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and having the same configuration around carbons 1,2, and 3. The quantita=
tive conversion of podophyllotoxin to picropodophyllin by the action of vari-
ous basic reagonis was explained by the difference in strain of the lactone
rings.

Thus no positive evidence for the nature of the lactone rings or the
position of the hydroxyl group was advanced, and the result of more recent
work shows that the Borsche-Spath concepts were incorrect. Drake and Price,
at this University, obtained isomeric trihydroxy compounds from the reduc-
tion of podophyllotoxin, and picropodophyllin with lithium aluminum
hydride%2’13 If podophyllotoxin and picropodophyllin have the same configue
ration around carbon=3, and differ only in the hydroxyl group involved in
the lactone, identical reduction products should have been obtained.

When acetyl or benzoyl podophyllotoxin is refluxed with sodium acetate
in various solvents, b, 15 the corresponding derivatives of picropodophyllin
are obtained in good yield. This result, too, is incompatible with the Borsche=-
Spath formulas. The new evidence led to the conclusion that podophyllotoxin
and picropodophyllin differ in configuration around carbon-3, which epimerizes
when podophyllotoxin is converted to picropodophyllin.

This concept was further strengthened by the isolation of o aadf} -

peltatin16’17

(VII), and the study of the reactions of these analogous compounds.

OH

oA-Peltatin « R g H

fa'Peltatin ~ R = CHj




The peliating are optically active lactones which are converded to
diasterscisomers by the action of basic reagents, as are their acetylated
derivatives., These transformations ars analogous to these of podophyllotoxin,
However, in the peltatines, there is no possibility of an alternate lactone
ring. The inversion of the peltatins could be explained only through enoliza-
tion at carbon-3.

Examination of the models of these types of compounds is fruitless. Both
the cis and trans lactones seem to be about equally strained. The examination
of the infrared aspectra of the peltat:lmu discloged a small shift in the
absorption of the lactone carbonyl group toward higher wave lengths when the
peltatins were epimeriszed, indicating a greater laetone ring stability for
the base~-ghable isomers. Intulitively, the more stable configuration was
believed 4o be c¢is, and the trans configuration was assigned to the more
strained ring. This concept could be exbtended to podophyllotoxin ( trans)
and pieropodophyllin (ecis).

The position of the free hydroxyl group was also investigated. Carbon-l
had been ruled out. Carbon-3 is not a possible site since an enolizable hy-
drogen must be present at this carbon. Carbon~l and carbon~2 remsin.

A tertiary hydroxyl on carbone-2 would be expected to yleld formaldehyde
when oxidiged with periodic acid, since the periodic oxidation of l-hydroxy-
methyleyclohexanel hes been shown to be successful. ¥No formaldehyde waa

15
dotected in the prolonged periodic acid oxidation of pieropodophyllin.

Meyers at this University failed to obtain any formaldehyde by oxidizing piere-
podophyllin with lead mwww,e.m

Only carbon-l remains, Attempts failed to dehydrogenats the secondary
alochol to the ketone with palladiuva at 2"”"? or eopper chromite in the

pregence of ethylene at 280° and 1% pail,g as did oxidation with potassium
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59,11

permanganate, potassiun dichromate and chromic oxide, aluminum tertiary

butoxide, and ultraviolet irradiation with banmqnmcme.m In some of the
oxidation experimenis large amounts of oxidizing agents were consumed and a
good deal of storiing materisl recovered, indicating extensive degradation,
possibly the oxidation of the !-;atralcm formed (assuming a sscondary alcochol).

Hartwell and Sehrmkerls were able tc show that the free hydroxyl greup
in podophlyllotoxin underwent reactions typical of tertiary and secondary
benzyl alcohols. They ruled ont the tertiary alcohol on the basis of the
failure of the periodic acid oxidation. FPhogphorus trichloride, thionyl chlor-
ide or acetyl chloride react with podophyllotoxin to yleld podophyllotoxin
chloride, hy the replacement of the hydroxyl group. The chloride gives an
immediate precipitate with alecholic silver nitrate, and is readily hydrolysed
in aqueous acetone to a new stereoisomsr of podophyllotoxin, epipodophyllo-
toxin. The reaction with acetyl chloride to give the chloride is analogous
to the action of acetyl chloride on phenylmethylcarbinol %o give W-ehloro-
eﬂvlbenm.m 54111 a new stereoisomer was obtained by treating epipodo-
phyllotoxin with piperidine., The new compound, epipicropodophyllin, has the
same configuration around carbon-3 as pieropodophyllin. The conversion of
podephyllotoxin to epipodophyllotoxin,by means of a Valden inversion through
the halide,is not compatible with the Borsche-Spath formula. The existence
of four diasterecisomers differing only in configuration around ecarbon~l and
carbon-3, and having a sacondary benzyl-iype aleoholie group, as well as the
other now evidence in recent years, is compatidble only with formula II for
both podophyllotoxin and piercpodophyllin. The compounds are assumed to
differ only in the configuration around carbon-3,



DISCUSSION

The stereochemigtry of the lactone ring, and the position of the free
hydroxyl group in podophyllotoxin, and picropodophyllin were not lmown when
this work was started., To investigste these aspects of the structure of the
drugs, a series of appropriate wodel compounds were synthesized, and their
infrared spectra were empirically compared with the infrered spectra of
podophylloteoxin and pieropodophyllin,

Part 1 of the Discussion deals with the synthesis of a series of lactones,
and the informaticn obtained from a study of their spectra.

Part IT deals with the gynthesis of a series of alcohols,and the study
of their gpectra,

PART X
Lactones Related to Podophylletoxin

The comparison of the spectra of a large number of compounds has shown
that absorpiion bands occcurring at certain frequencies can be correlated

with certain bonds or atowdc groups within the molecule. Holecules contain-

ing a earbonyl group exhibit an absorption band anywhere from 18I %..w to

1510 om *. This band is usually the strongest band in the region. Any
strong band between 1820 en . and 1699 cn™" {s almost certainly due to a
earbonyl gﬂ.ms Yore particularly, the frequenecy of the band of a carbonyl
group usually indicates the Lype of earbonyl group. Thus bands due %o acids

are found from 177 to 16T 3&.- those dus to aldehydes and ketonas from

- a2
1725 %0 1697 em" L, and thoss due to ester carbomyls from 1797 to 1725 om ..
In thelr study of a series of carboxylic acid derivatives, Rasmussen

and ?.ggmm found that the frequency of the sbsorption band generally



attributed to the C=0 stretebing in lactones varied as the size of the lactone
ring. § -Valerolactone has a band at 1739 m"}’ which is of the same frequency
as the band found for open chain esters. The corresponding band for Y ~butyro-

1, and the band for pw.mmm at, 1818 em’l.

lactons was found at 1770 em
This shift towards higher frequencies was thought to be assceiated with ring
strain. The strain in the sgix-mesbered ring is sufficiently reducsd to exert
no effeet spectroscopically. .

dones, Huomphries, and mbﬁmﬂ in m:- study of a seriea of steroids
found that § -lactones absorb at 1742 s and ¥ ~lactones at 1777-178n em.l.
Here again is evidence tha® the lsctone carbonyl associated with a hexacyelic
ring absorbs at s lower frequency than the laetone carbonyl asgsocisted with
a psntacyelic ring.

Ho appreclable difference in strain can be detected from study of appro-
priaste models of els and trans lactones related % podophyllotoxin. The con-
version of podophyllotoxin to pleropodophyllin is quantitative, and if the
driving foree is the difference in strain batween the twe lactone rings, them
that difference in strain should be considerable, and readily detected by a
shift in the frequency of the infrared absorption band.

The infrared spectra of podophyllotoxin and picrepodophyllin were obtained
with a Perkin-Flmer model 12-C recording spectrometer equipped with a rock salt
prism. Podophyllotoxin, m.p. 157-158°, was sufficiertly soluble in chlovoform
and in methylene chloride so that ite spectram could be obtained from a solu~
tion of the drug in either of the two solvents in a cell of N.1 mm. thickness.
Picropodophyllin, m.p. 221-222”, was extremely inscluble, and so itg spectrum
was determined from a concentrated *=ull® {n mineral oil, pressed between two
rock salt plates. The two specira were rather six:i.x~, but seemed to be
slightly different in the critical area arcund 1775 em -. The dispersion



of @ rock salt priss atb this frequency is poor, and small differences could
not be detectad with any aceuracy. However, & lithius flmoride prism was
available, and although the transparency at this region is poor, the dise
parsion was greatly improved so that the frequency could be datermined with
sn acowrasy of - 1.5 ma.“l. ™he ealibration conld be determined with con=
siderable accurscy since soveral small, but sharp water bands of known fre-
quency are to be found in this rogion. To got narrew bands with sharp peaks,
dilute concentrations in chloroform were unsed.

The carbonyl band of podophyllotoxin was found to be 6 cm ' higher than
that of picropodophyllin, Fromthis information, it may be inferred that tho
lactone ring of podophyllotoxin is slirhtly more strained than that of
pieropodophyllin. Fo decision could be made as %o which was cis and which
wag trans, although intuitively the els form might be expected to be the
least strainad of the two, Also this information does not distinguish hetween
the older Borsche-Spath formulas and the newer concept.

In order to obtain information aboub the configwrations of the lactone
ringe of podophyllotoxin and pierepodoplyllin, a series of lactones were
prepared and their infrared spectra cbtained. The lactones ars shown on
Chart TI. The convention uesed in this and subsequent charts to dencte cis
or trans configuration iss

cis +rans
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Hexahydrophthalide has bean obtained by the hydrogenation of phthalide
21,
over Hanay nickel, i and by the hydrogenation of phthalie anhydride in the
25

o

pragence of oxypen-rich platinum blmk; However, the configuration of the
lactone ring of the compound made in either of the two ways is not definitely
known .

The sterscchemistry of the haxahydrophihalic acids, and their derivatives
has been established. ¥hen phthalie acid is hydrogenated over platinum black,
a hexshydrophthalic aefd (XVI), m.p. 192°,1s obtained’’ The same acld can
8lso be obtained by eondensing maleic anhydride with butadiens, hydrogenating
the double bond of the adduet, and opening the anhydride with boiling
mwgé’z?

The svidence is that thig acid has the cis or meso configuration. ¥Yum~
erous studies have shown that pure cisg addition always oceurs in the Niels~
Alder diems mﬂwsj.sgﬁ The pseneralizetion has beon made that arcmatie
compounds hydrogenate predominantly cis under rmild catalytic conditiona,
namely that which occurs over platinum at room temperature, and in the sol-
vent, acetic acid, which zives tho most rapld &&dﬁ.t&ﬁﬁgg Almo, this acid
has not been resclvsd,

If diethyl phihalate iz hydrogenated in the presence of Raney nickel,
the compound isclated is a diethyl nmmmmmalam?‘ ¥hon this ester is
sapenified with alcohelic potassium hydroxide, a different hexahydrophthalic
acid (IVII), m.p. 219~220°, 13 obtained. The same acid ean be prepared by
hyérogenating potaselum phthalate with nickel oxide at 0%,  This
hexahydrophthalic acid has been resolved using quind.naf? and therefore, it
has the trans configuration. The corresponding diethyl esters have beoen

Kl

37
prepared from the cis and trans hexahydrophthalic aeids, The aetion of
3
alocholic base on these esters has been studisd by Huekel and Oroth.
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If the eis diester (XVIII) is heated under reflux with one mole pereent of
sodium ethoxide in abesolute ethanol, it is eonverted to the trans diester (XIX),
If it is refluwed with an excess of bage in absolute ethanol, the acid iso~
lated 1s tho trans acid., The trans ester, and the trans acid should he more
stable than the corresponding ois compounds because of steric repulsion., The
epimerization is believed to proceed by meanz of enolisation on the earbon
alpha to the carbethoxy group. cis=2-(3eproplonic aeid)-Cyclohexansecetic
acid does not epimerise. /iqueous base has no effect, and the free carboxylie
acids cannot be epimerised this way. The Ransy nickel reduction produet of
diethyl phthalate has been shown to be a mixture of cis and trans diethyl
esters, and the saponifieation under the Muckel-Oroth conditions yielded the
trans acid mluﬁwly? The cis acid (XVI) is convertsd to its anhydride (XX),
n.p. 32°, when 1t 18 heated at its melting point?s The trans aeid (XVI) alse
forms an anhydride (XXI), m.p.1i0°, (éifferent from the eis anhydride) upon
gentle warmming with acetyl chloride, but when heated,the less stable trans
anhydride (XXI) is converted to the cis anhydride (XX). Heats of combustion
also indicate that ths eis anhydride is the more stable of ihe m:.ﬁ If the
- trans anhydride is heated under reflux with a miniwum smount of methyl alco-
hol for a short time, the monomethyl ester of trans hexahydrophthalic acid,
m.p. 96-97°, 1s cbﬁuimdgg This eater was saporified with aguecus sodium
hydroxide to yisld trans hexahydrophthalic seid, m.p. 224~22i.5° which 1s
higher than any value recorded in the literature. ¥hen methyl hydrogen phtha-
late is reduced with Mydrogen over platinuz blark, srothor monomethyl ester
of hexahydrophthalls scid, m.p. 68.5-65, 1s obtained.| Upen saponification
with aqueous sodiwn hydroxide, the eis-hexahydrophthalie acid, m.p. 192",

was obtained, and hance this 1s the cis monomethyl ester.
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The stereoisomeric lactones of 2«hydroxymethyleyclohexanecarboxylic acid
could conceivably be prepared from these monomsthyl esters in either of two
ways. The ester group could be seloctively reduced tc the hydroxymethyl
group with lithium borohydride, or the unesterified acid group could be con~
varted to the acid chloride, and the acid chloride reduced selectively to
the hydroxymsthyl group with sodium borohydride,

¥hile aldshydes and ketones are reduced rapidly at room temperaturs with
lithium borohydride, esters are reduced only slowly under foreing conditions.
The reaction with acids is complex, and some instances of the recduction,
or reactions of an unknown nature, have been reported.”) Also the free scidic
group would react immediately with the lithium borohydride to form an insclu-
ble salt which would make the reduction of the aster group even more difficult.

