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The structure of the antibiotic Fungichromin has been determined and proof is presented for the absolute configurations

of two of twelve asvunmnetric carbon atoms.

A new degradative procedurce of general applicability for the determination

of the carbon skeleton of complex polylivdroxy compounds is described.

Further work on the pentaene antifungal anti-
biotic Fungichromin® has led to determination of
the complete structure and the absolute configura-
tions of two of the twelve asymmetric carbon
atoms. Dhar, Thaller and Whiting recently
have reported partial and complete structures
for the very similar antibiotic Lagosin.® Our
structure determination, employing different ex-
perimental methods, leads to the same structure
for Fungichromin as the one reported for Lagosin;
however we found that Fungichromin consistently
showed somewhat higher rotations [[a]p —170
£4° (¢ 0.25, methanol)| than did Lagosin [[a]D
—160 =4° (¢ 0.25, methanol)]. The ultraviolet
and infrared spectra of the two, and their behavior
on paper chrontatography in four different systems,
are identical. X-Ray powder patterns® of the
two antibiotics and their decahydro derivatives
warrant an a priori judgment of identity but small
differences exist between the two patterns which
if not attributable to impurities or to differences
in crystallinity might be ascribed to minor dif-
ferences in chemical structure or hydration.

Fungichromin (1) was hydrogenated in methanol
with platinum as catalyst to a crystalline deca-
hydro derivative 2, m.p. 166°. The uptake of
hydrogen was 5.0 moles based on a molecular weight
of 671, and microanalysis of decahydrofungichromin
supported the molecular formula CiHge—501e.
Its ultraviolet spectrum showed only weak end
absorption (ens 172) indicating that decahydro-
fungichromin is a saturated compound.

The discrepancy between the number of oxygen
atoms indicated by analysis of decahydrofungi-
chromin and by the original analysis of Fungi-
chromin* was settled when a sample of the anti-
biotic dried by azeotropic distillation of a benzene
suspension after recrystallization from absolute
methanol corresponded in analysis to CssHis—gOra.
After standing several weeks it was analyzed again
and corresponded to CyHss—e0O13, unchanged
after recrystallization from absolute inethanol.
Apparently Fungichromin forms a stable hydrate
whereas the decahydro derivative does not.

Kuhn-Roth oxidation of Fungichromin and of
decahydrofungichromin followed by separation of

(1) Supported in part Ly the National Institutes of Health through
Public Health Research Grant E-22.41.

(2) National Institutes of Health Postdoctoral Fellow, 1959-1960.

(3) National Institutes of Health Postdoctoral Fellow, 1955-19536.

) A, C. Cope aund H. 15, Johnsou, J. An. Chem. Soc., 80, 1504
€15158), and refereuces e 2 und 3 iu that paper.

(5) Al 1. Dhar, V. Thaller ana M. C. Whiting, Proc. Chemt. Sy,
118 (1958); 310 {1660). Weure indebted to Dr. Whiting for supplying
w sample of Lagosin,

(¢) We are indebted to Prof. David P. Slivemaker for these deter-
tialions.

the wvolatile acids by paper chromatography’
gave large spots for acetic and #-caproic acids and
weak spots for propionic, n-butyric and n-valeric
acids. When the same mixture was analyzed by
gas chromatography (as methyl esters) it was found
to consist of more than 909, n-caproic acid.
(Methyl acetate was hidden by the ether peak.)
Steain distillation of an alkaline aqueous suspension
of Fungichromin yielded 1-hexanal, identified as
its 2,4-dinitrophenylhydrazone. The infrared spec-
trum of Fungichromin (potassium bromide disk)
showed a strong band at 1710 cm.~! which did not
disappear on hydrogenation. Fungichromin and
decahydrofungichromin each consumed two molar
equivalents of periodate in neutral solution and
three 1olar equivalents after treatment with
sodium carbonate. These observations are in
agreement with partial formula 3 in which one of the
three 1,2-glycol systems is involved in formation
of a lactone or ester grouping, and the 1-hexanal
is formed by a retroaldol condensation.
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Determination of the exact number of carbon
atoms in a compound with a molecular weight as
large as Fungichromin presents a problemn because
elemental analyses and conventional methods for
determination of molecular weight, c.g., saponifi-
cation equivalent, are not sufficiently accurate.
We therefore proceeded to obtain a derivative re-
taining all of the carbon atoms of Fungichromin
in their original arrangement and yet sumple enough
for direct proof of structure by unambignous syn-
thesis. The degradation sequence was the f{ol-
lowing: decahydrofungichromin was reduced with
lithium aluminum hydride in refluxing tetrahydro-
furan to a polyol which was treated with red phos-
phorus in refluxing hydriodic acid. The hydroxyl-
free but iodine-containing product was reduced with
lithiumn aluminum hydride and then chromato-
graphed on alumina. The hydrocarbon fractions
were finally hydrogenated using platinum as cata-
lyst. The product, obtained in an over-all yield
of 139, was homogeneous when analyzed by low
and high temperature gas chromatography. Its

() C. F. Garbers, H. Schnid and P. Karrer, Helv. Chim. Acta, 37,
1336 (1954).



June 5, 1962

infrared spectrum was characteristic of a saturated
hydrocarbon, C,H, + ., and its molecular weight
was 492 as determined by mass spectrometry.’
Its molecular formula was therefore CgH7. The
possibility of rearrangement or loss of small frag-
ments during the drastic reduction with hydriodic
acid was eliminated when a polytosylate of the
polyol reduced first with lithium aluminum hy-
dride and then with hvdrogen using platinum as
catalyst gave the same hydrocarbon, as demon-
strated by identity of the mass spectra and reten-
tion tunes on gas chromatography. The yield of
hydrocarbon by the second method was, not un-
expectedly, very low. Lithium aluminum hy-
dride reductions of tosylates of secondary polyols
(carbohydrates) often gave good vyields of hy-
droxy compounds with little or no hydrocarbon.?

The molecular weight of the hydrocarbon proved
that Fungichromin is a macrocyclic lactone rather
than an ester. A non-cyclic structure would have
given two fragments with a total number of 35
carbon atoms. The possibility that one such frag-
ment would be sufficiently small to escape detection
or to be lost during the isolation procedures ap-
peared unlikely in view of the very close agreement
of the elemental analyses and catalytic hydrogena-
tion data with a Cy-formula and was ruled out by
later experiments.

The Css-hydrocarbon was oxidized with chro-
mium trioxide in glacial acetic acid' and from the
neutral fraction 2-octanone (5) and 2-tetradecanone
(6) were isolated by gas chromatography. Pre-
liminary identification by retention times was con-
firmed by comparison of their mass spectra with
those of authentic samples. This result was
in agreement with the position of the methyl
groups in the Cg-hydrocarbon deduced from its
mass spectrum, which exhibited prominent peaks
at Wl,"/é’ 323 (C33H47+) and m:'e 4()7 (C99H59"').
The identity of the hydrocarbon from Fungi-
chromin with 7,21-dimethyltritriacontane (4) was
then confirmed by synthesis. 1,11-Undecanedi-
carboxylic acid (14) was converted to the di-
bromide 15 in 559, over-all yield, wia lithium
aluminum hydride reduction of the dimethyl ester
and treatment of the resulting glycol with anhy-
drous hydrogen bromide. Addition of excess acetyl
chloride to the organocadmium reagent prepared
from the dibromide gave 2,16-heptadecanedione
(16) (279% vield). Reaction of the diketone 16
with one molar equivalent of n#-dodecylmagnesium
bromide gave a complex mixture from which pure
16-methyl-16-hydroxy-2-octacosanone (17) was
separated in 99} yield. Treatment of 17 succes-
sively with n-hexylmagnesium bromide, then with
p-toluenesulfonic acid in refluxing benzene and
finally with hydrogen using platinum as catalvst
gave a 769, yield of pure 7,21-dimethyltritria-
contane (4).

(8) We are indebted to Prof. Klaus Biemann and his associates for
mass spectra and for helpful discussions.

(9) R. S. Tipson, Asdr. in Carbohydrale Chen:., 8, 164 (1953), and
N. G. Gaylord, "“Reduction with Complex Metal Hydrides,' Inter-
science Publishers, Inc.. New York, N. Y., 19536, pp. 855-873, and
references there given.

