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Abstract

The exigting information concerning substituent
effects in the mass spectra of aromatic compounds is
reviewed,

The syntheses of representative compounds of the
gsericg L4-Y C6Hh(C6H5)CHCH2R are described and their mass
scectra discussed., Particular reference igs made to the
correlation between activation energies and Hammett sub-
stituent constants for the process L-Y C6Hh(C6H5)CHCH2Ph —)
U=Y GgHy, (CHg)CHr  + PhCH,»

The preparation and nmssvspectra of geveral
benzyloxycarbonyl derivatives of L-ornithine are discussed
and a corresponding account of some derived piperid-2-ones
is presented with a view to making & structural assignment
to 2 new type of 1lipid known to contoin L-ornithine,

The final section deals with the froagmentation of
geveral acetals and fatty acid methyl esters, induced by
vhoton~ and electron~-impact at room temperature end at TBOOC.
The significant observation was confirmed that the photon-
impact spectra show enhancement of the relotive abundance

of the moleculzar ion.
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Metastable defocugsing technigues indicate that a
transition occurs from m/e 68 — m/e L1. Hence it seems

plausible that the CZHQ ion is formed from the former

fragment.
+ CHAh= r 1+
CH, = CH=- CH=G =0, C Ho=CH - | G HHO
7 L2
m/e 41,

The mags apectrum of (6a) (Figure 23, p.182) did not

show prominent tragments at m/e 156 and m/e 115. The most

abundant ion corresponds to (cc) formed by the following

process.
NH 0 ot
2l . ¢ = ot
NHCOCH,~-C~CH _ CH =0
2 3 3
ce
m/e 200 ' m/e 43

Examination of the mass spectra of the dehydration

products (6o and 6p) derived from (6i) and (6g) (Figure 2h, -

p.182) , respectively, indicated that decompositions producing

ions at m/e 156 and m/e 115 were not as significant as in
the spectra of (6i) and (6g). In the case of the former

compounds the relative abundances of the m/e 115 ions were
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29% and 15% respectively, whereas in the latter series the
base peak in both spectra occurred at m/e 115. The most
abundant ion in the mass spectrum of (6p) (Figure 25, p.183)
arises from the elimination of C5H9N20 from the molecular

ion to afrford (dd) at m/e 83.

NH _0 ,
+

i
NH~-C-CH=CHCH,CH —_ 0H30H20H=0Hcao+
ad
m/e 83

The mass spectra of a wide variety of benzoxycarbonyl
derivatives have been reported,su but apparently none derived
from ornithine. It has been observed that above 200°C the
thermal loss of benzyl alcohol occurs from benzyloxycarbonyl
derivatives.85 Hence, the mass spectra of compounds (4b -

L) were examined with source temperatures below 200°C.
PhGHZOGONHR ———> PhCH,0H + R-N=C=0
Because of the presence of a number of easily cleaved

bonds in the molecules, the molecular ions were in general

. of low intensity. &1l compounds showed the loss of the
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benzyloxy-radical from the molecular ion to give (m-107) ions,

+.
0

|

o,
PhCH,0-CNHR —_— PhCH20° + O=CNHR

The formation of the tropylium ion (the base peak
in every case) and an ion at m/e 128 dominated the spectra.
Metastable defocussing technigques indicate that the ion at
m/e 128 is formed by a two-step process from the molecular
ion. YThe first-step involving a double hydrogen rearrangement
results in the fragment ion at m/e 214 (Lg), (Figure 26,
P. 184) which, in turn, may eliminate ketene and acetaldehyde

(m/e 128). Hence the following sequence is proposed.

G0 40
o -
PhCHQOI('IJ - N{ 1) \ \NHCOCH LCHOHGH
0 CH PhCH o-c |
+.V§2\‘l 2 3 g CH2
CHGH, N
CHCO,,CH
NHCOCH ,CHOHCH
PhCH,O0 H * .
— 2 \c/ CI}H—CHOO oCH3 - PhCH,0CHOHNH
= N

I\ N
HO LGy CH-IHCOGH,CHOHCH
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e~
~CO,CH
CH)  G-CO,CH y GH50H=0H-g " 02%3 ;
\\CH~{§HCO§H 2HOHCH ’ €8
* 2 3 ¥ ~\\\~?‘?H2
1) fauon
o

m/e 214

CH=CHC —CO,CH
GH‘3 i O2 5

NHZ
+
m/e 128

However, in the conventional McLatferty rearrangement,
preference for a six-membered transition state is observed in
ion radicals, but not necessarily in even electron species.86
The dominant process for the decomposition (m/e 274 —
m/e 128) probably involves the transfer of a hydrogen from
C-2 (four-membered transition state) with concomitant

expulsion of CHBCHOHCH=C=O.

CH CH=CHFC—COZCH3

3 I
CH . CH=CHCCO .CH
+ NHC?O , 3 10056H
i “-CHCHOHCH | + NHy
2

m/e 214 m/e 128
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Although the ions at m/e 204 (Cq,H;;,NO,) and 160
(011H14N) were of low intensity (less than 20%) the expulsion
of carbon dioxide from the ion at m/e 20L producing the
fragment at m/e 160 proved to be intéresting gince - it
involved migration of the benzyl group.u. The ion at m/e 160
then decomposes further to give the tropylium ion. These
decompositions are well characterised by metastable ions

and their positions are recorded in Table 7.

| - co R
PhCH2-O—C— PhCHZN\/| ; .

m/e 204 m/e 160 m/e9 1

Metagtable defocussing techniques indicate that the

jon 2t m/e 204 is formed by a two~step process from the

molecular ion. Fission of the ester bond results in an ion
of very low abundance which in turn may eliminate ..

NH,COCH CHOHCH3 to produce the ion at m/e 20L.

5

PhCH,0CONH CF-CO ~ CO,CH PhCH,0C0 NH J CH
C COCH20H0H0H3 ’ gNHCOCH LCHOHCH,
m/e 366 m/e 307
PhCH OCONq | |
2 A —_ —
v NHCOCH oCHOHCH, PhCH2OOONiI

m/e 204



Table 7
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Metastable transitibns in the mass spectra

Compound

(Le)

(Le)

(ug)

322
221
204
170
160
113

91

352
204
200
160
113

91

366
221
214
204
160
113

91

of benzyloxycarbonyl derivatives

Transition

107
113 + 108
160 + LL
128 + 42
91 + 69
70 + 43
65 + 26

215 +

A2M5 + 107
160 + LY
128 + 42 + 30
91. + 69

70 + L3

65 + 26

259 + 107

113 + 108

128 + 42 + LL
160 + L4

91 + €9

70 + 43

65 + 26

Ca%éd.
143.56
57.78
125.49
96,38
51.76
L43.46
L46.43

170.53
125,49
81.82
51.76
43.L6
46.43

183.28
57.77
76.56
125.49
51.76
43.46
L6.43

M.

Observed

143.5
57 .8
12545
96.4
51.8
L3.4
Lé.4

170.6
125.5
81.9
51.8
3.4
L46.4

183.2
57.8
76.6

125.5
51.8
h3.4
h6.L

Fragment
expelled

PhCH20

PhCHQOH
€O,

CszO
CuH7N

NHCO

CH=CH

PhCH20
C02

CH2CO, CH

CuH7N

NHCO

2O

CH=CH
PhCH2O

PhCHéOH

CH,,CO ,CH,CHO

2 3

002

CuH7N
NHGO

CH=CH
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(43) 394 287 + 107 209.06 209.0 PhCH,0

242 128 + 72 + L2  67.70 67.7 CH,CO,
CH3(CH2)2CHO

204 160 + 4 125.49 12545 | co,

160 91 + 69 51.76 51.8 CMH7N

113 70 + 43 L3.46 L3.4 NHCO

91 65 + 26 L46.43 Le.4L CH=CH

Finally, the ions at m/e 113 (C5H9N20) and m/e 70
(CMHBN) were also very prominent in the massg spectra of the
benzyloxycarbonyl derivatives. Loss of the carbmethoxy group
from the molecular ion (Lec) gives (ee) (m/e 263) which in
turn may lose ketene to afford (fr) (m/e 221). The ion (£r)
then undergoes a rearrangement in Which a hydrogen of the

amino group is transferred to the oxygen atom of the
benzyloxycarbonyl group resulting in the e;ision of benzyl
alcohol with concomitant cyclization to form a seven-
membered ring (gg) (m/e 113). The ejection of the neutral
fragment NHCO from (gg) results in the ion (hh) m/e 70.

