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ABSTRACT

Reduction of 1,2 cyclopentanedione with excess lithium aluminun
hydride in tetrahydrofuran solvent gave cis- and trans- 1,2 cyclo-
pentanadicls and 2-hydroxycyclopentanone as products. Diol yields
were 30-35% with isomer distributions of 57% trans at 00 and 67-569%
trans at -72°. The gquaniity of 2-hydroxycyclopentanone remains
uncartain due to losses of this compound during workup.

An unexpectied alr oxidation of teirahydrofuran in the presence
of 1,2 cyclcpentanedione was ovserved, giving rise to ¥ -butyrolac-
tone and 1,4 butanediol in the reduction products. A 2.1% iron
impurity was measured in freshly recrystallized 1,2 cyclopentanedione,

and is suggested zs a possible catalyst for the oxidation.

ix



REDUCTION CF 1,2 CYCLOPENTANEDIONE

WITH LITHIUK ALUMINUM HYDRIDE



CHAZTER I

INTRODUCTICN

The literature involving stereoselective reduction of cyclic
ketones 1is immense. Reductions with lithium aluminum hydride have
shown this reducing azent to be a powerful reagent for the reduction
of organic functional groups. Introduction of alkoxy groups on
lithium aluminum hydride results in a milder reducing agent than the
parent compound. These substituted aluminohydrides oifer not only
different reactivities, out increased steric influences. The re-
ducing power can also be altered by the solvent used and the cation
of the complex hydricde. The overall result is a ccmplete spectrum of
reducing agents capable of steric control of many reductions in a
desired¢ direction.

The reduction of cyclic diketonss, however, has received very
little attention. These reductions offer a different aspect in
stereoselective control. With two carbonyls on the ring, the reduc-
tion of one carbonyl may affect the reduction of the other carbonyl.
Stereochemical studies involving the formation of the possible cis
and trans glycols frcm a diketone have, for the most part, been
ignorad. Reductions of 1,2 cyclohexanedione using lithium aluminun
hydride, lithium firimethoxyzluminchydride, and lithium tri-t-butoxy-
a2luninonydride have been revorted (24,25,26) ; much of the literature
has Tormed expectations for the research undiertaken here.

Une molecule receiving little attention as far as reduciions are

concerned is the 1,2 cvcloventanedione molecule. It was of interest

2



to us to reduce this molecule and observe any stereochemical effects
exhibited. 1,2 Cyclopentanedione is unlike 1,2 cyclchexanedione cr
larger cyclic diketones in that it is & more rigid system. It cznnot
distort its shape to accommodate steric problems as can the larger
cyvelic diketones. It has been reported that 1,2 cyclopentanedione is
like 1,2 cyclohexanedione in that both exist primarily in a monoenol
form (38). This results in three a2djacent spZ carbons. In the five
nembered ring, this would result in a nearly flat molecule which
should show characteristics on reduction somewhat different than the
six membered ring.

In the reduction of 1,2 cyclohexanedione, the vredominant product
of lithium aluminum hydride reduction was 2-hydroxycyclohexanone with
mall diol yields{(25). The same mechanism that leads this molecule
10 the 2=hydroxycyclonexanone 1ls expected to give the 2-hydroxyketone
as the major product in lithium aluminum hydride reduction of 1,2 cy~

clopentanedione. Gas chromatograpnic anzlysis will be employed to
determine product ylelds and distribution. It should be possible to
determine the conditions necessary to achieve enhanced stereospecific

control in these reductions.



CHAPTER II

REDUCING AGENTS

Lithium aluminum hydride was first synthesized in 1947 by reacting
lithium hydride with aluminum trichloride in ether under dry nitrogen
(1). After its discovery, it became one of the most versatile reduc-
ing agents known. It could easily'be stored due to its indefinite

stability at room temperature.
NLiH + AlCl4 —ether | 13A1H;, + 3LiCl

Immediately following its discovery, it was characterized to some ex-
tent by Nystrom and Brown who reduced several different types of func-
tional groups (2). In contrast to the relatively mild reducing agent,
sodium borohydride discovered five years earlier (3), which reduced
aldehydes, ketones, and acid chlorides, lithium aluminum hydride was
found to be a much more reactive reagent. It fell short of reducing
all reducible functional groups in reductions of olefinic double bonds.
One exception, howéver, has been reported in the reduction of 2-cyclo-
pentenone where saturation has occurred significantly (4).

It was later found that alkoxy substituents greatly effected the
reducing characteristics of the hydrides. These new substituted
hydrides became the subject of much study. DBrown and McFarlin found
that the addition of four moles of either methyl, ethyl, or isopropyl
alcohol resulted in the precivpitation of the tetraalkoxide,

and four moles of hydrogen were evolved (5).

LiAlHy, + UROH —ether . 13A1 (OR), + U4HpT



Using tertiary butyl alcchol, this was not cuite the case.
Reactinz four moles of this alcohel resulted in three moles of hydro=-

1

sen evolution with the fourth mole evolving only under prolonged reflux

(6).
LialHy + 3C(CHg)40H g?@ LiAlH(OC(CH3)3)3 + 3Hp

LiA1H(0C(CH3)3)3 + C(CHy)50H “E%%%EE* Lia1(0C(CHy)3)y + Hp

Foszibilities for this decreassd rate in the addition of the fourth
nole of t-butancl are steric factors, lower reactivity of the remaining
hydridic hydrosgen, and decreased acidity of the tertiary alcchol group.
The trisubstituted alkoxy aluminohydrides were studied extensively
to determine the difference, if any, in their reducing activities
over the parent compound. Three moles of methanol per mole of lithium
aluminum hydride in tetrahydrofuran (THF) produced the trimethoxy-
aluminchydride which was apoarently readily soluble in THF, Z2Brown and
Welssman tested lithium trimethoxy aluminchydride on many revresenta-
tive functional grours and found that the trimethoxy aluminohydride’s
activitiy was very similar to the parent lithium aluminum hydride (6,7,
8). However, thev also presented evidence to suggest that the trime-
thoxy derivative could be useful in more selesctive reducticns than the
parent compound.
Brown and McFarlin also undertook studies. of the tri-t-butoxy alum=
inonycride, sugsesting that the lack of the tri-t-butoxy derivative to
pick up the fourth t=butoxy group might indicate a molecule of consid-
erably different characteristics than the parent molecule. They found
that the tri-t-butoxy aluminohydride was readily soluble in THF and

that its reducing characteristics were considerably milder than the



6
varent comnound. The alkoxy substituents appeared to decrease the re-
activity of the lithium aluminum complex to resemble the milder reagent,
sodium borohydride. This is in marked contrast to sodium borohydride
where alkoxy substituents increase reactivity of the hydride (10). This
contrast in the reducing agents seems best explained by H. C. Brown (11).
The electron withdrawing eifect of the oxy sroups would be expected
toweaken the borohydride as it apparently does in lithium zluminum hy-
dride, but Brown suggests that resonence eifects are greater than the
electreonic effects, satisfying voron electron deficiency. This would
not necessarily be as important of an effect for the second row element

alumirum, having increased atom size and decreased orbiial overlap.

