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and having the same configuration around carbons 1 ,2 , and 3. The quan tita ­

tiv e  conversion of podophyllotoxin to  picropodophyllin by the action of v a r i­

ous basic reagents was explained fcy the d ifference in  s tra in  of the lactone 

rings*

Thus no po sitiv e  evidence fo r the nature of the lactone rings or the 

position  of the hydroxyl group was advanced, and the r e s u l t  of sore recen t 

work shows th a t  the Borsche-Spath concepts were in co rrec t. Drake and P rice , 

a t th is  U niversity , obtained isomeric trihydroxy compounds from the reduc­

tio n  of podophy 11 otoxin, and picropodophyllin with lith ium  aluminum 
12,13

hydride. I f  podophyllotoxin and picropodophyllin have the same configu­

ra tio n  around carbon-3, and d if f e r  only in  the hydroxyl group involved in  

the lac tone , id e n tic a l reduction products should have been obtained.

When acety l or benzoyl podophyllotoxin i s  refluxed with sodium aceta te
IM Sin  various solvents, the corresponding deriva tives of picropodophyllin

are obtained in  good y ie ld . This re s u l t ,  too, i s  incompatible with the Borsche-

Spath formulas. The new evidence led  to the conclusion th a t  podophyllotoxin

and picropodophyllin d if fe r  in configuration around carbon-3, which epimerizes

when podophyllotoxin i s  converted to  picropodophyllin.

This concept was fu rth e r strengthened by the iso la tio n  of o( and A -  
16> 17p e lta t in  * (V II), and the stu<$y of the reactions of these analogous compounds.

oft

P
-P e lta tin  -  R •  CĤ



It

The p e lle tin g  are  o p tic a lly  ac tive  lactones which are converted to  

diastereoisom ers by the action  of basic  reagents, ae a re  th e i r  acety lated  

d e riv a tiv e s , these  transform ations a re  analogous to those of podophyllotoxia. 

However, in  the p e l ta t ta s ,  there  i s  no p o s s ib il i ty  of m  a lte rn a te  lactone 

ring* The Inversion o f the p e lta t in s  could be explained only through ©nolisa- 

tio n  a t  carbon-3*

Examination of the models of these type® o f compound® 1# f r u i t l e s s .  Both

the e ls  and tra s s  lactones sees to  be about equally s tra in e d . Tbs examination
17of the  in fra red  spectra  o f the  p e lta t in s  disclosed a M i l  s h i f t  i s  the 

absorption o f the  lactone carbonyl group toward higher wav© lengths when th© 

p e lta t in s  were © piasrised, ind icating  a g rea te r lactone rin g  s ta b i l i ty  fo r  

the b ase-s tab le  isom ers. In tu it iv e ly , the more s ta b le  configuration was 

believed to  be c i s ,  and the irons configuration was assigned to  the store 

stra ined  r in g . This concept could be extended to  podophy11©toxin (brans) 

and p i eropodophyllin (eis)*

The position  of the  free  hydroxyl group was a lso  investiga ted . Carbon-U 

had been ruled ou t. Carbon-3 i s  not a possib le  s i t e  s in es  an eno llsab le  hy­

drogen must be present a t  th is  carbon* Carbon-1 and cartoon-2 retaain.

A te r t ia ry  hydroxyl on earbon-2 would be ©xpeeted to  y ie ld  formaldehyde 

when oxidised w ith periodic a c id , since the period ic  oxidation o f 1-hydroxy-

metjyleyclohexsmol has been shown to be successfu l. Bo formaldehyde was
IS

detected  in  the prolonged period ic  acid oxidation of picropodophyllin.

le y e rs  a t  th is  U niversity f a i le d  to  obtain any formaldehyde by oxidising pier©-
18

podophyllin with lead  te tra a c e ta te .

Only carbon-1 retrain®. Attempts fa ile d  to© d«hydr©g®nat© the  secondary
9

alcohol to the ketone w ith palladium a t  230°, o r copper chromit© in  the
■% Q

presence o f ethylene a t  280° and V p  p a l , as did oxidation with potassium



9 11permanganate, 9 * -potassium c&ehroaste and chromic oxide, altminixa te r t ia r y
12

butoxide, mad u l tra v io le t  ir ra d ia t io n  with bensoquincme. In  some o f the

oxidation experiments jlarge amounts of oxidising agent* were consumed mid a

good deal o f s ta r tin g  m aterial recovered, ind ica ting  extensive degradation,

possib ly  the  oxidation o f the tetralon®  fam ed ( assuming a secondary a lcoho l).
15Hartwell and Schrecker ' were able to  show th a t the free  hydroxyl group 

in  podophyllotoxin underwent reactions typ ica l o f te r t ia ry  and secondaiy 

benzyl a lcohols, They ru led  out the te r t ia ry  alcohol on the b asis  o f the  

fa i lu re  o f the  periodic acid oxidation . Phosphorus t r ic h lo r id e , th ionyl ch lo r­

ide  o r  acety l ch loride  reac t with podophyllotoxin to  y ie ld  podophyllotoxin 

ch lo ride , by the replacement of the hydro^rl group. The chloride gives an 

immediate p re c ip ita te  w ith alcoholic s i lv e r  n i t r a te ,  and i s  read ily  hydrolysed 

in  aqueous acetone to  a mm  stereoisom er o f podophyllotoxin, epipodophyllo- 

to x in . Th© reac tio n  w ith ace ty l chloride to  five  the  chlorid© i s  analogous

to  the  ac tion  o f ace ty l ch loride  on pherylmebhylcarblnol to  give CUehloro- 
19

ethylbensene. S t i l l  a new stereoisom er was obtained by tre a tin g  epipodo- 

pbyllutoxiB with p iperid ine , The new compound, epipicropodophyllin, has the 

same confifo ra tion  around carbon-3 as picropodophyllin. The conversion of 

podophyllotoxin to  ©plpodophyllotoxln means o f a Walden inversion through 

the h a l id e ,is  no t compatible w ith the  Sorsche-Spath formula. The existence 

o f four diastereoisom ers d iffe rin g  <mly in  configuration around carbon-1 and 

carbon-3, and having a secondary b e n ^ l- ty p s  alcoholic  group, as well as the 

o ther mm  evidence in  recen t y ea rs , i s  compatible only with forau la  I I  fo r  

both podophyllotoxin and picropodophyllin. Th® compounds a re  assumed to  

d if fe r  only in  th® configuration around carbon-3.
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a ttr ib u te d  to  th® 0*0 «tar*teh&ng in  w i n d  a® th® sis® o f  th© lactone

ring* & -fa lo ro la e to m  has a band a t  1739 caT* which i s  o f  th® s tm  frequency

as th® band found fo r  op®n chain asters*  The corresponding band fo r  )f-buhyro-
.*1

lactone m s  fornd a t  1770 cm  , and the band fo r  /• -propiolactone a t  lo lo  cat • 
This s h i f t  towards higher frequencies was thought to  he associated  w ith ring 

stra in *  Th© s tra in  in  the six-membered ring  i s  su ff ic ie n tly  reduced to  exert

no e ffe c t spectroscop ica lly . #
23

4eaeaf Humphries, and Bobriner in  th e i r  study o f a s e r ia l  o f s te ro id s  

found th a t  f  -lac tones absorb a t  17%t oaT* and ft -lac tones a t  1777-1780 m  \  

Here again i s  evidence th a t  the lactone carbonyl associated  w ith a hexacyelic 

ring  absorbs a t  a  lower frequency than the lactone carbonyl associated with 

a pentaeyolie r in g .

Wo appreciable d ifference  in  s tra in  can be detected  from study of appro­

p r ia te  model® of d a  and tran s  lactones re la ted  to  podophyllotoxin. The con­

version o f  podopl^rl lo to d n  to  pierej&dophyillxi i s  q u a n tita tiv e , and i f  the 

driv ing force i s  the d ifference in  s tra in  between th® two lactone r in g s , then 

th a t  d ifference  in  s tr a in  should be considerable, and read ily  detected by a 

s h i f t  in  the frequency of the in frared  absorption band.

The in fra red  spectra  o f podophyllotoxin and picropodophylltn m m  obtained 

w ith a Fer^in-Eliwr model 12-0 recording ^ se e im se W  equipped w ith a rock s a l t  

prism* Podophyllotoxln, » .p . 1 $ 7 - 1 ^ ,  m s  su ff ic ie n tly  soluble in  chloroform 

and in  astfegrXsn* ch loride  so th a t  i t s  spectrum could be obtained from a so lu­

tio n  o f th® drug in  e ith e r  o f the two solvents in  a c e l l  o f ^ .1  mm* th ickness.
Q

Picropodophyllin, m.p. 221-222 , m s  extremely in so lub le , and so i t s  spectrum 

was determined from a  concentrated "mull* in  mineral o i l ,  pressed between two 

rock s a l t  p lates*  The two spectra  were ra th e r bu t seemed to  be

s a i n t l y  d iffe re n t in  the c r i t i c a l  area around 177$ cm*5'* The dispersion
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o f •  rook ftiiU p r im  a t  th is  l a  poor, a id  small d lf f s rm & s  eoald

m% bo dotoetod w ith any aceuracy. However* a lith ium  fX m ld »  prism was 

available* and although th© transparency a t  th is  region I s  poor* tbs d is ­

persion was g rea tly  jjaprowsd so th a t tb s  frequency could be determined with 

m  m m rm ?  o f  -  l .S  ©m*~\ Th© c a lib ra tio n  could be detoradnod w ith con­

siderab le  fteesrasy sines several small* b a t ©harp maker bands of known f re ­

quency a re  to  be found In  th is  roglon. To got narrow band® with sharp peaks, 

d i la te  concentrations I n  chloroform were used,
*|

Th© carbonyl band o f podopJ^llotoi&f! mm found to bo 6 cm" higher than 

that o f picropodophyllin• Fromihis information* i t  may bo inferred that th© 

laetoft© lin g  o f pocfephyllotoidn I s  s lig h tly  mere ©trained than that o f 

pieropcKk5phyllin * I© docisicm eeuld be pad© as to which was c is  and which 

was trans* although in tu itiv e ly  th© e ls  form sd|0tt bo sco o ted  to  b© th© 

le a st strained o f the tm *  Mlm tM s Snfenwt&aift does not d istinguish  batm en  

th© older Boroche-Spath formulas m& the newer eonespt*

In order to  obtain information about th© configurations o f th© laeton® 

rings of podophyl lotoa&m and picropo<to|^crllin# a series o f lactones were 

prepared and tt*®ir Infrared spectra obtained. Th© Internes are r im m  m  

Chart II* Th© convention used in th is  and subsequent chart© to  denote e ls  

o r tra ss  configuration is»

I
C IS +r«ns
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Haxahydrophthalide has been obtained by the  hydrogenation of phthalid®
2h

© w  ftaney n icke l, and by th© hydrogenation of ph thalle  anhydride in  th©
25

preaene© of ©jqrgen-rlch platinum black, However, the eonfigor&tion o f  th© 

laeton© rin g  of th© compound «ada in  e ith e r  o f th# two ways 1® not d e fin ite ly  

known.

The sierooehemisbry o f th© h®x#iydrophthalic ac ids, and bheir derivatives

has been e stab lish ed , tfosn ph thalic  acid  I s  hydrogenated over platinum black,
© 25a hexahydi\)phthalic acid  (IY I), m,p. 192 ,1 s  obtained. The same acid  can 

a lso  be obtained by condensing maleie anhydride with butadiene, hydrogenating 

the  double bond ©f th® addoet, and opening the anhydride with bo iling  

e a te r .

Th® evidence i s  th a t th is  acid has the e ls  o r sieso configuration , num­

erous stud ies ham  sheen th a t pur® cl® addition  always occurs in  the M e ls -
28

Alder disne synthesis* th e  generalisa tion  has been mad® th a t  aromatic 

compounds hydrogenate prsdomlnsBtly e ls  under mild c a ta ly tic  conditions,

namely th a t  which occurs over platinum a t  room tem perature, and in  th® so l-
29

vent, a ce tic  ac id , which gives th® most rap id  add ition . Also, th is  acid  

has nob bean resolved.

I f  d ie thy l phthalat#  Is  hydrogenated in  the presence of Haney n ick e l,
T>

the compound iso la ted  i s  a d ie thy l hexahydrophthalab©. $h©» th is  e s te r  i s

saponified with a lcoholic  po tassitn  hydroxide, a d if fe re n t hexahyrtrophthalle

acid (XVII), M.p, 219-22CP, i s  obtained. The same acid can be prepared by
©31

hydrogenating potassium phthalat© w ith n ickel oxide a t  300 • This
32

hexabydrophthallc a d d  has been resolved using quin ine, and there fo re , i t

has th© brans configuration . Th® corresponding d ie thy l e s te rs  have be©n
33

prepared from th© e ls  and bran# h®Eafeydr©phthalie a d d s ,  Th© action  ©f
31*alcoholic  base m  these e s te rs  has been studied by Huekol and Oroth.
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I f  th® e is  d iester (W ill) Is  heated under reflax  with one mol® percent of 

sodium sthoxlde in abaciat® ethanol, i t  i s  converted to  the iraas d ieater (H I) • 

I f  i t  i s  reflated  with m  excess of base in  absolute ethanol, the sold iso ­

lated  is  the tran® acid* the trams e s te r, and the trans acid should be more 

stab le then th® corresponding e is  coa^taid® because of s te rlc  repulsion, ft»® 

epimerisation i s  boHeved to  proceed by means of ©nolisabicm on the carbon 

alpha to  the earbeihcaqr group, cie-2-( 3^propionic acid) -Cyclohexanoeeotic 

acid does net epimarisa, Aqueous base has m  e ffec t, and the free earboxylie 

acids esnnet be aplmerlsed th is  way. the Harney nickel reduction product of 

diethyl phthalat® has been shown to  be a miirture of c is  and trams diethyl

e s te rs , and the saponification under the ffuekel^tiroth conditions yielded the
3Dtraits acid exclusively. The c is  a d d  ( I f f )  Is  converted to i t s  anhydride (W), 

esup* 32 ,  wtian i t  is  heated a t i t s  a s ltisg  point* the trans ad d  (WI) also

forms m  anhydride (XU), m*p*3i*0°, (d ifferen t from the c is  anhydride) upon

gentle warming with acetyl chloride, but when heated,the le ss  stable trans

anJydrld© (XXI) i s  converted to  the d s  anhydride (XX), Heats of combustion
16also indicate th a t th® c is  anhydride is  the more stable of the ten; I f  th® 

trans anhydride is  hasted under reflux with a minimum amount of methyl alco­

hol fo r a short time, the taomeceathyl este r of trans hcxahydbraphthalic acid, 
o 32sup* 96-97 , i s  obtained, th is  este r was saponified with aqueous sodium

hydroxide to y ield  trans heiotfydrophthalie a d d , sup. 22k-22k • 5°, which is

h itte r  thnu any value recorded in  the lite ra tu re , then methyl hydrogen phtha-

ls&s is  reduced with hydrogen over platinum black, another momoisslliyl es te r
0 37of hexaJ^rdrophthalio a d d , a .p . 6S,5-*6f , i s  obtained. 9pett saponification

o
with aqueous sodium hydroxide, the cis-hexabydrophthalio a d d , m.p, 192 ,  

was obtained, and hamce th is  is  the e is  monomethyl ester*
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metfyl hydrogen phthalate  was reduced in  5's g*. portions over 1 g>, o f 

c a ta ly s t ,  The yield  a f te r  c ry s ta l l is a t io n  from petroleum e th e r, m,p, 6fMH° 

was 83**

Thiosyl ch loride  was p u rified  in  the following m m m rt The technical

product was f i r s t  refltnced over su lfu r , and then rap id ly  d is t i l l e d  to give a

y ie ld  o f colored product* I t  was then r e d is t i l le d  through a f i w f o o i

column paekoti w ith glass h e lic e s , A re la tiv e ly  highly colored forerun was

resowed, a f te r  which m 88% y ie ld  of very s l ig h tly  colored product was col~
U2la sted ,

A th reefo ld  e « e s s  o f p u rified  th lonyl ch loride  and e l s  methyl hydrogen 

hexahfcrophthalato were reacted to  produce the acid  ch lo ride, 2-carbom.othouy> 

cyclolwswnecarhonyl ch lo iide  (XI?), a  c e l e r i e s ,  viscous o i l  in  93* yield*

A small sample o f the acid ch loride  reacted a t  roam temperature with dry 

a n ilin e  In e ther to  y ie ld  the  2«eaxtasethaagr eyclohem necarbom nilide (XXFI), 

m*p, 97° •

The acid chloride group o f the eaiiKwnathoxy acid  ch loride  (IX?) was ih m  

se lec tiv e ly  reduced with sodiun borohydrid©, The I n i t i a l  product Iso la ted  

had a  high saponification equivalent ind ica ting  th a t  a  good deal o f methyl ?• 

hydro^Qraetlylcyclohexanecarhoj^late was p r o s i t *  In  s^bsaiQSit runs, th© 

crude product was saponified w iihaX eoholie sodium hydroxide, Mid laotonlsed 

by heating under reflw s with d ilu te  su lfu ric  ac id . The re su ltin g  product, 

2 ^ to n ^ ii» ^ l^ c lo ^ G m @ ® a i% i^ y lic  acid  lactone (X P I I ) ,  a  co lo rless  o i l ,
; ' "* ' '■ ' -A- V f\ *' h

h*P» ly j- lli? 0/^?  a n , wad obtained in  yield* I t  was insoluble in  cold 

sodium bicarbonate and cold sodium bydros&d®, hut r iiso lv e d  rap id ly  In warm 

sodium hydroxide, aad p a  the co rre c t saponification  equivalent.

