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' BRANCHED-CHAIN FATTY ACIDS. mtlno‘ THE PRINCIPAL
STRUCTURAL FEATURES OF 027=PHTHIENOIC‘ACID1'

James Casons No K. Freeman, and Gene Sumrell

Division of Medical Phy51cs and Radiation Laboratory
Unlver31ty of Callforn139 Berkeley9 Callfornla

‘March 1951

o In the precedlng paper (l) of this serles 1t was shown that 027

a01d 1s an a Bmunsaturated acid w1th three branchlng groupo along the chalno

cphthlen01c

The ev1dence was good that one of these branches is in the 2wp031t10n and an-
other 1n the 4= or 5=p051tlono In the present paper are reported deductions
.based on infrared spectra and chemlcal evidence whlch corroborate the structural |
feetures already proposed and extend the knowledge of the structure of thle
ee%dhfo_fnclude eli eSpects except the locationdof one methyl éropp and the

geometrical isomerism at the double bond. -
Infrared Spectra

In Flgc lAare ehown the 1nfrared upectral transm1e51on curves from - 5 to

16 mlcrons of stearlc acid, 027=phth1enolc a01d 027aphth1an01c a01d and methyl
027=phth1enoateo The Spectral region from 2 to 5 microns contalned no features
of 1nterest to the present dlscuss1ono Stearlc acid, 1nc1uded for comparleon,
has the characterlstlc absorptlon bands of 1ong=cha1n normal fatty ac:Ldso Slnce
our conclu51ons w111 be reacned 1arge1y from emplrlcal consxderatlons we w1ll
not rev1ew the descrlptlon of these charecterletlc bands and thelr 1nterpre=
Jtatlon ‘as presented by Shreve and co=workers (2)0 More general backg ound for :
»structural 1nterpretatlon of 1nfrared spectra may be found 1n recent publica-
| tions (3 4) | - o
The most strlklng feature of the Spectrum of phthlen01c a01d in compar1=

son with that of stearlc acid or numerous other branched=cha1n aclds2 is its
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relative complexity. Absorpﬁion bends of apprecieble intensity,ocour at 6,08 u,
8.56 1, 10,06 w, 12.50 w, 13.26 1, and 14.92 4, and none of these are exhibited
by saturated acids., The first of these bands,‘at-éoOS W, . corresponds to the
well=known carbonmcarbon double bond stretchlng freouency, and 1ts presence
gave the initial indication of unsaturatlon in thls moleculeo Thls-has been
confirmed (1) by hydrogenation, and ultra-violet spectra have shown the double
bond to be in the @, P-position. The bands in the region beyond 10 u are also
consistent with the presence of a.double bond, end all the bends liSﬁed above
are absent from the hydrogenated acidg 627mphthianoio acid, Although the cuive
for methjl phthienoate exhibits;the C = C band at_6;05 Hy the only stiong band
in the long wavelength range that is coincident with any of the Munsaturation®
bands of the acid is that et 13'28 u; This difference eannot:be attributed

to any struntu¢a1 change of the skeleton in g01ng from ester to acid,; for a
semple of acid was recesterlfled with dlazomethane and the spectrum of thls -
sample of - ester was the same as obtelned with the orlglnelvester dlrectly from
distillationo« | | | | -

Although substltutlon of alkyl groups about a double bond has been corre=

1fteo (3) w1th frequen01es of the 1ong wavelength bands 1 “elkenes, thls corree
1atlon is not appilcab e to an a,'B=ansaturated 301d Rasmussen (3) has p01nted
out tnat substltutlon of a non=hydrocarbon group on an unsaturatea carbon has

a pronounced {and unpredlctable) effect on the v1bratlon frequen01es resﬁoo=-
sible for the long wavelength bandso However, these bands are belleved to re-
sult from dePormatlon v1bratlons 1nvolv1ng hydrogen, and a double bond- about
which 'all the hydrogen atoms have been substltuted contrlbutes none of the 1ong
wavelength bands. Thus, the presence o? several suoh bands ln phthlen01c acid-

and of one in the ester strongly suggests ‘the presence of_at least one_hydrogen

on the unsaturated carbons. Although this oan'herdiyobe;fegefded'ee'oonolusive
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it is eonsistent withvchemical QV*@:“AM to be ereeented below,
. The infrared evidence appears entlrely con31stent w1th the view (1) that