Y 12
< > RO= =3
"‘O”? D Re=E10k
oR

Table 1 shows the reducing ability of lithium aluminum hydride in
comparison with the trimethoxy and tri-t-butoxy substituted alumino=-
nvdrides.

The alkoxy substituted aluminohydrides oifer characteristics not
typical of the parent lithium aluminum hydride (LaH). The parent rea-

ities

T

gent may produce a succession of reagents of different reactiv
as the reduction proceeds, but with the sinzle active hvdrogen in the
trialkoxy derivatives, this would seem an improbable consideration (12).
The relative bulk of the trialkoxy derivatives would certainly te expect=-
ed to produce a larzer steric effect than the parent compound yield-

ing different stereospecificity. A third difference has already teen
discussed in the aprarent decreased activity in the parent compound

compared to its alkoxy derivatives.



TABLE 1

Typical products of reductions on functional groups Dy
lithium aluminum nydride and its trialkoxy derivatives in
tetranydrofuran at 00 C  (11).

o

Functional zroup LiALH, L1A1H(0Ne ), ' LiALH(O-tBu)s
Aldehyde alcohol alcohol alcohol
Ketone alcohol alcohol alcohol

Acid chloride alcohol alcohol alcohol
Lactone glycol glycol zlycol (slow)
Epoxide alcohol alconol (slow) alcohol (slow)
Ester alcohol alconol slow reacticn
Carboxylic acid alcohol alcohol R

Carbexylic acid salt alconcl alcohol NR

Tert-amide amine anine NR

Nitrile amine amine MR

Nitro azo reaction NR

Qlefin NR NR NR




The reduction of a functional sroup apparently involves transfer
of a hydride from the aluminum anion to an electron deficient center
on the reducible group. Brown and Trevoy suzgested that lithium alum-
inum hydride is a nucleophilic reducing agent that reduces in a bi-
nolecular disvlacsment mechanism based on reductions of epoxides (13).
Free hydride attack alone would not explain the difference between

LAH and sodium boronhydride.



REDUCTION STERECCHEMISTRY

A. Conceots of Steric Approach Control and Product Develooement Control

There has been much study on the subject of reduction of cyclic
ketones by complex metal hydrides. In the reduction of a2 ketone such
as the cne in Figure 1, there are two possibilities for the products.
The hydride may attack the axial side of the carbonyl resulting in
the egquatorial alcohol or the hydride may attack the equatorial side of

the carbonyl resulting in the less stable axial alcohol,

H
AXIAL - \\\‘\~””””~k\oH
OH

Figurs 1:

The two producis resulting from hydride attack on a
simple cyclic ketone.

Ashby and Boone carried out reductions on the molecule in Fizure
1 where R was a t-butyl sroup. When LiAlH; was ihe reducing agent,
90% of the alcohol produced was the equatorial isomer=-the more stable
troduct (14). Haubenstock and Eliel carried out reductions on 3,3,5-
trimethylcyclohexanone using LAH and attained guite different resulis
(15). Their alcohol preducts consisted of only 25% of -the -equatorial
isomer with the less stable axial alcohol predominating (Fisurs 2).

9
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o) OH

He

C
Hs ch

75%

Figure 2! Reduction of 3,3,5 trimethylcyclchexanons witn LAH showing
major product as the axial alcohol.

It would appear that axial attack is inhibite

Q.

by rossible steric
block by the methyl group on carbon 3 towards the attacking hydride.

In 1956, Dauben, Fonken, and Hoyce sugzested two concepts to ex-
plain the different isomeric ratios of the products in reductions such
as the two just presented (Fizures 1 & 2). One concept-the concept of
steric approach control was introduced to describe the formation of
products which reflect " competitive attacks from a favored (unhindered)
side or unfavored (hindered) side," and a second concepi=-the concept
of »roduct develooement control was introduced to describe the formation
of orcducts which reflect the relative thermodynamic stavilities of
the possible products (16). They proposed that the isomeric ratios in
reductions could e explained by these postulates with the stereochem-
istry arzued in terms of the ease of formation of a metallo-organic
complex and the energetics of the product formation.

To apply these concepts, consider the two reductions previously
mentioned. Ashby and Boone reduced 4-t-butylcyclohexancne with LAH
and attained 0% of the more stable trans alcochol. The distant t=-butyl

group does not interfere with the attack of the relatively small LAH

W

molecule. The metallo-orzanic ccmrplex formation is ejually probabtle
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for the LAH, and the predominance of equatorial isomer is directed by
the relative energies of the products.

On the other hand, consider the reduction by Haubenstock and Eliel
of 3,3,5-trimethylcyclohexanone (Figure 2). The steric interactions
of the methyl group on carbon #3 and the LAH seem to direct the reduc-
tion to favor equatorial attack yielding the less stable alcohol.

This shows the competition of the possible sites of attack with the
unhindered or least hindered site being attacked 75% of the time.

Increasing the relative size of the reducing agent is comparable
to increasing the steric environment of the carbonyl to be reduced. A
closer look at the work of Dauben, Fonken, and Noyce will give an example
of this as well as a more subtle example of product developement
control (PDC) and the steric approach control (SAC).

Table 2 (pg. 12) shows the results that Dauben et. al, attained in
reducing 2-methylcyclohexanone with lithium aluminum hydride and sodium
borohydride. Instead of changing the environment around the carbonyl,
a look down the 4-methylcyclohexanone column reflects only a change in
the reducing agent. The considerably larger bulk of the sodium boro-
hydride appears to give it more stereoselectivity for the cis isomer.
This could be explained by the SAC concept where, with the relative
bulk of the NaBH,, steric interactions of the reducing agent with the
axial hydrogens on carbons 3 and 5 hinder axial attack and increase the

Ahindrance
\ o)

ClsS 1somer.

* See note 1, pg. 74
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TASLE Isomer distribution in reducticns of cyclic ketones (16)

TABLE 2 Isomer distribution in reducticns of cyclic ketones (16)

Reducing L-ilethylcyclo=- 2-iMethylcyclo=-
Agent hexanone hexanone
%trans %eis %trans %cis
LiAlH; 81 19 82 18
NaBH,, 75 25 69 31
BEguilibrium g8 12 39 1

The results indicate that steric factors are now influencing the pro-
ducts more than in the reduction of the same molecule using LaH.

A more in depth view of the two compounds in Table 2 illustrates
how PDC and SAC can be utilized to explain apparent differences in the
stereochemistry of the reductions. The lack of difference in the iso-
mer distribution for the two substirates using LAH is understandable in
that the relatively small size of the reducing agent avoids steric
interactions and the product distribution is guided by the relative
stability of the products. It has already been mentioned that the
larger bulk of the MaBH, is responsible for its higher stereoselec=-
tivity over LAH for the c¢cis alcohol.

To consider the difference between the HaBH, reduction of the 4-
metnylcyclonexanone and the Z2-methylcyclohexanone, it is necessary to

lock at the two conformers of each.

C
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The distant position of the methyl srour equates the conformers in terms
of hydride attack, thus one would expect PDC to give the more stable
equatorial alcchol. This would result in the trans alcohol for the
left conformer and the cis for the right. The transition states for the
two will determine the stereochemistry of the final products. The
transition state for thes axial methyl conformer is of higher enersg
than the equatorial methyl conformer giving the predominant rroduct-
the trans alcohol; however, more cis alcohol is preduced than if the
methyl zroup were locked into the eguatorial position.

