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'The structure i J f  tile :ititihii~tic I'urigichroiiiiri has been determined 311d prixJf is presented for the  absolute cunfiguratiolls 
A new degrutlati\-e procedure of geiieral applicability for the  determinatioii o f  twu of twelve asyti~iiietric mrho:i atoms. 

< ) f  the citrboii skeletoii o f  cornples polyhydroq- cornpountls is described. 

Further work oii the peiitaene antifungal anti- 
biotic Fungichromin4 has led to determination of 
the complete structure and the absolute configura- 
tions of two of the twelve asymmetric carbon 
atoms. Dhar, Thaller and %-biting recently 
have reported partial and complete structures 
for the very similar antibiotic Lag0sin.j Our 
structure deterniinatioii, employing different ex- 
perimental methods, leads to the same structure 
for Fuiigichroniin as the one reported for Lagosin ; 
however we found tha t  Fuiigichromin consistently 
showed somewhat higher rotations [ [ & I D  - 176 
14' (c 0.25, methanol)] than did Lagosin [ [ & I D  
- I ( i 0  14' (c 0.25, methanol)]. The ultraviolet 
and iiifrared spectra of  the two, and their behavior 
011 paper chromatography in four different systems, 
are identical. X-Ray powder patternsfi of the 
two antibiotics and their decahydro derivatives 
warrant an u 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 platinuni as catalyst to a crystalline deca- 
hydro derivative 2, m.p. 16(j'. The uptake of 
hydrogen was 3.0 moles based on a molecular weight 
of 671, and microanalysis of decahydrofungichromin 
supported the molecular formula Cs6H6e-;r,01.. 
I ts  ultraviolet spectrum showed only weak cnd 
absorption (6216 1 i?) indicating that  decahydro- 
fuiigichromiti is a saturated compound. 

The discrepancy between the number of oxygen 
atoms indicated by analysis of decahydrofurigi- 
chroniin and by the original analysis of Fungi- 
chrornin4 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 C35H5R-60012. 
After standing several weeks i t  was analyzed agaiii 
and corresponded to  C:ibHj8-fi0013, unchanged 
after recrystallization from absolute methanol. 
Apparently Fungichromin forms a stable hydrate 
whereas the decahydro derivative does not. 

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

( 1 )  Supported in par t  b y  the Sat ional  Institutes o f  Health through 
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the volatile acids by paper chromatography7 
gave large spots for acetic and n-caproic acids and 
weak spots for propionic, n-butyric and n-valeric 
acids. IVhen the same mixture was analyzed by 
gas Chromatography (as methyl esters) i t  was found 
to consist of more than 9Uyo n-caproic acid. 
(Methyl acetate was hidden by the ether peak.) 
Steam distillation of an alkaline aqueous suspension 
of Fungichroinin yielded 1-hexanal, identified as 
its ?,4-dinitrophenylhydrazone. The infrared spec- 
trum of Fungichromin (potassium bromide disk) 
showed a strong band a t  1710 C I I ~ . - ~  which did not 
disappear on hydrogenation. Fungichromin and 
decahydrofungichromin each consumed two molar 
equivalents of periodate in neutral solution and 
three molar 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. 

-c- 
I 
OH 
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Ikteriniiiatioil of tlic exact Iiuiritwr o f  citrlx~ii 
atoms iri a cmipound with a molecular weight as 
large as Fungichroinin presents a problem because 
elemental analyses and conventional methods for 
determination of molecular weight, ".g., sapoiiifi- 
cation equivalent, are not sufficiently accurate. 
lye therefore proceeded to obtain a derivative re- 
taining all of the carbon atoms of Fungichroniiri 
in their original arrangement and yet simple enough 
for direct proof of structure by unambiguous syii- 
thesis. The degradation sequence was the fol- 
lowing : decahydrofungichroniiii was reduced with 
lithium aluminum hydride in refluxing tetrahydro- 
furan to a poly01 which was treated with red phos- 
phorus in refluxing hydriodic acid. The hydroxyl- 
free but iodine-containing product was reduced with 
lithium aluniinurn hydride and then chromato- 
graphed on alumina. The hydrocarbon fractions 
were finally hydrogenated using platinuni as cata- 
lyst. The product, obtained in an over-all yield 
oi 1 :F;, was homogeneous when analyzed by low 
aiid high temperature gas chromatography. Its 

( 7 )  C I;. Gnrhers, H. Schniid and P. Karrer, Ileiu. Chiin. Ac ln ,  37, 
I.i:30 (1954). 
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infrared spectrum was characteristic of a saturated 
hydrocarbon, C,,H, + ?, and its molecular weight 
was 493 as determined by mass spectrometry.8 
Its  molecular formula was therefore G5H7?. 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 hydrogen using platinum as 
catalyst gave the same hydrocarbon, as demon- 
strated by identity of the mass spectra and reten- 
tion times 011 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 yields 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 3.5 
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 Cs5-forinula and was ruled out by 
later experiments. 

The Ca5-hydrocarbon was oxidized with chro- 
mium trioxide in glacial acetic acid'" and from the 
neutral fraction 2-octanone ( 5 )  and "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 Csj-hydrocarbon deduced froin its 
mass spectrum, which exhibited prominent peaks 
a t  rn 'e 323 (C2aH~;f) and m 'e 407 (C?9H5g1). 
The identity of the hydrocarbon from Fungi- 
chromin with i,21 -dimethyltritriacontane (4) was 
then confirmed by synthesis. 1,ll-Undecanedi- 
carboxylic acid (14) was converted to the di- 
bromide 15 in 5570 over-all yield, via 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 organocadrniurn reagent prepared 
from the dibromide gave 2,16-heptadecanedione 
(16) ( 2 i 7 0  yield). Reaction of the diketone 16 
with one molar equivalent of n-dodecylmagnesium 
bromide gave a complex mixture from which pure 
1 &methyl- 16-hydroxy-2-octacosanone (17) was 
separated in 9yo yield. Treatment of 17 succes- 
sively with n-hexylinagnesiuin bromide, then with 
p-toluenesulfonic acid iii refluxing benzene and 
finally with hydrogen using platinum as catalvst 
gave a i($G yield of pure i,21-dimethyltritria- 
contane (4). 

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

(4 )  R S. Tipson. Aril, in ( 'nrbohydrale Chum., 8, l f i l  (19,53), and 
N .  G. Gaylord. "Reduction with Complex Metal Hydrides," Inter-  
science Publishers. Inc . .  S e w  York, S. Y , ,  IgRl j ,  pp. 8;i;i-873, and 
references there given 

(101 J .  C a w n .  J.  S Fessenden and C .  I*. A p e ,  TeIroIzudrmt, 7, 289 
(1959). 