On ths other hand, the reduction of aliphatic acid chlorides with sus-
pensions of sodium borohydride has been reported to proceed smoothly at
room §ﬁagaﬁ.a.wm Ho resction between sodium borohydride and an ester group
has been observed., The yields for polyfuncticnal acid chlorides are not too
good. Chaiken and gwm report the reduction of % ~carbethoxy propionyl
chloride to butyrolactone in only L0O% yield. The preparation of carbomsthoxy
acicd chlorides from methyl hydrogen dicarboxylic acids generally gives good
yields if the reaction and isolation conditions are sﬂh.wa

The selective reduction of the proper acid chloride with sodium boro-
hydride was chosen as the better of the two possible courses., Methy)l hydro-

gen phthalate (XXIII), m.p. 82°, was prepared in £83.5% yield by the action

i
of methanol on phthalic anhydride (YXII) aceording to Eliel and Burgstahler.

Vavon and 3&5&3% have prepared cis methyl hydrogen hexahydrophthalate

(XXIV) by hydrogenating 10 gm. of methyl hydrogen phthalate in the presence
of 6 g . of platinum black. Using idams catalyst, as much as 200 ¢ . of
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methyl hydrogen phihalate was reduced in 5" g, porticns over 1 p. of
catalyst., The yield after crystallization from petroleum ether, m.p. 60-£1°
was 838,

Thionyl chloride wag purified in the following manner: The teehniesnl
product was first refluxed over sulfur, and then rapldly distilled to give a
94% yield of colored preduct. It was then redistilled through a five-foot
columm packed with plass helices, A relatively highly colored forerun was
removed, after which an 88% yield of very slightly colored product was col-
lccted‘hz

A thresfold excess of purified thionyl chloride and els methyl hydropen
hexahydrophthalate were reacted to produce the acid chloride, 2-carbomethoxy:
cyelohexanecarbonyl chloride (XXV), a colorless, viscous oil in 9% yield.

A small sample of the acid chloride reacted al room temperature with dry
aniline in ether to yield the Z-carbomethoxy eyclohexanecarboxanilide (XXVI),
mepe 97°.

The acid chlorids group of the ecarbomethoxy acid chloride (XXV) was then
selectively reduced with sodium borohydride, The initial produect isolated
had a high saponification equivalent indicating that a pood deal of methyl 2-
hydroxymethyleyeclohexanecarboxylate wag present., In subsequent runs, the
crude product was saponified wl%hﬂa}mhoiie sodium hydroxide, and lactonised
by heatiag wnder reflux with dflute salfurie scid. The resulting product,
2-@&%%1@3@1&%&«%@ acm 'J.mhm (XMI), a colorless oil,
baps 166-17°/27 we was obadned in L€ yleld, It was insoluble in cold
sodiom bicarbonate and cold sodivm hydroxide, but dissolved rapidly in warm
sodiun hydroxide,and gave the odrrect ssponifieation equivalent.

The lactone was converted into its anilide, 2«hydroxymethyleyclohexane-
carboxanilide (XXVIII), m.p. 155°, by the sction of aniline magnesium iodide,



Diethyl phthalate (XXIX) was hydrogenated over Raney nickel to the diethyl
hexahydrophthalate (XXX), & colorless liquid, b.p. 141°/11 mm. The diester,
a mixture of cis and trans isomers, was treated with ethanolie potassium hydrox=-
ide to epimerize the cis diester, and saponify the ester groups. The trans-
hexahydophthalie acid (XXXI) was cbtained in 93% yield after acidification.
The white, crystalline compound melted at 209-215", It was converted to the
trans anhydride (X¥XII) by the action of a six-mole excess of acetyl chloride,
After recrystallization from ethyl acetate, the yield was 68%, m.p. 143-1L4°.

5

Baeyer?“ reports a melting point of 10 for this compommd.

A brief outline for the preparation of wethyl hydrogen trans-hexshydro-

32 iné Fichter and Simon-

phthalate has been given by both ¥erner and Conrad
trans-Hexahydrophthalic anhydride (XXXII) was reacted with absolute methanol.
The methanol was then evaporated under reduced pressure. No heat was used

as this wonld tend to increase the yield of the dimethyl ester. Ths residus,

a white solid, was extracted continucusly in a Soxhlet extractor with petroleum
sther, b.p. 60-5n°, The unreacted anhydride was very insoluble in the sol-
vent. Both the mono and dimethyl esters were soluble, and upon cooling the
extract, the monomethyl ester (XXXIII) precipitated in a pure state. The
melting point was 96° which agreed with the values in the literature. The
yield was 92%,

The trans-carbomethoxy cyclohexanecarbonyl chloride (XXXIV) was prepared
in exactly the same way as the cis compound. The yield of wviscous, colorless
oil was 96% after distillation at 1. 2% room temperature. Treatment with
aniline gave the carbomethoxy cyclohexanecarboxanilide (XXXV), m.p. 127°,

The acid eialaric!e proup was selectively reduced with scdium borohydride in
refluxing ether in precisely the same way as the cis compound, The lactone

(XXXVI), bep. 1h8°/4k mm., was obtained in L6% yield, and had the proper
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hoating under reflux with sodium ethoxide in alecohol, and then replacing
the alcohol with water. The yiald of trams-1,2,3,L~tetrahydronaphthalene«~
2, 3-dlearboxylic aeid (XIITY), m.p. 221°, was 92%. The anhydride of the
trans aeid (XXXVITI), m.p. 2507 was obtained in 60% yield hy treatment with
acetyl ehloride.

The anhydride of eis~1,2,3,li-tetrahydronaphthalene-2, d-dicarboxylic acid
(XLI) was treatod with a suspension of alurinum amslram in a mixture of ether,
bengene, and dioxane. The resulting alumina sludge was decomposed with
sulfuric acid and the cis~3-hydroxymethylel,?2,3,L-totrahydro=2-naphthoic acid
lactone (XIVI) was isclated as a white solid, m,p. 13&;@, in 277 yleld afler
reerystallisation from methyl alcohol. Haworth'> obtained the lactone after
an acid decomposition of the alumina sludge, and alsc by extraction with
chloroform with no changes in configuretion. FRe was also sble to saponify
the lactone with aguwecus bage, and recover the original lactone after acidifie-
cation and heating,

The lactone of trans-3-hydroxymethyl«l,?, 3, )i~tetrahydro-2-naphthoie
acid (XIVII) was obtained in the same marmer using dloxane as the solvent,
The yield was 20% and the lactone meltad at 159°, 3° Mpher than the value
reported by Haworth. This compound, t0o, eould be sapenified and relactonized
with ne eonfigurational changes. Aluvinum a@alpan is a nentral reagent, and
it is unlikely that either the anhydride or the lactone ring was opened dur-
ing the reduction, Alsc the possibility of enclisation is small with this
type of reagent, Hence it ig likely that there were no changes in configoe
ration during the reduction.

The best ovidence avallable seemed to iml;éam the Borsche-3path
formula for podophyllotexin{I). Tha C-1, C~3 lackons Ting as formilated
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saponifisd to the cis hydroxy acld which was recrystalliszed, heated, and
distilled. The distillate was veerystallifed three times from patroloum
ether. Fven then 1% was still an extremely sticky, white solid,

The lactona of ciu-{zﬁéi:oxywl,aﬁ,hémmwzw@%m acid (XIV)
and the hydroxy éﬁid m‘ mt.‘ rmrw in the literature. The compound was
synthesized in the following manmer: The sodium salt of diethyl benzylmale
onate (XIVITI) was condensed with eﬁm ‘bromoacetats, The resulting tri-
carboxylate (XLIY) was saponified, and decarboxylated to bemzylsuccinnic
acid (1), This in turn was converted to the bemsylsuceinnie anhydride (1I)
which was cyclized with aluminum chloride to the L-kstowl,?2,3,li-tetrahydro~2-
napthoie acid (LTI). This was reduced to Lehydroxy~1,2,3,l-tetrahydro=2-
naphthoic acid (LITI) with sodium borohydride, and thermally lactonized to
the desirved lactone (LIV).

Bangylsuccinnie acid is well known, and has besn made in & number of

5
W?" 5% Since a plentiful supply of dlethyl benzylmalonate was avail-

able, the procedurs of %%*aimm% was adopted., A solution of sodium ethoxide
in sbsolute ethanol was treated in quick succession with diethyl bensylmalon-
ate and othyl bromoacatate. The reaction mixture was heated under reflux
and then the alechol evaporated. The crude triethyl l-phenylpropane«2,?2,’-
tricarboxylate (XLIX) was isolated as an orange oil. It was hydrolyszed with
ethanolic potassium hydroxide. After evaporating the aleohol, the potassium
tricarboxylate was dissolved in water, the solution acidified, and the erude
tricarboxylic acid extracted with copious amounte of ether, A yellow eolid
was obtained upon remowval of the ether. Vseimnanm obtained an oil at thie
point, and decarboxylated by heating at 165-170". Better resulis were ob-
tained when the lephenylpropane-2,2,3-tricarboxylic acid was heated undar
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raflnx with wetar, The compound dissolved readily in the boiling water,

was decarboxylated and precipitated upon cooling as slightly tan crystals,
m.pe 158155, The yield of bensylsuceinmic aeid from diethyl benaylmalonate
was 75%.

Benzylsuecinnic acid has been cyclized to the Leketosl,?,?,Letetrahydro-
2~-naphthoic acid (LII) with concentrated sulfuric actid (mo yield gim)f?
with phosphorus pentachloride, and them aluminum chloride in LS% yiemga,
with acetyl chloride and them aluminum chloride in 61.5% yield,” and with
acetic anhydride and thom aluminum chlorid: (no yleld g:im)?g

The eyelisation with sulfuric aeid was atbtempted in a variely of condi-
tions, In no case was the yleld over 504, Troatment with anhydrous hydro-
fluorie acid falled %o yield the eyeclic ketone. Only starting material was
recovered, Benzylsuccimnic anhydride (II) was prepared in 86% yield by the
action of scetyl chloride on the ° benzylsuceinmic acid. The melting point
of 98° was higher than the recorded vale of 95-97°>"

The Friedel<Craft cyolisstion with alumimin chlorides gave ths higheat
yisld when the solvent used was a mixture of nitrobenzene and acetylene tetra-
ehloride. The alunimm echloride was dlssclved in a mixture of nitrobenzeme
and acetylene tetrachloride, and was added %0 a solution of the bensylsvecimnic
snhydride in the same solvents., The product was isolated hy extraction,
rather then by stean distillation. This preved % be no more convenimnt
gince a severe emulsion problem was encounterod, The ylald of Leketowl,2,3, L=
tetrahydro-2-naphthoie acid was 81,5% from the anhydride, and 70% from the
bansylsuccinnic acid, The melting point of 149,52 was higher than the
recorded values of mﬁ«m7°53 and 1:;9"?? The yield too was higher than the

3

reported 71.5% (from the anmhydride),
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Walker in his roview of the resctions of formaldshyde. reports that
the reaction of cyclopentanone and cyelohexancne with hydrated lime, and
excoss formaldshyde led to the production of polyhydroxy compounds analogous
to pentacrytiritol, However, Mannich and Brese were able to isclats mono,

and tetramatiylol ketonss from the reaction of cyclohexanone and formalde-

hyde.”
61

Haworth and Sheldriek cted 6,7-dimthoxy=l«(3i=dimethoxyphenyl )~
keto=1,2, 3, i~totrahydro-2-naphthoic acid (IVI) with formalin in aquecus sodium
hydroxide. Two methylol groups entered the carbon-2 position, one of them
forming a lactons with the carboxyl group., Basie hydrolysis removed one of
ls, but the other was dehydrated ylelding

the methylol esroups as forms
64 1=dimethoxy=1=( 3, i~dimathoxyphatnyl) «li=keto=J-methylene~1,2, I, i=tetralydro-
2-naphthoic acid (IVIII). Brown at this University attempted o introduce

the mathylol rroup into disthyl bensylphenacylmalonate (1IX), but only starte
ing material wag recovered,

The Glaisen condensation of oyelic ketones with ethyl formate is well
known. Von Aners and Krollpfeiffer prepared 2«hydroxymethylene-S-methylcyclo-
hexanone in 537 yield by the condemsation of 2-methyleyclohexanmone and amyl
formate in the presence of méhméz trans=-1«Decalone hag been formylatad
in 617 yield with ethyl formate using sodium as the condensing ageatﬁ
HBaworth and shelariak& wore able to formylate 2-sarbothoxy<l,7=dimethoxy-l~
(3,Li=dinethoxylphenyl ) <hvkoto=1,2, 3, i=tetrahydronaph
formate and sodius wive in 85% yleld. The hydroxymethylene-ketowester (1XI)
was reduced with sodium smalgsm 40 the dihydroxy aeid (1LXIT) in 211 yield,

The dihydroxy acid wnderwent reductive lactoniszation when hested at ite

melting point, or when boiled with 10% sulfuric aeid to the lactone of ehydroxy-
| methyl-s, T-dingthaxy~1=( 3, ~dimethoxyphenyl) =1, 2, 3, i~tetralydro-2-naphthoic

apid (IXIIT),

wlens (LX) with ethyl
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Yore recently, Johnson and Ms co-workers have formylated 2-methyleyelo-
hexanona in 72% yleld, and S-methoxyhydrindone-l in 93% yield using aloohol-
free sodim methoxide as the eondemsing ngméfg’%

Of the twe methods, the Claisen condensation with ethyl formate seemed
to be the more suitable for introdueing & carbon in the earbon-2 position.