The equatorial cosition of the methyl in the conformers of 2-me-
thylcyclohexanone (below) allows equal attack on either side of the
carvonyl; therefore, it would te predicted that PDC would yield thne
most stable product as the major product. Eguatorial attack, however,
is hindered by the axial methyl group in the right conformer resulting

in a higher amount of cis alcohol than for the 4-methylcyclohexanone.

O

CHy

B. Controversy Concerninz FProduct Developement Control

Both SAC and PDC have come under some criticism with the latter
concept receiving considerably nore attenticne. If isomer distribu-
tion is governed by product stability as in PDC, then the transition
states should ve "product-like". With SAC, the transition state
should be 'reactant-like". Wizfield and Phelps used isotove effects

to detsrmine the degree of bond tresakage in the transition states of
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reactions exemplifying both concepts; reductions with sodium borodeu-
teride showed no evidence fTor such differences in the transition states
(17).

Several alternatives have been proposed for product developement
control, but the mocst supported at the present is a tortional strain
postulate introduced by Chérest and Felkin (18). The postulate is based
on the concept that the transition states are purely reactant-like which
would be expected for reductions where steric interactions are ainimal

(19). <Cnérest and Felkin proposed that during equatorial attack, a

(]

partially eclipsed transition state is experienced which produces a

tortional strain on the molecule (Fizure 3). This tortional strain

T

competes with a steric strain which may result from axial attack.

Fizure 3! The two possibilities of hydride attack

In this concept, it is the relative  strain of tne partially

-

eclipsed R' group and the bulk of the R and R' groups that de

ot

ermines
the isomeric product ratios. With a relatively small reducing agent,
the reduction would occur throuszh the B transition state. 4s R and R'

increase in size, the srowing steric strain would encourage the reduction

to favor A as & transition stzte. Thus, in the absence of steric



strain, it is tortional strain that directs the reduction to give the

nere stable product and not product stability.

C. Alkoxy Substituted Aluminohydrides

Tabvle 3 shows the vercent eguatorial alcohol attained on reduction

of three ketones using LiAlH4 and the trimethoxy and itri-t-butoxy der-

\

ivatives. These are resulis from Brown and Deck (12).

TABLE 3 Reductions of Cyclic Ketones with LiAlH;, and its Alkoxy
Derivatives at 0° C in Tetrahydrofuran (20)

YETONE REACENT #EQU. ALCCHCL
2-iethyl LiALlHy, 75
Cyclohexanone
LiAlH(OMe)B 31
LiAlH(o-tBu)3 70
2-ilethyl LiA1H, 76=79
Cyclopentanone
LiAlH(Oﬁe)B 56
LiAlz-i(c-tBu)3 72
2=t=Butyl LiAlH, L2
Cyclohexanone
LiAlH(OMe)3 36
LiAlza(o—tBu)3 Lg

In all three cases the trimethoxy derivative showed mors selectivity
for the less stable alcohol than did the tri-t-butoxy derivative or
the parent compound. It would avpear that the trimethoxy derivative
is a bulkier reducing agent than the iri-t-butoxy derivative. It was

certainly expecied that the bulkier trimethoxy compound should exhibii

more selectivity for the less stable alconrol, tut it would follow
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F)

that the tri-t-butoxy compound should exhibit more selectiviiy than the
trimethoxy derivative Brown and Deck provnosed that the stereochemical
outcome mizht te explained by disproporticnation of the reducing agent
(12).
Li;s.m(o-t-gu)3 —_— HAl(O-t-Bu)Z + Li(0=t=~Bu)
A B

They sugzgested that the less bulky B could be the reducing species.
justified

LY

The discrepancy in the isomer distribution seems beiier
by the work of Ashby, Sevenair, and Dobbs (21) who studied the associa-
4 4

T,

tive proverties of the reducing agents. They found throuzh ebullio-
scovnic technigues that the trimethoxy derivative at high concentrations

asscciates considerably more than either the tri-t-butoxy reazent or the

parent reazent, LiH. See Figure 4. They used this fact to exzlain

the results from the reduction of 2-methylcyclohexanone (Table 4).

TABLET 4  Effect of Hydride Concentration on the Reduction of
2-liethvlcyclohexanone (Ashby, Sevenair, & Dobbs (21))

Reagent Initial Conc. ¢ Axial Alcohol
.01 23
) .10 25
LiA1(C-t-B H
L w)y .30 25
.50 26
.01 28
.10
l(OCH3)3H 61
.30 62
.50 &3

L. o o P N . . .
At low concentrations of Llﬁl(OChB)BH where association is at =z mini=-

. o Ly s 8= T \ _vr . 3 o)
mum, the productis resemble reductions with LlAL(O—t-Bu/Bn. At hilgher

3

corcentrations, where association is eater, selectivity for the less

(ﬁ
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LiAlH(OCH3)3
3.0}
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2.5.‘
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sofp 2, .

x— x 5 x L1AlH(O-tBu)3

0.1 002 0.3 0.4 005 006 O.?
CONCENTRATION (m)

Figure 4: Association of lithium trialkoxyaluminum hydrides
in tetrahydrofuran (21)

The association was monitored by the apvarent change in the
vapor pressure above the solutions compared to the vapor pressure
of the pure solvent. Increased association would result in a
small change in the vapor pressure. Decreased association is
indicated by a greater change.



stable alconol is increased. The asscciatlon data seems tc adeauately
explain the results attained by Ashby et. al.; however, conflicting
evidence appeared in the work of Ashby and Boone (14). They reduced 2=
nethylcyclohexanone with the same two reagents as did Ashby et. al. but
attained slizhtly different results. See Table 5. They did not experi-
ence any difference in the isomer ratics as a funciion of the concentra-
tion of the reducing agent. Based on conductance experimenis, Ashby and
Boone sugzested that the difference in stereoseiectivity beiween the

trimethoxy and tri-i-butoxy aluminchydrides in

v

HF' is vtest explained

by their finding that the trimethoxy derivative 1s more solvated than its

®

tri-t-tutoxy counterpart. This recent findinz appears tc be the vest

suvnoried explanation for the increased steric demand of the the itri-

nethoxy aluminohydride.

TAZLE 5 Effect of Hydride Concentration on the Reduction of
2-lethylcyclohexanone (Ashby and Boone (14))

tial Ccnc.

e
e
‘a{
o
e
'_J-
o
l_
N
'__
0
[e)
o
O
b

Reagent In

.0051 35
Li41{C0-t-Bu)4H .055 34
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D. Cyclic Diketones

Reduction of diketones requires additional considerations over
‘monoketones in that reduction of one carbonyl sroup may influence the
reduction of the remaining carbonyl. Another factor to be dealt with
is that cyclic dikeiones are usually more acidic than simple cyclic
nonoketones resulting in a greater possitility of reducing agent ce=-
composition; tautomeric eguilibria must also be considersd since the
reducing agent may encounter conjugated enolic species.

