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XMTRoeom oif

‘rib® d isco v ery  t h a t  podopS^llotaxin causes r e g re s s io n  o f  mourn®

:.areom& 3? has renewed i n t e r e s t  i n  th is  substance  and in  eompounda 

r e la te d  to  i t  ( ! ) •  H artw ell and Sehmckssr (2 ) have re c e n tly  re v is e d  

the o r ig in a l  fo n m la  proposed by Borsch© (3) and Spath (h}» so  that 

1 (C hart 1 ) re p re s e n ts  th e  jm wm tly accep ted  s tru c tu re *  the h i #  

to x ic i ty  o f  p o d o p ty llo to x in  has p reven ted  i t s  us© l a  cancer therapy*

This has p r o fited  a inarch fo r  analogues lis ic h  might r e ta in  th e d esira b le  

p ro p erties o f  p o d o p ly llo to x ln , b it  have lower to x ic it ie s *

t h is  themis dssertb®® the ^ n t iis s is  o f  XI, ih® ©pc?i-ciiain analogue 

o f podophyXXaioxin* the D iscu ssion  i s  diwidod in to  S ec tio n s, each  

d escrib in g  the research  don© on the preparation o f  a key in term ediate as 

w e ll a s on r e la te d  compounds which are n o t in term ed iates In Us® main 

gynth esis*  Each -'© ctiai i s  accompanied by a # a r t  which d e p ic ts  the 

aynthetie rout© under d iscu ssion *  A s o lid  arrow in d ic a te s  a coiaplsted  

rea ctio n  fo r  which an m p m 'lm m ka l procedure i s  g iven  in  th e Experim ental 

Section* Unsuccessful r ea c tio n s are in d ica ted  by a broken arrow and arc 

b r ie f ly  described in  the D iscu ssio n .

Many o f  th e compounds prepared in  th is  work have bo mi subm itted to  

the Cancer I n s t itu te , U* S . P ub lic H ealth S erv ice , Bethesda, Maryland, 

fo r  © valuation o f th e ir  e f f e c t s  m  mouse S&reoma 3?* Xhs r e s u lts  o f  

th ese  test©  am  n o t y e t  known*
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Thm o r ig in a l ly  proposed s y n th e tic  ro u te  to  I I  i s  o u tlin e d  in  C hart 2*

O T  I

D ie th y l 3$k*g ^ T ^ a ^ th o ^ b a n ^ ig m lo n a te  ( f I I ) *  rook and eo-w orkara (5 ) 

h a w  do sc rib e d  a  sy n th e s is  o f  d ie th y l  3 ,1 ,  ̂ trLmtho^^n^lifmXanBte (¥11) 

in  which 3 mas eomwrbed to  3 ,t i,5 -1 ^ iM th o 3 y -  

henaaldehyde which mm then  hydro&sxi&hed to  3 ,  li, ! ^ t r  Im cthoxyben^yl a lc o 

hol* tti© re p o rte d  y ie ld  o f th e  a lc o h o l based on 39l^ ^ t r la s th e s ^ b e n c a n i l ld e  

mss s ix ty - th r e e  percen t*  C o m srtlo n  o f  th e  a lc o h o l to  3*1* J - t r im e th o jy -  

bemsiyi c h lo r id e  fo llow ed  fcy re a c t io n  w ith  d ie th y l  sodiom alonate a ffo rd ed  

d ie th y l  3 ,  It, 5-til.m@tho3?ybcnayliiialcmat@ i n  u n sp e c if ie d  y ie ld *

The red uction  o f  2>k9^ -trii^ thaxybon so le  acid  ( I I I )  by l i th iu m  

alus&nur- hydride  (Chart 35 appeared to  be a more sa tis fa c to r y  route to  

3*iif ^ triise1^ ^ yl3«m syl a lco h o l (¥ )  ah ich  would avoid the troublesom e 

preparation o f 3»Ii,?-to^.r^thoq?ybensaldehyda and I t s  subsequent hydrogen

ation* the reduction  o f 3 ,  3 -d fi^  thcnybensoie acid  fcy lith iu m  aluminum 

hyd ride  in  other i s  reported to  p rey ed  in  n in e t y  th ree percent y ie ld  (&)• 

Because o f  th e  l im ite d  s o lu b ility  o f  3 ,  ii,  !>-trim ethossybens o lc acid in  

e th er , th e techn ique  o f con tinuous ex tra ctio n  was employed to  introduce  

th e  acid  in to  th e  r e a c t io n  mixture* The acid  proved to  be extrem ely  

r e s is ta n t  to  red u ction , probably  because o f  th e in s o lu b ility  o f the  

i n i t ia l ly  formed s a l t  in  th e  rea ctio n  medium*

Since th o  d i r e c t  re d u c tio n  o f  3 , U, 5 -tr lm e th a^ b en sso ie  a c id  was un

p rom ising , a t t e n t io n  mm d ire c te d  to  th e  re d u c tio n  o f  th e  co rrespond ing



e th y l  e s t e r  If* R thyl 3 ,  ̂  tho^ybsnsoate  m  p rep ared  fey h e a tin g

a s&xtaire o f  3 # U ,^ tr lm e tfe o ^ b e iiso lc  a c id , a b so lu te  e th a n o l, and ben - 

%®ne with p -to lu en esu tlfo n ie  ac id  and slow ly  removing th e  feenseoe-aleohoX- 

w ater a ie o tro p e  by f r a c t io n a l  d i s t i l l a t i o n *

R eduction o f th e  e s t e r  by lith iu m  aluminum hyd ride  in  e th e r  a ffo rd e d  

a  f i f t y  p e rc e n t y ie ld  o f  a p ro d u c t which prored to  be  a  m ixture o f s t a r t 

ing  m a te r ia l  and 3 , U,S-triniethQxyfcen^yl alcohol*  In  another experim ent 

i n  which the rea c tio n  m ixture was trea ted  w ith  aqueous a lk a li in s te a d  o f 

a c id  to  decompose the eoH$>lax, the product r e s ln if ie d  t o  a red g la s s  

upon attem pted  d is t il la t io n *

Because o f  th e  e ase  o f  reduction  o f  ac id  c h lo r id e s ,  3 ,b ,5 - trtm ethorqr- 

ben&eyl c h lo r id e  ( f i l l )  was prepared (7 ) and su b jec ted  to  re d u c tio n  by 

lith iu m  aXundxwn hydride  i n  e th er*  A f i f t y  p e rc e n t y ie ld  o f  3»U*$- 

tr im eth c^y b en s^ l a lc o h o l m s  obtained*

th e  ommrmfm o f  3 , it, S-triraethoxybensyl a lc o h o l t o  the c h lo r id e  

VT m s  re p o rte d  to  proceed in  s lx t y - e i^ it  percent y i e l d ,  w hile th e  y ie ld  

in  the subsequent a lk y la tio n  ste p  m s n o t in d ic a te d  ( £ ) •  E e p e ti t io n  o f 

the p u b lished  d i r e c t io n s  r e s u l te d  in  only  a  f o r ty - th r e e  percent y ie ld  of 

th e  c h lo r id e ,  and from th is  o i ly  a sn a il m o u n t o f  d ie th y l  3 , 1 , ^  

tr i ia e th a s y b m ^ lm a lim a te  could  be o b ta in ed  upon r e a c t io n  w ith  d ie th y l 

sodleijialim&be*

Since t h i s  s y n th e tic  ro u te  t o  th e  d e s ire d  p ro d u c t ¥11 appeared u n a t

t r a c t i v e ,  th e  p o s s ib i l i t y  o f  red u c in g  d ie th y l  3 , ii,^ -tsrim H ioxybenscy l- 

m alonat# (H )  mm considered ( c h a r t  Ii)* I t  was found p o ss ib le  to  

d u p lic a te  th e  re p o rte d  p re p a ra tio n  o f IX in  e ig h ty -fiv e  p e rc e n t y ie ld  

by r e a c t in g  a suspension o f d ie th y l  sod iom lon ate  i n  'bmmmm w ith  3 ,l i ,£ -
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so lid  of unknown stru c tu re*  saa itln f a t  203U202°* which had a carbon and 

hydrogen con ten t o f 66*6 percen t and 6*T percen t re sp e c tiv e ly . Cook and 

co-worker® (5 ) obtained a  s im ila r m aterial*  m alting a t  201°, as a by- 

product from the p rep ara tio n  of 3 , k,5-trirrsetlioxybensyl a lcohol by the 

m ethylatlcci of gyring ic alcohol using  methyl p-toluenesulfonat©  and 

potassium  hydroxide* fkmgr ch arac te rised  tho m a te ria l ms 1* 2 ,3# 5*6,7- 

hex^-jetho5?y-9j lC>-diiydroanthracene (X III) (For f* ^6*?j

H, S*?| 0CH,*SX#7| Found* €, S?.Xj H, 3.7$ 0CH-* 52 .0 ).
** j?

I t  seemed l ik e ly  th a t the m ateria l iso la te d  by Huang, T arboll and 

A m stein  mm  the mmm m  th a t obtained by Cook. I f  th e i n i t i a l  hydrogena

tio n  afforded 3 ,1 , ̂ -trim cth o isyb ^ i^ l a lc o h o l, i t  was n ot u n lik e ly  th a t  

tho subsequent W ilin g  o f  the m a teria l w ith  ten  p ercen t su lfu r ic  acid  

afforded  sum  o f the dibydroanthracan© d e r iv a tiv e .

In  order to  t e s t  t h is  h y p o th esis, 3 ,1 , 5-trin©tlx>:xybenByl a lco h o l 

m s  W ile d  w ith  ten  percent su lfu r ic  a d d . A sm all amount o f  eth er  

in so lu b le  product m oltin g a t  201 .5-203° was is o la te d , the an alytic® ! 

d&tm war© in  agreement w ith  theory fo r  XIII* and i t  i s  concluded th a t  

T srbelX 'e compound i s  ih® same as th a t Iso la te d  by Cook.

The re*$y hydrogenolyais of th e  carbon—carbon bond in  d ie th y l  

3,if.#^trimethas^b®f»scylmalon®t® i s  consistent w ith  mam o th e r  observa

t io n s .  v$ym m  attempt mm made to 3$rdrogeaate the ketcne u sin g  c o p p er- 

c h ro m iu ^ b a r i in  cn&d© i n  ©thanol, th e  on ly  p ro d u c t isolated was e th y l  

3$hf 5^trlmetha3Qfem&oate (I?)* in d ic a t in g  t h a t  the molecule had under
gone a lc o h o ly s is .  In the determination o f  th e  saponification e q u iv a le n t  

u s in g  O .I H a lc o h o lic  potassium hydroxide, I t  was found that tha mole

c u le  r a p id ly  consumed three equivalents of alkali, and trimethojybonsoi e
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acid  m  iso la te d  t r m  th e reaction *

The renewed a v a ila b ility  o f  3 * k* ̂ trim othox^beii^rl a lcoh o l from the 

platinum  ca ta lysed  hydrogenoly s&s o f  dlotfcgrl 3 »l4» 5^trira©thox3rbenaK3(f 1 -  

m aioaato proEipted a ro in v o stig a tio n  o f  the approach f i r s t  considered  

(Chart 3)* In Cook** procedure fo r  converting 3*1*5-trim e th c^ h en sy  1 

a lco h o l to  the ch lo r id e  71§ a m ixture o f  th e a lcoh o l and d lm etlylaniltri®  

a t 0° wee trea ted  w ith  th icK yl ch lo rid e  to  afford  a s ix ty -e ig h t  percent 

y ie ld  o f  tlx? ch loride* R ep etitio n  o f  t h is  procedure afforded a  fo r ty -  

three percent y ie ld  o f product* C onsiderable d if f ic u lt y  was experienced  

in  s t ir r in g  th e v isc o u s rea c tio n  m ixture e f f ic ie n t ly *  I t  was found th a t  

Joy d ilu tin g  the r ea c tio n  M ixture w ith  benaen©* e f f ic ie n t  s t ir r in g  was 

p ossib le*  and the y ie ld  was in creased  to  se v e n ty -s ix  percent*

Since th e  ©Xkylation o f d ie th y l sodiom alcxiate t y  3*1* ̂ -tr isiettejsy - 

ben^rl ch lorid e  in  eth an ol gave a poor y ie ld  o f  iispur* product* the  

a lk y la tlo n  o f d ie th y l sodlem alcs& te in  ex cess d ie th y l m alonate was 

in v estig a ted *  M i  technique h m  been eaaplcyad w ith  su ccess in  th e pre

p aration  o f d ie th y l benssylm lonate (16)* lb s  r ea c tio n  was found to  

proceed in  aeventy-fiv©  to  e ig h ty -fiv e  p w w t y ie ld  t© afford  d ie th y l 

3 * l * ^ t r i^ t h o a y b e n ^ 7 i ia lo n a t e *

She dem onstration o f  th e f e a s ib i l i t y  o f  ©omrsrtlng 3*!i, >-trim ethcffiy- 

benayl a lco h o l to  th e m lo n ic  e s te r  711 renewed in te r e s t  in  d ev isin g  an 

a ttr a c tiv e  sy n th esis  o f  the a lcoh ol*  % lle  t h is  work was in  progress*  

a rep o rt appeared d escrib in g  th e lith iu m  aluzslmua hydride reduction  in  

eth er  o f m ethyl 3 ,h ,S-triiasthoxybenw oate to  3 ,  h*5-trim®thasyb@nsyl 

a lco h o l in  sevim ty-thre®  percent y ie ld  (1?)* The red u ction  o f e th y l 

3 * ^ t r l ^  ttasybonso&t© in  b o ilin g  to  trahydrofursn was found to  proceed
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in  perosnt y i e l d ,  The u m  o f  te te sh y d ro fu ra n , in  a d d itio n

to  p e rm ittin g  a  h ig h e r r ea c tio n  tem perature, had the perhaps more s ig n i

f ic a n t  advantage th a t no cosgalsx separated fro® tfo© r e a c t io n  m ix ture  m  

had b a m  observed i t o n  ©thor m s  employed a s  th© solvent* te© s u p e r io r i ty  

o f  teteahydrofuran over o th er m s  fu rth er  dem onstrated ^hon i t  m s  shorn 

t h a t  3 ,k95 - t r i f !a@thoxybaniolc acid  © m id be reduced  to  th e a lc o h o l in  

f i f t y - e i g h t  p e rc e n t y ie ld  in  b o i l in g  tetra ly d ro fu ra n . In  o th e r ,  s t a r t i n g  

m a te r ia l  was recovered  i n  good y ie ld .  Again, t h i s  d ifferen ce  m^r be 

a sc r ib e d  to  s o lu b i l i t y  d if fe re n c e s*  w h ile  the rea c tio n  f i x tu r e  in  ^ tr a -  

lyciro fu ran  m s  Imsmgeneous, th e  s a l t  o f  th© a c id  p r e c ip i ta te d  from s t e e r ,  

thus in h ib it in g  f u r th e r  reaction *

Sine© tear©  m s  l i t t l e  by-product form ation in  th e  red uction  o f  

th e e s t e r , i t  appeared fe a s ib le  to  eo n w r i te c  crude a lco h o l t o  tb s  

c h lo r id e , sfcsn th is  w m  done, th e o v e r a ll y ie ld  o f tea  ch lorid e m s  

© evsn ty-six  p e rc e n t based cm th e e s te r .

Ih e  Khoevsnagel condensation o f  3 ,2i, £ -tr im th o ^ b m te id e ly d ©  w ith  

d ie te y l n slo ea te  fa llow ed  by hydrogenation o f  th e r e su lt in g  tens& lm aloni o 

e s t e r  I I  appeared to  be an a t t r a c t i v e  a l t e r n a t iv e  sy n th e sis  o f the feensyl- 

m alcsiic e s t e r  VII (C h a rt £ )• However, i n i t ia l  experim ents in  v&deh the  

condensation m s  ©imducted i n  eth an ol u sin g  p lp o r id iiie  benso&be a s  th e  

c a t a ly s t  a ffo rd ed  y ie ld s  o f a p p ra d ta s te ly  th ir ty - f iv e  percent o f  X I, 

and t e l e  approach m s  abandoned. Subsequently however, te e  use  o f  the  

procedure o f  f t r a t t  and i f trh te  ( I d ) ,  afforded  a  sev en ty -fo u r  p e rc e n t y ie ld  

o f II*  This m a te r ia l  m s  r e a d ily  hydrogenated in  th e presence o f  platinum  

to  afford , m  © i# 1 y -fiv ©  percent y ie ld  o f  VII*
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when a  sample o f  th e  originally p repared  d ie th y l  3 ,  li, *>-triraethoxybenzal- 

m alonate which. had stood f o r  tw enty  months m s  r e p u r i f ie d  f o r  a n a ly s is ,  i t  

was somewhat s u rp r is in g  to  f in d  th a t  th e  m a te r ia l ,  a lthough  o r ig in a l ly  r e — 

crysta llised  fro® petro leum  e th e r ,  was no lo n g er com plete ly  so lu b le  in  

t h i s  solvent* th e  in so lu b le  m a te r ia l ,  which c o n s t i tu te d  n e a r ly  h a l f  o f 

th e  sam ple, was h igh  m e ltin g , b u t  gave a  carbon and hydrogen a n a ly s is  

i d e n t i c a l  w ith  t h a t  ob ta ined  on th e  so lu b le  p o r t io n . I t  i s  b e lie v e d  th a t  

d im e r is a tio n  occu rred  to  a ffo rd  the  cyclobu tane  d e r iv a t iv e  X I?. The 

diaerisatlec* of cinnam ic ac id  to  form t r u x i l l i c  a c id  I s  w e ll ten own, a s  

i s  th e  dimerisation o f m etbylenem aloriic e s t e r  to  form %  3 ,3 -to tracarb© thoxy- 

cyclobu tane  (1 9 ) .  In  view  o f th e  fo rm ation  o f  a  sym m etrical p ro d u c t in  

th e  case  o f metfeylene® alonic e s t e r ,  i t  i s  b e lie v e d  t h a t  th e  p ro d u ct XI? 

i s  a ls o  sy n sn e trica l.

The two su c c e ss fu l ro u te s  to  d ie th y l  3 , li,^ -trim ethoxybensy lm alonate  

d esc rib ed  in  t h i s  S e c tio n  r e p re s e n t  s a t i s f a c to r y  syntheses o f  th e  compound. 

