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Structure Studies on Vancomycin
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Vaneomyein is a elinteally offective antibiotie.
nf its structural features are deseribod.

Vaucomyein is an antibiotic which was isolated by
MeCormiek and co-workers.?  Laboratory? and clini-
cal®?® studies demounstrated its activity and showed
it to be particularly cffective against rvefractory
staphylococcal infections.

Reports'* of its chemical propertics revealed that
vancowyein has an estimated moleeular weight of 3300
based on sedimnentation data. Titration showed the
presenee of carboxyl, amino, and phenolic groups.
Hydrolyses produced 2 moles of aspartic acid and 2
moles of glucose/nole.  Removal of the glucose led
to isolation of an aglucovancomyein® which retains
about three-fourths of the biological activity of van-
comyein.

The chelating properties of vancomyein were ufi-
lized to develop a useful purification method® through
the formation of a copper complex.  Material purified
in this maunner was referred to as vancomyein c.r.
(copper regenerated).  All carlicr significant reactions
were repeated with this purer material with cssentially
identical results. Repeated copper precipitation and
regeneration gave a sample’ for which a tentative
formnula of CpsHissCLN 510356 can be caleulated.

In addition to aglucovancomyeciin, vancomyein may
be converted by mild acid hydrolysis to a crystalline
degradation product (CDP-I) which is in turn converted
to a sceond crystalline degradation product (CDP-II).

CDP-I had first been obtained as a result of stability
studies® on vancomycin at pH 4.2 for 30 days.  Dxam-
ination by X-ray diffraction indicated v molecular
weight? of 1840 for this produet, A temative formnula
of CagsHigsClhNyOs—y caleculated from this weight and
the analytical data is of interest for comparison with
the antibiotic itself.

CDP-I is converted by 0.6 & HC to CDP-1L, a
crystalline monohydrochloride whichi retains the wwo
organic chlorines present in CHOP-1. Based on analyses
for both ionic and organic chlorines the molecular
weight of CDP-IT would be abont 1350 and a tenta-
tive formula is CeHe;ClN7Ou - HCL

The changes involved in the formation of the dey-
radation produets of vaucommyein seem to involve one
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Investigations which have resnlted m the chieidation of s

or more ammino groups in the molecule.  Vancomyem
and CDP-II both form hydrochlorides while the
intermedinte CDP-T does not.  Also, azlucovanco-
mycein no longer shows basic amino groups.

Examination of an acid hydrolysate by the Moore
and Stein method™ showed the expeeted 2 moles of
aspartic acid/mole and 1 mole of an unknown amino
acid. An additional small peak indicated the preseunce
of glycine,

After isolation of some of the unknown amitno
acid, its infrared speetrum and paper chromatographic
belavior were suggestive of leueine.  The spectruimn of
the hydrochloride salt showed it to be a secondary
amine.  These data and the cmpivieal formmula based
on the clemental analysis suggested N-methylleucine.
This was confilmed when oxidation with ehloramine-T
vave isovaleraldehyde and methylamine hydrochloride.
The conclusion that the isomer obtained was actually
N-methyl-p-leucine was based on the negative optical
rotation? of —89. TUnder the conditions of the ex-
periment, some racemization would be expected.

Prolonged acid hydrolysis of vauncomyecin yielded a
nmonocarboxylic aeid with a pK, of 7.1. This will be
referred to as the vancomyein acid.

The infraved spectrum of a barium salt of the vanco-
mycin acid clearly showed carboxylate bands at ¢.42
and 7.1 w and a ketone band at 5.85 . That it was a -
keto acid was established by a sodium borohydride ve-
duction of the ketone carbouyl to give a product which
showed the characteristic band (5.6 w) for a five-imem-
bered lactone.  Analytical results on a cycliec unsatu-
rated tolunidide and on the acid itself indicated a Cr acid.

A positive fodoformn test on the acid was misleading
siner, although there are exceptious ' it was felt that
this definitely indicated u methyl ketone,  Cowmpari-
son of its mifrared speetrun with those of some methyl-
levulinic acids and isolation of methylsuecinic acid from
an oxidation reaction suggested a 4-keto acid with a 3-
methyl substituent,  N.nwur. showed that the acid was
J-nicthyl-4-ketohexanoic acid. Final cliemical proof
was achieved by preparation of an authentic sample
and comparison of a nwber of derivatives.

