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Anal. Caled for Ci:HyO:  C, 79.94; H, 11.18,

79.86; H, 11.38,

¢15-6,10-Dimethylbicyclo[5.3.0]dec-1(7)-en-3-y1 Acetate
(13).—A solution of 0.16 g of aleohol 11 in 0.95 ml of pyridine
was stirred at 0° and 0.4 ml of methanesulfonyl chloride was
added dropwise. After 20 min at 0° the mixture was poured
into a stirred solution of 6 ml of pyridine and 1 ml of water at 0°.
The product was isolated with ether, affording 0.20 g of mesylate
12.

The above mesylate in 9.5 ml of a solution prepared from 25
ml of acetic acid, 0.5 ml of acetic anhydride, and 0.35 g of po-
tassium carbonate’ was stirred at reflux for 5.25 hr. The
product was isolated with ether and distilled, affording 0.16 g of
acetate 13: bp 100° (bath temperature) (0.05 mm) (809, pure
by gas chromatographic analysis); Mam 5.77, 8.06, mu; 89ha’
4,75 (H-3), 2.30 and 2.20 (allylic H’s), 1.03 and 0.91 ppm (CH;
doublets, J = 6 Hz). The analytical sample was obtained by
preparative layer chromatography (silica gel, benzene) and dis-
tillation.

Anal. Caled for C14H2202!
75.50; H, 9.83.

¢1s-6,10-Dimethylbicyclo(5.3.0}dec~1(7)-en-3-01 (14).—A so-
lution of 158 mg of acetate 13 in 10 ml of ether was added
dropwise with stirring to a solution of 0.20 g of lithium aluminum
hydride in 100 ml of ether. The mixture was stirred for 8 hr,
0.4 ml of water and 0.32 ml of 109, NaOH were added, and
stirring was continued for 1 hr. A small quantity of anhy-
drous magnesium sulfate was then added and the mixture was
filtered, chromatographed on silica gel, and distilled, affording
82 mg of aleohol 14: bp 100° (bath temperature) (0.05 mm);
Afe 3.02 my; 85557°P°" 3.60 (CHOH), 2.30 and 2.18 (allylic
H’s), 1.00 and 0.98 ppm (CH; doublets, J = 7 Hz). The
analytical sample was prepared by distillation.

Anal. Calcd fOI‘ clgHzoOZ C, 7994, H, 11.18.
79.80; H, 11.22.

Methyl cis-6,10-Dimethylbicyclo(5.3.0]dec-1(7)-ene 3-Car-
boxylate (17).—A solution of 92 mg of alecohol 14 and 58 ul of
phosphorous tribromide in 0.4 ml of benzene was heated at re-
flux for 4.5 hr.'* Tce chips were added to the cooled solution and
the product was isolated with benzene, affording 100 mg of
bromide 15, bp 95° (bath temperature) (0.05 mm).

A 10-ul sample of the above bromide and 10 ul of methyl iodide
were added under helium to 0.1 g of freshly crushed Mg turnings.
After 1 min, the remainder of the bromide in 1 ml of tetrahydro-
furan was added dropwise. The mixture was heated at 60° for
45 min, cooled to 10°, and diluted with 1 ml of tetrahydrofuran.
Carbon dioxide was slowly bubbled into the solution for 5 min
at 10° and 15 min at room temperature. Small chips of Dry Ice
were added and the mixture was poured onto crushed Dry Ice.
Ether and dilute sulfuric acid were added and the product was
isolated with ether. Neutral impurities were removed by ex-

Found: C,

C, 75.63; H, 9.97. Found: C,

Found: C,
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tracting with dilute sodium hydroxide, acidifying the basic ex-
tracts, and extracting the resulting acid fraction with ether, af-
fording 25 mg of acid 16. Esterification with diazomethane
afforded 28 mg (279%) of methyl ester 17: bp 100° (bath tem-
perature) (0.1 mm); N¥n 5.75 mu; 8758 3.60 (OCH;) and 1.2-
0.8 ppm (CHy’s), The gas chromatogram showed peaks at
12.7 (565%, 17b) and 13.6 min (25%, 17a).® The analytical
sample was obtained after preparative layer chromatography on
silica gel and short path distillation.

