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N-(8-Chloro-4-hydroxymethylpheny1)-N’,N'-diethylethylenediamine (I\") and N-(3-chloro-4-hydroxymethyl-

phenyl)piperazine (V1) were prepared by chemical and microbiological methods.
active schistosomicidal agents than the corresponding 4-methy! derivatives (IIT and V).

They were found to be more
The p-pentylphenoxy-

hexyl analog of VI was prepared chemically and found to be more active than the 4-methyl derivative (VII).
Both were far weaker than the structurally simpler compounds, IV and VI.

The discovery by Kikuth and Génnert! that lucan-
thone (I) was an orally effective schistosomicidal agent
led to a great deal of structural modification of the
parent nucleus in an attempt to develop better agents.?
One of the simplest modifications which was active was
a mirasan (II1)3 in which the diethylaminoethylamino
side chain and the p-methyl group are retained but the
other features of the molecule are represented by a
chlorine atom. This drug was quite active in mice,
but apparently was ineffective in monkeys and man.?
The related piperazine (V) is also an active schistoso-
micidal drug in mice but it is believed to be ineffective
in higher species.? The latest entry in this class is the
piperazine VII.¢ The substance was reported to be an
effective schistosomicidal agent in Schistosoma mansoni
infected mice. It was claimed to be active in monkeys

also.
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Recently it has been demounstrated that a microbial
transformation product of lucanthone, the 4-hydroxy-
methyl derivative (II), is also a metabolite of I and is
indeed the therapeutically active form of lucanthone.?
It was also found that the biological activity of the re-
lated thiochromones and xanthen-9-ones is greatly
enhanced when the 4-methyl group was replaced by the
4-hydroxymethyl group. It was thought that in this
group of compounds metabolic hydroxylation of the 4-

(1) W, Kikuth and R. Génnert, dnnrn. Trop. Med. Parasitol., 42, 259
(1949).

(2) R. Gonnert, Bull. World Health Organ., 28, 702 (1961).

(3) H. Mauss, H. Kolling, and R. Génnert, Med. Chem., Abhandl, Med.
Chem. Forschungsstaetten I, G. Farbenind., 8, 185 (1956).

(4) A. O. Geiszler, P. M. Bauman, A. Alter, P, M. Bauman, A. O. Geiszler,
and G. F. Otto, Reports given at the Annual Meeting of the American
Society of Tropical Medicine and Hygiene, New York, N. Y., Nov 7, 1964.

(5) D. Rosi, G. Peruzzotti, E. W. Dennis, D, A, Berberian, H. Freele,
B. I, Tullar, and S. Archer, J. Med, Chem., 10, 867 (1967),

methyl was a necessary prelude for schistosomicidal
action,

In our laboratory it was found that III and V were
quite active in mice but markedly less so in hamsters.
Rosi, et al.,® found that mouse liver microsomes ef-
ficiently hydroxylated III to IV, and V to VI but that
hamster liver microsomes carried out this conversion
very ineffectively if at all. It was also demonstrated
that after oral administration of ITI to mice a substan-
tial amount of IV was detected in the urine, while in a
similar experiment with hamsters no IV could be seen
on thin layer chromatograms. It was concluded that
as in the case of lucanthone, III and V were being meta-
bolically converted by the animal host to therapeutically
active agents.

In the present paper we describe the microbiological
and chemical synthesis of the aniline derivatives IV,
VI, and VIII and discuss their schistosomicidal activ-
ity in mice and hamsters.

The benzyl alcohol (IV) was prepared according to

Scheme I. Catalytic reduction of ethyl 2-chloro-4-
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nitrobenzoate gave a mixture of IX and ethyl p-
aminobenzoate. The Raney nickel-hydrazine method?
gave much better results. Alkylation of the ester IX
with diethylaminoethyl chloride afforded X in very poor
yield. Reduction (LiAlH,) to IV completed the syn-
thesis. Some hydrogenolysis apparently took place
since the presence of III could be detected on tle.
A somewhat better synthesis from the amino ester
IX consisted of chloroacetylation of the amine to
furnish the N-chloroacetyl derivative which in turn
was treated with diethylamine to give the amino amide

(6) D. Rosi, A. J. Merola, and 8. Archer, Life Sci., in press.
(7) D. Balcom and A, Furst, J. Am. Chem. Soc., 75, 4334 (1953).
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(Xa) which upon reduction with LiAIH,~AICI; gave IV,
In view of the excellence of the microbiological method
which was developed simultaneously (ride infra).
no further attempts were made to improve the chenieal
svnthesis.