The loeation of all the chlorines and the nature of
fonr of the phenolic groups in the vaucomycin molecule
wore learned from a study of the nitrie acid oxidation of
agtucovancomycein.  Four products were obtained.  On
the basts of the exeellent vidd of I, 779 based on the
prescnce of four chlorines in the molecule, it seetns rea-
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sonable to assume that all of the chlorines are present
in the form of an o-chlorophenol.

The 2-chloro-4,6-dinitrophenol could arise from either
an attachment ortho or para to the phenol. When
initial basic permanganate oxidation of vancomyein was
unsueccessful, it was thought that prior introduction of
a nitro group would stabilize the phenol during the sub-
sequent oxidation. Utilization of this procedure ulti-
mately led to isolation of both 3-chloro-4-hydroxyben-
zoic acid and the expected 3-chloro-4-hydroxy-5-nitro-
benzoic acid. Thus it was established that the chloro-
phenol is attached to the rest of the molecule through at
least a —CH,— and in the position para to the phenol.
The 2-chloro-4,6-dinitrophenol could be formed by
ortho nitration, oxidation of the —CH,~ to COOH, de-
carboxylation, and nitration para to the phenolic group.

The formation of the dinitrosalicylic acid indicates
the presence of an unsubstituted phenol attached ortho
to the hydroxyl. The picric acid could come from an
unsubstituted phenol with a pare attachment but also
could arise from the o-phenol by the nitration—decar-
boxylation—nitration route mentioned above. The
amount of both of these derivatives was very small and
no further assumptions could be made. In hopes of
further elucidating the nature of the phenolic groups,
aglucovancomyein was treated with chlorine and was
then subjected to nitrie acid oxidation. Chloranil was
the only new product identified.

Vancomyein reacts rapidly and very extensively with
periodate consuming 15.7 moles of periodate/mole of
the antibiotic. The oxidation of aglucovancomyein,
although a little slower, required essentially the same
amount of periodate per mole. The two crystalline
degradation products required 7.5 moles/mole of CDP-I
and 8.6 moles/mole of CDP-II.

Further knowledge of some of the structural features
of vancomyein was gained by the preparation of some
derivatives. Alkylation studies did not lead to con-
pounds of definite structure but, after treatment of van-
comnyein with a large excess of methyl iodide, the pres-
enee of N-methylleucine could no longer be shown chro-
matographically. When this methylated material was
treated with 10 equiv. of acetic anhydride, a reaction
that previously had completely destroyed the antibiotic
activity of vancomyecin, the product resulting had about
half the activity of the starting material or about one-
fourth that of the original vancomyecin. Thus, pre-
venting the acylation of the N-methylleucine appears
to be a factor in retention of sonie activity.

Vancomycin was treated with diethylaminopropylene
oxide and the extent of reaction was determined by
nitrogen analysis. This indicated the introduction of
10 nitrogens/molecular weight of about 4500 based on
the chlorine content. The antibiotic activity was al-
uost entirely destroyed and the infrared spectrum no
longer showed the presence of phenolic groups. This
suggests a maxiimum of ten such groups. The nitrie
acid oxidations established that four of these are present
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as chlorophenols and that there is at least one unsub-
stituted phenol.

The data in Table I sunminarize present knowledge of
the vancomyecin molecule.

TasLe 1
No. of
Component No. C atoms
Glucose 2 12
Aspartic acid 2 8
N-Methylleucine 1 7
HOQCI—L—- 4 28
Cl
OH
CH,— 1 7
CﬂHaCO(‘:‘HCI’hC( YOH 1 7
CH;

The 3-methyl-4-ketohexanoic acid is included as such
although we have no evidence to indicate whether it is
present in the miolecule or arises during the acid treat-
ment, perhaps from some unusual sugar.

It can be seen that the fragments which coinpose al-
most half of the molecule are now known. The nature
of most of the nitrogen-containing portions of the
molecule remains obscure at this time.

The information gained in this investigation suggests
that vancomycin may be made up of repeating units,
perhaps linked through the glucose and the amino acids.
This theory would help explain the fact that there are
two successively smaller degradation products, but
each still shows the presence of o-chlorophenol and N-
methyl-n-leucine, Also, the yield of CDP-I is 939, of
the initial weight of vancomycin even though, from
the molecular weight and the chlorine content, CDP-I
appears to be slightly more than half of the vancomy-
cin molecule. This would indicate that vancomyeciu
contains two CDP-I units. The apparent discrepancy
between the proposed carbon content of vancomyein
and CDP-I and this theory may well indicate that the
X-ray molecular weight® for CDP-I is too high.