Anal. Caled for CiuHy»0,: C, 75.63; H, 9.97. Found: C,
75.81; H, 9.93.

A combined sample of 86 mg of ester 17 (2:1 17b and 17a) in
12 ml of 0.4 M methanolic sodium methoxide was heated at re-
flux for 40 hr.  Acidic material was esterified with diazomethane
and the combined ester sample was distilled, affording 48 mg of
a 53:47 mixture of esters 17b and 17a according to gas chroma-
tography .6

(%)-Guaiol (18a) and (= )-7-Epiguaiol (18b).—To 4 ml of 1.5
M ethereal methyllithium was added 26 mg of the above 1:1
ester mixture in 6 ml of ether. After 3.5 hr the mixture was
poured onto ice and the product was isolated with ether, affording
26 mg of a 1:1 mixture of guaiol and 7-epiguaiol, bp 120°
(bath temperature) (0.1 mm). The two epimers separated by
preparative gas chromatography had the following properties.
(1) (£)-Guaiol: mp 55-60°; Ate: 3,00, 6.90, 7.38, 7.67, 7.88,
8.04, 8.18, 8.30, 8.52, 8,70, 8,80, 10.05, 10.33, 10.81, 11.00,
11.38, 12.20 my; 8355° 1,18 (CHy's), 0.98 (CH; doublet, J = 7.5
Hz), 0.96 ppm (CH; doublet, J = 7 Hz), The spectral and
chromatographic characteristics exactly matched those of
natural guaiol.® (2) (=)-7-Epiguaiol: A= 2,97, 6.89, 7.32,
7.60, 8.85, 9.18, 10.36, 10.79, 11.12, 12.22 mpu; o5ac® 1.19
(CHs’s), 1.04 (CH; doublet, J = 7 Hz), 1.03 ppm (CH; doublet,
J = 6 Hz)., The spectral and chromatographic characteristics
exactly matched those of material obtained from natural sources.?

Registry No.—2, 33536-32-2; 3, 33536-33-3; 4,
33536-34-4; 5, 32667-68-8; 6, 33536-36-6; 7, 33536-
37-7; 8, 32667-69-9; 9, 32667-70-2; 10, 33536-40-2;
11, 33536-41-3; 13, 33536-42-4; 14, 33536-43-5; 15,
33536-44-6; 17a, 33536-45-7; 17b, 33536-46-8; 18a,
33496-08-1; 18b, 33536-48-0.
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XIII.

Selective Metalation of a

7-Methoxyhexahydrofluorene Derivative'®

Hersert O. House,*1* WiLLiam E, Haxxers, anp Er1a J. Racamle
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The regiospecific metalation of the methoxy acid 3a at C-9 has been accomplished by reaction of the correspond-
ing N-methylamide with n-butyllithium. Carbonation of the organolithium intermediate has provided a useful
synthetic route to the epimeric diacid derivatives 9 and 10. The applicability of the Birch reduction to the con-
version of the methoxy acid 4a to either the enol ether 11 or the keto acid 12a has also been demonstrated,

In previous model studies with 7-methoxyhexahydro-
fluorene derivatives? we developed selective metalation
procedures that allowed us to introduce carboxyl func-
tions at either C-8 or C-9. The use of these methods to

(1) (a) This research has been supported by Public Health Service Grant
R01-CA-12634 from the National Cancer Institute. (b) Department of
Chemistry, Georgia Institute of Technology, Atlanta, Georgia 30332.
(6) National Institutes of Health Predoctoral Fellow, 1968—1971.

(2) H. O. House, T. M. Bare, and W. E. Hanners, J. Org. Chem., 34, 2209
(1969).

prepare acids 3a and 4a is illustrated in Scheme I.
Also illustrated is the hydroboration of the interme-
diate olefin 5 from the less hindered side to form alcohol
6, an epimer of the previously described alcohol 1; this
sequence confirms our earlier tentative assignment of
stereochemistry to alcohol 1.2 Further reaction of the
sodium salt of acid 4a with n-BuLi formed a benzylic
anion which reacted with carbon dioxide to form the 9,-
9-dicarboxylic acid 4c¢; thermal decarboxylation of this
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SCHEME I
5 LwBuli,
‘ tert-BuONa
T2 C°2+ CH,O
3-H0 HO CHO H
H,, PAiC,
HCIO,,
HOA¢
H
CH,0’ [ HI
1. CH,Li CO—R
2.C0, 3a,R=0H
3 HO" 1.BH,, THF b,R =NHCH;
4. H,, PiC 2,H,0,, NaOH
H
H
CH,0 ANH
CH,0 OXH H TOH
R R
4&, R1 = COzH; Rz =}
b, R1 = H; RQ = COQH
¢, R, =R, =CO,H

malonic acid derivative 4c yielded a mixture of the
epimeric acids 4a and 4b.

