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It  was es tabl i shed by g a s - l i q u i d  ch romatography  (GLC) that lactone C12H220 2 consis ts  of 
t h ree  components .  Two components ,  which a r e  i ts  i s o m e r s ,  were  isola ted by rec t i f ica t ion  
and also by means  of p repa ra t ive  GLC. A r a c e m i c  mix tu re  of opt ical  i s o m e r s  of 2 ,4-die thyl -  
3-n-propylpentanedio ic  acid was isola ted f r o m  the products  of po tass ium permangana te  oxi-  
dation of the sa l t s  of the hydroxy acids obtained f rom the i so la ted  lactone i s o m e r s  in one 
case ,  whereas  the meso  f o r m  of this  acid was isola ted in another  case .  On the bas i s  of 
this ,  it w a s  concluded that one lactone i somer ,  const i tut ing 60-70% of the mixture ,  is 
2 ,4 t r ans -d i e thy l -3c i s -n -p ropy l -5 -pen tano l ide  or  2 , 4 t r a n s - d i e t h y l - 3 t r a n s - n - p r o p y l - 5 -  
pentanolide, and the Other i s om er ,  consti tuting 20-30% of the mixture ,  Ks 2 ,4c i s -d ie thy l -  
3c i s -n -p ropy l -5 -pen tano l ide  or  2 ,4c i s -d i e thy l -3 - t r ans -n -p ropy l -5 -pen t ano l ide .  

One of the side products  of the M a r k o v n i k o v - G u e r b e t  condensation [2] of n-butyl  alcohol to obtain 2- 
e thy l - l -hexano l  was found to be lactone Ci2H220 2 [3, 5], to which Machemer  [3] ass igned  the 2 ,4-d ie thy l -5-  
hydroxycapry l ic  acid lactone s t ruc tu re  without proof.  The lactone is f o r m e d  in 3-5% yield with respec t  to 
2 - e t h y l - l - h e x a n o l  [6]. Despite  the fact  that  the lactone is obtained in r e l a t ive ly  low yield, because  of the 
la rge  volume of the reduction of 2 - e t h y l - l - h e x a n o l  f r o m  n-butyl  alcohol [6] the absolute amounts of the 
lactone produced industr ia l ly  a r e  cons iderab le .  A study of the reac t ions  of the lactone and the gather ing 
of f i r m  proof  fo r  i ts  s t ruc tu re  a re  n e c e s s a r y  for  its sMUful uti l izat ion.  

In o r d e r  to de te rmine  the s t ruc tu re  of the lactone,  we isola ted a sample  cor responding  to the compos i -  
t ion C12H220 2 f r o m  the technical  product  and a t tempted  to oxidize the sodium sal t  of the hydroxy acid ob-  
ta ined f r o m  it with po tass ium pe rmangana te .  If  the s t r u c t u r e  of lactone co r responds  to the s t ruc tu re  p ro -  
posed by Machemer  [3], one might  have expected the appearance  of a keto acid or  products  of its subse -  
quent decomposi t ion in the oxidation products .  However ,  we could not p rove  e i ther  the p r e sence  of the keto 
acid o r  butyr ic  acid in the oxidation products .  Moreover ,  two dibasic acids C12H2204, one of which had mp 
95 ~ the o ther  of which had mp 150 ~ were  isola ted f r o m  the oxidation products .  These  r e su l t s  const i tute 
adequate proof  against  the s t ruc tu re  ass igned  to the lactone by Machemer .  

A study of the lactone by g a s - l i q u i d  ch roma tog raphy  (GLC) showed that  it cons is ts  of at leas t  th ree  
components  (Fig.  1, c h r o m a t o g r a m  a),  which, in conformi ty  with the o rde r  of the i r  emergence  on the ch ro -  
m a t o g r a m ,  we designate  as Nos.  1, 2, and 3. Gas -ch roma tog raph ic  analys is  of  a number  of samples  of the 
lactone obtained both by condensation of n-butyl  alcohol in the l abora to ry  and with an industr ia l  appara tus  
showed that  the pe rcen tages  of these  components  in the s amp le s  v a r y  over  smal l  ranges:  20-30% No. 1, 
60-70% No. 2, and 5-10% No. 3. 
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TABLE 1. P roper t i e s  of the Investigated Lactone and of Lactone 
C12H220 2 Descr ibed in the Li tera ture  and Obtained f rom 2-Ethyl -  
2-hexenal 

