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2 H). These signals are due to the para, meta, and ortho protons,
respectively, of a phenyl ring, as confirmed by the spin decoupling
experiments in Figure 2. The extraordinary high field position
of these phenyl protons, which requires their placement in the
porphyrin ring current, and the presence of all the protons due
to protoporphyrin IX in the NMR spectrum uniquely identify the
green porphyrin as N-phenylprotoporphyrin IX (dimethyl ester).
Very similar, if simpler, spectra are obtained if the pigment is first
resolved into two fractions. The NMR spectra of the two fractions,
however, indicate that each fraction consists of two very similar
isomeric structures. The four possible isomers of N-phenyl-
protoporphyrin thus appear to be formed, the isomers with the
N-phenyl substituent on two of the nonequivalent nitrogen atoms
being resolved from those with the substituent on the other two
nitrogens. Studies in progress have established that the green
porphyrin mixture is a major product of the phenylhydrazine-
hemoglobin interaction.

The globin envelope does not play an essential role in arylation
of heme by phenylhydrazine. In effect, a similar mixture of
N-phenylprotoporphyrin IX isomers is produced in moderate yield
when hemin is allowed to react with phenylhydrazine:HCL® The
reaction does not take place under anaerobic conditions. This
reaction not only excludes a mechanistic role for the protein in
heme arylation, it also confirms the structure of the green por-
phyrin and provides the first synthetic route to N-arylporphyrins.
The scope of the synthetic procedure is under investigation.

Benzene, nitrogen, hydrogen peroxide, and superoxide are
known products of the aerobic reaction of phenylhydrazine with
hemoglobin.>!® Phenyl radicals generated by the heterolysis of
phenyldiazene are presumed as intermediates in benzene forma-
tion.!  The reaction of phenyl radicals with prosthetic heme thus
offers an attractive mechanism for the biological formation of
N-phenylheme, although the details of the interaction and its role
in hemoglobin precipitation and cell lysis remain to be elucidated.!?
The only precedent for this process is our recent finding that the
prosthetic heme of cytochrome P-450 is N-alkylated during
catalytic turnover of olefinic and acetylenic substrates.!* The
involvement of the heme nitrogens in the interactions of both
hemoglobin and cytochrome P-450 suggests a possible general role
for such reactions in abnormal heme catabolism.
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The structure of the key C,¢-diterpenoid alkaloid, lycoctonine,

was established as 1 in 1956 by an X-ray analysis of the hydro-
iodide salt of 4-de(oxymethylene)lycoctonine (2).! Since then

OCH, 3 Chasmanine

the structures of most of the lycoctonine-type alkaloids? have been
assigned on the basis of chemical and/or spectral correlation with
lycoctonine.® In 1976, we revised* the configuration of the C-
(1)-methoxyl group of chasmanine (3) from 8 to & on the basis
of X-ray analysis and mentioned that the reported’ chemical
correlation between browniine and chasmanine is in error. This
statement assumed that the structure of browniine was correct,
since its structure had been assigned® on the basis of direct
chemical correlation with lycoctonine. Recently, we learned that
X-ray analysis of two rearrangement products of a lycoctonine
derivative has indicated a configuration of the C(1)-methoxyl
group in these two compounds opposite to that reported in the
original X-ray analysis of compound 2.7 This development has
prompted us to submit a preliminary report of our own investi-
gation of this problem.

Methylation of delsoline (4) with methyl iodide and sodium
hydride in a sealed tube at reflux temperature afforded mainly
the known alkaloid delphatine (5).%° Because the « configuration
of the C(1)-hydroxyl in delsoline is well established by chemicall®
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perchlorate (R = 0.081).'> We have also confirmed the revised
structue of another key alkaloid,, dictyocarpine (9), by X-ray
analysis (R = 0.105).13

In view of the above results, the configuration of the C(1)-
methoxy group in 37 C,e-diterpenoid alkaloids which have been
chemically related with lycoctonine, browniine, or delphatine must
be also revised from 3 to . Schemes I and II present the corrected
structures and correlation diagrams for all the lycoctonine-related
alkaloids.!