By the successive use of these two metalation pro-
cedures we had been able? to convert the alcohol 1 via
the hydroxy acid 2 and the related olefin to the epimerie
dicarboxylic acid derivatives 7 and 8. However, the

H
CHO™ Yo CHO” Yool
COR COR CO:R
7a,R=H 8a,R=H
b, R =CH, b, R =CH,

progress of other synthetic work created the need to
introduce a second carboxyl function at the benzylic
C-9 position in monoacid derivatives such as 3 which
contain no additional activating group in the five-
membered ring. We have used the compounds 3 as
models to explore possible synthetic methods and have
found the lithium salt of the N-methylamide 3b to be
very effective in directing further metalation at C-9.2
This conversion to form the epimeric diacid derivatives
9 and 10 is illustrated in Scheme II. Reaction of the
amide 9b with N0, and subsequent thermal decomposi-
tion?* produced the known? diester 8b, which was fur-
ther characterized by saponification to the crystalline
diacid 8a. Similarly, the amide 10b was converted to
the known? diester 7b; base-catalyzed epimerization and
hydrolysis converted 7b to the same diacid 8a which is
known? to be more stable than its epimer 7a.

(3) The use of N-methylbenzamide as a directing group for ortho metal-
ation has been described by W. H. Puterbaugh and C. R. Hauser, J. Org.
Chem., 29, 853 (1964).

(4) E. White, Org. Syn., 47, 44 (1967).
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We also examined briefly the Birch reduction®® of the
methoxy acid 4a (Scheme III). When the crude reduc-
tion product was exposed only briefly to the aqueous
acetic acid, the crystalline enol ether acid 11 could be
isolated in good yield. However, prolonged exposure

ScrEME IIT
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(5) H. Smith, “‘Organic Reactions in Liquid Ammonia,” Vol. 1, Part 2,
Wiley-Interscience, New York, N. Y., 1963, pp 151-285.

(6) M. Smith, “Reduction,” R. L. Augustine, Ed., Marcel Dekker, New
York, N.Y.; 1968, pp 98-126.
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of either the erude reduction produet or the pure enol
ether 11 to agqueous acetic acid resulted in hydrolysis of
the enol ether to form the keto acid 12a.

Experimental Section’

Preparation of the Hexahydrofluorene Derivatives 3.—The
aleohol 1 was metalated and then carbonated to form the pre-
viously described? acid 2, mp 134-135° (lit.? mp 136-137°). A
solution of 3.00 g (11.5 mmol) of the hydroxy acid 2, 0.25 ml of
aqueous 709, HClIO,, and 10 ml of HOA¢ in 40 ml of tetrahydro-
furan was hydrogenated at 1 atm and 25° over 300 mg of a 5%
Pd/C catalyst. The absorption of Hs (305 ml or 12.2 mmol) was
complete in 5 min and the reaction mixture was filtered and con-
centrated. After a solution of the residue in Et,0 had been
washed with H;0, dried (Na,30,), and concentrated, the residue
crystallized from hexane as 2.78 g (999 of the crude acid 3a, mp
84-93°. Recrystallization from hexane-CH,Cl, mixtures af-
forded the pure acid 3a as white prisms: mp 93-94°; ir (CHCls),
3260 (associated OH) and 1730 em ™ (carboxyl C=0); uv max
(95% EtOH) 206 my (e 2000); nmr (CDCl) 8§ 10.45 (1 H,
broad, OH), 7.28 (1Hd,J = 8 Hz,aryl CH), 6.85 (1 Hd, J =
8 Hz, aryl CH), 4.00 (3 H s, OCH;), and 1.0-3.5 (12 H m, ali-
phatic CH); mass spectrum m/e (rel intensity) 246 (100, M),
228 (31), 203 (22), and 185 (33).