Experimental

Aglucovancomyein.—Aglucovancomyein  was prepared g
cording to the method of Kavanagh.s Ten grans of crystalline
vancomycin base was dissolved in 75 ml. of boiling water and
12.5 ml. of 4 N HC| was added. Boiling was continued for 2
min., and the mixture was then cooled to 55° and was filtered
through a sintered-glass funnel. The damp cake was dissolved
in 50 ml. of boiling water and 15 ml. of 4 N HCI was added to
precipitate the aglucovancomycin. After filtration, washing with
12 ml. of 1 N HC], and air drying, the colorless product weighed
8.8g.

Crystalline Degradation Product 1 (CDP-I).—Vancomycin
c.r. (2 g.) was placed in 30 ml. of water. The pH, which was
7.7, was adjusted to 4.2 by addition of concentrated HCl. This
produced complete solution. The solution was heated for 40
hr. on a steam bath at an internal temperature of 60-70°. The
heavy amber crystals present at the end of that time were iso-
lated by filtration and weighed 1.8 g.  The filtrate showed pH

4.6.
Anal. Found: C, 54.42; H, 5.32; Ci, 3.71; Cl-, none; N\,
7.34; 0,29.11.

X-Ray examination of the crystals confirmed that they were
identical with those originally obtained in stability studies and
indicated a molecular weight of 1840, Assay showed 10 anti-
biotic activity. Paper chrommatography of an acid hydrolysate
showed the presence of glucose. The infrared spectrum retained
the characteristic vancomycin bands at 8.5-9 u.
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lixtending the time of reaction to 84 hr. increased the vield
only slightly, to 93'7 of the starting weight, but decreasing the
tiute ty 16 hr. rediteed the yvield to only 507¢ of the starting weight.

Crystalline Degradation Product II (CDP-II).--CDP-I (22 1,
.12 1mole) was plared in 380 ml. of 0.6 & HCI and, with hand
stirring, was heated at the hoiling point for 2 min. - The mixtnre
then sot up solid so further boiling was impnssible.  Alter
coonling ta about 40°, the mixtuwe was filtered and the prade,
after washing with 50 ml. of 0.5 8 HCI and air drving, woeighed
15 ¢ Titration showed pA, (667 DMEF)=5.9, 8.0, 115, and 12.7.
The infrared spectrum nf this, and ather zamples also, showed
COOH at 5.81 and amide baids at 6.1 and 6.63 u. Assay showal
no antibiotic activity.  Chromatography mdieated the presence
of glucose but the absence nf the infrared hands at X350 4 wies
similar to aglucovancomyein.

nal, Fomd: C, 5306
2,607 N, 7.7 0, 26.02.

A 0.5-g. snmple of the hydrochloride was dissolved i 250 ml.
nf 307 methanol to give a slightly turbid solution.  When this
was added to o column cantaining 25 ml. of TR-45 resin, much af
the material eame out of =olutivn.  The 250 ml. of =alvent was
allowed to mum through the column and was then taken 1o dryness
ta give 0.15 g. of a colorless =alid.  X-Ray dittraciim <hnwod
this free hase to be ery=talling, but it gave a poor patiern.

Anal, Found: C, 53.81: H, 550 Cl {wtali, 5.35; Cl
.00 N, 7.73: 0, 28.43.

Amino Acids~—After overnight retluxing of 1 mg. ot vaneo-
myein, CHP-T, ar CHP-11 in 30 ml. of 6 N HC, the mixtine was
filtered to remove some insohible Dbrown material. Paper
chromatography, followed by ninhydrin spray, showed a brown
immobile spot, aspartic acid, and a gpot near where lencine
would appear.

N-Methyl-p-leucine —A 2-g. sample 1t aghicovimenmyein
wits placed in 40 ml of 1:1 sulfuric acid and the mixture was
refluxed avernight. 1€ was poured over ice and filtered to remave
charred material. The filtrate was uneutralized with Dbarinm
hydroxide, filtered, and the filtrate was taken to dryness under
reduced pressure. The eream-colored residue was oxtraeted
with boiling ethanol to give 30 mg. of a colorless solid whielc
erystallized out of the ethanol on cooling.  The material sublimod
at 238-242°, showed [af Bp —R.0° (¢ 1, water), and titrated woll
for au mnino acid (pA, i1 669 DM = 425 and 10.45). Thein-
fraved spectrum suggested leucine. Tt did mot give a ninhydrin
tost after 2 min. of boiling. '

Paper chramatography showed that this material eorvesprmded
ta the lemine-like spot mentioned above. A small smnple wax
converted to a hydrochloride aud hifrared analvsis dleandy showed
1t to be a secondary aniine.