The lactone was converted into i t s  astlUde, 2»lydroacwthylcyclohimme- 

caiboxanllld© (IX ?III), ®*p. 155°, by the action of aniline magnesium iodide *



Diethyl phthalate  (X III) was hydrogenated over Haney n ickel to  the dlathgrl 

hexahydrophthalat® (X II), a co lo rless  l iq u id , b .p . l h l ° / l l  mm, The d ie s te r , 

a mixture o f c is  and tr a s s  isomers, was trea ted  w ith ethanolic  potassium hydrcr- 

id© to  epimarise the  c is  di e s te r , and saponify th© e s te r  groups* The tran s -  

hexahydophtbalic acid (XXII) was obtained in  9J% y ie ld  a f te r  ac id ifica tion*

The w hite, c ry s ta llin e  eoitpound melted a t  209-211?0. I t  was converted to  the 

brans anhydride {XXXII) by the action  of a six^mole excess of ace ty l ch lo rid e . 

After re c ry s ta llin a tio n  from ethy l a ce ta te , the y ie ld  was &Ma ®.p.

B»«ar*r^ report* a melting point of UtO° for th is  compound.

b b r ie f  o u tlin e  fo r  the preparation o f methyl hydrogen trans-hexahydro-
12 1*3phthalat© has been given by both Werner and Conrad and F ich te r and Simon*

trans-Hexahydrophthalic aniydride (IXXII) was reacted with absolute methanol. 

The methanol was then evaporated under reduced pressure* So heat was used 

as th is  would tend to  increase the y ie ld  ©f the dimethyl e s te r .  The residue, 

a whit® so lid , was ex tracted  continuously in  a  Soxhlet ex trac to r w ith petroleum 

e th e r , b .p . 60*80° .  The unreacted anhydride was very Insoluble in  the so l­

ven t. Both the mono and dimethyl e s te rs  were so lub le, and upon cooling the 

e x tra c t, the monomebfcyl e s te r  (XXXIII) p rec ip ita ted  in  a pure s ta te .  Th© 

melting po in t was 9&° which agreed w ith the values in  th©' l i t e r a tu r e .  The 

y ie ld  was 92f>.

The irans-earboasethoxy cyclohexanecarboryl chloride (XXXI?) was prepared 

in  exactly  the  same way as the c is  compmmd. The y ie ld  o f v iscous, co lo rless  

o i l  was 9'Gi a f te r  d i s t i l l a t io n  a t  1m  a t  room temperature. Treatment with 

a n ilin e  gave the earboaothoxy cyclohexanecarboxanilid© (XXX¥), m.p. 127°.

Th® acid  ch lo ride  group was se lec tiv e ly  reduced with sodium borohydride in 

refluxing e ther in  p rec ise ly  th© swm as the c is  compound. Th© lactone

(XXX7I) ,  b .p . D.S°/%k -aw#, was obtained in  h&$ y ie ld , and had the proper



17

oo£+
Hi, Wi

o o £ f

X X I*

OOEt
XXX

QI C-

KOH

r*voH

.COoMe

OOH

XXXHI

HxO H

CHjCOCl

XXXV

.COOH

:ooh

> U X I

XXXIV

c o o  Me

COO Me

O C I

Cl) NqBW»4 
Ci)NaOH 
(?)

XXXVIi

- o

CM

XXXVI

Chari*  V



CD

1

I

1 1
S

L <m

I i  a
5  I  |

s i I
m

! s
I t » |  
i l l
§  1  .

H
I  1 8 
I

s  *
t  s  
% 1

I 1 a

I I

3! '  3
J

I

i

I

I

3-
di

ca
rb

o3
«y

lic
 

ad
ds

* 
Wh

en 
th

is



Cv

©  *© 

2  |

J *% ©

1
j& I
"  I
«e 
8 |

§ *
$  .
§ %U r4
*8 *
t  6

t
8

%

Jg*a
J4>
i

*©

©a
&W%
8
3

o

?

*
P <8I 1
I S4* Hf

2  «
*

I
8

i
c•H
S.

*  *- 
5  .
e 8

i

B

I
I

I f

fe&

J8

©

CM

CM

■©

©

*8

v
s■a
I
m

I

•%/
i

£3O

i

I !

*

fi
«d

# 
and

 
tha

n 
da

ea
rtx

nQ
ftA

tn
d 

to 
yi

el
d 

th®
 

an
fc

pd
rid

a 
of 

1,
2*

3,
 b

-t
ni

ta
hy

dr
o-

 

na
ph

th
al

en
®

*2
,3

t̂ea
x%

o3
<g

rli
« 

ad
d,

 
a.p

* 
fM

s 
is 

td
an

tie
al

 
wi

th 
th®

 
el

s



7.0

-o

-- o

Ac.O

* L
*

AcCI

- o

AcCI

OOH

OOH

XLI

M «O H

ooh

OOH
XXXIX

M e.OH

XLIl

X-OOM*.

o o H c

X LIII

C K or+  VI



id

i

i

i

■s

i
i

is

<*
5

I
©TO

M
i

1

i
$ 1

I I f I
1

1

t

3 I I 0 I I



z z

HxBr NaCHCcQOEt)^

•C H jB r

XUIV

A l'H i XLV|

Wv

C\ c  = (,COO Et)t

= (COOEt)z

XLV H.

c=o (0 N « O E +  
t*> Br*
(3} K OH
($) HCI

tt.O H
HCI

X L V I I

.Cc o o h ) v

fC 0 6 H )i

XLVI

OOH

c o o H

CHjCOCI

= O

xxxviii

CHRfVT vil



2 3

heating under reflnx with m rim  atlioxlde in  alcohol, and to n  replacing 

t o  alcohol with water* The y ield  of trans-X,2*3,b-te tiwhydronaj&tlu&ene- 

2,3-dicarho3ylta acid (H O T ), m*p* 221°$ was 92% • The anl^drido of the 

brans acid (XTXTOI), sup* ^50°>mo obtained in  M  y ield  by treatment with

acetyl chloric!®*

The anhydride of e i e - l92f3t U~tetra!trdrcg^htlialsne-2,3^1carbGagrllc acid 

(IL I) mm trea ted  with a sespenelan o f aluminum amalgam in  a mixture o f e th e r, 

benaem , and dloxane. th e  re su ltin g  alumina sludge was decomposed with 

su lfu r ic  acid  and tfee ci8-3-hydroxyiBebhgrl,,*l,2 ,3 ,b-tetotgrdrcK2-napfctholc acid 

lactone (W tt)  mm iso la ted  as a  w hite so lid , nup* 13h°# in  27% y ie ld  a f te r  

raw y® talli«a tlon  fro*  a e t ly l  u laohol. Bsw-rW*5 obtained Van lactone a f te r  

an ac id  deoompositUm of t o  alumina sludge, and a im  by ex trac tio n  with 

chloroform with no in  ocssdEignration* We was a lso  able to  saponify

the  lactone with equeous base, and recover the o rig in a l lactone a f te r  a c id if i ­

cation  and heating*

The lactone o f trai^3-brdrosym © tlrl,*l* 2 ,3,lt-*tetraJ5ydro-2-m|^i^ioic 

acid (XLTTZ) m s  obtained in  the m m  mmmr using dioxane as the so lven t, 

th e  y ie ld  was JJ t and the lactone melted a t  199°, 3° h igher than the value 

reported fcy Haworth* This compound, too, could be saponified and reXaetonisad 

w ith no configurational changes* Aluminum im lg «  i® a neutral reagent and 

i t  i s  unlikely  th a t e ith e r  the  anhydride o r the lactone ring  was opened dur­

ing the  reduction* Aim the p o ss ib ili ty  o f onolisation  i s  m a l l  with th is  

typo o f reagent* Sense i t  i s  l ik e ly  th a t  there were no changes in  configu­

ration  during the reduction.

the best evidence available seemed to invalidate the Borseh©-3path 

formula fo r podQptyllotoxin(I). The C -l, 0-3 laobons ring  as formulated
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saponified  to  iba  e is  l ^ t i r w  ®«id which m s rec ry sb a lllse d , heated , and 

d a t i l l e d .  The d is t i l l a te  m s  seery sb a llised  th ree  tim es from petroleum  

ether* Bren than i t  t s s  s t i l l  an extrem ely s tic k y , shit®  solid*

The lactone o f ci$-4j-hfdr©xy-*l,2f 3 ,?a**tatrshyaro«-2»i[»ph^oic ac id  (1W ) 

and th e  hydroxy acid  a re  n e t reported  in  th e  lite ra tu re *  th e  compound was 

synthesised  in  the follow ing manner* The sodium s a l t  o f d ie th y l bensyljn&l- 

onate (XL7III) m s  condensed w ith .e thy l ̂ xtomoaoetate* The re su ltin g  t r i -  

carfcosylate ( m tl )  was sapon ified , and d ecaito o rla ted  to  hm ^lsuccS im ic 

se td  (L) * This in  t o n  was contorted to  th e  bom ylsuccinrdc anhydride (LI) 

which m s  cy elised  w ith aluminum ch lo rid e  to  th e  li-k a to -l, 2 ,3 , U-tetrahyctro«*2- 

n a p to le  acid  (111)* This was reduced to  h-hydro^y-1,2,3, h -te to !y d ro -2 -  

naphthoie acid (H U ) w ith sodium borohydride, and to rra a lly  laetoi& sed to  

the  desired  lectern® (O T ).

Bansylsucclim le acid i s  w ell known, and has bean made in  a number o f 
51*.55,56

w^rs* Since a p le n tifu l supply o f d ie th y l benfylm lom be was a v a il­
ed

a b le , the procedure of Wei maim' was adopted* A so lu tio n  of sodium e tta& d e  

in  absolute ethanol mm tre a te d  in  qnslck succession with d ie th y l bens^lm alon- 

ate and e th y l brom oacatate. Th® reac tio n  mixture m s heated under r e fits  

and then the  alcohol evaporated* The crude t r ie th y l l-phaiylpropane-S ,2 ,3 - 

triearbo3§rXate (XXIX) was isolated as m  orange o il*  I t  was hydrolysed with 

ethanolic  potassium  hydroxide* A fter evaporating the alco h o l, the potassium  

trle as te sy la i©  was d isso lved  in  water, the solution a c id if ie d , and the crude 

tric a rb o x y lic  acid detracted with copious amounts of o t t o , A yellow  so lid  

was obtained upon removal o f th e  ether* Wsisaaim obtained an o il  a t  th is  

p o in t, and decarbcnqrlated by heating  a t  165-170°* B e tte r result®  were ob­

tained  when t o  l«*phsrylpropane-2,f,  3 -trica rb o ay lic  a d d  m s heated under
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raftnx w ith m tar* The coiapoiind dissolved readily in  th® boilin g  water, 

nas deearboxylabed and precipitated ape® cooling as s lig h tly  tan crysta ls, 

a#p« « The y ie ld  o f benayl*iieeif»&c Hold tr m  d ieth yl baogylmlcmate

was *!$$*

Bw qrlim einn!* m M  has been sy e llssd  to the i$**fe®t©-ls2f 39lr»tetrafcyd®e~
*?7

2*naphthole ad d  ( i n )  with eoneeotrated su lfu ric  sold (no y ie ld  g ir m ) 9
tSR

with phosphorus pm%mhl&rid®§ and ttern mtm&mm chlorid® i s  k$ i y ie ld  ,  

with acetyl chloride and than aluminum chloride i s  o l.$ f  y ie ld ,4 and with 

acetic  anhydride and %hm chloride (m  y ie ld  glean)*'

The cycllaation  with su lfu ric  acid m s attempted Is  a earlety  o f condi­

tions* I s  so case m s the y ie ld  ever 0 i .  Trestasant with anhydrous hydro* 

flu o r ic  a d d  fa ile d  to  y ie ld  the c y c lic  ketone. Only startin g m aterial was 

recovered. Sensylsueciim ie anhydride (II )  mm  prepared i s  86# y ie ld  by the 

m U rn  o f acety l c h lo r ic  on the ben2ylau©d*B5le sold* The ©citing point 

o f  0 °  m o higher than the recorded value o f 9^97°?*

The fr ie d e l« € r d t cyoliaation with alsadsum chloride gave the highest 

y ie ld  vfcm  the solvent mad was a mixture o f nltrobensene and acetylene tetra­

chloride* The aluminum c h lo r ic  was dissolved I s  a mixture o f niirobensesa 

mid acetylene t«tm clilorl^tef and m s added to  a solu tion  o f  the bensylsueelxaiie 

anhydrids in  the tm m  solvents* the product was iso la ted  by extraction , 

rather than by steam d is tilla tio n *  This proved to he no m m  convenient 

since a sever© emulsion problem was encountered. Th® y ie ld  o f iHtei®*l# 2,3,1** 

t@tralydro*2*«mplith3ie acid mm  & •$ ( from the anhydride, mid ?(M tr m  the 

bsBgjttsneelimlft ac id . The aeltiftg  point o f lii9#8^ was higher than the

recorded values o f l^ lU ? 0  ̂ and lh9® V Th® y ie ld  to© wm  higher than the
$3

reported 71.9* ( t r m  the anhydride).
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* yWelker in  M s review  o f the  reac tio n s ©f fcrmCLdehydei' rep o rts  th a t 

th e  reac tio n  o f cQfelopantanona and cyelohaxanots© w ith hydrated lira©, and 

excess fcffnaldahyd© I®*3 to  th e  production o f polyfec/droiqr ©©rajKsmdt analogous 

to  peotaciytbrttoX * Bcw99tp} Mannlch and Bros© wars ab le  to  iso la te  son©, 

and te tr^ a a th ^ lo l ketones froia the reactio n  o f ©ycXohesnnone and fornmld©- 

hyeet^
6 l

ItCRorth and Sholdrick reacted  6 , 7"diaeth©3iy*l«( .^b-dimethoscjph^norl )4 i-  

kt to**l t 2, 3f aci d (O T) w ith fowaXin In  aqueous aodim  

hydroxide* Two iw thy lo l gm ^&  entered tb s  ©arbon-t p o sitio n , on® o f then 

forastfif a  lactone w ith  th e  ©arbe*yi group. Basic hydro lysis renewed one o f 

the  sasthylol groups as forraaldehyds, b e t th e  o th er wee dehydrated y ie ld in g  

6 ̂ HttnethesQr*!*^ 3# U'̂ Bb̂ thOBqrpheejrl) ■<4t>4cete«3*«Mtharlene»lf2 v Itirtetrtdgrdro-’

2-naphthole sold  (XffZXX)* Brown a t  th is  U niversity  attem pted to  Introduce 

the eethgrlol rrtmp in to  d ie th y l Inei^lphstieegrlnelofiete (IXX)f tm i only s t a r t -  

lag  mm recovered*

The B laisen condensation o f cy clic  ketones w ith e th y l form ats i s  w ell 

known* ¥©« ts a rs  and K ro llp fe iffe r prepared 2 -t^ rox y octh y  1 ©ft©-£-«ethyleyc!o-

hexanon© in  $3% y ie ld  fey th e  condensation o f ^-lactfyleyeXohexanon© and aayl
62

fo im te  in  the presence o f sodissu irans-l-lccaloo©  has been f© reflated
/  -  6 1 in  olf* y ie ld  w ith e th y l foissate using eed im  as th e  wm&mmtng agent."