PhCHzoCONH(CHz)3?Htpozcﬁ3 , PhCHéOOONH(CHz)jﬁH

(ﬁ?OOCHz | +NHJEB!QH2
: S—
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+

NH =
Ph CHZO?ONH = R/

H»—Z H+ ~PhCH,0H \
A ' S —s | C-WH

0]

B g

bh

In conclusion, many other fragmentations are
evidently occurring but they are only of minor importance

compared with the above mentioned decompositions,.
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Part 3

Derivatives of 1,3-Dioxane

and Fatty Acid Esters



3,1 Digcussion of Experimental Work

Many compounds suffer thermal degradation on the
walls and filament of a conventional electron impact source,
congequently the mass spectra obtained are sometimes complex
and often not reproducible, There are also cases where
electron bombardment of thermally stable compounds results
in extremely facile fregmentation so that the molecular ion
is not observed. Such difficulties make determination of
molecular formulae by mass measurement difficult or
impossible. Against this background the mass spectral
decomposition pathways of a number of simple acetals and
unsaturated fatty acid esters are invegtigated by electron-
impact at different ionizing voltages and various source
temperatures, and compared with mass spectral data produced
by photon~impact (i.e. cold aource).87’88’89 In the latter
case somewhat simpler spectra may be produced at lower
energy, since highly excited states of the jion are not
accessible.87 Furthermore, photoionization mass spectra
may show some enhancement of the relative intensities of

characteristic peaks.

113.

This investigation makes extensive use of the technigue

developed by Beynon and co—workers.89 A gtream of gas is

passed through a photon lamp fitted to the entry perts of
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the ionization chamber. The photons which are produced

by epplying a large d.c. potential across the gas: al a
pressure of 0.1 - 10 torr., pass through an open ended
capillary directed into the source. Efticient differential
pumping maintains a low pressure in the source, Ionization
and dissociation of molecules by photons from hydrogen and
helium give intense photoion beams and hence these gases are
used to produce the mass spectra of the compounds under
study.

4 decrease in molecular ion intensities may be
observed for compounds wWith long paraffin chains which are
susceptible to high source temperatures.9o On the other
hand, acetals have not hitherto been shown to be heat
sensitive but lack of molecular ions appears to be due to
easy electron~impact induced fragmentation giving a resonance
stabilized ion.91’92

Unsaturated fatty acid esters were investigated in
an attempt to distinguish between the decomposition pathway
of double bond positional isomers where the double bond is
further removed from the carbomethoxyl group than the ( A5)
position (see p.80 ). To this end, it was thought useful
to examine an unsaturated long chain compound with the

position of the double bond marked by deuterium labelling.

However, attempts to prepare methyl 9,10—[?Hﬂ -oleate with
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a high degree of deuterium incorporation end high degree
of specificity proved unsuccessful, Treatment of methyl
stearolate93 with [?Hé diborane generated externa11y9“ from
FHﬁ]lithium aluminium hydride and freshly distilled boron
trifluoride etherate and subgequent deuterolysis with
O~ [?HJ -acetic acid95 did not yield methyl 9,10~ [?Hﬂ -
oleate. A second gpproach consisted of reacting methyl
stearolate with [?HJ diborane generated internally after
the method of Brown and ZWeifel.96 However, starting material
and 2 mixture of deuteriated methyl oleates (2H2 and 2H1
incorporated) and undeuteriated metﬁyl oleate were recovered.
The acetal derivatives were prepared by well-

o1 Treatment of 1,3-propane diol with

established routes,
the corresponding aldehydes in diethyl ether saturated with
anhydrougs hydrogen chloride afforded the 1,3-dioxane
derivatives and these were purified by preparative gas-

liguid chromatography.



3,2 Discussion of Mass Spectra

Acetals

T'he mass spectra of the acetal compounds produced by
photon-impact show some enhancement of the abundance of the
molecular ion over the abundance from electron-impact.98
The intensities of the molecular ions from compounds of
gseries (1) where R represents an alkyl group are extremely
weak (see also p. ]20), however if R is a phenyl group, the
abundance of the molecular ion is nearly as great as the

prominent m-1 peak.

Table 8 gshows the intengitiesa of ions in the mass
spectra of 2-phenyl-1,3-dioxane produced by photon and
electron-~impact at different temperatures expressed as

percentages of the total ion current (%Z ,;)
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Table 8

Intensities (%%,7) of iona in the

mass spectra of 2-phenyl-1,3~dioxane

117,

Photon-Impact, Hydrogen gasg

Ion Electron-Impact
0

el Bl B || e
164 | 14.07 |16.04 | 18.88 37.47 42.29
163| 23.21 {24.65 | 30.49 43.99 45.07
107 2.12 | 1.78 | 2.94 1.28 0.37
106 | 9,10 | 8,02 | 10.36 6.28 2.93
105 | 23.21 |24.96 | 17.59 6.28 1.37
91 2,43 | 1.07 2.34

87 743 | 7413 7.04 8.38 7432
79| 2.43 | 3.03 | 1.76 0.63

78 L4479 | 3.57 527 1436 0.58
77| 10.31 | 9.80 | 3.90 0.98 0.15

From the results in the table it is quite evident

that there is a significant enhancement of the abundance of

the molecular ion'produced by the photoionization process
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over the abundance from electron-impact. In the former
process the molecular ion accounds for 31.47% (source 150°¢,
70 eV) and 42.29% (source 30°C, 70 eV) of the total ion current,
whereas in the latter process it accounts for less than 199
at different source temperatures.
The peak at m/e 105 accounts for about 24% (source
150°C) and 25% (source 3000) of the total ion current in
the electron-impact 70 eV spectra, On the other hand, the
photoionization spectra show that the peak has decreased in
abundance and accounts for approximately 6.38% and 1.37% ot
the tbtal jon current at source temperatures-of 15060 and 30°C,
respectively. The observed variations in 1ﬁtensity of the
m/e 105 peak lacks interpretation since the peak accounts
for 17.9% of the total ion current in the 10.2 ev (150°C)
spectrum, and fhus is much higher than anticipated from the
probability factor versus activation energy efrect.s“
Loss of hydrogen from the molecular ion of 2-phenyl-
1,3=-dioxane (Figure 27, p.185) resu.ts in the formation of the

91,92

resonance stabilized oxonium ion (&), which in turn may

eliminate the neutral fragment 03H6O to afford the abundant
ion at m/é 105 (b). The latter species may expel carbon

1
monoxide to give Lc).1oo
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1)
lo
lo

Alternatively, the ion (b) may arise as a result of
the elimination of the neutral fragment 03H60 from the
molecular ion to afford (d) (m/e 106), which may decompose
further with the elision of hydrogen to give (b).100

>
I/\\ + —H* H.c=o*

+

C6H5

[
lo

The formation of the ion at m/e 87 is due to a very

characteristic fragmentation attributed to acetals91 and
may be envisaged in terms of loss of the C-2 substituent

(C6H5 redical) from the molecular ion to afford (e).
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The fragmentation reactions which occur in the mass
spectrum of 2-alkyl-1,3-dioxanes consistently snow only two
principal fragmentations; these correspond to the loss of the
Cc-2 subs’ci’cuen’cs.91 The mass spectrum of 2~propyl-1,3-
dioxene (Figure 28, p.186) exhibits significant m-1 (£, m-H)
and m-43 (g, base peak, m—-CBH?) fragments. Ion (f) may
decompose further to yield (h) (m/e 71).

), e )

0 ot N
£

2

5 ' =o*
‘//\17)04- 5 CH 5CH 5CH,0=0

£

o

=
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Long Chain Unsaturated Fatty Acid Esters

Photoionization mass spectra of methyl oleate (cis A 9),
methyl elaidate (trans £>9), methyl petrosellinate (cis ‘A6),
and methyl vaccinnate (cis z&11) showed alight enhancement
of the relative abundance of the molecular ion over the
abundance from electron-impact. The peaks below m-32 were
suppressged in the former process; however, by lowering the
electron beam energy similar spectra were obtained by the
latter process. At room temperature and 15000, the spectra
of the double bond positional isomers produced by photon-
impact and electron-impact were inc'ij.stinguiishable.72"7}4
Hence, in the case of the unsaturated fatty acid esters
investigated the process of photon-impact offers little

advantage over electron-impact induced ionization and

fragmentation.
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Part 4

Experimental Section
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General

Infrared spectra were recorded by Grub Parsons and/or
Unicem SP 200 spectrometers with the sample in the form of
a liquid film, nujol mull, or in solution using polystyrene
as a reference marker. Ultraviolet spectra were obtained
with a Unicam SP 800 instrument with a Holman filter standard.
The mass Spectra were measured with an A.E.I. MS 9
double focugsing instrument operated at 8 kV accelerating
voltage, 70 eV ionizing energy and 100 / A trap current.
High resolution work was carried out at a resolving power
of 10,000 (10%§valley) using heptacosafluorotri-n-butylamine
as an internal standard. Liquids and low m.p. solids were
introduced through the heated inlet system. High and low
m.p. solids were introduced directly into the source using
the probe technique, at the minimum temperature that produced
sufficient vapour pressure of sample (130 - 190°C).