As mentioned earlier, Ashby and Bocne found no relationship be-
tween hydride concentration and stereochemistry (14). Snyder, however,
attained stoichiometric control of stereochemistry using aluminum isc=
rropoxide in a lMeerwein-Fonndorf-Verley reduction of beotia 1,2-cyclonex-

anedione and 1,2=-cyclopentanedione (22,23). Snyder attained a linear

[0}

relationship between the percent cis glycol and the dione:zluminum iso-
propoxide molar ratio. His rasults are illustrated in Fizure 5 (pg. 20).
At low ratios-excess reducins agent, stereoselectivity is high for 1,2-
cvclorentanedione but low for 1,2-cyclohexanedione. At high ratios,

the stereoselectivity is reversed for the respective diketones. Synder
proposed a "one aluminum" reducticn pathway for reducticns where there
is a limited amount of reducing agent resulting in reduction of %both

carbonyls by the same reducing agent molecule. He proposes a "two

£ agent conditions where

aluminum” reduction pathway for excess reducin
the position of the first attached aluminum complex influences the
attack of the second. He correlates these two hypotheses to explailn

the relative distribution of the isomer ratios at different diketone:

reducing agent molar ratiocs.



20

100 ¢
b
yed
Cis
Glyeol
50 i ‘ i s
0 0.5 1.0 1.5 2.0
ilmoles Dione/ﬁmoles Aluminum Isopropoxide
Figzure 5: Snyder's Stoichiometric Control of Stereoselectivity (22,23)
* The Meerwein-Ponndorf-Verley reduction is not completely

analogous to the alkoxy aluminohydride reduction in that a methyl
group is the hydride source. It is important, however, that

nhe attained a linear relatioship between isomer distribution

and dione:alkoxide molar ratio.
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E. Reductions of 1,2-Cyclohexanedione

The reduction of 1,2-cyclohexanedione by sodium borohydride in
water was carried out by Dale who identified the products in 58-75%

yields to be the isomeric cis and trans glycols (24). He found that

at 20-25°, the cis isomer comprised 48% of the diols and at 6-10°, the
cis isomer comprised 15% of the diols. In contrast, Trevoy and Brown
had already reduced 1,2-cyclohexanedione with LAH, but they identifiec
only 2=hydroxycyclohexanone as a product (41% yield)(25).

R. E. Baker undertook the reduction of 1,2-cyclohexanedione using
LAH and and its trimethoxy and tri-t-butoxy derivatives. Through gas
chromatographic analysis of the products, he studied the steric course
of these reductions, and he investigated the possibility of stoichio-
metric control of stereoselectivity as reported by Snyder in the lieerwein-
Ponndorf-Verley reduction of 1,2=cyclohexanedione with aluminum isopro-
poxide (22,23).

In reductions using LAH, Baker got mostly the 2-hydroxycyclohexanone
as did Trevoy and Brown (25), but he also attained diols in.as high as
25% yields, unlike Trevoy and Brown. In reductions using lithium tri-
methoxy aluminohydride, Baker again attained the 2-hydroxy ketone as
the major product, but this reducing agent appeared more stereoselective
for the 2=hydroxy ketone (95-99% yield) with traces of diols present.

The milder lithium tri-t-butoxy aluminohydride gave considerably
dirferent results. The major product was the diols (as high as 80%)
with small amounts of the 2-hydroxy ketone present.

Perhaps the most consistant finding by Baker wvas that regardless
of hydride concentration, mode of addition, reaction time, or reducing

agent, the diol products consisted of 59+3% cis isomer.
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Spectral evidence indicates that 1,2-cyclohexanedione exists
mainly in the mono=-enol form (27). Baker used this factor to explain
his results. The more reactive LAH and lithium trimethoxy aluminohy-
dride react preferentially with the hydroxyl group of the enol to
evolve hydrogen which Baker measured and found to support hydroxy at-
tack quantitatively. See Figure 6. Following hydrolysis, ketonization
yields the observed product of 2-hydroxycyclohexanone.

The less reactive lithium tri-t-butoxy aluminohydride attacks the
carbonyl initially, allowing tautomerism of the enolate. This allows
reduction of the second carbonyl to yield the observed diols as major
products. 3See Fizgure 7.

Thus Baker showed that 1,2=-cyclohexanone reacts as a mono-enol and
reduction to 1,2-cyclohexanediol can only occur by initial attack of
the carbonyl over the enol group. The more reactive agents attack the
hydroxyl group first effecting no reduction of that carbon, resulting
in 2-hydroxy cyclohexanone. 3Baker did not, however, achieve stoichio-
metric control over the isomer distribution, getting 59+3% cis isomer

in all cases.
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CHAPTER IV

RESULTS AND DISCUSSION

The reduction of 1,2 cyclopentanedione (1,2=CPD) with lithium
aluminum hydride (LaX) in tetranydrofuran (THF) solvent was complicated

by several factors. The results here will deal with 1) the preparation

7

and properties of resazents, 2) the results of LAH reductions, and 3) an

unexpected oxidation of THF solvent to ¥ -butyrolactone.

-
e

A, Preparation and Properties of Reagents

The reagents prepared were those toc be expected on the basis of
products formed in previous work (26) on the reduction of 1,2-cyclohex-
anedione with LAH.

The c¢cis- and trans- 1,2-cyplopentanediols were prepared by the
aporopriate oxidations of cyclopentene (34).

The starting diketone (1,2-CPD) was prepared by the acueous farric
chloride oxidation of 2-bromocyclopentanone (29a). The product was
purified by final vacuum distillation under nitrogen followed by a re-
crystallization from petroleum ether to give a sharp melting crystalline
white solid (m.p. 55=-56.5°). This material, homogeneous by glpc decom-
posed rapidly to a brown tar at room temperature even under nitrogen.
Leaching the brown tar with light vetroleum ether furnished more white
crystalline material, and freshly crystallized samples had to be prepared
vefore eacnh reduction. The 1,2-CPFD was, however, fairly stable on re-
frigeration. That the 1,2-CFD exists as the monoenol (38) was coniirmed
by infrared (Figure 41) and HMR (Figure A2) analysis. The intense

brown stains that were reported (33) on skin contact were (inadvertently)

2k
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confirmed.
2=Hydroxycyclopentanone was an expected, and found, product in the
reduction of 1,2-CPD with LAH. For purposes of glpc analysis, an
authentic sample was prepared, but the stability of this material is
a confusing issue. Literature reports (35,40) on the stability of
2-hydroxycyvclohexanone are clear in that it dimerizes to the tricyclic

dinhemiketal (II) with the monomer material zenerated on distillation.

OE  cool
heat
o

I
Reports (33) on 2-hydroxycyclopentanone (IV), however, are confused as

to the differing desrees of polymerization of the material on standing.
Schrapler and Ruhlman (33) noted an increase in viscosity while Sheehan,
0O'Neill, and #hite (40) revorted producticn of solid polymer. In this
research, btased on infrared analysis, the compound was found to be very

S
i

stable on setting 28 days at room temperature (Figures A3 & al).