6J4
H e a rth  and S heldrisk  wore mfel# to  f e n y le te  2-eart® thosy-6,  T-difflethoaty-l-  

(3 #k * ^ l i» tf e s ^ lp h a ^ ) - h ^ e t^ lf2#3 ,li» te^ r« lfiircn a^ th a len e  (13C) w ith e th y l 

fo w e te  and Bo&im idr® In  B$$ y ield*  lb© ^ to s y s e t^ y l^ Q -k o to -e s te r  (L U ) 

wag reduced w ith godtoi mrnlgm  to  th e  dihydroxy acid  ( t i n )  in  21% y ield*

The dihydros^r acid  underwent rwdaetiw® lae to n isa iio n  when heated a t  i t s  

sae ltijtt p o in t, ©r vfcen bo iled  w ith W i su lfu ric  acid  to  th e  lactone o f 3-tydr©iqrta 

aetfcyl-6 9 7-dirn^th©^y-l-{ 3, lt-dimstho5ypli«syl) -1 , 2# 3 ,  h -te  tra h r  dro-2-naph tho ic 

acid  ( m i l ) *
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Mor® ro o m ily , Johnson and M s co-workers have f©r®&lat®d a-wethjrlcyel©-

tHoams in  ? H  y ie ld , and ^-^thosgrl^drlnckm ^l in  931 y ie ld  w in g  alcohol*
65,66

fre e  sodium saethoxide a s  the  oomionsine agent#

Of th s  tso  methods, the C laisen condensation w ith s t% l foraat©  ssensd 

to  b@ th© more su ita b le  fo r  in troducing a  carbon in  the ©arboss~3 position# 

Johnson** method using a lco ho l-fro e  a©dita» wsthoe&de a s  th s  condensing 

agent, and the o ld er sodium method wars both tried *

Using dry sod im  wettioxlde, th s  y ie ld  and th s c©spositlcm o f th s  pro­

duct varied. from r m  to  run# Two so la s  o f sadism wetbexld© and tso  so los 

o f e th y l form at# war® reacted  w ith on© mol© o f the ket©*eet©r (1?) fo r  varying 

lengths o f tim e, and a t  m rylng, to n e r s  taros* Only ones was a c ry s ta llin e  

m ateria l obtained from the reac tio n  adxtwrw. fM s was id e n tifie d  a s th e  

lydro3ym otlyliass*keto*aeid (LXI?), m*p. 152° • On th e  o th er nm s, a  m ixture 

o f lydroa5yr?^t%'loii®*koto*ost©r (L I? ), and koto-acid  (113?) were obtained#

In  one such rep re sen ta tiv e  rm , th e  tydroiypisttylom -k@ to*cster was separated  

from th® lqrdraqrwetlylsM i keto-acld  by I t s  p re fe re n tia l s a la b ility  In  bensen®. 

Th© residue prosed to  bo so luble in  sodium b icarbonate, and was quit® c ry sta l*  

l in e , and was rec x y a ta lllssd  from chloroform . I t  gave a deep purple co lo r 

w ith f e r r ic  ch lo rid e , and analysed c o rre c tly  fo r th e  tydroxym thylene-keto- 

aeld# The by^ro3yw e^yla«^«lesto*m ter r ecovered from the becam e so lu tio n  

was m  o i l  which cowld m t  be c ry s ta llis e d . I t  formed m  © live green copper 

s a l t  which coaid no t be rw crystalllsed*  The }ydro7ym etlylene*keto-® ster 

recovered fro® th e  acid  cfeoanpoMtlon o f the  copper s a l t  was a lso  an o i l .  i t  

was pari fled  by efcromtcgraphy# A solw tlon o f th s o i l  in  benaens m s  ad­

sorbed on s i l ic ic  acid* The ohnomatofrsii* consisted  o f a narrow ,dark brown 

band, and a d iffu se  yellow  area below I t .  Ths e irom ato p m  m s  e lu ted  w ith 

H  ethanol in  bm m m 9 th e  yellow  area  separated , and the  so lven t evaporated.
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Thu two lac to n es, X T tl and XI?, (C-1,C~3 lac to n es) modelled a f te r  te a  

Sorsehe-Spath form ula fo r  podopjyllo toxin sa te  had a double peak baud In 

th is  reg io n , tea  appearance of which m s  quit© d iffe re n t from  te e  bands o f 

podophyllotoxin end picropteopteylltn te lc h  were singl© peaks* This physical 

evidence, as w ell a s  tee  chem ical evidence presented in  tee  in tro d u ctio n , 

ru le s  cu t te e  Borsche-Spath form ula fo r  podophyllotoxin* The lac to n e  o f the 

dibydrosqr a d d  q u ite  unexpectedly had a double peek band, s te l la r  in  appear­

ance to  tee  double peaks o f the O l ,  €~3 lactones* In  te e  absence o f ary 

o ther evidence, te le  lac to se  can be considered as a C -l, €~3 type lactone 

w ith a fre e  m eteylol group on csrbon-2* ,

By coaparison w ith te e  sp ec tra  o f te e  e ls  sod teana-cycXohaxen© lac to n es, 

and th e  d a  a id  tr a n s - te tr a lia  lac to n es, podopbyllotoocin was shown to  have a

trana  lactone rin g , and picropodopfcyllin, a  te a  lactone ring*
•1

A difference o f 6 on was observed for podopbyllotoxln and ptcropodo** 

phsrllin, 8 for the q rd d ax sm  lactones, and lb  esT3* fo r the te tra lln  

lactones* 1b© sc differences are small when coopered with the d ifferen ce  of 

3? oaT3 between J* aid £ -lactones* I f  these differences in  frequency are  

due to  differences in  rin g  stra in , then te e  c is-tran s lactones studied do no t
«

d if fe r  gre&tJy in  stra in *  I t  i s  n o t lik e ly  te a t  th e  q u a n tita tiv e  conversion 

o f podophyllotorln to  picrqpodcphyllin can be a ttrib u te d  to  th is  sn a il d if ­

ference in  rin g  stra in#

The ra te  o f le c to o isa tio n  o f the te a  and trans-2*dydrcoym t}^cyclteexane- 

car boxy l i e  acid s was studied* la te  lactone m s saponified  w ith an excess o f 

standard ised , aqueous sodium hydroxide and then enough standardised hydro­

c h lo ric  Sited was added to  n early  n e u tra lise  te e  b asic  solution* The aqueous 

so lu tio n s of t e i  hydrwqr acid s were then heated on a s te m  bate  and, from
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tim e to  tim e, a liq u o t saaples ware withdrawn* The saaples were t i t r a te d  

w ith standardised  sodium hydroxide to  determine th e  amount o f fre e  h y d ro s  

acid  present* Th© ©is hydroxy aeld  was found t© lae to n ise  more rap id ly  and 

com pletely than the tran a  hydroxy ac id . At the end o f th ro#  hours, the e ls  

compound was 79% lae io n lsed , and th e  tran s compound U35C» At the end o f twenty 

hours, when the ra te  o f lA etonisatiQ n o f e ith e r  compound was nearly  aero , the 

e ls  compound mm 9 f t  lae io n lsed , and th e  tran a  61$. th e  m m  rap id  ra te  o f 

lac io n iza tio n  m d  th e  g rea te r c o lle te n e s s  o f reac tio n  o f the  e ls  corapound 

in d ie s te  th a t i t  i s  th e  more stab le  o f th e  two* Furtherm ore, had an e n o li- 

zation  occurred during the basic  sap o n ifica tio n , the too ra te s  would hare been 

the  same.

To see i f  apy sp lm srlsa tio a  took place during sapo n ificatio n  o f the lac to n es, 

the e ls  and irans-cyclohoxane lactones wars saponified  w ith aqueous sodiu® 

hydroxide, and then lac to n ised  by heating  th e  a c id ifie d  m ixtures under re flu x .

The lac  tones, Iso la te d  w ith e th e r, were d is t i l le d  and th e ir  spectra  compared

w ith those o f the un treated  eesspennds. The p o sitio n  o f the  carbonyl peaks

in d icated  th a t the saponified and re lac to n ised  expounds were Id e n tic a l w ith 

the  s ta r tin g  compounds in  each case . Haworth and S lin g e r^  were ab le to  

saponify and re la c to n ise  th e  e ls  and tr s n s - te tr a lin  lac to nes w ithout m y  changes 

in  con fig u ra tion . A pparently, these simple lactones are  n o t eplm srlsed by the 

actio n  o f base* I f  they d id  sn e lls e , since the  ra te s  o f lac to n isa tio n  a re  o f 

the  m m  o rd er, a m ixture o f e ls  and tra n s  lactones would be recovered* th e re ­

fo re , by analogy th e  sm all d ifference  in  s tra in  in  the lactone rin g s o f podo- 

phyllo toxin  and p i cropodophyllin could hardly aecotmt fo r  the  q u a n tita tiv e  

conversion o f podophyllotoxin to  picropodophyllln under th e  influence of basic

reagen ts. I t  i s  d i f f ic u lt  to  foim dat®  a mechanism fo r  the  epim orlsatiofi o f

podopfeyllotoxin o th er than e n o lisa tio n , b u t why should podophyllotoxin sn e lls e ,
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and no t the  model co??$>ounda? I f  indeed the mechanism i s  one o f e n o llsa tlo n , 

then th e  driv ing  fo rce  behind the q u a n tita tiv e  epim erisation must be the  t r i -  

metho^yphcnyl group on carbon-1* which would then be e ls  to  the  carboxyl group 

in  podophyllotoxin and tra its  to  the earbeiqrl group in  picropodophyllin•

PART I I

Alcohols Related to  Podophyllotoxin

The absorption o f in fra red  rad ia tio n  in  the  region frost to
'*•1 68 2^00 cm* i s  generally  a ttr ib u te d  to  hydropen-stretching v ib ra tio n s , lo re

sp e c if ic a lly , the free  hydroxyl v ib ra tio n s , idiere the hydrogel i s  no t a ffec ted

by any atom b u t th e  oxygen, have a c h a ra c te ris tic  absorption band between

3?On ©m"1 and esu1 I f  hydrogen bonding occurs, th e  absorption band i s

broader, and i s  l i f t e d  to  lower frequencies, 3 ^ * 3 1 0 ^  emT  ̂ The®® bands arc

very u sefu l in  id en tify in g  the presence of a hydroxyl function  in  an organic

m olecule.

In  ad d itio n , an equally  s ig n ific a n t but le s s  studied  band occurs in  the 
—1 *112#0 cm to  1000 cm reg io n . A band in  th is  region may range in  in te n s ity  

from medium to  stro n g , and i s  generally  a ttr ib u te d  to  the  earbon-oxygep. 

stre tch in g  v ib ra tio n .

E arly  in  the h is to ry  o f the ap p lica tio n  o f in fra red  spectroscopy to  organ-
69 —1ic  s tru c tu re , Weainger noted the ex istence o f a  band a t  101*0 cm in  prim ary

—1 <•!.alcohols, 1100 cm. in  secondary a lco h o ls, and 1160 cm in  te r tia ry  a lco h o ls.

This inform ation could be used to  determine the p o sitio n  o f th e  hydroxyl group

in  a m olecule. More rec en tly , Tuot and taecmpb®*^ examined th e  in fra red

sp ectra  o f a se rie s  o f a lip h a tic  secondary &&d te r tia ry  a lco h o ls. T heir work

was in  agreement w ith th a t o f Remlnger.

S t i l l  more recen tly , alter th is  work had been alm ost completed, a study 

o f the earbon-oxygen absorption band o f a se rie s  o f alcohols by Z eiss and



la

71Tsnbsui was published . They found th a t th e  d iffe re n tia tio n  between prim ary, 

secondary, and te r t ia r y  a lcohols as proposed by w©ningcr, and fo o t and Lecosipte 

was no t v a lid , they w ire ab le to  wake c e rta in  g en era lisa tio n s about th e  lo ­

catio n  o f the earbon-oaygen band fo r  varying alcohols which w ill be discussed 

la te r .

I f  the  nature o f the fydrosqrl group in  podophyllotoxin could be estab ­

lish e d , then i t s  p o sitio n  would be known. A secondary alcohol would be located  

on carbon-1, a  te r t ia r y  alcohol m  carbon-2, while a primary carb lno l would 

a lso  be located  on carbon-2, and would lend support to  the  Borsche-Spath fo r­

mula. T herefore, a se rie s  o f a lic y e llo  and fused a rm atlc-aX io yclte  alcohols 

were synthesised so th a t  th e ir  in fra red  spectra  could be studied* I t  was 

hoped th a t inform ation obtained from th ese  model compounds could be applied 

to  podophyllo to x in .

Commercial cyclohexanol was d is t i l le d  through a th ree -fo o t oolum  packed 

w ith g la ss  h e lic e s . The middle fra c tio n , b .p . l6 o °, was c o llec ted , and re ­

d is t i l le d  through the same column. Again, the  middle fra c tio n , b .p . 160°,
20

Up Imhkhht was c o llec ted .

2-M let^lcyelohexanol was prepared by hydrogenating p u rifie d  o -creso i over
?2Haney n ick e l according to  the d irec tio n s o f Bngpade and N ightingale. The 

2-w etbylcyclohexanol, b .p . l62-l6h? was Iso la ted  in  9h$ y ie ld  by d is t i l la t io n  

through a one-foot figreuac column. I t  was then re d is ti l le d  through a th ree -

fo o t column packed w ith gU ss h e lic e s . The middle fra c tio n , b .p . l6 b °,
20 l.l|6 0 6 , was co llec ted . The phonylurcthane of 2^n0thylcyelohexanol p re­

pared th is  way has a melting po in t of 105-106° which corresponds to  the 

m elting p o in t o f the phapylurethan© of traiss-2-iSBtbylqycloh@xanol»

3-M etbylcyclohexanol, and li-TOthylcyeloheimrr'J were prepared in  $6% and 

92% y ie ld  re sp ec tiv e ly , and p u rifie d  in  the  same la y . The b-metbylcyclohexanol
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i s  a lso  o f tha trm ®  ©configuration, b u t th e  3~^thyleyQ lohexanol i s  e is .

th e  eoafigaQPaUoiai o f th e  2 ,3  and U^tliQrlosrelotwftcanols haw  been assigned
7% 7 lion the  b a sis  o f v isc o s ity  sseamjroments^ and h eat o f cosbuation measurements, 

aseisalf^ th a t fo r  eaoh p a ir  o f isom ars, th e  brans for® was the wot® s ta b le ,

an assumption which I s  now believed to  be tru e  fo r  the  2 - and U- su b stitu ted
75 t a

cyclohoxanola, but no t fo r th e  3-lsoasrs*" (Soaring and Semes* prepared

s i s  and t^ana-3-m thylcyG  lohexanol from  the  isom eric 3~bydro^rcyclohexane- 

oarbo^rllo  a d d s  by s y n t h e t i c  schemes designed to  avoid asfeig u ities concerning 

configurations* Ompmrlmm o f the so lid  d e riv a tiv e s o f these compounds o f 

known ^ f ig u r a t io n  showed t h a t  the  previously  accepted assignm ent o f configu­

ra tio n  fo r t h s  3-^®thylcycloh®xanols was in  e rro r .

The physical constan ts o f the  th ree  isom eric m ethylc^lchssanw jls agreed

w ith  th e  values found in  the l i te r a tu r e . (Table I . )  The physical constan ts
7$

o f e is  and ti^s-3-m Q thyl<^lolW 3canol obtained by M ills havw been assigned

to  the configurations obtained by Gteering and S e rres .

1 ,2 , 3*ij-T0trahydro-2-naphthol has been prepared by the hydrogenation of

P -naph tho l over Haney n ic k e l, and over copper chrom ite. l% sssr and Adkins^0

re p o rt th e  prqparaticm  o f X92939k ~ U im to F m ~ 2 * M & ^l in  SS# y ie ld  over
81

^  n ick e l • however, Stork obtained a  m ixture o f $H  $ ,6 ,? ,8 -t® trahydro- 

2-naphthol, and 2?# 1 ,2 ,3,U -tetivaydro-2-m phthol. When a l i t t l e  aqueous 

sodium hydroxide was added to  th e  reac tio n  f ix tu re , th e  y ie ld  o f the phenol 

was 11# and th a t o f th e  alcohol was 68#* Adkins and I re e k ^  hydrogenated 

p -naphtho l over a v a rle ly  of n ickel c a ta ly s ts , and in  n e u tra l media obtained 

80# y ie ld s  o f the phenol, and 6-11# y ie ld s  o f th e  a lco h o l. The presem e of 

base changed the y ie ld s  to  8# phenol and 68# a lco h o l.

Hydrogenation over copper chrom ite i s  superior* Muaser and Adkins®0 

reported  an 8?# y ie ld  o f alcohol on ly . Bauben, MeKusick, and M a ile r83
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TAB1S I

L ite ra te®  Source

Coapound l^ ysical Constant d a

nhareayml

B.F,

M.F* of Pfesrsylure thane

3-^B tl^rlcycldiexanol

172B«P< 171

ft»P« of Phor^lurothano

W Satfc^lc^dohsxsnol

172 170

ItP* of Phof^lurethari®

#
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obtained a 79 i y ie ld  of pur© alcohol along w ith  an 8.£$ y ie ld  o f phenol.

