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Mevalonic acid (or its lactone, 3,5-dihydroxy-3-
methylpentanoic acid ¢-lactone, 2b) has long been
recognized as a precursor of the isoprene unit used by
living systems in biosynthesis.! Analogs of mevalon-
olactone, however, have not been extensively tested in
biological systems. Tamura, et al.,2 and Stewart and
Woolley? have synthesized several homologs and tested
them for antimetabolic activity, but the question
whether 3,5-dihydroxy-3-ethylpentanoic acid {-lactone
(2a, the 3-ethyl homolog of mevalonolactone) is metabo-
lized by living systems was left unanswered. In order
to obtain material for such a study,* we undertook the
synthesis of 2a labeled with 4C in the 2 position.

Compound 2a has been synthesized by Tamura and
Takai® by the method used for mevalonolactone.®
The tetrahydropyranyl ether of the appropriate 3-keto
alecohol was treated with allylmagnesium bromide; the
protecting group was removed; the terminal olefin was
cleaved by ozonolysis; and the lactone was obtained
upon work-up, during which eyclization of the dihy-
droxy acid occurred.

Several other mevalonolactone syntheses have been
reported. Those based on Hoffman’s synthesis” involve
a Reformatski reaction between ethyl bromoacetate
and 4-acetoxy-2-butanone.8—1° After saponification of
the resulting diester, the lactone forms upon acid-
ification. Hulcher and Hosick!! reported an internal
Reformatski reaction of 4-(bromoacetoxy)-2-butanone
prepared from bromoacetyl bromide and 4-hydroxy-2-
butanone. Cornforth and coworkers have reported
syntheses of mevalonolactone labeled in both the 4
position and methyl group, and the 4 position alone.!?
They have also synthesized stereospecifically the (4)
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and (—) forms from (—)- and (4)-linalool, respec-
tively.13

For the small-scale preparation of radioactively
labeled 2a or 2b, each of the above sequences suffers
from one or more of the following deficiencies: (a)
three or more steps in the reaction scheme, (b) relatively
low over-all conversion, (¢) commerical unavailability
of one of the starting materials. In addition, the final
product is distilled in each of these procedures, thus
making it desirable to devise another method of
purification for small-scale work. We have therefore
developed the procedure described below.

Compounds 2a and 2b have been prepared by the
sequence shown in Scheme I. Where R = Et, the
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yield of purified product in each step is generally about
65-709.1¢ This procedure has the advantages that
the sequence consists of only two steps, the starting
materials are commercially available, the use of tle in
purification permits very small-scale reactions, and
the product can be labeled at the 1 or 2 positions
via the ethyl bromoacetate and at the 3 position or
alkyl group via the acid chloride used in preparation
of the chloro ketone. %18

Experimental Section

Infrared spectra were determined with a Beckman Model
IR-8 or a Perkin-Elmer Model 237-B spectrophotometer. The
nmr spectra were determined with a Varian Model A-60 spec-
trometer. The chemical shifts are expressed in 7 values rela-
tive to tetramethylsilane as an internal standard. Gross ap-
pearance of the peaks is reported, though some signals show
higher order splitting. Mass spectra were obtained with an
LKB-9000 combined gas chromatograph-mass spectrometer.!?
All spectra reported, with the exception of the ir spectrum of 2a,
are of nonradioactive materials. Preparative tle was conducted
using air-dried, unactivated!® Mallinckrodt TLC-7GF?® silicie
acid. The 1-chloro-3-pentanone and 4-chloro-2-butanone were
purchased from Aldrich and Chemical Procurement Labora-
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tories, respectively,® and were evaporatively distilled and stored
in a freezer over type 5A molecular sieve prior to use. Gas
chromatographically analyzed ethyl bromoacetate-2-*C (1.5
me; 2.09 me/mmol) was purchased from Mallinckrodt Nuclear.
Syringes were dried, when necessary, by flushing with ether
which had been dried over type 4A molecular sieve. The molecu-
lar sieve was heated for at least 6 hr at 180° in a vented oven be-
fore use.

