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This investigation involved the synthesis of l-amino-
2-hydroxycyclopentanecarboxylic acid, a potential structural
analog of the natural amino acids, serine and threonine.
The title compound also includes the structural features
present in an established antitumor agent, cycloleucine.

1-Cyclopentenecarboxylic acid was prepared by a series
of reactions involving formation of the cyanohydrin from
cyclopentanone, dehydration of the cyanohydrin to l-cyano-
cyclopentene; and finally, hydrolysis of the nitrile. This
intermediate was used for all the further synthesis trans-
formations in this study.

The desired amino acid analog was prepared through a
series of reactions involving methoxymercuration of l-cyclo-
pentenecarboxylic acid, replacement of the mercury by bromine,
ammonolysis of the l-bromo-2-methoxycyclopentanecarboxylic
acid; and finally, cleavage of the methoxy group with
hydroiodic acid to yield l-amino-2-hydroxycyclopentane-
carboxylic acid.

During the course of this study, the bromination of

the mercuric acetate-methanol adduct of l-cyclopentene-



carboxylic acid was also examined. Using an excess of bromine
at 50-55°, l-bromo-2-hydroxycyclopentanecarboxylic acid is
the major reaction product; however, with lower molar ratios
of bromine in the reaction, the intermediate, l-bromomercuri-
2-methoxycyclopentanecarboxylic acid, is produced. 1In
contrast, bromination of the adduct at 10-15° leads mainly
to l-bromo-2-methoxycyclopentanecarboxylic acid.
Attempted ammonolysis of the chlorohydrin adduct,
prepared from l-cyclopentenecarboxylic acid and a variety
of hypochlorinating reagents, resulted in the synthesis of
the isomeric 2-amino-l-hydroxycyclopentanecarboxylic acid.
The structures of l-amino-2-hydroxycyclopentanecarbox-
ylic acid and 2-amino-1-hydroxycyclopentanecarboxylic acid
were characterized and confirmed by elemental analysis,
ihfrared, and nuclear magnetic resonance spectroscopy.
These compounds are currently under study in a variety of

biological systems.
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CHAPTER I
INTRODUCTION

In the search for effective chemotheraputic agents,
many eamino scid enaloss nave been synthesized in recent
years. Some of these sntimetebolites have been found to
possess antitumor properties, and others inhibit the
srowtn of certain bhascterie and viruses. The subject of
amino ecid snglo~s has been thorousnly reviewed by Shive
snd Skinner (5).

One emino acid enelos that has received considerable

ettention is l-aminocyclopentanecarboxylic scid. This

COOH

NH2

l-Aminocyclopentanecarboxylic acid

substence, and several related derivatives have been sﬁudied
as potentiel chemothersputic agents (3). 1l-Aminocyclo-
pentanecsrboxylic ecid, celled cycloleucine, has shown
promise as & chemotheraputic agent in the trestment of such

diverse problems as acne (2) and leukemia (4).



Amon~ the egliphatic amino acids found in proteins,
there are two that slso contain an hydroxyl group:; namely,

serine and threonine,

CH2-CH—-COOH CH3-?H——?H~—COOH
OH NH 5 10131 NH2
Serine Threonine

Both of these smino acids sre important metabolically.
hreonine is required in the diet of both man and rats,

but spparently can be synthesized by meny microorganisms,

The catsbolic paths of threonine give rise to such diverse

products as glycine and glucose. Although serine is readily
synthesized by the body, and thus is not required in the

diet, 1t 1s nevertheless very important. Various metabolic

products of serine sre found in lecithins and cephalins.

In eddition, certain molds form serine derivatives which are

antibiotics; nemely O-diszoacetyl serine and cycloserine.