The p u rity  o f the alcohol was demonstrated by cryoscopic measurements. The

procedure o f Ttotiben* Me&usick, and H oeller was fo lic m d  in  th is  work* /^ tsp h th o l

was p a d  fle d  by d is t i l la t io n  f i r s t  from Rsnsy n ick e l, and. than tv m  copper

chromite* The molten p  -naphtbal was then hydrogenated over copper chrom ite

a t  20nP/3$">0 psi*  The was re a s n d  fro® th e  bosh w ith bensen®, and

th e  c a ta ly s t separated by cen trifu g in g . Tb© so lu tio n  was then washed w ith

sev era l p o rtio n s o f aqueous sodium hydro&de to  convert the  £,6,?,8-b@ ir& !ydm -

^-ncqahthol to  i t s  sodiua s a l t .  W ithout drying, th e  low b o ile rs  were strip p ed ,

and then the residue  d is t i l le d . An 82$ y ie ld  o f 1 ,2 , 3 ,h -tstrahydro-2-naph tho l,

b .p . 119-X21°/5 a u  was obtained by d is t i l la t io n  through « fiv e-in ch  Vigrotix
#

column* The resid ue  mm th e  sodium s a l t  o f tb s  phenol. The alcohol was re ­

d is t i l le d  through a  two-foot colossi packed w ith g lass helices*  The physical 

c c a to n ta  of th e  aleobol « « *  b .p . ! * , > . «  ^  ! . * » , —  » .p . 2 2 .6 ° .

22*9. These values a re  in  agreement with those obtained by Tauber, Hc&usick, 

and M oeller.

1$ 2 ,3 ,li-TctrslQ n3ro-l--n^itl3ol has been prepared ha a v a rie ty  o f ways*

S trau ss mA  Rohrbackor prepared th e  cosipound by th e  reduction  ©f l-te tra lo n ©
.1

w ith  sodium and alcohol in  70% y ie ld . The reduction  has a lso  been accomp­

lish e d  w ith aluminum laopropoxld© in  861 yield.'®  Hock and bang prspsrsd  

te tra H n s  peroxide and reduced i t  w ith sodium s u lf i te  to  th e  a lcoholf^  I t  has 

a lso  been prepared by th e  c a ta ly tic  hydro n a t i o n  o f of -naph tha!. Brcmhet

reported  the p reparation  o f the 1 ,2 ,3 , l^ te tra ^ d ro -a lo o h o l in  8£$ y ie ld  along
, 8? 8n

w ith a  1$$ y ie ld  o f the  6 ,7 ,B -tetrahfdro-phcnol. hussar and Adkins wsr®

unable to  g e t any o f the  alcohol by hydrogenation over Raney n ic k e l. Over

copper chrom ite they succeeded in  preparing  the alcohol in  3*>$ y ie ld . A 30%
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y ie ld  o f tin© phenol* and a  10% y ie ld  o f te t r a l in  were a lso  obtained* This 

ilork could no t be duplicated* Only £ ,6 , 7 ,8 - tetrahydro~lHaaph t t e l  and 

te t r a l in tsw i iso lated*  th e  a lcoho l, 1 ,2 ,3 , Ii-te trahydro -l-naph tho l, i s  a

su b s titu ted  tens^rl a lcoho l, and since copper ehromit© i s  ac tiv e  as a c a ta -
88

ly s t  fo r  hydrogen© ly s is , ary  alcohol formed m s  probably converted to  te tra lin *  

The o t te r  ro u te  to  1 ,2 ,3 , h -t@ tralydro-l-naph ttel i s  through the  reduction

of 1 -te tra lo n e  which i s  most eomrenienbly prepared by th e  a i r  oxidation  of
8 9te t r a l in , o r by the a lu m in a  ch lo ride  c y c lisa iio n  o f the acid  ch lo ride  of 

^"•phaijyibatyric aeid*^

A la rg e  supply o f | f - ( p - to ly l)<-bu ty ric  a d d  m s  a v a ila b le , and i t  m s 

decided to  c y c lise  th is  a d d  t© the ?«a»thyltetara3niie*l, and reduce the ketone 

to  7~m©thyl~l,2,% l-te tr^b y d ro -l-n ap h th o l • 7 -^ e th flte tra lo n e -l has been pre­

pared in  ?of» y ie ld  by trea ting  If - ( p -to ly l)-b u ty ric  ac id  w ith su lfu ric  a e id f* ^  

m d by preparing the a d d  c h lo rite  and ey c lis in g  w ith aluminum c h lo rite  

(o v e ra ll y ie id - ^ ) ^ - ?* The fo rm r  procedure was atepted* • (p ~ to ly l) -B utyric 

ac id  was tre a te d  w ith a la rg e  excess of concentrated su lfu ric  acid and heated 

on a stem s bath* The ketone was extracted w ith  e th e r, and d is tille d *  The 

y ie ld  ©f 7 - ^ t^ f lte tr a lo n e - l , b*p* Xli2°/15 m * ,m a  6>*.

The b o ilin g  p o in t o f l- te tra lo n e  i s  l ^ W ^ / 2  mm* The b o ilin g  po in t o f 

1 - te tra lo l i s  102-1Dh°/2 an* I t  was an tic ip a ted  th a t th e  te l l in g  p o in ts o f 

the 7-»t!^rl-«nal© gttes would a lso  be c lo se  to gether, and so separation  by 

d is t i l la t io n  would no t be fe a s ib le . T herefore, the alcohol would be b e st 

Iso la te d  as one o f i t s  d e riv a tiv e s , the  d eriv a tiv e  p u rifie d , and the alcohol 

regenerated from it*

The 7 -m etby lte tra lone-I m s reduced saoothly w ith a  s lig h t excess o f 

lith ium  aluminum hydride In  ether* The crude product was freed  from any



1*7

v o la tile  m atter f in a lly  w ith a vacuum pusp, and then tre a te d  w ith m  excess 

of phenyl isocyanate . The re su ltin g  ph^i^lurethan® was read ily  csy st& llin e.
0

Hie y ie ld  of w hite c ry s ta ls , m .p. 10? $ was a f te r  re e ry s ta llts a tio n  fro® 

petroleum  e th e r , b*p* 6O-800*

Acid hydro lysis o f the urethane was re je c te d  since i t  sd.$ii dehydrate 

the alcohol* the urethane was d issolved in  a so lu tio n  o f potassium ly~ 

droxid© in  diatfcylene g lycol and saponified  a t  l£0°* the alcohol was steam 

d is t i l le d  from th e  rea c tio n  m ixture along w ith some an iline*  I t  was then 

Iso la ted  frost th e  d i s t i l l a t e ,  ty  ac id ify in g , and then ex trac tin g  w ith ether* 

Th© ?-?s©thyl-X, 2 ,3 , k~tetra*ydro~lHoaphth©^ c ry s ta llis e d  on cooling, and a 

y ie ld  o f 70*$% m*p* £1*5°, was obtained a f te r  r e c iy s ta l l is a t im  from  petro* 

Is m  e th e r , b*p* 60-80°*

The T-rgethgrltetralcm e-l was a lso  trea te d  w ith m  equ ivalen t amount o f 

uet^lm stgneaiira iodide* The Orignard complex was decomposed w ith  m m m iim  

ch lo rid e . The re su ltin g  1 ,7 -d± m thyl« l, 2 ,3 ,l4wfc@ tral^ro-^l-m phthol was ob­

tained  as a yellow  o i l  which was c ry s ta llise d  from petroleum  e th e r h r c o d ­

ing  in  a  dry ic e  h a th , m d allow ing the  m ixture to  warm to  room tem perature 

slowly* A fter two re c y y s ta llia a tio n s  from petroleum  e th e r, b*p* 60-80°, a

67i  y id d , ®*p* 88*1°, wm  obtained.

l--tethyIcyclohexanol was prepared ty  reac tin g  methylaagnsslum iodide

w ith cyclohexanonc, b.p* l!>3-l£60,  (p u rifie d  through the b is u lf ite  add ition

com pound)* the y ie ld  o f l~ta®tbylcyd©h®xaia©X was 77* 5& a f te r  d is t i l la t io n .

The compound was d is t i l le d  tw ice more tro u g h  a th ree -fo o t ITigreux column*

Use f in a l fra c tio n  had a  b o ilin g  po in t o f 7O°/20 mm. and melted a t  2£*6°*
O n 7 1 ,^ ,9 6 ,9 7  

fd u e s  in  the  l ite ra tu re  vary from 2b to  26 *
98

The procedure o f Oilman, and G atlin  was followed to  prepare oyclohexyl- 

carb in o l. The Orignard reagen t from  cyclohexyl ch lo ride and magnesium was
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trea te d  w ith dry , depolymerised paraformaldebyde. A y ie ld  o f 6h% o f co lo r- 

le a s  o i l ,  b .p . 91-9$°/26 as* was obtained* 7h® conipowid was than re d is tille d

through a tw o-foot coinan peeked with g lass h e lic e s , and the fra c tio n ,
$
D

O, 20
b.p* 93 /23 ssu , n l*b6Ui, was c o llec ted . These constan ts agree very w ell

99,100
w ith those reported  in  the l i te ra tu r e .

I t  was a lso  d esirab le  to  prepare 1 ,2 ,3 ,li-te trah y d ro -l-n a^ ith y lcarb in o l, 

and 1 ,2 ,3 , li-tetrahydro-2-aaphthylcarbin© X  • The c a ta ly tic  redaction  o f methyl

1-naphthoate and e th y l 2-naphthoate over copper chrom ite re s u lts  in  the  fo r­

mation o f sm all y ie ld s  o f the corresponding naphthyl carb in o ls , and a lk y l 
101naphthalenes. ‘ %mm&n and co-workers have prepared 1 ,2 ,3 , li-tetrahydro-1 -

nftphthylearblnol, and 1 ,2 ,3 ,)i-tetrahydro-2-naph^xflcarblnol by the reduction
102,103

o f the e s te rs  o f the corresponding tetrahydro  acids*

T herefore, the  means o f p reparation  o f 1 ,2 ,3 , h -tetrahydro-l-naph tho ic 

ac id , and 1 ,2 ,3 ,li-t© tra^rdro-2-na^ithoic acid  were in v estig a ted . The redac­

tio n  o f c* o r (3 -naphthoic acid  w ith Haney n ickel a llo y  y ie ld s  only the
M i

$ ,6 ,7 ,8-tetrahydr©  acids* The Haney n ick e l c a ta ly tic  hydrogenation o f

e th y l 2-naphthoate re s u lts  in  the form ation of the $,6,7,8~t®irahydr© acid

almost ex clu siv ely . Reduction o f thecC-lsomer leads to  a  $*3 preponderance

of the $ ,6 ,7 ,8-tetrahydro acid*°^ The Raney n ickel ca ta ly tic  hydrogenation
10$

o f the  free  acids gives alm ost th e  m m  re s u lts . Th© mixed tetrahydro  acids 

are  than labo riously  separated by fra c tio n a l c ry s ta llis a tio n , and the pure 

acids obtained only in  small y ie ld s . R ecently, of -pheny lg lu taric  acid  was

cyelised  to  the U -keto-1,2 ,3 , li-tatrahydro-l-naphoic ac id , which was reduced
106

to  the 1 ,2 ,3 ,b -tetrahydro-l-naphtho ic a d d . 1 ,2 ,3,U -Tetrahydro-l-naphthoic

acid  has a lso  been obtained by the reduction o f o( -naphthoic acid  w ith sodium
10? 108 

in  «syl a lcoho l, and w ith sodium in  e th y l alcohol* Reduction w ith sodium

amalgam a t  room tem perature leads to  th e  dihydro ac id , bu t when the reduction
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i s  c arried  o a t a t  tb s  b o ilin g  po in t o f w ater, the tetrahydro  acid  i s  ob­

ta in e d * ^  Mmmm and C ^leary*^ hydrogenated methyl 3, it-dihydro-l-naphthoate 

obtained by the ey c lisa tio n  o f e th y l !r*phei^l-2-ket© valerate to  ob tain  e th y l 

1, 2, 3, ii^ tetrahydro-1-naphthoate •

1, 2, 3,ii-T etrahydro-2-naphthoie acid  has been prepared by the redaction 

o f p -n ap h th o ic  acid  w ith sodium in  amyl a lc o h o l^  and w ith sodium amalgam

in  aqueous sodium hydroxide heated under re flu x . The reduction  w ith sodium
110

amalgam a t  room tea^eratu re  re s u lts  in  the form ation of a dihydro ac id .

The tetrahydro  acid  was a lso  prepared by the Clewaenson r e a c tio n  o f h~k?t©~
m

l , 2, 3,li-te trah y d ro -2-«aphthoie a c id .

The reduction o f 0(-naphthoic acid  w ith sodium and alcohol was chosen

as the most convenient way to  prepare the 1, 2, 3,li-tetrabydro-l~naphthoie

ac id . 0( -ttapthoie acid  prepared by 'fee Orignard method as described by 
111

Vogel, was dissolved in  absolu te e thano l, and a ten fo ld  mole excess o f 

sodium was added rap id ly . The re su ltin g  a lk a lin e  so lu tio n  was n early  neu tra­

lis e d , the  alcohol replaced w ith w ater, and the tetrahydro  acid  p rec ip ita te d  

by ac id ify in g  the so lu tio n . An aqueous so lu tio n  o f  the sodium s a l t  was tre a te d  

w ith co ld , concentrated potassium permanganate to  ox id ise any dihydro ac id .

The y ie ld  o f 1 ,2 ,3 ,h -tetrahydro -l-naph tbo lc  ac id , m.p. 8ii°, was 89$ . The 

acid was e s te r if ie d  w ith ethanol in  the  p r e s e n c e  o f bensene, and p -to luene- 

suiphonie ac id , and the w ater removed by an aseo trop ic  d is t i l la t io n . The 

e s te r  was reduced w ith an e th e rea l so lu tion  of lith ium  aluminum hydride. The 

re su ltin g  crude 1, 2, 3,l4-te trahy d ro -l-naph thy learb lno l was heated m  a steam 

bath  w ith p h th alic  anhydride and dry pyrid ine to  prepare the hydrogen p h th alate  

e s te r . The y ie ld  o f the hydrogen p h thalate  e s te r  o f 1 ,2 ,3 ,ii -  to tr  ahydro-1- 

naphbhylcarbinol, m.p. 102° , a f te r  re c ry s ta llis a tio n  from eyclohexsme was 

(from  the e s te r ) • The e s te r  was saponified w ith 10$ sodium hydroxide to  give
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an y ie ld  o f 1, 3 ,li-t^ tra^dro-l-naphti^rlcaxM rK sl, fh® carb lno l 

r e d is ti l le d  through a  th reo -fo o t fig retix  co in ® . Three fra c tio n s , a l l  o f tIso
o

saw  b o ilin g  p o in t lot* /0 .6  m u , and th© m m  re fra c tiv e  index, 1.5596,
102map® obtained* Bcwman prepared the saw  compound by the redaction  o f the

e s te r  w ith  ©odium in  b trty l a lco h o l. His physical constant® w re*

b .p . 1 .5 W . H o isw r, th e  value® fo r th e  carbon and

hydrogen an a ly sts  th a t he reported  worn n e t w ry  ©lose to  the th e o re tic a l 

v a lu es.

^  -naphthoic was prepared accordlnf to  th e  d irec tio n s in  Organic Syn- 
112

th e se s . Th® acid  was dissolved in  aqueous soc&tsi hydroxide, th e  so lu tion

heated under re flu x , and la rg e  amount® o f sodium amalgam added over an extended
110period o f tim e. According to  Baeyer, th is  treatm ent should have resu lted

in  th© tetrahydro  a c id . A w a l l  a liq u o t o f th© a lk a lin e  so lu tio n  decolorised

sev era l drops o f cold potassium  pmtmmgmmt® so lu tio n  in d ica tin g  th e  pmrnm®

o f a la rg e  amount o f dlbydro ac id , fh® ad sod te trahydro  m d  dihydro acid®

war® iso la te d , d isso lved  in  aqueous sodium hydroxide and treated w ith Haney
113n ick e l aluminum a llo y  according to  Papa. fh© re su ltin g  acid  did  not de­

c o lo rise  potaasiwn permanganate, and was obtained in  76.5% y ie ld , fh® o v e ra ll

y ie ld  from methyl ^ -n ap tith y l ketone was 5W* Unman m d  Maugham re p o rt a
^  —  103y ie ld  o f 53.2% by a  somsshat s im ila r method.

fh® e th y l e s te r , b .p . 10^*/}.? mu# m s  prepared in  $5.5% y ie ld , and m s

reduced w ith lith iu m  sdtmLmsi hydride in  ether# D is tilla tio n  re su lte d  in  an

87% y ie ld  o f 1 ,2 ,3,U -tctrahydira-3m phthylearM nol, b .p . 109°/l*5 w u

fhe hydrogen phthalat©  e s te r , sup. X08. 5J  m s  prepared according to  the
lU i

general d irec tio n s in  Organic R eactions.
-1fhe sp ectra  o f the  a lcohols from X&QO to  800 on ware measured w ith a 

rock s a l t  p r im , and from ijOOO cm*1 to  29w  cm**1 vdth a  lith ium  flu o rid e  prism*
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Sens warn fisassired in  the  liq u id  s ta te  in  a  0*02$ m* c a ll*  and soi?ie as tan 

percen t e lu t io n s  in  carbon te tra c h lo rid e  in  a 0*1 sis* c a l l ,  the  follow ing 

ta b le  shows th® p o sitio n  o f iJi© €-0 band.