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,Z-glycol systems, one of which is involved i n  
formation of the lactone, and a hydroxyl group in 
the CG-side chain B to the lactone carbon11 group 
Cleavage of decahydrofungichromin with neutral 
periodate followed by lithiuni aluminum hydride 
reduction of the carbonyl compounds gave a inix- 
ture of two crystalline po'yols, CI5H1?O1 and Cig- 
Hd 0 8 ,  readily separable because o f  their L-ery di f -  
ferent solubility properties The crude polyols 

HOOC(CHdllCOOH + Br(CHdlrBr ~ ~ ~ ~ ~ ~ 1 '  CY&CHZ),&HI 

15 
L 

14 - 
MgBr(CHl)ll CH, 

17 - 
were each converted to the corresponding hydro- 
carbons by the phosphorus-hydriodic acid method 
devised for the Cs5-polyol from Fungichromin 
itself. The hydrocarbons were, respectively, 2 -  
Inethyltetradecane (9) and 7-methyloctadecane 
(lo), shown by identity of their mass spectra" 
with those of synthetic samples. ?-Methyltetra- 
decane was synthesized b y  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 elinlinated by the fact that  
the hydrocarbon prepared from the Clg-polyol 
via reduction of its polytosylate also had a mass 
spectrum identical with that of synthetic T- 
methyloctadecane. lye 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. 5TG) by the respective straight chain isomers, 
n-pentadecane and wnonadecane. This indicated 
that carbonium ion rearrangement did occur to a 
small extent during the phosphorus-.hydriodic 
acid reduction since no n-nonadecane was detected 
in the crude hydrocarbon froin the polytosylate. 
I t  was of future importance to note also that  among 
the contaminants of crude 9 no "rnethyldodecane 
could be found. 

Since the polyol C1UH4r,08 was inert to periodate 
(quantitative titration) and contained the CSHl1- 
CHOH- side chain (shown by the conversion to i- 

i l l )  Identity of retention times did not usually siltlice to  distinguish 
between position isomers on our col:lmnc althoiigh one could reliably 
distinguish a branched isomer from the straight chain one See, for 
example, I )  'r. I)owning. Z. H. Kranz and K .  E. Xlurray. Az i s I r f l1  J .  
Chein , 13, 80 (lUCj0). 
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methyloctadecane) i t  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-1.5 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 i t  gave a 76yo 
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 tha t  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- 
fungichrornin gave a crystalline poly01 (1 lb), 
C15H71D?Olr, having no carbonyl absorption in the 
infrared. Analysis showed the presence of 2 . i l  
atom per cent excess of deuterium. The calcu- 
lzted value for two atoms of deuterium per mole- 
cule is 2 XCj, and for three 4.167G. 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 

8 

by the periodate oxidation, The calculated values 
are 7.50% and 10.00% 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-2'7, 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 39% 
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 a t  C-27 since had closure 
been a t  C-2G instead the product isolated from the 
degradation sequence would have been 1,2,3-butane- 
triol triacetate. S o  trace of this compound was 
detected by gas chromatographic analysis. 

The 1,2-propanediol diacetate from Fungichromiri 
was optically active, [ a ] ~  +2.0°. ~ - ( + ) - 1 , 2 -  
Propanediol diacetate, [ a ] ~  + 1,55', was synthe- 
sized from D-( +)-calcium lactate by methylation, 
lithium aluminum hydride reduction and acetyla- 
tion. Thus the absolute conEguration a t  C-27 in 
Fungichromin is D. If C-26 also had the D- 
configuration the C-27, (2-26 relationship would be 
thrpo; if C-26 were L the relationship would be 
u y t h r o .  The configuration a t  C-26 was determined 
as follows : ozonolysis of Fungichromin followed by 
catalytic hydrogenltion, lithium aluminum hy- 
dride reduction and acetylation gave 2 ~ :  3D-(-)- 
prythro- 1,2,:3-butanetriol triacetate, isolated in 45% 
yield based on Fungichromin. I t  contained no 
(hrro isorer ,  which demonstrated that  no base- 
catalyzed epimerization of C-26 a t  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 crythro-l,2,;3-butanetriol tri- 
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acetate from Fungichromin was shown in three 
different ways. I ts  infrared spectrum was super- 
imposable with that of synthetic dl-erylhro-1,2,3- 
butanetriol triacetate and different from that of the 
threo isomer, especially in the 1140-1 165 cm. -’ 
region. I ts  retention time was identical with 
that of the synthetic evythro 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 (1.42T.3) isomers differed significantly 
and tha t  of the triacetate from Fungichromin was 
very close to the latter value (1.4270). 

Lye have found only two previous references to 
a 1,2,3-butanetriol triacetate.12.13 Lye obtained 
dl-erythro-lJ2,3-butanetriol triacetate from trans- 
crotyl alccohol (containing 8yo 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. 
dl-Threo-l,2,3-butanetriol triacetate was prepared 
by treating trans-crotyl acetate (also containing 
87, of the cis isomer) under the conditions of the 
“wet Prevost reaction,”14 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. 

I t  was stated previously that no 2-methyldode- 
cane was detected in the 2-methyltetradecane ob- 
tained from the crude Clj-triol 7 by the phosphorus- 
hydriodic acid reduction sequence. This fact 
proves tha t  Fungichromin is entirely in the form 
of a macrocyclic lactone closed a t  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. 

\Vith 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 (Ama, 
26.5, 273, 287 mu), although the extinctions were 
low and differed among experiments ( ~ ~ 7 5  11,000- 
25,000). Xo other maxima were present although 
there was appreciable end absorption ( ~ 2 ~ 5  3o(lO). 
Acidification destroyed the fine structure and a 
broad peak a t  271 m’l of somewhat lowered intensity 
appeared instead. ilddition of base restored the 
earlier spectrum. Under the same conditions 

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

(13) R Ilelaby. A n n  chim , (91 19,  273 (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 .  A m .  Chem. Soc ,  79, 
62% (19.57); R. B. Woodward and F. V. Rrucher. Jr., i b i d . ,  80, 209 
(1958). 

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‘j and 
neomethymycin16 where under similar conditions 
a ketonic carbonyl group triggered p-elimination of 
hydroxyl groups to give in the first case an a,@- 
unsaturated ketone, and in the second an aJB,y,G- 
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 a t  C-29 and/or the one a t  C-3 
are involved in a P-elimination reaction. The 
details of this and of the transformations that follow 
are as yet obscure. 