In 1977, Sakai Shinma, and Okamoto reported'*!6 the structure
determintion of a new alkaloid, gigactonine (8). Methylation of
gigactonine gave delsoline (4) and a dimethylated product which
showed the same mass spectrum as that of a sample of delphatine
(5) prepared from lycoctonine. Howevr, these investigators
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and spectral data,'! delphatine must also have a C(1)-a-methoxyl
group. We have also transformed lycoctonine® and browniine to
delphatine by methylation with methyl iodide and sodium hydride.
Therefore, the structures of lycoctonine and browniine must be
revised to 6 and 7, respectively.!*> The revised structure for
browniine (7) was confirmed by the X-ray analysis of browniine
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claimed that the IR and '"H NMR spectra of the dimethylated
product were different from those of delphatine (5). In the full
report of this work,'s the 'H NMR spectral data given for the

(13) A detailed X-ray analysis of browniine perchlorate and dictyocarpine
will be published later.

(14) Owing to the limited space available here, complete references and
correlation diagrams pertaining to these lycoctonine-related alkaloids will be
published along with the X-ray analysis results.
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7 Browniine
~

8 Gigactanine

dimethylated product of gigactonine and that given for delphatine,
prepared from lycoctonine, are so similar that the minor differences
in their chemical shifts could result from solvent effects. On the
basis of our results, it seems likely that the dimethlated product
prepared from gigactonine and the sample of delphatine prepared
from lycoctonine are identical.

Of interest is the fact that there is not a single, naturally
occurring C,q-diterpenoid alkaloid which bears a C(1)-3-OCH;,
group.V?

(17) The configuration of the C(1)-methoxyl group must be also revised
from 8 to « in delbiterine (16-demethyldelphatine) and in elatine (7,8-
methylenedioxy)methyllycaconitine.
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Compactin! (1) and ML-236B are identical fungal metabolites
isolated from strains of Penicillium brevicompactum and Peni-
cillium citrinum, respectively. Compactin has been shown to be
a potent competitive inhibitor? of 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMG-CoA reductase), the rate-con-
trolling enzyme in cholesterol biosynthesis.
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The apparent efficacy of 1 as a therapeutic agent for the
treatment of hypercholesterolemia in humans and the enhanced
activity of mevinolin, 2, in in vitro animal models precipitated our
interest to devise general synthetic methodologies for the prepa-
ration of this important family of substituted hexahydro-
naphthalene lactones. Herein, we report the first synthesis of
(+)-compactin.

Central to our synthetic plan is the development of a viable route
to 3. This key intermediate not only possesses strategically situated
oxygen functionalities for the eventual elaboration of the transoid
conjugated diene but also allows the construction of the highly
sensitive 8-hydroxy lactone of 1 during the final stages of the
synthetic sequence. We projected that 3 might be prepared by
the combination of conjugate addition of the functionalized mixed
cuprate 4> to the enone 5° and trapping of the resulting kinetic
enolate with a suitable electrophile. In turn, § may be derived
from the readily available trans-dione (6).°

PhCH,0 PhCH0

CH3 e UaN

RO CuLi

PhS

z 0 4,R=CHCH,0C,H,
PhCHR0

3, R = CHCH,OC,H,

PhCH,0
5

Since chemical reduction of 6 with diisobutylaluminum hydride
afforded a statistical mixture of racemic diastereomers, we decided
to effect the reduction of 6 into 7 by using microbial methods.
Although microbiological conversion of 6 to 7 had been reported,’
the yield of this transformation was very low. On the other hand,
exposure of 6 to Aureobasidium pullulans NRRL Y-12610°
afforded 7, in 33% yield, accompanied by 8 (22%) and (x)-9
(45%). The optical purities of 7 and 8 were confirmed by their
oxidation with Jones reagent to give (-)-6 and (+)-6, respectively.
The inherent symmetry element (C, axis) in this chiral inter-
mediate, 7, and its ready accessibility via microbial methods
markedly facilitated the ensuing transformations. Treatment of

0

H

7 with 2 equiv of NaH in Me,SO at 25 °C, followed by the
addition of C¢HsCH,C1° gave 10 (99%) as an oil, which upon
reaction with phenylselenenyl bromide (HOAc/KOAc, 25 °C,
1 h) furnished 11. Saponification of 11 [1.2 equiv of KOH/
CH;OH-ether (4:1), 25 °C, 2 h] afforded 12 (89%), which was
oxidized to the corresponding selenoxide (H,0,/THF, 25 °C, 2.5
h). The latter undergoes smooth elimination on heating at 55 °C
for 2 h to give the allylic alcohol 13, which without isolation was
subjected to Jones oxidation to give 5 (71% from 10).
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