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Recently, we reported the synthesis of the spiro enone 1,2
and its conversion into (&)-a-vetispirene (2)-—a member of
the spirovetivane family of sesquiterpenes.? In the better of
the two routes to 1 employed previously,? the methoxy di-
enone 3 was converted into the spiro[4.5]decenone derivative
4 by photochemical rearrangement in glacial acetic acid. The

“H OCH,
3 4

cis relationship between the 1-methylene group and the 10-
methyl group was established by removal of the 3-carbonyl
group and hydrolysis of the enol ether function. These con-
ditions also converted the 6-acetoxyl group into a hydroxyl
group and the 6,7 double bond was introduced by dehydration.
Although this approach was completely stereospecific, the
synthesis of 3 and its conversion into 1 required a rather large
number of steps. Since 1 appeared to be a useful intermediate
for the synthesis of other spirovetivanes, the development of
a shorter route to this compound was of interest.

We felt that a simple approach to 1 would involve as a key
step the photoisomerization of the cis-dimethyl cross-conju-
gated dienone 6 into the tricyclodecenone derivative 11 which
has a cis relationship between C-2 of the cyclopropane ring
and the secondary methyl group. Selective electrophilic
cleavage of the external (1,2) bond of the cyclopropane ring
of 11 would then yield a spiro[4.5]decane derivative readily

Notes

Scheme I

a, Pd/C, cyclohexene, C,H,OH; b, LDA, THF,—70 °C; c,
PhSeCl, —70 °C; d, H,0,, e, DDQ, dioxane, reflux;f, hv
(2537 A), dioxane, 25 °C; g, H,80,, HOAc—Ac,0; h, Pd/C,
95% C,H,OH NaOH.

convertible into 1. These transformations have been accom-
plished as shown in Scheme I.

Selective reduction of the 7,8 double bond of the known
transannular dienone 74 was carried out by transfer hydro-
genation using palladium on carbon and cyclohexene in re-
fluxing ethanol.? This procedure led to the formation of the
thermodynamically unstable cis-8,10-dimethyl octalone 5 in
90% yield. The reaction was highly selective and under care-
fully controlled conditions GL.C analysis of the product in-
dicated that it contained less than 5% of the more stable trans
isomer 8.46 However, because of the extreme ease of isomer-
ization of 5 into 8, it was necessary to carefully avoid the
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presence of acidic or basic impurities. Best results were ob-
tained when the starting material and all reagents were
carefully purified just prior to use and when the reduction was
carried out on a relatively small scale, i.e., 5-10 g. The cross-
conjugated dienone 6 could be obtained by conventional ox-
idation of 5 with 2,3-dichloro-5,6-dicyanobenzoquinone
(DDQ) in benzene or dioxane.” However, the desired product
was contaminated with a significant amount of the trienone
9, even when only 1 equiv of the oxidizing agent was employed.
The formation of 9 would be expected to occur via the trienol
resulting from proton transfer from C-8. Enolization of 5
would be expected to occur rather readily because it would
lead to relief of a severe 1,3-diaxial methyl-methyl interaction.
In order to avoid the formation of the trienone, the selenoxide
elimination procedure of Reich and co-workers? was employed
for the conversion of 5 into 6. Treatment of the enone with
lithium diisopropylamide (LDA) in THF at —70 °C gave the
homoannular lithium enolate resulting from kinetic depro-
tonation at C-8.2 This enolate was trapped with phenylsele-
nenyl chloride at —70 °C and the crude phenylseleno ketone
was oxidized with hydrogen peroxide in ethyl acetate-THF
to give 6 in approximately 55% yield.

Kropp has reported the conversion of the trans dimethyl
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dienone related to 6 into the corresponding bicyclohexenone
derivative 10 by irradiation in dioxane at 2537 A.10 Under
similar conditions 6 gave 11 in 70% yield. Compound 11 was
almost quantitatively converted into the known tricyclode-
cane derivative 1211 by catalytic hydrogenation with 5% pal-
ladium on carbon in 95% ethanol.

