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Synthesis of DL-3,5-Dihydroxy-3-methylpentanoic Acid (Mevalonic Acid)

By CarL H. HorFmaN, ARTHUR F. WAGNER, ANDREW N. WILSON, EDWARD WarLtON, CLIFFORD H.
SHUNK, DONALD E. WoLF, FREDERICK W. HoLLY AND KARL FOLKERS

RECEIVED DECEMBER 14, 1956

The racemate of a new acetate-replacing factor, pL-3,5-dihydroxy-3-methylpentanoic acid (VII), has been synthesized.
The Reformatsky reaction between 4-acetoxy-2-butanone and ethyl bromoacetate gave ethyl 5-acetoxy-3-hydroxy-3-
methylpentanoate (IV), which was hydrolyzed by alkali to 3,5-dihydroxy-3-methylpentanoic acid (VII).

A new acetate-replacing factor has been ob-
tained! from dried distillers’ solubles and has been

shown®? to be 3,5-dihydroxy-3-methylpentanoic
acid (XI). The racemate was synthesized? from
T
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diethyl 3-hydroxy-3-methylglutarate. This paper
describes a new synthesis of DL-3,5-dihydroxy-3-
methylpentanoic acid and several of its 5-O-deriva-
tives. In addition, the N,N’-dibenzylethylenedi-
ammonium salts of the parent acid and its corre-
sponding 5-O-derivatives are described.

The synthesis was accomplished by a Reformatsky
reaction between a 4-O-substituted 4-hydroxy-2-
butanone and ethyl bromoacetate to give a hydroxy-
ester, which was hydrolyzed to the correspond-
ing hydroxyacid. Three O-substituted 4-hydroxy-
2-butanones were investigated in this reaction. In
refluxing ether solution, the best yield (519;) was
obtained with 4-acetoxy-2-butanone (I). With
the acetal, 4-(2-tetrahydropyranyloxy)-2-butanone
(II), the yields were about 209, while with the
ether, 4-benzyloxy-2-butanone (III), the yields
were even lower. When the condensation was
carried out in refluxing benzene, the yields of

(1) L. D. Wright, E. L. Cresson, H. R. Skeggs, G. D. E. 3MacRae,
C. H. Hoffman, D. E. Wolf and K. Folkers, THIs JoURNAL, T8, 5273
1956).

( (2) D. E. Wolf, C. H. Hoffman, P. E. Aldrich, L. D. Wright and
K. Folkers, ibid., 78, 4499 (1956); D. E. Wolf, C. H. Hoffman, P. E.

Aldrich, H. R. Skeggs, .. D. Wright and K. Folkers, thid., 79, 1480
(1957).

hydroxyester were extremely low with both the
4-acetoxy derivative I and the 4-(2-tetrahydro-
pyranyloxy) derivative II.

The hydroxyesters (IV, V, VI) were hydrolyzed
with alkali to the Correspondmg free acids (VII,
VIII, IX), which were isolated as oils and purified
by conversion to \T,.\I -dibenzylethylenediammo-
nium salts. Ethyl 5-acetoxy-3-hydroxy-3-methyl-
pentanoate (IV) was hydrolyzed to the corre-
sponding dihydroxyacid VII, which was isolated
as an equilibrium mixture of the hydroxyacid and
its 8-lactone. The pure lactone XI was isolated
from the equilibrium mixture by a short-path dis-
tillation. The distilled lactone was crystallized
from acetone—ether to vyield pL-3-methyl-3-hy-
droxy-é-valerolactone (XI), m.p. 27-28°. The
acid-lactone mixture was converted by an excess
of N,N’-dibenzylethylenediamine in semi-aqueous
media into N,N’-dibenzylethylenediammonium-
bis-(3,5-dihvdroxy-3-methylpentanoate).

Both the lactone XI and the salt of VII are fully
active in the Lactobacillus acidophilus ATCC 4963
assay.’