Attemvted vprevarations of the com-ound via hydrolysis of 2-bromo- (2¢
and 2-chloro- (30) cyclopentanone were unsuccessful; hcowever, the com=-
pound was prevared through an acyloin condensation of dimethyl glutarate

(III) in the presence of chlorotrimethylsilane (31,32). See Figure

8 (pg. 286).
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CNa,
Na
+ ZNaOCHB
ONa

CH3
ZCl-Sl-CH
“~CH

CH3
1-CH3
CH3
2 CHqOH

+ 2NaCl
_~CH

i-CH

. ‘\053

+ 2CH30—31(0H3)3

Figure 8t The Acyloin Condensation of Dimethyl Glutarate

B, Results of LAH Reduction

The diketone was reduced by addition of a THF soluticn of 1,2-CFD
to excess standardized LAH in THF at temperatures of 0° and =780, After
three hours stirring at these temperatures, the reaction mixture was
hydrolyzed with 100% excess H,0 in THF (vased on Lid). The mixture was
treated with 50/50 magnesium sulfate/silicic acid, and the solid mass
was leached six times with THF. The THF exiracts were combined, evapor-
ated under nitrogen, treated with p-cymene standard, and analyzed by
glpc. Hydrogen evolution was measured on addition of LAH and on hydrol-
ysis (aoparatus Pizure 12,t2. 42 ).

Gloc analysis of reduction productis on a carvowax 20 column gave

distinct peaks (Figure A5). Infrared analysis of the trapped

*ﬁ
}Jo
<
®
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materials and spiking with authentic samples gave positive identifi-
cation of the products to be the cis- and trans- 1l,2-cycloventanediocls
(Figures A6 to A9), ¥ =butyrolactone (Fisures A10 & All), 1,4 butane-
diol (Figures Al2 & Al3), and 2-hydroxycyclopentanone (Figures Ald4 & Al5).

Table 6 is a summary of reductions. As in Baker's results (pz. 21),
the hydrogen esvolution was expected to indicate enclic attack by the
reducing agent to give VI, followed by reduction of the remaining
carbonyl to give VII, followed by hydrolysis and ketonization to give

2-hydroxycyclopentanone (IV) (Figure 9).

|k
|

: /‘ OH
- _/ - T

Figure 9: Reductive Pathway to 2-Hydroxycyclopentanone

Diol composition appeared constant in reductions differing only in
reducing agent concentration. Diol yields were low but were considered
accurate based on recovery experiments. Thus, a known mixture of diols,

subjected to treatment with LAH, followed by the workup described,
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zave 95-99% recovery of starting materials in the same ratio.

Reductions using Li(O-t-Bu)BAlH showed stereoselective preference
for only the trans diol in 24% yields.

‘Addition of a known amount of authentic 2-hydroxycyclopentanone to
a hydrolyzed mixture of LAH in THF, resulted in only 20% recovery of
this material using the workup procedure described. Thus while hydroxy-
ketone is produced in the reduction, its gquantitative amount remains
uncertain. At least, this amount is less than 65-70% of starting
material based on diols produced.

dydrogen evolution measurements gave 70-80% of theoretical aydrosen
based on starting diketone, if assumed 100% enolic. It is suspected
that no hydrogen would be evolved on addition of diketone to LiH if
diols were the exclusive products.

Figure 9 (pg. 27) shows that 1 mmole f, should be produced for
every mmeole diketone proceesding to the hydroxyketone (Iv), assumaning
the pathway shown. The production of diols should not give hydrogen
zas on mixing of reagents, if it is assumed the carbonyl group is
first attacked oy AlHy™ (Fizure 10) as Baker postulated. Reduction
to enol (VIII), followed by ketonization and subsequent reduction to
(IX) should zive diols (X) on hydroiysis but with no Hy evolved on
mixing. See Figure 10 (nz. 390).

Ce Oxidation of THF Solvent

A considerable quantity of 1,4 butanediol (1,4-3D) was found
among the products of reduction of 1,2-CFD with LaH (Figure A5), and
no reason for the production of 1,4-2D was apparent, at least initially.
One obvious source of diol is the LAH reduction of ¥ -butyrolactone

A5in)

which is a known contaminant of TH: sinz from its air oxidation,

[

ar
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particularly in the absence of di=-t-butylchenol inhibitor. Practically
2ll chromatosrams from LAH reductions show a small peak for Y¥-butyro-
lactone. All THF solvent used in these reductions was distilled from
LAH and stored over molecular seives before use, and is presumably
inhivitor-free at this stage. Thus the solvent may be susceptible to
air oxidation under these circumstances., All transfers before experi-
ments were effected with dry syringes flushed with nitrogen to limit
air oxidation.

Another more likely reason for 7 -butyrolactone production would
arise during workup, in which the same THF solvent was used for leaching
products (after hydrolysis) from magnesium sulfate/silicic acid (however,
no diol could be produced after hydrolysis of LAH). A centrifuge was
used in these separations and no special effort was made to exclude air.
Final evaporation of THF, prior to zas chromatograrvhy, was Dperformed
under nitrogen.

Fizure A16 shows a reduction run with a 6/1 hydride to carbonyl
ratio, showing presence of 1,4-BD. Figure A17 is a blank (having no
diketone), run under exact conditions as the run shown in Figure Al6,
vboth containing the same amount of p-cymene. It is apvarent that for
the quantity of 1,4-BD produced, insufficient butyrolactone is present,
initially, in the solvent. Thas generation of lactone from TEF in the
presence of LAH was simply untenable as the blank run also confirms.

The investization of lactone generation from THF in the presance
of the startinz diketone was finally considered. %hen a small amount
of 1,2-CPD was dissolved in pure THF (no Lad), slpc analysis over a
period of 70 minutes showed a steady increase in the builyrolacione

at no apvarent expense of diketone (Figures Al18 & A19).
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Cxygen uptake by a mixture of 1 mmole diketone, 3 mmoles THF, and
p=cymene (internal standard) dissolved in hexane was monitored over 70
minutes. Glpc analysis before and after this period (Figures A20 & 421)
showed formation of lactone. aAbsorption of 1.8 mmoles 02 was observed
with the concomitant decrease of 1.8 mmoles TAr. This result is con-
trasted with a blank in which absorption of 0.22 mmoles O, with a
corresponding decrease of 0.22 mmoles THF was observed (Figures 422 &
A23). The relative heights of lactone and THF clearly establish the
enhanced oxidation of THF in the presence of diketone (Figure A2l),

Of particular interest is the fact that in both oxidations under-
taken, no chanze in diketone concentration was observed. Thus it
anpears that the diketone catalyzes the oxidation of THF to ¥ =-butyro-
lactone.

The possibility of an imourity (serving as the oxidation cata-
lyst) in the starting diketone was considered. 1,2-CFD was prepared
by aqueous ferric chloride oxidaticn of Z2-bromocyclopentancne (31,32).
It was decided to investigate the possibility of trace iron impurities
present in the diketone. A qualitative test involving destruction of
the organic sample and subsequent addition of KSCN yielded a faint
red color indicating itrace amcunts of ferric ions.

Juantitative analysis of a freshly recrystallized diketone sample
was performed by a metnod in Skoog and West (35) with some modification
(details pz. 44). 4 2.1 +0.3% iron content was found to exist in the
diketone despite a sharp meliing point of the material btefore analysis.
Barlier, the presence of iron was never considered in view of the fact
that the workup procedure for 1,2-CPD involved vacuum distillation

and recrystalliszation following the FeC13 oxidation.



