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shielding of the ethynyl group. The ortho hydrogen, 
however, is in very close proximity of the axial hydroxyl 
group and it seems likely that the downfield shift of the 
ortho hydrogen in this isomer results from a deshielding 
effect of the axial hydroxyl group, while the effect in 
the other isomer results from a deshielding of the 
ortho hydrogen by the axial ethynyl group. The 
long-range deshielding effect of the hydroxyl group is a 
recognized phenomenon.14-16 This interpretation was 
tested by measuring the n.m.r. spectra of the hydro- 
genation product of the two ethynyl isomers and found 
to be correct. If the interpretation is correct the down- 
field shift of the ortho hydrogen should persist in 1- 
ethyl-cis-2-o-tolylcyclohexanol (ethyl group equatorial) 
and disappear in 1-ethyl-trans-2-o-tolylcyclohexanol 
(ethyl group cis to the tolyl group). Curves A and B 
of Fig. 1 show that this is exactly what takes place. 
Actually the paramagnetic shift of the ortho hydrogen 
is greater with the equatorial ethyl group than with 
the equatorial ethynyl group. The signal of the 
hydrogen on C-2 of 1-ethyl-cis-2-o-tolylcyclohexanol 
gives the typical quartet with a,a splitting of 11.2 
C.P.S. and ale splitting of 3.5 C.P.S. Indicating the 
chair conformation with the aromatic group in equa- 
torial orientation as expected, while the signal of the 
C-2 hydrogen of 1-ethyl-trans-2-o-tolylcyclohexanol 
gives a broad unresolved multiplet. This could result 
from an equilibrium between the two possible chair 
conformations in this isomer where the tolyl and ethyl 
groups are cis to each other; but it could also possibly 
result from the difference in long-range shielding effects 
of the axial ethyl group compared to the axial ethynyl 
group on the axial hydrogen on C-3. This point will 
be clarified by the preparation of selectively deuterated 
compounds. 

Experimental 
The separation of the liquid mixtures of 1-ethynyl-2-tolyl- 

cyclohexanolsz into their cis and trans components was accom- 
plished with a Beckman GC-2 gas chromatograph using a 10 ft. 

(14) J. N. Shoolerey and AI. T. Rogers, J .  Am. Chem. Coc., 80, 5121 

(15) W. H. Tallent, J .  Org. Chem., 27 ,  2968 (1962). 
(16) Y. Kawazoe, Y. Sato, AI. Natsume, H. Hasegawa, T. Okamoto, and 

K. Tsuda, Chem. I'harm. Bull., Japan, 10, 338 (1962). 

(1958). 

X "8 in. column packed with 18% Dow Corning Silicone QF-1 on 
acid-washed Chromosorb W17 a t  160". 

1-Ethyl&-2-o-tolylcylohexanol and 1-Ethyl-trans-2-o-tolyl- 
cyclohexano1.-These compounds were obtained by catalytic 
hydrogenation of the corresponding 1-ethynyl-2-o-tolylcyclo- 
hexanols in ethyl acetate using 10% palladium on carbon under 
20 pounds pressure. The calculated amount of hydrogen was 
picked up rapidly. The products were purified by gas chroma- 
tography at  160' using the same column used to separate the 
ethynyl compounds. The products were also obtained by re- 
duction of the mixture of ethynyl compounds and subsequent 
separation of the isomers by gas chromatography with a 10-ft. 
column of 1S70 Carbowax 20M on acid-washed Chromosorb W 
at  196". 

Anal. Calcd. for C15H220: C, 82.51; H, 10.16. Found 
for the cis isomer: C, 82.64; H, 10.21. Found for the trans iso- 
mer: C, 82.53; H,  10.29. 

