
- - - -- - - - _ _ _  - -  - 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

-- - -- _ - __ - --- -- 

RADIATION LABORATOR 

- 



DCRL1569 
Unclassified-Chemistry Distribution 

UNITTERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract Ho, W-740 5-eng-48 

CUBOMATE CLEAVAGE IN THE HYDROISIS 

OF DIETHYL a-WHTHYLMALONATE 

Arthur Fry and Melvin Calvin 

November 26, 1951 

Berkeley, California 



Radfatf on Laboratory and Department of Cheonisf~g, 
emf -Q of C a W o  Berkeleys Calf f o 

A kinetie produet study of the carbonate eleavage of'malon3.e ester has been 

made, and it f s shown that the fomatf on of  carbornto frm malonfc aster in  alkaline 

The work described in '%his paper -8 sponsored &y the U ,So Atoatfo 
Energy 6smmfa9%ono 

(2) Thfa paper was abstracted frm the thesis  smbmf.t,ted by Art& to the 
Graduate Division of the Ulofversfty of  California fn partial ful f i lbant  
of the rsqufrments for the PhoDo degree, June, 1951, 



droQrs%a of the sen$s%%%u%sdl ~~18tl~Ipfa a&er, 

Such h s i e  mrbnah eliswage sac%iona of aabstftu~sd mcnlonk eatera have 



4sn the prawn% ~ o r k  % b $ f e  have been mmiad out h aqu~tps aleaPlQB 





be assumed f o r  rea~tfona [f PI, a% which %&me m s ~ & b m  (E) fa & a m a d  to bl; xmpl=l trs, 2kese 

vaa1ues have been ehoaetn sommltaat arb%tmr%By aa 0,5 hr, and 02.5 hr, after mixing a t  2 5 , ~ ~ ~  

and 36,95QC, respeet$.veB;y, The ae%Plal value is of smBB cmnsequeme for most of the points, 

since it La wll compared to the total t h e .  The values of k1 and k2 mlculatod in this 

Baaleaor are givean fn Table II, 

a% Variow hints 

ing our assumption of second order klnetica. The value8 of kl a t  the longer tines and 

k2 a t  shorter times errs probably somewhat inaccurate dm to neglecting equations (11) and 

(I) respectively. The values of k2 at longer times are probably somswhat inaccurate dnce 

the readion f s vczy near eompPstion and *a are dealfag wi%]lbn small dfffersncee between 

numbera, This method of ob%af d n g  data was not deemed d f f  ef sntQ sensitive =I- 

d a t a  kf a% %he hfgber temperatwe, 



bco~ oMa net 
w3 0 

From these data 5t i s  obfous that tihe i n i t i a l  carbon dfoxfde evolu.lfon has a differ= 

ent soume from that evolved af'ter heating the esolutfon, The final carbon dioxide evolu- 

tion fs undoubtedly from the deoarhxylatfon of the malonic acid, whfle the i n f t i a l  rap%d 

carbon dioxide svo1ution a fm carbonate as  meh, 

Etn order to deternine the amount of carbonate obtained as  a ftametfon o f  the amount 

af Qdrolysfs, the samples din the a w e  36095Q~ kfnetf e m and fn an earlfer kinetic 



~~omp1ete eolbeet%on o f  the carbon dioxide, as shown the data in Table 11x0 The rssuPts 

of these msesummen%a are shown fn Table N, The, pmaentagcbs a m  eelmlabd on the basir 

of the bydrolysfs of the diestep %o the diaofd, and the demrbaxglation of the dfaeid t o  

the mono-aef d and earboa dioxfdee 

* Blank 

s / T h i s  coPtapul is the ratio of GOg f o m d  to  moles of ester h i t i a l l y  present, 



being f ~ m d  during the hp 

dsolyab of t h e  d&es%er fa the &on of the hli-ester said, A t  hydmlysis a t  the end of 

one b u r  a t  approximatea$. t o  cornpHeta hydrolysis $0 the fon 

of $he half-ester a d d l  m ~ r b m  has been fomd, r u l e  a t  the end of the seesnd lam 

7 08% of the m r b ~ m b  C I ~ V Q ~ ~  h~ ~ ~ l e ~ % " F g d  w M P ~  88 &dlt i0881 %O&% 