CHAPTER V

SUMMARY AND CONCLUSICHNS

A, This Hesearch

i,2-Cycloventaneiione was reduced with LiAlH, to give Z2-hydroxy-
cyclopentanone nlus cis- and trans- 1,2-cyclogentanediols. The
guantitative amounts of 2-hvdroxycyclorentanone is uncertain at this
time, but its cuantity can be speculated by considering the hydrogen
evolved on additiocn (See Figure 9). Thus LAH reduction of 5 mmoles

of 1,2=CPD resulied in 4 mmcles of HZ evolution. This HZ neasurement

-

eflects attack on the enol by the hydride which would result in the

}‘_J

redominant »reduction of Z2-hydroxycyclopentancne.

Lol

Isomer distribution did not change in runs differing only in
reducing agent concentration. However, a notable change (10-12%)
occurred in the distrivution at lower temperatures. The fact that
more trans was produced at lower temperatures would sugzgest that the
trans diol is the xinetic product. Literature could not be found to
indicate which of the two diols is most stable.

The unusual production of ¥-butyrolactone is due to rajnid 2ir
oxidation of ThF. The enhanced effect in the presence of 1,2-CZD
on air oxidation is well supported. Oxidation is catalyzed either
by 1,2-CFD or associated impurities arising in the synthesis. This

imourity could be iron or its ions since metal ions are known to

catalyze air oxidations (39).
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8. Future Work

Future work concerning reductions should involve devising a suit-
able workup trocedure which results in high percentage recovery of the
hydroxyketone. This may prove to be a formidable task in view of the
rossibility that the hydroxyketone may not stand up to the basicity
of the hydrolyzed reaction mixture tefore the actual workup procedure
is incurred.

Another subject for future investigation is the azparent confusion
between the literature and this research concerning the stability of
2-hydroxycycloventanone. This research found no evidence of -polymer-
ization occurring on setting 23 days at room temperature, contrasted
with reports (33,40) findins considerable vpolymerization.

The problem of generation of '5—butyrolactone during normal
reduction procedures may be resolved in the improvement of the puri-
fication process of the diketone. Ferhaps the use of an agent at some
suitable point in the synthesis, harmless to the diketone, could be
found that complexes with any iron impurities present. Removal of the
iron may give some insizht concerning the enhanced oxidation observed

here.



A. FPrevaration of Major MHaterials

e

1. 1,2-Cyclopentansdione was epared by the method of R. M.

Acheson (2%a). The compound had tc be refrigerated irmmedia<ely uzon
isolation by vacuum distillation. A typical procedure follows.

A 1 liter, 3-necked, round bottom flask was Titted with a conden-
ser, thermometer, droppinsg funnel, and motor driven paddle stirrer
Into the 1 liter flask was put 60 mls. of cyclopentanone, 31 mls. of

glaclal z2cetic acid, and 135 mls. of deiocnized water. 39 mls. of

Q

oromine were put in the dropping funnel. A few drops of bromine were

aided and the mixture was heated to 65° with very vigorous stirring.

e
2

At anproximately 650, the tromine color dissipated and the remaining

G

S}
Isa

bromine was added over 20 minutes maintaining the temzeraturs to 55«

59° C (not to exceed 60°).

The reaction mixture was cocoled to room temperature and neutral-
ized with solid annydrous NapCO3 to congo red indicator paper (when

paper no longer turns blue). The bottom, yellow, oily layer was seD=

arated from the agueous layer and washed itwice with 10-15 mls. of water.

This 58 gms. of yeilow oil was added to 375 nls. water in the 1

liter flask and neated to 94=04° while stirring vizorously (tempera-
ture should not exceed 96°). A hot FeCl3 solution was alded over 20
ninutes. The solution was cooled to 409 and saturatsd with ammonium
sulfate. The solution was then put on a continuous exiraction appar=-

ed with ethyl ethesr for 13 hours.

d‘

atus and. extrac
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L
P

he title compound was vacuum distilled over I (81° at smm g

T
ice-acetone cooled Flask to avoid decomposition.

-

o0lleCe

-

and collected in a dry
procedure was followad immediately uzon c

When the Ifreezing
tion, one recrystallization from low boiling petroleum ether was suifi-
This method is relatively

cient to attain fairly sharp melting points.
Precautions must be

easy to follow but yields never exceeded S54%.
prescribed, to avoid

taken to avoid temperztures inexcsss of those
with the title compound.

noxious H3r vapors, and to avoid skin contact
Preparation of 2-hydroxycyclopentanone was attiempted via

2e
bromination (29) and chlorination (30) of cyclopenianone followed by

hydrolysis. These attempts were unsucessful, plagued by low yields
in halide subvsiitution and suspected decomnosition of the hydroxy
hydrolysis nmixture.

ketone bvefore its isolation Trom the
utilizing an acyloin reaction

A sucessful method was found in
to isolate a stable intermediate, 1,2-bis trimethylsiloxycyclopentene,

hich could be stored until its hydrolysis to the 2-hydroxycyclcpenta-
The comtlete path for 1,2-hydroxycyclopentanone

A typical procedure follows.

none was needad (32).
synthesis is presented in Figure 8. £
fitted with a motor driven stir-

See Figurell .

A 1 liter round bottom flask was

rer, condenser, NZ gas inlet, and a dropring funnel.
All glassware was bone dry. 300 mls. of toluene was put in the flask
and brought to a boil. 9.2 zms. of Na metal was added and the stirrer
with vigorous stirring until a {ine ila dispersion was

was started,
16 gms. of dimethyl zlutarate and 43.6 zms. of chlorotri-

attained.
125 rls. toluene and put in the

nethyl silane were added together 1
The solution was added dropwise to the lNa dispersion

n

dropoing funnel.
over 2 hours and 40 minutes with continued stirring (addition must be
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very slow to avoid diester buildup which has been revorted to cause
explosions). When addition was complete, the reaction mixture was
transfered over Ny to a closed sintered glass funnel to remove any
excess Na. The toluene was removed under pressure and the bis-l,2-
trimethylsiloxy cvclopentene was distilled (80-810 at 4.2mn Hg) in
667 yield. This is a convenient point to stop and store the potential
2-hydroxy ketone. The chlorotrimethylsilane has been found to yield
this stable five membered ring and produce ihe hydroxy ketone in
higher yields than previous methods.

The only step left in the synthesis 1s hydrolysis of the siloc

compound which proved sucessful in 50% yields (33).