TABLE I1 
PHYSIC.4L C O N S T A N T S  AND ANALYSES~ 

-Found, 70- 

1-Ethynyl-cis-2-p-tolyl- 36-37 83.95 8.16 

1-Ethynyl-trans-2-p-tolyl- 65.5-66.5 83.95 8.73 

Compound M.P., 9 c . b  C H 

cy clohexanol 

cy clohexanol 

cyclohexanol 

cy clohexanol 

c yclohexanol 

c yclohexanol 

1-Ethynyl-cis-2-rn-tolyl- 56-56 5 84.03 8.39 

1-Ethynyl-trans-2-m-tolyl- c 84.06 8 23 

1-Ethynyl-trans-2-o-tolyl- 56-57 84.29 8.40 

1-Ethynyl-cis-2-o-tol yl- 81-82 83.91 8.50 

a Calcd. for CljH190: C, 84.07; H, 8.47. Melting points 
This com- were determined with a Kofler micro hot stage. 

pound was obtained as a viscous, colorless liquid. 

1-Ethynyl-trans-4-t-butylcyclohexanol and I-Ethynyl-cis- 
4-t-butylcyclohexano1.-These two isomers were obtained by 
the method of Hennion and O'Shea.'a The configurations 
assigned by these authors on the basis of kinetics of saponifi- 
cation of the p-nitrobenzoate esters are in agreement with the 
observed chemicals shifts of the hydroxyl protons of these two 
isomers when compared to the relative chemical shifts of axial 
and equatorial hydroxyl protons of other cyclohexanols (Table I 
and ref. 3 and 4). Because of the variability in the chemical 
shifts of hydroxyl protons this observation does not constitute 
proof of conformation. 

(17) Wilkens Instrument and Research, Inc., Walnut Creek, Calif. 
(18) G. F. Hennion and F. X. O'Shea, J .  Am. Chem. Soe., 80, 614 (1938). 
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An optically active alcohol has been isolated from the product of pulping Douglas fir uta the kraft process. 
This has been identified by degradation and synthesis as 4S-4-(p-tolyl)-l-pentanol. It is suggested that this 
alcohol is formed during the pulping process from y-curcumene, a terpene not previously identified in Douglas-fir 
extractives. 

Among the organic products derived froin the pulping of tish has been thoroughly established. lieceiit work 
of wood of the Douglas fir, Pseudotsuga menziesii, on this campus2 established that one or more of these 
[Mirb. (Franco)] by the kraft process are some with a toxic substances could be steam distilled. It occurred 
considerable biological activity. In  particular the to us that some of the biologically active materials 
toxicity of the by-product toward a number of species could be related chemically to the furocoumarin fish 

(1) This project was supported by a research grant, no. WPOO79-5 
from the Division of Water Supply and Pollution Control, Public Health 
Service. 

(2) Robert A. MeHugh, "Preliminary report on a study of the factors 
responsible for the toxicity of waste from a modern kraft pulp mill," Oregon 
State University, 1954. 
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poisons such as xanthotoxin, bergapten, imperatorin, 
and the more complex derivatives like r ~ t e n o n e . ~  The 
formation of coumarins or benzofurans or both from 
the substituted y-phenylpropyl groupings present in 
lignin4 would not be surprising in an aqueous polysul- 
fide medium as is present in kraft pulping liquors. 
Work was initiated, therefore, aimed a t  the isolation and 
identification of the biologically active components in 
the by-products of the kraft pulping process. 

A sample of the by-product materials from a kraft 
cook on Douglas fir was steam distilled and the organic 
materials in the distillate extracted with ether. There 
was obtained 63.4 g. of dark colored liquid which was 
separated into three fractions by distillation in  vacuo. 
The fraction boiling from 56-95' (0.3 mm.) was chro- 
matographed on silicic acid and the major component of 
this fraction, 7.31 g. of colorless oil, exhibited a strong 
toxicity toward fish. This component, labeled 11-2, 
was shown to be uniform and attention was directed 
toward ascertaining its structure. 

The infrared spectrum of 11-2 showed the presence of 
a hydroxyl group (3400 cm.-I) and a benzene ring 
(1500 cm.-I). Although a small peak a t  1625 cm.-l 
and bands a t  984 and 895 cm.-l suggested the possible 
presence of an olefinic double bond, the liquid failed to 
add hydrogen and did not react with perbenzoic acid. 
The spectrum suggested a primary alcohol and a 3,5- 
dinitrobenzoate formed readily. The analysis of both 
the original oil and the derivative were in good accord 
with the formula Cl2HI80 for the alcohol. The ultra- 
violet spectrum was not appreciably altered by the 
addition of alcoholic sodium hydroxide and the sub- 
stance was therefore an alcohol and not a phenol. 

