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Nitration and bromination were carried out on the trisfuroylacetonates of chromium(II1) and cobalt(II1) for 
the purpose of comparing the aromatic character of the furan ring with that of the chelate ring from the stand- 
point of their SE reactions. The products were the trinitro and tribromo derivatives substituted at the central 
carbon of the chelate rings, not at the furan rings. The structures of these products were elucidated by their 
infrared, ultraviolet, nuclear magnetic resonance, and mass spectra. Furthermore, preparation of the bis- 
furoylacetonates of cobalt(II), nickel(II), and copper(I1) and of the trisfuroylacetonates of iron(II1) were de- 
scribed. 

Many studies on the aromatic character of metal 
acetylacetonate complexes have been published by 
using X-ray diff raction,2 infrared s p e ~ t r a , ~ - ~  ultra- 
violet spectra,B nmr spectra,B and electrophilic sub- 
stitution reactions.'-'* 

However, no reports have been recorded on the 
comparison of the aromatic character of a chelate ring 
with that of an aromatic ring. This paper will describe 
the results of nitration and bromination on some metal 
furoylacetonates in order to determine whether the 
furan or the chelate ring is exclusively substituted by 
these electrophilic reagents. 

Following Collman's procedure,s furoyla~etone'~ (1) 
was treated with cobalt, chromium, and ferric chloride 
to give the corresponding bisfuroylacetonate of cobalt- 
(11) (2b) and trisfuroylacetonates of chromium(II1) 
(2d) and of iron(II1) @e), respectively. The ex- 
pected bisfuroylacetonates of copper(I1) (2a) and 
nickel(I1) (2c)  were not obtained; P-ketoamino-type 
chelates were produced instead, presumably because in 
these reactions the ammonia which was evolved from 
urea reacted with furoylacetone to form P-ketoamine. 
This anomalous reaction, however, was avoidable by 
using sodium carbonate instead of urea 

Our initial attempt to obtain the trisfuroylacetonate 
of cobalt(II1) (2f) by the known method of Bauer and 
Drinkard16 failed, resulting only in the formation of an 
intractable oily mixture possibly due to degradation 
of the acid-sensit ive furoylacetone. When acetic 
acid was used instead of nitric acid in this reaction, the 

(Chart I). 
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CHART I 
H 

2a, M = Cu(I1) 
b, M = Co(I1) 
c, M = Ni(I1) 
d. M = Cr(II1) 
e; M = Fe(1IIj 

desired trisfuroylacetonates could be obtained in good 
yields after purification on a silica gel column (Chart 

CHART I1 

11). 

Na,[Co(C03)3]3H,0 
A d H  in 604b aqueous acetone 

1 

2,f 

The infrared spectrum of 1 shows a sharp absorption 
at 1720 cm-I caused by a free carbonyl of the keto 
form of the 1,3-diketone and does not manifest any 
intense band near 1500 cm-I. In contrast, 2 shows 
no absorption near 1700 cm-', but has a strong ab- 
sorption a t  1520 cm-l due to a chelated carbonyl 
g r o ~ p . ~ - ~  The infrared spectrum of 2c resembles that 
of the corresponding 2b; the spectra of 2d, 2e, and 2f 
resemble each other. This similarity indicates that 
2c and 2b have the same type of structure as do the 
other three chelates. 

The ultraviolet spectra of the above-mentioned 
chelates are summarized in Table I along with those 
of the corresponding metal acetylacetonates. 

Comparison of the spectrum of each metal furoyl- 
acetonate with that of the corresponding metal acetyl- 
acetonate affords good evidence of the existence of an 
extended conjugation in 2a-f and of coplanarity of the 
furan ring with the chelate ring. 