ExperimentalI7 
Purification of Fungichromin (1) (Preparation of Anhy- 

drous Material).-Twenty grams of 667; Fungichrominls 
and 250 ml. of benzene1# 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 E;z,  1420-1480 a t  338 m p .  One gram of the third 
crop was further purified by a second recrystallization from 
methanol to give 530 mg. of an analytical sample (sample A) .  
One third of sample *I 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 sloivlp distilled under reduced pressure (140-150 mm.).  
A t  the start of the distillation about 907, 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. Calcd. for Ca~HeoOlr: C, 61.21; H, 8.78. For 
C3jHjg0Yl: C, 62.67; H ,  8.71. Found: d: C, 61.01; H, 
8.65. B: C,62.46; H,8 .69 .  C :  C,62.17; H,8.T5. 

X second set of microanalyses several weeks later gave 
virtually identical results (C,  61.2 zk 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 Lagosh-  
The two antibiotics were chromatographed simultaneously 
in the systems shown in the table, using LVhatman No. 1 
paper. The spots were detected by their intense greenish 
fluorescence in ultraviolet light. 

Preparation of Decahydrofungichromin i 2 )  .-To 50 mg. 
of platinum oxide prereduced in methanol ( 5  ml.) was added 
a suspension nf 500 mg. (0.745 mmole) of Fungichromin in 
methanol (45 ml.). A4s hydrogenation proceeded the Fungi- 
chromin gradually dissolved. Hydrogen uptake was 90.4 

( IS )  F. A.  Hochstein, H .  Els, W .  I). Celmer, €3 L. Shapiro ani1 

(IO) C .  IJjerassi and 0. Halpern. T r t r n h r i i o i z ,  3 ,  2 5 5  (19.58) 
117) hlelting points are corrected and boiliqq !mints are uncorrectecl. 

Deuterium analyses were performed by Slr Josef S e m e t h  Urbana. I l l . .  
using the falling drop method 

( I S )  From Merck Sharp and Dohme Research Laboratories. West 
Point,  P a .  

(19) Benzene was distilled from sodium; methanol and ethanol frmn 
calcium hydride. The  solvents were stored under nitropen and the 
operations were carried out  under nitrogen, 

R .  B. Woodward, J A m .  Chem. Soc,  83,  3225 (19liO). 
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System 

Methyl isobut>-l ketone: 
l - t ) u t a l l o l : n ' ~ t r . l ,  rdl 1.3 *'i I1 7.7 i l  

\\:iter (satul-:ttcll, ( ; ( I .  I.o~;6) ; j 5  . :;3 

1-butanol : water, 50 : 10 : 3 , 3  . ;6 

methanol : water, 50 : 1 : 0.1 .'I; .1; 

h:cthyi isolji C I ~ J  I k t ( 1 1 1 ~  : 

Methyl isoprop!,l ketone: 

Meth>-l isopropyl ketone : 
.7Cj 

nil. a t  22' (5.0 molar equivalents) and was coriipletc in 2 lir. 
The catalj.st was separated, the filtrate evaporated to  dry- 
ness, and the colorless solid residue recrystallized three times 
from dioxane and dried for 24 hr.  a t  ?To (0.05 mm. ) ;  m.p .  
166'. The yields of purified material obtained by this 
procedure were 65-70'. 1. Samples showed no tendency to 
hydrate on standing. 

,4nai. Calctl. fiir C35H6201?: C ,  61.73: H, 10.07. For 
C.!iHi,,01:~: C, C0.09; H,  10.00. Found: C,  6l.(j4; H,  
10.24. 

Kuhn-Roth Oxidations of Fungichromin and of Deca- 
hydrofunEif 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 n-caproic acids, and 
smaller spots corresponding to n-valeric, n-butyric and prop- 
ionic acids. 

When 2 mg, of decahydrofuiigiclirol~~i~i was oxidized in 
an identical manner only large spots f(ir acetic and n-caproic 
acids could be detected. 

Fung'chromin (40 mg.) was oxidized with 2 1111. of a 
chromium trioxide-sulfuric acid mixture and 10 ml. of water 
following the method of Entschel, Eugster and KarrerZ0 
for higher and branched side chains. The distillate (13 ml.)  
was collected and extracted with ether. The ether extract 
\vas dried river sodium sulfate and treated with diazo- 
methane. The ether  as slowly distilled and the remaining 
methyl esters were dissolved in n-hexane and passed over 
neutral alumina, activity 2.  Gas chrcrmatographic analysis 
at  120' using a column of 307; silicone grease on CO-SO 
mesh Chromosorb showed the presence of the methyl esters 
of n-caproic, n-valeric, n-butyric and propionic acids. The 
amount of methyl caproate was about 10 tinies the comhined 
amiiunts of the other esters. .luthentic samples of the 
methyl esters were used :IS staqdards for retention times. 

Isolation of Hexanal from FunEi-hromin.-Fungicliromin 
(1.00 g.) was added to a solution of 0.35 g.  of sodium hy- 
droxide in  150 i r i l .  of water, and the suspensi~in was steam 
distilled into a solution of 2,l-diiiitroplienylli~-drazine in 
aqufous hydri~cliloric acid until precipitation of 2,4-dinitrci- 
phenylliydrazones ceased, The mixture was allowed t o  
stand overnight arid the precipitate was collected, dried (140 
ing.) and cliromatographed on a silicic acid-Celite (2 :  1) 
column. The early fr.actions, eluted with ether-hexane 
iiiixtures, gave ahout 43 nig. of hexanal 2,4-dinitrophenyl- 
Iiydrazoiie which was recrystallized from hexane, m.12. 10';- 
107". h tiiiketl melting point with authentic material, m.p .  
105-107", n ~ ~ s  uridepressed. .-\cetaldeliyde 2,4-dinitr(i- 
phenylh!.drazone was also identified in the later fractions. 

Quanlitp..ive Feriodate Oxidations of Fungichromin and 
of Decahydrofuncic hromin A. Sodium Periodate.-A 
sample I f Fuilgicllri i h ,  1.0004 g., was dissolved in 600 mi. 
, i f  a 1 : 1 ethaniil-water mixture and to it was added exactly 
300 nil. r'f 0 0173 31 sfidiuni metaperi(idate solution. The 
resultir7g sn1uti.w was diluted with water to exactly 1 I .  
:\linuots 1O5 nil ) were removed for titration by the thio- 
sulfate wr thod a t  iiitervals l-eginning a t  2 hr.  and continuing 
uiitil 2% hr .  The values ranged between 1 P3 and 2.05 
inolar eauivalents of iveriodate consumed, and the and 22 
lir. \d t ies  did not differ significantly (1.95 aiid 2 00). The 

me procedure was follc wed for decahvdrofungiclir*,min 
cept ore-half the above quantities were used to  prepare 

the reaction si;lution. The values ranged betn-eev 1 .G8 
and 2.13 i:ic'lar equivalents, v i th  no significant difference 
1 etween 1 lir. and 48 hr.  d u e s .  
- 

01 R l i n t x h e l .  C .  H 17ugiter and P Karrer,  Huh'. O i i i r i .  A d o ,  39, 

j 2 l i  C L r : c c t i o n \  fc,r blanh r u n 5  are i n J u d e d  in all results. 