Ethyl  3-hydroxy-3-methyl-3-(2-tetrahydropy-
ranyloxy)-pentanoate (V) and ethyl 5-benzyloxy-
3-hydroxy-3-methylpentanoate (VI) were hydro-
lyzed with alkali to the corresponding hydroxy-
acids (VIII and IX), which formed crystalline
N,N’-dibenzylethylenediammoniumn salts, The
acetal derivative, N,N’-dibenzylethylenediamnio-
nium-bis- [3-hydroxy-3-methyl- 5- (2- tetrahydropy-
ranyloxy)-pentanoate], had 659 of the calculated
activity in the L-4963 assay. This derivative is
the only one of this series which showed activity
in the L-4963 assay. The acetal VIII was con-
verted to the dihydroxyacid VII by acid hydrolysis.

Benzoylation of the 5-hydroxyl group in 3,5-
dihydroxy-3-methylpentanoic acid wuas accom-
plished in low vield with benzoyl chloride in agucous
alkali. The product, 5-benzoyloxy-3-hydroxy-3-
methylpentancate (X), was isolated as an oil and
characterized as the N,N’-dibenzylethylenediam-
monium salt. This derivative was inactive in the
L-4963 assay; alkaline hydrolysis regenerated full
activity. Using other acylating reagents, little
or none of the 5-acylated products could be isolated.
These results indicate that self-acylation to the

(3) H. R. Skeggs, I.. D. Wright, B. I.. Cresson, G. D. . MacRae,
CUIT HefTman, DB Woll and K. Folkers, J. Duet .72, 519 (1976),
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lactone was the preferred reaction under the acylat-
ing conditions.

Acknowledgment.—The authors are indebted to
Mr. R. N. Boos and associates for elemental anal-
yses and to Dr. L. D. Wright and associates for
Lactobacillus-4963 assays.

Experimental

4-Acetoxy-2-butanone.—To a mixture of 200 ml. of acetic
anhydride and one drop of concentrated sulfuric acid was
added 100 g. of 4-hydroxy-2-butanone? during a period of one
hour. The temperature of the reaction mixture was main-
tained at 50° by occasional cooling. The reaction mixture
was fractionated under reduced pressure and the fraction
boiling at 92-95° (25 mm.) was collected yielding 119 g.
(80%) of 4-acetoxy-2-butanone, #25p 1.4148.

Anal. Caled. for CeHpoO; (130.14): C, 55.37; H, 7.75.
Found: C, 35.51; H, 7.79.

4-(2-Tetrahydropyranyloxy)-2-butanone.—Equimolar
quantities (0.59 mole) of 4-hydroxy-2-butanone (51.5 g.)
and dihydropyran (48.7 g.) were mixed and 4 drops of con-
centrated hydrochloric acid was added. The mixture was
cooled to keep the temperature below 45° and then was
allowed to stand overnight at room temperature.

The reaction mixture was dissolved in 500 ml. of ether and
the solution was washed with dilute aqueous sodium bicar-
bonate and then with water. The ether solution was dried
over anhydrous magnesium sulfate, filtered and concen-
trated iz vacuo vielding 78 g. (789) of product, n2%p 1.4492.

The product was distilled in vacuo yielding 57 g. of 4-(2-
tetrahydropyranyloxy)-2-butanone, b.p. 60-63° (100 u),
n%*Dp 1,4488.

Anal. Caled. for CHe0; (172.22): C, 62.77; H, 9.37.
Found: C, 62.85; H, 8.99.

4-Benzyloxy-2-butanone.—A solution of 90 g. (0.5 mole)
of 4-benzyloxy-2-butanol® in 200 ml. of acetic acid was
cooled to 10~-15°. A solution of 33.3 g. (0.33 mole) of chro-
mium trioxide in 30 ml. of water and 180 ml. of acetic acid was
added to the stirred reaction mixture over a period of 2
hours. The reaction mixture was diluted with 1 liter of
water and extracted with 3 portions of chloroform. The
combined chloroform extracts were washed with water,
sodium bicarbonate solution and water. The residue (77 g.)
obtained after removal of the chloroform was distilled at
reduced pressure yielding 54 g. (60%) of 4-benzyloxy-2-
butanone, b.p. 88-91° (0.5 mm.), #28p 1.5040.