The synthesis of N-(3-chloro-4-hyvdroxymethylphen-
yDpiperagzine (VI) is shown in Scheme 11, me-Chiloro-
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phenylpiperazine was formylated to give the amide
(XI) which was subjected to the Vilsmeier—Haack

reaction.®  The aldehyde XII was then hydrolyzed to
XIII. NaBH, reduction furnished VI in 499, over-all

vield, based on 1-(m-chlorophenyl)piperazine.

The same approach was used to synthesize VIII.
1-(n-Chlorophenyl)piperazine was condensed with 6-
(p-t-pentylphenoxy)hexyl bromide and the resulting
product was formylated as above. Reduction (Na-
BH,) gave VIII.

The diamine IIT was used as a substrate in micro-
biological oxidations. In preliminary runs it was found
that a number of niicroorganisms converted this sub-
stance to more polar metabolites. The most efficient
conversion was realized with Aspergillus sclerotiorum,
the same organism which was used for the lucanthone-
hycanthone oxidation.? In addition to IV auother
polar spot was visualized on the thin layer chrona-
togram. In view of the fact that it gave n positive
response with the DNP reagent and disappeared when
the reaction mixture was pretreated with NaBH,
before tle analysis, it was conceluded that we were dealing
with the 4-carboxaldehyde corresponding to IV,
Under optimun: conditions it wus possible to convert
161 g af substrate III to 106 g of the aleohol (IV) on a
10-1. scale. A. scleroliorum was also the organism of
choice for converting V to VI.  The over-all vield com-
pared favorably with the chemical method in this case
also.

Biological Activity..—Qur previous experience with
lucanthone (I) and some of its congeners® led us to
believe that the simpler analogs such as I1I and V were
also heing converted i rivo to the schistosonicidally
active drugs IV and VI, respectively. In fact we
carried out o metabolic study with IIT before the com-
parative schistosomicidal bioassay was run.® On the
basis of relative amounts of IV excreted in the urine
of mice and hamsters we were able to predict correctly
that ITT would be more active in the former species.
Tt is clear fron1 Table I that the hydroxymethyl deriva-
tives IV and VI are more active in the hamster and in
the mouse than the corresponding 4-methyl analogs
TIT and V.

Sinee VII is an analog of V it was considered that it,
too, was being subjected to in eiro hvdroxylation to

{8) Nee M. R. deMaheas, Bull. Soc. Chim. France, 1989 (1962), for o re-
view af this reaetion,
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« ‘I'he 11Dy is the dose (milligrams per kilogram) which, when
given once a day for 5 days to rodents infected 46 day= earlier, re-
duces the adult worm count by 50¢;.

VIII. The Abbott workers reported that VII wuas
active I mice at doses of 12.5 mg/ke ip.t Tn omr
laboratory the oral FKD;. of VII was found to be 93
mg/kg in mice and >400 mg/kg in hamsters. ‘The
corresponding  hydroxyvimethy!l analog VIIT was more
active than VIT in both rodent species. However, the
newer piperazines are considerably less active than the
simpler drugs shown in Table T.

Experimental Section®

Ethyl 2-Chloro-4-aminobenzoate (IX).— A solution of 49.5 ¢
of ethyl 2-chloro-4-nitrobenzoaiel® and 40 ml of 1009 hydrazine
hydrate in 1 1. of aleohol was warmed slightly and a small amomni
of Raney Niwas added. The mixture was refluxed for 0.5 hr and
allowed to stand at room temperature for 2 hr.  ‘The catalyst wax
removed by filtration and the filtrate was evaporated to dryness,
The white residue was crystallized from 150 ml of absolute
ethanol to give 33.7 g of the ester, mp 105.5-107°.21  The mother
liquors yielded a second crop, 5.2 g, mp 105-106°.

N-(3-Chloro-4-hydroxymethylphenyl)-N‘,N’-diethylethylene-
diamine (IV).-—The amino ester IN (26 g) and chloroethyldi-
ethylamine (52 g) were heated n a scaled tube for 15 min at 18-
200°.  The mixture was ponred into water and decanted from
an insoluble gununy ~olid. The aqueous phase was adjusted ta
pl 6.0 and extracted with ether. The ether was evaporated,
the residue was dissolved in 100 ml of abrolute alecohol, and 4.5
g of pierie acid was added.  After about 3 min at the boil, the
mixture was cooled and filtered.  The crude picrate (3.0 gi
wirs erystallized from ethanol and filtered: 7.0 g, mp 149.5--150.5°.