Anal. Caled for CsHigOs:
72.96; H, 7.46.

A solution of 800 mg (3.25 mmol) of the acid 3a in 5.0 ml of
SOCH, was stirred at 23° for 15 hr and then concentrated under re-
duced pressure. A solution of the residual acid chloride in 10
ml of tetrahydrofuran was added to 40 ml of aqueous 409, CH;-
NH,. The crude product separated and was collected as 755 mg
(89%) of a white solid, mp 166-169°. Recrystallization from
MeOH afforded the pure amide 3b as white needles: mp 168
169°; ir (CHCls) 3430 (NH), 1655 (amide C=0), and 1530 cm ™!
(amide NH bending); uv max (959 EtOH) 289 myu (¢ 3140);
nmr (CDCly) 8 7.15 (1 Hd, J = 8 Hz, aryl CH), 6.75 (1 H d,
J = 8 Hz, aryl CH), 7.0 (1 H broad, NH), 3.85 (3 H s, OCHj;),
2.7-3.2 (6 H m, CH;N and benzylic CH), and 0.9-2.5 (9 H m,
aliphatic CH); mass spectrum m/e (rel. intensity), 259 (100,
M), 229 (22), 216 (43), 185 (50), 127 (68), and 126 (38).

Anagl. Caled for C,HyNO;: C, 74.10; H, 8.16; N, 5.40.
Found: C,74.05; H,8.06; N, 5.54.

Preparation of the Diacid 4c.—A sample of the acid 4a, mp 185~
187° (lit.2 mp 186-187°), was prepared from olefin 5 by previously
described procedures.? A mixture of 1.0 g (41 mmol) of NaH and
5.00 g (20.4 mmol) of the acid 4a in 150 ml of tetrahydrofuran
was stirred at 55° for 10 min. The resulting solution of the
sodium salt was diluted with 250 ml of pentane and cooled in a
Dry Ice bath. To the resulting cold suspension was added,
dropwise and with stirring over 10 min, 35 ml of a hexane solu-
tion containing 88 mmol of n-Buli. The mixture was warmed to
0° and the resulting orange solution was added, with vigorous
stirring, to a slurry of 200 g of Dry Ice in 50 ml of tetrahydro-
furan. The resulting mixture was concentrated under reduced
pressure and a solution of the residue in 500 ml of H,O was ex-
tracted with Et,0, acidified (HCl), and again extracted with
Et:0. The acidic etheral extract was washed with H,0, dried,
and concentrated. Trituration of the residue with CH,Cl, and
with hexane left 5.13 g (879%,) of the diacid 4c as a white solid:
mp 175-177° dec; ir (KBr pellet) 3000 (broad, associated OH)
and 1705 em ™! (carboxyl C=0); uv max (95%, EtOH) 221 mu
(e 9500), 284 (2920), and 290 (shoulder, 2680); nmr (CDCl; +
pyridine-ds) & 13.3 (2 H, OH), 6.7-7.7 (3 H m, aryl CH), 3.75
(3 Hs, OCH;), and 0.9-3.6 (10 H m, aliphatic CH).

Anal. Caled for CiHiOs: C, 66.19; H, 6.25.
C, 66.45; H, 6.24.

C,73.14; H, 7.37. Found: C,

Found:

(7) All melting points are corrected and all boiling points are uncorrected.
Unless otherwise stated magnesium sulfate was employed as & drying agent.
The infrared spectra were determined with a Perkin-Elmer Model 237 or
Model 257 infrared recording spectrophotometer fitted with a grating. The
ultraviolet spectra were determined with a Cary Model 14 or a Perkin-Elmer
Model 202, recording spectrophotometer. The nmr spectra were deter-
mined 8t 60 M Hz with & Varian Model A-60 or Model T-60 nmr spectrometer.
The chemical shift values are expressed in § values (parts per million) relative
to a tetramethylsilane internal standard. The mass spectra were obtained
with an Hitachi (Perkin-Elmer) mass spectrometer. All reactions involving
strong bases or organometallic intermediates were performed under a nitro-
gen atmosphere.
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A 1.00-g (3,44 mmol) sample of the diacid 4c was heated to
185° for & min under a N; atmosphere, at which time decar-
boxylation appeared to be complete. The residue was crystal-
lized from a OH;Cl,-hexane mixture to separate 0.55 g (65%,) of
the monoacid 4a as white needles, mp 181-183°. Recrystalliza-
tion gave the pure monoacid 44, mp 185-186°, which was identi-
fied with an authentic sample by a mixture melting point and
comparison of ir spectra. The mother liquors from this crystal-
lization were concentrated and then crystallized from hexane to
separate 0.31 g (36%) of erude monoacid 4b as white prisms, mp
108-120°. Fractional recrystallization from hexane separated
20 mg (3%) of the pure monoacid 4b, mp 115-116° (lit.2 mp
117.5-118.5°), identified with an authentic sample by a mixture
melting point determination and comparison of ir spectra.

