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ABSTRACT

LQ\ ,

Chemistry of N-Nitrosamines Derived from 'y

 g-Aminoc Acids

. ' N

£

° In relation to their carcinogenic activity, a series of

Q

nitroso deriva&* ves of N-alkyl and N-acyl a-amino acids was
et

synthesized anﬂ%3581“”?ﬁ951c31 properties as well as their -

‘ thermal,” basic and photolytic decompositions were investigated.
. v e 13, __, 15, . 4
tudies by C arng N nmr sSpectroscopy revealed the

. configuration of the nitroso derivatives~i;thich the Z-isomer

was shown to be'“* 1*zed by an 1ntramolecular hgﬁ;ogen

Dondlng Nitroscsarcosine was the flrst ﬁit“OSBMIDE to exhibit
the E-Z isomerism in lsN nmr_spectroscopy.
N : ' A B

N—alkyl-nitrosamino acids underWent eff 1c1ent ox1da§iigf/

- . photodecapbox§}atlon, followed by addltlon of nltrcxy1/1HN
to gile N—alkyl-a-amldpx1mes. The .reaction was shown n-¥
T V-VX : < z 5
volve~an imine intermediate. - - 3
—
!

The nitroso derivatiwes of N-acyl-a-amino acids alsc

N decarboxylated under uhgz)irradiatioq to generate an N-acyl-
) : . , )
1 imine, a synthetically useful intermediate, which underwent

facile nucleophilic 1l,i-addition.. When the nucleo was S;;

7
- - - - T B T T b.‘, N Tttt - = - T TTTTTTTIITTT S T T T T



. iv
the conjugate base of nitroxyl, C-nitroso adducts wer‘?obtéined
 §

and rearranged intramolecularly to give derivatives of 1,2,4-

- -

oxadiazole. ;
AN
k\
B

,\\\r fhermolysis of -N-nitroso-N-acetyl-D,L-phenylalanine (1)
<; in methanol gave 2-methoxy-3-phenyl-propanoic acid (2) ghd

3
+

its methyl éster, which were assumed to arisé from diazoalﬁ?ne

and/or 1,2,3-oxadiazol-5-one (3) intermediates. In benzene,

- thermolysis cf 7 gave a-acetoxry carboxyli% acid, a product 3
P T T i . O
resulting from the normal thermal decomﬁ&iition of nitrosamides,

and phenylethylacetate arising from a diazoalkane intermediate.

-Ebsome spectroscopic evidence for the latter is also presented.

4

Under basic conditions, 1 underwent rapid decomposition,

the mechanism of which depended upon the amoun and the strength
— -— T Tl T o - - o T " N

of the base added. TFor several strong basesf the presedbe of

mere tﬂ;n orne equivalent generated a diazoca§b6Xylate anion.
The Eharact ?ization of this'énion was attempted by uv spectros-
copy-and by chémical tfanformations. In the presence of one

or less than onefmoleAequivalenF of a strong base (or in the
presence of an excess afpé'weék base), an intramolecularly

Eas -, o

catalyzed nucleophilic deamination was observed. In methanol,

- , ‘ a-methoxy acid 27 was obtainedﬁ5ﬁd‘in‘nbn‘pU1ar‘sbivents;prodﬁctsgf%*
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CHAPTER I

INTRODUCTION

- I-1 Nitrosamines and Cancer

Fl

Nitrosaminesﬁhaye,beenmknown;&nzmorethanxahundred,yearswill};mhwwé

but it was onlyrin 1956 that.Mag§e and Barnes.C2) discovered
their tumorigehiqity. Since then, Qvef 150,nitrosamines have
been tested for carcfnogenic activity and of these, more than
75% have béen found to be carcinogenic to&ards animals (3).

| Nitrosamines are formed by theé interaction of nitréus acid
qwith s;coﬁdary or tertiary amines (4). Recently, traces of
nitrosamines have been found in environmentai samples (5) and

have been shown to occur in the mammalian stomach QB). Secondary
’ - ¥ S

amines are known to occur in various foods such as'3egefables;
fish,'cheese, mﬁshrooms, fruits, wine and beer. Furthermore,
nitrites are found in the énvironment either naturally or from
reduction of nitrates by microorganisms (7); or are added to

food as preservatives. The latter fact explains the detection.

4
1
3

j

ol e o eBbe s w e e ok ces ey el 6 oL

e L bbbt e e e

~of N-nitrosodimethylamine I-1 and N—nifrosopyrrolidine I-2 in

cured meat, fish and fried bacon at levels of up to 200 ug/kg (8).
‘Nitrosation by nitrous acid is known to be pH dependent and is
70ptimal at pH 1-3 (4) which is the prevailing condition in the"

mammalian stomach. Simultaneous injection of morpholine and

I TR
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sodium nitrite resulted in the induction of tumors in the liver
of rats similar to that induced @y direct injection of nitroso-
: morpholine~1-3 (8). The in vivo formation of nitrosamine was
-

also demonstrated when N-nitrosodiphenylamine I-b was isolated

from stomach contents of human subjects after intragastrical

¥

injection of sodium nitrate and diphenylamine-(lo).

H,C CH , , ¢ ®
Y Y
NO NO
I-1 - I-4
- — ) '77' ‘ [Oj - - g,, . -
I B |
- NO 7 NO'
I-3

-2 i-3
The mechanism of the carcinogenic action of nitrosamines

has been suggested by Magee (11) to involve alkylation at the

ﬂA—W—ﬂ“—f—nitrogén;?—éffgﬂ¥:H_

. .. . _generated-i

and in vitro nucleic acid alkylation by means of labelled nitros-
amines. Nitroso compounds are usually classified into two groups
based on their biologicalactivity: 1) those that act directly and

ii) those that require metabolic or chemical activation to be \ “



" ’ . . N
. .
K ’ .V * - * ' A -
—= - . - $
E

3

b . :
"¢ effective. The .former group,includeézgitroso derivatives ;;m\\\\ ;7
dmides and related compounds such as ureas and‘uréthans. They
are much less stéb}e than nitrosamines and are knowﬁ to decbmébse
at“alkalineva to éiye diazoaikanes (12—15) which are potent

.
S -

alkylat}ng agents!(lG). The "second group includes aliphatié\éng

aromatic nitrosamines and their derivatives. As a rule, they\%hbw

3

organ specificity to an exceptional degree. Presently it is

. believed that fhe a-carbon of a typical dialkylnitrosamine is _
oxidized to yiéldfthe éorrespondiné a-hydfoxy compoﬁnd EZ% which
'undergoes heterolysis of the CfN ana to give the une ablgk

monoalkylnitrosamine I-6. The latter collapses tJ the alkylating

carbénium ion Rt (173).

| OH
] ' 1
Ry CESF : R.,,-CHR . ‘ :
N [o1 . ¥ _ 7 .
NO 7 NO - :
I-5.] '
. ,
+ Ray-H
E + N2 + 0 &e——ro | + R'CHO
NO
- I-6




borate (4). Under nizrg ngcond1+1ons prlmaW'aTkylamlnesunder-

go the well known diazotization reaction (16) and tertiary amines

-g=cleavage with formation of secondary nitrosaminmes ( % ). e e

-~

Nitrosamines are extr emelj stable compounds which exhlblt

1

ir absofptions at v N 1329 (H=0), 1080 (N-M stretch.) and

-

-1 ) . .
8580 (X-N=0 deform.) cm ang uv absorptions EtAmax (e): 250 nm -

(80680) and 340 nm (15%). The ground state electreonic configura-A

F_calculations (18)

brnice form 1-7.

The planar geometry of the nitrosamino group hds also been
demcnstrated by X-ray Z2iffrzction studies (19) and the resulting
energy barrier for rotaticn arcuné the N-N bend was ngluated to

be 24 kcal/mole (20).

*

R R .+ _R!
3 N <~
TN ?f
ot N .
X, ~o” "@f;
‘ { - I-7
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Nitrosamineg are stable towards uv irradiation under neutral

i

or basic conditions (21-23L:iwe¥er, in the presence of a dilute

acid, they readily undergo NN homoly&is (24). It is believed

that in the ground state . a proton complexes with the oxygen
\ i v .
of the nitrosc group (25). In the excited state the proton is

- a
v ¥

transferred to the aminoc nitrogen to give nitrosammonium ion I-8

which then undergo%s homolysis to give aminium radical I-9 and
} - nitric oxide. This aminium radical can subsequently add to
clefins (26), abstract hydrogenatoms (27) or undergo f-elimina-

tion (28). ) .

~
‘,A‘T "
B K 2t R R!
i - H+ E E I R
. - -» \J N
- \ x
m\o . o Xg.gt
. hvhf1~n "
{ < . ) "\/
R_ 44 R R R!
\\2/ . + rn* \+/
B . Ny te—— N
S ¥~ o
K I-2 - I-8 N
. [\\ 7 f' - \
% j - /'\[ .
- N NI
- L o
~
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The requlrement of an acid for nltrosamlnes/to undergo
photoly51s, prompted Chpw (28) to 1nvestmgate the photoreactlonS'
of nltros; derlvatlves such as N-nitroso-N- phenylglyc1ne l_lg
and N-nltrosoplpecolinlc acid II—l-h wthh bear'an internal

carboxylic function. Both compounds underwent light induced

_decarboxy lation ‘without addition of an external acid. The-

photoly31s of nitroso derlvatlve I-10 in methmxﬂ.reaﬂted:nthe .

iormatlon of triazine I 11 and that of nitroso II—l hin water -

" . 7

g&ﬁe a hygrosceplc 1ntermed1ate which, on treatment Wlth-an”'
acid isomerized- to 2;piperiddnoxime'II—16¥h However neithen f
nltrosonlpecetlnlc acid I-13- a itself nor N-nltrosoplperldlne I_lé
and N-methyl- N—nltrosoanlllne I-12 in the presence of one

equlvalentOOf acetic acid showed any change under prolonged

irradiat?én (28). . (::T\ "j’
‘ \-\/ d —_— ' :
\N,Ch COQH . k
5 - _
. LO . NeOd -

- h nt
—_— X —
H.O 7

. - . 3 . A‘ g -
Some chemicals introduced in this chap®er are numbédred
. - e . : ' .
N - . S . - . 3
II-x in order to ¥Xeep a systematic notation in chapter II.

-
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"I-3 N-Nitrosamides T S

N-nitrosamides are preparéd by nitrosation of N-alkylamides

with sodium nitrite, nitrdus anhydride, nitrosyl chloride,
% ° R

~ dinitrogen tetroxide (29) or nitrosyl tetrafluoroborate (30).
.2 ‘

7 ° . - ‘—M’ . . - .
* In  general » nitrosamides are unstableandthelr‘lqztablllty

inéreases from tertiary to primdry carbinamines (31). They
. . ® , ’
exhibit ir absorptions at Voax' 1755-1715 cm-l (C=0) and at

1535-1515 cm-l and uv absorptions at Amax (e9 : 242-246 (4000-

6000), 406-415 (100) and 425-435 (10) nm.
_\
Photolysis of nitrosamides generates amido radicals which !

prlmarlly underge hydrogen atom abstractlon either 1ntramolecu-

AmfuhggiigiafiygﬁfAIHfETmUiECHiaPiY4fT0m4ThETxﬁWﬂWT3?iﬁﬁ4ﬂﬁéJfﬁﬁﬁﬁniﬁjﬁ?ggggggggﬁ

=4

-~ hydrogen atom abstraction occurs via a six-membered transition ' i

N _ :
T state to give d-oximinc amides as shown in the following scheme.

4

L]




— | R—H  NCOCH N\
R I3
7
/\*
protic
sclvent B
NHCOCH. . o
-~
‘ ?
- -
. . NHCOCH, on
S
. y
[ In the absence of an stractable hydrogen, amido radicals
undergo B-scission of a C-H or C-¢ bond torsgenerajre alkylidene-
acetamMe I-14 which then undergo hydrolysig\g(az)_ s
52 JQ 'RQCHO + 1\’1—52(',‘OCI-E3
Bo-FNC-GHy s B+ ReCHN-C-ai, 20
. . + R,EHOHONH,),
©  R,TE, Alkyle L . C

P,z H, Alkyl ' '
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-.Intermediates such as, I-14 have also been proposed to bg_
involved in the light induced oxidative decarboxylation of
nitrosamides derived from a-amino acids (28). &hus, photolysis
of N-nitroso- N—acetyL{&.phenylalanlne II:m.ageneratéyﬁﬂgacyllmlne

I-15 which then reacted with ‘fhe sélvegtigfethanol, to give

N-acetyl-l-phenyl-2-methoxyethylamine I-1F or rearrangeq to

N-acetyl-B-styrylamine I-17.

o ou® . “ 0.
" MeCH ]
. CH.,-C-¥-CH~(0.H —~—m——— [ CH -C-N-CH—CH o3
37T 2 -
NG €
iI-22-2 ¢
7 MeOH
) ' ’ 0
| 1
CH?-C—}&%?H-C}Iz(P CH,~C-NH-CH=CH®
COCHy : ’
el
o I-16 1-17

Turthermore, photolysis of N-nitroso-N~benzoyl-DL-leucine 1-18 in
ether resulted in the formation of compounds I-19 and I-20

via the imine intermediate I-21.(28).

CH{CH J.
1 3T
fa .~y
) [ - ]
,,,,,, i1 § £ LT v {1
QA—N—FH~ 328 =3 — L (CHB)zbthHECH=N-VQ T I1-21
un hv
I-12
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N-nitrosamides, in contrast to nitrosamines, are only
stable at or bélowaroom temperature. It is now well established
;?a the rate determlnlng step of the thermoly31s of

nitrosamides is the 1n1t1al formatlon of the unstable dlazoester

{
1-22. The latter undergoes further decomp051t10n,,the pathways

of which depend upon,the nature of the substituent R.

gy
i ‘ o - -
. it
R-0-C-R? +N2
NG
zoecom B, ) :
i : 0 (
o i . b
-C-0OH + N2.
, . L5 + olefin ‘derived
. ub"
i . 7 - _ from R

el

Thus, aryldiazoesters decompose to give biaryls and carboxylic

LilaD y
acids via the intermediacy of either benzyne (L0) or aryl rad%sals

(:1). On the other hand, alkyl diazoesters yield predominently

»

carboxylic esters {(patiway” "a")in the case. of primary alkyl groups

(3%) and carboxylic acids and oﬁi‘lns (pathway "b") in the case

*
o Yol bt il
. 43S AL

(42)—Th

— — T :dvUJquy &ﬁﬁ‘t&“ﬁi&ff*ﬁ%kyigg“u‘ 5

x

Aiazs kaﬁe%meéiate in the decomposition of primary

idiazoesters was confirmed by intércepting the carboxylic
I lxter?ally added diazoalkane. Thus, deccmpof

tizn of Niﬂn—b jL)-;-h-trosthlmpthylacetamldo I-23 inthe presence

4
n excess of dizzoethzne resulted in the formation of the (

4

— . -
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o ' 9 A Q g
(nhBu)-¥—C—(t—Bu) (ri-Bu)=N=N-0~C-(t-Bu) .

e : . NO - ) |

1-23  NO l

- - 4+ -
(t-Bu)-CO,H CHgsCH2)2CH N2

CH3CHN2

> Et-O-E—(t—Bu)-
' 0

. -

ethyl-N-acetyl-N-nitrosoglycine I-24 was reported to give the

- stable ethyldiazoacetate'I—QS (39).

¢
it
vy

\

g - L
, 0 0
i il il
CH.-C-N-CH.-CO.Et ——>  Et-0-C-CH=N.
g~ L=, =E0, 2
. NO '
I-24 ' I-25

. ‘ . * <
\ ' ' . ) ' Sy,
In non polar- solvents, optically active secondary dilazoesters

rearrange intrgmoleculafly with predomingnce of.Sgtention ;;5\

~ ,,

- configuration (42).  In polar solvents, becuudaryaﬁdfeff7ﬁzj
- MWﬂ4diazoesfers%deeempese—iﬂte—anfﬁntimategiontpairhwhichgcollapses'
in the solvent cage, to give the observed esters (42). 1In the

18

case of optically active "and 0 labelled substrates, secondary-

alkyl diaZoesters lead to esters éhowing'some label SCPaﬁbling

and partial racemization (42) whereas tertiary alkyl diazoesters
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decompose with retention of configuration and only a small
amount of label scrambling (42). It is postulated that .the

decomposition of diazoester I-26 involves the formation of

¥

ion-pair I-27 which induces label scrambling and .racemization.

Any inversion is intramolecular and a tertiary carbenium ion,

with its greater size, would have a slower rate of rotation.

18 ' BRI

NO | 0 : 1.0 '
R R | 0189
Ner-N-c-R' —  Deron=n-0-C- R' —s NER,N, ,0-C-R!
R\“ Il R\‘ R\‘\\ 2
? 0 ? ?

18 3 o :

- 1-26 I-27

The rearrangement induced by strong bases such as alkali
alkox1des, has been shown to be lnltlated by the -attack of the
base at the carbonyl or at the nlt?bso group (43) The nature

of the solvent has a marked effect on the site of the attack,
r { I

aprotlc solvents favour attack at the ‘nitroso nltrogen _wWhereas

.‘ it

protic solve ts favour attack at the carbonyl carbon. The

- . - . -

resulting cig-diazotate isvgtable“in aprotic solvents (L44)

but hydrolyses readily inf;ne\preeence of water to‘give'

diazotic acid which decomposee\into a dlazoalkane deriva- N?

tive or an alkyl car nium ion (Lu),



S

13

Recently, deamination of nitrosamides has also been observed
. Ha - ’ .

in weakly acidic (45) as well as weakly basic (46) media. In both

. cases, the decomposition of N nitrosopyrrolidone I-28 was markedly

o HCO2

n-butylamine At pH= 7-9, the deamination reaction invelves an

catalysed by bases such as MeCO, ) pyrldlne,_lmldazole and

<

addltlon elimination pathway as shown in the following scheme.

The preference for nucleophlllc rather than general base- catalysed'

hydrolysis is reélated to the enhanced leaving properties of the

N-nitrosamino fragment. .. _ .

Products of,
deamination

I-4 Research QOutline

N
N e R i b e T
i

of nitroso derivatives of amino acids remains largely unknown,
our understanding of the mechanism of their carcinogenicity is

hampered. Nitroso derivatives of amino acids are potent
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carcinogens (6) and are known to occur in the gastro-intestinal

tract of humans, either by direct nitrosatien of naturally

" occurring amino/gofds (6) or by metabolic oxidation of nitrosamines

(17). It was, therefore iﬁteresting to investigate further the

\ chemistry of these compounds in order to acquire a clear unders-
v . ’ - :

e tanding of-theirn carecinogenic behavior

-

. The présent work involves the synthesis of a/zézzzé of\‘

nitroso derlvatlves of N- -alkyl and N- acyl a-amino acids and the

e 1nvest1gatlon of their photochemlcal thermal and base 1nduced

decomposition.

-




CHAPTER 1T

RESULTS

In the following chapters, the reported percentage yields

are based on one mole of starting material and‘are obtained
from gas chromatographic or nmr spectroscopic analyses unless
specified as iéoléted'perceﬁtages. 4The neutral and acidic
fractions always‘refer to fhe material ogtained frém an acid-

base extraction of the crude product. The Z and E-isomers

of nitrosamino acids referfiﬁfége configuration shown below.

" R' | o R!

! ' | -
R CH R CH
SN TScoH ST ScoyH
l e
NSy | N
LAl b ngn

II-1 Preparation and Properties of N-Alkyl-N-Nitroso-a-Amino

Acids ,
- e - -

~The nitroso derivativés of N-alkyl-a-amino acids II-1 were

prepared by nitrosation of the parent amino acids with sodium

nitrite or nitrosyl tetrafluoroborate; the a-amino acids wefer

either obtained commercially or synthesized via the straight-
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forwardAroutes'ericted in schemes 2-1 and 2-2.» All known

compounds were purified by recrystallization and gave similar
melting points to those reported in the literature except for
N-isopropyl derivative II-l-c which showed a discrepancy of

60°C (47). Our sample of II-l-c was confirmed by the-peftinent

z

“iy, nmr, uv and ms data. ~The new nitrosamines II-i-d;-II-1-e

and II-1-f gave satisfactory elemental analyses.
- ) N

= CH., R' =

R 3 H a
R=CH R =H b
' = ! = ’
. R C3H7 _ H c
1 - - T
R———g———CHQOQH R -_(CHQ)3¢ .R' = H d-
= 1 L
NO R} ic H, R CH, e
R = tC, H,. R' = CH £
I1-1 ToTutig - 3 ,
s R,R' = (CH2)3 , g
R,R' = (CH ’ '
o 20y h

All nitrqso,derivatives I1-1 show two uv absorption bands.
at about 350 nm (e ~100) and 2407nm (e ~10,000) attributable
to the n-+1* and man® transitions, respectively. Their ir spec-

tra exhibited the characteristic carbonyl stretching frequency

of carboxylic acids at ~1730 cm T as well as that of the

nitroso group at ~I1850 cm .

*®
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~TosCl Rt
NH,-CH.-CO.H P=T9SCl o +0s-NH-CH,CO.H ——p p-tos-N-CH,-CO
o~ CH,=CO, 2008 —— N-CH,=C0,
, ' Et '
II-2 11-3 II-4
HC1, A
7 O.H Nt 19 %ﬁ 0
Et-N-CH,~CO, «— C1?, NH,~CH,=CO,H
NO Et
%
II-1-b II-5

Scheme 2-1: Synthesis of g%gthyl-N-nitrosoglycine (II-1-b)

&
’ ZtOH _ : 4
R'-CHBr-CO, H ) -+  R'-CHBr-CO,Et R' = H 1I-8
R' = H II-6 \1 . &, R'-= CHy II-9 -
o f‘j‘ . :
R' = CHy I1-7 » - RNH,,
X H e ow® - —
R-?-CH-@OQH -— - R-NH-CH-CO,Et
1o M - , : !
NO . , I\la}‘to A . VR'
’ ) &
II1-1-c R = iC,H, R' =°H, I1-10 +
II-1-d R = (CH,) ;¢ 'R = H © II-1n
—— o == falil S ' o= -
Ii-l-e R—=-iC H, R CH, II-12 :
a IT-1-f R = tC Hy R' = CH, II-13"
b )
Scheme 2-2: Synthesis of Nitrcsamino Acids II-l-c, II-1-d,
* IT-i-¢ and II-1-%
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- Table 2-1. H nmr Data of N?Nitroso-N-Alkyl-a—Amino Acids
$ L . .
’~.Rr¥—CHCO H '

Compound - CH - . R o {-Solvent - - -

-1-1-a%) |s5.72 | 5.02] 6.10 6.87 - lepca,

5.60 {4.93] 5.69 g (7 Hz) |6.27 g (7 Hz) 0,0
8.53 + (7-Hz) 8.9 q (7 Hz)
5.82 - 5.21 sp (7 Hz) - DMSO-d

8.1 4 (8 Hz)

£ ~
11-1-¢7) 5.7015.00 | 5.72 T (7 H2) |6.36 m |acetone-d;
1o~ 7.3; 7.9 m 7.45; 7.9 m ‘

t2.79 m 2.79 m

a) Jg.55 | - 15.18 sp (7 Hz) DMSO-d

Pyridine

I
(43
!
o
(V8]
(Vo)

Pyridine

(@]
o
0
N
8
~J
{1
¥
:
[44]
(94
L]
m
W
1
m
(¥
ot
o
w
{
[e)]
W

a0
L

~AYa .
R A S ERE 5.2 (Seq) [4.9 (Heq) [Pyridine
- 3.8 (Hax) .85 (Hax)

. ot iy - o - .
. 2.75 4 (7 Hz) =) =' : £,33 4 (6.5 Hz) <¢) R' : 7.9 m,
from Ref. %8 &) ' : 7.3 m; 8.5 m, taken from Ref. 18

: g .
<= < P e P B - b = - 5 > % >
isomeric ratlis 2T efuUl_lITIum wWas 1:1 f) at eguilibrium
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Table 2-2. ljgrnmr Data of N-Nitroso-N-Alkyl-a-Amino Acids
AN R' . N -~
' .
 R-N-CH-CO_H
ot zw 1 2
NO
smpeund e—~— —€ €-—€R)
¥ i ' 2 a 7 B
"f\ yA E 7 E y4 E. . .
Y 5
i — v
a) | 1c07g | . - |
II-1-a 169/8 |172.2 [ 48.6 [ 55.8 | 41.2 | 3u.u_
11-1-2) [ 167.7 | 170.5 | us.2 | 53.2 | ue.5 4o.9/ 13. 9 zy, 7
. T 11.0 (E)
- : T 4
-1-c® l1e7.2] - |ww.e| - [ss.1| - |20.9
r7-1-2%% | 1865 - 55.7 1 < |s2.u{ - |29.9, 30.7,
141.4, 128.4,
| 125.9
ay | . ' 3 P | '
II-1-e 162.6 - |s2.8] - |s55.0] - |21.5, 21.2,
13.4 (R')
1-1-t9 1 170.2 - {s52.8| - |er.3] - |28.1, 13.1 (R")

Taken in (DCI, &) Taken in DMSO-d. <¢) Taken in Acetone-dg

~

= PN Y4

m-_ . hd o~
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Table 2-3. 13C nmr Shifts of Derivatives of Nitrosopipewidine
and Nitrosopyrrolidine
Compound 02 C3 CL+ C C6, C(CQQH)
A a) .
5-N3 /
3.0 25.5 24 .7 27.2 50.8 !
6NII2
1
. 1O _ _ _
s % b)
[:t] 38.2 32.0 42.2 33.6 50.2
-il -
ne
Z 50.3 25.0 21.0 26.1 4g. 4 169.6
11-1-1°) :
E 6C.S 27.5 21.0 23.6 38.0 171.6
o H cre) - 7 .
[Ti]c 2 z | s0.1 | wo.o | 26.7 | 2u.5 | wo.s | 173.6
i £ | s1.0 | 1.3 | 26.7 | 22.9 | 39.0
// ez %) ‘
- [?i] 38.1 27.0 38.9 28.7 48.8 175.0
i
\l'f‘
o E | 82.3 | 27.3 22.4 | u5.s6 173.2
17-1-g% | |
Z 58.4 20.5 28.3 4g.,5 171.1
a) Ref. 2t (neat liquid) b) Ref. 25 CDCl, c) In DMS0-d,
d) In CDCf3 + Pyridine e) This compound was synthesized by
catalytic hydrogenatién (Ptoz) of nicotinic aecid followed by
¥
: nitrosi;ion. £) This compound was obtained by nitrosation of

isonipecotic acid.
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taken from Ref. 42

Table 2.5. uv Data of Nitrosamino Acids Xmax (e)
Compound n+vx T Solyent
- ——e ——é—) - —_—— ST e e e d -
II-1-a 340 (86) 233 (6200) H,0

352 (93) 233 (6300) 'EtOH
358 (105) 233 (5800) CH,C1,
II-1-b 350 (89) 235 (6100) MeOH
II-1-c 348 (90) 233 (5900) MeOH
II-1-d 348 (92) 231(5900) MeOH
TI-1l-e 350 (89) 233 (6000) MeOH
TI-1-f 351 (95) 234 (5200) MeOH
II-1-g & 343 (91) 240 (7600)  HO
354 (100) 235 (6700) " EtOH
361 (100) 237 (6600) CH,C1,
II-1-h ° 345 (91) 240 (7300) H,0
' 355 (93) 240 (6900) EtOH
361 (112) 238 (6900) “CH,CH,
a)




rlH'nmr: Nitrosamino acids are knownrléfpréferentially crystal-
" lize in the E or Zéconformation and to isomerize slowly in solu-

tion (48,49)., Determination of the}crzﬁ;af!ine conformation

<

is generally/accomplished,by'lH nmr spectroscopy (48): the hmp

spectrum of a freshly prepared sQlUtion of a;nitfosamino acid

-
L

~exhibits the signals due to the conformation ét{the solid state

and when isomerization occurs, a new set of signals, corres-

N

‘poﬁaingjto the other isomer, appears.and increases slowly to -

reach its ﬁaximum intensity at equilibrium. Thé relative‘ratig
of the two isomers at equilibrium can be measured from the
ratio of areas of correspond?ng signals. »Assignment‘of each
sé%rof signals is theﬁ4achieved by'extending to nitrosamino
acids the well establiéhed anisotropic effect of the nitros-
amino group on the a-protons (G8,50), i.e), a-protons which

are syn to the nitroso group are shifted upfield with respeét
to the ggii a-protons. The same method was‘used to de%ermine

the conformation of the new compounds reported in Table 2-li

L

13C nmr: The .same bbsefvation was made in 13C nmf spectra‘bf

dialkylnitrosamines: the carbon atom a to the'nitrésaminorgroup

resonates at higher field when it is syn to the nitroso group

, . : ] g
than when it is anti (41,52,53,54). As fgc nmr spectra of

nitrosaminoc acids have never been reported, it was inter=
esting to study the anisotfopic property of the nifrosamino

group on this class of derivatives. Two independent methods of
- ¢

i



spectral assignment were'ébﬁiiéd"fo»the;ggéctrum of N-nitroso-

sarcosine (II-1-a). ‘The first technique deéggagaxén\the\539wn
.- Z—configurafion of II—l;afin,the solid state (u&)and its slow
iéomerizaiion in solution to a i}l ratio of E-Z isomers in
the equilibrium—state. As shown in Figure 2-2, the,zé}o-hour

- SV PRI

“e—= - “gpectrum (spectrum a) exhibited the lines due to the Z-isomer:

iaftér 45 minutes, a néw set of liﬁés emerged (spectrum b) asg
,{ﬂe population qf the E-isomep'inqreased; in 3 hours the ' o
eqﬁilibrium was reached éhowing two sets of signals with
equal intensities (spectrum g)..'The second method was the
selectiVe decouplipg fechnique reported by Wilson (54): two
spectra were recorded with different decoupler offset ;;lues;
the crossover points, when the corresponding shifts are con-
nected, correspond to the carbon’shiftS'on"the'x:aﬁis and

to the pfoton'shifts,along the yéaxis, as shown on Figure 2-3.

The well established lH nmr chemical,shifts of E and Z-isomers

of{II—i;a (48) enabled us to correlate the proton with the

carbon shifts and toWasSign“fhé’lséfﬁmf;éiéﬁgié to their

corresponding carbon in eachﬂisomen For example, the methyl

C o

proténsfdf‘fhé E-isomer (1 = 6.87) resonating at higher field

than that of the Z-isomer (T = 6.10) must correspond to the

~———— " high field carbon; the methyl earbon o%ggig’izisomer'thereforex_.

~—---mustbe assigned to the down field signal. The s sﬁé&EﬁF’i’ﬁe&hod
V confirmed the assignments obtained fpgm/thé/fipst one (Table

2-2). The assignmentsﬁpffthezdfher openlchain derivatives
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Figure 2-2. Isomerization of Z-Nitroso-
‘ sarcosine inlggggb at 35°C

followed by C nmr,

Spectrum c: 3 hours

CO,H(E)
CO,H(Z)

'ﬁ//z—

o l Spectrum b: Y45 min. . " o
— - w ~ st AJ RALMV

20 min.

e e S FERDUPLY —
Spectrum a: 10 min.
nLg L l v ¥ i} L L ’ ‘_ﬁ. - —

150 100 ppm



Figure 2-3. Spectral Assignment ofthel3c nmr Sﬁectfum

of Nitrososarcosine, II-l-a, by Selective Decoupling

" Experiments.

y
CH,(E) CH,(Z) CH,(Z) CH,(E) - -
! |
offset 56001 ; [«
[ ’ w 'r (4 \1 :i
1 1ow field é
i
- - s ‘
. %
- — 4/ — —— — — - ~—--CH3(E) "4.99 |
- = F~— CHp(Z) 5.65 !
] - -g4-————=——=F-=CHg(2Z) 6.12 |
_ - — —==—-—+4--CH3(E) 6.87
r\ '
]
. ‘ {1/ - -
——offset 54001 i i)
e ]y - e ‘Y XX . -
. 55,8 42.1 344 ——PpPmM— I
]
.
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(Table 2-2) were made by utiliziqg/off resonance decoupling

(ord) splitting patterns and by comparing the chemical shifts
of some carbons with the corresponding ones in II-l-a. The

spectral assignmeﬁts of the cyclic derivatives (Table 2-3) were

made by u51ng ord data and the correlatlon dlagram of Flgure

2-1:uiThe diagram was constructed by comparing the chemical
shifts of the different carbons of nitroso piperidine (52-5u4)
and nitrosopyrrolidine (54) with those of the corresponding
carbons in the nitrosamino acids. All carboné beariné fhe
carboxyl group are indicated by an arrowvand consistently -show

a shift of 10-14 ppm downfield from the corresponding carbon

- in the parenty nitrosopiperidine or nitrosopyrrolidine.