Ethyl 3-Ethyl-3-hydroxy-5-chloropentanoate-2-1*C (1a).—A mi-
cro stirring bar and 69.5 mg (1.06 mmol) of freshly treated zinc®
were introduced into a 3-ml flask blown from 8mm tubing.
The flask was stoppered with a silicone rubber gas chromato-
graphic septum and dried by flushing via hypodermic needles
with dry nitrogen while it was heated at about 70° with a hot
air blower for about 6 hr. The ethyl bromoacetate-2-1*C (0.718
mmol, calculated from the specific activity assuming quantitative
transfer—not actually realized) was diluted with 300 ul of dry
ether and transferred by syringe onto approximately 0.5 g of type
4A molecular sieve in a serum-cap-stoppered 5-ml dry pointed
flask. Ether rinsings (four 300-pl portions) from its vial were
similarly injected. About 82 ul (87.6 mg, 0.727 mmol) of 1-
chloro-3-pentancne was injected into a flame-dried septum-
stoppered pointed test tube, weighed, diluted with 100 ul of dry
ether, and transferred by syringe onto the molecular sieve. One
100-4] rinsing from the test tube was also injected. The reagent
mixture was allowed to dry for 3 hr?? and was then injected into
the reaction flask. The molecular sieve was rinsed with dry
ether (two 250-u] portions), and the rinsings were injected into
the reaction flask. The septum was sealed with a few drops of
melted paraffin wax, and the reaction mixture stirred at room
temperature for 18 hr. At the end of this time the solution was
clear and the zinc was noticeably depleted. A further 48 hr of
stirring produced no visible change. The reaction mixture was
quantitatively transferred to a 5-ml flask, and hydrolyzed by
magnetically stirring it for 0.5 hr with 300 pl of saturated ammo-
nium chloride solution and 200 ul of water. The mixture was
extracted 20 times by stirring with small portions of ether, the
ether being withdrawn by syringe. The ether solution was dried
(MgS0,) and concentrated, leaving 115.4 mg of light yellow
liquid. This was purified by tle using chloroform-carbon tetra-
chloride (36:14) for development. The plate was seraped from
just above the product front, visible as a light yellow line, to the
top of the origin. The silicic acid was washed in a fine sintered
funnel with several small portions of ether and the ether stripped,
leaving 101.3 mg (689;) of purified product.

Analysis of the tle-purified product by the combination vpe—
mass spectrograph shows the presence of a small amount of the
dehydrochlorinated compound, whose mass spectrum (70 eV)
shows m/e 172 (molecular ion, small) and abundant fragment
peaks at m/e 154, 143, 126, 109, 97, 81, 55, and others.

Spectra of the chlorohydroxy ester: ir (between salt plates)
3497 (OH), 1720 (C=0), 1193 (0—C), 715 (C—Cl) cm™; nmr
(CCL) = 5.82 (2 H, quartet, J = 7 cps, OCH.CH,), 6.28 (1 H,
s, OH), 6.48 (2 H, t, CH,CH.Cl), 7.57 (2 H, s, R;CCH,CO3),
7.9-9.3 ppm (10 H, multiplet); mass spectrum (70 eV) no
molecular ion peak, chlorine-containing ion peaks in approxi-
mate 1:3 ratios at m/e 211, 209, 193, 191 (these high mass ions
are visible only when the spectrum is off scale), 181, 179, 165,
163, 135, 133, 123, 121, abundant fragment peaks at m/e 145,
99, 91, 63, 57, and others.