B. Sodium Periodate with Prior Base Treatment.-To 
a solution of 1 .0004 g. of Fungichron~itl iii 100 nil. o f  ethanol 
aiid 3!) i n l .  o f  w t t e r  WAS ~ d t l e t l  30 ~ n l .  [ i f  (3.055 .V s ~ i t l i u i i i  
hydroxide solution. The solution wa5 refluxed for 30 1111!1., 
then ccloled and titrated to pH Y with hydrochloric acid. 
To i t  wrli  then ;idrlcd er;tctl:c :W nil. i i f  (1.0 
i i i c t ~ i ~ i ~ ' ~ ~ i i ( I , i t c  iiilutiiin arid thc  \vIirilc K , L S  tlilutetl i v i t l i  \!'iter 
t i 1  exactl\- I I .  .\liquets 1111.) \vue rcmovetl ; i t  ilitcrv,tIs 
fur titratiim b> the tliiosulf,ttc ~ne t l i~ i t l .  T h e  values ranged 
between 2.89 anti 3.0 i molar equivalents ( i f  periodate coj1- 
sumed, and the 2 a id  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.--;l mixture of approximately equal weights of the 
polyol and red phosphorus was heated under reflux for 24 h r .  
in excess constant-boiling hydriodic acid (ca.  10 1111. hy- 
driodic acid/'300 mg. polyol). \Vatu was added to pre- 
cipitate the organic material, which was then extracted 
with ether or chloroform. The organic extracts were 
washed with 2:; sodiunl thiosulfate solution, then with 
water, a:id dried over magnesium sulfate. Iieniiival of 
siilvent gave ail iodine-ccintaining oil which was dissolved i!l 
tetrahydrofuran and refluxed livernight with 1-2 times its 
w i g h t  o f  lithiurn alumiiiuni hydride. The unchanged hy- 
dride was destroyed with ethl-I acetate. Sfter evaprirati(111 
of the solvents the residue was chi!led in an ice-bath, the 
inorganic material dissolved iii sulfuric acid, arid the 
organic material was extracted with hexane. The hexane 
s~ilution, after heirig washed with 5(,;; sodium carbrixite 
solution and dried over sodium carbonate, was concentrated 
and chromatographed 011 :i column of neutral aiumina 
(IVoelm, activity 1). The fractions containing the hydro- 
carbon (eluted with hexane and determined by gas chrii- 
matugraphy) were combined, cciticentrated atid hydrii- 
genated in hexane or hexane-ethyl acetate mixtures using 
platinum oxide as catalyst. The catalyst was separated 
and the solvent evaporated to give the hydrocarboil. 

Lithium Aluminum Hydride R e d u d o n  of a Poly- 
tosy1ate.-The prilyol was dissolved in r n .  20 times its weight 
of dry pyridine, and a iolutim of p-toluenesulf.iny1 c1il:)ride 
(305; excess) in m. 5 times its weight of pyridine was added 
with cooling and swirling. The solution was :illowed to  
stand in an icebox for 6 days, after which most of the pyri- 
dine was removed under reduced pressure a t  room tempera- 
ture. The residue was dissolved in chloroform, and then 
water and ice-cold 207, sulfuric acid were added dropwise 
with cooling until tlie aqueous layer had pH 2. The layers 
were separated and the aqueous phase was extracted twice 
with chlorciform , The combined organic phases were 
washed with Sc;  sodium bicarbonate solution and saturated 
sodium chloride solution. Kemcival of tlie solvent under 
reduced pressure a t  room temperature yielded an oil, which 
was dried a t  0.1 mm.  a t  room temperature for 24 hr.  .\ 
solution in anhydrous tetrahL-drofuran of the crude tosylate 
so obtained was added slowly to a solution of a tenfold ex- 
ceis of lithium aluminunl hydride i l l  tetrahydrofuran. 
The total amount of solvent mas adjusted to result in a 5- 
10':; solution of the hydride after addition was comulete. 
The mixture was stirred and heated under reflux for 2 days. 
The excess 111-dride was decomposed with ethyl acetate, 
pentane was added, and the coriletl and stirred mixture was 
acidified to pH 1 with 20',;, sulfuric acid. The layers were 
separated, and the aqueous phase was extracted twice with 
pentane. The comhined extracts were washed with 20% 
sulfuric acid, then with 10c>{> sodium carbonate solution, 
and dried over magnesium sulfate. Removal of the S!I~- 
vents gave brown oils which contained large amounts o f  
sulfur-containing cornpc~unds. These were removed 1~11 
chromatography on neutral alumina (activity I ) ,  eluting 
with pentane. The fractions containing the hydrocarbo?l 
(as determined by gas chromatc~graphy) were concentrate:l 
t i )  :i small volume and hydrogenated, using platinum oxide as 
catalyst and glacial acetic acid as solvent. The catalyst Was 
removed by filtration, and pentane arid water were added 
to the filtrate. The layers were seqarated, the aqueous 
laye was extracted twice with nenta:ie, arid the c,)rnhined 
extracts were washed wit11 snci iuin carbonate s(i1utio~i and 
dried over potassium cnrh(iii;ite. Removal of the siiivent 
gave the hydrocarhon. 

Isolation of 7,Zl-Dimethyltritria-ontane (4) from Depa- 
hydrofungichrornin.-Fire grams of decali~~drofungicl~rr,triin 
XIS dissolved in  300 nil. of tetrahydrofuran and excess 

B. 
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lithium aluminum hydride was added gradually. Tlie 
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 wa5 added to dissolve 
the inorganic niatcrial, and the polyol was estracted with 
I-bulatiol. Tlie combitled extracts were washed with 1O'h 
sodium carbotiate solution, then with water, and the butanol 
was removed under reduced pressure. After drying for 21  
hr. a t  0.1 min., 4.70 g. of non-crystalline polyol was ob- 
tained. 

A. V!u Reduction with Phosphorus and Hydriodic Acid. 
-The polyol (2 .5  g.) was heated under reflux with red 
phosphorus and hydriodic acid and treated subsequently as 
described in the general procedure. The yield of 7,21-di- 
methyltritriacotitane, a colorless oil, was 0.203 g. ( 13yG from 
decahydrofungichromiri). I ts  infrared spectrum (liquid 
film) was typical of a saturated hydrocarbon. Gas chro- 
matography a t  340" using an 85 X 0.8-cm. column packed 
with 20Sb SE-30 silicone rubher (General Electric Co.) on 
80-100 mesh Chrornosorb IV gave one major peak (>95y0) 
with a retention time identical with that  of an authentic 
sample of 4 and one minor peak (<55&)  with a retention 
time corresponding approximately to a Cao-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-dimethyltritriacontane 
and the same molecular weight (492). 

