
2-picoline, S,G-lutidine, quinolinr, and morpholine, since the 
picrates of these amines have quite low solubility in alcohol. 
On the contrary, the formation of the picrates of aliphatic 
amines in alcohol a-as not too successful, as the picrates have 
:it)out the same or even more solubility in alcohol than the 
picric acids themselves. Ethyl ether was found to be a satis- 
factory solvent for the precipitation of picrates of aliphatic 
amines and picrates of 1-naphthylamine. The picrates of 

aniline were easily prepared from boiling water. The mcltinp 
points of the picrates Kere determined in an evacuated capil- 
laiy tube usinga copper melting point block. Values obtained 
in an open melting point heated block were as much as 40" 
laxer. To obtain reasonable duplication, the melting points 
xere recorded using a temperature gradient of 1°/min. 
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The rates of saponification of 7-butyrolactone and monomethyl and gem-dimethyl 7-butyrolactones have been measured 
in 92.3';; ethanol a t  0" and 25". The observed differences in rate cover a range of only about 4-fold, much less than antici- 
pated from data on esters, and suggest that  the steric effect of the methyl groups is relativel) unimportant in the hydrolysis 
of these lactones. 

The effcc*t of alkyl groups on the ea$e of ring open- 
ing of carboii ring3 is still not fully understood,2 and 
little experimeiital work has been published on this, 
although Bordwcll and w-\vorkers3 have recently 
reportcld a study of the unimolecular solvolysis of 
sultones (I) ( c y l i c  sulfonates). Many ring-opening 
reactions. hnwe\w, proceed hy bimolecular hydroly- 
sis arid this pnpcr reports a study of the effect of 
methyl groups on the rates of saponification of y- 
hutyrolartonc (11) (see Table I). 

The basic hydrolysis of y-butyrolactones is very 
rapid in aqueous solution4 and \vas accordingly 
studied in 9270 ethanol, iii which solvent the rate 

CHz-CH: CHz-CHz CHz-O 
I 1  ! I 

CHZ S=O CHz C=O CH2 &=0 

'0/ 'O/ 'O/ 
I I1 I11 

can be conveniently followed by titration (see 
experimeiital), which also served as a check on 
the purity of the lactones used. The mechanism 
of basic hydrolysis oi y-butyrolactone has been 
well established as involving an initial nucleo- 
philic attack of hydroxyl (or ethoxyl) ion on the 
varbonyl carboii atom, followed by acyl-oxygen 
fission.5 S o  uucatalyzed solvolysis has been de- 
tclrted.6 The ohscrvcd rates of saponification (Table 

(l)(a) University of Puerto Rico a t  Mayaguez, P. R.; 
(h)  Dalhousie University, Halifax, K. S., Canada. Taken 
from 1f.S~. Thesis, September, 1959. 

(2) Cj.  N. L. Allinger and 1'. Zalkow, J .  Org. Chem., 25, 
701 (1960). 

(3) F. G. Bordwell, C. E. Osborne, and R. D. Chapman, 
J .  .4m. Chem. Soc., 81, 2698 (1959). 

(4)  D. S. Heran and J. H.  Kolfenden. J. Chem. Soc.. 508 
(1938). 

( 5 )  Cf. E. 8. Gould. Mechanism and Structure in Oroanic 
Chemis try ,  Henry Holt, S e w  York, N. Y., 1959, p. 318: 