(10) J. Cason, J. S. Fessenden and C. L. Agre, Teirakedron, T, 289
(1959).
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After establishment of the carbon skeleton the
next problem was to place the twelve oxygen
atoms. Partial structure 3 summarizes the data
at hand: a macrocyclic lactone grouping and three
1,2-glycol systems, one of which is involved i
fortmation of the lactone, and a hydroxyl group in
the Cs-side chain 8 to the lactone carbonyl group.
Cleavage of decahydrofungichromin with neutral
periodate followed by lithium aluminum hydride
reduction of the carbonyl compounds gave a mix-
ture of two crystalline potyols, CisHsO3 and Cie-
H.Os, readily separable because of their very dif-
ferent solubility properties. The crude polyols

Mg, then CdCL
HOOC (CHj);; COOH ~——> Br(CH;);,BrT%}T—mcl—‘-) cm&cr{,)l,gcr{,
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were each converted to the corresponding hydro-
carbons by the phosphorus-hydriodic acid method
devised for the Cy-polyol from Fungichromin
itself. The hydrocarbons were, respectively, 2-
methyltetradecane (9) and 7-methyloctadecane
(10), shown by identity of their mass spectral!
with those of synthetic samples. 2-Methyltetra-
decane was synthesized by addition of n-dodecyl-
magnesium bromide to acetone followed by de-
hydration of the resulting tertiary alcohol and
catalytic hydrogenation; 7-methyloctadecane anal-
ogously from 2-tridecanone and #n-hexylmagnes-
ium bromide. The possibility of skeletal rear-
rangement during the drastic hydriodic acid
treatment was again eliminated by the fact that
the hydrocarbon prepared from the Cye-polyol
via reduction of its polytosylate also had a mass
spectrum identical with that of synthetic 7-
methyloctadecane. We noted, however, that gas
chromatographic analysis of each of the crude
hydrocarbons 9 and 10 obtained by the phosphorus—
hydriodic acid method showed some contamination
(ca. 39;) by the respective straight chain isomers,
n-pentadecane and n-nonadecane. This indicated
that carbonium ion rearrangement did occur to a
small extent during the phosphorus--hydriodic
acid reduction since no #-nonadecane was detected
in the crude hydrocarbon from the polytosylate.
It was of future importance to note also that among
the contaminants of crude 9 no 2-methyldodecane
could be found.

Since the polyol CioHyOs was 1nert to periodate
(quantitative titration) and contained the CsH,;-
CHOH- side chain (shown by the conversion to 7-

{11) 1dentity of retention times did not usually suffice to distinguish
between position isomers on our columns althosgh one could reliably
distinguish a branched isomer from the straight chain one. See, for
example, D. T. Downing, Z. H. Kranz and K. ¥. Murray, Austral. J.
Chem., 18, 80 (1960).
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methyloctadecane) it could be assigned the unique
structure 8a which placed eight of the twelve oxy-
gen atoms of Fungichromin. The ninth and
tenth oxygen atoms then had to be placed on C-14
and C-15 of 1 to accommodate the periodate data
and the formation of the Cis-triol. Structure 7
was required for the triol because on oxidation
with one equivalent of periodate it gave a 76%
yield of acetaldehyde, isolated as the 2,4-dinitro-
phenylhydrazone. This placed the eleventh and
twelfth oxygen atoms of 1.

It was next necessary to determine the nature
of all the oxygen functions not already established
as lactone or hydroxyl groups. Acetyl analysis of
an amorphous polyacetate of Fungichromin indi-
cated the presence of nine acetoxy groups, sug-
gesting that all but one of the non-lactonic oxygens
were hydroxyl groups. Diagnostic tests for the
presence of ketonic carbonyl or epoxide groupings
were negative; the absence of both these groupings
(as well as of a larger ether ring) was proved
conclusively in the following way: reduction of
ketones or oxides with lithium aluminum deute-
ride introduces one deuterium atom for each of
these groups present; reduction of a lactone in-
troduces two deuterium atoms per group. Lith-
ium aluminum deuteride reduction of decahydro-
fungichromin gave a crystalline polyol (11b),
CssH7Do0yy, having no carbonyl absorption in the
infrared. Analysis showed the presence of 2.71
atom per cent. excess of deuterium. The calcu-
lated value for two atoms of deuterium per mole-
cule is 2.789, and for three 4.169;. Sodium perio-
date oxidation of decahydrofungichromin followed
by lithium aluminum deuteride reduction and
separation of the polyols as before gave 8b contain-
ing 7.42 atom per cent. excess of deuterium. This
value corresponded to the introduction of three
deuterium atoms, two by reduction of the lactone
and one by reduction of the aldehyde group formed
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by the periodate oxidation. The calculated values
are 7.509; and 10.009 for three and four deuterium
atoms, respectively.

The last remaining structural question, the posi-
tion of closure of the macrocyclic lactone, now
limited to C-26 or C-27, was settled in the following
way: Fungichromin was ozonized in methanol
solution and the ozonide reduced -catalytically.
Direct oxidation with sodium periodate followed
by lithium aluminum hydride reduction and acetyla-
tion gave 1,2-propanediol diacetate in 399%
yield from Fungichromin. It was identified by
comparison with an authentic sample (retention
time and infrared spectrum). This was proof that
the lactone ring was closed at C-27 since had closure
been at C-26 instead the product isolated from the
degradation sequence would have been 1,2,3-butane-
triol triacetate. No trace of this compound was
detected by gas chromatographic analysis.

The 1,2-propanediol diacetate from Fungichromin
was optically active, [a]D +2.0°. D-(4)-1,2-
Propanediol diacetate, [a]p +1.55°, was synthe-
sized from p-(+4)-calcium lactate by methylation,
lithium aluminum hydride reduction and acetyla-
tion. Thus the absolute configuration at C-27 in
Fungichromin is p. If C-26 also had the bD-
configuration the C-27, C-26 relationship would be
threo; if C-26 were L the relationship would be
erythro. The configuration at C-26 was determined
as follows: ozonolysis of Fungichromin followed by
catalytic hydrogenation, lithium aluminum hy-
dride reduction and acetylation gave 2L:3D-(—)-
erythro-1,2,3-butanetriol triacetate, isolated in 45%
vield based on Fungichromin. It contained no
{hreo isomrer, which demonstrated that no base-
catalyzed epimerization of C-26 at the a-hydroxy
aldehyde stage (in the lithium aluminum hydride
mixture before reduction was complete) occurred
since in that case both isomers would be expected.
The identity of the erythro-1,2,3-butanetriol tri-
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acetate from Fungichromin was shown in three
different ways. Its infrared spectrum was super-
imposable with that of synthetic di-eryihro-1,2,3-
butanetriol triacetate and different from that of the
threo 1somer, especially in the 1140-1165 cm.™!
region. Its retention time was identical with
that of the synthetic erythro isomer; admixture
with the latter gave one peak, while admixture with
the synthetic threo isomer gave two peaks. The
refractive indices of the synthetic threo (1.4287)
and erythro (1.4273) isomers differed significantly
and that of the triacetate from Fungichromin was
very close to the latter value (1.4270).

We have found only two previous references to
a 1,2,3-butanetriol triacetate.!!? We obtained
di-erythro-1,2,3-butanetriol triacetate from trans-
crotyl alccohol (containing 89, of the cis isomer)
by treatment with peracetic acid followed by open-
ing of the epoxide with acetic anhydride. This
method is known to give trans addition to a double
bond. The small amount of threo isomer arising
from the cis-crotyl alcohol impurity was almost
completely removed by fractional distillation.
al-Threo-1,2,3-butanetriol triacetate was prepared
by treating frams-crotyl acetate (also containing
]9 of the ¢is isomer) under the conditions of the
“wet Prevost reaction,”** which in this case was not
completely stereospecific (¢cis hydroxylation) since
the product consisted of an 82:18 threo:erythro

mixture. The pure threo isomer was obtained by
fractional distillation followed by preparative
gas chromatography.

It was stated previously that no 2-methyldode-
cane was detected in the 2-methyltetradecane ob-
tained from the crude Cys-triol 7 by the phosphorus—
hydriodic acid reduction sequence. This fact
proves that Fungichromin is entirely in the form
of a macrocyclic lactone closed at C-27. The
presence of any open form or of a smaller lactone
ring would permit periodate cleavage between C-27
and C-26 and give rise to some 2-methyldodecane.