V,iu Reduction of the Polytosy1ate.-The polyol (460 
mg.) was converted to  the polytosylate which was then re- 
duced with lithiurn aluminum hydride as  described in the 
general procedure. The yield of 7,21-dimethyltritriacon- 
tane was 6 mg. (2yG from decahydrofungichromin). Gas 
chromatography on the above silicone rubber column showed 
a single component with the same retention time as authentic 
4 .  I t s  mass spectrum was identical with that  of authentic4. 

Chromium Trioxide Oxidation of 7,21-Dimethyltritri- 
acontane.-Fifty-eight mg. of the hydrocarbon from de- 
cahydrofungichromin was oxidized with 74 mg. of chro- 
mium trioxide in 3.5 ml. of glacial acetic acid for 2 hr .  a t  65' 
according t o  the procedure of Cason.lo The cooled solution 
was very carefully neutralized with 5y0 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 a t  220' on a 
2070 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 authentic ketones. 

Synthesis of 7,21-Dimethytritriacontane (4).-Twenty- 
five grams of 1,ll-undecanedicarboxylic acid ( 14) (A41drich 
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 the excess hydride was 
decomposed by careful addition, in that  order, of 8 ml. of 
water, 8 ml. of 15y0 aqueous sodium hydroxide 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. (77y0 yield) of crude 1,13-tri- 
decanediol, m.p. 63-78' (lit.2z m.p.  76.4-76.6"), which was 
converted with anhydrous hydrogen bromide to  1,13-di- 
bromotridecane (15). The dibromide obtained in 71% 
yield after fractionation had b.p. 139-148' (0.2-0.3 mm.), 
n2% 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 mixture was heated under 
reflux for 18 hr. It was cqoled with ice, and 9.7 g. of an- 
hydrous cadmium chloride was added with vigorous stirring. 
-4fter warming 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 
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(22) P. Chuit ,  H e h .  Chim. A&, 9, 264 (1926). 

by distillation, the mixture was stirred and heated under 
reflux for 30 min. Acetyl chloride (15.0 9.) 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, the layers were separated, 
and the aqueous pliAse was extracted with 30 ml. of benzene. 
The combined benzene solutions were washed with water, 
,5yo 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), yielding 4.42 g. of 
2,16-heptadecanedione (16), m.p. 83-85'. This product 
was purified further by sublimation at 100-1 10" (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 12- 
dodecyl bromide (Eastman Kodak Co. white label) and 
0.5 g. of magnesium turnings in 10 ml. of ether. After 
heating under reflux overnight the mixture was traniferred 
to a dropping funnel from which it was added slowly to  a 
stirred boiling suspensim 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 50-1111. 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-methy1-16-hydroxy-2-octaco- 
sanone ( 17) and 13,27-dimethyl-13,27-nonatriacontanediol, 
the latter being formed by addition of two moles of n- 
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 20V0 
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 
Czs-ketone and a doubly branched Gal-hydrocarbon. The de- 
sired 17 was separated from the other products by chro- 
matography on alumina; a colorless semi-solid was obtained 
in 9% yield (390 mg.). Gas chromatographic analysis both 
before and after dehydration (see above) indicated tha t  i t  
was 9 8 4 9 %  pure. 

Bnul. Calcd. for CzrHjsOI: C, 79.38; H, 13.33. Found: 
C, 79.10; H, 12.9s. 

A solution of 377 mg. of 17 in 30 ml. of benzene was added 
t o  a Grignard reagent prepared from 0.90 g. of n-hexyl 
bromide (Eastman Kodak Co. white label) and 0.39 p. 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 combiffed extracts were distilled 
until the boiling point reached 80 . p-Toluenesulfonic acid 
(560 mg.) was added, and slow distillation was resumed for 
ra. 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 10% 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 t o  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 
l), eluting with pentane. Removal of the solvent from the 
hydrocarbon fraction gave a colorless liquid, which was 
heated t o  80" under reduced pressure (0.1 mm.) until the 
weight remained constant. The yield of 7,21-dimethyl- 
tritriacontane (4) was 320 mg. (7670,). Gas chromato- 

(23) L. Canonica and T. Bacchetti, Att i  acod. nod. Lincei ,  Rend.  
C l a m  sc;. lis., mat. e nd., 16, 278 (1953); C. A , ,  49, 8121 (1955). 
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graphic analysis using the silicone rubber column dcscribcd 
above showed the hydrocarbon to  be 98';; pure. 

Anal. Calcd. for C35H72: C, 85.28; H, 14.72. Found: 
C, 85.16; H, 14.55. 

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

T o  a stirred and cooled suspension of 761 mg. of decahy- 
tlrofungichromin ( 2 )  in 15 ml. of chloroform and 5 ml. of 
water was added dropwise a solution of 1.02 g. of sodium 
metaperiodate in 10 ml. of water. .%fter stirring a t  0" for 
1 hr.  and a t  room temperature for 4 hr.,  the chloroform was 
rernmed under reduced pressure and the residual aqueous 
suspension was extracted with two 15-ml. and three 5-ml. 
portions of 1-butanol. The combined extracts were iyashed 
with water until the washings gave a negative test for 
periodate ion, and the 1-butanol soluticiii was : oncentrated 
to  dryness under reduced pressure a t  room temperature. 
The residue was kept at 0.1 mm. and room temperature 
for 2 hr.  and then dissolved in 15 ml. of tetrahydrofuran. 
The solution was filtered and added dropwise to a cold 
stirred solution of 1.02 g. of lithium aluminum hydride in 30 
ml. of tetrahydrofuran. The mixture was stirred and 
heated under reflux for 36 hr .  after which the excess hydride 
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. 
o f  water, and, with cooling and stirring, sufficient 20Yc 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 20TG sulfuric acid, 107; 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 t o  remove inorganic salts. Concentra- 
tion to  dryness gave 272 mg. (%yo yield) o f  crude 13- 
methyl-2,3,14-tetradecanetriol (71, m.p .  38-45". A purer 
sample of this triol, m.p. .57-59", was obtained in a similar 
way, but using sodium borohydride in t-butyl alcohol as re- 
ducing agent. An analytical sample, prepared by crystal- 
lization from ether-petroleum ether, had m.p .  63.0-64.5', 
[ a ] " D  -7.2' (c  2, chloroform). 

Anal. Calcd. for CI3Ha?O1: C, 69.18; H ,  12.39. Found: 
C, 68.94; H,  12.67. 