6767 ( I  9.5P 
(6) F. I>. Coffin and F. A .  Long, J .  Am. Chem. Soc., 74, 

I) covered a range of sonic 4-foldJ all  the methylated 
y-butyrolactones hydrolyzing at  23" at a lower 
rate than y-butyrolactone itself, in the order H 
< CHs < Y CHs - P CH3 << y,y(CH?)s < PP 
(CH& << aa (CH& The differelms are consider- 
ably less than those which might be expected from 
the rates of saponification of esters. Thus the relative 
rates for ethyl propionate, isovalerate and pivalate 
(analogous in substitution of y-butyrolactone and 
6-methyl and a,  a-dimethyl-ybutyrolactone) are 
100:12:1.3 (in 85% ethanol a t  ~ E J ' ) . ~  Similar small 
differences have hecn noted in the saponification of 
y-butyrolactone and y-methyl and y ,  y-dimethyl- 
y-butyrolactone in 43% acetone at 30' (ratio 100: 
39:12.6),8 for y-butyrolactone and a-methyl. y- 
methyl, and y,y-dimethyl-y-hutyrolactoiie a t  25' 
(ratio 100 : 69 : 50 : 18) ,'j and in the acid-catalyzed 
h y d r ~ l y s i s . ~ , ~ ~  The eiiergics of activation for the 
saponification of the butyrolactoiies are more con- 
stantR than for ester hydrolysis, although the log 
PZ factors are more variable (ethyl propionate aiid 
pivalate have Eact. 14.7 and 17.1 kcal and log PZ 
8.0 and 8.2, r e spe~ t ive ly~~) .  

The ring of y-butyrolactone is probably nearly 
planar, although eclipsed non-bonded interactions 
between the hydrogen atoms on the P- and y- 

(i)(a) H. A. Smith aiid H. S. Levenson, J .  Am. Chem. 
SOC., 61, I172 (1930); (b) D. P. Evans, J. J. Gordon, and 
H. B. Watson, J .  Cheni. Soc., 1439 (1938); (e) J. D. R. 
Thomas and H. B. Katson, J .  Chem. Soc., 3058 (1956), 
value for pivalic ester at 25" calculated from value at 40". 

(8) C. 11. Stevens and D. S. Tarhell, J .  Org. Chem., 19, 
1996 (1954). 

(9) H. Pebelius, Inaugural dissertation, Lund, 1927, re- 
ported by W. Huckel, Theoretical Prznczples of Oryanzc 
Chemistry, Elsevier, New York. 1958, p. 892. The solvent 
is not given (presumably water) and the original reference 
was not available to us. 

(10) 0. H .  Wierler arid E. E. Oranell, unpublished re- 
sults. 



3222 JYHEELEIl AINU G.lhIBLE 

T h B L E  I 
RATE CONSTAKTS FOR SAPONIFICATION OF BUTYROLACTONES~ 

k X 103 L. Mole-1 Set.-' 
25 0" Eact. Kcal. log PZ Rcl. Rateb 

-,-Butyrolactone 47 .7  i. 2 . 0  2.90 =t 0.02  18 .2  1 2 . 0  100 
a- l le thyl  lactolle 4 4 . 7  zk 1 . 6  3 . 1 3  zk0.09 17.2  11 .2  93 

7-Methyl lactone 1 1 . 7  f 1 . 5  2 .87  i. 0.10 1 7 . 3  11.3 87 

@#-Dimethyl lactone 20.0 i 0 . 3  1 .-lo f 0.03 16.8  10. (i 42 
j,y-Dimethyl lactone 23 .9  i. 0 . 2  1 . 1 : 3  f 0.035 1 9 . 7  1 2 . 8  57 

6-Xlethyl lactone 4 1 , 3  f 0 . 8  2 .95 f 0.11 17 .1  11 .1  87 

~ , a - l l i m e t h y l  lactonc 12 .7  f 0 . 3  0.861 f 0.01 17 .4  1 0 . 9  27 

a In  02.3% ethanol. Relative rates at 23' to 7-butyiolactorie = 100. 

carbon atoms can be reduced by raising these carbon 
atoms respectively above aiid below the plane of 
the other three atoms," aiid such a conformation 
]vi11 reduce unfavorable interactions between 
methyl groups and ring hydrogen atoms in the sub- 
stituted y-butyrolactones. The preferred direction 
of attack of base is most probably from a general 
directioii above the plane of the ring aiid hehind 
the carbonyl carbon atom, anay  from the elcctro- 
static repulsion of the lone pair of clcctroiis on the 
riiig oxygen atom.12 While thc hutyrolactonc ring 
exists ill a near planar form, approach of a rca- 
gent in his manner will not be impeded by the 
ring hydrogen atoms. The enhanced rate of hydroly- 
sis of butyrolactones as compared to acyclic esters'3 
is vonsistent with this mode of attack.'*b A single 
methyl group in either the CY-, @-, or y-positions 
leads to a very slight decreav in rate at 2 5 O ,  
with even smaller differelices at 0" (there was 
even a slight eriharicemcnt ill the rate for the CY- 