The pattern of bands between 1700 and 2000 cm.-l 
and the band a t  812 cm.-l suggested that the benzene 
ring was para disubstituted. This was confirmed by 
the formation of terephthalic acid via oxidation with 
alkaline permanganate. In  order to ascertain the 
partitioning of the carbon atoms bet.ween the two 
chains a differential oxidation with nitric acid5 was 
carried out. Paper chromatography showed the pres- 
ence of p-toluic acid, malonic acid, and oxalic acid in the 
oxidation product. A crude sample of p-toluic acid mas 
isolated which showed an infrared spectrum identical 
with that of an authentic specimen. Amongst the 
optically active alcohols to be considered at  this point 
4-(p-tolyl)-l-pentanol provided the most reasonable 
structure for the following reasons. 

It seems clear that the alcohol could not arise from 
lignin, and since the optical activity necessitates a na- 
tural source a terpene precursor seemed likely. This 
structure conforms to the isoprene rule. It also pro- 
vides a ready rationale for the formation of malonic 
acid during the nitric acid oxidation. Finally a survey 
of the literature revealed that 4-(p-tolyl)-l-pentanol is 
known6 and forms a 3,5-dinitrobenzoate which melts a t  
the same temperature. It seemed appropriate, there- 
fore, to prepare a comparison sample. 

(3) For a brief review of these substances see N. Campbell in Rodd, 
"Chemistry of Carbon Compounds," Vol. I V  B, Elsevier, Amsterdam, 
1959, pp. 883-887. 

(4) F. E. Brauns and D. A. Brauns, "The Chemistry of Lignin Supple- 
mental Volume Covering the Literature for the Years 1949-1958." .lcademic 
Press, New York, N. Y., 1960, pp. 616-629. 

( 5 )  L. N. Ferguson and -4. I. Wirns, J. Org.  Chem., as, 6G8 (1960). 
(6) F. D. Carter, J. L. Simonsen, and M. 0. \Villiams, J. Chem. Soc., 451 

(1940). 

Racemic 4-(p-tolyl)-l-pentanol was prepared from 
3-(toluoyl)propionic acid by treatment with methyl 
Grignard and reduction of the y-(p-tolyl)-y-valerolac- 
tone to 4-(p-tolyl)pentanoic acid by the Clemmensen 
method. This acid was reduced to  the required alco- 
hol by lithium aluminum hydride. The alcohol ob- 
tained from the hydride reduction showed an infrared 
spectrum identical with that of the unknown alcohol 
and the 3,5-dinitrobenzoates had the same melting 
point. Therefore, 11-2 is optically active 4-(p-tolyl)-l- 
pentanol, a substance not previously known to be 
formed during the kraft process. 

Calculations using the conformational asymmetry 
model' predict that the S configurations of 4-phenyl-l- 
pentanol should have a dextro rotation, [4J = +40'. 
The molecular rotation of the 4-(p-tolyl)-l-pentanol iso- 
lated is $67' which suggests that it has an S configura- 
tion and is of high optical purity. 

As was noted earlier the lack of structural relation- 
ship between this alcohol and the typical y-phenylpro- 
pyl skeleton of lignin breakdown products, and the di- 
rect relation to a sesquiterpene skeleton makes a terpene 
precursor seem reasonable. The sesquiterpene hydro- 
carbons, bisabolene, zingerberene, and the curcumenes, 
all have the proper carbon skeleton to be precursors of 
this alcohol. While none can be eliminated from con- 
sideration, only bisabolene'O and y-curcumenell appear 
to have been isolated fron conifers. Though bisabolene 
is biologically the more reasonable parent due to its wide 
distribution in nature, the great ease of conversion of y- 
curcumene to an aromatic compound" makes it chemi- 
cally the moae appropriate ancestor. 