+ Ha
- - ( + 2N a.OCHB
CHy ~oe

~CHs
2C1=-3i-CH
\\CH%

2 CHAOH

+ 2NaCl
Of{ \Os'l -Cq%

S CH3
+ 23H3G-Si(CH3)3

Pigure 8 ¢ The Acyloin Condensation of Dimethyl Glutarate
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Apparatus for Acyloin Condensation

Figure 11:
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3. Lis-1,2-Cyclopentanediol was prepared by the method of Owen
and Smith (3%4). A representative procedure follows. 4 solution of
cyclopentene (22.1 gms.) in ethanol (600 cc.) was cooled to =-40°. A
solution of XMnOy (40 gms.) and anhydrous }gSOy (30 gms.) in water (800
mls.) was added with vizorous stirring durinzg two hours. Afterwards,
the ﬁuOZ was filtered off and washed with hot water; combined filtrates
were evaporated down to =200 mls. and continuocusly extracted with ethyl
ether for 88 hours. Vacuum distillation gave the title compound in
28% yield (b.p. 88=92° at 2mm Hg).

v« Trans-1,2-Cyclopentanediol was also synthesized by a2 method
of Owen and Smith (3%). A representative procedure follows. A mixture
of 30% Hp0, and 231 mls. of 88% formic acid was added to cyclopentene
with much heat being gensrated. The temperature was allowed to fall
to 40° and so maintained for four hours. The formic acid was remocved
under reduced pressure (61° at 117mm Hg) and the residue was dissolvad
in 120 mls. of 10% NaCH solution. The mixture was refluxed for 40
ninutes, diluted to 280 mls., and continuously extracted with ethyl‘
ether for %% hours. The dried extract (EgSOQ) was distilled and the
trans glycol was collected in 29% yield (110° at 2mm Hg).

B. Preparation and Standardization of THF and LAH Solutions

The solvent used for all reductions and workup procedures was
tetrahydrofuran (THF). The ether was distilled in the presence of
lithium aluminum hydride and stored in a 2 liter flask over molecular
sieves (type 34) with a nitrogen atmosphere above the solvent at all
times. The flask was fitted with a rubber septum and syringes were
always cleaned, dried, and filled with iy tefore taking samples from

the flask.
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An apparatus similar to the one used in reductions (Figure 12)
vas used to standardize the solvent. This was necessary to accocunt for
any nydrozen evolution due to water and any other impurites still pres-
ent after distillation and possible buildup of impurities on setting

tandardization is typical.

w

between new distillations. The following

a 10C ml. round vottom

|_a.

2 nmls. of the LaH solution (1.11) was put
flask and cooled to ~78°., 5 ml. aliasuots of the dry distilled THF
were injected via syrinze and the HZ evelution was measured. Solvent
corrections were taken in consideration in all reduction daia.

The lithium aluminum hydride solutions were made by introduction
of 25 gms. of LAH into 500 mls. of dry, distilled THF and allowed to
stir overnizhi under a NZ atmosphere. The solution was then filtered
under M, tnrough a 3"x2"diam. bed of celite and standardized.

For standardization purposes, a hydrolysis mixture was made con
sisting of 25 mls. Hy0 and 25 nmis. glycerol.‘ Small aliquots of the
LAH solution were introduced via syringe, and HZ evolution allowed
calculation of the molarity of the LAH solution using the following

squation:

M= (21-22) (2739%K) (Vi-V2)
60 mm) (T) (22.2 ml/mmole) Vp X

wher Py = atmospheric pressure (ﬁn T.)

Pp = vapor pressure of HyU at T (mn Hg)
Vi = volume of Hp evolved (ml)

Vo, = volume of LAH injection (ml)

T = room temperature {°K)

X = mequ. of active hydride/megu. of LAH

.5, LiAlHq: K=l



4=
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The reaction flask, dropping funnel, and syringes were rigorously
clesaned and oven dried under vacuum for 1 hour vrior to reductions.

Before each reductlon, the apvaratus was flushed with Hp and checked

Tor lezks.

|,J-

2. In all reductions, the diketone was recrystallized Irom petroleunm
ether to 2 sharp meltinz point (55=56.50) just wvrior to reactions. A
typical reduction procedure follows.

4230 nzs. of diketone (5 mmoles) were dissolved and diluted with
dry THF to 5 mls. in the drotping funnel. The funnel was flushed
with 7,. 4.5 mls. of 1.1 I LAY (5 mmoles) was introduced into the 100
nl. flask through the septum and chilled to —780 while stirring. The

litrate , and the system was trought to

[ g
0]

®

system was allowed to equ

atmosvcheric pressure. The diketone solution was slowly added to the
reducing azent solution and the 52 evolutiorn on addition, if any, was

reasured. after this initial reasuremeni, the reacilon was allowed

Has warmed

to continue for three hours. after tnis time, the flask
to room temverature for hydrolysis.
[ydrolysis was accomplished %y slow introduciion of a nydrolysis

-

solution (water diluted with TUF to 88 mgs./ml sol'n) in a 100% stoich-

D. Workxuv rrocedures

the hvdrclyzed reaction

, .
taking

‘)G

inch test tube, adding a 50/50 mixture
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centrifugzation, 6 leachss {2.5 mls.) were effected, and combined ex-
tracts were evaporated down to 1 ml. 4An zppropriate amount of paracy-
mene internal standard was added, and the sample was ready for gc
analysis.

E. CGas Chromatograchic Analysis

Yields of glycols as well .as isomer distribution could be deter-
mined oy gc analysis. By determining relative response factors of each
glvcol with paracymene, the mgs. of glycols could be calculated using

the followinz eguation.

diol wt. = Rg Eglgl area% P.C. wt.
Ly ATrea

The zeneral method for determining the response factor was to make up
several sclutions of zlycol standards having different cisitrans ratios.
With the addition of the internal standard, these solutions were
chromatographed and areas under each 4iol peak would be measured. A
plot of diol wt./?.C. wt vs. diol area/P.C. erea would yisld a slope
egual to ths response factor. These factors were found to be consistant
over the different isomeric ratios i.e. plots Jjust mentioned had good
correlation coefficients.

All determinations invelving reductions were made in triplicate.

4 study in the rerzroducibility showed that for the cis diol measure-

ments, 95% of the data fell within +2.4% of the mean (99% within +3.7%).

For the trans diol data, ©9% of thé data fell within +1.3% of the mean.
The important measurement of the paracymene standard solution was

made with a one hundred microliter syringe. The ideal conditions for

zc analysis of the reduction products were as follows.



Column & 10% Carbowax 20k, 80% Chromosorb D-370 (6'x¢€')
Ref Col : Silicone Rubber (2'x3")

Oven : Isothermal 115° C

Det : 3159 (dial at 340)

Inj : 210° (38 on dial)

150 ma

td
]
’..).
oY
§)
®

30 nl/nin.

[#%
=
O
=
(1]

2 in/min (for first 2.5 ins. or 1 min., 15 secs.)
0.25 in/min (to end of chromatosraph)

[P
joy
v
H
o+

1-1.5 microliters

U
v
o
d
P
®

2 or 4

e
ct
ct
o

A faster chart speed initially was necessary to attain a sufficient
area under the rather sharp paracymene peak,

F. Iron Analysis

Analysis of the iron impurity in the diketone sample was accomplished
by a method exvlained in Skoog and West (35). A threse part procedure
was followed for the iron determination. The diketone was decomposed
by the action of sulfuric acid and hydrogen peroxide; the ferric ions
oresent were reduced to ferrous ions; the ferrcus ilons were tit rated
“ith a ’"nO solution. The typical procedure follows.,

200 ngs. of the diketone were added to 1 ml. of E. 564. Slowly,
3 mls. of 3G HZOé were added dropwise and the mixture was brought to
boiling and so maintained for 15 minutes. A check with starch-lodine

taver indicated no peroxide vpresent. Complete oxidation of all organics

J

was assumed a+ this point. inhile still hot, 7 drops of a C.16 i SnClZ

solution was added to effect total reduction of ferric ions. The solu-

tion was cooled and 10 mls. of 0.013 il HgCl, is added rapidly. 25 mls.
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of the Zimmermann-Reinhardt reagent (35) were added. The solution was
diluted to 250 mls. and titrated with a 3.0 x 1073 N solution of KnCyy.
A Dblank sample is titrated also and considered in the calculations.