Hie scheme shown i n  C hart 3 h a s  been employed a s  th e  prim ary sy n th e s is  o f 

V II in  an o v e ra l l  y ie ld  o f s ix ty -o n e  p e rc e n t, based on th e  optimum y ie ld s  

ob ta ined  in  t h i s  work. An a l t e r n a t iv e  sy n th e s is  o f V II, o u tlin e d  in  

C hart 9 , h a s  been conducted on a  sm all sc a le  to  a ffo rd  V II in  s ix ty - fo u r  

p e rc e n t y i e ld ,  based on 3 , ii-, ̂ -trim etho^sybonsaldshyde•

SSCflOK I I

3 , it-B ^eth^enedioxyphenacyl Bromide (XIX). Sp&th and L ed erer (CO) 

have d esc rib ed  a  sy n th e s is  o f  3,1-420thylened ioxyphenacy l bromide (XIX) 

by th e  u l t r a v i o l e t  c a ta ly se d  h rom ination  o f Ifli-w thylenediO K yaoetophenone 

(X V III) in  a c e t ic  a c id . S evera l sy n th ese s  o f  XVIII have been re p o r te d ,
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among them being the r ea c tio n  o f  piporon&X w ith  m ethylmagnesiua io d id e  

fo llow ed  by dlchrom ate ox id a tio n  o f  th e r e su ltin g  3 * Jwn® tfcylaned ioxy- 

pfce^lm e tfrylc&rbinoX (5 1 ) , the condensation o f  metfeyl plperenyl&t® with, 

e th y l ©eetat© fo llow ed  by h y d ro ly sis and decarb oxylation  o f th e r e e u ltin g  

e th y l piperonoylacetat©  (5 2 ) , and the d ir e c t  FriedeX-^Crafts a cy la tlo n  o f  

^ t^ lem d lo sy h en se fi®  (53 )•

Of th ese  m ethods, the f i r s t  seamed the n e s t  prom ising* th e o r ig in a l 

work o f KXage© (51 ) in d ica ted  th a t the ca rb in e! was obtained idsen a 

fo u rfo ld  ex cess o f  th© drignard reagen t was employed,and th e  In so lu b le  

complex was iso la te d  d ir e c t ly  and c a r e fu lly  decomposed. o th erw ise, the 

dehydration product was obtained* Subsequent work o f B ottcher (2U) 

in d ica ted  th a t the carb in e! could be obtained in  cnror n in ety  percent 

y ie ld  in  th e  u su al manner i f  th e complex was decosnposed w ith  a fr e e s in g  

m ixture o f  am acniacal ammonium ch lorid e*  R ep etitio n  o f t h is  procedure 

afforded 3 ,^ • ^ ‘U ^ len ed ios^ styren e in  s ix ty -fo u r  p ercen t y ie ld *  Since  

i t  was thought th a t dehydration m i^x t have taken p la ce  during d is t i l la t io n ,  

the crude product was su b jected  to  d ir e c t  o x id a tio n  u sin g  potassium  

dichroisat© end s u lfu r ic  acid* A ten  percent y ie ld  o f STXXI was obtained  

from th e crude product o f  the drignard r e a c tio n .

Because o f  the unprom ising a sp ect o f  t h is  approach and the d i f f ic u l 

t i e s  in h eren t in  th e a lte r n a tiv e  laethods described  in  the lit e r a tu r e , a  

d iffe r e n t  approach was sought*

Methods o f sy n th e sis in g  m ethyl ketones have been the S u b ject o f  

sev era l recen t p u b lica tio n s (5£){26)(57)* la  the procedure described  

walker and Hauser (5£), a cy l m alotjie e s te r s  are hydrolysed by aqueous
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a c e t ic  a c id  and s u l f u r i c  ac id  md undergo stmltaneous dectrbcnylaticn to  

th e  i?ietbyl k e to n e s . Although the method 1® n o t a p p lic a b le  to  a l ip h a t i c  

k e to n e s , I t  a f fo rd s  good y ie ld s  o f  acetophenon© d e r i w t i w s  and i s  laaxsi- 

pulatlvely s iiap le . th e  a p p lic a t io n  o f  t h i s  method to  th e  synthesis? o f  

m i l  m s tried nmzt (Chart 6 )*

Hie eoavwrslan o f  ac id  (XV) to  p ip eron q fl ch lo rid e  ( I f ! )

according to  Bruchhansen and Gerhard (28) i s  accom plished tgr h eatin g  a 

suspension o f  the a c id  i n  bensene contain ing a sm all ex cess o f th io r y l  

ch loride* Althoagb good y ie ld s  are reported, t h is  procedure resu lted  

in  th e  form ation o f  la rg e  amounts o f a  by-produet Id e n tifie d  a s  plperonyw  

11© an hyd ride , Anhydride focw tiQ ci under th ese  co n d itio n s i s  due to  a  

lo s s  o f hydrogen ch lorid e  fro® the rea ctio n  stadium ( 29)9 and th is  i s  

f a c i l i t a t e d  by operatin g in  b o ilin g  bemsene. em ission  o f the bensen© and 

the use o f a  th re e fo ld  exoom o f thionyX c h lo r id e  r e s u l te d  in  a  n e a rly  

q u a n tita tiv e  y ie ld  o f th e a d d  c h lo r id e .

The a cy la tio a  o f d ie th y l e  thoxym&gne simsua&lon&ie w ith  piperonoyl 

ch lorid e follow ed  by h y d ro ly sis and decarboxylation o f the r e su ltin g  

d ie th y l piperonoylsialonatQ  (XVII) afforded an eigh ty-on e percent y ie ld  o f  

XVIII based on p lp ero q y lle  acid  and corrected  fo r  a  sm all amount o f re

covered p ip era g y lic  a d d .

ttm  preparation o f XVIII by th e rea ctio n  o f  piperonoyl ch lorid e w ith  

diissthyleaidBdUB m s  a lso  in v estig a ted *  Use y ie ld  obtained by th is  

method was comparable to  th a t obtained from th e m alonic e s te r  procedure. 

However, th® product was emtmdn&t&d w ith  a  p e r s is te n t , y e llo w  iisp u rity  

^tiich could  only be renewed by chroimtography cm alum ina, and s in c e  th e



procedure m s  somewhat te d io u s , th e  method m s  abandoned in  f m o r  o f  t h e  

malonle e s t e r  approach*

Tha bromin&tion. o f XVIII accord ing  to  Ppath and le d e r e r  (20) m s  

accom plished ty  i r r a d ia t in g  a s o ln t im  o f  th e  ketone and bromine in  

a c e t ic  ac id  w ith  u l t r a v io l e t  l i g h t  from, a  q u a r ts  lamp f o r  te n  m inutes*

Upon irradiation o f such a mixture w ith  s h o r t  u ltra v io le t l i g h t ,  th e  

expaeted ra p id  d e c o lo r ia a t ic n  d id  n o t ta k e  place* A fte r  c m  h o u r, the  

m ix tu re  was l i g h t e r  in  c o lo r ,  b u t  continued exposure resulted in  darken

ing* A forty p e rc e n t y ie ld  o f  3 , fc~ciethylenediosy phen&cgrl bromide was 

i s o la te d  from t h i s  procedure* Subsequently , the brom iaaiio ti o f  a su spen - 

d en  o f XVIII in  ic e - c o ld ,  anhydrous e th e r  m s  found to  afford y ie ld s  o f 

se v e n ty - th re e  to  seven ty -seven  percent*  The use o f  a  c a t a ly t i c  amount 

of aluminum c h lo r id e  was unnecessary  and lowered: th e  y ie ld  t o  s ix ty —seven 

percen t#

The sy n th e s is  o f  3 ,  U -ae tl& len sd lax y ]^n & cy l bromide ( I I I .)  from

pAperaay H e  ac id  (XV) m s  th u s  accom plished in  an o v e ra l l  y ie ld  of 

s ix ty - th r e e  p e rc e n t based  on th e  optimum y ie ld s  ob ta ined  in  t h i s  work*

m sm m  i n

Diethyl 3,U»$ Trims th**^bansyI-3* h* ttylenedii^yhenacy^^l^^te^

(.11)* P rev ious work- i n  t h i s  Laboratory (16) in d ic a te d  t h a t  th e  p rep a ra 

t io n  o f  tlie  unaubetttuted analogue, diethyl b o n ^ l^ ia n a i^ l ia lo n a te  (XXIX), 

m s  b e s t  accom plished t y  adding j te n a e y l  bromide to  a  b o i l in g  s o lu t io n  

o f th e  sodium s a l t  o f  diethyl foentytra&lonat© in  bensene c o n ta in in g  an ex

c e s s  o f  d ie th y l  bentybaslo iia to*  The ex cess  o f  d ie th y l  bentytm alonat-s
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r e s u l te d  in  a so lu tio n  o f th e  s a l t ,  md under th ese  con d ition s th e  p ro 

d u e t was o b ta in ed  in  f i f t y - f iv e  p e rc e n t y ie ld *  The a p p lica tio n  o f  t h i s  

p rocedure  to  th e  preparation o f th e  s u b s t i tu te d  compound XX had th e  

o b jectio n  t h a t  an ex cess o f  d ie th y l  3 , li>^ tr iB B th o x y l^ e n ^ lsa lo n a ts  (V II) 

could n o t  be employed s in c e  i t  cou ld  n o t be mmmd by d i s t i U a tic n  as 

was the case w ith  d ie th y l  benaylm alonatc * Purthem or® * a more cconesni- 

c a l u m  o f  T II was d e s ir a b le  in  view o f  th e  v a lu e  o f  th e  m a te r ia l*  He- 

s o r t  to  fr a c tio n a l c r y s ta llis a t io n  seemed questionable* As a r e s u lt  o f  

th e se  c o n s id e ra tio n s , th e  um o f  ©quiiuolar q u a n t i t ie s  o f  fX I and XIX was 

in d ic a te d  (C h art ? ) .

the rea c tio n  o f  d ie th y l 3,1*, Striaethosy'bsn^ylm alonatc in  benzene 

w ith  sodium hydride was slow , and the m ixture was heated under r e flu x  

overnight* At the end o f  th is  tin®  no hydrogen ev o lu tio n  could be 

d e t e c t s ,  aithoogfr a sm all amount o f undissolved  s o lid  remained* M is  

was assumed to  be extraneous m a ter ia l, probably an Im purity in  the sodium 

hydride* O therw ise, th e  so lu tio n  mm c le a r , and consequ en tly , i t  was 

f e l t  th a t th e sodium s a l t  was so lu b le  in  benssene# A fter  adding 3 ,b ~  

ssetly len ed ioxyp henaiyl bromide, th e  m ixture was heated fo r  th ir ^ r -s ix  

hours. Removal o f the so lv en t afforded m  orange o i l  which could not 

be c r y s ta llis e d  d ir e c t ly , bu t w hich, a fte r  chromatogra^by m  alum ina, 

afforded a tw en ty -fiv e  percent y ie ld  o f  d ie th y l 3 , b , ̂ -trim ethoxybenayl- 

3 *, h *-me tl^lenedicxyphenacylam lcjiiate (XX). Upon r e p e tit io n  o f  th e  

rea ctio n  i t  mm  thought th a t the u n certa in ty  regarding the com pleteness 

o f  rea ctio n  o f  sodium hydride w ith ¥11 in  \m n m m  could be avoided by 

conducting tho s a l t  format!can u sin g  sodium ethoxlde in  ab so lu te ethanol*
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a  t»mLve p e rc e n t y ie ld  o f XX?t i t *  ft® combined y ie ld  o f  XXVTI and X W III

ob ta ined  in  t h i s  way was n o t  a p p rec iab ly  d i f f e r e n t  from th a t  to  be ex

pected  from sa p o o if ie e t io n  of th e  k e to ■d i e s te r  IX ob ta ined  in  th e  

e a r l i e r  experim ent*

'Fh,© un s a t is f a c to r y  n a tu re  o f  th ese  experim ents prompted the  in v e s t i 

gation  o f another approach* According to  bund (9)» a l ly  2 -ty p e  h a lid e s  

r e a c t  w ith  ethoc^nm^p^sium m alonie e s t e r s  to  afford  th e  s u b s ti tu te d  

m alonie ester©* However, th e  use o f  phnnacyl h a lid e s  in  th e  r e a c t io n  1ms 

not been reported*

The r e a c t io n  o f phenacyl bromide w ith  a te n  p e rc e n t excess o f d ie th y l  

e tho^ym ^eslum roalonate  in  b o i l in g  e th e r  a ffo rd ed  a  t h i r t y - f iv e  p e rc e n t 

y ie ld  o f d ie th y l  phenacylnalonats (XXXII) and a twenty p e rc e n t y ie ld  o f 

d ie th y l  dlpfeenaqylmalonate (XXBT), a lone  w ith  recovered  d ie th y l  malonate 

and pirnm&cyl bromide* D isu b stitu tio n  a p p a ren tly  r e s u l te d  from a f a i l u r e  

o f th e  i n i t i a l l y  formed d ie th y l phoiwcylm alonate to  p r e c ip i t a te  from so lu 

t io n  a s  a magnesium complex a s  i s  observed in  th e  a cy la tio n  o f ethoayrnag— 

nesiuia m alonie e s te r s *  th e  slow ness o f the r e a c t io n  compared to  a cy la tio n  

undoubtedly favored  th is*

While th is  was o f  i n t e r e s t  f rc o  th e  s ta n d p o in t o f  th e  monophenacy

la t io n  o f d ie th y l m alonate, i t  posed no problem fo r  th e  phenacyl& tion 

o f m onosubstdtuted m alonie e s te r s *  The a p p lic a t io n  o f th e  procedure to  

•the ay stem stu d ied  by Brown ( i t )  was sough t.

D ieth y l bon^lm alona te  re a c te d  w ith  magnesium and e th a n o l to  fo re  

the ethoxymagnesium d e r iv a tiv e  which was so lu b le  in  e th e r  and banssene* 

R eaction  o f  th e  s a l t  w ith  phenecyl bromide was f i r s t  a ttem pted  in
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r« f lu x in g  o th e r  ewer a  p e rio d  o f  k~& h o a rs . A tw e n ty -f iv e  p e rc e n t y ie ld  

o f  d ie th y l  hentylphm&tyXsMiXoaat® (XXXI) m s o b ta in ed  a long  w ith  

approxim ately  s ix ty  p e rc e n t rmommry o f b o th  s t a r t in g  M a te r ia ls .

The r m m tim  mm  repeated  in  b o ilin g *  a lc o h o l-fr e e  b m m m  over a 

period o f  n in e hours. D ir e st cry s t a l l !  sa t ion  o f the crude m ateria l 

afforded a f if ty - th r e e  percent y ie ld  o f XXXI*

A third procedure mm  employed in  which an aXeehoX«free henwm© so lu 

tio n  o f  the rea c ta n ts was s tir r e d  a t ro®m tem perature fo r  tw enty-four  

h ou rs, follow ed  by a s ix te en  hour r e flu x  p erio d . The dark, crude mater

ia l  afforded  o n ly  a th ir ty  percent y ie ld  o f  impure product upon d ir e c t  

c r y s ta llis a t io n . D is t i l la t io n  o f  the rem aining m ateria l a t  0 . 1 micron 

afforded a l i t t l e  s ta r tin g  m ateria l and a con sid erab le quantity  o f m  

o i l  which r e s is te d  c r y s ta ll!n a tio n • fa p o n ific a tio n  o f a sample o f th e  

o i l  afforded a solid, which appeared to  be a m ixture o f banaylj& enacyl- 

m alonic acid  m d  b en sy lp h sn aeylaeetic  a c id . Thermal decartasy X&tion o f 

t h is  m ixture afforded hen^ylphenaqyl& cetic a c id . The remainder o f the  

o i l  was d isso lv ed  in  eth anol m d  deposited  a sm all m ount o f d ie th y l 

bensy’lphenac^lmalcmat© • The id e n tity  o f th e balanc© o f  the m ateria l i s  

unknown. Brown (1 6 ) reported the is o la t io n  o f the enol lacton e 117 

from th e treatm ent o f XXXI with, base in  refluxing bonaene. Since b a sic  

co n d itio n s existed in  the rea c tio n  m ixture, i t  was not u n lik e ly  th a t the 

©no! lectors© m m  formed.

The isolation o f th e en o l la cto n e  ©star t l f l  ha® a lso  been reported  

from  th e phenacylation conducted in  the u su a l manner in  ethanolic 
so lu tio n  (31)* This product may a lso  hav© been formed. Both stru ctu res  

are plausible in  light o f the r e s u lt  o f the sa p o n ific a tio n .



fin e#  prolonged treatm ent a t e lev a ted  tem peratures appeared to  have 

a d e le te r io u s  e f f e c t  on the y ie ld , the rea c tio n  was repeated in  bensene 

a t room tem perature and allow ed to  stand seven days. An eigh ty -on e  

percent y ie ld  o f d ie th y l bsnaylphenacylm alonate was ob ta in ed . A pplica

tio n  o f th is  procedure to  the preparation o f the su b stitu ted  koto d ie s te r  

XX afforded y ie ld s  o f  se v en ty -six  to  e igh ty-on e percent o f p u rified  

product*

Attempts to  determ ine th e sa p o n ifica tio n  eq u iva len t o f the koto 

d ie s te r  XX gave v a r ia b le  r e m its#  as had been observed by Brown (IS ) in  

the case o f  the u n su b stitu ted  koto d ie s te r  XXII. th e carbonyl a c t iv ity  

o f XX was lik e w ise  feeb le#  although i t  was even tu a lly  p o ss ib le  to  is o la te  

a 2 , Lj-d tn l t r  opiheny Ibydr a son©» Attempted hydrogenation o f XX u sin g  

platinum  in  eth an ol f a i le d . However# when palladiuia-eharcoal in  ethanol 

was employed# a very slow  absorption o f one mole o f hydrogen took place*

A low  y ie ld  o f c r y s ta llin e  m ateria l was iso la te d  whom a n a ly s is  in d icated  

th a t i t  was the la cto n e  e s te r  XXI. Brown found th a t c a ta ly t ic  hydrogen

a tio n  o f XXII always afforded  the corresponding m ethylene d e r iv a tiv e .

SbCTIQIf I?

3»I*» 5-frlTOtho3qrbenayl-3 * # U *-m®1^Ien®dio^yphsaiacy la c e  t i c  Acid 

(XXffllX). Although th e h y d ro ly sis o f th e keto d ie s te r  XX to  the ketomalonie 
acid  XXVII fo llow ed  by therm al deearbosgrlatlon (Chart 0) appealed to  b© 

straightforw ard# consid erab le d if f ic u lty  was experienced in  obtain in g good 

y ie ld s . Tim i n i t i a l  attem pts to  hydrolyse the k eto  d ie s te r  XX w ith  

a lc o h o lic  potassium  hydroxide or aqueous a lc o h o lic  potassium  hydroxide 

afforded jsoor y ie ld s  o f crude m ateria l which upon p u r ific a tio n  proved to
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the p reciou s sa p o n iflca tlo n  procedure in  p o in t o f time* p u rity  o f  pro

duct, and y ie ld  th a t so  fu rth er  tin *  mm  expended on th e h m lf-aap on ifica

t io n . Hie y ie ld  was e igh ty-tw o percent o f m ateria l pare enough to  use  

d ir ec tly *  fh e m a l deearbcsiyl& tion ©f XXTO a t  150° afforded a n in e ty -  

fou r percent y ie ld  o f X X flll. In subsequent experim ents m  a la rg er  

sc®!®* o v e r a ll y ie ld s  o f e ig h ty -th ree  to  e ig h ty -fiv e  percent o f XOTIX 

were rea lised *  based m  th e  koto d ie s te r  XX.

During the therm al decarboxylation  o f the dried  ketomalorsic acid  

XXVXI, the ccm dansatlen o f water vapor on th e c o d  upper su rfaces o f  

the f la sk  in d ica ted  th a t Um  m ateria l was a hydrate, th e  n e u tr a lisa tio n  

eq u iv a len t was in  good agreement w ith  th a t to  be expected fo r  the k e to -  

m alonie acid  dUhydrafco although the carbon and hydrogen an a lyses m m  

not in  sa t is fa c to r y  agreement w ith  th eory . This poor agreement i s  n ot 

regarded a s ser io u s in  view  o f  th e d i f f i c u lt ie s  in h eren t in  p u rify in g  

nmlonic acid® . Brown (1 6 ) was unable to  ob tain  sa tis fa c to r y  carbon and 

hydrogen an a ly ses on l^ensyl^ienacylm alcm io a d d . fh® a n a ly tic a l data  

obtained on the k eto  acid  provide ample confirm ation th a t the proposed 

stru ctu re i s  co rrec t •

Reduction of the sodium s a l t  of the  keto acid X X f l l t  in  aqueous 

a lk a l i  using sodium boroJy dr id® afforded a low y ie ld  of the lactone (XXXI) .

m m tim  ?