With the structure of Fungichromin established
we wish to describe briefly a singular transforma-
tion unrelated to the structure proof. Solutions of
decahydrofungichromin in dilute (0.2 N) sodium
methoxide were found to develop intense ultra-
violet absorption after standing at room tempera-
ture for a few hours. The spectrum was in every
detail characteristic of a conjugated triene (Amax
265, 275, 287 mu), although the extinctions were
low and differed among experiments (e 11,000-
25,000). No other maxima were present although
there was appreciable end absorption (e 5000).
Acidification destroyed the fine structure and a
broad peak at 271 mu of somewhat lowered intensity
appeared instead. Addition of base restored the
earlier spectrum. Under the same conditions

(12) A. Lieben and S. Zeisel, Monatsh., 1, 818 (1880), obtained the
compound from crotyl alcohol (presumably mostly trans) by addition
of bromine, hydrolysis of the dibromide and acetylation. This product
was probably largely ervthro isomer.

(13) R. Delaby. Adnn. chim., (9119, 275 (1923), prepared the com-
pound by addition of bromine to methylvinylcarbinol followed by
treatment with potassium acetate. This was presumably a mixture of
isomers.

(14) K. B. Wiberg and K. A. Saegebarth, J. Am. Chem. Soc., 79,
6256 (1957); R. B. Woodward and F. V. Brucher, Jr., ibid., 80, 209
(1958).
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Fungichromin behaved identically. The presence
of the pentaene absorption, however, complicated
the spectrum, which showed the two separate
chromophores overlapping. Attempts to isolate
and characterize a compound containing the new
chromophore were not successful; nor did the de-
gradative sequences undertaken to determine the
location of the triene system give a conclusive
result.

Some precedent for our observations could be
found in the chemistry of oleandomycin®® and
neomethymycin!® where under similar conditions
a ketonic carbonyl group triggered B-elimination of
hydroxyl groups to give in the first case an «,3-
unsaturated ketone, and in the second an «,8,v,6-
unsaturated ketone. In the case of Fungichromin
no ketonic carbonyl group is present, but our
evidence indicates that the lactone carbonyl and
the hydroxyl group at C-29 and/or the one at C-3
are involved in a @-elimination reaction. The
details of this and of the transformations that follow
are as yet obscure.

Experimental?’

Purification of Fungichromin (1) (Preparation of Anhy-
drous Material).—Twenty grams of 669 Fungichromin®®
and 250 ml. of benzene!® were placed in a 500-ml. round-
bottomed flask equipped with a reflux condenser and a Dean—
Stark trap. After heating under reflux until no more water
collected, the suspension was cooled and the Fungichromin
was collected by filtration and recrystallized from methanol.
The three crops of crystals obtained, a total of 5.7 g.,
all showed the characteristic pentaene ultraviolet spectrum*
with Ei% 1420-1450 at 338 mu. One gram of the third
crop was further purified by a second recrystallization from
methanol to give 530 mg. of an analvtical sample (sample A).
One third of sample A was placed in a distilling flask with
20 ml. of benzene, about 10 ml. of which was slowly distilled.
The suspension was then cooled and filtered (sample B).
Another third of sample A was placed in a distilling flask
with 70 ml. of ethanol and 30 ml. of benzene and the solvents
were slowly distilled under reduced pressure (140-150 mm. ).
At the start of the distillation about 909, of the material
was in solution. Distillation was continued until only a
few ml. of the solvents remained. The precipitated Fungi-
chromin was then filtered (sample C). The three samples
were dried at 33° (0.05 mm.) and immediately submitted
for analysis.

Anal. Caled. for CgHegOns:
C35H5§O(21 C, 6267, H, 8.71. Found: A: C, 6101, H,
8.65. B: C,62.46; H,869. C: C,62.17; H, 8.75.

A second set of microanalyses several weeks later gave
virtually identical results (C, 61.2 % 0.2) for all three sam-
ples. Apparently, therefore, the initially anhydrous sam-
ples B and C hydrated on standing.

Paper Chromatography of Fungichromin and of Lagosin.—
The two antibiotics were chromatographed simultaneously
in the svstems shown in the table, using Whatman No. 1
paper. The spots were detected by their intense greenish
fluorescence in ultraviolet light.

Preparation of Decahydrofungichromin (2).—To 50 mg.
of platinum oxide prereduced in methanol (5 ml.) was added
a suspension of 500 mg. (0.745 mmole) of Fungichromin in
methanol (45 ml.). As hydrogenation proceeded the Fungi-
chromin gradually dissolved. Hwvdrogen uptake was 90.4

C, 61.21; H, 8.78. For

{15) F. A. Hochstein, H. Els, W. D. Celmer, B. L. Shapiro and
R. B. Woodward, J. Am. Chem. Soc., 82, 3225 (1960).

(16) C. Djerassi and O. Halpern, Tetrahedron, 8, 255 (1958).

{17) Melting points are corrected and boiling points are uncorrectel.
Deuterium analyses were performed by Mr. Josef Nemeth. Urbana,. 1l1..
using the falling drop method.

(18) From Merck Sharp and Dohme Research lLaboratories, West
Point, Pa.

(19) Benzene was distilled from sodium; methanol and ethanol from
calcium hydride. The solvents were stored under nitrogen and the
operations were carried out under nitrogen,
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System chrowan Lagosin
Methyl isobuty] ketone:
l-butanol: water, H: 14 4 ".Ta a7
Tethyl isopropyl ketone:
nater {saturated, co. 1.6%5) 35 3D
Methyl isopropyl ketone:
1-butanol: water, 50:10:3.5 .76 .76
Methyl isopropyt ketone:
methanol: water, 50:1:0.4 AT A7

ml. at 22° (5.0 molar equivalents) and was complete in 2 lir.
The catalyst was separated, the filtrate evaporated to dry-
ness, and the colorless solid residue recrystallized three tiines
from: dioxane and dried for 24 hr. at 77° (0.05 mm.); m.p.
166°. The vields of purified material obtained by this
procedure were 65-70%,. Sainples showed no tendeucy to
hydrate on standing.

Anal. Caled. for CguHesOe: C, 61.73: H, 10.07. For
C;f:.lzi;.,01;1: C, €0.09; H, 10.00. Found: C, 61.64; H,
10.24.

Kuhn-Roth Oxidations of Fungichromin and of Deca-
hydrofungi hromin.—Two milligrams of Fungichromin was
oxidized following the modified procedure of Garbers, Sch-
mid and Karrer.” The paper chromatogram showed large
spots corresponding to acetic and #-caproic acids, and
smaller spots corresponding to n-valeric, #-butyric and prop-
ionic acids.

Wlen 2 mg. of decalivdrofungichromin was oxidized in
an identical mauner only large spots for acetic and #-caproic
acids could be detected.

Fung'chromin (40 mg.) was oxidized with 2 ml. of a
chromiun trioxide—sulfuric acid mixture and 10 ml. of water
following the inethod of Entschel, Eugster and Karrer?
for higlher and branched side chains. The distillate (15 ml.)
was collected and extracted with ether. The ether extract
was dried over sodium sulfate and treated with diazo-
metliane. The ether was slowly distilled and the remaining
methyl esters were dissvlved in #-hexane and passed over
neutral alumina, activity 2. Gas chromatographic analysis
at 120° using a coluinn of 309 silicone grease on £0-80
mesh Chromosorb showed the presence of the mnetlivl esters
of n-caproic, #n-valeric, n-butvric and propionic acids. The
amoutit of methyl caproate was about 10 tinies the combined
amounts of the other esters. Authentic samples of the
methyl esters were used as standards for retention times.

Isolation of Hexanal from Fungishromin.—Fungichromin
(1.00 g.) was added to a solution of 0.38 g. of sodiumn liy-
droxide in 150 ml. of water, and the suspension was steain
distilled into a solution of 2,4-dinitroplienylhivdrazine in
aqueous hydrechloric acid until precipitation of 2,4-dinitro-
phenvlhydrazones ceased. The mixture was allowed to
stand overnight and the precipitate was collected, dried (140
mg.) and chromatographed on a silicic acid-Celite (2:1)
eolumn.  The early fractions, eluted with ether-hexane
mixtures, gave about 45 mg. of hexanal 2,4-dinitrophenyl-
hydrazope which was recrystailized from lexane, m.p. 105
107°, A ixed melting point with authentic material, m.p.
105-107°, was undepressed. Acetaldeliyde 2,4-dinitro-
phenylhvdrazoue was also identified in the later fractions.