the double bond in phthlen01c a01d ls in the a, ﬁ=positlonc Varlous workere

(5 6) have reported that the earbonyl absorptlon found at 5 75 p in saturated
esters is shlfted to longer wavelengths by G 05 B 0, 07 u in cougugated esterso'
In order to determlne whether such a shlft is observable in phthlenol“ acld or
-1ts ester, thelr spectma in the reglon of 5 5 = 6 5 u were carefully compared
. W1th the spectra of 3wmethy1=3=nonen01@ ac¢d3 3=methy1=2@nonen01@3,_and the
esters3 of thesevee}dso These‘eompounds (002 M solutlens in chloLofprm in
cells of O, 1 mm, thicknees) wefe run as eonsecufive-seriesg in order ﬁo aﬁoid
slight callbratlon sh;fts whlch may result from amblent temperature chengeso

The bands were sharp and the peaks cen “be 1oeated to the nearest O Oluo From
the data in Table I,‘lﬁ may be seen that the carbonyl absorption max;ma fef
.bofh phthienoie eeid and-ife:eeter afe Shifted-abeut 0.06 p from tﬁe maxima re-
corded for the synthetlc acid and ester known to be ﬁg Y=unsaturated | The.shifﬁ
‘ln absorptlon maxime between the 2= and 3aalkenole ac;ds 1s less tham the shift
betweun the correSpondlng estere,_as expected from the known 1aek.of homoge=
ne1ty3 of the acids. Although 1t has been’ reported (3) that the G = C etretchc
ing frequency is altered by congugatlon with the carbonyl thls is not obeerved
in the presgsnt lnstemceeo The 1ntena1ty of the C = G absorptlon, ?elauive to
the carbonvi band, lS eonsidezably enhanced in the synthetlc pairs by congugam
tlong but less so in phthlen@l@ ‘acid and Lts estero A p@ssible exp]anatlon of
thls dlfferenee 1s the presence of a ﬁcmethyl in the former case and an a-
methyl in the latter-caseo, Ir thls can be conflrmed by etudy of addltlonal
a_examples 1t should be of @onsiderable use ‘in stru@tural studies,
~ Scme deduetlons may be maae regardlng the neture of the braeching by corre-

iatlng the speetrum of phthianoxe ecid w1th hoee of vaﬂlous types of bwanched=
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chain acids? and- with the known spegtra:of branched»chain:aliphatic'hydro=
carbons (8). Firstly,vthere“are indicationsathat the ﬁolecule has nether the
ise nor the neo eonfigurationo The spectra of 2=methylalkanes, 1sobutyri@,
lsoeaproﬁe, and 17=methloctadecan01@ aclds all exhlblt two features whlch are
absent from the sPectra of phthlan01c acid and most other ac_lds° One is a
band at 8.55 u, prominent in hydrocarbons but»reletively ﬁeak in acids. The
other is the spliﬁting of the band at 7.3 u in{o“a doubiet“P'Although-this.
splitk ting is obscured in the curve obtained in carbon disulfide solution by
the proximity of solvent absorptlon it becomes clearly apparent in carbon tetra=
e§¢9?fde solutienou Other workers (9) have reported this spllttlng for iso-
pe;mitie and 1sostearlc 301d39 as well as & 51m1lar but dlfferentlable split-
?;QgJQO? the correspondlnguneo ac1dso. ‘Hence the absence of any splitting in
the case of" phthlan01c acld is ev1dence agalnet both structureso

Of the varlous ﬁypes of fatty ac1ds exam:med2 those contalnlng a quater-
nary earbon atom more remote from carboxyl than the a=pos1tlon have shown an
_absorpﬁlon baﬁd at 8.8 Mo In phthlan01© acld there are weak bands near thls

position, but their dlSSlmllarlty to those 1n the reference compounds 1ndlcaues

that a quaternary carbon is absent ThlS 1s conslstent w1th the conclus1on

reached (1) from @on31deratlon of the 1ndex of refractlon of phthlan01c acid

and the boiling p01n+ of methyl phﬁhlenoateor_
- From the spectra of 3= and Awmethylalkanes, the presen@e ef ethyl -and
propyl groups has been ass001ated w1th bands at 12 99 B and 13 5 u respece
tively., These bande are observed in 15= and 16=methyl©ctadecano¢c acids and 1n
15eethy1heptade@ano$@ a©¢do In other 1nstan@es where the. ethyl is r'=Zlose to
another branch or to earBoiyl .a sl ght shift downward 1s observedo‘ In a few,;
instances, weaker bands in thls reglon have resulted from other causes,; bub