**1Primary Alcohols 0*0 Absorption (cm )

Qjrclohexyi eaPbinol 103$ (a)

1 ,2 , ? ,li'-Tstrahjrdro-l’-m p h tty lcarb ln o l 101*0 (b)

l,2,3,h*f«trahy^hro-2«n»plithflcarbiisol 1036 (b)

Secondary Alcohols

Cyolohexanol 1061* (a)

2-% th y ley el0h®xsmol 10$2 (a )

?~M©thylcyelQh©:*&Bol 101*8 {a)
li^ethylcyclohexanol 10 $0 ( a)

1, 2 ,3) lj-^atmhy,dro-'2*-naphttol 1 0$o (a)

7-^® thg?l-l,2, 3, 14-ta trah y d ro -l-m ip h ^ o l 101*2 (b)

te r t ia r y  Alcohols 

l ^ ^ l e r e lo b e x a m l  111!* (b)

1 , 7-Bim® th y l~ l,2 ,3 , h -te tra l^d ro -l^n ap h th o l 1102 (b)

a  -  pur® liq u id

b * W% so lu tio n  in  carbon te tra c h lo rid e  

th® C~0 band fo r primary alcohols was reported  a t  10b0 euT^ by Toot and 

LsOo^pte, and a t  106O c?a-*̂  by Z eiss and fsu tsu iP ' However, the l a t t e r  

authors recognise th a t branching on th® carbon to  th© bydrosylated carbon 

re s u lts  in  a  s h if t  o f 1$ m  to  lower frequencies, mid th a t  o^tp tm saturation  

proiaotes m m  g re a te r s h if ts  in  the same d irection*  th e  values o f th® C-0
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ta s te  o f th s  prim ary alcoho ls f a l l  la  th® region ir»l*Q*1035 os* which agrees

w ith  t ip  frequencies p red icted  ty  ^e iss and reported  by Lsoonpfe**
•1Secondary alcohols s t a f b  a t  1100 m  according' to  I^cc^pto* Tbo

-1normal m in e  fo r  a s tra ig h t chain sooonckry alcohol I s  reported  a s l l i o  cm
-1

by Zeiss* ffcwefsr, tanofefng a t  t a t i r e a r t a !  lowers the froquaney by 15 cm,

and doable bond In te ra c tio n  by 30-0 cm?1 Sixwaarabered c y c lic  alcohols a rc  

sh ifte d  to  X^-IOXO cat!1 C yclo teaste l m s  found to  absorb a t  1061* eaT1 

which agrees w ith th e  frequency reported  by Zstss* th e  ta ln e s  o f th s o ther 

secondary alcohols eaaespt fo r  7 -^ tb y l» lf2,3,li-tctralych»o»lHfiapttsol appear 

a t  about V>0 cm*1 which agrees w ith th e  ta in s  o f  10$1 esT1 fo r  < x-dsealcl * 

as reported  by to la s*  lM I§tbyX-l, 2 ,3 ,X ^ tr^N y d ro ~ l^ a^ h ih o l ls p ( ,j9  isssa t- 

o ra ted , send so i t s  0-0 band should ^ p s r  a t  a  lower frequency. I t  m s
m %

fovmd a t 10X2 m t  a tains which almost ofsrlqps the primary cyclic carbinol 

region *
ml

T ertia ry  a lco h o ls, m m m Sim  to  t*ew fsbe, absorb a t  ll6 o  cis. Zeds®
—1re p o rts  a  m r m l m& m  o f 1U0 «« w ith s h if ts  to  lower frequencies acco?®- 

panying a cy c lic  ataroetors, branching* c ro l,p u n ® « ta « ti« w  Th© ftagsoney 

o f lm cd terlo n slfllim m l m s  111X cm*1 which agreed f a i r ly  m i l  w ith 111? m *1 

obtained by ?mian* Tim 1 , 7 -d la» th y l-l,  2 ,1 , i-b c tra ly d ro -l-m p b tte l absorbed 

a t  1102 cm?1 This s h if t  o f 12 m ~l  is. due to  ®( ,  (3

The s h if ts  from normal frequencies because o f c y c lic  stm ctor® , 

la g , o r d tah le  band in te ra c tio n  canes a  good deal o f overlapping b e ta a s i the 

th ree  o laso ss o f a lco h o ls, sad tak e  tl»  d iffe re n tia tio n  o f prim ary, secondary, 

and te r t ia r y  a lcoho ls by in fra red  an a ly sis m ry  d if f ic u lt*  O tte r tad ®  to  

be found in  th is  region a re  those das to  tite  p teey! gwwp, th® OO-C bond 

in  o th e rs , end th* 0-0 bond In a s te rs , and probably a im  lac to n es. Hence, 

the  C*6 a lc o te l band isi#&b: w y  t a l l  bo msfeed o r sh if te d , by the in te ra c tio n  

w ith th e  o th er bands, o r no t be m ff ic i-« tly  iso la te d  to  be assigned w ith
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alcohol a re a . Banco in fra red  evidence cannot be used to  assign  the p o sitio n  

o f th e  alcohol group in  pici^podopbytlin *

I t  sta tic! ha noted th a t bands due to  the O-O-C e th e r lin k ag es, and to  

th® o-o lactone lin k ag e, should a lso  bo expected in  th is  general region , and 

m p  modify, o r aosk the p o sitio n  o f the alcohol bands, m  th a t a d e fin ite  

assignm ent i s  net p o ssib le .

The dlhydsmy acid lactone has bands which could bm a ttr ib u te d  to primary 

o r secondary alcohols and so the natur® of the  lactone ring o f th is  00spoond 

oaanot be ascerta ined  from absorption bands in th is  reg ion .



tWv rfMiXSle«l Afti*

A ll m alting p o in ts a re  co rrec ted .

fh© prooedar© o f P rice and S d w s ^ 5 m s followed in  tydrcgm aii& g 

$$$ f* (2*5 n o lss) o f d ie i ty l  p h th alate  over Raney n lek sl to  f ie ld  £09 g.

(89#) o f d ie th y l te a l^ d ro |^ tlm la te t  b .p . U il° /l i  mm«

to  30® g* (1 .6 ?  moles) o f d i s t i l l  hemfcydrophthalat© mm added a so lu ­

tio n  o f 20 g* (0 .36 raoloa) o f p e iassfea  hydroxide in  22(10 m l. o f 9$$ e th an o l. 

The re su ltin g  so ltitio n  u s  heated under re flu x  fo r two h ea rs. Than 200 g .

(3 .6  »la@ ) o f p o tasslm  hydroxide see  added., and th® reac tio n  to rtu re  was 

again heated under re flu x  fo r  two hours* th e  alcohol was d is t i l le d  a® w ater 

i n  dropped in  to  rep lace I t .  When the vapor t^ p e ra tn r®  reached lod0, the 

d is tilla tio n  ass stopped* The reac tio n  aSjettir® a ts  cooled, and strtm gly  

a c id ifie d  w ith 325 sal. o f concentrated lyd roeh lo rlc  a c id , th e  whit® p re c ip i­

ta te  th a t fem ed  mm m&mmted  by f i l t r a t io n , washed w ith w ater, and d ried  

a t  103d.  'Th® tfm i^hojrahcfdrc^hthalic acid  weighed 268 g . (9?^) and molted 

a t  209-215?

Two t a i l e d  and two g m »  (1*18 msles) o f tr^s«*h@ »t^drophtlm lie ac id , 

and 620 § . (7*90 moles) of f r e e ly  d is tille d  ace ty l ch lo rid e  m m  heated 

under re flu x  fo r  twelve h o ars. The excess a ce ty l ch lo ride m s  d is t i l le d , 

f in a lly  under dis&niahad p m s m .  The resid u e , a brown s o lid , was rec ry - 

sb&lllssed fre e  boo ml. o f e th y l e s t a t e  in  th® presence of deco lorising  carbon 

to  y ie ld  97 g* o f white so lid , ®.p* Ik l-lk ii?  An ad d itio n a l 25.? g . o f wAiite 

so lid , m*p. Ito-lbU 0 mm  obtained, by cK m antrntiag the  » th e r  lien o r*  The
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to ta l quMrtltjr o f tr'ana-braJqnirophthallc acid ant'grdrido, a .p . was

12?.? f .  <68«),
35 e

Baeyer reports the  iM ltinp p o in t as lijO.

itothrl Hydrogen tra o s-^ i^ ra m ^ th a ^ a la i

A m ixture ©f 136 g« (0*69 n o lss) o f acid  a*sl$"-

drid© ant? 7^0 ml* (18*6 m lm )  ©f abso lu te astfcanDl m s  bested to  b o ilin g  

cm. a  *tea& bath  a s  rap id ly  a s  p o ssib le , and than heated under re flu x  w ith 

shaking fo r  s ig h t absttte* , Th* re su ltin g  so lu tion  m s  then eosled rap id ly  

i s  m  tm  b a th , *»d tran sfe rred  to  a  2-1* f i l te r in g  fU sk  equipped w ith a 

c a p illa ry  tub* which reached to  th* bottom o f th e  flask*  f i e  aid© am  mm 

eonseetod to  a m te r  a sp ira to r , and th® so lven t m s  evaporated tmder dimtn* 

iih sd  p re m ire  fo r  iM r ^ - s ix  hoars* Th* sh it*  n s l t e  mm  tran sfe rred  to  

the  tt&afeXe o f a  Soa&ftat aartaraetor, ex tracted  fo r f if te e n  bom s w ith petrol®** 

e th e r, b.p* 6o-80j and th e  r e tr a c t  cooled in  a  re fr ig e ra to r  fo r  twelve hours* 

th e  re su ltin g  p re c ip ita te  mm separated by f i l t r a t io n ,  and d ried  In a  vacuum 

oven a t 60° to  y ield  118 g* (92f) o f nethyl tydrogen trm e-hem l^dropb tlm lato , 

m *p * 96?

le m e r  and cm m d32 re p o rt a saslting p o in t o f 96? and Fiehber mad 

SXm&d^ report 96-91?

In a Hctasa s t i l l  ,w »  placed 15*7 g* (0*985 soles) of methyl t^drogeii 

tr^i»-h«ah^drophtfealatof and 2a mi* (0*278 soles) of ihionyl chloride* The 

ni^tar® mm stirred with a magnetic stirrer for sixteen horns at room tegf** 

erstur®* The mmom  th ie q r l ch lo r ic  mm then evaporated orutar reduce pres­

sure. Thy, t h i o p h e w H f i p e e  hmim®, 10 ml*,mas added, and « v a p o r * t * d  under 

reduced- jm m or** This proeedm*® was reposted for 10 ml, acre feeniseiitii*
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m s  formed which mm brolmm by eo n trifu g isg  a t  1000 r.p .m . 5La « fOO-ssl* 

cmtsxfcrtfuge b o ttle*  The c e r e a l  lay e r mss separated , aasd th® aqmeoms layer 

ex trac ted  w ith ?:>0 m l. o f etfear* The eo^irisid etlsereal ex trac t*  m m  d ried  

o ro r mXfftt©, f i l te r e d , and th e  e th e r ©mppmtod. A

eo la tio n  of $*5 g. (0*11* mole®) o f ao d ta i bydrca&de in  3$ a£L« o f 9 &  ethanol 

m® added, aasd th® ro sa ltte g  eo la tio n  mm heated under re flu x  for th ree  hew s* 

The® th e  alcohol mm d its tille d , smA m eter m s  pm deiilly  added m  th a t the 

alcohol m s  d isp laced , five so lu tio n  m e  cooled, a c id ifie d  w ith d ila te  s u i-  

ftarls add, and the rw eltii^ mixture m i heated usider refliSK for fifteen isfii- 
ntes* Tims mas cooled sssd extracted, i l t h  th ree  ^ h “©l. p o rtio n s ©f

d5ii®r* m e oomsimflK* efsasermji msweHBmB ms® masisspci m3,m» mswrg csnoo ewer 

ws^tm&m sulfate, filtered , m i the ether ®iraporated. The residue, a 

eolorXecs o il mm d istilled  through a tharme*foot ?igretec eolfsns* three 

frs©ti©i*s m s  counted .

(1) 20
*b 1.1*762

(2) 20
%> 1.U761

13)
20

«D 1JW63

Th© toran*£«l9tfeeHQm^^ m id  lac to n e , b*p. » *

meltfNMl 7 .9  g* (b&O#

Analysis*

eUMteM for C gH ^t C-68*$3j H-8.62.
F<*mdt 0-68.76, 68*66.1 H-8.96, 8*55#

f f  B ^uiw leE tl

Calculated fcr 0ttH 0 t 11*0*2
8 12 2

Found! 339*$, Ui0*3



39

In  a  lo rv-al. t i n f l a s k ,  f i t te d  w ith a condenser to  which a 

ealeiw a ch lo rid e  drying tube m s  attested , a dropping ftannel, and a magnetic 

s t i r r e r ,  were placed 1 g . (o.Ofil e tens) o f magnea&aai tam in g s and 20 ml* o f 

ao d lw -d riad  ether* t i r o #  th® d ro n in g  funnel m s  added $*8 g* (0*01*1 moles) 

o f diy m ttty l iod ide in  10 sH* o f dry  o th er to  fo ra  the  % ip ia rd  reagent*

The so lu tio ft was eooled in  an loo b a th , and 1*0 g* (0*0h3 moles) o f dry a n i-  

lin e  in  10 ml* o f d iy  o th er mm added cau tiously  through th e  to p p in g  funnel* 

itethnaa m s  u igorm ^ly  s ro lm d , Whan th© reac tio n  subsided, t t e  reac tio n  

m ixture was s tir r e d  th ir ty  m inutes « p ,  than  2 ,5  g* (0*018 moles) o f the 

lectori© o f  tw ^ 2 4 y d ro iy » tly lc |ty W m a n © ^ r to ^ lic  aeM  in  10 ml* o f dry 

e th e r was added* aged the resehl49fi m ixture was heated under re flu x  fo r  f i f ­

teen  s&stutes* Tkaa reac tio n  m ixture nan cooled to  m  tm  hath* and d ilu te  

hydrochloric acid  m s  added to  decompose th e  "ar'ignaTd" and to  n e u tra lise  the 

a n llln o . The © tter lay e r mm separated* sod t in  aqueous la y e r ex tracted  w ith 

ether*  The combined e th e re a l e x tra c ts  were wasted m eew B iw ly  w ith 51 

hydrochloric acid  lad  water* d ried  o se r anhydrous fasgnssls® s u lfa te , f ilte re d *  

and the  e th e r  ewqpornted* T te re s id e s , m yellow  so lid , was veesyetallined  

tw ice from p e tr o le d  e tter-ten w H e to  y ie ld  a whit© so lid  which molted a t  

166°  *

A nalysist

C alculated fo r  0-72*06; M * 2 2 j 1*6*01

found* 0-72*09, 71*95} 1-8*01, 8.2-5, 1 *6 *08 ,  6.35.

a e a a a i s e a m  J M je a a f a

Th* d irec tio n s ot  S li.1 * 1 weem foU oaad to  prop«r* t**btgrX Ixftirogm

phthalab®* P h tte lie  anhydride, 296 g* (2  melee) end 200 ml* (5  males) o f 

absolu te methanol were reacted  to  produce 265 g* o f *aethyl hydr ogen p h th a la te ,
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I fo r C C - 6 8 . 9 5 }  H-7 . 2 8 , s-5 .36 . 

Foundt 069.21 , 69.09j H-7.28, 7.38j S-5.60, 5.6?.

m »  i n
( 0*10 m i le * )  o f

mi?

s o l d  l a c t o n e ,  b . p .  W fylkl A ?