Quaniita.ive Periodate Oxidations of Fungichromin and
of Decahydrofungichromin.2! A. Sodium Periodate.—A
sample  f Furgichrimin, 1.0004 g., was dissolved in 600 ml.
of a 1:1 ethanvl-water mixture and to it was added exactly
300 ml. of 0.0173 3/ sodium metaperindate solution.  The
resulting solution was diluted with water to exactly 1 1.
Allauots (°5 ml.) were remnoved for titration by the thio-
sulfate method at intervals Feginning at 2 hr. and contiruirg
urtil 22 hr. The values ranged between 1.24 and 2.05
nwlar equivalents of reriodate consunied, and the © and 22
hr. values did not difler significantly (1.98 and 2.00). The
saine procedure was followed for decahvdrofungichromin
evcept ore-half the above gquantities were used to prerare
the reaction solutivon. The values ranged bLetween 1.68
and 2.13 miclar equivalents, with no significant difference
I etween 1 br. and 48 hr. values,

{201 R. Entschel, C. H, Lugster and P, Karrer, Helv. Chim. Arta, 39,
120 101
(21 Correeticus for blauk ruus are iucluded in all results,
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B. Sodium Periodate with Prior Base Treatment.—To
a solution of 1.0004 g. of Fungichromin in 100 ml. of ethanol
and 50 ml, of water was sdded 30 mt, of 0.055 NV sndiumn
hydroxide solutioir.  The solution was refluxed for 30 nia.,
then enoled and titrated to pH 9 with hydrochloric acid.
To it was then added exactls 300 ml. of 0.0233 1/ sodihun
metaperiodate solution and the whele was diluted with water
to exactly 110 Alguots (25 ml.) were renumved at intervals
for titration by the thiosulfate method.  The values ranged
between 2.89 and 3.0 molar equivalents of perindate co.-
suined, and the 2 and 14 hr. values did not differ signifi-
cantly.

General Methods for the Conversion of Polyols to Hydro-
carbons. A. Reduction with Phosphorus and Hydriodi:
Acid.—A mixture of approxiinately equal weights of the
polyol and red phosphorus was heated under reflux for 24 hr.
in excess constant-boiling hydriodic acid (ca. 10 ml. hy-
driodic acid, 800 mg. polyol). Water was added tv pre-
cipitate tlie organic material, which was then extracted
with ether or chloroform. Tlhe organic extracts were
wasited with 297 sodimn thiosulfate solution, thea with
water, aud dried over inagnesiun sulfate. Removal of
solvent gave an iodine-coutaining oil which was dissolved in
tetraliydrofuran and refluxed overnight with 1-2 times its
weight of lithium aluminun hydride. The unchanged hy-
dride was destroved with ethyl acetate. After evaporation
of the solvents the residue was chilled in an ice-bath, the
inorganic material dissolved in 10%, sulfuric acid, and the
organic material was extracted witli liexane. The hexane
sulution, after being washed with 59 sodium carbonate
solution and dried over sodium carbonate, was concentrated
and chromnatographed on a coluinn of neutral alumina
(Woelmn, activity 1). The fractivns containing the hydro-
carbon (eluted with hexane and determined by gas chro-
matography) were combined, concentrated aud hydro-
genated in hexane or hexane—ethyl acetate mixtures usiug
platinum oxide as catalyst. The catalyst was separateil
and the solvent evaporated to give the hvdrocarbon.

B. Lithium Aluminumn Hydride Redustion of a Poly-
tosylate.—The polvol was dissolved in ca. 20 times its weight
of dry pyvridine, and a solution of p-toluenesulfony! chloride
(3097 excess) in ca. 5 times its weight of pyridine was added
witll cooling and swirling. The solution was allowed to
stand in an ice-box for 6 days, after which most of the pyri-
dine was remnoved under reduced pressure at room tempera-
ture. Thie residue was dissolved in chloroforin, and then
water and ice-cold 209, sulfuric acid were added dropwise
witli cooling until the aqueous laver liad pH 2. The layers
were separated and the aqueous phase was extracted twice
with chloroforin. The comnbined organic phases were
washed with 5% sodiuin bicarbonate solution and saturated
sodiuin chloride solution. Renwwval of tlie solvent under
reduced pressure at room teinperature vielded an oil, which
was dried at 0.1 mun. at room temperature for 24 hr. A
solution in anhvdrous tetrahvdrofuran of the crude tosylate
so obtained was added slowly to a solution of a tenfold ex-
cess of lithium aluminum hydride in tetrahydrofuran.
The total amount of solvent was adjusted to result in a 5—
109% solution of the hvdride after addition was complete.
The mixture was stirred and heated under reflux for 2 days.
The excess hivdride was decomposed with ethyl acetate,
pentane was added, aud the cooled and stirred mixture was
acidified to pH 1 with 209 sulfuric acid. Tle layers were
separated, aud tlhie aqueous phase was extracted twice with
pentane. The combined extracts were washed with 209
sulfuric acid, then with 109, sodium carbonate solution,
and dried over magnesium sulfate. Removal of the sol-
vents gave brown onils which contained large amounts of
sulfur-containing compounds. These were remnoved by
chromatography on reutral alumina (activity 1), eluting
with pentane. The fractions containing the hydrocarbon
(as determined by gas chromatography) were concentratel
to a sinall volume and hvdrogenated, using platinum oxide as
catalyst and glacial acetic acid as snlvent. The catalyst was
removed by filtration, and pentane and water were added
to the filtrate. The lavers were senarated, the aqueous
lave  was extracted twice with nentane, and the c¢omnbined
extracts were washed with sodiuin carbonate solutinn and
dried over potassium carbomate. Remwval of the solvent
gave the livdrocarbon.

Isolation of 7,21-Dimethyliritria~ontane (4) from Dera-
hydrofungichromin.—Five grams of decahvdrofungichromin
was dissolved in 300 mnl. of tetralivdrofuran and excess
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lithimm  aluminum  hydride was added gradually. The
mixture was refluxed for 2 days. The unchanged hydride
was then destroyed with ethyl acetate and the mixture was
evaporated nearly to dryness under reduced pressure. The
residue was chilled, dilute sulfuric acid was added to dissolve
the inorganic material, and the polyol was extracted with
I-butanol. The combinted extracts were washied with 1095
sodium carbouate solution, then with water, and the butanol
was removed under reduced pressure. After drving for 24
hr. at 0.1 mm., 4.70 g. of non-crystalline polynl was ob-
tained.

A. Via Reduction with Phosphorus and Hydriodic Acid.
—The polvol (2.5 g.) was heated under reflux with red
phospliorus and hydriodic acid and treated subsequently as
described in the general procedure. The vield of 7,21-di-
methyltritriacontane, a colorless oil, was 0.209 g. (139 from
decahydrofungichromin). Its infrared spectrum (liquid
film) was typical of a saturated hydrocarbon. Gas chro-
matography at 340° using an 85 X 0.8-cm. column packed
with 209, SE-30 silicone rubber (General Electric Co.) on
80-100 miesli Chromosorb W gave one major peak (>95%,)
with a retention time identical with that of an authentic
samiple of 4 and one minor peak (<5%) with a retention
time corresponding approximately to a Cg-hydrocarbon.
Gas chromatography at lower temperatures showed that no
lower hydrocarbons were present. The mass spectrum of
the major component indicated the presence of some olefinic
impurities but otherwise showed the same fragmentation
pattern as that of authentic 7,21-dimethyvltritriacontane
and the same molecular weight (492).

B. Via Reduction of the Polytosylate.—The polyol (460
mg.) was converted to the polytosylate which was then re-
duced with lithium aluminum hydride as described in the
general procedure. The yield of 7,21-dimethyltritriacon-
tane was 6 mg. (29, from decahydrofungichromin). Gas
chromatography on the above silicone rubber column showed
a single component with the same retention time as authentic
4. Its mass spectrum was identical with that of authentic 4.

Chromium Trioxide Oxidation of 7,21-Dimethyltritri-
acontane,—Fifty-eight mg. of the hvdrocarbon from de-
cahydrofungichromin was oxidized with 74 mg. of chro-
mium trioxide in 3.5 ml. of glacial acetic acid for 2 hr. at 65°
according to the procedure of Cason.!® The cooled solution
was very carefully neutralized with 59, aqueous potassium
hydroxide and immediately extracted with ether. After
washing the extract with water and drying it over sodium
sulfate the ether was distilled through a short column.
Gas chromatographic analysis of the residue at 220° on a
209, silicone grease column showed two peaks of equal area
with the same retention times as 2-octanone and 2-tetra-
decanone. The two compounds were collected on the same
column and their niass spectra were identical with those of
the respective autlientic ketones.