‘the absenee of any absorpﬁlon in the regloﬁ at 12 5 = 13 8 u seems valld evi-
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" dence that branching etinyl or'prop'j‘l” groups are not present in phthiancic acid.
By.anaiogy with oﬁher.natﬁrai‘products,’the presence of larger branching groups
seenms veryAuhlikélyg»'

m The'overlapping'bandsaa£=7;8“@’and 8.1 W are characteristic of normal
"f;;my acids’ (2), and studyof.'humeroiis‘brahched=chain acids® has shown that
the positlons and relatlve intensities’ of these bands remain unaffected unless
('there is a substltuent no more remote from oarboxyl ‘than the &-position, In
phthlanoic acld,’ﬁhe_p031tlons of these~bands_dev1ate from the normal in a man=
“ner most nearly resembling that of Zamethyloctadecanoiéﬁacido ‘Their inten-

, sities are about vequ;al', whereas_ the shorter Waveleng‘r,h band ;l‘s-‘.th'e stronger
in nearly all.aciQs‘eiceot those branching at,the a-position, in which in-
‘stances this relaﬁiooship is.re"éerSedo ZThis saggesfs that in phthianoic acid
there'is a metﬁyl in the a=position ahd is cOnsistent with the'hypofhesis that
there is another methyl no more remote than the émposn.tlono Again, this is
in agreement w1th conclusions reached from independent ev1dence (l)

A -.One further set of measurements was carrled out 1n an attempt to assay
the. number of termlnai meihyls in the moleoule° Thls‘;s-espeolally de31rable
','sznee.determinatiop;of_thls-gpantlty by.oxldatlon is'not_entiraly_reliable (1).
‘-Referringvonce againsto h&drocarbons; it hasuoeen demopstrated (10)'that‘their
absorptionsat 7;3£Q is'associated_with'meﬁhylegroaps,_and the ‘intensity. of
_.this.absorption is;a fqaetionvofifhe,number of methyl groapsgf_Forzexample,
.(Gorevand Peterseﬁﬁ(ll) conclﬁded,‘from thisbfeature of‘the infrared~spectrum,
that the 09 acid from polymyx1n is a branched=chain acid, and’ ‘this has. been
l-substantiatedc Our correlatlons of the 1nten51ty of the 743 u band with the
number of methyl groups has proved deflnitlve'for saturated aclds containing
one, two,or three methyl groups, but extrapolation is hazardous. - The two

available samples (12) of acids w1th four- methyl groups were - 2 35 4etri- .

_ methylhexadecan01c aoid ‘and. 4, 8 12=trimethylocatadecanoic aeldo When»these
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were run in the same cell at the same molar concentration the optical densities
(against an.arbitrany background) wcre 0‘25 and.O;h respéctively;v The value
of 0.35 obtained for phthlan01c acld is in good agreement for four methyl .
groups w1th the branches not concentrated near carboxyl as 1n 25 3, nstrl;
méth;vrlhexadecanom'acld° Four is certainly a minimum flgures fcr the "highest
optical density obtained with nny(acid containing tnfee methyl groups was O°2°
Witnout examples containingvfive metnyl grcups, tnere_is'ncfascurance‘tnatﬂthe'
range for this number doec not overlap that for four methyls, but it is of
tntcrest tnat analyéis by oxidation (1) has aléc‘indicated fouf methyl groups

in phthianoic acid.

Chemical Studies

It has been shown in an earlier paper (13) that a methyl substituent is
an a- or B-position in an acid may bc conclnsively iocated-by studytof the
nate of alkalinc hydrolysis of thetnmide;_’Applicatiqn of‘this_mctnod‘to CéTN
phthianémide'has»definitely estaﬁlishcd'thatAthéré_icwa-ncthyl group in the
a-position and no Substituént in the B?pcSiticnoc Thc cpﬁé;ent-sccond'ofdér
rate constant for hydrolysis of this ami&é‘wac 0,063 litcfé.mclesél‘houréé;o
For 2mmethyloctadecanamide9 under the sane_ccnditions tnciccnstant-waS*OaOSS
for the'aterage of‘fcur runs in which thé épféad-Was'Oéoéh?ﬁd~000615 “The
agrcément‘betwecnntnc vélues'for.thesc‘amides'ié‘consideréﬁ within ‘the 1imit
“of precision of the.method; 'but; in any caseg.thé'rate fcr tne phtnianamide
is not less than that of the Zamethyl amide, as Would be the case for a 3= ‘