The conditions of the kraft reaction involve a basic, 
aqueous sulfide medium which resemble those of the 
well investigated Willgerodt reaction,12 except that a 
lower sulfur content is present under kraft conditions. 
Both oxidation and reduction of the organic substrate 
can occur during the Willgerodt reaction, and indeed 
oxidative cleavage of an olefinic double bond has been 
obse r~ed . '~  Willgerodt media low in sulfur content 
have been found12 to  lead to partial oxidation so that 
aldehydes or ketones rather than acid derivatives are 
the products, and reduction of carbonyl groups by in- 
organic sulfidesI4 has been noted. Thus all of the re- 
actions required to convert y-curcumene to 4-(p-tolyl)- 

1-pentanol have been shown to occur a t  elevated tem- 
peratures in basic polysulfide media. No previous 
evidence for the presence of a sesquiterpene hydrocar- 
bon of this skeleton in Douglas fir extractives has come 
to the attention of the authors. 

(7)  .J. M. Brewster, J. A m .  Chem. Soc.. 81, 5475 (1959). 
(8) R. S. Cahn, C. K. Ingold, and V. Prelog, Ezperientia. 12, 81 (1956). 
(9) J. Simonsen and D. H. R. Barton, "The Terpenes." Cambridge Uni- 

(10) L. Ruzicka. and E. Capato, H e h .  C h i n .  Acta,  8 ,  263 (1925). 
(11) R. D. Bat t  and S. N. Slater, J .  Chem. Soc., 838 (1949). 
(12) W. A. Pryor, ",\lechanisms of Sulfur Reactions," hIcGraw-Hill 

(13) W. G. Toland, D. L. Hagmann. J. B. Wilkes, and F. J. Brutschy, 

(14) E. Baumann and E. Fromm, Ber. ,  28, 907 (1895). 

versity Press, Cambridge, Mass., 1952, Vol. 111, pp. 9-25. 

Book Co., Inc.. New York, N. Y., 1962, pp. 127-139. 

J. Am. Chem. SOC., 80, 5423 (1958). 
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It is interesting that 4-(p-tolyl)-l-pentanol is quite 
toxic to fish15 but since the percent of the total toxicity 
accounted for by this alcohol is lower than its weight 
percent in the initial sample, more toxic substances are 
present in the as yet uninvestigated residue. The alco- 
hol also shows inhibitory activity toward the cyto- 
chrome-xidase system in vitro which rivals that of cya- 
nide ion. Such high biological activity seems unusual 
for a molecule of this structure. 

Experimental 
Sample Preparation.-Raw material for study was obtained 

from a kraft pulp mill pulping only Douglas fir chips, and pro- 
ducing unbleached pulp. Samples totalling 130 gal. of conden- 
sate from the low vacuum stage of the weak black liquor evapo- 
rator were collected at random intervals during the summer of 
1959. This liquor containing the steam distilled by-products 
of the kraft cook was distilled under reduced pressure a t  85-90' 
in 5-gal. batches. Each batch was reduced to about 350-ml. 
residue which was discarded. The distillate was extracted with 
ether for 24 hr. in a liquid-liquid extractor. The ether extract 
was dried over anhydrous magnesium sulfate and the ether re- 
moved via distillation using a Fenske column. The residue 
consisted of 63.4 g. of viscous dark oil with a characteristic odor. 
This material was distilled in uacuo using a simple Claisen head. 
Three fractions were obtained: I, b.p. 30-56' (0.3 mm.), 5.4 g. 
of light yellow mobile oil; 11, b.p. 56-95" (0.3 mm.), 11.0 g. of 
light yellow oil; and 111, residue 46.5 g. of dark viscous oil. An 
attempt to distil a portion of the residue by molecular distilla- 
tion resulted in decomposition. 