Johnson's method using aleohol-fres sodinm methoxide as the condensing
agent; and the older sodium method were both tried,

Uging dry sodium methoxide, the yleld and the composition of the pro-
duet varied from ren to run. Two moles of sodium methoxide and twe moles
of ethyl formate were roacted with one mole of the keto-sster (IV) for varying
lengths of time, and at varying tamperatures. Only ocnce wae a crystalline
material cbtained from the reaction mixiure, This was identified as the
hydroxymethylens~keto=scid (LXIV), m.p. 152°, On the other runs, & mixture
of hydroxynethylene-keto-ester (LXV), and ketowasid (LXIV) ware obiained.

In one such representative run, the hydroxymethylens-keto-ostor waz separated
from the hydroxymethylene keto-acid Ly its prefersntial solubility in bemsene.
The residne proved % be soluble in sodiom biearbonate, snd was quite crystale
line, and was recrystallised from chloroform. I% gave a deep purple cclor
with ferric chloride, and analymed correctly for the hydroxymsthylens«keto-
acid. The hydroxymethylems-keto-estor recovered from the bensens solution
was an cil which could not be erystallised, It formed an olive green copper
salt which conld not be recrystallised. The hydroxymethylene-keto-ester
recovered from the acld doomposition of the copper salt was also an oil. %
was purified by chromatopraphy. A solution of the oil in denzene was ad-
sorbed an gilicir acid. The chromatogran eonsisted of & narrow,dark brown
band, and a diffuse yellow area below 1%, The chromatorran was cluted with

24 ethanol in benzene, the yellow area separated, and the solvemt evaporated,
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LEQEND FOR CARBONYL BAND SPECTRA

1. Podophyllotoxin

- = == w» - Pleropodophyllin
I5. trans-2-iydroxymetiylcyclohexanscarboxylic Aeid Lactone
- e e e e clsaldiydroxynetiyleyclohexsnecarbm
IIX. WWWM,Q,BQMNﬂMMQ
- wwowee closl-diyiroxynethylel,?,3, =tetrahydro-2-naphthoiec ieid
Lactone

-nmeeee Ldydroxyel,2,3,=tetraydros2enaphthoic Acid Lactons

Ve 3utiydroxymethyl=dwiydronyel, 2,3, ketotrahydrom2-naphthoic

Acid Lactone-2,i -
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The two lactones, XIIT and XIV, (Cel,C=3 lactones) modelled after the
Borsche=Spath formula for podophyllotoxin each had a double peek band in
this region, the appesarance of which was quite different from the bands of
podophyllotoxin and picropodophyllin which were single peaks. This physical
evidence, as well as the chemical evidence presemted in the introduction,
rules out the Borsche-Spath formula for podophylliotoxine The lactone of the
dihydroxy acid quite unexpectedly had a double peak band, similar in appeare
ance to the double peaks of the Cel, Ce3 lactones. In the absence of any
other evidence, this lactone can be considered as a Cwl, Ce3 type lactone
with & free methylol group om carbon-2.

By comparison with the spectrs of the cis snd trans-gyclohexane lactomes,
and the cis and transetetralin lactmmes, podophyllotoxin was showmn to have a
trans lactone ring, and pleropodoplyllin, a cis lactone ring.

A difference of 5 cu - was observed for podoplyllotoxin and ploropodo-
phyllin, © em“l for the cyclohexans lactones, and 1l e&"l for the tetralin
lactones, These differences are small when compered with the differsnce of
37 en™t between § and Y -lactones. If these differences in frequency are
due to differences in ring strain, then the cis-trans lactones studied do not
differ greatly in strain. It is not likely thet the quantitative conversion '
of podophyllotaxin to pleropodophyllin can be attributed to this small dife
ference in ring strain.

The rate of lactonisation of the cis and trans.2«hydroxymethyleyclohaxane.
carboxylic acides was studied. Each lactone was saponified with an sxcess of
standardized, squeous sodium hydroxide and then enocugh standardized hydro-
chloric acid was added to nearly neutralize the basic solntion. The aguecus
solutions of the hydroxy acides were then hesated on a steam bath and, from
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time to time, aligquot samples were withdrawn. The samples were titrated

with standardized sodium hydroxids to detsrmine the amount of free hydroxy
acid present. The cis hydroxy acid was found to lactonize more rapidly and
completely than the trans hydroxy acid. 2t the end of three hours, the ecis
compound was 79% lactonized, and the trans compound L8%. At the end of twenty
hours, when the rate of lactonisation of either compound was nearly sero, the
cis compound was 97% lactonized, and the trans 61%. The more rapid rate of
lactonization and the greater completeness of reaction of the cis compound
indicate that it is the more stable of the two. Furthermore, had an enoli-
sation occurred during the basic saponification, the two rates would have been
the sane.

To sse if any epimerization took place during saponification of the lactones,
the cis and trans-cyclohexane lactones were saponified with aqueous sodium
hydroxide, and then lactonised by heating the acidified mixtures under reflux,
The lactones, isclated with ether, were dimtilled and their spectra compared
with those of the untreated compounds. The position of the carbonyl peaks
indicated that the saponified and relactonised compounds were identiocal with
the starting compounds in each case, Haworth and Slinger’> were able to
ssponify and relactonize the eis and trans-tetralin lactones without any changes
in configuration. Apparently, these simple lactones are not epimerised by the
action of base. If they did enclize, since the rates of lactonisation are of
the same order, a mixture of ois and trans lactones would be recoversd. There-~
fore, by analogy the small differemce in strain in the lactone rings of podo~
phyllotoxin and picropodophyllin could hardly account for the quantitative
conversion of podophyllotoxin to pleropodophyliin under the influence of basic
reagents. It is diffienlt to formmlate a mechaniss for the epimerisation of
podophyllotoxin other than enolisation, but why should podophyllotoxin enclise,
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and not the model compounda? If indeed the mechanism is one of enolization,
then the driving forece behind the quantitative epimerization muat be the tri-
methoxyphenyl group on carbon-l which wounld then be cis %o the carboxyl group
in podophyllotoxin and tramns to the carboxyl group in pieropodophyllin,

PART 1T
Aleohols Related to Podophyllotoxin

The absorption of infrared radiation in the region from 370" en~! to
2900 cn”! is penerally attributed to hydropen-stretching vibrationss. tore
specifically, the free hydroxyl vibrations, where the hydrogen is not affected
by any atom but the oxygen, have a characteristic absorption band betwaen
3700 em™ and 500 emit If hydrogen bonding oceurs, the absorption band is
broader, and is shifted to lower frequencies, 35W0=3100 e:m'.'}' Thess bands are
vary useful in identifying the presence of a hydroxyl function in an orpanic
molecule.

In addition, an equally significant but less studied band oceccurs in the
129 en™! to 100 om”! region. A band in this region may range in intensity
from medium to strong, and is generally attributed to the carbon-oxypen
stretching vibration.

¥arly in the history of the application of infrared spsctroscopy %o organ-
ic structure, Weninger’) noted the existence of a band at 190 cm™t in primary
aleohols, 117 em * 4n secondary alcohols, and 1160 em  in tertiary alechols.
This information could be used to determine the position of the hydroxyl croup
in a molecule. More recently, Tuot and Lecompte'  examined the infrared
spectra of a series of aliphatic asscondary and tertiary alechols. Their work
was in agreemsnt with that of ¥eninger.

Sti1)l more recently, afier this work had been almost completed, a study

of the carbon-oxygen absorption band of a series of alcohols by Zaeiss and
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was published. They found that the differentiation between primary,
secondary, and tertiary alcohols as prop8sed by Yeninger, and Tuot and Lecompte
wag not valid. Thay were able to make certain goneralisations asbout the lo-
cation of the carbon-oxygen band for varying aleohols which will be discussed
later.

If the nature of the hydroxyl group in podophyllotoxin econld bs estab~
1ished, then its position would be known. A secondsry alcohol would bs located
on carbon-l, a tertiary alecohol on carbon-2, while a primary earbinol would
also be located on carben-2, and would lend support to the Borsche-Spath for-
mula, Therefore, a series of alicyeclic and fused aromatic~alicyclic alechols
were synthesizad so that their infrared spectra could be studied. It was
hoped that information obtained from these modal compounds could be applied
to podophyllotoxin,

Commercial cyclohexanol was distilled through a three-foot column packed
with glass helices. The middle fraction, b.p. 160°, was collected, and re-
distilled through the same colwm. Agsin, the middle fraction, b.p. 167°,
ngf) 1.16Ll, wae collected.

2=Hathyloyclohexanol was prepared by hydrogenating purified o-crescl over
Raney nickel according to the directions of Ungnade and Nigh'bingala?z The
2-methyleyclohexanol, b.p. 162-16L5 was isolated in 9% yield by distillation
through a one-foot Vigreux column. It was them redistilled through a three-
foot column packed with glass helices. The middle fraction, b.p. 1&1:0,
nf;’ 1.1606, was collected, The phenylurethane of 2-methyloyelohexanol pre-
pared this way has a melting point of 105=106° which sorresponds to the
melting point of the phenylurethane of trans-2e-methyleyclchexanol.

J-Methyleyelohexanol, and Le-methyleyclohexarncl were prepared in %% and

92% yield respectively, and purified in the seme Way. The Lemethyloyclohexanol
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is also of the trans configuration, but the le-methyloyclohexanol is cis.

The configurations of the 2,3 and L-methylayelohexarols have been assigned
on the baaié of viscosity mmma” and heat of corbustion mammemzb
assuming that for esch pair of isomers, the trans form wasg the more stabls,
an assumption which is now believed %o be true for the 2- and L~ substituted
cyclohexanols, but not for the 3-1somers|’ Ooering and Serres’® propared
cis and transe3l-methylayclohexamol from the isomeric l-hydroxycyclohexane-
carboxylic acids by synthetic schemes designed to awvoid ambiguities concerning
configurations, Comparison of the solid derivatives of these compounds of
known confipuration showsd that the previously accepted assignment of configu-
ration for the 3-methyleyclohaxanols was In error,

The physical constants of the three isomeric methyloyclohexanols agreed
with the values found in the literature. (Table I,) The physical constants
of cis snd trans-3-methyleyclohexanol obtained by Mallsm

to the configurations obtained by Goering and Serres.

have besn assigned

152, 3, k~Tetrahydro-2-naphthol has been prepared by the hydrogenation of
@ -naphthol over Raney nickel, and over acpper chromite. Husser and Adkina%
report the preparation of 1,2, 3,L-tetrahydro=2-naphthol in 55% yield over
Raney nickel. However, smm obtained a mixture of S57% 5,6,7,8-tetrahydro-
2-paphthol, and 27% 1,2, 3,i=tetrahydro-2-naphthol, When a 11%tle ajuwecus
sodium hydroxide was added to the reaction mixture, the yiald of the phenol
was 11% and that of the aloohol was 684, Adkins and Kmksg hydrosenated
gmhml over a variety of nickel catalysts, and in neutral media obtained
80% yiolde of the phenol, and 6~11% yields of the aloohol. The presence of
base changed the yields to 8% phenol and 684 alechol.

Hydrogenation over copper chromite is superior. Musser and &dkinu&q

reportad an 87% yield of alochol enly. Dauben, M¥eKusick, and %11&83
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Compound Physicsl Constant  cis trans
2«le thyl cyclobexanol

ng" 1.L4k9 14616 11505 | Lhso2 | 1506

BeP 165° 153268 |14,°
%P, of Phemylurethans 52.93° 105° 105-104°
l-Mathyleyelohexanol

20

n LUST3 14563 LSt | LS5 f.usee

L] [+] o

BoPs 172 168.165 |im1
#,P. of Phenylurethane 92°  103° 91.92°
Ledathyloyclohexanol

20

nﬁ 1‘1&611; 1.1661 1.[:5“35 1:2&551 1-&55?

Bu P 172° 170-272° | 170°
%.P. of Phenylurethane 103.204° 12b~12L.5° 12}-125°
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obtainad a 794 yisld of pure aleohol along with an 8.5% yleld of phenol.

