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Dihydroerythrono!idp (I) has been shown to be 3,5,6,9,11,12-hexahydroxy-2,4,6,8,10,12-hexamethylpentadecan-13-olide, a
novel compound exhibiting the biogenetic pattern of a “propionate” polymer. Certain features of the stereochemistry of I

are discussed.

In earlier papers? of this series the isolation of
dihydroerythronolide,?®® a degradation product of
erythromycin, was described. This product repre-
sents the aglycone portion of dihydroerythromycin
and was obtained from erythromycin by reduction
of the ketone function with sodium borohydride?
followed by removal of cladinose®< and desos-
amine.?® Evidence was presented that dihydro-
erythronolide, CuHgOs, 1s a hexahydroxylactone
with a conspicuously high C-methyl content (6 to
7); the presence of two a-glycol systems in the
molecule was demonstrated by titration with so-
dium metaperiodate.

In the present communication degradative stud-
ies are reported which show that dihydroeryth-
ronolide has the structure I.

Ozxidation with sodium metaperiodate was ap-
plied to I as well as to the corresponding penta-
decanoic acid (IT) which was obtained from I in
sttu by mild alkaline hydrolysis (Fig. 1.) Cleavage
of I* with two moles of oxidant afforded a sirupy
mixture of the ketoaldehyde (III, Cs-fragment)
and the aldehydoester (IV, C;O00C;-fragment).
Oxidation of the acid (II) with three moles of per-
iodate led to isolation of the individual Cg-fragment
and of two smaller products, propionaldehyde and
acetic acid. Because of their particular nature
these larger fragments (III and IV) could not be
purified by the usual techniques such as crystal-
lization and distillation. The mixture of III and
1V, as well as the Cy-fragment III individually, has
therefore been converted to a series of well charac-
terized, identified transformation products by
means of reductive, oxidative and alkaline reagents

(1) Part of the work presented in this paper has been reported
in a preliminary communication, Paul F. Wiley, Koert Gerzon, Edwin
H. Flynn, Max V. Sigal, Jr., U. Carol Quarck and Ollidene Weaver,
THIS JoURNAL, T7, 3677 (1955).

(2) (a) Edwin H. Flynn, Max V. Sigal, Jr., Paul F, Wiley and Koert
Gerzon, $bid., 76, 3121 (1954); (b) Max V., Sigal, Jr., Paul F. Wiley,
Koert Gerzon, Edwin H. Flynn, U. Carol Quarck and Ollidene Weaver,
ibid., T8, 388 (1956): (c) Paul F. Wiley and Ollidene Weaver, sbid.,
78, 808 (1956).

(8) Mild acid hydrolysis of dihydroerythromycin led to the isolation
of x-O-desosaminyl-dihydroerythronolide (see ref. 2b, formula V)
as the sole product. It is therefore concluded that the reduction step
which produces the new hydroxyl function proceeds in a stereospecific
manner. From information contained in this and previous papers
it can be inferred that this '‘unnatural’’ hydroxyl group is located at
C-9 (see footnote 6) in I; direct evidence in support of this inference
will be presented in a future publication dealing with the investigation
of erythromycylamine, the product of reductive amination of eryth-
romycin.

(4) The dihydroerythronolide employed in these studies usually con-
tained from 5 to 109 of dehydration product A.Z® This product,
CuHi0r, formed from I by the loss of one mole of water, was shown to
be unaffected by periodate reagent. Any lower molecular weight spe-
cies obtained with this reagent must, therefore, have originated from I.
Wherever necessary, results have been confirmed by using I purified
by chromatography.

(Figs. 2 and 3). It should be stressed that consid-
eration of these transformation products collec-
tively rather than individually furnishes proof for
structures IHI and IV.

Catalytic reduction of the mixture of III and
IV (Fig. 2) in the presence of small amounts of
ferrous chloride followed by mild alkaline hydrol-
ysis yielded three products, the liquid Cs-carbinol
V (Fig. 3), Cr-hydroxylactone A VI, and low-melt-
ing, crystalline Cs-diol VII. The procedure used
to isolate V, VI and VII as described in the Experi-
mental section coupled with the fact that they were
obtained in reasonable yields warrants the con-
clusion that these three products individually de-
rive from the corresponding Cs-, Cr- and Cs-
segments of I. These products (V, VI and VII)
thus constitute an adequate material balance for
this two-stage reaction and they account for all
twenty-one carbon atoms of I.

The Cs-carbinol V derived from the Ce-fragment
will be discussed in a later section. C;-Hydroxy-
lactone A VI is undoubtedly formed from the alde-
hydo-acid portion of IV by reduction of its alde-
hyde function and lactonization under the influ-
ence of catalytic amounts of hydrochloric acid de-
rived from the ferrous chloride present. Reduc-
tion of this optically active lactone VI with lithium
aluminum hydride gave a crystalline meso-2,4-
dimethylpentane-1,3,5-triol (VIII) identical with a
synthetic sample (Fig. 4) obtained by reduction of
a,a’-dimethyl-3-hydroxyglutaric acid (IX)® or the
corresponding O-acetyl anhydride.? This isola-
tion of a meso form of the triol VIII establishes a
cis relationship of the two C-methyl substituents
in the precursor lactone VI. Since C;-hydroxy-
lactone A VI contains the carboxyl group of I, it
must represent the first seven carbon atoms of I.
As a consequence, the ¢is relationship of the methyl
substituents in lactone A VI demonstrates the
identity of configurations of C-2 and C-4% bearing
these two methyl groups in the parent molecule I.
Conversion of the lactone VI to a hydrazide X
and regeneration of the lactone with dilute hydro-
chloric acid served as a purification of VI and
added valuable optical activity data for stereo-
chemical study.

Turning to the third reduction product VII, this
optically active C;-diol reacted with sodium meta-
periodate to give propionaldehyde which was iso-

(3) S. Reformatzki, Ber., 28, 3263 (1895).
(6) The numbering used in this discussion is indicated in the
schematic formula
14 13 12 11 10 9
CH;-—.——.——.J—OJ—OJ—O-—'— =0
| | 8 7 6 54 3 2 |
O
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lated as its 2,4-dinitrophenylhydrazone. Oxida- dices for the non-crystalline dl-erythro-pentane-2,3-

tion of VII with bromine gave pentane-2,3-dione
which was isolated as the 2,4-dinitrophenylosazone
XI identical with an authentic sample. These
observations define VII as a pentane-2,3-diol.
Lucas’ has reported the synthesis and refractive in-

(7) H. J. Lucas, M. J. Schlatter and R. C. Jones, THIS JOURNAL, 63,
22 (1941).

diol (%D 1.4431) as well as for the di-threo form
(n®p 1.4320). The observed refractive index of
VII in the liquid state (#%D 1.4402) together with
its isolation as a crystalline product strongly sug-
gests that VII represents one of the enantiomorphs
of the erythro form of this diol.

Oxidation of the mixture of III and IV with
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peroxytrifluoroacetic acid (Fig. 2) according to the
technique of Emmons and Lucas® followed by mild
alkaline treatment afforded two crystalline prod-
ucts, a new C;-hydroxylactone B XII (Fig. 3),
differing in physical properties from the stereoiso-
meric lactone A VI, and a meso-a,a’-dimethyl-g-
hydroxyglutaric acid (IX) identical with the syn-
thetic sample mentioned above. In view of the
oxidative nature of this two-stage ‘reaction these
products (XII and IX) must originate from the
Cs- and C;-fragments, respectively; in this reaction
the products derived from the Cj-fragment (i.e.,
propionaldehyde and acetic acid) were not sought,
but the odor of propionaldehyde was strongly in
evidence when the mixture was treated with alkali.
Hydrolysis of the presumed intermediate acylal
XIII would account for this observation. Dis-
cussion of Cr-hydroxylactone B XII will be de-
ferred until a later section dealing with the in-
dividual Ce-fragment.

Mild alkaline treatment of the mixture of 11T and
IV (Fig. 2) afforded the steam-volatile, carbonyl-
containing Cs-compound XIV which was isolated
as the corresponding 2,4-dinitrophenylosazone XI,
identical with the sample obtained earlier from the
Cs-diol VII. The distillate containing XIV did not
form a precipitate in the presence of a nickel salt
and hydroxylamine but did form such a precipitate
after oxidation with ferric chloride. These ob-
servations define XIV as an a-hydroxyketone which
must be pentan-3-ol-2-one (XIV) or the isomeric
pentan-2-ol-3-one. Survival of such an a-hydroxy-
ketone (XIV or its isomer) during periodate
cleavage of I coupled with its liberation by dilute
alkali establishes in IV the presence of the ester
function linking the C;-aldehydoacid through its
carboxyl function to the hydroxyl group of this
hydroxyketone. Also, because of concurrent for-
mation of the Cs-ketoaldehyde III in this cleavage
reaction, the aldehyde and ketone function of the
C:00Cs-ester IV cannot both originate from the
same o-glycol system in I. In other words,
the Cj-hydroxyketone (XIV or its isomer) isolated
here constitutes conclusive evidence that the lac-

(8) W.D.Emmons and G. B, Lucas, TH:18 Journar, 77, 2287 (1955).

tone function in dihydroerythronolide involves the
oxygen atom on C-13 adjacent to the C-12,11-a-
glycol system. The isolated Cs-hydroxyketone thus
becomes the key degradation product which furnishes
unequivocal proof of the multi(14)-membered nature
of the lactone ring.
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No effort was made to determine whether the
isolated Cs-hydroxyketone actually is XIV or its
isomer since a base-catalyzed ketone-alcohol inter-
change might have occurred in the course of its
isolation. As a consequence two possible structures
(A and B) can be written for the terminal six-

H OH OH H OH OH

| l I I | |
CH:—CHz—C‘I——C——C— CH;—C——C—C—

. l l

O C|:H3 | O C2H5
A ] B
carbon segment of I. A decision in favor of the
first structure (A) is readily made on the basis of
the isolation and identification of propionaldehyde
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(as its 2,4-dinitrophenylhydrazone) and of acetic
acid (as its p-bromophenacyl ester) from oxidation
of the pentadecanoic acid II with three moles of
sodium metaperiodate.®

When the Cj-hydroxyketone formed by mild
alkaline treatment of III and IV was removed by
extraction, a second steam-volatile carbonyl com-
pound was obtained which could be identified as
2-methyl-2-pentenal by means of its 2,4-dinitro-
phenylhydrazone. A two-step reaction involving
dehydration of the intermediate C;-aldehydoacid
followed by decarboxylation provides a rational