Anal. Caled. for C;yH.O, (178.22): C, 74.13; H, 7.92.
ound: C,74.51; H, 8.19.

Ethyl 5-Acetoxy-3-hydroxy-3-methylpentanoate.—A 1mix-
ture of 124 g. (0.96 mole) of 4-acetoxy-2-butanone and 166 g.
(1.0 mole) of ethyl bromoacetate in 450 ml. of dry ether was
added slowly to 120 g. (1.84 moles) of clean, dry, granular
zinc. The reaction began immediately and the addition of
reagents was regulated so that a gentle refluxing of ether
was maintained. The time required for the addition was
about 1 hour. Tlie inixture was stirred gently and warmed
an additional 2 hours.

The solutionn was decanted onto an excess of crushed ice,
and the mixture was acidified to congo red with concentrated
hiydrochloric acid. The layers were separated; and the ether
phase was washed with sodium bicarbonate solution, then
with saturated ammonium sulfate solution, and was dried
over sodium sulfate. The aqueous mother liquor and washes
were combined, reacidified to congo red and were extracted
twice with chloroform. The chloroform extracts were
washed with sodium picarbonate solution and were dried
over sodium sulfate. The chloroform and ether extracts
were combined and concentrated. The residue was frac-
tionated under reduced pressure and the fraction boiling
at 86-87° (0.2 mm.) was collected. The yield of ethyl 5-
acetoxy-2-hydroxy-3-methylpentanoate was 106 g. (51%),
12D 1.4458; d%% 1.090, M %D 53.34 (caled. 53.22).

Anal. Caled. for CmngOs (21824) C, 5503, H, 831;
sapn. equiv., 109. Found: C, 55.32; H, 8.03; sapn.
equiv., 114.

Ethyl  3-Hydroxy-3-methyl-5-(2-tetrahydropyranyloxy)-
pentanoate.—An equimolar mixture (0.32 mole) of 4-(2-

(4) T. White and R. N, Haward, J. Chem. Soc,, 25 (1943).
(5) G. G. Mayer and H. Sobotka, THIs JOURNAL, T1, 2388 (1949).
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tetrahydropyranyloxy)-2-butanone (55 g.) and ethyl bromo-
acetate (54 g.) in 200 ml. of ether was added slowly to a
stirred mixture of 21 g. of granular zinc in 30 ml. of anhy-
drous ether. The rate of addition was such that the ether
refluxed gently. After all the reactants had been added
the mixture was warmed for 3 hours.

The reaction mixture was poured into 200 ml. of cold 2 &V
sulfuric acid. The ether phase was separated and the aque-
ous phase was extracted with three 150-ml. portions of
chloroform. The chloroform and the ether extracts were
washed with 109, aqueous sodium bicarbonate, saturated
aqueous ammonium sulfate and dried over anhydrous mag-
nesium sulfate. The combined organic phases were concen-
trated 4% vacuo.

The residue (55.3 g.) was distilled in vacuo. After two
distillations 28 g. of ethyl 3-hydroxy-3-methyl-5-(2-tetra-
hydropyranyloxy)-pentanoate, b.p. 96-98° (100 u), %D
1.4562; d%, 1.054, M?5p 67.13 (caled. 66.50), was obtained.

Anal. Caled. for Ci3H»O5 (260.32): C, 59.98; H, 9.29.
Found: C, 59.29; H, 8.78; sapn. equiv., 255.