7Similérl&”forthera;éarbonsjJ{dialE§lﬂitrosaminés, the
corresponding carbons in nitrosamino acids expérience the
effect of the nitroso group. Thus, & carbon a to the nitros-
amino group'resonates at a higher field when it is syn to the
nitroso group,tﬁan when it is anti. The large diffefence in
‘shieldings of the syn and Egzivcarbons of nitrosamines has

" been attributed to a steric compression effect (53) rather

'than to an electric fleld effect (51 52) - Although recent

<
. — SO —— e

theoretlcal calculatlons on ketox1mes (56) dld not completely ‘

— e R
explaln the experlmental values, 51mlluy sterlc effects are

currently accepted as the cause ofﬁrelated differential

shieldings in amides (57,58) and oximes (56-60): The'syn-anti

ey
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differential shielding of the corresponding d-caqbon'in E

- and Z-isomers (AQZ) is defined as follows:
' ' ~

AQZ = §  (6f one isomer ) - 3§ . (of the other)
, syn ] anti
+ ’ ’

Thus, nitrososarcosine (II-l-a)7di§p¥§y§m§yQ~A;i values: one

—OLY

for the methylene carbon [Agz (CH2) = 7.2 ppm]. and one for the

a
SA

show an averaged A

methyl carbon [A (Cﬁs) = 6.8 ppm]. Open-chain derivatives

52 ~6;§lppm (see Table 2-6) substantial}y
smaller than that observed in the sfxfmémbéred\ring nitrosémino

acids.(Agz ~10.6 ppm) but larger than that of five-membered
ring derivatives (A52f~3}9 ppm). This trend was also observed

in dialkylnitrésamines, where alicyclic derivatives exhibited

a
an averaged A

SA
showed a Aéz average'of 11.2 ppm (52-54) and five-membered rihg

of 8.2 ppm (51,54), six-membered.fing derivatives

compounds an averaéeiof 4.6 ppm (51;54). Similar observations
have also been made for oximes (60) for which A;Z wds‘showﬁ tdﬁ
correlate satisfactorily with the dihedral angle formed by the
C=N and»the o C-H bonds.v The differehtial shielding of nitros-
amino grouPthgé been proposgd to simply be another example of a

y-effect (53).

R g — -

//”The B-carbons relative to the nitrosamino group also

“experience the anisotropic effects of the nitroso mbiety but

to a lesser extent than the a-carbons (see Aéi ig Table 2-6).
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hIaé;gmg:§47~Syn-Anti Differential 3C Shieldings for

a and B-Carbons in Nitrosamine Derivatives

d
_ R : .
Compound - ASA - \ ASA
' ' C-alkyl ° C-CO,H
'CITZQWTH?:**’ R "7;,”:4'7782))” - , 7 T == o
NO 7.9 C/ -
. 7 F)
. /
CH_NCH,CH, 1.5 (CHa)g; 3.19% )
NO 8.9 (CHp) , : T
CH,NCH,CO_H 6.8 (CHz) -- 2.4
NO 7.2 (CHQ)
| a)by a)
CH,CH_NCH,CH, 8.6 3.0\ --
: NO
s 6.3 (CgHg) 2.9 2.8
CH_CH_NCH_CO_H £ -
3 2&0,:2:_,2 ,, 5.0 (CHp) 7 ‘ o 7
. o ll.8§;'ll.0f) 1.7C§ — ‘ ' ;
: , 11.2°7 3.5% :
_ . ¥ )
- NO. . _ )
- 10.6 (Cp) 2.5 (C3) 2.0
NN 10.4 (Cg) 2.5 (Cg)
NO COZH 7
CO_H . :
0 2 10.9 (Cp) 1.3 (C3) 0
.  10.8 (Cg) 1.6 (Cg)
NO 7 02H o
10.7 1.7
, N —
S ——— 7,777,,,,,4N677, -
[ ) y.627P) 3.5%) y
~ : . o
1
NO T - '
~ [ | 3.9 (Cp) 1.9 (Cy) 2.1
“"’L CO H 3.8 (C5) 1.0 (CL}), : R N
= NO o : : ' >

a)®Ref. 51; b) Ref. 54; c) Ref. 50; d) Ref. 61; £) 'Ref. 53
ey calculated for the methyl group (60)
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The carboxylig'¢;rbons of the derivatives‘of a-amino. acids
'alsd‘occupylng the B- p051tlon,exh1b1t a relatlvely large A;Z‘ .\;v"
(2.0 . 2 8 ppmﬁ. However, due to complex electrostatlc ) I f,;
'1nteractlons, it is difficult to attribute the ASA of car- ':;

boxylib carbons *toc a steric compression rathér'than to an

elecurlc field effect. 7 E T

5 - - . . . . ] - L .j“ . o
N nmr: - The lDH chemical shifts of both nitrogen atoms of II-1-&-

wers” measured as shown in Table 2-7. The chemical shift of

'the amino-nitrogen ceuld be 'recorded at, the natural'abundanbe
level, whereas only a 1 N enriched sample could give a sighal '~

for the nitrosc-nitrcgen. The #shemical shifts recorded were.
of the  same order of magnitude as those reported for nitros-
- amines (54,63,84). Two lines of equal intensity was observed

o T . - & -
for each nitrogen due toc the E and Z-1somers. The. syn-anti .

LJ.

ffeﬂentlal shield 1ng of the amino-nitrogen was at least
thrze times smaller than that of the nitroso-nitrogen. The
assignment reported in Table 2-7 was made possible by 1) the

recent study of Souesnard and Martin (54), who showed that,

: " _ v
‘ . . . : . 15 . .
diring protcnatlon of nitrosamines, the " "N chemical shift of
, ~
the amino group mcves & field and that of the nitroso group .
- - : - d

T

assuming that the Z-iscmer is stabilized by an intramoclecular

nyérogen bond which is not likely to exist-in the E-isomer

. eguirslar Isomeric rmixture-
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1

N ChemicalfShifts of N«Nitrososarcosine (II-1-a)

. *
v -

aerz

example,

t.s_

ritrosamines and

.,
N1
-

effe

i
Lddid T

- E -7 ' . E

frequency scale +196. °

a) ) : o
(+NMe, )7 | . e | ]

g scale

(NQQMe)

a)’ ‘Calculat 334 ppm upfield from MeNO

2

- - . s - e ‘ '\
15y chemical shifts £ -  sm in nitroso
N chemical shifts for the E-Z isomerism in nitroso

4

The

neVér been reported. For

(bL) have measu"ed the lSNi

ivatives o- h—alxyiam-nes bava

Gouesnara and Martin

spectra of  a

repcrted cne 71ne for eanh 1Lroso and amlno

ogen atoms. 1t was concluded that The steric compression

. .. 13 : - : :
ct experlenced in C nmr does not directly affect the

I
-«

shifts of the nitrosamino group,. As E-7 iéomerq are

series of as;mmetrlcally substltuted dwalkyl—

. .

15,

L

- - >

have eXDEC"CEd ;nO se*‘s of two lines

13

N - < N
rved in C nmr. Our results

-

ifference in the Lo

rd

)
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N chemical shifts of not only the-nitroso but also the
amino nitrogen atoms in II-l~a. Since it has been shown that
. * 3 /"'E"'/ . - .
the chemical shifis cf the amino and nitroso nitrogens of
nitrosamines undergo drastic v&riations upon protonation of the
. . .15 . ' .
nitroso group”{&%% the difference in N shifts aobserved in

II-1-a may arise from hydrogen-bonding as shown below. The

g
SA

C nmr may also be accounted for by the same effect. Although

"j

elatively large £ experienced by the carboxylic carbon in

nydrogen-bonding through & seven-membered ring is thermo-- — — -
dynamically less favocured than that through a six-membered

ring ( €5), it has been shown (EE) that the oxygen atom is

the most basic atcm and that protonation of oxyggx may be ex-

ected to be the dcocminant mechanism (66).

e}

St PRUSEES—
4

S CH._~ - OB e N

1
xf .
s : N_ 0
O/ \OnnnH/

Z

1

II-2 Preparation and Properties of Nitrososarcosine Salts

A series of salts derived from II-1 were prepared and

—————their properties studied. The sodium and potassium salts
t

(1I-14-p and II-4-c) were prepared by the reaction of the free .

acid II-1 with XaCH o»r XCE in MeCOH. The lithium salt (II-14-a)
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was obtained from the reaction of II-1 with LiOH in water and

S

+he dicyclohexylamine salt (II-1%-d) according to the reported

procedure (67). The purity of th w salts (II-1l4-a, II-14-b

and II-1lu-c) was ascertained by elemental analysis.

’ M= Li II-14-a
CH3—N-CI€2-C029N@ M = Na II-14-b
|
NO M= K II-14-c ~
II-1Y4 - M= NH_(CH ), II-14-d

The ir spectrum of each derivative exhibited the two

characteristic bands for carboxylate groups at 1640-1600 cmhl'

and ~1340 cm°l and for the N=0 stretching absorption at ca.

1455 em™ L. The 'H and e nmr spectra of all derivatives -

cshowed two sets of lines which were attributed to the two-
1

~ isomeric forms E and Z. The "H chemical shifts of the methyl

group of both isomers and that of the methylene group of the
7Z-isomer were identical to those of the free acid within ex-

perimental error, whereas the methylene protons of the E-isomer
13

consistently exhibited a 0.2 ppm upfield shift. The o

cheﬁical shifts for the same isomefv(E or Z) of all salts didb

not vary significantly. -As expected, the methyl carbons, being

screened by the nitrosamino group, did not experience the de-

L

nielding effect due to the ionization of the carboxylic

9]

cup. However, the methylene carbons showed approximately a

"

2.7 ppm downfield shift in comparison to the corresponding car-

boxylic acid similzar to that observed in the o
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carbén of aiiphatic carboxylatesr(BB). The carboxylate carbon
also showed a dowﬁfield shift of approximatély72.8 ppm, which
is slightly smaller than the 4.7 ppm shift observed by the

aliphéfic carboxylic acids uponrionization (68).

-~~~ ~The uv spectra of these compounds all exhibited a weak

absorption (e ~90) in the 340 nm region corresponding to the

N+ transition. The metallic salts exhibited an increasing

bathochromic shift of the n+ﬂ* band as the atomic number of.

the metal decreased. e

The isomeric composition of the cfystalline salts was

1 . . : :
determined by taking H nmr spectra immediately after dissolu-

~tion in water. The potassium salt II-14-¢ consistéd of a mix-

ture of the Z and E isomers in a 1:0.75 ratio, whereas the
sodium‘and‘lithium salts (II-14-b and II-14-a) were found to
contain ovef'95% of E and 2 isomgrs, fespectively. However,
all dérivatives slowly isomerized'in water ét room temperature
to give a 1:1 ratio of the two isomers*. The lithium and
sodiﬁm salts II-1l4-a and II-14-b isomerized with approximately

the same rate (see Fig. 2-4) but much slower.than the free acid

TI=1=a. For.example, complete isomerization of Z-nitroso=

%k

This observation is contradictory to Lijinsky's report (48)
which claims an excess of the E-isomer for the sodium salt
equilibrium.
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- mixture containing 15%-of Z-isomer.— - — -

sarcosine in water took about 3 hours at room temperature,
whereas only 2% of the crystalline isomer of a metallie salt
was isomerized during the same period. The crystalline forﬁ
of the dicyclohexylaﬁine salt II-14-d was shown to contain 10%

of Z-isomer and to isomerize in water at room temperature to a

The pH of a 0.1 M solution of each salt in water was
measured and is reported in Table 2-8. As expected, the pH of
the dicyclohexyiamine salt was slightly basic (pH = 7;85).
However, surprisingly the pH of the solutions of the metallic
salts were found slightly acidic, with the pH value decreasing

~

as the atomie number of the metal increased.

II-3 Photolysis of N-Alkyl-N-Nitroso-a-Amino Acids

The photolysis of nitroso derivatives of acyclic N-alkyl-
a-amino acids in various solvents were investigated. The )
phdtoreactions carried out at room temperatufe and under

nitrogen showed a zero order decrease of the 350 nm band and a

rapid evolution of COQ. In general, the photolysate was

1-

,\ PN

-
=10

(see Table 2- Ql,and in some cases (II-1-b and I1I-1-d l»ngaﬂiraee

of the parent a-amino acid was also detected.
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Table 2-9. Percentage Yields of Amidoximes:

H —— CO

II-15

«

, * [R-N== CHR'] + [HNOJ

H,0
R ) RNHCHQA,thNHQH7NO
o 11-17 I1-18
+ ,RNH2 + CH,0
II-20 2'—:¢;CH2?3

Scheme 2-3

:N-Alkyl-N-Nitroso-a-Amino Acids

Photoproducts of

Starting Nitrosaminoacid Yield of
II-1 Amidoxime II-~16 Solvent
a R = CH, R' = H 72 Me OH
b R = CH "R' = H 89 Me OH )
¢ R =iso-C,H, R' = H . 76 MeOH 3
- 3 7 ) % B
d R = (CH),¢ R'=H 82 MeOH o
*’*‘*’”g”§*§7“2“25575 68 ether v .
= 2 783 . Hpo,HEL
h R,R' = (CH,) 76 ether , ;
= > 274 a) - e - AuC) :
832015 H,0, AcOH ;
48 'H,0, HC1 ;

a) isolated as hydrochloride salt b)

a small amount of a

hygroscopic material was observed ~¢) the photolysate was

 boiled with HC1

[ R



The molecular formulae of amidoximes were ascertained by

elemental analysis and by high resolution mass spectroscopy

" (hrms). These compounds exhibited characteristic absorption

bands at ca. 1680 em™t for the C=N group, at ca. 900 em™t for

-1

the N-Q0 stretching and at 3250-2750 cm for the hydroxyl

'gféﬁﬁi”ﬂThe H nmr spectra of ‘the formam1dox1mes II 16 -a to s
II-16-d each exhibited a singlet at 1 2.9—3.4 (see Table 2-10)
for the vinylic proton, arising from a single isomer of the
E-Z aldoximes. As the chémical)shift ofvthe vinylic proton was
comparéblg to thaf of the trans viﬁylic proton of Z-aldoximes
at 1 3.2 (69,70) the Z-configuration was assigned té the—form-
amidoximes.: The presence of a stroﬁg hydrogen bond SQSEilizing
the Z-configuration was confirmed by the significant shift of the
hydroxyl stpetching towards the lower frequency region/?§250—
2750 cm—l) compared to the free hydroxyl stretching frequency

of oximes (3650-3500 cmfl) (71,72).

The photolysis of a suspension of N-nitroso-N-(3-phenyl)
propylglycine (II-1-d) in water, under nitrogen at room temper-

ature showed the emergence of new uv absorption bands at vmax

= 328, 505, 540 and 720 nm which increased steadily to a

,)/

P&gure~235%TW'ﬂnring‘thé*pﬁ’ffly51s,'a blue colour t typlcal of
C-nitroso derivatives (73) was also observed and the change in

its intensity paralleled that of the new uv bands.

A
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After completion of the photolysis, the solvent was dié—&
tilled to give a small amount of formaldehyde which\was

The

detected as its 2,H-dinitrpphenylhydrazone derivativ
fraction obtained fyrom extraction of the concentrated

photolysate afforded N-(3-phény1)—propylformamidoxime (II-16-d)

”(S%)Wéﬁa”émrééiaﬁé“whiéh‘éxhibitéd“a‘strong"ir’abSOPption‘at*> ) \; AN

1

1700 cm™ ~ (NHC=0). .This fraction was shown by gc-ms to be a

mixture of three major and two minor componéﬁts. The mass
spectrum of one of the major compounds (23%) showed an intense
molecular ion peak at m/e 163 and a spectral patfern compatible

with fragﬁentation of N-formyl-3-phenyl-propylamine (II-17)

(Scheme 2-4). The assignment was further confirmed by gc “

s
o

mixed injection with an authentic sample. The other two major

m/e 118 (62%)

| .
C Hg-(CH,)-NH-C-H ——> F%Hg/\\¢;$]+

6 29,
'TI-17 M5 183 (3u%) ' : x “
: l : m/e 91 (u47%) -
SR Q :
“~§H2-6-H m/e 59 (100%)

Scheme 2-U4

L 3

An authentic sample of II-17 was synthesized by chloral
g 11l-17

-formylation of 3-phenylpropylamine (II-20). .
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peaks (ld% total) were barely separatedAon gc, but gave quite
différent mass spectra. Tbe structure of N—(3fphenyl)—propyl-
amino-1l-nitrosomethane (1I-18) was assigned to the less pslar \(
compohent on the basis of its ms pattern‘showing a peak at
m/e 148 (57%) for the loss of NO (Scheme 2-5). The presence
of high mol ecvlarﬁeight"*fragments {m/e = 251) inp Fthe-mass—— .—Mw——;
spectrum of the sécond‘peak-suggested that {l:l@exisfedas a

dimer in the solid state (Schem§'2-60. It is very likely

that dimer II-19 partially dissociated in the column to giveﬁ‘ | T
the monomer II-18. Basic extraction of the mother liquor of

thg’photolysate gave 3Lphenylpropylamine I1-20 (12%) and acidic

' extraction gave unreacted, starting material II-1-d (8%). The
™ , : W _—
strdctupé of compounds II-20 and II-1-d was confirmed by com-
o~ parison of their spectral data with those of authentic saﬁples;

Photolysis of cyclic nitrosamino acids II-1l-g and II-1-h
. -7 f
"also showed a zero-order decrease of the 350 nm band as well .

as a rapid‘CO2 evolution. Irradiation of nitrosopipecolinic

acid (I¥-1-h) in ether gave a hygroscopic precipitate which
~exhibited ir absorptions similar to those of 2-piperidonoxime
- - 4 .

(II-16-h). work up of the photolysate gave II-16-h (76%) and

another small amount ¢f the same hygroscopic material.—When

Y

o

- —%the photolysate resulting from a photoreaction carried cut in =
water and acetic acid was boiled with HCl, the hydrochloride,

oI amidoxime II-18-0 (37%) was isclated. Neutralization N




R o i : ' . h
. . p6H5~(CH2%rNd-CHg:NQ - .

- II-18 h/e'l78 (absent)

. . ' 4+ d
] . -( - -(Cz=N\
h CH , » C HB (\,H2)3 NH2 C=N

| m/e 148 (573 E _m/e 161 (38%)

’ {f - /TY?‘\V . R

o ", lOH B ,
"‘NH—&-H

N
mwl

[pS]

o

4 . nm/e 7n (100%) .

-\fAL : '\;\\Jf'

' Scheme 2-5 : : :
~ . - , : : o

hacy

g

. +e -
- ' ‘ -t - S
’ C.B_-(CH, NI -HN=N- —-NIi—= L - .

NH-(CH,) ;~CH,  CLH, ~CH,~CHe=CH-NE=

E -

‘mie 146 (88%)

. ) ) +
E_-DH_e | S NH=

Scheme??-ea' .. m/e 56 (81%)
3 RPN 4 ' .

L : ) - . .



- of the mothef 1iquor‘gave1amidoxime Ii-lB-h (4e%) butgnbne of
the amofphdus solié;éould be‘deteétéa.‘ On the other hand,
§hotoiy3is’of'li-l-h iz water and dilute‘HCl, gave, besides
II-lphvhydroch%éride.(@8%), the séme amorphous solid. The .

lattér gave'II-lE-ﬁ'hydrochloride (6%) upoﬁ tréatment with

s e ;wéaﬁeeﬁ%ratedeC1. I+is JELL”VEQ that’tne amorphous “solid:
. : X v’ s 3
‘Which exhibits sim&lar ir absorptions to II-16-h is the _
ERE - ¥ i ———————— R B

E-isgmer of I1I-15-h and that it is converted®tc the Z-isomer

ture cf béth‘amidoxime 1I-16-h and its. HCl salt were ascer-
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ot
0
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PREN
“r)
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(VR
n
(o)
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N
f.J
ot
wr

L
v hd . . -
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" . . - . - Loy s T . - .
Srhotolysis ¢f pitroscproline (II-1-g) in ether gave .

. ©  2-pyrrclidcnoxime (II-1£2-g) (78%) and a hygroscopic precipitate
. — L N o —_—

witich turned toc a resin uboh £xXDOsure tO‘air.f In ‘'water con-

- - ’ N H

-
.o+~ “taining diluted HCI, photolysis of II- l—g gavo the hydr@-
] o ' '

rchicride - of II-15-g (58%) and Lhe same ny;roscoplc:'

material (24%). The “H nmr of tne 1atter exh ibited the same
Kl L5 . .
b3

\

~

signals as that o%'II-1f-g namely two triplets at 1 £.33,

7.17 and a multiplef at 1 7.77. It is believed that, in

--,

analogy with the photolysis of I l-n, the bygroccoplc material

. ) S o, 2

v ' . ) . ‘ e e - )
upon HCL treatment or attempted recrysta&llzatlon, - The struc—,

authentlc sarylga'{7n5. A

e eerresponds to the, E-iaomer of'the amlamx1me 1I-i6-g. 1Ihe
S structures of amrévxtme—%%:%ﬁ:g—#asfeeﬁﬁ rmed by spectral -com
5 parison with an authentic _mpl 5 ; t?at cf ' its salt by
. o . ,
N : - .
spectral and elemental analyses.

¥ s B 3

.
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The photolysis of'ﬂuasodiUﬂlsaltof'ﬁifrosdéarcosiné(II-lu-b)
in methanol, alsc showed a zero-order decrease of the 350 nm
band. During the photoreaction a new absorption ath,maX 305 nm
appeared, probably due to-a C-nitroso dimer and disappeafed

upon prolonged irradiation. The crude product was shown from

- X ] . . . ,

midoxime JI-16-a (10%) was isolated.

II-4 Preparation and Properties of N-Nitroso-N-Acyl-a-Amino

Acids

Acylated aminc acids II-21 were nitrosataiwithdinitrogeﬁ‘
tetraoxide (method B) of nitrqul tetrafluoréborate (methoa C)
to give the corresponding mitrosamides II-22. Due to the
insfability of the nitrosamido group (13,iu) fhe nitrosamides
were not purified further and were stored in a dfy container
at -20°C. These nitrosamides were yellow oils except I1I-22-a

which was a low melting solid. . The relevant spectral data are

reported in Table 2-11.

Roog Pt
_R=C-NH-CH-CO,H — R-C-N-CH-CO,H
11-21 n%x 1127
. | - | '
a) R =CH, R'= CH,¢ e) R = CHy R' = CH,CH(CH,),
b) R = ¢ R' = CH,$ d) R =‘CH3 “R' = CH,O0COCH,

Scheme 2-7
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Nitrosamides, analogous to nitrosamines, may also exhibit

the Z-E isomerism. However, dipole-dipole repulsion between
the carbonyl and the nitroso groups is expected to favour the

E-configuration provided the R group is not s0 bulky as to

offset the effect by a nombonded interaction. This has been

brium of nitrdsamides by nmr spectroscopy. Thus, the nmr
spectra of nitrosamides derived from primary carbinylamines
e#hibited only onéisignéi fdf fhe ézg—N-méthylene ﬁfo%oﬁé.
Thé 1H and 13C nmr spectra of nitroso derivatives of N—acyl—
o-amino acids showed only one set of lines due to one isomer.

In order to determine the nature of this isomer, the 13C nmpr

spectra of Néacetyl derivatives II—22-a,,II—22-C”aﬁd }I-ZQ-d

~were compared to that ofVN-methylfonitrosqagetamng (see

Table 2-11) for which the nitroso group is known to be anti
1

to the carbonyl groups (33). The 3C chemical shifts of the

carbonyl and methyl carbons of the N-acetyl groups were all

identical, within experimental errors. This led us to believe

that nitrosamides ¥erived from amino acids also occupy the E-

-
configuration:

B ikt AL LA AL P e
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1 dmn ol et 2 stk e o, sl i,
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Nitrosamides derived from amino acids exhibit a uv ab-
: : ) 2,

sorption centered at Amax ~400 nm corresponding to the n-+m

transition of the nitrosamido group (see Table 2-11). rngéyer;
when the spectrum was taken im@é@i@tely~aftér‘adaiéggﬁ of anr
excess amount,of'a'§fféﬁgrgéée, this absorption was replaced by
//;ﬁsetAQf tWO'absofptions at AmaX=335 and 410 nm. The rate of
disappearance of the former absorption and the appearance of
the latter were shown to be dependent upon the ratio of fhe
concentration of the base to that of the nitroso derivative.
Fig. 2-¢ and Fig. 2-7 'show the uv spectra of methanolic solu-
tions of,II;22-a containing different concentrations of KOH.
The concentrations and molar ratios are listed in Table 2-12.
For thoée samples containing less than one mole equivalent of
potassium hydroxide'(samples 1—5 and‘ll-l&), a partial de-
Acrease of uv absorption at Amax = 400 nm was obser?ed. Samples

of equimolar composition (samples 6 and 1l4%) showed the ap-

pearance of a new absorption at Amax @ 335 nm and for those

containing an excess of potassium hydroxide (samples 7-10 and -
15-16) the 400 nm absorptions were replaced by two new ab-

sorptions at Amax=335 and 410 nm. A residual nitrosamide
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Table 2-12. Experimental Conditions for the Decompositions E
o o
~ Shown in Fig. 2-6_and 2.7 - . 1
R 1
- e T T ,,7 . - § i
Sample #  [II-22-al X 10° mole/1 [OH"] X 10° molesn _ LOH 1 :
’ : - [II-22-a] 3
B !
i
- 1 1.0 0 0 i
2 0.8 0.1 0.11 i
3 0.8 : 0.2 0.25 3
4
R 0.7 0.3 0.43 :
i :
N 5 0.6 _ 0.4 0.67
. .é 6 0.5 0.5 1.00 3
e , | o ;
7 0.4 0.6 1.50
8 0.3 0.7 2.33
9 0.2 0.8 4.00
- 10 0.1 0.9 9.00
11 12.0 0 0
[- 12 12.0 . 2.4 T 0.2 :
i) %
N 13 12.0 : 6.0 0.5 i
- W 1E 12.0 12,0 1.0 ;
[- fffff 15 12.0 24,0 20
16 12.0 60.0 5.0
-




335 nm
7

Figure 2-6. The uv Profiles of Methanolic

Solutions of II-22-a with Different

Concentrations of KOH (see Table 2-12)

10



Figure 2-7." The uv Profiles of Methanolic

Solutions of II-22-a with Different B

s = —
. Equivalents. of KOH (see Table 2-12)
\ 108 0m oo nm
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4 &¢—13 - i
1l i?
%
i
) f
é’
394 nm :
. » 3
N P\ |




54

b

f~”~””*”Figﬁféﬁ2-8:M”Decogposition of I1I-22-a in the

Presence of 5 Mole Equivalents of KOH at

Room Temperature.

\335 nm

. }¢e—no KOH

-
|
i

—5 eq. KOH

——after acidificatlo




absorption (A .y = 400 nm) was still visible when two equiva-
lents of KOH were added (sample 15) but the é;ansformation was
practically instantaneous in the presence of 5 équivalents of

base as shown in Fig. 2-8. 1In all cases, the absorption -at’

\‘

410 nm was much wedker than that centered at 335 nm. HoWever, : A

e ——r¢he—w~spee$fum—e%a¥be%eneﬁse~l&ti0&9£—ni@oso—i 1-22-a did—
not show any chénge after addition of up toyé mole equivalents

3

of triethylamine.n

, II-5 Decomposition of Nitrésamido Acids Under Basic Conditions -

I1-5-1 Kinetic Study

*{ o Although nitrosamides are known to be thermally labile com- ~
t
N

>
\

pounds, a methanol or benzene solution of nitrosoamideVII—22—a
could be kept at room temperature, in the dark for a period of
X !
\ hours, and nearly indefinitely at 0°C, without any decomposition
. y P

\Hgbever, in benzene and in the presence of 1,2,3 or 5 mole
~
e&ﬁivalents of triethylamine, II-2-a decomposed slowly at room tem-

perdture, as indicated by the decrease of the nitrosamide

\
absorption at 400 nm {(see Fig. 2-9). The dgsappearance of the
< , j ,
.. absorption followed first order kinetics. In all cases, the
o L 4
' %

The same absorption at Amax 330 nm was once observed after

addition of triethylamine to an aged sample of II-22-a, in benzene
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spébfra'éhsééaﬁa résiduéiﬁabsorption at ~400 nm the absorbance
of which never exceeded 20%'§f'fhat of the zero hour curve,.

The rate constants of each reaction Qere calculated by plotting
the logarithm of the absorbaqce at 400 nm as a function of

time. The results of Table 2-13 show that an increasing

: . ) )
amount of triethylamine increases the rates of the decomposi-

“tion*oniy*siightiy*but*that“themrate‘Constant“Uf“thé*réacthﬁ*"***“*“A

drastically increases when the temperature is rajged.

: , o o i , ,
Table 2-13, Rate Constants for the Decomposition of II-22-a in

Benzene in the Presence of Triethylamine and KOH

mole equivalents

of base T °C k (X 1oif;i)/””_"?\£hg:f)

1 (EtigN 22
2 22
5 22
3 30
1 80
1 KOH 220
§0°C 82.2 6.2

[4p1]
o0
Ch
AN
w
L)
e
o

[s¢
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Figure 2-9. The uv Profile of

the Decomposition of II-22-a

in Benzene with Two Equiva-

lents'othriethylamine.

405 nm

422

a: O Hr.

b: 1.5 Hr-
cr— 4% Hrs

4d: 11 Hr.

e: 23 Hr. J
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Figure 2-10.

Decumpos;tlon of II-22-a in

.the Presence of 0.5 Mole Equlvalent of KOH

in Methanol at Room Temperature

R

0 Hr (XOH

N
tl.
—03_Hr. (go KOH)

=)

—-0 Psr 0-5 aq.

kS OH)
R (

KOH)

~

2 Hr. (no KOH)

.——l Hr.(Oqua‘J
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In. methanol and in- the presenoe of ﬁp to one equivalent
fofrpota551um hydrox1de n;t?oeamlde II1-22-a also underwent slow
) decomposition, " The decomppsﬁtion of{so}utions éonfaininé 0.2,
215 and 1 mole equigalent<qf éotaseium hygrexide was menitoreQ'
by following the deereasé of tﬁe 400 nm absorption. U.v. pro-

. A C .
files similar to that shown on Fig. 2-10 (0.5 equivalent. of

L~f~fee—%ﬂww%%%EL+ﬁﬁ¥9{&ﬁﬁﬁhﬁﬁieéepesamﬁiesﬁeen%ainingeQTEmaadﬁiﬁequivalenteAeeeue*

of base. The decamposition,was faster as the concentration

] . B ra

of KOH was increased. A control sample containing rio KOH, -

- : BT = : S .

kept under the same conditions .(at room temperature in the-

4 5 i ‘ ’ ., ‘ o }
dark)’, hardly showed any decompositién after one‘'day. This '

demonstrated that *the éecompcsition was indeed markedly =
. i ~ .

: ' accelerated under baaic eonditions.‘,The~effects of temperature
. y B o

were shown by the complete decomposition of a sample'containing‘

s

one equlvale"n+ of pota s:‘um nydrox1de after -one hour at HO°C

In contrast, the. same saﬁole decomposed‘to?the extent of'30%
v Laa

' oom temperature and hone at all at 0°C ({yg 2 72) The - ‘
~
rate eonstants cf the Qeactlon were calcu;atec and aré?reportedn

in Table 2—15. . .« ,
’ ’ ’ — - s
i -

- The decomposition of II-22-a in-the ‘bresence of 2 and more

- ¥

equivalents of KOH was nearly instantaneous and the nitrosamide .

——~4~—~—744v~a%sefp%ieﬁ—a%—H%Q—ﬂﬁ—w3543- iac 3 se%—eﬁ—ewe—newuabsere-j —
Vo ~ i
S 444LLQns4aigaaﬁgann4£l:4nm44_2he spec1es showing these absorvtlons Y-

-~

L3

was quite stable since the new absorptlons per?;sted for few

-
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déys.

flcatlon of the solution. (Flg 2—8).

-

5
e}

3

However, they disappeared 1nstantaneously upon acidi-

II-5-2 Product.Analysis of ¥he BasicADecoEpositionlof

Nitrosamido Acids

2

P—

In protic solvents with an excess of a strohg‘base:»

.

When

a Suspen31on o; nLtrosam1de II- 22 in wate” at D°C ’Was treated

of gas 1nd1gated a ranld decom0051tlon..

14

ove“;ln few minutes and upon a01d1flcaxlon more gas was evolved.

3

- with an excess of potass&um hydrox1de, ‘a strong evolutlon

w0 N

The reactlon was,

“«

W

The nmr spectra of the acidic fractlons exhiBited the char~

acteris 'c\sig;als Q£ hydroxy ééidstI-?&'as onlyip}oduét.
“7 el V’" ’ V A;- * R 7 7 7
aor oH® e _ |
' R-C-N-CH-CC, B - > e N, +'RCO.H + R'-CH~CO_H
WL 4.0 2 Z o -2
- NO “2 ' ‘ OB
11-22 II1-23
R=CH, R = CH¢ Ca (82%)
X = ¢ n' = CHE¢ b .(99%)
R = CH B! = Y CH(CH. ). ¢ 'fﬁS%T
! d Z 37 ’ ~

~ Scheme 2-8
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Z—Hydroxyf3-phenylpropanoic acid (II-23-a) was isolated as its

o : , ‘ ‘
’ methyl ester II-24, whose structure was confirmed by spectral

A”and'elemental analyses. Acéfic,acid'generated from the
reaction of nitrosamide II-22-a was detected in the nmr spec-

trum of the crude,prcduct, showing a ginglét’atyt 8.0, but was

not isolated. The decomposition of II-22-b gave benzoic acid

Y . . 2;"; . ~ i ’ ) .
‘which was Iégiateé as such and as its methyl ester. 2-Hydroxy-
1 R

fagTﬁﬁffmﬁgAhkémﬁihylyalg;iF acid'LII-23-c) was purified by column chroma-

tqgraphy and had identical spectral propertles to those of 'an

?uthen+1c sample (75). oy

' The gas evolved during addition of nitrosamide II-22-a
o a methanolic potassium hydroxide solution at 0°C, was

reasured. The total" "qume representéd*the‘ﬁecomp031t10n of-

- -h-a.," e i Y e nn-u

pproximately 39% of the startlpg nltrosamlde II 22-a.

In order to differentiate the bioducts generatéd under

i vbaslc condltlons from those formed upon ac1d1f1cat10n of the

, crude reaction ‘product, the follow1ng experlment was carrled
out. A.methanollc solution of”nltrosamlde II-22-a was allowed

tc decompose at room temperature with an excess of sodiumr

methoxiée;U'Hétﬁansijyas»evapérated and replaced by watér.
4 . _ AR e
-

- 7 V ~ ‘ .