CH; CH;
} H
[0] | —H,0
IX <«— OCH—C|I——C|I——C—COOH ———
| —CO0Oq
H OH H
CH;

I

explanation for the formation of this unsaturated
aldehyde. A small amount of meso-a,a’-dimethyl-
B-hydroxyglutaric acid (IX) also was obtainable
from the alkaline distilland in the form of its
bis-(p-bromophenacyl) ester; the formation of IX
presumably entails air oxidation of the same Cj-
aldehydoacid. ,

The Cs-fragment III as obtained from periodate
cleavage of II is essentially free of the other deg-
radation products formed,® and this preparation,
therefore, was used to gain further evidence con-
cerning its structure (Fig. 3). The sirupy material
IIT gave a positive iodoform reaction indicating an
acetyl or a potential acetyl group. It formed a
bis-(2,4-dinitrophenylhydrazone) of the approxi-
mate composition CyHas_2N3Os_s demonstrating
the presence in III of two carbonyl functions;
formation of this hydrazone probably involves
elimination of the B-hydroxyl function. Treat-
ment of IIT with dilute sodium hydroxide gave a
steam-volatile carbonyl compound XV which
formed a black 2,4-dinitrophenylhydrazone of the
composition Cy;;H;¢N4Os, thus confirming the for-
mulation of III as a fragment containing nine car-
bon atoms. The ultraviolet spectrum of this latter
derivative had a maximum at 402 mgy, ¢ 75,800
consistent!! with an o,8-v,6-unsaturated 2,4-
dinitrophenylhydrazone. If XV has the postulated
structure of an acetyldimethylcyclopentadiene it
should be devoid of the asymmetry of III and,
therefore, more amenable to synthesis than IIT it-
self. Thus far the attempts to synthesize XV have
been unsuccessful.

Oxidation of III with peroxytrifluoroacetic
acid® yielded two mneutral crystalline products,
Cr-hydroxylactone B XII isolated previously and
its O-acetyl derivative XVI. Isolation of this
acetyl compound further confirms the 9-carbon

(9) This experiment was carried out with dihydroerythronolide
purified by chromatography. Titration of the acid II with sodium
metaperiodate revealed almost instantaneous uptake of three moles of
reagent followed by a slow uptake of one additional mole. It is be-
lieved that this fourth mole is utilized in a secondary oxidation reac-
tion involving the Cr-aldehydoacid.

(10) The Crfragment generated in this reaction could not be ob-
tained in a satisfactory state of purity; no characterizable derivatives
could be prepared.

(11) E. A, Braude and E. R. H, Jones, J. Chem. Soc., 498 (1945).
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nature of III and establishes the presence in III of a
methyl ketone!? and of an aldehyde function.!®
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Hydrazinolysis of O-acetyl-lactone B XVI gave the
Cr-hydrazide B XVII which upon treatment with
dilute hydrochloric acid regenerated lactone B
XII. The chemical and physical properties of
XII and XVII as reported in the Experimental
section are in agreement with the structures as
written.

The physical properties of lactone B XII and its
hydrazide XVTII, in accordance with their formula-
tion as diastereoisomers, differ from those of lac-
tone A VI and its hydrazide X. In thisrespect itis
of interest to note that stereochemical differences
between the lactones XII and VI apparently re-
sult in a small but definite difference in pK’,
values of the respective carboxyl functions in aque-
ous solution (4.53 for X1II, 4.25 for VI). It is fur-
ther noted that isolation of diastereoisomeric deg-
radation products, here the two lactones and their
respective transformation products, from different
parts of the same molecule is of rare if not novel
occurrence outside the fields of carbohydrate or
protein chemistry.

Reduction of lactone B XII with lithium alu-
minum hydride furnished the crystalline, optically
active Cr-triol XVIII. The chemical and physical
properties of XVIII in conjunction with those of
the precursor lactone XII indicate that this triol is
one of the enantiomorphic forms of 2,4-dimethyl-
pentane-1,3,5-triol. The observation was made
that the infrared spectrum of the optically active
Cy-triol in acetonitrile (and in chloroform) solution
was very similar but not identical with that of the
diastereoisomeric meso-triol VIII. Direct evi-
dence for the structure of the active triol XVIII
was found in the observed identity of its infrared

(12) Formation of the acetyl derivative X VI need not be seen as the
result of an intramolecular acyl migration. Lactonization of the
primary acidic reaction product releases acetic acid which then can
act as an acylating agent under influence of trifiuoroacetic acid or of
small amounts of trifluoroacetic anhydride. The existence of this
postulated primary reaction product is supported by the isolation of a
second, acidic fraction from peroxidation of IIT which could be con-
verted by either aqueous acid or base to the crystalline lactone B XII
or the corresponding hydrazide XVII.

(13) Peroxytrifluoroacetic acid has been found to convert enanthal-
dehyde to the corresponding carboxylic acid in good yield (see Experi-
mental section).
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spectrum with that of a synthetic racemic!* sample
of this triol XIX obtained by reduction of diethyl
a,a’-dimethyl-8-hydroxyglutarate®® (XX) with
lithium aluminum hydride (Fig. 4). The refrac-
tive indices of the active triol (XVIII, #%Dp 1.4756)
and of the racemic triol (XIX, #n%¥p 1.4752) in the
molten state are likewise in very close agreement,
while differing appreciably from the value of this
constant for the meso-triol (VIII, #%®Dp 1.4827).
Inasmuch as the X-ray powder pattern and the
melting point of the racemic triol XIX differ from
those of the active triol XVIII, XIX must be pres-
ent as a racernic compound.

Identification of the triol XVIII establishes the
structure of its precursor lactone XII and of its
acetyl derivative XVI. The structure of the latter
product in turn shows the Cy-fragment to be cor-
rectly represented by IIL.'® Considering this
structure (ITI) the reduction product CyH;5s0; men-
tioned previously is best formulated as the sub-
stituted tetrahydrofurfurylearbinol V. Analvtical
and physical data support this formulation as does
the fact that V does not give the iodoform test
given by the precursor III. The formation of V
probably involves hydrogenolysis of the inter-
mediate hemi-ketal,

HOCHZCH(CHa)(;HCH((;‘Ha)Csz:(OH)CHa

In dihydroerythronolide (I) the attachment of
the Co-segment to the C;OOC;-segment must of
necessity involve the two pairs of carbonyl carbons
arising from periodate oxidation. This attach-
ment is effected in the manner shown in I. It is
recognized, however, that inverse insertion of this
Cq-segment leading to an isomeric structure (Ia,

21 9 | i
CH;—o—0—o—e—0—0—0—o--0—COOH
| | 7 4 2

Ia

schematically) has not been ruled out by the deg-
radative studies reported here. Evidence ob-
tained in the course of such studies with erythro-

(14) Theoretically, it is not impossible that the synthetic sample
X1IX represents the second meso form of the triol, even though the
identity of its spectrum and that of the active triol XVIIT militates
against this possibility. This uncertainty can only be satisfactorily
solved by a resolution of the synthetic material. This uncertainty,
however, does in no way detract from the validity of the structural
arguments used here: the identity of the spectra of XVIII and X1X
establishes the gross structure of XVIII while the optical activity ob-
served for this degradation product defines its ecnantiomorphic nature.

(13) Since the infrared spectrum of the crystalline, synthetic triol
XIX and that of the distilled residue from the mother liquor were
found to be identical, it is concluded that the synthetic triol as well as
tlie di-ester XX from which it was obtained consist largely of one
(racemic) form with little if any of the respective meso species (VIII and
dietliyl ester of IX) present. It follows that saponification of the
racemic diester XX must involve epimerization to yield the meso form
[X of the glutaric acid.

(14) Tlie alternative structure fur the Cs-fragment which upon

CIH;
H o
| !
OCHC——C—-—CH.OH
I i !
cr, oo
COCTI,
treatmeut witl peroxytriluorsacetic acid could likewise produce the

acetyl derivative XVI can he ruled it because of its inaliility to
give rise ta an w878 unsaturated carbonyl system us found in the
postulated cyclopentudiene derivative XV,

mycin and erythralosamine!” substantiate structure
I. This structure strongly suggests a biogenetic
origin from three-carbon (propionate?) precursor
units in continual “head-to-center” linkage. The
alternate structure Ia would be irregular in the
sense that it alternates the ‘‘head-to-center’ ar-
rangement with a ‘‘head-to-head” and a ‘‘center-
to-center’’ linkage.

In summary, the identity as well as the mode of
formation of the divers degradation products de-
scribed here, when considered collectively, inevit-
ably leads to formulation of structure I for dihydro-
erythronolide. The identity of lactone ring size in
I with that in erythromycin, and the definite
placement in the latter of desosamine (at C-3 or
C-6), cladinose (at C-3, C-5, or C-6) and the ketonc
function (at C-9) remain. Evidence concerning
these points will be forthcoming shortly.

Stereochemistry.—A knowledge of the sterco-
chemistry of the various crystalline degradation
products (VI, VII, VIII, X, XII, XVII and XVIII)
obtained from I under non-racemizing conditions
permits certain tentative conclusions'® to be drawn
concerning the stereochemistry of dihydroerythron-
olide. Thus a tentative assignment can be made
of the configuration of some of the asymmetric car-
bon atoms, namely, C-2, C-3, C-4, C-&, C-9, C-10
and C-13. In formula I only these carbon atoms
(which have been marked with an asterisk) are in-
tended to portray an actual configuration® for
which there is some experimental support. The
configurations of the remaining asymmetric car-
bons (C-5, C-6, C-11 and C-12) have been repre-
sented on a more or less arbitrary basis. The per-
tinent data concerning optical rotation are suui-
marized in Table I. _

The optically inactive Cs:-triol VIII (Fig. 2), a
new example of a compound containing a pseudo-
asymmetric carbon, must represent one of the two
possible meso forms. No direct evidence is avail-
able to decide whether this triol has the xylo con-
figuration shown in VIII or the alternate riby
configuration (hydroxyl group inverted). How-
ever, in the C;-lactone A VI a trans relatiouship of
the B-hydroxyl group to the adjacent mcthyl
groups is suggested by its relative stability with
respect to dehydration in the course of acid and
base treatment or of distillation of this lactonc.