Anal. Caled for CplTeCINLO, - CITN,O:0 N, 1327 O, 6,72,
IFonnd: N, 13.30; Cl, 6.9%.

The base war libernted from the pierate and dixtilled 1o
furnish a fraction, bp 190-144° (0.5 nn), 2.5 g.

A =olntion of the ester in 35 ml of drv ether was added to a
slnrry of 350 mg of LIAI, in 65 ml of ether. The whale was
refluxed gently for 30 min and worked up in the nsial way.
Ioxamination of the ernde mixture by tle indicated that some
hydrogenolysis had oceurred to furnish IIT. The mixtire was
chromatograplied on a colnnm of silica gel nsing cether-triethyl-
amine as the developing =olvent. The separation was monitored
by tle. The fractions containing anly the desired aleohol were
combined and evaporated to dryness. The crude alcohol (1.0 g7
melted at 61.5-65.0° and showed a new peak at 2.75 (O and
1o 5.83-u peak (COOCIT:) in the infraved =pectrim.  After rrys.
tallization from hexane-benzene, crvstals (870 mg) were abtained
which melted at 65.5-67.0%,

Anal. Caled for CHL,CINO: N, 10.71; Cl, B3SE
N, 10.84: (], 13.36.

Ethy! 4-(w-Chloroacetamidoj-2-chlorobenzoate.— A sohttion
of 68 g (0.6 mole) of chloroacetyl chloride in 210 ml of (CICH,).
was added slowly to a refluxing =olution of 115 g (0.58 mole)
of ethyl 4-amino-2-chlorobenzoate in 350 1nl of (CICH,)..  After

Fonnd:

19) Analyses were carried out under the sapervision of Mi. K. D), Ileischer,
Spectra were run under the supervision of Dr. R. K. Kullnig, who assisted in
the interpretation of the nmr speetra, which were run on ¢he Varian A-60
instrument.