Anal. Caled. for C:HENOG ) 5T00: |
Found: €, 57.21; H, 10.27: N, 9.7

A Iater min gave a quantitative vield of crnde N-methyl-o-
leucine bhased an | mole/mole of vancomyent.

Titration of the material (640 nmg.) msohble i the ethmnl
indieated that it too contained an aming acid and paper rhrma-
tography showed it to be aspartic acid. Tt i probably pres<ent
as the barinim salt. In same later acid hydrolytic stndies?:
fon-exchange and cellulose chromatngraphy enabled the =olatime
of =nne of the aspartic arrid which was <hown to he the L-i~<amer.

Oxidation of N-Methyl-p-leucine.~A nixture of 5 .
(1 nunole} of the amino acid and 280 mg. of chloramine-T in
14.5 ml. of water was allowed to stand for & . A little acetic
acid was added und distillation was carried out using a bath
at 110-120°. The vapors were pussed into a flask containing
S0 ml of 0.5 .V HCI in a bath at 80-90° and finally into a flask
cantainig 25 ml. of 2.V HCHand 0.25 g, of 2,4-dinitrophenyl-
hydrazine.  TFiltration nf the resulting dinitrophenylhydrazone
gave 30 mg., m.p. HA-115%0 Crestallizations from ethanaol
and then from petrolenm ether (b.p. 60-T1°) raised the melting
point ta 117-110°.

Anal. Caled. tor O HENLO:
C, 40.84; H, 5.51.

A mixture melting point with an anthentic <ample of iso-
valeraldehyde 2,4-dinitrophenylhydrazone (m.p. 116--118%7 was
nat depressed.  The ultraviolet and infrared spectra were also
identiral with those of the authentic sumple.

H, 4.7 Cl ttatals, 7800 ¢

.42 N,

.40,
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The HCE=ohnim wis romaoved fram the seennd tlask and wis
roneentrared  to o drvioes<. The residue anclted at 223-250°
atter preliminary softening.  Thix ampares well with meilot-
andne hyvdrochbmide §226-2289),

Acid Hydrolysis of Vancomyein.- Hydrolysis 51 48 g o
vitnemuyein in D60 ml ol ameentrated HCL was carried ont by
rethixing gently tor 48 hr. The mixtire was filtered and a tial
LT e ol o vellow il was isolated by eontinuous CHCL ox-
naetim of the filtrate mul of the lown insolnble solid. Separa-
timg by 2597 KO extraetim gave 008 g0 of an acid and .265
g.oof auentral material shown by infraved to beschetome.

A Hirkman tbe wis nsed for pinvification nf Stimg. of the aciil.
The bnlh was kept i an nil hath at 60-50° and under o redieed
pressnre of .12 nan, fie 3 e A enlorless nily later vellowing
slightly, wasomllerted sand weighed abont 300 mg. The esiimated
biniing pomt ar atmspherde pressire was about 275 3007
The infraved spectrimn was thar of a carhoxylie acid with water
dieated by bads nt 287 and 3000 . Titeatim showed a pA,
(GO DME ol T ond gave an appieent molecnlar weight of
| At

dands Cabed. i o000 HLO 0 O 5488,
SU.5G0 Pind: O, 04900 L 80380 () 36,503,

The water witx celiminated by redistillation tronca 1007 hath
aed at o peessmre of 0.6 nm1. Titrations then indieated a
moleentar weight of T and 144 tealal., 144.17).

Anol, Caled. D CiHLGOy: O, 2801 HL
Fomd: C, 98805 HLS61; 1), 32,74,

Sodium Borohydride Reduction of the Vancomycin Acid.
To 200 mg. of the acid ia L ml. of reagent methanal was added,
prorrirmwise, 1 large oxress (20 mg. ) of sndimm bornlivdride i)
ml. ot reagent methanol.  The solution was allowed (0 stand
for 2 hre anl was then adjusted to pH G with 50, HCL - After
Fneenivating by aloam 0.5 ml., the solntion was extracted with
ether and the exivawns were diied (MgR0).  Removal nf the
ether gavie alsmt 7 mg, st enbirdess solid. A band in the infrared
spoetnim at 5.64  indieated a five-membered lactone.