The Attempted S yn th esis o f l - (  3 ,  tbylenedloaypheny 1 ) -1-tea to—2 -

hydroxy™? thylBna-3~oarbathoay-L-(3 R l > g ' -trl-ae thcatyph»nyl) -butane
{XXXIV) . The condensation o f form ic acid  e s te r s  w ith  a c tiv e  metJ^rlone 

compounds has been a w idely  used preparative method. However, there has
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product* For th is  reason. I t  was decided to  um  the  e th y l e a te r  in 

fu tu re experim ents*

Attempted forsqrlatloiis of the e thy l e s te r  using sodium nethosd.de 

md  sodium hydride afforded no d e tec tab le  ©nolle m aterial*

Although the re s u lts  o f the i n i t i a l  ©jqperimeats ind icated  th a t  the 

forsqrlatlon wm fe a s ib le , the low y ie ld s  of ©nolle m ateria l obtained  

prompted a study o f the reac tio n  on th e  wire av a ila b le , uzisubstituted 

keto e s te r  LXXI (Chart 12)*

F th y l ben^lphm acyX aceiate was prepared according to  the pro

cedure described by Brotwi ( I S )  with the app lica tion  of modified pro

cedures fo r  conducting the phenacylation of d ie th y l beasifligsdUmmt© and 

f o r  the sapon ification  o f the ketomalcnic ester*

An a tte n p t was made to  foray la te  IXIX using sodium ponder in  ben- 

aene overnight a t  room temg&ratore* the re  wm obtained a th ir ty - th re e  

percent y ie ld  of a n eu tra l f ra c tio n , a fif ty -sev en  percent y ie ld  of 

m a te ria l soluble in  sodium bicarbonate so lu tio n , and a f iv e  percent 

y ie ld  of sodium Itydraocide soluble m aterial* No e n d  t e s t s  were ob

tained* the n e u tra l f ra c tio n  was © sweet-sm elling, ̂ yellow  o il*  fapemi- 

f ic a tio n  of a sample o f the o i l  afforded bensyIphenacylacetic a d d ,  but 

the o i l  r e s is te d  m y s t a l l !  sa tian  when seeded w ith s ta r t in g  m ateriel* A 

s n a il  ^ e n t i t y  of so lid  obtallied upm  r e c ry s ta ll! s a t lo n  from petroleum 

e th e r proved to  be the e n d  lactone IX? o rig in a lly  iso la te d  by Brown*

The Id en tity  of the ac id ic  fra c tio n  i s  unknown*

In a la te r  ©iqparimont in  which sodium methoxid© in  ben sen© was 

used a t  0° fo r  seventy minutes* a ninety percent y ie ld  o f  a s im ila r
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reduction  of b e n drylideiiesucclnic acid (XXXVII) to  bemsfydxylsuccinic

acid (BOTXXI) using sodium amalgam i s  reported* few experlmeRtal d e ta i ls

and no yields are given, mid the procedure appears tedious (12). The
c a ta ly tic  hydrogenation o f the double bond was investigated* .Despite

tb® um  o f a v a rie ty  of c a ta ly s ts  mid so lven ts Including palladium-
charcoal In  ethanol m& in  ho t a c e tic  ac id , platinum in  ethanol and in

. 0
ho t a c e tic  ac id , and Raney n ickel in  ethanol a t  150 , no sa tis fa c to ry  

procedure fo r the reduction, could be devised* An attem pt to  reduce the 

sodium s a l t  of XXXfl using platinum also  met w ith failure*
Tm catalytic hydrogenation of bsnahyriiy lidenssuccinic acid like

wise was unsuccessful using platinum in ethanol and In hot acetic acid* 
f!be difficulty in hydrogenating a highly substituted carfcon- 

carbon double bond of this type is referred to by Johnson (1*3). He was 
able to overcame, the difficulty by employing the method of c-ehwsnl£ and 
Papa (Hi) in which the acid Is treated with axms® aqueous alkali and 
Haney nickel alloy. Application of this procedure to JTKVT afforded 
m  ©i^ity-six pereent yield af TXXVIII* isolated as the hendbenseneate* 

Published directions for the preparation of U-phet̂ l-l-carfeosgr- 
tetralona-1 ( I t )  from  benshydrylsuccinic acid call for formation of the 
anhydride XXXIX followed by Friedsl-Crafts cyclimatlon of the anhydride 
using aluminum chloride in ice-cold nitrobamwme (15). Repetition of 
this procedure afforded the eycliscd product in forty percent yield*
Tim reported y ie ld  of seventy-five percent could not be duplicated desp ite  

repeated attempts*
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Q yclia a ticn  o t  b en H y d jy lsu ccla ic  acid  using polyphosphorie acid  

was t r i e d  ( h S ) 9 b u t  the i n s o lu b i l i ty  o f  th e  m a te r ia l  i n  the re a g e n t 

p reven ted  th e  r e a c t io n  from ta k in g  the  d e s ire d  course*

C yelisa tian  using ninety-two percent su lfu r ic  a d d  a t  IG-lQO0 

afforded a th irty -sev en  percent y ie ld  of the keto acid* when eigh ty-four 

percent su lfu r ic  acid was employed, s ta r t in g  m ateria l was recovered in  an. 

impure condition*

The mac of hydrogen flu o r id e  as a eycXistmg agent afforded approaci- 

is&tely tm n iy -f iv e  percent of iupmre product*

Although non© of these methods was s a tis fa c to ry , i t  was decided 

to  siipley the f r ie d e l-C ra f ts  method m  la rg e r  sca le  preparations*

E s te r i f ica tio n  of the keto  acid XI using ethano lic  hydrogen 

c h lo r i c  afforded a nlnetgr-flve percent y ie ld  of the e s te r  X II.

the fem u la tio n  of Hie keto e s te r  m s  conducted according to  the 

d irec tio n s  of Johnson (3£)* A fter standing overnight a t  5°, there  was 

obtained approximately f i f ty - f iv e  percent of the l^x lro^ie thy ltm e 

oarboxylie acid XT,IH which could be rc c ry s te ll is e d  .and which gave 

an a ly tic a l data  in  agre assent with Hie proposed structure*  The balance 

of the m ateria l m s  ©nolle and mm  thought to  b@ the lydrcnsymetfeylen® 

earbosylie e s t e r  XT,II*

Th® apnegrance of the foiuyXation mixture m i  in te restin g *  Upon 

add ition  of the keto e s te r  to  a  suspension of sodiums noteoxide in. bansene 

containing e th y l form ate, a deep red color developed ra p id ly . A fter 

approximately one-half hour, a l l  th e so lid  d isso lv ed  afford ing  a c le a r , 

deep red so lu tion *  In a l l  o ther exsaplea of t h i s  r e a c tio n , a p r e c ip i t a te



o f the s a l t  o f the tydroxymeifaylsit* compound forms# Tb© fa ilu r e  o f the  

s a l t  to  p r e c ip ita te  in  th is  case I s  n o t understood#

When the fer a d ia tio n  rea c tio n  was stopped soon a fte r  th e sodium 

m ethoxids d is so lv e d , the )ry droxymathylsne carb oxylic  e s te r  XLII m s  

obtained in  e ig h ty -sev en  percent crude y ie ld #

Both th e hydroxym©thylen© e s te r  and the hydroxym thylene acid  could  

be t itr a te d  in  aqueous a lco h o l u sin g  phenolphthalein  as the in d icator#

An attem pt to  prepare th e O-metbyl e th er  o f the hydroxyme thylen©  

earb oxy lic  e s te r  by treatm ent o f th e en o l w ith  methyl io d id e  and potas

sium carbonate afforded a product which could n o t be p u rified  s a t is fa c t 

o r ily , p o ssib ly  because o f  contam ination w ith  the C -alfcylated isom er (31)#  

Other attem pts to  ob tain  the Q -eetfcyl e th er  by treatm ent o f the en o l 

w ith  diassomethane were u n su ccessfu l, in  agreement w ith the r e s u lts  o f  

Campbell, Sehrage and Campbell (17 ) who were tanabl© to  form the en ol 

m ethyl e th ers o f a s e r ie s  o f hydrotxymethylene ketones#

Itee grea t d iffe re n c e  in  the behavior o f the open-chain keto e s te r  

LIIX eomparod to  th e c y c lic  keto e s te r  XL! In d ica tes th a t a s t e r ic  fa c to r  

c o n s titu te s  th e  impcxrtant d ifferen ce  in  the molecule® under consideration#  

M olecular m odels show th a t the m ethylene group o f the c y c lic  compound 

i s  imach le s s  a te r ic s lly  hindered than th a t o f th e a c y c lic  compound# I t  

i s  p o ss ib le  th a t because o f t h is ,  the d esired  condensation in  th e case  

o f the a c y c lic  keto  e s te r  takes p lace so slow ly th a t com p etitive reaction®  

such a s en o l la cto n e  form ation can occur# I t  i s  ev id en t th a t in  the case  

o f the a c y c lic  m a ter ia l, th e f le x ib le  nature o f th e m olecule permit® th e  

en o l la cto n e  to  form, whereas w ith the c y c lic  compound, the r ig id  nature
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o f the m olecule prevents t h is .

Since a s te r ic  fa c to r  appeared to  be preventing the desired  con

densation  from tak ing p lace w ith  e th y l benzy Ipbenaoylace tat© ,  the  

rea ctio n  urns examined w ith a c y c lic  keto e s te r s  in  which s te r ic  hindrance 

might be absent or m inim ised.

S ib yl fo -bensoylprop ionate (XLI?) upon treatm ent w ith  e th y l formate 

and sodium methoxid© reacted  rap id ly  to  afford  a m ixture from which 

aiproxlm ately f i f t y  percent o f e n o lie  m ateria l was is o la te d . Although 

m  in d ic a tio n  o f the p o s itio n  o f the bydrosqnaethylene group was obtained* 

from the  g r e a te r  a c tiv a tin g  in flu en ce  o f the keto group compared to  the 

e s te r  group, i t  i s  assumed th a t condensation alpha to  th e keto  group 

predominated* Porsche (1*8) reported the condensation o f bena&ldebyde 

w ith XL2V occurs alpha to  the keto group.

A fra g ra n t, n eu tra l o i l  was a lso  is o la te d  from te e  forrsylation  o f 

XLIV• Again, th e lowered sa p o n ifica tio n  equivalent and the is o la t io n  o f  

/3 -bensoylp rop ion ic acid  from te e  sa p o n ifica tio n  In d icated  th a t the o i l  

was a m ixture o f  s ta r tin g  m ateria l and en o l la c to n e .

Because o f te e  am biguity a r is in g  from te e  p o s s ib il ity  o f conden

sa tio n  a t e ith e r  o f the two ;ao thy le n s  groups in  e th y l /S«bensoylproplonate, 

tee  rea ction  o f e th y l oC-naethyl-/3-ben&oy Iproplonate (XL?) w ith e th y l 

form ate was in v e stig a te d . Although th e appearance o f  te e  rea c tio n  mix

ture was s im ila r  to  te a t  observed p rev iou sly  w ith th e c y c lic  keto  

e s te r  XLX, th e re  w m  obtained only e ig h t percent o f  crude e n o lie  m a ter ia l, 

ffc© balance o f te e  m ateria l was obtained as a n eu tra l o i l  having a sw eet 

odor u n lik e t e s t  o f the s ta r tin g  m a ter ia l. D is t i l la t io n  o f the n eu tra l



314-

o i l  afforded a mixture of lowered sapon ification  equivalen t. The residue 

from the d i s t i l l a t io n  crystall!5§@d, ba t attem pts to  p a rtly  the so lid  were 

unsuccessful, and i t s  id e n tity  was not e s tab lish ed .

The fa ilu re  of XL? to  undergo the forrsylation to  any la rg e  ex ten t 

i s  in te rp re ted  as being due to  s te r ic  hindrance. Apparently the e x is t

ence of branching adjacent to  the ac tiva ted  methylene group in  the 

acyclic  se r ie s  r e s u lts  in  s u f f ic ie n t hindrance to  prevent the desired 

condensation from taking p lace , and side reac tio n s predominate. The 

fa ilu re  of e th y l isovalerat®  to  undergo s e lf  condensation in  the 

presence of sodium etfroaddte represen ts a s im ila r s itu a tio n . In th is  case, 

the use of a very strong base such as sodium hydride causes the reac tion  

to take place (If?) •

An attem pt to  conduct the formylation of e thy l bensyilph ©n&cylac© t&te 

using sodium hydride met with f a i lu r e .  The use of potassium te r t i a r y -  

butoxid® resu lted  in  rap id  decomposition of the e th y l format© to carbon 

monoxide and ethanol, and no ©nolle m aterial was iso la te d .

The r e s u l ts  of these experiments demonstrated th a t  the in troduction  

of the desired carbon by condensation w ith e thy l format© was not fe a s ib le , 

and a lte rn a tiv e  methods of accomplishing th is  ob jective  were, th e re fo re , 

considered.

SECTION ¥ 1 1

The Synthesis of an Unsubstituied Analogue of Podophyllotoxin. Hie 

successful in troduction  of the hydroxyisethylene group in to  th© cyc lic  

keto e s te r  prompted m  attem pt to  reduce the J^droxymethylcne ketone 

system to  th© 1 ,3 -d to l, a procedure which would afford  a s tru c tu re  analogous
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to  th a t o f  podopfcyllotoKlii (Chart X I).

The problem of jyn thesia ing  an unambsti lu ted  analogue of pcdopbyllo- 

toxin was f i r s t  undertaken hgr Borsch© (>0). The e s s e n tia l  d e ta i l s  of 

the pro sont synthmsla m m  outlined fcy Borsche, but the reported experi

mental work followed a somewhat d if fe re n t approach through the  napthol 

d e riv a tiv e . A tte s te d  reduction o f the lactone o f It-pher^l-3-carboxy-

2-hydro^rm@tl^l*-l-“na|>thol (XL¥I) afforded an inseparable m ixture. Wo 

attem pt to  in v e s tig a te  the  approach used in  th is  work was reported .

The reduction  o f hydrcmymsthylene ketones said -k e to e s te rs  by 

lithium alumimim hydride i s  r e t r i e d  to  be a complex reac tio n  from which 

unsaturated alcohols are  obtained in  addition to  the d id®  (!>1). The use 

of lith ium  aluminum hydride was prohib ited  in  th i s  m m  by the presence 

o f the c&rboayi or carbethoxy group. The reduction of en o lie  compounds 

by aluminum isapropoxide i s  reported to  f a i l  because of the formation 

of inso lub le  snolate  s a l t s  (52 ). The use of sodium borohy bride in  

aqueous a lk a l i  appeared to  be a promising procedure.

Whan a so lu tio n  of the hydroxymetlylene earhoxylie acid XLIII in  

aqueous a lk a l i  was trea ted  w ith  sodium borohydride, m  a c id ic , c ry s ta l

l in e  product was obtained in  fo rty  percent y ie ld  which was n o t ©nolle 

and which malted w ith decomposition to  affo rd  another higher malting, 

n eu tra l so lid . The carbon and hydrogen analyses of the ac id ic  m ateria l 

wore in  agreement w ith theory fo r the dihydroxy acid XLVUI. 3pm heat

in g , the m ateria l l o s t  weight equivalent to  om  molecule o f water per 

molecule of dihydroagr acid to  afford  a n e u tra l substance who®© carbon 

and hydrogen analyses and sapon ifica tion  equivalent ware in  agreement
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filth  th e fytireay la etcn a  stru ctu re  XI,II •

The p o s itio n  of l& cton lsa tion  I s  s p e c u la tiv e . Although i t  might 

he assumed th a t the le s s  s tra ined  lactone XLIX involving the m ethylol 

group would form p re fe re n tia lly > In frared  s tu d ies  on the analogous lactone 

fam ed from l^ydro«y-2«fcydra9qyfm sthyl^3^& rboxyte$ralln in d ica te  th a t 

the secondary bydrosyl p a r tic ip a te s  in  I m tm lm t lm  (L)($3)* I t  was 

also  found possib le  to  for® the lactone LIX of e±s-l-4^dro^-3-carba«yw ii- 

pheny 1 te  t r a l ln  ty  thermal treatm ent o f the hydroxy acid LXII, although 

the y ie ld  of pure product was such lower than la  the case of the di~  

hydro3Qr acid  1LYIII* This dem onstrates th a t  the b ic y c lic  lactone type 

of s tru c tu re  LI I  cannot be excluded cm the b as is  o f stra in*

Attempts to  dehydrate the hydroxy lactone using p-to lueaesu lfon ic  

acid in  hm z® m  and su lfu r ic  acid in  a c e tic  anhydride afforded only 

ta rry  products.

Reduction of t he hydrosyiaethylen© earboxylic e s te r  in  famous 

a lk a li  using sodium borohydride a lso  afforded the dihydroxy acid , although 

in  only tw enty-five percent y ie ld .  Whan the  reduction was conducted in  

absolute ethano l, a low y ie ld  o f the dihydroay e s te r  XLYII was obtained.

A small amount o f th i s  m ateria l was a lso  iso la te d  from the reduction con

ducted on the i^draxymethylene carboxyl! c e s te r  in  aqueous a l k a l i .

In connection with another study in  progress in  th i s  laboratory  (.53), 

i t  was of in te re s t  to  prepare the lactone LIX* Reduction of l’-pfoonyl~3~ 

carb ethoxytetr alosie-1 (X.LI) by aluminum isoproposdLde in  isopropyl a lc o h o l, 

followed by d ir e c t  sapon ification  of the crude hydroxy e s te rs  afforded a 

m ixture o f  IXXI and LXV. Separation was accomplished by subjecting  the
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C hart 12
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to  form such a d e riv a tiv e , in  agreement w ith the feeble carbonyl a c tiv i ty  

observed by Haworth and Sheldrick (% )  In  th e ir  keto methylol lactone LX* 

"'h&n sapon lilcation  equivalen ts were determined using an excess of b o il

ing standard a lk a l i ,  low values were obtained. I f  the lac tones were 

allowed to  stand a t  room temperature w ith excess a lk a l i ,  the values ob

tained  were in  agreement w ith theory* This behavior cm  be explained 

by assuming th a t  the o rig in a l condensation was reversed by b o ilin g  a lk a l i ,  

and the formaldehyde regenerated underwent a Cannissaro reac tio n , thus 

consuming a lkali*

The high proportion o f LXV formed when a la rge  excess o f formalde

hyde was emplqyed prompted an experiment in  which only a small excess of 

form aldehyde was used* A fter chromatography,  an e ig h ty -s ix  percent y ie ld  

of crude LXXV was obtained. From th is  a c ry s ta ll in e  isomer (LXTV a was 

obtained in  th irty -tw o  percen t y ie ld , based on the keto  acid LXIII*

Because the p o sitio n  of lac to n isa tio n  in  the keto lactone LXHT was 

known unequivocally and corresponded to  th a t  in  podophyllotoxin (2) ,  the 

conditions of reduction o f the carbonyl group had to  be such th a t tra n s -  

lactonijsation  of the product was rendered improbable* Thus, the use of 

basic reagents such as aluminum isopropoxid© o r lith ium  borofcydride was 

p roh ib ited , likew ise, i t  seemed d esirab le  to  avoid ac id ic  conditions, 

since the presence of acid might ca talyse tra n s ia c to n isa tio n • These 

lim ita tio n s  excluded most of the common techniques fo r  reducing ketones 

except c a ta ly tic  hydrogenation in  n eu tra l solvents*

I t  was found th a t  the hydrogenation of the c ry s ta ll in e  keto lactone 

LXXVa using pal.Xadiu®~charcG&l in  cyclohoxane a t  room temperature pro

ceeded quit© read ily  w ith the absorption of one mol® of hydrogen. The



c ry s ta ll in e  product LXVIa i s o la te d  from th is  in  fo r ty  percent y ie ld  proved 

to  be very d i f f i c u l t  to  purify  and p ersis ted  in  n s lt ln g  over a ten  degree 

ran g e .