The Zimmermann-Reinhardt reagent consists of mazngansse II ions
in fairly concentrated sulfuric and phosvhoric acids. The ¥Mn ions
inhibit oxidation cf the chloride ion and the phosphoric acid complexes
with the ferric ions produced to prevent the yellow color of the iron III
chloride from interfering with the endroint.

The iron anzlysis was performed in triplicate giving an averasge
value of 2.1 + .3 % iron impurity in the sample.

Ge. Instrumentation

1. All zas chromatographic data was obtained using a Honeywell
F & M lModel 720 Dual Colunn Frogrammed Temperature Gas Chromatoszraph.

2. Infrared spectra were obtained utilizinzg either a Perkin-
Elmer 337 Grating Infrared Spectir. photometer or a Baush and Lomb
Spectronic 250 (Shimadru).

3. All melting points were obtained on & Thomas Hocver Capillary
Melting Foint Apparatus (Uni-melt).

L, XNMR spectra were obtained on a Hitachi Perkin-glmer 5=~20B

Hignh Resolution HiR Spectrometer.



15.
16.

17.

18.

46
Reagents
Acetic icid (Glacial), Reagent ACS, Cd. 1019, Baker and Adamson.
Ammonium Sulfate (Crystal), Reasent ACS, Cd. 1316, Baker and Adanson.
Sromine B=-385, Reagent ACS, Lot 770436, Fisher Scientific Company.
Calcium Sulfate (Anhydrous vowder) 1458, Lot 31221, Baker analyzed.
Chlorotrimethylsilane (98%), Cat. #69111, Lot 0561677, ilfa Froducts.
Cyclopentanone 2543, Lot A7A, Eastman
Cyclopentene (99%), Cat. #C11,260-7, Lot 110837, Aldrich Chem. ComD.

\ . A , , - . ~
Cymene (para) Certified Reagent, Cat. #C=56C, Lot 760597, Fisher
Scientific Comp.

Ethyl Ether (anhydrous) E-138, Lot 755308, Fisher Scientific Comp.

Formic Acid (887%) A=118, Certified ACS, Lot 781990, Fisher Scientific
~
bompo

Glutaric Acid 564, Lot 1340, Zastman

Hydrochloric Acid A-144, Reagent AC3, Fisher Scientific Comp.

Lithium Aluminum Eydride (95% LaH), Lot G=5, 4lfa Products.

Manganous Sulfate (monohydrate) -113, Certified 4CS,Lot 723906,
Fisher Scientific Comp.

Para-Toluenesulfonic Acid 4-320, Lot 726642, Fisher Scientific Como.

Petrolsum Zther B-139, Certified AC3, Lot 77181iG, Fisher Scientific
Comyu,

Phosphoric Acid (Ortho 85%), Certified ACS, Lot 793261, Fisher Sci-
entific Comy.

Potassium Permanganate F[-279, Certified ACS, Lot 762127, Fisher
Scientific Comp.

Silicic Acid A-288, Lot 730944, Fisher Certified Reagent

Silver icetate , Cd. 2172, Lot 162, 2aksr and Adamson

Sodium Carbonate (Anhvdrous), Lot 1.948, C. P. Baker's Analyzed.
Sodiun Hydroxide (3o0l'n, 50%), Analytical Reasent, Mallinckrodt 7705.

Sodium Cxalate {powder) C-140, Reagent A0S, Cd. 227C, 3aker and
Adamnson.



2L, Stanncus Chlorid
Fisher 5cientifi

Tetrahydrofuran
Comz.

(crystal) T-142, Certified 4CS, Lot 78083C,

Comp.

T-397, Certified,

Lot

7

7
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AFPENDIX A

Gas Chromatograms, Infrared 3pectra, and

Nuclear Magnetic Hesonance Spectira



TInw 1ofny © ut suoTpauriuadoToAD-zZ*T 10 una}osdsg PaXeaJul IV 9Ja0HTY

L-WD ¥IGWNNIAVM
0081 0007 0¥ 0087 00Z¢ 009¢

B O N — P

e - - N DORS g : T

|
[
i
i

- AR e Hﬂm- ﬁu.‘

T I - e
JES . S [
+
A B BN B ey (0 o — - -
: O e o O e ot
i OO0 [N O S Y . B N Y
. - e e JNON NN SUUN NS SN BN -
- - B0 N i N . B I [ I
- - B gl B - A.A — - DRI S
o o B prim | z . p4 b e o i
: S0 e A 1 A o ) it ol
— r

i
Vi

Vit

FHHEEE e R
\.HH.x - HM.;;\ o WE.I - —_ == ]

TN

1

1

T il

) . B N \ N UL SO0 O R T D
' R U I S It ] { At 11T B A (S
y 1 I o A =
: I N Y _ o

1 - J ) O SO N RN NN TN U O B

_ 4 = S g
i e -1 FAC e T i vt D o s et
B o o o i o o 1 N ot - -
ot ot T O OO S U O O s i et o o sl s . - -
PR O N () U Y Y OO O 0y ] O x D N N I N O Y
)l Dt Il o I T A O o o -
1 i o 1 I - - S ol
PO R . - SUU SRS S DU S - PUND PN ). —t - — RSN RN SUNURY SRS DIV NS SR SN SN SO S U SNURY TN NN QUINE RSN NN S
- - - Y SR R S - [ U - ——pend e o L — oo — | — - —_—
| BRI e 1 TEREE ¥ I . b ot ol o - bl I B
SRS MU LT : S e o o o o ) e o el poll S OO
TUHEE THT T TEEREIEREFE gRRA:
|1k IRRRARRRRNRRER R EHEESEAREEES B
AT B ' ; o A i i s , - R o Mt Al ot A o o o Al o R I




50

‘ *STEWSTS SU019YTP 9y} UITM 9I2JJAs3UT J0U
op Aﬁm *5d ysefaey OMY) STRUZTS JliL 8U% 3RU3 PejeOTPUT * DD uT
HAi TRTITUT UV *fHI UT Su0TpaueiusdoloAD~z 1 Jo unajoodg WiN 17y 2InsTy

v

09 04 0'8 06 001l

—<-——<,.ﬂ;ﬂ._,4—_1.J—4__-4__‘—__._—4[_1 —4




L

TEMP
o K °C
aa O 35°C

SOLVENT
THF

CONC.

REFERENCE
Tms

SWEEP WIDTH
, ® Hz
(oOO O PPM

SWEEP TIME

400 SEC

TIME CONST.
’/ SEC

SHIFT

H«WLEVEL
5¥lp>

SENSITIVITY
NOR. 2 X

INT. |

DATE

#5178 |

OPERATOR !

TBH

REMARKS:

Ehecked C’own%elé
f‘o /e Pom

4.0

Tizure AZ:

OrPPM
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