(17) Details of this work are to be reported in a forthcominy puls-
lication. Chromium trioxide oxidation of erythralosamine [see paper
1 in this series, 1'HIS JoUrNAL, T6, 3121 (1954) ] followed by acid treat-
ment has furnished a dilactone Ci13H;304 believed to represent tlic
first thirteen carbon atoms of I. Tlie newly formed, second carboxy
group in this dilactone is thonght to be derived from the ketone functiun
of C-9 in erythronolide. Insertion of the Cy-segment in the lactane
ring in the inverse manner gives a structural analog of Ia for erythrona
lide which cannot account for the furmation of a dilactone of this size.

(18) Further work here and by Dr. C. C. Price at the University of
Pennsylvania is in progress to obtain additional experimental support
for the configurations assigned. Dr. Price’s contribution toward
the interpretation of the stereochemiral data is gratefully acknowl-
edged.

(19) Witb the exception af the Ci-diol (VI1) and the Cs-fragment
in IV the formula used in Figs. 1-3 are drawn with the understanding
that tliey represent the correct stercochemical configuration only
after o rolation in the plaue of the paper of 90° clockwise for luctone B
(S and its hydreazide (XVID, cannterclockwise for I, 11, wnd the
reutaining named The
nsed thronglican ta that proposed iy Klyne, Chem
(1951,

neanenclature
Jtrr2

degradation prodncts here.

and Tad
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TasLE I?

Compound t, °C. [a]tp
Dihydroerythronolide I 27 + 9.5°
Cs-Lactone A VI 25 - 5.0
C;-Hydrazide A X 25 —42.0
Cy-Triol (meso) VIII 25 + 0.1
Cr-Diacid® IX 33 - 0.1
Cs-Lactone B XII 25 +56.1
Cr-Hydrazide B XVII 32 + 6.7
Cy-Triol (active) XVIII 25 —14.0
Cs-Diol VII 28 +20.0

@ The solvent for VII was water; for all other compounds
methanol was used. ° The meso character of the glutaric
acid IX is demonstrated by its reduction to the meso-triol
VIII: Formation of IX from I wia the acylal XIII does not
preclude the possibility of epimerization during the saponifi-
cation step. Isolation of IX from I, therefore, does not
constitute reliable stereochemical evidence.

This assignment is supported by the survival of the
hydroxyl function at C-3 in I in the course of its
formation from x-O-desosaminyldihydroerythron-
olide under acidic conditions.?® On the basis of
this conjecture!® the xylo configuration becomes the
favored one for lactone A VI as well as for the cor-
responding hydrazide X and the meso-triol VIII.
The optically active C;-triol must be the isomer
XVIII (Fig. 3) or its enantiomorph. Theoretically,
the isomer XVIII can be derived either from the
lyxo form of its precursor lactone B XII or from
the agrabo isomer (hydroxyl group inverted). A
tentative assignment in favor of the lyxo-configura-
tion XII can be arrived at on the basis of optical
rotations of lactones A and B, of the corresponding
hydrazides, and of the active Ci-triol, as follows
(Fig. 5). A rotational shift of —37° for the lac-
tone-hydrazide conversion in the A-series compares
favorably in sign as well as in magnitude with the
corresponding shift of —49° in the B-series. Con-
siderable information is available correlating opti-
cal rotational data and configuration of asymmetric
molecules. When applying some such correla-
tions® as the Hydrazide rule®® and also Marker’s
rule®® to the present group of compounds it can be
concluded that the a-carbon atoms in the two lac-
tones (and in the hydrazides) have identical con-
figuration and most likely belong to the L-series.!®
Furthermore, the difference in rotation between
lactones A and B amounts to about 61°, while the
difference between the hydrazides A and B is about
49° in the same direction. These differences ac-
companying the change in configuration between
the A- and the B-series must be caused by either an
inversion of the y-methyl substituent alone to give
the arabo isomer or of both the y-methyl and the
B-hydroxy substituents to give the lyxo configura-
tion portrayed in XII and XVII. The individual
contribution of the asymmetric center HOCH,CH-
(CHj3)— can be estimated to be about 7°, since two
such centers of the same configuration produce a
rotation of 14° in the active Cj-triol XVIII. An
inversion of configuration only at the vy-carbon of
lactone A or its hydrazide (giving rise to the cor-
responding arabo isomers) would therefore be pre-
dicted to produce a change in rotation of about
(20) (a) Levene, J. Biol. Chem., 23, 145 (1915); (b) R. . Marker,

Tris JourNar, 88, 976 (1936); (c¢) K. Freudenberg, '“Stercochenie,”’
Vol. 11, Denticke Verlag, leipzig, 1931, pp. 675 ff.
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Fig. 5

twice the value for this asymmetric center, namely,
about 14°. To account for the observed changes
of 61 and 49°, respectively, it is evident that an in-
version must have occurred both at the methyl
substituted vy-carbon and at the hydroxyl sub-
stituted B-carbon. We therefore propose that the
lactone A VI represents the L(?)-xyle and, conse-
quently, lactone B XII the vL(?)-lyxo isomer of 3-
5-dihydroxy-2,4-dimethylvaleric  acid-5-lactone.?!

(21) The use of the L-designation in conjunction with the prefixes
xylo and lyxo- leads to ambiguity. When using these prefixes in the
field of sugar chemistry the assignment of a compound to the L- or D-
series is traditionally based on the configuration of the penultimate
carbon. On the other hand, when discussing a-substituted fatty acids
the assignment of a particular isomer to tbe L- or D-series is usually
based on the configuration of the a-carbon. The latter convention ap-
pears to be the more informative and convenient one for use with the
present series of compounds.

The nomenclature used for this lactone is consistent with that em-
ployed by Chemical Abstracts. According to this nomenclature the
correct expression for dihydroerythronolide would be 3,5,6,9,11,12,13-
heptahydroxy-2,4,6,8,10,12-hexamethylpentadecanoic acid-13-lactone;
the expression used for I in the present paper (see Abstract) utilizes
the suffix ~olide and brings out more clearly the relation to the trivial
name dihydroerythronolide. Also this name, hexahydroxyhexamethyl-
pentadecan-13-olide, correctly conveys the fact that I is a hkexahy-
droxy-substituted lactone and therefore appears to be the preferred
name for the purpose of this discussion,

NoTe ADDED IN PrRoor.—In more recent studies, (4 )-2r-methyl-
butyric acid, obtained by oxidation of (—)-2L-methylbutanol (“‘active
amyl alcohol’') was converted with diazomethane to the corresponding
methyl ester (a¥p 4 19.8°% ¢, 1 in methanol) which upon treatment
with hydrazine gave the crystalline (+4)-2L-methylbutyric acid hy-
drazide (a®p —+38.0°; ¢, 2 in methanol). As the L-configuration
of the acid has been established unequivocally (see W. Klyne, ' Prog-
ress in Stereochemistry,’” Academic Press, Inc.. London, 1934, p.
188), it follows that the change of rotation between ester and hydrazide
—'""Hydrazide Shift'"’'—is positive (4 18.2°) for a 2L-methyl substituted
acid. On the basis of this observation it would appear that the D-
configuration should be assigned to the xylo- and lyxo- lactones VI and
XII (negative hydrazide shift), instead of the tentative L(?)-assign-
ment made previously. A definite assignment will be made at a later
date on the basis of experimental work in progress (see footnote 18).
Tbe help of Dr. C. Djerassi who supplied the optically active wmethyl-
utyric acid is gratefully acknowledged.
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Continuing the above line of reasoning it follows
that the active Cr-triol must be the L-enantiomorph
XVIII. Judging by some of the correlations of
configuration and rotation mentioned earlier?®b.c
this L-designation appears to be compatible with the
levorotation observed for this triol.

In transposing the information gathered for lac-
tones A and B (Fig. 6) to the stereochemistry of I,
the following conclusions can be reached. Three
of the methyl-bearing carbon atoms, C-2, C-4 and
C-8 have the same L-configuration, while a fourth,
C-10, has the opposite, that is D-configuration.
The two hydroxyl-bearing carbon atoms C-3 and
C-9 must have the same, namely, the p-configura-
tion. It is recognized, however, that this D-as-
signment, but not the identity, of configuration de-
pends on the correctness of the assumed xylo
configuration for lactone A (VI).

The formulation of the Cs-diol VII as an enantio-
worph of erythro-pentane-2,3-diol implies a stereo-
specific reduction of the ketone carbonyl in the ester
IV producing a new secondary hydroxyl function
at C-2 (Fig. 2), the configuration of which bears no
known relationship to the original configuration at
C-12in I. On the other hand, an inspection of the
mode of formation of this diol VII from I via
the ester IV shows the configuration of C-3 to be the
original configuration at C-18 in I. On the basis
of published evidence®¢ correlating the sign of op-
tical rotation and configuration of asymmetric
secondary alcohols, the bp-configuration can be
tentatively assigned to C-3 in this dextrorotatory
diol VII and thence to C-13 bearing the lactone
ring in I (Fig. 6).

The carbon-atom pairs C-5,6 and C-11,12 repre-
sent the two secondary-tertiary a-glycol systems
in I, and the stereochemistry of these four remain-
ing asymmetric centers has thus far been inac-

0
o |
b I
, 4_ ‘
i I11,—CI1 i
ClIz~-*CII Clis ? 1
HHC—OIl
1IC*—OII ]
_—
Cll—*CH CH—CII
| CHy——O
HC{I-«OII _ : VI
CI13—C—OH CHy——-0
&g T cin—cn
Ci—eCrr }I$“~OII
11?*--"0” [1C—-CI1,
11|c*—c11a ﬁ .
HO—CH 0 X1
et I C]:Hs
HO—C—CH
| ’ HC—OH
HC*—— 0
| HC|I*—OH
CH
2 C‘:HZ
CH I, +9°
! +0 CI,  VII, +20°

Fig, 6.

cessible. Arbitrarily, these two pairs of carbon
atoms have been given opposite configurations as
drawn in I. In so doing the molecule as a whole
increasingly acquires the nature of a meso compound
in accord with the observed low optical rotatory
value (oD 9.5°) of 1.

In summary, structure I (Fig. 6) represents the
stereochemical configuration of those seven carbon
atoms (marked with asterisk) for which evidence
has been acquired. In terms of the nomenclature
recently proposed by Klyne,?® dihydroerythrono-
lide as portrayed in I can be designated as 3p,5?,-
67,9p,117,12? - hexahydroxy - 2r,4L,67,81.,10D,12?-
hexamethylpentadecan-13p-olide.?? Future work
is planned!® to obtain further evidence in support
of the configuration assigned and to develop routes
to those configurations thus far inaccessible.

