie, and H. Yoshida, Chem. 
Lett., 975 (1973); H. Yoshida and O. Edlund, Chem. Phys. Lett., 42, 107 
(1976). 

(19) There is one apparent exception" in which a MINDO/2 procedure has been 
used to suggest that the splitting between the (0,0,0) triplet and the (0,0,90) 
singlet of I is 11 kcai/mol, a value which is smaller than that calculated using 
other methods.6 However, the (MINDO/2) calculations611 place the heat 
of formation of the ground-state triplet of I at 50 kcal/mol, only 2 kcal/mol 
higher than that of methylenecyclopropane.16 Other conclusions of the 
MINDO/2 calculations have also been questioned.63" 

(20) (a) This barrier may not be >7 kcal/mol. As an example, the prediction60 

of a 9-kcal/mol barrier for the conversion of the singlet of I to methylene­
cyclopropane would place the singlet state below the triplet state, contrary 
to recent findings with regard to the multiplicity of the ground state of the 
molecule of I. (b) The existence of an activation barrier for the conversion 
of singlet of I to the triplet state of I would make the 82-kcal/mol estimate 
AH1 be too low; an activation barrier for the conversion of singlet of I to 
methylenecyclopropane would cause the estimated AHf to be too high. 
Since the two possible barriers tend to cancel one another, the 82-kcal/mol 
estimate may be not too far from the true value. 

(21) Cf. R. Breslow, Ace. Chem. Res., 6, 393 (1973), and references cited 
therein; M. J. S. Dewar, Adv. Chem. Phys., 8, 65 (1965); M. L. Herr, 7ef-
rahedron, 32, 2835 (1976). 

Paul Dowd,* Mudan Chow 
Department of Chemistry, University of Pittsburgh 

Pittsburgh, Pennsylvania 15260 
Received February 15, 1977 

Neoconcinndiol Hydroperoxide, a Novel Marine 
Diterpenoid from the Red Alga Laurencia 

Sir: 

The rarity of the hydroperoxide functionality in nature1 

prompts us to report here the structure of a unique diterpene 
hydroperoxide 1 which was isolated from extracts of the red 
seaweed Laurencia snyderiae (Dawson).2 The structural 
similarity of 1 to the known diterpene concinndiol,3 also iso­
lated from L. snyderiae, prompts us to suggest the trivial name 
neoconcinndiol hydroperoxide for this metabolite. 

Conventional silica gel column chromatography of the 
CHCl3-MeOH (1:1) extract of the fresh algae furnished 

OH 

Br-

fractions, one of which (100% diethyl ether eluent) deposited 
crystals of 1, [a]22

D -35° (c 0.8, CH3OH), mp 158-159 0C 
(0.07% extract). Inspection of the earlier fractions resulted in 
the isolation of major amounts of 2, mp 122-123 0C, as de­
termined by comparisons with standard samples from L. 
concinna.A High resolution mass spectrometry of 1 gave major 
ions at m/e 320.2353 for C20H32O3 and m/e 304.2404 for 
C2OH32O2, which reflect fragmentations of M+ — H2O and 
M + - H2O, —O, respectively, from the true molecular com­
position of C2oH3404. The facile loss of water under mass 
spectral conditions is in complete analogy to the behavior noted 
earlier for 2.3 Initially, it appeared that 1 was an aldehyde, 
since a sharp one-proton singlet band was observed in the 
proton NMR spectrum (220 MHz, Me2CO-^6) at 5 9.80. The 
infrared spectrum of this polar compound (KBr), however, was 
devoid of substantial carbonyl absorption and showed, instead, 
intense hydroxyl absorptions. NMR D2O addition experiments 

Figure 1. A computer generated perspective drawing of neoconcinndiol 
hydroperoxide. Hydrogens are omitted for clarity and only one orientation 
of the threefold disordered vinyl group (C( 14) and C(15)) is shown. 

showed that the sharp band at <5 9.80 and two others at 8 2.90 
and 3.61 were exchangeable hydroxyl protons. The incongruity 
of these chemical shifts, coupled with the loss of an oxygen 
atom under mass spectral conditions, suggested that the 5 9.80 
exchangeable band was from a hydroperoxide group.5 Sup­
porting this contention, 1 gave a positive iodide-iodine test for 
peroxides but generated complex mixtures upon attempted 
NaBH4 reduction to the corresponding alcohol. 