Fraction 1.-Preparative gaschromatographyusing an8.5 ft. X 
0.5 in. column of 20% Reoplex 400 on Celite a t  170" permitted 
separation of fraction I into three portions: I - l ,40 mg. of color- 
less liquid; 1-2, 1.14 g. of light tan liquid; and 1-3, 4.25 g. of 
light brown liquid. A chromatogram of 1-1 on a 14 ft. X l / ~  in. 
column of 1Oy0 Carbowax 20M on firebrick a t  172' using helium 
as carrier gas showed eighteen peaks. Fraction 1-2 was rechro- 
matographed on theoriginal preparative column and two fractions, 
I-2a, 620 mg. of dark brown oil, and I-2b, 500 mg. of a light 
yellow oil, were collected. 

Fraction I-2a was chromatographed on a 14 ft. X '/s in. 
column packed with lOyo Carbowax 20M on firebrick a t  133' 
showing eighteen peaks. This fraction was then chromato- 
graphed on a 12 ft. X 1,'s in. column packed with 10% Craig 
polyester on firebrick a t  108", showing fifteen peaks. The areas 
under the various peaks were used to provide an arbitrary inter- 
relationship between the peaks on the two columns through only 
about ten peaks could be reasonably identified in this way. 
Mixture of fraction I-2a with anisole, P-pinene, p-cymene, 
citronellol, terpinolene, linalool, limonene, terpinene, methone, 
and menthofuran were run through both columns. When the 
related peaks on both columns were enlarged by addition of the 
same component, that component was considered to be satis- 
factorily identified. Thus limonene, terpinene, p-cymene, and 
anisole were found to  be present. 

Fraction I-2b was uniform to gas chromatography on the above 
columns. The liquid had the following properties: mol. wt., 
235 (osmometer), v = 3400, 1725, 1680, Xmax 238 (ca .  27,000), 
280 ( c a .  5000). A solution containing 43 mg. of I-2b in ethanol 
was mixed with 1.5 ml. of a solution of 2,4-dinitrophenylhydrazine 
in diglyme. Two drops of hydrochloric acid were added and the 
solution allowed to stand 24 hr. The deep red precipitate was 
recrystallized from benzene and 2 mg. of orange crystals, m.p. 
> 300" were isolated. 

It was 
distilled in U ~ C U O  giving 4.0 g. of colorless oil, b.p. 95' (0.3 mm.), 
v = 3480, 3050, 1610, 1605, 1513, and 750 em.-'. One gram of 
1-3 was mixed with 0.7 g. of benzoyl chloride and the mixture 
boiled for 5 min. The mixture was poured onto ice and the 
residue triturated with 5% sodium carbonate solution. The 
solid residue was recrystallized from ethanol, m.p. 58'. A 
mixture with an authentic sample of guaiacol benzoate melted 
a t  58'. 

Fraction 1-3 was uniform to gas chromatographic tests. 

Fraction 11.-Elution chromatography of 6.98 g. of fraction I1 
on 200 g. of predried silicic acid using 2 1. of ligroin, 2 1. of ben- 
zene, 1 1. of carbon tetrachloride, 11. of chloroform, 11. of ether, 
and 1 1. of methanol in that order as eluants separated five 
fractions as indicated by a plot of weight of materid per tube 
against tube number. These were combined as the following 
fractions: 11-1, 500 mg. of colorless liquid, 11-2, 4.25 g. of light 
brown oil, 11-3,308 mg. of a dark oil, 11-4, 263 mg. of a dark oil 
and 114,850 mg. of a viscous brown liquid. 

Fractions 11-1, 11-3, and 11-4 were shown by gas chroma- 
tography to  contain 16, 17, and 16 components, respectively. 
These were not investigated further. 

Fraction 11-2 .-was purified by chromatography on activity 
I11 (Brockman) alumina and the main fraction eluted in benzene. 
This was distilled to give 2.6 g. of a clear liquid, b.p. 72-74' 
(0.1 mm.), n Z 9 ~  1.5051, d Z 3  0.9635; Xma. 237, 259, 265; v = 
3400, 2900, 1860 w, 1760 w, 1622, 1500 s, 1050, 984,895, 812, 
and 720 em.-'; [cY]~'D + 38.1 (95y0 ethanol, 4.64 mg./ml.). 
This substance did not add hydrogen or react with perbenzoic 
acid. 