H

All methyl esters were prepared Bxldiazomethane'tréétment

} . of the corresponding acids.: o \%
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Upon acidification with hydrochloric acid, ﬁore‘gaé was evoived
and usual workup gave a mixture of‘three acids. 2-Methoxy-3-
phenylpropanoic acid (;gﬁgg) (48%) and 2 hydroxy- 3-phenyl-
_propanoic a01d (I1-23-a) (14%) were identified as thelr

methyl esters by gec peak matching with authentic samples §

2-Chloro-3- phenylpropan01c acid (II-26) (7%) was tentatlvély
a551gned on basic of the gc-ms fragmentation pattern of its
methyl ester showing a molecular ion peak at mie 198-200 ina——— —

3:1 ratio.

R P
QG0 NaOMe HC1
cx. -C- N- buleon > "—» $-CH.~CH-CO.H
E 2" MeOH  H,0 R
N0 2 R

11-22-a R = OCH, II-25
% = OH I1-23-a .
R'=Cl  II-26

K% Scheme 2Z-8

Several aftemn s were made to trap” spec1es "X“ respon-

sme for the 330 amd 3&1& nm ug abscrptions. on _the assumptzont;;&t

+his intermediate was a dfazoalkane derivative, photolysis’

of "X" in the presence of cyclichexene was inéestigated. The

second apppoach~involﬁeé the alky atlor of ‘the carboxylatg

group of "X" with an aEkylatiBE-agent such as phenacylbromlde.
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A solution containing species "X" was generated as usual

I

from the reaction of nitrosamido acid II-22-a with two equiva-

lents of potassium hydroxide in methanol. Within two hours

¥

$CH = CHCO_H +¢CH, CH(OCH,, )CO, H
o 2 o CH(OCH,)CO,

0 CH '
H 1 2¢ 2eq. OH o hv 11-25
CH,~C-N=CH-CO,H =[x > .
' ©NO MeOH : :
S : + $CH,CH(OH)CO,H
-22-a ' ‘
11-2 - 11-23-a
+ ¢CH,CH,OCH, +¢-CH2-§H<I::]
‘5 I11-27 . - 1I-28

-Scheme 2=-10

this solution showed no nitrosamide absorption at 400 nm but -

' absoéptions at'333 and 510 nm at their maximum (see Fig. 2-11).

Tﬁe solution, after.additionfof cyclohexene, was irradiétea at

0°C in .a pyrex apparatus for 5 hours until the absorption bands
ét 33Q nm and 410 nm'héd completely disappeared (see Fig. 2-11).
The acidic fraction'was shown tc contain in ;;dition to two

mincr unidentified components, cinnamic acid (12%), hydroxy

acid II-23-a (18%) and methoxy acid II-25 (64%). The compounds

et

were identified as their methyl estérs by gc peak matching with

AN , : '
authenti¢,sé§ples, The yields based on II-22-a, were estimated
from peak area measurements. The neutral fraction contained

l-cyclohexenol, l-methoxy-2-phenylethane 11-27 (~1%), 7-benzyl-
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bicycld[u.l.e}heptane II-28 (~1%) and one minor unidentified

. compound. Ether II-27 was identified by gc peak matching e

with an authentic sémple: Addition product II-28 was identi-
fied by gc-ms and showed a molecular ion peak at m/e 186 and

base peak at m/e &7 characteristic of bicyclol[4.1.0]heptanes

{7587,
-
. L¢-CH,5CH: 3P — m/e = 95 (34%)
II-28 ® - '

) | mie = 31 (15%) <'—_7\ Q{__ m/e = 67 (100%)
: \k ® ' ,

m/fe = 82 (48%)
~ Scheme %Fll

Treatment .cf a sclutisn containing species "X" with an
excess of phenacylbromide in refluxing methanol caused rapid
disappearance cof the abscrptions at 330 and 410 nm. The acidic

i fraction was shown %o contain.methoxy acid I1I-25 (36%) and a

trace of hydroxy acid II-Z3-a by examination of the nmr spec-

trum. The neutr3l fraction exhibited ir absorptions of

ik asloa

-

: - < Fad . =4 1
phenacylbromide at 2875, 128C and 1190 cm and a weak ab-

[ EL)
by

sorption at 20870 oz wh may be attributed to

-~
~
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: %X

phenacyl 3-phenyl-2-diazopropancate (II-29). The carbonyl
stretching of the ester group of II-29 could not be confirmed
since the crude product contained relativgly large amount of

phenacylbromide. Attempted chromatography of the mixture on

&

basic alumina failed to give the pure ester II-29.

In methanol with one eguivalent of strong base:

a) Treatment of n%trqsamidordciﬁ 11722-a7with one eguiyglggﬁi?f

sodium methoxide in methanolic solution for 72 hours at 5°C

followed by evaporation of the sclvgnt, gave methoxy acid I1I-25

-

as shown by thé nmr signal at 1 £.62 (—OCHé). tcidic extraction
( .

iy

of the crude product Iclliowed by esterification with diazomethane

, &
yielded the corresponcing ester II-37 in 90% overzll yield.
g BT -4

b) Treatment of II-22-2 with one eguivalent of jpotassium hy-
droxide at 40°C gave a first order decrease of the n+ﬁ* band.
(k = 82.2 X 10 sec T} which was a2t least three times as fast
as that at 22°C (see ?ig. 2-12;, Esterification of an aiiquot
of the concentrated reaction mixture followed by gc analysis

gave methoxy ester II-37 as a major product and a trace of

hydroxy ester II-24% (~3%). Acidic work up of the rest of the crude

sroduct gave methoxy acid II-25 (35%) identified as its methyl

estaep LI-37%. - v [

k%
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o &
6 GH,# MeOH CH, ¢
CH4-C-¥-CH=CO,H ————= CH,0- nloo. s
3 2" jeq. rO® 2
| X0 : . -
IT-73-2 IT-25
R = H, CH,

~ Scheme 7-12

—

Tigure 7-17, Deﬂcmposition of Hitrosamide I11-22-a

in the Presence of 1 mole *gu1valenL of KOH in

%ethé@éi."é;rfé hour curve; b: 1 hour at 22°

\\ c,d,e: 20, 40 and 60 minutes at uQ°
505 nm

o s
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In benzene with triéthylamine'» When a benzene solution of

nitrosc derivative II-22-a was treated with 1, 3 or 5 mole
equivalents of triethylagine at room temperature, itunderwent
sibw decomposition, as shOwnvby the gfadual decrease of the
4460 nm,band‘(see Fig. 2-9). In all cases, a residual absorp-
A1;onAcen4epedma*4ﬁgﬁgnmgandgnenreseniigg_apppoxlmaielygzﬂ%gof
' the zero hour curve was observed. The crude products obtained

-

after evaporation c¢f the solvent showed identical ir spectra,
featuring broad absorptions at 3500 and 25i@ em™t for car-
boxyliic acids, a modﬁum abSOﬂptlon at 2080 cm -1 characteristic
of a diazo llnaage, and strong bands at 174C and 1250 cm-l for
an ester group. <Zhe Iraction obtained after basic (10% Hazcoa)
exiraction of the crude product was shown tc contain unréacted
‘nitrosamido acid II-22-2 (ca. z?%)i phenylethyvlacetate (II-31)
{(15%) and 2'-chenylethyl-3-phenyl-2-diazopropanoate (II1I-30)

. k% . . . . ' - .
(17%) by examination of 1its ir and nmr spectra. The starting

material was characterize

[}
o
<
s}

singlet at 1t 7.5 for.the methyl
group and a double double* at 1 4.4 (J = 6,10 Hz) for the methine
proton, in the nmr spectrum. Phenylethylacetate showed a singlet at

T 8.0 for the hethyl protons and a triplet at T 5.72, whereas

&

Dissociaticn of the acid group in I1I-22-a requires a
stronger pH. '

%ok
The yield of II-3C0 is based on 1 mole of II-22-a to give a

maximum of 0.5 mcele of II-38.
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diazo ester II-30 was characterized by a triplet at t 5.7 and

a singlet at t 6.5 for the methyléne group alpha to the diazo

linkage.

The yields were calculated from nmr 1ntegratlon and ..

were identical within experlmental errors in al1 three experi-

ments.
9 K (20) % 0 0
CHE-C-N-CH-COQH ———— CH,C-0-CH,-R + R-CH -0-C-C-R
éo $H, rt g B -
I IR & 3 IT-30 2
II-22-2a

Scheme 2-13

When a benzene solution of nitrosamide II-22-a contalﬁTﬂj

cne qulvalent of *rlethylamlne was refluxeo, no re51duat ab=

sorption

at 408 nm was observed. The rate of disappearance of

the nitrosamido absorption at 400 nm was about twice as fast as

in the thermolysis of II-22-a in refluxing benzene without

triethylamine. The neutral fraction obtained after basic ex-

+*raction
the room

and 168880

showed the same ir characteristics as that obtained in

temperature reaction; e.g.,-strong absorptions at 2080

em™! for diazo ester I1-30 (76) and strong absorptions at

1745 and

1240 cm_idfér ester II-31. Chroiaﬁography of this

r

fraction

over basic alumina afforded Z;Eﬁenyiethylacetate

(II-31) (3%), cdiazo ester Il-io (17%) and phenylethyl alcohol

o

(II-32) (7%). The acidic fraction was mainly-parent amide
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II-21-a (2%) as indicated by ifsﬁir spectrum.

+
o ow | ~ RCH,OH + RCH,0COCH,
CH. -C-n-CHCo. B ¢H» (BTN II-32 o II-31
3 J 2 - > )
NO L )
II-22-a 0 .
R—~C-0CH R+ CH,CONHCHCO,
i 2 3
N g
II-21-
* 2 1 a
o coy II-30
/// CH,,0H

Scﬁeme 2-14

,

S

Ester I1I-31 was obtained by eiution with hexane and identified

by cdmparison of its spectral data with those of an authentic

sample. Diazo ester II-30, eluted with a mixture of 10% benzene

in hexane, was a bright yellow o0il which showed to be pure by.

tlc and hplc analiyses but gave poor elemental analysis. The
diazo ester function wag characterized by the strong ir ab-

sorptions at 208¢ and 1690 cm-l (Zg) and a weak uv absorption




at xiax 4LOE nm (e.?35). The proton nmr spectrum exhibited two

triplets at t 5.656 and 7.08 (J = E.Hz) which cqllapsed into a
éinglet upon irradiétion\of one 6f'thé'other signa1."The'

singlet at 1 .44 was attributed to the methylene protons —

alpha to the diazo group bj comparison'of the chemical. o "

)g%fw

— **1TLff*A*TH'TH5¥*6142?§EEEEEE?§ype ofdlazo ester derlvatlve (78).

Unfortunately, due.to its long T! (77) the dlazo carbon could

i

not be observed by l3C nmr spectroscopyx_therqther qapbqpsWW  -

showed chemical - shifts and ord splitting patterns condistent

- with the structure. ?u“thermore, the 3 5 dinitrobenzoate

derivative of diazo ester II- 0 (II 33) was prepared in 27%

-

yield based on II-30. The.structure of derlvatlve II-33 was

confirmed by elemenLal analysis and ir, nmr and high resolu-

tion mass spectrﬁshcpies~r‘mhe}ﬁstfcompound -phenethyl alcohol
TI 32 was obtalpeu uy}e7u+lon with benzene contalnlng 25% &x‘f
hexane. Its’ structupe was determlnea by comparison of its .

' ir éna—nmr spectra w1th)those cf an authentlc sample. It is
- belleved that phene thyl alcohol was formedrby the decomposition

o,

of an 1nt°rmed;ate durlng the separatlong since the ir iij;ﬁﬁgm_
he

-of the neutral f”actloq.dzd not exhlblt any absorption in

‘3800 - 3300 cm -t region.

-

~

x

" In & similar experiment, the crude neutral fraction con-

taining diazo ester II=30 was refluxed in methanocl«for one hour.

The ir spectrum of the resulting crude product ghowed no




N

72

modifications. in comparison(to that of the starting mixture,
indicating that no reaction had occupfed.

.

-

When nitrosamide II-22-a was allowed to decompose in
. refluxing methanol, in the presence of one equivalent of

’

o

/* triethyl amine, only methoxy acid-II-25 (93%) was obtained. -

I1I-6 Decomposition Qf'N—NitrosamidO'Acids under Thermal

I3

r

Conditions )

2

. II-6-1 Thermal cdecomposition of N-Nitroso-N-acetyl-D,L-

Phenylalanine (II-22-a) in Benzene

4
;

. . . ’ © . . ’
’ - Wrhen nitrosamids acid II-22-a was refluxed in benzerme -
B o » - " ’1' )
in the dark under inert &4%03phere, it underwent rapid decom-

position as shown by the first order decrease (k = 2.3 X

-1 s , . A .
10 'sec 7) of the ¥0Znm aksorption. The uv-profile of the
- reaction (Fig. 2-13), exhibited two isoabsorptive points at

R

[*H

A = 352 and 448 nm, indicating the presence of one

intermediate. : A

-

-

The crude product ghowed ir absorptions at 2080 cm ©

- 3
characteristic of a diazo group and at 2500 and 1730 om - for a
carboxylic acid group. The former band along with a multiplet

*at 1 6.3 in the nmr spectrum Zdisappeared when the sample was
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stored at room temperature overnight.'

74

" - E

The "aged" crude mix-.

‘,ture was analyzed by gc-ms of 1ts methyl ester to glve '

-

N—acetyIJ

'3-phenyl-2-acetoxypropan01c ac1d (II-34) (HS%)

ﬁhgnylalaniné’(II-Zl;a) (21%) tfans-cinnamicacld:(II—SS) (J%iA

2~ phenyleQFyI acetate (II 31) (<1%) along w1th a compound (<1%)

whose methyl ester had a fragmentatlon pattern and a petentlon

time very similar to tnat of methyl_clnnamqte¢ This compound

~was assigned to cis-cinnamié acid (II-36). All compounds ex-

cept II-36 were identified on the basis of the fragmentatlon.A

-

pattern of their methyl esters and upon mixed ihjection with
authentic samples. The méthyl esters of II-21-a and II-35
were obtained via diazomethane esterification of ‘the parent

acids.and that of II-34% by acetylation of "the corresponding

alcobol IIw24. o ..
. ?COCHé L
RgQH-COQH, . '“f-CH COZH g
9 R I IT-34 HHCOCH3
o - .
CH.=C-N-CH-CO.H -~ 11-21-a
3~ C-y-CHE-C0, e 11-21-a
NO :
IT-22-a o
i - ﬂ o
AH=(CH~ r .
$-CH= CH-CO_H RCH,OCCH, ©
R = cH s 1I-35 I1-31
I1-36
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II-6-2 Thermal Decomposition of N-Nitroso-N-AcetyI-D,L- °
.o . Phenylalamine, II-22-a,.in Methanol

-

The thermolysis of nitrosamido acid II-22-a was carried

L out in refluxing dry methanol under nitrogen in the dark. The

' éecomesitioﬁ of IT-22~-awas monitored by following the first t

. . s ’ - Ch 1
— ——~ ~order decrease of the %00 nm absorption (k = 2.2 X 10 s *

I1-37 (20%) and extraction of the acidified mother liquor gave

sec

-methoxy acid II-25 (58%) and the parént amide II-21-a (~10%).

Rl
- CHy-C-N-CHCO,
Y N0 4

H

(D).~

A (D) ' :
«————» R-CHCO.H + 'R-CH-CO.CH.
CH.,OH P2 [ 2773
3Dy OCHy OCH,
] II-25 - I11-37
+' R-CH-CO,H
. NHCOCH,
II-21-a

Y

+ Scheme 2-16

).

Basic extraction of the crude mixture gave methyl methoxy ester

-

Methoxy ester II-37 was identified on the basis

of 1its 1ir

spectrum and gc retention time in comparison to those of an

«

I
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authentic sample. The methoxy acid II-25 and the parent amide
II-2?1-a were identified as their methyl esters by gc matching

with authentic samples.

When the same reaction was carried out at L0eC, II-22-a

decomposed by a first order kinetics with a rate constant

[P U Y

of (k = 1.7 X 10‘539c*1). A similar work up gave methoxy acid

IT-25 (60%), methoxy ester II-37 (10%) and the parent amide

II-21-a (%) — - - - e e

Thermolysis of nitrosamidc acid II-22-a in refluxing

O-deuterated methanol also showed a first .order decrease of the

n

L00 nm absorption (k = 1:5 X 10~ sec™!) and gave methoxy acid

II-25 (45%), methoxy ester II-37 (45%) and a trace of parent’

amide II-21-a. The total amount of deuterium incorporation at

the a-position of the carbonyl group in both methoxy acid II-37

and methoxy "ester II-25 was approxihafed to 36% by comparison
of t?g integration of the methine protons at T 6.0 and that of
the;ﬁethyl protons at 1t 6.3 in thé,nmr of the crude product. A
. more accurate value was obtained from gc-ms analysis using the
[M+~u9] and {M+-32} ions of éster_ll:gl. The dguﬁerium content

of the ester preseﬁf in the crude product resultingAffom the

i ikt

* .
thermal reaction in MeOD, was u0%. Esterification of the crude

»

It was shown by nmr that starting nitrosamide II-22-a did
not incorporate deuterium in methanol-d at room temperature
under neutral conditions for 24 hours.

AN At

Skl S
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s

*
s

"with diazomethane, followed by gec~-ms analysis showed the same

y) B 4

amount of deuterium incqﬁporation. This ind#cates that the

o ey ‘ ) . _ , ] -
extent of deuteriumg incorporation in both methoxy acid II-25

and ester II-37 is identical.

olysis—eof N-Acyl=N=Nitroso=o=Aminoc Acids

II-7-1 Photolysis of N-Nitroso-N-Acetyl-D,L-Phenyldlanine

I1-22-a in Methanol

Photolysis of nitrosamido acid II-22-a inbmethanol, under

. nitrogen and at 0°C was refnvestigated. Previous results (28)

had given N-acetyl-l-phenyl-2-methoxyethylamine I-16 (45%) and

N-acetyl—B-styrylamine,I-177(23%)f7 The photolysis was run

under the same epnditions and the photolysate was directly
analyzed by gc-ms to give' phenylacetaldehyde (II:E;) (3%),
phenylac;tonitrile (II-40) (3%), 3-b¢nzyi-5-methyl—l,2,u-
oxadiazole (IIf39-a) (2%), methoxy amide I-16 (35%) and
styrylamine derivative I-17 (33%) accompanied by two minof

unidentified components. i *

- 8

»

- 3 - - ¥ . -
A1l compounds were identified on the basis of their ms

~____ fragmentation patterngand by gc peak matching-with -authentie

~_ \
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CH CONH-CH(OCH3)R_ + ¢CH == CHNHCOCH

3 3
I1-16 T1-17
O "R . MeOH R
H. - CoN-CH-CO. H N ‘< |
Chg=C-N-CH-CO,H i N  1I-39-a
- NO - hv, 0° 3 O/ R
. ,
R = $-CH :
) ARG RCN + RCHO
EE:ZE:E _ II-40 IT-u1
Scheme 2-18

A

-

'sampleé.* The yiélds were estimated from relative peak areas
measurements. Methoxy amide I-16 was shown f;'de;ompose par-
tially in the gc column to givevstyrylamine I-17. This ex-
plained the discrepancy between the yields reported on this.,,,

work from those previously reported.

L

II-7-2 Photolysis of N-Nitroso-N-Acetyl-D,L-Phenyla.lanine

II-22~a Under Basic Conditions

In methanol andign the presence of sodium cyanide: The -

presence of a shoulder at Amax = 340 nm in the uv spectrum of

& _ _
Authentic samples of I-16 and II-33-a are described further

#n the text and an authentic sample of I-17 was kindly ‘pro- .

vided by Dr. Y.L. Chow.
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a éolution of nitrosamide711~22;a in a saturated ﬁethanoiic
solution of sodium cyanide indicated gg. 10% decomposition of
I1-22-a prior to the irradiation. The photolysis of this
solution at 0°C under nitrogén, resulted in the formation of

non-photolytic basic decomposition products (24%), methoxy

acid IT-25 and hydroxy acid II-23-a and photo-products (72%),
methoxy amide I-16, oxadiazole .II-39-a and N-acetyl-2-phenyl-

l-cyanoethylamine (II-4l-a), Chromatography of the neutral fraction

0
i o |
rCHac-NHcleCqua R = OCH, I-16
R _ i
0 CHy MeOH, NaCN S R = CN  II-ul-a
CH - C~N-CH-CO,H =5 N 2
o
NO hv, 0°C, N, CH3 N
II-22-a , o II-39-a
L 'k¢CH2§Hc02H "R = OH  II-23-a -
R R = OCH, II-25
Scheme 2-18

on basic alumina gavng;adiazole II-39-a (46%), methoxy amide .
/1"
I-16 (7%) and nitrile (II-4l-a) (19%). Gc analysis of the crude

neutral fractiQp’ also showed the presence of two unidentified

]

mlnorrcompbnents. “The molecular formula of oxadiazole II-39-a

— was ascertained by elemental analysis and hrms. The presence

of the 1,2,4-oxadiazole ring was confirmed by a strong charac-
teristic absorption at 1590 cm-l in the ir spectrum (79), a

{
)
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deshielded methyl group resonating ét_177.527in nmr and an uv
absorption at Amax = 226 nm (e = 290). Ultimately, the struc-
ture of II-39-a was confirmed by the uhequivocal'syntbesis ofA
the two positional isomers of benzyl-methyl-1,2,4-oxadiazole

, . &
i.e., II-39-a and 5-benzyl-3-methyl-1,2,4-oxadiazole (II-39-e)

(Scheme 2-19).

NOH . | o o

< NH,OH b o
| R-Q_N : ‘2 R-C-NH, | R —VCH3 II-42
. : ' R = CH,¢ II-43
R l(R C0),0. 2

=
"
(@)
sy
N
-
=
"
(@)
o
H
H
1
=
o

-
—
1
w
[Te}
1
]
=
n
)
2ot
N
©
td
]
'S
o
w

Scheme 2-19

The spectral data of II-39-a, II-39-e and those .of the

photoadduct are gummarized in Table 2-14. The C-5 carbon atom,

being alpha to an oxygen and a nitrogen atom is expected to

resonate at a lower field than C~3 which is alpha to two nitro-——

gen atoms (80). The splitting patterns for C-3 and C-5 of
1I-39-e were obtained by off acquisition decoupled 13C nmr
and showed a triplet and a quartet, respectively.  Compound

I1I-39~-a was found to be stable towards thermolysis (200°C3,
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. R
basic treatment (sodium hydroxide-methanol) gjnd uv irradiation

(254 nm). In all three experiments over 90% of the startiné
material was recovered. : ‘ s

/

The structure of methoxy amide I-16 was confirmed by

. :
spectroscopic and elemental analyses. The molecular formula of

nitrile II-41-awas ascertained by elemental analysis and hrms .
: ]

The -ir spectrum exhibited absorptions at 2240 cm™~ (CZN)
and at 1660 and 1540 cm—l (NHCO). The 1H nmr spectrum showed )
. a singlet a T 8.03 for the  methyl and an ABX pattern

<

for the phenethyl groups.
The ir spectrum of the acidic frraction exhibited the
characteristic absorptions for a carboxylic acid group at 1710,
. . 1 ; . . _

2500 and 33OOém-1. A singlet at T 6.62 in the nmr spectrum in-

dicated the presence of a methoxy derivative. The mixture was
esterified with isopropancl and the resul}iﬂg esters!ﬁg;e
separated Sy preparative tlé to give isoﬁ;épyl 2-met£pxy-3-
phenylpropancate (II-46) (16%)'and'isopropyl¢2—hydroxy;3—
phenylpropancate (II-47) (8%). The structure of methoxy ester

II-46 was cohfirmedrby strong ir absorptions at 1740 and 1100

cmf1 for the ester group and by appropriate nmr signals for a
: ) ™

methoxy (T = 6.67) andenqiéopropyl group. The ir spectrum of

1

hydroxy ester II-47 showed sgrong absorptions at 3500 em ~ (OH)

- i : . -
and at 1740 and 11460 cm 1 (-C-0). The corresponding nmr
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spectrum exhibitgd an-ABX pattern for the substituted phen-
ethyl: group and the expected splitting pattern for the
isopropyl group. The molecular formulae of both II-46 and

II1-47 were further ascertained by elemental analysis and hrms.

In methanol and-in the presence of sodium carbonate:

Nitrosamido acid II-22-a in a methanol solution saturated with

sodium carbonate decomposed partially as indicated by the ap-—. ..

pearance of new uv absorption at Apax ~350 nm. Photolysis of
this solution at 0°C, resulted in a rapid disappearance of the
nitrosamido aﬁsorption at 400 nm. The usual work up of the
phétélysate gave a neutral fraction containing oxadiazole

II-39-a (12.5%) and methoxy amide I-16 (46%) as shown by the

nmrlsignals at T 5.98(s) and T 7.5(s) for'COﬁpouﬁd’iT~39la and

at T 4.6 and.7.1(d) for I-16. The yields were estimated from

the integration of the two methyl signals.

In tetrahydrofuran in the presence of 1l,5-diazabicyclo

[5.4.0]undec-5-ene (DBU): Nitrosamido acid II-22-a decom-

posed partially whén:dissolvéd/in a tetrahydrofuran solufidﬁ

containing DBU, as shown by the new 350 nm’ absorption band.

Photolysis of this solution at 0°C, resulted in the complete

disappearance of the nitrosamide absbquiif/iz/ﬁﬂo nm. Usual

work up of the photolyééte gave an acidic fraction which was

shown by gc-ms to contain benzoic acid (6%), phenylacetic

o



——
ac1d (11%), oxadiazole IIz39- a (22%) and hydroxy ac1d I1-23~a

(23%). The ac1ds- a{yzed as their methyl esters and all
compounds were identified on{basis of thelr ms fragmentatlon
patterns and upon mixed 1njectlon with authentic samples. The
yields were estimated from the relative areas of each peak.

- A

b

In methanol in the presence of triethylamine: The bhoto-’

lysis of a methano%ic solution of nitrosamido acid II-22-a
containing slightly over two mole equivalents of triethyl-
amina at 0°C, gave oxadiazole II-39-a (64%) and methoxy acid
II-25 (9%). The two products were identified by tlc and ge
paak matching with authentic samples and the yields were esti-
mgted by measuring the areas of the corresponding signals in

the nmr spectrum of the crude mixture.

.The variation of the percentage yield of oxadiazole
VII;39-a as a function of the amount of.triethylaminé was in-
vestigated. ‘The pﬁotolysates resulting from the irradiation of
nitfbsamide’II-QQ-a?in.mathaaolic Solutiona containing 1, 2 and
5 mole equlvalents of trlethylamlne were analyzed by gc—ms to
give oxadlazole II-39~-a, and other products derived from

"N-acylimine intermediate II-54 (vide infra); e.g., stytylamine

RN NSRS

II-38, methoxy amide I-16, aldehyde II-38 and nitrilé II-u0.

The percentage yields were estimated from peak area measurement
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and that of oxadiazole'II—39-a,was calculated relative to
dibenzofuran used as internal standard. The percentage yieid
of oxadiazole II-39-a was PZ&und to increase steadily as the

amount of trimethylamine increased, to reacha maximum of ~70%

for approximately two mole equivalents of base .(Fig. 2-14).

Photplysis of methanolic solution of N(nitroso-N-acetyl—

- % : ‘
D,L-phenylalanine dicyclohexylamine salt (II-48) at 0°C gave N

aldehyde II-41 (20%), oxadiazole II-39-a (15%), methoxy amide '/

I-16 (31%) and styrylamine II-17 (26%) (from gc analysis).

In acetonitrile with triethylamine: Photolysis of I11-22-a

in acetonitrile containing two mole equivalénts of triethyl-

L]

‘amine gave oxadiazole II-389-a (63%, after distillation), as

only productg The structure was confirmed by comparison of
the spectral data with those of an authentic sample (vide

supra) .

In order to maximize the yield of formafiqn of oxadiazole

II-39-a , the photolysis of nitrosamide II-22-a was:- carried out

in acetohitrilé»containing differing trie@hylamine—nitrosamide

molar ratios.. The yiélds of II-39-a were calculated a$ pre-

II-48 was prepared by addition of dicyclohekylamine to a

.

slight excess of II-22-a in ether.-



28
LA %}

viously described and are plotted as a function of the number r
of mole equivalents of.triethylamine (Fig. 2-1%). No oxadiazole

" was detected in the absence of triethylamine but appeared and

increased steadily when the amount of base increased to reach

a maximum of ~70% when two or more equivalents of base were

presents

Figure 2-14. % Yield of 3-Benzyl-5-Methyl-1,2-4, Oxadiazole as a

Function of the Number ofrffié{hylaminé”ﬁdﬂi&éiénfé

. 100%
-
50%
QO in MeOH
L 3
v in CH,CN
0s € 1 ) 1 ‘# mole eguiva-

Ih’-

lent of ‘(Et)3Nf
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i4

II-7-3 Phofolysis of N~Nitroéo-N-Acetyl-2,g-Leucine

- 1I-22-c

7Photolysis of nitrosamide II-22-c, in acetonitrile con-
, ———— b

taining two molar equivalents of triéthylamine, at 0°C, gave
} .

e

3fisobutyl-5-methylt£j2,u-oxadiazole II-39-c (68%) along with
the parent amidc aciq 1I-21-3(7%) and ca 2% of an unidentified

compound.

¢

0 CHCH(CHR ) 1 goc CH,CH(CHS) 0 oH,CH(CHY),
CH ,~C-N-CHCO, H ——— cud ¥ "CH, -C-NH-CHCO K
3 1 2 CH..CN 3 3 2"
NO 3
. ‘ (Et) N ' N
11-22-¢ , . _
II-39-¢ II-21-c

L ﬁ,,”,,,:ﬁ,” ,” ,Wm%um,w :-_.‘- A

Scheme 2-20

"The parent acid II-2i-c was identified as its methyl ester by

mixed injection with an authentic sample in gc. The oxadiazole

II-3S5-c was isolated by prepérative gc and was found to be

guite volatile similarly to alkyl substituted;l,Z,u—oxadiazoles
(8l). Analytically pure sample could not be obtained, but its
‘mk:w o

— W

structure was determined by spectroscopic analysig. The

1,2,5-oxadiazole ring was confirmed by the étrdng ir absorption |
at 1590 cm™ ! and the two low field singlets at § 175.8 (C-5)

' 1
and 169.7 ppm (C-3) in the 13C nmr spectrum. The “H nmr spec-

1
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and the expected splitting pattern for the isobutyl group.

-

ZI-7-4 Protcliysis of N-litroso-N,0-Diacetyl-D,L-Serine

- | ‘ . 4 42‘

£ sample cf nitrosamide II-22-d4 containing ca. 15% of

parent amidc acild II-21-2¢ (zs estimated from integration in

amr soectrum) was Shotolysed in acetonitrile at C°C in the

¥

presernce of over two eguivalsnts of trimethylamine to give

i-acetoxymethyl-S-methyli-1,2,8-oxadiazole (II-36-3) (12%) as

L F T g ¥ el -
i cu uvalﬁ} £ 3
i f 2 &
e R pmma emom - - -
vﬁ»"‘v-ki-"\,z-a— ~ig ]
3z f £
NG -
.
II-22-2 TI-34-g

The presence of .the oxadiazole ring in II-3%-2 was confirmed by ~

-

ts characteristic ir absorpticr at 1590 cm ~ and the two low

fieid signals at & 173.3 (C-3) and 168.% ppm (C-2) in the c
nmr o spectrum.  The acetsxymethyl group was characterized by

- -1 . . )
and 1220 cm by singlets at
¥ F
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t

T 7.85 (CHB) and 4,82 (CHé) in the proton nmr spectrum and by
a low field signal at. 6 165.0 ppm (C=0) in the 130 nmr spec- )
trum. The S-methyl group gave a singlet at 1 7.3 in proton

nmr.

—

| ' . e ’ 5
II-7-5 Photoliysis-of N-Benzoyl-N-Nitroso-D,L-Phenylalanine

IT-22-%

The addition of the nitroso. derivative II-22-b to a sat-

*

urated solution'of;sodium‘carbonate inmethanol, resulted in a
fair amount of uecbmpcsition df'tﬁe;nitrosémide, as evidenéed

Sy tﬁe strong uv absorption»band at Amax =-350 nm. The photo-
lysis of this sclution gave a small amount of_the egpected
3ebenzyl-5—pheéyl—l,2,u-oxadiazole (II—39-b)J(5%) and N-benzoyl-
l-pheayl—Z-metésxyethlyaminé II;MB;(S%)ralong with traces of
mezhyi benzoate (4%). The acidic fréction was shown to contain

benzoic acid (u45%), methoxy acig II-25(47%) and hydroxy acid

IT-23=a (8%). ‘ ’”
: R
OCH,4 N—¢
$CO,Me + $CONHCHR ~+ ¢-—4( /N
: II-u48 0 I1I-339-b
$COH + R?HCOQH + R—?H-COQH
OCH, OH
IT=25 “XII-23-a

P-zé Scheme 2-22

-l



N

e — —40

o ..
- -

zf The molecular formula of oxadiazole I1I-39-b was confirmed
by hrms. Due to an extensive conjugation the ir absorption

characteristic of oxadiazole ring was slightly shifted to-
‘\,& . ) : )

wards the low frequency region (ILSiSO-cm-1 as cbmpaped to 1590
cm"1 for non-cbnjugated 1,2,4-0oxadiazoles). The 13C—nmr spec-
~————  trum exhibited two low field signals at 156.9 and 152.4 ppm -

;attributed to C5 and C, of the ring, respectively. Further-

3
more, the melting point observed was identical to that pre-

‘Qiously feported (82).