The purlty of the alechol was demonstrated by cryoscoplc measurements. The
procedure of Dauben, McKusick, and Musller was followed in this work. (@-Naphthol
was purified by distillation first from Raney nickel, and then from copper
chromite. The molten p-anphtm:*. was then hydrogenated aver copper chromite

at 200°/35°0 pei. The compound was removed from the bosb with benzens, and
the catalyst separated hy centrifuging. The solution was then washed with
several portions of aguecus sodium hydroxide to convert the 5,6,7,8-tetralydro-
2enaphthol to its sodium salt, Without drying, the low boilers were stripped,
and then the residue distilled. An 82% yield of 1,2, 3,lL~tetrahydro-2-naphthol,
bep. 119-121°/5 mm. was obtained by distillation through a five-inch Vigreux
colum, The residue was the sodium salt of the phenol. The aloohol was re-
distilled through a two-foobt column packed with glass helices. The physical
constants of the alcohol were b.p. 12° /.5 ma., n§5 1,973, and mep. 22,6~
22,90  Thess values are in agresment with those cbtained by Dauben, McKustek,
and Hueller,

1, 2,3,L-Tetrghydro-l-paphthel has been preparsd in a variety of ways.
Stragss and Rohrbacker prepared the compound by the reduction of l-tetralone
with sodium and aleohol in 70% yield?k The reduction has also been accomp=
lished with alumdnun isopropoxide in 869 yiam‘?s Hook and lang prepared
tetraline peroxide and reduced 1% with sodium sulfite to the aleohol’C It has
also been prepared by the catalytic hydrogmation of of -naphthol. Brochet
reported the preparation of the 1,2,3,l-tetrahydro-aloohol in 85% yield along

8
with a 15¢ yield of the 5,6,7,8 on 1?7 Yusser and Adkins  were

mable to get any of the alcohol by hydrogenation over Rangy nickel. Over
copoer chromite they succeeded in preparing the alechol in 357 yield. A 30%
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yield of the phencl, and a 104 yield of tetralin were also obtained. This

work could not be duplicated. Only 5,6,7,8-tetrahydro-l-naphthol and

tetralin were isolated. The alcohol, 1,2,3,Li~tetrahydro-l-naphthol, is a

substitoted banzyl alcohol, and since copper chromite is active as a cata-

lyst for }xydmgmlysis?ﬂ any aleohol formed was probably converted to tetralin,
The other route to 1,2,3,lL-tetrahydro-l-naphthol is through the reduction

of 1-tetralone which is most conveniently prepared by the air oxidation of

m:-nm%g or by the aluminom chloride eyclization of the acid chloride of

¥ ~phenylbutyric asids

* large supnly of ¥ =(p-tolyl)-butyric acid was available, and it was
daecided to cyclize this acid to the 7w-methyltetralone~l, and reduce the ketone
to T=methyl-1,2,3,-tatrahydro-l-naphthol, 7-Nethyltetralone-l has been pre-
pared in 70% yield by treating ¥ =(p-tolyl)-butyrie acid with sulfurie aeic?} o2
and by preparing the acid chloride and cyclizing with aluminum chloride
(overall y1e1d~5%)77, The former procedurs was adopted. K «(p=tolyl) -Butyrie
acid was treated with a large excess of concantrated sulfurle acid and heated
on a stean bath. The ketones was extracted with ether, and distilled. The
yield of 7-methyltetralone-l, b.p. 142°/15 ma.,was 555,

The boiling point of l-tetralome is 175=115°/2 mm. The boiling point of
1-tetralol is 102-1%"3&0/2 mn, It was anticipated that, the boiling points of
the 7-methyle-analogues would also be close togethsr, and so separation hy
distillation would not be feasible. Therefore, the aleohol would be best
isolated as one of its derivatives, the derivative purified, and the alecohol
regensrated from 1%,

The 7-mathyltetralone~l was reduced smoothly with a slight excess of
lithium aluminum hydride in ether. The erude product was freed from any
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volatile matter finally with a vacuum pump, and then treated with an excess
of phenyl isocyanate. The resulting phenylurethane was readily crystalline.
The yield of white orystals, m.p. J.D?a,_ was A5% after recrystallization from
petrolews ether, b.p. 50-50°.

Acid hydrolysis of the urethane was rejectaed since it might dehydrate
the alcohole The urethane was dissolved in a solution of potassium hye
droxide in diethylene glycol end saponified at 150°. The alochol was stesm
distilled from the reaction mixture along with some aniline. It wes then
isolsted from the distillate, by acidifying, and then extracting with ether.
The Temethylel,?2,3,L-tetralydro-.l-naphthol erystallised on cooling, and a
yield of 70.5%, meps Sl.5, was obtained after recrystallization from petro-
leun ether, bepe 50=80".

The Temethyltetralone«l was slso trezated with an equivalent amount of
methyimagnesium fodids. The Orignard complex was decomposed with ammonium
chloride. The resulting 1,7-dimethylel,2,3,l-tetrshydro=l-naphthol was obe
tained a® & yellow oil which was crystalliszed from petroleum ether ty coole
ing in a dry ice bath, and allowing the mixture to warm to room tempsrature
slowly. After two recrystallisations from petroleum ether, bep. 40-80%, a
67% yield, mepe 88,1°, was obtained.

l-listhyleyclohexanol was prepured bty reacting methylmagnesium iodide
with cyclohexsnone, b.p. 153«155°, (purified through the tisulfite addition
coapound’")e The yield of l-metiyloyelohexanol was T7.5¢ after distillation.
The compound was distilled twice more through a three-foot Vigreux column.
The final fraction had a boiling point of 70°/20 mm. and melted at 25.4°.
Values in the literature vary from 2.° to 260, 7527571

The procedure of Ollman, and catlmga was followed to prepare cyclohexyle
carbincl. The Orignard reagent from cyclohexyl chloride and magnesium was
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treated with dry, depolymerised paraformaldehyds., A yield of 6L% of colore
leas 0il, bup. 9195°/26 mm. was obtained. The compound was then redistilled
through a two-foot column packed with glass helices, and the fraction,
bepe 930/23 R, niq 1.i6Lh, was collected. These constants agree very well
with those mport.aé in the Literatare, T

I% was also desirsble %o prepare 1,2,3,l~tetrahydro-l-naphthylearbinol,
and 1,2,3,L~tetrahydro-2~naphthylcarbinol. The catalytie reduction of methyl
1l-naphthoate and ethyl 2-naphthoate over copper chromite results in the for-
mation of small yields of the corresponding naphthyl carbinols, and alkyl
napht.halems].“m Nemman and co-workers have prapared 1,2,3,lLi«tetrahydro-1«
naphthylearbinol, and 1,2, 3,hi-tetrahydro-2-naphthylcarbinol by the reduction
of the esters of the corresponding tetrahydro acidgs 17

Therafore, the means of preparation of 1,2,3,li-tetrahydro-l-naphthoic
acid, and 1,2,3,li=tetrahydro-2-naphthoic acid were investigated, The reduc~
tion of A or 3 -naphthoic acid with Raney nickel alloy yields only the
5,6, 7,8=tetrahydro acida]:% The Raney nickel catalytic hydrogenation of
ethyl 2-naphthoate results in the formation of the 5,6,7,8-tatrahydro acid
almost exclusively. Reduction of theo(-isomer leads to a 5:3 preponderance

0
of the 5,6,7,0«-tetrahydro acid% 1 The Raney nickel catalytic hydrogenation

of the free acids gives almost tha same mmalt.s}ag The mixed tetrahydro acids
are than laboriously ssparated by fractional crysftallisation, and the pure
acids obiained only in small yields. Reecently,o~phenylglutaric acid was
cyclized to the Li-keto~1,2,3,Li-tetrahydro~l-naphoic acid, which was reduced
to the 1,2,3,li-tetrahydro-l=-naphthoic acid%% 1,2,3,4~Tetrahydro=-1-naphthoic
acid has also been obtained by the reduction of Of =naphthoic scid with sedium
in awyl &1601101?7 and with sodiwm in sthyl almlml%oa Reduction with sodium

amalgam at room temperature leads to the dihydro acid, but when the reduction
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is carried oud at the boiling point of water, the tetrahydro acid is ob~

tainadl.'w

Newman and O! Laarymz hydrogenated methyl 3,L-dihydro-l-naphthoate
obtained by the cyclization of ethyl S-phenyl-2-ketovalerate to obtain ethyl
1,2,3,k-tetrahydro-1-naphthoate.
1,2,3,i~Tetrahydro-2-naphthoic acid has been prepared by the reduction
of PB-naphthoic acid with sodium in amyl alcohnl}g? and with sodium amalgam
in aqueous sodium hydroxide heated under reflux. The reduction with sodium
amalgan at room temperature results in the formation of a dihydro aeid}:m
The tetrahydro acid was also prepared by the Clemmenson reduction of L~keto-
1,2, 3,i=tetrahydro-2-naphthoic acid;f‘&
The reduction of O{-naphthoic acid with sodium and aleohol was chosgen
as the most convenient way to prepare the 1,2,3,li-tetrahydro~l-naphthoic
acid. O -Napthoie acid prepared by the Orignard method as deseribed by
%gal}n was dissolved in absclute ethancl, and a tenfold mole excess of
sodivm was added rapidly. The resulting alkaline solution was nearly neutra-
lized, the alcohol replaced with water, and the tetrahydro acid precipitated
by acidifying the solution. An agqueous solution of the sodium salt was treated
with cold, concentrated potassiun permanganate to oxidize any dihydro acid.
The yield of 1,2,3,L-tetrahydro-l-naphthoie aeid, m.p. 8L°, was 89%. The
acid was esterified with ethanol in the presence of bemzene, and p-toluene-
sulphonic acid, and the water removed by an aseotropic distillation. The
ester was reduced with an ethereal solution of lithium aluminum hydride, The
resulting crude 1,2, 3,Li-tetrahydro-l-naphthylearbinol was heated on a gteanm
bath with phthalic anhydride and dry pyridine to prepare the hydrogen phthalate
ester. Tho yleld of the hydrogen phthalate ester of 1,2,3,li-tetrahydro-1-
naphthylearbinol, m.p. 1"320, after reerystallization from eyelohexane was 75%

(from the ester). The ester was saponified with 1n% sodium hydroxide to give



an 89.5% yield of 1,2,3,i-tetrahydro~1-naphthylearbinol., The earbinol was
redistilled through a three-foot Vigreux column. Three fractions, all of the
same boiling point 1%“/{3.6 mn., and the same refractive index, %25 1.5596,
waere obtained, mm‘?mmaﬁﬂwmmmbymmnmafm
ester with sodium in butyl aleohol. His physical constants weras

b.p. 1%~1f?9°/1 mm, , ngs 1.5468, However, the values for the carbon and
hydrogen analyses that he reported wers not very close to the theoretical
values.

p-uammmc wag prepared according to the direetions in Urganie Syn-
112

theses. The acid was dissolved in agusous sodiom hydroxide, the solution
heated under reflux, and large amounts of sodium amalgam added over an extended
perfod of time. Aocording to Baeyer.' this treatment should have resulted

in the tetrahydro acid. A small aliquot of the alkaline solution decolorized
several drops of cold potassium permanganste solution indicating the presence
of a large amount of dihydro acid. The mixed tetrahydro and dlhydro acids
ware isolated, dissolved in agueous sodiwm hydroxide and treated with Raney
nickel aluminum alloy according to F‘ag:aa}:""3 The resulting acid did not de-
colorize potassiuvm permanganate, and was obtained in 76.5% yield, The overall
yield from methyl P -naphthyl ketone was 0%,

03
yield of 53.2% by a somewhat similar met 2‘ "

The sthyl ester, b.p. 195 /0,7 mn., was prepared in 85.5% yield, and was
roduced with lithiom alumirum hydride in ether, Distillation resulted in an
87% yield of 1,2, 3,L=totrahydro-2naphthylearbinol, b.p. 109°/0,5 mn,

The hydrogen phthalate ester, m.p. 178,5) was prepared according to the
general directions in Organie Rmtiom%m

The spectra of the alechols from 1600 o 8 m‘lmmiw&tba

rock salt prim:, and from LOOD em > to 257 om L with a lithiun fluoride priem.



Seme wers measured in the ligquid state in a 0,025 mm. cell, and some as ten
percent solutions in carbon tetrachloride in a 0,1 mm, cell. The following
tahle shoms the position of the C~0 band.

Primary Alechols C=0_Absorption (em™>
Cyclohexyl ecarbinol 1135 (a)
1,2, 2, h=Tetrahydro-1-naphthylearbinol 1040 (b)
1,2, 3,i=Pet rahydro-2-naphthylearbinol 1036 (b)

Secondary Alcohols
Cyclohexanol 6L (a)
2-tathyleyelohaxanol 1152 (a)
I-Methyleyelohexenol 1048 (a)
i=#ethyleyelohexanol 1057 {a)
1,2, 3, h=Tatrakydro=-2-naphthol 1981 (a)
T-Hathylel,2, 3, Li-tetrahydro-1-naphthol 142 (b)

Jertiary Algohols
1-Methyleyelohexanol 111h (b)
1, 7-Dimethylsl,2, 3, h=tetrahydro~1-naphthol 1102 (b)

a - pure liquid

b ~ 1% solution in mboa tetrachloride
The C~0 band for primary alecohols was roported at 1040 em™t by Tuot and
Lacomtézq and at 1060 cnet by Zelas mﬁ rsatmi:n w, the latter
authors recognize that brmmhw on the carbon & to the hydroxylated carbon
results in a shif% of 15 em > to lower froquencies, and that o(,( unsaturation

promotes even greater shifts in the same direction. The values of the C=0



bands of the primary alcohols fall in the ragion 10L0=1035 cn"' which agrees
with the frequencies predicted tw 7eiss and reported by lecompte.
Secordary alcobols absorb at 1170 o} according to lLecompte. The
rormal value for & straight chain secondary aleohol is reported as 1110 en -
by Zeise. Howover, branching at the oi-carbon lowors the frequency by 15 em:]'
and double bond interaction by 30=50 emil Gixemembered cyclic alcohols are
shifted to 1%65-10L0 ems Cyclohexancl was found to absord at 1%k ea™t
which agrees with the frequoncy reported Yy Zeiss, The values of the other
secondary aloochols encept for T-methyl-l,2,3,L-betrahydroel-naptinl appear

at about 199 et

as reported bty Teiss. 7-lethyl=l,2,3,L-tetrahydro-le-naphthol ise, @ unsat-
urated, and so ita £<0 band should appear at a lower frequency. It was

which agrees with the value of 1051 em'l for o ~decalol *

found a% 1.2 sm:}' a value which almost overlaps the primary cyclic earbinel
region.