Authors Sample 

This paper Starting i 
This paper I Isomer 1 (Ic, d) 
This paper Isomer 2 (Ia, b) 
H~sermann [7] I 
Nielsen [9] t 
Blane and 

Teppa [8] 

bp, ~ (ram) 

136 (4) 
123.5 (3) 
124,5 (3) 

147--149 (II) 
152--156 (10) 
99--101 (0,2) 

d4(r 

0,9646 (20) 
0,9630 (20) 
0,9644 (20) 
0,9655 (20) 

o,9~1 (19) 

t~D(:C) 

1,4630 (20) 
1,4612 (20) 
1,4639 (20) 
1,4660 (18) 
1,4617 (25) 
1,4642(19) 

,I 

a 
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t ic 
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Fig. I. Gas-liquid chro- 
matograms: a) starting 
lactone; b) isomers Ic, d 
isolated by rectification; 
e) isomers la, b isolated by 
rectification; d} isomers Ic, 
d isolated by preparative 
GLC; e) isomers Ia, b iso- 
lated by preparative GLC. 

We were able to isolate components I and 2 with a purity of 85-90% 
by rect i f icat ion of the s tar t ing lactone. Chromatographical ly  pure sam-  
ples of these components were isolated by preparat ive  GLC. The chro-  
ma tograms  of the isolated components are  presented in Fig. 1 (chroma-  
tog rams  b-e).  The IR spec t ra  for  samples isolated by rect if icat ion and 
by means of prepara t ive  chromatography were identical over  a broad 
range.  The IR spec t ra  of the two components were identical f rom 1400 
to 3600 em -1 and differed substantially at 700-1400 cm -1. The p roper -  
t ies  of the s tar t ing lactone and the components isolated f rom the r e a c -  
tion mixtures  a re  presented in Table 1. An investigation of components 
1 and 2 by PMR spec t roscopy showed the presence  in both cases  of two 
hydrogen atoms attached to the  carbon atom adjacent to the es te r  oxygen 
atom. The rat io of their  number  to the other  hydrogen atoms in the mole -  
eulewas  1 : 10. 

Saponification of each of the components with aqueous sodium hy-  
droxide and subsequent acidification showed that both components are 
isolated in unchanged form.  This indicates s tereospecif ic i ty  of closing 
of the lactone ring.  Oxidation of the sodium salt of the hydroxy acid ob- 
tained f rom component 1 by means of potassium permanganate  gave di-  
basic  acid C12H220 4 with mp 150 ~ and an acid with mp 95 ~ was isolated 
f rom component 2 in the same way. The acids synthesized by oxidation 
of the s tar t ing lactone were affiliated in this way with each of the com-  
ponents. 

According to the scheme of condensation of alcohols [6], butyralde-  
hyde and 2-ethyl-2-hexenal ,  which a r e  formed at 130-160 ~ in the p re s -  
ence of alkaline alkoxides and free sodium hydroxide, are  present  in the 
products  of the condensation of n-butyl  alcohol. H~usermann [7] and, 
later ,  Blank and Teppa [8] have shown that Michael condensation of the 

indicated components with subsequent in t ramolecular  Tishchenko react ion of the resul t ing dialdehyde to 
give 2 ,4-die thyl-3-n-propylpentanol ide  (I) is possible under s imi la r  conditions: 

C2H 5 ~3 Hi 
f /O  

CH 2 _C~H .___ C2ff 5 H cu_ cfo c , . - , c z ~ c H - c ,  
�9 - ~  "~~ ! 1 2o 

l "H ~.0 H ,C~o~C~o 

C2H5 C2H5 1 

To confirm s t ruc ture  I, H~iusermann [7] oxidized the salt of the hydroxy acid obtained by saponifica- 
tion of the lactone that he isolated with potassium permanganate  and obtained dibasic acid C12H220 4 with mp 
150 ~ to which he assigned the 2 ,4 -d ie thy l -3-n-propylpen tane- l ,5 -d io ic  acid s t ruc ture  (II). 
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Four  i somers  (IIa-d) cor respond to acid II: 