On treatment of 11 with sulfuric acid in acetic acid-acetic
anhydride under the conditions developed by Marshall and
Johnson!? for cleavage of the cyclopropane ring in 10, the spiro
dienone 13 was obtained in 92% yield. Selective catalytic hy-
drogenation of the conjugated double bond in 95% ethanol
containing sodium hydroxide gave 1 in ca. 90% yield. The
five-step sequence from 7 to 1 was accomplished in-ca. 30%
overall yield.

Experimental Section!3

cis-8,10-Dimethyl-1(9)-octal-2-one (5). To a stirred solution of
5.0 g (0.028 mol) of the transannular dienone 74 in 40 ml of cyclo-
hexene and 200 ml of 95% ethanol was added 2.0 g of 5% palladium
on carbon. The reaction mixture was stirred at reflux temperature
under nitrogen for 2 h. After cooling to room temperature the catalyst
was removed by filtration, and the solvent was removed in vacuo.
Distillation of the residue gave 4.58 g (90%) of a colorless liquid, bp
51-53 °C (0.04 mm), which was greater than 95% one component by
GLC (column A). The product was identified as the enone 5 on the
basis of its spectral properties: uv max (95% ethanol) 240 nm (e
13 832); ir (CCly) 1670 (conjugated C=0) and 1610 cm™! (conjugated
C==C); NMR (CCly) 6 1.22 (d, J = 7.3 Hz, 3 H, 8-CH3), 1.30 (s, 3 H,
10-CHj3), and 5.59 (s, 1 H, 1-H); mass spectrum (70 eV) m/e 178
(M),

Anal. Caled for C1o2H130: C, 80.85; H, 10.18. Found: C, 80.85; H,
10.19.

cis-8,10-Dimethyl-1(9),3-hexal-2-one (6). A. From Enone 5 by
the Selenoxide Elimination Procedure. To a stirred solution of 1.13
ml (0.008 mol) of dry diisopropylamine, 20 mg of «,«-bipyridyl, and
12.0 ml of dry THF at ca. 0 °C was added dropwise from a syringe 5.64
ml of a 1.42 M solution of n-butyllithium in hexane under nitrogen.
The solution was stirred for 30 min and then cooled to —70 °C and 0.95
g (0.005 mol) of the enone 5 in 12.0 ml of dry THF was added dropwise
with stirring under nitrogen over a 25-min period. The reaction
mixture was stirred for an additional 15 min and 1.64 g (0.0086 mol)
of phenylselenenyl chloride in 13.0 m! of dry THF was added dropwise
over an 8-min period. The reaction mixture was then allowed to warm
to room temperature and poured into 25 ml of a saturated aqueous
solution of ammonium chloride. After stirring the layers were sepa-
rated and the aqueous layer was extracted with two 25-ml portions
of ethyl acetate. The combined organic layers were washed with 40
ml of cold 5% hydrochloric acid, two 30-ml portions of a saturated
aqueous solution of sodium bicarbonate, and two 30-ml portions of
a saturated aqueous solution of sodium chloride, and dried with an-
hydrous magnesium sulfate. After filtration, 1.54 g (0.014 mol) of 30%
aqueous hydrogen peroxide was added to the filtrate and the mixture
was stirred for 3 h at room temperature, The solution was then poured
into 30 ml of cold water and after shaking the layers were separated.
The organic layer was washed with two 30-ml portions of a saturated
aqueous solution of sodium bicarbonate and two 30-ml portions of
a saturated aqueous solution of sodium chloride, and dried with an-
hydrous magnesium sulfate. The mixture was filtered and the solvent
removed in vacuo to give 0.79 g of crude product. Distillation of the
residue gave 0.49 g (52%) of dienone 6, bp 79-88 °C (0.10 mm), which
was greater than 90% pure by GLC (column A). An analytical sample
which was collected by preparative GLC (column B) showed uv max
(95% ethanol) 239 nm (¢ 11 600); ir (CCly) 1660 (conjugated C=0),
1630 (conjugated C=C), 1607 (conjugated C=C), and 1587 cm~!
(conjugated C==C); NMR (CCl,) 6 1.30 (d, J = 7.5 Hz, 3 H, 8-CH3),
1.32 (s,3H,10-CH;), 5.97 (d,J = 1.5 Hz, 1 H, 1-H), 6.00 (d of d, J =
1.5 and 10.1 Hz, 1 H, 3-H), and 6.62 (d, J = 10.1 Hz, 1 H, 4-H); mass
spectrum (70 eV) m/e 176 (M*). ‘

Anal. Caled for C12H160: C, 81.77; H, 9.15. Found: C, 81.52; H,
9.16.