Few effective analogs of serine and threonine are
known (5). An enslog of serine, a-methylserine, is reported

to inhibit the gzrowth of Leuconostoc mesenteroides P-60,

but other becterie are unaffected by this compound. The
hizher homolozs of threonine, 2-amino-3-hydroxypentanoic
gcid and Z2-amino-3-hydroxyhexenoic acid, ere reported to
inhibit the growth of certesin becteria. Thus, it was of
interest 1o prepare & new amino acid snaloz, l-amino-2-~

nydroxycyclopentsnecarboxylic acid. This structure contsins



the cyclopentane ring found in cycloleucine and the com-
bination of a-amino and PB-hydroxyl groups found in serine

and threonine. It is also an a-substituted analog, similar

to a-methylserine. Thus, it may be anticipated that this
cyclopentane derivative could be an effective analog of serine
and/or threonine. This synthesis was accoﬁblished through

a series of reactions similar to the procedure which has

been used for the preparation of threonine (1). Also, in

the course of this study, the isomeric compound, 2-amino-

1-hydroxycyclopentaneéarboxylic acid was prepared.

COOH COOH
NH, | OH |
OH NH, ;
1-Amino-2-hydroxy- : 2-Amino-1l-hydroxy |

cyclopentanecarboxylic acid cyclopentanecarboxylic acid
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CHAPTER IT
EXPERIMENTAL

Orgenic Syntheses
All melting points were determined with & Thomas-

Hoover capillary melting point apparatus, and are uncor-
rected. Ascending paper chromatography techniques were
used with Whetman No. 1 paper. The solvent systems included:
n-butenol-ascetic acid-water (3:1:1) (system 1); 65% pyridine
(system 2) &nd cyclohexylamine-water-methylethylketone-
n-butenol (1:2.5:5:5) (system 3). Nuclesr megnetic reso-
nance (nmr) spectra were obteined on deuterium oxide
solutions conteining & smell amount of HCl. The spectrs
were determined using & Jeolco JNM-PS-100 instrument.
Infrered (ir) spectra were obtained on KBr pellets with 2
Perkin-Elmer 237 zrating spectrophotometer. The gas
chromstogsraphic dats were obtained on & Loenco Model 2300
Series Grephimatic gas chromstograph.

Cyclopentenone cyenohydrin. A mixture of cyclo-

pentanone (100 g), potessium cyenide (60.6 g), and water

(200 ml), wes cooled in en ice bath, and 40% sulfuric

acid (200 ml) was added dropwise with stirring over s

3-hour period. Stirrinzg waes continued overnight with cooling
in en ice bath. The resulting mixture wes extracted seversl

times with ether, and the ether solution wes dried (MgS0,).

5



The solvent was removed in vacuo, end the residuel oil was
distilled under reduced pressure, After removal of the
excesg cyclopentanone, the cyenohydrin distilled at 113-9° /17
mm to yield 09.7 7 of product (£6% of theory based on KCN).
The reported bp is 113-9°/14 mm (1).

1-Cyanocyclopentene. Thionyl chloride (143 g) was

slowly added during e 2-hour period to & cold well-stirred
mixture of cyclopentanone cyanohydrin (389.7 g) and absolute
ether (250 ml). The mixture wes heated under reflux for

3.5 hours, then cooled, eand poured into & besker of crushed
ice, The ether layer was separated and washed successively
with 2N HCl, 2N NsOH, end finally, water. After drying
over MgSOu. the ether solution was concentrated in vacuo,
and the residusl oil distilled to yield l-cyanocyclopentene
(64.5 g. 86% of theory), bp 53-9°/13 mm. The reported

bp is 69°/15 mm (6).

| 1-Cyclopentenecarboxylic acid. A mixture of l-cyano-

cyclopentene (32.2 g), potassium hydroxide (43 g), and
water (430 ml) was heated under reflux for 43 hours. The
mixture wes then cooled and acidified with concentrated
hydrochloric ecid. The resulting precipitate wes collected
by filtretion and recrystallized from ethenol-water to
yield l-cyclopentenecarboxylic acid (19.3 g, 50% of theory),
mp 120-1°. The reported mp is 121° (3).

Anal. Calcd. for CGH802: ¢, 64,273 H, 7.19, Found:
C, 64 . 47: H, T7.2C.