Synthesis of 7,21-Dimethytritriacontane (4).—Twenty-
five grams of 1,11-undecanedicarboxylic acid (14) (Aldrich
Chemical Co.) was esterified with excess diazomethane in
ether. The ether solution was concentrated to ca. 400 ml.
and added slowly to a stirred slurry of 8 g. of lithium alumi-
num hydride in 100 ml. of ether. The mixture was heated
under reflux for 24 hr., cooled, and tlie excess hvdride was
decoinposed by careful addition, in that order, of 8 ml. of
water, 8 ml. of 159 aqueous sodium hyvdroxide solution and
24 ml. of water. The precipitated salts were removed by
filtration and washed several times with ether. Evapora-
tion of the combined filtrates and crystallization of the resi-
due from ether gave 17.0 g. (779, vield) of crude 1,13-tri-
decanediol, m.p. 63-78° (1it.*2 m.p. 76.4-76.6°), which was
converted with anhydrous hvdrogen bromide to 1,13-di-
bromotridecane (15). The dibromide obtained in 71%
vield after fractionation had b.p. 139-148° (0.2-0.3 mm.),
n¥D 1.4882 (lit.22 b.p. 185-187° at 9 mm.).

A Grignard reagent was prepared from 15.80 g. of 15 and
2.42 g. of magnesium powder in 70 ml. of ether. After the
initial reaction had subsided the inixture was heated under
reflux for 18 hr. It was cooled with ice, and 9.7 g. of an-
hydrous cadmium chloride was added with vigorous stirring.
After warining to room temperature, an additional 2.0 g, of
cadmium chloride was added and the mixture was stirred
and heated under reflux for 1 hr. The ether was removed by
distillation, and 150 ml. of anhydrous benzene was added to
the residue. After another 30 ml. of solvent was removed

(22) P. Chuit, Hely. Chim. Acta, 9, 264 (1926).
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by distillation, thie mixture was stirred and heated under
reflux for 30 min. Acetyl chloride (15.0 g.) in 50 ml. of
benzene was added, and heating was resumed for 4 hr., after
which the mixture was allowed to stand at room temperature
for 16 hr. A mixture of 60 g. of ice and 1.3 ml. of concen-
trated sulfuric acid was added, tlie layers were separated,
and the aqueous pliase was extracted with 30 ml. of benzene.
The combined benzene solutions were washed with water,
59, sodium carbonate solution, and again with water, dried
over magnesium sulfate and finally treated with activated
charcoal. Evaporation of the solvent gave 11.0 g. of a yel-
low semi-crystalline residue which was crystallized from a
mixture of benzene and hexane (1:4), vielding 4.42 g. of
2,16-heptadecanedione (16), m.p. 83-85°. This product
was purified further by sublimation at 100-110° (bath tem-
perature) and 0.1 mm., giving 3.3 g. (27% yield) of the
pure diketone, m.p. 85-87° (lit.23 m.p. 87°).

A Grignard reagent was prepared from 2.40 g. of #u-
dodecyl bromide (Eastman Kodak Co. white label) and
0.5 g. of magnesium turnings in 10 ml. of ether. After
heating under reflux overnight tlie mixture was transferred
to a dropping funnel from which it was added slowly to a
stirred boiling suspension of 2.59 g. of 16 in 20 ml. of ether.
Heating was continued for 18 hr. Water (30 ml.) and suffi-
cient acetic acid to dissolve all solids were added, and the
layers were separated. The aqueous layer was extracted
with three 50-ml. portions of ether, and the combined ether
solutions were washed with dilute sodium carbonate solution,
then with water, and dried over magnesium sulfate, The
oily residue (3.96 g.) obtained after removal of the solvent
consisted of unchanged 16, 16-methyl-16-hydroxy-2-octaco-
sanone (17) and 13,27-dimethyl-13,27-nonatriacontanediol,
the latter being formed by addition of two moles of #-
dodecylmagnesium bromide to one mole of the diketone;
small amounts of dodecane and tetracosane were also present
as determined by gas chromatography. A small sample of
the product mixture (ca. 5 mg.) was dehydrated by heating
with p-toluenesulfonic acid in benzene. Gas chromato-
graphic analysis on an 85 X 0.8-cm. column packed with 209%,
by weight of SE-30 silicone rubber ( General Electric Co.) on
80-100 mesh Chromosorb W at 340° showed the presence of
two compounds, which had retention times expected for a
Cyg-ketone and a doubly branched Cy-hydrocarbon. The de-
sired 17 was separated from the other products by chro-
matography on alumina; a colorless semi-solid was obtained
in 99 yield (390 mg.). Gas chromatographic analysis both
before and after dehydration (see above) indicated that it
was 98-099, pure.

Anal. Caled. for CyyH35300: C, 79.38; H, 13.33.
C, 79.10; H, 12.95.

A solution of 377 mg. of 17 in 30 ml. of benzene was added
to a Grignard reagent prepared from 0.90 g. of #u-hexyl
bromide (Eastman Kodak Co. white label) and 0.39 g. of
magnesium turnings in 20 ml. of ether. After heating under
reflux for 20 hr. the complex was decomposed with an aque-
ous solution of ammonium chloride. The layers were
separated, and the aqueous phase extracted with two 10-ml.
portions of pentane, The combined extracts were distilled
until the boiling point reached 80°. p-Toluenesulfonic acid
(560 mg.) was added, and slow distillation was resumed for
ca. 1 hr, until the volume of the residue was 10 ml. Pentane
(20 ml.) was added after cooling, the solution was washed
free of acid with 109 sodium carbonate solution, and dried
over anhydrous potassium carbonate. The solvent was re-
moved, the residue dissolved in a mixture of 20 ml. of ethyl
acetate and 10 ml. of cyclohexane and added to 520 mg. of
prereduced platinum oxide in 15 ml. of glacial acetic acid.
The mixture was hydrogenated until uptake ceased. The
catalyst was removed by filtration, and water (20 ml.) and
pentane (20 ml.) were added to the filtrate. The layers
were separated, and the aqueous phase was extracted with
10 ml. of pentane. The combined organic phases were
washed with sodium carbonate solution and dried over
potassium carbonate. The solvent was removed and the
residue was chromatographed on neutral alumina (activity
1), eluting with pentane. Removal of the solvent from the
hydrocarbon fraction gave a colorless liquid, which was
heated to 80° under reduced pressure (0.1 mm.) until the
weight remained constant. The vield of 7,21-dimethyl-
tritriacontane (4) was 320 mg. (76%). Gas chromato-

Found:

(23) L. Canonica and T. Bacchetti, A!i acad. naszl. Lincei, Rend.
Classe sci. fis., mai. ¢ nai., 18, 278 (1953); C. A., 49, 8121 (1955).
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graphic analysis using the silicone rubber column described
above showed the hydrocarbon to be 98¢ pure.

Anal. Caled, for CgsHr: C, 85.28; H, 14.72.
C, 85.16; H, 14.55.

Isolation of 13-Methyl-2,3,14-tetradecanetriol (7) and
12-Hydroxymethyl-1,3,5,7,9,11,13-octadecaneheptasl (8a).

To a stirred and cooled suspension of 761 mg. of decahy-
drofungichromin (2) in 15 ml. of chloroform and 5 ml. of
water was added dropwise a solution of 1.02 g. of sodium
inetaperiodate in 10 ml. of water. After stirring at 0° for
1 hr. and at room temperature for 4 hr., the chloroform was
remnoved under reduced pressure and the residual aqueous
suspension was extracted with two 15-inl. and three 5-ml.
portions of 1-butanol. The combined extracts were washed
with water until the washings gave a negative test for
periodate ion, and the l-butanol solution was concentrated
to dryness under reduced pressure at room temperature.
The residue was kept at 0.1 mm. and room temperature
for 2 hr. and then dissolved in 15 ml. of tetrahvdrofuran.
The solution was filtered and added dropwise to a cold
stirred solution of 1.02 g. of lithium aluminum hvdride in 30
nl. of tetrahydrofuran. Tlie mixture was stirred and
heated under reflux for 36 hr. after which the excess hvdride
was decomposed with a water-tetrahydrofuran mixture
and the solvent was removed under reduced pressure. To
the residual white solid was added 15 ml. of chloroform, 5 ml.
of water, and, with cooling and stirring, sufficient 209 sul-
furic acid to dissolve the inorganic salts. The layers were
separated, and the aqueous phase was extracted with two
10-ml. portions of chloroform. The combined extracts
were washed with 209 sulfuric acid, 109 sodium carbonate
solution and saturated sodium chloride solution. The
product obtained by removal of the solvent was dried at 0.1
mm. for 18 hr., then dissolved in tetrahydrofuran, and the
solution was filtered to remove inorganic salts. Concentra-
tion to drvness gave 272 mg. (939, vield) of crude 13-
methyl-2,3,14-tetradecanetriol (7), m.p. 38-45°. A purer
sample of this triol, m.p. 57-59°, was obtained in a similar
way, but using sodium borohvdride in {-butyl alcohol as re-
ducing agent. An analytical sample, prepared by crystal-
lization from etlier—petroleuin ether, had m.p. 63.0-64.5°,
[«]®D —7.2° (¢ 2, chloroform).