{10) 1. Bield, R. Liebertierr, and M. Yiory, Heleo Chin. JActa, 34, 2076
(14519,

11y M, Rubin, 11, €. Marks, 1. Wiskinsky, and \\. Lanzilotud, J. 1w
Chem. Noe., 68, 62 (1046,
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all the acid chloride was added the solution was refluxed for 1.5
hr, cooled, and diluted with 1 1. of pentane. The solution was
placed in the refrigerator overnight and filtered. and the crystals
were collected, washed with pentane, and dried; 135 g (83%),
mp 119-122°,
Anal. Caled for CyH)CLNO;: N, 5.07; Cl, 25.68. Found:
N, 5.16: Cl, 23.95.
Ethyl 2-Chloro-4-(w-diethylaminoacetamido)benzoate.—
A solution of 133 g (0.481 mole) of the above ester and 106 g
(1.44 moles) of diethylamine in 1 1. of benzene was refluxed for
4 hr, The whole was rednced to half-volume and washed with
water. The organic layer was extracted with dilute HCl. The
acid extracts were washed with ether, made basic, and extracted
with ether again. The second ether extract was dried and
concentrated. The residue was dissolved in isopropyl alcohol
and treated with 1 equiv of concentrated HCl. The solution wax
treated with ether to the point of turbidity and set aside and
cooled. The crystals of the hydrochloride which separated were
filtered off and dried; 144 g (869;), mp 150-151°,
Anal. Caled for C,llyCINO,-HCL: Cl, 20.30.
20.09.
N-(3-Chloro-4-hydroxymethylphenyl)-N’,N’-diethylethylene-
diamine (IV) from Xa.—A solution of 23.4 g (0.177 mole) of AICl;
in 300 ml of tetrahydrofuran (THF) was prepared by cautious
addition of the salt to the solvent. The solution was added in
one portion to a suspension of 52 g (1.37 moles) of LiAlH, in
2.0 1. of THF at —12°. The free base from 117 g (0.374 mole)
of the ester (Xa) in 200 ml of THF was added over a 45-min
period to the LiAlHy-AlICl; solution with stirring while the tem-
perature of the latter was kept between —8 and —12°. The
mixture was stirred for 6 hr at —6 to —12° and then hydrolyzed
by the careful addition of 165 ml of 359 aqueons NaOH. The
resulting emmlsion was broken with 20 g of powdered KOH.
The mixture was filtered and the filter cake was washed with
THEF. The filtrate was concentrated to dryness in vacuo leaving
a residue which weighed 84 g. It was dissolved in 75 ml of warm
benzene and the solution was diluted with 100 ml of pentane.
On standing 44.5 g (46<7) of IV separated, mp 64-67°. Upon
recrystallization from benzene-pentane with the aid of charcoal,
pure white I\ wax obtained which melted at 66-68°.
1-(p-i-Pentylphenoxyhexyl)-4-(m-chlorophenyl)piperazine.—
A solution of 81.5 g of 6-(p-i-pentylphenoxy)hexyl bromide,!2
49 g of m-chlorophenylpiperazine, 50.5 g of triethylamine, and
500 ml of toluene was heated under reflux for 6 hr. The mixture
was left overnight and then filtered to remove the triethylamine
hydrobromide. The residue was concentrated to a small volume
and put on a 200-g silica gel column and eluted with 27 isopropyl-
amine-ether. This operation removed some color. The eluate
was evaporated to dryness and converted to the hydrochloride
in ether with alcoholic HCl. There was obtained a total of 71
g of the hydrochloride, mp 116-119°. A sample was recrystal-
lized from ethanol-ether for analysis, mp 119-121.5°.
Anal. Caled for CyHypCINGO-HCL: N, 5.85. Found: N, 5.83.
2-Chloro-4-[4-( p-i-pentylphenoxy hexyl-1 -piperazinyl] benzyl
Aleohol (VIII).—To a solution of 29 g of POCl; in 44 g of dimethyl-
formamide (DMF) there was added a solution of 50 g (0.104 mole)
of 1-(p-t-pentylphenoxyhexyl)-4-(m-chlorophenyl)piperazine hy-
drochloride in 150 ml of DMF over a period of 15 min with the
temperature held at 15°. After the addition was complete,
the mixture was heated at 120-130° for 35 min and then poured
onto 1 kg of ice.  The sohd was filtered, washed with water and
dilite NHj, and then taken up in ether. The extracts were
washed (H.0, 59 NaOH, saturated NaCl). The ether layer was
dried (MgS0y) and concentrated to leave a viscous oil, 48 g.  This
wax dissolved in 600 ml of methanol, and 8.0 g of NaBH, was
added in 2.0-g portions over a period of 1.5 hr. The methanol
wax removed and the residue was crystallized from about 1 1. of
hexane. A semisolid (39 g) separated and was chromatographed
on 100 g of silica gel nsing 2% isopropylamine and ether as the
ehrting solvent. The erystallizing fractions were combined and
recryxtallized from Doiling hexane to furnish 20 g of pure VIII,
mp 73-74°.
Anal. Caled for CsHyCIN:Oy: N, 5.92. Found: N, 6.02.
2-Chloro-4-(1-piperazinyl)benzaldehyde Hydrochloride (XIII).
—A solution of 78.6 g (0.40 mole) of 1-(m-chlorophenyl)piper-
azine, 22.2 g (0.48 mole) of formic acid, and 100-ml of benzene

Found: Cl,

(12) A, Alter, Belxian Patent 28,766 (Aug 22, 1063): Chem. Abstr.. 60,
8044r (1164).
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was refluxed using a Dean-Stark apparatus to collect water.
In 2 hr 9 ml of water was collected. The solution was concen-
trated and the residue was distilled. The fraction, bp 153-164°
(0.1 mm), was collected as the product, 86.0 g (96.59). This
crude material was used in the next step.

POCI; (20.3 g, 0.15 mole) was added dropwise with stirring to
75 ml of DMF as the temperature rose to 40°. It was stirred at
this temperature for 0.5 hr, cooled, and then added with efficient
stirring to a solution of 22.5 g (0.1 mole) of 1-(m-chlorophenyl1)-4-
formylpiperazine (XI) in 50 ml of DMF which was being heated
on the steam bath, After the addition was complete the reaction
mixture was stirred at 93° for 1 hr.  Abont 60 ml of DMF was
removed in vacuwo and the residne was poured onto a slurry of
ice arrd water. The cold =olution was made alkaline with 359
NaOH and the extracted (CHCl;). The combined extracts were
washed with water and then concentrated. The dark residue was
heated for 0.5 hr with 100 ml of 2.5 A" HCl on the steam bath.
After cooling overnight the crystalline precipitate was collected
on a filter and washed with isopropyl alcohol. The yield of
hydrochloride was 14.2 g (35%), mp 247° dec.