COOH COOH COOH COOH 
I I I I 

HsC~--C--H H--C--C2Hs" H--C--C2H6 H--C--C2H~ 

I I H--/--C,fflrC I HrC3--C--H H--C--C3H? HTC3~C--H 
I l H I I H--C--CIHs HsCz--C--H --C--C2H5 H--C--C~I-Is 
I I I I 
COOH COOH COOH COOH 

lla IIb IIc lid 

I somer s  IIa and IIb are  optical antipodes. I somers  IIc and IId are  the two meso forms .  Our investi-  
fiat[on of the isolated acids with mp 150 ~ and 95 ~ by means of PMR spect roscopy confirmed that both of them 
cor respond  to s t ruc ture  II. Nielsen [9] obtained an acid with mp 94-96 ~ and showed that it can be sepa-  
rated into optical i somers ,  i.e., that it is a raeemic  mixture  of i somers  IIa and IIb. A choice of s t ruc tures  
IIc and IId is presented for  the acid with mp 150 ~ 

The preparat ion of the indicated acids and the above-presented quantitative relat ionships revealed 
f rom the PMR spec t ra  of both i somers  of the lactones confirm their  common s t ructure  (I}, Thus the iso-  
m e r s  are  geometr ica l  i somers .  On the basis of the s t ruc tures  of the acids, one can conclude that compo- 
nent 2 of the lactone, f rom which a racemic  mixture of acids IIa and IIb was obtained, may have s t ructure  
Ia o r  Ib with the corresponding m i r r o r - i m a g e  i somers :  

H H 2H~ 

C~H 5 H H H C2H s H H H 

la lb Ic Id 

Structure Ic, with a m i r r o r - i m a g e  i somer  corresponding to acid IIc, or  s t ruc ture  Id, with a m i r r o r -  
image i somer  corresponding to acid IId, can be considered for component 1 of the lactone from which the 
meso form of acid II was obtained. Nielsen [10], on examining the possible s t ruc tures  of the H~usermann 
lactone, considered form Ic to be the most  stable form.  Thus, on the basis  of what was stated above for  
s t ruc tures  Ia and Ib, a choice between 2 ,4 t rans -d ie thy l -3c i s -n -propy l -  and 2 ,4 t rans-d ie thy l -3 t rans-n  - 
propyl-5-pentanol ide is possible for s t ruc tures  Ia and Ib, and a choice between 2 ,4c i s -d ie thy l -3c i s -n-  
propyl-  and 2 ,4c is -d ie thyl -3 t rans-n-propyl -5-pentanol ide  is possible for  the meso forms .  

In addition to the mechanism for  the formation of lactone I proposed by H~iusermann, one can also 
consider  the possibili ty of its format ion indicated by Nielsen [9], i.e., dealdolization of the product of con- 
densation of two 2-e thyl-2-hexenal  molecules .  

Considering the possibi l i ty of the common origin Of the lactone investigated in this paper and the 
lactone obtained by reaction of 2-e thyl-2-hexenal  with alkali hydroxides [7-9 ], the proper t ies  of the product 
that we obtained and the l i terature  data are  presented in Table 1. 

EXPERIMENTAL 

G a s - L i q u i d  Chromatography.  G a s -  liquid chromatography was ca r r i ed  out by three  methods.  
Method A involved the use of a Tsvet -2  chromatograph with a f lame-ionizat ion detector,  a 3 -m long column, 
a polyethylene glycol-2000 phase on Celite-535, a column tempera ture  of 160 ~ and a c a r r i e r  gas (nitro- 
gen} flow rate of 50 ml /min .  Method B entailed the use of a model 1-64 Tsvet  chromatograph with a ca-  
tha romete r  detector,  a 3 -m long column, 18% diethylene glycol succinate on Chromosorb  W, a column t e m -  
pera ture  of 188 ~ and a c a r r i e r  gas (helium} flow rate  of 60 ml /min .  Method C involved the use of the same 
apparatus as in method B with a f lame-ionizat ion detector,  a column length of 5 m, Tridox on Chromatone 
N-AW, a column tempera tu re  of 185 ~ and c a r r i e r  gas (helium} flow rate  of 50 ml /min .  

Spectra. The IR spec t ra  were recorded  with a UR-10 spec t romete r  with NaC1 and LiF pr i sms ,  a slit 
p rogram,  and a scanning rate of 150 cm-1/min. The PMR spect ra  were recorded  with a JNM-C-60-HL 
Jeol spec t rometer  (Japan} with hexamethyldisiloxane as the internal standard.  