2-Amino-l-hydroxycyclopentanecarboxylic acid,

A solution of monochlorourea (A) wes prepared by peaessing
chlorine (51.9 3) throush ® cold mixture of urea (75 g),
celcium carbonate (62.5 1), and water (75 ml). The mixture
was filtered and the filter cake washed with water to give
375 ml of solution. A 40-ml portion of this solution was
gdded to a mixture of l-cyclopentenecarboxylic acid (11.2 g),
acetic acid (5 ml), and crushed ice (25 g), and the resulting
mixiure was stirred overnight with cooling in an ice bath.
After oll attempts to isolate the chlorohydrin were unsuc-
cessful, the impure materisl was mixed with ammonium
hydroxide (350 ml) and sllowed to stand at room temperature
for & 7-desy period. The resulting solution wsas concen-
treced in vacuo and desalted by a modificetion of the
procedure reported by Piez et. al. (5). A portion of the
residue, in 70% ethenol, was poured onto a column of

Dowex 1-©X (hydroxide form). After the column was thor-
ouzhly washed with 70% ethenol, the esmino acid was eluted
witnh 1IN HCl in 70% ethanol. The amino ecid (185 mg)
appeared Jjust shead of the HCl and eesily crystallized

from weter-ethanol; mp 295-8°dec.: R, 0.4l (system 1),

0.6 (system 2), O0.44 (system 3); ir (KBr) 3.08, 3.37, 6.15,
9.0, end 12.6 microns; nmr & 3.80 (triplet, 1 H, methine
hydrogen), 1.60~2.64 (multiplet, 6 H, ~CH,~CH,,~CH,~).

2 2
Anal. Calcd. for CGHllNOS: N, 9.64, Found, N, 9.65,



1-Bromo-2-methoxycyclopentanecsrboxylic scid, The fol-

lowing series of resctions is a modification of the pro-
cedure, developed by Caerter end West (2), for the synthesis
of threoniné. A mixture of l-cyclopentenecarboxylic acid
(56.2 7z, 0.5 mole), mercuric scetate (159.3 g. 0.5 mole),
and methanol (750 ml) was stirred at room tempersture for

7 deys. The precipitete which formed was filtered and washed
twice with 200 ml of methanol, to yield 149.2 g of sdduct,
mp 195-200° (presumably l-scetoxymercuri-2-methoxycyclo-
pentanecarboxylic acid). Subsequently, en edditional 6.7 g
of product precipitated from the filtrate after standing
several more days (total yield 77% of theory). The powdered
sdduct was added in small portions to a solution of potas-
sium bromide (90 g, 0.75 mole) in water (500 ml); after
which, the mixture was cooled to 10° and exposed to direct
sunlicht. To this solution, bromine (80 g, 0.5 mole)

end potassium bromide (90 g, 0.75 mole) in 150 ml of water
vas added slowly with stirrinz, Near the end of the addition
period. the sdduct dissolved producing a clear solutionm,
This solution was then filtered to remove & smell amount

of insoluble material, and finally extracted with 75 ml

‘of ether. Upon acidification of the aqueous phase with

47% nhydrobromic acid, e dense oil separsted. This aqueous-
orrenic mixture was extracted six times with 200-ml portions
of ether: the oil dissolved in the first portion of ether,

The ether phese was dried (Mgsou) end evaporated under



reduced pressure to yield an esmber oil mixed with a little
solid.  The mixture was again dissolved in ether, filtered
end conrentreted to yield crude l=bromo-2-methoxycyclo=-
pentanecarboxylic acid (73.6 g, 66% of theory based on
weight of l-cyclopentenecarboxylic acid). Repested attempts
to obtsin s satisfectory analysis on this ﬁaterial were
unsuccessful.

1-Amino-2-methoxycyclopentanecarboxylic acid.

A partislly purified semple of l-bromo-2-methoxycyclopen-
tanecsrboxylic acid (44.6 g) wes added to 1350 ml of con-
centrated ammonium hydroxide which had been cooled to
10-15°, and the mixture was stirred occasionally at room
temperature for 13 days. The resulting dark reaction
mixture was filtered, and then concentrated slmost to
dryness under reduced pressure. The residue was covered
with scetone, and shaken occasionally for 4 days to induce
solidificetion. The solid residue was recovered, and washed
with acetone to yield 10.5 g of the crude product which

was contaminated with emmonium bromide. An ascending
paper chromestograph of this material indiceted the presence
of & smell smount of l-smino-2-hydroxycyclopentanecarboxylic
acid- however. the mejor product was & ninhydrin-sctive
compound which had R, values of 0.65 (system 1), 0.36
(system 2), and 0.43 (system 3). The reaction product was

dissolved in wester, treated with decolorizing charcoal,



10

and recrystellized twice from water-ethanol to yield white
crystals that sublime above 285°.