The chromium(II1) chelate of benzoylacetone and 
dibenzoylmethane have been reported to decompose 
in the presence of copper nitrateacetic anhydride 
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TABLE I 
ULTRAVIOLET IIaT.4 FOR CHELATES I N  TETRAHYDROFURAN 

Chelate Amax, mlr emax Xmsx, m p  emax 

(Acac)rCua 239 11,000 292 21,600 
(Acac)&o 231 7,700 272 16,100 
(Acac)*Ni 29 1 22,400 
( Acac)sFe 269 26,600 352 2,500 
(Acac)sCo 253 37,400 330 8,300 
(Acac)&r 270 10,000 332 15,600 

(Frac)&o 265 16,000 318 29,000 
(Frac)2Ni 266 16,900 332 28,200 

(Frac)&o 294 52,200 36 1 20,400 

(Frac)&ub 282 23,600 330 37,100 

(Frac)sFe 305 59,500 368 13,900 

(Frac)sCr 306 36,000 367 39,900 
a (Acac) represents acetylacetone. * (Frac) represents furoyl- 

acetone. 

mixture.'O Treatment of 2d with the same mixed 
reagent afforded a mixture of two products as revealed 
by thin layer chromatography. The brown crude 
mixture was purified by silica gel column chromatog- 
raphy, which afford a trinitrofuroylacetonate of 
chromium(II1) (3) of green crystals as the main product 
and a small amount of the dinitrofuroylacetonate of 
chromium(II1). 

2d was easily brominated with N-bromosuccinimide 
at 0" to give a tribromo derivative (4) accompanied 
by a small amount of monobromo derivative as shown 
in Chart 111. The ultraviolet spectra of chromium- 
(111) chelates, 2d, 3, and 4, are shown in Figure 1. 

CHART I11 
H 

3 4 

The spectral patterns of these compounds are 
grossly similar, each having two absorption peaks. 
The two peaks of tribromo chelate 4 exhibit some 
bathochromic and hypochromic shifts as compared 
with those of the parent chelate 2d. In the spectrum 
of trinitro chelate 3, both peaks exhibit some hyper- 
chromic shifts and, furthermore, only the lower wave- 
length absorption shows bathochromic shift. 

Because of the paramagnetic character of chromium- 
(111), it is impossible to determine the position of a 
nitro or bromo group by using nmr spectroscopy in 
3 and 4. For the purpose of nmr investigation, a 
trinitro (5) and a tribromo derivative (6) of the dia- 
magnetic cobalt(II1) were synthesized in a similar 
manner (Chart IV). 

The infrared spectra of cobalt(II1) chelates 2f, 
5, and 6 are quite similar to those of the corresponding 
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Figure 1.-Ultraviolet spectre of chromium(II1) chelates in 
tetrahydrofuran: - 2d. - - - - 3 .  -- - 4 
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Figure 2.-tJltraviolet spectra of cobdt(II1) chelates in tetra- 

hydrofuran: ~ 2f .  - - - - 9 ,  5 .  ---) 6. 7 t  

5 6 

chromium(II1) chelates 2d, 3, and 4. This infrared 
spectroscopic consistency gives evidence for the skele- 
tal and positional identity of these derivatives. The 
ultraviolet spectra of these cobalt(II1) chelates, 2f, 5, 
and 6, as shown in Figure 2 also confirm this assignment. 

By comparison of Figures 1 and 2, it is found that 
the three spectra of cobalt(II1) chelates 2f, 5, and 6 
show similar behavior with those of the chromium(II1) 
chelates 2d, 3, and 4. 
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TABLE I1 
Mass FRAGMENTATIONS OF CHROMIUM(III) CHELATES 

Cr(Frac)sa Zd- c- Cr(Frac-NO& 3 - 
Cation m/e (re1 intensity) Cation m/e (re1 intensity) 

Cr+ (Frac) 203 (11) 

Frac + 151 (2) 

C4H30Cr + 119 (19) 
ChHaOC=O + 95 (53) C~HIOCEO + 95 (100) 
CH~COCHCEO + 83 (5) 

Cr(Frac-Br)a -- 
Cation m/e (re1 intensity) 

Cr + (Frac-Br) 283 (3) 

Frac +-Br 231 (5) 

C4Ha0Cr + 119 (8) 
CrHaOCzO + 95 (72) 

281 

229 

Cr +-CHa 67 (12) 
Cr + 52 (50) 
CH~CZ&) + 43 (100) CHaC=O + 

C3H3 + 39 (22) C3Ha + 

a (Frac) represents furoylacetone. 