The  aqueous layer from the chloroform extraction was 
combined with the washings and extracted with two 15-ml. 
portions and three ,5-m1, portions of 1-butanol. The com- 
bined extracts were washed with 5 ml. of 2070 sulfuric acid, 
5c/L. sodium bicarbonate solution until the washings were 
basic, and saturated sodium chloride solution. The solvent 
was removed a t  room temperature under reduced pressure, 
and the residue was dried a t  0.1 mm. for 18 hr .  The yield 
of crude 12-hydroxymethyl-l,3,5,7,9,1l,l3-octadecanehep- 
taol (8a), m.p.  65-82', was 350 mg. (79%,). Repeated 
crystallization from ethyl acetate gave needles of the pure 
polyol, m.p. 10O-10lo, AZ6 -6.1' ( r  0.65, methanol), 
after drying a t  64' (0.1 mm.) for 24 hr.  The fact tha t  this 
sample was crystalline was substantiated by an  X-ray 
photograph. 

Anul. Calcd. for CI9H1,,O1: C, 57..53; H, 10.17. Found: 
C, 57.61; H, 10.02. 

Quantitative titration showed tha t  the poly01 did not re- 
act  with sodium metaperiodate. I ts  infrared spectrum in- 
dicated the absence of a carbonyl group and of unsaturation, 
and i t  showed nii absorption in the ultraviolet region (215- 
400 mp). 

lsolation of 12-Hydroxyrnethyl-dr-1 ,3,5,7,9,11,13-octade- 
cane-l-dl-hepta81 (8b).-The procedure described above 
for the isolation of the undeuterated heptaol 8a was followed 
with the exception tha t  lithium aluminum deuterideZ4 was 
used as  the reducing agent. The yield of crude 8b ,  m.p .  
7&85', was 89:;. The analytical sample had m.p. 100- 
102". 

Anal. Calcd. for ClQH3jDaOI: C ,  57.12; H + D, 10.18; 
3 atoms of deuterium per molecule, 7.50 atom (1; excess D .  
Found: C, 57.34; H + D, 10.18; atom ':; excess D, 7 . 3 2 .  

Isolation of 7-Hydroxymethyl-d2-21-methyltritriacontane- 
6,8,10,12,14,16,18,19,20,31,32-undecaol (l lb).-To a stir- 
red solution of 627 mg. of lithium aluminum deuterideZi in 

(24 )  Metal Hydrides,  I n c  , Beverly, Mass : minimum isotopic purity 
99 90%. 

35 ml. of anhydrous tetrahydrofurail 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. I-Butanol (15 ml.) and water (5 ml.)  were added 
to the residue, and the stirred and cooled mixture byas acidi- 
fied with 20"/lc sulfuric acid. The layers 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, 10f,yo sodium carbiinate 
solution, and water. Removal of the solvent under reduced 
pressure a t  room temperature and drying of the residue a t  
0.1 mm. for 24 iir. gave 313 mg. (965;) of crude l l b ,  1n.p. 
126-131'. Three recrystallizations from isopropyl alccihol 
gave an analytical sample, m.p.  138-140'. -In X-ray pow- 
der photograph showed only a few sharp lines, indicating 
tha t  the polyol was only partiall>- crystalline. I ts  infrared 
spectrum (Sujo l  mull) showed no carbonyl band. 

Anal. Calcd. for CanHioDpO12: C, 61.19; H + D, 10.60; 
2 atoms of deuterium per molecule, 2.78 atom (I;, excess L). 
Found: C, 60.90; H + D, 10.58; atom (,G excess D,  2.71. 

Reduction of 13-Methyl-2,3,14-tetradecanetriol (7 )  to 2- 
Methyltetradecane (9).-.% sample of crude 7 prepared as 
described above from 1 . l i  g. of Fungichromin was reduced 
to the parent hydrocarbon by the red phosphorus-hydriodic 
acid method (see aboyel. The 2-methyltetradecane ob- 
tained (183 mg.,  51'jo yield based on decahydrofungi- 
chromin) was contaminated by ca. lOC;, of other hvdro- 
carbons (7-methyloctadecane and n-pentadecme but no 2- 
tnethyldodecane) . Preparative gas chromatography on a 
30';; silicone grease column a t  210' afforded a sample of the 
pure hydrocarbon, the mass spectrum of which was identical 
with that of an authentic sample of 2-1nethyltetradecane.~~ 

Reduction of 12-Hydroxymethy1-1,3,5,7,9,11,13-octade- 
caneheptaol (8a) to 7-Methyloctadecane (10). A .  By 
Reduction with Phosphorus and Hydriodic Acid.-.% sample 
r i f  crude Sa, prepared from 389 mg. of decahydrofungi- 
chromin, was reduced using the general procedure described 
above. The hydrocarbon fraction obtained weighed 39 
mg. (2jri; yield based on  decahydrofungichrc,min); it con- 
sisted of m. 70('; of 7-methyloctadecane (10) and 30',1; of 
three hydrocarbons 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 tha t  it still contained some 3lefinic impurities; 
otherwise it showed the same fragmentation pattern as the 
spectrum of authentic 10. 

By Reduction of the Polytosy1ate.-Crude Sa (654 
mg.) was converted to the tosylate which was then reduced 
by the general procedure, yielding 1 3  mg. of ;-methyl- 
octadecane (10; 3c,c yield based on s a ) .  I ts  purity was 

as  determined by gas chromatography on a 20yo silicone 
se column at 230'. -4 small sample was purified by 

preparative gas chromatography. Its mass spectrum was 
identical with that of a synthetic sample of 7-methy-l- 
octadecane. 

Synthesis of 2-Methyltetradecane (9) .-To the Grignard 
reagent prepared from n-dodecyl bromide (12.3 g.) and mag- 
nesium turnings (1.20 9 , )  in ether (40 ml.) was added a s o h -  
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 2OC< sulfuric acid. The layers were separated and the 
aqueous phase was extracted with two 10-ml. portions of 
ether. The combined extracts were washed with water, 
loci, sodium carbonate solution and saturated sodium 
chloride solution. Benzene ( 2 3  ml.) was added, and the 
mixture was distilled slowly until the boiling point reached 
80". p-Tiiluenesulfonic acid monohydrate (2.0 g.)  was 
added to the residual benzene solution which was then heated 
under reflux for 0.5 hr.  hfter cooling, water (10 ml.) wa; 
added, the layers were separated, and the organic phase was 
washed with 107, sodium ca-bonate solution and dried 
over potassium carbonate, The solvent was removed and 
the residue on distillation through a semi-micro column gav? 
3.7 g .  (547;) of C1;-cilefin of >997{ purity as determined by 
gas chromatography a t  220' on a 30y0 silicone grease 
column. The olefin (2.13 g.) was hydrogenated in a mix- 

B. 