Anal., Calcd. for C7H13NO3
N, 7.91. Found: C, 47.66- H, 8.53; N, 7.93.

HZO: C, U7.44: H, 8,53;

An anhydrous ssmple of l-amino-2-methoxycyclopentane-
carboxylic acid was obtained from the monohydrete by vecuum
subl.imation at 124-140°/0.15 mm. This material chroma-
togrephed identicelly with the monohydrate in all three
systems: 1ir (KBr) 3.386, 6.12, 7.20, 7.50, and 8.35 microns;
nmr © 4 20 (triplet, 1 H, methine hydrogen), 3.52 (singlet,
3 H, -0-Cly), 1.63-2,80 (multiplet, 6 H. -CH,-CH,-CH,-),

Ansl. Caled. for C7H13N03: C, 52.81; H, 8,13; N,
5.%0. PFound: C, 52.65- H, 5.43; N, 8,83,

1l-Bromomercuri~2-methoxycyclopentanecarboxylic acid.

Using a lower ratio of bromine to mercuric scetate-methanol
sdduct than that previously described, a different product
is 1isolated. For example, the adduct (75 g), prepared from
2%.03 g (0.25 mole) of l-cyclopentenecarboxylic acid, was
suspended in 350 ml of weater which conteined 35.7 g

(0.3 mole) of potassium bromide. A solution of 35.7 g

(0.3 mole) of potassium bromide and 31.9 g (0.2 mole)

of bromine dissolved in 100 ml of water was slowly added,
while the reaction mixture was strongly illuminated with two
incendescent lamps, and the temperature meintained below
355 using en ice bath. As the last portion of the KBr-Br

2
solution was edded, e precipitate formed. The precipitated
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l-bromomercuri-2-methoxycyclopentanecarboxylic acid (9.57 g,
12 5% of Lheory) was recrystellized from ethsnol-water,
mp 156-7°

Ansl. Calcd. for CZHllBngO3: ¢, 19.85: H, 2.62,
Found: ¢, 19.°4; H, 2.81.

1-Amino-2-hydroxycyclopentanecarboxylic acid. A mixture

of U9% nydroiodic scid (10.3 g) and l-smino-2-methoxycyclo-
pentenecarboxylic monohydrate (0.70 g) wes heated under
reflux for 2 hours. The reaction mixture was then concen-
treted vo dryness in vacuo, and the resulting residue was
dissolved in ebsolute ethanol and reduced to dryness twice
to remove excess HI. The clear, viscous residue wes finally
dissolved in a smell volume of ethanol, adjusted to pH &-9
with concentrated ammonium hydroxide, snd placed in the
refrigerator  The precipiteted emino escid wes filtered, and
recrystallized from wster-ethanol to yield 0.26 g (U46% of
theory) of l-smino-2-hydroxycyclopentanecarboxylic scid:
mp 2 -00”dec ; mp of mixture with 2-amino-l-hydroxycyclo-
pentanecarboxylic scid, 275-02°: Res 0.45 (system 1): .
O 2 (system 2), snd 0 45 (system 3); ir (KBr) 3.35,
6.05-6 4o, 7.20. 7.55, 9.15, 11.7, and 12.7 microns;
omr & 4 54 (triplet, 1 H, methine hydrogen), 1.60-2.80
(multiplet, 6 H, -CH,-CH,-CH,-).

Anal. Cslcd. for C6H11N03: C, 49,64; H, 7.64;
N, 9,65 Found: C. 49.42; H, 7.57: N, 9.97.
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In a separate experiment, the mercuric acetate-methsnol
adduct of l-cyclopentenecarboxylic acid was brominated at
a higher temperature (50-55°), and the impure bromo acid
ammonolyzed at 90-100° for 24 hours in a sealed bomb.
The resulting mixture, after many recrystallizations,
and, finally, treatment on & column of Dowex 1, as previously
described, yielded 2-amino-l-hydroxycyclopentanecarboxylic
acid es the only recognizable product. The identity of this

compound was confirmed by ir and melting point data.