Biogenetic Aspects.—The conspicuous regularity
of seven recurring three-carbon units strongly re
calls earlier suggestions concerning a possible par-
ticipation of propionic acid or its biogenetic equiva-
lents in the formation of certain long chain aliphatic
compounds with branched methyvl groups.?* Per-
tinent examples of such compounds are two acids
from tubercle bacilli, tuberculostearic acid,?* CH;-
(CH,);CH(CH;)CH,(CH,);COOH, and myco-
ceranic acid,® CH3(CH,);;CH(CH;)CH.CH(CHj;)-
CH,CH(CH;)COOH. However, where isolated
branched methyl groups are concerned as in tuher-
culostearic acid, there appears to be no compelling
reason to preclude the participation of other proxi-
mal precursors, for example of 8,8-dimethylacrylic
acid.® A genuine propionate pattern becomes dis-
cernible in mycoceranic acid and now emerges in
dihydroerythronolide with complete regularity,
This compound is thus the first long-chain aliphatic
structure? known to obey fully this three-carbon
regularity for which we have proposed the name
Propionate rule.”® Reported evidence concerning
certain related antibiotics of the Erythromycin
family, narbomycin,? methymycin,® picromycin®

(22) For the purpose of clarity it appears advisable when applying
Klyne's nomenclature to tetrasubstituted carbon atoms (here C-f
and C-12) to name each individual substituent with its proper desig-
nation even though this represents an obvious repetition. Also for the
purpose of expressing the various stereochemiical interrelationships
more clearly 1 has been represented here using the straight-chain formu-
lation instead of the seven-pointed star formula used previously (see
13. A. Braude, Nature, 176, 761 (1955), and footnote 28).

(13) (a) R. Robinson, '“The Structural Relations of Natural Prod-
nets,” Oxford, Clarendon Press, 1935, p. 7; (b) R. B. Woodward,
Angew, Chem., 68, 19 (1954).

(24) M. A. Spielman, J. Biol. Chem,, 106, 87 (1934); F. S. Praut,
J. Cason and A. W. Ingersoll, THis JoUrNaL, TO, 208 (1948).

(25) G. S. Marks and N. Polgar, J. Chem. Soc., 3851 (1957).

(26) J. Bonner and B. Arreguin, Apch. Biochem., 21, 109 (1919);
31, 234 (1951). This acid would appear to be a likely precursor for
naturally occurring iso-fatty acids (R. P, Hansen, F. B. Shorland and
N. June Cooke, Biochem. J., 68, 358 (1954)).

(27) A noteworthy example of a six-carbon compound adhering ta
the propionate pattern is (—)-3-hydroxy-2-methylpentanoic acid iso-
lated from Mycobactin, a growth factor for M. joknei; see G. A.
Snow, J. Chem. Soc., 4080 (1954).

(28) Paper by K. G. at the XIVth International Congress of Pure
and Applied Chemistry at Zurich, July 23, 1955; see also ref. 23a.

(29) R. Corbaz, L. Ettlinger, E. Gaumann, W. Keller, P. Kradolfer
E. Kyburz, L. Neipp, V. Prelog, R. Reusser and H. Zahner, Hely.
Chim. Acta, 88, 935 (1955); also personal communication by V.
Prelog to K. G.

(30) Carl Djerassi, A. Bowers, R. Hodges and B. Riniker, THis

JournaL, T8, 1733 (1956).
(31) H. Brockmann and R. Oster, Naturwiss., 42, 155 (1955).
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and perhaps others, reveals that the structures of
their aglycones adhere partially if not fully to this
same rule. It is felt that at least within this
group of products of microbiological origin the
Propionate rule offers a valuable tool in structure
prediction much as does the widely applicable iso-
prene rule®? in the terpene field. Fermentation
studies in these laboratories using labeled pro-
pionic acid are aimed at the experimental verifica-
tion of its role as a precursor in the biosynthesis of
erythronolide.

As has been shown, the propitious arrangement of
oxygen functions in I at C-11, C-12 and C-13 has
made possible the unequivocal proof of the macro-
cyclic nature of I. Although isolation of simpler
macrocyclic lactones such as pentadecan-15-olide®
and ambrettolide?® from plant sources has been
reported, the highly substituted dihydroerythron-
olide appears to represent the first well established
example of such a lactone of microbiological origin.
Little if any information is available concerning
biogenesis of large membered lactones. It has
been proposed® that macrocyclic ketones be
formed by a Dieckmann-type condensation of «,w-
dicarboxylic fatty acids with loss of carbon dioxide.
It is conceivable that oxygenation of such odd-
membered ketones by peroxides could produce
even-membered lactones such as pentadecan-15-
olide.® An examination of the structure of I tends
to show that the biosynthesis of this compound fol-
lows a different pathway. The hypothetical inter-
mediate

13
CH;CH:COCH(CH;) CO: - v v vvvvvens CH(CH;)COOH

f

does not cyclize in the Dieckmann manner by
utilizing either of the activated carbon atoms C-12
or C-14. Instead, ring closure to form the 14-
membered lactone is apparently effected between
the terminal carboxyl group and the oxygen func-
tion at C-13 representing the carboxyl group of the
first propionate unit,

Acknowledgment.—The authors are grateful to
Miss Ollidene Weaver for valuable technical as-
sistance; to Messrs. W. L. Brown, H. L. Hunter,
G. M. Maciak and Miss Gloria Beckmann for
microanalyses; to Dr. H. Boaz for helpful dis-
cussions of the physicochemical data, and to Mrs,
Helen Arndt, Miss Martha L. Hofmann, Messrs.
J. W. Forbes, D. O. Woolf, Jr., and Paul W. Landis
for the absorption spectra and titrations; to Dr.
H. Rose and Miss Ann Van Camp for X-ray data.
The authors should like to acknowledge the benefit
of stimulating discussions with their associates and
the senior members of these laboratories.

(32) Wallach, Ann., 288, 78; 289, 49 (1887); Ruzicka, "'"Uber
Konstitution und Zusammenhédnge in der Sesquiterpenreihe,’’ 1928,

(33) M. Kerschbaum, Ber., 60, 902 (1927),

(34) R. Robinson, Nature, 168, 815 (1946).

(35) An analogous conversion of ring-D ketones in some steroids
to the corresponding lactones by certain molds has been reported re-
cently; seeJ. Fried, R. W, Thoma and A, Klingsberg, THIS JoDRNAL,
78, 5764 (1953); M. F. Murray, B. A, Johnson, R. L. Pederson and
A. C. Ott, sbsd., T8, 981 (1956).
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Experimental®

Cy-Fragment III and C,00C;-Fragment IV from I.—Di-
hydroerythronolide (15.75 g., 37.5 mM.) was dissolved in
375 ml. of methanol and to this solution was added 375 ml.
of water and 750 ml. of a 0.1 M sodium metaperiodate solu-
tion. The reaction mixture was allowed to stand at room
temperature for 22 hours; at this time a sample of the mix-
ture still gave a positive test for periodate ion. The metha-
nol was removed at room temperature under reduced pres-
sure, and the aqueous solution was allowed to stand at 0°
for 24 hours. A small amount of sodium iodate which had
precipitated was filtered off, and the filtrate was extracted
with five 150-ml. portions of chloroform. The combined
chloroform extracts were washed with 35 ml. of a saturated
sodium chloride solution and dried over magnesium sulfate.
The chloroform solution was concentrated under reduced
pressure, leaving the mixture of III and IV as a sirupy resi-
due weighing 12.2 g. The infrared spectrum showed hydroxyl
absorption at 2.9 u, aldehyde absorption at 3.6 u, and intense
carbonyl absorption between 5.7 and 5.9 u. The ultraviolet
spectrum contained an absorption maximum at 278 mu (e
about 100 based on I).

Cy-Carbinol V, C;-Hydroxylactone A VI and C;-Diol VII
by Catalytic Reduction of III -+ IV.—The above mixture
of III and IV (12.2 g.) was dissolved in 80 ml. of methanol,
and this solution was added to a suspension of 2 g. of plati-
num oxide in ethanol which had been reduced with hydro-
gen in the presence of 6 ml. of a 209, aqueous ferrous chlo-
ride solution. The mixture was then subjected to reduc-
tion with hydrogen in an Adams apparatus until all carbonyl
absorption in the ultraviolet had disappeared (4 days). The
ethanolic solution was concentrated to small volume under
reduced pressure at room temperature, and the residue was
taken up in 400 ml. of chloroform. The chloroform solu-
tion was washed with two 5-ml. portions of a saturated so-
dium bicarbonate solution and with two 5-ml. portions of a
saturated sodium chloride solution. The chloroform
solution was then filtered with the aid of charcoal and
dried over magnesium sulfate. The chloroform was re-
moved at room temperature under reduced pressure, leaving
9 g. of a viscous oily residue, consisting of V, VI, VII and
presumably tetrahydro-IV. The residue was diluted with 3
ml. of ether and 3 ml. of petroleum ether,¥ and the solution
was allowed to stand for 2 days at 0°. The crystalline prod-
uct was filtered with suction and freed from adhering oily
impurities by drying between filter paper. The yield of ma-
terial (VI), melting at 85-88°, amounted to 1.0 g. Recrys-
tallization from a mixture of ether and petroleum ether
raised the melting point to 87-88°.

The X-ray diffraction pattern as well as the infrared spec-
trum of this material was identical to those of the analyti-
cally pure material described below under ‘‘Conversion of
Cr-Hydrazide A X to Cy-Lactone A VI.”’

The filtrate of the crystallization of VI was concentrated
to small volume and the oily residue (7.5 g.) was dissolved in
75 ml. of methanol. Saponification was effected by stirring
this solution with 15 ml. of 1 N sodium hydroxide solution
in a closed vessel for 16 hours. The methanol was removed
under reduced pressure, and the remaining aqueous alkaline
solution was extracted with five 25-ml. portions of chloroform
to extract thereduced Cy-fragment V. The combined chloro-
form extracts were washed with 3 ml. of water, the water
wash being added to the alkaline solution. The chloroform
solution was then shaken thoroughly with 2.5 ml. of a 209,
sodium metaperiodate solution to cleave any diol VII pres-
ent. A faint aldehyde smell was noticeable; the aqueous
layer still gave a positive test for periodate ion. The chloro-
form solution was washed first with 5 ml. of a saturated so-
dium chloride solution, then shaken thoroughly with two 2.5-
ml. portions of a saturated sodium bisulfite solution, and
finally washed with 5 ml. of a saturated sodium carbonate
solution and dried over magnesium sulfate. The residue (1.8
g.) remaining after removal of the chloroform was distilled
under reduced pressure in the presence of a small amount
of anhydrous potassium carbonate.