CalctOatad f « 0 ,  0 « <3-68.53} B-8 .6 2S 12 2
Foiadi 0-6 8 *6 2 , 6 8 *3 $j H-8 *6$f 8.S

Itho o i l  l a o ts »  

• n m  r a te t io n  o f 20*5 §* 

chlorid®  a ith  7*6$ g*

6*1 g* (1*3$) o f ela-2-lxfdro9qr«.
® 20

**#

Fohb<5i lfc0«O. Us0*6

Hi® s m l l i d o in  tti®  ssksi a s tfe® a n l l l d e  o f tts® t r s a s

o»lta<! a t IS*#***,

^ H *  C -?2 .1 | H~8*22f B-6.01Calciilfttod for 

Foaad* 0-72*23* 71*9kf 8*8.27, 8*114! 8*6.22, 6*07

tha M rm tXmm  of BoHdfo ^

S&gfr# $0 g* (0*67 solas) of 

(1 nolo) of iTOdo© a% 130*13$°* Hi® orado

o thsr, b.p*

o
« tth  160 g*

dibros&ds obtaimd ims

to  T ln li 71 g . ($71) of
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to  f$ »M  2*? g* (881) o f e t# * lt 2t 3|

o w tag rta tO f »#P* 6?° * The M teratB ro valu© I s  68*!>S^

to  a so lu tio n  o f  0*6$ g* (a*028 n sle s) o f sodium in  !$> ml# o f mm m ?* 

d a l  abso lu te e thanol moo added 2*7 g« (0*013 so le s) o f  d iu e th fl c i* '”l*2s3t ii" 

td r s l f f dr o’**?, 3**mphtli«l<B^<liooa%oaylsto« th e  © elution m i  heated mv§mt ro - 

fI«K fo r  th roe hours* th an  the  a le e h s l wm  d is t i l le d  a s w ater m i  added 

gradually  to  replae© i t*  fh*  reseltifm g M o tio n  m »  ©ooled, and. then  

a c id ifie d  w ith  eeiiem trisiod ts rirae h lo jlc  a d i*  A w hite so lid . p re c ip ita te d  

which was separated  t$r f i l t r a t io n ,  washid w ith  w ater sod M o d  to  a  m o m  

m m  a t  6 # *  ttss w e i$ it o f traa*i~l#2*3#i

acid  .m i 2*2 g*(9t$)* I t  m elted a t  2 t ld# th© reported  value in

S hftA & rcfcte  fig

To 2*2 g* (0*010 moles) o f trsm s-1,2,3,1 

b o ^ lie  M d  m a  added 21 ml# (0*3 moles) o f a s s ty l e&tarldo* and th e  m irtura 

was bested  im dsr re flu x  fo r  th ree  hours* th e  Edxturo was cooled mad th e

lim its s o lid , ®*p* 230-€^>° wm  obtained* th e  so lid  was then  bested  under 

r a f t e  w ith 20 s i*  o f se e % l M o rtd e #  th is  t t e  1 ,$  g* o f a s o lid , m*p# 

236H2i**3p, was obtained* I t  wm then  fo cry sta lliso d i once from petroleum  eth er- 

etbsrl s e s te t* , m i  then from ao etio  M i  to  y ie ld  1*2 g* (&$> o f trana~



1% m m  than ocwmd with S i  m m m for tJdrtr sewetidfe,
Xtl© Chlorid® VMM0 diSOIllitmfl, SUSd t i l t  Smefl̂ ||!Mllfl(lmdl tuLnsdbO®® WMi Stti8S$@fl

tw ice w ith m fttar, thcis w ith alcohol* and f in a lly  w ith ether*  A e la t io n  o f 

6m sg* (2*97 imXMi) o f trane«*lf 2#3f 3-«a|^rthalof»9dicarho^ilie 

a d d  m & wM M  in  ^  a l ,  o f diosaaas was aAMU Tho in ac tio n  rnfetimm m i  

i^&lrpsd w ith © laafpietAo atirrm p  iter IteiMEywfdgiat hams*®, ©feint* %fa® ©

to ta l  o f 6 «£L* o f Hitt*? s «  mftM  gsmiagilly# A ftar tm a r» ,tl*

dbstwro mm © gsriŝ  s2.h%#* I t  m s  tra n tfe rre d  to  a  2Q£Hal* tssa ter 

w ith  th© add o f 20 ©1* o f m ater, and a so lu tio n  o f  12 d *  (3*22 taoloa) o f 

ecaiK?©ntrstod iraliterlc acid  in  $D s&* o f  mifcar wm  added, fho m ixture wm  

« t& m d fo r  sfegtoa© hours to  aacostpoat th© a lu d n a  sludge. Moat o f th® 

sludge dc?cot?̂ x>0ec?. iff th is  tim e,and JJb m l. o f chloroform  m s ©dujfenî  and th e  

re^snltdssf^ f ilto ra d #  71m r^aidmi^ assd ths© aci*sooua Iŝ pcs© wur® ©smtmd

with ?$0 ©Ct« oC clOî îifErs% md Mm ©nafeljmd i&lsrofterii layers ©mm emoporetod* 
th© m aid ®  mmi ms o i l  which so lid if ie d  on scr*itchiw% Thm  0 .2  g* {0*00$ aolma) 

s f  aed&ms tn*droxida l a  € *tl»  o f w ater ©died ****** th t  laixtiarii mas h^fft^d  

m sier m f t e  fo r  fSffeNR mirmtca, ooolm#, acid ified , w ith lfl£ s a lfh rie  smid,

-ami heated im dir vmflmK fo r  flftm m i mtiish®®* A fte r imolJjmr, th e  isistiim  

maa ssstrsmtad mltls ft̂ Umrnfhsm* ftsa lay®®* msa waatmd mdttSK $$

M iw h tiw ls1,  ta d  them w ith  mmtflr« The cft&amoftomi mm e^fapomted, *nd 

tho  w hite c sT sta llin c  residue «m  re e sy s ta llise d  tw ice from m stlp l alcohol to

« . »  w  *  i m  « '

©old lacteal, sup . lg? • Haworth mod SlSsgmr r^ K ^ t © m t t i m  poirt of 1$ .

A m lp io t

Coleulctcd for CnjĤ gÔ s W*&«h3

Tmm&t % M $  6*^8
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•Hat Lactone of cis»3^ydrq*y*mi thy 1-JL#2,3*U-tatraiydro^-napbthoic Acid*

Tbs e is  lactone w»® p re p a id  in  e s se n tia lly  tb s  same m%r as the tra n s  

lactone* e ls -1 ,2 #3 » h-T© t r  aiydro~2,  3«^^>hthal®t!e<!HcarbcB<ylic acid  8 % < W # f 

0.75 g« (0*0037 m oles), d issolved in  20 ml* of dioxaae, 11 ml* o f benssns, 

and 1U ml* o f o th er mis reduced w ith 3*5 g* (0*130 atoms) of slatfbnm  amalgam 

to  y ie ld  205 mg* (2?*5<) o f <^®-3̂ d r o ^ r i i0t ^ l ^ l# 2*3fW totra!^rdr|-2-«naph^ioic 

acid  lac to n e , a*p* 131*°* Bio reported  m elting p o in t 1® 333»13l^

Analysis*

C irculated  fo r  G»76*57| H-6*l*3

Found# 076*37# ?6*36f H-6.28, 6*1*1*

KHjjydroxybgngoic Add*
51the  procedure o f Schwenk and Papa was followed to prepare x^-hydrosgrben* 

so lo  ac id . Crude m -^drcogrbensde ac id , 51 g* (33#5f)# **©8 obtained from 

the Harney n ick e l a llo y  reduction  of 83 g* (0*5 moles) o f p iperonylic acid* 

R e o iy s ta lllsa iie o  fro® 200 ml* o f w ater y ielded  1*6.0 g* (75*3*0 of white 

c ry s ta ls , ®*p* 202°C*

Bis lactone o f cis>»3^fydr^ycyelobe^m@ cggboaylic Add*
5-0the procedure ©f Perkin and fa tts r s s U r  was followed in  a general way 

to  prepare the  lac to n e .

d ie  and a h a lf  l i t e r s  o f abso lu te  alcohol was prepared by d is t i l l in g  coon 

m orels! absolute ethanol from mapmslii® ethosdde* I t  was d is t i l le d  in to  a 

5*»1* three-necked flask  equipped w ith two e ff ic ie n t s p ira l condensers# and a 

four-foo t#  wide bor®, 14eMg condenser, to  the alcohol was added 60 g. (0*2*3 

m oles) o f m-bydrosybm^udl© acid# and th e  alcohol sms brought to  a boil* Then 

230 g* (10 moles) of clean  sodium n a ta l cu t in  one centim eter cubes was added 

as rap id ly  as possible* When the reac tio n  had subsided# the L iebig condenser 

was replaced w ith a  m sreury~sealsd mechanical s tir re r#  and the reac tio n  mixture
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mgm&im. sp&fat©, f l l t m d ,  and «bInr ewpsriibod# fta t m tddm  mm

17»2 g* o f  a  liilt®  solid# 1% no© yoosyotMtillttd enoe f*&» 3$ itfl. o f e th y l

ftm acid isas hooted- a t  IS #  fo r th ir ty  ®$smfoWg m d d is tille d ,to  y ield  

1X#£ g# o f els*34inii'tn$^ acid lactone, b .p . l$®**l29®/%2 am#,

shlch was then rocrystallised  thro© tisjes from  petroleum o ther, b.p* 60-8#*

MmClysdci

arnlrnmm fm* GflyP t̂ fhteMi m*99 

F m m d t 0<46#6?§ 8*8,0$

Saponiflc^atloa Bqodaolantt 

OsLlotsXabodt 126*1$

Foondt 126*0, X26#?

Hi#? g* (0#6lt noloo) o f m M rn. m s  eatsdmsed o ltb  Id? g . (Q«62t coloo) o f 

©bhyl brosipcs^iitate^ b .p . 6 $ °/l2  «n# Th® m n lta& b  erode tario sto r w  oap©tti«* 

f le d  otfeih a lcoh o lic  potaw siw  feyi&roa&de, »nM th® ©rod© Wtdoiiee^yXio a d d  was 

obtained os asi o i l .  daearboaylitfeed by heating  th© o i l  a t  liBO®. The

procod®1© o s  ciM fiod to  dociioit^s^yXatii^ th® ©rod® tr ic w b o ^ flic  acid  by 

ing  m dm t m flw t n&bb 300 sflU o f a s te r  f a r  ft* *  hoars* The trio sa b o ^ rlic  acid  

a s s t  in to  eolufeloii re a d ily , aisd open cooling* th e  d ie a r ta ^ r lie  a d d  p roeip i*  

tab id#  I t  m s  separated  by f i l t r a t io n ,  sashed s i ih  eo ld  ester, mdI dried 

in a n a a n  eves to  yield 200 g. (7S0 o f bar^yloii^aii# acid, m#p* 1SW*&° • 

W stm n s reports tfeo p o in t as 26o»l&U

oeotobo to  y ie ld  lb# 9 g* o f eis^3^3ydro^^ycloh?i3£ai!3î ct®c,boi^jf'lie add,is*p# 132

the procedure of e ss  fbll@«Nad* Th© sodium s a l t  prepared from

160 g . (o#6b ODlmi) of diobhyi bBnsylamlcg&be, b»p# X20°/°*l^ ***, m d
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FretMy cli@fe.iHed m e % fl sttorlde* 225 ml* (3.16 m l m ) $ to 153 i*

(0*735 mlM®) o f  acid  « m  heated t o o ?  reflux* The acid

d^La$ol?s§d i s  abctsfe th ir ty  iifjiEEfe©is# and th e  a ce ty l chXertd© mm  tmfliresci fo r  

two hours? upt©* The a ce ty l ch lo rid e  m s  then nncloy redaeed pwieser®

to w in g  it s lig h tly  ta n  so lid  resid u e , th e  reaidiae m i  d o e o lo r ito  w ith  ear*  

bon and i^ c iy ^ taH isad  fro® HiO riU o f bemsom and ?hO ml. 

b,p# 6CMI00# t o  t o  vaao ltan t aeH d mm dried  ixk a  m »  sw r  a t  60° fo r 

tmmitg^fmar to r e *  th e  m ig m d  120 g* (§& l)# and

mSUskS u t 96°. BbmH and 1*0 ^  and Umwrfch^4 re p o rt a  mdtfclng p o in t o f 

95-97*.

In a one- l i te r  tto@ -«»oto  flask  aqmlppM with a dsyAftg t t o f a 

sealed s^chssiical « tim r»  and an ^ to m a y e r  a i t o t o  %  mmrn a t  a 

s e e tto  of wide t o e  r u to r  tiM ng, were placed 3d) ml* <*r fdtrtoneen®*. and 

200 olL* o f a o a ty to a  ta trto ln rld e *  hott* d ried  and d istilled *  tb s  liq u id  In  

the flank m s sto red *  and 105 g . of to y to u a  altojisris chloride mm added 

itodfcr t o p  t o  % to so p ar a d M * ^  flask , t o n ' t o  addition mas eesg>l«tef His 

.m a ltin g  vlneav&jgrnen e la tio n  iw  cooled to  5°.

to  a  2*»x« to m m gaelto  f t o k .  eqtop®d with a  m@rcury*®&al®d M to ie a l  

i t t e w ,  a t t o m w s t o  and a  C l a i m  adaptor containing a  e&lciura ch lo ride  

drying tubs and a  to g p fa g  to n a l*  m m  t o a d  120 g* (0*63 moles) of t o s y l ~  

nuncliinic sn ty d riii*  100 a&* o f nltrobanssns* a id  100 ml. o f a c e ^ l i w  betra*- 

c h lo rid e . The adMnra m i  rap id ly  s t i r r e d ,  and t o  anhydride d iam olto*  

tfpon cooling to  5°, b c m m m $ m m  pvneiidtntad out, t o  to ' imimltofe m i a 

fin® slurry* To t o  r«pid3y s t i iw d  nlersy, cooled ccmtinnonaly ly  s * a  of 

m  t o t o t h ,  t o  a o l u t t a  of alnmiiiiu chloride previously prepared m s slctfiy



p

| 8  -fekar̂  ^  ^ * t  f h f  #  t o o k  t h f l S t  <PW» | f t g f v

the re s a lt see a  g^mani a ^ *»»eywpfl sijNseas which see s tirre d  in  an

ice-bath fo r fm t  hoars m l than placed, i s  a re frlg e rs to r a t fo r foriy* 

four hoars*

«•

of sraatesi Ses» and 1 ^  wi - of ©oeeBBtiBted asId* This croesdtznss^sw ^^w jH p ^p^hn**** *mopbpob ^ p ^p* ^ a ^ ® ^ ® s^ ® rs se o  a ae *  a ^ ^ sr  a isc»  w ^ T is e o w p S ^ s i  s o ^p p  p ^ ^ a r^ o ^ p p ^ e  • 'O S b̂ St jfc^st p *^*ifPI^^®^s s p b  p̂p

resu lted  in  as saaM m  which m i p a rtia lly  broken by cssfcrlfo^Lng a t 1B00 r*p*m, 

fo r th ir ty  s&rmtos in  2 fM U  a n M ^ p  bottles* The liqu id  phase mm de­

canted lastin g  a p4»*v resides which m s  S tssolw d la  800  stU of

10f̂  sodium hydroxide. ^  dooanted i4*»«td.» «  transferred to  s  aonaratorv'aMm9**rr ^  W W f  4MkJ’ w*a» ^P>ps»S*B « P B ^ ^ ^^ |P ^p |M r* r^ V ,w k <piiweifleSi*We|WWr ^ w ^ p |p p  PPPP PW** w  W ^ w  ^p*pF P *  PP«Pff{iPWB> W » w W i  - g

fisffloXy the awgsfdn layer ĝ 'mtrotî j and the aq̂gtfwfi portSoB oŝ rsotod sitti 

ether* the ^sgsals and ethereal  layers seas then essiiiBeit* and seheoted  

s ith  three 3DMU portions o f 5S m M m  fydroxide. The coafcined alkaline 

ex tracts m  sstftitd with other sad thee slowly added with etSiripg: to  $0Q g*
aan JBfr M  j m u p  unAtrMtffcpik ^ s f S W k  wat*1!  jH ^ d F  I h n i i J m m p l ^ I i . ^ I  A a n l  a  Mi « y f t ■ ■ & *  ata tra^T  ppiftr •% nt*n* ■>>OUT JOS jKJmmI JtJO 3UL* O* #€aiSnnwPSSS€I lef̂ aOOiwUBrJO SC3UE** a pQUDwt p»®"*

ciDitat© seen ssMaved* Tbo waantiagi idbctar© warn sladed in  a isfH LierstorP H M M M p p V W IP 'V * *  -appBiWP *•* ^WPPPIr*H*' . • » •  P* jp p g ^ ^ m p

to  ^L§eet fc r  fifto o a  hems* The ppsdpito to  « a  finely  oryetalliiie«

Xt sm  m e r ite d  1st filtra ti® i*  sidhei',iieEl with sater* end drl@d ixi a momsi

O S D .  T h s  n e ^ t f l ^  J f ie k  s o l i d  w a s  r s c r y s t a l l l s Q d  f r e e  V t m  a l .  o f  w s t o r ,  a s »

S a g  d 0 e o l « r i * l i 5 g  i H B h c « > to  y l o l d  96 f *  o f  l t - k e t o ^ X f 2 f 3 , M B t r a l o ,i h ^ 2 ’̂ ^

Up mdM %!§&**&{% 2 g* w o t roocjvered fro a  tho aother t t qwBp restilting in  

m totaflt ^  i*  C tl.S<) o f  iM he eeyete3% »*p* 11if#8®* Haaqrth ^  vapeete 

a s e itlr c  point o f IkS^lk?0* end Atsood# StsmieQ3it  m l Thorpe^ report a 

jaelti«£ point o f Hi^°.