methyl isomer). That a siiiglr mcthyl group in the 
p-, y-position should not effect the ease of attack 
on the carbonyl carbon atom is coiisiqtent with the 
"half-chair" conformation of the ring. In the case 
of the CY-methyl group the small inductive effect of 
the methyl group should further ciecrcaqe the ratc 
of nucleophilic attack, although this mas not in 
fact observed. Appreciable difference!: in the rates 
of hydrolysis were only found for the pm-dimethyl 
hutyrolactoiies. The order at both 25" and 0" was 
p,B < y , y  < CY.CY. The relatively dow rate of saponi- 
fication of the a,a-diniethyl lactone is no doubt 
due partially to the electronic (-1) effect of the 
methyl groups, which by increasing the electron 
density on the carbonyl-carbon atom decrezes 
the facility of nucleophilic attack of base. AZodels 
show that the gem-dimethyl groups will exert a 
small shielding effect to the approach of base on the 
carbonyl-carbon atom and this effect should be 

(1 1) Cyclopentanone probably euists in such a "half- 
chair" form. F. V. Brutcher, Jr., T. Iioherts, S. J. Barr, and  
S. Pearson, J .  Am. Chenz. Soc., 81, 4918 (19-39). 

(12)(a) 11. G. H.  Ballard and C. H. Bamford, J .  Chem. Soc., 
355 (1958); (b) H .  K.  Hall, Jr., XT. K. Brandt and R.  31. 
lIason, J .  Am. Chem. Soc., 80, 6423 (1958). 

(IS) R .  Huisgen, .4ngew Chem., 69, 311 (1957); R .  
Huisgen and H. Olt, Tetrahedron, 6, 253 (1959). 

greatest for tu-substitution hut ctill he apprec.iable 
for p and y-siibstitution. 

The shielding effect of methyl groups also has been 
noted in the saponification of cyclic ethylene car- 
bonates (111),14 where the differences were of the 
same order as those encountered here (1:l for 
ethylene carbonate and its a,a,p-trimcthyl deriva- 
t i ~ e l ~ ~ ) ,  although the slow rate of alkaline hgdroly- 
sis of tetramrthylcl hylenc rarhoiintc (ahout I /180 
times as low as ethylciic carbonate) explained 
as due to increasc of strain in the truiisition state 
(formed by the addition of base to the carbonyl 
group) resulting from steric rrpulsioii from thc 
methyl groups.14h I t  has been suggested that ring 
strain in cyclic car bony1 compounds themscllw, is 
reflected in shifts in the carbonyl stretching fre- 
cIuencv.15 However all the r-butvrolactoneq stud- 
ied here had y C=O 1 i i 5  f 3 cm.-' 

The effect of methyl groups in reducing the eaw 
of uiiimoleciilar solvolysis of sultoneq (I) rnuat 
clearly be of a different origin to  that meiitioiitd 
above, and has been attributed3 to the steric. hin- 
drance of the methyl groups to the free-rotation of 
the carbon-skeleton in the opening of the ring. 

EXPERIhIENTA L 

Laclones. ?-But yrolactone and y-valerolartone were com- 
mercial samples (Eaetnian Kodak, white label). a-Llethyl-y- 
hutyrolactone was prepared from diethyl methgl-maloi;ate'6 
and recovered from the aqueous solution by continuous e t h r r  
extraction. O-Llethyl and B,B-dimeth?l-)-butyrolactorle w ~ r c  
])repared hy heating the silver salts of 6-methyl :tnd 8,8- 
dimethyl glutaric acids with iodine." I t  n w  found in1port:)nt 
to dry the salts thoroughly and to use an efficient (sondenser to 
avoid loss of lactone with iodine vapor. a,wl>imethyl-7- 

(14)(a) R .  Kcmpa and W. €I. Lee, J .  Chem. SOC., 1576 
11959) : ib) L. A .  Pohorvles. I. Levin, and S. Forel, J .  Chem. 

I .  