B ydrogenation ©f IXXVm u sin g  pall& dium -ch& rcoal in  ©thpnol p ro 

ceeded very  ra p id ly *  Tim p ro d u c t i s o la te d  proved to  be id e n t ic a l  to  

t h a t  o b ta in ed  whan cyeXdhaKane was th e  so lven t*  In d ic a tin g  th a t  th e  

e th a n o l d id  n o t promote translate to n ln a tio n « Again* th e  product f a i l e d  

to  exhibit a  sh a rp  m eltin g  po in t*  even though c r y s t a l l i s a t i o n  from d i f 

fe re n t so lvents was employed* Hie s l i g h t ly  h ig h  carbon a n a ly se s  in d ic a te  

t h a t  th e  compound may undergo p artia l dehydration.

Hydrogenation of the noncrysta lline  keto lactone LXIVb using 

pallad ium charcoal in  ethanol afforded a tw enty-eight percent y ie ld  of 

cxystalllne m ateria l which gave a n a ly tic a l data lit agreement with the 

hydroxy lactone s tru c tu re  LXVIfo.

th u s , two of the  possib le  four racemates corresponding to  3-hansyl-

3-( oC-hydroxybenay 1 )-butyrolactone (1X?X) have been obtained in  a c ry s ta l

l in e  condition . I t  seems un like ly  th a t  tra n s la c tm is a tio n  occurred under 

the conditions employed, although one of the products appeared to  be con

taminated w ith a m ateria l of higher carbon content which m s  not removed 

by repeated ^ c r y s ta l l i s a t io n .

SECTION IX

2—( 3 * U» ̂ rria^ thosgrbensyl ) -3 - (  oC-hydroxy-3 * *li * -me thylened ioaybengyl) -
> «

b u ty ro la c to n e  ( I I ) .  th e  reac tio n  o f  3*& *!?-tri» tfe© ^b© n^X -3 9h « rs  thy le n s -

d io x y p h en acy lace tic  a c id  (XIFIXX) w ith  formaldehyde in  aqueous a lk a l i  was 

conducted u s in g  a  f i f t y  p e rc e n t ex cess  o f form aldehyde a t  room tw ^p ara tu re



h3

fo r  two days (Chart 13)* A cid ifica tion  of the react!chi mixture afforded 

a sem i-solid p re c ip ita te  ■which proved to  be only partially soluble in  

ethar* The e th er-in so lu b le  so lid  was obtained in s ix ty -th ree  percent 

y ie ld  and was shown to  be the n e tb y lo l acid XJfVII by ana lysis and 

neutralisation equivalen t. The use of a fivu  percent excess of formalde

hyde lowered the y ie ld  to  fo rty -fo u r  percent* The f a ilu re  of LTfll to  

lac  ton! so as was observed with the unsubsti tuted compounds may be 

a ttr ib u te d  to  the extreme in s o lu b il i ty  of the m a teria l in  the  aqueous 

mixture* On m e occasion, a c id if ic a tio n  of a so lu tion  of the sodium s a l t  

of LXVTI in  aqueous alcohol failed to  produce an immediate p re c ip ita te . 

iFpor standing in  the cold a p re c ip ita te  was deposited which proved to  be 

the correspending lactone LXVXXIa, showing th a t  la c to n isa tio n  would take 

place under mild co u d itim s  i f  a homo -oceans mixture existed*

Upon sm iting, the metbylol acid DHTIX lacton ised  spontaneously •

The conversion of the crude methylol acid to  the p u rified  lactone UYXXIa. 

by thermal lac to n iaa tio n  wms accomplished in  ninety  percent yield*

fh© noncrysta llino , © thsr-soluble m ateria l from Hi® formaldehyde 

condensation was believed to  b© the isoeteric koto lac  ton© LW IIIb, 

possibly  contaminated w ith the keto methylol laetono* Chromatography on 

s i l i c i c  acid fa ile d  to  achieve any separation , a lthou# i a  sm all amount of 

the c ry s ta ll in e  koto lactone LXYIIIa was iso la te d  from one of the f ra c tio n s .

Attempts to  gain d ire c t evidence concerning the location  of the 

metbylol group by oxidation w ith potassium permanganate fa ile d  to  afford  

any c ry s ta ll in e  products except s ta r t in g  m aterial*
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the r in g s underwent su b stitu tio n  i s  remote s in e s  there are no reported  

examples o f arom atic e th er s r ea c tin g  w ith  formaldehyde under a lk a lin e  

cond itions*  the a c tiv a tio n  o f  the m ethylene group adjacent to  the t r i -  

n&thoayphanyl group i s  b e liev ed  to  be to o  fe e b le  to  perm it condensation  

under th e co n d itio n s employed in  view  o f  the e le c tr o n  r e le a s in g  proper

t i e s  o f the m tbcsqrl groups*

the hydrogenation o f th e keto  la cto n e  using pall& diuai-chareoal in  

cyclohexane proceeded slow ly  and incom pletely  u n less la rg e  q u a n titie s  o f  

c a ta ly s t  were employed* th e hydrogenation proceeded f a ir ly  ra p id ly  in  

eth an ol using pall& diuio-charco& l or platinum* E thyl a ceta te  was an 

u n sa tisfa e to x y  a d v e n t fo r  the hydrogenation* attem pted bydrogonolysis 

o f the keto  la cto n e  to  the m ethylene compound IXXX u sin g  pallad lusw charcoal 

in  a c e t ic  acid  fa ile d  to  a fford  the d esired  product*

I n i t ia l  attem pts to  is o la te  a c r y s ta llin e  product from the hydrogena

tio n s  were u n su ccessfu l*  So sep aration  could be achieved through chroma

tography on s i l i c i c  acid  or alumina* and d ir e c t  c r y s ta llis a t io n  was 

fr u it le s s *

D esp ite th e  p o s s ib ility  o f  tran sX acton iza iian , a red uction  was tr ie d  

u sin g  aluminum isopropoxid© in  isop rop y l a lco h o l in  the hope th a t a d iffe r e n t  

r a tio  o f  isom ers would be fam ed  th a t would perm it is o la t io n  o f a c r y sta l

lin e  product* Although red u ction  took p lace as evidenced by the form ation 

o f acetone* no c r y s ta llin e  product was iso la ted *

U ltim ately* a s s sp le  o f  th e product I I  from the palladium  ca ta ly sed  

hydrogenation deposited  c r y s ta ls  a fte r  standing in  th e  cold* lb s  exude 

s o lid  m s  obtained in  approxim ately seventy percent y ie ld *  R e c ty s ta llisa tio n  

was d i f f i c u l t ,  and a sharp m eltin g  p o in t could n ot be obtained* However,
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IX X II . th e  primary re d u c tio n  p ro d u c t o f th e  ssotftylene d e r iv a tiv e  would 

h© th e  koto a d d  LXX1II. I t  n ig h t  be expected t h a t  the carbonyl group 

would he fu rth er reduced to  th e  corresponding hydroxy a c id  DGCBT* b u t  

t h is  i s  n ot supported by th e hydrogen couOTsptief* observed* F u r t h e r -

sore-, the a c id ic  substance m lte d  a t  157° w ith  bo evidence o f decm p - 

a sitie n *  I t  seems w t y  u n lik e ly  th a t th e  lydroay acid  tx x i?  would f a i l  

to  l& eton lse under th e se  cond itions*  However, th e  a c id ic  eabstcnoe 

fa ile d  to  gi.“w  any evidence o f rea c tio n  with- 2 #li*^liiitro^O TiyX:r/drasine.

th e  a n a ly t ic a l  d a ta  and n e u tr a lisa tio n  eq u iv a len t were in  

reasonably good agreement w ith  the em p irica l form ula C ^Ig ^O g fa r LI X II I .

the In la w ed  spootrw a  o f the a c id ic  m a teria l (C hart I t )  exh ib ited  

a w r y  m m k  absorption a t  2 * 6 6  nsLcronai m d  a broad In ten se  band a t  

3*28 sderona* T liis la t t e r  band i s  in  th e CH stre tch in g  reg ion  am? 

a lso  in  tli® reg ion  o f  banded OK etaretahing* A sharp, XntMnm peak 

a t $*8S 'd  crons in  a ttr ib u ted  to  the carbonyl str e tc h in g  o f the o a r- 

boxyl .group* the band d o s e  Xy a t  3*9? m icrons i s  in  th e  reg ion  o f  th e  

conjugated eartxsnyl group*

nin es tlxe in f r a r e d  spectrum o f tit® a c id ic  product could  b# i n t e r 

preted  in  term s o f  th e k e to  acid  LXXXXX, the  in frared  apeetruss o f  th e  

sim ila r  k e to  a c id  iX flX I m g  oxajained (C hert 3 l)*  The s t r ik in g  resemb

lance between th e  two spectra* p a r tic u la r ly  in  the y~S uderm  reg io n , 

.makes i t  l i k e l y  t h a t  th e  a c id ic  substance i s  LXXXII* The mare 

interns# CH stre tch in g  hand ex h ib ited  by DOCXIX can be s a t is fa c to r ily  

accounted fo r  fcy th e p resence  o f  an  a d d it io n a l  a o t t y i  group i n  OOCXXX#



U9

iULtbotggh t lm  d m ie c X  1 ® n ot <mtir&3y In  sggipart o f th is

®tractor®* I t  i s  ponsibX®' ttafc t t e  fiM or®  «fel«fe in h ib ite d  Us® r*<foo«

11® of tl» earbac&l grauji islgjht also intslh&t the formation of a 2*W 
diiiitroitonjX h^ctraam e*
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b r ie f ly  ovor Gagnesiua su lfa te*  the bensen© so lu tio n  m s  concentrated  

under dim inished pressure* d i s t i l l a t i o n  o f to© pal© y e llo w  re s id u e  

afforded 202  g . (9^>)  o f e th y l 3 ,h ,  l^ to im etoo^ ton aoato ,  b*p* 1 1 ? ° /1  rat*, 

nmpm 52*>->It*d0 ( l i t *  nt»p* £3-*£f>°) (£9)* Although th e  e s t e r  could  

be r e c r y s ta llia e d  from petro leum  e th e r  by c o o lin g  in  an i c e - s a l t  t o r t u r e ,  

no i i i p ’O ^ K i t  in  th e  m eltin g  p o in t  resu lted * *$tm m ateria l from the 

d is t i l la t io n  was used d i r e c t ly  in  the n e x t step*

I j i i j ^ Y r i ^ t h o s y b y g y l  A lcohol ( ¥ ) . ffethod A* A 250-ml* th r e e -  

necked f la sk  f i t t e d  w ith  a mercury—se e le d  Herafefeerg s t i r r e r ,  a  dropping 

fu n n e l, and a r e flu x  condenser p ro te c te d  by a  d ry in g  tu b e , was thorough

ly  flamed and flu sh ed  w ith  dry  nitrogen* F i f t y  m il l i l i t e r s  (0.10*? m ole) 

o f 2 .1  '--.I l i th iu m  aluminum ly c lride  in  tetrahydroforan m s  p laced  .in th e  

f l a s k ,  and to  t h i s  was added a  s o lu t io n  o f 2k»Q g* (Q*1QQ m ole) of 

e th y l  3 ,1., d-irim © thaxybensoate in  >0 m l. o f to tra h y d ro fu ra n  over a  

period  o f twenty minutes* The to  t r a ly d r o f uran r© fluxed gen tly  du rin g  

the a d d it io n ,  and a f t e r  th e  a d d it io n  m s  com plete , refloatin g was con

tin u e d  f o r  two hours* Ho p r e c ip ita te  formed during t h i s  time* A fte r 

c o o lin g  to e  m ixture in  i c e ,  th e  ex cess l i th iu m  aluminum hydride m s  de

composed % th e  c a u tio u s  ad d ition  o f w a te r , and th e  r e su ltin g  sludge 

was t r e a te d  w ith  100 m l. o f c o ld , ton  p e rc e n t s u l f u r ic  acid* The p a le  

ye llow , o rgan ic  s o lu t io n  was separated from th e  aqueous phase , and too  

la t t e r  was washed f iv e  tim es w ith  ether* A ddition o f  th e  e th e r e a l  ex

tr a c ts  to  to e  o r ig in a l o rg an ic  so lu tio n  caused the sep aration  o f  an o th e r 

aqueous phase which was removed* The o rg an ic  so lu tion , was washed suc

c e s s iv e ly  w ith  w a te r , saturated s a l t  so lu tio n , ami f iv e  p e rc e n t sodium 

bicarbonate* The b ica rb o n a te  wash d ischarged  th e  y e llo w  c o lo r  and became



deep red* The so lu t io n  w m  d r ie d  over magnesium s u l f a te  and concentrated*  

D i s t i l l a t i o n  o f th® re s id u e  in  a  Hickman d i s t i l l a t i o n  apparatus a ffo rd ed  

15*3 g* (79%) o f a c le a r ,  v isco u s o i l ,  which d i s t i l l e d  a t  a  b a th  tempera

ture o f  X15-1200 and a pressure o f  0*03—O.Oit m u

The use o f  a  Hickman apparatus was b e liev ed  necessary to  prevent 

decom position during d is t i l la t io n , but la te r  work shoved th a t th© a lcoh o l 

could b© d is t i l le d  in  a conventional apparatus.

Method B* In  a  3Q0-©X* terc©««mck©d f la s k  equipped w ith  a mag

n e tic  s t i r r e r ,  a dropping fu n n e l, and a r e f lu x  condenser protected  %  

a d ry in g  tu b e, ware p laced  5*0 g . (0*12 sto le) o f  l i th iu m  aluminum h y d rid e  

and 100 ml* o f tetrahydrofuran* Dhen th e  h y d rid e  had d isso lv e d , a  warn

so lu tio n  o f 25*2 g . { 0 *1X5 m ole) o f 3 , 1*,5-trlm© tb o ^ ten a o ic  a c id  {m.p* 
o

1S8*S-X7 1 . v ) in  55 nil* of tetralydroffcran was added over a period of 

fo r ty - f iv e  -minutes* ihe r e su ltin g  so lu tio n  was heated under r e flu x  fo r  

trnmt&mom hours* '.lost of the solvent was reaoved by d is t i l la t io n  a t

atm ospheric  p re s s u re , t he co o led , som i-ao lid  realdu s was c a u tio u s ly

tr e a te d  w ith 100 ml* o f m oist e th e r , then w ith  w a te r , and f i n a l ly  w ith

s u f f i c i e n t  c o ld , ton  percent su lfu r ic  a c id  to  d isso lv e  th e aluidnum

s a lts *  A fte r  working up th e rea c tio n  m ixture  a s  d e sc rib ed  above, there

was obtained 13*7 g* (585) o f c o lo r le s s  o i l ,  b*p* 1X5-420° /0* 02 mm*, 
v °

n fl*^ 1 .5131 .if
3 ,li,5 -T ri^ th < z sy b ^ M y l C hlo ride  (7 1 ). In  a 300 -rl*  th ree -necked

f la s k  f i t t e d  w ith  a  m echanical s t i r r e r ,  a  dropping fu n n e l, and a  r e f lu x  

condenser p ro te c te d  by a  d ry in g  tub© m d  connected to  a gas t r a p ,  wore 

p laced  15*3 g* (0*0?85 mol©) o f 3 ,h ,5^turJj»thca?ybm i^rl a lc o h o l, 9*7 g*

(0*0®D mole) o f p u r i f ie d  d im e tiy lan iliB © , and 100 ml* o f  anhydrous,



th io p h en o -freo  bonsono* The fix tu r e  m s  c h i l ia d  in  i c e ,  and a  s o lu tio n  

o f 9 J 4 g . (0*079 md@) o f p u r i f ie d  tb io n y l ch lorid e (60) in  25 s i*  of 

hen son® was added over a period o f elgfrty minutes# Vigorous s t ir r in g  

was erspleyed during th e  a d d itio n *  Use m ixture i n i t i a l l y  m s  m a g e -  

y e llo w  in  c o lo r , b u t as the ad d ition  progressed i t  became a  p ale  yellow w  

greea* ‘'hen the ad d ition  was com plete, th e  m ixture m s  aH ow d to  m m  

to  ro®a tem perature and was then  heated  under r e f lu x  fo r  one h o u r, The 

m ixture was cooled in  i c e ,  and 30 m l* o f I t ?  l^ d ro ch lo ric  ac id  was added* 

The aqueous phase was se p a ra te d  from th e  y e llo w  benzene so lu tio n  and 

e x tra c te d  w ith  benzene* The combined benzene so lu tio n s  were washed with  

f iv e  p e rc e n t sodium b ic a rb o n a te  so lu tio n , ^mk©n b r i e f l y  w ith ?nagnesiiim 

s u lfa te , and ccsuxm trated under dim inished pressu re*  D is t il la t io n  of 

th e  p a le  ye llow  re s id u e  a ffo rd ed  15*0 f> (QB*?t) o f 3 ,! i ,$ - tr im a th o 3 ^ -  

bonayl c h lo r id e , b#p# 1X0°/‘3*1 r^a*, m*p* 5tU61w# Ttecxy s t a l l !  sa tio n  o f 

the d i s t i l l a t e  from 250 ml* o f petro leum  e th e r  a ffo rd e d  12*9 g* (765) 

o f product, m*p* 60-62° ( l i t *  m»p* 60-61"') ( 5 ) .

D ire c t  Conversion o f fftfcyl 3 , U, 5~TrinK»thO!^bangcate ( I f )  to  

.3,h $ C hlo ride  (VI) * A so lu tio n  o f 56*5? g* (0 .237 m ole) 

of ©thyl 3 ,! 1, 5-1afi.c^tl¥3E^benaoat«i in  125 ml* o f  tetrahydrofuran was 

added to  119 ml* (0 .250  mole) o f 2 * 1  ?! lith iu m  aluminum hydride in  

totrahydrofurm * A fter h e a tin g  under r e flu x  f o r  th re e  h o u rs , the cooled  

m ixture was c a u tio u s ly  trea ted  w ith  ice -sm ter  and th en  w ith  300 m l. of 

ton  percent su lfu r ic  acid* The aqueous phase was s a tu ra te d  w ith  s a l t ,  

separated from th e  o rg an ic  ph ase, and ex tra cted  th ree tim es w ith  o th e r .  