The 1

H nuclear magnetic resonance spectra were recorded
with Varian A-60 and HA-100 spectrometers operating at 60 and
100 MHz., respectively. The chemicel shifts are in parts per
million from tetramethylsilane as internal reference and are
recorded on the. § scale.

The purity of all compounds was evaluated by t.l.c.

on silica gel and alumina, or for volatile liqguids by gas
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chromatography using a Perkin-Elmer F11 fitted with 2 metre
columns, packed with carbowax 1500 or apiezon L. Purification
of liguids was achieved with a Pye series 105 preparative
gas chromatograph using a 30 foot methyl silicone gum E30
column and a temperature programming sequence.,

Melting points were determined with a Kofler Micro
Heating Stage and are uncorrected.

The unsaturated fatty acid esters were obtained

commercially.
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b,1 Derivatives of 1,1,2-triphenyl ethane,

1,1-diphenyl propane and related compounds.

26

L-Nitrodiphenylmethane.

L4~-Nitrobenzyl chloride (2.0 g., 0.012 m,), benzene (8 ml.)
and dry carbon disulphide (10.0 g.) wWere stirred with gradual
addition of aluminium chloride (2.0 g., 0.015 m.). After |
addition was complete, the mixture was gently heated until
hydrogen chloride evolution ceased. After cooling, a
further quantity of aluminium chloride (2.0 g., 0.015 m.) was
added and when hydrogen chloride evolution subsided, the
reaction mixture was slbwly brought to reflux temperature,
The reaction was monitored by removing 2 ml. aliquots and
examining the n.m.r. spectrum of the product after work-up.
The reaction was generally complete after two hours. The
reaction mixture was cooled and poured into water., The o0il
which separated was extracted with diethyl ether and dried
over anhydrous sodium sulphate. Concentration under reduced
pr;ssure afforded a liquid which was sufficiently pure to use
in subsequent reactions. Yield 2.04 g. (80% ; b.p. 185 -
195°¢/11 mm.; 6 (CDC1;) 7.00 - 8.20 (9 proton multiplet,
benzenoid, in which an AL'BB' pattern centred at 7.60 was

clearly observed), 4.02 (singlet, CH,) .
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L-Nitrobenzophenone

To & solution of L4-nitrodiphenyl methane (5 g., 0.023 m.)
in acetic acid (4O ml.) was added chromium trioxide (6.9 g.,
0.069 m,) dissolved in water (7 ml.). The mixture was brought
to reflux and the disappearance of the methylene protons was
monitored by removing 5 ml. aliquots and examining the n.m,r,
spectrum of the product after work-up. The reaction was
generally complete after 3 hrs. Upon cooling, a solid
precipitated which was removed by filtration, washed with
water, dried and recrystallized from ethanol. Yield 4.1 g.
(80%) ; m.p. 138°¢, (1it. m.p. 13800); V max (CH2012) 1662 cm."1
(C = 0, diaryl ketone); & (CDClz) 7.59 - 8.61 (9 proton

multiplet, benzenoid).

Benzenetriphenylphosphonium chloride.28

A mixture of triphenyl phosphine (39.3'g., 0.15 m.) and
benzyl chloride (20 g., 0.16 m,) were heated on & Biichi
evaporator for ] hr. to afford a thick slurry of crystals.

The salt was removed by filtration to give a white crystalline
solid, m.p. 317 - 318°%c, (1it. m.p. 317 - 318%). vYield,

guantitative,
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Ethyltriphenylphosphonium bromide.29

Triphenylphosphine (19.5 g., 0.075 m.) dissolved in
benzene (25 ml.) and ethyl bromide (1ig., 0.10 m.), sealed
in a Carius tube, were heated at 135°C for 20 hrs. The salt
was removed by filtration and recrystallized from water.
Yield 23 g. (82%; m.p. 209 - 210.5°C., (1lit. m.p. 209 -
210.5%¢) .

Phenyl Lithium,2°

This compound was prepared according to the method
of L.A. Walter.Bo

1=(L4!-Nitrophenyl)-1,2=-diphenyl ethylene.31

An ethereal sclution of phenyl lithium (35 ml., 0.030 m.)
was added with vigorous stirring under dry nitrogen, to a
suspension of benzenetriphenylphosphonium chloride (12,45 g.,
0.032 m.) in anhydrous diethyl ether (50 ml.). After addition
was complete the resulting orange-red solution was stirred
for 30 minutes, at which time 4-nitrobenzene (6.81 g., 0.030 m.)
digsolved in freshly distilled tetrahydrofuran (100 ml,) was
added at once. The reaction mixture was heated gently to
remove diethyl ether and tetrahydrofuran was added periodically
t0 maintain an adegquate guantity of solvent. After most of

the diethyl ether was removed, the reaction mixture was
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refluxed for 12 hours. Concentration under reduced pressure
afforded a solid to which diethyl ether was added. Filtration
of the mixture to remove triphenyl phosphine oxide and con-
centration of the filtrate under reduced pressure gave a
yellow solid which was recrystallized from methanol. Yield
7.4 g. (82%; 6 (CDClB) 6.58 = 7.50 (15 proton multiplet,

benzenoid protons overlapping with one olefinic proton).

1--(L;'—Nitrophenyl)—1-pheny1-prop,zlr-1—ene.31

An ethereal solution of phenyl lithium (23 ml., 0.020 m.)
was added with vigorous stirring under dry nitrogen to a
suspension of ethyl triphenylphosphonium bromide (7.75 g.,
0.021 m.) in anhydrous diethyl ether (100 ml.). After
additionlwas complete the resulting orange solution was
stirred for 1 hour, then added dropwise to a solution of
4-nitrobenzophenone (L.54 g., 0.020 m,) and tetrahydrofuran
(150 ml)., The reaction mixture was then treated in the same
manner as described above to give a yellow o0il, Chromatography
of the yellow oil on silica gel (M.F.C.), eluting with benzene-
petroleum ether (60 - 80°C) (4 : 1) gave a yellow glass which
could not be induced to crystallize., Yield 3.0 g. (63% ;
5 (CDClB) 7.10 - 8.40 (9 proton multiplet, benzenoid protons),
6.15 - 6.62 (1 proton multiplet, olefinic proton) and 1.85 and
1.72 (a pair of doublets, 1 : 1 ratio, CHz, § = 1.9 Hz.).
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(5 1-(4'-Apinophenyl)~1,2-diphenyl ethane

1=-(4'-Nitrophenyl)~-1,2-diphenyl ethylene (0.301 g.,
0.001 m.) was dissolved in ethyl acetate (10 ml.) and hydro-
genated at atmospheric pressure and room temperature iﬁ the
presence of 10% palladium on charcoal (0.033 g.) until the
uptake of hydrogen ceased. Concentration of the filtrate
after removal of the catalyst by filtration, afforded an oil.
Chromatography of the oil on neutral alumina (No. 3) eluting
with benzene gave an oil which crystallized on standing.
Yield 0.25 g. (97%); m.p. 34 - 35°C; ¥ max (cc1,) 3480 (N
stretching), 1623 cm.”! (NH bending); & (CDC13) 6.40 - 7.32
(14 proton multiplet, benzenoid, in which an AA'BB' pattern
centred at 6.75 was observed), L4.16 (triplet, CH, J = 7.5 Hz.),
3.31 (4 protons, 2 singlet for NHz'superimposed on a doublet,
CHl, Jd = 7.5 Hz.); (Found: G, 87.77; H, 6.93; N, 4.87.
CpoligN requires C, 87.87; H, 7.,01; N, 5.12%) .