3,5-Dihydroxy-3-ethylpentanoic Acid ¢-Lactone-2-'‘C (2a).—A
solution of 101.3 mg (0.485 mmol) 1a in 180 ul of N,N-dimethy!-
formamide and 40 ul water was stirred magnetically and heated
at ca. 50° in a water bath, and 182 ul of ca. 5.4 N KOH solution
(0.97 mmol) was added dropwise from a syringe. The first 90
ul was added at a rate of 1 drop/30 sec, the remainder at 1 drop/5
min. After addition of the base, the solution was stirred at 50°
for 2 hr, during which a small amount of white solid formed.
The mixture was cooled, and acidified to ca. pH 3 with 189 HCI,
then acidified to ca. pH 2 with 5% HCI (short-range indicator
paper was used). The acid solution was stirred for 10 min, trans-
ferred by means of three DMF and three ether washes into 10
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ml of Spectro-Grade CHCI; which contained a large amount of
magnesium sulfate, and stirred vigorously for a few minutes.
The MgSO, was filtered on a fine sintered-glass funnel and washed
with chloroform. On a rotary evaporator the filtrate was
stripped of chloroform at 27° (ca. 20 mm) and then of DMF dur-
ing 0.5 hr at 59-60° (0.2-0.8 mm); an ir spectrum (between salt
plates) of the 66.6 mg of light yellow material remaining showed
no band for DMF at 1664 em ™. After recovery of the material
from the salt plates, the crude lactone was purified by tle using
ether for development. The plate was scraped from the produet
front, which was easily visible under a uv light or as a dampness
of the layer, to the top of the origin. The silicic acid was washed
with Spectro-Grade CHCl; (14 5-ml portions), and the solution
was concentrated. The product consisted of 49.6 mg (719,) of
light yellow liquid.

Spectra of the homomevalonolactone: ir (between salt plates)
3440 (OH), 1741-1717 (C=0), 1269 and 1236 (0O—C), and
nothing from the carbonyl to 1500 em™!; nmr (CDCL) 5.3-6.1
(2 H, multiplet, OCH;CH,), 7.18 (1 H, s, OH), 7.57 (2 H, s,
Rs;CCH.CO;), 8.1-8.7 (4 H, multiplet, CH,CH,C(OH)(R)CH,-
CH,0), 9.08 (3 H, t, CH;CH,) = 3 ppm; mass spectrum (70
eV) molecular ion at m/e 144, abundant fragment peaks at 126,
115, 85, 71, 57, 53, and 43.

Radioanalysis of the Homomevalonolactone.?*—In a liquid
scintillation counter 1 ul of a 1:10 diluted solution of homomeva-
lonolactone in CHCl; gave 3.43 X 10° dpm. An autoradio-
gram of 2 ul of this solution chromatographed on a 109, AgNOs-
Kieselgel G plate using chloroform-acetone (9:1) for elution
showed a single spot. This system separates the hydroxy lac-
tone from unsaturated lactone and open acid. A radiochromato-
gram of 1 ul of the above solution on a Packard Tri-Carb liquid
scintillation spectrometer equipped with a 6-ft glass column
packed with 39, OV-1 on Gas Chrom Q showed no detectable
impurity except for a small amount of radicactivity which came
off the column with the solvent and is attributed to decomposition
in the instrument. Since the product peak on the vpe trace was a
factor of 33 off scale, and we should be able to see a peak 19, of
full scale, the maximum amount of impurity is estimated by vpe
to be less than 0.039.

Comments on Gas Chromatography of the Homomevalonolac-
tone.—The presence of impurity peaks between the solvent and
product peaks seems to be a function of instrumental conditions.
An injection of a chloroform solution of reasonably pure homo-
mevalonolactone onto a 10 ft X !/s in. steel column packed with
3% OV-1 on Gas Chrom Q (glass-lined injection port at 200°,
column at 110°) showed a small impurity peak of 59, of full
scale, while the product peak was off scale. Successive identical
injections introduced two new impurity peaks which grew rela-
tively larger with each injection. Upon conditioning the col-
umn for 10 min at 280°, reestablishing the operating conditions,
and reinjecting the same solution, the cycle was repeated. In-
jection onto a freshly conditioned column followed by program-
ming to 285° showed no spurious impurity peaks and only nor-
mal baseline rise. Another similar OV-1 column did not exhibit
this behavior, but instead gave the above impurity peaks per-
sistently; they were only slightly reduced upon reconditioning.
The fully silanized glass column in the LKB-9000 combined vpe-
mass spectrometer did not exhibit this anomalous behavior.

Ethyl 3-Methyl-3-hydroxy-5-chloropentanoate (1b).—Com-
pound 1b was prepared in 669, yield by the method given above
for compound la from 0.645 mmol of ethyl bromoacetate and
0.70 mmol of 4-chloro-2-butanone. Analysis of the tle-purified
produet by the vpc-mass spectrograph showed relatively more
dehydrochlorinated impurity than was present in its homolog
la. The impurity’s mass spectrum (70 eV) shows m/e 158
(molecular ion, small) and abundant fragment peaks at m/e 143,
140, 131, 112, 97, 95, 88, 71, 53, and others. The mass spec-
trum of the chlorohydroxy ester 1b shows no molecular ion peak,
but abundant fragment peaks in approximate 1:3 ratios at
m/e 181, 179 and 109, 107, and other fragments at m/e 143, 131,
113, 107, 91, 85, 71, and others.