The nmr spectra of these three cobalt(II1) chelates, 
2f, 5, and 6, are shown in Figure 3. 

A deuteriochloroform solution of 2f exhibits sig- 
nals a t  T 2.5, 2.8, 3.6, 3.7, and 7.7 with the relative in- 
tensities of 1 : 1 : 1 : 1 : 3. Comparison with the spec- 
trum of the parent compound 1 confirms that the 
T 2.5, 2.8, and 3.6 peaks are attributable to H b ,  H,, and 
Ha protons of the furan ring, respectively, and a sharp 
singlet a t  3.72 is due to an H d  proton of the chelate 
ring. A doublet a t  T 7.7 is attributable to methyl pro- 
tons. 

The spectrum of 5 in CDCl, exhibited peaks at  
T 2.4, 2.7, 3.4, and 7.4 with the relative intensities of 
1 : 1 : 1 : 3. This comparison with 2f showed that peaks 
at  T 2.4, 2.7, and 3.4 are caused by the H b ,  H,, and H a  

protons of the furan ring, respectively, and a doublet 
at 7.4 is due to methyl protons. The cis isomer of a 
metal benzoylacetonate is known to show a single 
methyl resonance in the nmr spectrum, though the 
trans isomer exhibits a doublet or triplet methyl 
signal." By tlc 2f, 5, and 6 each showed one spot and it 
could thus be concluded that the doublets in 2f and 5 
are due to methyl protons of the trans isomer and the 
singlet in 6 to those of the cis isomer. 

The disappearance of the chelate ring proton signal 
after nitration provided conclusive proof that nitra- 

(17) R. C. Fay and T. S. Piper, J .  Am.  Chem. SOC., 81, 2303 (1962). 

Cr +-CHa 67 (15) 
Cr + 52 (10) 

43 (82) CH~CEO + 43 (100) 
39 (30) C3H3 + 39 (10) 

tion had occurred on the chelate ring and, analogously, 
bromination was also on the chelate ring. 

From the infrared and ultraviolet similarity of the 
substituted cobalt(II1) chelates with the corresponding 
chromium(II1) chelates, it may be concluded that ni- 
tration and bromination of the chromium(II1) che- 
lates have also occurred on the chelate ring. 

The mass fragmentations of chromium(II1) chelates 
in the low mass region are listed in Table II.18 
In this table, the masses due to fury1 cations are 
clearly observed but those due to the nitrofuryl or 
bromofuryl cation are not. The absence of such a 
nitrofuryl or bromofuryl cation confirms the conclu- 
sion that the chelate ring was substituted even in the 
case of the chromium(II1) chelate. 

An attempt to acetylate 2f with a mixture of acetic 
anhydride and boron trifluoride etherate failed and 
unexpectedly afforded the difluoroborane complex 7, 
which was prepared directly from furoylacetone and 
boron trifluoride (Chart V).I9 

H 

2f 

CHART v 

H 

7 

1 

When a catalytic amount of boron trifluoride ether- 
ate was used in the above reaction, the parent chelate 
(2f) was perfectly recovered. This exchange reaction 
between chelated metal and difluoroborane seems to 
afford new application in chelate chemistry; for ex- 
ample, the nmr investigation of paramagnetic chelates 
might become possible by using this exchange reaction. 