Tertiary alechols, aceording to lecompta, absorb at 1160 em.> Zelss
reports a normal value of 11 em - with shifts to lower frequencios accone
panying a eyelic strueture, branching, orel, ﬂumtim. The fregueney
of lemothyleyelohexanol was 111 em > which agreed fairly well with 1117 ca™t
obtained by 7eiss. The 1,7=dimethylel,2,3,l-tetrahydro=lenaphthol absorbed
st 1107 enel This shift of 12 en”! is due to ol ,p unsataration.

The shifts from normel frequencies becauss of cyclic structure, branche
ing, or double hond interaction camse a good deal of overlapping between the
three classes of alcohols, snd make the differemtistion of primary, sscondary,
and tertiary alechols Yy infrared amalysis very difficult. Othsr bands Lo
be found in this region are those due to the phenyl rroup, the Ce0Os=C bond
in ethers, and the C-0 bond in agters, and probably also lactones. Hence,
the C-@ aleohol band might very woll be masksd or shiftod, by the interaction
with the other bands, or not he sufficlently isolated % be assigned with
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aleohol arsa, Henee infrarsd evidence canno® ba used to assign the position
of the aleohol proup in picropodephyllin,

It should be noted that bands dus to the O-0-( ether linkages, and %o
the 0= lactons linkare, should also be expacted in thigz goneral repion, and
may wdifly, or mask the position of the alechol bands, so that a deflinite
assigrment is not possible.

The dilydroxy acid lactona has bands which could be attridbuted 4o primary
or secondary aleohols and so the nature of the lactone ring of this compound
cannot he ascertained from absorption bands in this region,



EXPERIMENTAL

A11 nelding pointa are corrected,

The proeedure of Price and Wm vas followed in hydroremating
555 ge (2.5 molos) of diethyl phthalate over Raney nickel to vield 5% g,
(89%) of diethyl hexahydrophthalate, b.p. 141°/11 mm.

To W2 g. (1.67 moles) of diethyl hexahydrophthalate was added a solu-
tion of 20 g, (0,% noles) of potassiun hydroxide in 2200 ml, of 95% ethamol,
The resnlting solution was heated wnder reflux for two hours. Then 20 g,
(3.6 moles} of potassium hydroxide was added, and tha resction mixture was
again heatod under roflux for two hours. Ths alechol was distillad as water
was dropped in to replace it. ¥hen the vapor tempsrature reached 1M°, the
digtillation was stopped. The resetion mixbure was cooled, and stromgly
acidified with 325 ml, of mmmmé hrdrochlorie acid. The white preeipi-
tats that formed was separated by filtretion, washed with watar, and dried

at 197, Tho trans-hexahydrophthalie ecid weighod 268 g. (979) and melted
ab 205215

Two hundrad and two grans (1.18 moles) of trans-hexahydrop)

and 629 go (7.90 moles) of freshly dimtilled acetyl chloride wore haated
under reflux for twelve hours. The exvess acotyl chloride was digtilled,
finally wnder diminished pressure. The residue, a brown solid; was recrye
stallised from [0 ml, of ethyl agetate in the presence of decolorizing earbon
to yield 97 g. of white solid, m.p. Lh3-1LLS An additional 25.7 7. of white
solid, m.ps U3-14L° was obtained by concentrating the mother liquor. The



total quantity of trans-hexshydrophthalic scid anhydride, m.p. 1h3-1LL) was

5T , , :
Basyer reports the neltirng point as 1&61?

4 mixture of 196 g (0.09 moles) of trans-hexs

wdrophthalie acid anhy-
dride and 750 ml. (18.6 moles) of absolute methanol was heated to boiling

on a stean bath as rapidiy as possible, and then heated under reflux with
shaking for sight mimutes. The resulting sclution was then cooled rapidly

in an ice bath, and transferred to a 2-1. filtering flask equipped with a
capillary tubs which reached to the bottom of the flask, Tho side arm was
connactod Yo a water agpirator, and the solvent was evaporated under dimine
ished progeure for thirty-six hours. The white residus was transferred to
the thimble of a Soxhlet extractor, extracted for fifteen hours with petroleum
sther, b.p. 67-E07 and the extract cocled in a rofrigerator for twelve hours.
The resulting precipitate was separsted by filtretion, and dried in a vacuun
oven at 60° 4o yield 118 g. (92%) of methyl hydrogen trans~hexahydrephthalate,

HnDe %9

Vierner and Convad - report a melting point of 96 and Fichter and

Simon’> report 96=972

In a Hicknan si1l wors placed 15.7 g« (0785 moles) of methyl hydropen
trans-hexshydrovhthalate, and 20 ml. (0.278 moles) of thiomyl chloride. The
mixture wag shtirred with a mapnetic stirrer for sixtesn hours st reom Yemp-
erature. The sxvoss thionyl chloride was then evaporated under reduced pres-
sure. Try, tMophene-frec bensene, 10 ml.,was added, and eveporated under

reduced pressure., This procedure was repsated for 10 ml, more benmene,



UOESTURS Uy “S€J00l JNOJ J0J PaLIT8 SeM JUGXTH QY3 puB ‘peppe Ses JojEM
JO *TW 5 JO Tey03 ® A[Teuly “Xeydwod uoyjounped oyy esoduovep of A1snoryned
peppe seam Jojeam ‘gyBg 89T Ue UL JUTICO0 A83JY °*SanOY Jnoj-Liliamy JOJ Xn{Jed
Jopun peqeey pur ff[snololiA pedaqs ses uoTsusedens eyl Teuumy Surddoxp oyy
SROIYG PEPpe SEM JoUIe PITIP-UNTPOS JO M g UF SPTIOTYD TAUOQIBOoUEXayoTRAd
~£XOYJBUCGIBO-2-BURIY JO (BaTOk ZT*() °4 2*42 pue ‘uojsusdsts suiy w ues
~qo 03} A[pyded PelSyys SRM SJNIXTW Syl #PTAPAYoIoq WRIPOE JO (S8ToL GL2°()
*3 74 pue ‘aeyje wﬁkw&&%r« 3o *1u g pedeld eJem ‘eqny Juplap SPTIOTYO
UMTITED ¥ pOyOESE PER UOTYi 0F JOSUOPUOD B pue TISIIT)S [uOTUBYISE DOTESs
~Amoasw v ‘Towmy Jutddegp B Y3l PeYsTy “iSeLS peydeu-eaayy *TW~(0Z ® UI
“PIOV D1 1AX0qIe00UEXOYD | OLD LA} SUAXOIpLlj~g-BUea; JO GUOGOE] oug

*9e°S 6NtG~g f62L SletieH f60°69 *12°69-D ipumoy
gcvs-R fgztl-H $56°g9~0 +KE0CTr ' a07 pesernotes
18R ireuy
* poute3qo
L .“%ﬁ *d*u ‘pITOS e4TUs ® puU® sUPZUSq-IoYie wneloajed WoUJ 007G pPesTL
-1e384100J Sum onPYSed PTIOS moTToL ATITIS oyl ‘pejeodess Joyle syj puw
‘poaeq Ty ‘ojujIns mniseuden SnoIpAUR J8A0 PSTIP SBM UOTIRIOS [esdeylys syl
*IoqEa PUE “9RBUOQIBOTY BRTPOS $5 ‘Mojea ‘PIOR OLIOTYIOJPAY 35 UITe L1oATES0D
-ons poygsea pue fpaqeiedss sea JefeT Jeyuze oyl ‘Teuumy Aroqesedes v 0F Jaqer
JO *TH 52 YRTA pallejsusy; WSy} SBM pUB JNOY 8UO JOJ eunjudsduoy wool je
PALITEE SBA SNGXTW oyl ‘ATejerperu] powdol ojeiTdydoead moyled y  *Jouje
gnoJpiyue Jo °TwW Gz UT eUTTIuE AIp JO (S8Io0W 52¢°C) *1W g Poppe Ses opTIoTyd
1Auoqre0oueKe|OT L0 Xoy) BuoQIBI-2~8URIY JO (SoTow (Ruo*0) "8 T o

*(396) *3 991 peuiTen UOTUM TTo 882TJ0TO0 & Sem SIBLTWSTP 29Ul * Y % pesesy
yjeq 170 ue Y3Te TLTH8 oyl JupmiesYY] Gv POTTIISTP USU; SBA GNPIEal oyl



of

was formed which was taoken by contrifuging at 1B70 rep.me in a 200-ml,
centrifuge bottle. The etheresl layer was separatad, and the agueous lsyer
extractod with 0 wl. of ether. The combinad ethereal extracts were dried
over aplydrous magnesium sulfats, filtered, and the ether evaporated, A
solution of 5.5 gz. (0.1l m0les) of sedium hydroxide in 35 ml. of 957 etharol
wag added, and the resulting solution was hoated ondor reflux for three hours,
Then the alpcohol was distilled, and wator was pradually added so that the
alechol was displaced. The solution was cooled, acidified with dilute sule
furie acid, mmm@mmwmm’m:mrtmmn
utes. The mixture was cooled and extyracted with three S)=el, portions of
ether, The combined ethereal extracts were washed with water, dried over
magnesiun sulfate, filterod, and the ether evaporated. The residue, a
colorisss oll was distilled through a three~foot Vigreux colum. Three
fractions were sollectad,

(1) n" 1.L762

20
Z y
(2) my 14762

2

() n

14763
2 45 R n\ w&d Wm, by?l MQM e

wiglmd Te% e (Iﬁ’}ﬁ)a
Analysiss
Calenlated for c&&m"}z’ 0=68,533 B-8.62,
Founds C-68.76, 60663 He8.56, 8,55,

Saponification Equivalends

! cCH O f
Caleulated for 8812 2: Un.2

Founds 1390{;} 0.3
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In a 1"0=-ml, three-nscked flask, fitted with a condenser to which a
caleim: chloride drying tube was aMeched, a dropping funnel, and a magnetis
stirrer, were placed 1 g. {(7.0L1 atoms) of magnesium twrnings and 20 ml, of
sodiumedried ether. Through the dropping fummel was added 5.0 g, (D.0h1 moles)
of dry metiyl lodide in 10 ml. of &y ether %o form the Urignard reagmnd.

The solution was cooled in an iece beth, and L0 gz. (9.3 moles) of dry ani-
1ine in 10 ml. of dry ether was added esutiously through the dropping fmml.
Hathane was vigorously ewlved, VFhen the reaction subsided, the reaction
mixture wvas stirred thirty minutes more. Then 2.5 g. (2,018 moles) of the

yelohoxanecarboxylic aeid in 10 =, of dry
ether was added, and the resction mixbture was heated under reflux for fife
teen minutas, The resction mixture wes cooled in an ice bath, and dilule
hydrochloric acid was added to decompese the "Grimard® and to neutralize the
aniline, The ether layer was soparated, and the aqueous layer extracted with
ether. The combined ethereal extracts were washed successively with 5%
hydrochloric acid and wabter, dried over anhydrous magnesinm sulfate, [{ltered,
and tho ether evaporated. The residoe, a yellow molid was reerystallised
twice from petroloun ethor-benmene to yield a vwhite molid which malted at
166°,
Analyaiat
Caleulatod for C.\H, O¥s CeT2 63 HuB 225 Hal 01
Foundt C=T72,09, TL.95; He8.01, 8,25, §«6,08, 6.35.

The directions of Bltell were followsd to prepare methyl hydrogen
phthalato. Phthalic anhydride, 29 g. (2 moles) and 200 ml. (5 moles) of
absolute methanol were reacted to producs 265 g. of methyl hydrogen phthalate,
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fnalysiss
Calewlated for C 0 N1 C-68, Ha7,28; Ne5,3,
'or 15}!19 y ' 953 He7,28; 3%
Founds M?.El, 69«9‘3; H“?ﬁ?ﬁ, ?;38; %5.6@, f;;é?.

was propared in the same way as the trans lactone. The reduction of 20,5 g.
(0,10 moles) of eis-C-carbome o] 1 chloride with 7.65 g.
(2,19 moles) of sodiun borohydride ylelded 6.1 ge (L3%) of sis-2-lydroxy~

¢ sold lactone, b.p. Ub=I7°/17 m., n;D 179,

Calonlated for CgH, 0,1 C68.53; HeB.62

Found: C=68.,62, 68,353 H-8,43, 8.53

dfication Equivalents
Caleulated for GE, § ¢ 10.2
Found: 10,0, 106

The anilide was prepared in the some way as the anilide of the trans
lactone, The cis-2-Mydroxymethyleyclohexmnscarbomanilide melted at 15L.5°,
Avalysise
Caleulated for cmal

?Oaﬁt Ce72.1; He£,22; R-EM

Founds 8~72.23, ?1;91&; He8,2 " Snutf M.Qz, 6'{3?