B. From Encne 5 by Oxidation with DDQ. To a solution of 6.75
g (0.038 mol) of enone 5 in 400 ml of dry benzene was added 11.17 g
(0.05 mol) of DDQ and the solution was refluxed under nitrogen for
25 h. The reaction mixture was cooled to ca. 10 °C and filtered, and
the filtrate was washed with two 200-m] portions of cold 2% aqueous
sodium hydroxide, two 200-ml portions of water, and two 200-ml
portions of a saturated aqueous solution of sodium chloride, and dried
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over anhydrous magnesium sulfate. After filtration the solvent was
removed in vacuo to afford 5.11 g of an oil which was shown to contain
3% enone 5, 68% dienone 6, and 29% of the trienone 9 by GLC (column
A).

A similar run conducted in dioxane gave almost identical results.

A similar run conducted in benzene using 1 equiv of DDQ gave a
mixture which was shown to contain 23% 5, 60% 6, and 17% 9 by GLC
{column A),

A sample of trienone 9, collected by preparative GLC (column B),
showed uv max (95% ethanol) 224 nm (¢ 12 170}, 247 (8650), and 300
(10 890); ir (CCly) 1656 (conjugated C=0), 1618 (conjugated C=C),
and 1581 cm™! (conjugated C=C); NMR (CCly) 6 1.18 (s, 3 H, 10-
CHs3), 1.90(d, J = 1.7 Hz, 3 H, 8-CH3), 5.92 (m, 1 H, 7-H), 6.03 (m, 1
H,1-H),6.07 (g, Jap = 10.2, Jpc = 1.5 Hz, 1 H, 3-H), and 6.71 (d, JaB
= 10.2 Hz, 1 H, 4-H); mass spectrum (70 eV) m/e 174 (M*).

Anal. Caled for C1oH140: C, 82.72; H, 8.10. Found: C, 82.49; H,
8.20. :

trans-1,7-Dimethyltricyclo[4.4.0.026]dec-4-en-3-one (11). A
solution of 0.45 g of 6 in 95 ml! of anhydrous dioxane was irradiated
for 6 h using a Hanau NK 6/20 low-pressure mercury lamp. The so-
lution was stirred with a stream of nitrogen for 10 min prior to and
during the entire irradiation period. Removal of the solvent in vacuo
and distillation of the residue gave 0.315 g (70%) of 11, bp 63-70 °C
(0.1 mm), which was greater than 90% pure by GLC (column A). The
analytical sample was collected by preparative GLC (column B) and
showed uv max (95% ethanol) 234 nm (e 4820); ir (CCly) 1695 cm™!
(conjugated cyclopentenone); NMR (CCly) 6 0.96 (d,/ = 6.7 Hz, 3 H,
7-CHj), 1.18 (s, 3 H, 1-CHzy), 5.82 (q, Jap = 5.5, Jpx = 1.1 Hz, 1 H,
4-H), and 7.19 (q, JaB = 5.5, Jax = 0.8 Hz, 1 H, 5-H); mass spectrum
(70 eV) m/e 176 (M),

Anal. Caled for CoH60: C, 81.77; H, 9.15. Found: C, 81.84; H,
9.21.