The combined organic so lu tio n s  wore then washed w ith  f iv e  percent sodium 

bicarbonate u n t i l  th e  bicarbonate washings had no red  co lo r*  The organic



s o lu tio n  siw  d r ie d  a m r  tm & xm tm  s u l f a te  snd co n cen tra ted  under d izain- 

isheci p ressu re*  kben m ost o f  th e  solvem t had been removed, hOO r l*  o f 

anhydrous, tMophene»frwe h m m m  was added, m d  approximately 100 ral*

?.w® of s o lv e n t was removed* The r e s id u a l  benaena eo la tio n  was ttoroug&ty 

d rie d  over magnesium su lfa te *  l i f t e r  f i l t r a t io n *  th e  ch ille d  bm®en& 

so lu tion  m s  tre a te d  with 29*1 g . (0*210 laole) of dim etbylan iline, 

whereupon a so lu tion  o f  28*2 g* (0*23? r o le )  o f th ionyl ch loride in  

73 r l*  of bonaene was added over a p e rio d  o f  seven ty  minutes* The m ix- 

to re  was warmsod to  room tojporatur©  and then  heated  under re f lu x  fo r 

one hour. Hie cooled siixture w m  t r e a te d  with 30 ml* o f 1*5 hyd ro - 

ch lo rie  a c id . The aqueous phase was separated and washed w ith  bonsene.

The combined bcraene so lu tions were then washed w ith f iv e  percent sodium 

bicarbonate. The yello*? bonssenc so lu tion  was dried  b r ie f ly  over magnes

ium su lfa te  and concentrated under d ito iish ad  p ressu re , d i s t i l l a t io n  

of the  residue afforded 1Jj.3 g. (0?f overall} of 3*1*,^trfm ethos^benu^l 

ch lo ride , b*p* 110-*112o/0 * l tm*, m.p. 55-40°* H ec iy s ta llis a tio n  of the 

d i s t i l l a t e  from 7*?G ml* of petroleum e th e r afforded 38.3 g. (73- overa11) 

of product* is#p. £9»5»61*0o«

D ie th y l 3gli.f >»1Vii3etl^O3^1^n^fliaal0nat0 (fXX). 'Method A* In  a 2 -1 . 

th reo -nsckod  f la n k  f i t t e d  with, a  j&6reury«0e&Led Ilerahberg  s t i r r e r ,  a  

d ropping  funnel*  m d  a  d ry in g  tube* was- p laced  :3o  m l. o f  f r e s h ly  d i s -  

t i l l e d  d ie th y l  ria lo n a ta . To t h i s  was added 13 .1  g . (0*309 m ole, on th e  

b a s i s  o f n irm % --five  p e rc e n t p u r i ty )  o f sodium hy d rid e  in  s n a i l  p o r t io n s .

The s o lu tio n  reached a  tem pera tu re  o f approxim ately  73’“* a t  th e  m d  of the
o

a d d it io n . Cooling below SO caused th e  sodium s a l t  to  p re c ip i ta te *  the  

s o lu tio n  was warmed in m  o i l  b a th  while a s o lu t io n  o f 131 g . (0.633 mole) 

of 3 # h9 > ~ trim th 0 ^ b en a y l ch loride (m.p. 30-62^ in  3,50 isl. o f d ie th y l
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b o ile d  w ith  d e c o lo r is in g  carbon, f i lt e r e d , and cooled* There was ob

ta in e d  0*9£ g . (7hf-) o f p a le  y e llo w  s o l id ,  m*p* 68-70°.

The same p ro d u c t, m* p* 69—70°, was ob ta ined  in  t h i r t y - e i g h t  p e rc e n t 

y ie ld  from th e  r e a c t io n  conducted in  eth an ol u sin g  p ip er id in e  benzoate 

as  th e  c a t a ly s t .  A lthough the  m a te r ia l  was com pletely' so lu b le  in  b o i l 

ing  petro leum  eth er  a t  th e  tim e o f  i t s  form ation,, a f t e r  tw enty raonths 

i t  was no longer com pletely so lu b le  in  t h i s  so lven t*  The in so lu b le  

m ateria l was c o lle c te d  and r e c r y s t a l l i s e d  from a m ix ture  o f bensene and

petro leum  ether* i t  m elted a t  212-213°. The so lu b le  f r a c t io n  c r y s t a l -
o

U sed  in  la rg o  prism s, m*p* 6 9 .2-70*4 « A nal. C alcd. f o r  £3^ 2 2 ®?*

C, 60*34j b ,  6*f?6** Found? c f 60*4£f B, 6*67* The in so lu b le  p ro d u c t, 

m.p* 212—213 , gave th e  fo llo w in g  a n a ly s is s C, 60 .49 j K, 6 .7 0 . The

e s s e n t ia l  i d e n t i c  o f  t h i s  a n a ly s is  w ith  th a t  ob ta ined  f o r  d ie th y l

3 , i i ,^triaethoxyb© nis^m al€»iato ,  m*p* 69*2-70 .1°, as  w e ll m  th e  mode
oo f form ation, makes i t  scorn l ik e ly  th a t the product, m*p. 212-213 , i s  

1 ,1 ,3 , 3 -tetracsrh oth oxy-2  ,  4 -d i- (  3 ,4 , 5-trim ethoicyphenyl) -cyclobutane {IP 7 ).

^ ^ ^ a e t h o ^ b e n ^ W o n a t e .  ?fethod p. A T exture

o f  0*7,9 g* (0*0022 mole) o f d ie th y l  3 , 4 , k—trim sth o sy b en ca lm alo n ate ,

2$ ml* o f e th a n o l, and 0*05? g . o f Adarn*s c a t a ly s t ,  mis shaken w ith  hydro

gen a t  room tem pera tu re  and atm ospheric  p ressu re. The absorption o f one 

mole of hydrogen was com plete in  f i f t e e n  m inutes* A fte r  rem oval o f the  

c a t a ly s t ,  tine c o lo r le s s  s o lu t io n  was co n cen tra ted  in  an a i r  stream* The 

s o l id  re s id u e  was r e c r y s t a l l i m d from  petro leum  e th e r  to  a ffo rd  0*64 g. 

(35?) o f f lu f fy  n eed les , a .p . 7 7 -5 -7 8 .5 ° . A mixed m elting p o in t w ith  a 

sample of  m a te r ia l  p repared  by Method A was undepressed .



Diethyl 3,k$5^rrl.^tl^.^b8ng<^lmalcgiate (H)» In a. jWL. three-necked
f la sk  f i t t e d  w ith a ?!$@rciiry~sealed Eershberg s t i r r e r ,  a dropping funnel, 

and a re f lu x  condenser protected by a drying  tube, were placed 18*1 g* 
(0*715 atom) of aiagneatuai tu rn ings, 15 ml. of absolute ethano l, 1.7 ml. 

of carbon te tra c h lo r id e , and 2f>0 ml. of anlydrous ether* The mixture 

was warmed gently to  i n i t i a t e  the reac tio n , md a f te r  a few m inutes, a 

mixture of 119 g. (0*715 stole) of d ie th y l malonate, 60 ml* of absolute 

ethanol, and 85 ml* of anhydrous ethor was added dropwis© with s tirr in g *  

Upon heating  the mixture under gentle re f lu x  fo r  th ree  hours, a l l  the 
magnesium dissolved to  afford a gray so lu tion  of diethyl ©thoxymagnesiira- 

malaxate* To th is  so lu tion  m s  added dropirise a so lu tion  of 155 g.

(0 .67k mole) of 3 , l i , 5~trlm thc>^benscyl chloride (m#p* 77*0-79*5°) (?) in  

1.3 1* of w ? i j  anhydrous e th e r . Vigorous s t i r r in g  was e s se n tia l be

cause of Hie formation of a heavy p re c ip ita te  as Hi© add ition  progressed* 

?hen Hie addition  was complete, the mixture m s  heated a t  50° in  a water 

bath fo r  cmo-half hour* The cooled mixture was ac id if ie d  w ith 1*5 

su lfu ric  acid , and benzene m s  added to  d isso lve some p rec ip ita ted  

m aterial* The aqueous phase m s  separated and ex tracted  with benzene.

The combined benzene so lu tions were washed w ith fiv e  percent sodium b i

carbonate so lu tion  and 'then w ith w ater, and were dried  over fflagtMM&im 

s u lfa te . The so lvent was removed under din&niahed p ressu re , m d  His 

.residue obtained was dissolved in  600 ml* o f eth an o l a t  50*60°• the 

so lu tion  m s f i l t e r e d ,  and m  equal volume of warn water m s  added slo w ly .

Upon cooling, there m s  obtained 217 g* (91-) of d is tb y l 3$k»5~ tr imethcay-
# 0 0 benacyImalonatc, m.p* 90.5-91.5 ( l i t*  m*p. 99-90 ) (8 ). I t  m s  im portant

to  conduct tlie recry s t a l l !  zation  as quickly and a t  a© low a temperature

as possib le  to  obtain good recovery.
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su lfu r ic  acid was boiled  fo r  throe hours* An o i l  separated which, upon 

cooling, solidifec! to  a l ig h t  brown solid* This w m  d isso lv ed  in  o ther, 

and the so lu tio n  m© f i l te r e d  to  remove some carbonaceous m aterial* Up

on slow evaporation, the amber e th e re a l so lu tion  deposited a small 

quan tity  of a w hite, cry s ta l l in g  solid* The so lu tio n  mmm decanted o f f ,  

and the so lid  was washed twice with anhydrous ether* A fter two rec ry - 

s ta ll!n a t io n s  from eth a n o l, th ere was obtained approximately* 20 mg* of 

product, m*p* 201*3-203° ( l i t *  m.p* 2001-202°) (£ )•  Anal* Caled* fo r 

c 2 d l2h%* c * ^ - ^ 5  H, 6*71l QCH3,  6 1 .6 7 . Founds C, 66*557, 66*82| 

h , 6*38, 6 .7 6 1  ogh3, 6 1 .6 6 .

P ip erm cy i C hloride (X V i). A m g n e tlea l3 y  s tir r e d  m ixture o f 113 .6  g . 

(0*681 m ole) o f p ip a ron y lic  acid  (m*p* 2 3 0 - 2 3 2 ° )  and 1 2 3  ml* ( 1 * 7 1  mol©) 

o f p u rified  tfe ic sy l ch lo rid e  was heated under r e flu x  fo r  f iv e  hours*

Most of 12ie ex cess  thior^rl ch lo rid e  was removed ty  d is t i l la t io n  a t  

atm ospheric pressure* th e  nearly  b lack  resid u e was fu rth er  concentrated  

under dimini shed pressure u n t il  i t  so lid if ie d *  The resid u e m s  treated  

w ith  1 0 0  ml* o f anhydrous, th iop h eae-free  hensene, and the r e su ltin g  

so lu tio n  w  concentrated again . D is t i l la t io n  o f the residue through ©

sh ort y igreaux ooluim afforded 1 2 1  g* (!/8 *3 't) o f c o lo r le s s  pdLpenmcgrl
o ^ch lo r id e , b*p* 92 / 0 *Q2 f> mm*, m*p* 7 8 -6 3  ,  which m s  pur© enough to  use

d ir e c t ly .

vtkwn p iperoncyl ch lorid e was prepared according to  published d ir e c tio n s  

c a llin g  fear iM  use o f bem ene a s a d ilu e n t, there m s  obtained an e th e r -  

in so lu b le  by-product which m s  in so lu b le  in  o d d , d ilu te  a lk a li and con

ta in ed  no halogen or  su lfu r . R ecry sta ll!n a tio n  m s  accom plished from
o

eth an ol to  afford  a product, m.p* 132.6-131*2 * A n a lysis in d ica ted  th a t
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tfa® m ateria l » s  plporcKQrllc antydrlde* Anal*. Celed* fo r

C, 6l.X>$ Hf 3*SI* T*’cwncSi C, 6 1 .U3? B, 3*li3. This was v e r if ie d  by
Q

h y d ro ly sis  to  piperor^rlle a c id , m.p* 231-233 ,  u sin g  b o ilin g , ton p er-  

cen t sodium tydrcncide.

D ie th y l ^peroiKyfla^XQfiate (X7XI). .In a  3-1* tteree-neckad f l a s k  

f it t e d  w ith « p& sarful Hsrshbsrg s t ir r e r , a dropping fu n n e l, and m

o f f i c i a n t  r e f lu x  condenser p ro te c te d  by a  d ry in g  tu b s , wore placed 20.6$  g . 

(0 .650  atom) o f tu rn in g s , X?*X ml* o f  a b so lu te  eth a n o l, and 1*9 «&•

o f carbon tetrach lorid e*  A fte r  b e a tin g  to  in i t ia t e  th e r e a c t io n ,  300 ml# 

o f anhydrous e th e r  m s  added* To the s t i r r e d  m ixture a  s o lu t io n  o f  136 g* 

(0 .8 5 0  mole) o f d ie th y l m lo n a te ,  7 7 * 5  ml* o f a b so lu te  eth an ol and 100 isl* 

o f anhydrous eth er  was added dropwiae* A fter fo u r  h o u rs , the r e s u l t in g  g ray  

so lu t io n  warn t r e a te d  w ith  a  s o lu t io n  o f 139 g* (0*755 m ole) of plp eroncyl
r r °ch lo r id e , m.p* ?d-S3 ,  i n  1 1* o f anhydrous o th er , s t ir r in g  was rendered  

very d i f f i c u l t  by th e  s e p a ra t io n  o f a heavy ,yeH c**-greea proc& plteta* 

iVban th e  a d d it io n  m s  com plote, re f ln x in g  was con tinued  f o r  o n e -h a lf  hour* 

The c o d e d  m ixture m s  then a c id if ie d  w ith  te n  percent s u l f u r i c  a c id ,  and 

th e  aqueous la y e r  was se p a ra ted  and w ith  e th e r .

Upon stan d in g  the  e th e r e a l  e l u t i o n  d e p o site d  m m  l a r g e ,

w hite c r y s ta ls  o f d ie th y l pJperonoyl^mLUxmte. A few o f th ese were w ith

drawn and r e c x y e ts llia e d  fr c a  a  m ixture o f e th y l  a ceta te  m d  petaroleum 

e th er , to  afford  a  product, m*p* 63•5-71*0°* Anal* C elcd . f o r  

CI# X 6 ° ? S c * U, 5 .2 3 . Found* c ,  5 0 .1 7 , S8.U5* 5 .3 9 , 5.28*

Th© remainder o f the crude resid u e obtained by evaporation o f th e  

eth er  m s  ia>t p u r ifie d , txrfc w e  used d ir e c t ly  in  the n ex t sto p .

3 , W detly ion ed icayace toffienone ( W i l l ) .  :.fethod /.. The crude 

re s id u e  from  the  above experim ent was t r e a te d  w ith  210 m l. o f g l a c ia l
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a c e t ic  a c id , tkO  ml* o f  w ater, and 2 ? ml* o f  concentrated sm lfu ric a c id .

Upon vigorou s b o ilin g , the sta tu re  became homogeneous a fte r  two hours, 

but carbon d lox id e ev o lu tio n  contixmed fo r  m  a d d itio n a l thre® hours*

The orange-red so lu tio n  w m  cooled  and made a lk a lin o  w ith  fo r ty  percent 

sodium hydroxide e lu t io n *  Ttm red , a lk a lin e  m ixture was ex tracted  fou r  

times w ith  a t o t a l  o f 2  1* o f ether* Hi®' ethereal so lu tio n  was washed 

w ith  water m d dried  over magnesia© s u lfa te , the resid u e  obtained upon 

removal o f th e  e th er  was d isso lv ed  in  3 1 * o f petroleum  e th er , m d the r e s u lt 

in g  so lu tio n  was b o iled  w ith  daeolerlalng carbon, f i lt e r e d  m d cooled* 

th ere  was obtained 9 7  g* (?§€) o f p a le  yeH ow  3 , thyloncdiosyacetophcnona,

a«p . 8M>7° ( l i t .  m .p. &L° m d 87-38°) < 2 0 )(2 2 ). A c id ific a tio n  o f the 

aqueous so lu tio n  afforded 6*1* g* o f  p ip ero n y lle  a c id , m*p. 230°. Cor

rected  fo r  recovered pip@r®isylic m id , th e o v e r a ll y ie ld  based on 

piperonyH c acid  m s  81* $%*

bromide prepared from 9 * 7  g* (O.bO atom) o f magnesium, 

b5 g . (G*li75 m ole) o f s*atfcy! bromide, and 1 $ 0  m l. o f  anhydrous e th e r , was 

added 3 6 * 7  g* ( 0 * 2 0  m ole) o f anhfdrcms cadteaiusi ch lorid e over a period o f  

f iv e  ^ im te s*  Ho 'tea t fo r  s^ tl^ liisip ea tu si bromide m m  obtained a fte r  

the m ixture had b o m  s t ir r e d  and heated under reflu x  for- fo r ty -f iv e  

minutes* The oth er was d isp laced  w ith 100 m l. o f b en sem , and the cooled  

so lu tio n  was trea ted  w ith  a so lu tio n  o f 1&*U g . ( 0 *Q§9  m ole) o f plparonqyl 

ch lo rid e  in  5 0  a£U. o f  anhydrous bensem * The m ixture was heated under 

r e flu x  fo r  thir% - m inutes, co o led , and a c id if ie d  w ith  6  H m ilfu rio  acid*

The aqueous phase was separated and washed th ree  times w ith bensene. The 

combined bm m rm  so lu tio n s were washed w ith f iv e  percen t sodium bicarbonate
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then w ith w ater, and were dried over magnesium sulfate* The residue 

obtained upon removal of the bensene was r e c x y sta llle e d  front petroleum 

e th er to  affo rd  10 g* (68*) of 3 , h-ssethy 1 ©nedi oyrjacetophenone, m*p. 

8li-67°. th is  product was contam inated with a yellow im parity  which was 

only removed by chromatography on alumina*

Bromide (II I)*  In a 3*1# t<hree«neeked 

f la sk  f i t t e d  with a mechanical s t i r r e r ,  a dropping fu n n el, and a re flu x  

condenser pro tected  ty  a  drying tube and connected to  a gas tra p , were 

placed 1*9*2 g* (0 * 3 0 0  mole) of 3 ,b^ethylenedlcnyacetG phencm s and 1 .?  1* 

of anhydrous ether* The s t i r r e d  mixture was ch ille d  in  ice* In  sou# 

experiments, 3 ,l*-*isathylenedioxyac©tophenone separated from so lu tio n , 

bu t t i l ls  made no difference . The cold sdactur® wee tre a te d  w ith 18 g. 