Yarlene IHironide
The directions of Poriin ' were followed to make the dibromide. Accord=
! 5]
ingly, 50 g (0.h7 moles) of owxylene, b.p. Uil , was reacted with 160 g,
(1 mole) abemath‘;o. The crude o-xylylene dibwroside obtained was

recrystallized from petrolewn ether, b.p. 60=00%, to yleld 71 g. (571) of
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carboxylate, m.p. 677 The literstare valus is 68,5?1‘5

phthalemndicayboxyile Acid,

b2 S mu.b.‘ o

‘rcasolutsmafe.éSg. (0.028 mles) of modium in 50 ml, of comsere
cial sbeolute ethanol was added 2,7 g. (0,013 moles) of dimethyl cie~1,2,3,i-
totraigriro=2, The solution was hezxted under ro-
flux for threc hours. Then the aloohel was distilled as water was added
gradually %o replace it. m resulting solution was cooled, and then
agidified with comsentyeted hydrochlorie acid, A white solid precipitated
which was separated ly filtration, washod with water and dried in & vaoum
oven at 60°. The weight of trans~1,2,3,L~tetrahydro~2, J-naphthalenedicarboxylic
seid was 2.2 g.(92%). It melted at 221%, The reported walue is %-Zﬂ?hg

To 2,2 g. (0,010 noles) of trans-1,2,3,L-tetrahydro-2,3-naphtha
boxylie acid wes added 21 ml. (0.3 moles) of acetyl chloride, and the nixture
was heated mnder veflux for three hours, The mixture was cooled and the
resulting precipitate separated by filtration. After drying, 1.7 ge of &
white solid, m.p. 230-239° was cbtained, The sclid was then hested under
roflux with 20 ml. of acetyl chloride. This time 1.5 g. of a molid, m.p.
236=215°, was obtained, It was then vecrystallised once from petroleunm ether-
ethyl acotats, and than from acetic acid to yisld 1.2 g. (60%) of trans-
252,3, kebet: e seld anhydride, m.p. 253°.

mmwmmgmum"&s

ﬁmmxlaralm;a, 3 ge (n.m am),mtmu&mmw&m
nydrad da, m&mmwmﬁ%m,nwmum%oﬁwm.
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It was thon covered with 27 mercurie chloride, and shaken for thirty seconds,
The moreurie chloride was decanted, ard the amalpamsted aluminum wes washed
twice with water; thon with alochol,and finally with ether. A solution of
0 m. (2,97 mwolas) of transel, 2,3, Li~tetrahydro=2,3«nsphthalonedicarboxilie
is in 50 ml, of dicmne wag added, The reaction mixture was
stirred with a mgnetic stirrer for fortyweicht hours, during which %ime a
total of & ml, of water was added gradually., After forty-oight hours, the
reaction mivture was a gray sludpe. It was transferred to a 200eml, beake
with tho sid of 20 ml, of water, and & solution of 12 ml. (.22 mles) of
concentrated sulfuric aeid in 50 ml. of water was added. The mixture wag
stirred for sivieen houwe to decompose the alusina sludge, Host of the
gludre had decomposed by this time,and 50 ml., of ehloroforn was added; and tho
resulting mixture filtersd, The resicue and the aguoons layer ware washed
with S0 nl. of ehloroform, and the cowbined chlouroforn lsyers were evaporatod.
T™he residuc was an oil which molidified on sevatedine. Then 0,2 g {0,005 moles)
armwwmsax‘@mmwwmmmm
mder reflux for fifteen mimutes, eooled, scidified with 1% sulfwrie seid,
and heated wnder reflux for fiftoen mimutes. After cooling, the mixture
wag oxtracted with chloroform. The chloreform layer was waghed with 5%
sodinn bicarbonate, and then with water, The chloroform was evaperated, and
the vhite crystalline residue was recrystallized twice from methyl aloohol %o
yiold 170 mg. (378) of trens=Jehydroxymethyl~1,2,3,kvtetralydro-2e-paphthole e
aeid lactons, m.p. 1557, Haworth and Slinger report a molting poimt of 1%°,
Analysiat
Calenlated far G, H, 0,1 C=76.57; Hebul3
Foundt 0«70,50, 76.403 He6,39, 6.8




The Lactone of cise3lefiydroxymethylel,2,3,L=tetralydro-2=naphthoic Acid,

The eis lactone was prepared in essentially the same way as the trans
lactonoe ciswl,2,3,LeTetrakydro=2,J-naphthalenedicarboxylic acid anhydride,
0+75 ge {0s0037 zoles), dissolved in 20 ml., of dioxene, 11 ml. of bensena,
and 1L ml. of ether was reduced with 3.5 g+ (0,130 atoms) of alumirum amalgzem
to yield 205 mge (29.5%) of a»mmwz&,a,s,h-uwmiumwme
acid lactons, mepe 13L°s The reported melting point is 133-13k°

Analysist

Caleulated for Cy,Hy,0p¢ CeT54573 Hehal3
Foundt Ce75e37, 75.353 Heb.28, GuLli

x-Hydroxybensoic Acid.

The prosdure of Schwenk and Papa>> was followsd to prepare u~hydroxybene
goic acide Crude m~hyydroxybensoie acid, 51 g. (83.5%7), was obtained from
the Raney nickel allgy reductien of 83 g. (0.5 moles) of piperonylic ascid.
Recrystallisation from 200 ml. of water yislded L5.0 g. (75.3%) of white
crystals, SeDe 202%c,

The Lactone of cis-llydroxycyelohexanecerbos
mprmurmnmnwam%mfoHM'maw&m

to prepare the lactone.

e and a half liters of sbsolute alechol was prepared ty distilling com-
mercial sbsolute ethanol from nagnesiun ethoxide. It was distilled into a
Swls three-nacked flask equipped with two efficient spirsl condensers, and a
four-foot, wide bore, lisbtig condenser. To the alechol was added 50 ge (0443
moles) of mehydroxybsnszoic acid, end the alechol was Lrought to a boils Then
230 ge (10 moles) of clean sodium metal cut in one centimeter cubes was added
as rapidly as possitle. ¥hen the resction had subsided, the Liebiz condenser
was replaced with a mercury-sealed mechanical stirrer, and the reaction mixture
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maymogivn sullfate, f1ltered, and the ethor ewaporated. The residuwe was
17.2 g+ of a white solid, It was recrystallismed emoce frem 35 ml, of ethyl
agetate to yield 1L.9 g. of ele=3-hydroxyeyclohexanceartoxylie acid,m.p. 3320.
The acid was heated-at 180° for thirty minutes, and distilled,to yield
, acid lactons, b.p. 128+129°/22 mm,,
which was then recrystallised three times from petrolsum ether, b.p. 60-80°,
Analysdae
Caloulated for Collyn0nt Ceb6,6lL3 He7,599
Founds Cebh.073 HeB8,02
Ssponification Bquivalents
Calealateds 126,15
Found: 126,0, 12,7

The procedurs of Rolmenn™ wes followed, Tho sodiun salt prepared from
160 g. (DL moles) of d&sm ) %2y BaDs 120°/0,15 mme, and
1.7 go (9,6l mol08) of sodium was condensed with 107 g. (0.6h mlas) of
tate, b.pe 65°/12 mm. The resultant crude triester was saponi=

f£i0d with aleoholic potaselum hydrexide, and the crude tricarboxylic acld was
cbtainsd as an oil. Weismonn decarboxylsted by heating the oil at 150%. The

e was changed to decarboxylating the ernde tricarboxylie scid by heate
ing under reflux with 300 ml., of water for five hours. The tricarboxylic acid
want into solution readily, and upon cooling, the dlicsrbowylic acid precipis
tated, It was gpeparated Wy filtretion, washed with cold wateor, and dried
1n 8 vaewm over to yleld 100 g. (79%) of benwylsuccimnie seid, m.p. 158-159°,
Weismann reports the melting point as 160-161,




69

Freahly distilled acetyl ehloride, 225 ml, (3,16 woles), and 153 g.
(0,735 moles) of benzylsuccinmie acid ware heated under reflux. The acid
disgolved in shout thirty mirmtes, and the acetyl ehloride was refluxed for
two hours more, The acetyl chloride was then distilled wnder reduced pressure
leaving a slightly tan solid reaidue, The vesidue was decolorised with car-
mmmmnmmmﬁm‘wmmmmﬂm.a:mmm,
bepe 60-80°, and the resultant solid was dried in a vacuum oven at 60° for

benzylsueeinndie ankydride wolghed 120 g. (B5%), and
meltod at 58 . mmm@’smwmamammﬁ

In & ono-liter threewwcked Clasgl: equipped with a drying tube, a morouwry~
sealod mechanienl shirver, and an Erlenmayer {lagh attashed by means of a
geohion of wide bore Pubbor tmw,m‘pm 300 ml, of nitrobenzens, and
200 ml, of acetylene tetemahloride, Wobh dried and distilled. The liquid in
the flask waa stirred, and 185 g, of anhydrous aluminum chloride was added
slovly frox the Srlameyer adiftion flask, Uhan the adiition was ccrplets, the
rosulting visoous,green sointion was coolad to 5°,

To a 2-1, three-necked flapk equipped with & nercurywsealed mechardeal
stirrer, ¢ thermomoteyr and a Clalsen adspter containing a e¢aloius chloride
drying tubs and a dropping funnel, were added 120 g, (0,63 moles) of benmyl-
suocinnic anhydride, 100 wl. of nitrobsnzens, and 100 mL. of acstylsne tetra=
chloride, The mixture was repidly stirred, and the anhydride dissclved.

Upon cooling to 5, however, soms procipitated out, and the resultant was a
fine elurry. To the repidly stirred slurry, coeled continuously by means of
an ice~hath, the solution of alwainum chloride prewicusly prepared was slowly




added oo thet the temperature &1d not amessd 5 . This %ook about one hour.
The result was a groenish,brownish, visooss solution which was stirred in an
ice<bath for four hours and then placed in e refrigersior st 5° for fortyw
four hours.

A% tho ond of that tims, the contants of the flask was poured over 500 g.
of erushed ice, and 350 ml. of comcentrated lydrochloric acid, This precedure
resulted in an eaulsion which was partially broken by centrifuging at 1800 r.p.s.
for thirty minwtes in 200wml, centrifuge bottles. The liquid phase was de-
canted leaving a pink gelstinous residas which was dissolved in 800 ml. of
107 sodium hydroxdde, The doosmted liquid wes transferred to a separatory
funmwl, the organic layer separeted, and the aqueons portion extrectod with
ethar. The organie and ethereal lsyers wers then combined, and extracted
with thres 300-ml, portions of 5% sodiuwm hydroxide. The condined alkalire
extracts ware washed with other and thon slowly added with stirring to 500 g.
of ice plus 350 ml. of eomcentrated lydrochloric scid. A pink gelatinous pre-
cipitate soon appeayed, MMm,mmpmmamm
to digest for fiftesn hours. mmmmmmwmm
zzmwwmmﬁm,wwmhm,mmmam

oven. The resultant pink solid was recrystallised from 1200 nl. of water, use
ing decolorising carbomto yleld 56 g. of Liekebow1,2,3,kbetralydro-2-naphthoie
acid, An additional 2 g. wore recovered from the mother liquor resulting in
a total of 98 g, (51.5%) of white crystaly m.p. 1U9.8°, mﬁm

& mlting point of 1US-117°, and Atwood, Stevenson, and Thorpe®! report s
melting paint of WUs°,

Ten grams (0,0526 moles) of h%-l.,?ﬁ,h«hewm acid
wus dissolved in a solution of 2,3 z. (0,097 molow) of sodims hydroxide in
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Ice water, 25 ml., was added and the solid dissolved in water, The or- .
ganie layer was washed with ice water. The agueous layers were combined and
acidified with cold, dilute hydrochlorie acid. A brom oil was obtained.

It was extracted with ether, and the aethereal solution was dried over anhy~
drous magnesium sulfate, £iltersd, and the ether evaporated, The residue
(2.2 g.), a brom oil, was dissolved in dry benzene and chromatographed on
#ilicic acid. Tavelopment reaulted in a sharp brown band on top, and a dif-
fuse yellow area below it. The chromatopram was eluted with 2% ethanol in
benzene %0 separate the yellow area from the brown band. The solvent was
evaporated to yield a yellow oil. Crystals were obtained from petroleum
ether, b.p. 60-80°, and the solid was recrystallized from petroleum ether,
A light yellow solid, 1.27 ge,2.p. 35°, was obtained. Extreme chilling of
the mother liquor in a dry ice bath resulted in the isolation of an additional
0.23 g at" yellow solid., The fotal weight of ethyl 3-hydroxymethylene=~lL-keto-
1,2, 3,i~tetrahydro~2-naphthoate was 1.50 g. (61%),
Analysis:
Caloulated for C;)Hy) 01 C=(8.283 H=5,73
Found: C=67.71; H=5.63

The oils and the sclids isolated gave a atrong enol test with ferrie
chlorida,

To anhydrous methanol, 100 ml,, prepared by distilling commercial ab-

solute methyl alcohol from magnesium methoxide, L.6 g. (0.2.moles) of clean
sodiun was added. The mixture was heated under reflux, and stirred until

the sodium dissolved completely. The methyl aleohol was distilled first at
atmospheric pressure, then under diminished pressure, and finslly at 200°/0,1 mm.
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for two houra. Precautions were %aken to keep the sodium methoxide dry.
The vacuum was broken with dry nitrogen. Thiophene-free, eodium-dried
benzene was added to the cooled sodium methoxide and vigorously shaken to
produce a fine suspension. Then 1L.8 g. (7.2 moles) of ethyl formate, and
21.8 g. (0.1 moles) of keto-sster were added, the system evaouated, and filled
with dry nitrogen. A red precipitate was obtained almost immediately. The
reasction mixture was kept at rocm temperature for twelve hours. Then 75 ml,
of water and 10 ml, of ether were added, and the mixture shaken until all of
the solid had dissolved, The dark brown aqueous layer was separated and
the organic layer was washed with 75 ml. of 5% sodius hydroxide. The agueous
layers were combined, and acidified with dilute hydrochloric acid. The acidi~-
fied mixture was extracted with ether, the sthereal solution dried over an-
hydrous magnesium sulfate, filtered, and the ether sevaporated. The residue
was 23.7 g. of a dark brown oil., A few seed crystals were cbtained from 2
small ssmple treated with petroleum ether, and the main portion of the oil
was seeded to get a dark brown erystalline mags,

The brown crystals were only partially soluble in 150 ml. of benzens.
A finely crystalline, slightly yellow residue was left after dissolving the
main bulk of the solid in benzene, Ths residus was recrystallized from
petroleum ether -benzene, b.p. 60-50? and then twice from chloroform to
yield 3.2 g. (1L.7%) of slightly yellow crystals, m.p. 153°, soluble in sode
ium bicarbonate, and giving an intense red color with ferric chloride, The
carbon and hydrogen analyses of the compound were correct for 3-hydroxy-
nethylene~li-keto~1,2, 3, i~tetrahydro-2-naphthoic acid.