A n a l .  Calcd. for ClzHlsO: C, 80.85; H, 10.18. Found: 
C, 80.45, 80.74; H, 10.08, 9.98. 

11-2 3,5-Dinitrobenzoate.-A solution containing lbo mg. of 
11-2 and 200 mg. of 3,5-dinitrobenzoyl chloride in D.3  ml. of 
pyridine was warmed on a steam bath for 10 min. The solution 
was poured into 4 ml. of water, the insoluble residue washed with 
2% sodium carbonate, and the solid material recrystalized from 
ethanol. Thus 50 mg. of bright yellow crystals, m.p. i8" ,  
was obtained. 

A n a l .  Calcd. for C I ~ H ~ O N Z O ~ :  C, 61.28; H, 5.14. Found: 
C, 61.19,61.37; H, 5.37,5.14. 

Oxidation of 11-2.-A solution containing 37.8 mg. of 11-2 
and 250 mg. d potassium permanganate in 7.5 ml. of water was 
he@ted on a boiling water bath for 6 hr. The manganese dioxide 
was removed by filtration, the solution acidified with hydro- 
chloric acid, and extracted with ether. The ether extracts were 
dried over anhydrous mgnesium sulfate. Evaporation of the 
ether gave 28.2 mg. of white crystals which sublimed without 
melting a t  250'. The infrared spectrum (KBr pellet) was identi- 
cal with that of an authentic specimen of terephthalic acid. 

A solution of 77.5 mg. of 11-2 in 1.5 ml. of 3.5 N nitric acid was 
heated under reflux for 12 hr. Sufficient 1 N sodium hyroxide wae 
added to dissolve the precipitate, a small m o u n t  of powdered zinc 
added and the mixture heated for 1 hr. A portion of the solution 
was distilled to remove reduced nitration products, aqd the zinc 
removed from the residue. The aqueous solution was acidified, 
extracted with ether and the ether extracts dried. Paper chroma- 
tography of the extracts on Whatman no. 4 pager using ethanol- 
ammonia-water (80:4: 16) showed four spots, Rr 0.i3, 0.44, 
0.26, and 0.00. Under the same conditions the foilowing Rr 
values were observed: p-toluic acid 0.7'2, acetic acid 0.43, malonic 
acid 0.25, and oxalic acid 0.00. The ether was evaporated from 
the extracts and 29.9 mg. of white crystals, m.p. 158-166", 
were recovered. The infrared spectrum was nearly identical 
with that of p-toluic acid. 

Fraction 11-5.-gave after standing in the cold a crystalline 
magna. After recrystallization from benzene-ligroin, 50 mg. of 
white crystals, m.p. 90-92", were obtained. There showed 
infrared absorption a t  3400, 2940, 2880, 1625 w, 1470, 1445, 
1420, 1380, 1170, 1125, 1010, 987, 947, 900 and 835 em.-'. 
11-5 decolorized potassium permanganate and bromine water but 
did not give a color with ferric chloride. 

3,s-Dinitrobenzoate of II-S.-was prepared a8 described above 
for 11-2. Recrystallization from ethanol gave 60 mg. of pale 
pink crystals, m.p. 170-171', Amex 230 mp (E? 774). 
The melting point suggests a di-3,5-dinitrobenzoate and, using 
kmax 230 mp ( e  45,000) for the average for such derivatives, the 
mol. wt. of 11-5 is estimated a t  190 i= 20. Analytical data 
were unsatisfactory. 