(£) 1-(L4'-Aminophenyl) -1-phenylpropane

Hydrogenation of 1-(4'-nitrophenyl)-l-phenyl-propyl-
1-ene (0.200 g., 0.0008 m.) as above afforded the required
compound as an oil;v Yield 0,765 g. (97% ; V max (CHClB)

3480, 3400 (NH stretching), 1621 cm.” | (NH bending); & (cDC1s)
6.47 - 7.32 (9 proton multiplet, benzenoid, -in which an AA'BB!'

pattern centred at 6.82 was clearly observed), 3.70 (triplet,

CH, § = 8.0 Hz.), 3.41 (singlet, NHZ), 2.03 (pentuplet, CH,»
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J = 8.0 Hz.), 0.88 (triplet, CHs, J = 8.0 Hz.); (Found:
Cc, 85,15; H, 8.27; N, 6.43. Ci5H{7N requires C, 85.26;
Hy, 8.11; N, 6.63%)

(£) 1-(4' -Nitrophenyl) -=1,2~diphenyl ethane ., <

(+) 1-(4'~Aminophenyl)-1,2-diphenyl ethane (2.0 g.,
0.0073 m.) was added to a mixture of 25 ml. H202 (30%)
concentrated H,80 (1.5 m1,), and acetic acid (50 ml.).
The reaction mixture which immediately turned reddish-~brown
was slowly heated to 70°C at which point heating was dis-
continued. After approximately 30 minutes, heat was reapplied
and the reaction mixture wag then maintained between 70 - 80°C
overnight. The reaction solution was then cooled, poured
into ice-water and methylene chloride extracted. The extracts
were washed with 10% aqueous sodium bicarbonate end water
and dried over anhydrous calcium sulphate. Concentration
of the filtrate under reduced pressure aftforded an oil whieh
crystallized on standing. Recrystallization from ethanol
gave a white crystalline solid m.p. 57 -~ 58°C. vYield 1.52 g.
(70%) ; V max (CClu) 1535(C-NO,, asymmetric stretching),
1350 om,” ! (C-NO,, symmetric stretching); s (CD013) 6.95 -
8.25 (14 proton multiplet, benzenoid, in which an AA'EBB!'
pettern centred at 7.70 was observed), 4.35 (triplet, CH,
J = 7.5 Hz.), 3.37 (doublet, CHy, J = 7.5 Hz.); (Found: C,
79.11; H, 5.72; N, L.54. CyoH7N0, requires C, 79.18; H, 5.65;

N, 4.62%) .
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(i)1-(&'-Nitrophenyll-1-phenylpropane

Oxidation of (+) 1-(L4'~-aminophenyl)-1-phenyl propane
(0.50 g., 0.002 m.)as above afforded the required compound as
aﬁ oil. Yield 0.35 (68%);5~(CD013) 6.95 - 8.18 (9 proton
multiplet, benzenoid, in which an AA'sB' pattern centred at
7.82 was clearly observed), 3.8¢ (triplet, CH, J = 8.0 Hz.),
- 2,05 (pentuplet, CHpy J = 8.0 Hz.), 0.91 (triplet, CH,
J = 6.0 Hz.); (Found: G, 7h.L5; H, 6.35; N, 5.59. G;gH;5N0,
requires C, 74.66; H, 6.27; N, 5.81%).

(£) 1-(4'=~Acetamidophenyl)-1,2-diphenyl ethane

(+) 1-(4'-Aminophenyl)~-1,2-diphenyl ethane (1.0 g.,
0.0035 m.) was acetylated at room temperature with acetic .
anhydride (2 g., 0.02 m.) in the presence of pyridine (5 ml.),
After pouring the reaction mixture into water, the product
was extracted with chloroform, The solution was washed
succesgively with IN hydrochloric acid, water, IN sodium
bicarbonate, and water and dried over&anhydrous sodium sulphate,
Concentration under reduced pressure afforded a solid which
was recrystallized from ethyl ;cetate. Yield 1.05 g. (95% ;
m.p. 157 - 159°¢; \V max (CH013) 1660,cm-] (C = 0, amide);
5(013013) 7.00 - 7.58 (15 proton multiplet, benzenoid protons
overlapping with N-H), L.24 (triplet, CH, J = 8.0 Hz.),
3.3 (doublet, CH,, J = 8.0 Hz.), 2.10 (singlet, CH3); (Found;
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C, 83.72; H, 6.79; N, L.32. 022H21NO requires C, 83.77;
H, 6.71; N, L4.4L%) .

(£) 1~(4'~Cyanophenyl)~-1,2-diphenyl ethane

To (i)1—(&'—aminophenyl)—1;2-diphenyl ethane (4.00 g.,
0.0148) was added 7N hydrochloric acid (24 ml.). The
efficiently stirred mixture was cooled to 0°C and sodium
nitrite (1.049 g., 0.0152 m.) dissolved in water (5 ml.)
slowly added with the reaction mixture maintained between
Or5°0. The resulting diazonium salt was slowly added to a
warm solution of freshly prepared cuprous cyanide (3.152 g.,
0.016 m.), sodiun cyasnide (0.98 g.) and water (5 ml.) and
the mixture was then rapidly stirred at 6500 for 15 min.
After cooling, the product was extracted with methylene
chloride and the extracts were washed successively with
.2N hydrochloric acid, water, 5% aqueous sodium carbonate and
water and dried over anhydrous calcium sulphate. Concentration
under reduced pressure afforded a brown oil. Chromatography
of the o0il on silica gel (M.F.C.) yielded upon elution with
benzene~petroleum ether (60 - 80°C) (4 : 1), two products.
The less polar product 1,1,2-triphenyl ethane (yield 2%) was
jdentified by its m.p. 58°C, (lit. m.p. 58°C); n.m.r, and
m.s. The more polar product which was recrystallized from
petroleum ether (60 - 802C) was identified as (+) 1-(4'~

cyanophenyl)-1,2-diphenyl ethsne. Yield 4.19 g. (50%) ;



m.p. 58°C; v mex (CClu) 2235 cm."1 (CN stretching); (Found:
¢, 88,92, H, 6.08; N, L.77. 021H17N requires C, 89.01;
H, 6.05; N, 4.94 %) .

(¥) 1-(4'-Carbamoylphenyl)-1,2-diphenyl ethane and

(%) 1-(L'-Carboxyphenyl)~-1,2-diphenyl ethane

A mixture of (+) 1-(4'-cyanophenyl)-1,2-diphenyl
ethane (2.0 g., 0.007 m.) dissolved in ethanol (0.5 ml.) and
0.1 N agueous sodium hydroxide (40 ml.) were refluxed over-
night. The cooled reaction mixture was acidified with
1IN hydrochloric acid and then extracted with methylene
chloride., Concentration of the dried extracts (CaSO,) gave
a solid, shown by t.l.c. (CH013 on silica) to contain two
products and these were separated by preparative t.l.c. The
less polar product was recrystallized from ethyl acetate and
identified as (+) 1-(4'-carbamoylphenyl)-1,2-diphenyl ethane.
Yield 0.86 g. (LO%); m.p. 171.5 =172°C; Y max (CHCL5) 3500,
5480 (NH), 1675 em.”! (C = 0, amide); (Found: C, 83./7;

H, 6.36; N, L.51. 021H19NO requires G, 83.69; H, 6.35;
N, 4.65% .

The more polar product was recrystallized from ethyl
acetaté‘and identified as (+) 1-(&'-carboxyphenyl)-1;2-
.diphenyl ethane. Yield 0.92 g. (43%); m.p. 169 — 170°C;

\ max (CHGl3) 1690 cm.—1 (¢ = 0, acid); (Found: C, 83.3L4;

H, 6.16, 021H1802 requires C, 83.42; H, 6,00 % .
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(£) 1-(L'-Fluorophenyl)-1,2-diphenyl ethane

To a gtirred cooled suspension (0°C) of the diazonium
galt prepared in the same manner as for the cyano compound
was added dropwise a solution of sodium fluoborate (1.023 g.,
0.,0093 m,) end water (2 ml,). After stirring the reaction
mixture for 15 minutes, 1-(4'~-benzenediazoniumfluoborate)- '
1,2-diphenyl ethene (99 - 1000 dec.) was isolated by filtration,
washed with ice-water, ethanol and diethyl ether and dried.
Decomposition was accomplished by heating the salt (2.5L7 g.,
0.0068 m.) under vacuum (O.] mm.) and this resulted in the
distillation of the required product (b.p. 136°C, 0.1 mm.),
Yield 1.73 g. (83%); V max (ce1y) 1102 cm."1 (CF stretching);
S(CDCIB) 6,75 - 7.40 (14 proton multiplet, benzenoid),
L.21 (triplet, CH, J§ = 8.0 Hz.), 3.30 (doublet, CH2, Jd =
8.0 Hz.); (Found: C, 86.96; H, 6.16; F, 6.79. 020H17F
requires C, 86.92; H, 6.20; F, 6.88%) .