(38) Melting polnts were determined on a Kofler micro melting
polat apparatus. Infrared spectra were obtained with a Beckman
IR-2T spectrophotometer or a Baird double-beam recording spectro-
photometer. Ultraviolet measurements were made with a Cary
recording spectrophotometer,

(87) Throughout the Experimental section the petroleum ether
fraction used was Skellysolve B,



6-10-4

The colorless product V (#%p 1.4519, b.p. 87-88° at 5
mun.), did not give an iodoform reaction and did not decol-
orize bromine in carbon tetrachloride. The infrared absorp-
tion spectrum showed a symmetrical hydroxyl absorption
band at 2.85 u; the ultraviolet spectrum was transparent be-
tween 220 and 400 mg.

Anal. Caled. for C;Hj50;: C, 68.31; H, 11.47; C-CH;
(3), 28.5; mol. wt., 158. Found: C, 68.15; H, 11.39; C-
CHls,)23.8; mol. wt., 176 (ebull.); [a] %D +15°(c 1, in meth-
anol).

By titration of an aliquot with sodium metaperiodate, the
above alkaline solution was found to contain 13 millimoles of
reactive material (C;-diol VII). The alkaline solution was
extracted continuously with ether for a period of 72 hours,
the ether extract was washed once with 5 ml. of a saturated
sodium chloride solution and dried over anhydrous potas-
sium carbonate. The residue (0.95 g.) after removal of the
ether was distilled under reduced pressure to give a colorless
product VII, b.p. 38° at 0.05 mm., #®p 1.4402, which
crystallized upon cooling at 0° (X-ray diffraction pattern)
but melted again upon being warmed to room temperature
(25°). The reported’ boiling point for the liquid erythro-
racemate of 2,3-pentanediol is 89° at 10 mm., »®D 1.4431.

Anal. Caled. for C;H);0,: C, 57.69; H, 11.54. Found:
C, 57.74; H, 11.78; [a]®Dp 4+20° (¢ 1, in water).

The remaining aqueous solution containing the sodium
salt of lactone A VI was acidified by the addition of cold
209% hydrochloric acid solution to pH 1.0 and allowed to
stand with 40 ml. of chloroform for 3 hours. The layers
were separated and the acidic layer was extracted with six
40-ml. portions of chloroform. The combined chloroform
extracts were washed with 5 ml. of a saturated sodium
bicarbonate solution and dried over magnesium sulfate.
Removal of chloroform under reduced pressure left a
crystalline residue. The product was recrystallized from a
mixture of chloroform and petroleum ether, yielding 0.75 g.
of lactone A VI identical (X-ray diffraction pattern, infrared
spectrum) with the earlier sample isolated directly from the
reduction mixture of III and IV.

In a second series of experiments designed to obtain
maximum yields, the total amount of crystalline A VI ob-
tained from 15.75 g. of I amounted to 1.87 g. (41% of
theory); the yield of crude Cy-carbinol V was 1.5 g. (24%)
and of distilled product was 1 g. (16%); the total yield of
diol VII as deterinined by titration with sodium meta-
periodate was found to be 0.016 mole (419%). In view of
the presence of about 10% of dehydration product A in the
sample of I used here, these yields must be augmented
accordingly,

C;-Hydrazide A X from C;-Hydroxylactone A VI.—
Lactone A (500 mg.) was dissolved in 1 ml. of absolute
methanol. This solution was heated with six drops of
anhydrous hydrazine in a closed vessel at 90° for 18 hours.
The solvent and excess hydrazine were removed under
reduced pressure, and the solid residue was crystallized
from a mixture of ethanol and ether to give a nearly quanti-
tative yield of crystalline product, m.p. 139-141°. Re-
crystallization from the same solvent mixture raised the
melting point to 140-141°.

Anal. Caled. for C/HigNzOs:
15.91. Found: C, 47.96; H, 9.20; N,
—42° (¢ 0.55, in methanol).

Reconversion of C;-Hydrazide A X to Lactone A VI.—
Hydrazide A (230 mg.) was dissolved in 20 ml. of 1NV
hvdrochloric acid, and the acidic solution was stirred with
30 ml. of chloroform at room temperature for 18 hours.
The layers were separated, and the aqueous layer was
extracted with three 25-ml. portions of chloroform. The
combined chloroform extracts were washed first with 10 ml.
of a saturated sodium chloride solution, with 10 ml. of a
saturated sodium bicarbonate solution, and finally with 10
ml. of a saturated sodium chloride solution. The chloroform
solution was dried over magnesium sulfate, and the chloro-
form was removed under reduced pressure to give a residue
which readily crystallized upon the addition of a few drops
of petroleum ether. Recrystallization from a mixture of
chloroform and petroleum ether afforded pure lactone A
melting at 88-88.5° with prior sublimation. The product
could be distilled without decomposition at 0.05 mm. at a
bath temperature of 90°.

The infrared spectrum showed hydroxyl absorption at 2.9
u and lactone absorption at 5.82 u. The ultraviolet spec-

C, 47.73; H, 9.09; N,
16.13; [a]®D
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trum was transparent between 220 and 400 mg. Saponi-
fication followed by titration in water revealed a pK's
of 43.25 with an apparent molecular weight of 144 (caled.
144).

Anal. Caled. for C7H1203: C, 5833, H, 833, C—CH:;
(2), 20.9. Found: C, 38.27; H, 8.27; C-CH,; 19.9;
[«]?D —3° (¢ 2, in methanol).

meso-2,4-Dimethylpentane-1,3,5-triol (VIII) by Reduction
of Lactone A VI.—Lactone A (400 mg.) was dissolved in
50 ml. of anhydrous ether and this solution was added
dropwise to a stirred suspension of 1.14 g. of lithium alumi-
num hydride in 200 ml. of anhydrous ether. The mixture
was heated under reflux for one hour after which time excess
lithium aluminum hydride was decomposed by addition of
1.2 ml. of water, 0.9 ml. of a 209, sodium hydroxide solution
and finally 4.2 ml. of water. The solids were filtered off
and washed with three 25-ml. portions of anhydrous ether.
The combined ether layers were washed with 5 ml. of a
saturated sodium chloride solution, dried over magnesium
sulfate and concentrated under reduced pressure. The
viscous residue crystallized on standing at 0° vielding 350
mg. (85%) of triol melting at 78-80°. The optical rotation
of this triol was zero within experimental error; [a]*%D
—0.1° (¢ 2, in methanol).

Methylethylglyoxal 2,4-Dinitrophenylosazone (XI) by
Oxidation of C;-Diol VII.—A solution of 50 mg. of 2,3-
pentanediol (VII) ir 15 ml. of water was added to 80 ml.
of water containing 160 mg. of partially dissolved bromine.
The reaction mixture was allowed to stand in sunlight for a
total of 56 hours during which time the brown color of the
solution gradually disappeared. The pale yellow solution
was added to 200 ml. of a solution of 2,4-dinitrophenyl-
hydrazine containing 200 mg. of the reagent and 60 ml. of
6 N hydrochloric acid. The precipitate that formed was
filtered off, digested with hot ethanol for 15 minutes, fil-
tered and dried. The product, m.p. 180-182° with prior
sublimation, wasidentified as the 2,4-dinitrophenylosazone of
methylethylglyoxal by a comparison of its X-ray diffraction
pattern with that of an authentic sample of this derivative:
a mixed melting point was undepressed.

C;-a-Hydroxyketone XIV and the Corresponding 2,4-
Dinitrophenylosazone XI by Mild Alkaline Hydrolysis of
IIT + IV.—The mixture of I1I and IV obtained as described
above from 660 mg. of dihvdroerythronolide (I) was sus-
pended in 150 ml. of 0.013 & aqueous sodium hydroxide and
steam distilled at constant volume; 200 ml. of distillate was
collected.

A 25-ml. aliquot of the above distillate was treated with
2 ml. of a 209, aqueous solution of hydroxylamine hydro-
chloride, 5 ml. of a 209, aqueous solution of sodium acetate
and 2 ml. of a 10% aqueous solution of nickel chloride.
On standing there was no evidence of the formation of a
nickel glyoxime precipitate.

A second 25-ml. aliquot of the above distillate was treated
with 15 ml. of a 109, aqueous ferric chloride solution. The
mixture was distilled and 12 ml. of distillate was collected.
This distillate was treated with 2 ml. of a 209, aqueous
solution of hydroxylamine hydrochloride, 5 ml. of a 20%
aqueous solution of sodium acetate and 2 ml. of a 10%
aqueous solution of nickel chloride. On standing a
brownish-red precipitate was formed, characteristic of a
nickel glyoxime complex.®

The remaining 150 ml. of the above distillate was treated
with 0.45 g. of 2,4-dinitrophenylhydrazine, 90 ml. of con-
centrated hydrochloric acid and 225 ml. of water. After
several hours the initial precipitate was removed by filtra-
tion and an additional 0.38 g. of 2,4-dinitrophenylhydrazine
and 75 ml. of concentrated hydrochloric acid were added to
the filtrate. The solution was allowed to stand at room
temperature for 2 weeks. The precipitate which formed
weighed 240 mg. and after recrystallization from a mixture
of pyridine and methanol melted at 275-277°.1

Anal. Caled. for C7H,eNs0s: C, 44.35; H, 3.50; N,
24.34. Found: C, 44.00; H, 3.41; N, 23.72.

The X-ray diffraction pattern of this product (XI)
was identical with that of an authentic sample of the 2,4-
dinitrophenylosazone of 2,3-pentanedione.??

meso-a,e’-Dimethyl-g-hydroxyglutaric Acid (IX) and 2-
Methyl-2-pentenal by Mild Alkaline Treatment of III +

(38) C. B. Van Niel, Biochem. Z., 187, 472 (1927).
(39) Obtained from Forest Products Chemical Co,
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IV.—The mixture of III and IV obtained as described above
from 2 g. of I was dissolved in 100 ml. of 509 aqueous
methanol and 48.0 ml. of 0.1 NV aqueous sodium hydroxide
was added. The alkaline solution was allowed to stand at
room temperature for one hour and then adjusted to pH
8.0 with 0.1 IV aqueous hydrochloric acid (3.9 ml. of acid
was required; the base consumed equalled 88.5% of theory
for one carboxyl group). The methanol was removed under
reduced pressure, and the aqueous solution was extracted
with four 50-ml. portions of chloroform to remove neutral
products (III and XIV).