Anal. Caled for ChHiCIN,O-TICL: N, 10.73; Cl, 27.15.
Found: N, 10.80; Cl, 27.35.

2.Chloro-4-(1-piperazinyl)benzyl Alcohol (VI).—A slurry of
28.5 g (0.109 mole) of the hydrochloride XIIT in 200 ml of metha-
nol was treated with 9.0 ml of 359, NaOH solution and cooled to
0°. To this mixture there was added a solution of 4.5 g of NaBH,
in 40 ml of water. The methanol was removed in vacuo,; care
was taken not to overheat the reaction mixture. The residue was
treated with 30 ml of 167 NaOH solution and the mixture was ex-
tracted (CHCl). The combined extracts were decolorized with
charcoal and dried (Driertte). After evaporation, there remained
23.2 g (959%) of the desired piperazine (\I), mp 118-120°
(imeor), identical in all respects with material prepared by the
microbiological route.

Microbiological Oxidation of 1-(3-Chloro-4-methylphenyl)-
piperazine Hydrochloride.—The stock culture of Aspergillus
sclerotiorum was grown initially at 26° for 10-14 days on slants
in a nutrient medium counsisting of Difco maltose (40 g/l.),
Difco proteose peptone No. 3 (10 g/1.), and Bacto agar (15 g/L.).
These slants were used to prepare seed for the fermentations in
the following way. Sterile distilled water (10 ml) was added to
the slant and the spores and some vegetation growth were shaken
loose with a sterile hooked needle to form a nuniform suspension.
This was added to a 2-1. flask containing 700 ml of a sterile soy-
dextrose medium of the following composition: 15 g of soybean
meal, 20 g of dextrose, 5 g of yeast, 5 g of salt, 5 g of K,LHPO,,
and enough tap water to make the final volime 11. The pH was
adjusted to 6.5 with HCI just prior to sterilization at 121° for
15 min. These cotton-plugged flasks were placed on a rotary
shaker (2.5-em throw at 240 rpm) and incubated for about 3
days at 26°.

Ten liters of a soy—dextrose medium of the following composi-
tion was 1used for the fermentation itself: 1 kg of cerelose, 150 g
of soybean meal, 0 g of yeast, 30 g of salt, 2.5 g of MgSO,-
7H.0, 13.8 g of NaH,PO,-H,0, 301 g of Na,HPO,-12H-0, and
tap water to make the final volume 10 1. The solution with pH
7.3 was sterilized as above. One seed flask was added to the
above solution which was stirred in a fermenter kept in a water
bath at 28°. After 24 hr the addition of V' was begun. About
10 g/day was added in two portions over a period of 5 days.
The total amount of substrate consumed was 53 g. Four such
fermentations were carried out simultaneously so that 212 g
of 1-(3-chloro-4-methylphenyl)piperazine hydrochloride (1).86
mole) was used as a substrate. To each fermentation vessel
there was added 130 ml of 10 .V NaOH to stop further growth of
the organism. Each vessel was extracted with two 20-1. portions
of CH,Cls, and the extracts were partially concentrated in vacuo.
The residues from four sich extractions were combined and then
evaporated to furnish a crystalline residue weighing 150 g.
This was recrystallized from 800 ml of ethyl acetate after an
insoluble fraction (4.5 g, mp 180°) was filtered off. On cooling
the warm solution, 120 g of cream-colored erystals of VI deposited,
melting at 122° (cor). A =econd slightly less pure crop weighing
23.5 g wax collected on concentration of the mother liquors. The
total vield of combined crops was 143.5 g or 73% of the theo-
retical,

Anal. Caled for CH,CINLO: N, 12.36; Cl, 15.64. Found:
N, 1243: Cl, 15.44.

The nv =pectrum showed the following A ™% 211 mpu (e
24,300), 256 (13,900), 291 sh (1801)). The nmr spectrimn (20¢;
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CDCl; using TMS as an internal standard) was compatible with
the assigned structure. Nmr signals were observed at 6 7.31 (1
H doublet, J;6 = 8 Hz, C;-H), 6.82 and 6.75 (overlapping H
doublet, 1 H quartet, J»s = 2.8 Hz, Co,-H and Cs-H, respectively ),
4.62 (2 H singlet, ~-CH,0-), 3.14 and 2.97 (10 H, unresolved sin-
glets, OH, NH, and (CH:N).). There was no CH; signal. The
mixture melting points with samples prepared by the other
routes showed no depression. The ir spectra of these samples
were essentially superimposable.