() 1-(L4'-Chlorophenyl) 1,2-diphenyl ethane

To a stirred cooled solution (OOC) of freshly prepared
cuprous chloride (0.5445 g., 0.0093 m.) and concentrated
hydrochloric acid (2.7 ml.) was added (+) 1-(L4'~benzenediazonium
chloride)-1,2-diphenyl ethane prepared from (+) 1-(4'-
aminophenyl)-1,2-diphenyl ethane (1.0 go, 0.0037 m.) by the
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general method ebove, The reaction mixture was slowly

brought to 60°C where it was maintained for 1 hour., Aster
cooling the product was extracted with methylene chloride

and the extracts were washed successively with 2N hydrochloric
acid, water and 5% agueous sodium carbonate and dried over
anhydrous calcium sulphate. Concentration under reduced
pressure afforded an oil. Chromatography of the oil on

gilica gel (M.F{C.) afforded upon elution with petroleum ether
(60 - 80°C)-benzene (1.5 : 1) the required product which weas
recrystallized from petroleum ether (30 - 6000} Yield 0.60 g.
(55%) ; m.p. L8 - 4900; 5 (CDCl3) 6.90 = 7.40 (14 proton
multiplet, benzenoid), L.22 (triplet, CH, J = 8.0 Hz.), 3.31
(doublet, CH,, J = 8.0 Hz.); (Found: C, 81.94; H, 5.97;

Cl, 11.92. C,oH{4Cl requires G, 82.0L4; H, 5.85; C1, 12.11%).

(£) 1-(4'~Bromophenyl)-1,2-diphenyl ethane

To a suspension of (+) 1~(4'-aminophenyl)=-1,2-diphenyl
ethane (0.326 g., 0.0012 m,) in water (5 ml.) was added L5%
hydrogen bromide (2.6 ml.). The efficiently stirred mixture
was cooled to 0°C and sodium nitrite (0.93 g., 0.0013 m.)
dissolved in water (6 ml.) added with the reaction mixture
maintained between O - 5°C. The resulting diazonium salt was
glowly added to a warm suspension of freshly prepared cuprous

bromide in water (6 ml.) and the reaction mixture was then
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gtirred rapidly at 60°C for 1 hour. After cooling, the
product was extracted with methylene chloride and the extracts
were washed successively with 2N hydrochloric acid, water,

5% aqueous sodium carbonate and water and dried over anhydrous
calcium sulphate, Concentration under reduced pressure
aftforded a brown oil. Chromatography of the oil on silica
gel (M.F.C.) eluting with petroleum ether (60 - 8000)-benzene
(1.5 : 1) afforded a solid which was recrystallized from
petroleum ether (30 - 60°C). Yield 0.31 g. (77%; m.p. 66°C;
(Found: C, 71.17; H, 5.22; Br, 23.82. CypH 4Br requires

C, 71.23; H, 5.08; Br, 23.69%) .

(£) 1-(4*-Iodophenyl)-1,2-diphenyl ethane

Potassium iodide (0.508 g., 0.004 m.) dissolved in
water (1.70 ml.) was added to a cooled suspension (0°) of
(+) 1-(4'~-benzenediazonium chloride)-1,2-diphenyl ethane
prepared from (+) 71-(L4'-aminophenyl)-1,2-diphenyl ethane
(1g., 0.,0037 m.) by the general method previously described,
Stirring was continued for 1 hour at room temperature and
then the reaction mixture was cautiously heated to 100°C over
1 hour. After cooling, the product was isolated by the
procedure described above. Yield 1.17 g. (82%); m.p. 74°0;
(Found: C, 62.47; H, L.65; I, 33.16. C2OH17I requires
C, 62.52; H, W.ub; I, 33.02%) .
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L,2 Derivatives of L-ornithine and related compounds

E+hyl 3-ethylenedioxybutyrate

A mixture of ethyl acetoacetate (2.00 g., 0.016 m.),
ethylene glycol (1.00 g., 0.162 m.) and p-toluene sulphonic
acid (0.001 g.) in benzene (25 ml.), were refluxed for 16 hours
under a Dean~-Stark water separator. After cooling and
evaporation of the solvent under reduced pressure the residual
liquid was distilled (b.p. 96 - 104°G/2 mm.), to give the
title compound. Yield 2.36 g. (85.4%) ; ¥ max (liquid f£ilm)
1732 cm.-1 (¢ = 0, ester); & (CDClj) 4.50 (guartet, CH,,

J = 7.2 Hz.), 3.99 (singlet, L4 protons, 2 x CH,, overlapping
with quartet), 2.65 (singlet, CH,), 1.50 (singlet, CH3),
1.25 (triplet, CHz, J = 7.2 Hz.).

3-Ethylenedioxybutyric acid

Aqueous potassium hydroxide (9.5 ml., 0.0048 m.) was
added dropwise to a solution of ethyl 3-ethylenedioxybutyrate
(0.773 2., 0.0044 m.) and ethanol (3 ml.) which was then
heated at 75°C for 3 hours. After cooling, the solvent was
removed under reduced pressure to give a white solid which
was dissolved in aqueous methanol (1 :.1) and filtered through
amberlite reéin IR-20 (H). The acidic filtrate was collected
and concentrated in vacuo to give the title compound. Yield

0.62 g. (97%; ¥ max (liguid film) 1720 em.” ] (¢ = 0, acid);
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§ (0D013) 11.17 (singlet, OH), 3.98 (singlet, 4 protons,

2 x CH,), 2.70 (singlet, CH,), 1.52 (singlet, CH3).

Ethyl 3=hydroxybutyrate

This was prepared according to the method of

Mozingo et al.56 Yield 9.5 g. (92.95%) ; V max (1iquid film)
3495 (0H), 1725 cm._1 (¢ = 0, ester); § (CDClB) 4.18 (3 proton
multiplet, quartet, J = 7.0 Hz,, for CH, of ester group
overlapping with signal for methine proton), 3.28 (broad
singlet, OH), 2.43 (doublet, CHy, J = 6.5 Hz.), 1.25 (6 proton
multiplet, triplet fof CHy ot ester group overlapping with

the signal for CH3 adjacent.to the carbon atom bearing the

methine proton).

3~-Hydroxybutyric acid

To a solution of ethyl 3-hydroxybutyrate (1.00 g.,
0.008 m.) in ethanol (5 ml.) cooled to 0°c, potassium
hydroxide (20 ml,, 0.010 m.) was added dropwise with stirring.
The mixture was stirred at OOC for 4 hours and left at room
temperature overnight. ZEvaporation to dryness gave a white
g80lid which was dissolved in aqueous methanol (1 : 1) and
filtered through amberlite resin IR-20 (H). The acidic
filtrate was collected and concentrated in vacuo to afford

the title compound. Yield 0.53 g. (67%); V mex (liquid film)
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1709 cm."1 (G = 0, acid); § (CDCl3) 5.85 (singlet, OH),

L4.22 (hexaplet, CH, J = 6.40 Hz.), 3.71 (singlet, OH),

2.46 (doublet, CH,, J = 6.40 Hz.), 1.25 (doublet, CHy,

J = 6.40 Hz.).

Ethyl L4- [?HJ ~3=hydroxybutyrate

To zinc dust (2.00 g., 0.031 m.,) which had previously
been washed with 1N hydrochloric acid, followed by water,
ethanol, acetone and anhydrous diethyl ether and dried in
vacuo at 100°C,101 wag added slowly 2.5 ml. of a mixture of
freshly distilled ethyl bromo acetate (L4.17 g., 0.025 m.)
and I?H% acetaldehyde59 (1.47 g+.5 0.030 m.) in dry benzene
(8 ml.) and anhydrous diethyl ether (2 m1.) under dry nitrogen.57
The suspension was gently heated until the reaction started
and then the remainder of the mixture was introduced, with
stirring, at a rate sufficiently rapid for refluxing to occur.
After addition of the mixture, refluxing was continued for
30 minutegs, The reaction solution was cooled and poured into
a vigorously stirred ice-cooled solution of 2N. sulphuric acid
(30 ml.) before separating the organic layer and washing it
with 1N sulphuric acid (2 x 5 ml.), 10% sodium carbonate (5 ml.),
N sulphufic acid (5 ml.,) and water (2 x 5 ml.,). The acid
extracts were washed with diethyl ether (2 x 5 ml.) and the

combined organic fractions dried over anhydrous magnesium
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sulphate. After removal of the solvent under reduced

pressure, the residual liquid was distilled (b.p. MOOC/5 mm.,) ,
to give ethyl L= [ZHS] ~3~-hydroxybutyrate. Yield 0.92 g. (30%) ;
\)max (liquid film) 3500 (OH), 2250 (CD), 1730 cm.'1 (c =0,
ester); & (CDC1

)
(singlet, OH), 2.43 (doublet, CH,, J = 6.6 Hz.), 1.25 (triplet,

3) 3.82 - 4.35 (3 protons, CH,, quartet,

J = 7.3 Hz., superimposed on a complex multiplet, CH), 2,98

CH3 of ester group, J = 7.3 Hz.). No signal was observed at
$1.25 for CH3 ad jacent to the carbon atom bearing the methine
proton.