The NMR spectrum of 1 contains a number of features 
which can now be assigned to structural facets of 1. However, 
initially, only the relatedness to 2 could be concluded. Struc­
tural features associated with the six-carbon side chain were 
observed at shifts analogous to those from 2. Specifically, the 
isolated vinyl group gave bands at 8 4.94 (dd, J = 10,2 Hz) and 
5 5.19 (dd, J = 15, 2 Hz) for the terminal protons (C( 15)) and 
a band at 8 5.89 )dd, J = 10,15 Hz) for the C(14) olefin. Re­
maining in the olefin region was a single band at 5 5.43 (m), 
assigned to the C-2 proton, which was coupled to a set of AB 
double doublets (C(I) protons) at 5 3.11 and 2.61 (each J = 
14, 4 Hz). At high field, a six-proton singlet was observed at 
8 1.29 assigned to the gem-dimethyl at C(4), a three-proton 
singlet at 8 1.22 assigned to the methyl at C( 13), and, finally, 
a three-proton doublet at 5 0.89 (J = 7 Hz) assigned to the 
secondary methyl at C(8). 

The final structure assignment for neoconcinndiol hydro­
peroxide was provided by a combination of the aforementioned 
spectral studies with a single-crystal x-ray diffraction experi­
ment. Preliminary x-ray photographs revealed that 1 crystal­
lized from acetone in the monoclinic crystal class. Systematic 
absences conformed to space group P2\ with accurate lattice 
constants of a = 6.797 (2) A, b = 13.550 (4) A, c = 10.677 (3) 
A, /3 = 96.81 (3)°, and Z = I. All unique reflections with 6 < 
114.1° were measured using graphite monochromated Cu Ka 
(1.541 78 A) x rays and after Lorentz, polarization, and 
background corrections, 1143 (82%), were judged observed 
(F0 > 3<r (F0)). 

The structure solution proceeded with great difficulty. The 
largest 100 F's were initially phased by hand and their values 
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Scheme I 
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refined in the tangent formula. Phases were extended to the 
largest 200 £"s, and a subsequent electron density synthesis 
revealed a plausible 23-atom fragment. Full-matrix, least-
squares refinements with all atoms identified as carbons con­
verged to a standard crystallographic residual of 12%.6 In­
spection of thermal parameters and bond distances indicated 
that four of the atoms should be identified as oxygens. In 
Figure 1, these are 0(21), 0(22), 0(23), and 0(24). It was 
also obvious that one of the carbon atoms was very poorly be­
haved, with a thermal parameter roughly twice as large as any 
of the other carbons and a carbon-carbon bond distance of 1.70 
A! This atom is roughly midway between the atoms labeled 
C(14) and C(15) in Figure 1. Since the 1H NMR spectrum 
clearly showed a -CH=CH 2 group which was not present in 
our x-ray model, we replaced the poorly behaved atom with a 
disordered vinyl group. The current residual for this model is 
4.9% for the observed reflections. Figure 1 presents an x-ray 
drawing of this model showing only one of the threefold dis­
ordered vinyl group orientations. In general, bond distances 
and bond angles agree well with generally accepted values. The 
hydroperoxide geometry is C(4)-0(23) = 1.438 (7) A, 
0(23)-0(24) = 1.461 (6) A, and /C(4)-0(23)-0(24) = 
108.1 (4)°. The five- and six-membered rings are trans fused, 
and the relative stereochemistry at C(5), C(8), C(9), C(IO), 
and C(13) is identical with that reported for 2.3 Additional 
crystallographic details can be found in the supplemental 
material. 

We suggest that 1 and 2 are biogenetically related via sol-
volysis of the C(3) equatorial bromine in 2, as depicted in 
Scheme I. These transformations are precedented in the sol-
volytic A-ring contraction reactions of 3/3-tosyltriterpenes7 and 
in the reactivity of ground state (enzymatic) or singlet O2 with 
tetrasubstituted olefins to yield rearranged allylic hydroper­
oxides. 
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Nitrosoalkanes as New Ligands of 
Iron(II) Porphyrins and Hemoproteins 

Sir: 

Nitrosoalkanes or nitrosoarenes are interesting ligands be­
cause of their nitroso group which is isoelectronic with dioxy-
gen, of their different possible modes of binding (at N or O 
atom, side-on or end-on), and of their low-lying T* system1 

which should be readily available for back-bonding. However, 
few transition metal complexes having such ligands have been 
reported. Most of these are nitrosoarene complexes2-10 and 
only two nitrosoalkane complexes, COCP(CVHION2O2)1 ' and 
[Ru(NH3)St(NO)CH2C(CHs)2OH]]2+,12 have been isolated. 
In addition, very recently, the reaction of aliphatic hydrox-
ylamines with [Fe(CN)S(H2O)]3- has been reported to give 
complexes identified as [Fe(CN)5(RNO)]3- from their 
spectral characteristics, by analogy with those of the 
[Fe(CN)5(ArNO)]3- Baudisch complexes.13 

However, nitrosoarenes bind to hemoglobin,14 and we re­
cently proposed that nitrosoalkanes are the exogenous ligands 
of the very stable "425-, 421-, and 455-nm absorbing com-
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