Gas Chromatographic Analysis
The trimethylsilyl- (IMS-) derivatives of DL-threonine,

DL-gllothreonine, l-smino-2-methoxycyclopentanecarboxylic
;;id, and l-amino-2-hydroxycyclopentanecarboxylic acid were
prepared in the following manner: A 10-15 mg sample of

the amino acid was heated with 1-1.5 ml of trimethylsilyl-
diethylemine (TMSDEA) and about 1 mg of trichloroacetic

acid at 70-80° for about 30 minutes with adequate protection
from satmospheric moisture. Most of the excess TMSDEA and
the byproduct, diethylamine, were then removed under reduced
pressure, leaving the TMS-derivative mixed with TMSDEA.

Gas chromatographic anslysis on an SE-30 column of the
IMS-derivatives of both threonine and allothreonine indi-
cated the presence of two components in each: however, no
separation of the TMS-derivatives of these amino acids wsas

observed. Similarly, analysis of the TMS-derivatives of



l—amino~2~methoxycyélopentanecarboxylic ecid snd l-amino-~
Z2-nhydroxycyclopentanecearboxylic ascid indiceted the presence
oft Lwo components, The shapes of these two chrometographs
were essentially the same, with similar retention times

for the TMS-derivatives of both compounds.
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CHAPTER ITI
RESULTS AND DISCUSSION

An intermediate product which was required in all of
the reaction sequences described in this study is l-cyclo-
pentenecerboxylic acid. This compound was synthesized, sas
shown in Figure 1, through & series of reactions involving
formstion of the cyanohydrin from cyclopentanone, dehy-
dration of the cyanohydrin to l-cyanocyclopentene, and
finelly., hydrolysis of the nitrile to yield l-cyclopentene-
carboxylic acid.

Severel routes for the synthesis of l-amino-2-hydroxy-
cyclopentanecarboxylic acid were explored. Since many

c-emino scids can be conveniently prepared by ammonolysis

of the corresponding a-halo acid, it was hoped that the desired

compound could be prepared by ammonolysis of the halohydrin
prepared from l-cyclopentenecarboxylic acid. Thus an
attempt was made to prepsre the desired compound by a‘
reaction sequence similar to one used by Hedgecoth and
Skinner in the prepsration of B-hydroxyaspartic acid (15).
In this method, the unsaturated acid was trested with com-
mercial bleach solution in an attempt to produce the
desired chlorohydrin. However, these attempts produced

no isolable product

15
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OH
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COOH

l--Synthesis of l-cyclopentenecarboxylic acid
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Another approsch to the synthesis of the chlorohydrin
was vatterned sfter the procedure of Brsun (2). In this
latter work, chlorine was bubbled through an agueous solubtion
of crotonic acid, and the resulting chlorohydrin was isolated N
as iis potessium salt., However, when this route wes applied
to l-cyclopentenecarboxylic acid, the only material isolated
contained no chlorine and this reaction sequence was
therefore discarded,

An sliernate series of reections involving the chloro-
nydrin intermediete did lead to an aminohydroxy acid.
llowever, the product isolated was not the desired l-amino-
2-hydroxycyclopentanecarboxylic acid; but rather, the
isomeric 2-amino-l-hydroxycyclopentanecarboxylic acid was
obteined. The chlorohydrin intermediate was prepared by
the sction of monochloroures (in acetic acid solution) on
l-cyclopentenecarboxylic acid, utilizing & procedure which
hed been reported for the synthesis of trans~2-chlorocyclo-
pentanol (7)) In this method, the monochlorourees is used
es a source of hypochlorous ecid, which adds to the double
bond Lo yield the chlorohydrin. It is weil established
thet hypochlorous ecid adds to o, P-unseturated acids to
yield the c-chloro-pB-hydroxy derivative (2); thus, the
accion of monochloroures on l-cyclopentenecarboxylic scid
would be anticipated to form l-chloro-2-hydroxycyclopentane-