Preparation of the Alcohol 6.—A 1.00-g (4.58 mmol) sample of
the alcohol 1 was dehydrated (TsOH in PhH)? to.form 890 mg
(979%,) of the crude olefin 5. A solution of this olefin 5 in 10 ml
of tetrahydrofuran was treated with 4.6 ml of a tetrahydrofuran
solution containing ca. 5 mmol of BH; and the resulting solution
was stirred at 25° for 30 min. To the reaction solution were
added 1.0 ml of H,0, 2.0 ml of aqueous 15% NaOH, and 20 ml
of aqueous 309, H,0.. The resulting solution was partitioned
between H;O and Et:O and the ethereal layer was washed with
agueous NaCl, dried, and concentrated to leave 940 mg (949 ) of
the crude alcohol 6, mp 92-94°. Recrystallization from hexane
afforded the pure alecohol 6 as a white solid: mp 98-99°; ir
(CCly), 3600 and 3450 cm ! (broad) (unassociated and associated
OH); uv max (95% EtOH) 217.5 mu (e 8000), 225 (shoulder, ¢
7600), 281 (2840) and 287 (shoulder, 2520); nmr (CDClL) &
6.7-7.4 @Hm, aryl CH), 4.91 (1 Hd, J = 6 Hz, benzylic CHO),
3.82 (3 H s, OCHy), 2.9-3.3 (1 H m, benzylic CH), and 1.1-2.6
(10 Hm, OH and aliphatic CH).

Anal. Caled for CnHmOz: C, 7703, E[, 8.31.
77.05; H,8.21.

Preparation of the Acid Derivatives 9 and 10.—To a cold (0°)
suspension of 5.00 g (19.3 mmol) of the amide 3b in 10 mi of hex-
ane and 40 ml of tetrahydrofuran was added 32.1 ml of a hexane
solution containing 51.3 mmol of n-BuLi. When 1 equiv of
n-Buli had been added the suspended amide 3b dissolved to form
a yellow solution which became red in color as more n-Buli was
added. The resulting solution was stirred at 0° for 1 hr, during
which time a yellow precipitate separated. The resulting sus-
pension was refluxed for 30 min. and then cooled and poured into
a slurry of 300 g of Dry Ice in 300 ml of Et;0. The resulting
mixture was partitioned between H;O and Et;0. Concentration
of the ether layer and crystallization of the residue separated 0.22
g (4%) of the starting amide, mp 160-164°. The aqueous layer
was cooled in an ice bath and then acidified (HCI, pH 2) and
mixed with Et;0. The mixture was filtered to separate 2.84 g
(48%) of the crude acid 10a, mp 183-195°, which was relatively
insoluble in Et,0. Recrystallization from EtOH afforded the
pure acid 10a as white needles: mp 213-215°%; ir (KBr pellet)
3420 (NH), 2940 (broad, associated OH), 1735 (carboxyl C=0
with intramolecular H bonding), and 1625 cm~* (amide C=0
with intramolecular H bonding); uv max (959 EtOH) 295 mu
(e 3340) with intense end absorption (e 27,100 at 210 mu); nmr
(NaOD + D,0)37.26 (1H d,J = 9 Hz, aryl CH), 6.95 (1 H d,
J = 9 Hz, aryl CH), 3.8-4.4 (4 H m, benzylic CHCO including
the CH3O singlet at ¢ 3.86), and 1.0-3.5 (13 H m, aliphatic CH
including the NCH; singlet at 3 2.91); mass spectrum m/e (rel
intensity) 303 (0.5, M*), 272 (20), 259 (100), 242 (24), 229 (43),
228 (32), 227 (22), 216 (48), 185 (67), 128 (21), and 113 (25).