Elemental analysis and hrms gave the molecular formulaubf

methoxy adduct II-u48. Its ir spectrum showed typical absorption
bands for secondary amideé at 1640 and 1530~cm'1. The methoxy
group was characterized by a siﬁglet at T 6.6 1in the 1H nmr

spectrum. S

R
- - - . , p i - :
Benzoic acid was 1solated by sublimation and methoxy
acid II-25 and hydroxy acid II-23-a were analyzed by gc as

their methyl esters.




II-7-6 Attempt at'flucidatidn of the Mechanism for

Oxadiazole Formation

-Synthesis and basic treatment of N-acetyl-phenylécetami—

doxime II-49: A first attempt to synthesize amidoxime II-ug

Aby,N#acetylat;onecéi4ﬁﬂa<aﬁﬂmespond1ngtUXIme*II’H3 w1fﬁgacetlc
ethylcarbonic anhydrlde (EtOCOOCOCH ) as described in=the

llteragure (83) failed and gave Oeacetylatlon product.

On the other hand,»acetaﬁidoxime IT-49 was synthesized in * ' .
34% yield v1a addition. of sodlum acetamlde to nitrile ox1de
IT- 52 (see Scheme 2- 23) in a 81m11ar manner to the Behn s

addition of thiols to the same nitrile oxide (8Y4).

0 NOH. . NOH
R-C-H —=— R-C-H 72 R-C-C1 . N
II-41 II-50 11-58 ' -
- (Et)3N ’ , , :
~ Et,0 R = CH,¢
NOH 0O DMF 2 2
TR HMPT
R-C-NH-C-CH, “s 6. R- cs= N+O o .
S Nﬁ iyﬁc% — — 4-1/”-,¥%
11-49 : II-52

- Scheme 2-23
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- Thé elemental analysis and high resolution mass‘speCtrosc0py

7

~ascertained the molecular formula of JI-ug to be C H N 0 The

107127°272°

ir spectrum exhibited strong absorptions at 1700 and 1670 cm™t

which were attributed to the -C=0 and C=N bond stretchings,

respectively.: The nmr spectrum shdwéd two singlets of equal

ity -at T 5.47 and 5.57 for the benzvllc protons, in-

" dicating a mixture of E and Z-oximes in a 1 1 ratlo The

mother liquor was shown by tlc .not. to contaln any oxadlazole
II-39-a. Furthermore,'no reactlon was observed when aCetaml— R
doxime II—Hwaas treated with an excess of trlethylamlne in

acetonitrile. However, treatment of II-48 with KOH in methanol

at room temperature gave/N-benzylurea IT-53 (59%), a Beckman

-,rearrangement product. The structure of I1-53 was assignéd

on the bas1s of its ms and mp as compared to those of an

authentlc sample (75-b). ii‘
N
v ?
~ NOH ' ‘ 0
i - KOH il
¢-CH,-C-NHCOCH; ——>  ¢~CH,-NH-C-NH ,
, 2 3 2 - 2 -
MeOH : - -
I1-49 -~ ' I11-53

Scheme 2-2U4

. ,,;/’/
Attempt to tiagﬁthe N- acyllmlne IT-54 with nltroxyl In N

<&

~order to demonstrate that oxadlazole II-39-a obtalned'from”th‘\tt”

1 2

\

A
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photolysis of nitrosamido'acid;IIQQQ-a, isarearrangement pro-
duct of C-nitroso intermediate II-55 resulting from the -
\ -

addition of nitroxyl to the N- acyllmine II-54, the reaction be-

tween the latter and nitroxyl was attempted.

B 0 - | e 0O .. _CH. ‘
il /CH2¢’ BGT | Y 2¢ ‘ CH. ¢
CH,-C-N=C_. + [HNO) ——— CH_-C-NH-CH —» N—ﬂg 2
3 \H : X 3 ) 1
o Y NO /
. g CHy 0
) II-54 S § Y 0 II-39-a
\ | Scheme 2-25
- .' N-acetylimine‘II-Su,was generated.ih situ by DBU dehy-

drohalogenation of N-acetyl-N-chloro- 2 phenylethylamine II-56 .

(Scheme 2 6).‘ The latter was obtained ﬁh 659 overall yield

by N-acetylation of phenethylamine fo}}owed by N-chlorination

(85).

e
-
e

Nitroxyl (or hyponitrous acid) is known'ﬂabeeadecompoéition
product of the basic hydrolysis of Piloty's salt (N-hydroxy
benzenesulfonamide) (86). It is also known to be an unstable

species having a lifetime of 0.1 sec. (12) under the conditions

S ~—
of—flash photolysis. It is therefore important for our pur-

- — -

poses that both Hﬁsvand N-acylimine II-56 are continuously and

simultaneously generated in the reaction mixture. ‘In'order to



Y - YT

determine the optimum conditiont for the nitroxyl generation,
the rates of hydrolysis of Piloty's salt in methanol were
measured as a function of the base concentration. The profile .

of the decomposition of Piloty's salt in various sodium hy-

-

¢

droxide-methanol solutions was traced by uv spectroscopy

. . ___as shown in Fig. 2-15, and the rate constants calculated by .

plotting the usual first order kinetics é}aph (Fig. 2-16)..

'In the presence of one. equivalent of NaOH'(Sﬁectrum a) the
decomposition Qaé slow, and almost instantaneous in the presence
.oféloo equivalents of NéOH (spectrum e). , In tﬁé presence

;of 5 equivaients of base (spectrum b) th isosbestic points at
A= 275,and'306 nm were observed'indgﬁifing the prgsence Of a
minimum of two species inufhe reaction mixture, namely the
starting Piloty's salt (Amax = 252, 259, 265 and 272 nm) and
the resulting benzenesulfonater(Ama%”=”é7b nﬁ).” Speétraicraﬁq;‘
d were recordéd‘for a mixture éﬁ/Piloty's'salt with lofandVQG
requiva%ents of NéOH,ArespectiVely._ Spectrum c also exhibits
.two isosbestic points at ~275 and 298 nm whereas the two
-isosbestic points of spectrum d are-morerdifficult to‘;ssign
but can definitively be located between 283 and 588 nm. The

rate constants. of the disappearance of Piloty's salt are listed

.. in Table 2-15. o




A

Figure 2-15. Decomposition of Piloty's Salt in Methanol

in the Presence of NaOH
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Figure 2-16. 1st Order Kinetics Plot of the Decomposition

of Piiofy's Salt in Methanol in the Presence of NaOH . 4

O
6. v —3

40 .-min

5

Table 2-15. Rate Constants for the Decomposition

of Piloty's Salt as a Function of the.Number of NaOH Equivalents

eq. NaOH 1 5 10 20 100

sec ) slow 2 .4 5.3 fast




N-acylimine II-54 was continuously generated by slowly

mixing a solution of N-chloramide II-56 with a solution of

-

DBU. The reaction was very rapid as demonstrated by the in-
stantaneous formation of a heavy precipitate. The resulting

imine II-54 was added to a methanol solution of Piloty's salt

to which 10 mole equivalents of sodium hydroxide had Jjust been
added. The ir and nmr spectra of the crﬁde product did not
Vexhibit the characteristic,absorptiqns for oxadiazole II-39-a.
The neutral fraction was shown to be a mixture of phenylace-
tonitrile II-41 (38%) and N-acetylphenylethylamine II-59 (35%)
accompanied by N-aecetyl-(l-chloro-2-phenyl)-ethylamine II-57 (5%)

and N-acetyl-(2-chloro-2-phenyl)~-ethylamine II-58 (5%).

: : = ~ DBU- '
$SO,NHOH + NaOH ~ q;sozeNae + [HNOJ ' 0CH,CH=N-C-CH <+ 6CH,NCOCH,
c1
II-54 II-56
4CH,CN  CH,CH,NHCOCH,,
II-u1 N1ose
II-58  ¢CHCICH,NHCOCH,  ¢CH,CHCINHCOCH, II-57 <

Scheme 2-26

The first two components were identified on the basis of their

ms fragmentation patterns which were obtained by gc-ms analysis
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and on gc peak matching with autheﬁtic Samples; The two minor
components were assigned from their ms fragmentation patterns.
Both compounds exhibited a M' peak at 197-199 in a 3:1 ratio

characteristic of the presence of a chlorine atom. Chlorq__mk\\;

derivative II-57 exhibited a strong signal at m/e = 162 (91%) .

for the loss of chlorine atom, whereas this fragment was absent

in the mass spectrum of qbld;p\compound IT-58. The gc-ms trace
showed no evidence of formatidﬁwof either oxadiazole II-39-a
nor methoxy adduct I-16.

-

In.aﬁother reaction, the direct slow addifidn of.N-chlor—‘
amide II-56 to a methanolic solution ofrPiloty's sall and 10
mole equivalents of NaOH gave a.neutrél fraction whose ir‘and
nmr specfra did not exhibit the charactéristic signals‘for,i
oxadiézole lI-Bé—a.'7Chromatdgraphy of fhis fréctidn bﬁ siliéé

gel gave an unidentified compound (20%) and parent amide II-58

(55%) and’ no trace.ofroxadiaiéie II-39-a.

II-8 Nitrosation of N-Acetyl-D,L-Phenylalanine Silver Salt II-60

via Nitrosyl Tetrafluoroborate

Silver salt II-60 was prepared in 71% yield from the car-

boxylate anion of amido acid II-21-a and silver nitrate. Silver

salt II-60 turned black on exposure to light and its ir spectrum

showed absorption frequencies at 3380 (NH), 1610 (COze) and 700
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-1
(C6H6) cm .

Reaction of silver salt II-60 with nitrosyl tetrafluoro-

borate in benzene at 0°C gave nitrosamido acid II-22-a (17%)

@

as shown by the typical uv Fands of a nitrosamido group at

Amax ulB; 400 and 390 nm. (&he yield was calculated from the

absorbance of these absorptions.

e

0 CH 0 CH
g i 2¢~ o P NOBFL+ TR 2¢
CH, -C-NH-CH-c0,° Ag® ——*» CH,-C-N-CH-CO_H
3 2 N 3=h 2
$H, 0°C 1

II-60 . IT-22-a

Scheme 2-27
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CHAPTER III

DISCUSSION

III-1 Photodecarboxylation of N-Nitroso-N-Alkyl-a-Amino Acids

P

Irradiafion of the n+n* band of dialkyl nitrosamines under
neutral conditions does not induce cleavage of the»nitroéamine
group (22). However, the nitrosamine-acid complex, formed in
the’presgnce of a dilute acid, does undergo N-N bond homolysis
on irradiation, and results in the generation‘of aminium radi-

cal (24). The concentration and strength of the acid play an

"important role in this reaction. 4§ us, complete protonation of

the nitroso oxygen suppresses the -ph odissociation (25),
whereas acetic acidgis not sufficiently strong to induce it
(28).

/

/

In contrast, nitroso derivatives of N-alkyl-a-amino acids

underwent efficient photodecomposition without addition of an
external acid, The facile photolysis can be attributed to

i) the increase in acidity of the carboxylic acid in nitros-

amino acids (pka of II-l-a = 3.2) (42) as compared to acetic

acid (pka - 4.75) and/or ii) the possibility of an intra-

molecular proton-associated complex. These views are fybtﬁer

supported by the inertness of N-nitrosonipecotinic acid II-l-e



+owards uv irradiation.

'in the B-position relative

fore expected to be just a

[un
Lau]
-l

The carboxylic function in I-13-a is

to the nitroso group, and there-

s acidic as acetic acid. Alsoc, the

preferred conformation would not allow the acid and the

nitroso groups to form a p

roton-associated complex.

The formation of tr
nitroso-N-phenylglycine I
imine II-15 (28) %h;ch was

2-p1 perldonox1me (I‘-lo-r)

imer I-11 in the photolysis of N-

I-10 indicates the intermediacy of

also proposed as a precursor for

in the photolysis cf N-nitrosopipe-

collnlc acid II-1-h (28). Accordingly, photolysis of nitros-
amino acid II-1 in water gave 3-phenylprcpylamine (II-20)
and formaldehyde resulting from the hydrolysis of the imine
intermediate. The formation of this intermediate can simply’
R - . K’
l iav ‘»__\ n/.n \.L l
R-N—CH-COQH_ —> R=N=( + HNC ———> R-NH-CH
I path th % . I
NG : NO
II-15 Q
ITI-4
NO*
v
sath a nw -H"
B B!
{ ) -"Cz i -
R-NH-CH-CC, " + NCO' ——> ®-NH-CH + C02 R-NH-CR'
— 4 : - . H
HON
I7I-1 I1I-2 II-186
L.
— -~ i - - —
=-NE-CE II1-3 —
S R
g
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be explained by a stepwise mechanism (pathk a, Scheme 3-1) via
intermediacy of aminium radical III-1 fcllowed by decarboxyla-
tisn and loss of 3 hydroger 2tom. Decarboxyilation from aminium

radicals suckh as IZI-1 has been proposed previcusly in photo- .

sensitized decarbsosxyliation ¢f N-(O-chlorophenyl)-glycine -(90).
Tne intermediacy of a-aminc alkyl radicals such as III-? has.
besn suggestes 5¥ Schoilxkopfi and Ludwig {53 ) for-the Stevens

rearrangement of guaternary ammonium salts with base.  Esr

tudies of such radicals (82) have shown a significant degree

.of Zelocalization oI spin density from carbon to the adjacent

b
b
Y
Q
[1,¢]
(D
o]
w
ct
v
v
Y
{

i\
8]
[SP 1
&
w
rt
e
th

iabtly be corisidered as nitrogen-

rentered radicals {form III-32). Direct recombination of III-2
o 5. '
wivrh tThe statlie nitric oxide radical is therefore not likely

although not comzletely rulsd cut.
Llternatively, a2 concerted elimination of nitroxyl and CO2

(pathway b, Scnemes 3-1) cannct be ruled out. A similar con-
certed mechanism has been proposed in the photodecomposition
cf a~azido-carboxyiic acids III-5 (93, 94) in which slkylimines

wera also found to De intermediates. Should such a mechanism

. i s N . L ..
isomers in equilibrium under the photolytic conditions (95),
- - = - v &= g - - * = a2
+t5 be the prhotoliabile sbeglies.—This assumption 1s based—upon
* .
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proton of the carbox&lic gréup is expected to coordinate with the
nitrogei/iydm of the nitroso group to give a six-membered
transition state for elimination. Furthermore, this will re-
sult in the elimination“ofrnitrcxyl as [HNO] (88,89) rather

than [NOH] in the case of the Z-isomer (Scheme 3-2).

“The product amidoxlme obviously results from the tauto-

——— - — — mepizationr of the C=nitroso derivative III=% formed by the —
L/

addition of nitroxyl to imine II-15. Primary and secondary
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nltroso alkanes are known to tautomerize very rapldly

in the presence of an ac;d or a base or in polar solvents (96).

It is, therefore, not surprising  that C-nitroso compounds A

could not be detected during'the photolysis of the .free acid -
II-1-a in methanol, whereas a typical uv absorption at ~305 nm

for C-nitroso dimefsvcould be observed in the photoiyéis of

“'the sodium salt of II-1%-a in the same solvent. 1In general,

tautomerization of C-nitroso derivatives leads to a mixture of

* Z and E oximes (97). 1In contrast, onlny-anidoximes'were'

detected in the present work. ‘Oying ‘' to-an intramolecular
hydrogen bdnding, thé Z—isomer‘is the fhermodynamically most
stable coﬁfiguratiOD. It is likely that , initially, both

E and Z-isbmer%/g;eyformed and that the former iéomevizes éiowly

: / <
to the more stable Z-isomer..

e

it .

.When the photolysis w;s carrléd out in water, a EPlOPl ‘con-
tradlctory results were obtalned In. the case of acycllc
nitrosamlno, acid II-l-d, both amidoxime II-16-d and products
arising ffom the hydrolysis—of ihteréediate imihe‘were ob--
served. The,hydrblysis products,.hoheyer, couid not be de-=

tected from the photoreaction of cyclic analogues. This may

be due to the facile recyclization  of & and y-amino alde-

- hydes ITII-6 to give back the parent cyclic imine. The com=

T peﬁnyn:t‘trcxy?r T:rd&'rtion'foﬂ'he**'imimﬁeadrtO'ﬁiWO so

derivative III-4 which is readily and irpeversibly>tautomerized
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to'fhe-corresppnding.oximes (Scheme 3-3).
H<O
. AN .
- , R—NHfC-R'::: RNH2 + R'CHO
B CH
R! s
R'N-"C( %0 S
. . H E?“l - RI
S N RoNH-CH —» RoNH-CR'
' II-15 ‘% B R
‘ ' NO HON
ITII-4 I1I-16
(CH2)n
; <
H2N
ITI-6
’ '(CHz)n
N
OH
III-4 IT-16

———
;

Scheme 3-3
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III-2 Decomposition of N-Nitroso-N-Acyl-a-Amino Acids Urder

Thermal or Basic Conditions

III-2-1 Thermolysis of %—Nitroso-N-Acyl—a-Amino Acids

The mechanism of the thermal decomposition of/nitrosamides

‘has been thoroughly investigated (12-15) and it is now widely

accepted that the first step of the reaction involves the
rearrangement -of the nitrosamido group into -a trans-diazoester
derivative. Iniaﬁrotic'solvents, the latter decomposes readily
to yield carboxylic esters as majdr products whereas in protic
solvents, the formation of carboxylic écids and olefins pre--
véil. It is shown that in apfotic'solvents %iazonium ions aﬁd‘
diazoalkanes coexist in the equilibrium state and that their
relative importance is determined by the natdre of tHe N-alkyl

substituents and the conq}tions of the reaction.

Methgxy,acid IT-25 and methoxy ester II-37,

obtained from the thermolysis of nitrosamido acid II-22-a in

methanol, can be best accounted for by the intermediacy of

diazoacetate IIJI-7 or diazo acid III-9. Analogues of such

intermediates. have been shown to be present in the thermolysis

of alkyl-nitrosamides (15). Since generation of a carbenium

ion center next to a carboxylic group is not  favorable,

diazonium ion III-8 is more likely to decompose into diazo-



- diazoaeid III-9 decbmposes readily to give methoxy acid II-25.

" "the extent "Ef”fa_éﬁ‘fe_krrimiiﬁﬁOmainn was 7C7Tl_]fY 44%-;4 T

- T % o ,h' o '10'%7"’7”77' T

acid III-9 rather than into a carbenium ion. In methanol,

N : o ]
Incorporation of deuterium in II-25 from the solvent further

supﬁorts the existence of a diazo intermediate.  However, the

formation of II-25 directly from III-8 is also likely since

o

N | foss
CH3-C;§-CH-CO2H R- ?H -CO,H, ¢/§@/co H, R-CH-CO,H
NO - OCOCH
II-22-a - II-34 11-25
. .
iy ’
o
e-o ,
CH.-C- ,
57 e lo o %
CH-CO,H—+[CH,-C-0, N,-CHCO,H] &= [R- F COH| + CH4CO,H
N,
III-7 V\III
‘ III-9

MeO

2

I1II-10
i
g 4 R = C.H.CH,
,,R-,(%H" C02 CH3 — R,Tcr,QQQCH\’; T R
MeOH - ,
OCH N ) :
‘ 3 2
II1-37 V III-11

Scheme 3-U4



The isolation-3f methyl a-methoxy-ester II-37
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37 is sur-

prising since the formation of the ester linkage cannot be

satisfactdvily explained by intermediates such a.
- ITI-S of diazoacetate III-7.

, oxadiazol-5-one III-10,

ester III-11 wh@ch leads to methyl o- methoxy ester II- 37

diazoacid
It is believed that 1,2,3-

formed either from diazoester III-7

1“by”an4intnmmiuﬂnﬂszSN?*reaction;mfrom*diazoacidﬂfTT:9~by

_ prototropy, or from III-8 reacts with methanol to give diazo-

The

1ncomp1ete deuterium incorporation from the solvent in II-37

supports the involvement of a diazo intermediate but not
b _

/

necessarily exclusively.

The products,

acids,

tate anion on diazonium ion III-8 and by eliminati

from III-8,

acetoxy acid II-34,

can be rationalized byrarhucleophilic attack g

respectively.

cis and trans ci

ace-
reaction

Formation of both cis and trans

cinnamic .acids suggests that elimination occurs by a "not

completely concerted mechanism", as stated by Bieron and

Dinan (14).

. completely ruled out.

Intermediacy of an a—cérboxyl'carbene cannot be

However, the presence of an

absorption at 2080 em T in
CC_.H
I
= C‘\‘
_ - _ ; I Sy, _
¢—Cl{l IH N B o
i W\, .
H N '
t’\é‘
0-C - CH3
. I
0 .

"not completely concerted elimination"
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the ir spectrum of the crude thermolysis product, and the

formaélon of phenylethyl acetate (II-31) suggest a more complex

reactlon pathway. It is tempting to assign the 2080 cm -1 band

to diazoacid III-9 which can sefve as'aiprecureor to acetoxy k

aCid-Eizéi or alternatively can undergbvdecarboxylation as
shown‘inScheme~3-5;teegiveéi&zoalkan%l££:%§whichkijmuLeeeeeeeef

leads to phenylethyl acetate II-31.

: q? " AcOH
*R-ﬁ-COzH == R-CH C¥® — R-CH= N, ———> RCH,0COCH,
N . ,
Ny Ny
T1I-9 ,ITI-12 I11-13 T1-31
2 Scheme 3-5

III-2-2 Decomposition of N-Acyl-a-Amino Acids Under Basic

Conditions

Results from the present work show that nitrosamido acids

‘undergo deamlnatlon under basic conditions and that the mechan—i

Y~

RS

ism of the reactlon depends upon the number of mole equlvalent

' of base used as well as its strength

In the presence of one mole equlvalent of pota351um

hydroxide or sodium methoxide in methanol nitrosamide II-22-a

must exist as its conjugate base III-14 which undergoes facile



deamination. 1In analogyrto therinfepmolecu;ar nucleophilic
catalyzed deamination of nitrosamides by weak bases such. as
acetates (45), the reaction may proceed via an intramolecular
displacement as shown in Scheme 3-6. Formation of diazotate

III-15 can be interpreted in terms of an addition-elimination

pathway involving intramolecular nucleophilic attack by the

acetate anion at the carbonyl carbon atom. Such an intra- A

a2 b
j\/l/ e \ P /
_ —_— | . + CH Qo.e
\C/CH R \e/'é) \ /_ 3 ‘2

c 0 COCH
.0 . III-15

R
l
CH

III-14 _ ~ \ 1I1I-10

. R = C6H5CH2
ITI-12

CH3OH
R-?HCOQH 4——— R-(C-CO,H

N

Scheme 3~-6
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molecular catalysisvwas shown to operate in the hydrolysis 6f
phtalamic acid (78) for which an anhydride intermediate was also
proposed. In compgrison, the enhanced electron defficiency of
the carbonyl of the nitrosamido gréﬁp in III-14 and the better

leaving properties of the nitrosamino group make this pathway

eyen~moreufeasibiefA—Thefpaf%ieipatien of the- earboxylate — -
anion in the decomposition of the nitrosamido group is con-
firmed by the kinetic study of the deamination of II-22-a in
benzene, at room temperaturé with ohe, two or five mole equiva-
lents of triethylamine. The rate constant of the disappearance
of nitrosamide II-22-a varied only slightly due to the equil-
ibrium dissociation. Since, as shown by Challis (u46), the

rate constant of thé deamination reaction of nitrosamides
varies ra@idlvaith the concentration of,fhe catalyst,

direct participation of triethylamine in the nucleophilic
~attack at the carbonyl group is ruled out. These résults'are
in accordance with a raté—determining intramolecular displace-

ment by the carboxylate anion.

Temperature was found to play an important role in this
reacticn; the rate of disappearance of nitrosamide increased

ire(see Table 2-13). The

--rapidly withvan increase-in temper

competitive thermal process which could occur at elevated
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temperature is not believed to be important since at 40°C, the
rate of the basic decomposition reaction was at. approximately
ten times as fast as that of the thermolysis. Furthermore, the

product pattern of the decomposition of II-22-a with tri-
, : , —

ethylamine in benzene at room temperature was identical to that

at 80°C but completely different from that obtained in the

" thermolysis reaction.

In protic solvents, diazotate III-16 is known to be in_
equilibrium with its profonated form, diazotic acid III-17
(38). The latter dissociates rapidly into carbenium ion or

diazo derivatives (38). Although the partition of diazotic
. ]
"N, -OH

0 R
R-N=N-0~ == R-N=NOH

III-16 111-17 -0H® 2.

Scheme 3-7

acid III-17 is a low agtivation enérgy process (87), the formation
of carbenium ion from diazotate III-15 may require a prohibi-

tively high activation energy because of the presence of the

electron withdrawing carbonyl group. Similar conclusions

can be drawn for the diazoalkane pathway since diazoalkane — — — —

“formation is first order in base and is usually observed in

!
i 1 T e B




highly basic media (~3M aqueoué hydroxide) (98). A likely
alternative pathway for the decomposition of diazotate II1I-15
is an intramolecular nucelophilic»displacement of the acetate
anion similaf‘to that observed in the formation of sydnones

III-18 from anhydride III-19 (99). The Z-configuration of the

- diazotaiegpouptwhichﬂis*usuallyobserved@intheAdecompo%};zsz'f;éAA

tion of nitrosamides by alkoxides (44), provides diazotate
III-15 with the geometrical requirements for the facile cy- .

clization.

R Ac_ 0O R!? 0 R R R!
2 V4 o -H NG
; Y )0
= \
NO NQb ;1 0 \O/,—O 0
CH3
III-18 I]I1-18
\ -
Scheme 3-8

The resulting oxadiazolone III-10 is a tautomer of diazo

acid III-89. In methanol the latter decomposes readily to give

methoxy acid II-25. 1In aprotic solvents such as benzene,

diazo ester II-30 is the major product and its formation can be

SN

explained via the decomposition of diazonium acetate III-12, a

tautomeric structure of diazo acid III-9. Alkyl diazonium ions

are commonly accepted as reactive intermediates in numerous



probable that diazonium acetate III-12 undergoes decarboxylation

.reactions such as diazotization of alkylamines (100). The gen-

eral fate of these ions is the generation of carbenium ions

the rate determining loss of nitrogen (101). However, elimina-

tion of nitrogen from III-12 to give the corresponding car-

benium ion is notllikely to occur because of the destabilizing

effect of the carboxylate anion. On the other hand, it is

to give diazoalkane III-20. Esterification of III-12 by

. diazoalkane III-20 followed by proton elimination results in
the stable diazoester‘II-BD.
e -

" been observed in the diazotization of ethyl aminoacetate (102)

and in the thermolysis of ethyl N-acetyl-N-nitrosoglycinate

(58) to give ethyl diazoacetate. Altarnatively, diazoalkane
. . k

»

.
R-égzﬁ./a
e No

N2

ITI-12

1

ITI-12 (o}

|
— % R-CH —» R-CH,-0-C-CH-R
i 2 @l
. N,
I11-20 ITI-21
L ye _u®
9
CH,CO,

. i
R—CHQOCOCH3 R—CHz-OC-ﬁ—R

Similar deprotonation has already

.. Ir-29 . II-30

Scheme 3-9
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II1I-20 may react with acetic acid to give phenylethyl ace-

tate II-29.

Kinetic studies (ug) have shown that the catalytic rate

constant for .the decompositicn of nitrosamides b_'OHe is 5.6
‘ e
X 10° times greater than that by AcOe. Therd ,.in the

Hh

D

S

[

nce of an excess cf potassium hydroxide or sodium methoxide

job4
the intramolecular attack by the acetate anion is not likely.

In methanol or in water, the initial attack cf the base 1s more

likely to occ at the carbonyl rather than at the nitroso:
. i ~ . - . . . .
nitrogen (43) to give III-Z3 which rearrangss readily into
df=zotate III-Zt. Irn analcgy to alkyl diazotates which generate
. - -
diazo derivetives in strongly basic media (uu), diazotate

III-24 decomposes *o give 4iazo carboxylate III-25. Diazo

derivatives such as I3I-75 nave been known to exist in solu-
tion (163)as well 25 in the sclid state (134).. These deriva-
tives are siable irn alkaline solution but decomposé rapidly
Wwith evoliuticn ¢f nitrcgen on neutralization (lGS). Thé uv
spectra of such de?iv. ives havé not beeﬁlrePOrtéd_ However,
it is believed that the *wc absorptions at 300 and 410 nm ex-
_hibited by speciss X are due to diazo carbcxylaté;III-E . The
, . . , . —_—

413 nm abscrption is probably Zue to the n+w  transition of

the diazo linkags whnereas *rnat at 330 nm may likely be due to

a2 szall contributizsn of cxadlazole III-26 in eguilibrium w1th

— L ke P

III-73. <ZChavac=Teriza=tion 7 The structure of'diaZOCarboxylate
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III-25 was attempted by alkylation with phehacylbrbmide. The

-1 : . . ‘ : :
2080 cm ~ ir absorption appearing 1in the crude product could be -
attrlbuhed to the stretching frequency of the ‘diazo llnkage

of diazoester II-293 However, isolation of II-29 could not

be achieved. 1In analogy to diazdalkanes, photolysis of diazo-

.

'~“bexyiafe—iii-25~was~ex?ee%eé~%eigeﬂefate«earbexy}ateéeaébehé
I11-27. Howevér, photolysis of diazocarbogylate}III—ZS in
the presence of cyciohexene>did not gi#e the expected addition
product III-29, Theifofmation of ether II-27 and bicyclé' N
acdduct II-=28 indié&tﬁéythaf a dec;rboxylationrhas occurréd

at a certain stage *tc generate phenylethy%favbene III 28 o

which is trapped by yethanol and cyclohexene, respectlvely,

| . | |
x - oCCHBr 0 0
u47y, po— R—§-Ca2 ——p R- § C-0- ?H2'0—¢
$$\\*O 2 2 | | W,
- I1IT-26 I1T-25 v : - IT-29

L ' / R-CH@ I1-28
L [R-c-coﬁ-—’ R-CH »
QH

LI

?» IT1-27 - IIT-28

N R

RCH OMe

W
s
ro

6
C,

ITI-29
Scheme 32-11

L



The\gagrevolution occurring upon addition of an excess of
‘base to aqueous or methanolic solutions of nitrosamide acid
I1-22 indicated partial decomposition. The volume of nitrogen

evolved at room temperature indicated that nitfosamide acid

I11-22-a deaminated to an extent of approximately 40%. Further-

S *W*moref;%:}ecﬁmpﬁs'fbieﬂ%af—%}-il%'a— e'rr:r—metha—nolmwi%—éediummeihs
oxide, followed by careful removal of methanol and acidic work
up gave u89 of methoxy acid _2;2_ These reéults are indica-
tive of a dual pathway for the decomp051tlon of diazotate

" I11-24 formed from II-22-a by the action of a baséf The most
likely élterna?ive to the diazoacetate III-25‘path&§y is the
formation of diazonium idn I11-12 followed by nuelgéphilic
displacementrﬁy hydroxyl or methoxide anions.

III-3 Photolysis of N-Acyl-N-Nitroso-a-Amino Acids

Irradiation of the n»m transition of nitﬂpso derivatives
of N-acyl-a-amino acids results in an efficient decarboxyla-

“tion: The photoreaction has been proposed (28) to involve

i
P

the corresponding imine intermediate (III-31) as in the case
of N-alkyl-nitrosamino acids. Since the C=N bond of N-acyl-

- —imineIII-31- 1s—eeﬂ3uga¥ed—Wiih—ihe—ﬂ—s¥SIem of the carbonyl,

, one_mguldgaxpecigxh;sg;ntermedlate to be very susceptlble to

nucleophilic attack. Accordingly, products arising from the



: o
0o R 0 o 0 -R
[ hv i K |
R-C-N-CH-CO,H — [R-C-N=C{ ~<— R-C=N-C®]
NO & H
I11-22 III-31 III-31-a ’

Scheme 3-12

nucleophilic addition of methanol, enamide, amide or cyanide
were observed in both pclar and non-polar solvents. Although

nucleophilic~vattack of NOe on acyl-imine III-31 is believed to be

occurring; particularly under basic conditions, neither the

[

corresponding C-nitroso nor.its tautomeric oxime could be

xu”ﬁéteetedLE\Ihe absence,of'products derived from the nitroxyl

addition to the N-acyl{Bfﬁéiﬁﬁﬁerhﬂeuirglzgggditions is at first

S

surprising since N—alkyliminés II-15 did undergo addition’
followed by tautomerizatibn to givevthe corresponding amidoxime
as the major prgauét{k The pKa of fhe conjugate acids of
N-alkylimine cannot be measured .due to their instability but
are expected to be at least as high, if not higher, as those

of diphenylketimines (pKa = 5-7) (106). Since‘%itroxyl has

been proposed to 5e of a similar acid strength as acetic acid

~ (pKa = 4.75) (107), addition of nitroxyl to N=dlkylimjne is

basicity of the nitrogen of N-acylimine is greatly reduced due

to the presence of the electron withdrawing carbonyl group and

*

A radical mechanism is ruled out because of the pH

dependence of the reaction. . o
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hence is not basic enougﬁ to induce the dissociation of HNO.‘
Thus, the products are derived from the éﬁdition of methanol
which is present inrlarger concentration than nitroxyl.
However, in the presence of an external base such as triethyl-

amine, the nucleophilic species NO9 is formed which readily

_attacks the N-acylimine to give the corresponding C—nitrosd

intermediate.

The formation of N-acylimine III-31 can be visualized

via a radical’mechanism“ as shown in Scheme 3-13. As in the

y
case of dialkylnitrosamides, it is likely thét photolysis of
nitrosamido acids generates amido radicaleII—3? which decar-
boxylates readily to give III-33. Fur%her prdton elimination
from III-33 gives N-acylimine III-31. Alfhough amido fadicals
are known fo readily undergé inter (33) as well ésrintramole-
cular (32) hydrogen atom abstraction, the parent amide II-21
was observed only as a minor produét. Deéarboxylation of
I11-32 must, therefore, occur at‘a much faster rate than that

of hydrogen atom abstraction.