6,10-c-Dimethyl-r-5- Cl-spiro[4.5]deca-3,6-dien-2-one (13).
To a solution of 2.36 g (0.014 mol) of the tricyclodecenone 11 in 47 ml
of glacial acetic acid containing 0.94 ml of acetic anhydride was added
dropwise with stirring at room temperature 0.94 ml of concentrated
sulfuric acid. Stirring was continued for 25 h at room temperature and
the reaction mixture was poured into 370 ml of an ice-cold solution
of 10% aqueous sodium hydroxide. The mixture was extracted with
three 100-ml portions of ether and the combined ethereal extracts
were washed with 100 m! of a saturated aqueous solution of sodium
chloride and dried with anhydrous magnesium sulfate. Removal of
the solvent gave 2.17 g (92%) of 13 as an oil which crystallized on
standing. Recrystallization of the product from hexane gave an ana-
lytical sample: mp 53.5-54.5 °C; uv max (95% ethanol) 223 nm (e
9493); ir (CCly) 3028, 1715 (conjugated cyclopentenone), 1584 (con-
jugated C==C), 1457, and 1376 cm~!; NMR (CCLy) 6 0.78 (d, J = 5.5
Hz, 3 H, 10-CHs), 1.54 (m, 3 H, 6-CHjy), 2.10 (AB quartet, Jap = 19
Hz, 2 H, 1-CHy), 555 (brs, Wi, =4 Hz, 1 H, 7-H), 6.15 (d, Jag = 5.5
Hz, 1 H, 3-H), and 7.21 (d, Jap = 5.5 Hz, 1 H, 4-H); mass spectrum
(70 eV) m/e 176 (M),

Anal. Caled for C1oH;60: C, 81.77; H, 9.15. Found: C, 81.75; H,
9.19.

6,10-c-Dimethyl-r-5-Cl.spiro[4.5]dec-6-en-2-ome (1). A solu-
tion of 1.97 g (0.012 mol) of 13 in 15 ml of 95% ethanol containing 2.2
ml of 10% aqueous sodium hydroxide was hydrogenated at atmo-
spheric pressure in the presence of 0.2 g of 5% palladium on carbon.
The reaction was stopped after 288 ml (0.012 mol) of hydrogen had
been absorbed and the catalyst was removed by filtration. Water (15
ml) was added to the filtrate and the aqueous phase was extracted
with three 30-ml portions of ether. The ether layer was washed with
one 25-ml portion of saturated aqueous sodium chloride and dried
with anhydrous magnesium sulfate. Removal of the solvent in vacuo
gave 1.81 g (91%) of 1, bp 65-70 °C (0.2 mm), which showed identical
phy;ical and spectral properties with those of an authentic sam-
ple.

trans-1,7-Dimethyltricyclo[4.4.0.0%%]decan-3-one (12). To a
solution of 0.177 g of 11 in 50 ml of 95% ethanol was added 0.031 g of
10% palladium on carbon and the mixture was hydrogenated in a Parr
apparatus for 3 h at 25 psi hydrogen pressure. Removal of the solvent
in vacuo and distillation of the residue gave 0.168 g (94%) of 12: bp
65-70 °C (0.025 mm); ir (CCly) 1715 cm~1 (C==0); NMR (CCly) 6 0.96
(d,/ = 6.5 Hz, 3 H, 7-CHj) and 1.16 (s, 3 H, 1-CHj).

Anal. Caled for Cy9H150: C, 80.85; H, 10.18. Found: C, 80.85; H,
10.26.

The spectral properties of 12 were in agreement with those reported
by McCurry.11b

Registry No.—1, 58406-60-3; 5, 60102-91-2; 6, 60047-55-4; 7,
60047-56-5; 9, 60047-57-6; 11, 60132-24.3; 12, 60102-92-3; 13,
60047-58-7.
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Vitamin K dependent blood clotting proteins, such as
prothrombin and factor X, have been found to contain a novel
amino acid, L-y-carboxyglutamic acid (I),1-3 which is impli-
cated in the formation of calcium binding sites.*? The initial
formulation relied exclusively on spectral data, so a synthesis
seemed desirable, both to confirm the structure and to obtain
alarger quantity for other biochemical activities.

Benzyl N%-benzyloxycarbonyl-L-serinate (I[)¢ was refluxed
with thionyl chloride in benzene to give benzyl N«-benzy-
loxycarbonyl-3-chloro-L-alaninate (III). Addition of chloride
III to a solution of monosodium dibenzyl malonate in tetra-
hydrofuran then afforded tribenzyl 3-benzyloxycarbonyl-
amino-DL-1,1,3-propanetricarboxylate (IV). Ester IV was
optically inactive, which suggested that its mode of formation
must have involved a racemization step. To clarify this sit-
uation, a solution of chloride III on stirring with sodium hy-
dride formed benzyl N*-benzyloxycarbonyl-2-methylene-
glycinate (V). The readdition of monosodium dibenzyl mal-
onate to the unsaturated ester V went smoothly and furnished
the condensation product IV. Thus, the actual conversion of
III to IV goes by way of a 8-elimination sequence, which was
first reported to occur on alkaline treatment of (di-O-phen-
ylphospho)serine derivatives.” Hydrogenation of compound
IV in methanol afforded DL acid I and a comparison with a
natural specimen showed common chromatographic behav-