Anal. Caled for CiHy;NO.: C, 67.31; H, 6.98; N, 4.62.
Found: C,67.30; H,6.97; N, 4.54.

A 560-mg (1.85 mmol)sample of the acid 10a (mp 209-210°) was
esterified with excess CH,N, in an Et,O~tetrahydrofuran mixture
to yield 556 mg (95%) of the crude ester 16b, mp 158-163°. Re-
cerystallization from MeOH-H,0 afforded the ester 10b as white
needles: mp 158-163°; ir (CHCLy), 3450 (NH), 1730 (conju-
gated ester C=0), and 1645 em™* (broad, amide C==0); nmr
(CDCly) 5 6.7-7.3 (3 H m, NH and aryl CH), 4.41 (1 H d, J =
8 Hz, benzylic CHCO), 3.84 (3 H's, OCHj,), 3.63 (3 Hs, OCHj3),
and 0.7-3.4 [13 H m, aliphatic CH and NCH; doublet (J = 3
Hz)at §2.92].

Anal. Caled for CsHy,NO,: C, 68.12; H, 7.31; N, 4.41.
Found: C,67.98; H,7.51; N, 4.25.

The ether-soluble fraction from the original carbonation reac-
tion was washed with aqueous NaCl, dried, and concentrated to
leave 2.14 g (37%) of the crude acid 9a, mp 145-147°. Re-
crystallization from EtOH separated the pure acid 9a as white

Found: C,
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needles: mp 132-133°; ir (CHCl,) 3425 (NH), 2930 (broad,
associated OH), 1735 (carboxyl C=0 with intramolecular H
bonding), and 1615 cm~! (broad, amide C==0 with intramolec-
cular H bonding); uv max (95% EtOH) 298 mu (e 3430) with in~
tense end absorption (e 29,100 at 210 mu); nmr (CDCl) § 7.7
{1 H broad, OH or NH), 7.22 (1 H d,J = 9 Hz, aryl CH), 6.86
(1HQ,J = 9Hz, aryl CH), 3.90 (3 H ¢, OCHy), 3.00 31 d, J =
5 Oz, NCHy), and 0.7-4.0 (12 H m, OH or NH and aliphatic
CH); mass spectrum m/e (rel intensity), 303 (2, M), 259 (100),
216 (20), and 185 (36).

Anal. Caled for CnHmNOﬁ O, 67.31; H, 6.98; N, 4.62.
Found: C,67.24; H, 6.90; N, 4.53.

A 1.00-g (3.3 mmol) sample of the acid 9a (mp 148-150°) was
esterified with excess CHyN, in an Et.O-tetrahydrofuran mixture
1o yield 918 meg (87%) of the ester Ob, mp 120-121°, as white
plates from ¥t;O-hexane. Recrystallization gave the pure
ester 9b: mp 124-125°; ir (CHCL) 3430 (NH), 1723 (conju-
gated ester C=0), 1645, 1655, and 1660 cm™ (amide C=0);
nmr (CDCL;) §6.7-7.4 3H m, aryl CH and NH), 4.17 (1 H d, J
= 5 Haz, benzylic CHCO), 3.86 (3 H s, OCHj;), 3.67 (3 H s,
OCH,), 2.92 3 Hd, J = 5 Hz, NCH,), and 1.0-3.4 (10 H m,
aliphatic CH).

Anal. Caled for CisHyeNOs: C, 68.12; H, 7.31; N, 4.41.
Found: C,68.15; H,7.25; N, 4.14.

Attempts to effect equilibration of the esters 9b or 10b with
NaOMe in MeOH or of the acids 9a and 10a with TsOH in PhH
produced a crude product which appeared to be a cyclic imide,
ir (CHCL) 1670 and 1710 cm 1.