Tm &mm (o.(^86 eaXss) of lHsê o^Xf2#3#l4H©ti»lydro^-<sg^thoic eold 

wm i s  e  ^X utlos o f T#J  g« ( o .O ^  seise) of sodtns ^ ir o sl^ i I s
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le e  w ater, 2% m l., m s  added and the so lid  d issolved in  w ater, th e  o r- * 

ganic lay e r was washed w ith ic e  water* th e  aqueous lay ers were combined and 

a c id ifie d  w ith co ld , d ilu te  hydrochloric acid* A brown o i l  was obtained.

I t  m s ex tracted  w ith e th e r, and the e th e rea l so lu tio n  was d ried  oyer anhy­

drous magnesium s u lfa te , f i l te r e d , and the e th e r evaporated* The residue 

(2*2 g*>, a brown o i l ,  was d issolved in  dsy benaane and chromatographed on 

s i l ic ic  acid* Bevslopmaat re su lte d  in  a sharp brown band on to p , and a d if ­

fuse yellow  arm  below it*  The chromatogram m s elu ted  w ith 2% ethanol in  

benaene to  separate  th e  yellow  a rm  from the brown band* The solvent was 

evaporated to  y ie ld  a yellow  o il*  C rysta ls were obtained from petroleum  

e th e r, b*p. 60-80°, and th e  so lid  was re c ry s ta llise d  from petroleum  e th e r.

A lig h t yellow  so lid , 1,27 g.,m*p* 39°, was obtained* Extreme c h illin g  o f 

the mother liq u o r in  a dry ice  bath  re su lte d  in  the iso la tio n  o f an ad d itio n a l 

0.23 g* o f yellow  solid* The to ta l  weight o f e th y l 3-l^droxym etlylene-h-keto- 

1 ,2 ,3 ,ii-tetrahydro-2-naphthoate was l*£o g* ( 6 l l ) .

A nalysiss

C alculated fo r  C-68.2Sj H-5.73

Foundt 0-67*711 fl-S.63 

The o i ls  and the so lid s  iso la te d  gave a strong enol te s t  w ith f e r r ic  

chloride*

gttarl-3 H y d w x ^ th rlw r-h -k a l^ -l.g ^ .k ^ tra h r^ -g -^ i^ th o a ta . and 3-fedroxy- 

Mttorlaiyt-^-keto-X. ?, 3.L-twtrahydro-g-naphthole Acid.

To anhydrous methanol, 100 ml*, prepared by d is t i l l in g  commercial ab­

so lu te  methyl alcohol from magnesium methoxlde, h*6 g* (0*2.moles) o f clean 

sodium was added* The m ixture was heated under re flu x , and s tir re d  u n til  

th e  sodium dissolved cosspletely* The methyl alcohol was d is t i l le d  f i r s t  a t  

atm ospheric p ressu re , then under dim inished p ressu re , and f in a lly  a t  200°/$. 1 mm*
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fo r  two hours. Precautions were taken to  keep th e  sodium msthoxide dir/, 

th e  vacuum m s  broken w ith dry n itro g en . T hiophem -free, sodium-dried 

benzene m s added to  th e  cooled sodium methoxid© and vigorously shaken to  

produce a f in e  suspension. Then lb .8 g . (0 .2  moles) o f e th y l form ate, and 

21.8 g . (0 .1  moles) o f k e to -e s ts r were added, the system evacuated, and f i l le d  

w ith dry n itro g en . A red p re c ip ita te  was obtained almost im m ediately. The 

reaction  m ixture was kept a t  room tem perature fo r twelve hours. Then 75 ml. 

o f w ater and 10 ml. o f e th e r were added, and th e  m ixture shaken u n til  a l l  o f 

the  so lid  had d isso lved . The dark brown aqueous lay e r was separated and 

th e  organic la y e r was washed w ith 75 ml. o f sodium hydroxide. The aqueous 

lay ers were combined, and a c id ifie d  w ith d ilu te  hydrochloric ac id . The a c id i­

fie d  m ixture was ex tracted  w ith e th e r, the  e th e rea l so lu tion  d ried  over an­

hydrous magnesium su lfa te , f i l te r e d , and th e  e th e r evaporated. The residue 

was 23.7 g* o f a dark brown o i l .  A few seed c ry s ta ls  were obtained from a 

sm all sample tre a te d  w ith petroleum  e th e r, and the main p o rtio n  o f the  o i l  

was seeded to  g e t a dark brown c ry s ta llin e  mass.

The brown c ry s ta ls  were only p a r tia lly  so luble in  150 ad. o f benzene.

A fin e ly  c ry s ta llin e , s lig h tly  yellow  residue was l e f t  a f te r  d isso lv ing  the 

main bulk o f the so lid  in  benzene. The residue was re c ry s ta llis e d  from 

petroleum  e th e r -benzene, b .p . 60-80® and then twice from chloroform  to  

y ie ld  3.2 g . (lU .7^) o f s lig h tly  yellow  c ry s ta ls , a .p . 153°, soluble in  sod­

ium b icarbonate, and giving an in tense  red co lo r w ith f e r r ic  ch lo rid e . The 

carbon and hydrogen analyses o f the compound were co rre c t fo r  3-hydroxy-

rjet^ /lene-h -keto -1 ,2 , 3 ,b-tetrahydro-2~naphthoic acid*

A nalysis t

C alculated fo r  C-66.')lij H~!w62

Foundt C-65.86, 6$.97s H-b.62, U ^7 .
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th is  phenosenpn depended m  the ra te  of heating.

AnalysisJ

Calculated fo r C ^ H ^ t  C-6t*.85f B-6*35

Tomtit C~6U*99j B-6.20 

(b) To a  so lu tion  o f 200 ag* (6 .5  a so les) o f sodium bydros&de in  

25 ml* o f w ater, 1*5 f* (6*10 nmoles) of ”©nol*©st@rw was added, and dis~  

solved w ith s tirrin g *  Then 500 mg* (12*5 mmXm) of sodium borchfdride 

in  10 ml* of w ater was added droptiae* Hie re  s i l t in g  so lu tio n  was s tir re d  

a t  room teaperatur©  fo r fc rty « e ig h t hours, the  excess sodium borobydride 

decomposed tgr the  cautious e d i t io n  of concentrated hydrochloric ac id , and 

the a c id ifie d  reac tio n  s&xtare sto red  in  an Ice ch est fo r six teen  hours* 

th e  re su ltin g  s h ite  p re c ip ita te  « n  separated ty  f i l t r a t io n , washed w ith 

w ater, d ried  in  a vacuum d e sicc a to r, Mid rec iy st& lliaed  from e th y l a c e ta te , 

to  y ie ld  0*50 g* (37*:) o f 3«hytom ym etl^l4^^drQ Q ^^2,3 ib»tetrahydro*2« 

naphthoic acid*

A nalysis!

Calculated fo r C~6k.85j H-6.35

fm M t  C«6k*?0j B~6*25

Tbs lactone of 3^ydroayiiethyl«^»«^drcuy^l#2,3,l^tstrahyd2'^2«^aaphthoic Add.

In a 10-riI .  flask  was placed 0.5 f# of dibydrcxy acid, and 5 si*  of 

p-egrlsns* The contents of the flask  was heated under reflux for three 

hours, cooled, and stored for sixteen hours in  a refrigerator* The resu ltan t

precip itate *hich weighed O.lib g* (95*) was f ilte re d , washed with cold
o

petroleum ether, b .p . 60^80 , and reciy stallised  twice from petroleum ether* 

The resu lting  so lid  weighed 0*28 g* Mid melted a t 218°•
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Analysis*

C alculated fo r C H 0 t G-70.57? H-5.92 
12 12 3

Founds 0-70*62, 70.7k? H-5.Sk, 5.9k.

Cyclohexanol.

Commercial cyclohexanol (Eastman), 500 m l., was d is t i l le d  through a 

th re e -fo o t column packed w ith g lass h e lic e s , the  fra c tio n  b o ilin g  a t  160° 

and weighing 285 g . was co llec ted  and r e d is ti l le d . The middle fra c tio n  of 

the d i s t i l l a t e ,  IkO g«, a co lo rless liq u id , b .p . l6 o °, n ^  l.k6kk , was se t 

aside fo r in fra red  an a ly sis .

Physical constan ts reported  in  the l ite ra tu re i

B.P. 159°, i^ °  1.U60079
115B.P. 161.10

B.P. 159°, njj5 1.U6U1*71

2-M ethylcvclohexanol.

Four hundred grams (3 .70  moles) o f o -creso l was dissolved in  a so lu tion  

o f 165 g . ( k . l  moles) o f sodium hydroxide in  6?5 ml. o f w ater. The so lu­

tio n  was then steam d is t i l le d  to  remove any non-acidic im p u ritie s. The 

residue was cooled in  an ic e  b a th , and 5o£ su lfu ric  acid was added u n til  i t  

was strong ly  ac id . The re su ltin g  organic lay e r was separated , washed re ­

peatedly w ith w ater, d ried  over calcium ch lo ride fo r fo rty -e ig h t hours, 

f i l te r e d , and d is t i l le d  from laney n ickel through a tw o-foot Figreaux column. 

The fra c tio n  b o ilin g  a t 90-91°/20 mLm c o llec ted .

The o -creso l was reduced to  2-methylcyclohaxanol according to  the  pro-
72eedure of Gngnade, and N ightingale using Raney n ick el in  the presence of 

a sm all amount of sodium. The reaction  fo r 32k g . (0<3P moles) of o -creso l 

took fiv e  hours, and 320 g. (9k%) o f 2-raethylcyclohexanol, b .p . 162-161°,
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w a s  b b t a i n s d  a f t e r  d i s t i l l f t t i a n  t h r o u g h  a  a n o * * f o o t  V i g r e u x  e o t a n *  'The c o o -

n a s t f c a n  r e d i a t l l l a d  t h r o u g h  a  t f a t H M f b o t  e o t e  w i t h  g l a s s  h e l l o e s

20
a t  a  5 s l  r o f l a o c  r a t i o *  t h a  la id d l®  1 0 0  m l*  o f  d i s t i l l a t e *  b « p *  W k ® $

X * li6 0 6 s  m  o o l l o c t o d  & s p r o d u c t *

f t p a l s a X  o a a t ^ i  n e a M  i n  t b s  l i t e r a t u r e *

B.P. 163-OSii0 n^° 1.1j602^

B.P. 165° n20 l . l W ^ 9
0

B n*° X .1 ^ 7 ?

was prspsxwd in  th s sfwwt wagr as »

Ibreo hundred and sig h t p »  (2 *1$ solas) of swcrosol* b .p . ld * °/2$ mm* , 

was reduced to  32t» g* (96$) of 3*s»tlyl<yc lohiawiio l> b*p* 169-171°• Tbs

tass re d is tille d  through a  U n N N f o o t  sftfe glass helloes*

the fraction  boiling a t  171®* n^° l*l4$68 ,  sad weighing 21$ g#f was collected

an*

n̂ rSaL€Su. CiBWyBlw *rOS8 Wm Xlt6f&t3lr@)

B.P. 1 6 8 0 6 9 °  t ^ U i S k S 1 *

B.P. 172 nj*° l.l& K 79

n  1 .1 » 5 ? 3

^ . w fw  p s r s p a r a d  I n  t b s  iwtf f 11 f y  a s  i^ w f —.

a n o l .  p - C r e e o l *  3 3 8  g .  ( 0 * 3 1  s a o l a a ) ,  b * p *  1 0 $ ° / 2 $  « s » t  w a s  r e d u c e d  t o  3 2 8  g *

( 9 2 $ )  o f  l ^ ^ a n t l ^ L o ^ o l s e x a n o l y  b * p .  1 7 1 p-X7 2 ° .  TJpon r e d i s t i l l a t i c i i  t h r o u ^ i  a

a  t h r e s ^ f o o t  f f t s * * 1 y f t ip — i j  t h a  f r a c t i o n  wb i o b  tKyH*** a t  1 7 0 ° ,

2G
t>Q l * l i $ $ ? t  w a s  c o l l e c t e d  a s  p r o d u c t *  t b s  w e i g h t  o f  p a r s  i i - a M r l h y l c y c l o t o *  

a n o l  w a s  2 0 2  g *
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to  a separatory funnel and extracted H am  U rns with 100-ad* portions 

of other* H » coraMned ethereal extracts m re I t e  washed successively  

with water, XOt sodium carbonate* and water* the ethereal solution was 

them dried over anhydrous magnesium su lfa te , f ilte r e d , and the ether was 

evaporated* The residue wag cooled in  an le e  bath, and $.8 g* o f brown 

ezy s ta le  were obtained*

the procedure was repeated for 100 g . o f the tcfylbutyric add la  2$-g* 

portions* A to ta l weight o f 69 i* o f emd© ketone was obtained*

the crude ketone was d is tille d , and 67 g* (6£f) of o d o rless d l ,  

b*p* H*2°A5 mu* m s  obtained*

Ffoeaylurethana o f 7^thyl^»2»3»l^tetr«lgr€lrcNl*«ai^thol*

In a 100*481* throe-nocked flask  which had been thoroughly dried and 

swept with dfcy nitrogen, and f it te d  with a magnetic s tir r e r , a dropping fun­

n e l, and an e ff ic ie n t  condenser to  which a calcium chloride tube was 

attached, was placed 0 .8  g* (*02 moles) of lithium  aluminus* hydride, and 

30 ml* of sedlixBMtried ether# The mixture was stirred , and the ether gent­

ly  refluxed u n til most o f the lithium  aluminum hydride had gone in to  solu­

tio n . Thee 8*0 g* (0*0$ moles) of 7-m tfcyltetralone-l dissolved in  1$ ml* 

o f sodium-dried ether was added dropsies to  the stirred  lithium  aluminum 

hydride solution so that the ether refluxed gently* After the addition  

was complete, Hie reaction mixture was heated under reflux  for one hour, 

and then cooled In an le e  bath* water was then added with great caution 

u n til no further reaction could be detected, and the contents o f Hie flask  

was poured in to  60 ml* o f cold 10f su lfu ric  a d d . Tho mixture was stirred  

to  d isso lve the alnatinam s a lt s , and transferred to  a separates? funnel* 

lb s ethereal layer was asperated, and tbs aeneous layer extracted with two
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n f c lc h  c x y s t a U l M d  tf c o r o a g h J y  c h i l l e d  a n d  s c r a t c h e d .  C taa r a c r y s t a l l i -

o
m tlm  tram 20 ol« o f petreleas ether* b*p* 60*^0 * resulted In a shit©

s o lid , 3*0 g* (?0*5£)» sup* 51*5*** The tifmptmmfi m s  rec u y sta lltse d  o’hhm8,
o

again fro n  petroleum  e th e r and th e  re su ltin g  so lid  taolted a t 51*5 • 

4aa2ysisf

CO culated f e r C  R .0  i C-KUAf I!~8»70
n  il

Tomtit 0-61*38, ai*?0f 1-8*60, §*83

98
the procedure of atlnan, and Catlin m s need In the preparation of 

c^elolie^Xcarfclaal* One hundred m l eight gnaw (0*915 nolea) of q ^c lo ta^ l

chloride, b*p* Ujl-ll*?0, m s treated e ith  22*5 I* (0*92 atone) of nagnee~

In®. turning* to  to m  the Gri^iard reagent, i I n  turn m s treated  with 

50 g* (1*7 noles) of deg&Xymrlaed paraforraaldeh^e* 4 edXorleiis o il, -66 g* 

(SLif)* b.p* 9%*9^/2k a®*, mm obtained* Th« carbinol m® red is tille d  

through a two-foot la^ln-paoked eoluisn, and 30 g« of (^dctoQ rlcarbinol,
3Q

b*p*  93°/23 w**f  r r  l* l i6 U t t  w a s  c o l l e c t e d  as p r o d u c t*
D

ftgmlcal c o n s t a n t s  f r o m  t h e  l i t e r a t u r e  i  
B.P. 88-93°A8 «*u98 
B.P. 91-92°/23 a s . i^ °  3Jj6a*9?