Notes

ior.8 A tentative pK, value indicates that it is the most acidic
natural amino acid.
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While this work was in progress (or at an end), five other
approaches to this amino acid appeared in the literature. The
first procedure began with DL-serine and proceeded via the
same intermediates described here, but the report did not
provide any experimental details.? The second route involved
the preparation of methyl N-benzyloxycarbonyl-3-iodo-L-
alaninate or methyl N«-benzyloxycarbonyl-O-tosyl-L-seri-
nate, followed by condensation with di-tert-butyl malonate.
The resulting ester was subjected to sequential deprotection
involving hydrogen, base, and acid treatment. Methyl N=-
benzyloxycarbonyl-2-methyleneglycinate was identified, but
only as a by-product of the alkylation step. A low rotation was
tabulated for the condensation ester, but this observation
must be erroneous, as the final amino acid had no rotation.!?
One of the intermediates in this synthesis has now been
crystallized!! and used in a resolution.!? The third path
started with the tosylate mentioned above and several DL
derivatives of blocked I were generated, but there was no re-
port of the free amino acid.!3 The fourth preparation used a
condensation between ethyl N+-acetyl-2-methyleneglycinate
and diethyl malonate to yield triethyl DL-acetamidopro-
pane-1,1,3-tricarboxylate. Alkaline hydrolysis, desalting, and
treatment with ammonium hydroxide formed the monoam-
monium salt of the DL amino acid I.14 The last scheme re-
quired the synthesis of benzyl-di-tert-butyl N*-butyloxy-
carbonyl-DL-y-carboxyglutamate, which after a two-step
removal of the protecting groups was changed into the tri-
fluoroacetate salt of 1.1°

In summary, the synthesis described here is the simplest
and most direct for the preparation of free DL-y-carboxy-
glutamic acid.

Experimental Section!®

Benzyl N*-Benzyloxycarbonyl-3-chloro-L-alaninate (III). A
mixture of magnesium oxide (0.160 g, 4 mmol) and benzyl N*-ben-
zyloxycarbonyl-L-serinate (0.624 g, 2 mmol) in benzene (20 ml) was
treated with thionyl chloride (0.440 g, 4 mmol) and refluxed for 3 h.
The solvent was removed in vacuo, the residue was extracted with hot
benzene (3 X 10 ml), and the pooled organic phase was washed with
water and dried (NaySO,4). Evaporation of the benzene gave the de-
sired product, which was crystallized from ethanol-water: mp 90-92
°C (0.232 g, 33%); Ry 0.26; vmax 3410 (NH), 3045, 3030 (aromatic CH),
2960 (aliphatic CH), 1740, 1715 (CO), 1640 (C=C), and 697 cm™};
[2]210D —20.0° (¢ 1.0); dMessi 7-45 (aromatic), 575 (NH), 5.25
(CH.CgH5), 5.20 (OCH5CgHs), 4.80 (CH), and 3.90 (CHCl), J = 2 Hz.
Anal. Caled for C1sH{sCINOy (847.79): C, 62.16; H, 5.22; Cl, 10.20; N,
4.03. Found: C, 62.17; H, 5.22; Cl, 10.68; N, 3.94.

Tribenzyl 3-Benzyloxyecarbonylamino-DL-1,1,3-propanetri-
carboxylate (IV). A suspension of sodium hydride (50% in mineral
oil, 0.149 g, 31 mmol) in tetrahydrofuran (15 ml) under a nitrogen
atmosphere was stirred with dibenzy! malonate (0.966 ml, 34 mmol)
for 5 min, after which the now cloudy solution was diluted with more
tetrahydrofuran (30 ml) and agitated for 2 h. A solution of the