Nitration and bromination of 7 with a copper ni- 
trate-acetic anhydride mixture and with N-bromosuc- 
cinimide, respectively, only resulted in recovery of the 
starting material. Presumably, the decrease of the elec- 

(18) A full paper concerning the mass spectra of these compounds will be 

(IS) Other attempte to acetylate l f  under various conditione are in prog- 
published elsewhere. 

reas. 
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tron density over the chelate ring by the electron- 
attractive effect of a fluorine atom might prevent such 
substitution reactions. 

Experimental Sectionz0 
Tris[ 1-(2-furyl)-1,3-butanediono]chromium(III) (2d).- 

Chromium(II1) chloride hexahydrate (0.7 g, 0.0027 mole), 
(furoylacetone16) (1.2 g, 0.008 mole), and sodium carbonate 
(1.2 g, 0.004 mole) were dissolved in 26 ml of aqueous 96% 
dimethylformamide. The solution was maintained at  110-120' 
for 15 hr and after cooling it was poured onto an equal volume of 
ice water. The brown precipitates were collected, washed 
several times with water, and then dried to afford 1.3 g (quantita- 
tive yield) of a crude product. An analytical sample was ob- 
tained by three recrystallizations from tetrahydrofuran as brown 
crystals, mp 287-288'; infrared (KBr) bands were a t  1600, 
1550, 1520, 1470, 1400, and 1370 cm-l. 

Anal. Calcdfor C24H2109Cr: C, 57.02; H, 4.20. Found: C, 
56.89; H ,  4.19. 

Bis [ 1-(2-furyl)-l ,J-butanediono] copper(I1) (2a) .-Cuprous 
chloride, furoylacetone, and sodium carbonate in aqueous 96% 
dimethylformamide were maintained a t  110-120' for 15 hr and 
worked up as above to  afford a crude product in 80% yield. An 
analytical sample was obtained by recrystallization from ethanol 
as dark green crystals, mp 231-232'; infrared (KBr) bands were 
at 1600, 1550, 1520, 1470, 1450, and 1420 cm-l. 

Anal. Calcd for CleH1406Cu: C, 52.53; H ,  3.86. Found: 
C, 53.09; H, 4.06. 

Bis ~1-~2-furv1~-1.3-butanedionolnickel~II~ (2c).-Nickel chlo- 
~ I . I~ r 

ride, furoylacetone, and sodium carbonate in aqueous 96% di- 
methylformamide were maintained a t  110-120' for 15 hr and 
worked up as above to afford a crude product in yield. 
An analytical sample was obtained by recrystallization from 
ethanol as green crystals, mp 177-178'; infrared (KBr) bands 
were a t  1590, 1560, 1520, 1480, and 1410 cm-l. 

Anal. Calcd for ClaH140eNi.2H20: C, 48.40; H, 4.57. 
Found: C, 48.23; H ,  4.56. 

Tris[ 1-(2-fury1)-1,3-butanediono] iron(II1) (2e).-Ferric chlo- 
ride, furoylacetone, and sodium carbonate in aqueous 96% di- 
methylformamide were treated as above to  d o r d  a crude product 
in 28% yield. An analytical sample was obtained by recrystal- 
lization from tetrahydrofuran as brown-red crystals, mp >300'; 
infrared (KBr) bands were a t  1600, 1550, 1520, 1470, 1400, and 
1370 crn-'. 

Anal. Calcd for Ct4Hz109Fe: C, 56.59; H ,  4.16. Found: C, 
56.44; H, 3.99. 

Bis[ l-(t-furyl)-l,3-butanediono] cobalt(I1) (2b).-Cobalt chlo- 
ride, furoylacetone, and sodium carbonate in aqueous 96% di- 
methylformamide were treated as above to afford a crude product 
in 93y0 yield. An analytical sample was obtained by recrystal- 
lization from ethanol as orange crystals, mp 130-131'; infrared 
(KBr) bands were a t  1580, 1560, 1520, 1470, and 1410 cm-l. 