(0*30 mole) of bromine over a period of fo rty  minutes, and th© r e s u l t 

ing yellow-brown. so lu tion  was tran sfe rred  to  a 2-1* f la sk  end concen

tra te d  under diminished pressure* The us# of a magnetic s t i r r e r  during 

the concentration prevented the otherw ise troublesome bumping o f the 

suspension which formed* The brlek~r©d, so lid  residue was tre a ted  with 

$00 ml* of water which discharged most of the color* The so lid  was 

c o lle c te d , washed w ith a to ta l  of 1 1* of w ater, and dissolved in  h 1* of 

petroleum ether* The so lu tio n  m s  decanted from a small amount of water, 

boiled  with 2 g* of deco lorising  carbon fo r twenty minutes, f i l t e r e d ,  

and cooled* There was obtained $6 g* (77f>) of 3 ,ii-methylenedioxyph@na.cyl 

bromide, m*p* 90-92*5° ( l i t*  m*p* 86-8?°) (2 0 ), which c ry s ta llis e d  in  

whit© plates* CfedssiOB of the carbon treatm ent afforded a product which 

quickly assumed a pink color*

mailto:ii-methylenedioxyph@na.cyl
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te tr a c h lo r id e . To th is  was added a m ixture o f £$*0 g . (0 .1 0 0  mole) o f
o 22°

d i e t e d  ben^rlm slonate  (b .p .  100 /0 .0 $  jam., l.! i8 6 2 ) and 10 m l. o f

a b so lu te  e th a n o l, lifte r  the m ixture was h ea ted  under r e flu x  f o r  1*5 

hours, the ev o lu tio n  o f hydrogen coassed# The m ixture m s  t r e a te d  w ith  

IS'O ral. o f anhydrous, th iop h en e-free benzene, and the ex cess  eth an ol 

man removed by* d is t i l la t io n  as the bensen e-aleohol sseo tro p e . A so lu 

t io n  o f 19*9 g* (0*100 -mole) o f phenacyl bromide in  X2< ml* o f h m m m  

was added rap id ly  to  the so lu tio n  o f d ie th y l ttb o ^ m g n esiu m b en ^ l-  

m a le sa te . The amber m ix tu re  was allow ed to  s tan d  a t  rm m  tem pera tu re  

fo r  seven days* i t  was then a c id if ie d  w ith 75 ml* o f te n  p e rc e n t su l

fu r ic  a c id , and the aqueous so lu tio n  was extracted  w ith  h& nmm* The 

combined benzene so lu tio n s were washed w ith  w a te r th en  w ith  f iv e  p e r

c e n t aodiua b ic a rb o n a te , and were d r ie d  over magnesium su lfa te *  The 

re s id u e  ob ta in ed  upon m m m n:tra tiom  o f  th e  bensens s o lu t io n  was r e e iy -  

s t e l l l s e d  from 1*00 m l. o f  petroleum  eth er  to  a ffo rd  2p .8  g* ( B i t )  o f  

d ie th y l bens^ljphenacylaaXcBiate, n .p .  75-77° ( l i t .  m .p. 714*6-76*14°) (1 6 ) .

Bengy lp b ^ ecy liia log iio  Acid.  To a so lu tio n  o f approxim ately  20Q g . 

o f potassium  hydroxide in  600 m l. o f  absolute e th a n o l was added a  warm 

s o lu t ia n  o f 56 g> (0 .158  m ole) o f  d ie th y l bansylphen&cylmalonate in  

ISO nlm o f absolu te e th a n o l. The mixture became warm, developed a 

deep red c o lo r , and a f t e r  a few  m inutes, a  p r e c ip ita te  form ed. The 

m ix ture  was allow ed to  coo l t o  room tem pera tu re  m d  was th en  c h i l le d  

in  lo o . Tm  p r e c ip i t a te  m s  c o lle c te d  in  a c o a rse , s in te re d  g la s s  

fu n n e l, washed th re e  tim es w ith  sm all p ortio n s o f  c o ld , a b so lu te  

eth a n o l, and f in a lly  w ith  anhydrous e th er . The w hite s a l t  was then  

d isso lv ed  in  li00 ml* o f  w ater, and the c M lle d  s o lu t io n  m s  a c id if ie d



w ith t^dreebJ.orie ad d *  Bensylphenacylm alonic acid  separated m  m  o i l  

which qu lek fy  c r y s ta llis e d . Use m ixture m n  thoroughly ch illed *  and

the acid was co llec ted  and washed sev era l tim es with a to ta l  of £00 ml* 

of ic e  water* th e f i l t e r  cake w s  sucked as dry as p o ssib le*  P, sample 

of m a ter ie l prepared in  th is  m y  melted a t  XS8~ l?aad. ( l i t *  m.p* X6X^(X6).

The erodei s t i l l  m oist ac id  was subjected  to  therm al decarboxy

la t io n  a c c e d in g  to  ih© procedure o f Brown (16)* Beery s t a l l !  sa tio n  

o f th e  crude p ro d u c t fro® a f i x tu r e  o f  IjOO .ml. o f a c e t ic  ac id  and 250 ml* 

o f mater y ie ld e d  3 5  g* (3 2 .5 5  o v e r a ll) o f ben^rlphenacy la ce  t i c  a cid ,  

su p . l?3-172i.S ° ( l i t .  a .p . (173) 1 7 l* .0 -1 7u .7 °).

)• A so lu tio n  o f 1 .2 0  g . (0 .01 5  mol©)

of bsnw ylphsnacylaeetic a d d , 250 m l. o f  methanol* mC  3  g* o f hydrogen 

ch lorid e im s  allow ed to  stand a t room tem perature fo r  eigh teen  hoars*

Hie m ethanol was ©vapor a ted under reduced p ressu re, and the resid u e was 

d isso lv ed  in  e th e r , the e th er ea l so lu tio n  was washed w ith w ater and 

then w ith  f iv e  percent sodium bicarbonate so lu tion *  and was dried  over 

magnesium s u lfa te . Hi® resid u e  obtained upon evaporation o f the e th er  

was r ® cr y sta llised  tw ice frost petroleum  eth er  to  afford  3*62 g . (625) 

o f m ethyl h en ^ lp ih en a^ laeeta te*  m.p* 6 S .2 -6 9 .0 0 .  A nal. CalccU fo r  

Cl # !l 8° 3 f °* ^ * 5 7 | H* S .h 3 . Found: C, 76.59* ?6 .?2 j H* 6 .52  ,  6 .5 2  .

D ieth y l 3*h* S^Tidm thoxyben^ri-J *1 * tlylenod ioxyihm acylm alonE tc

(IX ). In a 2 -1 . sin g le-n eck ed  fla sk  con tain in g a m agnetic s t ir r e r  bar* 

were placed 5 .6  g . ( 0 * 2 3 0  mol©) o f magnesium tu rn in g s, 0 .5  m l. o f  carbon 

te tra ch lo rid e*  and 5 .6  is l . o f ab so lu te  e th a n o l. A fter the rea c tio n  was 

in it ia te d  by lo c a l beating* a m ixture o f 78 .5  g . (0.23O  m ole) o f d io tb y l 

3* ii* S-tri^thoxyben^rlm alcsiat© * 23  ml* o f ab so lu te eth an ol and 170 ml* 

o f benson© was added* Dae magnesium d isso lv ed  in  2 * 5  hours* and th©
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XX, 1*0 g . o f  te n  p e rcen t p a lla d iu m -c h a rc o a l, and 5o m l. o f e th a n o l was 

shaken w ith  hjrcirogen. a t  room tem perature* The a b so rp tio n  of on© mole o f 

hydrogen re q u ire d  e ig h tee n  h o u rs . Use c a ta ly s t  was removed, and the  

e thano l.!c  s o lu t io n  was co n cen tra ted  under dim inished p re s s u re . The 

re s id u e  was r e c x y s ta llis e d  tw ice from aqueous e th a n o l to  a ffo rd  0*3 g« 

of w h ite , c r y s t a l l i n e  p ro d u c t, m .p. li*6 -!h7 .£  • An a n a ly t ic a l  sample 

was p rep a red , a .p .  Ili9*^~l> l*0o, whose a n a ly s is  was in  rea so n ab le  agree

ment w ith  th eo ry  fo r  th e  la c to n e  e s t e r  XXI. Anal. C alcd . fo r  

C, 6 2 .6 ? | !!, > .7 2 . Foundi C, 63 .07 , 63.29? H, < .78 , < .82.

(XXVXX}* A s o lu t io n  of g . o f potassium: hydroxide in  600 ml. o f 

absolute ethanol was mixed with a  s o lu t io n  o f  33*8 g . (0.0673 mole) 

o f th e  koto d ie s te r  XX in  200 ml. o f  warm a b so lu te  ethano l. .* p rec ip i

ta te  formed w ithin a few n in u te s . A fte r  s ta n d in g  th i r ty  minutes a t  room

tem p era tu re , th e  m ix ture  was cooled  to  10°, and th e  p r e c ip i t a te  was c o l

le c te d  in  a  coarse, s in te re d  g la s s  funnel. The s a l t  was washed three 

tim es w ith  2< ml. portions of cold , a b so lu te  e th a n o l, and th en  w ith  two 

portions of anhydrous o th e r .  A solu tion  of th e  s a l t  in  250 ml. o f w ater 

was a c id i f ie d  w ith  h y d ro ch lo ric  a c id .  The a c id , which p r e c ip i ta te d  a s  

m  o i l ,  quickly c r y s t a l l i s e d  upon s t i r r i n g .  After c h i l l in g  th e  m ixture, 

te e  w hite  s o lid  was c o l le c te d ,  washed se v e ra l tim es w ith  cold  w a te r , and 

sucked a s  d ry  a s  p o ss ib le . M a te ria l prepared in  th is  way melted a t  

130-133°d. a f t e r  d ry in g . Heciys t a l l ! s&tlon could  be accomplished accord

in g  to  the  fo llow ing  procedure.

A b o ilin g  so lu tion  prepared  by d isso lv ing  3*ii g. o f te e  crude malonic 

ac id  in  >0 ml. o f  ethy l a c e ta te  m s slow ly trea ted  w ith 50 ml. o f p e tro -
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Hi© e th e r e a l  s o lu t io n  was washed w ith  wo.ter, then w ith sodium b ica rb o n 

a te  s o lu t io n ,  and was d r ie d  over n&gpesium s u lfa t e .  ’Hie p a le  y e llo w  o i l  

rem ain ing  a fte r  concentration  o f th e  e th e re a l  s o lu t io n  was r e c z y s ta l l ls e d  

w ith  aona d i f f i c u l t y  from m s& xture o f  c tb y l a ceta te  and petroleum ether#  

There was o b ta in ed  0*70 g . (68-£) o f th e  m ethyl e s t e r  XXXII, m*p. 9 1 .0 -  

9 2 . > .  A m i. Calcd. f o r  C?Ĵ 0 g i  C, 63 .W * B, £ .81 j GCĤ , 29 .61 . 

Fomidi C, 63.143, 53 .££ j K, £ .9 ? , 5 .7 9 . ^ p ro d u c ib le  r e s u lt s  could 

n o t  be o b ta in ed  cm th e  n e th o o ^ l de te rm ina tion*  Use average o f  e ig h t  

determ inations was 29 .6 1 | in d iv id u a l  determ inations v a rie d  from 27.71 

to  3-1*2^.

a th y l  3^1, ,^Tri?iQthEig!ybens|yl—3 8,  li t-n>.e thy  lo n ed i caqyphonapylacetate 

(XXIX). A m ix ture  o f  li*69 g . (0 .011? mdlm) o f  XX7III, $00 ml. o f abso

l u t e  e th a n o l, and 8 g . o f  anhydrous hydrogen c h lo r id e  was allow ed to  

stead a t  room temperature f o r  e igh teen  hours* A fte r  removal o f the  

ethanol -under dim inished pressu re, the r e s id u a l so lid  was washed with  

w a te r , then with sodium bicarbonate so lu tio n , and f i n a l ly  w ith  w a te r.

The s o l id  wag r c c r y s t a l l i s e d  from $0 ml* o f ethanol to  a f fo rd  «*70 g.
o

I of th e  e th y l  c a t e r  XXIX, ra.p . 117-11B • Anal. Calcd* f o r

C_H o/0,8 C, 61.17s H, 6.09. Found* C, fjluOi*, 6ti.26s H, 6.Hi, £.9b.«0 <rO v.
Him ? ,ii-c!in itro |tiiix irll^drason@ was prepared in  the u su a l way* 

EecrystedJLlssiition from eth anol a ffo rd ed  a  p ro d u c t, m .p. lU j-H .^ *

/•n u l* talccl. fo r  '^CV l̂l l̂■ * $7*O443 H, I4.9P| h, y .lo . Foundi

C, 77.195 9 ? .0 0 1 I!, ii.9 2 , 1,.92| *1, 9*39, 9 .26 .

2~( 3 , h $ 3-Tri'^2tIx>i^/bcnsyl )-h -( 3 * , h ^thylenedio^ypbia5g/l) -bu ty ro - 

lacton e  (XXXX). A so lu tio n , prepared by t i t r a t in g  3 .1  g . (0 .0077 --ale) 

of the koto acid XXVIII with 0*1 2$ sodium hydroxide so lu tio n , was treated



n lth  1 . 0  g* o f  sodium b o r o l ^ d r i d e  d i s s o l v e d  i n  1 5  m l .  o f  w a t e r .  A f t e r  

s  t e e i n g  f e € in % -f e m r  h o u r s , ,  t h e  m ix t u r e  w a s  a c id if ie d  w i t h  1 § 1  hydro

c h l o r i c  a c i d  and e x t r a c t e d  s e v e r a l  tim es w i t h  e t h e r .  H ie  e t h e r e a l  

s o l u t i o n  w a s  washed w i t h  so d iu m  b i c a r b o n a t e  and d r i e d .  E v a p o r a t io n  o f  f e e  

e t h e r  afforded an o i l  w h ic h  c o u l d  n o t  b e  in d u c e d  t o  c r y s t a l l i s e .  A c i d i f i 

c a t i o n  o f  tli®  b i c a r b o n a t e  e x t r a c t  p r e c i p i t a t e d  a n  o i l  w h ic h  -m s d i s s o l v e d  

i n  e t h a n o l .  A fter s t a n d i n g  n e a r l y  a  y e a r ,  f e e  o i l  c r y s t a l l i s e d .  H ie

s o l i d  o b t a i n e d  w a s  r e c r y  s t a l l !  m d  th r ic e  fr o m  a q u e o u s  e t h a n o l  t o  a f f o r d
o

0*9 go  ( 3 0 - )  o f  b i c a r b o n a t a - i n s o l u b l e  s s a t o r i a l ,  ia.p. 9 5 .5 -9 7 .5  •  Anal. 

C a l c d .  f o r  C ^ i h ^ O ^  C , 6 5 . 2 7 |  K , 5 . ? ! - .  F o u n d *  c ,  6 5 . 0 l i ,  6 1 . 9 3 ;

Ih  6 .0 J , 5 .9 2 .

^ n s ^ d r y ls u c c in ic  Acid (HX¥XXX). In a 5 -1 . Erlwneorer f la s k  ©quipped 

w ife  a !sschanicttl s t ir r e r  and a tberraomstor, and mounted on a s te & a  

bath , were placed 50 g. (0*161 l a o l e )  o f bonshydxylldtenesniccinlc acid

e s t e r  JOCXfX ( # u p .  X 2L «1260 ) ( l i l )  a n d  1 .5  1 .  o f  t e n  p e r c e n t  sodium h y d r o x id e

o
s o l u t i o n .  U se  r e s u l t i n g  s o l u t i o n  m s  heated t o  9 0  f  and  1 < 0  g ,  o f  

H a n e y  n ic k e l a l l o w  w a s  a d d e d  i n  portions w i f e  s t i r r i n g  o v e r  a  p e r i o d  o f  

f o r t y - f i v e  m i n u t e s .  T h e  temper a tu r e  w a s  i m i n t m i m d  a t  9 0 u p 5 ° .  - b e n  

f e e  a d d i t i o n  o f  f e e  R a n e y  n i c k e l  a l l e y  wms c o m p l e t e ,  5 0 0  m l* o f  t e n

©
p e r c e n t  sodium hydroxide w a s  a d d e d ,  a n d  fee  m ix t u r e  m s  reheated t o  9 0  .

An a d d itio n a l 5 0  g* o f  K a n o y  n i c k e l  a l l e y  m s  a d d e d  i n  p o r t i o n s ,  and  f e e

c
m ix t u r e  m s  then s t i r r e d  a t  9 0  f o r  a m  h o u r *  T he h o t  s o l u t i o n  m s  f i l 

t e r e d  t h r o u g h  # 5 0  paper and  f e e  r e s i d u a l  n i c k e l  m s  t h o r o u g h ly  w a s h e d  

w i t h  two >G CM sl. p o r t i o n s  o f  b o i l i n g  w ater. A f t e r  c o o l i n g ,  the p a l e  am ber  

s o l u t i o n  m s  p o u r o d  i n t o  a  m ix t u r e  o f  2  k g .  o f  c r u s h e d  i c e  a n d  2  1 .  o f  

c o n c e n t r a t e d  h y d r o c h l o r i c  a d d .  T he Ii c u v y ,  w h it©  p r e c ip ita te  w h ic h
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formed was c o l le c te d ,  and most o f  th e  h y d ro ch lo ric  ac id  was removed by- 

washing w ith  water* The f i l t r a t i o n  and washing were very  ted iou s because 

o f  the te n a c i ty  with which th e  p r e c ip i t a te  reta ined  water* The wet 

f i l t e r  cake was t r a n s fe r r e d  to  a 3—1* f la s k  f i t t e d  w ith  a w ater t r a p  

and a r e f lu x  condenser* Two l i t e r s  o f bonsene was added* and th© r e s u l t — 

in g  g e l- l ik e  mixture was heated  under re f lu x *  a® th e  w ater was removed, 

■tii© suspended s o l id  became mam g ra n u la r , and when a l l  the water had tee n  

removed, the addition  o f  £00 ml* of e th y l  a ceta te  d isso lved  the sus

pended so lid *  The resu ltin g- so lu tio n  was b o iled  w ith  2 g* of d eco lo r

i s in g  carbon, f i l t e r e d ,  and cooled * The f ix tu r e  was c h i l l e d ,  and the  

f in e ly  d iv id ed  p r e c ip i ta te  was c o lle c te d  and washed w ith  benzene* There

was o b ta in ed  38*£ g . ( ?lr ‘) o f bensbydxy lsuceln lc  ac id  hem itensseneate,
. ~ o

ra*p* 18b—18? * Concentration o f  the mother liq u o r  to  one—third volume
_ 0affo rd ed  a second crop  o f 3*3 g*, m*p* lo ii- l8 ?  .  The t o t a l  y ie ld  was 

e ig h ty - s ix  percen t*  Anal* Calcd* f o r  t C, 7l*.28j

B, £ .T 2 | K .S ., 131* Foundi C, 73 .93 , 71*03? K, £ .0 5 , 5.82? R.5*,

159, I 59, 131.

h - I te n y l^ - c a r b c f ly te t r a lo n e - I  (XL). A. s o lu tio n  of h9 g* (0 .152 mole) 

o f benshydxylsuccinic a c id  bamibenseneatc in  30 ml* of a c e ty l c h lo r id e  

was heated  under r e f lu x  f o r  two hours* The a c e ty l ch loride and a c e t ic  

a c id  wer© removed, and th e  resid u a l ten ahyd rylsu ccin ic  anhydride was 

d isso lv e d  in  £0 ml* o f f r e s h ly  d i s t i l l e d  n i t r o bensene* Tills so lu tion  

was added w ith  s t i r r i n g  to  m  ic e -c o ld  so lu tio n  o f 13 g* (0*32 mol®) o f 

aXumnum c h lo r id e  in  2>0 ml* o f nitrobenzene* A fte r  s t i r r i n g  in  m  

ic e —bath  f o r  th ir% - m inutes, th© so lu t io n  was allowed to  stand  a t  0° 

f o r  f i f ty - s e v e n  Hours, lb s  dark red  so lu tio n  was th en  poured in to  a
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m ixture  o f  hOO ml* of hydrochloric ©eld and 1 kg. o f crushed ice*

■‘■-tea® d i s t i l l a t i o n  removed the n iteobonsene, and a f t e r  c o o lin g , th e

s o l id  was c o l le c te d .  The dark  s o l id  im s t r i t u r a t e d  w ith e th er , and

th e  in s o lu b le  m aterial was r e c r y s te l l is e d  from 150 ml. o f a c e t ic  a c id .
o

The y ie ld  o f !4̂ p!i€nyl«-3 -carbcK^rtetral<m Q-.l, m.p# 207-210 ,  was 17*3 g*

Another recxy s t e l H  s a t i  on from a c e t ic  a c id  afforded 1 > g . o f

product, r a . p .  2ILU2130 (3 T ') . Anal. Calcrf. for  ( 1 ^ 0  i C, 76.67}

H, 5 .3 0 . Found> c ,  76 .6 0 , 76 .67j K, 5.1*?, 5.1*?.

l .^ l% e i^ l^ 3 -c a r te th o ^ te tra lo n © ^ l (XLI) * A s o lu t io n  of 1 6 .0  g .