Microbiological Oxidation of N-(3-Chloro-4-methylphenyl)-
N’,N’-diethylethylenediamine Hydrochloride (III).—Essentially
the same procedure was used here. A total of 161 g (0.58 mole)
of substrate was converted over an 8-ray period. The substance
was extracted and concentrated asx in the above procedure.

However, tle examination of the residue indicated that there was
a minor component which furnished a positive test with 2,4-
IDNP.  Accordingly, the residual oil was dissolved in 200 ml nf
methanol and treated with 6.0 g of NaBH,. After 30 min this
carbonyl-positive component had disappeared ax jndged from
tle. The methanol was vemoved and the residne was dissolved
in 500 ml of CHCly. The solittion was washed several tiniex with
water and concentrated to a small volume. On cooling the crys.
tals were filtered and washed with hexane. There was obtained
93 g of IV as white crystals, mp 66.0-67.5° {cor). The filtrate
vielded an additional 13.5 g, making the total yvield 106.) g
(0.383 miolel or 667, of the theoretical. Thix wax identical 1/,
mixture melting point, and ir spectra) with the sample prepared
chemically.
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Syutheses are described of 2-

methyl- and frans-3-methyl-2-guanidinomethyl-1,4-benzodioxan and of syn- and

anli-2'-guanidinospiro(1,4-benzodioxan-2,1'-cyclopropanes) (2a and b). The stereochemistry of the com-
potnds was determined by nmr spectroscopy, and their adrenergic nenrone blocking properties were commpared

with those of guanoxan.

In a recent publication! we described the synthesis
and adrenergic neurone blocking properties of a series of
guanidines related to guanoxan (1, R = H). Although

many derivatives with substituents in the aromatic
©[ :LCH,NHC CE :&' o
\NH,
1 2asyn

banti

ring were deseribed, the ouly reference to a substituent
in the dioxane ring was to the 3-methyl derivative
which was prepared and tested as a mixture of cis and
lrans isomers.

We have now prepared the pure trans-3-methyl
derivative (1, R = CHj;) and the 2-methyl derivative of
guanoxan. Following reports of the biological activ-
ity of phenoxyeyclopropylamines®?® it seemed reason-
able to synthesize the spirocyclopropyl compounds (2).
Accordingly, both epimers (2a and b) were prepared.

Chemistry.—The 3-methyl derivative (1, R = CHj;)
was approached via the mixture of esters 3 and 4
(R = (;H;), obtained by reaction of catechol with
ethyl 2,3-dibromobutyrate in the presence of K;COs and

(1) Part I of this series: J. Augstein, 8, M. Green, A, M. Monro, G. W,
H. Potter, C. R. Worthing, and T. 1. Wrigley, J. Med. Chem., 8, 446 (1965).

(2) Hoffman-La Roche and Co., A. G., Belgian Patent 613.910 (Aug 14,
1962): Smith Kline and French Laboratories, U. 3. Patent 3,156,725 (Nov
10, 1964).

(3) (a) C. Kaiser, 3. M. Lester, C. 1., Zirkle, A. BBurger, C. 8. Davis, 1.
1. Delia, and L, Zirngibl, J. Med, I"hurm. Chem., 5, 1243 (1962) (hy C. 1.
Zirkle, (. Kaiser, 1). H. Tedeschi, R. IJ. Tedeschi, and A, Burger, ibir., 5,
1265 (1962).

CogR 07> COR
4

H CH, CO.R LH,
O CHs CH, LO,R
0 COZR 0 H

H Co, R

A B A B

acetone.*  Reduction of the ester mixture (LiAlHy)
vielded the mixture of aleohols (5, R = H) from which
the trans isomer was isolated readily by crystalliza-
tion; the cis isomer could not be isolated in a pure state
from this reaction. The {rans-alcohol (5a, R = H)
was converted to the tosylate (5a, R = Ts), which upon
treatment with guanidine! yielded the desired product,

1 (R = CHy).
@[ ICH OR @E CD,0H

5 a=trans 6
b =cis

Initially, the lrans series of compounds was estab-
lished as such by conversion of the ester mixture with
lithium aluminum deuteride to the corresponding mix-
ture of deuterioalcohols 6. l'rom this mixture a pure
crystalline aleohol having o relatively large vicinnl

114y 1 INgo, J. Org. Chem,, 26, 440 £1Uti1),  (his ester mixinre s now avail-

able from Aldrich Chemieal Co,