‘methyl amide, . The p0331b111ty of an addltlonal substltuent in the 3=p051tlon

“is- p031t1vely ellmlnated by the fact that the” constant for 2y Badlmethylm.
octadecanamlde is only 0.00760 For 2, 3, amtrlmethyloctadecanamlde, the

cqnstgnt»;s'fgrthcrlreduccd to OoOOAOE and thls-ls of con31derable,1nterest

for the constant for a hemethyl amide is ‘the éémcjaé”thatffcr;é normal amide (13).
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Ihis means thaﬁ the presence of methyls in the 2- and 3;positioms makes it
possible for a 4-methyl substituent tg hinder the carbonyl, whereas the 4-
methyl substituept‘aloﬁe doesbnot appreciably hinder the carbonyl. .This is
.furthef support for ﬁhé qﬁaéi ring structure of fatty acids, as hybothesizedf
in an earlier paper (14). F(‘ | |

- The location pf the seéond methyl at the 5wpo§ition? rather than the
4=§oéition9 hasvﬁgeﬁ accomplished by a study pf the beha%ior of pthienocic acid
on-heating, It is %nbwn (7) that heating of an g; P-unsaturated acid to 200°
causes relatively rapid equilibrati@n.with the 5,Y=uns§turéted acid, so if
such aﬁ acid contains an asymmetric center in the Yapositioﬁ heating must
racemize this asymmetric center, It ié further known (15) that heating of a
Y=alkyl- B,v-unsaturated acid above 200° causes equilibration withbthe Y=lac=
tone; with the equilibrium shifted far towards the lactone. " In absence of
the yY-substituent, equilibfium is far towards the acid, with insignificant

amounts of lactone being formed. When C =phthienoic‘acid was heated at 225-

27
235° for forty hours the specific rotatiéh}was 1ow¢red'from 17.7° to 13.7°,
thus there was only partial'racemization after.adequate heating to effect com-
plete racemization if the substituent were in the y-position. ‘Furtherﬁore,
there was very.littie'1a@£one»formatioh,.for the materi&l reco&ered after |
heating had an equivalent weight of 447, and ﬁhe‘extinction coefficient in the
. ultra violet spectrum wasiIOQBQOg jThus? thé recq%ered material was princi-
pally‘qg p-unsaturated acido " In addition to the other evideﬁce cited above,
whiéh seems conclusive for the-abéen@e of a Y=subétituent, it is also the
case that a Y-substituent wguld cause the acid recovered after.heat;equilia
bfation to contain éonsiderabléYB;Ynunsaturéted acid, “
Aithough it has been'@laiméd (16) that there is no equilibration between

ﬁ,xcunsaturated'acid and the Y,écunsatu;ated_acid, the above evidence strongly
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indicates that there wasva very slow equilibration of this sort whichféaused
'the Smallrobserved lowering.bf the rotation. The properties of the recovered
acid show that there was not enough conversion o lactone or general: decoim-
position to explain thellowering of the rotation. This matter is being further
iﬁvestigaied in ﬁhis laboratory., | |

Since the-ultravioletvspe@ﬁra and‘optical rotations indicate that the
mixture from which Qévahthienoie acid was separated (1} contains other similar
acids of different molscular weight, certain structural features of the le-
voraﬁatory’629=phthian©i@ acid (1) have been examined, The infrared spectrum
of ngéphthian@ié acid ié entirely similar to that of the dextrorotatory
'C »=phthianois a@id"thus a similar skeletal structure is indicated. Further-

- more, hydrol*s;s of G =p0uh1aﬁamide (1) gave the same rate constant as ob-

29
tained for G, =ph*hL&nam1de, thus a aq-methyl is also present in the hlgher

&
molecular weight, levorotatory acid.
The géometri@al isomerism around the double bond in the phthienoic acids
has not been investigated, for the presence of the,acmethyl places this study

( . ’ ’ . .
in en entirely unexplored field, and the synthesis of model compounds seems

-requiredo
Experimental

The infrared spectral transmission curves were recorded on a Baird in-

frared spe@trbphotometero Except as otherwise indicated in the discussion,
the acids were run in carbon disulfide solutions (abcut 50 gé‘per liter) in a
cell of 0.9 mm. thicknsess, Im these curves, thé~region'from 6.2 £0'7o2-u is
masked byvsolvent abs@rptiono The methyl Gé7=phthiénoate‘was run as a liquid
film of approximately 0,025 mm. thickness.