Anal. Calcd for ClsHlaO&O.2Hz0: c, 48.38; H, 4.57. 
Found: C, 48.06; H, 4.60. 

Tris[ 142-fury1 j-1 ,3-butanediono] cobalt(II1) (2f).-To a mix- 
ture of furoylacetone'(2.3 g, 0.015 mole) andsodium triscarbonato- 
cobaltate(II1) trihydrate (1.8 g, 0.005 mole) in a 60% acetone- 
water mixture was added 1 ml of acetic acid. The reaction mix- 
ture was refluxed for 15 min; then the cold reaction mixture was 
extracted with chloroform. The chloroform extracts were 
washed with saturated aqueous sodium bicarbonate and then 
with water. After the organic layer was dried over sodium sulfate, 
the solvent was removed under vacuum. The residue was 
purified by silica gel column chromatography and afforded 1 .O 

(20) Microanalyses were performed on a Yanagimoto C.H.N. Corder, 
hlodel MT-1. The melting points were measured with a Yanagimoto micro- 
melting point apparatus and are not corrected. The infrared absorption 
spectra were taken with a JASCO Model IR-S infrared spectrophotometer. 
The ultraviolet absorption spectra were determined with a JASCO Model 
ORD/UV-5 optical rotatory dispersion recorder. The nmr spectra were 
taken with a Hitachi Model H-6013 nmr spectrometer and with a Varian 
Model A-60 nmr spectrometer with tetramethybilane as an internal standard, 
and the chemical shift values are expressed in r values. The mass spectra 
were obtained on a Hitachi RMU-D double-focusing mass spectrometer 
operating at  ionization potential of 70 eV. The solid samples were ionieed 
by electron bombardment after sublimation directly into the electron beam 
at  200'. 

g (39%) of green powder. An analytical sample was obtained 
by recrystallization from ether, mp 204-205'; infrared (KBr) 
bands were a t  1600, 1550, 1520, 1470, and 1400 cm-l. 

Anal. Calcd for C~Hz109Co: C, 56.26; H, 4.14. Found: 
C, 55.89; H, 4.18. 

Tris[2-nitro-l-(2-furyl)-l,3-butanediono]chromium(III) (3).- 
A slurry of copper(I1) nitrate trihydrate (1.45 g, 0.006 mole) in 
30 ml of acetic anhydride was stirred for 45 min at 0'. To this 
slurry was added 2d (0.84 g, 0.0017 mole) a t  0' and stirring was 
continued at  the same temperature for 2 hr; then a spot of 2d 
disappeared and instead two new green spots were observed by 
thin layer chromatography. The slurry was decomposed by 
stirring for 1 hr with a mixture of 150 ml of water, 250 g of ice, 
and 20 g of sodium acetate. The resulting deep green precipitates 
were collected and washed with water. Chromatography on a 
silica gel column with benzene as an eluent afforaed two products; 
the main product was obtained ea green crysthis from the first 
fraction, mp 164-166', and the yield was 0.71 g (66%); infrared 
(KBr) bands were at  1540, 1470, 1360, and 1010 cm-l. 

Anal. Calcd for C~~HISN.XOI~C~:  C, 45.01; H, 2.84; N, 6.56. 
Found: C, 44.77; H, 2.86; N, 6.27. 

From the second fraction, there was obtained 0.33 g of green 
crystals, mp 111-115', which showed a very similar spectral 
pattern with 3; considering its elemental analysis and that it 
afforded one spot by thin layer chromatography, this compound 
is concluded to be the corresponding dinitro complex; infrared 
(KBr) bands were a t  1540, 1470, 1360, and 1010 cm-1. 