cerboxylic acid., Upon ammonolysis of this chlorohydrin,
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the only amino acid‘isolated was found to be 2-emino-
l-hyvdroxycyclopentenecarboxylic acid, These results are
understendable in the light of & gerles of studles hy
Erlenmeyer (11), Melikoff (17), end Bruch (3). In all of
these investigations, it was found that 2-gh10ro—3—hydroxy—
substituted acids produced the corresponding 2-hydroxy-3-
smino derivatives on ammonolysis. The formation of these
anomolous products is explained on the basis of the formation
ol an epoxy intermediate, which reacts further with ammonia
to yield @ product in which the hydroxyl group forms at
the o-rather than the pf~position. The series of resctions
which could leed to the formation of 2-amino-l-hydroxy-
cyclopentanecarboxylic aciq by this mechanism is shown in
Figure 2. As demonstrated in this sequence of resactions,
the aminohydroxy ecid produced 1s probably the isomer in
which the amine and hydroxyl groups are trans. This would
be snticipated, since it is well known that epoxide rings
open to produce trans substituted products under these
conditions (22).

The synthesis of 2-smino-l-hydroxycyclopentanecarboxylic
acid has been previously described by Burrows snd Turner (4).
They reported that the compound did not melt below 310°;
however, in this investigation, the product isolated and
found to be 2-amino-l-hydroxycyclopentenecarboxylic acid
melted at 295-7°. This difference in melting points may be

expleined by assuming that the material obtasined in this
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Fig 2--Synthesis of 2-smino-l-hydroxycyclopentane-

carboxylic scid.
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investigation is the trans-aminohydroxy acid; whereas,
the product reported by Burrows and Turner is either the
cis isomer, or more probably, a mixture of cis and trans
isomers. Their repért gave no information on the stereo-
chemistry of the compound. .

The actual synthesis of the desired analog, l-amino-
2-hydroxycyclopentanecarboxylic acid, was accomplished by
a route similar to the methods by Carter and West for the
syntheses of serine and threonine (5,6). In their pro-
cedures, the aminohydroxy acids were prepared by ammonolysis
of the appropriate bromomethoxy acids; followed by the
hydrolysis of the methyl ether with hydrobromic acid.

In both of these syntheses, the bromomethoxy acids were
prepared by methoxymercuration and subsequent bromination
of the appropriate unsaturated acid or ester.

The adduct obtained from the methoxymercuration of
l-cyclopentenecarboxylic acid, shown in Figure 3, failed to
give a satisfactory elemental analysis; however, a similar
observation was made in the case of the methoxymercuration
of crotonic acid (20). 1In this latter study, it was
postulated that the adduct was a mixture of acetoxymercuri-
and hydroxymercuri-compounds. All attempts to purify the
adduct obtained from l-cyclopentenecarboxylic acid, so that
a satisfactory analysis could be obtained, failed. The
product proved to be insoluble in all of the solvent systems

examined, and decomposed in the presence of dilute acids.



(CH,C00) ,Hg
/ COOH SO } addition product

3

COOH
sddition product KBr, Br2 \ HBr\
/ /
Br
OCH3
I
COOH
NH2
OCH3
IT
COOH
HI \ NH
I 2.\
I ) ) NH2
OH

Fig. 3~--Synthesis of l-amino-2-hydroxycyclopentane-
carboxylic acid.
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The methoxymercuration adduct obtained from l-cyclo-
pentenecarboxylic acid produced a variety of products upon
hrominetion, depending on the conditions employed. When the
semple was rescted with an equimolar quantity of bromine in
potassium bromide solution (assuming the adduct to be
primarily l—acetoxymercuri—2~methoxycyclopéntanecarboxy1ic
acid) the product isolated proved to be l-bromomercuri-
2-methorxycyclopentanecarboxylic acid, which resulted
simply by replacement of the acetate anion with a bromide ion.
When the bromination resction was carried out with an excess
of bromine at 50-55° under strong illumination, the major
product was epparently l-bromo-2-hydroxycyclopentanecarboxylic
acid. The presence of the hydroxy-, reather than the
methoxy-~ecid derivetive, is suggested by the fact that
the charecterized product obtesined on ammonolysis did not
contain the methoxy function. It would appear to be unlikely
that ammonolysis of & bromomethoxy acid would cleave an
ether function, since ethers do not ususlly undergo hy-
drolysis even in the presence of strong base, The methyl
ether wes probably hydrolyzed during the bromination stage
by the hydrobromic acid present as a result of hydrolysis:

Br, + H,0 2 HBr + HOBr.
In eddition, it wes observed that a ssmple of the impure
bromonydroxy scid originelly obtained in this reaction

mixture produced 2-smino-l-hydroxycyclopentanecarboxylic
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acid, probably by the same epoxide intermediate discussed
earlier in connection with the analogous chlorohydrin.

In an alternate series of experiments, the bromination
of the adduct at a temperature of 10° proceeded smoothly
to yield l-bromo-2-methoxycyclopentanecarboxylic acid. On
ammonolysis, this substance produced l-amino-2-methoxy-
cyclopentanecarboxylic acid. The aminomethoxy acid was
first isolated as a crystalline monohydrate; however, an
anhydrous sample of this derivative was subsequently
obtained by vacuum sublimation of the monohydrate. Structural
integrity should have been maintained since it has been
demonstrated that many amino acids sublime without loss
of optical activity under these conditions (12).

The final step in the preparation of l-amino-2-hydroxy-
cyclopentanecarboxylic acid involved the hydroiodic acid
cleavage of the methoxy compound. The hydroiodide salt
initially produced was converted directly to the free amino
acid by treatment with ammonium hydroxide.

The two isomeric aminohydroxy acids prepared, l-amino-
2-hydroxy- and 2-amino-l-hydroxycyclopentanecarboxylic acid,
were characterized by different melting points, solubilities,
ir spectra, and nmr spectra. The ir spectra of both
derivatives are presented in Figures 4 and 5.

In the nmr spectrum of l-amino-2-hydroxycyclopentane-
carboxylic acid, the absorption of the methine hydrogen
(adjacent to the hydroxyl group) was found at 4.54 b6,
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However, in the spectrum of 2-smino-l-hydroxycyclopentane-
carboxylic acid, the methine hydrogen (adjecent to the
smine croup) ebsorbs et 3.£0 6. This data is consistent
with theti observed with model compounds, serine eand isoserine,
In the spectrum of serine, the P-hydrogens absorb at 4,13 8,
and in the spectrum of isoserine, the B-hydrogens absorb at
3.4 &. Thus, in both psirs of isomers, protons adjacent to
hydroxyl groups are found further downfield than protons
adjecent to amine groups. This is consistent with the
sreater deshielding effect of the more electronegative
hydroxyl sroup. In addition, the methine hydrogen of
l-amino-2-hydroxycyclopentanecarboxylic acid was found to
sbsorb at 4.20 ©.

An investigation of the stereochemistry of l-amino-
2-hydroxycyclopentanecarboxylic acid was of interest in
this study. Meyer and Rose (18) proved the stereochemistry
of threonine by converting it into the corresponding dihydroxy
acid of known confTiguration This conversion was accomp-
plished by diazotizstion of the hydroxyamino scid with,
nitrous ascid: however, when a similar attempt at diazotiza-
tion wes carried out with l-amino-2-hydroxycyclopentane-
carboxylic ecid, the resulting oily product decomposed
within & few minutes. In some related experiments, addi-
tional ettempts were made to prepare the cis- and trans-
1.,2-dihydroxycyclopentenecarboxylic acid by stereoselective

hydroxylation of l-cyclopentenecarboxylic scid,
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These hydroxylation attempts included the use of permanganate
(16, 21), halosens and silver carboxylates (9, 14, 23), and
performic acid (10): methods which have been extensively
reviewed by Gunstone (13). The only product isolated and
cheracterized from any of these experiments was glutaric
acid. This compound wes isolated from the reaction of per-
formic scid with l-cyclopentenecarboxylic acid. Under the
conditions used, the cyclopentene ring cleaved with the loss
of one carbon, presumeble as CO,. The identity of the
product a&s glutearic acid was established by ir, nmr, and
elementel snalysis.