Malyeiss

Calowlated for "'12“109&’ C«660L; H-L.62
Foundr C-65.86, 65.97; H-L.62, L.67.
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The bensene solution of the brown crystals was chromatographed on silicic
acid. The chromatogran consisted of a sharp brown band, and a diffuse
yellow layer. The chromatograph was eluted with 2% alecohol in bensene and
the yellow layer was separated from the trown band. The solvent was evaporaw
ted under diminished pressure lesaving a trown oil which slowly erystallised,
tat ocould not be satisfactorily recrystallised. This solid was again sube
jected to partition chromatogrsphy over silicic acide This time evaporation
of the elution solvent resulted in a cyystalline yellow residue, 7.8 g.,
which melted at L1° after recrystallisation from petraleum ether, b.pe 50-804
It gave an intense ferric chloride test, was scluble in 5% sodium hydroxide,
but not 5¢ sodiom bicarbunate, and a mixed melting point with the already
analysed "enol-ester® showsd that it was the same substance. Tt was obtained
this time in 329 yield.

The combined yleld of "encl-ester®, and "enol-acid" was 55.5%.

ydroxyms thylelmtydroxyel, 2, 3, letatrihydro-2mnaphthole Acids

(a) To a solution of 425 mg. (10.5moles) of sodium hydroxide in 20 nml.
of water was added 1.0 g (Le58 mmoles) of enolescid, resulting in a yellow.
red solution. Then 350 mg. (6.75 mmoles) of sodium borohydride dissolved in
S ml. of water was added dropwise with stirring. The resction mixture was
acidified with concentrated hydrochlorie acide There was no immediate precipi-
tate, but after five hours in the refrigerator, a fluffy white precipitste
appeared. It was separated by filtration, washed with water, and dried in a
vacaun desiccator. The solid weighed 0.5 g, and 0.52 ge (51%7) of Swhydroxye
e thy leliehydrony=l,2, 3, i=tetranydro=Zenaphthoic acid was recovered after ree
crystallisation from ethyl acetate. The eompound did not give a ferric chloride
test, and was soluble in sodium bicarbonate. Its melting point could not be
determined since it gased and resolidified when heatad. The temperature of
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this phenomenpn depended on the rate of heating.

Analysiss

Caleulated for C msh: Cehlie 855 HaHe35

3.2&

Found: Cefle993 Hehe20

(b) To a solution of 200 mg. (5.5 mmoles) of sodium hydroxide in
25 mle of watar, le5 ge (6410 mmoles) of "enoleester® was added, and disw
solved with stirring. Then 500 mge (12,5 mmoles) of sodium borohydride
in 10 ml. of water was added dropwise. The resulting solution was stirred
at room temperature for forty-eight hours, the excess sodium borohydride
decomposed ty the cautious addition of concentrated hydrochlorie acid, and
the acidified reaction mixture stored in an ice chest for sixteen hours.
The resulting white precipitate was separated by filtration, washed with
wmter, dried in a vacuum desiccator, and recrystallised from ethyl acetate,
to yleld 0u50 g (37%) of Inhydroxymetiyl-lmtydroxyely2,3,letotrahydros2e
naphthoic acid.
Analysiss
Calculated for 312’!11&' Cablie 855 Hebhe3S
Founds Cmblie70) HeBe25

The lactone of Jeliydromymethyl=lmbydroxy=l,2,3,l=tetralydrom2-naphthoic Acid,

In & 10.ml. flask was placed 0.5 g. of dihydroxy acid, and 5 ml. of
p=xylene. The contents of the flask was heatad under reflux for three
hours, cooled, and stored for sixteen hours in a refrigerator. 7The resultant
precipitate which weighed O.bl g. (95%) was filtered, washed with cold
petroloun ether, beps 5080, and recrystallised twice from petroleum ether.
The resulting solid weighed 0.28 g. and melted at 218°.
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Analysis:
Calculated for C H 0 ¢ C-70.57; H-5,92
12 12 3

Founds C-70.62, 70,74 H=5.8kL, 5.9L.

Cyclohexanol,

Commercial cyclohexanol (Eastman), 500 ml., was distilled through a
thres-foot column packed with glass helices. The fraction boiling at 160°
and weighing 285 g. was collected and redistilled. The middle fraction of
the distillate, 140 g., a colorleas liquid, b.p. 160°, n§5 1.46LL, was set
aside for infrared analysis.

Physical constants reported in the literature:

B.P. 159°, néo 146007

B.P, 161.10115

B.P. 159°, ng&‘ 16kl

2-Hethylcyclohe 1.

Four hundred grams (3.70 moles) of o-cresol was dissolved in a solution
of 165 g. (L.l moles) of sodium hydroxide in 675 ml. of water. The solu-
tion was then steam distilled to remove any non-acidic impurities. The
residue was cooled in an ice bath, and 50% sulfuric acid was added until it
was strongly acid. The resulting organic layer was separated, washed re-
peatedly with water, dried over calcium chloride for forty-eight hours,
filtered, and distilled from Raney nickel through a two~foot Vigreaux column,
The fraction boiling at 90'910/20 mm. was collected.

The o-cresol was reduced to 2-methylcyclohexanol according to the pro-
cedure of Ungnade, and Hightingalmn using Raney nickel in the presence of
a small amount of sodium. The resction for 324 g. (N¢3D moles) of o-cresol
took five hours, and 320 g. (SL%) of 2-methyleyclohaxanol, b.p. 162-16L°,
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was obtained after distillation through a onewfoot Vigreux colwm. The 0O
pound wasthen redistilled through a three=foot column packed with glass helices
at & 511 reflux ratio. mmmwum«.mp.mh%n?
1.L4405, was oollected as product.
FPhysical constants recorded in the iiterature:
BePe  163-264° nD 20 3,160272
BePo 168° uD 20 1.160977

B u§° 1182877

3=t thylcyclohaxanol.
J=lthyloyclohexanol was prepered in the sems way as 2-mothyleoyclohexanol.
Threo hundrod end eight grems (2.85 moles) of mecresol, b.p. 10L°/25 mm,
was reduced to 32 g (95%) of Jemethylayolohexsnol, bep. 165-171"s The
compound was redistilied through a three-foot column packed with glass helioes.
The fractim boiling st 172°, no0 L1556, end welghing 215 g., was collscted
as product.
Physical constants from the literature:
B.P.  168.269° n§° LU
BsPe 172 nD hS?SW

e thyloyelohaxanol,
L=Yothyloyclohexmol was prepared in the same way as 2-methyloyclobex
anol. peCresol, 338 g (g3l moles), bepe 105°/25 mm., was reduced to 326 g
(929) of Lemwti - bepe 171-172°+ Upon Tedistillation through a
a threc-foot glass heliz-packed eolumn, the fraction which boiled at 1707,

nﬁ”l.wm.m sollected as producte The welght of pure Lemethyleyelohexn-
anol was 202 ge.




Physical constants from the literature:

BeP. 172° yma RN L
S

1,2, 3, li=Totrehydromdenaphthol.

Commercial (® -nsphthol was distilled in a Von Sreun flask, first from
Namey mickel, and then from copper chroamite. It wes thea reduced according
to Dauben, MeXusick, and gﬁ.@w over copper chromite at LOOO pes.i. and
200%.

The weight of 1,2,3,l=tetralydrol-2-naphthol ottained from L2C g.

(0§29 moles) of B =aaphthol was 350 ge (82%), bep. 119#121°/5 mse The
152535 lmtetrahydro=2-naphtiol mas then redistilled through a twowfoot column
23

packed with glass helices. The fraction, bep. 120°/% =, n > 1.5532,
BePe 22.6w2249°, was collected as product.

Deuben, Hdeusick, and Hueller in their careful work repord the boiling
v&bauag.me\m maey the refrsctive §§u.mm 1.5530, and the melting
point as 22.5%

Sehafere I todenteprepaved Rsn?gwfwﬁga acld was recryatellised
to a very slightly tan solid, m.p. mma. from petroleus ether, b.p. 40w80°,

Fifteen grams (0.08L moles) of the Y ~{pwtolyl)elutryic acid was added
t0 75 ge (0s75 moles) of concentrated sulfuric acid which was stirred with
& sagnetioc stirrer. The compound dissolved in a fow minutes, snd was then
heated on & stesn bath and stirred for two hours. By this time, the contents
of the flask was zimost blacks « It was poured ocver 200 g. of ice, tramsferred



to a separatory fumel and extracted three times with 100-ml. portions
of ether. The comdined ethereal extracts were then washed successively
with water, ldt sodium carbonate, and water. The ethereal solution was
then dried over anhydrous magnesium sulfate, filtered, and the ether was
eveporated. The residue was cooled in an ice bath, and 8.8 g. of brom
crystals were obtained.

The procedure was repeated for 100 g of the tolylbutyric acid in 25mg.
portions. A total weight of 65 g« of crude ketone was obtained.

The crude ketone was distilled, and A7 g. (55%) of colorless oil,
bepe 142°/15 mm., was obtained.

lurethans of T 1wl 2, 3, imte tre thol.
Pheny.
In 8 100-1mls three-necked flask which hed been thoroughly dried and

swopt with dry ndtrogen, and fitted with a magnetic stirrer, a dropping Himne
nel, and an efficient condemser 4o which & calelum chloride tube was
attached, was placed 0.8 g. (.02 molas) of lithium alumimun hydride, and

30 nl. of sodiunedriod ether. The mixture was stirred, and the ether pent-
1y refluxed wuntil most of the lithium alumimm Nydride had gone into solu-
tion. Then 8.0 ge (0.05 noles) of 7-methyltetralone) dissolved in 15 ml.
of sodiumedried ether was added dropwise to the stirred lithium aluminum
hydride solution so that the ether refluxed gently. After the addition
was couplete, the reaction mixture wes heated under reflux for one hour,
and then cooled in an i¢e bath. Water was then added with great caution
until no further reaction could be detsoted, and the contents of the flask
was powred into 50 ml. of eold 107 sulfuric aeid. The mixture was stirred
to dissolve the sluminum salts, and tramsferred to a separstory fummel.
The ethereal layer was separated, axd the agueous layor extrsoted with two
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which crystallised when thoroughly c¢hilled and seratched. One recrystallie-

zation from 20 nle of potrolown ether, bep. 5080, resulted in a white

solidy 30 ge (70657}, DePe 51.50. The compound was recrystzllised onoce

again fron petroleun ether and the resulting solid melted at S1.5 .
Wax

Caleulated for cnﬁ Ilf, t Cwlleliliy Bw8e70

Found s ﬁ'&cB&; &0783 Mo@’ 8.83

Lyclohexylicarhinol,

The procedure of Gilmen, wcamn%mummmmwumax
cyclohaxylcartinol. One hundred and eight grams (0.915 molss) of cyclohexyl
chloride, beps Uil-142°, was treated with 22,5 g. (0.92 atoms) of magnes-
ius turnings to form the Orignard reagent, which in twrn was treated with
50 go (1e7 moles) of depolymerised paraformaldehyde. A colorless oil, 55 g.
(54%); bepe F2-957/25 mm., was obtained. The carbinol was redistilled
through a twoufoot helix-packed colum, and 30 g. of cyclohexyloarbinol,
bepe 93°/23 mme, nzg l.Lsll, was collected as producte.

Physical constants from the litereture:

BePs 68-93°/18 mm.’C
0 20 99
TPe 9192°/23 mme by LeLASL
B 87°/13 mm. n;‘? 1o63970
uﬂ thode Acid.

o ~Haphthyluagnesivw bromide was preparsd from 10.2 g. (O.L1 atoms)
of magnesium turnings end 85.0 g (0.1l moles) of o¢<brommmaphihslens zcoorde
mgw%gnl%m The OCrignard reosgent was then sdded glowly, with stirring
to 150 g. of dry ice contsined in a 2«l. beaker. The carbon dicxide was
allowed ¢o eveporate and a solution of 75 g. of comcentrated sulfuric aeid



83

in 250 ml. water was added to decompose the Orignard complex. Then 100 ml.

of ether was added, and the aqueous laysr separated in a separatory funnel,
and extracted with five 7S.ml. portions of ether. The ethereal extracts

were combined and extracted with five SC.ml. portions of 25% sodium hydroxide,
which were combined, cooled, and scidified with concentrated sulfuric eeid.
The{ -napthoie scid which precipitated at this point, was separated, washed
with cold water, and dried overmight at 103°. Upon recrystallisstion from
toluene, Ll ge (61.5%) of X-naphthoic acid, m.p. 150°, was obtained. Vogel
reports a yield of 68-70% of o{-naphthoic acid melting at 140°,

1,2,3, h=Tetrahydro-lenaphthoic acid.