{0.OS7? mole) o f th e  koto  a c id  XL in  1 1* o f  a b so lu te  e th a n o l was

t r e a te d  w ith  10 g* o f  anhydrous hydrogen c h lo r id e  and allowed to  stand

f o r  e leven  hours# The c le a r  s o lu t io n  was then heated to  60°, and th e

ethanol was removed under diminished pressure! W  keeping tee  mixture

warn, p r e c ip ita t io n  of the e s t e r  was avo ided , gfcsn n e a r ly  a l l  th e

e th a n o l had been removed, th e  re s id u e  was cooled and t r e a te d  w ith  f iv e

p e rc e n t sodium bicarbonate s o lu t io n .  Th® s o l id  was c o l le c te d ,  washed

with w ater and trea ted  w ith more sodium bicarbonate. A fter  a f in a l

w ater w ashing, th e  e s t e r  m s  r e c r y s ta l l i z e d  from  e th a n o l to  a ffo rd  1 6 * 7  g,
o(91*55) of li-ph©f^-3-carteteoxytetefiXffii«>-l, tup* 121.6-123*2 • Another 

recry  s ta ll ia & ti  m  afforded © product whose iselting p o in t was 1 22*3— 

1214*2° .  Anal* Calcd* fear t C, ??#53| h , 6*16* Founds

0 , 77*15, 77.25s K, S .lii, 5 .96.

The ^ ,l*^initrop!h0 nyl}^rdrascne m s  prepared in  the usual manner.

R e c ry s te llis a tia n  from e th y l ace ta te  afforded an orange so lid  which

melted a t  26?**268°d. Anal. Calcd* fo r  C, 63*28; H, 6*67;

P, 11.81. round* C, 63*33, 63*35f B, 1 .66, U#50j n, 1 1 .C<, 11.99.



k^F hai^I^3^carbo ;< y^^^rdrQ^/Tiptly/lerietetraltm e«>I (IX,IIX) * To a 

c h i l le d ,  s t i r r e d  mixture of X.08 g . (0*020 mole) o f  alcohol~fre©  sodium 

m ethoxlde, 1*1*8 g* (0*020 mole) o f e th y l  form ate, and 15 mU o f  anty** 

drous, tJtitoplioao**froe benzene, under n i tro g e n , was added a soluticKi of 

2»9h g* (0*010 n o lo ) o f  lt-^er^l^3--carbetho3Qrt^tralone«iL in  50 ml* of 

benzene* The add ition  inquired f i f t e e n  m inutes* As ik e  ad d ition  pro

gressed , the mixture assumed a deep red c o lo r , and a l l  the suspended
-*/0sodium nothoxide d is so lv e d . .After standing overnight a t  b ,  th e  radx* 

ture was cl?oco la te-teom , and a p r e c ip ita te  was present* F i f t y  rrllli-*  

l i t e r s  o f w a ter was added, and the deep rod  aqueous phase m s  separated* 

The aqueous s o lu t io n  was washed once w ith  e th e r  to  remove tu r b id ity  and 

th en  a c id i f ie d  under e ther*  Hie ye llow  e th e r  s o lu t io n  which r e s u l te d  

m s  washed w ith  sodium b ica rb o n a te  s o lu t io n  and dried over rmgnesium 

s u lfa te *  Removal o f the  other affo rded  0*1. g . o f an o i ly  re s id u e  which 

gave an inme&iate, deep red  c o lo r  w ith  ferfcLc c h lo r id e .  HdLs m ateria l 

was presumed to  bs the iy d ro ^ n ^ th y le n e  carboosylic e s t e r  IL 1I.

Upon a c id i f i c a t io n  o f th e  b ica rb o n a te  e x t r a c t ,  a  ye llow  s o l id  was
■0 oobtained, which s in te re d  a t  175 and ia©lted a t  l81>*138 , and which gave

an in te n se  red  c o lo r  w ith  a lc o h o lic  f e r r i c  ch lo rid e*  P e c r y s ta l l iz a t io n

from 30 ml* o f I t l  b©nBene*.pe tro loum  e th e r  a ffo rd ed  1 .8  g* o f m a te r ia l ,

sup* lBp-1910* A sample p repared  f o r  a n a ly s is  m elted a t  19Q~191°» The

a n a ly t ic a l  d a ta  were in  agreem ent w ith  theoxy  f o r  th e  ^ d ro sy n ie th y len e

e a rb a s y lic  ac id  s t r u c tu r e  ILXIX. Anal* C a lcd . f o r  Cn <1  ̂j.G^t C, ?3*ii6|

II, 14*705 B .E ., 117* Found: c , 73 .09 , 73*03; H, i^.03, X *?lj H .E .,



Ik

Method Am A so lu tion  prepared  by d is so lv in g  QmhO g# o f th e  hydrosy-

m etly lene  e a rb o sy lic  so ld  in  sodium hydroxide s o lu t io n  was t r e a te d

w ith 0*3 ,g* o f  sodium borotydrld®* A fte r  s t in t in g  o v e m ifh t  a t  room

temperature 9 'fee m ixture was a c id i f ie d  w ith 1*1 h y d ro ch lo ric  acid* A

w h ite , granular p r e c ip ita te  separated which gave no c o lo r  w ith  a lc o h o lic

f e r r i c  ch lo rid e*  i te c iy s te l l i s a t ic m  from  a  m ix tu re  o f  e th y l  a c e ta te  and

petroleum s t e e r  afforded 0*18 g* (X??) o f so lid #  m*p* 18?-I88°d* the
o

m eltin g  p o in t  depended ©a th® ra t®  o f  boating*  Values o f  188-189*? d*
oaid 1 8 7 * ? - 1 8 8  d* war® obtained on p u rified  a n g le s  which wore heated  

rap id ly  and slow ly resp ec tiv e ly *  Anal* Calcd* fo r  c * 72*175

U, 6 .0 6 . Found 1 C, 72*17, 72*-Sl* H, 6*38, 6*38*

Lactone o f  li—jrhg^/1—3—c a rb o ^ -2 « ^ d ro > y ^ ^ fe y l—1 - l^ rd ro ^ f te tra l ir i  

XXL1K)* Upon s a l t i n g ,  th© dibydrooQr a d d  evolved a  gas and r a p id ly  

r e s o l id i f ie d  t o  th e  la c to n e ,  m*p* 229—233°* A sanp lo  o f 0 .3 ???  g* o f 

te e  ac id  wss h ea ted  to  19>° u n t i l  no f u r th e r  gas e v o lu tio n  was observed 

( ? —1 0  m in u te s) , tJpont c o o lin g , th® pa le  y e llo w  s o l id  weighed 0*331? g* 

F or th e  lo s s  of one raolecul® of w a te r , th e  r e s id u a l  s o l id  should have 

weighed 0 *3 3 )4!  g* Tli® experim ental d a ta  a rc  regarded as s a t i s f a c to r y  

confirm ation o f  th e  lo s s  o f  a m olecule o f water* Sine© th e  product 

was n e u t r a l ,  lactoaxisatlon  m a t  have occurred*

The la c to n e  proved  to  be d i f f i c u l t  to  ro  cry s t a l l ! s c • sublim ation  

a t  o m  micron fa i le d  to  a ffo rd  a pur® product* H e d y s ta H is a t ic n  from 

f i f t y  p e rc e n t aqueous a c e t ic  ac id  afforded m ateria l which s in te re d  a t  

23?° and melted a t  2!;C3~2li3° However, an a n a ly t ic a l sample m s  prepared 

by c a r e fu lly  pu rify in g  a  sample o f th e  diiydrooty ac id  and th en  h e a tin g
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th® acid  under n itrogen  to  afford  the* lactone# Anal# Calcd# fo r  

C ^ -I ^ c y  C, 77 .12 1 H, 5*75; S .S .f  280# Found! C, 77 .37 , 77.20;

H, 5 .3 3 , 5#75; S .K ., 272.

chilled suspension o f 2#3U g* (0*0b3ii mol®) of a lco h o l-fr ee  sodium methcnd.de 

in  25 ml# o f  anfcpdraas, tM opfoene-free feenaen© containing 3*21 g# (0.0L.31 

mole) o f anhydrous e th y l format©, m s  added a l l  a t  once a so lu tio n  of 

6 .38  gm (0*02X7 mole) o f ?4--|h©^l-3-carb0tho3«3rtotralon©-! in  100 ml* of  

honaen©# th e  resulting mixture qu ick ly  assumed a deep red color# I t  

was s t ir r e d  in  an ic e —bath and o c ca s io n a lly  shaken v igorou sly  to  break 

up the lumps o f sodium methoxid©# A fter  on e-h a lf hour, the sodium 

zaethoxide had completely dissolved# A fter standing m  a d d itio n a l ten 

m inutes, th© c le a r , red so lu tio n  was treated w ith 100 ml* o f cold  water#

The l ig h t  red aqueous so lu tio n  m s  separated , and th© ye llo w  bensen© 

so lu tio n  m s  washed w ith  water# The combined aqueous so lu tio n s  were 

washed w ith  eth er  to  remove? tu rb id ity  and a c id if ie d  under ether# The 

pale ye llow , e th er ea l so lu tio n  m s  washed w ith  f iv e  percent sodium 

bicarbonate am! dried over magnesium su lfa te#  The nearly  c o lo r le s s ,  

ethereal so lu tio n  was concentrated to  a fford  6 .0  g . (865) o f amber o i l  

which gave an immediate, deep red c o lo r  w ith  a lc o h o lic  fe r r ic  chloride#  

Although t h is  m aterial m s  not extracted  by sodium bicarbonate, i t  was 

p o ss ib le  to  t i t r a t e  i t  d ir e c t ly  w ith  aqueous sodium lydroxid© to  the  

phenolphthaleln end-point# T itr a t im  o f  the crude Jydrcoyr^thylene e a r -  

b o x y lic  ostor in d icated  a purity  o f ©ighty-s©v®n percent# On t h is  

b a s is ,  th© yield o f  pure m aterial m s  sev en ty -fiv e  percent*

P u r ifica tio n  o f  the lydroxym  thy lane carb oxylic  ester m s  accomp

lish e d  in  th© fo llow in g  manner# An ethereal so lu tio n  o f  3 .8  g# o f the



crude enol m s  shaken with 100 ml* o f  satu rated  cuprtc ace ta te  solution#

The l ig h t  grsm  p re c ip ita te  which farmed was edB,ected, and washed sue—

cg ssiv a ly  with water# two 3 ml« portions of ethanol, and anhydrous ether*

Tkm dry copper d eriv a tiv e  weighed 3*2 g. A suspension of th© copper

d eriv a tiv e  in  o ther’ m s  shaken vigorously w ith ©old, ten  percent su lfu r ic

acid* ffce re su lt in g  pale yellow* o ther so lu tio n  of the  l^ rco Q w tey len a

carbcwylic e s te r  was washed w ith  five  percen t sodium bicarbonate and

dried aver magnesium sulfate* Removal of tee  e ther afforded 2*2 g. (3di

recovery) of amber o il*  M aterial p u rified  in  th is  way hud a m u t r a i l  m -

tio n  equivalent of 321* (theory 322)# Although a small amount of so lid ,
* /)rup* 63-73 * could bo obtained u p o n .rec ry s ta lllsa tio n  from petroleum 

ether# attem pts to  obtain m ateria l su itab le  fo r an a ly sis  were unsuccess

ful* Treatsient of an alcoho lic  so lu tion  of th© m o l w ith 2*li-din±tro-

phei^teydrasine afforded mi immediate* blood-red p re c ip ita te , m*p# 

l3 ’0-160°d* Attempts to  purify  th is  product were a lso  unsuccessful# 

'evaporation of the o r ig in a l hansene so lu tio n  from th e  reac tio n
oafforded a small residue* A small amount o f  white so lid , m*p# 229-232 , 

was obtained a f te r  several r© cry ste llin a tio n s from bensene# Anal*

C# 78*03, 78*20; H# 5*3>2# 3*SQ# Th© iden tity ' of th i s  n e u tra l substance 

was not established*

l4 -F t^ i^ i-3 -ea rb o ^ -2 -l^ c1 ro ^ m tliy l- l-^ y d rc^ te  t r  a l in  (Xiy 1X1) *

*&thod B* A so lu tio n  prepared ty  t r e a t in g  3*3 g* of  tee  crude ly d ro s y -  

mctiyl©Be ea rb o sy lie  e s t e r  XU I w ith  d i lu te  sodium hydroxide was allow ed 

to  stand w ith  3*3 g# o f  sodium borofcydrtd© a t  room temperature f o r  s ix  

hours* The pal© y e llo w  s o lu t io n  u s  c h il le d  and a c id i f ie d  w ith hydro

c h lo r ic  acid* 'Hie p r e c ip ita te  m s  d isso lv e d  in  ©ther# and te e  e th erea l
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figre&ux column f i t t e d  w ith  a d i s t i l l in g  head, the d ls t l l l& te  was r e -  

moved In term ittan tly  ,  u n t i l  no t e s t  lo r  acetone vas obtained w ith  2,2*— 

dinitropheqyli^dr& slne (h h ou rs). Hi© isop rop yl a lco h o l was removed 

under reduced p ressu re , and the residua was treated  w ith  co ld , d ilu te  

( I 1 4 ) hydrochloric acid* the aqueous mixture was extracted  w ith  ether*

Too e th er ea l so lu tio n  m s  m ahed w ith water and then ’w ith sodium b icar

bonate so lu tio n , dried over magnesium s u lfa te ,  and eocseentrated. Hie 

r es id u a l o i l  was subjected to  d ir e c t  sa p o n ific a tio n . However, a sm all 

amount o f m ateria l was iso la te d  in. a c r y s ta l l in e  con d ition , m.p.

116-117°. Anal. Calcd. fo r  Cj^HggOjt C, 77.00; H» 6 .8 0 . Farads 

C, 7 7 .03 , 77 .20; K, 7 .1 3 , 7 .0 7 .

Lactone of cis-l«4^ydroay-3-carbo«y-^—ptiieqyltetralia  (L II ) . 

S ap on ifica tion  o f the above crude fcydrocxy e s te r  mixture afforded 1 .9  g* 

(7(15) o f hydrooQ?' a c id s , s .p .  l$0-l$8°d *  tlpon recxy s ta ll!s ta t io n  from, a

mixture o f  Uo ml* o f e th y l a ceta te  m d  150 ml. o f  petroleum e th e r , there
,owas obtained !•>  g . ,  sup. 163-165 d*

A sample o f 0 .716 g* o f  the product, m.p. 163-165°d ., u s  heated
ofo r  sev era l minutes a t  180 « The c o d e d , g la ssy  resid ue weighed 0 .675 g . 

The lo s s  in  weight corresponded to  e igh ty—s i x  percent o f  the maximum 

p o s s ib le , and, on th is  b a d s ,  i t  i s  assumed th a t th® o r ig in a l mixture con

tained approximately @ igh% -aix percent o f  th® d s  isom er. Th® co lo r 

l e s s  g la s s  m s  d isso lv ed  in  e th e r . The e th er ea l so lu tio n  m s  washed w ith  

cold  sodium bicarbonate, then w ith  w ater, and dried over magnesium su l

f a t e .  Evaporation o f th e  eth er  afforded 0 .53  g . o f  c r y s ta l l in e  s o l id ,  

a .p . 100-126°. Bmcrys t a l l im t io n  o f t h i s  m ateria l proved d i f f i c u l t .

The use o f  f i f t y  percent aqueous a c e t ic  acid  afforded the la c to n e  111
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o o
which s in te re d  a t  120 and m elted a t  125-12? * Sub lim ation  o f a  sample

o f  t h i s  a t  H 0 °/0 * 0 1  mm., afforded m ater ia l, m.p* 126-128°. A nal.

Calcd* fo r  C^yB^Og* C, 81.£8j H, 5*61. Found* C, 01 .93 , 81.86s

H, 5*93, 5.03*

trms-CMiydroacy—3 -ca rb o x y .^ p h g g y lta tra iin  (LTV).  A c id ific a tio n  

o f th e  sodium bicarbonate e x tr a c t  obtained above afforded 0*09 g* o f  

tran ^ l-% d ro^ -3 -cart«a^ «4-p h ei^ lt@ tra lin *  the product melted a t  

191—1930 a f te r  two re c r y s ta l l iz a t io n s  from a mixture o f e th y l a ceta te  

and petroleum e th e r . Anal. Calcd. fo r  ^xT^lS0! 1 C# 76*10| H, 6 .0 1 .  

Found* C, 76 .1 2 , 75*92|  H, 6 .0 2 , 6.13*

cia^l^lydro^-3-<m rbcnsy«4i^|^ier3ylte ta ra lin  (LXH) .  A m ixture o f 

0 .1  g . o f  th e  la c to n e  and 2 m l. of ta n  p e rc e n t ©odium hydroxide so lu 

t io n  was warsied g e n tly  cm th e  steam  bath* A sm all amount o f  s o l id  which 

f a i l e d  to  d is s o lv e  was removed by f i l t r a t i o n .  A c id if ic a t io n  o f th e  

f i l t r a t e  afforded a  w h ite  s o l id  which was r e c iy  s t a l l i s e d  from  a m ixture 

o f  e th y l  a c e ta te  and pe tro leum  e th e r  to  a f fo rd  th e  ci© iy d ro sy  a c id , 

m .p . 169-l?0od. A nal. C a lcd . fo r  cx ^ l 6 03 J Cf 6*£&*

Fm m dt Cf 7 6 .0 2 , 76*0kj B, 6 .2 5 , 6 .2 3 .

rl  -benscylpropionate (XX7). A mixture o f 21 .1  g .