3 .P . 87°A 3 a* . n jf  l d £ » 100

o<^a^t}iylaagceBiuP» bromide m s  prepared free  1(12 g* (0*lil a to m )

of magnesium tu rn ings m l 86*0 g . (o.l±l so le s) accord-
11S

log  to  Vogel* the Orlgnard reagent m s then added slow ly, n ith  s tirr in g  

to  150 i  * o f dry ic e  contained In a 2-1* beaker. the carbon dlos&de m s 

aXXomd to  m p orate m l a sdatleR  of 75 g* of concentrated su lfu ric  sold
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in  25>0 ml* w ater was added to  decompose the Orign&rd complex, then 100 ml* 
of e th er was added, and the aqueous lay e r separated in  a separatory funnel, 

and ex tracted  w ith fiv e  ?$-«!• po rtion s of e th e r. Hie e th e rea l e x tra c ts  

were combined and ex tracted  w ith fiv e  50-®l. p o rtio ns of 25# sodium hydroxide, 

which were combined, cooled, and a c id ifie d  w ith concentrated su lfu ric  acid*

Thec<~nspthoic a d d  which p rec ip ita te d  a t  th is  p o in t, was separated , washed
o

w ith cold w ater, and d ie d  overnight a t  103 . Upon recx y sta lliE a tlo n  from 

to luene, hh g . (61*5#) of 0(-naphthoic acid , m.p. 160°, was obtained. Vogel 

report© a  y ie ld  of 68-70# of o (-naphthoic acid m alting a t  160°.

1 ,2 ,3 ,k-Ta trahydro~l~aaphthoic ac id .
iofithe d irec tio n *  of Kay and Morton were followed in  the preparation  

of 1 ,2 ,3 ,U~tetrahydro~l~naphthoic ac id . Seventeen gram* of OC -naphthoic 

acid was reduced w ith sodium in  alcohol to  15*5 g . (89#) of l,2 ,3 ,2 i-to tra h y - 

dro-l-naphtho ic a d d , m.p. 8i*0*

E thyl l,2 ,3 ,it-T e1rahydro-l«naphthoato.

Twenty-nine grams (0.165 moles) of 1 ,2 , 3,l*-tetrabydro-l-*iaphtboie acid 

and 0 .6  g . o f p-toluenesulphonic a d d  were dissolved in  95 ml. (1 .6  moles) 

of absolute ethanol and 33 m l. of dry bensene. The so lu tion  was heated 

under re flu x  fo r  fiv e  hours, and then 50 cc. o f so lven t was d is t il le d  

through a tw o-foot helix-packed column over a period of m% hour, w hile 

adding a m ixture of 33 m l. o f d iy  benssne and 17 ml. of absolu te e than o l.

The so lu tio n  was heated under re flu x  fo r  f if te e n  hours, and then  150 m l. o f 

so lven t was d is t i l le d  over a period of th ree  hours while dropping in  100 ml. 

of dry benseae and 50 m l. o f absolute e th an o l. F in a lly  the so lven t was 

evaporated a t  60° under reduced p ressu re . E ther, 150 m l., was added, and
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ether layers were combined, unshed with water, and then extracted with 

tee l5CMal* portions of $ t sodium carbonate* the combined sodium carbonate 

e x tra c t was acidified  w ith 600 aU  o f hydrochloric acid, and extracted w ith 

throe 3SXMal* portions of e th e r i&icti m m  combined, dried over anhydrous 

iy ^ ia iism  su lfa te , f ilte re d , and the ether evaporated. the residue was a 

yellow o il which crysta llised  upon cooling and scratching# Reeryatallisa-* 

tlc n  frm  300 ml. of <yclohexana afforded 33*5 i* (75.5^) of a  white solid ,

m.p. 102°*

Analysis*

C alculated for C ^ H ^ i  C~7%$h$ 11-5.85 

Fouadi CVT3.62, 73*63| H~5*9t*, 5*83

A solution of 11*5 g* (0.286 moles) of sodium hydroxide In 50 ml# of 

water was added to  33*1 c* (0*108  moles) of the hydrogen phthalat® e s te r, 

and the mixture «a» heated under reflux fo r ten hours* After cooling and 

saturating with s a lt , the mixture was extracted with three 150-ml# portions 

of ether, the ethereal extracts were combined, dried over anhydrous mag­

nesium su lfa te , f ilte re d , and tbs ether evaporated, leaving a residue which 

weighed 16*8 g* Use crude earbinol was di s tille d  yielding 15*7 g* (89*5^) 

of 1 ,2 ,3 , l*-t@trahydro~l#*i3$^^ , b#p* 102°/O*5 mm*

The cssrblaol was then red is tille d  th ro n g  a three-foot figreux

column# Them fractions were collected, a l l  boiling a t lOfc0/0 .6  ssa., and
2$a l l  of the same refractive in to ,  1*5596* tom an reports tbs refrac- 

25tie® in to  as n l*5b®8*D
Analysis*

Calculated fo r C^E^Oi C~81*yij 11-8*70 

Foundt C-8X*20, 8l*28| H-8.59, 8*72
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£ -Naphthoic Acid*
117

the d irec tio n s in  Organic Syntheses were followed to  prepare 

£-naphthoie ac id . The oxidizing so lu tion  was prepared from 163 g.

(1**10 moles) of sodium hydroxide in  22£> ml. of w ater, 9k0 g. of ic e , and 

120 g. (1,69 moles) of gaseous ch lo rin e . From 6h g . (0*376 moles) of 

methyl 3̂ -naphthyl ketone, 1*9 g . (7f>.?&) of £  -napthoie ac id , m.p. 18I*-185° 

was obtained.

I,2 ,3 ,li-T etral\ydro-2»napthoic A dd.

0 ie f i r s t  step  required a la rg e  amount of J% sodium amalgam. In  a 

2-1* three-necked fla sk  which was f i t te d  with a dropping funnel, and an 

in le t  tube through which a slow stream of dry nitrogen was in troduced,

120 g . of clean , pea sized  sodium was placed. Afew m il l i l i te r s  of d e a n  

mercury was added through the dropping funnel, the fla sk  was heated gently  

w ith a flame u n til  th e  reac tio n  s ta r te d , and then the r e s t  of the 3800 g . 

of mercury was dropped in  slow ly. Ihen about h a lf the mercury had been 

added, the fla sk  was warmed gently  w ith a free  flam e, and shaken occasion­

a lly  to  keep the conten ts f lu id  and uniform. When a l l  the mercury had been 

added, Hie contents o f the  fla sk  was tran sfe rred  rap id ly  to  several f l a t -  

bottomed enamel pans, so th a t the  thickness of the sodium amalgam lay er 

was about 3A& ia* Ihe pans were placed in  vacuum d esiccato rs to  coo l.

When co o l, the sodium amalgam was qu ite  hard , and was chopped up in to  pea­

sized p ieces.

In  a 2 -1 . f i l te r in g  fla sk  f i t te d  w ith a condenser, 22 g. (0.128 moles) 

of ^-naptfooic acid was dissolved in  a so lu tio n  of 8 g. (0.12*3 moles) of 

potassium  hydroxide in  265 ml* of w ater. Two hundred grams of 3% sodium 

amalgam was added and the  contents of the fla sk  was heated under re flu x  fo r 

twenty-two hours. The rem ainder of the sodium amalgam was added in  2f>0 g.
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F ifteen  grama (0.085 moles) o f 1*2,3, i^tetrahydro-S-^sapfct^iolc acid 

was d issolved in  a  m ixture o f 90 ml* (1 .5  moles) o f absolute ethano l said 

35 m l. of dry banseme to  which 0.3 g* of p~t© laem sul|iiQsiie sold had been 

added. The so lu tion  km  heated under re flu x  fo r  twelve hours nod then 

d is t i l le d  through a  tw exfoot helix-packed colsim  so th a t 50 m l. of so lven t 

was removed in  th ir ty  n&sutes* In  adt& ional 33 ml. o f dry beassns and 

I?  sal. o f abso lu te ethanol were added, and the so lu tio n  heated under re flu x  

fo r two hours. F if ty  m S llilite rs  o f a d v e n t was d is t i l le d  in  th ir ty  min­

u te s , m i  th e  re flu x  and d is t i l la t io n  repeated . Use so lu tio n  was then 

concentrated under reduced pressor© a t  60°, cooled, sad 50 m l. o f e th e r 

added, the  e th e re a l so lu tio n  was washed w ith w ater, 105 sodium carbonate, 

and w ater, d ried  w ith ertfydrous magnesium s u lfa te , and the  e th e r evaporated. 

Upon d is t i l la t io n , H i.9 g . (85*55) o f a co lo rle ss  o i l ,  b .p . W$®f0*7 mau* 

was obtained.

k  so lu tio n  o f 1 .8  g . (0*01*5 moles) of lith ium  aluminum bydrlds In  ISO ml* 

o f scdlisn-driec! e th e r w e  prepared In  a 500*ml* three-necked fla sk  f i t te d  

w ith a  magnetic s t i r r e r ,  a  dropping fu n n el, and a  s p ira l condenser con- 

m eted  to  a  calcium ch lo ride drying tube. To th is  ab lu tio n  was added lh .9  ~* 

(0.0730 moles) o f e th y l l,2,3,i*-tQtrs3^dro*<2««iai3hthoate in  100 m l. o f e th e r 

a t  such a r a ts  th a t the  e th e r r e f in e d  g en tly . %@n th e  add ition  was com­

p le te , th® so lu tio n  was heated under re flu x  fo r  an ad d itio n a l th ir ty  m inutes. 

The rea c tio n  m ixture was then cooled In  m  ic e  b a th , 30 ml* o f w ater was 

added cau tio u sly , and the con ten ts o f th e  f la sk  was poured quickly over 

3130 m l. o f cold 155 su lfu ric  a d d . The e th e r lay e r m i  separated , and the
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aqueous Isgre? ex tracted  w ith $0 a t .  o f e th e r. *$se e th e re a l e x tra c ts  were

c a b in e d , washed w ith d ilu te  sodiuia carbonate, and w ater, d ried  w ith an*

hydrate maplesturn s u lfa te , f i l te r e d , and the e th e r evaporated. Sjpom d is»

tU l& iio si, 10.6 g . (Bf t )  o f & v iscous, c o lo rle ss  o i l ,  b .p . 109°/0*£ » * ,

a s  ob tained . I t  was re d is ti l le d  $srostgh a  thr©@-foot ? tpwaae coluan,
o

and th ree  fra c tio n s  were ob tained , a l l  bo ilin g  a t  110 /0 .8  w .
25

F raction  (1) Up 1.5538 

n-MttOR (2 ) nj® l.sa » 9 , a^° 1.5560 

Frw stl«» <3) aji® 1.5SU9, n^° 1.5560

M m  and siangjb*®103 im part n20 1.5559 fo r the o erb ln o l.
B

A nalysis!

C alculated fo r  Cu B^0* C-8l*Utf E*8.70 

Fctmdt C~81.28, tU t? | H*8.66>, 8.70

Hydrogen H athalatc E ster o f l# t,3 > W l^ tr ih ^ t! ro w ^ a ^ ^ lc a rb ln o l.

I  adLgtm  o f 1 .5  g* (9 .2 ?  mmoles) o f 1 ,2 ,3 ,l4 ^ tra l^d ro -2 -« i^h tb rl* »

carb in o l, 1.37 g . (9*25 an cles) o f pfethalic aBhydride and 2*0 aal. (25 m m lm )

of dxy pyrid ine were- hosted on a  s t a n  bath w ith  occasional shaking, ta k -
*

ixm o»®  to  «®eltida a o ts ts re . Ifce viscous m ixture was then cooled, and 

15 @1* o f e th e r , 10 g . of le e  and 3 .0  s i .  o f concentrated hydrochloric 

acid were added. The e th e r la y e r was separated , washed w ith $?> hydrochloric 

ac id , end w ater, and then ex trac ted  ts ic e  w ith 1CMI. po rtion s o f lO f 

sodium carbonate. Us© aqueous e x tra c ts  were combined, washed cnee w ith 

e th e r, a c id ifie d  wi©* 6 I  h fd ro ch lcrlc  a d d , cooled, and ex tracted  tw ice 

w ith 1CM U  ixrticsns o f e th e r, the  co®Mued e th e rea l e x tra c ts  were d ried  

ever anhydrous magnesium s u lfa te , f i l te r e d , and the e th e r evaporated, the 

residue was a  tfilg itla r ywHev o i l  which e sy sb a lltsed  on cooling and

x&<5c>jL3
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scratching* R ecry sia lliza tio n  from cyclohexana, and then fro s  petroleum
@ o

e th e r, b*p* 60.8® ,  afforded w hite c ry s ta ls , at*p* 108*5 •

A nalysis t

R alculaiad fo r C.73*5k# R*£»8$

Foundt C-73.68, 73.31*1 H-6.00, 6*00

The CSripiard r e s i s t  ferm d  from 122 g* (0.867 tso lss) o f ?a®ibyX iodide 

(d ried  o w  calcium ch loride and d is t il le d  from  phosphorus pan tex tds), 

b.p* UU2t2°f and 21*3 g* (0*871 a to m ) o f o ^ j d u a  tu rn ings vo i tre a te d  

w ith §5 g* (0*867 no ise) of cydehexaaon© (p u rified  th ro n g  th e  M s a lf its  

add itio n  compound), b*p. 155-156*1 • The coupler m s  deceapossd w ith ammon­

ia s  ehlorid© , and th e  e th e rea l eo la tion  d ried  oner anhydrous potassium  

carbonate* The e th e r was evaporated* and d is t i l la t io n  o f th e  residue gave 

76*5 g« (7 7 * 0 ) o f lws0thylcyclG^s3e8a3ol, b*p* 6?.5~?0°/20 There m e 

alm ost iso f© rerun, bu t towards th e  end o f th e  d is t i l la t io n , the tm peratur©  

suddenly dropped and a  two«phase d is t i l l a te  appeared whleh probably m s  

composed of the  dehydrated alcohol p lus w ater. The d i s t i l l a t e  m s  re d ie . 

t i l l e d  through a th re e -fo o t flg m w t m lv m  a t  a l*tX re flu x  ra tio *  There 

mm a  forerun o f about 5 ml* o f m th flham ne and water* The rem ainder 

m s  co llec ted  in  th ree  frac tio n s!

(1) up to  m ° M  m * -  12*5 g*

(2) 69-70°/26  m  -  11*7 g** ®*p* 19°

(3) 70°/26 ms* -  1*5*1 g*» a*p* 2ii° 

residue .  U*2 g*

The th ird  fra c tio n  was re d is ti l le d  th ro n g  a  th ree -fo o t ?igreux ©olumn 

a t  a  h t l  re flu x  r a t io  and the d is t i l l a te  co llec ted  in  th ree  fra c tio n s !



91

t r a n s f e r r e d  t©  «  500#® !* S r le t s a a y e r  f l a s k ,  a n d  h e a t e d  a n  a  s t e e n  b a t h  w i t h  
e t i r r l a g .  ffcots t im e  t o  t tw o »  t h e  r e e c t i c a i  m ix tu r e  m m  c o o le d  q u i c k l y  t o  
rom  t t s p m t t i x w *  A ? O .Q » a l .  a l i q u o t  w ee  th a n  re m o v e d  an d  t i t r a t e d  w i th  
0.0537 V eodiura hydroxide.

the  m e  procedure woe follow ed fo r  th e  o le  lac to n e , 0*30li8 g . I t  m i

saponified with 50*0 ml* of 0.0537 B sodium hydroxide, and nearly newtra*
- ,ie

lle td  w ith  1*8.20 ®1* d f 0#O5£& I  hydroehloric acid* iN i following data 

wore obtained*

fine (hours) trana laotone lactone
ml«heae t  IftCteoisftd ml* bos© t  leeteelesd

0 ?.?3 0 3*15 0

1 i*a? 32 1.2s2 55

2 1.5? 2*3 0.92 71

3 1.2th h8 0 .6? 79

l4| 1*29 $3 0.1*3 m

B | 1.20 56 0.2? 91# It

20 1.07 a 0.10 96*8
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on m s te m  bath  * ith  

StSlPfSflge ^POB t t m  |Q  t lm *  tH# r666ti.CH, gfltxtup® 1KMI fffflglffif ffifj ftk ly  to

ro o &  b s s a p e r s to r ® . A 2 0 # Q « ® 1 . A i i ^ a t  w a a  t h a n  rc a sjo w id  t i t r a t e  w i t h  

0*053? 1 aodlasi h p t e o d ^

Thu a m  p e i t e i '  w m  M M  f c r  tb® d s  lmz*m®9 0*30lj8 g . I t  m i  

wb̂ >ôM!%0 & w ith  5D.0 &L. o f 0.O53? 1 s o d m  t^pfem lfo* no i -nm rl^ nsuira** 

U m t w ith  2*6*20 m l. o f 0.053$ I  h ^ o e h lo d o  a d d . the fd lo a iiig  d a ta  

« g i  obtained?

TEw (boogps) tyat® g&g Isotope
®l.bttoo wtlt 'frffflfcf

0 2.T3 0 3*35 0

1 i*a? 32 1.12 a?
2 M fr . 2$3 0*9f 71

3 UUi 1*8 0*4? T9
14 1 .2 9 53 0Ji8V w i f w 85

«i;"' 1*V» : ;, s&: ; \ ) * 0.1? ‘ 1 91*  ̂ 'k
20 1.0? a 0.30 % .e
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