. .- 

(2.5) H J Lunshof .  J \-an Steenis and H I XVaterman. RPC / v u ? ' .  
r k i i i ? . .  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 a t  9870 of the theoretical amount. The 
catalyst was removed by filtration, and water (15 ml.) and 
pentane (15 ml.) were added to  the filtrate. The layers 
were separated and the aqueous phase extracted once with 
pentane (5 ml.). The  combined organic phases were washed 
with 10% 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. (837;) 
of 2-methyltetradecane, b.p. 131-132" (12 mm.),  Z ~ ~ D  1.4284 

Synthesis of 7-Methyloctadecane ( 10) .-This hydrocar- 
bon was prepared in 497; over-all yield by addition of 2- 
tridecanone (Armour 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 z s ~  
1.4387 (lit.26 ~ O D  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 f-butyl alcohol was allowed to  stand overnight and then 
was steam distilled into 50 ml. of a 0.32y0 solution of 2,4- 
dinitrophenylhydrazine in 2 A\7 hydrochloric acid until 
precipitation ceased. The precipitate was collected and 
washed with water; after drying it weighed 84 mg. ( 7 6 5  
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. 

(lit.26 nZ5D 1.42844). 

163-165", was undepressed. 
Isolation of D-( +)-1,2-Propanediol Diacetate (12) from 

Fungichromin.--A solution of 1.11 g. of Funnichromin in 
l0Oml .  of methanol was cooled wzh  ice an8  ozone was 
introduced until ozonolysis was complete. The colorless 
solution was concentrated to ca. 60 ml. under reduced pres- 
sure a t  a temperature below 10'. Platinum oxide (450 mg.) 
was added and the mixture was hydrogenated at 0" for 3 hr.  
The  platinum was removed by filtration, and ti) the cooled 
(ice-bath) and stirred filtrate was added, during 15 min., a 
solution of 3.51 g.  of sodium metaperiodate in a mixture of 
water (30 ml.) and methanol (15 ml.). After stirring a t  0' 
for 3 hr.  the thick precipitate of sodium iodate was removed 
by filtration, and the filtrate was concentrated to c-a. 40 ml. 
under reduced pressure. Water (30 ml.) was added, the solu- 
tion was saturated with sodium 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 with 1-butanol (one 20-ml. and 
three 5-1111. portions), followed by removal of the solvent, 
yielded another 410 mg. of a solid which had an infrared 
spectrum identical with that of the prnduct from the chloro- 
form extraction. The solids were conibined, dissolved in 
30 ml. of anhydrous tetrahydrofuran, and the solution mas 
filtered and added dropwise to  a stirred c(11d solution of 2..50 
g. of lithium aluminum hydride in 50 ml.  of anhj-drous tetra- 
hydrofuran. The mixture was stirred and heated under re- 
flux for 10 hr. ,  the excess hydride was decomposed with 
acetic acid, and the solvent was removed a t  room tempera- 
ture under reduced pressure. To  the residual white solid 
were added .io ml. o f  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 mas re- 
peated twice more. The combined ether solutions were 
washed with ice-cold 20", sulfuric acid, 5'!: sodium bicar- 
bonate solution and saturated sodium chloride solution, and 
dried over magnesium sulfate. Most ( I f  the solvent was re- 
moved by slow distillation through a semi-micro column. 
The amount of 1,2-propanediol diacetate (12) present in the 
residual liquid was determined by gas chromatography on :L 
30yG silicone grease column a t  175', using ether snlutions of 
authentic 12 as standards. The yield of 12 was 103 mg. 
(39y0 based on Fungichromin). A peak corresponding to 1,- 
2,a-butanetrinl 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.  Sorensen and  N. A Sorensen. Acta C h e m  S c a n d ,  2 .  l(i0 
(19481 

tionation at 0.2 mm. and 130" (bath temperature) into a 
trap cooled with Dry Ice-acetone, and 78 mg. of 1,Z-pro- 
panediol diacetate, [ L Y ] ~ * D  $2.0" ( c  6.7, chloroform), was 
isolated from the distillate by  preparative gas chromatog- 
raphy. Its infrared spectrum was identical with tha t  of an  
authentic sample of dl-1,Z-propanediol diacetate. 

Synthesis of D-( +)-1,Z-Propanediol Diacetate (12).--X 
mixture of 1.25 g. of anhydrous D-(+)-calcium lactate, 
[CX]~ 'D  +5.3" (c  5 ,  water) [lit. [ c x ] ~ ~ D  +7.8"(c2.7, water);27 
[ L Y ] ~ ~ D  S5.32' ( c  4.95, water2*)], 1.59 g. of dimethyl sulfate, 
0.8T g .  of anhydrous 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 anhydrous tetrahydrofuran. 
The combined filtrates were concentrated by distillation 
through a semi-micro column until the bath reached a tem- 
perature of 100". Tetrahydrofuran ( 2 5  ml.) was added to  
the residual liquid, which was then filtered and added sloivlp 
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 hr. The  excess hy- 
dride was decomposed with ethyl acetate, and the solvent 
was removed completely a t  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 
hr.  The cooled mixture was filtered and the filter cake es- 
tracted in a Soxhlet extractor with 100 inl. of ether. The 
combined filtrate and extract were cooled and acidified with 
20y0 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 lOy0 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.X g. (425; yield based on cal- 
cium lactate) of D-( +)-1,2-propanediol diacetate (12),  h.p. 
93-96' (22 tnm.), n * j ~  1.1104-1.4132 [lit.zg for dl-1,2-prn- 
panediol diacetate b.p. 88" (20 mm.),  1,41481, [cu]"D 
+1.55' ( r  17.7, chloroform). I ts  infrared spectrum was 
identical with that nf an authentic sample of d-1,Z-pro- 
panediol diacetate. 