Heating of 027=Phth1en©1r Acid = 202 mg. of J27=phth1enolc acid,
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‘Eg]§§:= +17,7240.2°, were heated in a”sealed tube for 6 hours at 225°% On
‘molecular dis%illation of the_product‘at 180° (OOAkmma)%lthere were, obtained
180.3 mg., [a] 2° = '4_16b23ﬁo°459 (ch19rc§form) . S;‘i.n‘c:e_.the air xing,{oi;e. tube

. had gpparently daused some decomposition of.thevunsaturated a¢id,%heating of
- the Same.sample,was_con%inued in.a nit?ogenéfilled‘§eal§§7tube for an addi-
tional 34 hours at 23509 After this hgating period,”there'was rggovered

t

. 25 '
160,5 mg. of acid, [a] 22 = +13.73:0,50%, A 216.mu, € 10,300, equiv-

alent wt., 447, , .
,,H»széPhthianamide = 250 mg. of,Q27=phthianoic acidﬁdwere,allpwed to stand
overnight in & solution of 1 ml, of purified thionyl chloride in 5 ml. of dry

benzene. After e%éeés thiénylfchlbfide ahd[bgﬁzené had‘beén_removed at re-
'duCed'pressure,'the'residual‘acid chloride was dissolved‘in 10 mi. of pure,
.dry diloxane ahd-addéd'dropwise with swirling to 25 ml, of ice-cold éoncen=
trated ammonium hydroxide. iAfter*tHe pfeéipitated amide had been crystallized
twice from acetone there was thained 103 ﬁgé‘pf MoPo 40=46,590

Sarss

A valﬁe'for nitrbgenfinaiéates.a pprifooft84o8'percént'fbffthe*amideo After

NO (40997)> Caléﬁlafed, N 3.42; found, N 29713 3.07. The average
the faté‘défefminétion on fhis'éaMPie"of’amiae the sé@onifiégtion;wés’taken
to completidn; The total ammonia titrated correépondéd'to 84‘péfcéht‘purity
for the amidé,vin excellent agreement with the ébove values obtained by
Kjeldahl ,analysis. '=Also, thé acid obtainedfafterwthié hydrolysis was puri-.
'fied‘by use of Amberlite IRA=400 ion exchange: resin and méiécuiar distiliam,
7eph£hiaﬁbic aéid'was 6btainéd;.'

4 ﬁion, and a pure §ampievof;cé
B Rété Constants - The”method used has Been'descfibed in detail (13). The

previous work was not directed towérds'éStabliéﬁing absolute rate constants
but apparent constants under & given set of conditions for use in structure

determination, The principle uncontrolled variable which would be expected
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' to’oause.minOijariation31was the exact emount of water in fhe l-propanol

"used as solvent. In ordef to establish a point of referénce for the. present

"determinatiOns, and to evaluate'the precision for runsgusing.Only;abont
'110 008 mole of amide, several runs were made on 2wmethyloctadecanam1de and
one run was made on 2, delmethyloctadeeanamldea The agreement in these
instances with the prev1ously published data (13) was reasonably good, but
sufficiently'different~to_emphasize the necessity for"establishing a point
of reference on known compounds.