Birch Reduction of the Acid 4a.—To a mixture of 1.00 g of the
acid 4a, 30 ml of tert-BuOH, 40 ml of tetrahydrofuran, and 100
ml of redistilled liquid NH; was added 0.40 g (38 mg-atoms) of Li.
After the resulting mixture had been stirred under reflux for 4 hr
(during which time the blue color was discharged), an additional
0.40 g (38 mg-atom) of Li was added and stirring under reflux was
continued for 3 hr. The mixture was treated successively with
30 m! of MeOH and 40 ml of H;0 and then the NH; was allowed
to evaporate. After the mixture had been filtered and the residue
had been washed with H,0O, the combined filtrates and washings
were concentrated, and the residue was dissolved in 300 ml of
H,0 and acidified with 13 ml of HOAc. The acid 11 which
separated was collected as 0.93 g (92%) of white solid, mp 140-
141° dec. Recrystallization from CH,Cl,-hexane separated
0.63 g (629,) of the pure acid 11 as white needles: mp 147-149°
dec; ir (CHCl) 2920 (broad, associated OH), 1705 (carboxyl
C=0), and 1662 cm ! (enocl ether C=C); uv (85% EtOH) end
absorption (¢ 3580 at 210 mp); nmr (CDCly + pyridine-d;) &
14.5 (1 H broad, OH), 4.66 (1 H m, vinyl CH), 349 (3 H g,
OCH,), and 0.8-3.9 (15 H m, sliphatic CH); mass spectrum,
m/e (rel intensity), 204 (100), 177 (21), 162 (55), 161 (83), 123
(24), 91 (22), 83 (28), 81 (26), 79 (24), 73 (46), 55 (27), and 41

(33).
Anal. Caled for CypHy0;: C, 72.55; H, 8.12. Found: C,
72.56; H, 8.09.

Preparation of the Keto Acid 12. A. From the Enol Ether
11.—A solution of 200 mg (0.81 mmol) of the enol ether 11 and
4.0 m}l of aqueous 509, HOAc in 8.0 m] of 1,2-dimethoxyethane
was allowed to stand at 25° for 18 hr and then concentrated under
reduced pressure. The crude residue (229 mg) was recrystal-
lized from acetone~hexane mixtures to separate 73 mg (29%) of
the acid 12a as white solid, mp 155-156°. The pure acid 12a
crystallized from PhH as white needles, mp 157-158°, identified
with the subsequently described sample by comparison of ir spec-
tra.

B. From the Aromatic Acid 4a.—The reduction of 20.0 g
(81.5 mmol) of the acid 4a with 16 g (2.3 g-atoms) of Li, 400 ml
of tert-BuOH, 400 ml of tetrahydrofuran, and 800 ml of liquid
NH; was performed as previously described. A solution of the
crude product 11 and 350 ml of aqueous 509, HOAc in 450 ml of
1,2-dimethoxyethane was allowed to stand for 18 hr at 25° and
then concentrated under reduced pressure. The crude product
was partitioned between Et,0 and aqueous HOAe¢ (5:2 v/v) and
the ethereal layer was separated, washed with aqueous NaCl,
dried (Na:80,), and concentrated. A solution of the residue in
200 ml of toluene was again concentrated to remove water from
the erude product 12a (17.8 g or 94%, mp 105-150°). Re-
crystallization from CH,Cl,~hexane separated 12.9 g (68%) of the
acid 12a, mp 157-158°. This product crystallized from benzene
as white needles: mp 157-158°; ir (CHCls) 2930 (broad, as-
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soclated OH) and 1710 em™ (broad, O=0); uv max (95%
EtOH) 282 my (e 32) with intense end absorption (e 3500 at 210
mp); nmr (CDCL,) 5 11.6 (1 H, broad, OH), 2.0-3.7 (9 H m, ali-
phatic CH), and 0.9-2.0 (8 H m, aliphatic CH); mass spectrum
m/e (rel intensity), 234 (2, M*), 162 (29), 119 (25), 91 (21), 78
(100), 77 (29), 53 (29), 52 (26), 51 (30), 50 (24), and 29 (38).

Anal. Caled for C,Hs03: C, 71.77; H, 7.74. Found: C,
71.62; H,7.88.

A 5.00-g (21.3 mmol) sample of the acid 12a was esterified with
excess othereal CH;N,, The crude neutral product was obtained
as 5.27 g of yellow liquid. A portion of the material was dis-
tilled in & short-path still (0.05 mm and 140° bath) to separate the
partially purified ester 12b: n%¥p 1.5222; ir (neat) 1740 (ester
C=0) and 1720 em™ (C=0); nmr (CDCl) & 3.63 (3 H g,
OCHj;), 2.0-3.6 (9 H m, aliphatic CH), and 1.0~2.0 (8 ¥ m, ali-
phatic CH).