The directions of Kay and ﬁwtmm& were followed in the preparation
of 1,2,3,h-~tetrahydro~lenaphthoic acide Seventeen grams of X .naphthoic
acid was reduced with sodium in aleohol to 15.5 g. (89%) of 1,2,3,L=tetrahy-
droe-lenaphthoic acid, m.p. 8,°%

Ethyl 1,2,3, leTe trahydro=l-naphthoates
Twenty-nine grame (0.155 moles) of 1,2,3,l=tetrahydro-l-naphthoic acid
and 0.6 ge of p=toluenesulphonic acid were dissolved in 95 ml. (1.4 moles)

of absclute ethanol and 33 ml. of dry benseme. The solution wse heated
under reflux for five hours, and then 50 cc. of solvent was distilled
through a two-foot helixepacked colum over a period of ene hour, while
adding a mixture of 33 ml. of dry benzene and 17 ml. of absolute eihanol.
The solation was heated under reflux for fifteen hours, and then 150 ml. of
solvent was distilled over a period of three hours while dropping in 100 ml.
of dry bensene and 50 ml. of absclute ethanol. Finally the solvent was
evaporated at 60° under reduced pressure. Ether, 150 ml., was added, and
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ether layers were combined, washed with water, and then extraected with
two 150.ml. portions of 5% sodium carbonate. The gumbined sodium carbonate
extract was scidified with 500 ml. of hydrochlaric scid, and extracted with
three 300-mle. partions of ethar which were combined, dried over anhydrous
ragnesiun sulfats, filtered, and the ether evaporsted. The residue was a
yellow oil which crystallised upon cooling and scratching., Recrystallizaw
tion frem 300 ml. of gyclohexane afforded 33.5 g. (75«5%) of a white 90144,
NP lwa‘
Analysist
Caleulated for C, H .01 Cw73e5U3 He5.05
Founds C=73.62, 73.63;5 HebePl, 583

1,2, 3, i=Tetralydrowlensphtiylearbinel,

A solution of 11.5 ge {0.280 moles) of sodium hydroxide in SO ml. of
water was added to 33.h4 g. (0.108 moles) of the hydrogen phthalate ester,
and the mixture was heated under reflux for two hours. After ccoling and
saturating with salt, the mixture was extracted with three 150-ml. portions
of ether. The ethereal extracts were combined, dried over anhydrous mage
nesiuvn sulfate, filtered, and the ether evaporated, lsaving & residue which
woighed 15.8 go The orude carbinol was distilled yielding 15.7 g (89.57)
of 1,2,3,Umtetrahydro-l-naphthyloarbinol, beps 102 /0.5 ma.

The carbinol was then redistilled through a three-foot Vigreux
colum. Three fractions were collected, all boiling at 104°/0.6 mm., and
8ll of the same refractive index, ugg 1e5595.  Newman reports the refrace

25

tive index as n 1.5L08.

Analysis:
Caloulated for Cyqfy,00 Cullebiliy HeB.70

Pound s {3-31.20, 81&283 3-8059' 8072
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@ -Naphthoic Acid.

The directions in Organic Synthasesn? were followed to prepare
@ -naphthoic acid. The oxidizing solution was prepared from 153 g.
(L+10 moles) of sodium hydroxide in 225 ml. of water, 940 g. of ice, and
120 g. (1.69 moles) of gaseous chlorine. From 6L g. (0.376 moles) of
methyl (3-naphtiyl ketone, L9 g. (75.5%) of B -napthoic acid, m.p. 18L-185°

was obtained.

1,2,3,=Tetralydro-2-napthoic Acid.
The first step required a large amount of 3% sodium amalgsm. In a

2«1+ three-necked flask which was fitted with a dropping funnel, and an
inlet tube through which a slow stream of dry nitrogen was introduced,

120 g. of clean, pea sized sodium was placed. Afew milliliters of clean
mercury was added through the dropping funnel. 7The flask was heated gently
with a flame until the reaction started, and then the rest of the 3800 g.
of mercury was dropped in slowly. When about half the mercury had been
added, the flask was warmed gently with a free flame, and shaken occasione
ally to keep the contents fluld and uniform. When all the mercury had been
added, the contents of the flask was transferred rapidly to seversl flate
bottomed enamel pans, so that the thiclmess of the sodium amalgam layer
was about 3/15 in. The pans were placed in vacuum desiccators to cool.
When cool, the sodium amalgam was quite hard, and was chopped up into pea-
sized pieces.

In a 2-). filtering flask fitted with a condenser, 22 g. (0.128 moles)
of @-napthoic acid was dissolved in a solution of 8 g. (0.1L3 moles) of
potassium hydroxide in 265 ml. of water. Two hundred grems of 3% sodium
amalgam was added and the contents of the flask was heated under reflux for

twenty=-two hourse The remainder of the sodium amalgam was added in 250 g.
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110
portions over a period of ten hours. Ry this time, according to Baeyer,

the @-nspthoic acid should have been reduced to the tetrshydro acid. A
small sampls acidified with dilute sulfuric acid, made basic with dilute
sodium carbonate and then chilled, decolorized several drops of eold,
saturated potassium permanganate, indiecating the presence of a large amount
of dihydro acide The supernatant solution was decanted from the mercury,
filtered, cooled, and acidified with 200 ml. of concentrated hydrochloric
acide A white precipitate formed which was separated, washed with cold
water, and dissolved in 300 ml. of 10% sodium hydroxide. The solution was
heated to 90° in & 2-l. Frlemnmeyer flask, and LO g. of Raney nickel alloy
was added over a forty-minute period in small portions, maintaining the
temperature of the mechanically stirred reaction mixture at 90° = 2°,

¥hen the addition of alloy was complete, the mixture was stirred at 90° ¥ 2°
for one hour more. It was then filtered hot, and the residual nickel was
washed with hot water. The filtrate and washings were combined, cooled,
and added dropwise to a mixture of 300 ml. of concentrated hydrochloric
acid and 200 g. of ice. The resulting white precipitats was separated,

and dissolved in 300 ml. of 10% potassium hydroxide. The resulting solue
tion was coolsd to 5°, 20 g. of ice was added, and then cold saturated
potassium permanganate was added to oxidisze any remsining dihydro compound.
A persistant pink color appeared after three drops. Solid sodium bisulfite
was then added to destroy the potassium permangsnate. The solution was
strongly acidified with concentrated hydrochloric scid. The resulting
precipitate was separated by filtration, washed with cold water, and dried
at 50° in a vacuum oven. The weight of 1,2,3,l-tetrahydro-2-naphthoic acid,
Bepe 95" was 17.2 g. (76.5%).
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Ettyl 1,2,3,betetralydro=2enaphthoatas

Fifteen grams (0.085 moles) of 1,2,3,lmtetrshydrom2-naphthoic acid
was dissolved in a mixture of 90 mle (1.5 moles) of absolute ethanol and
35 mle of dry bensene to which 0.3 ge of petolusnesulphonic acid had been
addeds The solution was heated under reflux for twelve hours and then
distilled through s twoefoot th-wciwdpnlwm s0 that S0 ml. of sclvent
was resoved in thirty minutes. An addiional 33 ml. of dry henzene and
17 ml. of absolute ethanol were added, and the solution heated under reflux
for two hours, Fifty milliliters of solvent was distilled in thirty wmine
utes, and the reflux and distillation repeated. The solution was then
concentrated under reduced pressure at 50°, cooled, and 50 ml. of ether
added. The ethereal solution was washed with water, 107 sodiun carbonate,
and water, dried with enlpydrous magnesium sulfate, and the ether evaporated.
Upon distillation, 1.9 ge (85.5%) of a colorless oil, bepe 105°/0.7 mm.,
was obtained.

152, 3, lrTetrahydrow2-naphtiyl carbinol.
A solution of 1.8 ge (0.0LS moles) of lithiws aluwsimum hydride in 150 ml.

of sodiumedried ether wes prepared in a 500-nls threeenecied flask fitted
with a magnetic stirrer, az dropping funnel, and a spiral condenser oot
mected %o a caleinm chloride drying tube. To this solution was added 1L.9 =.
(0.0730 moles) of ethyl 1,2,3,hwtoty
at such a rate that the ether refluxed gently. ¥hen the addition was come

plete, the solntion was heated under reflux for an additional thirty wminutes.
The reaction mixture was then cooled in an ice bath, 30 nl. of water was
added cautiously, and the contents of the flask was poured quickly over

100 mle of ecld 15% salfuric acide The ether layer was separated, and the



aqueous layer extracted with 50 ml. of ether. The ethoreal extracts were
combined, washed with dilute sodium carbomate, and water, drisd with an-
hydrous nagnesiun sulfate, filtered, and the ether evaporated. Upon dise
tillation, 10.3 g (67¢) of a viscous, colorless oil, b.p. 109%/0.5 mm.,
was obtainad. It was redistilled through a three-foot Vigreux column,
and three fractions were cbtained, all boiling at 110 /0.8 ms.

Fraction (1) no’ 15538

Praction (2) n2° 1.55L9, n20 1.5560

Fraction (3) 2% 1559, 020 L5560
mwmmmmmng"i.%ga for the carbinol.

Analysiss
Caloulated for Cy Hy 0t CeSlolliy He8.70
Pound: Ce81.28, 81.27; HeB.45, 8.70
Hydrogen Phthalate Ester of 1,2,3,LmTetralydrom2-naphtiylcarbincl,

A mixtare of 1.5 ge {7+25 mwles) of 1,2,3,L=tetrshydro-2-naphthyl.
carbinel, 1437 ge (9+25 mmales) of phthalic anhydride and 2.0 ml. (25 mmoles)
of dry pyridine were. hoated on a steam bath with occasional shaking, tak-
ing care to exlnde molsture. The viseous mixtare was then oooled, and
15 mle of ether, 10 z. of 1ce and 3.0 nl. of concentrated hydrochlorie
acid were added, The ether layer was separated, washed with 5% hydrochlaric
ecid, and water, and then axtracted twice with 1C0-ml. portions of 107
sodiun carbonate. The aqueous exiracts were combined, washed once with
ether, acidified with 6 N Nhpdroechlorie acid, cooled, and extracted twice
with 10-nl. portions of ether. The conbined ethereal extracts were dried
over anhydrous magnesium sulfate, filtered, and the ether evsporated. The
residue was a slightly yellow oil which erystallized on cooling and

G e EL W i
A Dt B



seratchinge Recrystallization from cyclohexsne, and then from petroleun
other, bep. 50-80", afforded white crystals, mep. 108.5 .
inalysiss
Calculated for CooH 03 Ce73e5k; BeS.85
Foundt C=73.48, 73e3L; H~Hs00, 6.08
1~ethy leyelohexanole

The Orignard reagent formed from 122 g. (0.0567 moles) of methyl iodide
(dried over caleium chloride and distilled from phosphorus pantoxide),
bepe L1-h2°, and 2143 g. (0.871 atoms) of megnesium turnings wes treated
with 85 go (0.847 moles) of cyclohexanone (purified through the bisulfite
sddition compound), bepe 155-155"s The complex was decomposed with ammon~
ium chlaride, and the ethereal solution dried over anhydrous potasaium
carbonstes The ether was evaporated, and distillation of the residue gave
7505 go (77:5%) of lemethyleyclohexanol, bepe 57.5-70 /20 mm. There was
almost no forerun, but towards the end of the distillistion, the temperature
suddenly dropped and a twowphsse distillate appeared which probably was
composad of the dehydrated alcohol plus water. The distillate was redise
tilled through a three-foot Vigrenx columm at s L:1 reflux ratio. There
was a forerun of about 5 ml. of metlylhexene and water. The remsinder
was collected in three (ractioms:

(1) up to 69%/26 mme ~ 12,5 g.

(2) 59-70°/26 ame = Lie7 gos mepe 19°

(3) 70°/26 mme = LSe1 g.p mepe 2L°

residue - L2 g

The third fraction was redistilled through a three-foot Vigreux column

at a L1l reflux ratio and the distillate ccllected in three fractionst
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transferred to & 500w-nl. Erlenmeyer flask, and heated on a steam bath with
stirringe From time to time, the rescticn mixture was cooled quickly te
roon tempersture. 4 20.0-ml. aliquot was than removed and titrated with

000537 ¥ sodium Wﬁo

The mwm‘mfwfwt&ﬁslm, 0.30L8 g« It was
ammdth m.om.awmﬁmumwmm,ww:;mm
.umu&i@.mwao.o%ummmam& mrmam

wore obtaineds

Tize (hours) trans lsctone

ml.bese

2,73
1.87
1.57
leik
1.29

3&3&%&&“0

1.07

£ lactonised

0
32
L3
L8
53
55
51

cis lactone
nl. base ¢ lactoniszed
3.15 o
1.k2 55
0.92 T
0.67 (¢4
0.h8 &
0.27 91k
0.10 9508
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transforred t© a 500wml. Erlemmeyer flask, aud hested on a steam bath with
stirring. From tims to time, the resction mixture was cooled quicily to
roon temperature. A 20.0stl. aliquot was then removed and titrated with
a,&mmmmmm.

The same procedure was followed o the ois lactome, 0.30L8 g. It was
seponified with 50.0 nle of 0.0537 ¥ sodium hydroxide, and nearly neutre-
14zed with 18.20 nl. of 04055 ¥ hydrochleric aeid. The following data
ware obtedneds

Time (hours) _trens lactene ols lactone

nl.base % lactonised al. base ¢ lactonized

0 273 0 3.5 0

1 1.87 32 1.k2 55

2 1.57 b3 0,92 n

3 Lol 18 0,67 )

L 1.29 53 0eli8 &

B % o8 sk

20 1,07 8 010 9648
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