7-( p-Tolyl)-7-valero1actone.-To a solution contdining 0.25 
mole of methyl Grignard reagent was added slowly a solution of 
23.6 g. (0.123 mole) of 3-(p-toluoyl)propionic acid16 in ether. 
The reaction mixture was heated a t  reflux for 2 hr., then decom- 
posed with cold dilute sulfuric acid. The ether layer was sepa- 
rated, washed with dilute sodium hydroxide, and dried. After 
evaporation of the ether the lactone was distilled, b.p. 98" (0.05 

(15) The authors are indested to Dr. Charles Warren of the Fish and 
Game Department, Oregon State University, for the biological toxicity de- 
termination which will be reported in detail elsewhere. (16) E. de B. Barnett and F. G. Saunders, J. Chem. Soc..  434 (1933). 
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mm.), 7 g. (40% based on acid used), Y = 1775 em.-'. A melt- 
ing point of 56" has been reported17 for this lactone. 

4-(pToly1)pentanoic Acid.-The previous lactone was reduced 
according to the procedure of Martin.'* After 22 hr. the toluene 
layer was separated and extracted with dilute sodium hydroxide. 
The basic layer was acidified with hydrochloric acid and extracted 
with ether. The ether extracts were dried and the product 
distilled, b.p. 115" (1.5 mm.), 2.7 g. (38%). Boiling points of 
173" (9 mm.)17 and 180' (14 mm.)8 have been reported. 
4-(p-Tolyl)-l-pentanol.-The above acid was esterified with 

ethanol and hydrochloric acid. The ester, b.p. 144 (9 mm.),6,17 

(17) H. Rupe and A. Steinback, Bsr., 44, 584 (1911). 
(18) E. L. Martin, J .  Am. Chem. SOC. 68, 1438 (1936). 

was obtained as a colorless oil in 78% yield. A solution contain- 
ing 2.3 g. of the ester in ether was added dropwise to a solution 
containing 0.47 g. of lithium aluminum hydride and the solution 
stirred at room temperature for 15 min. Excess hydride was 
destroyed with moist ether. The product was distilled in vacuo, 
b.p. 72-74' (0.1 mm.), 1.28 g. (62%). Simonsen' reports a 
boiling point of 151" (16 mm.) for this alcohol. Its infrared 
spectrum was identical with that of 11-2 and its 3,5-dinitroben- 
zoate melts a t  78" (reported6 m.p. 80'). 

Infrared Spectra.-Infrared spectra were carried out unless 
otherwise specified on neat liquids using a Perkin-Elmer Model 
21 spectrometer. 

Gas Chromatography.-A Model 154C Perkin-Elmer vapor 
fractometer was used with helium as the carrier gas under the 
conditions indicated in each case. 

The meso and Racemic Forms of 2,4-Pentanediol and Certain of Their Derivatives 
J. G. PRITCH.4RD AND R. L. VOLLMER 

Contribution -Yo. 134 from Chemstrand Research Center, I n e . ,  Durhnm, h'orth Carolina 

Received September gol 1962 

The meso and racemic forms of 2,4-pentanediol have been separated from their mixture via fractional distilla- 
tion of their cyclic sulfite esters, and their structures identified through their proton resonance spectra. The 
separated diols have been converted to diacetates, bis-3,5-dinitrobenzoates, dichlorides, and dibromides of corre- 
sponding structural symmetry and the isomeric pairs characterized. The reduction of acetylacetone by sodium- 
ethanol, nickel-hydrogen, and sodium borohydride yielded the meso and racemic 2,4-pentanediols in the ratios 
9:111 11:9, and 2:1, respectively. 

The meso and racemic forms of 2,4-pentanediol and 
their derivatives are of topical interest as model systems 
for spectroscopic and chemical studies relating to poly- 
mers. 1-6 This paper discusses a convenient prepara- 
tion for the isomeric diols, and their conversion to di- 
halides and other derivatives. 