Anal. Calcd for Cz4H19NzOlsCr: N, 4.68. Found: N, 4.18. 
Tris[2-nitro-l-(2-furyl)-l,3-butanediono]cobalt(III) (5).- 

Compound 2f was nitrated with a copper(I1) nitrateacetic an- 
hydride mixture as above and afforded green crystals in 55.1% 
yield after purification by silica gel column chromatography. 
An analytical sample was obtained by recrystallization from 
ether, mp 160-161'; infrared (KBr) bands were at  1540, 1470, 
1360, and 1010 cm-l. 

Anal. Calcd for CaHlsNaOlsCo: C, 44.53; H ,  2.80; N, 6.49. 
Found: C, 44.70; H ,  2.94; N, 6.41. 

Tris[2-bromo-l-(2-furyl)-l ,J-butanediono] chromium(II1) (4). 
-A mixture of N-bromosuccinimide (1.3 g, 0.007 mole) and 2d 
(1 g, 0.002 mole) in 100 ml of chloroform was stirred a t  0' for 
15 min until a spot of 2d disappeared completely and new two 
spots were observed by thin layer chromatography. The chloro- 
form solution was thoroughly washed with water and dried over 
sodium sulfate. After the solvent was removed under vacuum, 
the residue was purified by silica gel column chromatography 
with benzene as an eluent, to give two products. From the 
first fraction, 0.6 g of 4 was obtained as green crystals, mp 
224-225'. The yield was 41%; infrared (KBr) bands were at  
1530, 1470, 1420, 1330, and 1010 cm-l. 

Anal. Calcd for C14H1800Br&r: C, 38.84; H ,  2.45. Found: 
C, 39.27; H, 2.44. 

From the second fraction, there was obtained 0.203 g of green 
crystals, mp 155-159', which showed a very similar spectral 
pattern with 4 and from its elemental analysis was found to be 
the corresponding monobromo complex; infrared (KBr) bands 
were at  1530, 1470, 1420, 1330, and 1010 cm-I. 

Anal. Calcd for Cz4H2oOgBrCr: C, 49.33; H, 3.45. Found: 
C, 49.97; H, 4.01. 

Tris [2-bromo-l-(2-furyl)-1,3-butanediono] cobalt(II1) (6) .-A 
chloroform solution of N-bromosuccinimide and 2f were stirred 
for 10 min a t  0" and worked up as above to afford dark green 
crystals in 60% yield. An analytical sample was obtained by 
recrystallization from ether as green crystals, mp 140-141'; 
infrared (KBr) bands were a t  1530, 1470, 1420, 1330, and 1010 
cm -I .  

Anal. Calcd for Cz,Hls09Br$20: C, 38.48; H ,  2.42. Found: 
C, 38.74; H, 2.43. 

Difluoro[ 1-(2-furyl)-l ,J-butanediono] borane (7).-To a solu- 
tion of furoylacetone (1.52 g, 0.01 mole) in 50 ml of methylene 
chloride was added boron trifluoride etherate (1.3 ml, 0.01 mole 
with stirring at  room temperature. This solution was stirred 
overnight a t  this temperature and washed with 2% aqueous 
potassium acetate and then with water. After this solution was 
dried over sodium sulfate, the solvent was removed under vacuum 
to give 1.5 g (75%) of white powder. An analytical sample was 
obtained by three recrystallizations from ethanol, mp 120'; 
infrared (KBr) bands were at  1610, 1550, 1470, 1400, and 
1370 cm-l. 

Anal. Calcd for CSHTOIBFZ: C, 48.06; H ,  3.53. Found: 
C, 47.92; H, 3.43. 
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The same substance was also obtained from acetylation of 2f 6, 15273-13-9; 7, 15273-15-1; (Acac)&u, 1339516-9; 
with a mixture of acetic anhydride and boron trifluoride in ( A ~ ~ ~ ) ~ c ~ ,  1402448-7; ( A ~ ~ ~ ) ~ N ~ ,  14024-60-3; 
methylene chloride a t  room temperature in 67% yield and by 
treatment of 2f with boron trifluoride in quantitative yield 
(Chart V). (Acac)3Cr, 13681-82-8. 