= L .. '
A concerted elimination of HNO and CO2 similarly to N-alkyl-

nitrosamino acids cannot, however, be completely ruled out.

1 e BT R S o] £ 0 Do 70 80 6
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R-C-N-CH-CO)H —="- R-C-N-CH-CO,H + NO
NO L ITI-32 ’
11-22
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0 © 0 R! 0 H
e R et B
R-C-N=C] «—=— R-C-NH-CH «—> R-C;N-C_
. NH-C N
III-31 III-33 III-33-a

Scheme 3-13
ﬁ‘
Under mildly basic conditions, the photodecomposition of
nitrosamido acids II-22 is much faster than the thermal decom-

position and results in the formation of'1,2,u—oxadiazoie IT-39

in 12-70% yield. The variatibn of the yield of oxadiazole
ITI-39-a with the concentration of the base is in agreement with
- the alleged role of the externally added base.

It appears that the optimum condition,fof the formation of
oxadiazole II-39 requires at least two mole equivalents of
base (see Fig. 2-14). Under these conditions the acid-base

equilibrium is shifted towards the formation of NOe

" The formation of oxadiazole II-39 can be satisfactorily
explained by the intramolecular cyclization of oxime III-35,

as shown in path a of Scheme 3-14. Such mechanism has been . .
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proposed in the synthesis of carbethoxyoxadiazole by nitrosation
of an acylaminomalohic ester (108). The postulated N-géylamid_
o§ime III-35 has however never been isolated. In order to

confirm this mechanistic route, a mixture of Z and E-isomers

of N-acylamidoxime II-49 was synthesized by another route. In

cyclization to give the corresponding oxadiazcle. However, the

oxime failed to give any trace of oxadiazole II-39-a under

)

0o R -0 R ;
" . ' hv “ / " /‘;'
R-C-N-CH~CO H —2s R-C-N=C + NO* 7
NO B 1I-31
II=22
» .
R- -NH\C—R' 7’ Pa_th a’ R"C:N- H
A ‘ — NO
LJO—N .
H I11-35 . III-34
H l : ’ path b
d/ H :
£ o
>C/N\‘ -H,0 | N——\(R
i) C—R! —%— R—JQ\ N
Oey? 07
I1I-36 II-39
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various basic conditions, thus ruling the above mechanism out.

Since,amidoximgs III-35 were neither isolated nor detected
in the photofééétions’of nitroSamido acids II-22 under basic

~conditions, it iSVVeryllikely that C-nitroso III-34 undergoes

intramolecular cyclizati@gﬁ{path;bripf§9h§me 3-14) at a much =

faster rate than that of tauﬁomerization to the corresponding -
oxime,¥ The intramolepular,cyclization of III-34 can occur
either by fhe'initialﬁaftack of tﬁe carboxamide'dxygen on the
nifroso-nitrogen étdmr(path b) or by the attack of the nitroso
oxygen on the carbonyl group (path a) as shown in Scheme 3-15. .

In view of the total lack of oxime EiI-35 in the product mix-

Scheme 3-15



124

ture, it may be assumed that the intramolecular attack as in

path b occurs from anion III-34. as soon as it is-formed. Simi-
lar nucleophilic attack on the nitroso nitrogen atom has been

observed previously (109 ~ 115). Furthermore, hydroxyl-

amine derivatives such as III-40 formed in the aldol-type

condensation of aromatic ni%fosoicémbgundsrﬁith active methylene ~ =
groups (Eriich-s chs reaction) readily lose a molecule of
water to form-anils III-u41 (116). Similar dehydration from'
ITII-38 to give the stable‘oxadiazole‘wéuld be expected to be
facile.

, ?H  -H,0 ' | é
XY —» ArNCHXY ~————» ArN= CXY

ATrNO +..CH2

CRE

III-40 - TII-ul

Scheme 3-16




III-4 Conclusion

The synthesisiof a~amidoximes is of particular interest:

since some of them are known to possess antibacterial activity

#

(117). Primary a-amidoximes are readily prepared by the rﬁé@tion

a-amidoximes are not easily accessible. The photooxidative

decarboxylation of N-alkyl-n-nitroso-g-amino acids described in

this thesis provides an efficient and simple route to this class

of compounds.

The chemistry of nitrosamines derived from N-acetylated
‘a-amino acids,’investigated in thé present'work (Scheme 3-17),
shows that these compounds are very vérsatile. Their photo-
lysis in neutral conditions is one of the best method to gener-
ate the synthetically useful (118) N-acylimine intermediate.
Under basic conditions, tﬁeir photolysis provides ah efficient

approach to the 1,2,4-oxadiazole skeleton. Some deriva-

- tives of 1,2-4-oxadiazole have been found to possesé biological

activities (119). Under thermal conditions, nitrosamido acids

may have geﬁerafed the elusive 1,2,3-oxadiazol-5-one (III-10)

~vig esters of diazotic acid.  In the presence of weak bases or
of one or less than~one—equiva}eﬂt~of'sfrongwbaseST?intra:*ﬂ'
molecularly catalyzed deamination oceurs, which may have also

generated III-10 as intermediate. Finally in the presence of
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1 hv
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| N - 8y
2 2
MEO/ ¢H 0
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i 2 i
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a-methoxy acid diazoester

Scheme 3-17
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.an excess of strong bases the stable diazocarboxylafé anion

II1I-25 is generated.

*
Results in§II-8 show that nitrosation of the amido group
of an a-amido acid can be achieved via an acyl nitrite inter-

mediate (III-42) which is usually obtained by the reaction of

. + . .
a carboxylate anion with a source of NO (120). It is believed
that spécific in vivo nitrosation of the terminal amido group

of peptides.can occur through a five-membered transition state

as shown in Scheme 3-18. The nitrosating species NO may arise
0 R | 0 R
I § 0 NOBF, T
CH3-C-NH-CH-CO2 Ag ————— CH3-C—NH-$H
‘_'J' C‘fﬁ =
II-60
e IITI-u42
’ ¢
R = CHyo CHy - C-N-CH-CO,H
- NQ -
II-22-a

Scheme 3-18

from sodium nitrite or from dialkylnitrosamines by trans-

Q@;rosation(lal)q In view of the results obtained in the'preséﬁ%riﬂrﬁ
WEREL

and "\‘ »
work, it is possible to visualize an in vivo degradation of

Yoz L
I :
H
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peptides via the intramolecularly catalyzed deamination of the
terminal peptidic linkage, leading to diazoalkane derivatives,
which are known to be a likely cause of the carcinogenic activity .

of nitrosamines.




CHAPTER IV NP~

EXPERIMENTAL

Iv=-1- oeneral Techn1cues

Unless othervise irdicated the following general conditions

.

prevail. Infrared (ir) spectra were measured on a Perkin-Elmer

odel 457 as liguic film or nuicl mull. The abscrption bands

(cm” “)are de signated as s, m, w or b for atrcws, mecium, weak,

"J

or broad respectiveliy. <Ultraviclet (uv) spectra were recorded

or. & Unicam S?P 837 or & CZary 17 séeqtrophotometerz Nuclear

‘magnetic resonance (nmr) spectra were recorded on a Varian -
£ 532/80 or a Varian X1-10C spectrophotometer ecuipped with a

4
izcolet 1080 computer using deuterochloroform as sclvent and
TMS as internal standard. The chemical shift for the proton
nmr spectra are reported in T values, coupling constants (J)

2nd half-height widths (%W1/2) in hertz (Hz). The splitting °?

satterns are designated'as s (singlet), d (doutlet), t (triplet),

5 (gquartet), gi (guinftet), sp (septet), m (multiplet), b (broad)
and the number of protons relative to each signal is indicated

as & multiple cf H. The 5,0 exchangeable proton is indicated
S 322 exch. . iIn The ~°C nmr stectra, the chemical shifts are
repcrted in § wvaliuss relative tc THMS and the splitting patrterns
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4\;f

parenthesis. The decoupling experiments were done on theVSéme
XL-1G0 spectrometer. The experiments were perfofmed by Mr. A,
Brooke, Ms. E. Cheéh or by the author. The mass spectfa ims)
and the gas chromatography mass;gpéctfa.(gcfms) were obtained

by Mr. G. Owen cn a Hitachi-?érhin-Elmér RMU—? mass spectrometer.

AgcJAQ*EA#ﬂlth“a_Siiigmg;nggﬁzz;gs gata acqulsltlon system/lSD

4
High resclution mass pectﬂa (ﬁrms) were performeu at the

‘University of British Columbia mass spectrometric services.,
The gas chromatographic (gc) analyses were performed on a
Yarian 1400 chromatcgraph equipped with a flame jonization

dztecTor, ?reparativs gC runs were executed on a Varian 1700

equipped with z thermal conductivity detector. The retention

<imes (rt) are repcrited in minutes (min); The thin layer e
chromatographic (tlc) analyaes were performea on llca gel

impregnated with uv indicator or on alumina and were then
developped with iosdine. Separétiohs by column chromatography
were performed using neuiral or basic alumina (Brocxmap activity

I, Fisher Scientific o, 80-200 mesh) or silica gel (Baker analys%d,

Melting points were measured on a Fisher-Johns hot stage

and were nct corrected. Ilemental analyses were performed by

in-Elmer 240 microanalyser.
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I¥-2 Chemicals
% /

The sélvents were reagent grade and distilled‘prior to ﬁse.
Benzene (distilled from H,S0,) was stored over sodium ribbon,
gcetonitrile (distilied over P OS) and methanol (distilied'from

,,m@gngsiumlAnereAkgpigniergm912£ulanusieue”3A+MuThe*following;f 
amino acids: sarcosine (Fluka), Q,Efphenylalénihe (BDH), D,L-serine
(BDH) aﬁd{g;é-leucine (BDH) were reagent grade and used without
further purification. Triethylamine was distilled (bp: 87°C)
and stored over po%assium hydroxide pellets. The nitrogen gas
used was scrubbed with Fieser's solution, followed by concentrated

B Sou‘and potassium hydroxide pellets.

2

, .

Iv-3 Geneﬂal Procedure for Photolysis

The photolyses were carried out in a previously described

32 ) photovessel using a pbrex cold finger. The condensor was

~~

fitted with a calcium chloride tube or a mercury trap. The
reactants were dissolved in the appropriate solvent and the
resulting solution was introduced in the photocell. The solution

was magnetically stirred while a stream of dry nitrogen was

_______ bubbled through the gas inlet for 10 to 15 min. before the start _

o0f the irradiation. When required, the solution was cooled by o

immersing the photocell in an éxternal ice bath. The soclution
was then irradiated by placing a Hanovia 654 A36 (200 w) medium
pressure mercury laﬁp into the lamp well. The reacfion was
mcnitored by recording the uv spectrum of diluted aliquots of

T ~——



the photolysate taken at regular intervals.  The mixture was
photolysed until the n-+ 7% absorption of the N-nitroso group
(ca. 350nm for nitrosamines and ca. 400nm for nitrosamides) had

completely disappeared. ‘The zero hour aliquot was kept under
*0 -

et Bt B 40 i o s 5 e it AL e e |

the same conditions but in the dark and its uv spectrum, recorded

) spcr B

after completion of the reaction showed no appreciable change.

[

‘This assured that no dark reaction had taken place. The solvent

-

was removed under vacuum at ca. 10°C using a rotatory evaporator.
The residue was examined by tlc and ir and nmr spectroscopy and 1
the different components were separated by means of usual

extractions and chromatographic techniques.

IV-4 General Methads of Nitrosation

All N-alkyl-N-nitroso-amino acids were recrystallized before :
use, but the N-acyl-N-nitroso-amino acids were used as obtained

without any further purification.

IV-4-1 Method A: Sodium Nitrite (NaNO,) Nitrosation

bt 4 ettt o

An amino acid (0.01 mole) was dissolved in water (50 ml)

containing concentrated HCl (2 ml, 0.06 mole). A solution of

NaNO, (1lg, 0.015 mole) in water (20 ml) was slowly added to the 3

2
" ice cold and stirred solution of amino acid. After completion —

of the addition, the mixture was further stirred for 2 hours

at 0°C. In the reactions where the nitroso derivative precipated,

filtration, washing with cold water and drying over P205 gave
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the crude75if56§6760mpound,7,When no precipitate was obtained
the reactﬁon mixture was extractedrwifh‘ethyl acetate and in

"some cases continuously extracted with ether or ethyl acetate.
The extracts were dried over MgSOu’and evapbrated to give the

solid nitroso-amino acid.

R i o S

IV-4-2 Method B: Dinitrogen Tetroxide (N,0,) Nitrosation

~—
The method described by White ( 29 ) was mddified as below.
N20u (MCB) was bubbled through iqe cold dry CH2C12 (50 ml) until
the solution gained 1lg (0.01 mole) in weight. The resulting

i

yellow solution was cooled to -78°C with a dry ice-acetone bath
and fused sodium acetate (800mg, 0.01 mole) was added at once.
The colour of the solution turned steel grey. The éminq acid
derivative (0.0l mole) was added in sevéralrportions. When ~the— -
addition was complete, the solution was allowed to come to ice
temperature while stirred in the dark. Stirring was contiqued
for another 2 hours. The reaction mixture was washed with dilute
Na2CO3 (1% ) several times until the pH of the washings reached

5-6. The organic phase was washed with water and dried over

MgSOu. Evaporation of the solvent afforded the crude nitroso

—derivative

IV-4-3 Method C: Nitrosyl'Téfrafluoroborate Nitrosation G0)

An amino -acid (0.01 mole) was added in several portions to

a.cooled (ice-salt bath) and stirred suspension of NOBF,, (D.F.



i314: R

Goldsmith Cie. ) (1.57 g, 0.014 molé) in dry acetbnitrile (10 ml)

Aftér completion of the addition stirring was_continued'fér’an

additional hour and the mixture was evapérated to dryness. . The
w'fééiaﬁal*soiidsnwerg_exfpacted several times with etﬁ&l acetate .

or ether. The combined extfégféiﬁeré washed with & sszﬁrafgd

soiutionwof'Naﬁi;“dried;over*MgSOu andmevaporateﬁ”tO“yieiﬁ*1?K?fﬁ”‘**“*%

crude nitroso derivative. ' |

IV-5 Preparation of N-Alkyl-N-Nitroso- @ -Amino Acids

IV-5-1 N-Nitrososarcosine, II-l-a , | —

Nitrosation of sarcosine (5g,.0.06 mole) was carried.out as described
in methods A or C to give II-1-a (6.1g, 85%): 69-79?C,{ep0r*ted 66-67°C (u42)
~dir: 1730 (s) and 1440 (s) cmfl; ¥ ana ¢ data, see tables 2-1 and §

2-2 ; ms and uv data, see tables 2-4 and 2-5 . When the,lH nmr spectrum

L

~ was recorded immediately after dissolution of the sample, the ratio of the

two sets of singlets atT15.72, 6.10 and 5.02, 6.87 was approximately 9:1,

and gradﬁally changed fo become 1:1 after staying at room témperature,and i
in the dark’for one day. The same observation was made in B¢ nme experiments: -
only one set on signals (at 167.2, 44.9 and 38.6 ppﬁ) appea?ed when the

- ~ASpectrumfwasfreqon&a&shortlyeﬁier~dissolution;gandﬁaﬂmaviiﬁ?%gaﬁ—16975—~—v———~——f7f—
53.7 and 3lfkuppmlfgradﬁallyﬂiﬁcnamxxLIo_ramjL1hewsamegintensitﬁjﬁLihatAof,Uﬁw,ﬁmﬁ
the first one ater 3 hours inrthe probe (30-40°C). Two ORD spectra with

- different decoupler offset values were recorded and the JLJC-H were measured

(see table 2-1 ). The lSN natural abundance spe was measured in the -

fourier mode with a Varian XL~100 at 10.135 Miz. ' spectrum was taken .




as,a degassed neat'bil,' in a 12 mm tube at the ambient probe temperature
(35- 40°C). External ]'H lock and noise decoupling were used. In order to
obtain a signal-to-noise ratio greater than three, 4785 60° pulses were
accwmhated with a 10 sec repetition rate. Calibration was achieved by means

of an acidified ammonium chloride sample (1M 15

NHuCl in 2M HC1). The

chemical shifts obtained are reported in the frequency as ,well,,as,,,iméthe,i,_,, S
shielding constant scale in table 2-7. '

lSN enriched nitrososarcosine (150 mg, 63%) was prepared by nitrosation
(method A) of sarcosine (180 mg, 0.002 mole) with 505 “°N enriched NaNo,
(Isomet, Palisades Park, N.J, USA) : T°N mm (CH,OH) § ppm from 'NH,CL:
508.l+' (s) and 514.8 (s). The two singlets showed the same intensity. The
spectn.@ was rec,nied one day after preparation of the éample. A number of

256 scans was accumulated with a delay time of 30 sec between pulses.

External lH lock was used and the spectrum was recorded without noise

decoupling.

Table 4-1 Jl3C—H of Nitrososarcosine

at different decoupler offset values

. decoupler Jt ECH- J*

R CH.,.
3
offset Hz CZ éE C,Z CE. ‘
56001 65 70 '}O 75 - ) -




IV-5-2 N-Nitrososarcosine Lithium Salt, II-l14-a

An equivalent amount of LiOH (10 ml, 0.47 N in H2O) was added to a -

solution of II-1-a (650 mg, 5.5 mmole) in H,0 (5 ml). The resulting solution

was concentrated under vacuum to about 5 ml and acetone was added until the

™~

solutlon became turbld Upon coollng, whlte crystals appeared and after

flltratlon and drying over P2O5 gave IT-1l4-a (388 mg, '57%); mp 250°C; ir Yooy
1630(s), 1440(m,b, 1340(m), 1290(m) , and 700(m) em™ 3 H mmr (D,0) T: 5.25
(s), 5. 78(8), 6. 2?j) and 6.77(s); uv A (e): 436 (84) rm. Anal. calcd..
for C3H5N203Ll C 29.05, H 4.06, N 22.59; found: C 30.07, H 4.31, N 22.189

| When taken immediately after dissolution, the intensity of the set of
singlets at 1 5.78 and 6.23 was approximately 24 times as large as that of
the singlets at T 5.25 and 6.77. However the latter increased slowly to

finally reach the same intensity as the previous one.

The pH of a solution of II-14-a in water (0.1 M) was measured to be 5.66

IV-5-3-N-Nitrososarcosine Sodium Salt, II-14-b

~7

An equivalent amount of NaCH (18.3 ml, 0.68 N in MeOH) was added to a
solutlon of II—l-a (1.u46 g 12.4 nmole) in metha.nol (20 ml). The solutlon was
evaporated under vacuum to about 10 ml and was cooled in the fridge to give

white crystals. The c:r'ystals were filtrated and washed with acetone and

ether and were dried over P?O5 to afford II-14-bas white needles (1.2 g, 70%);

mp 250°C ir vmax: 1600 (s), 14140, (m), 1380 (m), 1340 (m), 1290 (m), 980 (m)

770 (m), and 690 (m) c T3 H mmr (D,0) T: 5.2°(s), 5.78 (s), 6.17 (s) and
.85 (s); uv A (e): 437 (91) mm. Anal. caled. for C3H N O Na C 25.72,
max 5

H 3.60, N 20.00; found: C 25.78, H 3.58, N 20.03.



When the nmr' spectra was taken imﬂedia'tely after dissolution, the
intensity of the set of singlet at T5>.2- and 6.85 was approximately 25 times
‘as large as that of the singlets at 15.78 and 6.17. The latter increased
slowly to finally reach the same intensity as that of the former set. L/

The pH of a solution of II-14-b in water (0.1 M) was measured at 25 °©

to be 5.10.

A molar equivalent of KOH (5.4 ml, 1.24 N in MeOH) was added to a

A solution of II-1-X804 mg, 6.8 mmole) in MeOH (10 ml):)/ The solution was
concentrated under vacuum to about 5 ml and acetone was added dropwise until
the solution becamert;rbid. The crystals deposited upori cooling at 0 °C

were filtrated and dried over P,0. to give II-lh-c (570 mg, 54%) as very

275
hygroscopic white needles; ir vma%:'leoo (s), 1290 (s), 1190 (m), 1050 (m),
975 (m), 770 (m) , and 685 (m) c:m—l; lH e (DZO) T: 5.20 (s), 5.78 (8), °
6.17 (s), and 6.85 (s); uv A___ (e): u38 (88)‘1'1m. Anal. caled. for C.H.N.O.K:
max ‘ 3757273

C 23.07, H 3.23, N 17.93; found: C 23.02, H 3.21, N 18.12.

Immediately after dissolution, the rmr singlets at 15.78 and 6.85 and
those at 15.20 and 6.17 had their intensity in a ratio of 57:43 and slowly

changed to a 1:1 ratio.

The pH of a solution of IT-1k-c in water (0.1 M) at 25 °C was measured

to be 4.49.
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IV-5-5 N-Nitrososarcosine Dicyclohexylamine Salt, II-14-d

Dicyclohexylamine (Aldrich, 3.4 ml, 0.018 mole) was slowly
added to a soliution of II-l-a (2.l1lg, 0.018 mole) in EtOH (10ml)
at room temperature. The saltII-1u-d (3.1lg, 69%) was obtained as

péledyellewwneeé}esgmmp*}63—17&°6'(Iit;‘(67 ) mp 175=176°C);"
ir vmaxf 1640 (s), 1450 (m), and 760 (m) cm-l;-lH nmr (DQO) T:
5.21 (s), 5.78 (s), 6.15 (s), 6.75 (s), 6.75 (s), 6.7 (bs), and
8.5 (m); T3¢ nmr (D,0) 8: 183.2 (s), 55.3 (1), 48.3 (¥), 38.0(q)
31.4 (q), 49.9 (d), 26.8 (t), 22.6 (t), and 22.0 ()5 uv SO
437.5 nm (69). /
The integration of the singlets at 15.21 and 6.75 and at T

5.78 and 6.15 immediatly after dissolution showed a f:Z ratio

of 9:1 énd changed to 8:1 after one weeﬁ.

The pH of a solution ofgI—lu—dih water (0.1M) at 25°C was

measured to be 7.85.

IV-5-6 N-Ethyl-N-Nitrosoglycine, II-1-b

Tosylation of glycine (MCB, 22.5g, 0.3 mole) (123) gave
p-tosylglycine (hl,Sg, g%%); mp 147-148°C (1it.(123) mp 149-150°C)

= -
"iP”‘*ﬁlgx +-3280-(s)51720 (s), 1160 (s) ,and 820 (E')TnJT‘lH nmr

(pyridine) 1: 5.73 (s,2H),and 7.8 (s,3H)c - —

A solution of ethyliodide (MCB, 15g, 0.096 mole) and II-3
(20.6g, 0.09 mole) in 3N NaOH was heated with shaking in a sealed
tube at 70°C for 4 hrs. After acidification (pH 2) a solid

precipitated out and was recrystallised from water to give
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N—ethyl-N-p—tosylglycine II-4 (13.Sg,61%) as Qﬂite needles; mp
142-144°C; ir v___: 1730 (s), 1255 (s),and 700 (s) em 5 'H nmr

1:5.63 (s,2H), 6.45 (q,J=5 Hz,2H), 7.76 (s,3H), and 8.83 (t,
J=7 Hz,3H). |

A solution of tosylate II-4 (13.5g,0.05 mole) in concentrated

HC1l (60 ml). was heated in a sealid tube at 100°C for 24 hrs.
The solution was eVaporated to dryness under vacuum and thé
resultiﬁg residue was taken up in efhanol (150 ml). After’filtration.
and concentration of the ethanolic solution to ca. 50 ml, |
crystallisation was; induced by adding ether. After'cooliﬁg,
N—ethylgiycine p-tg;ﬁenesulfonic acid séit £!:l(§.8g,71%) was
filtéred and dried; mp 180-185°C; ir ﬁmax:ll720v(s), 1200 (s),

1

. 14 nmp (D,0) T: 1.69 (A of A.B,, 2H), 2.28

2°2°
B,, J=9 Hz, 2HY, 6.08 (s, 2H), 6.84 (q, J= 7Hz, 2H),

and 690 (s) em”

(B of A2

7.63 (s, 3H), and 8.70 (i,,J:7Hz, 3H).
Salt IV-1(9.8g, 0.036 mole) dissolved in concentrated HC1l
(50 ml) was cooled to 0°C overnight to give white érystals of
N-ethylglycine hydrochloride II-5 (4.70g,95%); mp 160-166°C;
ir vmaQ: 1750 (s), 1420 (s), 1180 (s), and 790 (s) cm-l; lH nmr
T: 6.04 (s, 2H), 6.80 (q, J=7.5 Hz, 2H), and 8.68 (t, J=7.5 Hz,3H).

The hydrochloride II-5 (4.7g;0.032 mole) was nitrosated

~by method A to yield II-1-b (Z.3g,54%) as yellow crystals; mp

83-85°Cy ir *ﬁéﬁ’c” 13100 -26080 (bym); 1730

(s), 1460 (s), 1370 (s), 1305 (s), 1210 (s), 1110 (s),and 700

1

(s) em 1H nmr and 13C nmr data are found in tables-2-1 and

2-2 : ms and uv data are in Table 2-5.
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IV-5-7 N=Nitroso-N-Isopropylglycine, Ig-l-c

Bromoacetic acid II-6 was obtained in 27% yield'by bromin
ation of acetic acid (123);ir Voax’ 1730 (s) and 730 (s);cm_l;

M nmr t:-1.87 (s, D,O0 exch.) and 5.98 (s).

2

Bromo derivative II-6 was esterified (47 ) to yield

r =

ethylbromoacetate II-8 (80%); bp 154-155°C/760 Torr; ir Voax®

Loy nmr t: 5.73 (q, J=7Hz,

1740 (s), 1230~(s), and 1030 (s) cm”
2H), 6.15 (s, 2H), and 8.70 (t, J=7Hz, 3H).

Bromoacetate II-8 was treated with isopropylamine ( 47) -
to give ethyl N-isopropylglycinate II-10 (84%); ir Yookt 3340(m),
1740 (s), 1200 (s), and 1030 (m) cm’l; 4 nmr t: 5.8 (q;J=7Hz,v
2H), 6.6 (s, 2H), 7.18 (sp, J=7Hz, 1H), 8.25 (s, D20 exch., 1 H),
§.73 (t, J=7Hz, 3H), and 8.92 (d, J=7Hz, 6H).

Glycinate ll:ig'(l2g, 0.082 moie) in adeoﬁé N;OH sblﬁtionf
was heated for 1 hr to giv; a solution of N-isbpropylglycine.
The solution was nitrosated by method A to yield II-1l-c (u.7g;
38%); mp (from water) 137-138°C (lit. (47 ) mp 76-78°C); ir Qmax;
2600(b,s), 1730 (s), 1360 (s), 1240 (s), 1070 (m), 890 (m),
690 ¢m), and 650 (s) cm-l; 4 and 3¢ nmr data, see tables

2-1 and 2-2 ; ms and uv data, see téb;es 2-4 and 2-5. No other!

signal appeared in the 1H7nmr4§peetrum when the sample was left

in solution at room temperature for two weeks.
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IV-5-8 N-Nitroso-N-(3-Pheny1propy1)-Glycine3 II-1-d

A solution of ethylbromoacetate II-8 (16.6g, 0.1 mole) and

3-phenylpropylamine (BDH, 27g, 0.2 mole) in benzene (80 ml) was

refluxed for 5 hours. Filtrationvbf the precipitate and evapora-

tion,Qf,the sQlVent,gaVe a crude oil (17.9g) which upon distilla-

tion (bp 191°C/29 Torr) gave pure N-(3-phenylpropyl)-glycine

26
D

3060 (w), 3020 (m), 1730 (s), 1200 (s), 1020 (s), 740 (m) and

ethyl ester II-11 (1b.3g, 64%); n-° 1.49803 ir v__ : 3320 (m),
-1 1 i . ' _

700 (s) ecm 3 "H nmr T: 2.84 (m, 5H), 5.88 (q, J=7Hz, 2H),

6.68 (s,2H), 7.4 (m, 4H), 8.06 (s,D,0 exch., 1H), 8.2 (m, 1H),

and 8.78 (t, J=7Hz, 3H).

Ester II-11 (ng, 0.07 mole) was saponified with sodium
7hydroxide (5g in 50 ﬁi H20) and affer aéidifiéafion to pHr2,
yielded N-(3-phenylpropyl)-glycine hydrochloride IV-2 (15.3g,>
98%); ir Voas 350Q (b,m), 2400 (b,m), 1740 (s),ifgso (m),

1410 (m), 740 (m) and 690 (s)cm‘1

Hydrochloride IV-2 (4.6g, 0.02 mole) was nitrosated by
method A to yield II-1-d (3.1g, 70%); mp 106-108°C (from water);

'ir\)ax: 3100-2840 (b,m), 2700 (m), 2600 (m), 1730 (s), 1450 (m),

}IY)
1310 (s), 1285 (s), 1210 (s), 740 (m) and 700 (s) em '3 'H and

13 L

C nmr data, see tables 2-1 and 2-2 ; ms and uv data, see tables

2-4 and 2-5 . Anal. calecd. for C11H14N203: C 59.45, H 6.35,

N 12.60; found: C 59.43, H 6.47, .86.
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sl

When the nmr sample was left in the dark at room temperature,
a new set of signals appeared at 15.00 (s), 6.38 (m), . 7.45 (m)
and 8. 20 (m), whose intensities reached the equilibrium state o

after two days ( ca.l5% of those of the initial set‘of 51gnals).

—  IV-5-9 N-Nitroso-N-Isopropyl-D,L-Alanine, II-~l-e

A solution of a-bromopropanoic acid (Eastman Kodak) in
ethanol was refluxed to give ethyl-cx;bromopropanoate»IIlg

ir v 1740 (s), 1325 (s) and 1160 (s) cm™%; 'H nmr T: 5.63

k4

(q,
J=7Hz, 1H), 5.79 (g, J=7Hz, 2H), 8.22 (d, J=7Hz, 3H) and 8.73
(t, J=7HzZ, 3H).

<

~

Ester II-9 was treated with isopropylamine (47) to give
N-isopropyl-D,L-alanine ethyl ester II-12 (85%); ir vmax: 3300
(w), 1730 (s), and l180‘(S) cm-l; lH nmr T: 5.82 (g, J=7Hz, 1H),

6.58 (q, J=7Hz, 2H), 7.22 (sp, J=6Hz, 1H), 8.3 (s, D,0 exch.),

8.70 (4//3=THz, 2K), 8.71 (t, J=7Hz, 3H) and 8.94 (d, J=6Hz, 6H).

A solution of ester II-12 in.agueous sodiuﬁ hydroxide was

refluxed for one hr and after ac1d1flcatlon to pH 2 was nltrosa-

—teéméifee%%yébywmetheé—AimteAgive—ll-}-e—éal%l;euLAL444gzﬁﬂﬂs

3100 (b,m), 1740 (s), 1380 (s), 1220 (m) and 1180 (m) cm'l--lH

and 130 nmr data, see tables 2-1 and 2-2 ; ms and uv data, see

. TG
tables 2-4 and 2-5 ; Anal. calc. for C6H12N203' C uy,99, H 7.55,

N 17.49; found: C u45.85, H 7.588, N 17.61. o~

2

A

N
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g T4 R ottt d L vl 4 e Lt
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IV-5-10 N-Nitroso-N-t-Butyl-D,L-Alanine, II-1-f

N-t-butyl-D,L-alanine ethyl ester II-12 was obtained in 40%

yield from bromide II-9 and t-butylamine as described by Greco
\® ’ l
11

and al (47 ) if‘&ax: 1740 (s), 1370 (s) and 1180 (s) cm ~; "H

3 (bs, D0

S AmroTr 5:8Y-(qy Jo7Hz, 2H), £.58 (g, JeTHz, 1E), D0
exch.), 8.73 (t, J=7Hz, 3H), £.75 (d, J=7Hz, 1H) and 8.95 (s, 9H).

oo

-~

The ester II-12 was refiuﬁed)in‘aqﬁeous sodium hydroxide
sclution and after zacidificaticn, wasvnitrosated by mefhod A to
give white crystals (from water) of II-1-f (32%); ir ym :'3106;
2408 {(b,m), 1745 (s), 228 {s), 1290 (s) and 720 (d,m) cm

1,. 13 : - . . )
E and C nmr datz, see tables 2-1 and 2-2 ; uv and ms ‘data, .

J
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IV-3-11 N-Nitrcscproline, II-1-g.

> ‘ ' .

Compound II-1-g (3.E%g, 58%) was obtained by nitrosation of -
L-proline (MCB, 5g, 5.2% mole) hy method Aj; mp 104-1G6°C (1lit..(121)
139-116°C); ir V T 72385 (B,m}, 1720 (s), 1370 (s), 1%30 (m),v
‘ 13, |

-

Y

“tables 2-1, 2-3

kY - A=
S5 TE 1S I LRy ar—aatTay See L=y

-
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IT-5-17 NW-Niftrcscoipecclinic Acid, II-1-h

L-Pipecolinic acid (MCB, 10.5g, 0.81 mole) was nitrosated
according to method & to give II-1-h (10.7g, 81%); mp 93-95°C
(Iit., {(121) mp 31-93°C); ir v : 3200-2500 (m,b), 1720 (S);

max —
1453 (s}, 1805 (s}, 123C (s), 1248 (s), 1190 (s), 1015 (s), 930
(s o ey .-l 1 . 13 i roe o

Z2-3 3 ms and uv data,‘gpe tables 2-4 and 2-5 ;

I¥-£ Photolysis of N-Nit roso-H4EIkyl -a-Amino Ac

-\\\\\\\;\;;

TY-§-1 Pho+clvysisz cf M-Mitrososarcosine, II-1-a —

£ Ii-1-a (1.2g, .01 mole) in methanol (150ml),

wa3 irradiated for 73 min. until the absorptlon at 350 nm

compietely dlSéVBQaT”Eé. The solvent was removed unde“ reduced
pressure to yield a yellowish solid (670mg); mp 105-115°C; ir

583 (m), 21320 (m), 1280 (m), 1020 (s), 900 (m)
ang 759 (m) cm i; Y nmr (D,0) T: 3.00 (s, 1H), 7.12 (s, 3H).
Recrystallization Irom benzene yielded N-methyl-fé}mamidoxime
II-lSéa(S?ng,r72%} as whi;e'p}ates} mp 13&—13506; ir,vmax .