N,N’-Dibenzylethylenediammonium Bis-(3,5-dihydroxy-
3-methylpentanoate).—Ethyl 5-acetoxy-3-hydroxy-3-meth-
ylpentanoate (47.5 g.) was dissolved in 100 ml. of ethanol
and 50 ml. of water was added. The solution was warmed
to ca. 60° and 6 N sodium hydroxide was added slowly to
the stirred solution keeping the pH just at the turning
point of phenolphthalein indicator. A total of two equiva-
lents of alkali was added. The solution was cooled to room
temperature and two equivalents of 6 N hydrochloric acid
was added. The aqueous solution was concentrated in
vacuo and the final traces of water were removed in vacuo.
The residue was extracted with two 200-ml. portions of
chloroform and the insoluble salts were removed by filtra-
tion. The combined chloroform extracts were dried over
anhydrous magnesium sulfate, filtered and concentrated
in vacuo yielding a 28.7-g. residue.

The residue was dissolved in 100 ml. of water and a solu-
tion of 26 g. of N,N’-dibenzylethylenediamine in 100 ml. of
methanol was added; the solution was kept at room tein-
perature about 18 hours. The mixture was concentrated
in vacuo to remove most of the methanol and the aqueous
solution was extracted with 50 ml. of chloroform. The
aqueous phase was concentrated iz vacuo yielding 40 g. of
salt.

The salt was dissolved in 125 ml. of hot methanol and 1
liter of ether was added to the warm solution. The prod-
uct erystallized yielding 22 g. (389%,) of N,N’-dibenzylethyl-
enediammonium  bis~(3,5-dihydroxy-3-methylpentanoate),
m.p. 124-125°.

Anal. Caled. for CpsH N0 (536.65): C, 62.64; I1,8.26;
N, 5.22. Found: C, 62.77; H, 8.24; N, 5.10.

The mother liquors and the chloroform wash of the aqte-
ous solution were combined and concentrated in vacuo yield-
ing a 32-g. residue. The residue was taken up in 100 ml. of
water and a solution of 25 g. of N,N’-dibenzylethylenedi-
amine in 100 ml. of methanol was added. After standing
overnight, the reaction mixture was worked up in the man-
ner described above yielding 9.5 g. (16%) of N,N’-dibenzyl-
ethylenediammonium-bis- (3,5 - dihydroxy - 3 - methyl- pen-
tanoate), m.p. 125-126°.

B-Hydroxy-g-methyl-s-valerolactone.—N,N’-Dibenzyl-
ethylenediammonium - bis - (3,5 - dihydroxy - 3 - methylpen-
tanoate) (44.4 g., 0.08 mole), was dissolved in ca. 100 ml. of
water and 170 ml. of 1 N sodium hydroxide was added.
The N,N’-dibenzylethylenediamine was removed by ether
extraction. The aqueous solution of sodium salt was passed
through a column of Amberlite resin, IR 120 (H*), and the
eluate was lyophilized. The residue was taken up in
chloroform and the solution was dried over anhydrous mag-
nesium sulfate, filtered and concentrated ixn vacuo yielding
20.3 g. of oil.

A sample of the oil was evaporatively distilled at ca. 90°
(0.3 mm.)® to yield the pure lactone, g-hydroxy-g-methyl-s-
valerolactone, AS¥% 2.95 and 5.79 u.

Anal. Caled. for CsHyO; (130.14): C, 55.37;
Found: C, 55.44; H, 7.56.

A portion of the distilled lactone (0.84 g.) was dissolved
in a small amount of acetone, and ether was added to the
point of incipient cloudiness. When the solution was cooled
in a Dry Ice-acetone-bath, the lactone crystallized. Tlhe

H, 7.75.

(6) Higher temperalures causc loss of biological activity.
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product was collected by filtration and washed with ether
vielding 0.73 g. of -hydroxy-8-methyl-s-valeroltctone, m.p.
26-28°. Recrystallization of the product gave material
melting at 27-28°, The product is hygroscopic.

Anal. Caled, for CeH1oOs (130.14): C, 55.37; H, 7.75.

Found: C, 55.94; H, 7.75; sapn. equiv., 131,

N,N’-Dibenzylethylenediammonium-bis-(3-hydroxy-3-
methyl-5-(2-tetrahydropyranyloxy)-pentanoate.—Ethyl  3-
hydroxy-3-inethyl-5-(2-tetrahydropyranyloxy)-pentanoate
(6.1 g.) was dissolved in 30 ml. of ethanol and 10 ml. of 3 NV
sodium hydroxide was added. The mixture was warmed
on a steam-cone for 30 minutes.