Anal. Caled. for C;H;3;.0y: C, 69.18; H, 12.39.
C, 68.94; H, 12.67.

The aqueous layer froin tlie chlornform extraction was
combined with the washings and extracted with two 15-1nl.
portions and three 5-ml. portions of 1-butanol. The com-
bined extracts were washed with 5 inl. of 209, sulfuric acid,
5%, sodium bicarbonate solution until the washings were
basic, and saturated sodium chloride solution. The solvent
was removed at room temperature under reduced pressure,
and the residue was dried at 0.1 mni. for 18 hr. The yield
of crude 12-hvdroxymethyl-1,3,5,7,9,11,13-octadecanehep-
tadl (8a), m.p. 65-82°, was 350 mg. (799.). Repeated
crystallization from ethyl acetate gave needles of the pure
polyol, m.p. 100-101°, [a]se 42 —6.1° (¢ 0.65, methanol),
after drying at 64° (0.1 mun.) for 24 hr. The fact that this

Found:

Found:

sample was crystalline was substantiated by an X-ray
photograph.
Anal. Caled. for CoHyOs: C, 57.55; H, 10.17. Found:

C, 57.61; H, 10.02.

Quantitative titration showed that tlie polyol did not re-
act with sodium inetaperiodate. Its infrared spectrum in-
dicated the absence of a carbonyl group and of unsaturation,
and it showed no absorption in the ultraviolet region (215-
400 my).

lsolation of 12-Hydroxymethyl-d»-1,3,5,7,9,11,13-octade-
cane-1-d;-heptadl (8b).—The procedure described above
for the isolation of the undeuterated heptaél 8a was followed
with the exception that lithium aluminum deuteride?* was
used as the reducing agent. The vield of crude 8b, in.p.
75585", was 89‘({. The analytical sample had m.p. 100-
102°.

Anal. Caled. for CyHyi D305 C, 57.12; H + D, 10.18;
3 atoms of deuterium per molecule, 7.50 atom ', excess D.
Found: C, 57.34; H 4+ D, 10.18; atom Y excess D, 7.42.

Isolation of 7-Hydroxymethyl-de-21-methyltritriacontane-
6,8,10,12,14,16,18,19,20,31,32-undecas! (11b).—To a stir-
red solution of 627 mg. of lithium aluminum deuteride? in

(24) Metal Hydrides, Inc., Beverly, Mass.: minimum isotopic purity
89.99%.
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35 ml. of anliydrous tetralivdrofuran was added, over a
period of 90 min., a solution of 322 mg. of decahydrofungi-
chromin (2) in 35 ml. of tetrahydrofuran. The mixture
was stirred and heated under reflux for 64 hr. The excess
deuteride was decomposed with a mixture of tetrahydrofuran
and water, and the solvent was removed under reduced
pressure, 1-Butanol (15 ml.) and water (5 ml.) were added
to the residue, and the stirred and cooled mixture was acidi-
fied with 209, sulfuric acid. The lavers were separated.
and the aqueous phase was extracted with one 10-ml. and
two 5-ml. portions of 1-butanol. The combined extracts
were washed with 209 sulfuric acid, 109} sodium carbonate
solution, and water. Remnoval of the solvent under reduced
pressure at room teniperature and drying of tlie residue at
0.1 mm. for 24 hr, gave 313 1ng. (96Y) of crude 11b, m.p.
126-131°. Three recrystallizations from isnpropyl alcohol
gave an analyvtical sample, m.p. 138-140°. An X.ray pow-
der photograph showed only a few sharp lines, indicating
that the polyol was only partially crystalline. Its infrared
spectrum ( Nujol mull) showed no carbonyl band.

Anal. Caled. for C43:H;0D:05: C,61.19; H + D, 10.60;
2 atoms of deuterium per molecule, 2.78 atom Y} excess D.
Found: C, 60.90; H 4+ D, 10.58; atomn ¢4 excess D, 2.71.

Reduction of 13-Methyl-2,3,14-tetradecanetriol (7) to 2-
Methyltetradecane (9).—A sample of crude 7 prepared as
described above fromn 1.14 g. of Fungichromnin was reduced
to the parent hyvdrocarbon by the red phosphorus-hyvdriodic
acid niethod (see above). Thie 2-methyltetradecane ob-
tained (183 1ng., 51Y; vield based on decahydrofungi-
chromin) was contaminated by ca. 109, of other hydro-
carbons (7-methvloctadecane and n-pentadecane but no 2-
inethyldodecane). Preparative gas chromatography on a
309% silicone grease column at 210° afforded a sample of the
pure hydrocarbon, the mass spectrum of which was identical
with that of an authentic sample of 2-inethyltetradecane.?

Reduction of 12-Hydroxymethyl-1,3,5,7,9,11,13-octade-
caneheptal (8a) to 7-Methyloctadecane (10). A. By
Reduction with Phosphorus and Hydriodic Acid.—A sample
of crude 8a, prepared from 389 mg. of decahydrofungi-
chromin, was reduced using the general procedure described
above. Tlie liydrocarbon fraction obtained weighed 39
mg. (259 vield based on decahvdrofungichromin); it con-
sisted of ca. 0% of 7-methyloctadecane (10) and 30% of
three hvdrocarbons having retention times on gas chro-
matography identical with those of heptadecane, octadecane
and nonadecane, respectively. The mass spectrum of a
sample of 10, isolated by preparative gas chromatography,
indicated that it still contained some olefinic impurities;
otherwise it showed the same fragmentation pattern as the
spectrum of authentic 10.

B. By Reduction of the Polytosylate.—Crude 8a (654
ing.) was converted to the tosvlate which was then reduced
by the general procedure, vielding 13 mg. of 7-methyl-
octadecane (10; 39, vield based «n 8a). Its purity was
97% as determined by gas chroinatography on a 209 silicoue
grease column at 230°. A small sample was purified by
preparative gas chromatography. Its mass spectrum was
identical with that of a syuthetic sample of 7-methyl-
octadeecane.

Synthesis of 2-Methyltetradecane (9).—To the Grignard
reagent prepared from n-dodecyl bromide (12.5 g.) and mag-
nesium turnings (1.20 g.) in ether (40 ml.) was added a solu-
tion of 2.9 g. of dry acetone in 10 ml. of ether. The mixture
was refluxed for 2 hr., then cooled and acidified to pH 3
with 2097 sulfuric acid. The lavers were separated and the
aqueous phase was extracted with two 10-ml. portions of
ether. The combined extracts were washed with water,
109 sodium carbonate solution and saturated sodium
chloride solution. Benzene (25 1nl.) was added, and the
mixture was distilled slowly until the boiling point reached
80°. p-Toluenesulfonic acid monohydrate (2.0 g.) was
added to the residual benzene solution which was then heated
under reflux for 0.5 hr. After cooling, water (10 ml.) wa:
added, the lavers were separated, and the organic phase was
waslied with 10%; sodium ca-bonate solution and dried
over potassium carbonate. The solvent was removed anc
the residue on distillation through a semi-micro column gave
5.7 g. (54%) of Cs-olefin of >999 purity as determined by
gas chromatography at 220° on a 309, silicone grease
column. The olefin (2.13 g.) was hydrogenated in a mix-

(25) H. J. Lunshof. J. Van Steenis and H. 1. Waterman, Rer. {riie.
chin., 66, 348 (1947).
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ture of ethyl acetate (15 ml.) and acetic acid (10 ml.) using
prereduced platinum oxide as catalyst. After 1.5 hr., up-
take stopped at 989 of the theoretical amount. The
catalyst was removed by filtration, and water (15 ml.) and
pentane (15 ml.) were added to the filtrate. The lavers
were separated and the aqueous phase extracted once with
pentane (5ml.). The combined organic phases were washed
with 109 sodium carbonate solution and dried over mag-
nesium sulfate. Removal of the solvent and distillation of
the residue through a semi-micro column gave 1.78 g. (839%)
of 2-methyltetradecane, b.p. 131-132° (12 mm.), »?p 1.4284
(1it.2 »%p 1.42844).