3480 (m), 3100-2%29 (b,m), 1680 (m), 1320 (m), iza§ﬁ<m), 920 (m)}
S,

390 () and 750 (=) ce '3 'H nmr (D,0) t: 3.00 (s,M), and 7.12

s,3H); ms m/e (%): 75.0486 (M , €9, calc. for C7HRN7O 74.0480),

57 (57), 42 (54), 36 (190) and 28 (84). Subblimatlon at room

e v T

temperature and at 1.5 Torr y1e7ded an anlytical sample, Anal.

calc. for VZHSNZQ: £ :2.&3, H 8.16, 3‘37.81; fq&pd: C 32.58,

1 et b, vk bt ktodt S b s e 2 ods o ks et bl

MBI ¢ ity ki e st b i, daie s e teuns dror i ctnss e s B et
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H 8.21, N 37.59.

t

-IV-6-2 Photolysis of N-Ethyl-N-Nitrosoglycine, II-1-b

~ NG
The residue (910mg) obtained from the photolysis of II-1-b

. ~

(1:06g, 0.008 mote; 90mins )%
ture showed virtually the same ir and nmr spectra as those of
N-ethyl-formamidoxime II-16-b . The residue was treated with

hot benzene to give some insoluble material (56mg) which gave

~a positive ninhydrin test and showed comparable ir and nmr spectra

with those of N—éthylglycine. Upon éooling, the benzene solution
yielded formamidoxime Ifgle-b (449 &g, 69%) as white crystals;

mp 81-83°C; ir v__’: 3360 (m), 3200 (m,b), 2800 (b,s), 1680 (s),
1490 (m), 1260'(m),71160 (m), 940 (s), 890 (s), 750 (m) and

730 (m) cﬁ'l;,lH nmr 1: 3.3 (s, 1H), 6.89 (q, J=7Hz, 2H),7.1

(s, D,0 exch.), and 8.83 (t, J=7Hz, 3H); ms m/e (%): 88,0639

2

'(M+, 93, caled. for C3H8N2O; 88.0630), 73 (67), 71 (42), 55 (58),

44 (100), 43 (62), 42 (38) and 30 (67); Anal. caled.far CaHsNzo?

C 40.90, H 9715, N 31.79; found: C 40.97, H 9.03, N 31.52.

-

s IV-6-3 Photolysis of N-Nitroso-N-TIsopropylglycine, II-1-c¢

The crude’ qrﬂ"id (655 mg) obtgine;LannL:thegphoto;vsis o:ﬁ\-
a solution of II-l-c (1.62 g, 0.007 mble;ru5_mih.)‘in methanol
(100 ml) was almost pure II;lﬁ-c-as shown by its ir and nmr
speétfa; mp 40-44°C. The solid was subblimed undér O:lATorr;

at room temperature, to give N-isopropyl-formamidoxime II-16-b,



(540 mg, 76%); mp 46-u8°C; ir v___: 3380 (m), 3250 (b,m), 1675
(s), 1380 (d,m), 1340 (m), 1270 (m), 900 (m), and 855 (m) cm *;
¥ nme (D,0) T: 2.93 (s, 1H), 6.48 (sp, J=7Hz, 1H) and 8.8 (d,
J=7Hz, 6H); ms m/e (%): 102.0799 (M', 36, calcd. for C,Hy oN,0;

(Y

102.0793); 87 (47.1), 71 (15.5), 69 (33), 60 (32), 58 (23),

g (T00), H3 (), B2 (69); 41 (66) and-39(25): Anal. caled:

for C H, N,0: C 47.04, H 9.87, N 27.43; found: C 46.77;’H'9L661

N 27,25.

IV-6-4 Photolysis of N-Nitrosd-N-(3—Phenylpropyl)g1ybine,

II-1-4d e

In methanol: A methanolic solution (230 ml) of II-1-d

(1.57 g, 0.007 mole) was photolysed under nitrogen, at room
temperature for 1.5 hours until the absorption at A=350 nm
had completely dlsappeared A slightly pink solid (1.46 g)
was obtalned after evaporatlon of the solvent, which showed - - N
ir and nmr spectra similar to those of am1dox1me_II—lB-d.
-This residue showed two spots on tlc (silica ggl, 10% MeOH in

— CHCl ) at Rf: 0.45 and 0.05 (positive to ninhydrin test).

qqq.zu

Recﬁys%a;glzatlon from cyclohexane gave N-(3-~ phenylpPOPyl)—r L
;OPmamIGOXime—I{-iB-df{i—Bng——B%%4 &s—wh&%e—pla%es~—mp;l@Q-l@lqej

v V : 3350 (m), 3ﬂ5ﬂ41ml*,225ﬂfib ml,glﬁBQWle 1490 (m),
1450 (m), 1330 (m), 1240 (m), 900 (s), 770 (s), 740 (s) and

690 (s) cm™'; 'H nmr T: 2.1 (bs, D,0 exch., 1H), 2.84 (m, 5H),
3.40 (bd, J=6Hz,rchanges to a sharp singlet'after'Dzoraddiiion,ﬁW,L

1H), 5.0 (bs, DZO exch., 1H), 6.94 (bt, J:7Hz,'changes to a sharp



ey

0 addition, 1H), 7.34 (t, J=8Hz, 2HJ), and

" “triplet,J=8Hz, after D,
13

8.20 (qi, J=8Hz, 2H); C nmr 6: 1u45.5 (d), 1u42.0 (s), 128.4 (d),
125.9 (d), 44.5 %), 33.7 () and 32.8 (t); ms m/e (%): 178.1125
(M*, 18, calcd. for C..H. N,0: 178.1125), 146 (100), 117 (60),

107147 2°

31 (71), 73 (60) and 57 (58) Anal -caled. for ClOHluNZO C 67.39,

UH 792, N 151723 mm%us«uﬁs 965 N 15,80+ ——

In water: The nitroso derivative II-1-d (820 mg, 3.7 mmoles)
was'suspended in water (230 ml) and was phofolysed at room tempe-
rature, under nitrogen, for 4 hours. During the'progress of the

photolysis, the solution deggiaﬁped‘gkxigift-blue colour having
Amax at 328, 505,’540 and 725 nm, which reaéﬁéa"its maximum in-

tensities after 30‘min. of irradiation and faded away gradually

A small amount of startlng materlal stlcklng to the photocell

wall, just above the water level remained unreacted. The solution

‘was concentrated under atmospheric pressure to about 40 ml, with
the distillation receiver kept in a dry-ice acetone bath. The.
. in & dry-ic =t

distillate was treated with an ethanolic Z,M—dinitrdphenylhydra-_

zine solution to give an orange precipitate; mp 164-166°C (from

ethanol-water), mmp with an authentic sample oi L-dnph deriva-

-~

to give a clear llght brown solutlon at the end of the photoly51s

ffi:t“ﬁ*trve*of*formaidehyde*iﬁ%ﬁc—\—Thefeeﬁceﬁtra%eé—phe%elysate‘(“ﬁi,

<

.

5-7)AwaS—extpaetedgw;tthHHClZgisgzﬂgml)Aioﬁglve_afterﬁQEVlngP,

(MgSOu) and evaporation a brown semi solid (346 mg); ir Voax

3360 (m),’ 2800 (b,m), 1680 (s), 1600 (m), 1500 (m), 1460 (m),

\\\\\\\\}31Q\£911 910 (m), 750 (s) and 700 (s) em™%; YH nmr t: 1.9 (bs),

2.75 (s), 5.85 (bmy-wl/2= 20Hz), 7.4 (bm, wl/2= 15Hz) and 8.15

———




(bm, wl/2=25Hz). This crude mixture was treated with hot cyclohe-
xane ot afford ITI-16-d (30 mg, 5%) ‘as light brown plates; mp 91-
94°C; mixed mp with authenti¢ II-16-d 97-99°C. The insoluble

part was taken up in CH2012 (20 ml) and washed several times with

diluted HC1l solution (0.5N). The organic phase was fufther washed

(280 mg)s ir v___: 3200 (b,m), 1700 (s), 1600 (m), 1500 (m),
1450 (s), 1350 (s), 1130 (m), 750 (m) and 700 (s) cm™'. This
0il was analysed by ge-ms (10% SE-30, 150°C to 250°C at 10°C/min)
to give two major components as well as twé miﬁof unknown
compounds; the compounds are described invordgr of increasing

- retention time (rt) énd the yields indicated are estimated from
ge peAk areas meaéufement; rt 2.5=min., II-18,10%; rt 2.7 min.,
unkno@n,r 5% rt 3.6 min., unknown, 5%;>rt 6.1 min., II-17, 23%;
The peak'at rt 2.5 min. was shown to be composed'of two products
by examiningvthe mass spectra of fhelﬁghﬁﬁngand the end of fhe
peak;.the beginning of the peak showea the following ms m/e (%):
161 (38), 148 (57), 120 (37), 118 (17), 117 (19), 105 (50), 91
(60), 74 (100), and 42 (30); the end of the peak showed the
following ms m/e (%)f 251 -(13), 160:(14), 147 (29), 146 (86),

117 (40),- 91 (100), 77 (13) and 56 (81l). The peak at rt 6.1 min.

R ‘ﬁ“hwasﬂidenfifiedigégN-fefmyi'3fpheﬂylPP9P¥lamine I1I-17 and showed

Wﬂihg;iolluwing ms m/e (%1;71534LM+, 34), 118 (62), 117 (52), 105
(18), S1 (47), 77(15) and 59 (100). The aqueous photolysate was
acidified to pH=2-3 and extracted witﬁfetﬁer (2x30 ml) to give
after drying (MgSOu) and evaporation unreacted II-1-d (65 mg,B%)i‘

mp 103-105°C; mixed mp with authentic II-1~d 104-106°C.

R ”With'Waterg4dried~£ﬁgseﬂ9éaﬁé—evapepa%ed~iouyieldaawbpown\oilg;PAAAAAA;



The water phase was then ‘basified with 10% NaOH solution to PH=10
and extracted with ether (3x20 ml)rto givé 3-phenylpropylamine
II-20 {62 mg, 12%) as a yellow oil which showed identical ir |
spect;um to that of an authentic sample of II-20.

T

~pPreparation of N-formyl-3=phenylpropylamine, II=17; Formyl=""""

ation of é-phenylpropylamine I1-20 was performed with chloral

in CHCl, according to Blicke's procedure (1l24) and gave formamide

3
II-17 (70%) which was purified by distillatidn (bp 1#0°C/l Torr)
ir vmax3280 (m), 1655 (s), 1520 (m), 1490 (m), 1450 (m), 1380
(m), 740 (m) and 690 (s) em™Y; 'H nmr 1:1.86 (bs, wl/2=3Hz, 1H),
2.78 (s, 5H), 3.7 (bs), 6.8 (m,2H), 7.4 (m, 2H) and 8.2 (m, 2H);
ms m/e (%): 163 (M+, 7), 146 (100), 117 (31), 91 (87), 65 (18)

and 59 (25).

IV-6-5 Photolysis of N-Nitrosoproline, II-l-g

In ether: When an ether solution (200 ml) of II-1-g (535 mg,
3.7 mmoles) was photolysed at room temperature and under nitrogen,
it gradually turned cloudy and an amorphous resin deposited on the

wall of the photocell. After 75 min. the absorptions at 381 and

368 nm had completely disappeared. Concentration of the ether
~ solution gave 2-pyrrolidonoxime II-16-g (185 mg, 50%) as white
crystals; mp 150-152°C (from water); mixed mp with an authentic |
sample 156-158°C; ir v __ : 3340 (m), -3060 (b), 2700 (bm), 1675
{s), 1308 (s), 1282 (s), 1075 {(s) and 940 (s) cmfl. The mother

liguor was evaporated to give a resin which was taken up in hot
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benzene to give on cooling,another. crop of II-lS-g (65 mg, 18%).
The filtrate was,evépprated to yield an amorphous so0lid which
turned to a sticky resin on exposure ot air. This solid was not

soluble in acetone.

b

In water and in the presence of hydrochloric acid; The same

nitroso derivative II-1-g ( 1.5 g, 0.01 mole) was photolysed in
water (200 ml) containing HC1 (7 ml, 2.8N), at room temperature
and under nitrogen . After 4 hours of irradiation, the absorption
band at 350 nm had complétely disappeared and the photolysis waé
continued for another 2 hours. The photolysate was filtrated
throﬁgh a Dowex 3 (50 ml) column and the resulting filtrate
(pH=5-6) was evaporated to dryness to give a yellowish oilj; ir
Voo 3400-2200 (s), 1300 (s), 1065 (s), 990 (s), and 935 (s) em™?
The residue was treated with hot isopropyl alcohol (25 ml) to
leave a very ﬁzgroscopic residue (350 mg); 1H nmr T: 6}36 (t),
7.17 (t), and 7.77 (m). Cooling of the filtrate gave 2-pyrroli-
donogime Hydrochoride (800 mg, 52%), as white crystals;

mp 197-200°C (from isopropyl alcohol); irvmax: 2500-3200 (b)),

1690 (s), 1555 (w), 1310 (m),1060 (s), 990 (S) cm-l; 1H nmr (D20)

t: .27 (t,J=7Hz, 2H), 7.1 (t, J=7Hz, 2H), and 7.73 (m, 2H).

Anal. calcd. for CHHENEG.NCI: C 35,17,H 6.64, N 20.51; found:

-

C 35.58, H 6.85, N 28.07. Further evaporation of the mother

iigquor gave another crcp of II-16-g hydrochloride (520mg, 36%).
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IV-6-6 Photolysis of N-Nitrbéopipecolinic‘acid, II-1-h

In ether: An ether solution (200 ml) containing II-1-h
(600 mg, 3.8 mmoles) was photolysed at room temperature, under
nitrogen for two hours until over 90% of the absorption at 350 nm

had disappeared. The fluffy precipitate formed during the photo-

,lySiS‘fis filtered and turned to a resin upon exposure to air;
ir V___: 3400-2500 (b,m), 1600-1650 (s) and 1130 (s) em™L. The
ethér solution was concentrated;under vacuum and after cooling
gave 2—pi§eridonoxime (II-16-h) (300 mg; 76%) as white crystals;
mp 114-116°C (from benzene-petroleum ether); mixed mp with an
authentic sample 114-116°C; ir and nmr spectra were identicél

to those of the authentic sample’(125). The mother liquor was

evaporated to dryness to give an amorphous solid with a strong

smell and whose ir spectrum was similar to that of II-16-h.

In water and in the presence of hydrochloric acid: A

solution of II-1-h (1.82g, 11.5 mmoles) in water (200 ml) contai-

ning HC1 (2.84N, 4.2 ml) was photolysed for nine hours. The

water phase was evaporated to dryness tp give a yellowish residue

which was taken up in 100% ethanol. Addition of benzene gave

ITI-16-h hydrochloride (540 mg, 37%) as a white precipitate; mp

210-215°C; dir v __: 3150 (m), 1885 (s) and 1510 (s) cmnl,
: - max S LT he
superimposable with that of an authentic sample of II-16-h

~
-

nydrochloride (123). urther adéition of petroleum ether gave
an amcrphous solid whose ir spectrum was similar to that of

II-16-h hydrochloride. Treaitment of the amorphous solid with



e AB2

1N HC1 ‘and extraction with CH2C12 gave II-16-h hydrochloride

(104 mg, 6%). On standing, the mother liquor gave another crop

=

of 1I-16-h hydrochloride (180 mg, 11%).

In another experiment, a solution of II-1-h (1.57g, 10

mmoles) in water (250 ml) and acetic acid (1.3g, 20 mmoles) was

photdlysed for four hours. Hydrochloric acid (2N, 5ml) was
added to‘the photolysate and the resulting solution was boiled
for five min. Usual work up of the solution gave ll:lg:ﬁ_hydfo—
chloride (560 mg, 37%) but no amorphour material. The mother
liquor was dissolved in water, neutralized with Na2C03 and ex-

tracted with ether to give II-16-h (530 mg, 46%).

IV-6-7 Photolysis of N-Nitrososarcosine Sodium Salt,

IT-14-Db

A solution of II-1lu-b (1.27 g, 9 mmoles) in methanol (230
ml) was photolysed at room temperature and under nitrogen for
3.5 hours. Immediately after the start of the irradiation, a new
absorption maximum at 305 nm appeared and decreased to finally
disappear with that at 345 nm. The solvent was evaporafed at

atmospheric pressure to yield a residue which was dissolved in

- water (10 ml, pH = 13). The resulting solution was continuously

extracted with ether during 36 hours to afford after drying

(Na,S0,) and evaporation formamidoxime II-16-a (70 mg, 10%);

2
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ir v__ i 3400 (b), 1660 (s), 1380 (m), 1320 (m), 1280 (m), 1160

(m), 1020 (m), 890 (m), 760 (m) and 740 (m); “H nmr t: 1.75 (b,s),
3.32 (s), 4.5 (b,s) and 7.1 (s). The mother liquor was evaporated

to dryness to give a yellowish residue (970 mg); ir 3500 (b),

1

2500 (b), 1720 (m), 1660 (b,s), 1400 (s) and 1220 (s) em '; “H nmr

T+ 1.52 {s), 2.0 {d5-J=UHz), 6.09 {s), 6.11 (s), 6.18 (s), 6.95
(s), 7.1 (s), 7.15 (s) and 7.5 (b,s). Attempts to separate the

components of this mixture failed

»

IV-7 Preparations of N—Nitroso-N-Acyl—a-Amino Acids

IV-7-1 N-Nitroso-N-Acetyl-D,L-Phenylalanine, II-22-a

D,L-Phenylalanine was treated with»acgticranhydridé in aqueous
sodium hydroxide to give N-acetyl-D,L-phenylalanine II-21-a
(85 to 100%); mp 151-153°C; ir\ﬁax: 3390 (s), 1700 (s), 1550 (s),

750 (s) and 700 (s) cm >+

N-Acetyl derivative II-21-a was nitrosated either with NQOL+
(method B) or with NOBPL+ (method C) to yield II-22-a (75 to 95%)

as a yellow solid ; mp 75-79°C (decomposed) (1lit. (28) mp 65-70°C);

Tyt 1715 (s)51490€s)5 1300(s)5 1120 (s), 940 (s) and 700
-1 1.

em™ sijgmrr:OﬁBSLS,D?OexchLl*Z.Y(m,SH),U.UO(X of ABX,

J= 10. d 6 Hz, 1H), 6.56 (A of ABX, J,p= 14.5 Hz, 1H), 6.95

13C nmr §: 22.1 (q), 33.3 (%),

(B of ABX, 1H) and.7.40 (s,3H);
'52.C (d), 126.9, 128.3, 135.4, 172.6, and 173.5. The lH nmr

- gpectrum of II-22-a taken in methanol-d did not show any exchan-
—_— -



geable proton other that the acid proton.

'

IV- 7 2 N-Nitroso-N-Acetyl-D,L- Phenylalanlne ‘Dicyclohexylamine

salt II-ug8 - . : k : -

e To asolution of II-22-a (200 mg, 0.8 mmolé) in dry ether

(10 ml) was added a solution of dicyclohexylamine (162 mg,0.9mmole)

in ether (10ml). Upon cooling the resulting solution at -20°C,

yellow crystéls appeared and after filtration, washiné with a cold

g

mixture of ether-ligroin 1:1 and drying gave pqre II-48 (260 mg,
73%); mp lOl,lOQOC (decomposed w1th gas evolutlon) ir4vmaxz 3020

‘ (w), 3040 (w) 17255 , 1630 (S) 1500 (m), 1450 (m), 1370 (s),

\ 1115 (m), 940 (s) égd 700 (w) cm-l; uv &ma (e) (MeOH): 424 (227)f

' 405 (233) and- 390 (173). Anal. calcd for C23H35N3Ou' C 66.16, |

H 8.45, er0.0B; found C 66.26, H 8.83, N 9.54, Upon diésolvihg
the salt in DMSO-dS, bubbles were evoived, indicating decomposition
of the compound. .The resulting lH nmr showed the following signals
T 2.75 (s), 6.02(s), 8.05.(s), 8.01-8.9 (m).

[N

Iv-7-3 N—Nitroso-N-Benzeyl-D,L—Pheﬁylalanine 1I-22-<b

. _N-Benzoyl-D,L-phenylalanine (125) was nitrosated according

Y

to method C to give II-22-b (83%) as a yellow resinous oilj

max
2.70 (m, 10H), 4.20 (X of ABX, J= 6 and 10 Hz, 1H), 6.47 and
13

irv : 1720 (s) and 1360 (s) cm l;_;H nmr T : 0.95 (b s, D2O exch.)

6.74 (AB of ABX, J= 14 Hz, 2H); ~°C nmr §: 32.8 (t), 52.% (d),

126.8 , 128.3, 128.5, 135.4, 127.6, 129.9, 131.9, 132.2, 171.6,



oty J= % Hz, 1 H)o

and 171.9.

IV-7-4 N-Nitroso-N-Acetyl-D,L-Leucine II-22-c

D,L-Leucine was acetylated with acetic anhydride to ' yield

N-acetyl=D,L-leucime II=21=c€708%); mp 155-157°C3 ir Vot
3420 (s), 1700 (s), 1620 (s),'1560 (s) and 1245 (s) cm-l. II-21-c

was nitrosated with NOBF, (method C) to give II-22-c (100%) as

a yellow oilj; ir Voax’ 1725 (s) and 138 (s) cm_l; 1H nmr T: 0.07

(bs, D,O exch.), 4.67 (X of ABX, J= 9 and 5.5 Hz, 1H), 7.18 (s,

13

2

3H), 7.9-8.17 (bm, 3 H), 9.18 (d, J= 5 Hz, 6 H); C nmr & : 21.4
(q), 22.4 (q), 22.5 (q), 25.0 (d), 36.3 (t), 49.7 (d) 172.8 and

173.7

- IV-7-5 N-Nitroso-N-diAcetyl-D,L-Serine II-22-d

D,L-Serine was diacetylated according to the method descriﬁea
by Narita (126) to yield N,0-diacetyl-D,L-serine II-21-d (13%);

mp 130-133°C (1lit. (126) mp 136-137°C); ir v 1730 (s), 1600

max : .
(s), 1550 (s), 1250 (s), 1240 (s) and 3350 (s) em '3 'H nmr (D,0)

t: 7.92 (s, 3 H), 7.90 (s, 3 H), 5.5 (d, J= &4 Hz, 2H) and 5.2

Diacetyl II-21-d was nitrosated with NOBFu (method C) to give
II-22-d (95%) as ayellow oil; ir Gmax: 1740 (s), 1380 (s) and 1220

(s) cm-l; lH nmr T: 0.9 (bs, D,0 exch.), 4.52 (X of ABX, J=9 and

2

4 Hz, 1 H), 5.41 and 5.88 (AB of ABX, J,p= 12 Hz, 2 H), 7.28 (s,

7



1

3 H) and 8.12 (s,3 H); “°C nmr : 20.3 (qQ), 22.2 (q), 49.4 (d),

'59.9 (t), 168.7 (s), 170.3 (s) and 173.4 (s).

/ .

IV-8 Decomposition of N-Nitrosamides Under Bgéic Conditions

Iy:g:;_KinéticgStudylgf?thgfBasé,Décomposition of I1-22-a

I

A stock solution of II-22-a in MeOH (SO, 0.119 N) was
"freshly prepared and kept in the dark. Two stock solutions of

KOH in water (Sl;'O.IQIN and S,y 121 N) were prepared and

2‘)
titrated with oxalic acid. Six solutions of II-22-a in methanol
witﬁ 0, 0.2; 0{5, 1, 2 and 5 mole'equivalents of base were pre-
pared agcordihg\to the following procedure: the required

:volﬁme.of-Si or Sé,Was-diiuted with'fS ml MeOH; 1 mp of S was

-‘added'té‘thé\resulting solutibn»aﬁd thé‘totél volumé was ad-
justed to‘lo ml in a volumetric flask. The whole procedure,was
éqrried out afjroom températur; and the samplesrwere stored

- in the dark. Uv spectra of the sémpleé were taken approxi-

mately 1 min., 1 hr. and 'l day after preparafion (see Fig. 2-7).

IV-8-2 Decomposition of Nitrogso-Amido Acids II-22 in Water

With an Excess of Potassium Hydroxide

- ) .

a) N-Acetyl-N-Nitroso-D,L-Phenylalanine II-22-a

An aqueous solution (10 ml) of potassium hydroxide (300 mg,



’
5 mmoles) was added dropwise to a suspeﬁsion of II-?ZQE}(236
mg, 1 mmole) in water (10 ml) at 0°C in the dark. fA’gas evolu-
tion was bbserved and the solution turned from light.to aafk
: yelléw. The resulting mixturerwas stimed for 0.5 hf.‘at oﬁc

and then was acidified with 1N HCl to pH = 2-3 (more gas was

"

~evo%vedAdetng*aeificafieﬁ%-~£x%faefieﬂAw1%hrfﬁﬁmﬂk%ﬂ+x~%—ﬂ&ﬁ“*~ R

drying (MgSOu) and evaporatlon gave a yellow o (162 mg) : lH

nmr T 2.6 (bs, DZO exch.), 2.78(s), 5.58 (X of ABX, J = 7 and

5.5 Hz), 6.83 and 7.11 (AB of ABX, Jup = 14 Hz) and 8.0(s).

The oil was dissolved in dry ether (10 ml) and treated with an

ethanol solution of diazomethane until no bubbles were evolved.
Evaporation of the solvent gave hydroxy ester II-23-a (148 mg,

82%) as a yellow o0il; ir vma;: . 3500(b), 1735(s), 1270(bs),

1220(s), 750(s) and 700(s) en™ Yy M nme ot 2.78(s,5H),

5.38 (Z of ABX, J = 5 and 6.5 Hz,1H), 6.27(s,3H), 6.92 and 7.1

(AB of ABX, J = 14 Hbz,2H) and 7.2 (brs, D,0 exch.); ms m/e

2
(%): 180.0790 (¥ ,15,calcd. for Cygty,04 180.0786), 162(73),

131(36), 121(47), 103(u47), 91(100) and 77(30). An analytical
sa@ple was cbtained by distillation (room temperature under 0.1
mm Hg). Anal. Calcd. for C10H203 C 66.65, H £.71; Found:

C 65.73, H 6.74.

¥

B) . __N-Benzoyi=N-Nitroso-D,1-Phenylalanine IJ7-22-b

Compound II-272-- {220 mg, .87 mmole), in water (20 ml)
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- Z
. - S

was ?reated, at O°Q in the dari, with an aquecus potassium

hydroxide soluticn (1N) until the pH Bf the solution reaéhed
15-11. Samerﬁork uélag\ggscribed above gave a yellow-solidv
(180 mg). A small‘amount ég this residue was ‘treated with
diazomethane ini ether ahd.the recovered oil was ahalyzed by

g (3% SE 30, 12 9C) to give the'féllowing“peéks: rt 0.75 min,

/} ;
k.

4
|

' the initial solld residue was sublimed (RT/D 1 Torr) and af-

83% methylbenzoate H rt 1.75 . min, 98% (II-24). Both peaks

were identified SPOn mlxed ;nFectlon w1th authentic samples

fordéd ben201c acid as whlte crystals, mp i21- 122°C no depres—

SLO% when mixed with an authentlc sample. ' :
5 ' ' '\ia*\\
{

c) 3 N-Acetyl-N-Nitrosc-D,L-Leucine, II-22-c

i
i
3

‘a suspension of the nitrcs¢ derivative II-22-c (8.195 g, 0.96@

mmole) in water (15 ml) at 90°C in the:dark until pH = 11. A
s*rong "gas evolufxon was observed. The solutior was stxrred
for 0.5 " hr. and aﬁidlfLeu with HC1 solutlon to pH 3., f%e re-‘

‘Sultlﬁg scluglcn was extracted wzth ether {3 X 58 ml) and the

-

extracts were combined, washed with water, drled over-HgSO

-

and evapcratﬂd tc gzye a.yeilow cil (13& mg) ir

'% éﬁ'aqueGQSjpcta‘siﬁﬁ hyéroxiée“sb&ﬁtieﬂ~£8%}wwaswaddéd~te74—~f~—~

v : 3580- .
‘max )

3
b

b H Sl 10 S kBN 5

?8&&(53}, 1726(s), 1278(s), ;23&(5}, 11&0(5) and lﬁeﬁ(s) cm ;

g

*H nar §: /1.8(bs, D,C exch.), §.87(dd, J * % and 7 HD),

7.3¢s)}, 8.3(m) and 3.045(d, J = & Hz). The 0il was passed

through a silicic acid

id column (3g)_g§ing C82812 as‘elqant;‘ This
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afforded leucid acid II-23-c (82 mg, 65%5'5§<amwhigg'sblid.

Sublimination (RT/0.3 Torr) followed by rgcfystallizaéibﬁhb;“~x,

from ether-petroleum ether gave,white ér&stals;ump253-565cj
’Alitl (130)A;'77?C; ir>(CHCl3);vmaX: 3550(bm)5,3200(b),:l720(s),
 1470(m), 1370(m, 1270(m), 1145(m) and 1080(m) cm *; 'H mmr 1:-

1.9(brs, D,0 exch.), 5.68(X of ABX, J = 6 and 7 Hz, 1H), 8.3(m,

24.4(d), 43.1(t), 68.9(d) and 180.0(s); ms m/e (%): 132 (M

abseﬁt), 81(87), 69(160) and u3(9?)5' : C : ‘
S T _ ] : . 7,' e el ,,,,,,,,,’,,,i,,i,,,

4) Measurement of the Gas Evolved from the Reaction of iI—?Z—a '

with Potassium Hydroxide

A solution of II-22-a (0.66 g, 2.8 mmoles) in methanol (60 ml)

;;Qag ;ddeVQPépwisgwto a stirred solution of methanol (20 ml)

cbntaining potassium hydroxider(0.87 g; 22 mmoles). The reac-

tion vessel was immersed in an ice bath, and was connected "to
’ e,

a burette filled with water. Durin addition bubbles were

evolved. When the addition was complete the mixture was stirred

-

‘for another 30 minutes until no change-in the gas colume could

]

be detected. The_total gas volume was measured: 24.1 Cmsf(fl

mmole, ~38%).
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S B st TV—B—TDecompasrtlon of N- ACGtYl-N Nitroso- D,L- Phené la_l_—.-

anine in Methanol w1th an Excess -of Sodlum Methox1de

Sodium methoxide (~1 g Na, lOrml’CH3OH) was added to a

‘solution of II-22-a (823 mg, 3.51mmoles) in methanol (100 ml)Aand

the resulting solution was stirred in the dark at room tempera-

tureefgnethneeedaysigeupaneadd1t1Qn_Qf4KDH,etheecalcureofetheee_eeee
solutlon turned darker and the uv pattern characterlstlc of the
nitrosamido group was replaced by a stronger absorption at A =
340 nm which shifted slowly to ﬁigher'freqdeney and decreased
to reach a minimum at 358 nm after 24 hours and was steady
during the next 40 hours.. ‘ REN «;J o

The methanol was‘eveporated to drynessvto have an oily

- ' A residue which was-treated with 6N HC1 (12 ml). 'During'ecidi—
tfieatten bubbies.were evolved and the colour of the solution
turned’fighter. Extraetion with ether (3 X 20 ml},_washing
with water and drying (MgSOé) gave after evaporation a‘yellow
0il (520 mg): ir v__  3500-2800(bm), 2500(bm), 1720(s),
VlSSG(m), 1&5&(&), 1299(bs),’1109(bs), and 7008(s); 1H nmr T:

" 1.68(bs, D,0 exch.), 2.78(s), 5.6(m), 6.0(dd, J = 7 and 6 Hz),

2
6.67(s), 6.95(m) and 8.0(s). An aliquot of this oil was esteri-

4444444444444f1ed4g11h4d1azQmetﬂaﬁe4aﬂﬁ4analizﬁd4h¥—gC4m54iﬁiesllanelﬁc,44444444f

183°C ‘igso): 1.% min., 48%, (11-37) 1.8 min., 7% (methyl ester

of II-26); &.0 min., 1&% (II-2:). Compounds II-37 and II-2%
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a) Photolysis of Species "X" in the Presence of

161

were identified by gc peak matching with authentic samples.

The ms of the third peak showed fragments at m/e: 198(22%)

Iv-8-4 Attempts to Trap Species "X"

Cvcloh ne :
yclohexe y

To an ice cold solution of II-22-a (0.59 g, 2.5 mmoles)
in methanol (110 ml), a methanolic potassium hydroxide solution
(4.2 ml, 1.24N; 5.2 mmoles) was added dropwise vigorous nitro-

gen. The sblutidn.turneé to dark yellow, and the uv absorptio
- . . N . f—"\

spectrum was taken regulariy thereafter. The driginal absdrp-*\

tion at Amax: 422 nm and 420 nm gradually decreased to be re-

placed by two new,absorpiions at lmax = 410 nm and 330 nm.

After two hours cyciohexane (2.05 g, 0.025 mole) was added to

he resulting sclution was irradiated at 0°C

ot

the mixture and
. c ciN P I

under nitrogen. After five hours of irradiation both absorp-

tions 2t 330 nm and 413 nm had disappeared. The solvent was

then evapcrated under reduced pressure at 15°C to leave a

yellowish residue (£.71 g). The residue was dissolved in:

-» N
water (10 mi) (pH =~ 19) and extracted with ether (3 X 3 ml).