( 0 .H  mole) o f o6» methyl- /3 -bensqylpropxoatc a c id , m.p. 138-11*2 (6 2 ) ,  

500 m l. o f absolute ethanol, and 5 g . o f  anhydrous hydrogen ch lorid e  was 

aU cw sd to  stand a t  room tesper&tur© fo r  twenty-two h o u rs . The eth an ol 

was removed under dim inished p ressu re , and the pal© y e llo w , r e s id u a l o i l  

d isso lv ed  in  ether* the e th er ea l so lu tio n  was washed w ith  water end then 

w ith sodium bicarbonate so lu tio n , and dried  over magnesium s u lfa te ,  the  

ye llow  o i l  ob ta ined  upon removal o f  th® eth er  was d i s t i l l e d .  There was 

obtained 2 0 .6  g . (85$) o f e th y l oG-*nstfcyl-4 -benscy lprop ion ate, b .p .
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2!>
93°/O.X rm»9 n n ' 1*9060, sp .g r*  2£_ 1*0733. Anal. C alcd . fo r  C ^B ^O ^s"ftf™ " "Wwwwww -*-,»? — ■ i „<•'
C, 7 0 . e?} H. 7 .32 j E .E ., 220. Found» C, 71 .19 , 7 0 .9UI H, 7 .36 , 7.3Jjj

c* p *T| q - •  i »• ,

ap ac tlc ti o f  Formaldehyde w ife  Beng^Iphtmacylaeetic A cid. 2*»Bengyl«»3«» 

benzaylbutyrolaoton© (LXIV ) and 2~Bengyl«»3^ffidro;Kyisethy l~3«»b©nsoyIbn ty ro~  

la c to n e  (LXV)» A suspension o f  2 .6 8 g* (0*010 mole) o f bonsylpfcenac^rl*-

a c e t lc  ac id  in  $ ml* o f d i s t i l l e d  w ater was t r e a te d  w ith  3*2 ml* (0*011 

n o lo ) o f 3*B> M sodium hydroxide so lu tio n . The r t i n l t i n r  y e llo w  so lu tion  

urns then t r e a te d  w ith 6 .7  stl* (0*12 .mole) o f form alin and allow ed to  stand 

a t  room temperature f o r  e ig h tee n  hours* The ye llo w  c o lo r  was d ischarged

a t  th e  end o f t h i s  time* Ac i d i f i c a t i cm o f  the c h i l le d  s o lu t io n  a ffo rd ed

an o i l  which was taken  up in  e ther*  Th© e th e r e a l  s o lu t io n  was washed 

thoroughly w ith  w a te r , d r ie d  over magnesium s u l f a t e ,  and evaporated.

Hie r e s id u a l  o i l  had a s a p o n if ic a t io n  e q u iv a le n t o f  291. A s o lu t io n  of  

1*75 g* o f te e  o i l  in  1? ml* o f hensen© was passed th rough  s i l i c i c  a d d  

con ta ined  in  a  2x20 cm. chromatograph tu b e . E lu tio n  w ith  benzene affo rd ed  

0*55 £• o f non cxysia lH ne kete  lacton e  LXBT. A nal. C alcd . f o r  C^gBx^Oqs 

C, 7 7 .1 2 5  H, <*!:>$ E .E ., 260* Founds C, 77*16, ?7*13| K, S.9l*, S .6 l |

S .S . ,  279. This m aterial afforded a y e llo w  SjliMSinitrophenyll^^drascm-a, 

su p . 197-199°. Apal. Calcd. for  C^Ug^O/H^t C, 62.60} K, U.jOj 

>1, 1 2 .1 ? . Foundt C, 62.7?} K, U.39} W, 11 .9 0 , 1 2 .1 1 .

E lu tio n  w ite  f iv e  p e rc e n t ethanol In  benaexio a ffo rd e d  0 .70  g . o f the 

n o& ciysta llin e  keto rasihy lo l la c to n e  LJty. A nal. C a lcd . fo r  

C, 73*^3} H, 5 .6 5 | E .S ., 310. Founds C, 73.97? H, 6.03? C .S ., 293*

T his m aterial f a i l e d  to  give a p r e c ip i t a te  w ith  2 ,h -d in itro p h © n y ll0 ’d ra s in e .
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2*36 g* (0*0085 mole) of th© c r y s ta ll in e  koto lacton e (1XTV&), m»p*

108 .0 .X 10.00,  !>0 ml* o f  ethanol* and 0*£ g* o f  ten  p e rc e n t p a llad iu m - 

c h a rc o a l was shaken w ith hydrogen a t  room tem pera tore end atmospheric 

pressure* The a b so rp tio n  o f  orx© mol© o f hydrogen m s  com plete w ith in  

tm nigf minutes* A fter rem oval o f the c a t a ly s t ,  the c o lo r le s s  a lc o h o lic  

s o lu t io n  wm evapora ted  in  a stream  of a ir*  -'hen tw o - th ird s  o f  th e  so l

v e n t had teen removed, a p r e c ip ita te  formed* A fte r c h i l l in g  the m ix tu re , 

th© p r e c ip ita te  was c o llec ted *  There m s  ob ta in ed  0*9B g*, ®*p* l^Q -lSo0* 

TUrthor ccncentr a t i an o f th© f i l t r a t e  to  a volume o f  10 ml* and c h i l l in g  

to  -2 0 °  a ffo rd e d  a second crop  of s o l id ,  .making th© t o t a l  y ie ld  1*10 g*

( h H ) *  ttecryctalHssattion o f  t h i s  fro® 5 ml* o f eth anol a ffo rd ed  1*01 g*
o(h2%)9 sup* lit?«3A0 • A sample re c r y s ta ll iz e d  fro® a 'mixture o f  benseno

mid petro leum  e th e r  m elted a t  lii.9-1600* Anal* Calcd* f o r  C-j^H^D^s 

C, 7m*2?| H, 1.U3* Found* C, 77*U, 17*10.$ H, 6*50, 6-1*3.

The fa ilur©  of the r e c r y s t a l l i  zatione to  a l t e r  th e  m eltin g  p o in t  

i s  n o t understood*

This m a te r ia l  was a lso  prepared t y  th e  palladium catalysed  hydro

genation o f  th e  keto lacton e  in  cyclohexsne* The Bmm wide m e ltin g  

range was observed*

2—Bensyl—3*»( ̂ s ^ s s t i ^ ^ ^ e s S f ^ s s J ! S & ls .  A « * * * » »  o f

3*9 g* (0*03ii mole) o f the noncry s ta H im  k e to  la c to n e , !>D ml* o f eth an o l, 

and 0*£ g* o f  te n  p e rc e n t palladlum ^hareoal m s  shaken w ith  hydrogen a t  

room ta w ^ ra tu r©  m d  atmospheric pressure* The absorption o f ninety-tw o  

l^ rcea t o f  the th e o r e t ic a l amount of iydrogen m s  complete in  s ix  hours* 

A fte r  removal o f th e  c a ta ly s t ,  th© a lco h o lic  so lu tio n  was evaporated  in



an a ll ' at* • A p r e c ip i t a te  fortmil a s  th e  so lu tio n  became imr® concen

trated* T b m m s obtained 1*2 g* (31>) o f  crude hydroey la e to io  L ^ Ib .

R e a ry s ta lH s a tio n  from  a  mixture o f  10 ral* o f benaena and VS ml* o f
o

petroleum e th e r afforded 1 * 1 1  g* ( 28^) of product* m*p» 1 0 2 -1 0 1  • A
. 0

sa?9ptle prepared fo r ana ly sts  molted a t  103*0-103*0 • Anal* Calcd# fo r

C“| f I * II* FtHffidt C* /3*?:>X, f'3* jf?| h, n*-o2,
t s^Trtmetbo»yb®n^l)-!3«(3 *1 4 ^ ^ t2 ^ 1 ^ e d io ^ b c m so y l)Jb »

«>nni » i'iWiiiiia i iu » r i i iw ii.P f i m r T » i i iw iir »  r m r r t f K p iM iiiiiw inw n n  i mwm  i i w iMwrnwarrmw mumm  mum  m u m  w r m  -w m ii r T n r iTrwiiMH r r  ' i r - n m r  -n ir rr r  irnr 111 n m nr m annf-nri r  t ie r  -1 -fiwrn-fi-jTn ' r i»  ~ nun r 11 i t f  i inn—hawrnr • nr ■ w'*"

l y d r u ^ t e t y r i c  Acid (IPCVIX). A s o lu t io n  p repared  by d is s o lv in g  13*1 g* 

(QmQkO mola) o f tba lecrto a c id  XXYXXJ i n  18 .ml* of 0*926 $ sodium 

id o  s o lu t io n  m s  t r e a te d  w ith  U*$ ml* (0*030 mol©) o f 3?€ form alin* Up

on s ta n d in g  a t  roaa- te?^poratur© f o r  fo r ty —f  our h o u rs , th e  o r ig in a l ly  

ye llo w  s o lu t io n  was m a r l y  c o lo r le s s*  The m ix ture  m s  c h i l le d  i n  ic e  

and ^mdc s tro n g ly  a c id  w ith  h y d ro ch lo ric  acid* The gumsy p r e c ip i t a te  

which fcsrasd was c o lle c te d  and watthed so v e ra l tinses w ith  w ater* A fte r  

s e v e ra l  t r i t u r a t i o n s  w ith  o t t e r ,  10*9 g* (63^) o f  th e  acid*
Q

m*p* 131*131 d* was obtained* ';te n  the saelting po in t was taken slowly,
othe m ateria l melted f r mn 131*»lU0 * This m s  apparently  due to  g radual

cxHweralon to  the corresponding lactone*

A sarn ie  p u rified  fo r  a n a ly s is  t y  r c c a y s ta H isa t ic n  from a mixture
oo f  e th y l  a ceta te  and j^troX etus © Ite r  melted a t  13>-13? d* A nal. Calcd. 

f o r  C2^ l2 la , i  C, 31* 101 B, 5*?9f 0CB.J, O l.o J i W te to O .  Found*

C, jX.IO, 01.29! II, 5-*73, ?.76j OCK3, 2X*>3, 21.331 ?!*B., 13^10*2*

2*»( 3,1^ .g-Tri^thojybengyl )-3~(3 * ,8  t#^ifeylcm cdic33^l^m ^l)- 

bulyroX aetone (DnrxxXa}* Tm  grm s  (0*0010 mole) o f th e  rast&ylol a c id  

(LW II) m s  te s te d  a t  150° u n t i l  the scrr-pla m s  cc»3|aat® 3y  sa lted  

(2-3 minutes)* The glassy  la a te r ie l  o b ta in ed  upon c o o lin g  m s r c c r y s t s l l i s o a
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wl&i hydrogen a t  room temperature and a tm ospheric  p re s s u re . Th© absorp

t io n  o f one mola o f hydrogen took p lace in  3*5 hours* Tbs r a t e  s laved  

markedly a t  t i l l s  po in t*  A fte r  rem oval o f th e  c a ta ly s t*  the ethanol 

was evaporated to  a f fo rd  a  c o lo r le s s  g lass*  Ip a l#  C alcd. f o r  C2#2iiP&f 

C, 63*2*S| H, S .B lj S.E.* 106. Foondi C* 63*3?, 63*16| H, 5*96* 6.11*

&♦-&•* i|21«

The g la s s  was vary r e s i s t a n t  to  c x y s i^ llis& tio n #  U ltim ately* a

sample c r y s ta l l is e d  from a  m ix ture  o f  e th y l a c e ta te  and petroleum  e th e r

to  a ffo rd  a  product* m*p* 100-10*? °* A s o lu tio n  o f 3*5 g . o f th e  crude

hydrogenation product in  U5 ml* o f e th y l  a c e ta te  a t  room temperature was

tr e a te d  w ith  C>0 ral* o f pe tro leum  o th er*  B w  r e s u l t in g  s o lu t io n  was seeded

.ami allowed to  stand a t  -2 0 ° . A fte r  s e v e ra l  days* the p r e c ip i t a te  m s

c o lle c te d  and m ailed w ith  a co ld  m ixture o f  e th y l  ace tat©  and petroleum

e th e r  (2 #3)* There was obtained 2# *>3 g* (72€) o f w hite  powder* m*p*

102-108 • A f te r  m o th e r  r o c z y s ta l l i s a t la n *  th® y ie ld  was 1*8? g* (53^)
oo f product* m.p* 10ii—108 * F u r th e r  re c sy & a llis& tio i a ffo rd e d  .m aterial* 

s u p . 3 0 $ JB 9 ° . Anal. Calcd. fa r  CgglWOgt C, 63.i*5j H, 5.01} OCH,, 

2 2 .3 6 . Foundi C, 63 .61 , 63.35} U, 6 .1 3 , .5.31; OCH,, 22 .36 , 22.2i2 . 

2-(3,i4,5»TrlBBfrho:iqybeaayl)-3-(3%F«• bkt

b u tyric  Acid (LXXXXX). A m ixture  o f 10 g* o f th© y e llo w  g lass*  #0 m l. 

o f eth an ol and 0*? g* o f  Adamts  c a ta ly s t  m s  shaken t ilth  hydrogen a t  

room tempeiuturo and atmospheric pressure* A very ra p id  a b so rp tio n  o f 

hydrogen took place* co rrespond ing  to  f o r ty - f iv e  p e rc e n t o f Hie expected  

absorption assuming th© m aterial to  be th© k e to  lacton e UCtTIXIb* Con- 

t in n e d  shaking r esu lted  in  Hie slow  absorption o f hydrogen u n t i l  e ig h ty -  

f iv e  percent of the expected a b so rp tio n  took  p lace  * A fte r  rem oval of



the c a ta ly s t ,  th® s o lu t io n  w  c o n ce n tra te d  i n  an a i r  stream . The sem i- 

s o l id  re s id u e  w#a t r i t u r a t e d  w ith  hmmm  c o n ta in in g  a  l i t t l e  petro leum  

e th e r*  The gumngr, in s o lu b le  s o l id  was recxy s t a l l !md tw ice  from 75 ail* 

o f benasne to  a ffo rd  1*3 $• of m a te ria l*  m.p* 166~167°. This m ateriel 

mm so lu b le  in  f i r e  p e rc e n t sodium bicarbonate* A nd* C alcd . f o r

Cj 3̂ *h5 i B , 5.&tf OCH3 22.36j M .I., lOlu Found* c, 6 3 . 8 1 . 

63*90* 6 3 .8 5 , a r e .  6 3 .GS1 H, <*99, 5*09, <*89# a w .  5 .9 1 | OCII3 ,  22 .93 , 

22 .6 5 , SW . 22. 59.  M .S., 10.5.

I n f r a r e d  S p e c t r a ,  the i n f r a r e d  s p e c t r a  w a r e  determined b y  u s i n g  

a Perkla-X lm er In f ra re d  S pectrom eter % d a l 12 C c o n ta in in g  a  r o c k - s a l t  

p r i m .  F ir e  percent s o lu t io n s  o f th e  compounds in  ch loroform  were em- 

p loyed . The c e l l  th ic k n e ss  was 0 .1  ism.
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k i lH a s  Bruce T u em ler , Fh* !>*, 19^3 (B*S# University o f  llarylaxKil, 1S>?0)

T it le  of* T hesis s Tbs <'$mthesl3 o f an t^ sv c h a in  Analogue of P od op l^ llo iax in • 

The s i  a d irected  by P rofessor Hathsn brake*

.Major* organic Chemistry, ttopartnent o f  Chee&stry.

' fin or 3 j O s t e a l  Chemistry, Inorganic Chesnisrtay#

.Pago® In t h e s is ,  90 . -ords in  a b stra c t, 350#

The discovery th a t podog&grllotoodA ( I )  damages m alignant tumors in

asqperimental animals has ex c ited  in te r e s t  in  t h i s  cmnpmnd and in  com~ 

pounds r e la te d  to  i t  a s p o ss ib le  chemotherapeutic agents fo r  c m m r #

Th® high to x ic i ty  o f  podor^^XXotm Xn  has presented i t s  u m  In  cancer 

thermnf, met t h i s  has prompted a search fo r  analogous compounds hairing 

lower toxicit3-.es but s t i l l  r e ta in in g  th® d esira b le  property o f  attack ing

t ’UGKirS.

M s  t h e s is  d e sc r ib e s  th® sy n th esis  o f  the opcn-chuin analogue o f  

podopa^rXlotceadLn, 2« (3 ,it, ?^teirae thasybenssyl)-»3-{ oO-hydr oxy-O5 ? h •-raethorl- 

^®dio(^beKn^l)«tatyrolsctane ( I I ) .  This substance i t s  prepared from

3.1,!^trij!iwthoxyhensoic acid  ( I I I )  cn one hand, and p ipeyonylic  acid  

( r ? )  on th© o th e r .

SsterifiCRstion o f  I I I , foIXcwwsd 1$r reduction o f  th®. etfcgrl a ste r  using  

lith iu m  aluminum hydride in  tetrs^ d rofu rsm  afforded 3,1*, ̂ ~trXOTtb®3^-* 

bonqyl a lcoh o l {? )• Conversion o f  f  to  the corresponding ch lo r id e , .and 

reaction  o f th® ch lorid e  w ith d le tb y l sodlomalonate,  afforded d le tb y l

3 .1 ,  ̂ trimethcQiybsfisylmslonate (¥X1) in  m  o v e r a ll y ie ld  o f sixty~one  

p ercen t, based on III#



P ip e ro n y lie  ac id  was converted  to  th e  ac id  c h lo r id e , and th e  l a t t e r  

was re a c te d  w ith  d ie th y l  ethoxymgnesiummalon&te to  a ffo rd  d ie th y l  

piper oncylw alon  a te  (X V II). Acid h yd ro lysis  and decarboxylation o f XVII 

a ffo rd ed  3 ,Wm3thylenedioiy&c© tophenone ( XVIII), which was brondnated 

to  a ffo rd  l^ i^ e th y l^ e d io s y p fa a n a e y l  broralde (XIX). th e  o v e ra l l  y ie ld  

o f XIX based on XV was siw ty-th ree  percent*

The ©thoiymaf^esium s a l t  o f  VII re a c te d  w ith XIX in  benzene a t  

room tem peratu re  to  afford d ie th y l  3 , U, ̂ -tr im o th o ^ b e n sy l- l9,1  *-me th y l -  

enedioxyphGnatyln^onat© (XX) i n  y ie ld s  o f  se v en ty -s ix  to  eighty-on@ 

p e rc e n t. ’’This appears to  he a  s a t i s f a c to r y  g en era l method fo r  conducting  

th e  phenaqylatiun o f sKmosnbstitnted malonic e s t e r s .

SaponifiQatdjaa of XX and decarboxylation o f th e  r e s u l t in g  m slonie 

a c id  a ffo rd e d  3»h9 a*.trimethaxybensyl—3 1,  h *-:ne thy len ed i o^-phenacyla c e t ic  

ac id  XXVIII in  e ig h ty - f iv e  p e rc e n t y i e ld .

fhe  sodium s a l t  o f  XXVIII reacted w ith  formaldehyde to  a f fo rd  ? -  

(3$h$ >~trii?m tho:xyb@nsyl-3-( 3 *,h * .^et!y len@ di0xyhen£oyl ).4j*4ydra3Qrbutyric 

ac id  (LXVII) in  s ix ty -th r e e  p e rc e n t y i e ld .

Lactonination o f  LXVII fo llow ed  by hydrogenation o f  th e  ko to  la c to n e  

a ffo rd e d  I I .

A ttem pts to  condense th e  e th y l e s t e r  o f  XXVIII w ith e th y l format© 

f a i l e d ,  f ta d le e  on sim ila r  koto e s t e r s  in d ica te  t h a t  a  s t e r ic  f a c to r  

preven ted  the co n d en sa tio n . "%ile e th y l b en ^ lp h en acy laceta te  fa i le d  to  

condense w ith e th y l fo rm a te , the  c y c l ic  analogue, h -^ ih e n y l-3 -c a rb e th o ^ -  

te t r& lo n a - l ,  condensed r e a d i ly  to  afford  th e  hydrosyiaetfcylen© koto e s te r  

XLII. ^ ed u c tio n  of t h i s  by sodium borohydride a ffo rd ed  th e  dihydroxy ac id  

XLVIII which la c to n ised  to  fo m  a stripped analogue of podophyllotoxtn.
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