3,5-Dihydroxy-3-methylpentanoic Acid §-Lactone (2b).—Meva-
lonolactone (2b) was prepared by the method given above for
compound 2a from 80.7 mg of chlorchydroxy ester 1b which con-
tained a significant amount of dehydrochlorinated impurity.
Assuming pure 1b for purposes of calculation, the yield of the tle-
purified mevalonolactone was 529,. The ir and nmr spectra

(23) We wish to thank Miss Sandy Baumann of Dr. C. C. Sweeley’s re-
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match Sadtler No. 2140224 and Varian Associates No. 466% stan-
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An earlier report from this laboratory! described
ring-opening addition reactions between nucleophilic
reagents and cyclopropanes which were substituted on
one carbon atom of the ring by two electron-with-
drawing groups.

In one simple extension of this work, the study re-
ported here was made of the reactions of nucleophiles
with structures of the type

where Y and Z represent electron-withdrawing groups
such as ester and nitrile. In such reactions, extension
of conjugation by participation of the cyclopropane
ring would result in ring-opening 1,6 addition, whereas

5
| A
+5A—C=C-C + B~ ~—

by OB
G
” BH
BCH,CH, CH=CC=C__ =
OR
CN

l |
BCHZCHZCH2C=(|SCOZR + B” or BCH,CH,CH=CCHCO.R
CN N

lack of participation by the ring would result in simple
addition to the carbon-carbon double bond.

There are conflicting reports with respect to the
ability of a cyclopropane ring to participate in con-
jugation (see typical ref 2-7, and references cited
therein).
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Using the method described by Cope, ef al.® for
acid-catalyzed condensation of ketones with active
methylene compounds, the desired starting materials,
ethyl 2-cyano-3-cyclopropyl-2-butenoate (compound 1),

CH, oN
Ao,
1
2-cyano-3-cyclopropyl-2-butenenitrile (compound 2),

H CN

CH,
A
2
and 2-cyano-3-cyclopropyl-2-butenamide (compound 3)
CH, CN
A s
NNH,
3

were prepared in good yield from methyl cyclopropyl
ketone. Compound 1 was apparently a mixture of the
geometrical isomers, a liquid and a crystalline solid,
in approximately a 3:4 ratio. Both had the same
infrared and near-infrared spectra and essentially the
same elemental analysis. The liquid could be partially
converted into the solid by heating at 140°. An
equilibrium was apparently involved, for, if some of the
solid was removed, more would form on further heating.
The structure in which the methyl group is ¢is with
respect to the nitrile group has been assigned to the
solid isomer on the basis of nmr data. The methyl
group singlet of the solid appears at the same point
(5 1.83) as observed in the spectrum of 2, whereas in
the liquid isomer this methyl group singlet appears at
1.73. The nitrile group thus apparently exerts a
greater anisotropic deshielding effect than does the
carboethoxy group.

Compound 3 also appeared to be a mixture of geo~
metrical isomers., However, both were solids and
separation was not so easily effected as in the case of 1.
The higher melting isomer was the major component
of this mixture and was obtained pure by repeated re-
crystallizations. Attempts to prepare ethyl 2-carbo-
ethoxy-3-cyclopropyl-2-butenoate from methyl cyclo-
propyl ketone and diethyl malonate, using a variety of
catalysts and reaction conditions, failed to give any of
the desired product.

Reaction of 1 with benzenethiol and with 1-butane-
thiol in the presence of sodium ethoxide gave only one
product in each case, resulting from exclusive 1,6 addi-
tion. The nmr spectra showed a complete absence of
ethylenic protons in these produects, indicating that the
carbon—carbon double bond was entirely in a conjugated
position. There were also no signals in the cyclopropyl
hydrogen region of the spectra. (The complete nmr
data are listed in the Experimental Section.)
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C=CC0,CH, + RSH —2,
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