L- E%%J -3=-hydroxybutyric acid

The above ester (0O.4171 g., 0.003 m,) was hydrolyzed
according to the method given for the undeuteriated analogue.
vield 0.31 g. (979 ; V max (1iquid film) 3L50, 2650 (OH),
2250 (CD), 1720 cm."1 (C = o', acid); $ (01)013) 6.95 (singlet,
OH), 4.13 (multiplet, CH), 3.68 (singlet, OH), 2.40 (doublet,
CH,, J = 6.40 Hz.).

Etnyl 3-hydroxyvalerate

This was prepared by the Reformatski reaction on n-

propionaldehyde (3.54 g., 0,061 m.) according to the method

of Adickes and Andresen5_7

4.0 g (569 ; b.p. 58 = 60°C/0.9 mm. (1it. b.p. 75 - 79°G/9 mm.);

ag previously described. Yield
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N max (liquid film) 3500 (oH), 1730 c:m.”1 (C = 0, ester);

§ (cpCly) 3.82 - L4.35 (3 protons, quartet, J = 7.3 Hz. for

3)
CH, of ester group overlapping with the multiplet for CH),
3.04 (singlet, OH), 2.43 (doublet, CH,, J = 6.6 Hz.),

0.70 -~ 1.75 (8 protons, multiplet, 2 x CHz s CH,).

J-Hydroxyvaleric-acid

Saponification of the above ester (2.50 g., 0.018 m.)
by the method previously described afforded the title compound.
Yield 2.06 g. (98%) ; ¥ max (liquid film) 3400, 2650 (OH),

1716 c:m."1 (C = 0, acid).

E+hyl 3-hydroxyhexanoate

Again prepared by the Reformatski reaction on n-
butyraldehyde (4.40 g., 0.061 m.,) according to the method
of Adickes and Andresen.57 Yield 3.42 go. (L4L3.5%) ; bepe 68 =
75°¢/0.9 mm. (1lit. b.p. 95 - 98°C/12 mm.); v max (liquid film)
3490 (0OH), 1724 om.” ! (C = 0, ester).,

3=-Hydroxyhexanoic acid

Saponification of ethyl 3-hydroxyhexenoate (2.473 g.,
0.154 m.) at 0°C with potassium hydroxide (40 ml., 0.020 m.,)
gave after work-up by the method described above, the hydroxy
acid., Yield 2.2 g. (98%) . The i.r. spectrum showed OH

absorption at 3400 and 2650, and acid-carbonyl absorption at

1710 em.” .
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Ethyl 3~-hydroxynonancgate

57

Again prepared by the Reformatski reaction on n-
heptanal (6.95 g., 0.061 m.). Yield 6.74 g. (55%) ; b.p.
100°6/0.9 mm. (1it. b.p. 1&500/3 mm.) ; V max (1iquid film)
3495 (OH), 1724 em.”1 (C = 0, ester) .

3=-Hydroxynonanocic acid

Was prepared from the above ester (2.664 g., 0.0132 m.)
according to the method previously described. Yield 2.29 g.
(99%) . m.p. 61°C (1it. m.p. 61°0); V max (nujol mull) 3550,
2650 (0H), 1680 em,” ] (C = 0, acid).

Hydracrylic acid.””

Ethylene cyanohydrin (12.50 g., 0.176 m.) was slowly
added to a stirred solution of 8N agueous sodium hydroxide
(25 ml.) maintained below 2000. Lfter 16 hours, the solution
vag then glowly heated to 70°C, while a current of air was
drawn through the reaction mixture. Evaporation to dryness
gave a white solid which was dissolved in aqueous methanol
(1 : 1) and filtered through amberlite resin IR-20 (H). The
acidic filtrate was collected and concentrated in vacuo to
yield a pale straw coloured viscous oil. Yield 8.55 g. (54%) ;
v max (liquid £ilm) 1708 cm._1 (C = 0, acid). Although mass
spectrometry did not indicate the presence of a stable molecular

ion, an m-18 (-HZO) peak at m/e 72 was observed.



3,4-Dibromobutyric Acid.102

This was prepared by the method of Fichter and

102

Sonneborn from vinyl acetic acid (1 g., 0.0717 m.).

Yield 1.60 g. (60%); m.p. 47 - 48°C (1it., 48 - 50°C).

N,N~Dicyclohexycarbodiimide,

This was prepared by the method of Albertson.ui

Yield 13.5 g. (69%; m.p. 30°C, (1lit. m.p. 34 - 35°C).

1-E’chyl—j-—(3-(’1imethylaminopropyl)-—carboc'tiimide.53’5LL

This compound was prepared in L0% yield according to
the procedure of Sheehan et al.53 The l1iquid obtained had
a bepe. 53 - 5&00/0.60 mm, in agreement with the litersture

velue,

o- [?HJ Methyl alcohol.’’

' Deuterium oxide (3.26 g., 0.163 m.), dimethyl oxalate
(23.6 g+ 0.200 m.) and anhydrous sodium carbonate (2].2g,
0,200 m.) were heated under reflux overnight. After cooling,
the deuteriomethanol was distilled (b.p. 65°C) from the
resulting slurry. Yield 11.0 g. (90%)35 (neat) 2.87 (singlet

CHy) «

3.

’
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2 ol
O=- H1 =Ethyl alcohol.

This was prepared from diethyl oxalate (29.2 g.,
0.200 m.) according to the method described above. Yield
11.1 g+ (73%) .«

L8,49

g-N-benzyloxycarbonyl—L-ornithine.

To L-ornithine monohydrochloride (2.23 g., 0.0133 m.)
dissolved in boiling water (25 ml.) was added basic copper
carbonate (2.50 g.). After cooling, the unreacted copper
carbonate was removed by filtration. The filtrate was then
cooled to 0°C, magnesium oxide (2.30 g.) added with stirring
and the resulting mixture treated with benzyl chloroformate
(2.30 ml,) portionwise over a 30 minute period. After
precipitation of the copper complex was complete, the blue
solid was collected and washed successively with water,
ethanol, and diethyl ether. The copper complex (L4.50 g.) was
dissolved in 2N hydrochloric acid (75 ml.) and ethylenediamine-
tetracetic acid (0.1N., 150 ml.) added. Upon cooling, a
solid precipitated which waé removed by filtration, washed
with water and recrystallized from water-ethanol (1 : 1)
to give the title compound. Yield 3.12 g. (90%); m.p. 255 =
256°C (1lit. m.p. 253 - 25500); V max (nujol mull) 1684 cm."1

(C = 0, acid and benzyloxycarbonyl).
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Methyl § =N-benzyloxycarbonyl-L-ornithine ester hydrochloride

§ -N-Benzyloxycarbonyl-L-ornithine (1.00 g., 0.0036 m.)
was suspended in anhydrous methanol ( 5 ml.) and the cooled
solution (5°C) ssturated with enhydrous hydrogen chloride.
Dimethyl sulphite52 (2.20 g., 0.20 m,) waa added and the
reaction mixture heated to 60°¢ for 30 minutes. Evaporation
of the éolvent under reduced pressure afforded a solid which
recryastallized from acetone to give the title compound.
vield 1.10 g. (97%) ; me.p. 134 - 135°C (1it. m.p. 132 - 134°C);
\) max (nujol mull) 3340 (NH), 1738 (C = O, ester), 1682 cm.-'1
(C = 0, benzyloxycarbonyl); § (CDClB) 8.71 - 9.04 (broad
ginglet, NHB), 7.25 (singlet, 5 benzenoid protons), 5.55 -
5.90 (broad multiplet, NH), 5.10 (singlet, CH,), 3.90 -

L4.25 (multiplet, CH), 3.67 (singlet, CHs), 3.00 - 3.30
(multiplet, 2 protons, NCHZ), 1.50 = 2,20 (broad multiplet,

CH20H2).

Methyl ot - [F—(B-hydroxybut-u- [?H;v -yroylﬂ -§ -(n-

benzyloxycarbonyl) -L-ornithine ester hydrochloride

L= EHé] -3~-Hydroxybutyric acid (0.350 g., 0.0033 m.)
was added to a previously cooled homogeneous solution (OOC) of
the above eater (1.043 g., 0.,0033 m.), 1-ethyl-3-(3~- -

dimethylaminopropyl)-carbodiimide (0.527 g., 0.0034 m.) and



methylene chloride (25 ml.). After 4 hours at 0°C the
solution was washed successively with water, 1N hydrochloric
acid, water, 1N potassium bicarbonate, and water. 1he dried
solution (Nazsou) was evaporated under reduced pressure to
give the title compound. Yield 1.00 g. (83%); m.p. 73 -
74°¢; V max (nujol mull) 3350 (NH), 2250 (CD), 1742 (C = O,
ester), 1684 (C = O, benzyloxycarbonyl), 1642 cm.-1 (c = 0,

amide); §& (CDCl,) 7.28 (singlet, benzenoid protons), 6.60

3
(broad peak, NH), 4.89 - 5.12 (3 protons, CH,, singlet,
superimposed on a broad peak, NH), L4.30 - 4.67 (multiplet,
CH), L4.12 (broad singlet, OH), 3.64 (singlet, CH3), 3.00 -
3.30 (multiplet, NCH,), 2.20 - 2.35 (multiplet, CH,), 1.32 -
1.92 (broad multiplet, CH,CH,).