p=Toluidide of Vancomycin Acid.~ A mixture of 1.225 g. of the
acol and 0.8 g of p=toliidine was heated ina 190° bath Tor 50
Porifiesdiom from dilnte ethannl gave 50 mg. of produet
melting at 100-1017 The infraved spectimm indieated a1 amide
b the experted NH bemds at 2.0 st 5.0 g were absent, The
nltavialet spertmia shiwed that the derivative was evelie and
nu=atimated.

el Caled. tr CUHLENO S
FPomid: Crsaos: H, 7870 N, 6,55,

Todoform Reaction on Vancomycin Acid.—lrom tt) g, nt
the acid there was abtained’80 mg. of indoform melting at 121°,

Sodium Hypobromite Oxidation of Vancomycin Acid.- A
lorpobrmite nxidation of 500 mg. of the vancomyein acid was
earried e hyoa proedore paiterned after (hose deseribed
fi snbstitnted levolinie acids.’s  From the ether extraets of
the seiditied rention wistum there was obtained 210 mg. nof an
ail wldeh  partinlly ervstallized.  Two  erystallizations from
henzene-petimstamn ether Thop, 604715 gave 110 mg. melting at
1027, A ndxtre 1aelthy point with anthentie methyl-
snceringe e nope FLOC112°, was 104-106°0 The  nfrared
spectra of the (wie were identieal. Thration (G657 DA
hnwal pA . i3 and 8.6 and an apparent molecolnr weight of
ENT cealeds, 1525 A aablimeld snuple foepe 100--102°7 was
analvzed.

Al Cahal. for (',,”\(),;‘, (G
45.74; H, 6.45.

3-Methyl-4-ketohexanoic Acid.--Uzonalysis of 6 g (D048
mole? of w-allyt diethyl ketoue, prepared by allylation of diethyl
kewme nsing sndamide in lignid ammonia, was earried ont ace-
avding to the pracedure of Whyte aud Cope® The vield of
prodnet was L7 g (2207 of material which boiled at D2 (0.3
IRITOR TR VINRE SE N

The p-phenybzophoieyt ester was prepared and was shinwn
e he identieal with the derivative of the vancomyein acid hy
waistire melting point, mfrared spectnun, and X-ray ceryvstal-
lograpliy. A saple from petrolemn ether (hop. 60 -71°) melteal
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The semicarbazone melted at 153-154° (Whyte and Cope give
150-151.5°) and by mixture melting point, infrared, and X-ray
crystallography was shown to be identical with the semicarbazone
prepared from the vancomycin acid. This authentic acid was
also found to give a positive iodoform test.

Vancomycin Acid from Crystalline Degradation Products.—
Hydrolysis of 4 g. of CDP-I in 100 ml. of concentrated HCl
in the same manner as above gave 175 mg. of crude product
which showed a pK, of 7.1 and its infrared spectrum was identical
with that of the previously obtained acid.

Application of the hydrolysis procedure to 2 g. of CDP-I1
in 50 ml. of concentrated HCI gave 50 mg. of darker, more viscous
material. The infrared spectrum showed it to be a mixture of
acid and lactone but with a band at 6.34 u not previously ob-
served. Titration also indicated greater impurity by a higher
apparent molecular weight.

Nitric Acid Oxidation of Aglucovancomycin.—To 25 nil. of
nitric acid and 75 ml. of water was added, portionwise, 5 g. of
aglucovancomyein. The resulting solution was heated on a
steain bath for 19 hr. There were crystals present. Chilling
and filtration gave 1.08 g. (779%) of yvellow product which melted
at 104-107° after some preliminary softening. An analytical
sanmple from dilute ethanol melted at 109-110°. Identification
as 2-chloro-4,6-dinitrophenol (m.p. 109°) was completed on the
basis of analyses, infrared, and ultraviolet spectra and a mixture
melting point with an authentic sample.

Anal. Caled. for CH,CIN,O;: C, 32.97; H, 1.38; Cl, 16.22:
N, 12.82. Found: C, 33.36; H, 1.64; Cl, 16.23; N, 12.66.

The pH of the reaction mixture was adjusted to 7.5 to yield a
bright vellow solid which was separated into ether-soluble and
ether-insoluble fractions. The soluble material was, in turn,
separated into two fractions—one insoluble (A) and one soluble
(B) in benzene. (A) weighed 27 mig. and nielted at 187° with
evolution of much gas. After standing overnight, the material
melted at 100-102°. These nielting points corresponded to those
of oxalic acid (189°) and its dihydrate (101°). The identification
as oxalic acid was confirmed by its infrared spectrum and titra-
tion. (B) was isolated by concentration of the benzene and
addition of petroleum ether (b.p. 60~71°). It weighed 20 mg. and
melted at 153-155° but, after drying for analysis, it showed m.p.
168-170°. It was identified as 3,5-dinitrosalicylic acid by
infrared and ultraviolet spectra, mixture melting point, and anal-
ysis.