Soc., 3082 (1060). 
(1,:) H. I<. Hall. Jr.. and R .  Zbindrn. J .  .I vi. Chem. Soc., , ,  

80; 6428 (1958). 
(16) H. ildams and E. F. Rogers, J .  ~ l m .  Cht.m. Soc., 63, 

228 (1941). 
K o t e  added in manuscript. I l r .  H. Shchchter has in-  

formed us t h a t  he has also carried out :i study o f  the s:tlionifi- 
cation of methyl substituted 1-butyrolactones atid olit;iine(l 
similar results. 

(17) S. S. G. Sircar, J .  Chem. Soc., 808 (1928) ; F. J. XI. 
Pattison and B.  C. Saundere, J .  C h m  Soc., 2715 (lW!I). 



I)iityrolactonc18 and ~ , ~ - d i m e t h y I - ~ - b u t ~ r o l a ~ t o n c ’ ~  wcrc 
])rcp:ircd by published methods. The lactones were all freshly 
tlistillcd a t  reduced pressure immediately before use, and 
their physical constants were in excellent agreement with 
published values. Their infrared spectra were determined in 
r,:rrl)on tetrachloride solution using a Baird-Atomic double 
I cain instrument. 

Kineiics. Preliminary experiments showed that  the saponi- 
firtition of yhutyrolactone in 8070 ethanol was too rapid 
(0.1 6 mole-’ set.-') to be conveniently folloxved by titration 
and  to be rathrr too slow (0.0087 mole-) sec. - l )  in absolute 
isthariol. The nleasurements were accordingly carried out in 
!12.35* ethanol (d2iZ5 0.8096), which had been 1nirificd 111. 
trc>:itrnent \vith zinc dust and sodium hydroxide. 

The lactone (0.2-0.3 g.) w:is dissolved in purified 9274 
ethanol (100-x ni l , ) ,  alloivcd to equilibrate in a constant 

(18) B .  E. Hudson, Jr., and C. R .  Haurer, J .  -1m. Chein. 

(19) R.  T. Ar’old, J. S. Buckley, Jr  , and J. Richter, 
J .  il m. Chem. Soc.. 69, 2322 ( I  947) ; J. Cason, P. B. Brewer, 
and E. L. Pippen, J .  Org. Chem., 13,239 (1048) ; R .  L. Frank, 
R. Armstrong, J. Iiiviatek, and H. A. Price, J .  Am. Chem. 
Soc., 70, 13i9 (1048). 

SOC., 6 3 ,  3156 (1941). 

tenipcraturc Imth a t  25.08 f 0.02” or in :in ice water bath at 
0.00 2~ 0.02” and 0.04111 sodium hydroxide (x ml.) in the 
same solvent and a t  the same temperature added. Aliquots 
( I0  ml.) nere withdrawn at intervals, added to excess 0.06,Y 
hydrochloric acid ( 5  nil.) and ice-cold distilled water (20 
ml.) and the exeess acid immediately titrated with standard 
0.045A’ sodium hydroxide solution, using phenolphthalein as 
indicator. The purity of the lactone vas  determined by dis- 
solving simples (0.04-0.06 9.) in 0.045.Y aqueous sodiuiii 
hydroxide (15 nil.) and titrating th r  excess hase with stand- 
wd acid after 2-3 d:iys. The purity was al\vays :it lettst 95:; 
:tiid \\OF. taken into account in calculating the kinetics. The 
rate constants werc deternrined from the slope of the second 
order rate plots in the usual manner. Ewh run \vas carried 
out a t  least, three tinirs and the means and their mean errors 
are given in Table I. The E a r t  and log 1’7, values are proh- 
ably accurate to i. 0.3 units. 
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Electron Exchange Polymers. XV. NMR Spectra of 
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S l I R  spectra are reported on the tau scale for 1,4-dimethoxyhenzenr; ?-methyl-, 2,5-dimethyl-, 2,3,5-trimethyl-, ant1 
2,3.5,C,-tctramethyl-l,4-dimethoxybenzenes; 2-vinyl-3,6-dimethyl- and 2-viny1-3,5,6-triniethyl-l,.l-dimethoxyt~~~rizenes; 2- 
i?-hydroxyethylb, 2-(2-hydroxyethyl)-3,6-dimethyl-, 2-(2-1iydrox~-ethyl)-3,j-G-trimetliyl-, and ?-(l-hydros!ethyI)-3,5,fi- 
trinieth~l-l,4-dimethosybenzene; and ~,a’-bis(2,5-dimethoxy-3,4,C-triniethylphenyl )diethyl ether. The chemical shifts of 
the aromatic, methoxyl, and methyl protons are interpreted. 