Eight other substituted L-ornithine derivatives were

prepared by the same method and are listed in Table 9,

146,
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Table of subgtituted L-~ornithine derivatives

Compoundx Yield MePo °c
(4a) 89% -
(Le) 86% 128 - 129.5
(La) 805 88 - 89
(ug) 535 70 - 72
(4n) 80% 67 - 68
(Li) 76% 68 - 69
(L43) 807 77 - 78
(Lym) 76% 109 - 111

*®

Compound numbers correspond to those

listed for Scheme 3, p.158.

Methyl « - {%F(B-oxobutyroy%j -8 —(N—benzyloxycarbonyl)-L—

ornithine ester

147,

A mixture of (La) (Scheme 3, p.158) (1.50 g., 0.003 m.),

acetone (20 ml,) and p-toluene sulphonic acid (0.001 g.) were

refluxed until t.l.c. (CHClB—methanol on silica gel, 9 : 1)

showed the disappearance of (L4a).

The reaction was generally
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complete after 15 hours. Concentration under reduced
pregsure afforded an oil which was dissolved in methylene
chloride and washed with IN potassium bicarbonate, then water
and dried over anhydrous sodium sulphate. Renoval of the
solvent under vacuo gave the title compound. Yield 1.30 g.
(97%); & (CDC1;) 7.26 (singlet, benzenoid protons), 5.02
(singlet, CH2), 4.33 - 473 (multiplet, CH), 3.70 (singlet,
CH3), 3.40 (singlet, CH2), 2.95 = 3.40 (multiplet, NCH2),
2.23 (singlet, CH3), 1e36 = 1.90 (broad multiplet, CH2CH2)

Methyl o - [N-(j—hydroxypropionoyl{] ~ § =(N-benzyloxycarbonyl) -

L-ornithine ester

Hydracrylic acid (0.569 g., 0.0063 m.) was added to a
previously cooled homogeneous solution (OOC) of methyl
§ --benzyloxycarbonyl-L-ornithine ester hydrochloride (2.00 g.,
0.0063 m.), l-ethyl-3-(3-dimethylaminopropyl)~-carbodiimide
(1.008 g., 0.0065 m.) and methylene chloride (60 ml.). After
L4 nours at OOC, the solution was washed successively with
water,. 1IN hydrochloric acid, water, 1N potassium bicarbonate
and water.. The dried solution (Na,yS80)) was evaporated under
reduced pressure to afford a so0lid which was shown by t.l.c.
(CHCl3—methanol on silica gel, 9 : 1) to contain two products

and these were separated by preparative t.l.c. The less polar
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product which was recrystallized from ethyl acetate -
methanol (2 : 1) was identified as (4Ff) (Scheme 3, p.158).
Yield 0.027 g. (10%) ; m.pe. 98 - 99°Cc. Mass spectrometry
showed the presence of a molecular ion at m/e 424,

The more polar product was recrystallized from ethyl
acetate and identified as the title compound. Yield 1.20 g.
(54%) ; mep. 68 - 6900; 0 max (nujol mull) 3350 (NH), 1736
(c = 0, ester), 1690 (C = 0, benzyloxycarbonyl) 1640 c:m."1

(¢ = 0, amide).

Methyl o - [ﬁ-(B-oxobutyroylﬁ -L-ornithine ester hydrochloride

Methyl = - EN-(B—oxobutyroylﬂ -~ & -(N-benzyloxycarbonyl) -
L-ornithine ester (1.30 g., 0.,0036 m,) was dissolved in a
mixture of aqueous methanol (methanol-water, LO ml, 8 : 1) and
IN hydrochloric acid (3.6 ml.) and hydrogenated at atmospheric
pressure and room temperature in the presence of 10% palladium
on charcoal (0.6 g;). The reaction was generally complete
after 1 hour. The residue obtained after removel of catalyst
and solvent was partitioned between ethyl acetate and water
(1: 1), and the aqueous fraction concentratedl(reduced
pressure) and dried overnight over potassium hydroxide

pellets under vacuo to afford the title compound as a glass.
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Yield 0.86 g. (90%; \ max (CHCly) 1724 (G = 0, ester),

1650 ol (C = 0, amide); § (DMSO) 7.80 - &.20 (broad
multiplet, NHB), 4.10 - 4,40 (multiplet, CH), 3.58 (singlet,
CHB), 3.32 (singlet, CH2), 2.60 - 2.90 (broad multiplet,
NCHZ), 2.10 (singlet, CHB) 1.40 = 1482 (brosd multiplet, GHZCHZ).
Nine other benzyloxycarbonyl-L-ornithine derivatives

were hydrogenated by this general procedure and their yields

are listed in Table 10.
Table 70

Hydrogenolysisa products of some
benzyloxycarbonyl-L~ornithine derivatives

Compound® Yield
(5b) 89%
(5¢) 88%
(54) 90%
(5e) 905%
(51) 92%
(5g) 98%
(5n) 97%
(51) 91%
(53) 89%

*Compound numbers correspond to those

listed for Scheme 3, p. 158
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Hydrogenolysis of methyl =« - [N—(3,u-dibromobutyroyl} -§-

(N—-benzyloxycarvonyl)-L-ornithine ester

The title compound (0.384 g., 0.0073 m.) was dissolved
in a mixture of aqueous methanol (methanol-water, 10 ml., 8 : 1)
and 1N hydrochloric acid (0.7 ml.) and hydrogenated at atmos-
pheric pressure and room temperature in the presence of 10%
palladium on charcoal (0.20 g.). The residue obtained after
removal of catalyst and solvent, Was partitioned between ethyl
acetate and water (1 ; 1) and the aqueous layer concentrated
(reduced pressure) and dried overnight over potassium hydroxide

pellets under vacuo to afford methyl = -(N-butyroyl)-L-ornithine

ester hydrochloride. Yield gquantitative. Mass spectrometry
did not show a parent molecular ion but an m-36 peak at

m/e 216 was obaerved.

(+) 3-Acetamido-piperid-2-cne

To methyl o¢ ~(N-acetyl-L-ornithine ester hydrochloride
(0.880 g., 0.0022 equiv.) dissolved in aqueous methenol (710 ml.,
1 : 1) was added silver oxide (0.245 g., 0.0022 equiv,) with
stirring. After 16 hours the precipitate was removed by
filtration and washed with methanol. The filtrate was
saturated with hydrogen sulphide and then filtered through

a thin layer of norit. Concentration of the filtrate under
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reduced pressure affiorded the required compound which
recrystallized from ethyl acetate. Yield 0.33 g. (97%) ;

m.p. 159 - 160°C; V max (nujol mull) 3300 (NH), 1672 (C =
lactam), 1656 cm."1 (C = 0, amide); (Found: C, 53.60; H, 7.57;
N, 17.77. C5Hq,N,0, requires G, 53.83; H, 7.74; X, 17.94%) .

(+) 3=(3-Oxobutanamido)-piperid-~2-one

This was prepared from methyl o« - [N-(B—oxobutyroylj
L-ornithine eater hydrochloride (0.483 g., 0.0018 m.) as above
, ¢,54.55;
)
in 96% yield, m,p. 83 - 84 C; (Found: JHy 74155 W, 1411,

C9H1L|.N203 I'equires C, 5)4-53; H, 70‘2; N, 1“--13/6).

3~( 3~Hydroxypropanamido)-piperid-2-one

Methyl & - [N-(3—hydroxypropionoyli} -L-ornithine
ester hydrochloride (0.285 g., 0.0011 m.) was dissolved in
aqueous methanol (10 ml., 1 : 1) and filtered through
. amberlite resgin IR-45 (25 g., 60 - 80 mesh). Concentration
of the filtrate under vacuo afforded the required product
which recrystallized from methylene chloride. Yield 0,196 g.
(96%) 3 m.p. 131.5 - 132°%; ¥ max (CH,C1,) 1673 (C = O, lactam),
1658 cm.-1 (¢ = 0, amide); (Found: C, 51.56; H, 7.62; N, 15.10.
CgHy N 05 requires C, 51.56; H, 7.58; N, 15.04%) .