The aqueous solution was then steam distilled at constant
volume. The first 100 ml. of distillate was treated with 350
ml. of Brady reagent, and a precipitate was obtained which
weighed 400 mg. After two crystallizations from ethanol
this product melted at 161~163.5°, and its X-ray diffraction
pattern was identical with that of an authentic sample of
the 2,4-dinitrophenylhydrazone of 2-methylpentenal.

The aqueous residue from the steam distillation had a pH
of 10.3. The solution was adjusted to pH 8.0 with 0.1 N
hydrochloric acid (11.8 ml. was required) and again sub-
jected to steam distillation. An additional 300 ml. of dis-
tillate was collected and 13.3 ml. of 0.1 N hydrochloric acid
solution was required to re-adjust the aqueous residue to
pH 8. The solution was then evaporated to dryness on the
steam-bath, the residue was dissolved in 5.0 ml. of water,
and the pH was adjusted to 7.2. To this solution 10.0 ml.
of ethanol and 0.50 g. of p-bromophenacyl bromide were
added and the mixture refluxed for 3 hours. On cooling.
an insoluble product formed. This material was digested
with hot petroleum ether, and the insoluble portion crys-
tallized from ethanol. The crystalline bis-ester of IX
thus obtained melted at 138-141°.

The X-ray diffraction pattern and the melting point of this
product were identical with the corresponding properties
of an authentic sample of the bis-(p-bromophenacyl) ester
of a,a’-dimethyl-8-hydroxyglutaric acid (see below); a
mixed melting point was undepressed.

C;-Hydroxylacetone B XII and «,«’-Dimethyl-g-hydroxy-
glutaric Acid (IX) by Peroxidation of III + IV.—The
reaction with peroxytrifiuoroacetic acid was carried out
according to the procedure of Emmons® for the oxidation of
ketones to esters. Trifluoroacetic anhydride (38 ml., 0.27
mole) was added dropwise with stirring to a solution of 8.5
g. of 90% hydrogen peroxide in 40 ml. of methylene chlo-
ride. The temperature of the mixture was maintained
between 5 and 9° during the addition and afterwards. The
solution of the oxidizing agent was then added dropwise
to a stirred suspension of 170 g. of anhyvdrous disodium
hydrogen phosphate in a solution of 13.5 g. (about 35 mM.)
of IIT 4 IV (prepared from 15.75 g. of I) in 400 ml. of
methylene chloride. During the addition the solution
boiled gently. After the addition was complete, the mix-
ture was heated under reflux for one hour and allowed to
stand at room temperature overnight without stirring.
The insoluble salts were filtered off and washed with three
100-ml. portions of methylene chloride. The combined
methylene chloride solutions were extracted with two 20-ml.
portions of a 109 sodium carbonate solution and then with
30 ml. of a saturated sodium chloride solution. The solu-
tion was dried over magnesium sulfate and concentrated
to small volume. A small amount of crystalline material
was filtered off with the aid of 10 ml. of a mixture of ether
and petroleum ether. This crystalline material, m.p.
210-215°, probably consisted of oxidation products of
dehydration product A and was therefore not further in-
vestigated. The residue (3.4 g.), obtained from the filtrate
after removal of the solvents under reduced pressure, was
dissolved in 100 ml. of 509, aqueous methanol. and the
pH of the solution was adjusted to 12 with 5 N aqueous
sodinm hydroxide. The solution was allowed to stand for
18 hours at room temperature and was then extracted with
five 15-ml. portions of chloroform to remove neutral,
colored impurities. The pH of the solution was adjusted to
1.5 with a 10% hydrochloric acid solution. The solution
was allowed to stand for 6 hours and then extracted with
five 30-ml. portions of chloroform. The combined chloro-
form solutions were washed with 5 ml. of a saturated sodium
chloride solution, dried over magnesium sulfate, and the
solvents removed under reduced pressure. The oily residue
was allowed to stand at 0° for 18 hours in the presence of
10 ml. of ether and 5 ml. of petroleum ether. A small
amount of crystalline material was obtained and identified
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as Cr-hydroxylactone B XII by comparison of the X-ray
diffraction pattern with the sample of XII prepared from
III as described below.

The insoluble salts filtered off from the reaction mixture
were dissolved in 500 ml. of water, and the pH of the solution
was adjusted to 12 by the addition of 2 N sodium hydroxide
solution. Hydrolysis (of the acylal IV) was taking place
as evidenced by a strong odor of propionaldehyde and a
drifting toward lower pH. The pH was maintained at 11.5
for 24 hours by the occasional addition of the required
amount of 2 N sodium hydroxide solution. The basic
solution was extracted with three 50-ml. portions of chloro-
form and then adjusted to pH 2 by the addition of a cold
209% hydrochloric acid solution. The acidic components
were extracted with five 75-ml. portions of ether. The
aqueous solution was then saturated with sodium chloride
and extracted with ether in the same manner. The com-
bined ether extracts were washed with 25 ml. of a saturated
sodium. chloride solution, dried over magnesium sulfate
and concentrated to small volume under reduced pressure.
The crystalline product (IX, 1.22 g.) obtained was re-
crystallized from ether. Titration revealed two acidic
groups with pK’, values of 3.9 and 5.3, respectively, and an
apparent molecular weight of 179 (caled. for C;H;205, 176).
The acid IX was optically inactive; [a]®p —0.1°. The
identity of this acid with an authentic sample of a,a’-
dimethyl-g-hydroxyglutaric acid (see below) was established
by a comparison of the X-ray diffraction patterns and the
infrared spectra.

The bis-(p-bromophenacyl) ester prepared from the acid
was found to be identical with the corresponding ester of the
synthetic acid; X-ray diffraction patterns and infrared
spectra were identical, and the mixed melting point (136°)
was not depressed.

Anal. Caled. for CyHzO7Br: C, 48.44; H, 3.89; Br,
28.03. Found: C, 48.23; H, 4.08; Br, 28.23.

A further amount of 400 mg. of acid IX was isolated fromn
the basic washes of the original methylene chloride reaction
solution by acidification and extraction with ether. The
total yield of acid IX amounted to 1.6 g. (249, based on I).

Periodate Titration of II.—Dihydroerythronolide (99.4
mg.) was suspended in 50 ml. of 0.1 NV sodium hydroxide
solution. The mixture was heated on the steam-bath for
15 minutes. The resulting solution was adjusted to pH
6.85 using 109 sulfuric acid solution; 12.5 ml. of 0.1 &
sodium metaperiodate solution was added and the total
volume was made up to 125 ml. Ten-milliliter aliquots were
titrated with 0.01 NV arsenite solution and compared with a
blank. Three moles of periodate per mole of I was con-
sumed in less than one-half hour. A fourth mole was con-
sumed over a period of 24 hours.

Propionaldehyde and Acetic Acid by Periodate Oxidation
of II.—Dihydroerythronolide (I, 0.92 g., purified by chro-
matography) was mixed with 40 ml. of 0.1 N aqueous sodium
hydroxide, and the mixture was heated gently until solution
was complete. The reaction mixture was then cooled and
adjusted to pH 6.9 with 0.1 N aqueous sulfuric acid; 67 ml.
of 0.1 N aqueous sodium metaperiodate was added, and the
resulting solution was allowed to stand overnight at room
temperature. A stream of nitrogen was then passed through
the solution into 150 ml. of Brady reagent for 5 hours.
The precipitate formed was removed by filtration and
weighed 170 mg. (m.p. 140-150°). After recrystallization
from ethanol, the product melted at 150~153° and its X-ray
diffraction pattern was identical with that of an authentic
sample of the 2,4-dinitrophenvlhydrazone of propionalde-
hyde.

The aqueous reaction mixture, after treatment with
nitrogen, was treated with 50 ml. of a saturated aqueous
solution of barium hydroxide. The precipitated barium
salts were removed by filtration, and the filtrate was acidi-
fied with aqueous 1 N sulfirric acid. The precipitated
barium sulfate was removed by filtration and the filtrate
steam distilled at constant volume; 300 ml. of distillate was
collected. The distillate was titrated with 0.1 N aqueous
sodium hydroxide to pH 9.0; 21.9 ml. of base (97.5% of
theory) was consumed. The distillate was then evaporated
to dryness on the steam-bath and the residue dissolved in
3.3 ml. of water. To this solution 6.5 ml. of ethanol and
0.65 g. of p-bromophenacyl bromide were added, and the
mixture was heated under reflux for 1.5 hours. On cooling,
a crystalline ester was obtained which on recrystallization
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from petroleum ether melted at 81~83°. The X-ray diffrac-
tion pattern of this product was identical with the pattern
of an authentic sample of the p-bromophenacyl ester of
acetic acid.

Cy-Fragment III by Periodate Oxidation of II.—Dihydro-
erythronolide (I, 21 g.) was heated gently in 800 ml. of
0.5 IV aqueous sodium hydroxide until the solid had com-
pletely dissolved (one hour). The salution was allowed to
coal to room teniperature and extracted with two 100-ml.
portions of chloraform to reinove any unhydrolyzed ma-
terial. The pH of the solution was adjusted to 6.8 with
culd 209% hydrochlaoric acid solution; 1.5 1. of 0.1 N sodium
metaperiodate was added and the reaction mixture was
allowed to stand at room temperature for one hour. A
sample of the solution gave a positive test for periodate ion.
The solution was extracted with five 500-ml. portions of
chloroform, and the combined chloroform solutions were
washed first with 100 ml. of a saturated sodium carbonate
solution, with 50 ml. of a saturated sodium bisulfite solution,
and finally with 75 ml. of a saturated sodium chloride solu-
tion. The chloroform solution was dried over magnesium
sulfate and concentrated under reduced pressure leaving
IIT as a sirupy residue, weighing 6.4 g. (749%). The infra-
red spectrum showed hydroxyl absorption, strong carbonyl
absorption at 5.9 u with shoulders at 5.95 and 6.1 x. The
ultraviolet spectrum showed a maximum at 2.28 mg,
€ 760, indicating the presence of about 109, of «,8-unsatu-
rated aldehyde. The product III could not be distilled at
0.5 mm. without extensive decomposition.