Previously reported separations of meso and racemic 
forms in 2,+disubstituted pentane systems are as fol- 
lows. The'.sodium hydroxide complexes of the diol 
cyclic borate,, 'asters have been separated in aqueous 
solution by paper ionophoresis' and by chromatography 
on the borate form of an anion-exchange resin3; the 
diol mono-p-bromobenzenesulfonate esters have been 
separated by solution chromatography on 
The dichlorides have been separated in the vapor phase 
on a dioctyl phthalate column5 and the diamines were 
separated long ago via crystallization of their acetyl 
 derivative^.^ Apart from the last system, the above 
separations are suitable only for small quantities unless 
very large sized equipment is used. It was, therefore, 
our aim to develop a simple distillation method for 
large-scale separation of the diol isomers in a pure state 
(via an ester derivative), using chromatography only as 
a method of analysis for the isomers. Then, the further 
goal was to study methods for converting each pure 

(1) J.  T. Clarke and E. R. Blout, J .  Polymer Sci.,  1, 419 (1946). A 
2,4-pentanediol mixture having no ultraviolet absorption above 220 mp 
had b.p. 201.0 to 201.2' (760 mm.) and 

(2) M. Matsumoto and K. Imai, Kobunahi Kagaku, 15, 160 (1958). 
(3) E. Nagai, S. Kuribayashi, M. Shiraki, and M. Ukita, J .  Polymer Sci., 

96, 295 (1959). The melting points reported for the two isomeric forms of 
2,4-pentanediol cyclic borate are 85' and 37'. The microanalyses reported 
for 2,Cpentanediol isomers Separated ora the cyclic borates are incredibly 
bad. 

(4) M. Shiraki and E. Nagai, Nippon Kagaku Zaashi. 81, 976 (1960); 
R. Chuio, S. Satoh, T. Ozeki, and E. Nsgai, Reports Proo. Polymer Physics, 
Japan, I ,  248 and 251 (1962). 
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(5) T. Shimanouchi and M. Taaumi, Spsctrochim. Acta, 17, 755 (1961). 
(6) T. Takata, e1 al., Kobunahi Kagaku, 16, 693 (1959); 18, 235 (1961). 
(7) J.  L. Frahn and J.  A. Mills, Awlralian J .  Chem., 12, 65 (1959). 
( 8 )  H. B. Henbeat and B. B. Millward, J .  Chsm. Soc., 3679 (1960). 
(9) C. J. Dippel, Rsc. lmw. ohim., I O ,  526 (1931). 

form of the diol to some other useful 2,4-disubstituted 
pentane derivatives, without loss of isomeric purity. 

Results and Discussion 

Separation and Characterization of meso and Racemic 
2,4-Pentanediol.-An experimental review of various 
methods of reduction of acetylacetone-a readily 
available starting material-showed that a most 
straightforward procedure for obtaining a high yield 
of good-quality diol mixture could be worked out 
using sodium borohydride, which me recommend in 
preference to other methods even though it gives an 
isomer ratio somewhat removed from 1: 1 (see Experi- 
men tal). 

A separation of the isomeric diols via fractional 
distillation of their cyclic sulfite esters'O was found to 
work quite successfully. Thus, the conversion of the 
diol mixture to a cyclic sulfite mixture through thionyl 
chloride was straightforward, requiring only the sim- 
plest apparatus; and direct fractionatlion of the reaction 
mixture without elaborate work-up was satisfactory. 
The meso and racemic cyclic sulfites, the b.p. of which 
differ by only 10' a t  12 mm., apparently form a suffi- 
ciently non ideal boiling mixture for a clean separation 
to be achieved in a modestly efficient fractionating 
column (see Experimental). The hydrolysis of the 
individual cyclic sulfite isomers back to diols with 
aqueous sodium hydroxide was straightforward, and 
this type of process is known to  occur by sulfur-oxygen 
bond fission, L e . ,  without the possibility of change of 

The over-all yields of pure diol 

(10) Cf. F. M. Robertson and A. C. Neish, Can. J .  Rea., 2IB, 491 (1947). 
These authors suggested that the me80 and laeac-2,3-butanediols might be 
easily separated via fractional distillation of their cyclic sulfites. 

(11) C. A. Bunton, P. B. D. de la Mare, P. M. Greaseley, D. R. Llewellyn, 
N. H. Pratt, and J. G. Tillett, J .  Chsm. Soo.. 4751 (1958). 

(12) C. A. Bunton, P. B. D. de la Mare, A. Lennard, D. R. Llewellyn. 
R. B. Peanon, J. G. Pritohard. and J. 0. Tillett, ibid., 4761 (1968). 