Anal. Caled. for CtHN.O7: C, 36.85; H, 1.74; N, 12.28.
Found: C, 36.94; H,2.11; N, 12.44,

When concentrated nitric acid was used, the crystallization
mother liquors of (B) yielded 6 mg. of vellow plates nielting at
113-115°. Infrared analysis confirmed that this was picric
acid.

Nitric Acid Oxidation of CDP-1.—When the same procedure
as above was eniployed with CDP-1, a 429 yield of 2-chloro-4,6-
dinitrophenol was obtained. The lower yield was due in part
to the need for recrystallization to eliminate some higher melting
material.

Nitric Acid Oxidation of CDP-II.—Treatment of CDP-1I
with dilute nitric acid (1:3) as above produced a 659 vield of
2-chloro-4,6-dinitrophenol.

Chlorination and Nitric Acid Oxidation of Aglucovancomycin.—
To a solution of 12 g. (0.3 mole) of NaOH in 100 ml. of water was
added 5 g. of aglucovancomyecin. After bubbling in 7.1 g. (0.1
mole) of chlorine, the mixture was allowed to stand 5 hr. at room
temperature. It was neutralized with nitric acid and concen-
trated to dryness under reduced pressure. There was then
added 75 ml. of water and 25 ml. of nitric acid, and the mixture
was warmed on a steam bath for 24 hr. Some insoluble material
was isolated by filtration and was sublimed at 200° at atmospheric
pressure to give 50 mg. of bright yellow material. Sublimation
and decomposition made the melting point difficult to determine,
but it appeared to be about 260°. The analyses and infrared
spectruin confirmed that this was chloranil.

Anal. Caled. for CiClOs: C, 29.31;
C, 30.30; Cl, 56.72.

2-Chloro-4,6-dinitrophenol and oxalic acid were again isolated
from the reaction mixture.

Nitration and Permanganate Oxidation of Aglucovanco-
myecin. A. Isolation of 3-Chloro-4-hydroxybenzoic Aecid.-—
Ten grams of aglucovancomycin was added portionwise to 100
ml. of dilute (1:4) nitrie acid cooled in an ice bath. The mixture
was then stirred at room temmperature for 4 hr. 1t was neutral~
ized with cooling, by addition of 509 NaOH solution, the voluine

Cl, 57.68. Found:
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was adjusted to 300 ml. by addition of water, and 6 g. of NaOH
was added. To this was added, portionwise, with stirring, 17
g. of potassium permanganate, and the mixture was refluxed for
19 hr. Sulfur dioxide was bubbled through until the color be-
canie pale yellow. The solids were separated by filtration, and
the filtrate was extracted with ether. After drving and removal
of the ether, the residual oily solid was dissolved in 24 ml. of
benzene and 2 ml. of ether and was placed on a column containing
10 g. of silica gel. The eluates were collected in 30-ml. portions.
Four portions of benzene and two of benzene—10%; ether gave
little or nothing. The next five benzene-10%, ether fractions
gave, after washing the slightly gummy residue with 5 ml. of
1:1 benzene-petroleum ether (b.p. 60-71°), 100 mg. of cream-
colored solid melting at 162-165°. Two crystallizations frow
benzene raised the mielting point to 163-165°. The infrared
spectrum agreed with that of an authentic sample of 3-chloro-
4-hydroxyvbenzoic acid.

Anal. Caled. for CiH;ClO4: C, 48.72; H, 2.92; Cl, 20.54.
Found: C, 48.42; H, 3.50; Cl, 19.69.

B. Isolation of 3-Chloro-4-hydroxy-5-nitrobenzoic Acid.—
A run half the size of that above gave 300 mg. of yellow solid
froni the ether extracts. This was dissolved in 60 ml. of benzene
and 3 nil. of ether and was placed on a silica gel colmnn.  Elu-
tion with 120 ml. of benzene and 120 ml. of benzene-57; ether
gave fractians weighing a total of 60 wmg. and all melting in the
range 214-217°.  Purification from benzene gave ni.p. 215-216°.
The infrared spectrumn and niixture nielting point with an
authentic saniple confirmed that this was 3-chloro-4-hydroxy-3-
nitrobenzoic acid.