There is & single report in the literature (19) on the
prepsration of 1,2-dihydroxycyclopentanecarboxylic acid;
however, the structure was not definitely established and no
conclusions were drawn concerning the stereochemistry of
the molecule. Since this product was prepared from the
epoxide of l-cyanocyclopentene through acid hydrolysis, it
may be assumed to heve the trans-diol arrangement,

Ges chromatogrephic analysis of the trimethylsilyl
derivatives of l-amino-2-hydroxycyclopentenecarboxylic
ecid and l-amino-2-methoxycyclopentanecarboxylic acid
sugrests that these compounds are mixtures of cis and trans
isomers. This is to be expected since the replacement of
the bromomercuri group with bromine is known to proceed with
racemization, even though the initial eddition product is

trans (7) Thus the bromomethoxy acid and the aminomethoxy
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acid obtained via emmonolysis would be expected to be mixtures
of cis end trans forms, The trimethylsilyl derivatives of
analogous model compounds, threonine and allothreonine, were
not sepsrated under the conditions used; however, it appears
thet the cis and trans cyclopentane analogs are more easily
separable. It remains possible that one of the peaks
obtained from easch of the cyclopentane derivatives may be
due to incomplete silylation (or perhaps, double silylation
of the smine group) since it has been reported that some
amino acids produce more then one silylated derivative (1).
In conclusion, cis-2-amino-l-hydroxycyclopentane-
carboxylic acid end a mixture of cis- and trans-l-smino
2-hydroxycyclopentanecarboxylic acid have been synthesized
in an sttempt to produce a new chemotheraputic agent
bearing a structursl relation to the naturel amino acids,
serine and threonine. No microbiological activity hes yet
been esteblished; however, both of these compounds have been
submitted for biological assay in‘tissue culture systems, to
Dr. P. F. Kruse, Jr. of the Samuel R. Noble Foundation in

Ardmore. Oklahoma.
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Huddle, John David, SYNTHESIS OF 1-AMINO-2-HYDROXY-
CYCLOPENTANECARBOXYLIC ACID. Master of Science (Chemistry),

December, 1970, 30 pp., 5 illustrations, bibliography,
31 titles.

This investigation involved the synthesis of l-amino-
2-hydroxycyclopentanecarboxylic acid, a potential structural
analog of the natural amino acids, serine and threonine.
The title compouhd also includes the structural features
present in an established antitumor agent, cycloleucine.

1-Cyclopentenecarboxylic acid was prepared by a series
of reactions involving formation of the cyanohydrin from
cyclopentanone, dehydration of the cyanohydrin to l-cyano-
cyclopentene; and finally, hydrolysis of the nitrile. This
intermediate was used for all the further synthesis trans-
formations in this study.

The desired amino acid analog was prepared through a
series of reactions involving methoxymercuration of l-cyclo-
pentenecarboxylic acid, replacement of the mercury by bromine,
ammonolysis of the l-bromo-2-methoxycyclopentanecarboxylic
acid; and finally, cleavage of the methoxy group with
hydroiodic acid to yield l-amino-2-hydroxycyclopentane-

carboxylic acid.
During the course of this study, the bromination of

the mercuric acetate-methanol adduct of l-cyclopentene-



carboxylic acid was also examined., Using an excess of bromine
at 50-55°, l-bromo-2~-hydroxycyclopentanecarboxylic acid is
the major reaction product; however, with lower molar ratios
of bromine in the reaction, the intermediate, l-bromomercuri-
2-methoxycyclopentanecarboxylic acid, is produced. In
contrast, bromination of the adduct at 10-15° leads mainly
to l-bromo-2-methoxycyclopentanecarboxylic acid.
Attempted eammonolysis of the chlorohydrin adduct,
prepared from l-cyclopentenecarboxylic acid and a variety
of hypochlorinating reagents, resulted in the synthesis of
the isomeric 2-amino-l-hydroxycyclopentanecarboxylic acid.
The structures of l-amino-2-hydroxycyclopentanecarbox-
ylic acid and 2-amino-l-hydroxycyclopentanecarboxylic acid
were characterized and confirmed by elemental analysis,
infrared, and nuclear magnetic resonance spectroscopy.
These compounds are currently under study in a variety of

biological systems.