The subgtituted piperid-2-one derivatives shown in

Table .11 were prepared by the same method.
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Substituted piperid-2-one derivatives
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Compound™ Recrystallized from Yield | m.p. °C
(6c) diethyl ether 98% 92 -~ 93
(6e) ethyl acetate-methanol, 1 : 96% |200 - 201
(6£) ethyl acetate 98% |126 - 128"
(6g) ethyl acetate 95% 1109 -~ 110
(6h) ethyl acetate - 90% |101 - 102
(6i) ethyl acetate 95% 116 - 117
(63) ethyl acetate 9&% 127 - 128

¥ Compound numbers correspond to those listed for

Scheme 3, p.158.

Analyses

6¢c (Found: C,
C, 58.67;

6f (Found: C,
C, 53.98;

6g (Found: C,

Cs 56.05;

58.54; H, 8.68; N, 15.02. C9H16N202 requires

H, 8.75; N, 15.20%) .

53.99; H, 8.15; N, 14.18. C9H16N203 requires

H, 8.06; N, 13.99% .

55.‘3"’; H, 8022; N, 130)6- O1OH]8N2O3 I'equiI'ES

H, 8.47; N, 13.08%%) .
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6h (Found: C, 57.53; H, 8.72; 1, 12.30, 01]H20N203 requires
C, 57.87; H, 8.83; N, 12.27/9 . ,

6i (Found: €, 62.04; H, 9.59; I, 10.37. CiuH26N203 requires
C, 62.19; H, 9.69; N, 10.36,) .

(+) 3-(3-Oxobut-2- I?Hé] —anamido-N-_[QHJ )=1- [?HJ -

piperid-2=-one

To 3-(3-oxobutanemido)-piperid-2-one (0.100 g., 0.0005 m.)
dissolved in O~ [?HJ - ethyl alcohol (0.50 ml.) was added
deuterium oxide (0.10 ml.). After stirring for 24 hours, the
reaction mixture wag concentrated under reduced pressure to
give a White solid. This method repeated three times afiforded
the title compound. Yield 0.1002 g. (99% ; m.p. 84 - 85°C.

Its n.m.r. spectrum did not show a singlet (CH2) guperimposed

on a multiple. (NCH,) at 3.L2.

(+) 3—(3-Hydroxybut-é— {2H; ~anamido) -piperid-2-one

To sodium borohydride (0.009 g.) dissolved in O=- [QHJ -
ethyl alcohol-deuterium oxide (0.3 ml.,, 1 : 2) was added
(+) 3~(3-oxobut-2 [?HJ ~anamido-N- [EHJ -)-1= {?Hﬂ -
piperid-2-one (0.1002 g., 0.0005 m.) dissolved in
o- | Hi -ethyl alcohol (1 ml.). After stirring for 30

minutes, the reaction mixture was concentrated in vacuo and
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the product isolated by preparative t.l.c. (CHClj-methanol
on silica gel, 9 ¢ 1) as a colourless gum, Yield 0.065ﬁg.
(65%) « Its i.r. spectrum did not indicate the presence of

1

a ketone stretching vibration at 1715 cm. ' and the n.m.r.
spectrum showed a doublet at § 1.23 (CHj) and no signal for
the CH2 group at § 2.31. Mass spectrometry indicated the

presence of a molecular ion at m/e 202,

(+) 3-(3-Hydroxybut-3- [2H] ~anamido) ~piperid-2-one

Reduction of (+) 3=-(3-oxobutanamido)~-piperid-2-one

(0.100 g., 0.0005 m,) with 2H sodium borohydride (0.009 g.)
in aqueous ethanol (ethanol - water, 0.3 ml., 1 : 2) according
to the procedure above aff orded the title compound. Yield
0.0067 g« (67%) « Its i.r. spectrum did not indicate the
presence of a ketohe stretching frequency at 1715 cm.-1.

The n.m.r. spectrum of the product snowed broad singlets at
§1.23 (CH) and £ 2.31 (CH,) and no signal for the CH group
between § 3.84 - 4.50; mass spectrometry indicated the

presence of a molecular ion at m/e 207.

(+) 57(3—Hydroxybutanamido—o- [QHJ -N- I?HJ -)=1-

{?H -piperid-2-one

A mixture of (+) 3-(3-hydroxybutanemido)-piperid-2-
one (0.100 g., 0.0005 m.), O~ [?HJ ~ethyl alcohol (O.1 ml,)

and deuterium oxide (0.2 ml.,) was:- stirred for 24 hours and
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then the reaction solution was concentrated under reduced
pressure. This procedure was repeated twice more and the

title compound isolated. Yield quantitative,

3-Amino=-piperid-2-one

This compound was prepared according to the method of
Golankiewicz and WiEWiorOWSki.us Yield 2.79 g. (50%) ;
b.pe 185 - 190°C/1 mm. (1lit. b.p. 185 - 190°C/1 mm.).

Pyrolysis of (+) 3-(3-hydroxynonanamido)-piperid-2-one

The abové compound (0.200 g.) was pyrolyzed by slowly
distilling through a silica tube 9 inches long and maintained
at 50000 under a pressure of | mm, The receiver of the
apparatus was cooled with ligquid nitrogen to condense any
volatile components generated. The isolation and identification
of the products formed are described in the main text of this

thesis (p. 68).



157

Part 5

Synthetic Scheme and Spectral Data



1 58 "‘))o

X(GH,) sCHYCO,R Cgl5CH0C0(CH ) 3CR 1C0,CH,
NHCOR,
3
4
38 X = NH;0l, ¥ = NHy, L& Ry =1H, Ry = CHé:Q;?HB
R=H 0 0
_Lb X = NHOCOCHZC6H ’ 52 R] = H, R2 - CH2000H3
Y = NH,y R =H
H_q er = H, R2 = CH3
3¢ X = NHOCOGCH,CgHg, .
R = CHjz Le Ry = H, Ry = CH,CH,0H
4f Ry = H, Ry, = CH,CH,0C0CH,CH,0H
Lg Ry = H, Ry = CH,CHOHCH,
4h Ry = H, Rp = CH,CHOHCH,CH;
4i Ry = H, Rp = CHLCHOH(CH,) ,CH;
Lk R = H, Ry = CH,CHOHCD
41 R =D, Ry = CHOHCH



e &
011\TH3(0H2)3 GHCO,CH3

NHCOR
2

5¢ R = (0H2)20H3
54 R= CH,CH,0H
S5e = CH,CH,0C0CH,CH,0H
5f R = CH,CHOHCH,
58 R = CH,CHOHCH,CHj
5h R = CHZCHOH(CHQ)ZCHs
51 R = CHZCHOH(CHZ)5CH3

j R = CH CHOHCD
53 ) 5

(2

Im
o

&

I

1 59 [}

]|f\T 0
R
6
R2 = H, R.3 = COCH3
co(CH2)20H3

R, = H, R3= COCHZCHZOH

R, = H,
COCH ,CH,000 CH,CH,0H
R, = H, Ry =
GOCH,CHOH CH
Ry = Hy Rz =
COCH,CHOHCH,CH;
Rp = Hy Rz =
COCH20HOH(GH2)2GH3
Ry = Hy, Ry =
COCHZCHOH(CH2)50H3
Rp = H, Rz = COGH ;CHOHCD:



6k R, = D,
61 Ry = H,
6ém Ry = H,
én Ry =D,
60 Ry = H,
ép Ry = H,
6g Ry = H,
ér Ry = H,
6s R, = H,
Scheme 3

D,

H,

H,

D,

H,

H,

H,

H,

160,

COCDZCOCH3

COCDZCH'OHCH3

COCH?_CDOHCH3

COCHCHODCH;

COCHECH(CHZ)BC

COCH:CHCH20H3

COCH'::CHCD3

COCD=CHCH3

H

The sequence of reactions employed in the syntheses

. *®
of substituted piperid-2-ones (p.59 )

Hs
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Mass Spectrum of (+) 1-(L'-aminophenyl)-1,2-diphenyl ethane
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Mags spectrum of (+) 1-(4'~-chlorophenyl)-1,2-diphenyl ethane
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Mags spectrum of (+) 1-(L'-acetamidophenyl)~-1,2-diphenyl ethane
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Mass spectrum of (i) 1-(4'~nitrophenyl)-1,2-diphenyl ethane
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Mass spectrum of 1-(L'-cyanophenyl)-1,2-diphenyl ethane
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Infrared spectrum (CHCl,); (4) 3-acetamido-piperid-2-one
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Mass spectrum of (+) 3-(3-hydroxynonanamido)-piperid-2-one
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Mags spectrum of 3—(pent—2-enamido)-piperid-z-one
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Mass spectrum of 2-phenyl-1,3-dioxane a) electron-impact,
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