The higher tmpexle%ur-~ ase  f s equally clear eu%, Third, the rate of prod.urc%fon of aarbg~n- 

a h  is roughly pzw~~1&dxmB %a the mito sf hydro%$afs of' the %on sf the haPf=es-bep a& %s 

the d%-fon of the dheAd, as %er a t  

t h e  4x0 fesnperabres in e IW, These a r e e  obsematfons Peed to the oon&ms%on %ha% tb 

carbonate is befng prod-ud fram %he foa of the half'-eater aafd, either during the bydroB;gsfs 

or by a path parsalBeE. w%$h the mJysis with a nearly equal activation energy, 

Alfbugh the a sb data on $he wmbcmate celmvage am not very qulan%%fa%fve, we m y  

o h r e  rewasonable average values for the ratios of carbonate cleavage to  

ion o f  the habfo.c4sbr a ~ 3 . d ~  a& by mmbfn%ng these values af%h the values of k2 from Table IIIc 

we can eelmalate aegaergy and entropy of aetfvaffon for eaeh reers%fon from the fheopg of 

constants for the @ciroPy-sfs reae$ion (kh) and the earhnate cleavage react%on '@&I. The 



1.0 arid 1.25 ren chosen as %he bsat values fir %his mtio sr 25.00% and 366!5@~~ reepectfvs- 



The earlmn-arbon bond in the above complex is  unduubtedly weakened bg the repulsion be- 

tween the two negat%vely ehsgetl snds of the ntolede, thus fadlf tat ing the carbonate 

cleavage,, This reaksrzhg 8v:..'+$c-, i~ 20% pmsen% in the hgrdrol$sfs of the dfester, and f a  

perhaps the reason w h y  we do no% ge% this cleavage during t h i s  first lpimlys3.s step* 

(101 C,R, &user and %Lo Httdaon, Jr,, in B, Adams, W r  n%c Reactionan, Vole I, 
J ~ h n  Wilsy and Sons, Inc,, Elm Yo&, bw Pork (1x3 f a p-r 267 



9010 that eaters with Pt is asU. luww~ one alpha wdrogon give very par re- 

sul ts  i n  the normal Chisen codensat&on unless a base stronger than ethoxfde, such a s  

sod%om trfphssqy3LEs%&l., fa a d ,  Since this i a  the case, are would expect a diallryl aoeffe 

eater and ethyl aarbnate %a give a poor forward Chisen condensatfon, and correapordfngly, 

the product, s diaJ3ql aide ester, should given an imp~aved reverse reaction, or earbonatc 

cleavage, a6n dew of M a ,  we would expm% a=naphthy3.alkylmalonic esters to  undergo thfa 

and acidifieatfoa of the rasultiag sal ts ,  They reposted that the wmalcmic acidsn so obtafi.. 

ed apontansorrsly dea-Patsd a t  room tamperature., It amma very probable t h d i  the 

sorrree of the carbon dioxide evolved in thia ease was not the dscarbaylation of  the malonic 

acid, but rrrther 43w m ~ r s e  e0ndermatfon 5n basic solution. 

The question of ahy a-1~aphthy.lrrraloz9e ester (and other aryl l ~ l o n i c  est ers) &ergoas 

% U s  carbonah afeavage mru readfly than aliphatic malonfc esters, i e  tmdoubtedly comeeted 

with the sterfe  offset of the lsrgy brlky argl  groags aa well as n%th the resonance stabflio 

zatkm o f  the igtenaediato he 







A kineti  e pmdu~% shcQ 0% %he carbonate cleavage of malonfe ester bas born 

made, and %& is shown $ha% the f o m a t i o ~  of carbonate fPom tualogfc eater in alkalim 

solution fmdvea %he d%rre% fission of %he half a d d  esear, 



Figure 1 - Variation in Titrat ion C m e s  with Amount of Hydrolysis of 

Dfethyl a-Naphthylmalonate, 

Figure 2 - Hydrolysis of Diethyl a-(Laphthyhalonate as a Function of 
Tim, 



--t- t - 0 ,  0 . 0 %  HYDROLYZED t + t 0 . 3 2  HR., 51.2% HYDROLYZED 
-k-- t = 14.33 HR., 98.8% HYDROLYZED - END POINT 
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