Bis-(2,4-dinitrophenylhydrazone) of III.—A sample of
(0.69 g.) III as prepared above was dissolved in 100 ml.
of alcohol and 1.5 g. of 2,4-dinitrophenylhydrazine was
added. The mixture was heated to boiling, 2 ml. of con-
centrated hydrochloric acid was added, and the solution
was boiled for 15 minutes. Refrigeration gave 0.8 g.
of product melting over a wide range at about 100°. This
was chromatographed using 25 g. of silica and chloroform
as the solvent. The product obtained from the first 120
ml. of effluent was recrystallized four times from acetone.
The final melting point was 235-237°.

Anal. Caled. for ClezstOs: C, 49.03, H, 4.32; N,
21.77. Caled. far C21H24N809: C, 4737; H, 457, N,
21.02. Found: C, 49.58; H, 5.63; N, 21.65.

On other saniples the following values were found: C,
48.59, 49.31, 48.02, 49.71; H, 4.93, 4.77, 4.70, 4.60; N,
21.62, 21.19, 20.47, 20.49.

This compound had strong absorption in the ultraviolet at
367 mu, € 19,600. There was no absorption in the infrared
spectrum in the hydroxyl region, but there was a strong
band at 6.2 g with a shoulder at 6.28 u

Acetyl-2,4-dimethylcyclopentadiene (XV) 2,4-Dinitro-
phenylhydrazone from III.—A sample (0.6 g.) of IIl as
prepared above was dissolved in 60 ml. of 339, ethanol.
The salution was adjusted to pIl 12.C with 5% sodium
hydroxide solution. After the reaction mixture had stood
at pH 12.0 for one-half hour, it was neutralized with sulfuric
acid (10% by volume) and steam distilled until 250 ml.
of distillate was collected. This was added to a solution of
0.2 g. of 2,4-dinitrophenylhydrazine in a mixture of 105 ml.
of concentrated hydrochloric acid and 600 ml. of water.
The dark red precipitate which formed on standing was
filtered off. It weighed 0.48 g. and melted at 165-180° dec.
Two recrystallizations from acetone gave an alinost black
prodiict melting at 200° dec.

Anal. Caled. for C;;HieN:Os: C, 56.96; H, 5.08; N,
17.71; mol. wt., 316. Found: C, 56.87; H, 5.30; N,
17.75; mol. wt., 321.

This hydrazone had maximum absorption in the ultra-
violet at 402 my, ¢ 75,800.

0O-Acetyl-C-lactone B XVI and C;-Lactone B XII by
Peroxidation® of III.—Trifluoroacetic anhydride (19 ml.,
0.135 mole) was added dropwise with stirring to a solution
of 4.25 g. of 909 hydrogen peroxide in 20 ml. of cold methyl-
ene chloride. The temperature of the mixture was main-
tained between 5 and 9° during the addition and after-
wards. The solution of the oxidizing ageut was then added
dropwise to a stirred suspension of 85 g. of anhydrous
disodium hydrogen phosphate in a solution of 8.4 g. (0.37
mole) of II as prepared above in 100 ml. of methylene
chloride. During the addition the solution boiled gently.
In the course of the addition two 100-ml. portions of methyl-
etie chlaride were added to facilitate stirring. After the

addition was complete, the reaction mixture was heated
under reflux for one hour and allowed to stand overnight
without stirring at room temperature. The insoluble salts
were filtered off and washed with three 100-ml. portions of
methylene chloride. The combined methylene chloride
solutions were extracted with two 25-ml. portions of 10%
sodium bicarbonate solution; these basic extracts yvielded no
organic product. The methylene chloride solution was then
washed with two 20-ml. portions of a saturated sodium
chloride solution, dried over magnesium sulfate and cou-
centrated to small volume. The oily residue obtained
(8 g.) was neutral, and it gave no precipitate with Brady
reagent. The infrared spectrum showed weak hydroxyl
absorption and a broad carbonyl band; the ultraviolet
spectrum was transparent between 220 and 400 mu. Titra-
tion of a sample of the residue showed the absence of titrat-
able groups, but slow hydrolysis wus observed on exposure
to alkali. The residue was taken up in 5 ml. of ether and
2 ml. of petroleum ether was added. The solution wus
allowed to stand at 0° for 12 hours; the long needles which
formed were filtered off and dried thoroughly ¢»n vacuo at room
temperature. Saponification followed by titration showed
an acidic group(s) with a pK’s of 4.64 and an apparent
molecular weight of 99.5 (theory 93.1). Recrystallization
from a mixture of ether and petroleum ether gave pure
O-acetyl-Cq-lactone B XVI, m.p. 65-66°. The infrared
spectrum of this material showed no hydroxyl absorption,
but there was absorption in the carbonyl region between
5.65 and 5.88 u.

Anal. Caled. for C;H),O4: C, 58.05; H, 7.58; CH;;CO-~,
23.12; mol. wt., 186.2. Found: C, 58.24; H, 7.57; CH;-
CO-, 23.34; mol. wt., 185.6 (X-ray crystallographic
analysis).

The insoluble salts filtered off from the reaction mixture
were dissolved in water, the pH of the solution was ad-
justed to pH 3.0 with 6 N sulfuric acid solution, and the
solution was allowed to stand at room temperature for 18
hours to allow the lactonization of the presumed intermediate
§-O-acetyl-Cr-dihydroxvacid to Ci-hvdroxylactone B ta
proceed. The solution was extracted with six 50-ml.
portions of chloroform. The combined chloroform solutions
were washed with 10 ml. of a saturated sodiumn chloride
solution, dried over magnesium sulfate and concentrated
under reduced pressuie to small volume. The residue (1.1
g.) consisted of Cs-hydroxylactone B XII, probably con-
taminated with small amounts of acetic acid and/or
trifluoroacetic acid and could not be obtained in crystalline
form. It was converted to two crystalline products, XIT
and its hydrazide XVII, by treatment (a) with base and (b)
with hvdrazine, respectively.

(a) One-half of the above residue was dissolved in a
mixture of 10 ml. of methanol and 10 ml. of water. The
solution was adjusted to pH 12 and maintained at this
pH with 1 N sodium hydroxide solution. After 3 days tlic
solution had become brown and some of the colored im-
purities were extracted with four 10-ml. portions of chlora-
form. The solution was adjusted to pH 1.2, allowed to
stand at room temperature for 4 hours and then extracted
with three 30-ml. portions of chloroform. The combined
chloroform extracts were washed with three 2-ml. portions
of a saturated sodium chloride solution and dried over
magnesium sulfate. The chloroform was removed under
reduced pressure leaving a small amount of acidic material
which could not be obtained in crystalline form. The
aqueous solution was adjusted to pH 3.5 and extracted
again with five 30-ml. portions of chloroform. The com-
bined chloroform lavers were washed and dried as before.
The residue obtained yielded about 50 mg. of crystalline
product XII melting at 92-94°. One recrystallization
from a mixture of ether and petroleum ether raised the
melting point to 93-94°, The infrared spectrum and the
X-ray diffraction pattern were identical with those of
analytically pure material prepared as described below
under ‘‘Conversion of C;-Hydrazide B XVII to Ci-Lactone
B XII.”

(b) The remaining half of the above residue was dissolved
in 5 ml. of absolute methanol and heated on the steam-
bath with 10 drops of anhydrous hydrazine for 18 hours.
Removal of solvents under reduced pressure gave a residue
which crystallized upon standing with a mixture of ethanol
and ether. The X-ray diffraction pattern of this material
XVII was identical with that of the samples described



Dec.

STRUCTURE OF DIHYDROERYTHRONOLIDE

6407

Transmission, %,.

i I I l

1 1 L

3 4 7 8

9 10 11

Wave length in microns.

Fig. 7.— - - - - Infrared spectra in acetonitrile solution:
- = = =, act-triol XVIII;

below under ‘“‘C;-Hydrazide B XVII from O-Acetyl-C;-
lactone B XVI.”’

C;-Hydrazide B XVII from O-Acetyllactone B XVI.—
O-Acetyllactone B (550 mg.) was dissolved in 3 ml. of
methanol and heated for 18 hours with 10 drops of an-
hydrous hydrazine in a closed vessel at 90°. The solvent
and excess hydrazine were removed under reduced pressure,
and the solid residue was crystallized from an ethanol-
ether mixture to give 300 mg. of hydrazide melting at 145-
151°. Recrystallization from the same solvent mixture
raised the melting point to 152-155°, Titration in water
revealed a group with a pK'. of 3.4 with an apparent molec-
ular weight of 180 (theory 176). The X-ray diffraction
pattern and infrared spectrum differed from those of C;-
hydrazide A X.

Anal. Caled. for C7H10N2032 C, 47.73; H, 9.09; N,
15.91; C-CH, (2), 17.06. Found: C, 48.18; H, 9.18;
N, 16.13; C-CHj;, 15.25; [«]®?D +6.7° (¢ 1, in methanol).

Conversion of C;-Hydrazide B XVII to C;-Lactone B
XII.—C;-Hydrazide B (70 mg.) was dissolved in 10 ml. of
1 N hydrochloric acid, and the acidic solution was stirred
with 25 ml. of chloroform at room temperature for 18 hours.
The layers were separated, and the acidic layer was ex-
tracted with three 12-ml. portions of chloroform. The
combined chloroform extracts were washed with 3 ml. of 5%
aqueous sodium carbonate, with 2 ml. of a saturated sodium
chloride solution and dried over magnesium sulfate. After
the removal of the chloroform under reduced pressure, the
residue was allowed to crystallize from a mixture of ether
and petroleum ether. The product obtained melted at 93—
94°, The infrared spectrum showed hydroxyl absorption
at 2.9 p and lactone absorption at 5.8 y; the ultraviolet
spectrum was transparent between 220 and 400 mgu.
Saponification followed by titration in water showed a
group with a pK’s of 4.53, apparent molecular weight 155
(theory 144). The X-ray diffraction pattern was different
from that of Cr-lactone A VI.

Anal. Caled. for C/HpeOy: C, 58.33; H, 8.33; C-CH;,
i2), 20.86. Found: C, 58.59; H, 8.51; C-CH,, 15.15;
a]®p +56.1° (¢ 1, in methanol).

CrLactone B gave a negative iodoform test.