The ather extracts were combined, dried over HgSOu and evaporated

[

to yield the neutral fraction (20 mg) as & yellow oil. This oil
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was analyzed by gc-ms (10% SE 30, 100 to 220°C at 8°C/min.)

- to give the following componehts:' 1.7 min.,y?-cyclohexenol;

135(21), 97(100), 84(30), 81(39), 79%uu), 68(33), 67(70),

3.7 min., 1%, (II-27); 11 min., <1%> [unknown, m/e (%) 178(10),

Q

- 55(33), 54(32.3) and 41(59) and ll:Soﬁin., 1%, [II-28, m/e (%)l

186(M%,.2), 178(13), 149(12), 97(96), 95(34), 94(21), 91(10),

by gc,péak,matchingwwixh authentic samples and comparison of ms

82(48), 81(31), 79(30), 77(13), 68(36), 67(100), 55(28), 5uEH1),

53(22), 41(57) and 39(25)]. The first two peaks were identified

Wwith those already reported (75).

e o .
y | '
The water phase was carefully acidified with diluted HC1

-

solution to pH ~6. The solution because turbid and some gas
N . .

bibbles were evolved. This solution was exiracted with other
(3 X 30 ml) to give a yellow oil (133™mg); ir v___ < 3300-2800
(bs), 2400(bm), 1710(bs), 1630(m), 1500(m), 1455(m), 1230(bs),

1126(s) and 760(s) cm°l; lH nmr t: 0.1(bs, D,0 exch.), 2.7(m),

. 2
3.98(s), 4.17(s), 610(d4¢, J = 5 and 7 Hz), €.67(s) and 6.35(m).
A small aliquot of this fracticn was esterified with diazo-
methane to yield an oilj ir A__ : 3500(bw), 1730(s), 1200(s),
-1

1178(s), 1120(s) and 788{s) cx ~. This mixture was analyzed

on ge (3% Silar 10 €, 1809C to 220°C at 10°C/min.) to give, in

addition to two minocr peaks, the following major components:

3.4 min., 5.8% (methyl cinnamate); 3.9 min., 20;3% (I1-24)

and 5 min., 1.3% (II-37). All these compounds were identified
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by gc peak matching with authentic samples. The water phase
&aé further acidified to pH | 2 and extracted with ether

(3 X 30 ml) tovyield a yellow oil‘(278 mg) which showed the
éame spectral chéracteriSticsaaé‘fhe 011l describéd abdve.
Ge-ms analysis of the esterified oil under the same conditions

giie the folibwing composition: 3.4, 2.5% (methyi cinnamate);

Se
N
-l

3.9, 43.8% II-24 and 6 min., 17% (II-37).

&

b)- . Alkylation of Species "X" with Phenacylbromigde

A'solution of methanol.(50 ml) containihg species "X"
prepared as usual from II-22-a (228 mg, 0.387 mmole) and KOH
(1.9 mmoles) (in 15 ﬁin.) was refluxed for 50 minutes in the

resence of phenacylbromide (1.9 mmoles). Ether extraction

e

(3% 30 ml) aﬁ pH 10 of the concentrated reaction mixture gave =
the neutral ffaction (37 mgl); ir vma;3 2080(?), 1750(s),
1575(s), 1288(5),,1190(53 and 758(5).cm-1; lH nmr T: 2.1{m),
2.5(my, 2.57(5)@ t.6(s), 5.57(s), 5.82(dda, J = &, 7 Hz), 6.2(s),
§.5(s), €.53(s) and €.72(s). Column éhhomatography on basic
alumina gave the following fractions. Elutionfwith>5enzene
containing;ﬁﬁ%.of hexane gave an oil (17 mg); ir gmax: 2050(&),

170G¢(s), 1680(s), 128G(s), 1212(s) and sso(s)_cm’li Elution

with benzene containing 28% of ‘hexane gave crystals (3 mg);

mp 160-1°C; ms (m/e)*313, 316, 223, 105, 103, 77. Further

w .

lu*tion with ethylacetate only gave a residual oil (13 mg).



Acidification (pH = 2) of the mother liquor followed by 7;her

extraction (3 X 30 ml) gave II-25 (63 mg, 36%). , {

(P PR P

IV-8-5 Decomposition of N-Acetyl-N~-Nitrosc-D,L-Phenylanine,

- 11-22~-a, with One Egpivalént of Strong Base

a) - Sodium Methoxide

A,solutgdnrdfVébéiﬁmhﬁefh6£{dé”ih"ﬁéfhéﬁoiif6.é mi: D.éirmi;

e E b i

0.54 mmole) was added to a solution of II-22-a (138 mg, 0.58

el

imole) in dry methanol (10 ml). The resulting mixture was

el

stored in the dark at 5°C for 3 days. The solvent was evapor-

ated under vacuum at roomitemperature to yield a yellow oil

el b bl b

(145 mg); “H nmr t: 1.2(bs), 2.8(s), 6.1(m,wl/2 = 13 Hz),

.

v e

6§.62(s), 6.83(s), 6.%(br m,wl/2 ~13 Hz) and 8.02(s). This oil
was taken up in CH2C12 (10 m1) and washed with diluted HCl
solution (2 X 10 ml; ¢.1N HC1l) followed by water (2 X 5 ml) to
give after drying and evaporation methoxy acid II-25 (85 mg, ' f
§0%) as a slightly yellow oil; 1 nmr 1 o.é(bs, D,0 exch.),
2.78(s,5H), B.D(X of ABX, J = 5 and 8 Hz, lH) 6.62(s,3H)
and 6.88 and 7.02 (AB of ABX,'Q = 13-z, 2H). The latter oil
***** ——*Was—&iSSG%veé—xﬁ~éPf—e%%em%&%é—%?ea%eé—w&th;ap—ethanei—selut%@nf
4744444u*Qigd;azom,+hanegiagyl*,ugmaihyxymgsxgr II-37 (103 mg, 90%)

as a yellowish oil; ir Voax' 1750(s), 1200(s), 1120(s), and

700(s) em Y; 'H nmr 1: 2.78(s,5H), 6.02(X of ABX, J = 6 and
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7 Hz, 1H), 6.31(x,3H), 6.67(s,3H), 6.88 and 7.05 (AB of ABX,

13

J = 14 Hz, 2H); C nmr 6: 172.0, 136.6, 128.9, 127.9, 128.2,

81.4(d), 58.0(q), 51.5(qg) and 38.9(t); ms m/e (%): 194.0940

+ .
(" ,24, Caled. for Cy,H; 0.: 194.0943), 163(17), 162(83),
135(100), 131(37), 117(27), 105(35), 103(69), 81(8u4) and 77(33).

An analytical sample was obtained on distillation at room tem-

- perature under 0.1 Torr. Anal. calcd. for 011H1u03: C 68.02,

H 7.27. TFound: C 88.30, H 7.35.

bl Potassium Hydrcxide

A solution of methanclic potassium kyd?S&igE/iéﬂ&@;g
£.35 ¥ 1072 M) containing II-22-a (150 mg, 0.54 mmole) was
heated at 50°C in a dark flask under nitrogen. As seen on
Fig.’?-i?, more than 36% of the absorptioh at 400 nm had
disappeared after 1 hour. A small aliquot of the driginalﬁ.x
reéction mixtuée, when kept at 0°C for the same time period,

did not show any decrease whereas another sample showed a 30%

decrease when kept at room temperature for’l hour.

The solvent was evaporated under vacuum to yield a yellow

0il (122 mg); ir V_.: 3450(bm), 2500(b), 1710(bs), 1600(bs),

%Wmmmémﬁmllfﬂﬁmﬁi”Ei'rquot”*’***»’7’

(15 mg) of this residual oil was esterified with diazomethane

to giveanoil: ir v___ 3400(bs), 1745(m), 1600(s), 1410(s), 1200(m),
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1110(s) and 700(s) cm™>. Gc analysis (3% Silar 10 C, 160°C

~to 220°C at 10°C/min.) showed this 0il to contain essentially

methoxy ester II-37 with a trace of II-24. Both peaks were
identified by mixed injection with authentic samples. The rest

of the crude oil {107 mg) was dissolved in water (10 ml,

pH = 6-7) and the resulting solution was extracted wifh CH2012
to give the neutral extract (68 mg) as a yvellow oil. The water-
\phase was reextracted at pH = 3-4 with methylene chlogi?gh?gr
yield the écidic extract (25 mg) as an oil. Both oils shoﬁed
iﬁentical ir spectra and gc analysis of their methyl esters
(diazometﬁane) gave a single peak matched with authentic II-37

(3% Silar 10 C, 160°C to 220°C at 10°/min.). The total yield

of II-25 (95%) is taking into account the samples for uv

- measurement. , o L

2 -

Iv-8-%6 Deéompoéition of N-Acg;yl-N-Nitroso-Q,E-Ehenle

alanine II-22-a, with Triethylamine

-—

aj In Benzene, at Room Temperature ' '
> E . T :
. ~

]

Three benzene solutions of II-22-a (2.3, 2.45 and 1.22

-3 - : . -
10 © N) containing respectively 1, 2 and 5 equivalents of

“*""‘“”*f‘"**triethyiamine*weré‘preparéd‘and‘were;mcnitb?éd‘by uv spectro-

scopy. The first spectrum was taken immediately after prepara—_' 

tion of the sample ‘and the others at regular time intervals
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while the solutions were kept at room temperature under nitro-
gen in the dark (see Fig. 2-9). The rates of decomposition

were calculated and are reported ihrTable¢2-l3.

Three quantitative experiments were conducted at room

~————— — —temperature using the conditions in Table 4-2

Table 4-2. Experimental Conditions for Decomposition of

II-22-T in Benzene with (Et)aﬁ-

II-22-a (Et)3N II—22—a/(Et)3N

A Run # mg mmole mg mmole (mole)
1 180 - 0.76 . 77 0.76 1.0
2 © 205 0.87 263 2.16 3.0
3 - 184 - 0.78- 395 - B.D - —GI o

- Uv monitoring of Reaction 1 showed a 68%. decrease of the
nitroxamido absorption after 24 hours and another 4% in the

"fellowing 60 hours. The benzene was removed under vacuum to

vyield a yellow oil: ir 2500(bm), 2080(m), 1730(s), 1600(m),

1380(s), 1240(s), 1180(s), 940(m), 750(m), 700(m) andg@go(s)

Cm—l. The o0il was dissolved in methylene chloride (25 ml)

and the resulting solution was washed with 10% sodium carbonate

(10 ml) and water subsequently-(? X"10 ml). The organic phase

was dried (MgSOQ) and evaporated to yield the neutral fractions
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as a yellow oil (102 mg); ir v _ : 2080(m), 1740(s), 1690(m),
1620(m), 1500(m), 1460(m), 1380(s), 1240(s), 1180(s), 940(m), = *
750(s) and 700(s) cm—l; 1H nmr T: 0.8(bs), 1.8(m), 4.5(dd,

J = 5.5 and 9 Hz), 5.72(unresolved t, S-s Hz), 6.45(s), 7.0(m),

7.5(s), 8.0(s) and 8.75(m). Integration of the signals at

T 4.5, 5.72, 6.45 and 7.5 gave the following yields: II-22-a

(20%); ll:iii(IS%) and II-30 (17%). The aqueous phase was
acidified to pH = 3-4 and extracted with methylene chloride
(2 X 30 ml) to give an oily resigdue (3 mg).

Reéctions 2 and 3 were run and worked up in a similar
manner‘to Reaction 1. The ir and nmr spectra of thé neutral
fractions were identical to those in Reaction 1 and the cor-

responding ylelds were the same, w1th1n the experlmental

E‘.I’I‘OI”S‘)

b) In Benzene at Reflux

A solution of dry.benzene (30ml) containingll—Z?—a(i,og g,

4.62 mmoles) and triethylamine (466 mg, 4.61 mmole) was refluxed

in the dark, under nitrogen, for - 1.25 min., when the 400 nm ab-

_tion g§§43§§ggg4333§4;g% sodlum carbonate solution (10 ml). and44,4,

water (2 X ml), dried over Mggﬁiran;;vaporated to yield a '

_yellow o0il 626 mg); ir v__ ¢ 2080(s), 17:5(s), 1630(s), .
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1375(m), 1240(m), 1180(s), 1110(m), 940(m), 750(m), 700(s)

and 680(m) cmfl; 14 nmr T: 2.75(bs, wl/2 = 4 Hz), 5.6(m),

2

6.4(m), 6.9(m), 7.48(s), 7.97(s) and 8.75(t, J = 7 Hz) the -

intensity of the band at 2080 cm-l répresented ~77% of that at-

1745. 'The water phase was made acidic by addition of diluted

The combined extracts were dried (MgSOu) and evapofated to

yvield the acidic fraction (22 mg)-as a yellow. dil; iP.VhaXF

3500-2900(m,b), 25db(m), 1720(s), 1500(m), 1450(m), 1180(m5,

i -1 — -
1085(m) and 700(s) cm ~. . ‘ T~

The basic fraction was chromatographed over basic. alumina
(40 g). On elution with hexane 2—pheny1ethylécetafe'Ii-31

(20 mg, 3%) was obtained; ir v___: . 1740(s), 1240(s) and 700(s)

: - 1 - 4 . .
cm 1, “H nmr t: 2.78(s,5H), 5.72(t, 5 = 7H, 2H), 7.08(t, J =

b]

7H, 2H) and 7.988 (s,3H). Elution with a mixture containing 10%

of benzene in nexane afforded diazoester II-30 (71 mg, 17%) as

a bright yellow oil; ir 2080(s), 1690(s), 1500(m), 1460(m),
1380(s), 12332(5,m), 1280(m), 1210(s), 740(m) and 700(s) em 1;
' onmr t: 2.84%(m,10H), 5.86(t,J = 6 Hz, 2H), 6.u44(s,2H) and

7.08(+,] = & Hz, 28); ~°C nmr é:. 167.8, 137.5, 136.9, 128.8,

T178.5, 125.5, 12%.2, z28.%, 5.7ty 35 1 (ty and 28 P S —
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75% of benzene afforded 2-phenylethyl alcohol II-32 (40 mg,

" 7%); ir A : 3350(bs), 1500(m), 1460(m), 1040(s), 750(s),’

max

1

and 700(5)‘cm_ H lH nmr T:.  2.78(s,5H), 6.18(t, J = 6.5 Hz,

2H), 7.17(t,J = 6.5 Hz, 2H) and 8.25(bs, DéO exch.).

A solution of diazoester II-30 (10 mg, O0.0Uu mmole) in,

ether (5 ml) containing 3;5-dinitré£enzoi§ acid (25 mg, 0.12 \\\“

mmole) was stirred at room temperature, in the dark, overnight.

After evaporation of the solvate, the resulting solid residue =

'Y

was dissolved in ether (30 ml) and washed with 10% sodium
carbonate solution (10 ml) followed by water (2 X 10 ml). The
organic phase was dried over ﬁgSOu and evapérated to yieid a-
solid residue (5 mg, 27%). Recrystéllization from methylene
chloride-hexane gave II-33 as white plates; mp 125-126°C;
ir {(CH, C1,.) v :
2772 max
-1 1 :
and 117%(s) ¢m 73 "H nmr 1: §.88(t,J ='3 Hz, 1H), 1.02(4,J =

b

3 Hz, ZH), 2.8(m,10H), 4.55(X of ABX, J + 6 and 8 Hz, 1H),

b

§.85 and 6.80 (AB of AB¥, J,, = 13 Hz, 2H) and 7.08(%, % = 7 Hz,
2H): ms M/o . :HL L1710 ;+ ? £ .
2H); ms M/e (%): 485%.121C (M , .04, Calcd. for 92MH28N208'

Leu.1220), 185(7), iug(u), 131(»), 105(15), 104(100) and 31(5).

Arnal. falcd for CEEHZC%ZOE: C 82.07, B 4.3u4, N 5.33. JFound:

In ancther experiment, II-22-a (14%5 mg, 2.61 mmolée) wz=s

e oo

3 ml) in the presence of twoc

[

refluxed for 1 hour in benzzne

1745(s); 1630(m), 1550(s), 1350(s), 1280(s);
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et
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mole equivalentSAOf‘(Et)aN (124 mg, 1.23 mmoles). Afier.fﬁé

usual work up, a yeliowloil (106 mg) was obtained whose ir

spectrum containéd the'diazo«absorﬁtion afl2080 cm—l. Thé in- ¢
tensity of this ébsorption was ~80% that of the carbonyl'at.

1740 cmfl. When this oil was refluxed in methanol no change"

*A;ﬂ;;;*;min41he—;pAspeetpumue+~$he;p¥eéueereu}é—beAebsefveéAA——~**AA—4~AAAEAAA~A~

é?“’“ln Methanol with Triethylamine ‘ \

—

A solution of Ii-22-a (136 mg, 0.58 mmole) in dry methanol
(20 ml) and in the presence of 1 molar equivalent of EtSN J
(58 mg, 0.58 mmcle) was refluxed in the dark under nitrogen.

After 30 minutes the uv absorption at A = 400 mm completely

L
e
t3

sappeared. vapcration of the solvent yielded a yellow oil

)

-~
4

s . . = . . ' -1 .
hich did not exhibit any ir absorption in the 2000 cm regilon.
Tnis 5il was taken ®up in methylene chloride (25 m}), washed

with <IM HCl sclutieon (12 ml) and water (2 ¥ 10 ml) and after

e

Af o drying (VgSO ) angd evaporation, gave methoxy acid II-25 (87 mg,

I

IV-3 Thermolysis of M-Acetyl-X-Nitroso-D,L-Phenylamine II-22-a

53%) identified bty its nmr and ir spectra.

I¥-9-1 Thermoiysis in Benzene

A& sclution of II-22-a (231 mg, 1.08 mmole) in dry benzene

>

(23,m1) was refluxed ir the dark under nitrogen for 2.5 hours
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when over 90% gf the absorpfion at 400 nm had disappeared

(see FTig. 2-13). The spectra alsp disélosed two isoabsorptive
points‘ at )‘max =352 and 446 nm. The solvent was removed at room
“temperature, under vacuum to yield a yellow oil (150 mg);

ir (benzene) v__ : 2500 (bm) 2080(m),41730(b,s),41630(%),

P 4 \ a PP N » -l 1
40(s) and 690(b,s) cm ~§ H

{3 oY 3 0%
-1379(3), l?GG\u,al, 11Uz

-
[» 4]

rd
{b,s

D

b

nmr T:  0.7(bs)T¥2.75(m){ 4.6(m), 5.68(bt,J = 7 Hz), 6.3(m),

£.8(m), 7.95(s) and'B.O(m). The intensity of the 80 cm-l‘

band febﬁéseh%éév?ﬁdé of that at 1730 cm_l. When this de
0il was left at room temperature for one day, the band at 2080

em™1 and the multiplet at t 6.3 completely disappeared.

A small amount of the crude product (63 mg) wés'estefi-
fied with diazpmethane to yigid a yellow oil (54 mg); irw o
1740(s), 1280(m), 1220(m), 1170(55, 1050(m) and 700(s) cm‘l
This oil was analyzed by ge-ms (10% SE 30, 130 to 240°C at
8°C/min.) to give the following compounds described in in-
creasing reféntion time order: 5.4 min., 1% (II-31); 6 min.,
1% [unknown, @s m/e (3): 163(38), 131(100), 103(68.2) and
77(40)]; 7;5 min., 4% (methyl cinnamate); 9.5 min., 43%

(methyl ester of II-34); 12.1 min., 21% (methyl ester of

- Cq
FI-21-a)3y 175 min5 5%

funknown; ms m/e (%) 162(63), I31(100),

103(48), 91(90) and 77(23)]. The identified compounds were
characterized by .gc peak matching;with guthentic samples which

were either commercially obtainable or synthesized that of

\ . .
methyl ester of II-34 was obtained by acetylation of II-24 with

e
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acetyl chloride 'and pyridine (123); ir V ook’ 1750(5),’1230(5);
and 700 em™Y; 'H nmr t: 2.72(s,5H), 4.81(X of ABX, J = 6 and

& Hz, 1H), 6.28(s,3H), 6.78 and 6.91 (AB of ABX, J,, = 14 Hz,

AB
2H) and 7.95(s,3H).

4——7-h4;uf;—s%¥-9-2—$hefmeiysisAin~Mé%haﬂé%AA—AA—w—;Aé—

yi-
a—

a) In CH,OH

4!‘:;.l‘ww, e e
i

A solution of II-22-a (226 mg, 0.96 mmole) in dry methanol

R e s ol

(30&W1) was refluxed in the dark, under nitrogen for 3.5 hours
when over 50% of the abéorption at 400 nm disappeared the

- methanol'Was eVaporated to yield the crude proddct as a yellow )
0il (155 mg); ir v__ : 3400(b), 2600(b), 1720(s), 1630(m), L

1200(m), 1100(m) and 1020(m); lH nmr t: -0.1(bs,D,0 éxch.), ‘ !

2
2.78(s), 6.0(X of ABX, J = 6 and 7 Hz), 6.32(s), 6.77(s),
6.9(m), 7.95(s) and-8.05(s). The signals at 5.32, 6.77 and 8.05
were in a 21:64:1 ratio. Part of this residual oil (113 mg) was
taken up in 10% sodium qarbonéte (10 ml) and was extracted ' ;
with ether (3 X 15 ml). The erk up of the ether extracts to

give II-34 as yell&w Qil (27 ﬁg,‘lS%); ir Voot 1740(s), iuSO(m),

fﬁfg—h—”%4494ﬂ9¢—l2@94593ﬁi%&94547wanéuiﬁﬁks}4em:}%—}H:ﬂmf—%%—%Qleésyf 77777 ffggé;g—

. 5H), 5.98(X of ABX, J'- 6 and 7 Hz, 1H), 6.25(s,3H), 6.61(s,3H)

and 6.92 and 7.07 (AB of ABX, J = 17 Hz, 2H). This prdduﬁt gave

one single peak on gc analysis (10% SE 30, 150-200°C, 8°C/

min.) which had the same retention time.as authentic 11-37.
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The other part of the crude o0il was esterified with diazo-
methane and analyzed on ge (10% SE 30, 150~200°C at 8°C/min.)
to give two,peaks{ 4.5 min., 95% (II-37) and 9 min., 5%

(methyl ester of II-21-a). Both products were identified

upon mixed injection with authentic samples.

In an other experimeﬁt a solution of I11-22-a (130 mg),

0.55 mmole) in dry methanol (20 ml) was heaféd in the dark,

under hitrogen, at 40°C for 5 days when the uvispécffﬁm shqwéd
‘that over 83% of II-22-a had disappeared. Evaporafion of }he
solvent gaﬁeea pale yellow oil (79jmg) whose nmr shOwéd'fhe
characteristic signals for the’méthoxy ester Ii:il éna thé

methoxy acid II-25 in a 1:6 ratio,'as evaluated from peak

area measurements.

b) In CH,OD

- A solution of II-22-a (118 mg, 0.5 mmole) in methanol

(MSD, 20 ml) was reflexed in the dark, under nitrogen for 6
hours, until the 400 nm absorption had completély disappeared.

Evaporation of the solvent yielded a yellow o0il (85 mg). The.

lHnmrﬁﬁ?ﬁﬁﬁ@fTﬁﬁjﬁT?ﬁﬁﬁﬁﬁﬁﬁWTSh@%ﬂ%ﬁﬁ4FﬁJ‘
N andiﬁ_ﬁﬁsﬁ'ﬁra_l J,Q—Pa:t;'}e,flinéieai_ingﬁihe-pr‘ﬁsenC&WOleleIhOJLy»M S
acid II-25 and methoxy ester II-37 in a 1:1 ratio; the inte-

gration of the methine proton at 1 6.0 represented -45% of that
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of the singlet at 1 6.3, indicating a total deuterium incor-

portation of 36%. 7
- - n .
" This oil was analyzed on gc-ms (10% SE 30, 150.2, 40°C

- at 10°C/min.) and the percentage of deuterium incorporation in

rcharaéteristic fragments at m/e = 162 and 135. An authsktic
- non-deuterafed sample was run prior to every measurement,
under the same conditions, in order to obtain the intensities
of the M+l1, M and M-1 molecular.ion peéks of the two fragménts’
considered. The same analysis wés done on an esterified
(diazomethane) sample of thé crude bil and the total amount of
deuterium incorporation was measured. The amount of deuteridm
 incorpQration in the methoxy acid was calculated by difference.

- & . —

The collected data and the respective amounts of deuterium ex-

change ‘are reported in Table L+3,

,"ihﬁ;mathQxygester*uasﬂcalgnlaigd#using41h§4inign§iji§§Agﬁéxhg




Table 4-3. Deuterium Incorporation During

I-22-«a in Methanol-d

bl

Thermolyéis of

Fragment % m/e % m/e before s p 3 m/e after o
EMERT  Suthentic esterification ° esterification °
1€e3 11.4 73.4 79.3
162 100.0 , 1060.0 37 100.0 - 3¢9
161 5.6 5.8 5.8
130 6.5 83,8 17.7
135 100.0 100.0 43 .4 - 100.0 41
134 5.5 .0 9.9

average % D uo ) 40
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darkyellow oil (550 mg)- , / :

ot
-
~{

IV-10 Photolysis of K-&cyl-N-Nitroso-a-Amino Acids, II-22
J . L ™)

II-10-1" N-Acetyl-N-Nitroso-Phenylalanine II-22-a

a) © In Methancl in the Presence of Sodium Cyanide

A solution of I1I-22-a (2.36 g, 0.01 mole) and sodium

cyanide (1 g) in methanol (220 ml) was cooled to 0°C 4nd bub-

bled with nitrogen. Theiuv spectrum of a diluféd sample of this
solution showed absorptioné at A = 420, 402 and 375 nm for
the nitrosamidgggroup and a large shouldgr at Amax = 340 nm
with a muéh higher absorbance. The solution was photolysed for
3 hours until the absorptibn disappeared. The darker ﬁhoto-
lysate was concentrated under vacuum at room temperatiure to
about 10 ml and diluted wf%h water (20 ml). The resulting
sclution (pH = 10) was extractéd with ether (3 X 50 ml) which
after drying'(over MgSOu) an%gEvgpdration, yielded the neutrgl
fraction as a brownish 5i1 (1.2 g). The water phase Qas‘acidi-
fied with 6N HCl to %H =‘2‘andrext;acted with ether (3 X SO ml).

The extracts were combined, washed with water (20 ml), dried

over MgSOu and evaporated té-yield the acidic fractions as a

b el e ] St

IR

The neutral fraction exhibited ir absorptions at Voax

1850(s), 1590(s), 1520(s), 1370(s), 740(s), -700(s) and 680(s)

cm™t 5ﬁ§ its nmr spectrum showed a multiplet (wl/2 = 6 Hz) at

TSI BV ORI
‘ .

N
s
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T 2.87 and singlets at 1 5.95, 6.67, 7.50 and 8.07. Gc-ms
analysis (10% SE 39, 150°C to 240°C at 10°C/min.) gave the
following peaks described in the order of increasing retention

times: 5 min., 6%, (unknown); 6.5 min., 6%, (unknown); 11.5

min., 57%, [II-39~a, m/e (%): 174(67), 132(100), 131(66),

LoL(43), 103(45), 91(43), 77(35) and 43(52)1; 12.7 min., 9%,
‘[l:lg, m/e (%): 161(34), 118(81), 118(439), 102(u49), 91(u5),
60(100) and 43(64)13 15.9 min., 23%, [II-@l-anMé(%):, 188(33),
161(10), 130(33), 129(97), 91(100) and 43(65)].

Column chromatogr;phy (basic alumina, 50 g) of a portiqn
(870 mg) of the basic fraction afforded the followingﬂfraction.
_ Elution with chloroform gave a colourless oil (71 mg) which.
- showed one single compound on'ﬁhe‘analysié'(silica'gel; pet.
'ether-etﬁer 50:50) with Rf = O:é?, contaminated Withwa more
polar compouna at Rf = 0.3. Dis;illatioh at 20°C/0.5 mm Hg
gave 1I-39-a as colourless oil: 1ir Voax® 1590(8), 1385(s),
1270(s), 735(s) and 700(s) e Yy H nmr 1 2.68(s,5H), 5.98
(s,2H), and 7.52(s,3H); 13c nmr §: 175.8(s), 168.5?5);
134.8(d), 128.2, 129}9, 126.3, 31.6(t) and 11f7(q); @s,ﬁye (%)

174(M',82), 132(100), 131(66), 91(L4), 77(43) and 43(43). . Anal.

_caled. for CqH,N,0: C 68.95, H 5.79, N 16.08; found: C 68.97,

H 5.87, N 16.29. -

Further elution with chloroform gave an oil (420 mg) whose
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tlc analysis showed to be a mixture of oxadiazole II-39-a and
a component of lower Rf value. This fraction was rechromato-
graphed on basic alumina (30 g) to give the following com- .
pounds: compound II-39-a (270 mg) was obtained on elution

with a mixture of pet. ether-ether (50:50). On elution with

"25% pet. ether in ether a colourless oil (5 mg) was obtained,

which crystallized on standing. Recrystallization from cyclo-

hexane gay§mwni?§ crystals of ;:lﬁ} mp‘9§—96°C; ir Voax® .
1660(s), 1530(s), 1070(s) and 700(s) em Y; H nmr t: 178

(d,J = 10 Hz), 2.73(5,5H); 4.6(m,1H), 6.67(s,3H), 7.07(d,>

J = 5.5 Hz, 2H) and. 8.08(s,3H); ms m/e (%): 162(19),

134(13), 116(71), 102(83), 91(62),,74(75), 60(100), 46(54) and

1171572
found: C 68.54, H 7.92, N 7.29.

3

43(54). Anal. calcd. for C, H,NO,: C 68.37, H 7.82, N 7.25;

Elution of the original column with chloroform containing

£ 1% ofAmethanoi gave a yellowish oi; (175 mg) which crystallized

on~étanding. Recryétallizafion from ether gave II—ui-a;'mp 105~
106°C (dec); ir vmax:‘ 329Q(m), 2240(w), 1660(s), 1540(m),

1460(m), 1330(m) and 710(m) cm '3 H nmr t: 2.73(s,5H), 3.5

(bs),.4.92(dt, J = 8 and 6 Hz, 1H), 6.93(d, J = 6 Hz, "2H) and

§.03(s,3H); ms m/e (%): 188.0945 (M ,39, calcd. for CyqH N, 00

188.0949), 129(91), 102424), 9I(I00), 60(30) and 43(L42). Anal.

caled. for C ,H;,N,0: C 70.19, H 6.43, N 14.88; found, C 70.4§

H 6.52, N 14.89.



180

Further elution gave an unknown oil (45 mg) which showed

ir abso%ptions at Voax® 3280(s), 1650(s), 1530(52, 1290(s),

1030(m), 756(s) and 580(s) em™1 and whosé 'H nmr spectrum ex-

Eibited the following signals at t: 2.7(m,21/w = 2 Hz),

5.36(t,5 = 6.5 Hz), £.88(d,J = 7 Hz) and 8.0(s).