Synthesis of 7-Methyloctadecane (10).—This hyvdrocar-
bon was prepared in 49% over-all vield by addition of 2-
tridecanone (Armnour and Co., Chicago, Ill.) to n-hexyl-
magnesium bromide followed by dehydration and hydro-
genation as described for the synthesis of 2-methyltetra-
decane. The hydrocarbon had b.p. 103° (0.07 mm.), n%D
1.4387 (lit.” »?°p 1.44125).

Isolation of Acetaldehyde from 13-Methyl-2,3,14-tetra-
decanetriol (7).—A solution of the triol (130 mg.) and
sodium metaperiodate (120 mg.) in 10 ml. of water and 5 ml.
of t-butyl alcohol was allowed to stand overnight and then
was steam distilled into 50 ml. of a 0.32%, solution of 2,4-
dinitrophenylhydrazine in 2 N hydrochloric acid until
precipitation ceased. The precipitate was collected and
washed with water; after drving it weighed 84 mg. (769,
yield) and melted at 146°. One recrystallization from
hexane raised the m.p. to 163°. A mixed m.p. with au-
thentic acetaldehyde 2,4-dinitrophenylhydrazone, m.p.
163-165°, was undepressed.

Isolation of p-(+)-1,2-Propanediol Diacetate (12) from
Fungichromin.—A solution of 1.11 g. of Fungichromin in
100 ml. of methanol was cooled with ice and ozone was
introduced until ozonolysis was complete. The colorless
solution was concentrated to ca. 60 ml. under reduced pres-
sure at a temperature below 10°. Platinum oxide (450 mg.)
was added and the mixture was hvdrogenated at 0° for 3 hr.
The platinum was removed by filtration, and to the cooled
(ice-bath) and stirred filtrate was added, during 15 min., a
solution of 3.51 g. of sodium metaperiodate in a inixture of
water (30 ml.) and methanol (15 ml.). After stirring at 0°
for 3 hr. the thick precipitate of sodium iodate was removed
by filtration, and the filtrate was concentrated to ¢a. 40 ml.
under reduced pressure. Water (30 ml.) was added, the solu-
tion was saturated with sodiuni chloride and then extracted
with one 15-ml. and three 5-ml. portions of chloroform. The
extracts were washed twice with saturated sodium chloride
solution and concentrated to dryness under reduced pres-
sure. The residual white solid weighed 713 mg. Extrac-
tion of the aqueous phase withi 1-butanol (one 20-ml. and
three 5-ml. portions), followed by removal of the solvent,
vielded anotlier 410 mg. of a solid which had an infrared
spectrum identical with that of the product from the chloro-
form extraction. Tlie solids were combined, dissolved in
30 ml. of anhydrous tetrahvdrofuran, and the solution was
filtered and added dropwise to a stirred cold solution of 2.50
g. of lithium aluminuin hydride in 50 ml. of anhydrous tetra-
hydrofuran. The mixture was stirred and heated under re-
flux for 10 hr., the excess hvdride was decomposed with
acetic acid, and the solvent was reinoved at room tempera-
ture under reduced pressure. To the residual white solid
were added 50 ml. of ether, 18 g. of acetic anhydride and 20
ml. of pyridine, and the mixture was stirred and heated
under reflux for 6 hr.  After cooling the mixture was filtered,
the filter cake was stirred and heated under reflux with 30
ml. of ether and again filtered. This operation was re-
peated twice mnore. The comnbined ether solutions were
washed with ice-cold 209 sulfuric acid, 5% sodium bicar-
bonate solution and saturated sodium chloride solution, and
dried over magnesium sulfate. Most of the solvent was re-
moved by slow distillation through a semi-inicro coluinn.
The amount of 1,2-propanediol diacetate (12) present in the
residual liquid was determined by gas chromatography on a
309 silicone grease column at 175°, using ether solutions of
authentic 12 as standards. The vield of 12 was 103 mg.
(399% based on Fungichromin). A peak corresponding to 1,-
2,3-butanetriol triacetate, a sample of which was synthesized
(see below), was completely absent in the gas chromato-
gram. The volatile products were distilled without frac-

(26) J. S. Sérensen and N. A. Sorensen, Acta Chem. Scand., 2, 166
(1948).
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tionation at 0.2 mm. and 130° (bath temperature) into a
trap cooled with Dry Ice-acetone, and 78 mg. of 1,2-pro-
panediol diacetate, [a]®p +2.0° (¢ 6.7, chloroform), was
1solated from the distillate by preparative gas chromatog-
raphy. Its infrared spectrum was identical with that of an
authentic sample of d/-1,2-propanediol diacetate.

Synthesis of p-(+)-1,2-Propanediol Diacetate (12).—A
mixture of 1.25 g. of anhydrous p-(+ )-calcium lactate,
[a]D +5.3° (¢ 5, water) [lit. [«]®D +7.8°(c 2.7, water);™
[¢]?®D +5.32° (¢ 4.95, water®)], 1.59 g. of dimethyl sulfate,
0.87 g. of anhvdrous potassium carbonate, 20 ml. of acetone
and 5 ml. of methanol was stirred and heated under reflux
for 6 hr. The cooled mixture was filtered and the filter
cake washed repeatedly with anliydrous tetrahydrofuran.
The combined filtrates were concentrated by distillation
through a semi-micro colunin until the bath reached a tem-
perature of 100°. Tetrahyvdrofuran (25 ml.) was added to
the residual liquid, which was then filtered and added slowly
to a cooled and stirred solution of 2.1 g. of lithium aluminum
hydride in 50 ml. of tetrahydrofuran. The mixture was
stirred and heated under reflux for 64 lir. The excess hy-
dride was decomposed with ethyl acetate, and the solvent
was removed completely at room temperature under re-
duced pressure. To the residual white solid were added 100
ml, of ether, 40 ml. of pyridine and 30 g. of acetic anhydride,
and the mixture was stirred and heated under reflux for 45
lir.  The cooled mixture was filtered and the filter cake ex-
tracted in a Soxhlet extractor with 100 1nl. of ether. The
combined filtrate and extract were cooled and acidified with
209 sulfuric acid. The layers were separated, and the
aqueous phase was extracted with two 30-ml. portions of
ether. The combined ether solutions were washed free of
acid with 109, sodium carbonate solution and saturated
sodium chloride solution, and dried over magnesium sulfate.
The solvent was removed and the residue distilled through a
semi-micro column giving 0.77 g. (429 vield based on cal-
cium lactate) of p-(+)-1,2-propanediol diacetate (12), b.p.
93-96° (22 1nm.), »®p 1.4104-1.4132 [lit.? for dl-1,2-pro-
panediol diacetate b.p. 88° (20 mm.), #?D 1.4148], [«|*D
+1.55° (¢ 17.7, chloroform). Its infrared spectrum was
identical with that of an authentic sample of d/-1,2-pro-
panediol diacetate.

Isolation of (2r:3p)-( —)-erythro-1,2,3-Butanetriol Tri-
acetate (13) from Fungichromin.—Fungichromin (1.16 g.)
was ozonized and the ozonide was reduced catalytically as
described above for the isolation of 12. After removal of
the catalyst the methanol solution was concentrated to dry-
ness under reduced pressure, keeping the temperature below
15°. The residual white solid was dried at room tempera-
ture (0.2 mm.), then dissolved in 40 ml. of anhydrous tetra-
hydrofuran, and added slowly to a stirred solution of 1.54 g.
of lithium aluminum hydride in 50 ml. of tetrahydrofuran.
The mixture was stirred under reflux for 17 hr., then cooled,
and the excess hvdride was decovmposed with glacial acetic
acid. The solvent was reinoved under reduced pressure,
and to the residual white powder were added 80 ml. of ether,
30 g. of acetic anhydride and 50 ml. of pyridine. After
heating to reflux and stirring for 15 hr., the mixture was
filtered and the filter cake was extracted continuously with
ether. The comnbined extracts and filtrate were acidified
with 209; sulfuric acid, keeping the teinperature below 15°.
The lavers were separated, and the aqueous phase was ex-
tracted with 30 ml. of ether. The combined ether solutions
were washed with 5 ml. of 209 sulfuric acid, two 5-ml.
portions of water, 109, sodium carbonate solution, saturated
sodium chloride solution, and dried over magnesium sulfate.
Most of the ether was removed by slow distillation through
a semi-micro column. The vield of (2r:38p)-(—)-ervthro-
1,2,3-butanetrinl triacetate (13), determined by gas chro-
matography on a 30°¢ silicone grease column at 195° using
ether solutions of authentic dl-erythro-1,2,3-butanetriol tri-
acetate as standards, was 180 mg. (45%¢). The volatile
products were distilled without fractionation at 0.1 mn.
and 150° (bath temperature, into a trap cooled with Dry
Tce-acetone, and a sample of the triacetate was isolated
from the distillate by preparative gas chromatography.
It had #®p 1.4270, {«!®%®D —1.9° (¢ 6.1 chloroform). Itsin-
frared spectruin (carbon disulfide solution) was identical

(27) P. A. Levene and H. 1,. Haller, J. Binl. Chem., 67, 329 (1926).