Purif ication of Lactone I. Lactone I, isolated in the usual way [4, 5] f rom the acidic portion of the 
products of condensation of n-butyl alcohol, usually contained a cer ta in  amount of impurit ies,  mainly higher 
alcohols.  For  their  removal ,  200g of I was saponified by s t i r r ing  with 10% aqueous sodium hydroxide at 
60-65 ~ until all of the solid had dissolved. The solution was extracted three  t imes (50-ml portions} at room 
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t empera tu re  with toluene. The toluene was separated by decantation, and the solution was t reated with 
s team to remove t r aces  of toluene. The solution of the salt  of the hydroxy acid was acidified with con- 
centra ted EC1, a n d  the lactone was separated and neutral ized with vigorous s t i r r ing  by the addition of 0.1 
N NaOH. It was then washed with water  and vacuum distilled to give 165 g o f a  main fraction in the form of 
of a color less  oily liquid. The proper t ies  of the product are given in Table 1. Found: C 71.8; H 11.2%. 
Es ter  number  283.0. Acid number  0. C12H220 2. Calculated: C 72.7; H 11.2%. Es ter  number 282.9. Acid 
number  0. 

Oxidation of Lactone I with Potass ium Permanganate .  A 5-g (0.025 mole) sample of laetone I was 
saponified with 15 g of a 10% solution of sodium hydroxide at 60-65 ~ and a solution of 10 g of potassium 
permanganate  in 160 ml of water  was added with s t i r r ing  at this t empera tu re  to the resul t ing solution in 
the course  of 6-7 h. After all of the permanganate solution had been added, the mixture was heated for  an- 
other  hour at 80 ~ The precipi tated manganese dioxide was removed by fi l trat ion and washed with 100 ml 
of hot water ,  and the combined f i l t ra tes  were  evaporated to N 30 ml. The concentrated solution was acidi-  
fied with concentrated hydrochlor ic  acid and extracted with two 15-ml  portions of toluene. The toluene was 
removed f rom the extract  by distillation at reduced pressure ,  and 30 g of n-hexane was added to the residue 
(3.6 g). The color less  pr ismat ic  c rys ta l s  that fo rmed af ter  the solution had stood for 24 h were removed 
by fi l trat ion to give 0.8 g (0.0035 mole) of IIc, d with mp 149-150 ~ (from water containing 10% alcohol). 
Found: C 62.7; H 8.9%. Acid number  485.0 mg KOH/g. C12t-]220 4. Calculated: C 62.6; H 9.6%. Acid num- 
ber  487.3 mg KOI-I/g. 

The PMR spect rum of a 17% solution in chloroform was recorded  at 90~ t,* 0.9 (CH3) , m, 1.5 (CH2) , 
m, 2-2.5 (CH), broad s, 9.4 ppm (COOH). The CH3: CH2: CH: COOH integral intensity ratio was 8.9 : 7.95: 
3 : 2, in agreement  with the ratio calculated for s t ruc ture  II (9 : 8 : 3 : 2). 

After the c rys ta l s  of acids IIc, d had been separated,  the fil trate,  with acid number  40.5 mg KOH/g 
and es te r  number  10.3 mg KOH/g,  was t rea ted  with 0.1 N sodium hydroxide solution (in the cold) in the 
amount calculated for  neutral izat ion of the acid. After  the hexane layers  had been separated and washed 
with water ,  the initially separated aqueous layer  was combined with the wash water  and evaporated,  and the 
residue was acidified with concentrated HCI and extracted with toluene. The toluene was removed  by 
vacuum distillation, and 2 g of hexane was added to the residue (1.3 g). The mixture was allowed to stand 
for  24 h to give 1 g (4.5 mmole) of a mixture  of Ha, b with mp 95 ~ (from water  containing 10% alcohol). 
Found: C 62.5; H 9.7%. Acid number 485.0 mg KOH/g. C12H2204. Calculated: C 62.6; I-] 9.6%. Acid num- 
ber  487.3 mg KOH/g. 

The PMR spect rum was recorded  at room tempera ture  (17% solution in chloroform).  The ratio of the 
a reas  of the CH3, (CH 2 +CH), and COOH signals was 9.5 : 10.8 : 2, in ag reement  with the ratio calculated for 
s t ruc ture  H (9 : 11 : 2). 

The neutral ized layer  was washed with hexane, and the hexane was removed by distillation to give 1 g 
(0.005 mole) of s tar t ing Iactone I. The product was identified by GLC. Ester  number 275 mg KOH/g, acid 
number  0. 

The initially obtained acidic aqueous solution was extracted success ive ly  with toluene and ether.  The 
ether  was removed by distillation to give large c rys ta l s  of oxalic acid with mp 189 ~ (after drying). 

Investigation of the Lactone by GLC. The lactone was investigated by GLC by method A. The ch ro -  
ma togram is presented in Fig. 1 (chromatogram a). 