The mixture was cooled, acidified to pH 4 and extracted
with ether. The ether solution was washed with water, dried
over anliydrous magnesium sulfate, filtered and concen-
trated in vacuo yielding 2.7 g. of oil.

The oil was dissolved in ca. 100 ml. of ether and 2.7 g.
of N,N’-dibenzylethylenediamine in 20 ml. of ether was
added. The salt precipitated and was collected by filtration
yvielding 3.3 g. of N,N’-dibenzylethylenediammonium-bis-
(3-hydroxy-3-methyl-5-(2-tetrahydropyranyloxy)-pentano-
ate), m.p. 137-139°.

Anal. Caled. for CyiHgpN,Oy (704.88):
2.58; N, 3.98. Found: C, 64.69;

71,

N,N’-Dibenzylethylenediammonium-bis-(3,5-dihydroxy-
3-methylpentancate) from N,N’-Dibenzylethylenediam-
monium-bis- [3-hydroxy- 3-methyl-5-(2-tetrahydropyranyl-
0xy) - pentanoate |.—N,N’ - Dibenzylethylenediammonium-
bis- [3-hydroxy-3-methyl-5- (2-tetrahydropyranyloxy)-pen-
tanoate] (3.3 g.) was suspended in 10 ml. of water and 12
ml. of 1 N hydrochloric acid was added and warmed on the
steam-cone for 10 minutes. The mixture was cooled and
10.8 ml. of 1 N sodium hydroxide was added. The mixture
was filtered and the filtrate was lyophilized,

The residite was leached with 25 ml. of hot methanol.
The methanol solution was cooled and diluted with ether
vielding 450 mg. of N,N’-dibenzylethylenediammonium-
bis-(3,5-dihydroxy-3-methylpentanoate), m.p. 122-123°.
A mixture of this sample with an authentic specimen of the
salt melted at 122-123°,

N,N’-Dibenzylethylenediammonium-bis-(5-benzyloxy-3-
hydroxy-3-methylpentanoate).—A mixture of 40 g. (0.23
mole) of 4-benzyloxy-2-butanone and 37.5 g. (0.23 mole)
of etliyl bromoacetate in 100 ml. of ether was added drop-
wise to 20 g. (0.32 mole) of clean, dry granular zinc. The
reaction mixture was stirred at the reflux temperature for
about two hours and was then added to a mixture of ice
and 30 ml. of concentrated hydrechloric acid. The ether
layer was separated and the aqueous phase was extracted
with ether., The combined ether layers were washed with
saturated sodium chloride solution, sodium bicarbanate
solution and, again, with sodium chloride solution. Tlhe
ctlier layer was concentrated yielding 40 g. of residual oil.
A 30-g. portion of the prodiict was distilled #x vacuo to give
ca. 15 g. of material boiling at <70° (0.4 mm.). Tle residue
(14.7 g.) from this distillation was hydrolyzed on the stcam-

C, 64.74; H,
H, 8.29; N, 4.46,

G. Bocur anp N, C. Yaxe
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cone with 22 ml. of 1 N sodinm hydroxide and 50 nil. of
methanol. The solution was diluted with 50 inl. of water
and concentrated at reduced pressure to a volume of ca.
50 ml. The solution was extracted with ether and the ether
phase was discarded. The aqueots phase was acidified with
concentrated hydrochloric acid and extracted with ether.
The ether extract was washed with saturated sodium clilo-
ride solution, dried and concentrated, vielding 2.2 g. of 5-
benzyloxy-3-liydroxy-3-methylpentanoic acid.

A 1.93-g. portion of the acid was dissolved in 5 ml. of
methanol and treated with 0.97 g. of N,N’-dibenzylethylene-
diamine. When ca. 75 ml. of ether was added, 1.5 g. of the
salt, m.p. 123-127°, crystallized. A 400-mg. portion of
the salt was recrystallized from chloroform-ether, cliloro-
form—petroleum ether and finally from methanol-ether
vielding 200 mg. of N,N’-dibenzylethylenediammonium-
bis-o5—benzyloxy-3-11ydroxy-3-methy1pentanoate), m.p- 131-
133°.