Anal. Caled. for C;HLCINO;: C, 38.56; H, 1.85; Cl, 16.29;
N, 6.44. Found: C,38.47; H,2.11; Cl, 16.14; N, 6.67.

Periodate Oxidation. A. Vancomycin.—Complete solution
of 300 mg. (0.1 mmole) of vancomyein in 30 ml. of water was ob-
tained by adjusting to pH 5 with a few drops of dilute sulfuric
acid. There was then added 30 ml. of sodiuni periodate solution
(about 0.1 N) and then water to a volume of 100 mil. Titration
of an aliquot with standard sodiuni arsenite solution indicated
that reaetion was about 909 complete in 90 min. The final
titration, after 23 hr., showed 15.7 moles of periodate consumed/
mole of vancomyein. Two runs using copper purified vancomy-
cin required 16.3 and 15.8 moles/mole.

A preparative reaction was filtered after 48 hr. and was ad-
justed to pH 7. TUsing the same niethod as in the oxidation of
N-methyl-p-leucine, there was obtained 70 mg. of the 2,4-
dinitrophenylhydrazone of acetaldehvde nelting at 142-143°.

B. Aglucovancomyein.—A solution was prepared from 300
nmg. of aglucovancomyein, 10 ml. of purified dioxane, 20 ml.
of about 0.1 A" sodium periodate, and water to 100 ml. Titra-
tions showed that the reaction was 50¢% finished in 5 min., 75,
finished in 2 hr. The final titration at the end of 48 hr. indicated
consumption of 15.76 moles of periodate/mole of aglucovanco-
nmiycin.  The results were essentially identical (15.2 moles/mole)
when a highly purified sample of aglucovancomyein was used.

C. Crystalline Degradation Product I.—The reaction mixture
consisted of 300 mg. (0.163 mmole) of CDP-1, 40 wl. of water,
a few drops of dilute sulfuric acid to give pH 3, 15 ml. of dioxane,
20 ml. of about 0.1 N periodate solution, and water to 100 ml.
Titrations after 1.5 hr. and after 24 hr. were practically identical
and indicated consumption of 7.5 moles/inole.

D. Crystalline Degradation Product II.—A suspension of
300 mg. (0.23 mniole) of CDP-IT in water showed a pH of 2.5.
Solution was achieved by adjusting to pH 6 with 5% NaOH

solution. Addition of 5% sulfuric acid to pH 5 produced a slight
turbidity. The oxidation was carried out as above and after

24 hr. showed that the consumption of periodate was 8.6 moles/
mole of CDP-II.  On a weight basis the consunption of periodate
was 259 greater than for the equal amount of vancomyein.
Methylation of Vancomyein.—To a solution of 16 g. (5 mnioles)
of vancomyein in 75 ml of dimethylacetamide and 5 ml. nf water
were added 40 g. (0.28 mole) of methyl iodide, and the mixture
was allowed to stand for 3 days. After neutralization with 577
sodium hydroxide, the product was precipitated by pouring the
solution into 600 ml. of acetone. The rather gummy material
was filtered, air~dried, and ground to give 16 g. of a gray powder.
This showed decreased antibiotic activity, 525 units/mg. coni-
pared to 825 units/ing. for the starting vancomycin. An
amino acid hydrolysis and chromatogram of this material showed
almost a complete absence of the N-methylleucine spot.
Acetylation of Methylated Vancomyein.—Solution of 1.7 g.
(about 0.5 mmole) of methylated vancomycin in 20 1wl of di-
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wethylacetanmide becanie complete after addition of 0.5 g. (5
inmoles) of acetic anhydride. The mixture was allowed to stand
for 3 days and was poured into 400 ml. of ether. Filtration and
air drying gave 1.68 g. of vellow material whicli assayed 220
units/mg. A sample of vancomycin treated in the same fashion
was devoid of antibiotiec activity.

Reaction of Vancomycin with Diethylaminopropylene Oxide.-—
A solutiou of 1.6 g. (0.5 mumnole) of vanconiyein c.r. was prepared
in 25 ml. of water acidified to pH 2 with 2 drops of concentrated
sulfuric acid. The addition of 1.29 g. (10 mmoles) of diethyl-
aminopropylene nxide raised the pH to abont 9 but sohition ro-
mained complete.  After 20 hr., some barium carbonate wasg
added; the mixture was filtered, and the filtrate was taken to
dryness. The residue was triturated with acetone (o lelp
remove exeess cpoxide.  After air drying, the product woighed
1.6 g The antibiotic activity was alost entirely destroyod.