The use of S M R  spectra has increased rapidly 
since thc initial work of Purcell and c o - ~ o r k e r s , ~  and 
i t s  application to  structural organic chemistry by 
Giltowsky and co-r~-orkcrs.~ Detailed discussions of 
theory a i d  applimtions may be found in the m r k s  
of Pople and co-authors,5 C o ~ i r n y , ~  and 
.Jackman.8 With this rapidly increasing iiRc of YAIR 

(1 )  ( a )  Takon from t h r  Disscrtation submitted 1)y 
Iionnctli .\. Kiln to thc Gr:itiiintc: Sclrool of Y : i l c ~  T‘ni- 
vcrsity in p:trtinl fiilfillnient of the rrqiiirrments for thr  
Ph.D. degrw. ( b )  For other pnprrs in this serirs srr I<. A. 
Kiln and  H. G .  Cassidy, J .  Polylner Sci., 44, 383 (1960). 

(2 )  PrPsent address: Rohni and Haas Compnny, Research 
Lahoratoric%s, Bristol, Pa. 

( 3 )  E. 11. Purrell, H. C. Torrey, and R. Y. Pound, 
Phlys. Rev. ,  73, 679 (19.18). 

( 4 )  I,. 13. AIcycr, .4. Snika, and H. S, (;litonsky, J .  :ins. 
Chenz. Soc., 75, 4 , X i  (1953). 

1 5 )  J. A .  Pople, TV. C;. Schneider, and H. J. Rerrist,ein, 
Hiqh-resolfition S,)ic/p(zr J f o g t i 4 c  Resoncmce, M(~Gra\v-Hill, 
S e w  York (1950). 

(0) <J. 11. Roberts, .Yiiclear d l a g m t i c  Resonance, lIcGraw- 
Hill, Sen. T o r k  i l959) 

17) H. Conroy, “Surlcw Alagnetic Resonance in Or- 
ganic Structiir:ii Elacid:ition,” in . ~ t h ~ n c e s  in Orgnnic 
(‘hemistry, J le thods a n d  Results, R. Raphael, ed., Inter- 
science, S e w  Yorli (1960). 

it  seenied of interest to report the chemical shifts 
of the aromatic methoxyl and methyl protons of 
several methylated hydroquinones and their dcriv- 
atives. 

3Icasurcments described in this paper w r e  made 
11 ith a 60 nic./sec. Varian XMR spcctrometcr using 
analytical grade carbon tetrachloride as tho solvent. 
All chemical shifts mere measured with reference to 
an iiiteriial standard, tetramcthylsilanc, and are 
given on the “tau” ( T )  scale as dcscrihcd hy Tic“ 
The niimbers of parentheses indicate relative intcn- 
sitics. Concentrations of 4OC6 by volume were 
used. As a result, no bulk-c;iisccptibilitv corrections 
are required, hut somc dilution effects characteristic 
of aromatic compounds are no doubt present.5 

(8) I,. 31. Jacknian, . ipplicutions of .Yiiciear Alagnetic 
R m n a n c c  Spectroscopy ~n Organic Clicviistril, Pvrgainon 
Press, Sen. Torlc (195!1). 

(9)  (a )  G. V. D. Tiers, J .  Phys.  Cliav~., 62,  1151 (1958); 
(1)) G .  Y. P. Tiers, Characteristic ,Yiiclcar .l/ay,ictic Resonance 
*‘Shielding V7aluca” [or H y d r o g w  i n  Organic Siritctzires. 
Part 1. Tables n,f ~ T ’ a l i i e s  Jor ,L T-oridu qf Organic Coni- 
poiindx. E.rplorafory S M R  Studies .  Proiect 7.37002, Central 
Research Ilepnrtment, 3Iinnrsot:i Rlining & llanufactirring 
Co., St. Paul, Minn. 