(Acac)aFe, 14024-18-1 ; (Acac)&o, 13681-884; 
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The eight stereoisomers of a tetrahydrocannabinol congener (2) have been synthesized from the eight 
pyrones (9) obtained by the condensation of (+)- and of ( -)-2-carbethoxy-5-methylcyclohexanone (8) with 
each of the four optical stereoisomers of (demethylated) 2-(3,5-dimethoxyphenyl)-3-methyloctane ( 6 ) .  The 
four threo isomers of 6 were obtained optically pure; the four erythro isomers of 6 were obtained only as par- 
tially resolved materials. The relative configurations of the erylhro and threo isomers of 6havebeen assigned 
by two independent methods. Glpc analysis of 
the latter revealed the presence of two minor unidentified impurities. 

The final products (2) were isolated as their acetate esters. 

The structures and stereochemistry of the physio- 
logically active tetrahydrocannabinol principles of 

marijuana Earlier, in (hashish) an extensive have been series recently of investigations, elucidated.' MaD!y FH C5H1 I - 
Adams12 Todd13 and co-workers independently syn- 

products by the position of the alicyclic double bond. 

and structure-activity studies revealed the most active 
compound to be the 1,Zdimethylheptyl analog (Z) .4a 

SCHEME I 

CH3CH3 
4 thesized a material (1) that differed from the natural 

A series of homologous congeners also were prepared, MeO 

C (CH~-C(CH~CSHII -, 

CH3 (@- 
CHZCH, 

CH3 CH, 3 
1, R = CsHil 
2, R = CH(CHa)CH(CHdCsHii 

Because it possesses three asymmetric carbon atoms, 
2 can exist as four diastereoisomeric racemates, each 
consisting, in turn, of a (+) and (-) enantiomorph. 
Since the stereochemical composition of the Adams 
product (2) was not known, we decided to synthesize 
the isomers of this interesting material. 

The synthesis of 2 by the Adams procedure4 is sum- 
marized, in part, in Scheme I. By this route, the 
carbinol 4, obtained in two steps from 3,5-dimethoxy- 
benzamide, was dehydrated to the olefin 5, and then 
reduced to the alkane 6. Reinvestigation of this 
reaction sequence revealed that the dehydration tends 
to  give, initially, the vinyl olefin 3 (vF& 3080; 

898 em-') which then rearranges into a cis-trans 
mixture of 5 under the acidic conditions. However, 

(1) Y. Gaoni and R. Mechoulam, J .  A m .  Chsm. Soc., 86, 1646 (1964); 
E. C. Taylor, K. Lenard, and Y .  Shvo, ibid., 88, 367 (1966): R. L. Hively, 
W. A. Mosher, and F. W. Hoffmann, ibid., 86, 1832 (1966). 

(2) R. Adams and B. R.  Baker, ibid.. 6% 2405 (1940). 
(3) R .  Ghosh, A .  R. Todd, and S. Wilkinson, J .  Chem. Soc., 1121 (1940). 
(4) (a) R.  Adams, S. MacKenzie, and 9. Loewe, J .  A m .  Chem. Soc., TO, 

664 (1948); (b) R. Adams, K.  H. Chen, and 8. Leewe, ibid., 6T, 1534 (1945). 

M e d  
5 

all attempts to separate any of these intermediates 
into characterizable stereoisomers proved unsuccessful 
in our hands.6 A new synthetic procedure had to  be 
devised, therefore, which would give, unambiguously, 
the stereoisomers of the final product. Since 6 repre- 
sents the key intermediate in the process, its synthesis 
was investigated from this point of view. Eventually, 
two independent routes were achieved. 

(5) It wan subsequently found, after this approach had been abandoned, 
that the isomere of 6 and 6 (and to some extent, 4) could be separated by  
gas-liquid partition chromatography, a technique not available to UI a t  that 
time. 