Anal. Caled. for CuHyN2Og (716.89): C, 70.36; H,
7.87; N,3.91. Found: C,70.40; H, 7.60; N, 4.14.

5.Benzyloxy-3-hydroxy-3-methylpentanoic  Acid.—LFour
hundred and eighty milligrams of N,N’-dibenzylethylene-
diammonium-bis-(5-benzyloxy- 3 ~ hydroxy - 3- methylpen-
tanoate) was suspended in 25 ml. of water and acidified
with 2.5 N hydrochloric acid. The free acid was extracted
into ether and then extracted into aqueous potassium bi-
carbonate. The bicarbonate solution was acidified and the
product was extracted into ether. The ether extract was
washed with water, dried and concentrated yielding 169 mg.
of 5-benzyloxy-3-hydroxy-3-methylpentanoic acid, »n%»D
1.5130, neut. equiv. 243 (caled. 238).

N,N’-Dibenzylethylenediammonium-bis-(5-benzoyloxy-3-
hydroxy-3-methylpentanoate).—Ten grams of N,N’-di-
benzylethylenediammonium- bis~(3,5-dihydroxy-3-1nethyl-
pentanoate) was dissolved in 37 ml. of 1 V sodium hydroxide.
The solution was extracted with etlier and the ether extract
was washed with 15 ml. of water. The combined aqueous
phases were stirred and cooled while 6 g. of benzoyl chloride
was added dropwise. Sodium hydroxide (1 N) was added
dropwise during the addition of benzoyl chloride to keep the
pH at ca. 9. After being stirred for one hour, the reaction
mixture was washed with chloroform. The aqueous plhase
was acidified to pH 3 with hydrochloric acid and extracted
with two 75-ml. portions of chloroform. The comnbined
chloroform extracts were washed with water, dried over
anhydrous magnesiuin suifate, filtered and concentrated in
vacuo,

The residue was leached with hot petroleum ether and
then dissolved in 8 mi. of inethanol. N,N’-Dibenzylethyl-
enediamine (2.16 g.) was added, and the solution was diluted
witli ca. 80 ml. of ethier. Two gramns of N,N’-dibenzylethyl-
encdiammonium - bis-(5-benzoyloxy -3 -hydroxy -3 -methyl-
pentanoate), m.p. 142-143°, crystallized from the solution.

Anagl. Caled. for CpuHgNe0ye (744.86): C, 67.70; 11,
7.04; N, 3.76. Found: C, 68.42, 68.31; H, 6.76, 6.93;
N, 3.71.

Ranway, N. j.
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Light-catalyzed Organic Reactions. VI.!

The Isomerization of Some Dienones®®

By G. Btcur anp N. C. YaNc
RECEIVED NOVEMBER 19, 1956

The isomerization of four dienones has been studied. B-Ionone yielded pyran X and spiroketone IX coutaining a cyclo-

propane ring.
tonylideneacetone was converted to the A%4cis isomer.

Irradiation of both pseudoionone and 6-methyl-3,5-heptadiene-2-one led to polymers. ? 15-C1
The changes observed are compared with the isomerization

trans—trans-Cro-

of tachysterol (I1I) and possible interpretations of the results are discussed.

The conversion of ergosterol (I) to vitamin D,
(IV) is unquestionably one of the most fascinating

(1) Part V, Tyis JOURNAL, 78, 876 (1956).

(2) Part of a program of research supported by a grant from the
Godfrey L. Cabot Fund, Publication No. 63, M. I. T. Solar Energy
Conversion Project.

photochemical reactions known. The brilliant
researches of Windaus and his Sclhool have led to
the isolation and structure elucidation of lumisterol

(3) A prelimivary account of this work was reported ia Chemisiry &
Indusiry, 357 (1953).
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