Conversion of the Amide Esters 9 and 10 to the Diesters 7 and
8. A. The More Stable Epimer 9b.—A solution of 830 mg
(2.62 mmol) of the amide ester 9b and 430 mg (5.5 mmol) of
NaOAc in 21 ml of HOAc was cooled to the freezing point and
then treated with 0.70 ml (ca. 11 mmol) of liquid N;Oy. The re-
sulting green suspension was stirred for 15 min and then parti-
tioned between cold H,O and CCL. After the organic layer had
been washed with agueous NaHCQO; and with H,O, it was dried
(Na,80,) and concentrated. A mixture of the residual yellow
oil, 55 mg of anhydrous NasCO;3, and 100 ml of methyleyclohexane
was refluxed with stirring for 36.5 hr and then cooled, diluted with
Et.0, and washed successively with aqueous 5%, NaOH and with
H,0, The organic phase was dried and concentrated to leave
518 mg of the crude product as a brown liquid. The aqueous
NaOH wash was acidified and extracted with EtOAc to separate
200 mg of crude acid product, which was esterified with excess
ethereal CH;N;. The combined neutral products were distilled
in a short-path still (0.15 mm and 160° bath) to separate 505 mg
(649%) of the diester 8b as a pale yellow liquid, which was identi-
fied with an authentic sample by comparison of ir and nmr spec-
tra, For further characterization, a mixture of 446 mg (1.4
mmol) of the diester 8b, 4.5 ml (9 mmol) of methanolic 2 M
NaOMe, and 4.5 ml of HyO was refluxed for 2 hr and then parti-
tioned between H,O and CH,Cl,. After the aqueous phase had
been acidified and extracted with CHCly, the organic extract was
dried and concentrated. The residual crude product was re-
crystallized from CH,ClL-PhH to separate 314 mg (77%,) of the
diacid 84 as tan prisms, mp 189-190° dec. Recrystallization af-
forded the pure acid 82 as white prisms, mp 189.5-191° dec, which
was identified with an authentic sample (1it.2 mp 190-191° dec)
by a mixture melting point determination and by comparison of
ir spectra.

B. The Less Stable Epimer 10b.—The same reaction pro-
cedure was used with 785 mg (2.48 mmol) of the amide ester 10b,
427 mg (5.28 mmol) of NaOAc, 22 ml of HOAc, and 0.75 m! (ca.
12 mmol) of N»Q,. The crude n-nitroso amide, a yellow liquid,
and 85 mg of anhydrous Na:COs in 100 ml of methycyclohexane
was refluxed with stirring for 51 hr and then subjected to the pre-
viously deseribed isolation procedure. The crude neutral prod~
uet (503 mg of orange liquid) was distilled in a short-path still
(0.15 mm and 160° bath) to separate 377 mg (489%,) of the diester
7b ag an orange liquid. The ir and nmr spectra of this product
indicated the presence of the known? diester 7b accompanied by
small amounts of the more stable epimer 8b.  For further char-
acterization, a solution of 377 mg (1.18 mmol) of the diester prod-
uct and 8 mmol of NaOMe in 10 ml of MeOH was refluxed for 22
hr and then treated with 4 ml of H:O and refluxed for an addi-
tional2hr. Thereaction mixture was subjected to the previously
described isolation procedure to separate 90 mg (27%) of the di-
acid 8a, mp 179-188° dec. Recrystallization (acetone-hexane)
afforded a sample of the pure diacid 8a, mp 188-189° dec, which
was identified with an authentic sample by a mixture melting
point determination and by comparison of ir spectra.

Registry No.—3a, 33495-50-0; 3b, 33495-51-1;
4a, 19765-79-8; 4c, 33495-53-3; 6, 33495-54-4; 7b,
33495-55-5; 8a, 19765-82-3; 8b, 19766-02-0; 9a,

33495-58-8; Ob, 33405-59-9; 10a, 33495-60-2; 10b,
33495-61-3; 11, 33537-16-5; 12a, 33495-62-4; 12b,
33495-63-5.