Rectification of the Lactone in Order  to Isolate the Individual I somers .  Lactone I was subjected to 
repeated success ive  fract ional  rect if icat ion in vacuo with a column with an efficiency of nine theoret ical  
plates.  The composition of the fract ion was monitored by means of GLC (methods B and C). 

I s o m e r  Ic, d was isolated with a purity of 90%. Its g a s - l i q u i d  chromatogram (method A) is presented 
in Fig. 1 (chromatogram b). Its proper t ies  are  given in Table 1. Found: C 71.8; H 11.6%. Ester  number 
284.0 mg KOH/g. C12I-I220 2. Calculated: C 72.7; H 11.2%. Es ter  number 282.9 mg KOH/g. 

The PMR spect rum without a solvent was recorded  at 70~ m 3.8-4.4 (CH 2 group adjacent to the ring 
oxygen atom, 2H), m f rom 0.7 to 2.3 (protons of the remaining 2OH groups). 

I somer  In, b was isolated with a puri ty g rea te r  than 85%. Its g a s - l i q u i d  chromatogram (method A) 
is presented in Fig. 1 (chromatogram c). Its proper t ies  are given in Table 1. Found: C 72.5; H 11.6%. 

* Here and subsequently, s is singlet, t is tr iplet ,  and m is multiplet.  
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Es te r  number  284.5 mg KOH/g.  C12H220 2. Calculated: C 72.7; H 11.2%. Es t e r  number  282.9 mg  
KOH/g.  

The PMR s pec t rum  is s i m i l a r  to the PMR spec t rum of lactones Ic, d. One ' s  attention is d i rec ted  to 
the ce r ta in  difference in the a s y m m e t r y  of the mul t ip le ts  at 4.1 ppm. 

Separat ion of the I s o m e r s  by P r e p a r a t i v e  G L C .  The i s o m e r s  we re  sepa ra t ed  with an LKhM-7 chro-  
ma tograph  with an 2 -m long column with a d i ame te r  of 6 m m ,  20% PEG-20,000 on Celi te-535 (0.2-0.25 m m  
f r a c t i o n ) , a c o l u m n  t e m p e r a t u r e  of 165 ~ a sens i t iv i ty  of 1 : 16, and a 50-ml  sample .  The following compo-  
nents were  isolated: component 1 ( i s om er  Ic, d) nD2~ 1.4616 [see Fig. 1 ( ch roma tog ram d) fo r  i ts  g a s -  
liquid c h r o m a t o g r a m  (method A)] and component  2 ( i somer  Ia, b) nD2~ 1.4620 [see Fig .  1 ( ch roma tog ram e) 
for  its g a s - l i q u i d  c h r o m a t o g r a m  (method A) ]. 

The lactone i s o m e r s  i so la ted  by p repa ra t ive  GLC were  ch romatograph ica l ly  pure .  The i r  r e f r ac t ive  
indexes differed somewhat  f r o m  those of the p repa ra t ion  isola ted by rec t i f ica t ion (see Table  1). However,  
the IR s p e c t r a  of Ic, d isola ted by both p repa ra t ive  GLC and rec t i f ica t ion  were  absolutely identical .  The 
s ame  also applies  to the IR spec t r a  of Ia, b isola ted by these  two methods.  

Saponification and R e v e r s e  Isolat ion of the Lactone I s o m e r s .  Samples  (1-g each} of the lactone i so-  
m e r s  were  saponified with 0.1 N sodium hydroxide solution by s t i r r ing  at 60-65 ~ until the solid had d i s -  
solved comple te ly .  The resu l t ing  solutions were  cooled and acidified with hydrochlor ic  acid.  Each of the 
i s o m e r s  was isola ted quanti tat ively in the or iginal  f o r m  (identification by means  of GLC). 

Oxidation of I s o m e r  Ia, b. A 10-g  sample  of a mix tu re  of Ia and Ib was oxidized with po tass ium p e r -  
manganate  via the method desc r ibed  above for  laetone I. The m i x t u r e  was worked up as  indicated above 
to give 1.4 g of acid IIa, b with mp 94-95~ 4.1 g of lactones Ia,  b was r ecove red .  

Oxidation of I s o m e r  Ic, d. A 5-g sample  of a mix ture  of Ic, d was t r e a t ed  with potass ium p e r m a n -  
ganate as in the preceding  exper iment ,  and workup of the mix tu re  gave 1.1 g of an acid with mp 148-150 ~ 
(IIc, d); 1.8 g of a mixture  of Ic and Id was r ecove red .  
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