The Chemistry of Cephalosporin Antibiotics.

A sample was retriturated with acetnne priar to analysis.

Anel. Found: Cl, 3.15; N, 9.04.

The infrared spectni no longer indieated the presence of any
phenolic grmips.
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Doacotylated cephalosporins were prepared by enzymatie cleavage of the ucetoxyl gronp.

Although many

nsnal methods of acylation failed, aroylation of the cephalosporadesic acids was possible in basic uqueous acetone,

Tlie biologicsl activities of several derivatives are reported.

As indicated i other reports, 7-acylamidocephalo-
sporanic acids prepared from 7-aminocephalosporanic
acid and acylating agents have shown improved anti-
biotic activity when compared with naturally produced
cephalosporin-C (1), where the 7-acyl function is an
aminoadipyl wroup.! Cephalosporins lhave several
points where modification of substituents might pro-
duce improved biological activity: one is the acctoxyl
substituting the 3-methyl group.” This paper reports
the chemistry involved in attempted variation of the
aco’m\'yl and biological activity of some new derivatives.
Cephalosporins in which the 7-acylamido gjl'oup Is
cither the 2-thiopheneacetamido group (II)* or the
phenylmercaptoacetamido group (ITI) served as start-
ing materials for this investigation.

Sceveral routes to new 3-acyloxymethyl derivatives
were  explored.  Nucleophilic  displacement of the
acetoxyl group of cephalosporin C has becn reported.
Attempts to replace the acetoxyl group by nucleophilic
displacentent with an acid salt, in this case sodium

RCONH*‘I%—_‘—(b
o N —CH,OCOCH,
COOX
I, R’ = HO,CCH(NH,{CH,);; X = H
II, R’ = C4H3S— —CH, }& 7\&,
111, R = sH SCHZ X = Na

(1) (&) R. R. Cliauvette, E. H. Flynn, . G. Jacksvn, K. R. Lavagninn,
R. B. Morin, R. A. Mueller, R, P. Pioch, R. W. Roeske, C. W, Ryan, J. L.
Spencer, and E. Van Heyningen, J. 4Am. Chem. Soc., 84, 3401 (1962); (b
B. Loder, G. G. F. Newton, and E. P. Abraham, Bischem. J., T9, 408 {1961).

(2) For the convention adoptel for naniing anil nimbering the cephalo-
sporin nucleus, seir R. B. Morin, B. G. Jackson, E. H, Flynu, and R, W.
Roeske, J. Am. Chem, Soc., 84, 3400 (1462).

13) Keflin (cephalothin, Lilly).

(4) C. W. Hale, G. G. ¥. Newtan, aud 1. 1. Abrahaut, Bisckem. J., 79,
403 (ID6T).

butyrate, in water solution yielded no new product other
than those of Liydrolysis. Bioautographs of paper
chromatograms of the product showed no new biologi-
cally active materials of expected mobility. This
result is not surprising since aliphatic acid salts do not
differ greatly in nucleophilicity.

Another approach to the desired products would be to
remove the acetoxyl proup of a cephalosporin and
acylate the resultant hydroxymethyl group. Abra-
ham' has shown that desacetylcephalosporins can be
prepared by acid hydrolysis, but the concomitant hy-
drolysis of the g-lactamn ring disqualiﬁed this method
as one of practical value. Jensen, ef al.,® have demou-
stiuted that enzymatic hydrolysis of an acetoxyl can
e performed with the orange peel enzyme, citrus acetyl-
csterase.  Using this technique desacetyleephalosporing
were prepaved in good yicld. The latter have been
assigiied the trivial name of cephalosporadesic acids
for convenience,

The anticipated simple acylation of the hydroxy-
methyl group was not realized in practice.  One barrier
to acylation was the ecasy formation of cephalo-
sporadesolactones. The lactone was quite readily
formed in acid solution although it was possible to iso-
late the free acid in an analytically pure state. It was
found that acylation with an acidic reagent such as
acetic anhydride is also precluded by the more facile
lactone formation; in the case of 7-phenylmercapto-
acctamidocephalosporadesic acid, treatment of the
acid with acetic anhydride 15 a good method for the
preparation of the corresponding lactone. Ketene
at room temperature, likewise, did not acylate the hy-
droxyl group; lactone and cephalosporadesic acid were
the ouly materials izolated.

¢3; L W Jensen, K. daneg, and L. R. MacDonnell, Awch, Buniaom.. 185,
415 (1847,