The data was handled as previously described, using the equation

4. 2.303 b
t _»'TE?E_: b) (iog + log E—-———)

. where a is the initial molarity of alkali, b lS the 1nit1al molarlty of amide,

and x is the moles feaeted in time, %. By plottlng 1og fr———~aga1nst t in

hours, the eqnatlon was reduced to the form

g L2303 1 k L
ST a=bslope

In Table II are assembled the. rate constants determlned expressed in

'_illters moles -1 hours lq ,For_027=phth1anam1de, complete data are glven in

Table III, and the p10t1for siope,1s,glven41n Fig, 20;"'
'_Snmmary:_:'

The structure of 027=phthienoie acid has been furfhef inVestigated by .

use of infrared spectra, study of the behav1or of the a01d on heatlng, and

study of the rate of hydroly51s'of C =phthianam1de°. The known structural

27
features of thls acid are shown in the follow1ng formu1a°'f

| -G~4H9=((B;I,12)- -=GH=CH2=;)I = CsCOZH
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C29uPhthi§noic aciq? whithisnlevorotatory,Aa;ao hgs anﬂasygphyl sube
—‘_Stituent,.and,has the same infrared spectrum as_027~phthianoicaacido Thus,
the mixture of acids of the phthioic type appears to consist primarily of

acids of structure similar to the formula shown above.
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eﬁ‘Footnotes

?his investigatipn was suPpefted in part b& a research grant from the
National Institute of Health, Public Health Service, and by the Atomic Energy
" Commission. | | | |
2 2 comprehensiveliﬂvestigation}haslbeen made‘eftthelinfrared’spectra of
‘branched—chain saturated a.c:Lds9 and this will be reported by cne of us (N.K.F,)
in another Journalo |

The preparation of these compounds has been reported earlier (7), and as

 described in that paper each of these unsaturated acids contalns appreciable

amounts of the other unsaturated acldsibut.the esters are‘regardedfas entirely

 homogeneous.

ke In order to conserve materlal fbr b1' '1ca1 testlng9 thls phthlan01c acid

was obtained in part by hydrogenatlon of f,eyheated sample of Cz7=phth1en01c
acid, which contained some neutral materlalo“ This is no dlsadvantage for
making amide for rate studlesj however, s;nce the'purlty of‘mmldetcan be

: aesesse&"by nitrogen analysis mofe pfecisely‘then the‘fateﬂeenStaqt-is-de=
termined. - Also, the mop. of the amide is of:li@ited uee fer eharacterizetion,

anyway, because it<is a mixture of diastereoisomers.

Information D¢VlSlon o
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.Tablgll

""“wévéfLeﬁgths'gf"DoﬁBié'Béna'ABsorgﬁioﬁ*MsxiﬁéV :

L -'Compou,ndu o _ ,}("C,,__O)p-&t T )zce__c)ﬂl-t

BAMethy1=3mnonenoic_Acid ‘ ¥5§8BE, | _ 6009

3-Methyl-2-nonencic A¢id_ _ - 5.88 6,09

Cpp-Phthidnofc Aeid 5091 6,09

Ethyl 3-Methyl-3-nonencate 5:79 6,08

_Bthyl 3-Methyl-2-nonenoate 5.87 | . 6.08

Methyl C, -Phthienoate | ~ 5.85 | 6,08




-1

Table

“ Apparent Second Qrder Rate

propancl was 0.498.

5

II

UCRL-1157

The‘ihitial.molarity of the potassium1hYdrpxide in 1.

Amide Initial Molarity -k
of Amide ‘
2-Methyloctadecanamide 10,0336 10,057
| 0,01 Q:Q5k, Qo061
e _ ?&,;A ooogg” 0.059
Z, 3-Dimethyloctadecanamide 0.0137 0.0076
2939thPimethylhexadecanamide 0.0340 0.0040
C,,~Phthianamide 0.00847 0,063
C,g-Phthianamide . 0,0259 10,0635
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"(0.1885) (75.1)

"’1-6"'"
RN
“Table III
°~ng7“Cél¢ﬁ1atiéﬁésigr,naté-ccnstant“ggg'ﬂzﬁfolgéis‘
g T of G, ~Phthianamide = * : |
t (HI'So) X a <='X - b =}$ 10gm—
Lol 0.00133 04970 0.00714 1.843
7e9 0,00220 0.4961 - | 0.00627 |  1.898
11,3 0.00282 004,955 0.00565 1.943
22,45 0000445 0.4938 000,02 2,089
a = 0.4983 22,45 = 6,00
| ‘ slope =5 089 - T.a70 - 1>°1
b = 0,00847 - =08 =870 7
K = 20303 = 0,063
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" Figures

; Figuwre 1 Infrared .spectral transmission curves. Dotted lines indicate
regions masked by absorption of solvent (carbon disulfide).
Figure 2 Determination of'slope for rate constant for hydrolysis of

C__—phthianamide.
27°F
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