(28) M. N. Camien and M. 8. Dunn, ¢bid.. 211, 593 (1954).

(29) H. C. Chitwood and B. T. Freure, J. Am. Chem. Soc., 68, 680
(1946).
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with that of authentic dl-erythro-1,2,3-butanetriol triacetate.
Its retention time on gas chromatography at 195° using a
column packed with 309, of Viton A-HV3 on 80-100 mesh
Chromosorb W, was 16.1 min., identical with that of an
autlientic sample of dl-erythro-1,2,3-butanetriol triacetate.
The threo isoiner, whicli under these conditions had a reten-
tion time of 18.4 1nin., was absent in the chromuatogram of 13
obtained froin Fungiclirnmin.

Synthesis of dl-erythro-1,2,3-Butanetriol Triacetate.—Tle
trans-crotyl alcohol used in this preparation had b.p. 120°,
n¥Dp 1.4262 (lit.’! b.p. 121.2°, »%»p 1.4262). Its infrared
spectrum was the saine as that published.?® However, gas
chromatography of its acetate at 85° on a column packed
with 309 of a saturated solution of silver nitrate in tetra-
cthytene glyveol on 60-80 mesh Cliromosorb showed it to be
a mixture of 929 of the trans and 8%, of the ¢is isomer. To
a solution of 6.53 g. of this (largely) frans-crotyl alcoliol in
10 ml. of glacial acetic ucid was added slowly, with stirring,
21.6 g. of 409, peracetic acid.®® After stirring for 1 hr.,
acetic anhydride (20 g.) and coucentrated sulfuric acid (1
ml.) were added, and the mixture was stirred at 70° for 2
hr. After cooling to room temperature it was poured on
ice, and extracted with four 20-ml. portions of chloroform.
The combined extracts were washed free of acid with 109,
sodium carbonate solution, and dried over magnesium sul-
fate. Analysis by gas chromatography showed that only
partial acetylation had occurred. The chiloroform was re-
moved, and the residue (17.1 g.) was mixed with 30 ml.
of pyridine and 15 g. of acetic anhydride. The mixture
was allowed to stand at roont temperature for 3 davs and
then was poured on ice and extracted with three 20-ml. por-
tions of chloroform. The combined extracts were washed
witli 209, sulfuric acid, 109, sodium carbonate solution and
saturated sodium chloride solution, and dried (magnesium
sulfate). Removal of the solvent and distillation of the

(30) Kindly supplied by the Elastomer Chemicals Department, E. I.
du Pont de Nemours and Co., Wilmington, Del.

(31) L. F. Hatch and S. S. Nesbitt, J. Am. Chem. Soc., 72, 727
(1950).

(32) C.F. Hiskey, H. L. Slates and N. L. Wendler, J. Org. Chem.,b 21,
429 (1956).

(33) The temperature rose to 80° during the addition. The yield of
the triacetate could probably be improved considerably by keeping
the temperature between 30 and 40°,
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residue gave 7.83 g. (879 vield) of impure dl-erythro-1,2,3-
butanetriol triacetate. Redistillation afforded a sample,
b.p. 70° (0.2 nun.), »®p 1.4273, which was contaminated
only by 19, of the threo isomer as shown by gas chromatog-
raphy.

Anal. Caled. for CipHi0s: C, 51.72; H, 694,
C, 51.06; H, 6.63.

Synthesis of di-threo-1,2,3-Butanetriol Triacetate.—1v «
vigorously stirred mixture of 1.45 g. of trans-crotyl acetate
(b.p. 130-131°, #¥Dp 1.4149, containing 8%, of the cis iso-
mer; see above), 38 ml. of glacial acetic acid, 0.36 ml. of
water and 5.36 g. of silver acetate was added finely ground
iodine (3.24 g.) over a period of 50 min. Stirring was con-
tinued at roowt temperature for 1 hr., then at 95° for 5 lir.
The cooled mixture was filtered and the filter cake was
waslied with glacial acetic acid. The combined filtrate and
wasliings were concentrated to ca. 6 ml. by distillation
through a seini-inicro column (at 35 mm. and a bath teni-
perature of 55-60°). To the filtered residue were added
15 g. of acetic anhydride and 30 ml. of pyridine. The mix-
ture was allowed to stand at room temperature overnight and
then was poured on ice and extracted with three 30-ml.
portions of ether. The combined extracts were washed with
ice-cold 209, sulfuric acid, 5% sodium bicarbonate solution,
sodium thiosulfate solution and concentrated sodium
chloride solution, and dried over magnesium sulfate. Dis-
tillation through a semi-micro column afforded 2.27 g.
(77%) of a mixture, b.p. 82° (0.2 mm.), n?p 1.4286, contain-
ing 829, of di-threo-1,2,3-butanetriol triacetate and 18% of
the erythro isomner. A sample further enriched (92%) in the
higher boiling fhreo isonler was obtained by fractionation
using a shiort spinning band column.

TFonnd:

Anal. Caled. for C;oHs0s: C, 51.72; H, 6.94. Found:
C, 51.96; H, 6.83.
Pure dl-threo-1,2,3-butanetriol triacetate was isolated

from this sample by preparative gas chromatography at
195°, using a column packed with 309, of Viton A-HV on
80-100 mesli Chromosorb W. It had »®p 1.4287; its in-
frared spectrum (carbon disulfide solution) was very similar
to that of the erythro isomer, the most prominent difference
being a band of medium intensity at 1140 cm. ™! which was
absent in the spectrum of the erythro isomer. The latter
had a similar band at 1165 cm.™?, not found in the spectrum
of the threo isomer,
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Interest in the 2,2"-bipyrrole system has led to an examination of several methods of synthesizing this compound. One
method, the condensation of 2-pyrrolidinone with pyrrole followed by dehydrogenation of the resulting p_vr'rolmle, is of
particular interest, since it gives a good yield and is potentially applicable to a wide variety of compounds in this little

investigated area of polypyrrole chemistry.

In view of the importance of 2,2’-bipyrrole in
naturally occurring compounds as well as the
general lack of information available on the chem-
1stry of this system, we have undertaken an exam-
ination of several syntheses of the unsubstituted
2,2'-bipyrrole which potentially are applicable to
problems involving specifically substituted bi-
pyrroles. Naturally occurring compounds which
contain the bipyrrole nucleus are prodigiosin (1)
and related pigments™t and vitamin Bi,? the

(1) Public Health Service Predoctoral Research Fellow of the
Division of General Medical Sciences.

(2) (a) H. Rapoport and K. G. Holden, J. Am. Chem. Soc., 84,
635 (1962); (b) H. H. Wasserman, J. E, McKeon, L, Smith and P.
Forgione, ibid., 82, 506 (1960).

(3) R. Bonnett, J. R. Cannon, V. M. Clark, A. W. Johnson, L. F. J.
Parker, E. L. Smith and A, Todd, J. Chem. Soc., 1158 (1957).

parent aromatic ring system of which is corrole
(IT). Although several bipyrroles have been re-
ported in the literature, most of the synthetic
methods used are of a limited nature, employing
drastic coupling-type reactions and resulting in
highly substituted, symmetrical bipyrroles.* As

(4) E.g., H, Fischer and A. Stackel, Z. physiol. Chem., 288, 121

(1939); J. L. A. Webb and R. R, Threlkeld, J. Org. Chem., 18, 1406
(1953).