Active-2,4-dimethylpentane-1,3,5-triol (XVIII) by Reduc-
tion of C;-Lactone B XII.—Lactone B (140 mg.) was dis-
solved in 17.5 ml. of anhydrous ether, and this solution was
added dropwise to a stirred suspension of 400 mg. of lithium
aluminum hydride in 70 ml. of anhydrous ether. The

..... , meso-triol VIII; , synthetic meso-triol VIII;

————— , synthetic rac-triol XIX; cell path 0.1 mm., concentrations 5-6%,.

mixture was heated under reflux for one hour after which
time the excess lithium aluminum hydride was decomposed
by the addition of 0.4 ml. of water, 0.3 ml. of a 209, sodium
hydroxide solution and finally 1.5 ml. of water. The
solids were filtered off and washed three times with three
25-ml. portions of anhydrous ether. The combined ether
layers were washed with 2 ml. of a saturated sodium chloride
solution and dried over magnesium sulfate. Five milli-
liters of methylene chloride was added to the solution, and
the solvents were removed under reduced pressure. The
residue was dissolved in 3 ml. of anhydrous ether and
allowed to stand at 0° for 3 days. The crystalline product
(44 mg.) was filtered in a dry atmosphere and stored in a
desiccator. The dry material melted at 54-56°; the
refractive index of the melted material was #%p 1.4756.
The infrared spectrum showed hydroxyl absorption at 2.9 u
and lactone absorption at 5.8 u. The infrared spectra in
acetonitrile and in chloroform solution of this triol and of the
meso-triol VIII were virtually identical below 6 u, but there
were distinct differences in the region of 9-11 u. The
X-ray diffraction pattern differed from that of the meso-triol
VIII.

Amnal. Caled. for CG;H,O;3: C, 56.73; H, 10.88. Found:
C, 57.00; H, 10.82; [«]®p —14.0° (¢ 2, in methanol).

The infrared spectra of the act-triol XVIII in acetonitrile
and in chloroform solution were identical with those of the
synthetic rac-triol XIX (see below). The X-ray diffraction
pattern of the act-triol differed from that of the rac-triol
XIX (Fig. 7).

Synthetic Preparations. rac-Diethyl a,a’-Dimethyl-3-hy-
droxyglutarate (XX).—This ester was prepared according
to the procedure of Reformatzki® using the improved tech-
nique of Newman.® From 180 g. (1 mole) of ethyl a-
bromopropionate and 37 g. (0.5 mole) of ethyl formate
there was obtained 40 g. (359 of theory) of the di-ester
boiling at 115° (0.2 mm.), #»%p 1.4385.

meso-a,a’-Dimethyl-g8-hydroxyglutaric Acid (IX) from the
rac-Di-ester XX.—The di-ester (103 g., 0.445 mole) was
stirred magnetically under an atmosphere of nitrogen with a
solution containing 40.5 g. of sodium hydroxide in 600 ml. of
water. After the emulsion had clarified the solution was
allowed to stand at room temperature for 18 hours and then
at 60° for 4 hours. The solution was brought to pH 1.5
with cold 209 hydrochloric acid, and the glutaric acid was

(40) M. S. Newman and F, J, Evans, Jr., TaHIS JoURNAL, T7, 946
(1955).
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extracted with three 250-ml. portions of ether. The
aqueous solution was saturated with sodium cliloride and
again extracted with three 250-ml. portions of ether. The
combined ether extracts were washed with 50 ml. of a
saturated sodium_chloride solution and dried over mag-
nesium sulfate. The ether solution was concentrated to a
volume of about 100 ml. and allowed to stand at room tem-
perature for 3 days. The crystalline acid (15 g.) was
filtered off and was used without further purification in sub-
sequent preparations. The product melts at 85-90° with
resolidification to melt again at 133-135° with gas evolution
(anhydride formation).

O-Acetyl-a,a’-dimethyl-g-hydroxyglutaric Anhydride.s—
meso-a,a’-Dimethyl-8-hydroxyglutaric acid (12 g., 0.068
mole) was suspended in 53 g. of acetyl chloride (0.68 mole),
and the reaction mixture was swirled occasionally. The
mixture was allowed to stand at room temperature for 24
hours; an equal volume of ether was added and the solution
was filtered to remove a small amount of undissolved
material. The crystalline product which formed on stand-
ing at room temperature for 3 hours was filtered off, washed
with ether and dried. The filtrate was allowed to stand
at 0° for 12 hours and vielded a second crop of crystals.
The combined products weighed 5.5 g. and melted at 111.5°.

meso-2,4-Dimethylpentane-1,3,5-triol (VIII). (a) From
meso-a,a’-Dimethyl-8-hydroxyglutaric Acid.—The glutaric
acid (7 g.. 0.04 mole) was dissolved in 300 ml. of anhydrous
ether and this solution was added dropwise to a stirred
suspension of 6.8 g. (0.18 mole) of lithium aluminum hy-
dride in 250 ml. of anhydrous ether. The reaction was
carried out as described under ‘‘meso-Triol VIII by Reduc-
tion of Cs-Lactone A VI,’’ using 6.5 ml. of water, 5.25 ml.
of a 209, sodium hydroxide solution and 23.5 ml. of water.
The residue (2.1 g.) obtained was distilled (b.p. 135° at
0.06 mmt.), and the distillate was allowed to stand for 10
days at room temperature. The crystalline triol obtained
melted at 75-78°; the refractive index of the melted ma-
terial was n%p 1.4827,

Anal. Caled. for C;H140;: C, 56.73; H, 10.88.
C, 56.88; H, 10.70.

(b) From O-Acetyl-o,a’-dimethyl-g-hydroxyglutaric An-
hydride.—The glutaric anhydride (5 g., 0.029 mole) was
reduced as described above with 11 g. (0.29 mole) of lithium
aluminum hydride. The residue obtained crystallized
prior to distillation and was identical in all respects with
the meso-triol as obtained directly from the acid.

rac-2,4-Dimethylpentane-1,3,5-triol (XIX) by Reduction of
Diethyl «,a’-Dimethyl-g-hydroxyglutarate (XX).—The di-
ethyl glutarate (32.5 g., 0.14 mole) was reduced with 24 g,
(0.63 mole) of lithium aluminum hydride as described
above. The residue (8 g.) was allowed to stand with 10
ml. of anhvdrous ether at 0° for 2 davs. The crystalline
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material (2.0 g.) was filtered off in a dry atmosphere, and
the residue from the filtrate was distilled at 0.08 mm. (bath
temperature 180°) to give 2 g. of a distillate from which a
further amount (1 g.) of crystalline material was obtained
by digestion with ether at 0°. Recrystallization of the
crystalline material from ether gave pure triol XIX, m.p.
86~-87°; the refractive index of the melted material was
n®n 1.4752. The infrared spectrum in acetonitrile, or in
chloroform solution, of the crystalline material and of the
liquid distillate were identical indicating the rac-triol XX
to be homogeneous and to contain little, if any, meso-triol
VIII (Fig. 7).

Anal. Caled. for C;H,0;5: C, 56.73; H, 10.88.
C, 56.57; H, 10.86.

The 1,5-bis-(p-toluenesulfonate) of rac-triol XIX after
recrystallization from ether melted at 111°.

Anal. Caled. for CuH8:0,: C, 535.26; H, 6.18; S,
14.05. Found: C, 55.64; H, 6.21; S, 13.56.

Enanthic Acid by Peroxidation of Enanthaldehyde.—The
oxidation was carried out according to the procedure used by
Emmons and Lucas® for the oxidation of ketones to esters.
Trifluoroacetic anhydride (25.4 nl., 0.18 mole) was added
with stirring to 4.1 ml. of 909 hydrogen peroxide (0.15
mole) dissolved in 25 ml. of methylene chloride. The
temperature of the mixture was maintained at 5 to 9.°
during the addition and afterwards. The solution of oxi-
dizing reagent was then added dropwise to a stirred suspension
of 85 g. of dry, finely powdered disodium hydrogen phos-
phate in a solution of 90 ml. of methyvlene chloride and 11.4 g.
(0.1 mole) of n-heptaldehvde. After all the reagent had
been added, the reaction mixture was heated under reflux
for 30 minutes and allowed to stand at room temperature
overnight. The salts were filtered off and washed with
three 50-ml. portions of methylene chloride. The coin-
bined methylene chloride solutions were extracted with two
253-ml. portions of a 109 sodium carbonate solution and twa
25-ml. portions of a 5% sodium bicarbonate solution. The
combined basic extracts were acidified with concentrated
hydrochloric acid (pH 2.7). The oily layer which form_ed
was separated, and the aqueous layer was extracted with
three 75-ml. portions of chloroform. The combined chloro-
form solutions were dried over magnesium sulfate, and the
chloroform was removed under reduced pressure. The
residue gave no precipitate with Brady reagent. Titration
in 669, dimethylformamide showed a pK’, of 7.67, apparent
molecular weight 128; calculated 130. The infrared spec-
trum of the distilled product was identical with that of an
authentic sample of n-heptanoic acid. The vield of =-
heptanoic acid was 9 g. (709%,).
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COMMUNICATIONS TO THE EDITOR

THE MECHANISM OF ‘‘ACTIVE SULFATE”
FORMATION!

Sir:

The nucleotide-linked ‘“‘active sulfate’’?34 known
to act as sulfate donor in the sulfurylation of
phenols has been identified as 3’-phosphoadeno-
sine-5’-phosphosulfate (PAPS).® Previous studies
from this laboratory have shown that two heat-

(1) We are indebted to the National Science Foundation for their
support of this work.

(2) R. H. DeMeio, M. Wizerkaniuk and E. Fabriani, J. Biol.
Chem., 208, 257 (1933).

(3) 8. Bernstein and R. W. McGilvery, ibid., 199, 745 (1952).

(4) I. Hilz and F. Lipmann, Proc. Natl. Acad. Sci., 41, 880 (1933).

(5) P. W. Robbins and F. Lipmann, TH1s JourNA1, T8, 2652 (1956).

labile fractions are required for the formation of
PAPS.® Evidence is here presented that enzyme
I, ATP-sulfurylase, catalyzes the formation of
adenosine-5'-phosphosulfate (APS) which is then
converted into PAPS by enzyme II, adenosine
phosphosulfate kinase (APS-kinase), as shown in
the reaction sequence

Enz I
ATP + SO~ ‘_____) APS + PP (D)

APS PAPS (2)

(8) L. G. Wilson and R. S. Bandurski, Arch. Biochem. and Biophys.
63, 503 (1956).