Isolation of ( 2 ~ :  JD)-( - )-erythro-l,2,3-Butanetriol Tri- 
acetate (13) from Fungichromin.-Fungichrornin (1.16 g . )  
was ozonized and the ozonide mas reduced catalytically as 
described above for the isolation of 12. -1fter renioval 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 hydride was decomposed with glacial acetic 
acid. The solvent was removed 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 combined extracts and filtrate were acidified 
with 2 O r b  sulfuric acid, keeping the temperature below 15". 
The layers were separated, and the aquecius phase was ex- 
tracted with 30 ml. of ether. The combined ether solutions 
were washed with 5 ml. of 205; sulfuric acid, two 5-ml. 
portions of water, lor& sodium carbonate solution, saturated 
sodium chlnride solution, and dried over magnesium sulfate. 
Most of the ether was removed by  shw distillation through 
a semi-micro column. The yield of ( 2 ~ :  3 ~ ) - (  - )-erythro- 
1,2,3-butanetrinl triacetate (13),  determined by gas chro- 
matograph>- on a 30' ilicone grease column a t  195' using 
ether solutions of authentic dL-erythro-l,2,3-butanetriol tri- 
acetate as standards, was 180 mg. (45',;). The volatile 
products were distilled without fractionation a t  0.1 mm. 
and 150' (bath temperature, into a trap cooled with Dry 
Ice-acetone, and a sample o f  the triacetate was isolated 
frijm the distillate by preparative gas chromatography. 
I t  had ?zZ31) 1.4270, [ o 1 l z 9 ~  - 1.9" ( (6 .1  chloroform). I ts  in- 
frared spectrum (carbon disulfide sn1utio:i) was identical 

(27)  P. A.  Ixvene  and H. I,.  Haller, J Bioi rhe in . ,  67, :139 (1926).  
( 2 8 )  X I .  S Camien and M.  S. Llunn, ibid.. 211, 593 (19,54). 
(29) H C Chitwood and B T Freure, J A m .  Chrm S o r . ,  68 ,  680 

(19113). 
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with that  of authentic dl-eiythro-l,2,3-butanetriol triacetate. 
I ts  retention time on gas chromatography a t  195' using a 
column packed with 30y0 of Viton .4-HV30 on 80-100 mesh 
Chromosorb W, was 16.1 min., identical with that  of an  
authentic sample of dl-erythro-l,2,3-butanetriol triacetate. 
The threo isomer, which under these conditions had a reten- 
tion time o f  18.1 min., was absent ill the c.liromitogrnni of 13 
obtained from Fuiigichrmnin. 

Synthesis of dl-erythro-l,2,3-Butanetriol Triacetate.-The 
tmns-crotyl alcohol used in this preparation had b.p. 120", 
n Z 6 D  1.4262 b.p. 121.2', nz5D 1.&?6'7). Its infrared 
spectrum was the same as  that  published.32 However, gas 
chromatography of its acetate at 85' on a column packed 
with 30% of a saturated solution of silver nitrate in tetra- 
ethylene glycol on AO-80 mesh Chromosorb shqwed it to be 
:i mixture of 92:; o f  the trans and XY0 o f  the c i s  isomer. TI] 
a solution of 6.53 g.  of this (largely) tram-crotgl alcohol in 
10 nil. of glacial acetic acid was added slowly, with stirring, 
21.6 g. of 40y0 peracetic acid.33 After stirring for 1 hr . ,  
acetic anhydride (20 g.) and Concentrated sulfuric acid (1 
nil.) were added, and the mixture was stirred at TO" for 2 
hr. iifter cooling to  room temperature it was poured on 
ice, and extracted with four 20-1111. portions of chloroform. 
The combined extracts were washed free of acid with 1070 
sodium carbonate solution, and dried over magnesium sul- 
fate. Analysis by gas chromatography showed that  only 
partial acetylation had occurred. The chloroform 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 room temperature for 3 days and 
then was poured on ice and extracted with three 20-ml. por- 
tions of chloroform. The combined extracts were washed 
with 20y0 sulfuric acid, lOy0 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. 
d u  Pont  de Iiemours and Co., Wilmington. Del. 

(31) L. F. Ha tch  and S. S. Nesbitt,  J .  Am. Chem. SOC., 72, 727 
( 1950). 

(32) C. F. Hiskey, H. L. Slates and S. L. Wendler, J .  Ovg C h e m . ,  21, 
429 (1956). 

( 3 3 )  T h e  temperature rose to  SOo during the  addition. The  yield of 
the triacetate could probably be improved considerably by keeping 
the temperature between 30 and 40'. 

residuc gave 7.83 g. (37% yield) of impure dl-evythro-1,2,3- 
butanetriol triacetate. Kedistillation afforded a sample, 
b.p. 70" (0.2 nun.), n 2 5 ~  1.4273, which was containinatetl 
only by lmo of the fhreo isomer as shown by giLj chrom.itog- 
r,tphy . 

Synthesis of dl-threo-l,2,3-Butanetriol Triacetate.--To :i 
vigorously stirred mixture of 1.45 g. of trans-crotyl acetate 
(b .p .  130-131", n2'D 1.4149, containing 87' of the c is  iso- 
mer; see above), 38 ml. of glacial acetic acid, 0.36 1111. o f  
water and 5.36 g. of silver acetate was added finely ground 
iodine (3.24 9.)  over a period of 50 min. Stirring was con- 
tinued at room temperature for 1 hr., then at 95" for 5 hr. 
The cooled mixture mas filtered and the filter cake was 
washed with glacial acetic acid. The combined filtrate and 
washings were concentrated to ra.  6 1111. by distillation 
through a semi-micro cnluinn ( a t  35 inin. and a bath tem- 
perature of 55-60"). T o  the filtered residue were added 
15 g. of acetic anhydride and 30 ml. of pyridine. The rnix- 
ture 'ivas 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 20% 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.), n2% 1.4286, contain- 
ing 82yo of dl-fhreo-1,2,3-butanetriol triacetate and 1870 of 
the eiythro isomer. -1 sample further enriched (927') in the 
higher boiling threo isomer was obtained by fractionation 
using a short spinning band column. 

Anal.  Calcd. for ClOHI606: 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 307' of Viton A-HV on 
80-100 mesh Chromosorb W. It had n z 5 ~  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.-l, not found in the spectrum 
of the threo isomer. 
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Interest in the 2,2'-bipyrrole system has led t o  an examination of several methods of synthesizing this compound. One 
method, the condensation of 2-pyrrolidinone with pyrrole followed by dehydrogenation of the resulting pyrroline, 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- 
istry 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. Xaturally occurring compounds which 
contain the bipyrrole nucleus are prodigiosin (I) 
and related pigments*&,b and vitamin B12,3 the 

(1) Public Health Service Predoctoral Research Fellow of t h e  
Division of General Medical Sciences. 

( 2 )  (a) H .  Rapopot t  and K.  G.  Holden, J. A m .  Chem. SOC., 84, 
I335 (1962);  (b) H. H. Wasserman, J .  E. McKeon, L. Smith and P. 
Forgione, ibid., 82, 500 (1960). 

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

I 1 
H H 

I I1 
parent aromatic ring system of which is corrole 
(11). 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 b i p y r r ~ l e s . ~  As 

( 4 )  E . g . ,  H. Fischer and  A. Stackel, Z.  physiol. Chem., 268, 121 
(1939); J. L. A. Webb and R .  R.  Threlkeld, J .  Org.  Chein., 18, 1406 
(1953). 