The»acidic fraction was dissolved in benzene (50 ml) and
refluxed with isopropyl alcohol (10 ml) and p- troluenesulfonlc
acid (50 mg) until no water was formed (~2 hours). The solvent
was evaporated to yield a yellow oil (440 mg); ir Voax® 3500(b,
m), 1740(s), 1275(m,b), lZOO(m)} 1100(s) and 70b(s); 1H nmr T:
2.75(s), 4.95(sp, J = 6 Hz), 5.61(dd, J = 5.5 and 7 Hz), 6.1(dd,
& and 7 Hz), 6.668(s), 7.2(m), 8.8(d,J - 7 Hz) and 8.88(d, J =
7 Hz). After repeated (preparative) chrqma{ography (silica and
mixtures of ether-pet. ether) moving componeﬁt was o%tained as
an oil (13 mg); ir Viax® 17u0(s), 1375(m), 1250(m), 1180(m),
1100(m) and 700(m); JH mmr t: 2.75(s), 4.9(m), 5.5(m), 6.4(s),

6.6(m) and 8.7(m). The second compound identified as II-uB6

was obtained as a colourless'oil (90 mg, 16%); ir Voax’ 17u0(s);
1450{m), 1370(m), 127C{(m), 1130(s), 1100(5),47&0(m) and 700(s);

' nmr t: 2.80(s,5H), 4.97(sp,d = 6 Hz, 1H), 6.07(t,J = 6.5 Hz,

and 8.85(dyJ = 6 Hzy 3H)3 o nmr &+ 171.0(s) 5 136.6, 129.0;

THY, 6.67(s,3H), 7.0¢ d,J = 6.5 Hz, 2H), 8.78(d,J = 6 Hz, 3H)

127.8, 126.2, 81.5(d), 68.1(d), 57.8(q), 38.9(t), 21.6(q) and

, .
. . A
1.5(g); ms m/e (%): 222.124%2 (M , 0.33 calcd for C13H18O3
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~ 222.1255), lQb(SM), 135(100), 103(53), 91(58), 7i(uu). Dis-
tiliation under reduced pressure (70°C/2 Torr) gave an ana-
lytical sample: - Anal. calecd. for C13H1803: C 70.24, H 8.16;
found: C 70.40, H 8.1%. ”
. o ‘}

————— The third component II-47 (¥l mg, §%) was also isolated

as a colourless oil; ir Vot 3500(b,m), 1740(s), 1500(m),

- 1470(m), 1460(m), 1380(mY, 1270(m), 1210(m), 1100(s), 750(m),
and 700(¢(s) cm ~3 “H nmr 1: 2.77(s,5H), 4.93(sp, J = 6 Hz, 1H), °
5.65 (X of ABX, J = 5.5 and 8 Hz, 1H), 7.01 and 7.11 (AB of ABX,

J = 16 Hz, 2H), 7.1 (bs, D,0 exch.) and 9.75(d, J = 6 Hz, 6H);

13

2
¢ nmr §: 176.1(s), 138.9, 132.0, 130.7, 129.2, 73.8(d),
72.1(d), 43.1(t) and 24.4(q); ms m/e (%) 208.1094% (M', 3,
caled. for Cp,H, 0, 208.1100), 191(17), 130(83), 148(57),
147(30), 145(25), 121(93), 104(35), 103(72), 91(100), 77(37)
and 43(60). Anal. calecd. for 012H1603: C 68.21, H 7.74;
found: C 69.03, H 7.67. - ~

b) In Methanol and Sodium Carbonate

A solution of II-22-a (1.3 g, 5.5 mmole) in methanol (130

e p TP I
——————mi)y containing sodium carbonate (7 g) showed, the ‘characteristic

) S - N

- uv abserptiens of the nitrosamido group at A = 420 and 400 nm

with a shoulder at X = 350 nm. After 2 hours of irradiation
at 0°C, this solution was concentrated under vacuum to about

19 ml. Addition of water (15-ml) and ether’extraction of the .
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resulting miqure (pH = 10) yielded after drying and gvapora-
tion the neutral fraction (615 mg) asva yellow o0il; 1H nmr T:
2.70Cm, wl/2 6 Hz), 4.6(m), 5.98(s), 6.7(s), 7.1(d,J = 6.0 Hz),
7.5(s) and 8.03(s); the peak areas of.the methyl §ignals at |

T 6.7 for I-16 and 7.5 for II-39-a were in a ratio 3.7:1. The

estimated yields for oxadiazole II-39-a were 12.5% and for

methoxy derivative I-16, 46%.

c¢) In THF in the Presence 6f DBU

A solution of 1II-22-a (236'mg, 1 mmole) and one mole
equivalent of DBU (152 mg, 1 mmole) in dry THF (120 ‘ml) showed
an absorption at AmaXuOO nm for the nitrosamido group as well
as an absorptionatkmax350nm; tﬁgwébsorbangerqf the lgﬁtep
being approximately twice as large as that of the former. The
mixture was irradiated at 0°C under nitrogen for 90 min. and
the solvent was evaporated under vacuum to give a yellow oil
(457 mg) whose complex nmr spectrum showed singlets at 1 5.98

and 7.5. Water (10 ml) was added and the resulting mixture was

racidifiedswith HCl to pH = 2. Extraction with ether (2 X 30 ml)

afforded a yellow o0il (120 mg) which was esterified with diazo-

methane. The rgsiduelgbxaibgdgafier,eyapcrationgwas;énalyzed

by'gc—ms (3% Silar 10 C, 80 to 180°C at 10°/min.) to give the

fellowing peaks: 2.3 min., 6% methyl benzoate; 3.0 min., 11%

methyl phenethylacetate; 3.5 min., 29%, butyrolactonej; 5.5 min.,
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22% (II-39-a); 6.5 min., 23% (II-24). All compounds were
identified by ézak matching with authentic samples and from

their ms fragmentation patterns. ‘ : S N

d) In MeOH in the Presence of (Et)agr

A solution of II-22-a (970 mg, 4.1 mmoles) and triethyl-

amine (980 mg, %.7 mmoles) in methanol (120 ml) was irradiated

~  at 0°C under ni-rogen for 1.75 hours when the absorption at

AmaguOO nm disappeared completely. The solvent was evapérated
at room temperature, under vacuum, and the residue dissolved in
ether (50 ml). The resulting solution was subsequently washed

with 10% sodium carbonate solution, 0.1N HC1 solution and wé%er,

to give a yellowish oil (467 mg). The nmr .spectrum of this-oil
reéhibited thé éharactéfisfi;féiéﬁéiér%éiiil;39—a (64%) and ;:lé
(9%), the methyl groups of which being in a 6.7:1 ratio, res-
pectively. Bot¥ products were identified by tlc ?nd gc peak
matching with authentic samples. o —
)
In another experiment a stock solution (So) containing

II-22-a (944 mg, 4 mmoles) in methanol (100 ml) and one (S1)

‘ml) were pré¢pared. Four different solutions were made up from

those stock solutions in the proportions indicated in Table TN
Each of them was photolysed at .0°C under nitrogen and under

identical conditions. The resultiné photolysates were added

a4
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with iibenzofuran as th& 1nterpal standard anq‘fas 1n3ected

)1nto gC for direct analy51s SR

-

The photolysateiof the expérimenf'without triethylamine

was submitted by gc-ms anaiysis‘(lﬂ% Se 30, 120 to 220°C at

-

A

\ 2.75 min., 3% (II-C); 3.5 min., 3% (unknown); 6 min., 3%,

(II-3%-a); 8 min., 35% (I-17); 8.6 min., 8% (unknown)j; 13 min.,

25%7(§;§§5' 13.5 min., 13%'Ei~ié;: All compounds were identi-
féedkupon mixed injectién with authentic samples. Upon in-
iection of. pure I-15 two peaks appeared, whose intensitigs,
ratio varied with the temperature. The first peak at 13 min.
had a ms similar to that of ;;12 and the ms of the second peak
at 13.5 min, coﬂtaineé m/o = 178 correspondlng to [H - 0cC OCH 1.~

Obvi ousiy I-16 16 decomposed in the column to g;ve I-17 and I 16

Table 4-4. Experimental Conditions and Results of Photolysis

. of 1I-22-a in MeOH with (Et).N
4 r )
-
) [11-22-a] [Et3N] Ratic Total Vol. Time of % Yield
Run M M Photolysi
base/IT-22- ysis _
base/11-22-a mlv (min.) II-6
B 1 5.01 3.51 " g 100 20 -1
2 8.01 ¢.51 1 100 20 17
3 0.0l 5.02 2 100 20 ¢+ 52
5 T 0.0l .05 5 100 20 68
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e) In CH.CN in the Presence{og\(Et)3§

mrlmethylamlne (202 mg, 2 mmoles) was added to a cold solf—
tion o**II 2Z-a (235 mg, 1 mmole) in dry acetonitrile (120 ml)
‘ The resulting solution was irradiated under nltPOgen at 0°C for
*‘7‘4‘**; ***** **5*ﬁUnrs44thﬂ*peak*a+~%A444’“tﬁﬁHnm‘disappéaréd‘cdmpIéTéi‘**‘A“‘““*‘

The solvent was. eva ated under vacuum to yleld a yellow oil

a

(222 mg) which was dissolved in ether (20 ml) and washed with
diluﬁgd HC1l sclution (2 X 10 ml 0.1N HC1) followed by water. The
. ether phase was dried (MgSOu) and evaporated to yield a yel-

A _ lowish 0il (130 mg) which was distilled at, room temperature

-

nder 0.5 Tdrr toc give II-39- a_(109 mg, 63%) as a slightly
" yellow 0il which gave cne single compound on tlc and gc analysis.

L

In another experiment four soluticons containing different
molar ratic of triethylamine toII-22-a inacetonitrile (as in-

dicated in Table 4-%5) were phofolyéed under nitrogen and at 0°C _
, \
for 30 minutes where the nitrosamido absorption had disappeared.

Zach photolysate was evaporated to épproximatély 10 ml and

diusted to 10 ml exactly in a volumetric flask. Samples for gc

ﬂ)

analysis were made up from 1 ml of the latter solution and 1 ml

————of a <ibenzofuran solution in acetonitrile (0.59 mN). The f
A—aga;yseS—wepe—eenéaeteéuon—a—a%—SE—ag4eolumnfand—ai—i%@ge—aﬂdf——f—ﬁ——ﬂ

<he yields are reported in Table 4-5.
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Table 4-L. Experimentgl"cdnditions and Reﬁultsrof Photo%géis

et

o of II-22-a im CH,CN with (Et).N

# male I1-22-a X 10°  # mole (Et),N X 10° 4 TI-39-a°
(mg) - (mg)

1.39 (238) 0.86 (87)  0.62 26

0.82 (193) . °1.08 (104) , 1.31 ©on2

0.89 (210) T 2.18 (221) 2.45 63

0.71 (167) 3.47 (350) : . 4.9 68

£) Photolysis of N—éggzyl—N~Nitroso-Q,E—Phénylaniﬁe'DicycloQ

a -

—/_/ . A -
~hexylamine Salt II-u48 in MeOH

A solution of II-48 (125 mg, 0.3 mmole) in methanol (100
ml) was irradiated under nitrogen at 0°C for lS‘ﬁin., until the
absorption at Amax = 405 and 423 nm had coﬁpletgly disappeared.
The solvent was evaporated under vacuum at room temperature to
yield a yellow residual o0il, which was dissolved in ether (30f
ml), washed wi?h diluted HCl solution.(2 X;lo mi, 0.1N HC1l) and:

with water (10 ml). Aftepfdrying (NaZSOu) and evaporation, a

-

yeilow semi-solid (usiﬁg)’was obtained; ir Voo’ .3280(bs),

1650(s), 1370(m), 1280(m), 1120(m), 1070(m) and 700(s) e

Ge-ms analysis (10% SE 30, 140°C to 220°C at 1°/min.) gave the

[ 4
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bfollowing peaks: 1.1 min., 20% (El:il); 3.5 min., 15%
(II-39-a); 440 min., 6% (dicyclohexylamine); 4.6 min., 16%
(l:;i), 5.0 min., 31% (I-16)3.7.5 min., 10% [unknown m/e (%),
161(33.7), lig(lOO), 118(55.3), 91(32.4), 43(71.4)1. The :

first five components were identified on basis of their ms
/ .

c—e— - and upon mixed Injectiomr with authentic samplés.

The acidic water phase gave crystals (10 mg) of dicyclo-
hexylamine hydrBchloride: ir 2850-2600 (multiple Eands);
2520(m7,'2Q?U(ﬁ), 1460 (m) cm_l; the spectrum was éuperimpos-

able with that of an authentic sample. The mother liquor was

further extracted with ether to give no. appreciable amount of

>

material.

IV-10-2 N-Acetyl-N-Nitroso-D,L-Leucine II-22-c

An ice cold solutionof I1-22-c (2.33 g, 0.011 mole) and tri-
ethylamine (2.2 g, 0.022_mole) in acetonitrile (235 ml) was kept
under nitrogen and irradiated for 1.25 hours when the absorp-
tion at 400 nm completely disappeared. The solvent was distilled

under atmospheric pressure, using a Widmer spinal column. The

- =~ —-volume-of-the residue was made 10 ml using & volumetric flask
and the resulting solution was analyzed by ge-ms{(16% SE 305 — —
o~ AP0°C iso). The chromatographs showed the presence of three

peaks: 1.0 min., (triethylamine); 3.0 min., 5% [unknown, ms
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m/e (%) 102(100, 57(34.7), 56(44.7), 4u(42.2)-and 42(57.7)1;

5 min., 68%, (II-39-c). The first peak was identified on the
basis - of mixed injection with an authentic sample. The third

peak was isolated by preparative gc to give a volatile yéllOw‘

oily ir v__ : 1628(m), 790(m) ém™Y; Honmr ot 7.8204, J =

7 Hz, 2H), 7.44(s,3H), 7.88(mo, J = 7 Hz, 1H) and 9.01 (d, J =

130 nmr 6: 175.8(s), 169.7(s), 34.5(t), 26.8(d),

6 Hz, 6H);
22.1(q) and 12.0(q); ms m/e (%)= 1u0(M+,1.7),7125(12), 98(100),
83(31), 56(53> and 43(87); upon irradiation of the doubletfat

T 9.01 in the lH nmy spectrum, the nonet at 1 7.88 collapsed

into a triplet (J = 7 BHz).

A small sample of the reéidual 0il was treated with diazo-
methane and the resulting mixture was énalyzed by gc;ms (10%
SE 30, 100° to 240°C at 8°C/min.). In addi?ion to the pre-
Qiéusly described peaké, a new peak [9.6 min., m/e (%) 187(M+,
0.5),‘131(10.7), 128(61.5), 86(100) and u3(28.2)] was observed
anddghentified as the methylester of II-21-c by peaknmatching
with an aﬁthentic sample. The yield of oxadiazole II-39-c was

measured by means of oxadiazole II-39-a as internal standard.

~ IV-10-3 Photolysis of N,O—Diacetyl—N-Nitroso-Q,E-Leucine

I1-22-d

A solution containing triethylamine (370 mg, 3.3 mmoles) °

2
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and I1I-22-d (360 mg, approximately 80% purity, 1.3 mmole)
in acetonitrile (90 ml) was irradiated under nltrogen at 0°C
for 1 hour The solvent was evaporated under”’ vacuum to yield

a yellow oil whlch was dlssolved in methylene chloride (HO ml)

and washed w1th diluted HCl solutlon (O SN 2 X 20 ml) followed

by water. After drying (MgSO ), evaporatlon of the ‘solvent

gave II-39-d (25 mg, 12%) as a sllghtly y&llow oil. Distrilla-
‘ticn at room temperature under 0.1 Tbrqxgave a nearly colourless
oil (20>mg); ir Voax 3500(wb),»1750(s), 15390(s), i370(m),
1220(s), and 1040(s); 'H nmr t: 4.82(s,2H), 7.40(3,3H), 7.85
(s,3H); 13»C nmr 6: 175.3, 168.6, 165.0, 56.7(t), 20.6(g) and

13.6(q); ms m/e (%) 156(M',.3), 114(22.7), 113(10), 10.4(11.8),

7102(12), 86(11) 85(22), 8L(1ll) and u3(100) Anal. calcd. for

CeHgN,0g: C u6.15, H 4.16, N_17.94; Found: C 47.03, H 5.66,

¥ 17.48. The conflnuous extr§c+1on of the water phase gave

only triethylamine HCl salt as identified byrlt5~lr spectrum,

IV-10-4 N-Benzoyl-N—Nitroso-Q,LﬁPhenylalanine‘II-22-b
. - ‘-,& ..

B Y

A solution containing II-22-b (1.3 g, 4.3 mmoles), in

methanocl (230 ml) was cooled to 0°C under nitrogen. Sodium

L

carbonate (2 g) was added in small portions whereupon an in- '

yTense absorption at kmax - 350 nm was observed along with
+hat of the nitrosamido group at 400 nm. The solution was
irradiat@d for 10 hours, until no-change in the uv absorption

=



" #ere separated by preparative tlc (silica gel, efhgr—pet;‘ether

could be detecteg. The solvent was evaporated at room tempera-
ture to yield a semi-solid to which water (10 ml) Qas added
to give a yellow solution (pH = 10). This solution was ex-
tracted Qith ether (4 X 30 ml), the extracts were combined,

dried (MgSOu) and evaporated to yield the neutral fraction

(270 mg) as a yellow oil. The water phase was acidified to
pH = 2 with 1IN HCl and extracted with ether (4 X 30 mif. The

extracts were combined, dried (MgSOu) and evapowated to yield

+he acidic fraction (736 mg) as a yellow oil.

2

, , . -
The neutral fraction was chromatographed over Silica gel

(20 g) using a mixture of ether-petroleum ether (1:1) as eluant.

The first fraction (82 mg) consisted of several products which

1:2 eluted twice): +the fastest moving spot was extracted with
ether to yield 'a yellow ®il (21 mg, ¥%) identified as methyl

beﬁzoatg; identical ir and nmr spectra and tlc mobility as

" those of an authenticAsamplé. The sechd spot was extracted

with ether to yield.a solid (42 mg§ 5%) which after recrysfa14

1 ' it -
iization from ethanol gave.II-39-b as white needles: mp 81-82°C;

1it. (32) mp 88°C; ir véax: 3060(w), 3030(w), 1620(w), 1560(m2,

- P

1453(s), 1370(3), 730(m), 715(s), 695(m) and 650(m) cm 3 "H

3

S : : L 1 N ,
nmr T: 1.9(m,2E), 2.68(m,8H) and ;)GQ(S,QH);“ 3C nmr &: 156.9, -

, 132.5, 178.9, 128.5, 128.0, 126.9, 32.31; ms m/e (%), -~

-]
o
o

L
. E

-+
238.0987(M ,69? calcd. for CléﬁI?N2O: 236.0950), 207(20),



© 162(34), 105.0342 (100, calcd. for C.H.O: 105.03u4), 91(37)

bkt

131(14), 116(15), 105(100), 103(42), 91(33) and 77(55). Another
unidentified product (3 mg) was obtained from extraction of

the slowest moving spot; ir Voax® - 3400(bm), 1740(s),~1460(s),

B3 20l B i a1

1280(s), 970(s), 760(s) and 700(s) cm T,

SENIENEN

V”Tﬁéﬂggééﬁd fraction (65 mg) of the column chromtography,
solidified upon evaporation of the solvent. Recrystallization
from cyclohexane gave II-48 (58 mg, 5%) as white crystals; mp

123-125°C; ir v 3320(m), 1640(s), 1530(s), 1280(m); 1100(m),

A

1060(m), 700(s) and 690(s) em Y3 'H nmr t: 2.3(m,2H), 2.5(m,

3H), 2.74(s,5H), 3.74(bd, J = 6Hz,1H), 4.35(bm,wl/2 = 8 Hz, 1H),-

il 42 A s

6.64(s,3H) and 6.98(dJ = 6 Hz, 2H); ms m/e (%): 255(M%,0.1), :

224.1086(25, caled. for C,.H;,NO, 223.0997), 178(57), 164(58),

7°5

and 77(61). Anal. calcd. for*C16H17N02: p 75.275 H 6.71,

N 5.49; found: C 75.00, H 6.83, N 5.37. The third fraction

(50 mg) was shown by tlc,to'cohtain some of the methoxy adduct

C1I-48.

- The yellow acidic fraction was sublimed at room tempera{\

ture and under 0.1 Torr to yield white crystals of benzoic

’119;170vcjf"Thé‘7éITUw‘résiduémwasmtreafed“with“theP*£~5*m}9“**”‘*‘“”‘
to give IT-21-b (150 mg) (mp and mixed mp 119-120°C)-and a

’vyellow filtrate. The latter after treatment with an etheral

sidadete e

acia.(BO mg); mp 114;115°C;7mixed_mp with an{authenf;c sample

ll

AT o e i R s R e
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solution of diazomethane gave a yellow oil (540 mg) which was

ana®yzed by gc (3% silar 10 C, 170°C). 'This gave the following

peaks: 0.9 min., 10% (methyl benzoate); 1 min., 2% (unknown);

1.6 min., 1% (unknown); 1.9 min., 71% (II-37) and 3.6 min.,
LS .

16% (II-25). All compounds were identified by mixed injection

with authentic samples.

IV-11 Synthesisﬁand,Proggrties,of Benzyl-Methyl-1,2,4-0Oxadiazoles

L

IV-11-1 Synthesis of 3-=Benzyl-5-Methyl-1,2,4-Oxadiazole
II-38-a

The reaction of hydroxylamine with phenylacetonitrileit

(BOH) (83) gave IT-43 (95%); mp 57-59°C; ir vmak:"W3500—3lOO(b,r

s), 1650(s), 1460(s) and 760(s) cm—;; Y nmr ot 1.7(bs, D,0

exch.), 2.72(s,5H), 5.5(bs, D,0 exch.) and 6.51(s,2H).

II-43 was acetylated with acetic anhydride (123) to yield

II-45°(89%) as a white solid; mp 121-123°C; ir Voay 34H0(s),.

3320(s), 1740(s), 1630(s), 1230(s), 900(s) and 750(s) cm *;

4 amr T - 2.70(s,5H), 5.2(bs, D,0 exch.), 6.45(s,2H), and

7.87(s,3H).

Heating EI—@S in water gave II-39-a (61%) as a colourless
cil; ir v___: 1590(s), 1500(m), 1450(m), 1439(m), 1380{m);
max

1360(m), 1270(m), 740(s) anc 700(s) cm'l; Hoomr T: 2.77(s,
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5HO, €.03(s,2H) and 6.63(s,3H); .

3¢ nmr §: 11.5(q), 31.5(t),

126.4, 128.0, 128.3, 135.1, 168.8(s).and 176.0(s); ms m/e (%):
o . J | '

17u(Mt,81), 133(41), 132(100), 131(65), 105(31), 104(42),

2103(u9), 91(u2), 88(31), 86(639), 84(77), 77(32) and 43(36).

IV-11-2 Synthesis of 3-Methyl-5-Benzyl-1,2,u4-Oxadiazole

El—39—e

'The reaction of acetonitrile with hydroxylamine (127)

gave II-42 (9%); mp 125-128°C; 1lit. (82) mp 133.5; ir v

3500(s), 1650(s), 1040(m) and 890(s) cm >

Acetylation of II-42 with phenylacetic anhydride (128) gave

II-44 (19%) as white rystals; mp 86—915C; ir vméx: 34?O(m),

3300(m), 1740(s), 1600(s), 1220(8) and 720(s) cm_lg 1H nmr T:

2.73(s,5H) , 5.0(bs, D,0 exch.), 6.28(s,2H), and 8.15(s,3H).

2

Steam distillation of II-u44 gave II-39-e (78%) as a slightly
yellow oilj; ir Voax! 1580(s), 1500(m), 1460(m), 1430(m),

1400(s), 1340(s), 740(5)'and>700(s) cm—l; 1H nmr T: 2.70(S,,

13

5H), 5.92(s,2H) and 7.65(s,3H); *°C nmr 6: 10.3(q), 31.6(t),

126.3, 127.8, 127.9, 132.9, 166.6(s) and 176.8(s); ms m/e (%):

174(u6), 117(59), 104(100); 91(645, 90(34), 77(15), 65(29),

and 39(22). When an off acquisition decoupled C spectrum was

P

recorded the lines at 166.6 and 176.8 were respecfivgly split

into a quartet and a triplet.
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IV-11-3 Reaction of‘S-Benzyl-S-Methyl—l,2,4—Oxadiazole

3
3

11-39-a .

a) Basic Treatment

A solution of oxadiazole II-39-a (200 mg, 1.2 mmole) and

NaOH (1 g, 0.025 mole) in methanol t20 ml)mwas'stirred over-

night at room temperature to give unreacted II-39-a (188 mg, 94%).

4 b) Thermal Treatment

\\\v Oxadiazole II-39-a (340 mg, 1.4 mmole) was heated in a
sealed tube, at 200°C for 12 hours to give the unreacted
starting material (320 mg, 94%) as indicated by its ir and nmr

spectra. ¥

c)-' Uv Irradiation

—~

r/

A solution of acetonitrile (200 ml) containing oxadiazole
’II-39-a§(3OO mg, 1.3 mole) was irradiated at room temperature
in a quartz vessel, with a 60 W low pressure mercury lamp for

6 hours to give unreéacted II-39-a (305 mg, 100%).

8 ~
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IV-12 Attempts to Elucidate the Mechanism of Oxadiazoie Formation

IV-37-1 Synthesis of N-Acetyl-Phenylacetamidoxime II-49

Chloroxime II-51 was prepared by chlorination of oxime

II-53 (128)accordingrtb the method described by Behn (84 ):

mp 85-88°C; 1lit. (.84 )mp 89-91; ir V.t 3200(s), 1660(m) ,
1080(m), 990(s); M onmr ot 1.0(bs, D,0 exch.), 2.70(s,5H),

and- 6.21(s,2H).

A solution of friethylamine (390 mg, 0.9 mmole) in ether
(5 ml) was added to a solution of the chloroxime 1;:2;4(130
mg, 0.8 mmole) in ether (20 ml). The precipitate formed was
filtered and the filtr;te was added dropwise to a suspension of
sodium acetamide (600 mg, 7 mmole) (129) in DMF (25 ml) contain-
ing few,droﬁs of HMPT. A brown colour appeared. The mixture
was stirred at room temperature overnight. Water (25 ml) was
added to the reaction mixture and the resulting sofution was
first extracted with ether (4 X 30‘ml) and then continuously
with ether for 12 hours. The combined extracts were throughly
washed with water (9 X 10 ml),=dried and evaporated to give

N-acetylphenylacetamidoxime II-49 (50 mg,'33%) as a white

i

3
3
i
:
E:
E

H

;';

solid which was purified by sublimination at 60°C under 0.1

Torr; mp 130-130.5°C; ir v___: 3320(m), 1700(s), 1670(s),

1550(m), 1460(m), i270(m), 1260(m), 1230(m) and 720(m) cm_l;

1

HE nmr t: (bs, D.,O0 exch.), 1.1(bs, D,O exéh;), 2.7(s,5H),

2 2

T T e I LT I P Nt YRV A Y




5.47(s,1H), 5.57(s,1H) and 7.9(s,3H)3; ms m/e (%): 192,0901

+ ‘ :
(M, calcd. for C10H12N292 192.0903, 49), 107(16), 106(100),

91(37.5), 77(15.5) and 60(62.3). AAnal{ caled. for C10H12N202,

C 62.49, H 6.29, N 14.57; found: C 62.66, H 6.46, N 14.39.

IV-12-2 Basic Treatment of N-Acetyl-Phenylacetamidoxime

I7-49

)

a)  (Et).N in CH,CN

Triethylamine (25 mg, 0.25 mmole) in acefonitrile (2 ml)
was added to a solution of the acetamidoxime II-49 (18 mg,
0.09 mmole) in acetonitrile (3 ml). The mixture was stirred in
the dark, at room temperature ovérnight. Thé resulting solu-

tion was analyzed by tlc to give unreacted acetamidoxime II-49

(17 mg, 9u%).

b) KOH in MeOH

»

A solution of II-48 (17 mg, 0.09 mmole) in methanol (2 ml).

was treated with a solution of potassium hydroxide (~10 mg)

in methanol (3 ml). The resulting mixture was stirred at room

Vféﬁperégife’for 18 hours. The reaction was followed by tlc
but no formation of II-39-a could be detected. The solvent was

evaporated to give a solid residue which was dissolved in CH2C12
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(25 ml). The resulting solution was washed with water (10 ml),."
dried (MgSOu) and e&aporated to yield II-53 (8'mg, 59%) as
a white solid, mp 139—1H2°C- lit. (130.)mp 147-148°C; lﬁ,nmr
(D2©) T: 2.7(s), 5.6u4(s), :‘s*s); ms m/e (%): 150(M+,80), .

106(100), 91(50), 79(25), 77(25).

IV-12-3 Attempts at Trapping II-34 with Nitroxyl

a) Preparation of N-Hydroxybenzenesulfonamide

Benzenesulfonyl chloride (10 g, 0.057 mole) was treated

o iz

with hydroxylamine in the presence of NaOH according to the

original method of Piloty (86) to give Piloty's salt (6 g,

£2in uelthodb b 3.

61%); mp 123-124°C; 1it. (88) ml 126°C; ir v__ : 3420(s), e

3260(s), 2920(s), 2860(s), 13306(s), 750(s) and 630(s) cm ';

LR R P SN TR B

uv (MeOH) Xmax: 252(558), 259(725), 265(975) and ?72(850).

1
v e

b) Synthesis of N-Chloro-N-Acetyl-2-Phenylethylamine II-56

i

Phenethylamine (BDH) was acetylated with acetic anhydride ' ;

"v*”ir”‘BﬁﬁﬂfS?TﬁiﬁﬁﬁfSiji§5ﬁf5T?‘Tﬁ5ﬁfST7‘75ﬁfS?‘§ﬁﬁ‘7Uﬁf§T*44*44“44

35

=1 : : ) -
cmr’;~lenmP—4%——27484575H97%875£bsTﬁD§Q—exehT}ThGT84m;g%#2ém

Y L -
el

to give the corresponding amide IV-3 (80%); mp u45-49°C; ir

2 Hz,2H), 7.2(m,wl/2 = 19 Hz,2?H) and 8.07(s,3H).

o
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Treatment of amide IV-3 (5.3 g, 0.032 mole) with bleach
solution (60 ml ’commercial Javex) in ether at/D°C and in the

“dark ( 85) ylelded II-55 (5,3 g, 83%) as a yellow oil whlch

-u

Rl

when stored at -20°C, gave crystals which melted at room

temperature; tlc (silica gel/ether) gave one single spot

(Rf = .85) and no trace of the starting material; ir Voax

1675(s), 1380(s),’ 750(s) and 700(s) cm L.

»

c)  Kinetic St udy of Piloty's Salt Decompositiocn
Five solutions of Pilcty's salt in methanol contalnlng

i, 5, 10, 20 and 158 mcle equ izalents of base (NaOH), respec-
tively were Drepared. The uv spectrum of each solution was
“recorded immediately (app oxi nata;j 1 min.) after Dreparatlon,

and at regular Time intervals thereafter. The spectra are

shown in Tig. 2-135, and the rates of decompos tion were cal-

A sclution of II-S52 (243 mg, 1.2 mmole) ether (10 ml) ahd

e) in éther'(lD ml) were

. A heavy precipitate
appeared immediz*tely 2nZ the scliution turned brown. The re-

1ting mixture was sizuitaneously added through a sandglass

&



193 ©
N\

iilter to & stirred solution of Piloty's Salt (854 mg,

tty

wool
5 mmoles) in methancl (40 ml) to which NaOH (2 g in 5 ml H20)
had just.been added. The whole addition process took about

-

15 minutes. The resulting mixture was stirred for 15 more mins.
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was evaporated to yield a residue which was

¢iluted with water (20 ml). The resulting solution was ex-
tracted with ether (& ¥ 30 ml) to give after drying (MgSO“) and

evasoration & velilow ¢il (306 mg) whose nmr spectrum did not
exhibit _ the characteristic signals of oxadiazole II-39-a.

The 0il was dissolved in methylene chloride (20 ml), washed .

wi<h Z2iluted HCI =zolution (9.5N, 20 ml), and water (20 ml) to
give after drying (ﬁgSCu) and evaporation a yellow oil (150 mg);
ir vnax:. 238%(m)y, 2225{(w), 1850(s), 1550(s), and 700(s) cm-l;

“Y4 nmro7: 2.7(s), Z.5(s), 3.7(bs), 6.31(s), 6.58(m,wl/2 = 14
:z),r?.lS(m,wl/Z'z 1u Hz) and 8.12(s). Ge-ms- analysis (10%

.~ TOoCCrE
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m

-
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+ 1C°C/min.) gave the following components:

-

1.% min., 38% (II-&1)3 3.6 min. 35%, (II-59); 5.6 min., 5%

£ 33) Imfe (%); 188(3.3), 1e7(10.3), 140(34),-138(100),

72(2%), 43(22)] ané £ min., 5% (II-57) [189(3.2), 187(S.u4),.

122(321), 1w0(3Z), 138(108), 125(27), 72(92), u3(#7)]. Both peaks

at 1.0~and 3.5 min. were identified by gc peak matching with

es and on basis of their ms. The gc-ms trace

17¢ and 193 fragments typical for
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In anotﬁé; experiment, an ether soluiion (10 ml) con-
taining N-chloﬁamide II-56 (220 ﬁg, 1.1 mmole) Qas added
dropwise to a methanol solution (50>ml) of Piloty's salt (867
mg, 5 mmoles) to which NaOH (2 g, ~50 mmoles) had just been

‘added. The resulting mixture was stirred in the dark for 30

min. after qomplétiom of the addition until the KI paper test .
was negatiQe. The solvenfvwas evaborated to give a‘residue |
which was taken up in watef (10 ml) ané extracted with ether
(3 X 50 ml). Drying (Mgsd%) and evaporation of the extract
gave .a yellow 0il (391 mg); ir,vmax: 3300(b), 1700(s), 1660(5)
‘and 1360(s) em Y3 1 nmr %: 2.7(s), 5.8(b,s), 6.5(m), 7.3(s),
7.75(s), 8.0(s) and 8.2(s). Chromatograpﬁy of this oil over ,-
silica gel (10 g) gave a first fraction (150 mgs 37%) by
elution with pentane-etﬁef (8:2)3 ir vﬁax:. 3400(b), 1700(32;\‘
137C(s) ‘and llé%(m); 1H nmr 1: 7.3(s), 7.75(5) and 8.2(s).
Elution with ether éave II-52 (86 mg, 50%); ir identical to
authentic sample. Purthef elution with'mgthanol did not give
any substantial material.

, -

IV-13 Nitrosation of N-Acyl-D,L-Phenylalanine via Aéyl Nitrite
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;—Acetyl;g,L—Phenylalaﬁine Silver

Sait II-55 ////

A sclution of II-21-a (43¢ mg, 2.72 mmcles) in water (20

”

ml) was neutralized with a (.15 KOH solution to the turning
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point of phenyl phtalein. Silver nitrate (357 mg, 2.7 mmoles)
was added at ounce to the resulting solution in the dark, and
the heavy precipitate was filtered after the solution ﬁad been

cooled at 5°C for ovérnight. The white cakevobtained was dried

over P205 under vacuum to give II-60 (607 mg, 71%) as a white

! q
Al e R

powder; ir Vool 3380(m), 1610(s), 1560(s), 1520(m), 1410(s)

and 700(s) cm’;. Siiver salt II-60 was kept at room tempera-

ture in the dark.

IV-13-2 Nitrosation of N-Acetyl-D,L-Phenylalanine Silver

Salt, II-£0, with NOBF4

" Silver salt II-60 (382 mg, 1.5 mmoles) was added at

once to a suspension of NOBF (133 mg, 1.2 mmcles) in dry

benzene (30 ml) at £°C in the dark. The resulting suspemsion
;as stirred for & hours at 0°C. . The reaction was monitored

by uv measurements of filtered alicuots.

P . A A . 3 2t
max 18, 400 ‘'and 390 ‘characteristic of the

. ¥
nitrocsamido group in I1I-22-a reached their

After 4 hours uv
absorption bands at

N . P
maximum intensities.

The vy

b

R . ’ e . :
eld in II-22-a (17%) was evaluated from the uv band ab-
. T . i . .
soarhance., ) »
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